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Abstract 

Antibiotics are a class of pharmaceuticals, designed for killing pathogenic bacteria, that are widely used in aquaculture. These drugs 
are usually administered through medicated feeds, so a considerable portion may be not eaten/absorbed by fish and is then discharged 
into the aquatic environment. Therein, antibiotics’ exposure may lead to bacterial resistance, which according to the World Health 
Organization, is presently one of the biggest health threats. 

Photodegradation is known to be a crucial pathway in the pollutants’ transformation, occurring as direct photolysis (the pollutant itself 
absorbs photons that induce transformations), and indirect photolysis (photosensitizers absorb solar radiation, reaching an excited 
state and generating reactive species effective on pollutant’s degradation). Still, some species (such as humic substances (HS)) may 
have a dual role, acting as photosensitizers or retarding photodegradation by screening sunlight or scavenging reactive species. 

This work aimed to assess the applicability of photodegradation in the removal of antibiotics from aquaculture effluents. For this 
purpose, sulfamethoxazole (SMX) was selected as the target antibiotic and its photodegradation was studied under simulated solar 
radiation to determine the effect of: (i) natural and synthetic photosensitizers, (ii) water matrix, (iii) operation mode (batch vs. 
continuous flow). Results showed that SMX photodegradation rate was very fast in ultrapure water, but it was not enhanced under the 
presence of HS. Therefore, carbon materials were developed and tested as photosensitizers to increase SMX photodegradation rate. 
The water matrix was found to play a key role: pH, salinity and dissolved organic matter were determinant factors in decreasing SMX 
photodegradation rate, underlining the matrix influence on antibiotics’ persistence in the aquatic environment. Finally, 
photodegradation of SMX was more efficient under continuous than batch mode.  

This study constitutes a step forward in the assessment of photodegradation as a green treatment for the removal of antibiotics from 
aquaculture effluents. 

Keywords: Photodegradation, antibiotics, environment, aquaculture, effluents’ treatment. 
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Abstract: 

Dyesare a substances used to give colour to fabrics, papers and other materials in a permanent way, not affected by washing, heat, 
light or any other factors to which the material may be exposed (Kirk et al., 1998). Synthetic dyes are used in many industries and at 
least 10 to 15% of them get into the environment in the form of waste (Robinson et al., 2001). The biggest producers of coloured 
sewage are the textile and dye industries (Ramalho, 2005).The occurrence of even small amounts of dyes in wastewaters and 
groundwaters may negatively affect the natural environment and human health. It should be emphasized that the presence of even 
small amounts of dyes in water (below 1 ppm) is visible and significantly affects the transparency of water and the solubility of gases 
in lakes, rivers and other water reservoirs. Moreover, by reducing the access of light, dyes can significantly affect water organisms, 
due to the toxicity of these compounds by the presence of aromatic structures or hazardousmetal ions in their structures (Slokar et al., 
1998). Additionally, in the case of azo dyes, their degradation under anaerobic conditions results in releasing of potentially 
carcinogenic and mutagenic aromatic amines (Gago-Ferrero et al., 2012).  

For this reason, decolouration is often a priority before proceeding to remove soluble colourless organic matter. So far, a wide range 
of techniques for removing synthetic dyes from water and wastewater has been developed to reduce their negative impact on the 
environment (Hao et al., 2000). However, due to the large volume and diversified chemical composition of wastewaters from i.e. 
textile industry, new and more efficient methods of dyes removal from aqueous solutions are being sought. Particularly noteworthy is 
enzymatic biodegradation, due to high efficiency and lack of harmful reaction products and side-products. The decisive criterion for 
selection of the right enzyme is the type of dye subjected to the bioremediation process. Moreover, in order to improve the stability of 
the biocatalysts used to remove dyes from wastewater, their immobilization is used. Noteworthy that the carrier plays a key role in 
this method, whose functional groups should be complementary to the enzyme groups in order to ensure its effective immobilization 
(Zdarta et al., 2018) 

Thus, in the presented work, exemplary the Reactive Black 5 (RB5) dye was degraded using laccase from Trametes versicolor 
immobilized by adsorption and covalent binding onto electrospun polyamide 6 fibers. Based on the obtained results, it was confirmed 
that the support was obtained efficiently and the laccase was immobilized successfully. Furthermore, effect of dye solution 
concentration, temperature, pH and reaction time on the enzymatic degradation were evaluated. The obtained results indicate higher 
decolourization efficiency using laccase immobilized by covalent binding (72%) comparing with laccase immobilized by adsorption 
(40%) under optimal conditions. 
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Figure 1: CLSM photos of: a) polyamide 6 fibers, b) polyamide 6 fibers modified by EDC/NHS, c) polyamide 6 fibers with adsorbed laccase and d) 
polyamide 6 fibers with covalently bounded laccase 
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Phosphorus (P) is considered as a pollutant due to its major role in eutrophication in continental waters(Maavara et al., 2015). 
Wastewaters represent a significant load of P inthe aquatic systems. Thus, water treatment process allowing P removal, need to be 
developed especially in the context of small wastewater treatment plants.In this context, adsorption is the most appropriate technique, 
as it is cheap, easy to handle and can work without energy supply. Usually, support material consists ofiron, aluminum or calcium 
oxide or oxy-hydroxides, as they have high phosphate sorption capacity. Nowadays considering circular economy, the use of 
productsthat are considered as wastes, can be a good opportunity. In this context, sludges from drinking water plantscan represent a 
very interesting support, as they are rich in iron, aluminium and/or calcium. 

In order to evaluate the interest of drinking water sludge for P removal, the sorption capacities of various drinking water sludges were 
evaluated using batch test experiments. Hereafter the origin of the different studied sludges is given. 

 Sludge A: from a drinking water plant A equipped with a physico-chemical treatment using FeCl3. 
 Sludge BL: from a drinking water plant Bequipped with a remineralization step (addition of lime),a physico-chemical 

treatment using FeCl3 and an activated carbon powder application. 
 Sludge BD: from the drinking water plant B, corresponds to BL sludge after a dewatering treatment withlime application. 

Table 1: Drinking water sludge composition 
 Fe mg/g Al mg/g Ca mg/g Mg mg/g Mn mg/g P mg/g 
Sludge A 330±30 25.0 ± 0.4 2.34±0.01 2.34±0.04 0.70±0.05 0.238±0.006 
Sludge BL 283±4 11 ± 3 38.6±0.5 2.34±0.4 1.22±0.03 27±10 
Sludge BD 148±30 5.9 ± 0.2 182±4 1.35±0.06 1.0±0.1 28.7±0.1 
As expected, iron was the main component in sludge A and BL whereas calcium was dominant in sludge BD (Table 1).The 
remineralization treatment step done on sludge BL can explain its higher Ca level compared to sludge A. 

Batch tests were performed, by mixing 1g of dry sludge (dried at 105°C)and 150mL of NaCl solution 0.01M, with various P 
concentrations. P was analyzed using the Murphy and Riley method (1962). Pseudo first and second order models were used to 
describe kinetic experiments whereas Langmuir and Freundlich models were used for the isotherm data results (Sleiman et al., 2016). 

Table 2: Kinetic adsorption constants(calculated from non-linear regression) 
 Pseudo first-order Pseudo second-order 
 Qe (mgP/g DW) K1 (h

-1) R² Qe (mgP/g DW) K2 (g.mg-1.h-1) R² 
Sludge A 4.8 ± 0.2 0.51 ±0.09 0.951 5.1 ±0.2 0.061 ± 0.009 0.986 
Sludge BL 5.8±0.6 0.28±0.8 0.932 6.6±0.5 0.022±0.006 0.973 
Sludge BD 33 ± 3 0.6 ±0.2 0.883 35 ±2 0.010±0.003 0.943 
Kinetics were better represented with pseudo-second order model (Table 2). Maximum sorption capacities were in the same range for 
sludge A and BL and far higher for sludge BD, highlighting the high sorption capacity of sorbent rich in calcium hydroxide.   

 

Table 3: Adsorption isotherm model with Freundlich and Langmuir models (calculated from non-linearregression) 
 Freundlich model Langmuir model 
 KF n R² Qm KL R² 
Sludge A 1.8±0.4 0.29±0.09 0.896 4.3±0.2 0.55±0.09 0.995 
Sludge BL 2.8±0.3 0.28±0.06 0.994 7.9±0.9 0.62±0.008 0.877 
Sludge BD 19±5 0.23±0.05 0.943 58±8 0.1±0.1 0.858 

Langmuir model better describedadsorption isotherm of sludge A whereas Freundlich equation fittedbetter with data obtained with 
sludges BL and BD. This highlighted difference in the sorption mechanism with a specific adsorption with sludge A whereas 
multilayer adsorption could occur on sludge BL and BD. 

In the literature, calcination was recognized to improve P sorption capacity of calcium supports (Bal Krishna et al., 2017). We did not 
observe such result and at the opposite sorption capacity highly decreased (Fig.1). 
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Figure 1: Kinetic P adsorption by sludge BD dried at 105°C (yellow, empty point) and calcined at 550°C (green, full point). Experiment 
carried out with 1g solid in 150mL NaCl 10-2M, [P] = 510mg/L at room temperature (21 ± 2°C) 

 

Considering these experimental results, the interest of this drinking water sludge in comparison with other P removal sorbents, as slag, 
apatite and ZVI (Zero Valence Iron) could be discussed. 

 

 

References  

Bal Krishna K.C., Niaz M.R., Dipok C. Sarker D.C., Jansen T., 2017. Phosphorous removal from aqueous solution can be enhanced 
through the calcination of lime sludge. Journal of Environmental Management. 200, 359-365. 

Maavara T., Parsons C.T., Ridenour C., Stojanovic S., Dürr H.H., Powley H.R. and Van Cappellen P. (2015) Global Phosphorus 
Retention by River Damming. Proceedings of the National Academy of Sciences 112, 15603-15608. 

Murphy, J., Riley, J.P., 1962. A modified single solution method for the determination of phosphate in natural waters. Anal. Chim. 
Acta 27, 31–36. 

Sleiman, N., Deluchat, V., Wazne, M., Courtin, A., Saad, Z., Kazpard, V., Baudu, M., 2016. Role of iron oxidation byproducts in the 
removal of phosphate from aqueous solution. RSC Adv 6, 1627–1636. 



22 
 

Characterization of aluminum silicate precipitates and its stabilization using anionic scale 
inhibitors: Relevance to geothermal systems 

 
M. Kamaratou,#A. Spinthaki,# and K. D. Demadis#,* 

 
#Crystal Engineering, Growth and Design Laboratory, Department of Chemistry, 

University of Crete, Voutes Campus, Heraklion, Crete, GR-71003, Greece 

 
E-mail: michaelakam1996@yahoo.gr 

 

Abstract 

One of the biggest problems in modern geothermal industry is the deposition of inorganic precipitates (crystalline or amorphous) in 
the pipelines used for the transportation ofhot geochemical fluids. The most common precipitates are metal sulfides, amorphous silica 
and metal silicates, with the latter including aluminum silicate. The deposition rate of aluminum silicateis changedby adjusting the pH 
value of the geothermal fluid. This approach is neither easy to use nor environmentallyfriendly. In addition,it aggravates pipeline 
corrosion and increases the risk of formation of other scales. 
The aim of this research is two-fold. First, complete characterization of laboratory scales containing both aluminum and silicon, the 
so-called “aluminum silicate”, is pursued. Secondly, the inhibition/controlof “aluminum silicate”is studied, by using anionic scale 
inhibitors, which act as Al3+complexing agents. Al3+ions are believed to catalyze the polycondensation reaction of silicic acid 
[Si(OH)4]at pH 5-7. Therefore, the anionic additives complex the Al3+ions, and thus deactivate its catalytic properties. Hence, 
thepolymerization of silicic acid is retarded. The main focus of this study is the control of Si(OH)4 polymerization in the presence of 
Al3+, simultaneously with the stabilization of the monomeric Si(OH)4 in the presence of Al3+using inhibitors. Possible mechanisms 
and structure/function relationships will be discussed. 
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Abstract: 

Introduction In recent years, significant advances in wastewater (WW) treatment were demonstrated for the removal of both 
chromophores and other specific contaminants. In the first part of this study, innovative treatments for colour removal has been 
analysed. In recent years, in fact, the interest on WW colour removal become significant (Collivignarelli et al. 2019). Considering the 
rising of the problem related with the presence of dyes and chromophores into WW, several advanced processes are currently adopted 
or under study. 

Unlike conventional oxidation processes, the basic principle of advanced oxidation processes (AOPs) is production of highly reactive 
and non-selective hydroxyl radicals (OH●). Among the AOPs, one of the treatments that is attracting wide interest and is still 
obviously underinvestigated is the PhotoElectrochemical Catalysis (PEC) (Franz et al. 2015). This process combines conventional 
photocatalysis with the physico-chemical phenomena obtained in theTiO2 catalyst by electrical polarization during operation. This 
approach has been shown to lead to a synergistic effect, enhancing the production of OH● and therefore significantly increasing the 
degradation rate of chromophore molecules or other contaminants. Additional practical advantages arise from the stability and the low 
cost of the TiO2 (Komtchou et al., 2016), and the possibility to synthesise highly photoactive TiO2 films by an industrial technique, 
namely Plasma Electrolytic Oxidation, which makes it easier a future scale up for WW applications (Franz et al., 2016). In the same 
years, PEC with TiO2 has been tested several times on synthetic dyes, particularly on azo dyes considered the most recalcitrant due to 
their N-N bonds. For instance, Franz et al. (2015) obtained 95% of RR243 after 60 min of PEC treatments. Moreover, Turolla et al. 
(2012) showed the removal (87.5%) of DG26 after 24 h of process. However, the experiments on a real WW are very few so far.  

Considering specific contaminants, since several years the scientific community has been targeting the so-called Contaminants of 
Emerging Concern (CECs), which are warranting attention because of their considerable spread in all environmental matrices and 
because they may occur in groundwater as a result of human activities, i.e. agriculture and industrial practices. Nowadays, chlorinated 
volatile organic compounds (VOCs) and pesticides fall into the group of CECs and are usually detected in groundwater in trace 
concentrations (μg L-1 or ng L-1) (McCance et al., 2018). Considering that only in recent years PEC has been tested on groundwater 
(Komtchou et al., 2018), the possible application of PEC to the removal of specific CECs from this type of water has been 
investigated.  

  

Methods In this work, two different types of real waters have been treated: an industrial WW with high COD and dark colour, and a 
groundwater containing a significant concentration of CECs. The first type of WW has been treated by photolysis (UV) and PEC 
combined with impulse dosage of H2O2 for colour removal. UV and PEC processes have been also tested for removal of VOCs and 
some pesticides from the second type of water. In both cases, the same laboratory scale plant was used (Figure 1). 

 

Results and discussion The tests conducted on a real industrial WW showed the suitability of PEC combined with impulse dosage of 
H2O2 for colour removal. This is in agreement with literature (Buthiyappan & Abdul Raman, 2019) where it is shown that the 
combination of two or more different treatments represents a possibility to overcome the limitation of AOPs in the degradation of 
recalcitrant molecules present in WW. The results of Specific Oxygen Uptake Rate (SOUR) tests demonstrated that PEC allows to 
increase the biodegradability of WW also when the matrix is still coloured. This feature makes PEC interesting in order to increase 
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the suitability for any hypothetical subsequent biological treatments. In case of CECs removal, the experimental activity showed that 
the use of a TiO2 polarized mesh in the UV process did not improve the removal yields: as a matter of fact, the removal yields is 
comparable between the two processes, in which a shielding effect, around 50%, of the mesh for the UV radiation is found. 

 

 

Figure 1: Laboratory scale plant used for the tests on WW and groundwater. 

 

Conclusions Tests on coloured WW show the suitability of the combination of PEC treatment and H2O2 for colour removal. 
Moreover, PEC is effective in increase the biodegradability of the matrix. Instead, PEC tested on CECs removal has not been 
improved by the addition of the TiO2 polarized mesh in the UV process. In the perspective of a full-scale application, and in order to 
increase PEC efficiency, the optimization of the PEC reactor should be evaluated. 

Keywords: advanced oxidation processes, photoelectrocatalysis, titanium dioxide, colour removal, CECs 
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Abstract 

In the present work the advantages of Thermophilic Aerobic Membrane Reactor (TAMR) for the treatment of high strength 
wastewaters/aqueous wastes, biological sludge and digestate are described. The results were obtained from the monitoring of a pilot 
plantat semi-industrial scale. 

The pilot plant (Figure 1) consists of a biological reactor (1 m3 volume) thermally insulated to keep a constant temperature (45-50 °C) 
and equipped with a membrane ultrafiltration unit and a recirculation line. The ultrafiltration unit is made of seven tubular ceramic 
membranes with a molecular cut off equal to 300 kDa. Two filters with normal pore size of 1.5 mm are also incorporated in the 
membrane and recirculation lines (Collivignarelli et al., 2015). 

In the first part of the experimentation, the biological treatability of high strength wastewater/aqueous wastes was studied. The 
characteristics of substrates tested are reported in Table 1. The average yield of Chemical Oxygen Demand (COD) removal was equal 
to 78% with an organic loading rate (OLR) up to 8-10 kgCOD m-3d-1 despite significant scattering of the influent wastewater 
composition (Collivignarelli et al., 2015). Total Phosphorus (TP) was removed with a rate of 90%; the most important removal 
mechanism being chemical precipitation (as hydroxyapatite, especially). Finally, surfactants were removed with efficiency between 
93% and 97% (Collivignarelli et al., 2014). 

In the second part of the experimentation,the treatability of the biological sludge was studied; in this case, the thermophilic membrane 
process was evaluated as an alternative technology for sewage sludge reduction. In this experimentation, the pilot plant has been 
operated under alternate cycles of aeration and non-aeration conditions (biblio). The qualitative characteristics of thickened sludge fed 
to TAMR are reported in Table 1.The results of the experimental works highlight that the hydraulic retention time (HRT) and aeration 
conditions play a crucial role on the overall process performance. The removal efficiency of volatile suspended solids (VSS) was 
greater than 80% under the following conditions: HRT even lower than 15 d; 2 h of aeration - 6 h of non aeration cycles; and OLR 
equal to 2.0 kgCOD m−3 d−1 (Collivignarelli et al., 2017a). 

In the third part of the experimentation, the treatability of liquid fraction ofdigestate was studied in thermophilic conditions by mean 
of a TAMR. The digestate derived from two-stage anaerobic digestion process that treats bovine manure and corn silage; the 
characteristics of liquid fraction are reported in Table 1.The removal efficiencies of COD and TP reached 94% and 87%, respectively. 
Moreover, total nitrogen removal (up to 60%) is due to the organic fraction reduction; TAMR is able to convert different nitrogen 
forms almost completely into ammonia. Moreover, TAMR concentrate can be added to anaerobic digestion process with enhancement 
in pH control (due to good neutralization effect), hydrolytic phase and sulfate reduction (Collivignarelli et al., 2017b). 

The thermophilic biomass resilience and the process stability under critical conditions (such as rapid rise of the mixed liquor pH, 
oxygen supply interruption, etc.) were also evaluated. Critical conditions, especially the sudden interruption of oxygen supply, 
affected the pilot plant performance but did not cause a complete system break down. After the temporary reduction of process 
performance, also proven by the decrease in the oxygen consumption, the normal working conditions were restored. Moreover, the 
longer non-aerated phase involved a significant reduction (40%) of volatile suspended solids concentration in the biological reactor 
and the increase of 30% in foaming power; nevertheless, once the oxygen supply was reactivated, optimal conditions were rapidly 
restored. The study showed the high resilience of the thermophilic biomass, which was able to recover full functionality after critical 
events (Collivignarelli et al., 2017c). 

Finally, we have investigated the biological treatability of permeate in both experimentation; the permeate showed a good 
biodegradability under mesophilic conditions thus being treatable by means of conventional biological processes. Moreover, ammonia 
(the permeate presenting high concentrations) could be recovered as a fertilizer (stripping and subsequent washing of the exhausted 
gas is an established technique) and the ammonia-free permeate can be valorized as a carbon source in denitrification processes. 
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Table 1:Mainly qualitative characteristics of substrates tested (n.a.:not available). 

Parameter  High strength wastewater/ 

aqueous wastes 

Biological sludge Liquid fraction of 
digestate 

COD [mg L-1] 18,000-60,000 28,700-30,000 44,500-73,600 

Total Solids (TS) [g L-1] n.a. 31-33 41-62 

Volatile Solids (VS) [g L-1] n.a. 18-19 28-46 

VS/TS [%] n.a. 57-60 68-76 

N-NH4
+ [mg L-1] 100-400 n.a. 2,000-3,500 

N-NOx
- [mg L-1] 600-1,500 n.a. n.a. 

Total Nitrogen (TN) [mg L-1] 200-4,150 1,630-1,750 3,200-4,500 

Total Phosphorus (TP) [mg L-1] 330-2,353 630-680 384-664 

Total surfactants [mg L-1] 120-5,520 n.a. n.a. 

Source: Collivignarelli et al., 2014, 2015, 2017a, 2017b. 

 

 

Figure 1:Pilot plantused for the experimental works. 

 

Keywords: Thermophilic Aerobic Membrane Reactor (TAMR), aqueous waste, biological sludge, digestate 

References 

Collivignarelli,M.C., Abbà, A. &Bertanza, G. (2014). Treatment of high strength pharmaceutical wastewaters in a Thermophilic 
Aerobic Membrane Reactor (TAMR). Water Research, 63, 190-198. doi: 10.1016/j.watres.2014.06.018 
 
Collivignarelli, M. C., Abbà, A. & Bertanza, G. (2015).Why use a thermophilic aerobic membrane reactor for the treatment of 
industrial wastewater/liquid waste?Environmental Technology, 36(16), 2115-2124. doi: 10.1080/09593330.2015.1021860 
 
Collivignarelli, M. C., Abbà, A., Castagnola, F. & Bertanza, G. (2017a). Minimization of municipal sewage sludge by means of a 
thermophilic membrane bioreactor with intermittent aeration. Journal of Cleaner Production, 143, 369-376. doi: 
10.1016/j.jclepro.2016.12.101 
 



28 
 

Collivignarelli, M. C., Bertanza, G., Abbà, A., Sordi, M. & Pedrazzani, R. (2017b). Synergy between Anaerobic Digestion and a Post-
Treatment Based on Thermophilic Aerobic Membrane Reactor (TAMR). Environmental Progress & Sustainable Energy, 36(6), 1802-
1809. doi: 10.1002/ep.12677 
 
Collivignarelli, M. C., Abbà, A., Bertanza, G. & Barbieri, G. (2017c). Treatment of high strength aqueous wastes in a thermophilic 
aerobic membrane reactor (TAMR): Performance and resilience. Water Science and Technology, 76(12), 3236-3245.doi: 
10.2166/wst.2017.492 

  



29 
 

Estrogenicity reduction from municipal wastewater: Comparison between conventional 
and membrane ultrafiltration treatment 

 

Bertanza G. 
DICATAM - Department of Civil Engineering, Architecture, Land, Environment and Mathematics, University of Brescia, Italy, Via 

Branze 43, I-25123 Brescia 
MISTRAL - Integrated Models for Prevention and Protection in Environmental and Occupational Health, University of Brescia, Italy 

Mazzoleni G. 
DSCS - Department of Clinical and Experimental Sciences, University of Brescia, Italy, Viale Europa 11, I-25123 Brescia 

MISTRAL - Integrated Models for Prevention and Protection in Environmental and Occupational Health, University of Brescia, Italy 
Steimberg N. 

DSCS - Department of Clinical and Experimental Sciences, University of Brescia, Italy, Viale Europa 11, I-25123 Brescia 
MISTRAL - Integrated Models for Prevention and Protection in Environmental and Occupational Health, University of Brescia, Italy 

Ziliani E. 
DICAr - Department of Civil Engineering & Architecture, University of Pavia, Italy, Via Ferrata 1, I-27100 Pavia 

Pedrazzani R. 
DIMI - Department of Mechanical and Industrial Engineering, University of Brescia, Italy, Via Branze 38, I-25123 Brescia 

MISTRAL - Integrated Models for Prevention and Protection in Environmental and Occupational Health, University of Brescia, Italy 
 

 

Abstract 

 

From the Seventies onwards,the recovery, in aquatic environment, of substances causing endocrine impairment has been receiving 
growing attention by the scientific community and public institutions(EU Directive 2008/105/EC). Among the plurality of sources, 
wastewater plays a major role in carrying and spreading pollutants (both natural and anthropogenic) possibly exerting endocrine 
activity (Buttiglieri & Knepper, 2007). An environmental inlet can thus occur, as a function of the final fate of treated wastewater 
(either discharged in waterbodies, or reused in agriculture)(Bai & Acharya, 2019); possible impacts on aquatic ecosystems and human 
health have been highlighted (Hamid & Eskicioglu, 2012; Lee, 2018). The endocrine activity of wastewater is due to mixtures of 
chemicals, mostly at trace levels; conventional treatments, therefore, may not ensure an efficient reduction of such substances, since 
biological kinetics depend strictly on substrate concentration.  

Advanced treatment technologies, such as membrane biological reactors(MBR), have been showing promising resultsin terms of 
endocrine disrupting compounds removal (Ahmed et al., 2017; Monsalvo, McDonald, Khan, & Le-Clech, 2014; Nguyen et al., 
2014).The evaluation of endocrine activity reduction must include not only the quantification of single chemical species (which, 
however, is inherently impossible, due to the huge range of biotic and abiotic degradation reactions, which can occur) but also 
biological assays, aimed at testing wastewater and effluents “as a whole”(Avberšek, Žegura, Filipič, & Heath, 2011; Escher et al., 
2014). 

This work focused on estrogenicity, detected by means of two different biological systems, namely genetically modified human 
cancer breast cells and yeasts. The performance of a conventional process (based on secondary settling phase) and a membrane 
filtration unit was compared. 

Experimental work was conducted at a full scale WWTP (design size 380,000 p.e.), treating domestic and industrial 
wastewater,located in Northern Italy andconsistingoftwo CAS lines and one MBR line. Two different monitoring campaigns were 
planned, both under dry weather conditions.Main characteristics of wastewater and effluents during the campaigns are reported in 
Table 1.Sampleswere taken in the equalization/homogenization tank, after screens and grit-oil removal, at secondary settling outlet 
(for CAS line) and at ultrafiltration unit outlet (for MBR line). For both campaigns, 24h composite samples were collected daily by 
automatic refrigerated auto-samplers, equipped with Teflon pipes and dark glass containers. 
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Table 1: Influent and effluent characteristics of the CAS and MBR lines during the monitoring campaigns 

  
First monitoring campaign Second monitoring campaign 

CAS  MBR CAS MBR 

Influent 
characteristics* 

COD (mg/L) 310 282 

TSS (mg/L) 140 127 

TKN (mg/L) 29 - 

N-NH4(mg/L) - 20.9 

Ptot(mg/L) 5 3.9 

T (°C) 23 22 

Effluent 
characteristics 

COD (mg/L) 15 8 20.2 15.1 

TSS (mg/L) <5 <5 2.5 < 2.5 

N-NH4(mg/L) 3.10 0.50 0.04 0.05 

N-NO3(mg/L) 3.5 5 5.8 6.3 

Ptot(mg/L) 0.6 0.6 0.7 0.9 

*After screens and grit-oil removal 

The estrogenicity reduction was quantified by performing an assay by means of ERE-tk_Luc-MCF-7 cells during the first campaign, 
and by means of Saccharomyces cerevisiae cells during the second campaign. 

In both campaigns, the membrane filtration unit yielded a betterquality effluent. Currently, the parallel execution of both bioassays is 
underway, in order to compare their sensitivity and suitability for the assessment of possible endocrine activity of raw and treated 
wastewater. 

 

Keywords:  activated sludge; EDCs (Endocrine Disrupting Compounds), MCF-7 cells, YES (Yeast Estrogen Screen); YAS (Yeast 

Androgen Screen). 
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Abstract : 

 

Release of industrial effluent, often contaminated with textile dyes without proper and prior treatment into the environment is one of the 
major causes leading to a burden of health care issues in worldwide [Parrott, 2016]. The textile dyes possess a high capacity to modify 
the environment due to their strong color and visual pollution and also affecting photosynthesis processes. In this context the availability 
of clear water for various activities is becoming the most challenging task for researchers and engineers worldwide.Among different 
methodologiesdeveloped to manage wastewaters, adsorption proved to be a superior technique for dye removal from aqueous phase, 
in terms of cost, availability of a wide range of adsorbents, low harmful secondary products, facile regeneration of the adsorbents and 
high effectiveness [Kafshgari, 2017].Fe3O4/Ag/C nanocomposites have attracted interest in many applications due to their valuable 
properties[Dastafkan, 2015]. These nanocomposites combine the good catalytic and antibacterial activity provided by silver and high 
adsorption capacity supplied by carbon with the advantage of easy magnetically manipulation given by magnetite. Meanwhile, the 
carbon presence prevents the oxidation or erosion by acid or base and agglomeration of the composite in aqueous solution. 

In this work we report the synthesis of new Fe3O4/Ag/C nanocomposite by the combustion method, and its application in the 
treatment of colored wastewaters. The combustion method is environmentally friendly and has many advantages such as simplicity, 
short reaction time, and low energy consumption [Ianos, 2014].The structure and morphology of the magnetic nanocomposites were 
investigated by Mössbauer spectroscopy, X-ray diffraction (XRD), FTIR, scanning electron microscopy (SEM)-energy dispersive X-ray 
(EDX) and N2 adsorption-desorption technique.The presence of magnetite in the samples was certified by Mössbauer spectroscopy. 
The thermal behaviour and textural properties of the samples are significantly influenced by the high carbon content. The values of 
the saturation magnetization of the samples are in accordance with their phase composition, decreasing with the decrease of magnetite 
content, from 2.6 to 2.0 emu/g. The SEM images of the samples indicate the presence of small agglomerated magnetite and silver 
particles located on the surface of activated carbon. 
 

 

Figure 1:SEM-EDX analysis of MSC sample. 

 

The syntesized magnetic nanoparticles were tested as adsorbents for removal of an acid dye:Acid Blue 80 (AB), and two cationic dyes: 
Methylene Blue (MB), Safranine T (ST) from aqueous solutions. The adsorption experiments were performed in a thermostat shaker 
with a constant shaking speed of 180 rpm in flat-bottom glass flasks. The effects of four independent variables: solution pH, initial 
concentration of pollutant, adsorbent dose, temperature, and their interactions on the adsorption capacity of the nanocomposite were 
investigated in order to optimize the process. 

mailto:sgmuntean@acad-icht.tm.edu.ro
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The present work describes the application of Fe3O4/Ag/C nanocomposite as adsorbent for removal from wastewaters, inselected 
workingconditions.The removal efficiency of pollutants depends on solution pH, and increases with initial concentration of the 
pollutants, the dose of MSC and the temperature. 

Pseudo-second order kinetic model was fitted to the kinetic data, and adsorption isotherm analysis was used to elucidate the 
adsorption mechanism. The experimental data were well correlated by the Sips adsorption model, and the maximum adsorption 
capacities were determined.  Thermodynamic analysis showed that adsorption of investigated dyes on MSC was favourable, 
spontaneous and endothermic.The optimum conditions obtained for individual adsorption were selected as starting conditions for 
simultaneous adsorption of dyes from binary systems. In binary systems the removal efficiency decreased due to competitive effect, 
but still was greater than 65% for binary systems systems, indicating the possible industrial application of MSC. 

 

Table 1:Dyes removal efficiency for binary systems 
R sin. (%) R bin. (%) 

MB MB (MB+ST) MB (MB+AB) 
99.71 98.99 97.74 
ST ST (ST+MB) ST (ST +AB) 
96.83 86.49 75.65 
AB NB (ST+AB) NB (MB+AB) 
75.75 65.79 96.62 

 

To validate the reusability of the MSC nanocomposite, seven cycles of consecutive adsorption-desorption were carried out at 25°C 
under similar conditions.. 
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Figure 2:Removal efficiency of MSC in seven adsorption-desorption cycles. 

 

The obtained results suggest that as-prepared magnetite/silver/carbon nanocomposites has a potential application in the industrial 
wastewater purification management. 

Keywords:Magnetic nanocomposites, magnetite, adsorption, dyes,  
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Abstract  

 

Membrane bioreactors (MBRs) are and advanced treatment for wastewater based on the activated sludge process, able to provide a 
very high-quality effluent in a small footprint. Raw sewage is treated biologically in an aerobic reactor and the treated wastewater is 
separated from the mixed liquor. In a MBR the separation process is membranes rather than clarifiers. Therefore, at a wastewater 
treatment plant with MBR there is no need for clarifiers. 

 

The membrane separation process overrides the need for sand filters. No clarifiers and sand filters significantly reduces process 
complication and footprint of the entire system. 

 

Membrane filtration allows the operation of the biological system at a much higher level of mixed liquor suspended solids than a 
typical activated sludge process. Typically, the aerobic system of an MBR will operate at 10,000 mg/l of solids. Operating at this high 
level of solids considerably reduces the footprint of the biological system compared with a typical activated sludge process. 

 

At the heart of the MBR process is the Membrane Operating System (MOS). The MOS is an integral part of the Aerobic Process but it 
is normally specifically designed as a separate basin to optimise the operating environment of the membranes. 

The raw sewage is introduced to the biological system. The mixed liquor from this process is then sent to the membrane tank where 
membranes are “kept clean”(remove fouling) with low pressure air, typically around 30-50 kPa, depending on the depth of the MOS 
tank, with a continuous or intermitting flow. 

 

There are different factors that influence membrane fouling in MBRs like: membrane characteristics (material type, water affinity, 
surface roughness, surface charge, and pore size), operating conditions (operating mode, rate of aeration, temperature, SRT, HRT, 
F/M ratio, COD/N ratio), and feed and biomass characteristics (MLSS, sludge viscosity, EPS, floc size, alkalinity, pH and salinity). 

 

During filtration process, it’s always necessary to “physically” clean more effectively fibers with backwash and or relaxation phases 
that determine downtimes in filtrate production.  

 

Membrane need also chemical cleaning, generally a “light”maintenance clean is used to keep the permeability decreasing trend slower 
and it’s typically performed every 3-14 days, depending on water characteristics and type of membranes, while every 1-12 months, a 
more effective cleaning is required. Most advanced systems operate a Clean In Place, that means everything is performed by the 
control system without need to remove membranes from their tanks/vessels. 

A biocide is used for all cleans and the use of an acid may also be necessary if inorganic fouling is present. 
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The most diffused membranes are made by polymers like PVDF or PES, the structure can be monolithic (homogeneous, all filtering 
layer) or supported (another polymer used to support a thinner filtration layer). 

 

Configurations can be hollow fiber, flat sheet, flat sheet/hollow fiber or tubular, the table below summarizes main differences. 

 

Table 1:Type of membranes comparison 

Type of membranes Hollow fiber Flat sheet Flatsheet/ 
hollow fiber 

tubular 

Configuration Submerged Submerged Submerged Pressurized 

Grade of filtration UF/MF MF UF UF/MF 

Footprint  + - ++ - 

Concentration of MLSS + ++ - ++ 

Energy saving + - + -- 

Chemical consumption + ++ + + 

 

The Membrane Operation System (MOS) provides an absolute barrier to all micro-organisms and suspended solids greater than pore 
size (fractions of microns). Thus, retaining all bacteria, flocculates, suspended solids and some viruses in the biological system and 
producing a high-quality effluent that makes this process suitable for reuse purposes, alone or upstream disinfection (UV), reverse 
osmosis, carbon filters, etc., according to the water quality needed. 

Total Suspended solids in the effluent can be very low, many times not detectable or below instruments limit, for this reason it’s often 
required a turbiditymeter (typical values for UltraFiltration membranes < 0.3 NTU). For LRV monitoring purposes, the best method is 
a Direct Integrity Test (DIT),  

Membranes strictly interact with the biological process, that must properly work with a minimum sludge age of 8-12 days to avoid 
Extra Polymer Substances (EPS), major contributors to membrane fouling. This means also dissolved substances will be removed 
effectively, e.g. typically BOD < 5 mg/l, NH4 < 1 mg/l , lower sludge production more stabilized. 

For the reasons explained above and the increasing demand of clean water, MBRs are significantly increasing their diffusion 
worldwide, even with giant plants. 
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Figure 1:MBR worldwide growth 

Source: Bioresource Technology 271 (2019) 473-481, p. 2. 

 

Main Countries where MBRs are diffused are the ones where drivers can be found: lack of space (plants built in caves, rocky 
territories), strict effluent limits because of reuse or because of local legislation for discharge into fragile ecosystems, high density of 
population, like Italy, Scandinavian Countries, Singapore, China, South Korea, USA (California), Canada, South Africa, Australia, 
some case studies are presented. 
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Abstract: 

This paper presents experimental laboratory research regarding the plasma-based decontamination of toxic compounds from the 
organophosphorus pesticides category. The pesticides category includes a number of chemical compounds, natural or man-made, used 
in the agriculture field: herbicides, insecticides, fungicides, bactericides, rodenticides, nematicides, acaricides etc. The spread of these 
compounds, used for prevention or counteracting, affects the environment (either because of their intentional use or their accidental 
propagation). The end result is the contamination offoodthat affects the health of both humans and animals, and creates long term 
problems.The accumulation of such substances in the environment and in food, as well as the impact they have, constitutes a major 
current concern. 

 

Keywords:  contaminated waters, organophosphorus pesticides, plasma sources, decontamination degree 

 

Introduction 

The organophosphorus pesticides have structures similar to those of neurotoxic warfare agents (GA tabun, GB sarin, GD soman, Vx 
etc.), but their toxicity is lower. Although these pesticides are less toxic than neurotoxic agents, the illnesses they cause are clinically 
similar to those caused by neurotoxic agents. Due to their highly acute toxicity, organophosphorus pesticides have later been replaced 
by other compounds – pyrethroids, thought to be less harmful for humans and the environment. Although newer generations of 
compounds with relatively less toxic action and fewer adverse effects on the environment have been introduced, the use of 
formulations with significant toxic effect and mutagenic-carcinogenic potential persists, partly because of their technological 
efficiency(Harrison, 2001; Muhammad et al., 2017). 

There is a major concern amongst researchers from all around the world in searching for efficient methods of destroying these 
compounds, as well as for protecting the environment. An advantage of the plasma-based decontamination, when compared to their 
incineration, is the fact that they act as a two-step system: first as a detoxification reactor (the plasma arc) and then as a decomposing 
reactor (as a burner or a catalytic oxidant)(Hitchmanet al., 1997). 

 

Experimental work 

We worked with three types of pesticides acquired from Sigma-Aldrich: i) organophosphorus pesticides with a double P=O bond 
(paraoxon-ethyl; CAS: 311-45-5, M = 275,195 g/mol); ii) organophosphorus pesticides with a double P=O bond and molecular 
halogen atoms (dichlorvos; CAS: 62-73-7, M = 220.98g/mol); iii) organophosphorus pesticides with a double P=S bond (parathion-
ethyl; CAS: 56-38-2, M = 291,3 g/mol). 

 

mailto:nicoleta.petrea@yahoo.com
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Paraoxon-ethyl Dichlorvos Parathion-ethyl 

Figure 1:Molecular structure images of the target pesticides. 

 

We prepared solutions of 20 µM pesticides in water. The pesticides solutions have been analyzed before and after having undergone 
plasma-based decontamination. The investigations were conducted by gas-chromatography.The gas chromatograph used in this study 
was a Trace DSQII, Thermo Electron Corporation, coupled with a mass spectrometer, equipped with a capillary column TR5MS 30 m 
x 0.25 mm x 0.25 μm. Helium was used as carrier gas. The working parameters were: 1 ml/minute (36.2cm/s) debit, constant 
pressure; injection mode: splitless, 15 ml/min; temperature: 60 ºC (2 minutes), 10 ºC/min, 300 ºC (10 minutes); domain: 40-650 m/z; 
injection volume: 1 μl. 

The decontamination was performed with two plasma sources: DBD(Dielectric Barrier Discharge) and DBE(Discharge with Bare 
Electrodes), in identical conditions, for the same initial solution volume (50 ml), a gas flow (argon 3000 sccm), 100 W power source, 
for a treatment time of 30 minutes. We calculated the degree of decontamination of the toxic compounds, while also comparing the 
efficiency of the two plasma-based decontamination methods.  

All reactions were performed by trained personal using safety procedures in a closed system or in a hood under good ventilation. 

 
Results and discussion 

The comparative results obtained after the treatment of the contaminated aqueous solutions with the two plasma sources are presented 
in Figure 2 and Table 1. We can observe that the results obtained after the decontamination are comparable for both plasma sources. 
The parathion is almost completely decontaminated, while the dichlorvos remains undegraded.  

 

   

a) b) c)  

Figure 2:The chromatograms of the pesticides solutions, before and after decontamination with the two plasma sources: a) Paraoxon-ethyl;            b) 
Dichlorvos; c) Parathion-ethyl. 

 

Table 1:The experimental parameters of the treatments, as well as the results of the pesticides decomposition. 

Sample name Plasma source Power 
(W) 

Argon flow 
(sccm) 

Treatment time 
(min.) 

Initial volume 
(ml) 

 
Decontamination yield 

(%)a 
So_POx DBD 100 3000 30 50 34.14 
So_DCV DBD 100 3000 30 50 Unnoticeable result 
So_PT DBD 100 3000 30 50 99.39 
So_POx DBE 100 3000 30 50 40.55 
So_DCV DBE 100 3000 30 50 Unnoticeable result 
So_PT DBE 100 3000 30 50 90.49 
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So_Pox - initial solution of paraoxon-ethyl; So_DCV - initial solution of dichlorvos; So_PT - initial solution of parathion-ethyl. 

aThe decontamination rate was calculated as the percentage of toxic compound consumed from the initial quantity after performing 
the decontamination with plasma sources.  

 

Conclusions 

In summary, the present study provides valuable information regarding the organophosphorus pesticides decomposition, the systems 
used being capable of complete degradation of these.The plasma-based treatment tests were performed in intentionally contaminated 
waters, prepared following the selection of specific pollutants. Multiple samples and working materials have been used (waters 
contaminated with organophosphorus pesticides), that have characterized both before and after the plasma-based treatment. The 
results obtained are promising (decontamination rate of parathion-ethyl was 99.39% with DBD and 90.49% with DBE), the plasma-
based decontamination showing potential of becoming an efficient method of decontamination of waters contaminated with 
pesticides.  
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Abstract: 

Membrane Biological Reactors (MBRs) derive from the coupling of traditional activated sludge processes with filtration on micro- or 
ultra-porous membranes. The major advantages of this solution are due to the absence of sedimentation downstream and, thus, the 
elimination of all the operational constraints related to that process. The replacement of sedimentation with membrane filtration 
entails: a considerable reduction of area occupied by the wastewater treatment plant, due to both the elimination of sedimentation 
units and the increase of concentration of suspended solids in the biological reactors; the possibility of operating the biological 
process even with significative hydraulic load fluctuations (since the sludge age and the hydraulic retention time are completely 
independent); lower production of surplus activated sludge; the elimination of problems due to bed sedimentation properties of 
activated sludge usually present in conventional activated sludge planta; the great  improvement of the effluent quality characteristics, 
which are compatible with the potential reuse of the treated water (Andreottola, 2015). 

The design and operation of MBR systems involve the need to take into account various aspects, which, if undervalued, can reflect 
negatively on performances and management costs: maximum and sustainable flows of permeate; adequate preliminary treatments (to 
remove coarse and abrasive materials); membrane fouling and cleaning strategies; aeration and energy consumption. 

Although first cases of biological processes combined with membrane filtration were built in the 70s, modern MBR systems were 
developed from the late 80s, when they were used in small-scale treatment plants. Over the past two decades years, the significant 
reduction of both membrane cost and energy consumption, new MBR installations have been growing rapidly in the world (Judd, 
2011). Information provided by membrane manufacturers leads to estimate that about 260 MBR plants are nowadays present in Italy, 
mainly in the north of the country. Most of the plants are equipped with flat sheet membranes, used especially in the treatment of 
industrial wastewater, while hollow fiber membranes are mostly used in big urban wastewater treatment plants. Moreover, hybrid 
membranes have recently appeared in the national market (Vaccari, 2016). 

MBRs are a proven but recent technology, and there is little information about the issues related to their management. For this reason, 
the working group "Management of wastewater treatment plants", which has been working at the University of Brescia since 1998, 
launched in 2013 a sub-group aimed to study and spread knowledge on good practices of MBR management in order to avoid the 
misuse of such technology (which would lead to unsatisfying performances) and support its development (with useful information to 
membrane manufacturers and plant operators). The activities of the sub-group - which organized two conferences and wrote a book 
(being published soon) on the operation of MBR treatment plants - on the one hand has confirmed an increasing interest in the MBR 
plants, on the other hand has shown that some operational aspects must be improved. For this reason, together with the sanitary 
engineering research groups of the University of Naples "Federico II", the University of Salerno and the University of Palermo - 
which have been conducting researches on MBRs for several years and have organized since 2012 a specific annual course entitled 
BIOMAC - it was decided to set up an "Observatory on MBR treatment plants in Italy". 

The Observatory develops and promotes technical and scientific activities, training  courses, seminars, workshops, conferences to 
encourage the study and dissemination of knowledge and experience about the design, construction and operation of MBR plants. In 
particular the Observatory: 

- monitors the spread of MBR plants in Italy; 
- monitors the efficiency and reliability of those plants from technical, environmental and economic perspectives; 
- notes the judgment of the managers; 
- updates about news on technological and operational aspects; 
- disseminate information on the status and on possible developments of the sector; 
- publishes an annual report on MBR plants. 

This paper presents the state of the art of MBRs plants in Italy. The main technical characteristics of those plants and their purifying 
effectiveness are described as well as the operational pros and cons. 

Keywords: biological process,  membrane, wastewater 
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Abstract : 

The presence of pharmaceutical products (PPs) in the environment is not a new threatening environmental problem, however, there is 
still growing research activity concerning their behaviour, elimination during advanced wastewater treatment processes, identification 
of the transformation in the aquatic environment.Despite the fact, that wastewater treatment plants are not designed to eliminate the 
PPs and indicate a lack of efficiency for removing certain substances from wastewater, there is potential to enhance their treatment 
performance by incorporating the proper technology and the optimum range of parameters. 

The main aim of the study was to investigate the possibilities of the elimination of the chosen iodinated contrast media (ICM) 
(iohexol, diatrizoate, iodipamide) removal in the following watewatwer treatment systems aerobicmembrane bioreactors, anaerobic 
membrane reactors, rotating biological contactor and anaerobic-anoxic-aerobic membrane bioreactor. They were operated at the 
various sludge retention times (SRT) (from 24 days to 100 days) with the hydraulic retention time (HRT) of 67 hours. The synthetic 
wastewater (1100 mgCOD/L-1, 60 mgNH4+-N/L-1, 6 mgP-PO4/L_ and addition of ICMs) was used as a feed to systems. All systems 
were run with microorganism adaptation period to the wastewater composition and systems’ parameters. 

The results showed, that use of the various systems and operational parameters has the significant influence on the elimination of 
iodinated contrast media. The highest efficiency of the iohexol removal was noticed in anaerobic membrane bioreactor (median 45% 
at the SRT equal to 100 days). The lower iohexol elimination, in the median range from 30% to 40% was observed in aerobic and 
anaerobic  membrane bioreactors as well as in rotating biological contactors. The lowest elimination, below 20%,was indicated in 
anaerobic-anoxic-aerobic membrane bioreactor at shortest investigated sludge retention times (24 and 33 days). 

In regard to elimination of the diatrizoat, the highest removal showed the aerobic membrane bioreactor (median equal to 56%), the 
slightly lower - anaerobic membrane bioreactor (median at the level 47%). The other investigated systems occurred to be less efficient 
- the elimination did not exceed 35% and the lowest values (12 and 19%) was indicated in the aerobic and anaerobic-anoxic-aerobic 
membrane bioreactors with the lowest sludge retention time (24 and 33 days). 

The iodipamide elimination was higher than other iodinated contrast media and median values achieved the 75% in anaerobic 
membrane bioreactor. The median elimination in rotating biological contactors varied from 35% to 47%, whereas in the aerobic 
membrane bioreactor ranged from 8% to 31%. Similarly, the wide range of medians was also noticed in anaerobic-anoxic-aerobic 
membrane bioreactor (14 – 41%). 

 
Keywords: wastewater treatment, pharmaceuticals products 
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Abstract: 

Wastewater containing organic dyes resulted from industries such as textile, food, printing, and pharmaceuticals, can cause severe 
damage to human beingas well as to marineanimals, when they are discharged intoaquatic environment (Li et al. 2019). Several 
physical, biological and chemical methods have been investigated, in the last years, for the treatment of industrial colored wastewaters 
(Gupta et al. 2015). Among them, photocatalysis has attracted attention, due to the degradation of colored pollutants into smaller, non-
toxic compounds (Kumar et al. 2017). 

Coordination polymers have attracted considerable attention in recent years as photocatalysts toward organic dyes from colored 
wastewaters due to their nature and structure properties (Gaur, 2019). 

Three new cadmium(II) coordination polymers [Cd3L(CH3COO)4]·H2O (CP-1), [Cd5L2(CH3COO)6] (CP-2) and 
[Cd2L(NO3)2]·CHCl3(CP-3),where H2L stands for N,N’-bis[(2-hydroxybenzilideneamino)-propyl]-piperazinewere synthetized by 
direct metal-ligand reaction of the respective ligand with the corresponding cadmium(II) salts. The nature of the compounds was 
established based on elemental analysis, and structural information were obtained by IR and UV–Vis spectroscopy and single-crystal 
X-ray diffraction. 

The photocatalytic activity of the CPs 1 - 3 was investigated on the degradation of two anionic: Congo Red (CR), Metyl Orange (MO) 
and three cationic: Metylene Blue (MB), Safranine T (ST), Rhodamine G (R6G) dyes. Photocatalytic studies were carried out, at room 
temperature, in a UV chamber with 500 W Hg lamp providing 365 nm irradiation, andthe dye concentrations were determined by a 
UV/VIS spectrophotometry. 
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Figure 1:Photodegradation efficiency of CPs for colored pollutants, under UV irradiation 

(50 mg/L dye, 1 g/L CP, 25oC, solution pH) 

 

For all investigated dyes the photocatalytic degradation efficiency increased in order: CP-1<CP-2<CP-3. The CPs were capable of 
selective photodegradationof anionic dyes over cationic dyes,as evidenced by their decomposition efficiency of: 85% for CR and 80% 
for MO, respectively. 
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The study on photocatalytic efficiency indicated no degradation of the CR in the presence of H2L or cadmium salts CdX2(where X = 
CH3COO- and NO3

-), but a significant degradation of the CR occurred in the presence of CPs. The irradiation time necessary for the 
maximum degradation of CR was 60 min, lower than the data presented in the literature. 

Moreover, the influence of initial concentration of Congo Red was studied for 25, 50 and 100 mg/L,keeping other parameters 
constant. It was revealed that the percentage of photodegradation decreased,and more irradiation time was required as initial 
concentration of thedye solution increased. 

The kinetics of CR photodegradation by CPs was investigated using the Langmuir-Hinshelwood model (Meng, 2017), and the rate 
constant (k) hasbeen calculated. 

 

Table 1:Photocatalytic degradation efficiencies, and pseudo‐first‐order kinetic parameters for CR photodegradation by coordination 
polymers; effect of initial dye concentration 

CPs Dye concentration 

(mg/L) 

Efficiency 
(%) 

R2 k 

(min-1) 

t1/2 

(h) 

CP-1 25 85.60 0.9692 19.14 x 10-3 0.60 

50 76.28 0.9722 17.47 x 10-3 0.66 

100 65.11 0.9503   8.14 x 10-3 1.42 

CP-2 25 90.11 0.9691 21.76 x 10-3 0.53 

50 84.98 0.9662 19.64 x 10-3 0.59 

100 71.99 0.9709 12.48 x 10-3 0.93 

CP-3 25 88.43 0.9752 19.24 x 10-3 0.60 

50 82.70 0.9646 18.36 x 10-3 0.63 

100 79.91 0.9741 16.17 x 10-3 0.71 

 

With theincrease ofdye concentration, the rate of photodegradation decreases, indicating that more irradiation time was required, 
which confirms the data obtainedexperimentally. 

The results obtained have shown that the synthesized coordination polymers can be successfully used for environmental applications 
such as degradation of organic pollutants. 

 

Keywords: Photocatalytic degradation, dyes, cadmium(II) complexes, coordination polymer 
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Abstract 
Activated carbon is one of the most widely used adsorbents in wastewater treatment due to its high specific surface area (SSA) and 
porosity. It is traditionally produced through the carbonization of carbon-rich biomass(Bhatnagar et al., 2013) followed by an 
activation step, whichcan be performed in the presence of an oxidizing gas (called physical or thermal activation) or byreacting with 
an oxidizing chemical agent (chemical activation) (Che et al., 2011).Feedstock nature,carbonization process and activation step have a 
strong influence on the porous structure and adsorption properties of the resulting activated carbons (Aygün et al., 2003). 
Water pollution is a severe worldwide problem that urgently requires concepts for monitoring and implementation plans deriving 
solutions. The increase in the content of emerging organic pollutants, such as pesticides or pharmaceutical products, in continental 
waters makes essential the use of large quantities of activated carbon for water filtering. This material has a high cost and it is mainly 
imported from China and Central America to the EU. At the same time, there is a hugeamount of agricultural residues rich in organic 
carbon, which not only has no commercial value but it constitutes a global environmental problem that needs to be solved urgently. 
Thus, the aim of this work is to study the potential use of rice husks and almond shells, two very abundant agricultural residues in 
southern Spain, for the production of activatedbiochars effective for the filtration of waters contaminated with emerging organic 
pollutants,such as pharmaceutical products and pesticides. 

In order to achieve this, two different approaches were followed to produce the biochar in the present study. A fixed-bed reactor 
(500 °C) installed at IRNAS-CSIC was used to produce biochar, chemically activated with KOH (4 wt.%) in an inert atmosphere 
(Aygün et al., 2003). Activated biochar was also produced at the Technische Universität Berlin in a two-step process. Initially 
biomasswas pyrolyzed at 450 °C in a rotatory reactor, followed by a second pyrolysis step at 500 °C in an atmosphere of steam and 
N2. 

Both activation methods increased the adsorbing capacities of biochars. The SSABETincreased from 95m2g-1 to 225 m2g-1 for rice 
husks and from 49 m2g-1 to 341 m2g-1 for almond shells.However, the two-step approach with physical activation was more effective 
than the chemical activation. The results of the water holding capacity (WHC) showed a behaviour similar to those of the SSA. 
Activation of the chars increased from 3- to 10-fold their WHC. This result demonstrated that the activation step contributes to reduce 
the hydrophobic nature of the chars and may facilitate their capacity to absorb organic pollutants from the wastewater in the pores.The 
H/Catdecreased considerably from 1.6-1.7 to 0.4-0.5 during pyrolysis. Thus, carbonization of the biomass resulted in highly condensed 
materials. Iodine number (IN) is a widely used parameter for activated carbon testing for its simplicity and a rapid assessment of 
adsorbent quality. It is defined as the milligrams of iodine adsorbed by one gram of material according to ASTM D4607 standard 
(ASTM D4607-14). The IN of charred rice husk and almond shell were 186 mg g-1and 373 mg g-1respectively. Positive correlations 
have been observed between the IN and the H/Cat ratio (r2 = 0.664; ρ < 0.05), therelative abundance (in %) of micropores (r2 = 0.9492; 
ρ < 0.05) and the SSABET (r2 = 0.8449; ρ < 0.05). However, the preliminary results of this study do not show a clear effect of the 
activation process on the IN. Further experiments are still needed to find the most suitable conditions for these biochars to be effective 
filters of emerging organic pollutants. 

Keywords: wastewater treatment,adsorbents, biochar, activation. 
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Abstract 

Water treatment technologies based on the design and application of engineered nanomaterials have proved unique features compared 
to the conventional ones(Ghasemzadeh et al., 2014; Soler and Sánchez, 2014 ). Nanomaterials have size-dependent properties related 
to their high specific surface area (e.g. fast dissolution, high reactivity, strong sorption) that have been successfully exploited for the 
efficient removal of  water contaminants. A general concern of nanomaterials is their potential toxicity for human health and the 
environment, an issue that has yet to be fully elucidated. Engineered nanosystems developed so far for water purification have mostly 
involved nanostructured solids and very little attention has been given to the design and synthesis of nanostructured solvents. 
Nanostructured solvents can be easily obtained from aqueous or hydro-organic solutions of amphiphiles through self-assembly and 
coacervation (Caballo et al., 2017). The general procedure for their synthesis consists of two steps. First, an aqueous or organic 
colloidal solution of the amphiphile is prepared by dissolving it above its critical aggregation concentration. Secondly, coacervation is 
induced by changing the pH or temperature of the solution, or adding organic or inorganic salts or a poor solvent for the amphiphile. 
As result, oily droplets are formed that associate in conglomerates of individual droplets, which facilitates their creaming and 
separation as a new liquid phase, named coacervate or supramolecular solvent (SUPRAS).SUPRASs have unique properties for water 
purification. Thus, the oily droplets keep as individual entities in the SUPRAS, so these solvents have a high superficial area. On the 
other hand, the nanostructures in which the amphiphiles arrange in the SUPRASs present different polarity regions that offer several 
mechanisms of interaction.  Also valuable is the high concentration of amphiphiles in the SUPRAS, usually in the range 0.1-1 mg µL-

1 which provides multiple binding sites. As a result, SUPRASs have the potential to extract fast and efficiently pollutants in a wide 
polarity range using low SUPRAS/sample phase volume ratios. From a practical point of view, the ease with which SUPRASs can be 
produced is very beneficial, i.e. natural and synthetic amphiphiles are commercially available at low cost and SUPRAS formation 
occurs through energyless, spontaneous and within everyone´s reach processes. The non-volatility and non-flammability of 
amphiphiles is also advantageous because of the possibility of implementing safer processes. In this study, multifunctional 
supramolecular solvents (SUPRASs) able to simultaneously extract ionic, polar and hydrophobic organic compounds from wastewater 
have been developed. SUPRASs were synthesized in aqueous solutions containing mixtures of carboxylic acids and carboxylates that 
underwent spontaneous self-assembly and coacervation under the addition of tetraalkylammonium ions. These SUPRAS consisted of 
coacervate droplets made up of large unilamellar vesicular aggregates bridged by tetraalkylammonium ions. Both, the high kinetic 
stability of vesicles and their strong interaction with tetraalkylammonium ions through different bonds working cooperatively, made 
supramolecular nanostructures in the SUPRAS chemically stable, which minimized the presence of solvent residues in the treated 
water. The suitability of the synthesized SUPRASs to behave as multifunctional extractants in water treatment was investigated by 
their application to the removal of anionic, cationic and ionizable dyes and PAHs. All the variables affecting the extraction process 
were optimized (i.e. chain length of the tetraalkylammonium ion, fractional SUPRAS phase volume, pH, ionic strength, pollutant 
concentration and stirring time/rate). All the pollutants selected were efficiently removed at room temperature and a fractional 
SUPRAS phase volume of 0.01. Applicability of the SUPRAS-based treatment to the efficient removal of dyes in textile effluents and 
benzo(a)pyrene in tap water was proved. Overall, the low cost, easy synthesis and high removal efficiency of these engineered 
SUPRASs make them highly promising for application in comprehensive wastewater treatments. 

 

Keywords: wastewater treatment; coacervates; supramolecular solvents; green solvents; dyes; PAHs 
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Tables and Figures 

 

Vesicular SUPRAS were synthesized in water at a decanoic acid:decanoate:tetrahexyl ammonium ion (THA+) molar ratio of 1:1:1. 
Decanoic acid (4 g) was added to 100-mL centrifuge tubes followed by  85 mL distilled water and 11.2 mL of THAOH  (40% water), 
respectively. In all cases, the concentration of OH- was that needed to ionize half of moles of decanoic acid. The mixtures were 
centrifuged during 15 min at 4000 rpm, and then they were manually stirred for full mixing. The centrifugation/mixing process was 
repeated and then the mixture centrifuged. The SUPRASs, standing as clear upper phases, were drawn with a microsyringe, and stored 
and in glass closed vials at room temperature for one month.  Under these conditions, average volumes per mixture of 10.1 mL Of 
SUPRAS were obtained. The procedure can be easily scaled up for obtaining larger SUPRAS volumes Figure 1 shows a schematic 
picture of the SUPRAS structure and binding nteractions. 

 

Figure 1. Schematic picture of vesicular THA+ -based SUPRAS, showing binding interactions for solubilisation of pollutants located in different 

regions of the nanostructured solvent. 

 

The ability of SUPRAS for removal of pollutants from water was investigated under different experimental conditions. The targeted 
compounds included anionic, cationic and ionizable dyes and a PAH (Table 1). Optimization of the removal process was carried out 
by changing each variable in turn (fractional SUPRAS phase volume, pH, ionic strength, pollutant concentration and stirring 
time/rate) while keeping the other variables constant. A typical procedure consisted in the addition of a given volume of the SUPRAS 
to 10 mL of an aqueous solution containing each pollutant in 15mL polypropylene tubes. The mixture was stirred for 10 min (800 
rpm) and then it was centrifuged for 15 min (2000 rpm) to accelerate phase separation. The extraction efficiency was then calculated 
(dyes measured by UV-Vis and benzo(a)pyrene by LC-FL). Recoveries were quantitative for all the compounds using a single-stage 
extraction and a fractional SUPRAS phase volume as low as 0.01. (see Table 1). Tap water and two textile wastewaters were analysed 
by the optimal procedure (pH 2-8, 0.01 fractional SUPRAS phase volume, stirring 10 min  at 800 rpm).Colour decrease in samples 
was measured in the visible spectral range and was from 55 to 71% and from 44 to 90% in the untreated and partially treated textile 
effluents, respectively.  
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Table 1. Removal efficiency, expressed as percentage of pollutant removal ±relative standard 
deviationa, as a function of the fractional SUPRAS phase volume (SUPRAS volume/Sample 
volume) 
Pollutant 

0.05 0.01 0.001 
Anionic dyes    
Trypan Blue 93±2 99±3 74±1 
Direct Red 81 78±1 83±5 43±8 
Cibacron Blue 36A 95±3 99±1 76±5 
Acid Red 97 

83±3 89±5 60±4 
Cationic dyes    

Cresyl Violet Acetate 80±1 76±1 5±7 
Malachite Green 92±1 80±1 53±5 
    
Ionizable dyeb 
 Bismarck Brown 
 72.7±0.2 89±7 77±1 
PAH 
Benzo(a) pyrene 102±3 101±2 

 
99±2 

decanoic:decanoate:THA+ molar ratio 1:1:1; extraction time: 15 min; stirring rate: 800 rpm; dye concentration 10 
mg L-1, PAH concentration  5 µg L-1 ; a n=3; bBismarck brown is neutral at pH ≥5 (at which more than 95% of the 
compound is unionized, strongest basic pka 3.73, source: Chemicalize, ChemAXON) 
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Abstract 
Antimony (Sb) is a metalloid, naturally, present in the environment but also introduced by human activities which is growing in 
strategic importance because of its use in flame-retardants, plastics and semiconductors, includingLi-ion batteries present nowadays in 
most electronic devices[1]. There is a growing interest in Sb recovery due to the fact that over 90% of the supplies of this metalloid 
comes from China, so the European Union and EE.UU are import-dependent of this product.  
For water treatment and Sb content recovery, adsorption has been considered one of the most attractive methods due to its advantages 
over other techniques [2]. Several materials have been used for this purpose such us metal oxidesor alumina. In the present study, new 
materials based on nanoparticles have been developed with the main objective of improving Sb sorption capacity and selectivity to 
make possible its effective recovery. The adsorption material is based on SuperParamagnetic Iron Oxide Nanoparticles (SPION) 
embedded in a Metalzorb® sponge. Advantages of using this sponge are based on its convective properties to enhance sorption 
dynamics. In addition, SPION loaded on the sponge is known to enhance selectivity and adsorption capacity of target metalloids[3]. 
The aim of the present work is to study the adsorption mechanism of Sb, both as Sb(III) or Sb(V), on the Metalzorb® sponge and the 
SPION-Metalzorb sponge systems as well as the related adsorption mechanism using spectroscopic techniques. For this, the influence 
of the pH on the adsorption process as well as the desorption chemistry were performed using batch experiments. The adsorption 
capacity has been determined using ICP-MS technique to analyse both the remaining Sb in solution after adsorption and the related 
desorbed Sb. Adsorption mechanism is studied using FTIR-ATR, EDX and synchrotron techniques on the adsorbed material, besides 
the adsorption data. 
Results obtained indicate that sorption mechanism of Sb is influence by the presence of SPION. Whereas Sb is bonded to the sponge 
weakly, the SPION attached Sb firmly. XAS and FTIR analysis confirm an outer-sphere complex formation between Sb and sponge 
independently of the speciation. SPION favours the formationof inner-sphere complexes with oxygen bridges connecting Fe and Sb. 
In this case, oxidation state affects the adsorption mechanism. Sb(III) is partially oxidized for SPION during adsorption process 
whereas Sb(V) is adsorbed by outer- and inner-sphere complex to the SPION-sponge system. 
 
Keywords: Antimony, Sorption mechanism, Sponge, Sponge+SPION 
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Abstract: 

Monomers composed of a polymerizable methacrylate moiety connected to a short poly(ethylene) glycol (PEG) chain are versatile 
building-blocks for the preparation of ‘‘smart’’ biorelevant materials (Lutz, 2008). Hydrogels based on these PEG methacrylates are a 
very important class of biomaterials with several applications. The radical polymerization kinetics of two such oligomers, namely 
oligo(ethylene glycol) methacrylate (OEGMA) and oligo(ethylene glycol) methyl ether methacrylate (OEGMEMA) was investigated 
previously in our group (Achilias et al., 2018). Synthesis of novel statistical copolymers based on oligo(ethylene glycol methacrylate), 
oligo(ethylene glycol methyl ether methacrylate) and acrylic acid, is presented here. The in situ bulk radical polymerization technique 
was used with various initial molar ratios of the monomers employed each time.  

Experimental polymerization rate and monomer conversion data were measured using Differential Scanning Calorimetry (DSC) 
operating under non-isothermal conditions, at several constant heating rates, or isothermal, at different constant reaction temperatures. 
Isoconversional techniques were employed to estimate the variation of the polymerization effective activation energy as a function of 
the extent of reaction. From thermogravimetric analysis, it was verified that the presence of acrylic acid in poly(OEGMA-co-AAc) 
and poly(OEGMEMA-co-AAc) enhances the thermal stability at certain initial monomer molar ratios. Additionally, the presence of 
PEGMA enhances slightly the thermal stability of poly(OEGMA-co-OEGMEMA) in some initial monomer molar ratios. The swelling 
ratio and gel fraction was determined gravimetrically and shown that the homo-polymers, except P(AAc), exhibit high swelling 
properties, which decrease with increasing amounts of AAc in the copolymers. Poly(OEGMA-co-OEGMEMA) copolymers show an 
intermediate gel fraction yield and swelling ratio compared to their corresponding homo-polymers. 

 Furthermore, adsortpion tests of cationic, anionic, metal complex and reactive dyes were performed for all adsorbents and the 
concentrations of the dyes in the aqueous phases were measured by UV-Vis Spectrometer. Excellent results were observed in anionic 
and metal complex dye solution adsorption test achieving discoloration from specific copolymers. Finally, adsorption tests on heavy 
metal removal were performed for all adsorbents, using aqueous solutions of cobalt sulphate and potassium dichromate. As the 
amount of AAc in copolymers increased the adsorption capacity of Cu(II) and Cr207 increased showing promising results for further 
research. Poly(OEGMA-co-OEGMEMA) hydrogels shown lower adsorption capacities. 

 

 

Figure 1: Adsorption of different dyes from the copolymers synthesized (a) and adsorption photo of Neutrilan Black from all hydrogels (b) 
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Abstract: 

Since the 50s, the pesticides use has become essential for the development of the agriculture. These pesticides remain in the 
atmosphere for a certain time and depending of the compound, negative impact on the environment and in the human health can be 
observed. In Brazil, 24% of the gross domestic product (GDP) correspond to the agriculture and the state of São Paulo, particularly, is 
the second major consumer of pesticide of the country. In this workthe concentration of pesticides in the atmosphere of São Paulo 
(SPA, urban site) and Piracicaba (PRB, sugarcane plantation site) cities was determined and the assessment of the risk caused by 
inhalation of these compounds was calculated.  

Samples (n=23) were extracted and 34 pesticides were determined by gas chromatography coupled to a mass spectrometer. The 
compounds with the highest detection frequency were permethrin I and II (96%). The concentrations ranged from 17 pg m-3 for 
tebuconazole in Piracicaba, to 96pg m-3 for endrin aldehyde in São Paulo (Figure 1). The highest values of daily inhalation exposure 
(DIE) were for heptachlor in infants, 8.29x 10-5 mg kg-1day-1 in Piracicaba and 5.00x10-5 mg kg-1day-1 in São Paulo. All values of the 
hazard quotients are lower than 1.0 indicating that there is no danger to human health by inhalation.Cancer risk was found for 
heptachlor in adults, infants and children in both sites.  

 

 

 

 

 

 

 

Figure 1. Average concentrations of pesticides in samples collected in Piracicaba and São Paulo. 
 
Figure 2 shows the sum of the concentrations of all the determined pesticides for each sample and the concentrations of PM. For PRB 
samples, PM10 ranged from 26 µg m-3 to 120 µg m-3. For SPA samples, the highest concentration of PM2.5 was 79 µg m-3 and the 
lowest of 5.8 µg m-3. Some samples presented PM concentrations higher than those recommended by World Health Organization for 
PM 2.5 and for PM10. 

Meteorological data was obtained only for SPA samples. On the sampling days, the temperature ranged from 14°C to 21°C. 
The rainfall, nevertheless, happened in only 6 days of sampling, reaching the maximum of 32 mm in SPA (Figure 2b). On the day of 
highest concentration of pesticides (372 pg m-3) was observed high concentration of particulate matter PM2.5 (30 µg m-3) and no 
episodes of rainfall. The temperature, despite remaining stable throughout the sampling, also had its maximum on this day. 

 
 
 
 
 
 
 
 
 
 
 
Figure 2. Concentrations of PM and pesticides in the samples (a) PRB and (b) SPA. Meteorological data for SPA samples. 
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Conclusions 

Larger number of compounds was found at site of Piracicaba than at São Paulo, likely due to the influence of agricultural activities. 
Some PM2.5 and PM10 samples presented concentrations higher than those recommended by World Health Organization. 

The values for DIE were calculate for infants, children and adults and they do not suggest inhalation hazard for this population. 
Despite of this, heptachlor, compound classified as likely carcinogenic for humans, presented high cancer risk values for all 
population, suggesting that the exposure to this compound can be dangerous. 

Keywords: pesticides, particulate matter, risk assessment. 
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Abstract 

Dicarboxylic acids (DCAs) are important components of water-soluble aerosol compounds. Aerosol particles are quantitatively 
collected using a continuous aerosol sampler, CGU-ACTJU, into deionized water. The ACTJU effluent is permanently sucked out 
from the sampler and on-line analysed for DCAs content by means of ion chromatography. 

 

Keywords: Dicarboxylic acids, Atmospheric aerosol, CGU-ACTJU sampler, Ion chromatography, On-line analysis 

 

1 Introduction 

The air pollutants, especially aerosols, are responsible for many negative effects on environment. The diameter of aerosols particles 
has significant impact on their environmental exposure. The ultrafine particles play a major role in adverse impact on human health 
(Kawamura et al., 2013). DCAs are important components of water-soluble aerosol compounds. They have the potential to modify the 
hygroscopic properties of atmospheric particles including particulate matter size and cloud condensation nuclei activity (CCN) to 
result the radiative forcing and climate changes (Grosjean et al, 1978). Low molecular weight DCAs can be emitted from various 
primary sources such as fossil fuel combustion, vehicular exhausts, biomass burning and forest fires, or meat cooking operations 
during the autooxidation process of unsaturated lipids. However, the DCAs are mainly produced during the secondary atmospheric 
photooxidation of various organic precursors of both anthropogenic (exhaust from gasoline and diesel powered automobiles) and 
biogenic (e.g., plant waxes, bacteria, pollen, algae)origin(Kawamura and Kaplan, 1987; Legrand and de Angelis, 1996; Rogge et al., 
1991). 

Most of studies of atmospheric particulate DCAs have been performed by filtration of the ambient air through quartz fiber filters with 
consequently extraction to liquid phase and off-line analysis,mostly gas or liquid chromatography (Kawamura and Ikushima, 1993; 
Limbeck et al., 1999; Mochizuki et al., 2017). Therefore, the necessity of multistep procedure and long time of sampling provides low 
time resolution of measurement. 

An application ofmodified aerosol collector ACTJU combined with Condensation Growth Unit (CGU) for the determination of DCAs 
is described in the present contribution. Aerosol particles are continuously sampled in the ACTJU-CGU sampler into deionized 
water(Mikuška and Večeřa, 2005, Mikuška et al., 2018) andcollected DCAs are on-line detected using ion chromatography, which 
ensured continuous analysis of DCAs in atmospheric aerosols. 

 

2 Apparatus and procedure 

The apparatus is assambled from on-line connected threeparts, which are fully automatized and controlled by computer software (Fig. 
1). 

The aerosol sampling unit consists of the cyclone inlet, annular diffusion denuder and CGU-ACTJU. The analysed air aspirated into 
the sampling unit by membrane pump first passes through the cyclone where particles with aerodynamic diameters larger than 2.5 µm 
are removed. Then the air stream passes through the denuder where the interfering gas phase is removed. In the CGU, the sucked 
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originally small particles are enlarged by water condensation, and enlarged particles are collected in the ACTJU into deionized water 
during interaction with fine droplets of water. All components operate in a vertical position when the air stream flows from the top to 
bottom. 

The preconcentration device consists of a piston pump, two preconcentration columns and a 10-way injection valve, switching the 
flow for sampling or elution of effluent from the ACTJU. The effluent with collected analytes is continuously pumped out from the 
ACTJU through the debubbler at the preconcentration column no. 1 and at the same time goes simultaneous elution from the 
preconcentration column no. 2. 

Ion chromatography is used as the detection device. The time of DCAs separation is 60 min. 

 

3 Results and discussion 

The determination of DCAs in atmospheric aerosols in ambient air was performed in Brno (Czech Republic) during two campaigns in 
December 2016 and July 2017. The aerosol in the size fraction of PM2.5 was sampled at the balcony at the first floor of the Institute 
of Analytical Chemistry at Veveri street. The aerosol sampleswere on-line analysed by ion chromatography with preconcentration unit 
in 1h intervals. In parallel, the PM2.5 aerosol was sampled on membrane filters during 24h intervals for the reference analysis (both 
ion and gas chromatography). The number size distribution of ambient aerosols in the size range from 7.64 to 299.6 nm were 
measured in parallel with the SMPS spectrometer. Temperature and relative humidity of ambient air and the intensity of global solar 
radiation during the campaigns were measured using commercial sensors. 

 

4 Conclusion 

The new aerosol sampler CGU-ACTJU was used for the determination of DCAs in ultrafine and fine aerosol.Oxalic, malonic, 
succinic, glutaric, adipic, pimelic, azelaic and maleic acid were determined in urban aerosols during winter and summer campaigns 
using fully automatized method. The limits of detection (LOD = 3 s/n) were in range 0.27–1.74 ng m-3.The time resolution of method 
was 60 min. The highest concentrations in air reached oxalic and succinic acid (up to 300 ng m3) followed by malonic acid (up to 60 
ng m3), glutaric, adipic, pimelic and maleic acids (up to 30 ng m3). The whole system can be applied for elucidation of unresolved 
challenges of current atmospheric aerosol research, such as formation of new particles or the composition of ultrafine particles in 
respect to environmental effects. 

5 Tables and figures 

 

 

 

 

 

 

 

 
 
 
Figure 1:Scheme of apparatus: 1 – cyclone inlet PM2.5, 2 – annular diffusion denuder, 3 – CGU, 4 – ACTJU, 5 – piston pump, 6 – 10-way injection 

valve, 7 – preconcentration column No. 1, 8 – preconcentration column No. 2, 9 – IC, 10 – computer 
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Introduction, main targets and conclusions: 
Current study aims to investigating sub-23nm solid particles (SPN<23nm) from GDI engine using CNG as a primary fuel (PFI). 
Previous scientific work is limited, focusing on retrofitted engines (Kento T. Magara-Gomez, 2014) or heavy-duty vehicles (Jian Xue, 
2018). Furthermore, current EU regulation (PMP) focusing on SPN>23nm regardless the fact that lower diameter emissions may 
cause health problems.Particle emissions below 100nm are harmful to public health (Chen, Stone, & Richardson, 2012) (Pope, 2000) 
as these particles can easily penetrate via breathing into the pulmonary system (Stone, 2012) (P., 2008) (Hinds, 1982) and considered 
as carcinogenic by World Health Organization (WHO) (WHO, 12 June 2012) (WHO, 17 October 2013).  SPN<23nm particle 
detection conducted using DownToTen exhaust gas sampling system.This system, consisting of two heated porous tube dilutors along 
with a catalyst stripper designed for constant exhaust gas sub 23nm particle sampling with reliable and reproducible manner. Particle 
emissions investigation performed in the lab using chassis dyno. Chassis dyno measurements were performed on: 
• Several WLTC cycles 
• Steady state points 
To have a holistic view of particle emission performance, a comparative study was made between primary (CNG) and secondary 
(Gasoline) fuel. Regarding measurement setup a SPN>23nm PMP compliant PEMS connected to the tailpipe, as for SPN<23nm, three 
particle detection devices were installed to the DTT tailpipe sampling system. Two of them were CPC based and the last one has real-
time sizing capabilities via particle charging (EEPS).  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Measurement layout 

During transient operation (driving cycles). CNG 2.5/23nm ratio is around 4.5 times higher than Gasoline same ratio, indicating that 
<10nm higher particle concentration observed during transient operation. For both fuels (Gasoline, CNG), 10/23nm ratio are ~4 times 
lower than the respective values during steady-state operation. Until WTLP high phase, a constant mean geometric diameter (Dg) of 
~10nm observed for gasoline operation. Extra high WLTP phase leads to higher Dg.  
 

 

Figure 2. Particle emission for Gasoline operation 
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Figure 3. Particle emissions for CNG operation 

During engine cold start enrichments, particle concentration down to 10nm and mainly in 2.5nm remain high for much longer period 
than SPN>23nm particles. In steady state CNG operation, particles have smaller Dg than Gasoline, with both were below 10nm size. 

 

Figure 4Mean geometric diameter for both fuels in steady state operation 

Keywords: Particle emissions, Sub 23nm, Ultrafine particles, PEMS, CNG, PFI, 
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Abstract 

Air quality of outdoor and indoor places is a continuing issue of major concern to scientists, local authorities and general population. 
Most of studies related to indoor air involve homes and workplace/school environments, but little attention is given to other places 
that people spend their time, like sport halls and aquatic centers, where many people are doing sport or watch athletic events 
(Stathopoulou et al., Teo et al.).In recent years,several projects running at the Environmental Technology Laboratory of University of 
Western Macedonia concerning the air quality and comfort parameters in the light of energy performance of various types of 
buildings: a) where many people spend their time such as sports hall, swimming pools and university classrooms,b) at other types of 
buildings, such as small wineries and other industrial facilities.In this presentation our attempt is to study the air quality and comfort 
parameters in different types of buildings, concentrating on the case of high number of occupants. Thus, a mechanical ventilated 
medium scale indoor athletic centre (total capacity of 3,000 seats), the naturally ventilated local aquatic center of the city of Kozani, 
Greece, as well as naturally ventilated university classrooms at Florina city, Greece, were chosen for investigating theindoor air 
quality. For this reason an extensive monitoring campaign took place during autumn, summer and winter period respectively, 
including measurements of PM2.5, VOC, and O3 for the indoor and outdoor area. The measurements for PM2.5 and VOC were 
performed simultaneously indoors and outdoors, in order to find potential, common or not, indoor sources of these two pollutants. In 
addition chemical analysis forionic species was performed for the collected PM2.5 fraction.  

Results for the sport hall show that the PM2.5 concentration is slightly higher outdoors than indoors with values of 13.98 and 
11.96 μg/m3 respectively. The I/O ratio was always under 1, indicating that the outdoor concentrations influence the indoor ones 
(Tolis et al 2019). On the other hand the diurnal variation of VOCs concentration reveals increased levels during “event” hours, in 
comparison to “non-event” hours, for the indoor and outdoor area as well (Figure 1). 

 

 

 

 

 

 

 

Figure 1. Diurnal variation of VOC concentration (in μg/m3) for indoor air of the sport hall centre. 
 

 On the other hand, for the indoor air of the swimming pool, PM 2.5 and ionic species is mainly affected by the chlorination 
process of disinfection along with the comfort conditions created during the operation and ventilation of the facility.The VOC levels 
at indoor air are generally in higher levels, compared to the outdoor air; nevertheless absolute values were rather low. Also they 
clearly demonstrate a diurnal variation as a result of poor ventilation during night (figure 2). 
 

 

 

 

 

 

Figure 2. Diurnal variation of VOC concentration (in μg/m3) for indoor air of the aquatic centre. 
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As it was expected, chloroform showed the highest concentration compared to the other volatile organic compounds measured inside 
the aquatic centre. Finally, the natural ventilation and the disinfection process seem to play a key role to the air quality of the indoor 
air of the aquatic centre (Tolis et al. 2018). 
Results on the university classrooms, unoccupied and occupied (with almost 50 students), in relation to outdoor measurements are 
also presented. 
The analysis aims at finding common ground between the different cases presented; potential correlations with regard to the dominant 
parameters driving the observed concentrations are discussed, providing motivation for future research. 
 

Keywords:air quality, VOC, PM2.5, aquatic centre, sport hall, diurnal variation, university classroom 
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Abstract  

Organophosphate esters (OPEs) are common additive in household products. One example of OPE isIrgafos®-168 (tris(2,4-di-tert-
butylphenyl) phosphite), which is an organic phosphite antioxidant used as stabilizer in packaging materials. When exposed to 
sunlight, Irgafos®-168 will be oxidized, resulting in the formation of its transformation product, tris(2,4-di-tert-butylphenyl) 
phosphate. Aside from its occurrence in plastic packaging materials, tris(2,4-di-tert-butylphenyl) phosphate may also be formed 
during burning of plastic. One study has also suggested that tris(2,4-di-tert-butylphenyl) and 1,3,5-tripheylbenzene are atmospheric 
tracer for open-burning of domestic litter and refuse that contain plastic. 

We performed suspect screening analysis in the analysis of gas and soot samples collected from a fire test that resembled burning of a 
living room. The fire tests were conducted in 20 feet containers placed outdoor and equipped with double plasterboards and identical 
set up of furniture and electronic equipment, typically found in a living room, that were changed between each replicate. Soot was 
collected on a stainless steel plate mounted in the container door, and gas was collected with active sampling using XAD-2. Soot and 
gas samples were collected during the extinguishing phase. Extracts were analyzed using fourier-transform ion cyclotron resonance 
mass spectrometry (FT-ICR MS) in electron ionization (EI) mode at 70 eV. The major characteristic mass-to-charge (m/z) ions of 
tris(2,4-di-tert-butylphenyl) phosphate in EI mode are: 662, 647, and 316.We also screened for Irgafos®-168 using m/z of 646 and 
441. The m/z ions used to screen for 1,3,5-triphenylbenzene were 306 and 307. 

Tris(2,4-di-tert-butylphenyl) phosphate was detected in all replicates of the soot samples.The fragmentation patterns in the soot 
samples matched well with the predicted fragmentation pattern from the NIST Library database. In the gas samples, tris(2,4-di-tert-
butylphenyl) phosphate was tentatively identified in two replicates of the samples. However, the presence of other strong m/z peaks 
may suggest co-elution of tris(2,4-di-tert-butylphenyl) phosphate with other compounds.Irgafos®-168 and 1,3,5-triphenylbenzene 
were not detected in any of the gas or soot samples. We hypothesized that any Irgafos®-168 that was contained in the furniture and 
electronic equipment may have been completely transformed into tris(2,4-di-tert-butylphenyl) phosphate during the fire. With regard 
to the absence of 1,3,5-triphenylbenzene in any of our samples, we hypothesized that this was due to the difference in the profile of 
plastics in our study (i.e., primarily PVC) and what may be found in open-burning of domestic litter and refuse (variety types of 
plastics). 

Our study supported earlier result that showed the presence of tris(2,4-di-tert-butylphenyl) phosphatein open-burning of domestic 
litter and refuse that contain plastic. However, our results also suggest that tris(2,4-di-tert-butylphenyl) phosphate may also be 
releasedduring the extinguishing phase of indoor burning containing household materials. Recent studies have also shown the 
occurrence of tris(2,4-di-tert-butylphenyl) phosphate in indoor and e-waste dust, sediment, water filters, and in the air. Together with 
our study, they suggest that tris(2,4-di-tert-butylphenyl) phosphate is potentially an emerging contaminant that require further studies.  

Keywords: Tris(2,4-di-tert-butylphenyl) phosphate, Irgafos-168
®

, suspect screening, FT-ICR MS 
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Abstract 

Electronic cigarettes (ECs) deliver “vapors” (in fact an aerosol composed of liquid droplets and vapors in air) containing a 
combination of water, glycerin, nicotine, ‘flavors’, and other substances to the user (Breland et al., 2017). With a plethora of designs, 
flavors, and customization options, ECs appeal to the consumer and are especially popular among the youth (Margham et al., 2016). 
The number of EC users in the near future, is expected to exceed the number of tobacco cigarettes (TCs). The presence of many toxic 
volatile organic compounds (VOCs) and particulates in high concentrations on the smoke of TCs, was correlated with a plethora of 
health effects and increased cancer risk in particular (IARC, 2004). On the other hand, the estimated adverse health effects ofECs are 
significantly lower(Farsalinos et al., 2014), therefore they are  promoted as a healthier alternative to TCs. To examine the effects of 
TCs and ECs on indoor air quality, exhaled air samples of 27 individuals (17 EC users and 10 TC users), were collected in Tedlar 
bags and analyzed using the same protocol. The size distributions of the fine and coarse aerosol particles exhaled by TC and EC users 
were measured by combining electrical mobility and optical techniques (particles having sizes in the range of 10 - 350 nm measured 
by a Scanning Mobility Particle Sizer (Wang et al., 1990), whereas particles ranging in size from approx. 250 nm - 32 μm using a 
Portable Aerosol Spectrometer (Heim et al., 2008)). The exhaled VOCs in the Tedlar bags were absorbed by Solid Phase Micro-
Extraction (SPME) and analyzed byheadspace SPME-GC-MS (Gas Chromatography/Mass Spectrometry) technique. Analysis of the 
aerosol measurements revealed a significantly higher variability of particle number concentration emitted by EC users compare to TC. 
On the other hand, much less VOCs were detected in the emitted samples of EC compared to TC. The latter, showed much more 
common VOCs (65 VOCs), while EC users showed a bigger variability with only 8 common VOCs. The presence of both particle 
emissions and VOCs in the exhaled air of EC users, reveals that they are not free of chemicals and still remain a source of indoor air 
pollution. 
 

Keywords: HS-SPME-GC-MS,vaping, smoking, VOCs, particulate matter.  
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The agricultural soils emit volatile organic compounds (VOCs) that contribute to the formation of secondary pollutants such as 
ozone or secondary organic aerosols (SOA). It has been showed that under certain conditions and for specific ecosystems, VOC 
emissions from soil could reach the same order of magnitude as canopy emissions (Peñuelas et al., 2014). These gases and aerosols 
emissions occur from major agricultural practices including confined animal feeding operations, crop production or amendments 
application.  

Organic waste products (OWPs) are used in agriculture as organic amendments to improve soil fertility. The valorization of 
different types of OWPs from farms (bovine manure, pig slurry...), urban origin (sewage sludge, green waste) or industrial origin 
(sweets, etc.) is currently promoted as a substitute for mineral fertilizers. OWPs have a wide variety of characteristics due to their 
origin and the treatments that they may undergo before spreading and this diversity of characteristics could have a significant impact 
on gaseous and particulate emissions following soil application. There are few studies quantifying the concentrations and emission 
rates of gaseous compounds emitted from organic waste products, and those studies primarily address their odorant properties in order 
to identify suitable odor abatement techniques. Some of these laboratory studies have quantified the VOCs emissions from OWPs, 
including non-methane hydrocarbons VOCs, sulfur compounds, nitrogen compounds and oxygenated volatile organic compounds 
(Feilberg et al., 2015). Chemical transformations of these atmospheric organic compounds can further lead to products of lower 
volatility that subsequently partition into the condensed phase. 

The aim of this study is to investigate SOA formation from agricultural soil amended with different OWPs. The experiments are 
currently performed in an atmospheric chamber coupled to an aerosol flow tube. A high panel of scientific equipment allows the 
physical and chemical characterization of the VOCs and freshly formed aerosols (proton transfer mass spectrometer, scanning 
mobility particle sizer…). Aerosol sampling on filters allows their chemical and molecular characterization by off-line analysis (gas 
chromatography, time of flight secondary ions mass spectrometry, laser desorption/ionization time of flight mass spectrometry). 
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Abstract: 

Tris-(1-chloro-2-propyl) phosphate (TCPP) is one kind of generally used organophosphate flame retardants. It has been frequently 
detected in the global environment.1-3 

This study developed a gridded global atmospheric emission of TCPP using top-down method. This method combines 
measurements and modeling to back-calculate atmospheric emissions.4 At first, a total global emission volume is estimated, which is 
then distributed into grid resolutions. Secondly, the environmental fate models simulate the long-range transport and exchange in 
different media of the target compound. Thirdly, the model-predicted and measured concentration levels of the compound are 
compared, which provides a verification of the emission data. If modeled and measured data are consistent, the assumed global 
emission is considered to be reliable. Otherwise, the estimated emission data are adjusted and the steps from first to third are repeated.  

A multi-media environmental fate models for persistent organic pollutants (POPs) have been used in this research, the Canadian 
Model for Environmental Transport of Organochlorine Pesticides (CanMETOP) model.The CanMETOP model is a three-dimensional 
dispersion model coupled with two-film models for air-water and air-snow/ice exchange and a fugacity-based mass balance model for 
soil-air exchange.5 This model has been previously used to study the regional and global atmospheric transport of POPs.5, 6The 
measurements used for comparison are collected from the literatures that reported the outdoor occurrence of TCPP in and include 
urban, rural and remote areas.  

The result show that the global TCPP emissions is 20 kt/y and good agreement were found between the modeled and measured 
values. The global distribution of emissions (Figure 1) marks major source regions of TCPP that are located in North America, 
Europe, East Asia and India. The TCPP concentration levels in the global atmosphere are also developed, which is shown in Figure 
2.The map presents that in addition to the expected dominant occurrence in the major source regions, TCPP is identified to be present 
in air over the entire Northern Hemisphere (Figure 2). High air concentrations are found over North America, southern Latin America, 
Europe and Asia (Figure 2, red areas).  

The uncertainties in model approach affect the emission estimates. Firstly, the degradation rate of TCPP was set to the same value 
worldwide, but in reality, it is lower in high-latitude cold climate than elsewhere. Secondly, the simulation of some TCPP turnover 
processes in the environment, such as the gas-particle partitioning, are not well constrained. CanMETOP model adopted Koa-based 
parameterizations for this process, whereas the literature suggests that this may not be ideal.2 An additional shortcoming in our model 
approach is that the emission of TCPP into water and soil from waste water treat plant (WWTP) and disposal is not considered, which 
may lead to the overestimation of TCPP emissions in air. 

For the first time a gridded global emission for TCPP has been evaluated. Owing to the uncertainties in the model-based top-down 
method, the global emission value (20 kt/y) should at best be treated as order-of-magnitude estimates. 

Keywords: Emission, Tris-(1-chloro-2-propyl) phosphate (TCPP) , Environmental fate model 
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Tables and figures 

 

Figure 1: Gridded global emissions of TCPP. 

 

 

Figure 2: Gridded global distribution of TCPP concentrations. 
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Abstract 
Over the last decade, studies have confirmed the occurrence of exposure and adverse effects of various types of chemicals, which are 
commonly found at low concentrations in water, air and food (Cailleaud et al. 2007; Chevreui  2009; Abdallah et al.2008; Ten Dam et 
al. 2012) and interact with the endocrine system of humans and animals (Colborn et al. 1993; Safe 2000; Cooper and Kavlock  1997). 
In addition to the external environment, it turns out that the internal environment may also be a serious source of contamination with 
endocrine active or suspected endocrine agents (Wallace et al. 1985; Moreau-Guigon and Chevreuil 2014). The growing accumulation 
of contaminants in enclosed spaces can be explained by the presence of new building materials and room equipment. Many known or 
suspected EDC substances can be found in indoor air due to their use in finishing materials.  
Despite many studies, there is still a great need to monitor and reduce hazardous chemicals, including those from the group of 
endocrine disrupting chemicals (EDCs) in the environment. As inhalation exposure to phthalates and alkylphenols can play an 
important role in the exposure to phthalates and their direct entry into the lungs as adsorbed on fine particles, the aim of the research 
project is to determine the distribution of phthalate concentrations in particles emitted into the air of the working environment. 
However, taking into account the fact that these substances are also present in the working environment in gaseous form, the study 
was extended to include phthalates analysis in the gaseous fraction. 
Measurements were carried out in 5 companies producing or processing rubber, plastic and plastic materialsTable 1 presents a 
description of the workplaces covered by the survey, together with the number of the surveyed positions. 
 

Table 1:Description of the workplaces covered by the survey, together with the number of the surveyed positions 
L.P. Symbol of the 

factory (site) 
Number of 
workplaces  

Characteristics of the factory (site) 

1.  A-2 11 Manufacture of plastic advertising products 
2.  AC-3 10 Manufacturer of modern LPG and CNG autogas systems by STAG for petrol and diesel 

engines. The plant also produces high quality electronics and electric bundles for automotive 
and household appliances, including towing hook sets and electric bundles for electric cars. 

3.  S-4 4 The Factory designs, develops and manufactures innovative plastic packaging. It produces 
injection moulded and thermoformed packaging. 

4.  V-5 12 The activity of the factory consists in production of metal and rubber details for car accessories 
(vulcanization of details). 

5.  D-6 7 The factory produces plastic products, sewage pipes, PVC and PP drainage pipes. 

 
Six priority phthalates, i.e. dimethyl phthalate (DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP), butyl benzyl phthalate 
(BBP), bis(2-ethylhexyl) phthalate (DEAP) and di-n-octyl phthalate (DNOP), were determined in air samples taken at workstations 
and in offices. Of the phthalates determined, DMP is not classified as endocrine active substance, DEP is classified as category 3, 
DBP; BBP; DEHP as category 1. Category 1 means substances for which endocrine activity have been documented in at least one 
study of a living organism. DNOP, on the other hand, is included in the list of endocrine active substances (EDCs), but without 
classification. For the determination of phthalates, the gas chromatography method with detection of mass spectrometry was applied. 
For 6 phthalates the linearity range of calibration curvesfrom 0.016 to 1 µg/mL was determined. The limit of determination of the 
method was as follows: 0.066 µg/m3 for fiberglass filter and polyurethane foam PUF and 0.022 µg/m3 for XAD-2, at 720 L air intake. 
This value is much lower than the required LOD of the method for the assessment of exposure to phthalates in the workplace with 
reference to the MRLs, which are set at 5 mg/m3 for butyl benzyl phthalate, dibutyl phthalate and diethyl phthalate and 1 mg/m3 for 
bis(2-ethylhexyl) phthalate. The aim of the developed methods was to obtain the lowest possible determinability due to the fact that 
these substances are classified as endocrine active and may occur in the environment at trace levels. For the separation of phthalates a 
combined probe consisting of an IOM probe and adsorption tube of XAD-2 was used. The highest total concentration of phthalates in 
the gaseous phase (11.75 µg/m3) and in the inhalable fraction (16.87 µg/m3) was determined in the AC-3 Site at the vulcanizing press 
stand, while in the respirable fraction (10.76 µg/m3) in the A-2 Site, when plastic elements were glued. Table 1 shows the 
concentration ranges of phthalates determined in the other sites where the research was conducted. 
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Table 1: The concentration ranges of phthalates determined in the other sites 
Total concentration of Phtalates [µg/m3] 

Site Gas phase Respirable fraction Inhalable fraction 
A÷ 2 0,93 ÷ 6,02 2,05 ÷  12,54 0,32 ÷ 10,76, 

AC÷ 3 0,56 ÷ 11,75 4,9 ÷  16,87 1,86 ÷ 6,81 
S÷ 4 0,68 ÷ 3,63 0,29 ÷  8,47 0,08 ÷ 0,91 
V÷ 5 0,49 ÷ 5,1 2,01÷  12,11 0 ÷ 8,01 
D÷ 6 1,12 ÷ 5,45 1,06 ÷ 7,06 0 ÷ 1,57 

 
In all investigated Sites in the gaseous phase, dimethyl phthalates (DMP), diethyl phthalates (DEP) and dibutyl phthalates (DBP) 
dominated in the air. The concentration of DBP scaled to group 1 represented a significant percentage of the total concentration of 
phthalates in the gaseous phase, respectively: 9 - 51 % in Site A-2; 15 - 30 % in Site AC-3; 22 - 37 % in Site S-4; 19 - 74 % in Site V-
5; 54 - 75 % in Site D-6.  
The inhalable fraction was dominated by DBP and DEHP, and their total concentration represented a significant percentage, on 
average over 83% of the sum of all phthalates determined in the inhalable fraction in the studied Sites.  The only exception was Site 
A-2, where all 6 phthalates were marked in the inhalable fraction at 8 positions, and in the case of the other two positions, where the 
milling of plastic elements took place, 4 phthalates were marked: DBP and DEHP BBP and DNOP. 
Summary concentrations of phthalates determined in the respirable fraction were a very diversified content of phthalates in the 
inhalable fraction. Figure 1 shows examples of histograms of the distribution of total phthalate concentrations in the gaseous phase 
and respirable and respirable fractions.  
    Site A-2                       Site D-6 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:Total of concentrations of phthalates in the gaseous phase and respirable and respirable fractions at Site A-2 and D-6 
 
Thus, depending on the Site and the place of measurement, the phthalates marked in the respirable fraction ranged from 5 to 93% in 
Site A-2; from 32 to 51% in Site AC-3; from 2 to 11% in Site S-4; from 1 to 45% in Site V-5; from 8 to 51% in Site D-6, phthalates in 
the inhalable fraction.  
Comparing the composition of the air for the presence of phthalates in the tested work environments, it can be concluded that different 
processes are sources for specific phthalates. As a result, the composition of the air and dust varies from place to place, and phthalate 
emissions are also influenced not only by the type of process, but also by its temperature and the materials used. 
Keywords: endocrine disrupting chemicals phthalate esters, inhalable fraction, respirable fraction, particle size distribution 
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Abstract 
Transport, and in particular diesel vehicles, contributes predominantly to emissions of nitrogen oxides, carbon oxides and particulates, 
contributing to air pollution, which can be harmful to both human health and the environment. This is due to the large number of 
diesel fueled passenger cars per inhabitants, their age and technical condition, cases of removal of particulate filters DPF from new 
diesel-powered vehicles and the often ineffective control of exhaust emissions. Increasing environmental pollution in recent years, 
depletion of fossil fuel reserves, high prices of conventional fuels and the need to reduce CO2 emissions have contributed to the use of 
alternative fuels for powering car engines on an ever-increasing scale. Biofuels can be used for this purpose, another way is to look 
for innovative solutions such as the introduction of a chemical additive, which is supposed to improve fuel combustion in the engine, 
without changing its specification.Based on a review of research and literature, two different diesel nanomodifiers, i.e. nanoparticles 
of cerium dioxide and ferrocene, were selected for testing in this project, while the HVO was selected as a biofuel.HVO - 
Hydrotreated Vegetable Oil is a liquid fuel, a mixture of paraffinic hydrocarbons without sulphur content and aromatic compounds 
(low molecular weight alkanes). The HVO qualifies as a drop-in fuel with the same chemical structure as a conventional diesel fuel. 
They have a higher cetane number and a lower density than conventional diesel. In addition, the HVO has been shown to have a 
higher energy value, better thermal and storage stability than FAME or alcohols used as fuels (e.g. bioethanol). It also has excellent 
combustion quality and good low-temperature properties (Biernat, 2012, Bohl et al., 2018). Cerium dioxide (CeO2) nanoparticles are 
used as a fuel-borne catalyst in diesel engines in decomposition of unburnt hydrocarbons and soot, reducing the amount of these 
pollutants emitted in the exhaust and reducing the amount of fuel used (Zhang et al., 2016 ). Cerium oxide nanoparticles not only 
make combustion reactions more efficient but also can be used as a short-term treatment for particulate filters in diesel engines. 
Ferrocene Fe(C5H5)2 is an organometallic chemical compound, an aromatic sandwich complex belonging to the group of metalocenes, 
in which the iron atom (formally on the second degree of oxidation, in fact on zero) forming a central atom is located between two 
flat, parallel cyclopentadienyl rings (Braun et al., 2006). Publication on the use of ferrocene as a fuel additive is much less than on 
cerium dioxide. Moreover, the data on its impact on exhaust emissions are not unambiguous (Tian et al., 2009, Chao et al., 2017).  

In the presented project, the emissions of hazardous exhaust gas components, i.e. carbon oxides (CO, CO2), nitrogen oxides 
(NOX) and hydrocarbons (HC) as well as mass of particulate matter (PM) and number of particulate matter (PN) emitted by a 
passenger car equipped with a compression-ignition engine meeting the requirements of the Euro 3 exhaust emission standard and 
powered by an appropriate mixture of diesel fuel, with and without the addition of nanomodifiers and selected biofuel, were 
measured. Standard diesel oil containing 7% of FAME bio-components, i.e. B7, was tested in the first phase of the project. Then, the 
fuel was mixed with the addition of commercially available nanomodifiers, i.e. cerium nanodioxide in the ratio of 1:4000 and, 
analogously, ferrocene 1:1000 based on manufacturer's suggestions. Next, mixtures with 10% and 30% of Hydrotreated Vegetable 
Oil (HVO) biofuel, respectively, were prepared. The measurements were carried out in NEDC (New European Driving Cycle) driving 
tests on a chassis dynamometer, which simulates the actual traffic conditions on the road for the propulsion system of the tested 
vehicle.The applied methodology of emission testing of harmful exhaust gas compounds on a chassis dynamometer, the exhaust gas 
collection, dilution system and analysers were described in the previous publication (Bielaczyc et al., 2011). 

The composition of the fuel and its physicochemical properties, apart from the engine type and its technical condition, have a 
decisive influence on the qualitative and quantitative nature of emissions, therefore, in accordance with the applicable standards, the 
physicochemical parameters of the fuels used have been tested. Properties of diesel oil and its mixtures with nano-additives and/or 
biofuel were determined, such as self-ignition capability of fuels (cetane number and cetane index), fractional composition, sulphur, 
water and pollution content, as well as viscosity and density. On the basis of determination of physicochemical parameters of the fuels 
used, a relation was found between a higher value of cetane number (LC), lower density and sulphur content, and lower emission of 
carbon oxides and hydrocarbons. The highest value of the cetane number determined for particular fuel blends (i.e. 58.1) was found in 
the blend of B7 with the addition of 30% HVO and cerium nano-oxide.  

The measurement of exhaust emissions was carried out in the NEDC driving test in order to enable the analysis of the 
influence of fuel additives on the emission of individual gaseous components and particulate matter under various operating 
conditions. Exhaust emissions testing on a chassis dynamometer is one of the most important and complex tests to which combustion 
engine vehicles are subjected. The results of the project confirm the effect of the addition of both nanomodifiers of diesel and biofuel 
(compared to fuel B7 with 7% admixture of FAME) on the emission of gaseous components of exhaust gases and particulate matter 
determined by mass and by numbers (Table 1), which are harmful to humans and the environment. 
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Table 1. Differences in emission of gaseous compounds and particulate matter (both by mass and number) for individual fuel blends. 
  CO NOx THC PM PN 

Fuel mixtures used for NEDC tests Emission results [mg/km] ± SD   

B7 255.1 ±25.5 284.2±4.1 30.5±4.1 46,7±1.8 7,13E+13 

B7 + nano cerium dioxide 241.2±39.3 295.1±0.9 28.0±1.1 44,5±0.6 6,77E+13 

B7 + nanoferrocene 205.2±12.3 290.4±5.0 18.3±5.3 46,2±1.0 7,13E+13 

B7 + 10% HVO 209.8±20.7 282.1±1.4 22.8±0.4 49,1±2.6 7,28E+13 

B7 + 10% HVO + nano cerium dioxide 181.3±11.3 283.5±1.0 23.0±1.9 45,9±0.2 6,95E+13 

B7 + 10% HVO + nanoferrocene 131.4±24.4 290.9±4.6 16.1±0.3 49,6±2.1 7,81E+13 

B7 + 30% HVO 150.6±4.1 282.3±7.9 22.3±9.5 45,5±0.5 7,38E+13 

B7 + 30% HVO + nano cerium dioxide 142.4±3.2 285.9±3.2 27.5±0.4 41,8±0.3 6,90E+13 

B7 + 30% HVO + nanoferrocene 122.7±6.5 279.7±3.1 24.2±1.2 45,4±1.2 7,43E+13 
 

Practically all B7 fuel additives, both ferrocene and cerium dioxide nanoparticles, as well as HVO biofuel, and its mixtures of 
10 and 30 % of biofuel with nanomodifiers of diesel, prepared for the project, resulted in the reduction of carbon monoxide (in the 
range of 5 - 52%) and hydrocarbons (8 - 47%) emissions in relation to the base B7 fuel. The addition of HVO biofuel reduced 
emissions of carbon monoxide (up to 41%) and carbon dioxide (2%), hydrocarbons (by 25%) and, to a small extent, nitrogen oxides, 
but at the same time increased emissions of a number-denominated particles (PN in the range of 2-3%). The addition of cerium 
nanodioxide, similarly to ferrocene nanoparticles to B7 fuel, reduced the emission of hydrocarbons (8% after application of ferrocene 
and 40% of cerium nanodioxide), carbon oxides (5 and 20% respectively), and particulate matter determined by weight (1-7%) and 
number (4-7%), but increased the emission of nitrogen oxides (in the range of 2-4%). Mixtures of B7 with nano-additive and HVO 
biofuel reduced carbon oxides (5-40%) and hydrocarbons (up to 47%). The reduction of particulate matter emission (up to 10% of 
particulate mass and 7% of particulate matter) is best affected by the addition of cerium dioxide nanoparticles to B7 fuel (also with the 
addition of 10 and 30% HVO), while the best results for reduction of NOx were obtained with the addition of ferrocene nanoparticles 
to B7 fuel and 30% HVO. 
On the basis of the obtained results, it can be concluded that the use of nano-additives, such as ferrocene or cerium dioxide will reduce 
the concentrations of carbon oxides, hydrocarbons and particulates in the exhaust emissions. On the other hand, it may cause a 2-4% 
increase in nitrogen oxide emissions. The HVO biofuel, taking into account its properties and described impact on the emission of 
individual components of exhaust gases, seems to be a promising alternative to biofuels such as FAME. The addition of HVO biofuel 
to diesel will reduce emissions of carbon oxides, hydrocarbons and nitrogen oxides into the environment and workplace air.  
Keyword: fuel additives, HVO, biofuel, diesel exhausts emission, ferrocene, cerium dioxide 
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Abstract: 

Among the multiple stressors of coastal ecosystems in the 21stcentury, change in net primary production by marine phytoplankton, 
warming, acidification and deoxygenation are the four major stressors(Bopp et al., 2013). Since atmospheric organic aerosol 
deposition and rising of atmospheric carbon dioxide are the primary drivers behind these stressors (Nicolas Gruber, 2011), 
understanding their impact on coastal ecosystems is highly critical to society.Under this scenario, it is of utmost importance to achieve 
a better understanding of the chemical properties of organic aerosol particles during transport from either offshore or continent 
surroundings to coastal ecosystems. In this study, the content and chemical composition of water-soluble organic aerosols were 
measured concurrently in air masses travelling from different origins at an European coastal site (Ílhavo, Portugal) during winter. The 
structural features of the collected water-soluble organic aerosol samples were assessed by means of liquid-state 1H NMR 
spectroscopy. 

The acquired NMR data (Figure 1) pinpointed the atmospheric variability of aerosol water-soluble organic matter (WSOM) 
composition under different air mass trajectories. The major differences were observed for WSOM sample collected under the 
influence of cleaner air masses originating from the ocean sector (Southwest), which presumably contain a lower amount of 
particulate organic matter. Surprisingly, no major differences were observed for WSOM sample collected under air masses travelling 
from either West (markedly oceanic) or North-East-Northeast sectors (markedly continental), thus suggesting that local anthropogenic 
aerosol emission sources might be contributing in a higher extent to the aerosol WSOM characteristics and atmospheric load in the 
former sampling conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 1:1H NMR spectra of water-soluble organic aerosols extracted fromPM2.5 samples collected during winter at a coastal location and under 
different air mass trajectories (West, North, East, Northeast, and Southwest). 
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These unique NMR findings provided an improved understanding of the complex aerosol WSOM characteristics atthe interfaceocean-
continent and are useful to assess the impact of atmospheric organic particles deposition on the functioning of coastal marine systems 
which are influenced by different atmospheric inputs, variable in time and intensity. 

Keywords:Coastal ecosystems; Air mass origin; Water-soluble organic aerosols; Structural characterization; Liquid-state
1
H NMR 

spectroscopy 
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Abstract: 

Photochemical formation and degradation of water-soluble organic aerosols are not fully understood mostly because the composition 
of aqueoussolutions used in laboratory experiments do not reflectthe complex mixture of organic and inorganic aerosol constituentsin 
the atmosphere and the experimental conditionsare not necessarily atmospherically relevant. To better understand the photochemical 
processingof water-soluble organic aerosols, we have conducted UV irradiation experimentsin the presence of moisture on two 
typesof aerosol samples collected at the interface ocean-continent under the influence of air masses travelling from West (marine) and 
North (continent) sectors, for timeperiods of 2and 12 h. The structural features of the irradiated samples were analyzedby means of 
excitation-emission fluorescence (Figure 1)and liquid-state 1H NMR spectroscopies, and further compared to those before irradiation. 

 

 

 

 

Figure 1:Excitation-emission fluorescence spectra of original (0h) and photochemical processed (2h and 12h) water-soluble organic aerosols 
extracted fromPM2.5 samples collected at a coastal location under different air mass trajectories (West and North). 

 

The results suggest the occurrence of structural transformations of the aerosol water-soluble organic matter fractions during the course 
of irradiation experiments. These finding are useful for shedding light on the chemical mechanisms involved in the aging of real 
water-soluble organic aerosols samples and their potential impact in atmospheric processes. 
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Abstract: 

Water-soluble organic aerosols is an important component of air particles and one of the key drivers that impacts the Earth’s radiative 
budget, ecosystems, and health(Bond et al., 2013; Iavorivska, Boyer, & DeWalle, 2016; Saffari, Daher, Shafer, Schauer, & Sioutas, 
2014). Understanding the processes involving aerosol water-soluble organic matter (WSOM)in the atmosphere depends on how well 
the chemical composition of this component is decoded. In this study, advanced solid-state 13C NMR techniques were employed for 
the first time to acquire a comprehensive and quantitative structural description of the whole WSOM from two PM2.5 air particles 
samples – S1 and S2 – collected during two consecutive weeks in winter at the city of Aveiro (Portugal). The NMR techniques 
included 13C multiple cross-polarization (multiCP), 13C multiCP/MAS with dipolar dephasing, and 13C chemical shift anisotropy 
filtering (Figure 1). Sample S2 was further characterized using two-dimensional 1H−13C heteronuclear correlation NMR. The acquired 
NMR data pinpointed the atmospheric variability of aerosol WSOM composition in the two short periods of time, allowing to suggest 
source-specific structural characteristicsfor each WSOM sample. 

 

 

Figure 1:13C NMR with spectral editing of the whole WSOM extracted from urban PM2.5 samples collected during winter season. 

Sample S1 was markedly enriched in alkyl carbons, whereas sample S2 contained similar amounts of alkyl and O-alkyl carbons. Both 
samples contained important amounts of aromatic carbons with apparent different origins in each sample. The alkyl and aromatic 
features in sample S1 were consistent with long range-transported aged anthropogenic organics emitted from continental sources, with 
minor contribution from local biomass burning emissions. The carbohydrate-like and highly substituted aromatic moieties in sample 
S2 were consistent with wood combustion emissions, although anthropogenic secondary water-soluble organics could also contribute 
to the composition and load of this sample. 

These unique and quantitative NMR findings provided an improved understanding of the complex aerosol WSOM sources on 
timescales close to atmospheric variability and are useful for studies on the structure–function of organic aerosols in different 
atmospheric processes.  
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Abstract 

Ozone (O3) is a powerful oxidizing gas and a strong disinfectant used in different processes, including water treatment, gas 
purification, textile bleaching, and food industries. In workplaces, O3 is produced by laser printers and photocopiers. Additionally, O3 
is emitted into the atmosphere from the processes of ultraviolet-radiation and electric arc welding (Singer et al. 2006). In France, the 
occupational threshold limit value (TLV) for O3 exposure is 100 ppbv and 200 ppbv for an exposure time of 8 hours and 15 minutes 
respectively. O3 concentration TLV exceedence can cause lung damage and respiratory diseases such as asthma(Kampa and Castanas 
2008). Occupational exposure assessment should be performed by individual sampler. Therefore, it is necessary to develop a personal 
miniaturized sensor that provides real-time measurements O3 concentrations in workplaces.Conventional chemical analysis 
techniques, based on individual sampling on solid adsorbents or filters, were used to determine concentrations of O3(Liard et al. 
1999). They require the analysis in chemical laboratories which does not alert in real time in case of high exposure. In addition, the 
results obtained are the average concentrations over an extended period of time. Various instruments were also developed for 
measurements of ambient O3 based on strong light absorption at 254 nm and chemiluminescence techniques (Gao and Jaffe 2017). 
These instruments exhibit high sensitivity, selectivity, and reliability. However, the size, cost, power consumption and regular 
calibration needs, reduce their use for real-time measurements when portability of the equipment is required. Therefore, the 
development of efficient, portable and low-cost ozone detection devices is of high interest concerning workers security. The quartz-
crystal microbalances (QCM) are one of the most promising devices. When a QCM is used as a chemical gas sensor, the vibration 
frequency of an oscillating piezoelectric crystal is decreased by the selective adsorption of a gaseous compound on the crystal coating. 
Black et al. (Black et al. 2000)previously shown that polybutadiene (PBu) coated quartz were performing as ozone sensing layer.  

This paper presents the development of polybutadiene coated QCM based sensor for the real-time monitoring of ozone (O3) in 
workplaces in the range of 10-100 ppbv (part per billion per volume). QCM were exposed to low concentration of ozone in a 
dedicated controlled test atmosphere device in order to determine the influence of several parameters: temperature, humidity, 
concentration and sampling flow rate. Two coating methods of polybutadiene are investigated: spray-coating and spin-coating. For 
both methods, solutions of PBu (Sigma-Aldrich pur.) in cyclohexane are prepared. PBu is deposited by spray-coating on both sides of 
9MHz quartz crystal (OpenQCM). For spin-coating; 10 µL of a solution at 500µg/mL is deposited on one side of the quartz.Figure 1 
shows the controlled test atmosphere device used to perform O3 exposure trials. It was fully described in a previous paper (Delcourt 
and Sandino 2001).O3 is generated by passing a flow of dry air through an O3 generator (Thermo Scientific Model 49i UV 
Photometric O3 Analyzer); the O3 monitor is also used for assessment of O3 concentrations in the exposure chamber. A portable 
humidity and temperature probe is placed close to the detection device. A variable flow pump (50-500 mL.min-1) is used to ensure 
continuous flow of O3 inside the measuring cell. The quartz frequency variations are measured by a QCM (Novaetech S.r.l. Italy) 
integrated with a homemade microfluidic circuit (figure 2). Air is sampled at the top of the fluidic cell (a), through a carbon fiber to 
filter out any particles. The pump is connected to the metal cylinder (b). Thus, the two faces of the quartz placed into the cell are 
properly exposed to the sampled air flow.Sensor sensitivity is tested in the concentration range between 10-100 ppbv. The sensor 
response as a function of ozone level was evaluated during 15 minutes, firstly under dry air at 200 mL.min-1, then at 400 mL.min-1, 
and finally under 50% of relative humidity (RH) at 400 mL.min-1.Figure 3 shows that sensor sensitivity increases as flow sampling 
increases. Good repeatability is obtained at 10, 35 and 80 ppbv. In addition, the frequency variation measured at 50% of RH is similar 
to that obtained under dry air.Figures 4 and 5 report QCM-1 and QCM-2 variation frequency per minute, as a function of the ozone 
concentration. These results show that sensors response is linear in the range 10-100 ppbv. In addition, figure 4 clearly confirms that 
the sensor sensibility is much better at 400 mL.min-1 than at 200 mL.min-1. Furthermore, results reported on these two figures show 
that humidity does not decrease the performance of the sensors at 10, 30 and 70 ppbv of ozone.Performances of both QCM-1 and 
QCM-2 are evaluated several days after the quartz coating. Figure 4 shows that QCM-1 response after 20 days is still comparable to 
results obtained after 7 days. Tests performed on QCM-2 show that its performances are constant until 50 days after the coating. 
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In this work, we developed a low cost real-time ozone sensor, suitable for individual sampling, able to detect ozone below 10 ppbv in 
a few minutes. Its sensibility is not affect by moisture and results obtained show that quartz can be used until 50 days after the 
coating. 

Keywords: ozone sensor, microbalance, polybutadiene. 

 

 

 

Figure 1: Shematic diagram of the generation bench 

 

 

 

Figure 2: 3D view of the QCM integrated with the homemade microfluidic cell 

 

 

 

Figure 3:QCM-1 frequency variation (―) and ozone concentration (): (a) under dry air at 200 mL.min-1 (b) under dry air at 400 mL.min-1 (c) 
under 50% of RH at 400 mL.min-1. 
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Figure 4: QCM-1 response as a function of ozone concentration: () day 5 exposure under dry air at 200 mL.min-1 () day 7 exposure under dry air 

at 200 mL.min-1 () day 7 exposure under dry air at 400 mL.min-1 () day 7 exposure at 400 mL.min-1 and 50% of RH () day 20 exposure under 
dry air at 400 mL.min-1. 

 

 

 

Figure 5: QCM-2 response as a function of ozone concentration at 400 mL.min-1: () day 1 exposure under dry air () day 1 exposure under 50% 
of RH () day 50 exposure under dry air. 
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Abstract: 

Ozone (O3) is a powerful oxidizing gas and a strong disinfectantused in different processes, including water treatment, gas 
purification, textile bleaching, and food industries. In workplaces, O3 is produced by laser printers and photocopiers. Additionally, O3 
is emitted into the atmosphere from the processes of UV-radiation and electric arc welding (Singer et al., 2006). 

In France, the occupational threshold limit value (TLV) for O3 exposure is 100 ppbv (part per billion by volume)and 200 ppbv for an 
exposure time of 8 hours and 15 minutes respectively(Inrs, 2013). AtO3concentration exceeding the TLV, exposure becomes 
hazardous to human health, causing headache, burning eyes, lung damage and respiratory diseases such as asthma (Kampa & 
Castanas, 2008). Consequently, personal monitors are needed to assess O3workplace exposure for understanding health risks. 
Traditional chemical analysis techniques, based on individual sampling on solid adsorbents or filters, were used to determine 
concentrations of O3 (Liard et al., 1999). They require the analysis in chemical laboratories which does not alert in real-time in case of 
high exposure. In addition, the results obtained are the average concentrations over an extended period of time.Various instruments 
were also developed for measurements of ambient O3 based on strong absorption at 254 nm and chemiluminescence techniques (Gao 
& Jaffe, 2017).These instruments exhibit high sensitivity, selectivity, and reliability. However, the size, cost, power consumption and 
regular calibration needs, reduce their use for real-time measurements especially when portability of the equipment is required. A new 
Personal O3 Monitor (POM)(Technologies, 2016)developed by 2B Technologies is a portable, low power consumption device and 
suitable forO3occupational exposureassessment with a limit of detection of 4 ppbv. But its low robustness and its high cost ($4500) 
make it unaffordable for individual sampling.On the other hand, simple and compact O3 sensors devices were developed on the basis 
of dye fading colorimetry (Ando, 2006). However, these sensors show poor reproducibility, low sensitivity and selectivity.Hence, this 
study aims to develop an affordable, simple and portable sensor for personal O3 monitoring. Here, we describe the development of an 
accumulated optical sensor for themonitoring of O3 in workplaces. 

Firstly, the sensor, consisting of mesoporous silica thin film deposited by dip-coating on a quartz plate and impregnated with 
methylene blue (MB) assensitive material. The sensor response can be determined by visible spectroscopy by measuring in real-time 
the absorbance variation at 620 nm. Secondly, a controlled atmosphere deviceas shown in Figure 1was developed and implemented to 
perform O3 exposure experiments.Thirdly, the sensor stability under dry and humidified air and sensor sensitivity at low 
O3concentrations in the range 10-500 ppbvweredemonstrated. Then the influence of sampling flow rate on sensor reactivity was also 
studied. Finally, fitting the experimental results was allowed by using the model: 

A(t) = [(A0-Ainf)/ (1+kt (A0-Ainf)] + Ainf 

A(t): absorbance at a sampling time t(min); 

A0: initial absorbance; 

Ainf: absorbance after an infinite O3 sampling time; 

k: rate constant of the reaction (min-1). 
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Figure 1:schematic diagram of the experimental setup for O3 sensor performance tests. 

 

The results show thatthe sensor response at 106 ppbv of O3 is not affected by a relative humidity (RH)approximately 40% as 
illustrated in Figure 2. The developed sensor exhibits good stability of the baseline under dry air and high sensitivity at low O3 
concentration from 10 to 495 ppbv as shown in Figure 3. In addition, an increase of the sampling flow rate improves sensor reactivity 
as shown in Figure 4.A reliable correlation between the experimental and the theoretical response of a sensor was obtained as 
illustrated in Figure 5. In this work, we demonstrated that one-tenth of the French occupational TLV of O3 can be detected using a 
simple sensor of MB deposited on mesoporous silica thin film. 

 

Keywords: ozone detection, methylene blue, optical ozone sensor, workplaces, mesoporous silica.  

 

Figure 2:Time variations of absorbance of a sensor    Figure 3:Time variations of absorbance of a sensor at 620nm  

at 620 nm and the concentration of O3 (RH= 40%)at different O3 concentrations varying from 10 to 495 ppbv 

a: absorbance at 620 nm, b: O3 concentration.(sampling time: 10min, RH= 1%, sampling flow rate: 400 mL.min-1) 

a: absorbance at 620 nm, b: O3 concentration. 
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Figure 4:Relationship between the rate constant ofa sensor and the sampling flow rate applied under120 ppbv of O3 for 3h. 

 

 

Figure 5:Experimental (a) and theoretical (b) curves of the response of a sensor at 

different O3 concentrations varying from 10 to 205 ppbv. 
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Abstract: 

 

In October 2017, hundreds of wildfires ravaged forests in the north and centre of Portugal. The fires were fanned by strong winds as 
tropical storm Ophelia brushed the Iberian coast. The storm has dragged up smoke from the Portuguese wildfires, together with 
Saharan dust from NW Africa, into western Europe, including the United Kingdom.Here we estimate the excess mortality in those 
populations exposed to particulate matter (PM) due to the Portuguese wildfires in October 2017, one of the worst fire sequences over 
the last decade. We analysed space- and ground-level observations to track the smoke plume and dust trajectory over Portugal and 
Europe, and to access PM concentrations during the wildfires. The population in Portugal was exposed in average to additional PM10 
levels that varied from 16.2 to 120.6 µg/m3 in smoky days with dust and from 6.1 to 20.9 µg/m3 in dust-free smoky days. Considered 
together, and assuming a 0.5%-2% increase in all-cause mortality per 10 µg/m3 derived from epidemiological studies, these exposure 
levels may have been associated with 56-224 cases of additional mortality (112 cases, central estimate), which represents 0.11% of 
the country mortality in 2017. In the United Kingdom (England, Wales, Scotland and North Ireland), the population was exposed in 
average to an additional PM10 level of 11.7 µg/m3 during seven smoky days (three were with dust), which may have been associated 
with 0.022% of the country mortality in 2017. With increasing temperatures and frequency of storms due to climate change, PM from 
Iberian wildfires together with NW African dust will be dragged up more often into Northern European countries. In urban areas, 
where PM levels are already high, this increment in PM might become an emerging threat to human health. 
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Abstract: 

Climate change will increase the number and intensity of wildfires during the next years (Bowman et al., 2017). In southern European 
countries, uncontrolled wildfires have a substantial impact on the environment, the economy and local populations. Wildfires release a 
large amount of toxic pollutants from the biomass burning, including particulate matter (PM), carbon monoxide, methane, nitrous 
oxide, nitrogen oxides, volatile organic carbon, and some secondary pollutants (Cascio, 2018). Some of thesepollutants have 
demonstrated to impact human health, being responsible for increases on cardiovascular and respiratory morbidity and mortality 
(Johnston et al., 2012). A recent study on the short-term effects of PM released from wildfires on human health in 10 southern 
European cities revealed cardiovascular- and respiratory-mortality associated to PM10 (particles with aerodynamic diameter less than 
10 µm) was higher on days affected by wildfires’ smoke than in other days (Faustini et al., 2015). In the same study, it was found that 
PM10 from forest fires increased mortality more than PM10 from other sources.  

Estimates of mortality due to exposure to wildfire-generated PM and related pollutants are fundamental to manage health resources 
and public funds. Portugal was one of the European countries most affected by wildfires in the last decade, yet there is a lack of 
knowledge regarding impacts of the wildfire-related pollutants released on the population mortality. 

This study aims to assess the impact of wildfire-generated PM10 on the Portuguese population mortality.For that, we focused the study 
on the fire season months (June, July, August and September) from 2011 to 2016.  All wildfires which occurred during the fire season 
were identified and those whose consequent burned area was greater than 1000 ha were considered. To assess the spatial impact of the 
wildfires, these were correlated with PM10 concentrations measured at the nearest air quality monitoring stations and provided by the 
Portuguese Environment Agency (APA), data for PM10 come from background stations (Figure 1). Associations between PM10 and 
all-cause (excluding injuries, poisoning and external causes) and cause-specific mortality, provided by the Statistics Portugal, were 
studied for the affected populations, using Poisson regression models. Results were compared with theoretically mortality estimates 
using exposure-response values from epidemiological studies, as suggested by the Wold Health Organization (WHO, 2017). Results 
were analysed from a climate change standpoint. 
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Figure 1:Number of background air quality monitoring stations for PM10 in each territorial unit (NUTS III) of mainland Portugal included in the 
study. 
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Abstract  

Over the last decade, attention given to the nitrated and oxygenated polycyclic aromatic hydrocarbons (NPAHs and OPAHs) has 
grown. As parent PAHs, NPAHs and OPAHs are emitted by anthropogenic (i.e. traffic, industries, biomass burning) and natural (i.e. 
forest fires) sources. Moreover, NPAHs and OPAHs can also be secondarily formed in the atmosphere via oxidation reactions 
(Finlayson-Pitts & Pitts, 2000).  

OPAHs are associated with carcinogenic effects and can result in oxidative stress while some NPAHs were classified as probable 
human carcinogenics (Idowu et al., 2019).  

Once they are emitted into the air, NPAHs and OPAHs are partitioning between the particulate and the gas phases, depending on their 
physico-chemical properties, meteorological conditions and the abundance and composition of suspended particulate matter 
(Lohmann and Lammel, 2004). This partitioning is important as it will affect their removal pathways and, therefore, their potential for 
long-range atmospheric transport. Current knowledge on NPAHs’ and OPAHs’ atmospheric fate is very limited.  

The aim of this study is to provide novel atmospheric data on NPAHs and OPAHs at each a traffic (T), an urban background (U) and 
a rural site (R) collected in winter and summer 2017 at/near Brno, Czech Republic and Ljubljana, Slovenia. The seasonal and spatial 
variations as well as the gas-particle partitioning of these compounds were investigated.  

In this study, 24-h samples of fine particles (PM2.5) were collected on quartz filters for 30 days in each winter and summer at T, U 
and R sites in both areas. In addition, the gas phase was also collected using polyurethane foam for few samples (N= 7 or 8) in winter 
and summer at all Brno sites. After sampling and gravimetric measurements, the filters were cut and half was used for NPAHs and 
OPAHs analysis. All samples were extracted with dichloromethane using an automatic Soxhlet extractor. The extracts were 
fractionated using a silica column and were analyzed by means of gas chromatography coupled to mass spectrometry.  

 

Unlike 11 OPAHs which were all consistently detected, only 9 out of the 18 targeted NPAHs were consistently found in the air 
samples. While, 9-nitrophenanthrene, 1,8-dinitropyrene, 6-nitrobenzo(a)pyrene and 3-nitroacenaphthene were never detected, 1,3-
dinitropyrene,  1,6-dinitropyrene, 2-nitrofluorene and 6-nitrochrysene were sometimes found on QFFs, and 5-nitroacenaphthene was 
detected only in the gaseous phase at all Brno sites.  

The total (gas and particulate) concentrations of Σ9NPAHs at the three Brno sites were ranging from 7.3 pg m-3 to 2888 pg m-3. The 
particulate concentrations of NPAHs measured at all sites were ranging from 0.01 pg m-3 to 3008 pg m-3. Only 9-nitroanthracene, 2-
nitrofluoranthene and 7-nitrobenzoaantracene exhibited concentrations higher than 300 pgm-3. OPAHs exhibited higher atmospheric 
levels with total and particulate concentrations ranging from 176 pg m-3 to 45053 pg m -3and 1.7 pg m-3 to 31193 pg m-3, respectively.  
Only 1,4-naphthoquinone, 9,10-anthraquinone, benzo-b-fluoren-11-one and benzanthrone showed concentrations higher than 5000 pg 
m-3. 

Significant seasonal variations were observed for all NPAHs and OPAHs with higher concentrations in winter compared to summer. 
This is due to increased sources such as domestic heating or higher cold-start emissions from traffic, but also lower atmospheric 

mailto:degrendele@recetox.muni.cz


89 
 

boundary layer and, probably, longer atmospheric lifetimes in winter. Indeed, the average winter to summer ratios of Σ9NPAHs total 
concentrations were 27.7, 5.7 and 10.9 for the Brno traffic, urban background and rural sites. When considering only the particulate 
concentrations, these were respectively for Brno and Ljubljana, 50.2 and 9.8, and 4.2, and 67.7for the traffic and urban background 
sites. The winter to summer ratios of Σ11OPAHs total concentrations were 39, 11 and 21 for the Brno traffic, urban background and 
rural sites, respectively, and 22, 22 and 101, with only the particulate concentrations.At Ljubljana, lower particulate winter to summer 
ratios were found (i.e. 3.7 and 8.4 at the traffic and urban background site, respectively).  

Similar to the parentPAHs, the particulate mass fraction of NPAHs and OPAHs seemed to follow vapour pressure. Significant 
seasonal variations were observed for all compounds, with lower particulate mass fraction in summer than in winter. Higher 
particulate fractions were observed at the traffic site compared to the urban background or rural sites for some NPAHs (i.e. 9-
nitroanthracene, 3-nitrophenanthrene and 1-nitropyrene) and OPAHs (i.e. 9,10-anthraquinone, benzo-a-fluoren-11-one, benzo-b-
fluoren-11-one, benzanthrone, and benz-a-anthracene-7,12-dione), suggesting that these compounds were emitted as fine particles 
from traffic and are subsequently partitioning to the gaseous phase. 9-fluorenone, 1,4-anthraquinone and 9,10-phenanthroquinone 
showed unexplained higher particulate fractions at the rural site in winter.  

In winter, a strong traffic to rural gradient of NPAH concentrations was observed in the Brno area. Indeed, the average concentrations 
of Σ9NPAHs at the traffic site were 3.3 and 12.2 times higher than those at the urban background and rural sites, respectively, 
highlighting that traffic is an important primary source of NPAHs in winter in Brno. However, in summer, the corresponding figures 
were 0.7 and 4.8, suggesting that the secondary NPAH source (photochemistry) was more significant at the urban background 
site(advection of photochemically aged pollution). At Ljubljana, the average particulate concentrations of Σ9NPAHs at the traffic site 
were 2.5 and 22.5 times higher than those at the urban background site in winter and summer, respectively. For OPAHs, the T/UB and 
T/R ratios of total Σ11OPAH concentrations in Brno were 0.8 and 3.1 in winter and 0.2 and 1.7 in summer, respectively, highlighting 
that traffic does not control OPAH levels in Brno. At Ljubljana, the T/UB ratios of the particulate concentrations of Σ11OPAH were 
0.9 in winter and 3.3 in summer. 

Possible sources will furthermore be discussed in the light of diagnostic ratios andspatial distributions.  
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Abstract  

Nitrated and oxygenated polycyclic aromatic hydrocarbons (PAHs, NPAHs, OPAHs) are probably the most potent toxic compounds 
in ambient air and the most hazardous environmental chemicals for public health in central Europe (EU 2001). This is due to their 
carcinogenicity and contribution to reactive oxygen species generation upon particle deposition in the lung (IARC, 2013; Charrier and 
Anastasio, 2012). Nevertheless, their levels and fate in the environment are largely unknown (Keyte et al., 2013; Lammel et al., 
2017). NPAHs and OPAHs can be emitted directly by combustion of fossil fuels or biomass, or formed in the atmosphere. 
Nitrocatechols and nitrosalicylic acids are secondary products of VOCs emitted from biomass burning (Iinuma et al., 2010; 
Kitanovski et al., 2012), while nitrophenols have also other secondary and primary sources (Harrison et al., 2005). 

Gas and particulate phase concentrations of NPAHs, OPAHs and nitromonoaromatic hydro-carbons (NMAHs i.e., nitrophenols and –
catechols, nitrosalicylic acid, -) were determined in air at a heavily polluted urban and a background site in central Europe, Ostrava 
and Košetice, Czech Republic, respectively. The total concentration of parent PAHs and OPAHs (120±93 and 10.0±9.2 ng/m3, 
respectively, in winter) at the urban site was higher in winter than in summer, and more pronounced for OPAHs than for parent PAHs. 
NPAHs were found typically 2 and 1 order of magnitude lower than PAHs and OPAHs, respectively. At the urban site, nitrocatechols 
dominated NMAHs and benz(a)anthracene-7,12-dione was the most abundant OPAH. OPAHs are found to be distributed evenly 
between gas and particulate phases in both winter and summer, while NPAHs are found to shift from particulate in winter to gas-
phase in summer. The mass size distribution of the targeted substance classes peaked in submicrometer size fractions (PM1), often in 
the PM0.5 size fraction. Nevertheless and notably, a high mass fraction of oxy-PAHs, including the quinones, which upon inhalation 
are effective precursors for reactive oxygen intermediates (and, hence, trigger oxidative stress on the cell level), were found in the 
gas-phase, even in winter. 

The bioaccessible fraction of particulate organic matter (OM) in ambient air was addressed by extraction with two simulated lung 
fluids (SLFs). While only a small fraction of parent PAHs, OPAHs and NPAHs is found to be bioaccessible, typically <2% at the 
urban and 5-10% at the background site. All targeted NMAHs were found to be completely mobilized by a SLF, namely artificial 
lysosomal fluid. 

Human-based in vitro bioassays were employed to study anti-/estrogenicity, anti-/androgenicity, AhR-mediated activity, thyroid 
receptor-mediated activity and cytotoxicity for respiratory cells of gas and particulate phase samples, fractionated according to 
polarity, as well as of the bioaccessible fractions thereof. It is found that the non-polar compounds, such as PAHs, that are often 
considered as prototypal organic atmospheric pollutants, are not the main carriers of the endocrine disruptive potentials, whereas polar 
pollutants, such as OPAHs, are more important in mediating ambient air toxicity.  
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Abstract: 

This study examines the total organic carbon (OC) and OC volatility fractions (OCx) source contributions resolved frompositive 
matrix factorization (PMF) receptor model across the Los Angeles Basin. Total OC and its volatility fractions (OC1-OC4) were 
measured by the South Coast Air Quality Management District (SCAQMD) at five sampling sites including West Long Beach, 
Anaheim, central Los Angeles (CELA), Rubidoux, and Fontana, duringayear-long sampling campaign spanning from July 2012 to 
June 2013. Gaseous pollutants, including NOx, O3, SO4 as well as K+/K ratios determined at sampling sites were used as the auxiliary 
input tothe PMF model. Overall, the increasing trend of total OC mass concentrations from the West Long Beach site which is located 
close tothe coast (3.7±1.9 µg.m-3) to the site in Fontana which is located further inland (4.8±1.8 µg.m-3) corroborates the dominancy 
of secondary organic aerosol (SOA) formation and its impact on total OC concentrations, especially in the summertime. PMF results 
suggested traffic, SOA, and biomass burning as the three main factors contributing to total OC and its volatility fractions.OC volatility 
fraction source apportionment revealed that traffic is the major contributor to OC2 and OC3,especially at the sites that are near major 
primary sources such as CELA and West Long Beach, with corresponding contributions of 60% and 79% to OC2 and 53% and 64% to 
OC3, respectively. Additionally, SOA was identified as the dominant contributor to OC4 especially at Rubidoux and Fontana with 
66% and 56% contribution to OC4, respectively. Our results also indicated that traffic is the dominant source of total OC 
concentration with an average contribution of 56±9% at all the sites, followed by SOA formation and biomass burning, contributing to 
42±7% and 5±3% of total OC concentrations, respectively.The contribution of traffic and biomass burning to total OC concentrations 
increased during the cold season, while that of SOA became more significant during the warm season when photochemical activities 
peak. This study provided insight into the spatial and temporal variations as well as sources of OC volatility fractions across the Los 
Angeles Basin. 

Keywords:Temperature-resolved organic carbon fractions, Source apportionment, Los Angeles, PMF; 
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Figure 1: Relative contribution of major sources to OC and OCx 
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Abstract: 

Since people in modern society spend most of their time in indoor environments (Amoatey et al., 2018; Szigeti et al., 2014), indoor air 
quality has become one of the most important issues connected to public health. Indoor air negative effects on humans’ health are 
mostly related to particulate matter (PM), particularly fine particles that are characterized by high accessibility deeply inside the lung. 
Thus, PM2.5 particles appear to be a significant risk factor for cardiovascular disease and lung cancer mortality (Brook et al., 2010; 
Huang et al., 2017). However, it is not only the size, but also the composition of PM2.5, which determines such negative effects on 
human health. Heavy metals although minor PM2.5 components are strongly relevant to cancer and non-cancer but toxic health risks 
due to respiratory exposure (Taner et al., 2013; Voutsa et al., 2015). The water-soluble fractions of PM2.5 are of highest importance, 
since they can pass the air-lung fluid interface (Mihucz et al., 2015) and thus, is more likely to be bioaccessible having a great toxic 
potential (Voutsa et al., 2015). 

 The present study aimed at the determination of PM2.5 levels and the associated water-soluble and labile fractions of heavy 
metals in various workplaces in the city of Alexandroupolis (Northeastern Greece). PM2.5 samples were collected from 20 workplaces 
(a photocopying center, three hair salons, a gym, a dental laboratory, two company offices, two printing shops, a distillery, a garage, 
two taverns, a coffee grinder, a computer laboratory, three University buffets and a University buffet smoking area) on quartz filters 
using low volume air samplers with constant flow rate 2.3 m3/h. Sampling duration depended on the working hours in each place 
ranging from 7 to 16 hours. After the gravimetric determination of PM2.5 mass concentration, the filters were aqueously extracted 
following a procedure similar to those suggested by Heo et al. (2015). Briefly, filters were sonicated/agitated in high-purity Milli-Q 
water for about 16 hours and the extracts/suspensions were filtered through 0.45 μm syringe filters in order to yield the water-soluble 
metal fraction. A volume of this fraction was further passed through polypropylene solid phase extraction minicolumns (with Teflon 
frit), prepared with Milli-Q water-slurried Chelex 100 resin to yield the labile metal fraction that represents a higher potential for 
bioavailability of metals than the total water-soluble fraction. The concentrations of Cu, Pb, Mn, Ni, Co, Zn, Cr and Cd in the water-
soluble and the labile fractions were determined by Graphite Furnace Atomic Absorption Spectrophotometry. 

PM2.5concentrations exhibited significant variance across the20 workplaces (Figure 1) averaging 90 μg m-3. PM2.5 levels 
were similar compared to those found in University offices in Thessaloniki, northern Greece (Gemenetzis et al., 2006), but generally 
higher than those reported for similar workplaces elsewhere (Saraga et al., 2017; Szigeti et al., 2014; Gioda et al. 2011; Helmis et al., 
2007). The highest concentration of PM2.5 was measured in a tavern (276 μgm-3), whereas the lowest in a photocopy center (11.5 μg 
m-3). It is characteristic that eight out of the ten highest PM2.5 concentrations were measured in three kinds of workplaces, namely the 
taverns, the hair salons and the university buffets. Common activities in taverns and university buffets are cooking, smoking and large 
numbers of persons in the same place that could cause resuspension of floor dust. On the contrary, the high concentrations of PM2.5 in 
the hair salons are probably related to the use of sprays and dyes rather, than to other activities. Also, the high concentration of PM2.5 
in the dental lab is probably due to grinding of dental materials. 
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Figure 1: PM2.5 concentrations across the 20 workplaces (1: photocopying center; 2, 12, 14: University buffets; 3, 13, 16: hair salons; 
4: gym; 5: dental lab; 6, 8: company offices; 7, 20: printing shops; 8: distillery; 9: University buffet smoking area;10: garage; 11, 17: 
taverns; 15: computer lab; 19: coffee grinder).  

As for the heavy metal concentrations in the water-soluble PM2.5 fraction, they varied between 0.67± 2.52 ng m-3for Co and 
27.8±19.1ng m-3 for Ni exhibiting large variations among the different workplaces. The highest concentrations were found in the 
dental lab for Cu and Co, in one of the taverns for Cd and Cr, in the other tavern for Pb and Mn, in one of the University buffets for Ni 
and in one of the printing shops for Zn. Generally, heavy metal concentrations appear to be higher compared to those determined in 
water-soluble fractions of PM2.5 from indoor environments, such as chemical laboratories (Gioda et al., 2011) or retirement facility 
(Graney et al., 2004), as well as from outdoor air (e.g., Mukhtar & Limbeck, 2013; Manousakas et al., 2014). 

Metals that were effectively removed from solution by the Chelex chelation treatment were Cd, Mn, Cu and Ni with labile 
fractions accounting for 66.7±39.6 %, 64.1±23.8 %, 57.5±27.4 %, and 53.2±32.9 % of the corresponding water-soluble fractions, 
respectively. The labile fractions of Pb, Cr, Co and Zn were relatively lower (42.2±23.4 %, 40.3±35.7 %, 35.1±34.8 % and 33.9±22.8 
%, respectively). These results are in general agreement to previous studies that showed that chelation with the immobilized ligand 
iminodiacetate (Chelex) removes a large suite of cationic metals, with preference for transition and divalent metals (Heo at al., 2015; 
Shafer et al., 2009). 

Water-soluble and labile fractions of heavy metals were further used to calculate cancer and non-cancer risks via inhalation 
of PM2.5.  
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Abstract 
 

It is commonly observed that malodor issues have become one of the hot socio-environmental subjects. The sources of 
malodor are found to include a variety of man-made activities such as chemical plants, oil refineries, sewage treatments, landfills, 
livestock facilities, etc (Kim et al., 2006; Talaiekhozani et al., 2016; Wu et al., 2017). Odor nuisance has been a major concern in 
western Thessaloniki, northern Greece, where complaints from residents are often risen. The western part of the city is in close 
vicinity to a large-scale petroleum refining and petrochemical processes complex, as well as other activities such as power generation 
from natural gas burning, liquefied petroleum gas shipping, etc.  

Although oil refineries generally do not have a continuous odour problem and most complaints are due to intermittent faults 
during plant operation (CONCAWE, 1975), odor can be a significant issue for some processes in petroleum refineries (EA, 2009; 
Jafarinejad, 2016). Refinery odors are mainly due to reduced sulfur compounds (H2S, mercaptans and sulfides) and various volatile 
organic compounds (VOCs) (unsaturated C5/C6 compounds, aromatic hydrocarbons BTEX, phenols, etc) (Persson et al., 1987). Other 
odorous emissions from refineries to the atmosphere are carbon disulphide (CS2), carbonyl sulphide (COS) and NH3 (EA, 2009). It is 
known that organic sulfur compounds present in petroleum have variable reactivity in the course of hydrotreatment used in oil 
refineries to reduce the concentration of sulfur in fuels (Afanas’ev et al., 2017; Lyapinaa et al., 2010). In addition, VOCs are released 
to air either from storage, product loading and handling facilities, oil/water separation systems or, as fugitive emissions, from flanges, 
valves, seals and drains, as well as from wastewater treatment units (EA, 2009; Wei et al., 2014). 

Measurements of VOCs and reduced sulfur compounds close to oil refineries in Greece are very limited. Kalabokas et al. 
(2001) indicated that the ambient air concentrations of saturated and aromatic hydrocarbons in a large area surrounding an oil refinery 
near the city of Corinth, southern Greece, were lower than the ambient air quality standards and the concentrations measured in the 
two large urban Greek centers. On the other hand, Vassilakos et al (2009) measuring reduced sulfur species (H2S, MeSH, COS, and 
CS2) in a suburban area, near an industrial zone, 70 km from Athens, found the highest H2S and MeSH concentrations at the site 
closest to the oil refinery. 

The aim of this study was to investigate the chemical profile of odor in western Thessaloniki. For this purpose, a total of 175 
samples of VOCs were collected at three sites (S1, S2, S3 in Fig. 1) during a 6-month period (May – October 2018) and analysed for 
volatile organic sulfur compounds (VOSCs) including mercaptans, sulfides and thiophenes, as well as for aromatics and aldehydes. 
Sampling was concurrently carried out at the three sites using identical Air Samplers Micro PNS (UMWELTTECHNIK MCZ GmbH) 
and thermal desorption cartridges (Markes International Limited, UK) packed with 2-bed adsorptive material (Tenax/Sulficarb). 
Another 15 samples were collected from central and eastern areas of the city representing the city background. All samplings had a 1-
hr duration and were carried out at constant flow rate 50 mL/min enabling an air volume of 3000 ml to be sampled without observing 
breakthrough (Ras et al., 2008). Samples were analysed on a gas chromatograph equipped with a mass selective detector (GC/MS 
QP2020, Shimadzu) and a thermal desorber with a sulfur/labile cold trap (UNITY-xr, Markes). The system was calibrated with liquid 
standards (mixtures and individual compounds in MeOH and/or toluene). The GC–MS variables were optimized for the simultaneous 
determination of 65 odor active compounds. 

The average sum concentration of each VOC class at sites S1, S2, S3 ranged as following: 1.18-1.61 μg/m3 for 
Σ8Mercaptans, 0.09-0.20 μg/m3 for Σ5Thiophenes, 18.5-26.3 μg/m3 for Σ7Sulfides, 6.76-10.2 μg/m3 for Σ22Aromatics, and 21.9-26.6 
μg/m3 for Σ13Aldehydes. According to the Mann–Whitney U test, significantly higher levels than those found in the city were 
observed for Σ8Mercaptans and Σ22Aromatics at all three sites, as well as for Σ5Thiophenes and Σ7Sulfides at S1 and S2 revealing 
influence from industrial activities. Σ13Aldehydes was significantly higher than the city levels only at S3.  

Σ8Mercaptans, Σ5Thiophenes, Σ7Sulfides, and Σ22Aromatics were significantly (P<0.05) correlated with ambient temperature 
(positively), and with relative humidity (negatively). Higher concentrations under high temperatures may suggest evaporation from 
open contaminated areas (Susaya et al., 2011). It is therefore possible that the odorous compounds are evaporated from the land 
farming sites and the dehydration unit of the petroleum sludge that are located closest to the sampling sites. No significant correlation 
was found with wind speed, though concentrations of all VOC classes were relatively higher under calm conditions (wind speeds <0.5 
m/s).  

Odor concentrations were further calculated for the VOSCs by dividing the concentrations of individual organic sulfur 
compounds with respective odor threshold values taken from Nagata et al. (2003). The highest contributor to VOSCs-related malodor 
at the three sites in western Thessaloniki was by far 1-propyl mercaptan (67-68%) followed by sec-butyl mercaptan (11-17%).  
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Figure 1: Map of the city of Thessaloniki with sampling sites (red color points: industrial sites S1, S2, S3; blue color points: city sites) 
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Abstract: 
Nowadays a great emphasis is put on air quality control, but most commonly it concerns atmospheric air. Not so long ago, scientists 

came to a conclusion that indoor air is an important environment influencing human health due to the fact that people spent about 

85% of their time indoors (Hussein, Paasonen, & Kulmala, 2012). Chemicals most strongly influencing indoor air quality and 

chemistry are Volatile Organic Compounds (VOCs). VOCs include a sub-group of chemicals, which are widely used as fragrance – 

terpenes. Those compounds, despite the nice smell, are strongly influencing indoor air chemistry. Terpenes chemistry indoors is 

important because of wide range of indoor emission sources like cleaning agents, cosmetic products, detergents, wooden furniture 

and air fresheners, which generates relatively high concentration, and also due to their chemical nature (Nazaroff & Weschler, 

2004)(Tsigonia et al., 2010)(Pio, Nunes, & Castro, 2001). Terpenes are highly reactive chemicals because of their chemical structure 

containing one or more double bonds, which is responsible for reactions with variety of oxidants present in indoor air. The most 

common indoor air oxidants are ozone, hydroxyl radicals and nitrogen oxides, which react very rapidly with terpenes in a place of 

double bonding (Wilkins, Wolkoff, Clausen, Hammer, & Nielsen, 2003). Terpenes oxidation reactions are complicated and complex. 

Currently, only first few steps of those mechanisms are known.It begins with an oxidant attack in a place of terpene double bonding, 

causing formation of primary ozonide, which quickly decomposes to so called “Criegee Intermediate” (CI).CI is also highly reactive, 

so it undergoes further transformations, which are currently under research (Berndt, Böge, & Stratmann, 2003)(Criegee, 1975).  A 

lot of model as well as laboratory studies are aimed to determine possible reaction products and mechanisms of those complicated 

reactions (Sun, Wang, Zhang, Sun, & Wang, 2011)(Bäcktorp et al., 2008)(Jaoui & Kamens, 2003). Although there are a lot of 

possibilities regarding terpene oxidation mechanisms, there is one certain fact about those reactions, namely formation of Secondary 

Organic Aerosol (SOA). Therefore terpenes are considered to be precursors of formation of SOA, which is composed of nanosized 

particles, that can easily penetrate human respiratory track reaching the deepest parts of it (Ito & Harashima, 2011)(Borduas & Lin, 

2016). Moreover, SOA can cause irritation of skin, eyes and cause inflammatory response in the smallest structures of living 

organisms (Anderson, Khurshid, Meade, Lukomska, & Wells, 2013)(Nøjgaard, Christensen, & Wolkoff, 2005). Since this field of 

research is still new and in progress, the aim of this study is to make an attempt to fill the gaps of knowledge and to gain new 

information and data on how terpenes contribute to SOA formation in indoor air. A big advantage of this research concerns 

application of modern real-time measurement techniques, which are Proton-Transfer-Reaction Mass Spectrometry (PTR-TOF-MS) 

and Scanning Mobility Particle Sizer (SMPS). There is a big advantage of real-time techniques over chromatographic ones, which is 

an ability to carry out a measurement in a real-time, therefore delivering information about concentration changes. Since indoor air 

chemistry is violent and rapidly changing it is very valuable to gain such data. In this research PTR-TOF-MS and SMPS were applied 

to carry out chamber studies in order to investigate formation of SOA particles and its chemical composition, and also to observe and 

track changes of SOA formation in time. Experimental setup is presented in Fig. 1. 

 
Figure 1 Experimental setup used for determination of particle distribution changes and chemical composition of terpenes 

oxidation products 
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Chamber experiments were conducted with the use of two most common monoterpenes -α-pinene and d-limonene -  and the most 

common indoor oxidant – ozone. Exemplary results of SOA particle distribution changes investigation with SMPS are presented in 

Fig. 2, whereas results obtained by PTR-TOF-MS, aimed to determine α-pinene ozonolysis products are presented in Fig. 3. 

 
Figure 2 Results obtained by application of SMPS to investigate α-pinene and ozone initiated SOA particle growth (series 1-14 

stands for cycles; 1 cycle = 90 s) 
 

 
Figure 3Concentration changes in time of main α-pinene ions and main oxidation product ions obtained by application of 

PTR-TOF-MS 
Keywords: terpenes, SOA, PTR-TOF-MS, SMPS, real-time techniques 
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Abstract  

 

Air pollution produced by automotive diesel exhaust emissions in urban areas is of major concern due to their potential to impact on 
human health.  One of the major concerns of diesel exhaust are identified as particulate matter which contains Polycyclic Aromatic 
Hydrocarbons (PAHs) in the organic extractable material (OEM). PAHsare hydrophobic and persistent in soils, sediments, and 
particulate matter suspended in the air. PAHs are of major environmental concern, since they belong to the group of priority 
pollutants, potentially toxic, carcinogenic and mutagenic(Alves et al., 2017; Dat & Chang, 2017; Richter & Howard, 2000).The 
presence of PAHs in the environment is a threat to human life and also to some ecosystems, due to its high toxicity and 
bioaccumulation potential.  

 

Biodiesel has been introduced as an alternative to reduce diesel particulate matter (PM) emissions(Fontaras et al., 2010; Guan, 
Cheung, Li, & Huang, 2017). Biodiesel is currently blended with petrochemical diesel fuel to be used in engines. The biodiesel 
industry claims for several benefits such as the generation of development in the field, increase of employment and the generation of 
capital goods, as well as the reduction of polluting emissions. In particular, it has been accepted that PM emissions can be drastically 
reduced. However, there is still no consensus on the concentration and total toxicity of PAHs in the particulate matter (PM) emissions 
from engines operating withdiesel/biodiesel fuel blends. It has been reported that physicochemical properties of biodiesel, engine 
operating mode, and engine technologyhave significant impact in PAHs emissions (Karavalakis et al., 2017; Karavalakis, Bakeas, 
Fontaras, & Stournas, 2011). This researchassessed the concentration of 17 PAHs extracted by using a green methodology from the 
organic extractable material of the raw PM gathered from a Euro 4 Cummins ISF 2.8 diesel engine operating under two stationary 
load conditions representative of urban driving (Table 1). Three fuels were used for comparison: commercial diesel fuel, which 
contains 10% of palm oil biodiesel in Colombia (B10), diesel fuel + 20% of biodiesel (B20), and neat biodiesel (B100).  Moreover, 
the toxicity of these 17 PAHs was analysed. 

PM samples were collected in a cylindrical element filled with stainless steel sponges, which were installed in the exhaust pipe, right 
after the muffler. This method allows to collect high amount of PM. All fuels were tested at least for 5 hours to collect enough PM. 

Table 1: Engine specifications. 

Type and 
Configuration 

Cummins ISF 2.8, 4 stroke, common 
rail, direct injection, 4 cylinders in 
line provided with diesel oxidation 
catalyst (DOC) and cooled EGR 

Compression ratio 17.5:1 Displacement 
[L] 2.8 

Bore & Stroke 
[mm] 94x100 Power [kW @ min-1] 120 @ 3600 Peak Torque 

[Nm @ min-1] 
360 @ 
1800 

 

The extraction procedure reduced the use of organic solvents by 75%, instead, an accelerated extraction with solvent (ASE) was 
carried out using water as extraction solvent. 30 mg of particulate matter from each sample were used to extract the 17 PAHsby using 
water at 200°C and 100 bar. Then,a dispersive microextraction in liquid phase (DLLME) was carried out.DLLME is based on a 
ternary component solvent system, in which 1 ml of extraction solvent (hexane) and 12 ml of disperser solvent (methanol) were 
rapidly introduced into 28 ml of aqueous sample to form a cloudy solution. Extraction equilibrium was quickly achieved, due to the 
extensive surface contact between the droplets of the extraction solvent with the sample. After centrifugation, the extraction solvent 
was at the top of the tube and then it wasrecovered with a microsyringe for chromatographic analysis.Among 6 to 9 samples were 
extracted and analyzed from each tested fuel, and both, samples and standards were analyzed using a gas chromatograph (Thermo 
scientific trace GC ultra) coupled to a mass spectrometer (Thermo scientific ISQ). Afused silica capillary column (Select PAH, 
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CP7462) from Agilent was used to separate the 17 PAHs. Helium was used as carrier gas at a constant flow rate of 1.5 ml min−1 , the 
volume injected was 1 μl in splitless mode with a pressure pulse. 

 

A total of 17 PAHs (Figure 1) were identified and quantified in the PM gathered from an automotive diesel engine. High 
concentration of PAHs with 5 aromatic rings was found for B10 and B20, at a higher extent for B10.Except for the phenantrene where 
B20 exhibited a slightly high concentration than B10, all other PAHs emissions followed the order B10> B20> B100. Low molecular 
weight (light) PAHs such as Naphthalene and Acenaphthene were found, but inlower amount than those of medium molecularweight 
compounds (5 aromatic rings). In general, B100 exhibited low amount of PAHs in comparison with B10 and B20. High molecular 
weight (heavy) PAHs compounds such as indeno[1,2,3-c,d]pyrene, and benzo[g,h,i] perylene exhibited lower concentrations than 
those of light PAHs. The formation of high molecular weight PAHs might be due to pyrosynthesis of lower molecular weight 
aromatic compounds to larger PAHs and to the contribution of the engine lubricant oil.Most high molecular weight PAHs compounds 
were found to decrease with the adition of biodiesel in the fuel blend. The same observation holds for benzo[a]pyrene, benzo[e]pyrene 
and Dibenz[a,h]anthracene, which are known for their carcinogenic and teratogenic properties. 

 

 

 

 

 

 

 

 

 

 

Figure1: Concentration of the 17 PAHs analyzed for the three tested fuels (B10, B20and B100). 

Diesel PM toxicity was also assessed by determining the carcinogenic effect of each individual PAH by means of their toxic 
equivalent factor(TEF). TEFs were used to estimate human health risk associated with inhalatory exposure to PAHs. Figure 2 shows 
the general toxicity of the PAHs obtained from the PM of the tested fuels. A marked reduction in the overall TEF was observed as the 
amount of biodiesel increased in the fuel blend. 

 

 

 

 

 

 

 

 

 

Figure 2: Toxic equivalence of the PAHs extracted from the PM of B10, B20 and B100 fuels. 

The results of this study indicate that the addition of palm oil biodiesel to petrochemical diesel fuel decreases PAH compounds from 
the PM (more markedly those of medium to heavy molecular weight), andalso revealed that biodiesel reduced the toxicological 
characteristics of diesel particulate matter due to its potential to reduce certain toxic compounds. 
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Abstract 

Polycyclic Aromatic Hydrocarbons (PAHs) and their hydroxylated derivatives were studied in blood serum of both leukemia patients 
(n=138) and healthy donors (n=60) as controls.  

The samples originated from Greek adults and demographic data, such as age, sex, area of residence and smoking habit were also 
collected helping the process analysis of the results. 

Concentration levels of 16 PAHs measured by gas chromatography coupled with mass spectrometry (GC/MS). Phenanthrene and 
fluorene were the most abundant PAHs with concentration over 20 ng mL-1 for patient samples. 

The results showed a significant difference between patients and healthy donors and thus a more classified analysis applied. Thus, 
male ones, until 40 years old, smokers or ex-smokers and patients who live in industrial affected areas presented higher concentration 
of PAHs in serum. 

Source apportionment tools were employed, comprising use of Spearman correlations analysis and Principal Component Analysis, 
revealed associations among PAHs in many cases with most important when the analysis considered the area of residence of patients 
and smoking habit. Patients from industrial sites of Greece, smokers and ex-smokers, presented a different PAHs profile, indicating 
possible common sources. 

Hydroxylated derivatives (OH-PAHs) also measured in cases of acute leukemia and controls.  The results showed statistical 
difference between patients and controls for nearly all analytes and a further statistical analysis also revealed similar trends as their 
precursors. 

Keywords: PAHs, Leukemia, OH-PAHs, Greece, PCA 
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Abstract: 

Methoxyphenols, which are emitted from biomass burning, are important species in atmospheric multiphase 
chemistry.(Hawthorne, Miller, Barkley, & Krieger, 1988; Yee et al., 2013) In the present study, the temperature-dependent aqueous-
phase OH radical reactions of 6 methoxyphenols and 2 related phenols have been investigated by laser flash photolysis and DFT 
method for the first time. The following rate constants (in unit of L mol-1 s-1) have been obtained: 2-methoxyphenol (2-MP), k298 K = 
(1.1 ± 0.1)  1010, 3-methoxyphenol (3-MP), k298 K = (1.4 ± 0.1)  1010, 2,6-dimethoxyphenol (Syr), k298 K = (1.7 ± 0.1)  1010, 3-
methoxycatechol (3-MC), k298 K = (1.9 ± 0.1)  1010, 2-methoxy-4-methylphenol (Cre), k298 K = (1.7 ± 0.1)  1010, 4-(2-
methoxyethyl)phenol (MEP), k298 K = (1.7 ± 0.1)  1010, 2-ethylphenol (2-EP), k298 K = (1.1 ± 0.1)  1010 and 3-hydroxyphenol (Res), 
k298 K = (1.5 ± 0.2)  1010. The temperature-dependence of these reactions are given in Figure 1. With the obtained T-dependent rate 
constants, the Arrhenius parameters of these reactions have been derived. The rate constants for fully diffusion-controlled reaction of 
each case have been calculated. Hammett plots of phenolic compounds have been established with the measurement result and shown 
in Figure 1(d), which could be used for predicting the unknown rate constants of other phenolic compounds.(O'Shea & Cardona, 
1994) All of the findings are expected to enhance the predictive capabilities of models such as the chemical aqueous-phase radical 
mechanism (CAPRAM). 

Keywords: methoxyphenol; kinetics; atmospheric aqueous phase; biomass burning; OH radical. 

 

 

Figure 1:Arrhenius plot of the temperature-dependent measurements of 2-MP and 3-MP (a), Cre, Syrand 3-MC(b) and MEP, Res and 2-EP (c),and 
the Hammett relationships of phenolic compounds investigated in this study (data in black) and found from other studies (data in red) (d). 
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Abstract 

 

Chlorinated naphthalenes (PCNs) and short-chain chlorinated paraffins (SCCPs) were recently listed as persistent organic pollutants 
(POPs)on the list of the Stockholm convention. They can be found in various environmental compartments, including atmosphere. Air 
pollution might be a significant source of human exposure to these contaminants. Chlorinated paraffins (CPs) are suspected of having 
adverse effects on human health (SCCPs are classified as possibly carcinogenic to humans). PCNs are suspected of being hepatotoxic 
and several of the PCN congeners exhibit dioxin-like toxicity.  

The aim of this study was (i) to implement the analytical procedure for the simultaneous isolation of two groups of chlorinated 
contaminants (SCCPs and medium-chain CPs, MCCPs) and 11 congeners of PCNs from filters of high volume samplers used for air 
sampling and (ii) to apply the newly validated method within the pilot study assessing the air pollution in two regions of the Czech 
Republic, the localityLitvínov (area polluted by industry) andthe locality České Budějovice (reference area).Extraction of target 
compounds was carried out in the Soxhlet apparatus (hexane: dichlormethane, 1:1, v/v, 7 h) and followed by purification on the silica 
column (analytes eluted by hexane:dichlormethane, 3:1, v/v). PCNs were consequently analyzed by gas chromatography – tandem 
mass spectrometry in electron ionisation(GC-EI-MS/MS) and CPs were analyzed by gas chromatography – high-resolution mass 
spectrometry in negative chemical ionization (GC-NCI-HRMS). 

Limits of quantification (LOQs) were determined as 70pg/m3 (SCCPs), 140pg/m3 (MCCPs) and 0.1 – 1,2 pg/m3 (individual 
PCNs).Analyzed samples were spiked at concentration level 55 pg/m3 (PCNs) and 10 ng/m3 (SCCPs, MCCPs). Recoveries 
determined fromspiked samples ranged from 86 % to 102 % (SCCPs), from 81 % to 104 % (MCCPs) and from 79 % to 130 % 
(PCNs). Repeatability was 9 % (SCCPs), 13 % (MCCPs) and4-13 % (PCNs).Within the pilot survey, the newly developed method 
will be applied to a set of 40 samples of high-volume air sampling filters from two locations in the Czech Republic (České 
Budějovice, Litvínov)at various seasons.  

Keywords: chlorinated naphtalenes, chlorinated paraffins, gas chromatography, ambient air 
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Abstract: 

Ceramic substrates coated with active catalysts are widely used in a number of environmental applications: catalytic converters, CO 
and hydrocarbon (HC) oxidation and selective reduction of NOx in small engines, elimination of volatile organic compounds (VOC) 
and other organic compounds from gaseous effluents(Avila, Montes, & Miró, 2005).The channel size and structure of the substrate 
play an important role in the overall performance. The channels of the most common substrates typically have square, circular or 
triangular shaped cross-sections, similar to a honeycomb structure, that extend in one dimension. These channels provide space for the 
flow of gases and/or liquids that interact with the active catalyst dispersed on the channel walls via wash-coating(Manfe, Kulkarni, & 
Kulkarni, 2011).The most widely used procedure to manufacture substrates is extrusion, which utilises specially designed dies to 
produce structures in a continuous mode for industrial scale. However, designing a substrate structure with optimised mass and heat 
transfer while keeping the pressure drop minimised has always been a challenge(Heibel, Heiszwolf, Kapteijn, & Moulijn, 2001). 

3D printing has attracted much attention in recent years as a versatile and low cost technology for rapid casting/prototyping of a 
variety of materials, including ceramics (Faes, Valkenaers, Vogeler, Vleugels, & Ferraris, 2015). Thanks to its almost unlimited axial 
flexibility, this technique enables rapid production of customised shapes the design of which can vary through each of all three spatial 
dimensions. In the case of catalytic converter substrates, the versatility offered by 3D printing greatly increases the range and 
complexity of channel structures that are not available using extrusion. In this research, we designed and printed substrate structures 
with greater complexity than those available in conventional substrates with straight channels. To evaluate these structures, small 3D 
printed samples were tested in the oxidation of methane in lab conditions. Moreover, CFD analysis using Ansys Fluent 19.1 was used 
to compare the flow regime, velocity distribution, turbulence intensity and back pressurein a 3D printed substrate and conventional 
honeycomb monolith.The structure is made of layers, which were printed at an offset angle to the preceding layer, and so on, 
vertically upwards (Figures 1-a and 1-b). Results were compared with a conventional honeycomb substrate with straight channels 
(Figure 1-c). 

a b c 

Figure 1: Cross sectional view of 3D printed ceramic substrates; a) general structure to show how layers rotate in each step, b) perpendicular 
channels, c) conventional structure with straight channels. 

Samples were printed using cordierite precursors and calcined at 1200ºC to form cordierite phase. The substrates were wash-coated 
using a catalyst containing precious metals (Pt, Pd), promoters and high surface area support (zeolite, alumina). The wash-coated 
ceramic substrates were tested in the continuous oxidation of methane under atmospheric pressure.The substrate performance in 
methane oxidation for two different structures is shown in Figure 2.  Methane was practically unreactive from 200-220 °C, while the 
conversions increased continuously thereafter from 240 °C.  
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Figure 2. Comparison of catalyst activity in methane conversion; Gas composition: CH4: 10%, CO: 10%, O2: 20%, He: 60%; GHSV: 480 h-1 

 

The 3D printed structure exhibited a superior performance in methane conversion over all temperatures where methane was reactive; 
for example at 350 °C the conversion over the conventional commercial honeycomb substrate is about 71%, whereas conversions over 
3D printed structures is 96%. These results clearly show how the substrate channel structure increases catalytic activity by altering the 
flow regime and enhancing mass transfer/turbulence. The increased catalytic activity is also rationalised by the higher surface areas in 
the 3D printed substrate, compared to the commercial substrate prepared by extrusion. 

Figure 3 shows velocity magnitude profile of the fluid stream for both the 3D printed and conventional structure with straight channel. 
Higher velocity in the 3D structure provide higher kinetic turbulence therefore enhances mass transfer while the velocity is lower and 
more uniform inside the channels of extruded honeycomb monolith. Backpressures over two different structures are shown on Figure 
4. 3D printed structures show higher backpressure compared to the conventional substrate with straight channels. This is due to 
induced turbulence in these structures, which causes irregular fluctuations and mixing, which is in contrast to laminar flow regime 
inside the straight channels. It should be noted that these effect are more vigilant at higher velocities (e.g. industrial conditions), 
therefore higher performance for 3D printed substrates is expected.   

 

 

 

 

 

 

 

 

Figure 3.Velocity magnitude over honeycomb monolith with straight channel (left) and 3D printed substrate (right)  

 

 

 

 

 

 

Figure 4.Back pressure profile over honeycomb monolith with straight channel (left) and 3D printed substrate (right)  
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Abstract: 

For thousands of years the human being and its activities have increasingly changed and shaped the land where they live. The greater 
the development, the larger the impact. For instance, agriculture has developed modern farming techniques and advances as 
transgenic and modified organisms, as well as more effective pesticides and fungicides to keep the crops safe. Human activities 
destined to obtain resources from land such as oil and metal extractivism change habitats and culture; it is an important factor which 
increases the concentration of toxic substances such as organic pollutants. The main impacts derived from these activities are 
environmental degradation (loss of habitat, soil deterioration, pollution), negative health affections and social inequality, all of them 
unambiguously connected to global political economy factors, national politics and institutional/policy factors. 

 

Analytical chemistry linked to methods such as exposure, ecological and health risk assessment iswidely used as a tool for 
environmental monitoring and assessment of ecological impaired scenarios. By means of a simple analytical technique such as gas 
chromatography, a huge amount of information can be extracted from a single batch of samples. Thus, if the topic awakes interest and 
the organisms in charge are committed control measures and remediation actions can be designed and implemented attending to the 
chemical results. Recently, indoor dust has emerged as an useful matrix to evaluate human exposure to contaminants. This matrix is 
composed of organic matter (dead skin cells, microorganisms, arachnids  and their feces…) and mineral components such as ashes 
and fine sand grains. Organic pollutants undergo adsorption to dust particles and are easily incorporated to the human body through 
dust ingestion. This multi pollutant sink opens the door to the simultaneous study of several families of organic pollutants and account 
for their probable synergistic effects. 

 

The Ecuadorian Amazonia is placed in the eastern region of Ecuador and is one of these aforementioned highly altered territories. 
After fifty years of oil extractivism operations by foreign (USA, China) and national companies this land is nowadays suffering a 
chronic process of environmental contamination and deforestation with its inherent social catastrophe. The main economic activities 
are the traditional agriculture within plots of land and extractivism-related employment (from technique operators to security forces). 
This intensive use and abuse of the land results in uncontrolled discharges of pollutants (pesticides, combustion byproducts, 
plasticisers and flame retardants) to the atmosphere, soils and fresh water bodies.Previous local studies have already shown water 
contamination by PAHs but due to the hydrophobic features of these pollutants, their concentration and therefore associated risk for 
humans are lower than for those found in indoor dust. Thus, more accurate analysis equipments and matrix selection (dust, air, even 
hair or urine) must be encouraged in order to have a real picture of the environmental and health affectations such as more relevant 
human exposure pathways. 

 

In this work, a previously set up GC-MS/S method and dust as a matrix were used to measure the presence of several organic 
pollutants inside houses surrounding oil extraction stations in the Ecuadorian Amazonia. The study mainly focused on PAHs as these 
compounds are related to combustion processes such as those which take place in this kind of industrial complexes. Specifically, oil 
operations have been previously reported to be an important source of PAHs contamination to the atmosphere and therefore rural 
areas near extraction plants were studied.In this sense, diagnosis ratio analysis was performed to identify possible sources of the PAHs 
and other statistic analysis (Spearman correlation test, PCA and MANOVA test) were also carried out to characterize and highlight 
potential associations between individual PAHs. Moreover, their carcinogenicity potency was evaluated through toxic equivalence 
factors (TEFs) and used to theoretically calculate individual lifetime cancer risk (ILCR) derived from the ingestion of the 
contaminated dust.Results showed how the main potential source was related to the industrial activity on the sampled places (Figure 
1) and ILCR values (Figure 2) were found to be over those recommended as limit by several environmental and health organizations 
(FDA, EPA, WHO). 
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Tables and figures 

Figure 1. Diagnosis ratio analysis for PAHs.                  Figure 2. Individual lifetime cancer risk for the different studied areas. 
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Abstract: 

Introduction 

Polycyclic aromatic hydrocarbons (PAHs) belong to a well-known ubiquitous contaminants of air which are formed during the 
incomplete combustion or as the by-products from the industrial processes. The most significant anthropogenic sources of these 
pollutants are burning of fossil fuels and emissions from the engine vehicles(Kim et al., 2013). Their nitrated (nitro-PAHs) and 
oxygenated (oxy-PAHs) derivatives arise from PAHs during the oxidation reactions with ozone (O3), nitrogen oxides (NOx) and 
hydroxyl radical within the atmosphere or could be formed together with PAHs(Bandowe and Meusel, 2017; Srogi, 2007). Regarding 
the volatility of PAHs and their derivatives, they could be dissipated in the gaseous phase as well as bound to the airborne particles 
and possess health risk for humans(Abdel-Shafy and Mansour, 2016; Kim et al., 2013). Generally, PAHs show mutagenic and/or 
carcinogenic effects, e.g. benzo[a]pyrene (B[a]P) is classified as a carcinogen Group 1 by the International Agency on Research of 
Cancer (IARC). Compared to PAHs, the information about toxicity of their derivatives are still limited, but nitro-PAHs could 
probably be more carcinogenic than their parent analogues, oxy-PAHs are suspected oxidative stress inductors. Concentrations of 
PAHs and oxy-PAHs are widely in the range of ng/m3 air, while the concentrations of nitro-PAHs are two orders of magnitude lower 
compared to PAHs and oxy-PAHs (pg/m3 air)(Bandowe and Meusel, 2017; Kim et al., 2013; Srogi, 2007). 

 

The aim of this study was to assess the occurrence of 20 priority PAHs (EU+US EPA list, excluding naphthalene, fluorene, 
acenapthene and acenaphthylene), 16 representatives of nitro-PAHs and 5 oxy-PAHs in a particulate matter (PM2.5) of air from two 
localities of the Czech Republic. The overview of targeted substances is summarized in Table 1. 

 

Materials and methods 

180 samples of PM2.5 were obtained from two cities of the Czech Republic: (i) Most – representing the northwest region of the Czech 
Republic with a former high extent of coal mining and related highly polluted environment and (ii) Ceske Budejovice (CB) – city with 
a presumed “background” level of air pollution located in the southern part of Bohemia. Air filters were sampled within July-October 
2016 and January-May 2017 periods in CB and between July-October 2016 and February-June 2017 in Most. Concentrations of 
PM2.5 varied between 2.98-62.7 µg/m3 and 1.61-88.6 µg/m3 in CB and Most, respectively. The analytical procedure was based on a 
Soxhlet extraction into a mixture of hexane:dichloromethane (1:1, v/v) with subsequent purification of a primary extract using a SPE 
column on a silica gel. The instrumental analysis was performed using gas chromatography (Agilent 7890A) interfaced with tandem 
mass spectrometry (Agilent 7000B) in electron impact ionization mode (GC-EI-MS/MS). A capillary column Rxi-PAH  
(40 m × 0.18 mm × 0.07 µm; Restek, USA) was employed for the separation of target substances. For each compound, quantitation 
and two confirmation MRM (“Multiple reaction monitoring”) transitions were monitored. 

Results and discussion 

From the group of 20 targeted PAHs, 12 of them were quantified in all analysed samples, including 8 carcinogenic PAHs, namely 
B[a]P, B[a]A, CHR, B[b]F, B[k]F, IP, B[ghi]P and DB[ah]A.The detection frequencies (DF) of remaining PAHs were higher than 
70% with exception of DB[a,i]P and DB[a,h]P, whose were found in less than 30% of samples. These 2 PAHs were excluded from 
the following results processing.The total concentrations of 20PAHs were in the range of 0.09-78.8 ng/m3 and 0.057-42.8 ng/m3 in 
CB and Most, respectively. FA and PYR were the most abundant PAHs with concentration varied between 0.007-16.1 ng/m3 and 
0.006-12.5 ng/m3 in CB and 0.007-7.98 ng/m3 and 0.005-6.99 ng/m3 in Most, respectively.B[a]P was presented in concentrations 
0.003-5.89  
and 0.002-3.19 ng/m3 in CB and Most. Due to the not consistent sampling period (PM2.5 was not sampled in Most in January and 
during June in CB), it could be observed that slightly higher concentrations of PAHs were monitored in PM2.5 originally from CB. 
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But after the exclusion of results from January and June, the difference between the concentrations of PAHs within two localities was 
statistically insignificant (p>0.05). The seasonal variability on PAHs concentrations was also observed: the amounts of total PAHs 
(Σ20PAHs) were 20-320 times higher during the heating season months compared to spring and summer. The median amounts of 
Σ20PAHs sorted by the months of sampling for both localities are depicted in Figure 1. Our results were compared with the study 
from Bosna (De Pieri et al., 2014). The concentrations of PAHs measured in PM2.5 originally from Sarajevo were in the range 0.7-
108.5 ng/m3 (mean: 40.5 ng/m3) and were higher compared to our data. The amounts of B[a]P were 2-3 times higher than in our 
study. Among studied oxy-PAHs, all of them were found in all analysed samples and with derivatives of anthracene, namely 9,10-
anthraquinone and 1,2-benzo[a]anthraquinone, being the most abundant OPAHs in concentrations between 0.011-2.49 ng/m3 and 
0.010-1.98 ng/m3 in CB and Most (9,10-anthraquinone) and 0.012-0.994 ng/m3 and 0.011-0.704 ng/m3(1,2-benzo[a]anthraquinone), 
respectively.From 16 nitro-PAHs, only five of them were detected in samples: 2-nitronapthalene(2-nNA), 2-nitrofluoranthene (2-
nFA), 2-nitropyrene 
(2-nPYR), 9-nitroanthracene (9-nANT), 6-nitrochrysene (6-nCHR). 9-nANT was the predominant nitro-PAH found in 89% of 
samples and the amounts were <0.6-753 pg/m3 in CB and <0.6-902 pg/m3 in Most. 2-nPYR was only quantified and detected in 
samples from the months of heating season. Seasonal variability was also observed in case of PAHs derivatives, where in February 
the total amounts of oxy-PAHs were 10-50 times higher compared to May and 10-35 times higher in case of nitro-PAHs. 

Keywords: air quality, polycyclic aromatic hydrocarbons (PAHs), PAHs derivatives, PM2.5 
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Tables and figures: 

Table 1:Overview of the targeted compounds 

PAHs nitro-PAHs oxy-PAHs 

Name Abbreviation Name Abbreviation Name 

Phenanthrene PHE 1-nitronaphthalene 1-nNA 9-fluorenone 

Anthracene ANT 2-nitronaphthalene 2-nNA 9,10-anthraquinone 

Fluoranthene FLU 2-nitrofluoranthene 2-nFA Naphthanthrone 

Pyrene PYR 3-nitrofluoranthene 3-nFA 1,2-benzo[a]anthraquinone 

Benzo[c]fluorene B[c]F 1-nitropyrene 1-nPYR Benzo[a]fluorene-11-one 

Benzo[a]anthracene B[a]A 2-nitropyrene 2-nPYR 

 Cyclopenta[c,d]pyrene CP 4-nitropyrene 4-nPYR 

 Chrysene CHR 4-nitrobiphenyl 4-nBI 

 5-methylchrysene 5MC 5-nitroacenaphthene 5-nACE 

 Benzo[b]fluoranthene B[b]F 2-nitrofluorene 2-nFLU 

 Benzo[k]fluoranthene B[k]F 9-nitroanthracene 9-nANT 

 Benzo[j]fluoranthene B[j]F 9-nitrophenanthrene 9-nPHE 

 Benzo[a]pyrene B[a]P 2-nitroanthracene 2-nANT 

 Indeno[1,2,3-c,d]pyrene IP 2,7-dinitrofluorene 2,7-nnFLU 

 Dibenzo[a,h]anthracene DB[a,h]A 6-nitrochrysene 6-nCHR 

 Benzo[g,h,i]perylene B[g,h,i]P 7-nitrobenzo[a]anthracene 7-nB[a]A 

 Dibenzo[a,l]pyrene DB[a,l]P   

 Dibenzo[a,e]pyrene DB[a,e]P 

   Dibenzo[a,i]pyrene DB[a,i]P 

   Dibenzo[a,h]pyrene DB[a,h]P 
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Figure 1: Median concentrations of Σ20PAHs (ng/m3) in PM2.5 from Ceske Budejovice and Most sorted by the month of sampling 
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Abstract 

 Changes in the atmospheric air composition and their influence in several ecosystems have been studied by the scientific 
community during the last decades, since they play an important role both in the earthly surface heating increasing and in human 
health (Who, 2006, Cruz et. al., 2019). The direct effects on human health (UN, 2017) promote economic impacts (Vormittag et al., 
2018). The aerosols are among the air pollutants, that most affect human’s health. 

 In this context, the objective of the present work is the study of the aerosol, determination of its mass concentration 
(gravimetric analysis) and its elementary characterization by Wavelength Dispersive X-ray fluorescence(WD-XRF) and Electron 
Microscopy High Resolution of Field Emission Gun Scanning coupled to energy dispersive spectroscopyEDS (Bulbul et. al., 2018) 
and as well as a morpho-structural analysis by SEM-FEG (Gonzalez, et. al., 2018).The correlation of these results with meteorological 
data in order to assess the possible emitting sources of the urban atmospheric aerosol sampled in São José Rio Preto, São Paulo state, 
Brazil is another aim. 
 A sampling campaign took place between March 13, 2017 and June 9, 2017, late summer to autumn, with the sampling 
period ranging from 12 to 24 hours, at São José do Rio Preto city (20 ° 47' 03.1" S, 49° 21'38.9" W). A dichotomous low volume type 
Gent sampler equipped with a SFU (stacked filter unit) with capacity for two filters for simultaneous collection of PM10-2.5 (coarse 
fraction) and PM2.5 (fine fraction) was used.  
 The results obtained by gravimetric analysis show that the average values obtained forthe coarse fraction PM10, when 
compared to the standard recommended by the WHOpresented lower values than the annual standard of  
20 μg m-3 (WHO, 2005). On the other hand, the average values obtained for the fine fraction (PM2.5) exceeded the recommended 
value of 10 μg m-3. 

The presence of low mean concentration values of particulate material for PM10and mainly PM2.5 could be explained by the 
high relative humidity of the collected air, RH = 74.40%, with cumulative rainfall of 338 mm. 

The results of WD-XRF analyzes are presented in Figure 1 and were evaluated as a function of the average relative 
distribution of the elements in the coarse (PM10) and fine (PM2.5) fractions Figure 1a and b, respectively. The results showed Si and 
Al as major elements in the coarse fraction, been S, F, Na, Mg, P, K, Ti, Cl in minority. For the fine fraction, Al and S are the most 
abundant andSi, K, Na, Mg, Ca, and Px are less important.  

 

 

 

 

 

 

Figure 1: Relative average distribution of the main components of the fractions: PM10-2,5 and b) PM2.5 
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The elemental analysis by EDS corroborated the results of WD-XRF, identifying in the coarse fraction crustal elements (Na, 
Mg, Ca),clayminerals (Al, Si, Fe) and elements of anthropogenic origin (K, Cl, S, P, and Ti). For the fine fraction were identified also 
crustal elements(Na, Mg, Ca), as clayminerals predominantly Al, Si, and Fe, black carbon agglomeratesand spherical particles (C and 
O) originated from combustion processes (biomass burning and vehicular emissions). 

 The chemical elementspresented in the aerosol have different origins, some are attributed to local sources emittions others 
were attributed to the long distance transport. The origin of these elements could be elucidated from the projection of the air masses 
trajectories obtained by the HYSPLIT model (NOAA) (Rolph G., 2017), based on the behavior of the air masses in a 96-hour period 
before the beginning of the collection. 

 The anthropogenicsources encompassed agroindustrial activities (P and S), considering São José do Rio Preto region’s 
vocation to biomass burning (K, Cl, C, and O) and emission of diesel powered vehicles (S, C, and O), the black carbon having a 
representative component. 

 The correlation of the results obtained by multivariate analysis from the mass concentration, elemental composition and 
meteorological data, with the air masses trajectoriesand the particle characterization by FEG-MEV, allowed to show the complex 
composition of the particulate material present in the city of São José do Rio Preto, resulting from the combination of local 
components and of long distancessources. 

Keywords: urban aerosol, WD-XRF, SEM-EDS, PM10-2,5, PM2.5 
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Abstract: 

 

Simulation chambers are important tools to mimic the chemical atmospheric processes occurring in the atmosphere that are of interest 
due to their impact on humans, animals, plants or even on buildings. Studies are done under controlled conditions while being isolated 
from meteorological effects such as dispersion and transport. The European Photo-Reactor EUPHORE is one of the major outdoor 
atmospheric simulation chambers in the world and one of the most suitable to carry out this kind of since EUPHORE uses sunlight 
and it is highly instrumented.EUPHORE is one of the three biggest chambers in the world, which allows to reproduce the behavior of 
target compounds under quasi-real conditions. Besides, it has been used for more than three decades to investigate chemical 
atmospheric processes. 

The high volume of EUPHORE (200 m3) allows the introduction of different combination of urban plants  into the chamber. The 
objective of this work is to use EUPHORE for assessing their influence on the uptake of the involved pollutants (e.g. nitrogen oxides, 
ozone and biogenic volatile organic compounds) and the potential formation of secondary pollutants (e.g. particles, aldehydes, etc).   

Vera, Teresa; Borrás, Esther; Ródenas, Mila; Calatayud, Vicent; Calvo, Esperanza; Gómez, Tatiana; Muñoz, Amalia. 

Key words: air quality, pollution, EUPHORE, SOA, VOC 

Urban population all around Europe is exposed to high levels of pollutants and some of them exceed the EU standards set to protect 
human health. In addition to policies for reducing transportation and energy emissions in cities, there are studies that identified 
ecosystems in urban environments as a tool for reducing pollution due to dry deposition function, regulation of temperature and 
carbon sequestration. However, trees produce emissions of volatile organic compounds (VOCs) that can react with the urban 
pollution. Compounds emitted as well as their abundance, depend on the type of plants, in fact, tulips or birch release very low levels 
of VOCs although others as poplar, oak or willow produce high VOCs level. Therefore, these last species can make an impact on the 
air quality as they can produce, by photochemical reaction with urban pollutants –NOx, SO2, etc- and sunlight, important ozone levels 
and particles. Besides, in the atmosphere, nitric oxides are converted into nitric acid, which trees absorb through their pores, or 
stomata.  

In this study, the effect of the gas phase atmospheric emissions of a group of orange trees (Citrus Aurentium) over the ozone and 
nitrogen oxide levels and the generation of particles have been studied at the large outdoor European Photoreactor (EUPHORE) in the 
presence of anthropogenic pollutants. Orange ornamental trees were selected as one of the most common tree species present in the 
Mediterranean Spanish cities.  

Gaseous phase compounds were determined by Fourier Transform Infrared Spectrometer (FTIR) and Proton Transfer Reaction – 
Mass Spectrometry (PTRMS), relative humidity was measured by a Walz hygrometer and NOx, O3 and SO2 concentrations were also 
monitored. Aerosol mass concentration was measured using a Scanning Mobility Particle Sizer (SMPS). 

Besides the well-known deposition effect of pollutants, specially particles, on plants, results show that the combination of 
anthropogenic pollutants (i.e. 1,3,5-trimethylbenzene: 1,3,5-TMB) and biogenic tree emissions decrease the SOA and O3 formation. 
Depending on the presence or not of NOx levels, the reduction varies. We have observed that when the trees are exposed to a mixture 
of NOx and 1,3,5-TMB, there is a competition for OH radicals due to the biogenic compounds emitted by the trees. Therefore, the 
anthropogenic compound decreases by reaction with OH and sunlight is less significant which explains a lower ozone and particle 
formation. 
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Figure 1: pots with soil, TMB and NO exposed to sun light 

 

 

 

Figure 2: pots with orange trees, TMB and NO exposed to the sun light 

 

This study contributes providing useful insights about the suitability of using specific kind of trees (or plants in general) in order to 
reduce pollution in cities. The understanding of atmosphere reactions should help to estimate the expected formation of gas and/or 
particulate products in the troposphere. Hence, these results can contribute to the selection of environmentally sustainable strategies 
against urban air pollution. 
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Motivation 

Any construction of buildings is accompanied with an increased burden to the environment and the health of affected population due 
to an intensified traffic, which produces especially the dangerous nitrogen oxides (NOx). This increase in the emissions of NOx 
should be counterbalanced by efficient compensation measures. Such measures can be provided by heterogeneous photocatalytic 
oxidation, which is one of the most efficient advanced oxidation processes suitable for the NOx abatement (Fig.1). In that process 
occurring on the surfaces of buildings covered with photocatalytic coatings, NO is gradually oxidized to NO2 and nitric acid, which in 
turn is eventually neutralized into various nitrates in the presence of ammonia, alkali metal or alkaline earth metal ions. For these 
photocatalytic conversions, TiO2-based coatings with a stable binder are the most suitable photocatalysts, which can be applied to 
various construction materials used in buildings, pavements, walls and tunnels, among other surfaces. 

 

Fig. 1: Scheme of the function of composite photocatalytic coating in the photocatalytic degradation of pollutants (Rathousky et al., 
2017). 

Objective 

The main objective of our research is the development of quantitative methodology for the precise determination of the efficiency of 
the photocatalytic technology for the removal of NOx from the streaming air. A quantitative mass balance of an environmental 
pollutant will be aimed at, which includes all the products of its conversion both in gaseous phase and deposited on the photocatalyst 
surface. Such balance is essential for the correct assessment of the efficiency and the applicability of the photocatalytic technology in 
a large scale. Not only the extent of the conversion of the primary pollutant (i.e., NO and NO2 in the present study) is of importance, 
but also the formation of potentially toxic products or intermediate products. This feature is often overlooked or insufficiently 
addressed in majority of photocatalytic studies. 

This methodology will be based on model experiments using a set-up with unique analytical devices and the interpretation of obtained 
data. All formed species even at very low concentrations will be detected using highly sensitive analytical techniques, both in gaseous 
phase and particulate NO2− and NO3− deposited on the surface of the photocatalyst. 
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Experimental methodology 

The experimental set-up consists of the following components: 
1. Sources and distribution of gases, namely dry and humid air, and NO or/and NO2pollutants in a carrier gas (nitrogen 
2. Model flow photocatalytic reactors for measuring the photocatalytic degradation of pollutants under controlled conditions. The two 
main types of photocatalytic reactors include: 
- reactor with laminar flow of the polluted air 
- flow reactor with ideal mixing of the polluted air(high turbulence). 
Additionally, more complex designs of photocatalytic reactors will be used for a more precise modelling of the real conditions, by 
adding, for example, built-in partitions directing the flow of gas inside the reactor. 
3. Irradiation system providing the illumination of the photocatalytic surface at a controlled angle and with adjustable intensity.  
4. Analytical assembly. 
 

Analytical assembly 

It consists of a commercial chemiluminescent NO/NO2analyzer and highly-sensitive self-developed analyzers for the detection of 
NO2, ozone (O3), nitrous acid (HONO), nitric acid (HNO3), and peroxyacetyl nitrate (PAN). The linear concentration range and the 
detection limit for all analyzers are given in the table below. 

Table 1: The parameters of analyzers. 

Analyzer Linear concentration range / ppb Detection limit / ppb 

NO/NO2 0-1000 5 

NO2 0-186 0.025 

O3 1.4-349 0.3 

HONO 0.045-450 0.015 

HNO3 0.02-98 0.007 

PAN 0-40 0.003 

 

NO2analyzer operates on the principle of a chemiluminescent reaction of NO2 with an alkaline solution of luminol. The intensity of 
emitted light is detected by a photomultiplier tube. The reaction is highly selective to NO2, as the interference of ozone and PAN is 
suppressed by optimization of reagent solution NO does not interfere at all.  

The ozone analyzer operates on the principle of a chemiluminescent reaction of ozone with gallic acid solution in the presence of 
eosin Y acting as a sensitizer. The reaction is free of interferences. 

The determination of gaseous HONO and HNO3 combines the collection of acids in a wet effluent diffusion denuder into film of 
deionized water with subsequent on-line chemiluminescent detection of both acids in the denuder concentrate as nitrite and nitrate. 

Peroxyacetyl nitrate (PAN) is detected by means of a chemiluminescent reaction with an alkaline solution of luminol. Because of 
interferences, PAN is first chromatographically separated and then detected via the direct reaction with luminol or thermally 
converted to NO2 and detected as above. 

Nitrites and nitrates sorbed on the surface of photocatalyst will be extracted with deionized water and detected using the 
chemiluminescent reactions with luminol. 

Ammonium nitrite and nitrate, which condense on aerosol particles, are formed by secondary reactions of gaseous HONO and HNO3 
with ammonia. To their determination, aerosols are first collected in a continuous aerosol sampler (CGU-ACTJU) from air into 
deionized water. Further nitrite and nitrate in sampler concentrate are on-line preconcentrated and detected with ion chromatography. 

 

Quantitative balance 

On the basis of obtained extensive analytical data a complete quantitative balance of nitrogen-containing species will be calculated, 
including the oxides, acids and salts both in gaseous phase and in the particulate form deposited on the photocatalyst surface 
(Rathousky et al., 2017). The balance will enable to determine the true reaction rate of the pollutant removal related to the extension 
of the photocatalyst surface and other process parameters, including the hydrometeorological ones. Such data can be used for the 
realistic assessment of the efficacy of the photocatalytical technology in the pollutant removal.  
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Very important is also the effect of additional species in the polluted air on the process of the conversion of NOx and the production 
of potentially hazardous compounds. The experiments including besides nitrogen oxides also other pollutants such as volatile organic 
compounds, typically toluene or acetaldehyde, will be carried out on the laboratory set-up equipped with a GC-MS-MS analyzer. 
Additionally, the effect of ammonia either as gas or aerosol-sorbed will be addressed. 
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Motivation 

Nitrogen oxide (NO) as a prime product of fuel combustion is partially oxidized by oxygen in hot flue gas and ultimately all NO 
istransformed to NO2. In the troposphere, this process ishighly enhanced by ozone present in photochemical smog. The main process 
during the daytime is photolysis of NO2, which strongly depends on the sun light intensity. This series of reactions leads to 
equilibrium between NO/NO2ratio concentration and influenced amount of O3 in the air.Nitrous acid (HNO2) also plays an important 
role in tropospheric photochemistry because it is directly photolysed to produce highly reactive OH radical which is crucial for all 
process in the troposphere. 

 

Heterogeneous photocatalysis on photoactive coatings is one of the most efficient advanced oxidation processes for the NOx 
abatement. Titanium dioxide (TiO2) is widely used semiconductor photocatalystowing to its exceptional optical and electronic 
properties, oxidizing power, non-toxicity, chemical stability and low-cost.According to ISO and CEN standards for the evaluation of 
the photocatalytic activity, only the decrease in the NO concentration is determined and the selectivity of its oxidation is omitted. 
However, for an environmentally responsible application of the photocatalytic process the potential formation of the harmful 
nitrogenous species such as HNO2 is at least as important as the activity itself and should be minimized. 

 

Under irradiationby light of sufficient energy, electron-hole pairs are generated inthe photocatalyst. Thephotogenerated holesact as a 
strong oxidant either directly by themselves or by generating hydroxyl radical intermediates, both able to degrade even stable 
pollutants (eq.1). Electrons produced by the photon absorption are scavenges by oxygen molecules (eq. 2).  

 

h+ + H2O → OH● + H+    (1) 

 

e- + O2→ O2
●-     (2) 

 

On the surface of TiO2 in the presence of strongly oxidizing holes or radicals, NO molecules are oxidized to NO2 according to the eq. 
3: 

hv, TiO2 

NO + O2  →2 NO2    (3) 

 

Further the formed adsorbed NO2 can be disproportionated to HNO2and HNO3 according to 

hv, TiO2 

2NO2 + H2O → HNO2 + HNO3   (4)  
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HNO2 is an important of precursor for the formation of OH radicals. 

Aim 

 

The aim of the research is to determine the extent of the formation of HNO2 in the photocatalytic oxidation of NO and how it depends 
on the properties of photocatalytic layers used in the experiments.  

 

 

Results and discussion 

 

Two different photocatalytic TiO2 layers prepared either by spin-coating (SC) orby hollow cathode discharge (HCD) methodswere 
tested for NO and NO2 abatement under conditions simulating the real environment. The crystallographic composition of layers 
prepared by both methods was comparable, namely 60 % of anatase and 40 % of rutile. The thickness of HCD layers was 3.7 μm and 
the both layers were highly porous, the surface area being 50 m2/g and 150 m2/g for SC and HCD layers, respectively. 

 

Figure 1 shows a scheme of the experimental set-up (the details see Zouzelka et al, 2018). The tests were carried out at the following 
conditions: 

 

Concentration of NO or NO2    1 ppm 

Volumetric flow rate through the photocatalytic reactor 3 L/min 

Intensity of the UV light (dominant 365 nm) irradiation 1 mW/cm2 

Relative humidity of the tested polluted air   50 % 

 

Fig. 1:Experimental set-up for the photocatalytic oxidation of gas stream 

 

The results showed that the amount of HNO2 produced by the photocatalytic oxidation of NO and NO2 depended on the structure 
properties of the photocatalytic coatings. The practically negligible formation of HNO2 on coatings prepared by HCD greatly varied 
from the considerable amounts formed on spin-coated ones. In HCD case, a high initial activity was observed but during 3 hours the 
photocatalyst was almost deactivated. For the SC layer, there was no evidence of HNO2 formation and their activity was stable during 
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the measurement.Therefore, we propose that strategies for evaluating the photocatalytic air treatment should be more complex 
including the determination of all intermediates and final products; otherwise, the results can be misleading and open to 
misinterpretation. 

 

 

Fig. 2:Photocatalytic degradation of NO on spin-coated (left) orhollow cathode discharge (right) method prepared layers 
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Cancer risk from PM2.5 bound compounds in Windsor, Canada 

 

Xiaohong Xu and Tianchu Zhang 

 

 

Exposure to ambient fine particulate matter (PM2.5) has been associated with a range of adverse human health effects including 
cancer. This study evaluates lifetime cancer risk from ambient PM2.5bound components during 2013 to 2016 in Windsor, Ontario, 
Canada. Carcinogenic risks due to inhalation exposure to six PM2.5bound elements (As, Cd, Co, Cr, Ni, Pb)and sixteenPM2.5 bound 
US Environment Protection Agency (USEPA) priority polycyclic aromatic hydrocarbons (PAHs) were estimated using USEPA 
methods. In Windsor, the four-year average PM2.5 mass concentration was9.3µg/m3, slightly lower than the Canadian Ambient Air 
Quality Standard of 10 µg/m3.Concentrations of Cd, Co and Pb continuously decreased during the study period. Theestimated 
lifetimecancer risk was7.33E-6. According to USPA, this value is within an acceptable risk level of 1E-6 to 1E-4. PM2.5 mass 
concentrations were higher in winter and summer (10.9 and 10.1 µg/m3, respectively), and lower in spring (8.8 µg/m3) and fall (8.0 
µg/m3). Summer and fall each accounted for 29% of total lifetime cancer risk, followed by spring (24%), and winter (18%). 
Contributions of PM2.5bound carcinogenic componentsto cancer risk are in the order of As >>Cr >PAHs >Pb>Cd= Co > 
Ni.Consequently, remediation measures are desirable to reduce concentrations of PM2.5 bound arsenic, chromium, and PAHs. 
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The chronic exposure to fine particulate matter (PM2.5) have been associated with many diseases, such as asthma, myocardial 
infarction and chronic obstructive pulmonary disease (Atkinson et al. 2015). An industrial complex located in Sao Paulo Metropolitan 
Area (SPMA) which produces petroleum products has been investigated in the last years due to the high rate of thyroid diseases in the 
population living near this region. A previous study has shown that the number of chronic autoimmune thyroiditis disease increased 
by 84% between 1989 and 2004 in the patients who live in the vicinity of the industrial complex (Zaccarelli-Marino et al. 2016). 
However, three years of extensive analysis have been conducted to determine the chemical composition of particulate matter collected 
in this area. The PM samples were collected between 2015 and 2018. In addition, the chemical characterization including organic 
carbon (OC), elemental carbon (EC), polycyclic aromatic hydrocarbons (PAH), n-alkanes and hopanes. Following, table 1 shows the 
sampling period, PM size and concentration for each year. 

 

Table 1: Period of sampling, PM size, and concentration for samples collected around the industrial complex. 

Year Period PM size PM concentration (µg.m-3)* 

2015 Spring TSP 49 

2016 Winter TSP 39 

2017 Winter PM2.5 21 

TSP: total suspended particles; *Average PM concentration 

 

Surprisingly, the winter season did not present the highest level of PM; even so, the composition of particulate matter has been 
highlighted in the last years instead of PM concentration, since mutagenic and carcinogenic compounds are presented in the fine 
particle (Pereira et al. 2017).  

Moreover, OC and EC are major contributors to PM and cause environmental and health impacts (Alves et al. 2016). Likewise, the 
PAH, known to be mutagenic and/or carcinogenic to humans (IARC, 2016), has been investigated in many studies which have 
stressed how significant is to quantify these compounds, even in small concentrations, since they can easily interact with cells 
(Ravindra et al. 2008). Another class of compounds represented by n-alkanes can be useful to determine anthropogenic versus 
biogenic emissions (Vasconcellos et al. 2010), these compounds are able to penetrate tissues, causing damages in humans (Alves et al. 
2016). In the case of hopanes, which are emitted by the high boiling fraction of crude petroleum, are not easily degradable and have 
been used as markers to identify emissions related to petrochemical process (Alves et al. 2016). Figure 1 illustrates the total 
concentration of OC, EC, PAH, n-alkanes, and hopanes. 

In spite of 2017 samples presented the lowest PM, OC, and EC concentration, the fine fraction showed the highest concentration of all 
organic classes. Regarding PAH, the benzo(a)pyrene, classified as carcinogenic to humans (IARC, 2016) was the major compound 
observed in 2017 (13 ng m-3). Moving forward, the n-alkanes presented dominant emissions from compounds under C25 that are 
mostly from anthropogenic sources (Simoneit et al. 1995). Furthermore, the stereochemical configurations of hopanes are helpful to 
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determine the geological maturity of the petroleum which emitted these compounds (Alves et al. 2016). In all years, the hopanes 
profiles indicate emissions associated with completely mature petroleum. 

 

 

 

Figure 1: Average concentration and standard deviation of OC, EC, PAH, n-alkanes, and hopanes for samples collected near the petrochemical 
refinery in Sao Paulo. 

 

In conclusion, these results provided the significant contribution of organic compounds in fine fraction comparing to coarse fractions 
of PM and are consistent with the high rate of diseases found in the last years in this region. However, future studies should aim to 
clarify how dangerous for humans the PM from this area can be. 
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Agricultural lands account for 40 to 50% of the Earth’s land surface. In order to assess the potential of agricultural 
ecosystems to act as a source or sink for ozone (O3) and biogenic volatile organic compounds (BVOC), it is necessary to determine 
the emission and deposition at the soil-atmosphere interface. The agricultural soils and litters emit BVOC that contribute to the 
formation of secondary pollutants such as O3 but also to the formation of secondary organic aerosols, both pollutants being under 
regulation.  

VOC emissions from soil and litter are expected to be lower than the VOC release from the whole vegetation canopy. Nevertheless, it 
has been showed that under certain conditions (i.e., temperature, soil water content…) and for specific ecosystems, VOC emissions 
from soil could reach the same order of magnitude as canopy emissions (1). Moreover, data on VOC released from agricultural soils 
and litter are relatively scarce although they are recognized as large contributors of methanol and acetone to the atmosphere (2).  

The present study aims to investigate the VOC emissions and ozone deposition at the soil-litter-atmosphere interface for different 
litter (rapeseed, holm oak, and pine) and soil samples. The experimental set-up consists of an atmospheric simulation chamber (teflon 
coated walls). A stainless steel tank filled with the substrate to be analysed is introduced into the chamber and a panel of scientific 
equipment allows the characterization of the BVOC (PTR-Qi-ToF-MS, ANAEE-France framework) and NH3, NOx, CO2, O3 and SO2 
measurements.  

Our findings suggest that the majority of the VOCs detected in litter samples are secondary metabolites of microorganisms that break 
down the litter. The effect of the senescence stage of the litter on VOC emission was assessed by comparing the emissions of fresh 
and decomposed litter. The VOC measurements showed that oxygenated compounds were the most emitted from holm oak litter. A 
certain number of terpenes were also observed in this study like isoprene, monoterpenes and sesquiterpenes.  

A general decrease of emissions was noticed for most of the detected compounds. Our results indicate the potential significance of the 
emission and the evolution of VOCs from litter decomposition. The reported data indicate that after a vegetative period, litter 
decomposition processes might represent important seasonal sources of reactive organic compounds within the canopy. 
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Abstract 

The production of large volumes of liquid waste and manure from cattle farms results in the need for proper management, treatment 
and appropriate disposal in order to reduce their impact on the environment. One of the major problems is the difficulty of separating 
and treating waste due to the lack of treatment systems, as a result of high cost. On the other hand, the use of inappropriate non-
watertight earth tanks for the storage of liquid waste, or inappropriate manure storage sites, creates various problems such as leakage 
or uncontrolled dumping, resulting in groundwater and soil pollution, odor emissions and multiplication of the presence of flies, 
rodents and other carriers of communicable diseases. Common practices of manure storage in Cyprus are deep pits and large lagoons. 
Climatic conditions in Cyprus with high temperatures and humidity enhance the production of volatile organic compounds (VOCs). 
The malodorous emissions from cattle farms result in negative impacts on the quality of life in the countryside and suburban 
areas(Hwang et al. 2018). The necessity for appropriate management of manure and the need of mitigation technologies that will 
target the multiple emissions, which can be at the same time cost-efficient for the farmers,is of paramount importance(Maurer et al. 
2017).In the present study, the ability of biochar as a filter or as an additive to adsorb the emitted VOCs produced from cow 
manurewas investigated. In-house made glass chambers were filled with fresh cow manure and thin layers of biochar (e.g.10% 
w/w)and were placed on top of the manure layer (Figure 1). The used biocharwas produced from cattle manure after slow pyrolysis at 
550oC (under nitrogen). Air samples were collected from the headspace after 24h. Headspace solid-phase micro-extraction gas 
chromatography/mass spectrometry (HS-SPME-GC/MS) analyses of the samples were performed and the emitted VOCs were 
identified. Changes/reduction in sulfur-containing VOCs, phenolics and indolics were reported showing a promising application of 
biochar for the removal of such compounds from manure. 
Keywords: air quality, manure, emissions, sorbents, waste. 

 

 

 

 

 

Figure 1: Headspace sampling for VOCs measurement. 
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Abstract: 

Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/Fs) and dioxin-like polychlorinated biphenyls (dl-
PCBs) are ubiquitous pollutants which have been widely recognized as persistent, toxic, bioaccumulative and prone to long-range 
transport. They are therefore regulated at a global scale under the Stockholm Convention on Persistent Organic Pollutants (UNEP, 
2001). Polycyclic aromatic hydrocarbons (PAHs) are less persistent than PCDD/Fs or dl-PCBs but are also known for their toxic 
effects including carcinogenicity for some of them (IARC, 2010). The European atmospheric levels of PCDD/Fs and PCBs have 
significantly decreased over the last decades until late 2000s (Fiedler, 2003, Abad et al., 2007, Bruckmann et al., 2013). However, the 
limited data available suggest that PCDD/F levels are currently stagnating at the global level (Bruckmann et al., 2013, Venier et al., 
2009).  

 

This study presents four years monitoring data of seventeen 2,3,7,8-chlorine substituted PCDD/Fs, twelve dioxin-like PCBs and 
sixteen PAHs designed by the US EPA at a background site in central Europe.  

 

More than 100 air samples, each taken weekly using a quartz fiber filter (QFFs) and two polyurethane foams (PUFs) by a high volume 
air sampler, were collected from 2011 to 2014 at the Košetice observatory in the central Czech Republic. QFFs and PUFs were 
extracted with toluene using an automatic Soxhlet extractor. Extracts were analyzed by a gas chromatography coupled to a mass 
spectrometer.   

The concentrations expressed as toxic equivalent (TEQ) of PCDD/Fs (0.2-61.1 TEQ fg m-3) was higher than the dl-PCBs (0.01-2.9 fg 
m-3). As mass concentrations, the Σdl-PCBs (83.7 fg m-3-4265 fg m-3) was greater than for ΣPCDD/Fs (9.42 fg m-3- 930 fg m-3). 
ΣPAHs ranged from 0.20 ng m-3 to 134 ng m-3.  

 

The mass concentration profile of PCDD/F was similar across the years with a large contribution of OCDD, 1,2,3,4,6,7,8-HpCDD and 
1,2,3,4,6,7,8-HpCDF, with a median contribution of 43.4, 16.6 and 10.0%, respectively, of ΣPCDD/Fs concentrations while PCB118 
and PCB105 accounted for 59% and 16% of Σdl-PCBs concentrations. The concentrations of PCDD/Fs as well as PAHs were 
dominated by primary sources peaking in winter, while those of dl-PCBs were controlled by secondary sources characterized by a 
spring-summer peak. In this study, the average measured particulate fraction of ΣPCDD/Fs, Σdl-PCBs and ΣPAHs were 0.80 ± 0.21, 
0.13 ± 0.14 and 0.27 ± 0.14 respectively, but strong seasonal variations were observed with higher amount of organics in the 
particulate phase in winter.  

 

Regression modelling was used to assess whether the atmospheric levels of PCDD/Fs, dl-PCBs and PAHs have been decreasing or 
not. In 2011-2014, no significant decrease in the atmospheric level of ΣPCDD/Fs was observed. On the other hand, the concentrations 
of dl-PCBs and PAHs were decreasing, with halving times of 5.65 and 2.71 years, respectively. We estimated that 422-567 pg m-

2year-1TEQ PCDD/Fs and 3.48 -15.8 pg m-2year-1 TEQ dl-PCBs were transferred from the air to the ground surfaces via dry 
particulate deposition in 2011-2014.  

 

Keywords: Persistent Organic Pollutants, gas-particle partitioning, deposition 
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a) b)  

Figure 1:Multi-year trends of ΣPCDD/Fs (a) and Σdl-PCBs (b)  
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Abstract: 
Influence of indoor air on human health and wellbeing is known since ancient times, however only recently it gains more and more 
attention. Interest about indoor air quality started to rise since 1970’s when some changes in building construction guidelines were 
implemented. It resulted in construction of more tight buildings and rooms, which in turn influenced indoor air exchange and its 
chemistry. In 1984 “Sick Building Syndrome” term appeared and it concerns health effects caused by poor indoor air quality 
(Śmiełowska, Marć, & Zabiegała, 2017). Since Volatile Organic Compounds (VOCs) are considered to have the greatest influence on 
indoor air quality, a lot of studies aimed to determine those chemicals in indoor air have been carried out(Weschler, 
2004)(Śmiełowska et al., 2017).A sub-group of VOCs – terpenes – are fragrance compounds which are extensively used in indoor air 
due to application of air fresheners, cleaning agents, detergents and cosmetics (Nazaroff & Weschler, 2004)(P. Wolkoff, Clausen, 
Wilkins, & Nielsen, 2000)(Tsigonia et al., 2010). Recently terpenes gained attention due to their high reactivity caused by their 
chemical structure. The presence of one or more double bonds is responsible for rapid terpenes reactions with indoor air oxidants like 
ozone, hydroxyl radicals and nitrogen oxides (Calogirou, Larsen, & Kotzias, 1999). Those reactions are complex are lead to formation 
of various oxidation products. Oxidation product of the most concern nowadays is Secondary Organic Aerosol (SOA), which is 
composed of nanosized particles that can enter human respiratory track and cause irritation (Ito & Harashima, 2011)(Borduas & Lin, 
2016). Since terpenes are considered to be precursors of SOA formation, more and more research is carried out to determine their 
concentration in various enclosed spaces. Most of research is focused on terpenes determination in private homes, public and office 
buildings. Much smaller part of research is focused on terpenes determination in specific indoor environments like food waste 
treatment plants, elderly homes or other specific workshops. In places like beauty salons, hairdresser salons and SPA salons even less 
studies have been carried out (Tsigonia et al., 2010)(Huang et al., 2012). Since all of those beauty and care salons are a specific 
environment, characterized by possibly increased terpenes emission due to application of specific cosmetic products, it is justified to 
conduct research in this area. This research is focused on determination of terpenes in specific indoor environments of hairdresser and 
SPA salons located in Gdynia, Poland. The aim is to investigate how application of specific cosmetics influence terpene concentration 
indoors and how specific cosmetic treatment influences indoor terpenes composition. In order to carry out this research, sampling was 
carried out with an application of sorbent tubes, followed by thermal desorption and analysis with gas chromatography with flame-
ionization detector and gas chromatography coupled with mass spectrometry. 
 
Keywords: terpenes, indoor air, TD-GC-MS, TD-GC-FID 
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Abstract 

 The effect of pollution in the composition of atmospheric air has been explored by the scientific community in recent 
decades. The change in the atmospheric composition can affect human health (Vormittag, 2018), the climatic and energy balance of 
the earth, issues of great concern to the global community (UN, 2017). 

 Particulate matter is mainly responsible for atmospheric pollution and radiactivity, participating in several natural 
phenomena, which comprises theearthly energy balance, cloud formation (CCN) and precipitation, visibility, the exchanges between 
the ocean and the troposphere and some modificationsin the ozone layer. 

 The nonexistence of national equipment for aerosol collection and the high cost of these imported equipment, was the main 
reason for the development and construction of a low cost Gent type sampler presented in this work. It was used for the sampling of 
atmospheric aerosol and aiming at its validation the values of mass concentration obtained forPM10were compared with those of the 
official environmental monitoring of São Paulo State, CETESB, Brazil,  

 The construction of the sampler was carried out by the combination of low cost materials with good mechanical strength 
such as Nylon 6.0, used in the machining of most of its parts and PVC part was used from the hydraulic piping. The heart of the 
sampler, the filters support grids, was the biggest problem to solve in this equipment construction because these parts cannot be 
machined in nylon 6 polymer.So, this heart was prepared in an innovativewayusing a 3D printer. For this purpose, the special ABS 
polymer, that has the necessary characteristics for this physical application, was used. Thus, the support grids were tested in long 
duration time application and they presented an excellent performance. The support grid designs were adapted from the pioneering 
works of Maenhaut et al., 1993 and Hopkee collaborators, 1997. 

 The low volume Gent type sampler constructed was equipped with a SFU -stacked filter unit - printed in 3D- with capacity 
for two filters for simultaneous collection of PM10(coarse fraction) and PM2.5 (fine fraction). The total cost of the Gent type sampler 
didn’t reach US$100. 

 The application of the sampler system composed of the SFU unit, a vacuum pump, a gas meter and a rotameter was 
performed for a period of 11 months for November 9, 2017 to October 10, 2018, at the São Paulo State University (UNESP), in 
Araraquara city, São Paulo State, Brazil (21°80'77.54" S; 48°19'22.50" W).  

 The results of mass concentration of PM10obtained by gravimetric analysis allowed the comparison with the official PM10 
mass measurements got by the CESTESB with another method. The mean values obtained from the presented sampler, when 
compared withthose from CETESB, showa relative difference of less than 5%.  Also the maximum values obtained for the two 
equipments were satisfactory, with a relative difference of about 6%. 

 The low cost, ease of operation and consequent versatility suggest that the Gent type sampler constructed can be used for 
scientific and academic purposes, according to the presented approach. The results of elementary analyses (EDS), SEM-FEG images 
and air mass trajectories (HYSPLI model) allowed the preliminary identification of the elemental composition and morphology and to 
indicate the probable sources that composed the aerosol collected with combination of natural and anthropogenic origins of the 
particulate material of the Araraquara city. This sampler can be used both on monitoring networks, in low income areas and in 
universities as an instrument for environmental education. 
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Abstract : 

Monitoring urban emissions and thereby ambient urban air quality in which millions of citizens worldwide are exposed daily with a 
fine spatio-temporal resolution remains a challenge in the field of air quality monitoring research. However, the high costs of 
equipment and extreme level of specialization required in order to maintain and operate an air quality monitoring station that meets 
the established standards translates to generally sparse measurement networks and lack of fine location specific detail for pollutant 
concentration timeseries. To this end, low-cost, user-friendly and compact air pollution platforms enabling observations at high 
spatio-temporal resolution have been introduced lately with an increasing number of projects being demonstrated. In this paper the 
effect on the AQMesh integrated NO2 electrochemical sensor components from variances of the ambient weather conditions, namely 
temperature and relative humidity is explored. Measurements from two AQMesh devices are compared with a reference gas analyzer 
through a collocation experiment at an urban traffic hotspot in Thessaloniki. Linear regression models of sensor readings on reference 
measurements were fitted for calculating error metrics, demonstrating a linearity with the AQMesh pod sensor 10-min sample rate 
time-series. Importantly, the on-board sensor exhibited variations in measurement accuracy suggesting influence from the ambient 
conditions. 

Keywords: gas emission monitoring pods, electrochemical sensors, NO2concentration  

Monitoring urban emissions and thereby ambienturban air quality in which millions of citizens worldwide are exposed daily with a 
fine spatio-temporal resolution remains a challenge in the field of air quality monitoring research.Environmental policies and 
regulations have targeted this issue aiming to develop dedicated systems for urban air quality monitoring. In Europe, the Air Quality 
Directive 2008/50/EC was adopted in this direction, describing theframework which countries are obliged to comply withfor assessing 
and managing ambient air quality (EU, 2008). However, the high costs of equipment and extreme level of specialization required in 
order to maintain and operate an air quality monitoring station that meets the established standards translates to generally sparse 
measurement networks and lack of fine location specific detail for pollutant concentration timeseries. To this end, low-cost, user-
friendly and compact air pollution platforms enabling observations at high spatio-temporal resolution have been introduced lately with 
an increasing number of projects being demonstrated. Indicatively, an attempt to record the progress of proposed solutions in reaching 
successful implementations was performed based on the analysis of 17 large projects (Morawska et al., 2018), which reached trial 
stage. 

In this paper the effect on the AQMesh integrated NO2 electrochemical sensor components from variances of the ambient weather 
conditions, namely temperature and relative humidity is explored. During the experimental campaign period which lasted for almost a 
month (05- 30/09/2017) from 05/09/2017 00:00 to 30/09/2017 23:50, abrupt variations of weather conditions were not recorded, with 
relatively stable temperature and relative humidity values prevailing, with an average temperature of 23.6 degrees (maximum = 33.7, 
minimum =15.9) and average Relative Humidity in the level of 52.2% (max = 92.0%, min = 18.5%). 

The twoAQMesh pods were placed at an urban traffic location in the city centre of Thessaloniki to conduct a month of continuous 
pollutant concentration measurements with standard equipment and reference analyzers for NO2 available from the on-site municipal 
pollution monitoring station. The comparison of the low-cost electrochemical gas sensor datagenerated by the AQMesh devices 
systems installed side-by-sidewith reference analysers, contributes to the assessment of the performance and the accuracy 
ofmicrosensor-systems in a real-world context, and supports their calibration and further development. 

Recent studies have shown the correlation between sensors and reference measurements can be improved by the application of 
correction factors for environmental conditions such as relative humidity (Crilley et al., 2018) or multivariate models and machine 
learning (Cross et al., 2017; Zimmerman et al, 2018; Hagan et al., 2018). Taking this into account, the AQMesh module manufacturer 
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provides guidelines and correction factors to address the effects of variations to sensor current due to dependence on ambient 
conditions. 

Methodology 

Raw measurements from the dataloggers of the collocated devices were processed with RStudio, an open-source integrated 
development environment for R, as a well-established tool offering a variety of software packages for handling/analyzing data and 
examining cross-instrument correlations(RStudio Team, 2015). Specifically, the package “openair” (Carslaw&Ropkins, 2012) was 
used for visualizations of pollutant profiles throughout the measurement period. The obtained dataset contained 3709 entries for NO2 
concentrations in μg/m3 with loss of data from the municipal station occurring between 10:30 and 13:10 on 05/09/2017, resulting in 
the deletion of 17 observations, thus statingAQmesh pod values unreferenced during thistime interval. Linear regression models of 
sensor readings on reference measurements were fitted for calculating error metrics, demonstrating a linearity with the AQMesh pod 
sensor 10-min sample rate time-series. Specifically, the accuracy of the linear fits was identified with the computation of well-
established error metrics. Measurements were averaged in various time intervals including 10 min, hourly and 8 h. For each variable 
data series a linear regression model was calculated and error metrics were estimated from the comparison of the fitted AQMesh 
readings and the reference measurements. 

Results 

In general, the raw measurements  recorded from the on-board AQMesh sensors underestimated the values sourcing from the 
reference gas analyzer. Correlations improved from extending the averaging period of 10 min values to hourly, however they 
decreased for the 8 h averaged time seriesas shown in Table 1. Pod 1 overperformed the second device in terms of accuracy, although 
more accurate error metrics can be calculated also from comparing the fitted time series with the reference system. 

Table 1:Correlation and error metrics for 2 AQMesh pods and the municipal reference gas analyzer 

Compared r Mean Bias RMSE IOA MGE NMB 

NO2 AQM Pod 1 
(10-min) 

0.7877944 -12.95441 19.98146 0.6003918 15.5146 -0.1718365 

NO2 AQM Pod 1 

(hourly) 

0.8589438 -13.03771 16.69487 0.5440373 14.06236 -0.1720155 

NO2 AQM Pod 1 

(8 hours) 

0.8633128 -13.03883 14.57233 0.3781944 13.10775 -0.1722765 

NO2 AQM Pod 2 
(10-min) 

0.6979964 -21.93702 27.90154 0.4131654 22.78357 -0.2909882 

NO2 AQM Pod 2 
(hourly) 

0.7392296 -22.03446 25.59313 0.2786109 22.24838 -0.2907159 

NO2 AQM Pod 2 
(8 hours) 

0.7116590 -22.02596 23.76443 -0.0429408 22.02596 -0.2910196 

 

The overall performance of the sensors in terms of their statistical metrics and measurement profile indicates differences in the results 
depending on ambient conditions (temperature, relative humidity and wind direction). NO2reading accuracy was lower in the upper 
and lower boundaries of the ambient condition variable ranges, improving in the average intervals (for instance temperature from 
23.6-25.9 and relative humidity 43.0-51.5 %). Figure 1 details the linearity between the fitted pod 1 values-reference system 
correlation under four different RH sample intervals and four temperature intervals. 
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Figure 1:Scatter plots for NO2measurements from one of the AQMesh modules fitted to reference values with corresponding correlations and loess 
smoothers for recorded temperature and relative humidity value ranges 
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Abstract 
 

Urban population spends up to 6-8% of the day (43-72 minutes) in transportation means. Commuters are exposed to high air 
pollution levels daily, especially in areas with dense traffic. As far as the cars and buses pollution is concerned, volatile organic 
compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), microparticles, heavy metals, etc. which are derived from either the 
exhaust or from potential engine leaks may reveal this kind of chemicals compounds in their cabins. This encourages cycling in many 
developed cities since it contributes to the improvement of public health, air quality and traffic. However, particular matter (PM), 
coming from motorized vehicles, is harmful for urban cyclists’ life. 

This study examines the commuter's exposure to particle-bound PAHs in the city of Thessaloniki, northern Greece, under 
three different commuting modes: biking, driving and public transportation means (buses). The study was carried out during the cold 
and the warm period of the year from 2015 to 2018. A total of 43 volunteers participated including 15 cyclists, 17 car 
drivers/passengers and 11 bus passengers.  All volunteers completed a log of traveling time, traveling route, and vehicle 
characteristics for each trip. Commuter's exposure was examined by using lightweight-design personal samplers (GilAir Plus Personal 
Air Sampling Pumps) equipped with cyclones to collect particles smaller than 4 μm aerodynamic diameter on pre-baked glass fiber 
filters (37 mm diameter) under a constant flow rate of 1.7 L/min. A dynamic personal sampling was carried out, i.e. volunteers 
switched on/ switched off their personal sampler at the beginning and at the end of each trip, respectively.  

Each personal sampling lasted for at least seven hours. Loaded and unloaded filters were conditioned for 48 hours at constant 
conditions of temperature and relative humidity (19-21 οC and 50±5%, respectively) and weighed in a microbalance for gravimetric 
determination of the collected PM mass. Filter samples were extracted in acetonitrile under sonication at room temperature. Twelve 
PAHs including eight congeners with more than 4-rings listed by IARC (International Agency for Research on Cancer) as class 1, 
class 2A, and 2B carcinogens, i.e. Benz[a]anthracene (BaAn), Chrysene (Chry), Benzo[b]fluoranthene (BbF), Benzo[k]fluoranthene 
(BkF), Benzo[a]pyrene (BaP), Dibenzo[a,h]anthracene (dBAn), Benzo[ghi]perylene (BghiPe), and Indeno(1,2,3-cd)pyrene (IPy)], as 
well as the ≤4-ring congeners Phenanthrene (Ph), Anthracene (An), Fluoranthene (Fl), and Pyrene (Py) were analyzed using High 
Performance Liquid Chromatography with programmable fluorescence detection (HPLC/FLD). The HPLC system was calibrated by 
the NIST Standard Reference Material 1647e. The recovery of the method was evaluated by using the NIST SRM 1648a (Urban 
Particulate Matter). All targeted PAHs were detectable in all samples excepting dBAn that was detected less frequently and ΙPy that 
was detected in only 3 wintertime samples from cyclists.  

The mean exposure concentrations of PM ranged between 49.2±19.6, 102±49.4 and 84.2±45.6 μg/m3 for the car drivers, bus 
passengers and cyclists, respectively, being in general within the range of PM2.5 values reported in literature (Adams et al., 2001; Kaur 
et al., 2005; McNabola et al., 2008; Boogaard et al., 2009; Panis et al., 2010; Zuurbier et al., 2010; De Nazelle et al., 2012; Ramos et 
al., 2016; Okokon et al., 2017). Mean ± SD of commuter exposure concentrations of PAHs in the cold and the warm period are 
presented in Figure 1. The average exposure concentrations of Σ12PAHs ranged between 6.9, 8.1 and 26 ng/m3 during winter and 
between 2.5, 4.3 and 12 ng/m3, during summer for the car drivers, bus passengers and cyclists, respectively. These values are within 
the range of values reported in literature (Zhiqiang et al., 2000; Sabin et al., 2005; Ott and Siegmann, 2006; Wu et al., 2012; Huston et 
al., 2013; Yan et al., 2015) and closest to those recently found in Rome, Italy (Romagnoli et al., 2017). Prevalent PAHs in winter were 
B[a]Py, B[ghi]Pe και Ph, while Py, Fl και B[ghi]Pe prevailed in summer. Exposure to B[a]Py followed the order: cyclists > bus 
passengers > car drivers in winter, while the order in summer was: bus passengers > cyclists > car drivers.  

The carcinogenic and mutagenic potencies of the PAH-bearing particles were calculated using BaP carcinogenic and 
mutagenic equivalency factors (TEF and MEF, respectively). The inhalation cancer risk (ICR) associated to PAHs was found to be 2 - 
5 times higher in winter compared to summer for all commuter classes. In winter, the ICR for cyclists was about 2-fold of the ICR for 
the commuters of closed transport means, while in summer the ICR was similar for cyclists and bus passengers. The ICR calculated 
for 7-h exposure of commuters was compared to the 24-h exposure of general population at a traffic impacted urban site of 
Thessaloniki (Manoli et al., 2016).  

Keywords: PAHs; carcinogenic activity; mutagenic activity; inhalation cancer risk 
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Figure 1: Mean ± SD of commuter exposure concentrations of PAHs in the cold and the warm period 
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Abstract 

The possibility of applying hydrodynamic cavitation to accelerate extractive desulfurization of pyrolysis tire oil by applying 
hydrodynamic cavitation by using eutectic solvent was investigated. The effects of the cavitation number of device (CN), the number 
of passes of the reaction mixture through the cavitator (n), the reaction temperature (T) and the mass ratio of DES to pyrolysis oil 
(DES/PO) were determined. This hydrodynamic cavitation extractive desulfurization is a simple, effective, and inexpensive method 
applied for desulfurization of pyrolysis tire oil which can reduce the content of the sulphur to 1 ppm. 

Keywords: hydrodynamic cavitation,  

 

Introduction 
Transportation fuels contains organosulfur which present one of the major pollution sources because of  producing sulfur oxide gases 
during combustion which leads to acid rain. Furthermore, haze harms to our health, causing respiratory illness, cardiovascular disease 
and contributes to the formation of sulfate particles,etc. Most of countries all over the world have implemented severe legislation to 
regulate the sulfur content of transportation fuels. The traditional industrial process for sulfur removal from fuel oils is 
hydrodesulphurization (HDS), which is less effective for benzothiophene, dibenzothiophene, and their derivatives. The most of 
current studies focus on some non-HDS technologies such as extractive desulfurization, oxidative desulfurization, adsorption 
desulfurization, bio- desulfurization, etc.The extractive desulfurization seems more competitive because it does not involve hydrogen, 
catalyst, high temperature or high pressure, and operates under mild and simple conditions (Shu et al.,2016). Pyrolysis tire oil, due to 
its physicochemical properties possess great potential to be used as alternatively fuel.  However, tire pyrolysis oils will have to 
address two major challenges before they can be used widely as an alternative fuel source, namely poor ignition and high sulfur 
content. The high sulfur content of scrap tire pyrolysis oil (over 1 wt. %) is another crucial obstacle that limits the widespread use of 
this oil as a result of SOx emissions produced during combustion. For this reason, scrap tire pyrolysis oil with lowcontent of sulfur is 
necessary to reduce SOx emissions or to produce a diesel blend that could contain a high proportion of scrap tire pyrolysis oil. 
Therefore, pyrolysis oil with low sulfur content is in high demand, as it would allow more environmentally friendly andwidespread 
use.Hydrodynamic cavitation is an effective method for accelerating many of the chemical processes. With this in mind, in this paper 
the possibility of accelerating extractive desulfurization of pyrolysis tire oil by applying hydrodynamic cavitationis investigated. 

Experimental 

 

Materials 

Pyrolysis tire oil was purchased in local market (density 920 kg/m3, initial boiling point 73°C, final boiling point 170°C, sulfur 
content 1150 ppm), tetrabutylammonium bromide (TBAB)(Merck), formic acid (Merck), hydrodynamic cavitation device (HDCD). 

Preparation of deep eutectic solvent (DES) 

DES synthesis was carried out according to the reported procedure in the literature (Zhang et al., 2012) 
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Hydrodynamic cavitation extraction process (HCEP) 

HCEP has been performed at hydrodynamic cavitation device whose construction and detailed descriptionis given in the work 
(Petkovic et al., 2018).The extraction desulfurization process was performed by adding predetermined quantity of the DESs to the tire 
pyrolytic oil which undergoes hydrodynamic cavitation at defined temperature for defined time. Then the mixture was left to separate 
layers for 60 min and then the samples were removed for the analysis of sulfur content.   

Analysis 

The sulfur compounds in the feed and product were analyzed by Varian 3400 gas chromatography equipped with a pulsed flame 
photometric detector (PFPD) and an iontrap mass spectrometer (Saturn 2000). A fused-silica capillary column DB-5 ms (30 m £ 0.25 
mm i.d.) with 0.25 mm film thickness (J&W Scientific, Folsom, CA) was used and the column temperature started at 100°C for 3 min 
and heated at a rate of 6°C/min to 275°C, and stayed at 275°C for 10 min.  A sulfur-in-oil analyzer (SLFA-20) manufactured by 
Horiba, Inc., was employed to determine any sample withtotal sulfur content range from 0.002 to 5 wt% of sulfur.  

 

Results and discussion 

The effect of the cavitation number (CN)of the device on the sulfur content of pyrolytic oil is shown in Table 1. The cavitation 
numberwas varied in the range from1 to 0.05 while the values of other technological parameters remain constant: DES/PO = 2, the 
number of passes through the cavitator n = 10, T = 298K. 

 

Table 1:The values of the cavitation number of the device and the sulfur concentration in pyrolytic oil 

CN S (ppm) 
1 970 

0.1 720 

0.07 120 
0.05 5 

 

With a decrease in the value of the cavitation number, the sulfur content in the pyrolytic oil significantly decreases. At the value of a 
cavitation number less than 0.05, the degree of desulphurization of the pyrolytic oil 5ppmis achieved, which is in agreement with the 
standard prescribed sulfur content in pyrolytic oil. In order to determine the effect on sulfur content in the pyrolytic oil, the ratio of the 
solvent to the pyrolytic oil was varied within the range of 1-10, whereas the values of all other technological parameters remain 
constant: CN = 0.05, n = 10, T = 298K. Figure 1 shows the effect of solvent ratio on pyrolytic oil on sulfur content in pyrolytic oil.  

 

Figure 1: The effect of solvent ratio on pyrolytic oil on sulfur content in pyrolytic oil 

 

With the increase of the DES/PO ratio, the sulfur content in the pyrolytic oil decreases. When the DES/PO ratio is higher than 2, the 
content of the sulfur in the pyrolytic oil is less than 1 ppm. 

The effect of temperature on sulfur content in pyrolytic oil is shown in Table 2. The temperature was varied in the range from 298 to 
333K while the values of other process parametersremain constant: CN = 0.05, DES/PO = 2, n = 10. 
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Table 2:The effect of the temperatures on the sulfur concentration in pyrolytic oil 

T(K) S (ppm) 
298 5 

318 3 

328 1 

333 1 

 

Based on the results shown in Table 2, it can be concluded that the increase in temperature slightly affects the content of the sulfur in 
the pyrolytic oil. 

 

Conclusion 

 

Hydrodynamic cavitation extraction desulfurization is a highly efficient, simple and inexpensive technology for the desulfurization of 
pyrolytic oils. Both the decrease in the value of the cavitation number of the device and the increase in the value of DES/PO leads to 
the decrease in the content of sulfur in pyrolytic oil.The increase in temperature slightly affects the degree of desulfurization of the 
pyrolytic oil. 

 

References 

Petković S., Adnadjević B., Jovanović J. (2018). A novel advanced technology for removal of phenol from wastewaters in a Ventury 
reactor. Thermal Science. https://doi.org/10.2298/TSCI171219202P 

Shu, C., & Sun, T. (2016). Extractive desulfurisation of gasoline with tetrabutyl ammonium chloride-based deep eutectic solvents. 
Separation Science and Technology, 51(8), 1336-1343. 

Zhang, Q., Vigier, K. D. O., Royer, S., & Jerome, F. (2012). Deep eutectic solvents: syntheses, properties and applications. Chemical 
Society Reviews, 41(21), 7108-7146. 

  



149 
 

 

 

 

 

 

Analytical Chemistry in environmental 

monitoring and chemistry studies 

  



150 
 

Improving the analytical performance of ICP-MS for environmental sample analysis 

 

Nelms, S.1, Kutscher, D.2 and McSheehy-Ducos, S.2 

 
1Thermo Fisher Scientific, Hemel Hempstead, UK 

2Thermo Fisher Scientific, Bremen, Germany 
 

Abstract 

Single quadrupole ICP-MS is now a standard technology for routine trace elemental analysis of a range of environmental samples 
including surface waters, sediment digests, soil extracts and sea waters.  For the most part, it is straightforward to achieve stable, 
reproducible and accurate results for these types of sample, but specific problems such as interference, drift and signal suppression 
still remain with the most challenging sample matrices.  

For example, soil and sediment samples give rise to unexpected interferences on As and Se, caused by the formation of doubly 
charged rare earth element ions (specifically Nd2+, Sm2+ and Gd2+) in the plasma and on Cd and Hg (from Mo and W oxide species 
respectively).  In addition, the presence of carbon in these samples (either from carbonates or dissolved organic material) leads to 
signal enhancement on Se, leading to false positive results. Finally, the high salt matrix content of sea waters causes considerable 
problems of signal suppression, drift and increased maintenance of the ICP-MS interface, leading to the need to dilute this type of 
sample prior to analysis, which compromises achievable detection and quantitation limits, and introduces the potential for 
contamination. 

The development of triple quadrupole ICP-MS has provided a new way to overcome a wide range of interferences, including rare 
earth doubly charged ions and oxide species, leading to greatly improved accuracy, but this technology still faces the challenges posed 
by high matrix environmental samples.   

This presentation will describe the application of both single and triple quadrupole ICP-MS for routine analysis of environmental 
samples.  The enhanced interference removal capabilities of triple quadrupole (TQ) ICP-MS compared to single quadrupole (SQ) 
systems will be shown.  With regard to higher matrix samples (such as sea water), approaches for solving contamination problems, 
enhancing productivity, decreasing drift and reducing signal suppression for both SQ and TQ-ICP-MS, will be presented. 

 

Keywords: ICP-MS, triple quadrupole, interference removal, matrix tolerance 
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Abstract 

Veterinary antibiotics are used globally to treat disease and to protect the health of animals. Antibiotics that frequently used 
in livestock are tetracyclines, sulfonamides and fluoroquinolones which are resistant to Gram-negative and Gram-positive  bacteria 
(Oka et al., 2000). Most pharmaceutical  active ingredients  can be excreted by the medicated animals, and depending on the structure 
up to 90% of the initial compound can be found in the urine and or faeces afterwards (Sarmah et al., 2006). Currently land application 
of manures is common practice in many parts of the world, including Poland. Liquid manure is characterized by a high nutrient 
content making it valuable as a soil fertilize. However if animals are medicated residues of the antibiotic substances can frequently be 
detected in manure due to poor absorption of the respective substance in the animal gut or unmetabolized extraction (Spielmeyer et 
al., 2017). Analysing antibiotics in animal faeces is expected to be effective in several ways. First to obtain more in sight in the 
possible formation of bacterial resistance in the animals' gut, leading to valuable information on the relation between residues and 
resistance. Second to learn about the dissemination of antibiotics to the environment and possible ecotoxicological effects.Third to 
monitor trends in antibiotic usage at the farms using noninvasive sampling and last to enforce policies on the use of antibiotics and 
thus to prevent the illegal and off-label use of antibiotics. We conclude that the analysis of antibiotics in faeces could be very usefull 
and therefore a multi-method to detect a wide range of veterinary  antibiotics in faeces is needed (Berendsen et al., 2015). 

In this paper, a simple and robust method is proposed for the simultaneous extraction of oxytetracycline, tetracycline, 
chlortetracycline, doxycycline, enrofloxacin, ciprofloxacin, trimethoprim and  tylosin from dung, liquid manure and digestate. These 
antibacterial agents represent a wide range of different physico-chemical properties and a method capable of simultaneous analysis 
was a compromise to accommodate different properties. During the method development work was concentrated on the tetracyclines, 
as strong sorption of these compounds  causes difficulties when extracting the antibacterial agents from soil and manure (De Liguoro 
et al.,  2003, Hamscher et al., 2002,  Loke et al., 2002). Extraction methods for antibacterial agents have been developed for several 
matrices, e.g. animal food products (Oka et al., 2000,  Ito et al., 2000, Draisci et al., 2001) and environmental water samples (Hirch et 
al., 1998, Hirch et al. 1999, Zhu et al. 2001), while only few methods have been developed for extraction of the antibacterial agents 
from dung, liquid manure and digestate (De Liguoro et al.,  2003, Hamscher et al., 2002,  Loke et al., 2002, Rabølle and Spild 2000). 
These extraction methods utilize a range of different extraction solvents and are generally based on mechanical shaking, 
ultrasonication or vortex mixing. The sample preparation was made by using ultrasonic extraction with McIlvaine-Na2EDTA buffer 
solution and purified by SPE (Strata-X-CW cartridges) and analysed by HPLC-MS. Validation of the method was performed 
according to the guidelines indicated in European Commission Decision 2002/657/EC. Recoveries from spiked pig and poultry dung 
and liquid manures samples were ranged from 76.1 to 112.0% for all analysed antibacterial substances. Method quantification limits 
were measured from 15.1 to 72.3 µg/kg for tetracyclines, fluoroquinolones, trimethoprim, tylosin and tiamulin. 

This study investigated the level of antimicrobial pollution in twenty six pig and poultry dungs, four liquid manure samples 
and eight digestate samples were collected from different sampling points located in Poland. The residue levels of selected 
fluoroquinolones, tetracyclines, trimethoprim, tylosin and tiamulin in 26 animal dungs (swine and poultry) 4 liquid manure samples 
and 8 digestate samples collected in 2018 from large-scale livestock and biogas plants in Poland. Analysis of 38 samples collected in 
Poland revealed that 11 samples (29%) were positive for the presence of doxycycline, enrofloxacin, oxytetracycline and tiamulin.  
These analytes were detected in high concentrations reaching level up to 4100 μg/kg (doxycycline). The findings obtained in the 
present study demonstrated that veterinary antimicrobial compounds can lead to the contamination of agricultural soils via 
fertilization with animal manure. 

 

Key words: antibacterial substances, organic fertilizer, liquid manure, dung, SPE, LC-MS 

mailto:ewelina.patyra@piwet.pulawy.pl


152 
 

 
References: 

1. Berendsen, B.J.A., Wegh, R.S., Memelink, J., Zuidema, T., Stolker, L.A.M. (2015). The analysis of animal faeces as a tool to 
monitor antibiotic usage. Tlanata. 132, 258 – 268. 

2. De Liguoro, M., Cibin, V., Capolongo, F., Halling-Sorensen, B., Montesissa, C. (2003). Use of oxytetracycline and tylosin in 
intensive calf farming: evaluation of transfer to manure and soil. Chemosphere. 52, 203 – 212. 

3. Draisci, R., Palleschi, L., Ferretti, E., Achene, L., Cecilia, A. (2001). Confirmatory method for macrolide residues in bovine 
tissues by micro-liquid chromatography–tandem mass spectrometry. J. Chromatogr. A. 926, 97 – 104. 

4. Hamscher, G., Sczesny, S., Hoper, H., Nau, H. (2002). Determination of persistent tetracyclines residues in soil fertilized 
with liquid manure by high-performance liquid chromatography with electrospray ionization tandem mass spectrometry. 
Analytical Chemistry. 74, 1509 – 1518. 

5. Hirsch, R., Ternes, T.,  Harberer, K.,  Kratz, K.-L. (1999). Occurrence of antibiotics in the aquatic environment. Science of 

The Total Environment. 225, 109 – 118. 

6. Hirsch, R., Ternes, T.A.,  Harberer, K., Mehlich, A.,  Ballwanz, F., Kratz, K.-L. (1998). Determination of antibiotics in 
different water compartments via liquid chromatography–electrospray tandem mass spectrometry. J. Chromatogr. A. 815, 

213 – 223. 

7. Ito, Y.,  Oka, H., Ikai, Y., Matsumoto, H., Miyazaki, Y., Nagase, H. (2000). Application of ion-exchange cartridge clean-up 
in food analysis: V. Simultaneous determination of sulphonamide antibacterials in animal liver and kidney using high-
performance liquid chromatography with ultraviolet and mass spectrometric detection. J. Chromatogr. A. 898, 95 – 102. 

8. Loke, M.-L.,  Tjørnelund, J.,  Halling-Sørensen, B. (2002). Determination of the distribution coefficient (logKd) of 
oxytetracycline, tylosin A, olaqindox and metronidazole in manure. Chemosphere, 48, 351 – 361. 

9. Oka, H., Ito, Y., Matsumoto, H. (2000). Chromatographic analysis of tetracycline antibiotics in foods. J. Chromatogr. A. 

882, 109 – 133. 

10. Rabølle, M., Spliid, N.H. (2000). Sorption and mobility of metronidazole, olaquindox, oxytetracycline and tylosin in soil. 
Chemosphere. 40, 715 – 722. 

11. Sarmah, A.K., Meyer, M.T., Boxall, A.B.A., (2006). A global perspective on the use, sales, exposure pathways, occurrence, 
fate and effects of veterinary antibiotics (VAs) in the environment. Chemosphere 65, 725 – 759. 

12. Spielmeyer, A., Höper, H., Hamscher, G. (2017). Long-term monitoring of sulphonamide leaching from manure amended 
soil into groundwater. Chemosphere. 177, 232 – 238. 

13. Zhu, J., Snow, D.D.,  Cassada, D.A.,  Monson, S.J., Spalding, R.F. (2001). Analysis of oxytetracycline, tetracycline, and 
chlortetracycline in water using solid-phase extraction and liquid chromatography–tandem mass spectrometry. J. 

Chromatogr. A. 928, 177 – 186. 

  



153 
 

Extraction and analysis of high-value compounds in plants using green solvent technology 

 

*Turner, C., Al-Hamimi, S., Cunico, L.; Prothmann, J.; Sun, M.; Sandahl, M. 

Lund University, Department of Chemistry, Centre for Analysis and Synthesis, Lund, Sweden 

Abstract 

Plants and byproducts from agricultural and food industry offer valuable sources of phenolic compounds, carotenoids and essential 
oils, which can be used as food ingredients, cosmetic additives or other fine chemicals. In order to isolate these compounds, it is of 
outmost importance to use non-toxic, environmentally sound solvents in the extraction processes. It is also of interest to achieve fast 
and accurate extractions, especially in an analytical chemistry context. One of the challenges when extracting phenolic compounds is 
to minimize thermal degradation during the extraction, and at the same time allow the extraction to go to completeness. Traditionally, 
mass transfer and speed of an extraction is enhanced by increasing the temperature – for instance in Soxhlet extraction, pressurized 
liquid extraction and microwave-assisted extraction. However, this inevitably leads to thermal degradation of sensitive compounds 
like polyphenols. An alternative is to use a high-diffusivity fluid such as a supercritical fluid (SCF). Supercritical carbon dioxide (SC-
CO2) above 31 °C and 7.4 MPa gives fast mass transfer, however, the solubility is low for polar compounds. Often, an organic co-
solvent like ethanol is added to the SC-CO2 to enhance the dielectric properties of the solvent. A novel strategy is to instead use a 
conventional “green” solvent, such as ethanol, ethyl acetate or ethyl lactate, and to this solvent add compressed liquid CO2 to decrease 
the viscosity and thereby enhance the mass transfer. Such solvent mixture is called a gas expanded liquid (GXL). Benefits are that a 
relatively low pressure can be used and that the range of achievable solvent dielectric properties is large. In this presentation, the 
concepts of SC-CO2 and GXL as solvents in extractions will be presented. Results will be shown regarding fundamental properties of 
SCFs and GXLs. Applications covered are extraction and analysis of polyphenols in berry pomace, carotenoids in microalgae and 
phenolic compounds in lignin resources. 
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Public water suppliers provide tap water after treatment by disinfection to protect the public from harmful microbial pathogens. 
Chlorine dioxide, chloramine, chlorine, and ozone are common disinfectants used in water treatment plants, but they react with 
natural organic materials and chlorides to produce DBPs that are harmful to humans.  

The methods used for analyzing iodo-THMs and HANs include liquid–liquid extraction analogs, solid-phase extraction, solid-phase 
microextraction (SPME), and liquid-phase microextraction. The quantitative limits of these methods are 0.003–31.1 g/L. However, 
conventional analytical methods such as liquid–liquid extraction and solid-phase extraction are time consuming, and the sample 
preparation stages are complicated. Moreover, consumable materials and large amounts of harmful organic solvents are also required. 
SPME is completely solvent free technique offers higher enrichment factors. The disadvantage is carryover effect and costly/fragile 
fibers. Dispersive liquid–liquid microextraction (DLLME) is an environmentally friendly, rapid, and economical liquid-phase 
microextraction method, where sample preparation using organic solvents requires a volume of less than 1 mL. The extraction solvent 
is dispersed in the form of a small droplet when the extraction solvent and the dispersion solvent are added to the aqueous solution 
sample rapidly.  

The aim of this study was to optimize the dispersive liquid–liquid microextraction (DLLME) parameters for simultaneous analysis 
through DLLME-gas chromatography-mass spectrometry (GC/MS) of six iodo-trihalomethanes, four haloacetonitriles, and one 
halonitromethane, which are residual disinfection products found in drinking water. Disinfection by-product (DBPs) remaining in 
aqueous samples were extracted and concentrated using a simple, rapid, and environmentally friendly DLLME method, and then 
analyzed simultaneously by GC-MS.  

The optimized DLLME parameters were a sample volume of 5 mL, 100 L of dichloromethane as the extraction solvent, 1 mL of 
methanol as the dispersion solvent, an extraction time of 60 s, and 1.5 g of sodium chloride for the salting out effect. The enrichment 
factor values obtained using the established DLLME-GC-MS method were 19.8 – 141.5, and the limit of detection and limit of 
quantification were 0.22 – 1.19 g/L and 0.75 – 3.98 g/L, respectively. The calibration curves had correlation coefficients (r2) of 

0.9958 – 0.9992 in the concentration range of 0.5 – 40 g/L, and they exhibited good linearity in quantitative analysis (Table 1).  

This method is simple, fast, economical, and environmentally friendly, and it is suitable for analyzing at the regulatory 
concentrations required in South Korea and WHO, although it has somewhat higher quantitative limits than SPME-GC-MS or other 
analytical methods. Thus, the analytical method developed in this study is suitable for the analysis of DBPs found in drinking water. 
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Table 1. Calibration curves, linear correlation coefficient (r2), and LODs for DBPs in drinking water 

Class Compounds LOD (g/L) 
LOQ 

(g/L) 
Calibration range (g/L) 

Linear equation 

 (y = ax + b) r2 

a b 

HANs 

TCAN 0.34 1.15 0.5–40 30552 –15020 0.9990 

DCAN 0.22 0.75 0.5–40 37451 –10138 0.9983 

BCAN 0.28 0.94 0.5–40 40999 –8444.7 0.9987 

DBAN 0.26 0.88 0.5–40 25978 –1773.9 0.9989 

Iodo-THMs 

DCIM 0.61 2.05 0.5–40 8972.5 4698.3 0.9979 

BCIM 0.38 1.25 0.5–40 10022 3316.9 0.9980 

DBIM 0.51 1.69 0.5–40 6543.4 1923.1 0.9978 

CDIM 0.58 1.92 0.5–40 3312.1 –165.85 0.9990 

BDIM 0.81 2.69 0.5–40 24821 –9050.2 0.9992 

IF 1.19 3.98 0.5–40 33593 –34051 0.9958 

HNMs CP 0.87 2.90 1.0–40 4511.7 –4080.8 0.9972 

 

Keywords:Dispersive Liquid–Liquid MicroExtraction, Disinfection By-Product, Drinking Water, GC/MS 

 

References : S.-W. Myung, etal., Sci. Total Environ., 639, 208-216, 2018. 
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Abstract 

Introduction: Lead naturally occurs in the form of four stable isotopes: 204Pb (1.4%), 206Pb (24.1%), 207Pb (22.1%), 208Pb (52.4%). 
Only 204Pb has a non- radiogenic origin, while other isotopes are produced by radioactive decay of 238U, 235U and 232Th, respectively. 
Abundance of Pb isotopes depends on the relative concentration of the primordial Pb, U and Th, but also on their decay processes. 
The profile of lead isotope ratios is used as “fingerprint” to identify the sources of contamination and environmental pollution (Ettler 
et al., 2004). In this work, analysis of isotope ratios of lead in mushrooms (Macrolepiota procera, Scop. Singer) and soil where they 
were grown (mountain Goč, Serbia) was conducted in order to identify natural and/or anthropogenic sources of lead and to highlight a 
bit more the chemistry between those environmental compartments. For both issues, chemometric approach was applied, aiming to 
extract valuable information hidden in high dimensional feature space and extract factors responsible for the highest percentage of 
total variance. 

Experiments: BCR sequential extraction procedure (Rauret et al., 1999) was applied on soil samples in the order to determine the 
distribution of lead and evaluate its availability from soils to mushrooms. In parallel experiment, mushrooms were subjected to 
microwave acid assisted digestion and both series of samples were subjected to measurements by inductively coupled plasma mass 
spectrometry (ICP-Q-MS) for determination of lead content and lead isotope ratios (Fig. 1). Integration (dwell) time and dead time of 
detector were optimized to obtain accurate and precise values of lead isotope ratios.  All isotope ratios were corrected for the mass 
bias effect and intensity of 204Hg.  Certified reference material NIST SRM 981 (common lead isotopic standard) was used for 
checking the accuracy, quality control and for correction the obtained isotope ratios on mass bias effect. Certified reference material 
NIST SRM (isotope standard for Thallium) was used as an internal standard. 

Results and discussion: The highest lead content was found in the Fe-Mn oxides fraction (~ 60 %), particularly susceptible to anoxic 
(reducing) conditions, while the lowest (~ 1%) was measured in the carbonate-bound fraction (F2), susceptible to changes of pH. It is 
well known that content of certain Pb isotopes can lead us to the specific source of this heavy and highly toxic metal (Ettler et al., 
2004). By calculating five isotope ratios (206Pb/204Pb, 208Pb/206Pb, 207Pb/204Pb, 208Pb/204Pb and 206Pb/207Pb), the knowledge of lead 
chemistry in two environmental compartments was partly elucidated. The obtained results showed the presence of anthropogenic lead 
in the surface soil.  

The lowest values of 206Pb/204Pb (17.8 ± 0.4) and 208Pb/204Pb (38.1 ± 0.5) were found in the first, acid soluble fraction of the soil (F1), 
while in other fractions they were very similar. The ratio 207Pb/204Pb was similar in all fractions, which could be expected as the 
content of isotope 207Pb changes slightly with time in comparison with other isotopes formed by radioactive decays of U and Th 
(Komárek et al., 2008). 

Significant lower 206Pb/207Pb compared to other fractions was recorded in removable and acid soluble fraction (1.331±0.010) is strong 
indicator for anthropogenic lead in the soil. The highest 206Pb/207Pb ratio was observed in reducible fraction (1.162±0.007), composed 
mainly of Fe and Mn oxides, while in oxidisable (F3 - organic matter and sulphides) and residual fraction (R) those values were 
similar (1.159±0.006, 1.159±0.004, respectively) and indicate natural occurrence of lead.  

Is there any possibility for mushrooms, M. procera in this case, to dissolve some parts of the soil? Based on the obtained results, the 
mushrooms are supposed to act via organic complexing compounds, especially organic acids and uptake the lead from removable and 
acid soluble fraction (labile lead) from the soil. In the same case of anthropogenic lead, M. procera showed inability to dissolve Fe-
Mn oxides. Accumulation of lead from the removable and acid soluble fraction, as well as the inability to accumulate from the 
reducible fraction was additionally supported by the calculated bioconcentration factors (BCF) and confirmed by the Principal 
Component Analysis (PCA).  
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Conclusion: Decomposition of minerals by mushroom can be biomechanical and biochemical, expecting a greater effect with later 
one. The mechanism was based on the release of organic acids (oxalic and citric acid) by the mushroom, changing a chemical 
environment, where complexes with metals from minerals are formed (Gadd, 2007). However, this effect is not strong enough to 
destroy minerals (Gadd et al., 2012). The analysis of four isotope ratios (206Pb/207Pb, 208Pb/206Pb, 206Pb/204Pb and 207Pb/204Pb) indicated 
that analyzed M. procera has an ability to accumulate lead from the removable and acid soluble fraction. In this fraction the presence 
of anthropogenic pollution was confirmed. The analysis of isotope ratios of lead in the mushrooms and soil assisted with a principal 
component analysis, offered a new perspective for understanding possible chemical interactions in a real setup of those compartments. 
Additionally, isotope ratios can indicate the most significant differences between polluted and unpolluted areas (208Pb/206Pb 
vs.

206Pb/207Pb). 

Keywords: sequential extraction; lead isotope ratio; Macrolepiota procera; PCA. 

 

 

Figure 1:Scheme of experimental setup and applied methodology 
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Abstract 

Glyphosate is one of the most widely used pesticides as it is a non-selective systemic herbicide that is quickly degrade in soil 
[Carlisle, S.M. et al.]. Glyphosate disrupts the biochemical shikimate pathway, which produces aromatic amino acids that are essential 
for plant growth and development. It acts as a competitive inhibitor of the 5-enolpyruvylshikimate-3-phosphate (EPSP) synthase, an 
enzyme absent from mammals. Therefore, glyphosate has been presented as (a) non-toxic for humans and (b) non-persistent [Carlisle, 
S.M. et al. and Schönbrunn E. et al.]. However, these premises have been recently questioned since traces of glyphosate and its main 
metabolite (aminomethylphosphonic acid, AMPA) have been detected in surface water, groundwater, soil as well as in cotton 
products [Börjesson, E. et al. and Gill, J.P. et al.]. 

Quantifying and monitoring trace amounts of glyphosate and pesticide residues in the environment typically relies on analytical 
methods such as Gas Chromatography (GC) or Liquid Chromatography (LC) coupled with mass spectrometry (MS) [Guo, H. et al. 
and Motojyuku, M. et al.]. However, these types of methods are expensive and often not suitable for in situ field analysis. Surface 
Enhanced Raman Spectroscopy (SERS) coupled with microfluidic could be an alternative method, which allows a fast and direct 
quantification on the field[Quang, L.X. et al.] with miniaturised instrumentation. Indeed, SERS combines the advantage of Raman 
spectroscopy and is able to detect traces due to the signal enhancement resulting from the adsorption of the analyte on the rough 
nanoparticle surface [Kneipp, K. et al.]. 

Here we focus on the development of an inline analytical method for water monitoring assisted by SERS. The inline detection of 
glyphosate is performed in a microfluidic setup, constructed with high-purity PFA coils (1/16" o.d., 0.01" i.d.), divided in three 
compartments (Figure 1) : (a) in situ synthesis of silver nanoparticles (Ag NPs), (b) mixing of the analyte with the Ag NPs and (c) the 
detection zone. Experimental parameters such as the type of micromixers for the synthesis of Ag NPs and the mixing between 
glyphosate and Ag NPs, the concentration of reagents for the synthesis of Ag NPs, the residence time or the flow applied in the setup 
were investigated and optimized throughD-optimal (26 runs) and I-optimal design of experiments.In particular, we will discuss how 
the experimental parameters influence the quantitative detection of SERS intensity. 

 

 

Figure 1 : Schematic representation of the microfluidic setup developed for field application. 

 

Keywords: SERS, Microfluidic, Glyphosate, Experimental design 
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Abstract: 

Negative impact on the environment caused by heavy metals contamination is of interest to many ecotoxicological studies.Arsenic is 
present naturally inthe water and soil ecosystems due to the weathering and erodingof rocks and soil. However, arsenic compounds 
released into the environment from anthropogenic sources (e.g.,fertilizers and pesticides, combustion of fossil fuels and mining 
activities) can cause permanent damage tohuman health (Wang et al., 2014). The contamination of the environment by heavy metals 
reduces the hygienic quality of foodstuffs. Generally, the arsenic threatens the population through contaminated drinking water 
sources. Also fruits, fruit juices, and grains are among the primary dietarysources of inorganic arsenic exposure, especially in regions 
with high arsenic concentration in water. Due tothe method of cultivation, rice is able to bioaccumulate 10-fold higher of arsenic than 
other grains such aswheat and barley (Cao et al., 2018; Cubadda et al., 2017).Determination of total arsenic content in aqueous 
samples is usually performed by graphite furnace atomic absorption spectrometry (GF-AAS). However, determination of arsenic 
concentration in high salinity samples (e.g. seawater, mineralized water) may be complicated by losses of the analyte during the 
pyrolysis stage and interferences caused by sample matrix (Bermejo-Barrera et al., 1996; Bozsai et al., 1990; Welz et al. 1988). 
To achieve better results, the temperature program of the GF-AAS method is usually modified. Some researchers also use the 
surface-modified graphite tubes(Volynsky, 1998). 

In this study, the sensitive and precise method for the determination of arsenic in samples containing high chlorides concentrationwas 
optimized.The standard arsenic solution (50 μg L-1) in solution NaCl (10 g L-1) was used for method optimization.High concentration 
of sodium chloride in the sample matrix caused high background absorbance which deformed the absorbance of the arsenic. 
To reduce the background absorption a cool-down step was incorporated into the graphite furnace temperature program before 
the atomization step. Although we have achieved very good results of arsenic recovery through temperature program improvement, 
the lifetime of the graphite tube was reduced due to the aggressive composition of the sample matrix. The surface of the graphite tube 
was significantly damaged after about 50 firing cycles. For this reason, we have combined the cool-down step temperature program 
with the modification of graphite furnace surface by tungsten carbides (using the aqueous solution Na2WO4 (Figure 1)). 

 

Figure 1: Graphite furnace surface-modification procedure 

Thanks to the combination of graphite furnace temperature program with the cool-down pre-atomization step and graphite tube 
modified with tungsten carbides, the background absorbance was reduced about 95–100%. The new methodology allowed the 
determination of arsenic in solution NaCl (10 gL-1) with the recovery of 98–100%. Limit of detection was decreased 11.3 times and 
the lifetime of the graphite tube was increased five times.Moreover, standard addition calibration method instead of matrix-free 
calibration was used to reduction matrix interferences.This step improved the performance of the methodology and made 
it independent of the knowledge of the NaCl concentration in the sample. 

Keywords: arsenic, GF-AAS, palladium modifier, tungsten  carbides 
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Abstract  

 

Introduction and aims 

The increase in the production of cocaine (COC) over the last few years is now reflected in an increased availability, purity and use of 
the drug worldwide. Problems derived from high-risk patterns of consumption, including the smoking of the free-base form “crack”, 
are expected to rise, converting COC in a major concern for governments and public agencies trying to monitor its traffic routes, 
market expansion and prevalence of use (EMCDDA, 2018). The analysis of wastewater has been applied in several countries 
worldwideto estimate the consumption of illicit drugs (Ort, 2014). In the case of COC, studies have been mostly focused on the 
determination of its major metabolite (benzoylecgonine, BE) and, to a minor extent, of the product resulting of its transesterification 
with ethanol when both substances are consumed together (cocaethylene, COE). However, the smoking of crack leads to the 
formation a specific pyrolytic product, anhydroecgonine methyl ester (AEME), which is partially hydrolyzed in the human body to 
form anhydroecgonine (AE) (Castiglioni, 2011). Thus, the objective of this study was to developa new analytical methodfor the 
determination of a panel of metabolites of COC in wastewater to gather information on the patterns of consumption prevailing in a 
certain place. Conversely to the use of reversed-phase liquid chromatography (RPLC, widely appliedin multiresidue drug analyses) 
and hydrophilic interaction liquid chromatography (HILIC, used to improve the determination of small and very polar analytes such 
as AE and AEME), we made use of the recently commercialized mixed-mode LC columns combining RP and ion-exchange 
properties (Montes, 2017). 

 

Methodology 
 

Composite raw wastewater samples of 24 h were collected at three different wastewater treatment plants (WWTP) in Santiago de 
Compostela (Spain, one WWTP) and Brasilia (Brazil, two WWTP). Daily, 100 mL aliquots were filtered, acidified to pH 2.0, spiked 
with deuterated internal standards and solid-phase extracted on mixed mode RP-strong cation-exchange sorbents Oasis MCX (150 
mg). Analytes were recovered with 2 mL of 2% NH3 in MeOH. Eluates were evaporated to dryness and, immediately before injection, 
dissolved in 100 µL of LC aqueous mobile phase.  

Chromatographic separation was performed on an Acclaim® Mixed-Mode WCX-1 column from Thermo Scientific that combines RP 
and weak cation exchange functionalities. A dual eluent system consisting of (A) 10 mM of ammonium acetate in ultrapure 
water:acetonitrile(90:10) and (B) 10 mM of ammonium acetate in ultrapure water:acetonitrile (10:90), both adjusted at an apparent pH 
of 3.5, was used at a flow rate of 0.2 mL/min. The LC system was interfaced to a triple quadrupole mass spectrometer equipped with 
an electrospray ionization source operating in positive mode. Analytes were recorded in Selected Reaction Monitoring mode.  

Results and discussion 
 

Separation was initially attempted by ultra-highperformance liquid chromatography (UHPLC) on a RP column modified with polar 
groups to enhance the retention of polar compounds. However, a significant peak tailing was observed for the analytes eluting earlier, 
independently of the organic modifier or gradient used. Thus, mixed-mode RP ion-exchange HPLC was considered. Two columns 
were tested: an Acclaim® Trinity P1 column that combines strong cation-exchange and weak anion-exchange properties (in addition 
to RP) and an Acclaim® Mixed-Mode WCX-1 column that incorporates weak cation-exchange functionalities. A dual eluent system 
consisting of (A) 10 mM of ammonium acetate in ultrapure water:acetonitrile(90:10) and (B) 10 mM of ammonium acetate in 
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ultrapure water:acetonitrile (10:90) was assessed considering different gradients and pH combinations. The best results were achieved 
with the WCX column, adjusting both eluents at pH 3.5 and using an initial gradient composition of 100% A.  

Initial solid-phase extraction (SPE) tests with spiked ultrapure water at pH 7.0 showed that AE was neither retained on Oasis HLB 
(200 mg) cartridges nor on Oasis WCX (150 mg) cartridges. Conversely, it was highly retained on Oasis MCX sorbents after passing 
samples at pH 2.0. The adjustment of the sample pH was only relevant for AE (better at pH 2.0 than at higher values), which could be 
quantitatively recovered even after passing 100 mL of sample (the volume finally selected). The sequential elution of the cartridges 
with four consecutive fractions of 2 mL of 2% NH3 in MeOH showed that >92% of the recovered AE and >97% of the recovered 
AEME,COC, BE, COE and LEV were eluted in the first fraction. Therefore, 2 mL of 2% NH3 in MeOH was selected as elution 
solvent. 

Under final working conditions, the overall method performance was satisfactory. Method quantification limitsranged from 0.2 ng/L 
for COC and COE to 3 ng/L for AE and AEME. Percentages of recovery varied between 96% and 121%, with %RSD between 2% 
and 21%, in river water samples spiked with 50 ng/L of all the analytes and between 93% and 113%, with %RSD between 0.3% and 
18%,in raw wastewater spiked with 500 ng/L of COC, BE, COE and LEV and with 100 ng/L of AE and AEME. 

The analysis of 24 h composite raw wastewater samples collected during three (Friday-Sunday) or four days (Thurstday-Sunday) in 
Santiago de Compostela and Brasilia, respectively, revealed a positive quantification of all the substances in Brasilia. In Santiago, 
COC, BE, COE and LEV were found in all samples, but AE and AEME were never detected. BE was the substance measured at the 
highest levels (up to 4033 ng/L in Brasilia and up to 614 ng/L in Santiago), followed by COC and LEV. The ratio between the 
concentrations of AE and BE in Brasilia decreased between 30% and 50% from Thursday to Sunday, whereas the ratios LEV/BE and 
COE/BE underwent a significant upsurge on Sunday. These trends point to a higher recreational use of snorted COC when compared 
to the more stable consumption of crack: AE and AEME remain relatively steady over the four days, whereas BE (common to COC 
hydrochloride and crack) and specially LEV (main adulterant of COC powder) and COE (metabolite of the co-consumption of COC 
and ethanol) rise during the weekend. In Santiago, LEV/BE ratios were lower than in Brasilia and did not change over the three days. 
Conversely, COE/BE ratios were higher (Figure 1).  

 

Figure 1:Ratios between the concentrations of different analytes and benzoylecgonine (BE) in Santiago de Compostela (Stg, orange), Brasilia North 
(BN, blue) and Brasilia South (BS, green). Analytes: anhydroecgonine (AE), anhydroecgonine methyl ester (AEME), levamisole (LEV) and 

cocaethylene (COE). Days of the week: Thursday (Th), Friday (Fr), Saturday (Sa) and Sunday (Su). 

 
Conclusions 
 

This study presents the first application of the RP-ion exchange mixed-mode LC for the determination of drugs of abuse. The use of 
these stationary phases provides a good alternative to traditional RP and HILIC phases in the separation of very polar and ionizable 
compounds from other less polar species. COC, BE, COE, AE, AEME and the adulterant LEV were successfully extracted from raw 
wastewater following an optimized SPE procedure and analyzed by HPLC-MS/MS. The application of the method to the analysis of 
24 h composite samples collected in Santiago de Compostela (Spain) and Brasilia (Brazil) allowed to get further insights in COC 
patterns of consumption. 

 

Keywords: crack, cocaine, wastewater, solid-phase extraction, mixed-mode liquid chromatography, tandem mass spectrometry 
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The regulatory context in the field of urban wastewater treatment has evolved considerably in the last two decades by presenting a 
significant increase in the requirements on the water quality returned to the receiving environment. In this context, the main French 
agglomerations conducted a policy of construction and modernization of sanitation facilities. While these intensive technologies make 
it possible to maintain a high quality of treatment, their management requires a high level of technical and scientific expertise and an 
adapted metrology. Improvement of online monitoring and characterization of sewage dissolved organic matter (DOM) is one of the 
ways considered to optimize control and management of treatment facilities (Carstea et al., 2016; Goffin et al., 2018). However 
current methods used to characterize DOM quality, like biological oxygen demand in five days (BOD5) or chemical oxygen demand 
(COD), are laborious, time consuming (few hours to several days) and are not applicable to monitor organic matter in situ. In the 
context of MOCOPEE research program (www.mocopee.com), this study aims to assess the use fluorescence spectroscopy in order to 
monitor and to optimize process efficiency in wastewater treatment plants (WWTP). 

 

Excitation-emission matrix (EEM) Fluorescence spectroscopy coupled to PARAFAC analysis was used on a 62 domestic sewage 
samples dataset from the “Seine Centre” WWTP (240,000 m3/day; sewage from the western Paris basin) in Paris, France. All samples 
were collected at different hours in order to highlight temporal variation (daily and hourly) of DOM fluorescence during April 2015 
and between June and July 2016. Soluble COD and BOD5 measurements were also made directly after sampling. Since the 
PARAFAC approach cannot be used in situ at the moment, a "peak-picking" approach based on the maximum fluorescence intensity 
localization of PARAFAC components highlighted, has been applied to all 62 samples from the "Seine Centre" WWTP. Finally, in 
order to take into account the variability of influents between different WWTPs, the possibility of transposing the first prediction 
models of soluble COD and soluble BOD5 was tested for a second set of 83 sewage samples from six Paris WWTPs (Marne Aval 
WWTP: 75,000 m3/day; Seine Morée WWTP: 50,000 m3/day; Seine Centre WWTP: 240,000 m3/day; Seine Grésillons WWTP: 
300,000 m3/day, Seine Valenton WWTP: 600,000 m3/day, Seine Aval WWTP: 1,700,000 m3/day). 

 

A six PARAFAC components model was obtained based on a 69 sewage samples: three components were related to humic 
substances-like components and three others were related to protein-like components. Fluorescence signature of sewage DOM from 
Seine Centre WWTP was mainly composed of protein-like components, which exhibit the highest fluorescence intensities and humic 
substances-like components showed the lowest fluorescence intensity. The soluble COD of wastewater can be predicted via a simple 
linear model with the tyrosine-like component scores (r²=0.829; p<0.0001; n=62). The soluble BOD5 can be predicted by a multiple 
linear model with various fluorescence indices (r²=0.863; adjusted r²=0.857; p<0.0001; n=62). Since the PARAFAC methodology 
cannot currently be automated (to date), prediction models based on the location of fluorescence maximums (Ex-Em) of the identified 
PARAFAC components have been developed. The Pearson determination coefficient obtained for the prediction of soluble COD is 
0.825 (p<0.0001; n=62). For soluble BOD5, it is 0.803; with an adjusted r² of 0.792; (p<0.0001; n=62). Thus, the potential for in situ 
application of these prediction models has been successfully demonstrated for sewage from the western Paris basin ("Seine Centre" 
WWTP influent). These models were generalized to sewage from the entire Paris basin (6 Paris WWTPs; n=83). A Pearson 
determination coefficient of 0.785 (p<0.0001; n=83) was obtained for soluble COD and for soluble BOD5, a Pearson determination 
coefficient of 0.846 with an adjusted r²=0.839 (p<0.001; n=83) were obtained.   
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Use of EEM fluorescence spectroscopy coupled with PARAFAC allowed to better characterize temporal variability of sewage DOM 
quality and quantity. A six fluorescent components model showed useful information about sewage fluorescent DOM quality. The 
peak-picking method highlighted, derived from the PARAFAC components identified above, is simple, easy to automate and 
applicable to the operational area of wastewater treatment for high-frequency and ecological online monitoring of soluble COD and 
soluble BOD5 in order to reduce the energy costs of WWTPs (chemical reagents, pumping and aeration) and to better control 
treatment processes. The models highlighted by this study can also be used for fast, simple and inexpensive laboratory measurement. 

 

Keywords: wastewater dissolved organic matter; wastewater monitoring; fluorescence spectroscopy; biochemical oxidation demand; 

chemical oxidation demand. 
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Abstract: 

An analytical method coupling ASE, SPE and SPME with LC/MSMS, GC/MSand GC/MSMS was developed for the quantification in 
one air sample,pesticides (including glyphosate, AMPA, glufosinate and organochlorine pesticides), PAHs, PCBs, phenols (including 
nitro-, chloro-, bromo-, and metoxyphenols), carboxylic acids (including mono- and dicaroxylic acids) and aromatic amines. The 
extraction procedure was done by ASE with 2 cycles of 10 minutes with acetonitrile at 150°C. Before extraction, MtBSTFA was 
added onto the cell in order to derivatize some pesticides, phenols and acids. The extract (between 80 and 100 mL) was then filled to 
one liter with acidified pure water (pH 3) and purified by SPE on CHROMABOND C18ec cartridges. The elution was done with 2 mL 
of each solvents in the following order: ethyl acetate, toluene and acetonitrile. The SPE extract (6 mL) was gently reduced to 1 mL in 
a fume hood and 100 µL of the extract was used for LC/MSMS separation and quantification after addition of internal standard while 
the 900 µL were divided in four fraction of 225 µL. Three of them where then filled to 20 mL of water (pH 3, 1.5 % NaCl) after the 
addition of corresponding internal standards and where used for pesticides/HAPS/PCBs, phenols and acids successively. The fourth 
fraction was filled only with water (1.5 % NaCl) and was used for the quantification of aromatic amines. 

The separation and quantification by GC/MSMS was used for pesticides, HAPs and PCBs while GC/MS was used for phenols and 
acids as the use of MtBSTFA deliver [M-57]+ specific fragments at 100 % intensity permitting enough specificity for quantification. 
Glyphosate, AMPA and Glufosinate were detected and quantified by GC/MSMS after MtBSTFA derivatisation. The developed 
method permits the quantification of these two herbicides and the metabolite AMPA without any specific method as actually 
commonly performed. 

The coupling with SPME permits to strongly decrease the detection limits of the method and LOD and LOQ are appropriate to the 
quantification of very low levels of pollutants in air samples collected through passive (i.e. LOQ between 0.3 and 163 ng/sampler for 
pesticides by GC/MSMS) and active sampling. 

Calibration was done on matrix by spiking adsorbents used for passive and active sampling with standard solutions of all 
pollutants and quantification of unknown samples was done with respect to this calibration. 

This method was applied in the field where passive samplers were exposed in Strasbourg and its vicinity. In figure 1 is presented 
results for pesticides analysed by GC. 

Keywords: ASE, SPE, SPME, passive sampling, air sampling 
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Figure 1. Distribution of some pesticides in passive sampler exposed in Rhine Harbor (Results are in ng/sampler) 
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Abstract: 

Lithium-ion batteries (LIBs) are nowadays used as energy storage with applications in communication devices, electromobility and 
others. The constant need for higher capacity and reliability of these batteries has brought increased attention mainly for safety issues. 
The components of the LIBs can be negatively affected by exposure to extreme thermal, electrical or mechanical conditions. These 
can result in degradation products from the electrolyte which can alter the characteristics of the electrochemical cell or form volatile 
and hazardous emissions (Abada et al., 2016). Information on the cause and effects of these alterations can be determined by 
developing and testing on-line or off-line methodologies for the measurement of the emissions. 

Multiplexing is a suitable tool for sampling and monitoring of transient emissions under normal operation of theLIBs or underabuse 
conditions. Multiplex sampling or multiplexing is characterized by the introduction of a sample at short time intervals. The technique 
can be combined with different analytical systems like fluorescence imaging, capillary electrophoresis and gas and liquid 
chromatography. It can be used for the improvement of the S/N ratio or to increase the sampling throughout depending on the aim of 
the specific work(Kaljurand et al., 2005). The sample is introduced according to a pseudorandom binary sequence (PRBS) and with 
the implementation of the Hadamard transformation the original single chromatogram can be reconstructed (Wunsch et al.,2017).  

So far there are only few reports in which multiplex sampling is coupled with gas- (GC) and liquid chromatography (LC) systems. 
This work demonstrates the coupling between multiplex sampling anda barrier ionization detection (BID) GC system. The BID 
detector is a plasma-based photoionization detector where the plasma is formed by a dielectric barrier discharge in helium. It offers 
important advantages over other well-established GC detectors such as the flame ionization (FID) or thermal conductivity detector 
(TCD) since it is particularly sensitive for low molecular compounds, halogenated or oxygenated compounds, making it ideally suited 
also for environmental monitoring applications(Shinada et al., 2012). 

This work addresses the performance of a laboratory made multiplex injection system after optimization of the critical parameters like 
sample flow and pressure. Different data processing algorithms are examined and compared in their ability of producing accurate 
monitoring results. Furthermore, the practical and data processing limitations as well as possible ways to overcome them are 
discussed. 

Keywords: multiplexing chromatography, gas chromatography, dielectric barrier discharge detector, LIBs 
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Abstract: 

Organophosphate compounds are hydrophobic phosphoric acid derivatives with immense biological activity, currently used 
predominately as pesticides, chemical warfare agents and drugs. Organophosphate pesticides (OP’s) and nerve agents derive their 
activity from targeting and inhibiting acetylcholinesterase, a neurotransmitter enzyme pervasive throughout life kingdoms. Such a 
mechanism, while rendering effectiveness and broad-spectrum activity, also dictates non- specificity and a wide range of 
ramifications onhuman health and environmental quality. 

Considering particular compounds in the degradation mixture have distinctnoxiousramification and toxic potential, while others are 
used as markers of exposure, it is crucialto perform detailed qualitative and quantitative characterization of OPs, and theirdegradation 
mixtures. 

Currently, exposure potential is evaluated mainly by quantifying certain degradation products in urine, assuming that they are formed 
mostly due to human metabolism of the parent organophosphate.  

The formation of OPs degradation products on the OPs-treated crop surfaces was previously suggested; however, this hypothesis can 
be tested only by application of precise and valid analysis of parent OPs and their degradation products. The popular QuEChERS 
method, which is routinely applied to the analysis of various pesticides, is not suitable for the simultaneous preparation of both the 
parent OPs and their relevant degradation products, and does not permit simultaneous analysis of all components of the mixture.  

In addition, QuEChERS method and most of other sample preparation methods require lengthy procedure and crop homogenization, 
inducing the degradation of parent compound, which can result in erroneous data. 

In order to estimate quantitatively and qualitatively OPs parent compounds and theirdegradation products formed on the crop 
surfaces, a new method for simultaneoussample preparation and analysis of chlorpyrifos (CPF)and its degradation productsretained on 
the surface of cucumber was developed.  

The method provided easy and fastextraction of parent compound and its degradation products from cucumber surface, andprecise 
simultaneous GC- ECD and LC-MS analyses of CPF and products of itsdegradation (CPO, TCP, DETP and DEP). Recovery of 
chlorpyrifos and its degradationproducts was high, ranging from 81.4 to 104.1% with relative standard deviations 

(0.3–9.6%). Minimal matrix effect was observed. The calibration curve produced fromthe results demonstrated high linearity (R2= 
0.997–1) for the concentration ranges chosen. 

Further method evaluation by LC-MS demonstrated similar performance for other cropsurfaces (cherry tomatto, romaine lettuce, 
lemon, orange and grape), all gave similar methodperformance. Application of the developed method for the quantitative and 
qualitativeanalysis of chlorpyrifos and its degradation mixture in green table grapes purchased at 21locations across Israel 
demonstrated the molar ratio of CPF remained on the grapesurface to the sum of its degradation products. 

These findings confirmed the hypotheses about OPs degradation on crop surfaces. 

Thus, current evaluation of the human exposure to OPs using urine analysis should be re-considered since degradation products are 
readily formed already on the crop surfaces, and theirpresence in urine can result from consuming of crops rather than from 
humanmetabolism.  

 

Keywords: Organophosphate pesticides, Insecticides. Degradation, Exposure evaluation 
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Abstract: 

Soils and sediments are important reservoirs for inorganic metal, metalloids and persistent organic lipophilic contaminants that can 
lead to various toxic reactions for living organisms. It is now recognized that contaminant bioavailability is a more significant key 
parameter than the total concentration in soils/sediments to evaluate organism’s exposure in risk assessment. In bioavailability 
processes, bioaccessibility dramatically depends on the rapidly-desorbing fraction (Frap) of contaminants from particulate matter, 
already dissolved into water or easily mobilisable from the geosorbents. This fraction of contaminants can be in contact with 
organisms even after a period of time or through spatial rearrangements (Riding et al., 2013). The term of bioaccessibility can be used 
to define the mobile inorganic trace element (TE) fraction that can be found outside a cell membrane. It can be measured by various 
single aqueous extraction methods. TEs can be also fractionated through sequential extractions into soluble/exchangeable, reducible, 
oxidizable and residual phases, which represent decreasing degrees of metal mobility, and that can be used to evaluate the short and 
long-term TE mobility in soils (Alves et al., 2018). Compared to researches on TE biovailability/bioaccessibility, very few studies 
dealt with organic contaminants such as polycyclic aromatic compounds. However, it appears particularly important to clarify the 
relationship between the various soil/sediment physico-chemical properties, the effects of source materials, of ageing and the effects 
of co-contamination on polycyclic aromatic hydrocarbons (PAHs) or polychlorobiphenyls (PCBs) bioaccessibility (Yu et al., 2018). 
From the chemical viewpoint, a number of procedures have been developed to assess the fraction of organics which can possibly be 
accessible to living organisms. They mainly consist in extracting the more labile and rapid to desorb fraction of contaminants from 
soils or sediments through non-exhaustive extractions. The rapidly-desorbing fraction (Frap) generally correlates well with the 
bioaccessible pool of PAHs or PCBs (Sinche et al., 2017). 

In this study, non-exhaustive extractions of mixtures of PAHs and PCBs from sediments were performed using a recently developed 
methodology adapted from Crampon et al. (2016). This mild extraction methodology, based on the utilization of a carboxymethyl--
cyclodextrin polymer (pCMCD) in aqueous solution, was compared to harsh extractions of PAHs and PCBs performed using 
microwave-assisted extraction (MAE). Thereafter, PAHs and PCBs were simultaneously analyzed by gas chromatography coupled to 
mass spectrometry. First, the influence of four factors (sand, clays, organic matter (OM), ageing) on Frap of PAHs and PCBs was 
assessed through an experimental design. Indeed central composite designs can be applied both to explain the role of each factor and 
their interactions on Frap, but also to develop response models with few number of experiments. This first part of the study was 
performed on spiked model sediments with various mineralogical compositions and various ageing times. The factor which primarily 
influenced Frap for mixtures of PAHs/PCBs was OM content. When OM content increased, the extractability of PAHs and PCBs 
showed a non-linear decrease. Clay percentage in sediment only modified the extractability of 4 cycles PAHs while the interaction 
sand percentage/OM content modified only the extractability of 5-6 chlorinated PCBs. Decline in rapid extractability due to ageing 
was only observed for spiked high molecular weight PAHs and PCBs throughout 177 days and was non-linear for PAHs and rather 
linear for PCBs. The bioaccessible fraction from the model sediment of each PAH/PCB was strongly linked to their chemical 
structure (number of PAHs fused aromatic cycles, number of PCB chlorines) and was linearly correlated to their hydrophobicity.  

Second, PAHs and PCBs Frapwere also determined in a naturally contaminated sediment core collected from Martot’s pond (France). 
Figure 1 shows the results of harsh and non-exhaustive extractions of the sum of 16 PAHs and the sum of 6 PCBs. The rapid 
extractible fraction of each PAH/PCB was very low compared to the total concentration all along the sediment core. OM content 
impacted on the bioaccessible fraction, only for PAHs and, surprisingly, not for PCBs. Grain size and sediment ageing had no real 
influence on PAH/PCB Frap. In fact, the most was the PAH/PCB concentration in sediment, the most was the bioavailable fraction. As 
shown for the model sediment, the relation between a lower bioaccessibility and a higher number of PAHs cycles or PCB chlorines 
was also linear in the naturally contaminated sediment. 
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Modified BCR (Community Bureau of Reference) sequential extractions (in four steps) of TEs (Cd, Cr, Cu, Ni, Pb, Zn, As) from the 
Martot sediment were performed using the methodology of Pueyo et al (2008), to evaluate their mobility in relation to the 
mineralogical speciation. Thereafter TE concentrations were determined using ICP-AES. From the first to the fourth step, the degree 
of metal mobility was decreasing and only the first and second steps are generally described as representing the most bioaccessible 
fractions (Alves et al., 2018). Figure 2 shows the sequential extractions of Cd, as an example, from the Martot sediment, as a function 
of the core deepness. Cu was the less mobile TE (and so the less bioaccessible) in Martot sediment, with 0.4% found in the most 
mobile exchangeable and reducible fractions. Pb, Cr and Ni bioaccessible fractions were also very low (0.8-15.6%): these TEs were 
rather strongly associated to oxidizable and refractory minerals. A great part of As, Cd and Zn was found in the most mobile sediment 
fractions (35.2-47.5%). If we consider that Martot pond area was recently disturbed by a dam removal that led to continuous sediment 
release in the water column, the 40-65 cm deepness sediment section might have the most negative impact on the aquatic fauna, 
mainly due to the presence of high bioaccessible fractions of Cd and Zn. 

 

Keywords: Bioaccessibility, Polycyclic aromatic compounds, Trace elements, Sediments, Carboxymethylcyclodextrin polymer 

Figures 

 

Figure 1:Total concentrations of PCBs obtained from the harsh extraction through MAE and rapidly desorbing concentrations obtained from non-
exhaustive extractions through pCMCD in the Martot sediment core, as a function of the sediment deepness. 

 

 

Figure 2:Sequential extractions of Cd  in four steps from the Martot sediment, as a function of the core deepness. 
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Abstract: 

Intravenously administered Gd-based contrast agents are widely applied since their approval for clinical use in the late 1980s to 
support medical examinations using magnetic resonance imaging (MRI). Therefore, the toxic Gd(III) ion is complexed by 
polyaminocarboxylic acid chelating agents.The highly polar and thermodynamically very stable contrast agents are known for a fast 
and unmetabolized renal excretion. Hence, there is a significant input of Gd species into the environment leading to an enrichment of 
Gd compared to the other lanthanide elements. 

 

This phenomenon is referred to as anthropogenic Gd anomaly and has been discovered in densely populated regions with a highly 
developed health care around the world. Furthermore, anthropogenic Gd can be detected in drinking water, while the stability of 
different Gd species in the process of drinking water purification has not been investigated yet. 

 

Therefore, samples from different steps of drinking water purification in several waterworks in Germany were analysed by means of 
speciation analysis. The detection and quantification of single Gd-based contrast agents in drinking water is challenging considering 
their extremely low concentration. For that purpose, the hyphenation of hydrophilic interaction liquid chromatography (HILIC) and 
inductively coupled plasma mass spectrometry (ICP-MS) was employed. In order to achieve sufficient limits of detection, the sample 
introduction was carried out by ultrasonic nebulization. In combination with a novel HILIC method using a diol-based stationary 
phase, it was possible to quantify single Gd-based contrast agents in concentrations below 0.1 nmol/L. Thereby, the stability of these 
substances during drinking water purification could be evaluated.. 

 

Keywords: drinking water, gadolinium, analysis, hyphenation, HILIC 
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Abstract: 

Rare earth elements (REE) belong to trace omni present elements. In addition to their own minerals, their relatively high content is 
found in lignites, ashes after their processing and volcanic ashes (Kermer et al., 2017). Direct determination of REEs in real samples 
is difficult because of the complex composition and the matrix effect. Therefore, various methods of determination are often 
combined with methods of separation and preconcentration. Among these methods, solid phase extraction (SPE) has significant 
advantages, because it is quite simple and does not require the use of toxic organic solvents (Anastopoulos et al., 2016). In this work, 
silica, sequentially non-covalently  modified with polyhexamethylene guanidine (PHMG) and Arsenazo I (AI) or Arsenazo III (AIII) 
was proposed to use as the adsorbent for SPE. This method of the adsorbent synthesis allows one to combine the properties of a silica 
matrix (stability in dilute acids and alkalis, non-swelling) and the simplicity of non-covalent modification, which makes it easy to 
adjust the adsorption properties of the surface for extraction of analyte. Arsenazo I and Arsenazo III are derivatives of chromotropic 
acid, forming colored complexes with lanthanides and actinides (Macka et al., 1998; Lu et al., 2004). The negatively charged sulfo 
groups in the composition of the reagents make it possible to fix them by electrostatic interaction with the amino groups of silica 
previously treated with polyhexamethylene guanidine (Losev et al., 2015). The structure of the adsorbent is represented in Figure 1. 

 

 

Figure 1:Scheme of the structure of adsorbent SiO2-PHMG-AIII 

 

The prepared sorbents based on silica, sequentially non-covalently modified with PHMG and Arsenazo I (SiO2-PHMG-AI) or 
Arsenazo III (SiO2-PHMG-AIII) were used for SPE of REEs from real samples of lignites, ashes after their processing and volcanic 
ash. The subsequent inductively coupled plasma mass spectrometric determination of REEs was carried out in solutions after 
desorption. The whole process of SPE-ICP-MS determination of REE s in environmental samples includes the following stages: 
chemical decomposition of the sample and its transfer into the solution, SPE of analytes, elution of REEs from the surface of the 
adsorbent and the analysis of resulting solution. 
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The adsorption of REEs was studied in batch and dynamic modes. The equilibrium time in the batch mode was less than 10 min for 
both adsorbents. The prepared adsorbents extracted of REE ions in the wide range of acidity (Figure 2). 

As can be seen from this figure, SiO2-PHMG-AIII quantitatively (98-99%) extracted REE ions at the lower pH values of 2.5-5.5, in 
contrast to SiO2-PHMG-AI that extracted REEs at pH of 5.5-8.5. Arsenazo I and Arsenazo III form complex compounds with REE 
ions under similar conditions in solution, which confirms the reagents save their properties on the surface of non-covalently modified 
adsorbents. 
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Figure 2: Extraction of REEs by SiO2-PHMG-AIII (a) and SiO2-PHMG-AI (b) vs. pH 

The adsorption isotherms for Sm(III) and La(III) were studied. The adsorption capacities were determined from the horizontal 
sections of adsorption isotherms (Table 1). 

 

Table 1:Adsorption capacities SiO2-PHMG-AI and SiO2-PHMG-AIII for La(III) and Sm(III) 

Adsorbent Ion adsorption capacity, mmol·g-1 adsorption capacity, mg·g-1 

SiO2-ПГМГ-AI La(III) 0.015 2.09 

Sm(III) 0.017 2.55 

SiO2-ПГМГ-AIII La(III) 0.009 1.25 

Sm(III) 0.010 1.50 

 

The proposed adsorbents extracted non-ferrous and heavy metal ions (Co(II), Cu(II), Fe(II), Zn(II), Ni(II), Pb(II), Cd(II)) at pH˃6, 
extraction of alkali and alkaline-earth metal ions did not exceed 2% in the studied pH range. Therefore, SiO2-PHMG-AIII allows the 
effective separation of REE ions from the accompanying ions of non-ferrous, alkali and alkaline earth metals in solutions. 

For the subsequent determination of analytes by ICP-MS, it is necessary to carry out a quantitative desorption of REE ions from the 
surface of the sorbent. REE ions can be quantitatively desorbed from the surface of SiO2-PHMG-AI and SiO2-PGMG-AIII 1-2 M by 
solutions of HCl or HNO3. 

In the dynamic mode of preconcentration, an important characteristic is the flow rate of the solution through a column filled with an 
adsorbent.The optimal flow rate of a solution containing REE through a column filled with SiO2-PHMG-AI or SiO2-PHMG-AIII was 
2-3 mL·min-1. 

SPE-ICP-MS method for determination of REEs in lignites, ashes after their processing, and volcanic ash using SiO2-PHMG-AIII was 
developed. The validity of proposed method was checked through the analysis of samples by ICP-OES. The proposed method has 
been successfully applied for the analysis of lignites from Krasnoyarsk Krai depositslocated in the basin of the Yenisei River 
(Nizhneye Priangarye) and ash after their processing, and ashe of the Kudryavy volcano located on the Iturup Island of the Greater 
Kuril Chain. 

a b 
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SPE stage before the ICP-MS determination allows one to reduce the detection limits, to separate analytes from accompanying ions of 
non-ferrous, alkali and alkaline-earth metals, and also to transfer the analytes into a simple matrix of known composition, which 
simplifies the calibration. 

The reported study was funded by RFBR according to the research project № 18-33-00105. 
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Abstract: 

Ion chromatography (IC) is a well-accepted technique for the monitoring inorganic anions in waters, including surface, ground, 
drinking, and wastewaters and IC methods are specified by regulatory agencies for environmental water analysis.  

Typically these methods use standard or microbore columns. Scaling down from standard bore (4 mm i.d.) to capillary format (0.4 
mm i.d.) brings many benefits to the analyst, including low eluent consumption and low waste generation. With such low mobile 
phase consumption, the system can remain running and be ready for analysis.  

Unfortunately the smallest available injection valve internal injection loop (400 nL) required that many water samples, including 
wastewater, be diluted as to not overload the IC column. This dilution is not needed for standard bore IC.  

This presentation shows how a new injection valve with a 100 nL internal injection loop can be used for wastewater and municipal 
drinking water and anion analyses without sample dilution.  

We show the method calibration, determine the detection limits, and measured the method’s precision and accuracy. The calibration 
was linear over a wide range for the standard anions (e.g. 0.2 to 300 mg/L for chloride) and we found that the method was both 
accurate (86–106%) and precise (RSD < 3.2%) for common anions such as fluoride, chloride, nitrite, sulfate, nitrate, and phosphate 
with this low injection volume. 
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Abstract  

 

Possibilities and limitations of modern voltammetric and amperometric techniques for monitoring of submicromolar concentrations of 
electrochemically active organic pollutants will be discussed. Attention will be focused on novel electrode materials applicable for 
this purpose (various forms of environmentally friendly silver solid amalgam, antinomy, and bismuth, carbon  film and carbon paste 
electrodes, boron doped diamond electrodes, etc.),  on chemically and enzymatically modified electrodes, DNA modified electrodes, 
nanostructured electrodes etc. Attention will be paid to new experimental arrangements for measuring in batch and flowing systems 
(flow injection analysis and HPLC with electrochemical detection),  for measurements in  microvolumes of environmental samples 
and for combination of  above mentioned techniques with preliminary separation and preconcentration using  liquid-liquid extraction, 
solid phase extracting, and hollow fibre microextraction. Selected examples of the application of these approaches for monitoring of 
environmental carcinogens, priority pollutants, dyes and dyes intermediates, pesticides, drugs, and other environmental pollutants will 
be discussed. 

 

Keywords: Voltammetry, amperometry, novel electrode materials, measuring in flowing systems, organic pollutants 
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Abstract 

Reactions or structural transformations in the solid-state are more difficult than in solution as they involve new bond formation or 
breakage with restricted molecular movements (Vittal, 2007).The external stimuli that usually promotes such structural 
transformations are heat, solvent vapor, mechanochemical force, light, etc. (Garay et al., 2007).Synthesis of the 
dioxomolybdenum(VI) complexes was carried out by using dichlorodioxomolybdenum(VI) ([MoO2Cl2]) and the corresponding 
nicotinoyl hydrazonato ligands derived from salicylaldehyde (L1), 3-methoxy-2-hydroxybenaldehyde (L2) or 4-methoxy-2-
hydroxybenzaldehyde (L3). The mononuclear complexes[MoO2(HL1,2)(MeOH)]Cl (1a, 2a), and [MoO2(HL2,3)Cl] (2b and 3b), were 
synthesed and used as potential precursors for structural transformations in the solid state (Figure 1).Vapor induced transformation of 
[MoO2(HL2)(MeOH)]Cl (2a) afforded quantitatively and rapidly complex [MoO2(HL2)Cl] (2b). Upon vapor exposure the coordinated 
MeOH ligands were lost and the coordination sphere was simultaneously re-established by adjacent Cl– ligands. The structural 
transformations are primarily influenced by rearrangement of bonds and/or the removal of solvent only if the reacting groups of the 
molecules are closely and in correct orientation for the reaction to occur in the solid-state.Crystals of [MoO2(HL2)(MeOH)]Cl (2a) 
were further exposed to diffeerentsolvent vapors (water, acetonitrile, dichloromethane and i-propanol) in several independent sets. A 
sample of each set was analyzed ex-situ by ATR-IR spectroscopy andPXRD.The chemometric analysis using principal component 
analysis (PCA) was applied to analyze ATR-IR spectra obtained by reaction monitoring in order to provide an insight on the reaction 
profiles. The fastest transformation was in the case of water vapors (3 min) whereas the slowest one was in dichloromethane vapors 
(48 min).The complex [MoO2(HL2)Cl] (2b) was obtained as the final product no matter which solvent was used.This property can be 
useful for solvent detection in the atmosphere and similar compounds could have potential application as sensors for environmental 
monitoring. Thermally induced transformation resulted in the formation of the coordination polymer [MoO2(L

2)]n. 

 

 

Figure 1.Vapor and thermally induced solid-state structural transformations of2a in the solid-state.   

 

Keywords: Molybdenum(VI) complexes;Aroylhydrazone;Vapour and thermally induced structural transformations,  
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Abstract: 

Antibiotic resistance is a topic of major concern because of its widespread existence, representing a serious threat concerning 
emerging untreatable disease outbreaks. Surveillance data about antibiotic resistance is definitely needed to inform clinical therapy 
decisions, to guide policy proposals, and to assess the impact of action plans to fight antibiotic resistance (Boeckel et al., 2014). The 
presence of antibiotics in the environment is definitely a driver for resistance emergence. Generally, methods for determination of 
antibiotics in environmental samples are based on chromatographic separation coupled to high-tech, high-cost, high maintenance 
detectors based on mass spectrometry. This approach is not suitable for screening purposes, because a large number of samples must 
be processed. Hence, the aim of this work was the development of high-throughput approaches to implement screening of two 
relevant classes of antibiotics, fluoroquinolones and sulfonamides, in environmental waters. 

First, a method based on microsolid-phase extraction associated with fluorimetric determination of fluoroquinolones was developed 
under a high-throughput microplate format. Norfloxacin, ciprofloxacin and enrofloxacin were selected as model analytes and 
determination was attained at µg levels after studying physico-chemical variables for analyte retention in a membrane-based solid-
phase sorbent. Using the same eluate tested in the microplate, LC-MS/MS was applied only as a confirmatory method for positive 
samples. Another methodology is also proposed, comprising the full automation of sample treatment by the selective retention of 
fluoroquinolonesin a lab-made extraction column containing selective molecularly imprinted polymers. The extraction protocol was 
automatically operated using a multisyringe flow injection system (Peixoto et al., 2018a)and combined at-line with fast 
chromatographic fluorimetric detection of fluoroquinolones at ng levels. Sample throughput was ca. 50 samples per working day, 
showing the potential of both methodologies as screening methods. 

Regarding sulfonamides, a simple and cost-effective screening method for quantification of these antibiotics in environmental water 
was developed based on miniaturized solid-phase extraction and spectrophotometric microplate analysis using p-
dimethylaminocinnamaldehyde as colorimetric reagent (Peixoto et al., 2018b). The analytical workflow is schematically represented 
in Figure 1. Several sulfonamides were detected, namely sulfadiazine, sulfaquinoxaline, sulfamerazine, sulfanilamide, sulfamethazine, 
sulfametizole,sulfadimethoxine, sulfapyridine and sulfacetamide, providing values for limit ofdetection between 2 and 11 µg L-1 for a 
sample volume of 100 mL. The proposed methodology was successfully implemented for analysis of estuarine water and surrogate 
seawater. Based on a similar approach, an eco-friendly image analysis smartphone-based colorimetric sensor is under development. 
Sulfonamides are retained in a polystyrene divinylbenzene sulfonated disk, to which the colorimetric reagent is added. Application to 
samples and adaptation of an image processing algorithm to uncontrolled illumination conditions are under study. 

 

Figure 1:Association between solid-phase extraction and microplate analysis as miniaturized and streamlined screening method for evaluation of 
sulfonamides in water 
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Viscosity is a fluid property which indicates how resistant that fluid is to flow. Highly viscous liquids, like motor oil or molasses, take 
much longer to flow from their container than a relatively low viscosity liquid, like benzene or diethyl ether  

Experimental viscosities provide information on the structure of liquids and are required in the design of processes which involve 
mass transfer, fluid flow, etc. This has motivated the development of an extensive and varied range of empirical and semi empirical 
equations to represent the viscosity - composition data of liquid mixtures. 

In the present work, the viscosities of pure components and mixtures are measured over a certain temperature range.  Each data set is 
analyzed in order to investigate whether the mixture obeys the simple Arrhenius model and to determine the activation energies for 
viscous flow for these mixtures. Refutas equation is generally used for the calculation of the kinematic viscosities of base oil blends. 
We have applied Refutas equation [1] to each of the mixtures, both ideal and non-ideal. According to Refutas equation calculation of 
the viscosity of a blended liquid consisting of two or more liquids having different viscosities is a three step procedure. The first step 
involves calculation of the Viscosity Blending Index (VBI) of each component of the blend using the equation VBI = 14.534 x In [ln 
(v + 0.8)] + 10.975 where v is the kinematic viscosity in centistokes .Kinematic Viscosity  = Viscosity in centipoise/density. The 
second step involves using this blending equation VBI-blend = (WA x VBIA) + (WB x VBIB) +              ......+ WX  x VBIX) where W is 
the weight fraction of each component of the blend. In using the above blending equation, it is necessary that all viscosities are 
determined at the same temperature.. The third and final step is to determine the viscosity of the blend by using the equation  V= 
ee(VBI-blend-10.975/14.534)-0.8 where VBI-blend is the Viscosity Blending Index of the blend and e is the transcendental number 2.71828, 
also known as Euler’s number. 

In this experiment the viscosities of ideal mixture (toluene --p-xylene) and non-ideal mixture (methanol – water) is determined over 
the temperature range (29 to 690C). Each data set is analyzed in order to investigate whether the liquid obeys the simple Arrhenius 
model [2] and to determine the activation energies for viscous flow for these liquids. Energy of activation is calculated from the 
slopes of the plots between log η and I/T.The experimental coefficient of viscosity and that obtained from Refutas equation for each 
of the mixtures were compared. We report experimental viscosity data at atmospheric pressure and at 29,39,49,59 and 690C for the 
binary mixtures toluene-p-xylene (ideal mixture) and methanol-water (non –ideal) mixture. We also report their Energy of activation 
calculated using Arrhenius type equation =A e Ea/RT. It can be seen that both ideal and non ideal mixtures obey the simple Arrhenius 
model It is also found that the non-ideal mixtures have higher activation energy than ideal mixture. 

We have applied Refutas equation to both type of the mixtures and found that this equation is obeyed by ideal mixture (toluene- p-
xylene) only. Non –ideal mixture deviates from Refutas equation. This may be due to the presence of intermolecular attractions in the 
non-ideal mixture. 
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Abstract  

Two analytical developments have improved our understanding of the fate and transport of pollutants in the environment. The first 
was the ability to analyze pollutants at ultra-trace levels, andthe second the ability to measure various molecular species of pollutants 
in different environmental matrices. This presentation deals with isotopic fingerprinting - a method that can identify the sources, 
transport and track the transformation of pollutants in the environment. One of the most significant advances in this field has been the 
development of compound-specific isotope analysis (CSIA) that provides isotopic characterization of individualorganic compounds, 
and has been used to uniquely identify the source of naturally occurring pollutants like polycyclic aromatic hydrocarbons (PAHs). 
Further, the development of highly precise analytical instrumentslike the multi-collector inductively coupled plasma mass 
spectrometer(MC-ICPMS) has led to a plethora of studies examining the isotope fractionation of elements such as Fe, Cd, Se and 
Hg,which has significantly increased our understanding of their biogeochemistry. 

The two case studies presented here include 1) the use of stable isotope composition of carbon to identify the source of PAHs in lake 
sediments(Gams Petrišič et al., 2013);and 2) the use of the stable isotopes of mercury (Hg) to identify its source in deep-sea 
Mediterranean sediments (Ogrinc et al., 2019). Mercury and PAHs are volatile/semi volatile compounds whose global 
biogeochemical cycling occurs predominantly through the atmosphere.They also have toxic properties and tend to accumulate in 
organisms. In the first case,stable carbon isotopes in individual PAHs were determined using GC-C-IRMSto identify theoriginof 
PAHs in lake sediments (Lake Bled, NW Slovenia) at two different locations with contrasting depositional regimes: Zaka Bay, with a 
permanently oxic bottom and Station D, where anoxic conditions prevail. In the second case, stable Hg isotopes were determined 
usingMC-ICP MS. 

The concentrations of PAH in surface sediments at Zaka Bay and Station D were comparable and higher than in previous 
studies,reaching 4230 and 4380 ng g−1, respectively. It was found that retene (Re) and perylene(Per) were mainly of natural origin in 
Zaka Bay while, at station D, δ13C values of Re at a depth of 12−14 cm,i.e., around1950 indicate a pyrolytic origin.The distribution of 
δ13C values of other individual PAHs showed that PAH input to lake sediments was of pyrolytic origin, likely dominated by coal and 
later in the 1950s also by wood burning. PAH from vehicular emissions could also contribute to the overall isotope signatures at a 
depth of 12−14 cm corresponding to the period 1953− 1961.  

In the Mediterranean deep-sea sedimentssurface and down-core δ202

showedconsistently positive values for mass independent fractionation of odd Hg isotopes (with average values of Δ199Hg = +0.10 ± 
0.04‰ and Δ201Hg = +0.04 ± 0.02‰) and near-zero Δ200Hg values, indicating either multiple Hg sources or a combination of different 
Hg isotope fractionationprocesses occurring either before orafter sediment deposition. Both mass-dependent and mass-independent 
fractionation processes influence the isotopic composition of Hg in the Mediterranean Sea. Positive Δ199Hg values are likely the result 
of enhanced Hg2+ photoreduction in the Mediterranean water column before incorporation of Hg into the sediments, while mass-
dependent fractionation decreases δ202Hg values due to kinetic isotope fractionation during deposition and mobilization. An isotope-
mixing model based on mass-dependent and mass-independent fractionation (δ202Hg and Δ199Hg) suggests at least three primary Hg 
sources of atmospheric deposition in the surface sediments: urban, industrial and global precipitation-derived. Overall, the results 
suggest that atmospheric Hg deposition to Mediterranean surface sediments is dominated by gaseous elemental mercury (58 ± 11%) 
rather than wet deposition. 

 

Keywords: stable isotopes, polycyclic aromatic hydrocarbons, mercury,sediments 
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Abstract 

Water-link is a drinking water company, located in the Antwerp region, which provides drinking water for over 2 million people in 
Belgium and the Netherlands. Surface water, coming from the River Meuse and transported to the catchment areas of our production 
sites by the Albert Channel, is purified to drinking water with a quality according to the EC regulation 98/83/EU. However, a 
relatively large number of companies are located alongside this channel and the possibility exists that these companies are pouring 
their waste water in the channel.  PFAS are used in different products and productionprocesses.  They were used in firefighting foams, 
water-resistant coating, floor polish, oil –resistant coatings for paper products,... Due to their widespread use, PFASs are ubiquitous in 
the environment and are, hence, frequently detected in the ground, surface and waste waters around the factory(OVAM, 2018).  Due 
to the toxicity of most of these compounds, they have to be monitored closely. 

A method (K.Organtini et al., 2018)  was optimized and validated usingESI on a Xevo TQ for 14different PFAS. The water samples 
were directly injected without any pretreatment.  From this validation study detection limits in the range of 5-20 ng/L were obtained 
for both drinking and surface water.The measurement uncertainties of the different PFAS were for the most components below 40% 
of a field study will be presented regarding raw-, ground and drinking waters from different origins. 

Keywords: PFAS – UPLC-ESI-MS/MS – water samples 
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Abstract: 
Solid-phase microextraction (SPME) is a solvent-free extraction technique, which represents the alternative to conventional extraction 
methods (Arthur et al., 1990). The SPME method has become widely used in analytical practice for sampling a wide range of analytes 
from media characterized by complex matrix composition, such as samples of food products, biological substances as well as 
environmental samples (Pawliszyn, 1999)  Among of other extraction techniques, SPME has numerous advantages, such as: 
simplicity, quickness, possibility of obtaining samples in-situ and in-vivo, easy automation, and also the possibility extraction without 
using toxic solvents (“green” extraction method). However, along with the benefits of SPME, there are some drawbacks: limited 
number of extractions performed using single fiber, possible degradation of sample components in high temperatures applied during 
thermal desorption step, and last but not least, the limited choice of sorption materials of commercially available SPME fibers. In the 
last years, a number of scientific studies have been directed to use or synthesis new sorption materials as stationary phases for coating 
of the SPME fibers. Among them, the most commonly described in the literature sorption materials for SPME are nanoparticles of 
noble metals, sorbents based on silica (silicon dioxide), molecularly imprinted polymers, conductive polymers, sorbents based on 
carbon, namely, single-walled nanotubes, multi-walled nanotubes and grafen (Wuet al., 2001; Turielet al., 2009; Kumaret al., 2008). 
Apart from over mentioned, ionic liquids deserve special attention, due to their unique physicochemical properties, namely, low 
melting point, negligibly low vapor pressure, high thermal stability and wide variety (the possibility of combination different cation 
and anion). One of the interesting solutions is utilization of ionic liquids in form of, so called, ionogels (Kabir et al., 2013; Pena-
Pereira, 2014; Pena-Pereira, 2015). Ionogel is the porous silica structure with ionic liquid immobilized into pores, obtained e.g. by sol-
gel method. In this case, the ionic liquid is preserving its original properties inside the porous material.In the present work, three types 
of ionogels for SPME fibers were prepared using following ionic liquids as main component, triethylsulfonium 
bis(trifluoromethylsulfonyl)imide ([Set3][TFSI]); 1-butyl-1-methylpiperidinium bis(trifluoromethylsulfonyl)imide 
([C4C1Pip][TFSI]), and their mixture (50:50 v/v). Physicochemical properties and structure of studied ionic liquids are shown in 
Table 1. In order to obtain ionogels methyltrimethoxysilane (MTMS) was used as the sol−gel precursor and trifluoroacetic acid (TFA 
(95 v/v)) − as the sol−gel catalyst. The obtained fibers were evaluated for the extraction of mix of volatile organic compounds (VOCs) 
and compared with the commercial fibers. Several SPME parameters, such as extraction time and temperature, salt concentration, 
desorption time and temperature were investigated and optimized. 
 

Table 1: Physicochemical properties and structure of studied ionic liquids. 

Ionic liquid MW m.p. η (25 
°C), cP 

σ (25 °C), 
mS/cm 

ρ (23 
°C), 

g/cm3 
Cation Anion 

[Set3]
+[TFSI]- 436.44 < RT 173.0 0.84 1.38 

 

 
[C4C1Pip]+[TFSI]- 399.39 < RT 31.5 5.12 1.46 

 

MW, molecular weight; m.p., melting point; η, viscosity; σ, conductivity; ρ, density; R.T., room temperature. 
 
During the study optimization of the main extraction parameters of HS-SPME procedure was performed to achieve the maximum 
sorption extractability and highest enrichment factors (EFs). The optimization of salt concentration, extraction time and temperature 
wereperformed by using а central composite design (Statistica 10 software package). Other parameters i.e. desorption temperature and 
time and mixing speed were adopted on the basis of theoretical analysis of literature data and preliminary experiments.During the 
studies it was shown thatthe values of EFs of Fiber 2 based on 1-butyl-1-methylpiperidinium cation are higher for all investigated 
compounds, if compare to Fiber 1 based on triethylsulfonium, what can be concluded that Fiber 1 is more suitable for determining 
VOCs than Fiber 2 (Figure 1).The combination of two ionic liquids in the sol solution of Fiber 3 indicates an increase in the EFs 
values only for some compounds (chlorobenzene, 1,2-, 1,3- and 1,4-dichlorobenzene ) compared to both fibers using single ionic 
liquids. 
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Figure 1:The enrichment factors of ionogel fibers in the HS-SPME of VOCs (83 μg L-1) with the optimal extraction conditions of each fiber 
 
In this work was investigated three new coating compositions for ionogel fibers of the HS-SPME, which showed high extractability 
for VOCs in aqueous samples and good sensitivity and precision when combined with a gas chromatograph with barrier ionization 
discharge detection.The obtained ionogel fibers showed promising features for their future applications as fibers for the extraction of 
other classes of compounds (for example, polycyclic aromatic hydrocarbons, phenols, triazines, esters, amines). 
Keywords: ionogel fibers, HS-SPME, ionic liquids, volatile organic compounds. 
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Abstract  

Chlorinated and brominated polycyclic aromatic hydrocarbons (ClPAHs and BrPAHs; XPAHs) are the halogenated 
derivatives of parent PAHs. They are released inti the environment as combustion byproducts and some may be formed in 
photochemistry. Two ring ClPAHs, i.e. polychlorinated naphthalenes (PCNs), have been listed in Annex A of the Stockholm 
Convention on Persistent Organic Pollutants (POPs) in 2015. Some high molecular weight XPAH congeners (≥3 rings) havebeen 
identified as very toxic(Ohura et al., 2007; Ohura et al., 2009). In some environmental matrices, the XPAH toxic equivalents were 
found higher than for PCDD/Fs(Ma et al., 2009). Therefore, analysis of XPAHs is important forlearning their environmental 
characteristics and evaluating their environmental risks. Very little is known so far about XPAHs in the environment in Europe. 

No standard method for XPAH analysis has been established so far. In previous studies, gas chromatography coupled to 
high-resolution mass spectrometry (HRGC/HRMS) has been used(Jin et al., 2017). Alternatively, GC coupled to tandem mass 
spectrum (GC/MS/MS)has been used for analysis of many POPs(van Bavel et al., 2015). GC/MS/MS offers both high selectivity and 
high sensitivity.  

Dry and wet depositions are important removal processes transferringorganic pollutants from atmosphere to terrestrial and 
marine ecosystems(Zhang et al., 2012).. This process has so far not been studied for XPAHs. In this study, total deposition samples 
from various types of site in central Europe are analysed for XPAHs using a newly developed GC/MS/MS method. 

In this analytical method, 20 ClPAHs and 28 BrPAHs were identified and quantified. All the XPAH congeners can be 
separated from each other very well. Precursor ions and product ions were selected for quantification and qualification. In addition, 
the collision energies for XPAH congeners were also determined. The correlation coefficients for all XPAHs in the calibration curves 
are higher than 0.99. 

 

Figure 1. Total ion chromatogram for the XPAHs in a total depositionsample. 

In total deposition samples from a background site,Churáňov, Czech Republic, by average 446  and 942 pg m-2 d-1 of 
∑20ClPAHs and ∑28BrPAH respectively, were found. The total deposition flux of BrPAHs with ≥3 rings were , corresponding to 36-
39% of ∑28BrPAH. This is the first study that reportsXPAH in deposition in Europe. 

Keywords: halogenated PAHs; total deposit samples; analytical methods;  
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Water-link distributes drinking water to over 2.5 million of residents in Flanders and The Netherlands. We start from surface water 
that we purify using different steps, of which active charcoal filtration removes organic contaminants out of the surface water. These 
organic contaminants arise from different sources located along the Albert Channel, which brings surface water coming from the 
River Meuse to the catchment areas of the production sites. It is almost impossible to screen the raw surface waters using a classic 
target analysis due to the enormous amount of possible compounds. Hence, a screening method, both suspect and non-target screening 
, has to be used for determining these contaminants, which consists of a LC- and GC-part, using LC-HR MS (Sciex) and GCxGC-
TOF MS (Leco) respectively. For the GCxGC-TOFMS method we performed until recently  the screeningmanually by the Leco 
software (ChromaTOF®). However, this is a time consuming procedure. To gain time we are usingnow a new software (GCxGC-
analyser™ by MsMetrix). We have validated this new method (using matrix additions in concentrations of 75 ng/L) and will compare 
this with the validation results from the manual method. In order to illustrate this new method we will present a real-world study in 
which we compare the screening results from effluents coming from companies, located along the Albert Channel with the results 
coming from drinking water. As such, assigning of compounds to sources is made possible. 

[1] GCxGC-Analyzer™, MSMetrix BV, Maarsen, The Netherlands 
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Abstract: Studies on determination of 2 antioxidants, 2,6-di-tert-butyl-p-cresol and 2,2'-methylenebis(4-methyl-6-tert-butylphenol) in 
new solid fuel formulations, by HPLC-photodiode array detection (PDA) and GC-MS in electron impact ionization mode, have been 
carried out. Methods have been developed for qualitative detection of antioxidants for GC-MS and quantitative measurement using 
HPLC-PDA. Sample preparation and analysis procedures have been optimized (SMT 40651, 2006). HPLC and GC-MS 
determinations were performed after sonication-assisted extraction with methanol. These techniques will be useful for monitoring of 
the content of the antioxidants during the chemical stability tests. 

 

Keywords: GC-MS, HPLC, solid fuel, BHT, AO-2246 

  

 

This paper reports studies on the simultaneous determination of 2 antioxidants, 2,6-di-tert-butyl-p-cresol (Butylated Hydroxytoluene - 
BHT) and 2,2'-methylenebis(4-methyl-6-tert-butylphenol) (AO-2246) in new solid fuel formulations by HPLC-PDA and GC-MS. The 
names of the 2 antioxidants, chemical structures and formulas, and CAS number are presented in Figure 1.    

                                                                                                                                                                         

a)     b) 

                                                                 

2,6-Di-tert-butyl-p-cresol   2,2'-Methylenebis(4-methyl-6-tert-butylphenol) 

(Butylated Hydroxytoluene - BHT)                 (AO-2246)                        

C15H24O      C23H32O2 

CAS [128-37-0]                                               CAS [119-47-1] 

MW 220      MW 340 

                                         

Figure 1: Data identification of BHT (a) and AO-2246 (b) 

mailto:nico.grigoriu@gmail.com
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Experimental 

Materials. Dichlomethane, acetone, hexane, methanol, HPLC grade was purchased from Aldrich Chemical, with purity higher than 
99%. 

Equipment. Thermo Electron Corporation gas chromatograph GC Focus equipped with a mass detector DSQII; Thermo Electron 
Corporation High Performance Liquid Chromatograph HPLC Surveyor Plus equipped with PDA; MEMMERT oven; KERN ABJ 
electronic balance; LABOROTA 4000, Aqua-wave 9377 Barnstead/Lab-Line ultrasound bath. 

Standards samples. A stock solution of BHT and AO-2246 was prepared in methanol. 2-Fold dilutions were made from the original 
stock solution to prepare 2 mL of working solution with concentrations of roughly 100 µg/mL. Exact concentration of the chemicals 
in the LC samples are presented in Table 1 and LC calibration curves in Figure 2. 

 

Table 1: Concentration of BHT and AO-2246  
 in LC samples of the dilution series 
 

                                     concentration level            
                                                   (µg/mL) in CH3OH 
        Sample code    BHT                  AO-2246 

                      

                                                                                     

     S1  6666                          7933  

     S2  3333      3966 

     S3  1666      1983 

     S4                  833                       991 

     S5                  416        495 

     S6                  208                     247    

     S7                  104                           124        

    Figure 2: LC calibration curves of BHT (up) and AO-2246 

 

Data acquisition and analysis conditions 

HPLC method. The HPLC measurements were carried out on a system equipped with a PDA capable of scanning the ultraviolet-
visible wavelength range from 190 to 800 nm. The Surveyor LC Pump Plus is a dual-piston, quaternary type, functioning at low-
pressure with mixing with a built-in vacuum degasser and pulse dampener. The LC was fitted with a 150 mm x 4.6 mm I.D. Hypersil 
Gold C18, 5 µm particle size (Thermo Fisher Scientific, USA). The oven temperature was held at 30 oC, vials tray temperature of 30 
oC, duration of acquisition 16 minutes, domain of acquisition UV, wavelength of 280 nm, deuterium lamp. The mobile phase is a 
mixture of acetonitrile and methanol 70:30 v/v, flow rate of 0.5 mL/min; injections of 1µL volume. In order to obtain the best 
separation and determination of the studied chemicals via HPLC method, some important variables, such as mobile phase, ratio of 
mobile phase, detecting wavelength had been optimized. 

GC-MS method. GC-MS separations were performed on a Thermo Electron Corporation gas chromatograph GC Focus equipped with 
a mass detector DSQII. The GC was fitted with a 30 m x 0.25 mm I.D. TR-5MS bonded phase column, 0.25 µm film thickness 
(Thermo Fisher Scientific, USA). Helium was used as carrier gas at a column head pressure of 12 psi. The oven temperature was held 
initially at 40 °C for 2 min, programmed from 40 °C to 300 °C at 10 ○C min-1, and held at 280 °C for 10 min. Splitless injections of 1 
µL volume were made using a Thermo Electron Corporation AI800 autosampler. The electron ionization MS operating conditions 
were as follows: ion source pressure approximately 1.5 x 10-5 torr; source temperature, 250 °C; electron energy, 70 eV; and electron 
multiplier voltage +400 V relative to the autotune setting.  

 

 

 



195 
 

Results and discussions 

Sample preparation. The extraction procedures of the antioxidants from the real samples and ultrasonication time were optimized for 
the sample preparation procedure. The extraction efficiency was optimized by varying the solvent extraction: dichlomethane, acetone, 
hexane, and methanol. Homogenization, ultrasonication, or shaking was considered as the second factor for optimizing the isolation of 
chemicals from the matrix of solid fuel. Considering isolation technique and extractant, methanol was selected as the best extractant, 
while ultrasonication was selected for the present work because it is fast and easy to handle and control with significant recoveries of 
the chemicals. To get the best recovery, the ultrasonication time for the extraction was optimized. The result showed clearly that the 
recovery of the 2 antioxidants reached the maximum level at 4 hours.      

Real samples. Two solid fuel formulations, sample code SFPCH01 and SFPCH02, prepared with a different content of antioxidants, 
were investigated for identification by GC-MS and quantification by HPLC-PDA. LC chromatogram from the Figure 3 shows the 
analysis of the sample SFPCH01 after the extraction of 500 mg in 2 mL methanol and the presence of the 2 antioxidants, using the LC 
method described upper – BHT, retention time (tR) of 3.56 min. and AO-2246, tR of 4. 98 min. In EI total ion chromatogram, BHT 
was found at tR of 13.49 minutes and AO-2246 with 22.99 minutes retention time (MS spectra with the references in Figure 4). 

 

   

Figure 3: LC chromatogram of SFPCH01 (grey line),                                          Figure 4: EI mass spectrum of BHT and AO-2246 from the  
reference BHT, code sample S2_BHT (blue line), and AO-2246,                                          sample code SFPCH01, with the references spectra of the  
cod sample S3_AO2246 (green line)                                                                                       two antioxidants 
 

Conclusions 

Studies on monitoring the content of 2 antioxidants, BHT and AO-2246, from 2 solid fuel formulations were carried out by GC-MS 
and HPLC-PDA. The procedures for sample preparation and analysis were optimized. Total concentration of BHT and AO-2246 was 
224 µg/mL for SFPCH01 and 835 µg/mL for SFPCH02, that correspond with the used concentration for preparing the formulations of 
the solid fuel and no degradation products were detected.  
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Abstract 

Within the European Community, the quality and safety of water intended for human consumption is currently disciplined by the so-
called 98/83/EC Drinking Water Directive. 

As a result of the Regulatory Fitness and Performance programme (REFIT) evaluation and of the follow up actions to the European 
Citizens’ Initiative (ECI) Right2Water, the European Commission adopted on 1 February 2018 a proposal for the revision of the 
Drinking Water Directive(European Commission, 2018). The upcoming proposal for the revision of the 98/83/EC Directive requires 
the  monitoring of the nine bromine- and chlorine congeners of haloacetic acids, HAAs, (monochloro-, dichloro-, and trichloro-acetic 
acid, mono- and dibromo-acetic acid, bromochloroacetic acid, bromodichloroacetic acid, dibromochloroacetic acid and tribromoacetic 
acid), which must not be present at concentrations higher than 80 µg/L as a sum. The upcoming revision of the 98/83/EC Directive is 
also going to regulate the presence of chlorate and chlorite, which are predominantly formed when the disinfectant used is a 
hypochlorite solution.  

For those regions whose drinking water sources are impacted by sea water intrusion and thus contain relatively high concentrations of 
Br- and I- ions, besides brominated compounds, the presence of iodinated (emerging) DBPs in finished drinking waters could also be 
observed(Pan, Li, An, Cui, & Wang, 2016). Bromate occurrence in drinking water is ascribed to the oxidation of Br- naturally 
occurring in water during ozonation process, even if bromate could be present, as a contaminant, in commercial solutions of sodium 
hypochlorite used for disinfection of drinking water(Weinberg, Delcomyn, & Unnam, 2003). Since bromate is considered a probable 
human carcinogen, listed in IARC B2 Group, its presence in drinking waters is regulated both by US EPA and 98/83/EC Directive, 
which set a limit of 10 µg/L. 

In view of the upcoming revision of the Drinking Water Directive 98/83/EC, municipal water plants that treat and supply potable 
water as well as institutions in charge to control safety of the distributed drinking waters must be ready to measure all the above-
mentioned compounds in a routine basis, meeting future legislative requirements. 

The aim of this work is to develop a sensitive, accurate method, without sample pretreatment, for the determination of DBPs, 
including emerging iodinated HAAs, in one chromatographic run, to be used by the laboratories of the municipal potabilization plants 
for the routine controls required by the upcoming Drinking Water Directive. 

With the aim of satisfying currently accepted EPA standards (US Environmental Protection Agency, 2009) in an analytical method of 
wider applicability, an ion chromatographic method with tandem mass spectrometry was here optimized for the simultaneous 
determination of the DBPs subjected to attention of the future legislation, as well as bromate (already included in the 98/83/EC), and 
monoiodo-, chloroiodo- and diiodo-acetic acids as emerging HAAs. 

To this purpose, mass spectrometer conditions (RF lens settings and collision energies for each transition) were optimised for each 
analyte. Moreover, chromatographic conditions (column, eluent conditions, suppressor current, diverter valve intervals) were 
carefully tuned in order to allow the separation of the 15 DBPs in drinking water samples with reduced MS suppression effects. A 
typical separation obtained for the 15 DBPs at optimized conditions is shown in Figure 1. 

Before applying the developed method to real samples, the robustness of the method was checked evaluating the recovery of analytes 
in samples withdrawn from different points of three potabilization plants, characterized by matrix composition at different 
complexity. 

Quantitation limits (78-342 ng/L) and acceptance criteria of the method fully comply future regulatory requirements.  
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The method is currently routinely applied for the analysis of the fifteen DBPs by the laboratory in charge of supplying and monitoring 
drinking water in the Italian city of Torino. The method flexibility allows to be implemented for the analysis of further emerging 
pollutants. 

This study represents the first example of simultaneous analysis of the DBPs included in the forthcoming Drinking Water Directive 
revision and a rare example in Italy of development and application of direct injection IC/MS-MS technique for the analysis of 
organic and inorganic disinfection by-products along the drinking water supply chain (raw, treated and distributed waters). 

Keywords: drinking water directive, haloacetic acids, ion-chromatography, mass spectrometry, plant monitoring 

 

 

Figure 1:IC-MS/MS separation of the fifteen disinfection by-products at optimized conditions (2 µg/L each). Signals of isotopically enriched 
internal standards are also shown. 

References 

European Commission. (2018). Proposal for a Directive of the European Parliament and of the Council on the quality of water 
intended for human consumption, available at https://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1519210589057&uri=CELEX:52017PC0753. 

Pan, Y., Li, W., An, H., Cui, H., & Wang, Y. (2016). Formation and occurrence of new polar iodinated disinfection byproducts in 
drinking water. Chemosphere, 144, 2312-2320.  

US Environmental Protection Agency. (2009). Method 557: determination of haloacetic acids, bromate, and dalapon in drinking water 
by ion chromatography electrospray ionization tandem mass spectrometry (IC-ESI-MS/MS). EPA Document no. 815-B-09-
012. 

Weinberg, H. S., Delcomyn, C. A., & Unnam, V. (2003). Bromate in Chlorinated Drinking Waters:  Occurrence and Implications for 
Future Regulation. Environmental science & technology, 37(14), 3104-3110. doi:10.1021/es026400z 

 
  

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1519210589057&uri=CELEX:52017PC0753
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1519210589057&uri=CELEX:52017PC0753


198 
 

Development of a novel methodology for the determination of priority pollutants and 
emerging contaminants in Asopos river water samples by GC-EI-MS/MS and GC-APCI-

QTOFMS 
 

 

E.I.Panagopoulou, M.-C.Nika, G.Koulis,D.E.Damalas and N.S.Thomaidis* 

 
National and Kapodistrian University of Athens, Department of Chemistry, Laboratory of Analytical Chemistry, Panepistimiopolis 

Zografou, 15771 Athens, Greece 
 

*E-mail: ntho@chem.uoa.gr 
 

Abstract 

Over the last decade, the development of high resolving power mass analyzers (HRMS) has contributed significantlyto the expansion 
of environmental studies’interest from therestricted determination of priority pollutants to the wide-scope screening of emerging 
contaminants (ECs), which may pose significant risk to human health and the aquatic environment (Geissen et al, 2015). In the ECs 
analysis field, there is a clear trend toward LC-HRMS as the majority of ECs are more polar, less volatile and thermally instable, and 
consequently, less GC-amenable. However, many high usage ECs, as well as priority pollutants, are volatile and thermostable, 
therefore GC-HRMS methods should be developed. So far, less polar and more volatile compounds remain unexploited, pinpointing 
the need for the establishment of efficient GC-HRMS workflows in order to extend the chemical domain of the applied screening 
approaches in monitoring studies. 

Asopos river is located in Sterea Ellada, north of Athens, andpasses through areas where 20% of total Greece industrial production 
takes place.The extensive installation of industries in the area near the river, and the uncontrolled disposal of industrial and 
agricultural wastes into the river, make the water quality of Asopos questionable (Dokou et al, 2013).The environmental problem of 
Asopos river basin is known since 1969, due to the detection of high Cr (VI) concentrations in ground and river water samples with 
potential carcinogenic effects to human health.However, the probable occurrence of industrial and agricultural organic chemicals with 
unknown toxic effects has not been studied so far. This is the first environmental monitoring study in Greece including not only the 
determination of legislated compounds, but also the wide-scope screening of organic chemicals for which no occurrence data exist. 

The aim of this study is the development of a novel methodology for the determination of GC-amenable priority pollutants and 
emerging contaminants in river water samples from Asopos, following targeted analysis and non-target screening.Since the chemical 
domain of the analysis includes compounds with a wide variety of physicochemical properties, a generic sample preparation protocol 
should be followed. Analysis will be performed by both low and high resolution mass analyzers, in order to fully exploit the 
capabilities of each technique. The GC-EI-MS/MS analysis will provide lower detection limitsfor the priority pollutants included in 
Directive 2013/39/EU. On the other hand,GC-APCI-QTOFMS(novel technique), will be used for non-target screening purposes and 
retrospective analysis due to its high resolving power and mass accuracy in full scanmode(Portolés et al, 2010). 

Several sample preparation methods will be tested, including different extraction techniques and initial sample volumes. In particular, 
the potential scope extension of ISO 28540:2011 (method for the determination of PAHs) to a wide variety ofvolatile and 
thermostable compounds will be tested. Moreover,the application of solid-phase extraction with different sorbents like C18 (500 mg) 
and HLB (200mg)willbe evaluated, as well.For the GC-EI-MS/MS method validation and for the applicability domain evaluation of 
the non-target GC-APCI-method, performance criteria will be evaluated with spiked samples of a representative group of compounds, 
for which reference standards are available. The validation dataset is comprised of more than 200 compounds in total, including 
chemicals from different classes of GC-amenable compounds, like PAHs, PCBs and pesticides (OCPs,organophosphates,triazines, 
pyrethroids etc.). 

The developed methodology will be applied to the analysis of Asopos river samples. In total 60 samples were collectedin 
November/December 2018, from 2 sampling points, one close to industrial and agricultural activities and one close to the estuaries of 
Asopos. Two portable autosamplerswere used in order to collect 24-hour samples from the river for 30 consecutive days. The results 
will indicate the contamination degree of Asopos river basin due to the occurrence of GC-amenablepriority pollutants and emerging 
contaminants.In addition, the detection trend of the aforementionedanalytes will be evaluated on a monthly basis. 

Keywords:Priority pollutants, Emerging Contaminants, River water, Gas chromatographic techniques. 
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Abstract 
Heat-not-burn tobacco devices have been lately introduced as alternatives to smoking, gaining popularity day by day. IQOS devices, 
are such devices, converting HeatSticks by heating them up to 350˚C, into an inhalable phase. Five different types of HeatSticksare 
available for customers and were included in this study.  In this study the possible existence of  potentially harmful chemical 
compounds, such as Volatile Organic Compounds (VOCs) containing BTEX (Benzene, Toluene, Ethylbenzene and Xylenes) and 
Polycyclic Aromatic Hydrocarbons (PAHs), has been evaluated. The sampling (Olmedo, Navas-Acien, Hess, Jarmul& Rule, 2016) 
performed by heating different types of HeatSticks with an assay of smoking procedure, 2sec puff with 30sec inter-puff time for 11 
times per HeatStick. Apart from aerosol, gas phase was adsorbed into a charcoal tube. The aerosol after pretreatment was analyzed for 
PAHs, while the charcoal tube (gas phase) was analyzed for VOCs and BTEX specifically. The modified sampling array and analysis 
procedure described precisely in Figure 1. The determination of these compounds was carried out by gas chromatography coupled 

with mass spectrometry (GC-MS). BTEX concentration levels ranged from 22,1 10 to 278 10 μgper stick. Toluene was the most 

abundant of BTEX followed by benzene. Other measured VOCs in the same samples showed concentrations lower than 237 10 μg 
per stick. Isoprolyltoluene, styrene, 4-chlorotoluene, n-propylbenzene, n-butylbenzene and methyl methacrylate were the most 
characteristic analytes in this category. PAHs analysis of aerosol, presented measurable results with high molecular PAHs 
(benzo[a]anthracene, pyrene, indeno[1,2,3-cd] pyrene, benzo[b,k]fluoranthenes) contributing even in higher concentrations than 1ng 
per stick.  

Keywords: IQOS, chemical analysis, sampling of gaseous pollutants. 
 

 
 

 

 

 

 

 

 
 

 

 

 

 

Figure 1: Sampling array and analytical procedure of BTEX, VOCs and PAHs. 
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Abstract 

 

Introduction 

The marine environment and its biological resources are threatened by the presence of anthropogenic chemicals originating from 
industrial, domestic, and agricultural applications.Halogenated flame retardants (HFRs), including historically used polychlorinated 
biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), and a myriad of other emerging and alternativeHFRs with similar 
physiochemical properties,are of particular concern due to their persistence, bioaccumulation, and toxicity. With a cumulative global 
production of brominated flame retardants exceeding 200,000 tons per year in 2012 and even higher production volumes of 
chlorinated flame retardants(Bergman et al., 2012), historical and emerging halogenatedflame retardants have been found worldwide 
in sediment and throughout trophic levels in marine organisms (Aznar-Alemany et al., 2018). For a better assessment of the 
occurrence and behaviour of these compounds, environmental monitoring programs need to rely on robust and accurate methods to 
screen for trace levels in biota samples. The difficulty inherent to these matrices come from the need to separate the analytes, which 
occur at the pg level,from the co-extracted compounds of the matrix, namely lipids, which are found at the mg level.The lipids are not 
only present at higher concentrationsas compared to the analytes, but they are also likely to cause signal suppression and matrix-
interference during sample analysis. Currentlyavailable methods traditionally rely on phase separation of sulphuric acid (H2SO4) 
treated extracts, molecular size fractionation by gel permeation chromatography (GPC), and fractionation by normal phase column 
chromatography. These techniques can be combined to achieve higher lipid removal fromthe extracts. However, due to the 
heterogeneous nature of the HFRs, the transferability of methods already validated for PCBs and PBDEs is rather limited as a priori 
knowledge of the elution behaviour or stability to sulphuric acid treatment is not guaranteed. 

 

Objectives and methods 

The target compoundsincluded 14 BDE congeners (17, 28, 47, 66, 71, 85,99, 100, 138, 154, 153, 183, 190, 209), 17 brominated 
compounds (2,4,6-Tribromophenol (TBP), 2,4,6-Tribromophenyl allyl ether (TBP-AE), 2,3,4,5-Tetrabromo-6-chlorotoluene (TBCT), 
Pentabromotoluene (PBT), Pentabromoethylbenzene(PBEB), 2-Ethylhexyl 2,3,4,5-tetrabromobenzoate (EH-TBB), 
Pentabromobenzene (PBB), Hexabromobenzene (HBB), Pentabromobenzyl acrylate (PBB-Acr), Bis(2-ethylhexyl) 
tetrabromophthalate (BEH-TEBP), Tetrabromobisphenol A (TBBPA), Tetrabromobisphenol A bismethyl ether (TBBPA-BME), 1,2-
bis(2,4,6-Tribromophenoxy)ethane (BTBPE), Decabromodiphenylethane (DBDPE), 4-(1,2-Dibromoethyl)-1,2-dibromocyclohexane 
(DBE-DBCH) isomers, Hexachlorocyclopentadienyl dibromocyclooctane (DBHCTD), Hexabromocyclododecane(HBCDD) 
isomers),and 3 chlorinated flame retardants (1,2,3,4,6,7,8,9,10,10,11,11-Dodecachloro-1,4,4a,5a,6,9,9a,9b-octahydro-1,4:6,9-
dimethanodibenzofuran or Dechlorane 602 (DDC-DBF), 1,2,3,4,5,6,7,8,12,12,13,13-Dodecachloro-1,4,4a,5,8,8a,9,9a,10,10a-
decahydro-1,4:5,8:9,10-Trimethanoanthracene or Dechlorane 603 (DDC-Ant) and Dodecachlorodimethanodibenzocyclooctane or 
Dechlorane Plus (DDC-CO) isomers). The objectives of this work were to develop, validate and compare two sample preparative 
procedures for the determination of historical and emerging HFRs in marine tissuematrices. All samples were extracted using 
microwave assisted extraction (MAE). The semi-automatised method, which involved a purification on GPC followed by a HPLC 
fractionation on an amino-cyano normal phase was compared to the more traditional method, which was based on H2SO4 treatment of 
the extracts followed by silica column chromatography. The analysison both methods was performed bygas-chromatography(GC) and 
liquid-chromatography (LC) coupled to tandem mass spectrometry (MS/MS).  
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Results 

The two methods were validated and compared with regards to extraction recoveries, repeatability, and ability to measure sub-ng/g 
(dry weight) concentrations in marine mussels. 

 

Figure 1:Extraction recovery yields of halogenated flame retardants on spiked samples (no matrix)using two different sample treatment procedures: 
a)H2SO4 treatmentof the extracts followed by silica column chromatographyand b) GPC purification followed by HPLC fractionation 

 

Despite different detection techniques by LC- and GC-MSMS, the sample fractionation of both methods enabled a unique sample 
preparation with no need for aliquoting. Both methods were found to remove most of the lipids and the clean-up method was found 
suitable for the LC- and GC-MSMS analysis. The majority of the target compounds had recoveries in the acceptable range of 80-120 
% for both techniques. However,the H2SO4 treatment resulted in degradation ofPBB-Acr and BEH-TEBP.The optimisations of the 
SPE, GPC and HPLC fractionations are described and discussed to afford easy implementation of the method. 

 

Keywords: Halogenated flame retardants, biota, clean-up 
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Abstract  

The 2008 Directive on Environmental Quality Standards (Directive 2008/105/EC) was transposed into Irish law by Statutory 
Instrument, S.I., No 272 of 2009. This provided for the setting of environmental quality standards (EQS) for a range of substances in 
surface waters and confirmed their designation as priority or priority hazardous substances. These regulations were later amended by 
S.I. No 386 of 2015, which gave effect to the amending Directive 2013/39/EU. The new regulations amended the list of priority 
substances and priority hazardous substances and provided for:  

• Six additional new priority substances, expanding the list to 27 substances;  

• Six additional new priority hazardous substances expanding the list to 21 substances;  

• Stricter EQS for four existing priority substances and slightly revised EQS for three others;  

• The introduction of new biota EQS for one priority substance and seven priority hazardous substances. Biota EQS values for 
three existing priority hazardous substances listed in S.I 272 of 2009 are unchanged by the new regulations.  

The Irish Environmental Protection Agency (EPA) was required to establish, and submit to the European Commission, a 
supplementary monitoring programme to include the twelve new substances. In order to inform the review of the EPA’s WFD 
monitoring programmes, a scoping study was carried out in 2017 and 2018 to determine the presence or otherwise of these new 
substances in the Irish aquatic environment.  

In total 87 water samples were taken and analysed from 24 sites across Ireland during four rounds of sampling from Autumn 2018 to 
Spring 2018. Several substances were detected in multiple samples at concentrations above the AA-EQS for inland waters. These 
included Cybutryne, Cypermethrin, Dicofol, and PFOS. The most widespread detections were for Cypermethrin, which was detected 
in 40 out of 67 samples, at sites throughoutIreland.  

There were no detections above the biota EQS for any of the four substances included in the study, though PFOS was detected in five 
of the 21 samples, albeit at levels below the biota EQS. 

All the data from the study was assessed by: 

• Determining the adequacy of the test method i.e. was the LOQ sufficiently below the EQS to provide statistical certainty to 
the detection 

• The number of detections above the AA-EQS 

For the water monitoring results, a decision on the requirement for future monitoring was made on the basis of the assessment. 

This paper will give an overview of Ireland’s recent Priority Substances Scoping Study as well as discussing the results and proposed 
changes to Ireland’s WFD monitoring programmeprogrammes 
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Abstract  

Over a long-term period,number of pharmaceutically active compounds (PhACs) have penetrated to the entire environment, including 
aquatic ecosystems, soils, and plants too.PhACs, originated from human or veterinaryutilization, pass usually through the waste water 
system, where they are not completely removed(Golovko, Kumar, Fedorova, Randak, & Grabic, 2014). PhACs remaining in waste 
water effluent or retaining in sludge can contaminate surface/ground water and soil, and consequently can be translocated to the 
plants(Madikizela, Ncube, & Chimuka, 2018). Recently, several studieswere focused on uptake of PhACs in plants, and some of them 
were engaged also in distribution of PhACs and their metabolites in different plant tissues(Kodešová et al., 2019).However, the 
knowledge on performance of method for PhACs analysis in plants is limited.   

 

In the present study, we evaluated extraction process and consequent method performance of nine pharmaceuticals (atenolol, 
carbamazepine, citalopram, clarithromycin, clindamycin, fexofenadine, irbesartan, metoprolol, and sulfamethoxazole) and their 
metabolites from four different parts of pea (Pisum sativum) – stem, leaf, root, and legume. Pea was originated form pea pot 
experiment, where plants were grown in soil and watered with solution of PhACs of interest.Control pea plants without adding of 
PhACs were used for validation of the extraction and analysis process. Extraction of freeze-dried samples was performed with solvent 
mixtures inball homogenizer. Sample treatment continued with centrifugation and filtration through syringe filter.Powder samples 
were fortified with native standards at different concentration levels (10, 100, and 1000 ng per g of sample) and internal standards 
added prior the extraction. Afterwards, extracts were analyzed by liquid chromatography hyphenated with hybrid quadrupole/orbital 
trap mass spectrometeroperated in high resolution product scan (HPLC-HRPS).  

 

Firstly, four different extraction solutions were tested in order to obtain optimal recovery values versusas low as possible matrix effect 
on LC-MS detection. Extraction with all four solvents showed sufficient robustness. Almost all recoveries ranged between 70 to 
120 % for all analytes and solvents mixtures. Mixture of acetonitrile and water acidified with formic acid was chosen for further 
evaluation of the method. Subsequently, matrix effect was studied for each type of tissue – leaf, stem, root and legume.There were 
found only negligible differences among matrix effect of different tissues and satisfactory recoveries at every concentration level. In 
conclusion, we developed and tested simple, rapid, androbust extraction method for different plant tissues. The method isrequired in 
studies of PhACs exposure and uptake in plants. 
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Abstract: 

A key issue in the environmental investigation and management is the ability to distinguish the contribution of the background to 
other sources of contamination. In this context, the evaluation of background values that characterize the area surrounding a 
contaminated site can help to reliably quantify the extent of pollution in that specific area, and/or to estimate the extent of pollutants 
propagation.(Cheng et al., 2010) 

In order to achieve this objective, isotopic measurements combined with pollutant concentrations maps can be used to establish the 
real extent of the contamination. In particular, the fingerprint of an element given by its isotopic composition allows to track the 
sources and transport pathways of heavy metals.(Alyazichi et al., 2016; Kong et al., 2018) Moreover, it is also possible to evaluate the 
relative contribution of the major pollution sources involved and determine if other point or non-point sources are co-present.(Brugam 
et al., 2012) 

In the proposed case study, the monitoring activity of a lead-contaminated industrial site in Bagnolo Mella (Italy), active from 1897 to 
1999, is reported. The site was subjected to a heavy lead pollution (conc.range d.w.: min 172 mg/Kg, max 3381 mg/Kg, mean 
1858mg/Kg Pb) likely originated from the "lead chambers process" used in the production of sulfuric acid. The Pb isotopic pattern of 
different samples taken in the surrounding areas clearly showed that the occurrence of lead cannot only be attributed to the identified 
industrial activity, but also to other sources such as land carryover (Figure 1).  

 

 

Figure 1:Isotopic distribution plot 208Pb/206Pb vs 207Pb/206Pb. The red area refers to the industrial waste (a), while the yellow one groups the 
contaminated soils close to the industrial waste (b). The green (c) and blue (d) areas identify the fields around the polluted site at 30 cm and 140 cm 
depth respectively. 

The applied approach proved to unequivocally distinguish both past and recent anthropogenic pollution from the natural background. 

Keywords: Lead, Isotope, Contaminate site, Pollution 
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Abstract 

Currently, there is increasingconcern about the potential of industrial chemicals to migrate from packaging materials and enter the 
human body. Bisphenol A (BPA) is an organic synthetic compound that is widely used as a starting material for the synthesis of 
plastics.BPA readily leaches out from plastic products into the environment, and into foodstuffs from packaging materials and 
therefore, human exposure can be considerable. BPA exposure comes primarily from consumption of food and beverages, and ithas 
been associated with a range of chronic human health conditions, including diabetes, cardiovascular disorders, polycystic ovarian 
disease, hepatotoxicity, and various types of cancer (Liu et al., 2018).Thus, there is an emerging need for the development of simple, 
sensitive and economic analytical methods for the efficient determination of BPA. Molecular imprinting is an attractive polymeric 
preparation technique for molecular specific recognition (Samanidou et al., 2016).Highly selective and efficient imprinted sol-gel 
silica based inorganicpolymeric sorbent (sol-gel MIP) was synthesized via matrix imprinting approach for the extractionof BPA from 
water, alcoholic and non-alcoholic beverages and further analysis with High Pressure Liquid Chromatography Diode Array Detection 
system (HPLC-DAD).The synthesized MIPs were evaluated as sorbents for molecularly imprinted solid phase extraction (MISPE) of 
BPA, studying the effect of critical extraction parameters such as the flow rate, elution solvent, sample and eluent volume, selectivity 
coefficient and retention capacity. 

 

Keywords: packaging materials, molecular imprinted polymers, bisphenol A, HPLC-DAD 
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Abstract: 

The concentration of atmospheric nitrogen oxidesNO and NO2 (NOx) is one of the most important parameters to evaluateatmospheric 
pollution. As a matter of fact, nitrogen oxides arerelated totraffic air pollutionand cause health effects and mortality as evident in 
epidemiological studies.1,2 Great interest is addressed towards the environmental monitoringof the main sources of NOx both in 
indoor and outdoor environments. 

Conventional measurements are typically conducted by using chemiluminescence analysers, that require electricity and 
temperaturecontrolledfacilities.Contrariwise, passive sampling devices are a less expensive alternative to automatic analysers for 
assessingair quality and can be used to mapspatial distributions and investigate long-term trends of nitrogenoxides by usingsimpler 
measurement technique.3 

Different attempts to produce simple and inexpensive deviceswith various designs for NOx air concentrations monitoring are reported 
in literature.De Santis and coworkers, to the best of our knowledge, have developed a passive sampler for NOx (NO + NO2) in the air 
by using an axial device and TEA/CrO3 as reactive sorbent.4 

In this context, we were interested to search an alternative and environmentally friendly methods that could, on the one hand, collect 
NO and NO2 simultaneously and, on the other, allow to overcome the environmental concerns related to the use of CrO3 as substrate. 
This work reports on the use of Na2CO3-impregnated silica as reactive substrate for atmospheric NOx using a new passive sampler 
device, fallowing three specific objectives:  

(1) to explore new substrates for the simultaneous measure of NO to NO2 overcoming environmental concerns connected to the use 
and disposal of CrO3 as oxidant agent. 

(2) to perform calculation of the diffusion sampling rate of the passive samplers.  

(3) to perform validation experiments in the laboratory and in the outdoor environment, by the correlation of NO and NO2 measured 
by passive samplers and with co-located chemiluminescence analyzer.5 
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Abstract 

Although the industrial and everyday life exposure to Pb(II) has significantly decreased over the years, its presence in trace levels is 
still of great concern. The latter is related to important health risks (including among others the damage on the gastrointestinal and 
neurological systems) connected to the chronic and acute exposure to Pb(II) (Pearce, 2007). Anodic stripping voltammetry 
measurements using bare or modified screen-printed electrodes (SPE) have been recently employed in the Pb(II) determination (Chen 
et al., 2013; Finšgar, Majer, Maver, & Maver, 2018; Mandil, Idrissi, & Amine, 2010; Pérez-Ràfols, Serrano, Díaz-Cruz, Ariño, & 
Esteban, 2016; Sosa, Serrano, Ariño, Díaz-Cruz, & Esteban, 2014). In this work electrochemical impedance spectroscopy (EIS) 
measurements performed at different accumulation and measured potentials were used to explain the performance of the bare SPE and 
the in situ Sb-film modified SPE (SbFSPE) in the determination of Pb(II) in non-deaerated water solutions. Method validation has 
been previously reported for both electrodes in 0.01 M HCl solution, and the limit of detection, linear concentration range, sensitivity, 
accuracy, and precision were determined (Finšgar, et al., 2018). The fitted EIS measurements showed that the bare SPE is both under 
kinetic and diffusion control, whereas the SbFSPE is only under kinetic control. In this work, the sensitivity of both methods is 
discussed from the fitting of the EIS response and compared with the sensitivity of the methods derived from the slope of the 
calibration curves. 

 

Keywords: heavy metal analysis; Sb-film screen printed electrode; electrochemical impedance spectroscopy 

 

Introduction  

Anodic stripping voltammetry (ASV) is one of the electroanalytical techniques that has been proven to be an excellent alternative to 
the spectroscopic techniques, providing high sensitivity, precision and accuracy for the in situ determination of trace heavy metals in 
various environments (Ariño, Serrano, Díaz-Cruz, & Esteban, 2017; Y. Lu et al., 2018). A significant advantage of this technique 
relies in the pre-concentration step which allows the determination of low concentrations of the analytes. In replacement to the 
mercury electrodes (due to its toxicity), a wide variety of electrodes has been employed in combination with the ASV technique 
(Arduini, Cinti, Scognamiglio, Moscone, & Palleschi, 2017; Ariño, et al., 2017; Y. Lu, et al., 2018).The in situ or ex situ preparation 
of different film electrodes through simultaneous electrodeposition of the analytes, such as Bi, Sb, Sn, Cu, Au and Pb or their 
combinations on the glassy carbon electrode (GCE) have been extensively reported(Finšgar & Petovar, 2018; Finšgar, Petovar, & 
Vodopivec, 2019; Finšgar, Xhanari, & Petovar, 2019a, 2019b; Hocevar, Švancara, Ogorevc, & Vytřas, 2007; Vasko Jovanovski, 
Hočevar, & Ogorevc, 2017; V. Jovanovski, Hrastnik, & Hočevar, 2015; Petovar, Xhanari, & Finšgar, 2018; Yi, Li, Ran, Luo, & Li, 
2012). 

In the last decades an increased interest from the research community regarding the use of screen-printed electrodes (SPE) in the trace 
heavy metals analysishas been observed. This is due to the fact that SPE are portable, which enables on-site analysis, provide a quick 
response with high method sensitivity and can be used for in situ analysis at room temperature(Barton et al., 2016; Li, Li, Li, & Long, 
2012; Niu et al., 2013). Moreover, no polishing step is required before the analysis with the SPE. Several studies have reported that 
the modification of the SPE in order to improve the selectivity and sensitivity of the method in heavy metal determination. This 
modification can beeither done by in situ or ex situ electrodeposition of the Bi-, Sb-, Au- and Ag-films on the working electrode,or by 
using a wide variety of compounds, i.e. complexes andpolymers (Barton, et al., 2016; Bernalte, Sánchez, & Gil, 2011; Domínguez-
Renedo, Ruiz-Espelt, García-Astorgano, & Arcos-Martínez, 2008; Finšgar, et al., 2018; Khaled, Hassan, Habib, & Metelka, 2010; Li, 
et al., 2012; Serrano, Díaz-Cruz, Ariño, & Esteban, 2010). 

Due to its effects on the environment and especially on the human health (Pearce, 2007), Pb(II) determination in different matrixes 
has always been of great interest. Several bare or modified SPE have been employed for Pb(II) trace analysis in combination with 
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anodic stripping voltammetry (Aliyu Tukur, Yusof, & Hajian, 2015; Chen, et al., 2013; Z. Lu et al., 2017; Maczuga, Economou, 
Bobrowski, & Prodromidis, 2013; Palchetti, Upjohn, Turner, & Mascini, 2011; Pérez-Ràfols, et al., 2016; Sosa et al., 2015). Recently, 
the reusability of bare SPE andin situ prepared Sb-film modified SPE (SbFSPE) in 0.5 mg/L Sb(III) and 0.01 M HCl solution, for the 
determination of Pb(II) in non-deaerated water solutions was reported (Finšgar, et al., 2018). The analytical performance of the bare 
SPE and the SbFSPE were first reported. Limits of detection (LOD) and quantification (LOQ) were lower for the bare SPE compared 
with the SbFSPE. A slightly wider linear concentration range was found for the bare SPE compared with the SbFSPE(i.e. 69.8–368.4 
μg/L for SPE and 24.0–319.1 μg/L). Although when employed for the first time the accuracy and precision of the SbFSPE was higher 
compared with the bare SPE, the increase in the number of consecutive uses resulted in lower accuracy and precision for SbFSPE, 
while the bare SPE produced accurate and precise results up to the fifth use. 

In this work, we expand the above mentioned work (Finšgar, et al., 2018) by performing a detailed electrochemical impedance 
spectroscopy (EIS) study with the aim of understanding how the number of consecutive uses influences the electroanalytical 
performance of the bare SPE and the SbFSPE sensor for the Pb(II) determination in 0.01 M HCl solution. The EIS measurements 
were carried out at the same potential as the accumulation potential (Eacc) and at the open circuit potential (Eoc).To the best of our 
knowledge no such detailed study has been performed previously about these types of sensors. 

 

Experimental 

The anodic stripping voltammograms and the EIS measurements were obtained with a PGSTAT204 potentiostat/galvanostat 
controlled by Nova 2.1.3 software (MetrohmAutolab B.V., Utrecht, The Netherlands).The SPE sensor (DS 110) purchased from 
DropSens (Llanera, Spain) consisted of carbon-based working and counter electrodes. In order to better control the potential of the 
reference electrode an external Ag/AgCl(saturated KCl) electrode was employed instead of the Ag pseudo reference electrode in the 
SPE sensor.A 1.0 M KCl (Carlo Erba Reagents, Val de Reuil, France) solution containing 10 mM K3[Fe(CN)6] (Sigma Aldrich, St. 
Louis, Missouri, USA) was used to test the reversibility of the sensor with cyclic voltammetry. The supporting electrolyte was a 0.01 
M HCl (Carlo Erba Reagents, Val de Reuil, France) solution. 

The pre-concentration step was performed at Eacc = –1.1 V for 60 s under continuous stirring. No stirring was used during the 
equilibration step (15 s) as well as during the square-wave anodic stripping voltammetry (SWASV) measurements, which were 
performed in the potential range from –1.1 to 0.3 V with a potential step of 4 mV. The signal for the positive-going square-wave 
potential scan had a 25 mV amplitude and 25 Hz frequency. A potential of 0.3 V was applied for 30 s, under continuous after each 
SWASV measurement to clean the sensor. 

A 10 mV amplitude (peak to peak) signal was used to perform the EIS measurements in the frequency range from 5mHz to 1 MHz 
with 5 points/decade. The EIS measurements were preceded by pre-concentration step. The EIS spectra were recorded both at the 
same potential as the accumulation potential (Emeas = Eacc), i.e. at –1.1 V, as well as at the open circuit potential (Emeas = Eoc). The 
obtained EIS response was fitted with using the ZView2.80 software (Scribner Associates, Southern Pines, North Carolina, USA).The 
equivalent electrical circuit (EEC) models with lowest error of the fitting procedure in each case were employed to fit the EIS 
measurements. 
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Results and discussion 

The EIS spectra for the bare SPE and the SbFSPE containing169.1 μg/LPb(II) (a concentration at which both SPE and SbFSPE have 
linear response) were recorded both at the accumulation potential (i.e. Eacc = –1.1 V) and at the open circuit potential after six 
consecutive uses. The EIS measurements performed at Eaccgive information on the electroanalytical performance of the sensor after 
each term of consecutive use. Meanwhile, the EIS measurements performed at the open circuit potential shed light on the performance 
of the sensorsin their natural state. 

Figure 1 presents the EIS response (Nyquist plots) of the bare SPE and the SbFSPE sensors (dotted curve), obtained at the same 
potential as the accumulation potential (Emeas = Eacc). For both sensors significant changes in their resistive behavior can be observed 
when increasing the number of the consecutive uses. Based on the highest goodness of the fitting procedure two models presented in 
Figure 2 have been selected to fit the EIS response obtained with these sensors. The fitted curves (continuous line) are also presented 

in Figure 1. 

 

 

Figure 1: Nyquist spectra (dotted curve) and the respective fit (continuous line) measured at Eacc= –1.4 V with (a) bare SPE and (b) SbFSPE sensors 
in 0.01 M HCl solution containing 169.1 μg/LPb(II). 

 

The selected EEC models consists of a combination of resistances (R), constant phase element (represented by Q1 to describe the 
nonideal capacitance) and the Warburg element (W). The EEC model A,used to fit the EIS response obtained with the SbFSPE 
(Figure 1b) is the Randles model (RΩ(Q1Rp) model).RΩis the uncompensated resistance, and is largely influenced by the solution 
resistance. The double layer capacitance (represented with Q1) and the polarization resistance (Rp) describe the behavior at the surface 
of the sensor which is covered by the Sb-film. The SbFSPE sensor follows only kinetic-controlled processes according to this model. 

 

 

Figure 2:The EEC models used to fit the EIS response obtained with the bare SPE and the SbFSPE electrodes formed in situ at 0.5 mg/L Sb(III) in 
0.01 M HCl solution. 

 

Model B – RΩ(Q1[RpW]),shows that the bare SPE sensor is both under kinetic- and diffusion-controlled processes. In this model the 
Warburg element (W) is additionally added to model A. 
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Table 1 summarizes the EEC models used to fit the EIS response obtained with the bare SPE and SbFSPE at the same potential as the 

accumulation potential (as given in Figure 1) as well the response obtained with these sensor at the open circuit potential.As shown in 

Table 1, the behavior of the sensors changes when the measurements are performed at the open circuit potential. 

Table 1: EEC models used to fit the EIS response measured at Eaccand at Eocusing the bare SPE and the SbFSPE formed in situ at 0.5 mg/L Sb(III) in 
0.01 M HCl solution containing 169.1 μg/L Pb(II). 

Sensor EEC model 
Emeas = Eacc 

SPE B 
SbFSPE A 

Emeas = Eoc 
SPE A 
SbFSPE B 

 

The higher the Rpthe more resistance encounters the electron to be transferred to the electroactive species in solution. This will lead to 
a less intensive analytical signal in the SWASV measurement, i.e. a lower sensitivity of the method. 

 

 

Figure 3: The variation of Rpvalues (obtained from fitting the EIS response) with the number of consecutive uses for the SPE and SbFSPE when the 
EIS measurements were performed (a) at Eacc or (b) at Eoc. 

 

The influence of the number of consecutive uses of the sensors on their Rp values (obtained from the fitting procedure) is presented in 
Figure 3. For the measurements performed at the same potential as the accumulation potential (Figure 3a), the Rp values of both 
sensors decrease when increasing the number of consecutive uses. However, a slight increase is observed, however for the Rp values 
obtained with the bare SPE after the fifth consecutive use. Moreover, independently of the number of consecutive uses a more 
resistive system (higher Rp values) was obtained with the bare SPE compared with the SbFSPE. This will imply higher method 
sensitivity for SbFSPE compared to the bare SPE.It was previously reported (Finšgar, et al., 2018) that the slope of the calibration plot 
measured was higher for SPE compared with SbFSPE, which will imply a higher sensitivity of the method for SPE compared to 
SbFSPE. This discrepancy can be explained with the fact that the bare SPE follows both kinetic- and diffusion-controlled processes. 
The latter, slows down the overall reaction affecting this way the rate of the electron transferring process, which as described above is 
connected with the sensitivity of the method. 

For the measurements performed at the open circuit potential (Figure 3b) the Rp values obtained from fitting the EIS response of the 
bare SPE first increased after the first time used and then continuously decreased when increasing the number of consecutive uses. 
The opposite trend was observed in the case of the SbFSPE, where the Rp values continuously increased with the number of 
consecutive uses. Moreover, independently of the number of consecutive uses a more resistive system was obtained with the SbFSPE 
compared with the bare SPE.  
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The capacitance (Cx) values can be calculated from the respective resistance (Rx) and non-ideal capacitance (parameter Qx) values 
according to Equation 1: 

 

𝑪𝐱 =  (𝑹𝐱 ∙ 𝑸𝐱)𝟏 𝒏𝐱⁄𝑹𝐱                       (1) 

 

The total capacitance (Ct) can be calculated according to Equation 1. For the used models,Ct represents the double layer capacitance 

(C1). Figure 4 presents the influence of the number of consecutive uses on the Ct values obtained from fitting the EIS response of the 
bare SPE and the SbFSPE measured both at the same potential as the accumulation potential (Emeas = Eacc), and at the open circuit 

potential (Emeas = Eoc). For the measurements performed at the same potential as the accumulation potential (Figure 4a), independently 
of the sensor, no significant change of the Ct values is observed when increasing the number of consecutive uses.  

 

  

 

Figure 4:The variation of Ctvalues (obtained from fitting the EIS response) with the number of consecutive uses for the SPE and SbFSPE when the 
EIS measurements were performed (a) at Eacc or (b) at Eoc. 

 

The same behavior is also observed for the bare SPE when the measurements are performed at the open circuit potential (Figure 4b), 
i.e. no influence of the number of consecutive uses on the Ct values.Meanwhile, for the SbFSPE the Ct values increased slightly when 
increasing the number of consecutive uses. 

 

Conclusions 

Electrochemical impedance spectroscopy (EIS) measurements were employed to study the performance of the bare SPE and the 
Sb-film in situ prepared SPE (SbFSPE) sensors in 0.01 M HCl solution for Pb(II) determination. The EIS measurements have been 
performed at the same potential as the accumulation potential (Eacc) and at the open circuit potential (Eoc).  

EIS measurements showed that for the bare SPE, when measured at Eacc, the systems followed both kinetic- and diffusion-controlled 
processes,while the SbFSPE sensor follows only kinetic-controlled processes.The electrochemical behaviour of the sensor changed 
when the measurements were performed at Eoc.Higher polarization resistance (Rp) values were obtained after each consecutive use 
from fitting the EIS response at Eacc when using the bare SPE compared with the SbFSPE, indicating higher method sensitivity for 
SbFSPE compared with the bare SPE.No significant influence of the number of consecutive uses on the total capacitance (Ct) values 
for both systems, independently if the measurements were performed at the same potential as the accumulation potential or at the open 
circuit potential. 

 

 



216 
 

 

 

Acknowledgments 

The authors would like to acknowledge the financial support for this project received from the Slovenian Research Agency (grant 
numbers P2-0032 and J1-9169). 

 

References 

Aliyu Tukur, S., Yusof, N., & Hajian, R. (2015). Gold nanoparticles-modified screen-printed electrode for determination of Pb(II) ion 
using linear sweep anodic stripping voltammetry. IEEE Sensors Journal, 15(5), 2780-2784. 

Arduini, F., Cinti, S., Scognamiglio, V., Moscone, D., & Palleschi, G. (2017). How cutting-edge technologies impact the design of 
electrochemical (bio)sensors for environmental analysis. A review. Analytica Chimica Acta, 959, 15-42. 

Ariño, C., Serrano, N., Díaz-Cruz, J. M., & Esteban, M. (2017). Voltammetric determination of metal ions beyond mercury 
electrodes. A review. Analytica Chimica Acta, 990, 11-53. 

Barton, J., García, M. B. G., Santos, D. H., Fanjul-Bolado, P., Ribotti, A., McCaul, M., et al. (2016). Screen-printed electrodes for 
environmental monitoring of heavy metal ions: a review. Microchimica Acta, 183(2), 503-517. 

Bernalte, E., Sánchez, C. M., & Gil, E. P. (2011). Determination of mercury in ambient water samples by anodic stripping 
voltammetry on screen-printed gold electrodes. Analytica Chimica Acta, 689(1), 60-64. 

Chen, C., Niu, X., Chai, Y., Zhao, H., Lan, M., Zhu, Y., et al. (2013). Determination of lead(II) using screen-printed bismuth-
antimony film electrode. Electroanalysis, 25(6), 1446-1452. 

Domínguez-Renedo, O., Ruiz-Espelt, L., García-Astorgano, N., & Arcos-Martínez, M. J. (2008). Electrochemical determination of 
chromium(VI) using metallic nanoparticle-modified carbon screen-printed electrodes. Talanta, 76(4), 854-858. 

Finšgar, M., Majer, D., Maver, U., & Maver, T. (2018). Reusability of SPE and Sb-modified SPE sensors for trace Pb(II) 
determination. Sensors, 18(11), 3976. 

Finšgar, M., & Petovar, B. (2018). Novel in situ Bi−Sb-Film Electrodes for Trace Heavy Metal Analysis. Electroanalysis, 30(11), 
2781-2792. 

Finšgar, M., Petovar, B., & Vodopivec, K. (2019). Bismuth-tin-film electrodes for Zn(II), Cd(II), and Pb(II) trace analysis. 
Microchemical Journal, 145, 676-685. 

Finšgar, M., Xhanari, K., & Petovar, B. (2019a). A comparison of hydrochloric acid and acetate buffer media for trace metal analysis 
using Sb-film electrodes: A detailed electrochemical impedance spectroscopy study. Journal of The Electrochemical Society, 

166(4), H108-H118. 

Finšgar, M., Xhanari, K., & Petovar, B. (2019b). Copper-film electrodes for Pb(II) trace analysis and a detailed electrochemical 
impedance spectroscopy study. Microchemical Journal, 147, 863-871. 

Hocevar, S. B., Švancara, I., Ogorevc, B., & Vytřas, K. (2007). Antimony Film Electrode for Electrochemical Stripping Analysis. 
Analytical Chemistry, 79(22), 8639-8643. 

Jovanovski, V., Hočevar, S. B., & Ogorevc, B. (2017). Bismuth electrodes in contemporary electroanalysis. Current Opinion in 

Electrochemistry, 3(1), 114-122. 

Jovanovski, V., Hrastnik, N. I., & Hočevar, S. B. (2015). Copper film electrode for anodic stripping voltammetric determination of 
trace mercury and lead. Electrochemistry Communications, 57, 1-4. 

Khaled, E., Hassan, H. N. A., Habib, I. H. I., & Metelka, R. (2010). Chitosan modified screen-printed carbon electrode for sensitive 
analysis of heavy metals. International Journal of Electrochemical Science, 5, 158-167. 



217 
 

Li, M., Li, Y.-T., Li, D.-W., & Long, Y.-T. (2012). Recent developments and applications of screen-printed electrodes in 
environmental assays—A review. Analytica Chimica Acta, 734, 31-44. 

Lu, Y., Liang, X., Niyungeko, C., Zhou, J., Xu, J., & Tian, G. (2018). A review of the identification and detection of heavy metal ions 
in the environment by voltammetry. Talanta, 178, 324-338. 

Lu, Z., Zhang, J., Dai, W., Lin, X., Ye, J., & Ye, J. (2017). A screen-printed carbon electrode modified with a bismuth film and gold 
nanoparticles for simultaneous stripping voltammetric determination of Zn(II), Pb(II) and Cu(II). Microchimica Acta, 

184(12), 4731-4740. 

Maczuga, M., Economou, A., Bobrowski, A., & Prodromidis, M. I. (2013). Novel screen-printed antimony and tin voltammetric 
sensors for anodic stripping detection of Pb(II) and Cd(II). Electrochimica Acta, 114, 758-765. 

Mandil, A., Idrissi, L., & Amine, A. (2010). Stripping voltammetric determination of mercury(II) and lead(II) using screen-printed 
electrodes modified with gold films, and metal ion preconcentration with thiol-modified magnetic particles. Microchimica 

Acta, 170(3), 299-305. 

Niu, X., Lan, M., Zhao, H., Chen, C., Li, Y., & Zhu, X. (2013). Review: Electrochemical stripping analysis of trace heavy metals 
using screen-printed electrodes. Analytical Letters, 46(16), 2479-2502. 

Palchetti, I., Upjohn, C., Turner, A., & Mascini, M. (2011). Disposable screen-printed electrodes (Spe) mercury-free for lead 
detection. Analytical Letters, 33(7), 1231-1246. 

Pearce, J. M. S. (2007). Burton’s line in lead poisoning. European Neurology, 57(2), 118-119. 

Pérez-Ràfols, C., Serrano, N., Díaz-Cruz, J. M., Ariño, C., & Esteban, M. (2016). New approaches to antimony film screen-printed 
electrodes using carbon-based nanomaterials substrates. Analytica Chimica Acta, 916, 17-23. 

Petovar, B., Xhanari, K., & Finšgar, M. (2018). A detailed electrochemical impedance spectroscopy study of a bismuth-film glassy 
carbon electrode for trace metal analysis. Analytica Chimica Acta, 1004, 10-21. 

Serrano, N., Díaz-Cruz, J. M., Ariño, C., & Esteban, M. (2010). Ex situ deposited bismuth film on screen-printed carbon electrode: A 
disposable device for stripping voltammetry of heavy metal ions. Electroanalysis, 22(13), 1460-1467. 

Sosa, V., Barceló, C., Serrano, N., Ariño, C., Díaz-Cruz, J. M., & Esteban, M. (2015). Antimony film screen-printed carbon electrode 
for stripping analysis of Cd(II), Pb(II), and Cu(II) in natural samples. Analytica Chimica Acta, 855, 34-40. 

Sosa, V., Serrano, N., Ariño, C., Díaz-Cruz, J. M., & Esteban, M. (2014). Sputtered bismuth screen-printed electrode: A promising 
alternative to other bismuth modifications in the voltammetric determination of Cd(II) and Pb(II) ions in groundwater. 
Talanta, 119, 348-352. 

Yi, W. J., Li, Y., Ran, G., Luo, H. Q., & Li, N. B. (2012). Determination of cadmium(II) by square wave anodic stripping 
voltammetry using bismuth–antimony film electrode. Sensors and Actuators B: Chemical, 166-167, 544-548. 

  



218 
 

Fabric phase sorptive extraction followed by high-performance liquid chromatography 
(HPLC-DAD) for the determination of psychoactive drugs in environmental samples 

 

 

Jiménez Holgado C., Vourdas N., Stathopoulos. V. and Sakkas* V. 

 
University of Ioannina, Department of chemistry, 45110, Ioannina-Greece 

vsakkas@uoi.gr 
 

 

Abstract: 

 

The contamination of water is a high risk to human health, thus there is an urgent need to rapidly detect water pollution in the field. 
The present work, describes a fast, sensitive and selective procedure for contaminants of emerging concern such as psychoactive 
drugs Citalopram, Clozapine and Sertraline, used in the treatment of mental diseases. The determination and preconcentration of the 
target analytes in environmental water, was achieved with an innovative Fabric Phase Sorptive Extraction (FPSE) (Samanidou et al., 
2017), followed by High Performance Liquid Chromatography (HPLC) equipped with a diode-array detector (DAD). The behaviour 
of different substrates has been studied such as laboratory filter paper as well as 3D-printed PLA, a biodegradable and low cost 
material.  

The set-up of the extraction process and the type of coating were the variables exerting the most prominent effects in the repeatability 
and the yield of the extraction, respectively.The chromatographic separation was carried using a mobile phase consisted of methanol 
and water acidified with phosphate buffer of pH 3.0 at a flow rate 0.3 mL/min on SpeedCore C18 50x2.1 mm column. 

Characterization of the materials and surfaces was carried out by FT-IR, contact angle and roll-off angle measurements, differential 
scanning calorimetry and optical microscopy. 

 

Keywords: Fabric phase sorptive extraction, HPLC-DAD, water samples, microextraction, sol–gel 
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Abstract 

Overwhelming evidence over many decades has shown that many organic compounds have been released in the environment 
due to anthropogenic activities. The term “chemicals of emerging concern (CEC)” has been established for chemicals, which are not 
subject to marketing restrictions and regulatory monitoring  programmes but are candidates for future regulation, due to their frequent 
detection in environmental samples and their hazardous properties(Thomaidis et al, 2012; Gavrilescu et al, 2015; Dulio et al, 
2018).Frequently, data for their occurrence in foodwebs and their distribution in ecosystems are missing, which increases the concern 
about their effects on the ecosystems, biota and human health. CECs, in many studies, are determined by targeted methods, based on 
the analysis of reference standards (e.g., plant protection products, OCPs, PAHs, PFAS, pharmaceuticals and veterinary medicines). 
However, despite the high selectivity and sensitivity of targeted methods, using mainly selected reaction monitoring (SRM) mode of 
detection, they are limited to the determination of a restricted number of compounds. On the other hand, High Resolution Mass 
Spectrometry (HRMS) techniques, giventhe high resolution capability (R=35000) and mass accuracy in full scan mode, have enabled 
the simultaneous determination of hundreds of emerging contaminants and their transformation products, even if reference standards 
are not commercially available (Picóet al, 2012; Du et al, 2017). 

Although there are more than 60,000 chemicals marketed in Europe, so far only 600 chemicals have been screened and 
identified as PBT (persistent, bioaccumulative, toxic), ED (endocrine disrupting) and/or CMR (carcinogenic, mutagenic, toxic for 
reproduction), because human and environmental hazard assessment is laborious and often obstructed due to the lack of data (ECHA’s 
2016 General Report, ECHA 2017). The determination of contaminants in apex predators and their prey (AP&P) allows toidentify the 
emergence of chemicals including substitutes of regulated compounds whichmay present similar levels of hazard.The quantitative 
measure of regulated contaminants allows to evaluate the effectivenessof risk mitigation measures. Apex predators are well suited to 
the monitoring of environmental contaminants andinclude several characteristics to support risk assessment studiesfor a number of 
reasons including: their position at the top of food webs, a relatively long lifespan over which to accumulatecontaminants, integration 
of exposure both over time and relatively large spatial areas, relative ease with which samples can be obtained, and relative ease with 
which populations can be quantified and monitored. 

The EU funded LIFE APEX project(LIFE17 ENV/SK/000355, 2018-2022), demonstrates the use of AP&P in monitoring 
contaminants in the environment and assessing the effectiveness of chemicals risk management measures under EU regulations. The 
aim of LIFE APEX is to improve systematic use, by regulators, of chemical monitoring data from apex predators (harbour seal, 
common buzzard, Eurasian otter) and prey (bream/roach/perch, eelpout/marine fish) for better chemicals management, thereby 
reducing exposure to harmful substances and protecting human health and the environment. 

For this purpose, up till now62recent samples of AP&P, gathered byEnvironmental Specimen Banksand Natural History 
Museums(from United Kingdom, Germany, Netherlands and Sweden),were analyzed for the determination of emerging contaminants 
following novel wide-scope target screening methodologies. All samples were lyophilized before analysis, in order to enhance 
extraction efficiency, improve the precision, and achieve lower detection limits. The analytes were extracted from the dry matrices 
through generic methods of extraction, using an accelerated solvent extraction, followed by clean-up through solid phase extraction 
cartridges. The final extracts were analyzed by both liquid and gas chromatography coupled to HRMS, using electrospray and 
atmospheric pressure ionization techniques (LC-ESI-QToF and GC-APCI-QToF), respectively.The samples were screenedfor the 
presence of more than 2,400 organic pollutants including compounds of different classes (such as pharmaceuticals, personal care 
products, biocides, plant protection products, llicit drugs, stimulants, sweeteners, and industrial chemicals, e.g. per- and 
polyfluorinated compounds (PFASs), flame retardants, corrosion inhibitors, plasticizers, surfactants), as well as their transformation 
products and metabolites.The identification of the compounds was based on mass accuracy, isotopic fitting, retention time and 
fragmentation pattern criteria, while quantification was realized by standard addition method. Preliminary results indicate the presence 
of numerous plant protection products (including DEET, myclobutanil and terbuthylazine) and industrial chemicals (including 
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benzotriazole and tolytriazole) in the tested samples. Moreover, PFAA presented were detected in many samples at high concentration 
levels. 
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Apex predators, Emerging contaminants, High Resolution Mass Spectrometry,Biomagnification 
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Abstract: 

Organophosphorus flame retardants and plasticizers (OPFRs) are a group of chemical substances that are used as additives in different 
types of materials and chemical formulations. These compounds are found in polymers used in electronic equipments, furniture, 
construction materials, vehicles, etc. High amounts of OPFRs are globally used and due their low removal in wastewater treatment 
plants and their environmental persistencythese compounds are ubiquitously detected in the aquatic environment. In order to evaluate 
if the levels of OPFRs in environmental waters can pose a risk to the aquatic ecosystem, analytical methods that allow accurate 
quantification of these contaminants at low concentrations are necessary. The most used techniques for the determination of OPFRs in 
environmental samples are gas chromatography (GC) and liquid chromatography (LC) coupled to mass spectrometry (MS) (Quintana 
et al., 2008). GC-MS systems equipped with programmable temperature vaporizing injector(PTV) offer the possibility of injection of 
larger sample volumes, resulting in lower detection limits (Naccarato et al., 2017). The aim of this study was to develop a method for 
determination of OPFRs in river water byPTV-GC-MS. 

 

The studied OPFRs weretris(2-choroethyl) phosphate (TCEP), tris(2-chloroisopropyl) phosphate (TCIPP), tris(1,3-dichloroisopropyl) 
phosphate (TDCIPP), tris(phenyl) phosphate (TPHP), 2-ethylhexyl diphenyl phosphate (EHDPHP), tris(butyl) phosphate (TNBP), 
tris(isobutyl) phosphate (TIBP), tris(2-butoxyethyl) phosphate (TBOEP), tris(2-ethylhexyl) phosphate (TEHP) and tris(methylphenyl) 
phosphate (TMPP). Multivariate optimization was used in order to find the best condition for injection of larger sample volume in the 
PTV-GC-MS systemin order to achieve lower instrumental detection limits (IDL) for the target OPFRs.A 23 full factorial (FF) 
experiment was performed for the solvent evaporation optimization and the studied factors were injection velocity, purge gas flow and 
purge time. Then, a 24 FF experiment was performed in order to optimize the transfer of OPFRs from the injector to the GC column, 
and the studied factors were transferring temperature, heating rate, splitless time and column isotherm time. The optimization of the 
PVT conditions was performed by injecting a 9 L of a standard solution mix containing ten OPFRs at 0.5 ng µL-1 in ethyl acetate, 
and the MS detector operated in Full SCAN mode.Acquisitionmode of the ion trap MS detector was also optimized. Single ion 
monitoring (SIM) and selected reaction monitoring (SRM) conditions were optimized and the performances for the target OPFRswere 
compared in terms of repeatability, linearity and IDL.For extraction of samples a volume of 250 mL of unfiltered river water was 
extracted using 200 mg OASIS HLB cartridges, and elution was performed with 7 mL of dichloromethane/acetone (1:1 v/v) and 7 mL 
of dichloromethane/hexane (1:1 v/v). Recoveries were evaluated forriver water samplesspiked with labelled surrogates (TNBP-D27 
and TPHP-D15) and OPFRs at two different levels (1 g L-1 and 0.1 g L-1). The matrix effect on the instrumental response for 
OPFRs in river water extract was studied. For this purpose, three calibration curves were prepared, which were named standards in 
solvent calibration - SSC, river water matrix-matchedcalibration - RWMC, and cartridge matrix-matched calibration - CMC. The 
solvent used was ethyl acetate. The SSC curve was prepared in clean 2 mL vials. The RWMC curve was prepared in 2 mL vials 
containing a dried extract of 250 mL ofriver water (extracted and eluted as described previously). The CMC curve was prepared in 2 
mL vials containing a dried extract of HLB cartridge (eluted as described previously). 

 

The multivariate optimization allowed determining the best conditions for large volume injection in the PTV-GC-MS system. The 
optimized injection conditions were: evaporation temperature - 40 °C; injection speed - 100 µL s-1; gas purge flow - 10 mL min-1; 
purge time - 0,25 min; transferring temperature - 280 °C; heating rate - 3 °C seg-1; splitless time - 5 min; column isotherm - 6 min. 
Then,the volumes 2, 5 and 9 μL of a standard solution were injected, in quintuplicate, in the PTV-GC-MS system under the optimized 
conditions. Results are presented at Figure 1.A significant increase on the peak height was observed for all OPFRs when comparing 
the results obtained for 2 and 5 μL. However, when comparing the results obtained for 5 and 9 μL, the increase of peak height was 
lower than the expected and in some cases no significant increase was observed. This occurred because the peak bands obtained for 9 
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μL were wide and with tails. In addition, the relative standard deviation (n=5) of peak heights obtained for 5 and 9 μL ranged from 5 
to 16%and from 4 to 35%, respectively. Therefore, the5 μL injection volume was chosen in this study. 

 

 

Figure 1: Effect thesample volume injected into the PTV-GC-MS system on the peak heightof each OPFR. 

 

Better linearity and lower detection limits were obtained when operating in SIM mode, which was chosen for quantifying river water 
extracts. The matrix effect (ME) was evaluated by comparing the slopes of SSC, RWMC and CMC curves. ME was calculated as: 

 

ME = [(RWMC slope / SSC (or CMC) slope) – 1] x 100 

 

Figure 2 presents the obtained results for the matrix effect study. Both SSC and CHC curves presented different slopes than the 
RWMC curve. However, the ME obtained for the SSC curve(average 14.5%) was higher than for CMC curve (average 8,1%), and 
TCEP, TBOEP, EHDPHP and TEHP presented ME higher than 20% in SSC curve, against only TBOEP in CMC curve. The CMC 
curve was chosen for calibration of chromatographic system due its better performance. CMC curve is a better option than the RWMC 
curve due the difficulty in obtaining a representative river water sample without OPFRs for preparation of RWMC curves for routine 
analyses. 

 

 

Figure 2: Matrix effect (%) obtained for SSC and CMC curves. 

 

The recoveries obtained for spiked river watersamples (Figure 3) ranged from 40 to 120% (average 86%), with RSD lower than 20%, 
except for TBOEP in Level B (RSD = 30%), attributed to the presence of TBOEP in the river water sample at concentrations in the 
same magnitude order than the used for spiking. The method detection limits (MDL) rangedfrom 0,003 to 0,015 g L-1 and the 

method quantification limits (MQL) ranged from 0,009 to 0,049 g L-1. These limits attended the established criteria in this study, 
which was to obtain MDLs at least ten times lower than the predicted no-effect concentration (PNEC) for each OPFRs, obtained 
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based on ecotoxicological data (Verbruggen et al., 2005), and MQL at least three times lower than the respective PNEC.Finally the 
method was applied for analysis of river water samples collected in the Sao Paulo state, and the presence of several OPFRs was 
observed in these samples at ng - µg L-1 levels. 

  

 

Figure 3:Recoveries obtained for OPFRs in spiked river water at Level A (1 g L-1) and Level B (0.1 g L-1). 

 

 

In conclusion, the developed method was adequate for the determination of OPFRs in river water samples and can be applied for 
monitoring studies aiming environmental risk assessment related to the presence of these contaminants in river water. 

 

Keywords: organophosphorus flame retardants, GC-MS, river water. 
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Abstract  

Heavy metals are considered as important pollutants of water systems due to their toxic properties, environmental persistence, and the 
ability to be incorporated into the food chain. The anthropogenic origin of heavy metals in the water systems is related to the 
industrial and agricultural activity that has been developed around the proper area. In this study the underground water system in 
Berati district is evaluated based on the assessment of the occurrence and distribution of some heavy metals in the waters of 18 wells 
located in this area.  All samples were filtered with a 0.45μm glass filter and analyzed for the concentration of Pb, Cd, Ni, Cr, Fe, Cu, 
Al, Zn, Na, K, Ca, Mg using standard procedures[1]. Environmental status of studied water wells is assessed based on the 
requirements of European Communities Environmental Objectives (Groundwater) Regulations 2010 in terms of whether its ability for 
human consumption in drinking water or other human uses. The analyses indicated that metals concentrations were lower than the 
Threshold Values[2] or Mandatory Limit Values[3]. However distribution of heavy metals in wells waters differ among the samples. 
Descriptive analyses confirm the anthropogenic origin of Al, Cu, Ni and Fe, while the probability curves confirm that external 
pressures can contribute to heavy metal levels in the water of wells in the district. 

Keywords: Heavy Metals, Groundwater, Well water 

Introduction 

Groundwater contamination with heavy metals is one of the most important environmental issues as they are toxic even at low 
concentrations. In many cases people have used groundwater as a source of drinking water and for other uses as well. Typically, 
ground water should be naturally clean and safe for consumption. However contamination may occur and wells should be properly 
maintained. The main aim of this study is to investigate current metal distributions and concentrations in the ground water near the 
former battery plant and its adjacent areas, examine the environmental status, and update the information for effective environmental 
management in the region. Groundwater is used for community water supply as for public and private purpose. Waste generated by 
the activity of this plant have been a constant source of contamination to the environment, plants, animals as well as local community.  

Sampling sites description 

Water samples were manually collected at surface depth in each family well(shown in figure 1), using PET bottles, according to the 
standard method Nr 105, described in the “Standard Methods for the Examination of Water and Waste Water”[1], case of heavy 
metals. Samples were transported to the laboratory within the same day, using cooling boxes, were immediately filtered with 0.45µm 
glass filters and the filtrate was acidified to pH=2 with concentrated HNO3. Acidified samples were stored at temperature +4oC till the 
analyses. 

 

Figure 1:Map of sampling sites 
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Results and discussions 
 
The concentration of analyts in water samples was determinedbased on linear regression calibrationaccording to the standard method 
Nr 304 of the “Standard Methods for the Examination of Water and Waste Water” using AAS technique[1]. Descriptive statistics 
(mean, standard deviation, min, max, value and median) was used and the calculated values for each analyt are summarized in Table 
1. All data were tested for normal distribution by means of the probability plots (figure 2, figure 3), using the MINITAB 15 Statistical 
Software.  

Area around Berati including the ancient Berati of 2400 years old and the National Park of Tomori especially rich on flora and fauna, 
this area is very attractive from touristic point of view and is under protection. On the other hand, this area is known for agricultural 
and livestock. There are 35.700 ha agricultural area, where grains and olives are cultivated. Olive currently occupies about 11% of the 
surface and this is continuously increased. Arboriculture and vineyards are also traditional for this area. Also greenhouses for 
vegetable production have been increased from year to year and now occupy 100 ha area.Analysis showed that the metals content in 
all analysed samples were lower than the required limits for ground water. The differences between samples indicate the contribution 
of agricultural activity. 

Table 1:Statistical parameters of heavy metals in wells waters (μg.L-1) 

Parameter Al Ca Na  Cu K Ni Fe Cr Pb Cd Mg Zn 

Mean 23.53 71.10 8.21 6.08 0.69 9.00 22.08 6.01 3.56 0.34 42.95 0.03 

Min 20.2 36.49 6.35 2.05 0.25 0.40 11.17 <dl 1.92 0.22 34.35 <dl 

Max 77.45 97.30 10.58 19.20 1.95 54.80 152.33 11.21 4.95 0.55 72.38 0.09 

Median 17.63 72.29 8.16 4.65 0.62 2.85 13.81 6.42 3.63 0.33 41.36 0.03 

St. dev. 18.95 15.96 0.86 4.14 0.41 15.61 32.64 3.89 0.85 0.069 8.13 0.03 

ThV/MLV *150 - *150 *1500 - *15 **200 *37.5 *18.75 *3.75 - **5000 

*ThV- Threshold Values[2]; **MLV –Mandatory Limit Values[3] 

 

Figure 2: Probability plot of Cr and Pb distribution in waters of Berati Wells 

The content of Pb which was supposed to indicate the effect of old industrial activity (former battery plant), resulted in a very low level and 
also to normal distribution. The same situation is found for the concentration of Cr in the analysed samples. The presence of Cr is related to 
the geological composition. 

 

Figure 2: Probability plot of metals distribution in waters of Berati Wells 
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The development of agricultural is associated with increased quantities of chemical fertilizers and pesticides which contain in their 
molecular structure metal atoms which gradually accumulate in the environment and under specific conditions can be cause serious 
water pollution problems.Both fertilizers and pesticides constitute an important source for ground water pollution and the water 
quality of the well in this area. As the water of the wells is used for irrigation and partly as drinking water, a negative impact is 
expected on the quality of human life, the quality of regional livestock products such as milk, meat, and their by-products. That’s why 
the monitoring of the area is done through the analyzing of water samples from family wells of the area under investigation.The 
propability plots shown in figure 2 indicate the influence of agriculture activity developed recently in the area around Berati district. 
Although the level of metals is lower than the required limits established in EU regulations the environmental state of ground water in 
that area should be continuously under investigation.  
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Abstract: 

 
The use of nanostructured materials synthesized from metal salts has been attracted the attention of researchers and industries with the 
purpose of developing innovative applications in several sectors such as energy, health and food (PORTO et al, 2017). One of these 
materials considered very promising in nanotechnology is zinc oxide (ZnO), which has been studied since the 1970s. Due to different 
chemical, optical, mechanical, electrical and magnetic properties, the zinc oxide nanoparticles have a wide range of possibilities for 
applications (MAYRINCK, 2014). 

Zinc oxide nanoparticles have been widely used in biomedical applications, from diagnosis to treatment, in spatial pharmaceuticals 
and cosmetics. Some years ago they are already used in sunscreens because they are attenuating agents of ultraviolet radiation, in 
emulsions and as antimicrobial and antifungal agents (SRUTHI, S., ASHTAMI, J.; MOHANAN, 2018; MAYRINCK, 2014).  

With the data currently available, there is a risk of the uncontrollable use of zinc nanocomposites, which, with increasing use may 
reflect in ecosystem and humans (SRUTHI, S.; ASHTAMI, J .; MOHANAN, 2018).  

For the synthesis of the zinc oxide nanoparticles according to the procedure described by FARARIM and LEITE (2018). The protein 
sol-gel method was used by means of low cost precursors (gelatin) and low calcination temperatures during the process. The process 
is shown inFigure 1. 

 

 

 

 

 

A sample of water containing high organic matter (Sai-Guaçu river) was collected in Santa Catarina State-Brazil. The aquatic humic 
substances (AHS) were extracted and used in the simulation of the presence of organic matter. The sample (250 mL) was passed 
through an ultrafiltration system containing a membrane of 1 KDa. The metal determined in this aliquot is the free metal. The 
concentration of the total metal and the free metal was determined using atomic absorption spectrometry. A solution containing Ca, 
Mg, K, Cu, Fe, Mn was prepared and 50 mg of zinc oxide nanoparticles were added. After 24 hours in equilibrium for the nano-metal 
interaction  of SHA (100 mg L-1) was added. The Figure 2 shows the behavior of the free metal concentration of Ca, Mg, K, Cu, Fe, 
Mn and Zn present in solution in contact with the zinc oxide nanoparticles and subsequent addition of the AHS. 

Figure 1: Stages for the synthesis of zinc oxide nanoparticles. 

Source: the authors 
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From 0 to 240 minutes a decrease in the concentration of free metals for Mn, Mg and Cu is observed indicating the formation of M-
AHS complex. The effect was lower for the complexes formed between SHA and Ca, K and Fe. It was observed that a high 
concentration of bioavailable Zinc. Zinc from the nanoparticles showed 99% free metal after 24 hours and 96% free metal after 7 days 
in contact with the humic substances.  

In order to observe the availability of zinc in solution 50 mg of zinc nanoparticles were added to 250 ml of in natura sample of Sai-
Guaçu River. The Figure 2 shows the behavior of the free zinc concentration evaluated in a period of 0-24 hours and after 7 days. 
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Considering that before the addition of the zinc oxide nanoparticle, the concentration of free Zn in the water in natura was 
3,943 mg L-1, it is perceived that from the first minutes to seven dayx, the concentration of free Zn increases. This behavior indicates 
that the Zn of the nanoparticle becomes biovailable in the presence of the organic matter. 
This result is very important considering that new materials reach aquatic systems at the end of the life cycle. The study reveals that 
the zinc present in zinc oxide nanoparticles are free in aquatic systems and are not complexed with organic matter becoming 
bioavailable in the environment and interacting with aquatic species and indicating potential toxicity. 

 

Figure 2:Concentration of free metal determined in the filtrate after the addition of the Sai Guaçuriver Aquatic Substances to the zinc-
metal nanoparticle complexes, over 24 hours 

Source: own authorship 

Figure 3: Free Zn concentration determined in the filtrate after addition of zinc oxide nanoparticles to metal-MON complexes 

Source: the authors 
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Abstract 

 

The invention of fabric phase sorptive extraction (FPSE) has begun a new era in analytical sample preparation by inventively 
combining two competing sample preparation techniques, solid phase extraction (SPE) and solid phase microextraction (SPME) into a 
single sample preparation technology platform. The integrated system, FPSE utilizes a flexible, yet active fabric (cellulose, polyester, 
and fiberglass) substrate to host a thin layer of sol-gel derived high performance extracting sorbents. The engineered selectivity of the 
sol-gel sorbents and the hydrophobicity/hydrophilicity of the fabric substrate synergistically complement to the net polarity of the 
fabric phase sorptive extraction membrane and consequently, determine its extraction efficiency as well as selectivity. The sponge-
like porous architecture of the sol-gel extraction sorbent and the inherent permeability of the fabric substrate create an extraction 
medium that mimics a solid phase extraction disk and allows permeation of aqueous sample matrix through its body, leading to rapid 
sorbent-analyte interaction and subsequent successful retention of the analyte(s) onto the extraction medium. The flexibility of the 
FPSE medium permits its direct insertion into the sample container for analyte extraction, and thus minimizes the number of transfer 
containers used in the sample preparation process. The sol-gel coating technology allows utilization of typical functional ligands 
commonly used in solid phase extraction such as C4/C8/C18 as well as organic/inorganic polymers used in solid phase 
microextraction such as polydimethylsiloxane (PDMS)/polyethylene glycol (PEG). Unlike SPE and SPME, FPSE can be performed 
either in equilibrium extraction mode (as in SPME) or in exhaustive extraction mode (as in SPE). In addition, sol-gel coated sorbents 
demonstrate superior thermal, solvent and pH stability (1-13) compared to their conventional counterparts. Due to these and other 
attributes, FPSE has gained considerable popularity in a short period since its inception and has highlighted numerous unique 
applications in a wide variety of samples including food[1-4], urine[5], blood[6], wastewater[7] and air[8].  

In the current talk, the analytical data pertaining to some new and fascinating applications of FPSE will be presented.    

Keywords: fabric phase sorptive extraction, Sample preparation, green analytical chemistry, High throughput analysis 

 

Figure 1. Steps in fabric phase sorptive extraction (FPSE): (1) unfiltered, dirty environmental sample; (2) FPSE media on watch 
glass; (3) an FPSE medium on a tweezer; (4) fabric phase sorptive extraction; (5) back-extraction in organic solvent; (6) transferring 
preconcentrated eluent into sample vial; (7) analysis in GC; (8) analysis in HPLC [9]. 
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Abstract 

Tirana is one of the major Cities of Albania, which used water from three different types of water resource, groundwater from spring, 
surface water (Bovilla reservoir) and private well water. Groundwater and surface water managed by Municipality of Tirana, and kept 
under control of Laboratory of Water-Sanitation. Whereas private well water aren’t kept under control by public institution like 
Laboratory of Water-Sanitation of Tirana or Public Health Institute. Groundwater and surface water is according of network 
distribution by pipeline. This water used by people as a tap water. According to the Laboratory of Water-Sanitation of Tirana water is 
suitable for drinking water, and fulfills quality of Albanian standard. The present study was designate to examine the physicochemical 
water quality from ground water, surface water and private well water. Water samples were collected for a period of three months 
from April to May 2017 and analyzed for water quality parameters by following standard methods. All samples analyzed for pH, 
Temperature, EC, TDS, Total hardness, Calcium, Magnesium, Chloride, Nitrite, Nitrate, and Ammonia. Data analysis was performed 
by statistic calculation. By observing the results it can be concluded that parameters which were taken for tap water quality are below 
the pollution level. Whereas at the private well water was found some parameters such as nitrate and ammonium are over the 
permissible values. Other parameter which has high level is hardness and this water classified as “moderate hardness”. In general, water 
from Selita and Bovilla sources that used in Tirana City is suitable for drinking and uses for some various purpose like domestic, 
agricultural, industrial etc. 

Keywords - tap water, quality, physicochemical, Tirana, pollution  
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Abstract 

β-cyclodextrin decorated magnetic activated carbon was used as an adsorbent in the developed magnetic solid phase microextraction 
method for preconcentration of hydrocortisone. This method was optimised using the central composite design in order to determine 
the most influential experimental parameters. Whereby the hormone levels were determined using high performance liquid 
chromatography equipped with a photodiode array detector (HPLC-DAD). Under optimum conditions, the method proved to be linear 
between the LOQ-1000 µg L−1 with a correlation coefficient of 0.9960 and limits of detection and quantification at   0.47 and 1.6 µg 
L−1 respectively. The equilibruim data proved best fitted into  a Languimur isotherm model in which  the maximum adsorption 
capacity was found to be 270 mg g−1. The developed procedure demonstrated a high potential as an effective technique for  used in 
wastewater samples without significant interferences. 

Keywords: Βeta-cyclodextrin decorated magnetic activated carbon; Response surface methodology; Hydrocortisone; Hormones; 
Wastewater 
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Abstract 
The isotopic composition of CO2has been widely used for studying ecosystem gas exchange.The carbon isotope ratio and oxygen 
isotope ratio of atmospheric CO2(δ13C; δ18O) can be used to partition the gross fluxes of CO2 in terrestrial ecosystems, such as plant 
respiration, soil respiration and plant assimilation, as well as a tool for studying ocean-atmosphere interactions.  
The characteristic δ13C value is modified by plant metabolism and photosynthesis, while the δ18O is affected by the oxygen exchange 
between the molecules of CO2 and H2O which originate from different water pools. 
 
Here we present new possibility for monitoring of CO2 fluxes, Thermo Scientific™ Delta Ray™ spectrometers. Instrumentation is 
based on direct absorption spectroscopy and it uses mid-infrared laser that operates at 4.3 µm. The laser scans over spectral region 
containing four CO2 absorption lines and isotope ratios are calculated from the spectrum fit. Calculation of different CO2 
isotopologues and determination of stable isotope ratios from spectrum is possible due to absorption lines which are shifted relative to 
each other.In direct absorption laser spectroscopy, the calculated isotope ratios are highly dependent on the CO2 concentration. 
Therefore, for maximal accuracy of the measurements, instrument has a possibility to adjust the concentration of reference gas to 
match the concentration of the sample gas. This technology enables simultaneous determination of δ13C, δ18O and CO2 concentration 
with precision better than 0.05‰. With measurement resolution of seconds, it is a great tool for monitoring quick changes in open 
systems and provides new insights in CO2 fluxes. 
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Glyphosate is a systemic organophosphorus herbicide brought to market by Monsanto since 1974 under the trade name Roundup® 
and is currently the No 1 selling herbicide worldwide due to the introduction of transgenic glyphosate-resistant crops in 1994. In 
2015, the World Health Organization's International Agency for Research on Cancer classified glyphosate as "probably carcinogenic 
in humans" (category 2A) based on epidemiological studies, animal studies, and in vitro studies (Guyton et al., 2015; Woźniak et al., 
2018).Despite that, in 2017 the European Commission renewed the approval of glyphosate based on the thorough assessment of 
ECHA and EFSA (https://ec.europa.eu/food/plant/pesticides/glyphosate_en; http://www.efsa.europa.eu/en/topics/topic/glyphosate).As 
a consequence there are numerous research works concerning glyphosate determination in water and food samples(Valle et al., 2018). 
Most of them are based on bench-bound instrumental methods that are not appropriate for glyphosate determination at the point of 
need. To fill this gap, the development of biosensors that could be incorporated in portable devices is currently pursuit (Verma & 
Bhardwaj, 2015).  

In the present study we present the fast, selective and sensitive determination of glyphosate in water samples using an optical 
biosensor based on White Light Reflectance Spectroscopy. The biosensor allows for the label-free real-time monitoring of 
biomolecular interactions taking place onto a Si/SiO2 surface by monitoring the shift in the reflected interference spectrum during the 
reaction (Stavra et al., 2018). The shift is converted in real-time by the software to effective biomolecular layer thickness in nm 
(signal). For the determination of glyphosate a competitive immunoassay format was followed. At first, the Si/SiO2 chips (5x15 mm2) 
were chemically functionalized with (3-aminopropyl)triethoxysilane and then biofunctionilized through immobilization of a 
glyphosate conjugate with bovine serum albumin (BSA). The chipswere then blocked with BSA, washed and dried in a N2 stream and 
assembled with a microfluidic module for the continuous delivery of the reagents and the real-time monitoring of the immunoreaction. 
Prior to the assay, glyphosate derivatization in the calibrators and/or samples through reaction with succinic anhydride was performed 
(Figure 1A).The derivatization procedure was optimized with respect to the concentration of anhydride in the reaction mixture, the 
duration of derivatization step, and the volume of derivatized calibrator/sample used for the assay, resulting in more than 1000 times 
improvement of assay sensitivity compared to that obtained using non-derivatized calibrators. For the assay, mixtures of calibrators or 
samples with a specific anti-glyphosate antibodyraised in chicken (IgY) were run over the surface, followed by reaction with a 
secondary antibody (rabbit anti-IgY antibody) for signal enhancement. All the assay parameters including the concentration of the 
glyphosate-BSA conjugate used for coating of the chips, the anti-glyphosate antibody concentration, the duration of each 
immunoassay step, and the composition of all the buffers used have been also optimized with respect to zero calibrator signal 
(maximum signal) and the assay sensitivity. For example as shown in Figure 1B, the increase of the anti-glyphosate antibody 
concentration from 5 to 50 μg/mL increased considerably the zero calibrator signal and the assay sensitivity. Therefore, a 50 μg/mL 
anti-glyphosate antibody concentration was selected for the final assay protocol. 
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Figure 1: (A) Glyphosate derivatization reaction with succinic anhydride. (B) Signals corresponding to zero calibrator (blue columns) or calibrators 
containing 0.02 (dark grey columns) and 1.6 ng/mL glyphosate (light grey columns) obtained from chips coated with 50 μg/mL of glyphosate-
BSAconjugate when assayed using a 5.0, 12.5, 25.0, 50.0 μg/mL anti-glyphosate antibody solution. In all cases, the anti-glyphosate antibody 
solution was run for 15 min followed by 10-min reaction with a 1 μg/mL anti-chicken IgG antibody solution. Percent values above the columns 
indicate percent inhibition obtained using the calibrators containing 0.02 and 1.6 ng/mL glyphosate with respect to the zero calibrator signals. Each 
point is the mean value of 3 measurements ± SD. 

In Figure 2A a typical glyphosate calibration curve is provided. The method was highly sensitive with a LOD at 0.05 ng/mL and 
dynamic range that extended up to 10 ng/ml. Recovery values ranging from 90.0 to 110% were determined in spiked bottled and tap 
water samples, demonstrating the sensor accuracy. In addition, the assay was repeatable with intra- and inter-assay coefficients of 
variation lower than 6.0 and 8.4%, respectively. The assay specificity was also determined using analogous to glyphosate compounds 
and negligible cross-reactivity values were determined. The assay duration was 25 min (15 min reaction with the specific anti-
glyphosate antibody and 10 min reaction with the secondary antibody) and each biochip could be regenerated and reused 
approximately 12 times without affecting the assay characteristics (Figure 2B). To the best of our knowledge this is the first label-free 
optical biosensor that can detect glyphosate in levels below the MRLs (0.1 ng/mL) set by EU for pesticides.  
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Figure 2: (A) Typical glyphosate calibration curve. Each point is the mean value of 3 measurements ± SD. (B) Zero calibrator values obtained after 
repetitive assay/regeneration cycles. Solid orange line corresponds to mean value of the 20 measurements; dashed green lines correspond to mean ± 
2SD limits. 

In conclusion, a fast, sensitive and selective assay for glyphosate in water samples was developed based on a label-free optical sensing 
principle that could be easily implemented to portable devices for on-site determinations. 

 

Keywords: glyphosate, water, optical immunosensor, label-free determination 
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Abstract: 

Here we report on the different approaches developed in our lab for the concentration and determination of NOx on atmospheric air. 

Keywords: NOx, colorimetric, Quantum dots, advanced materials 

Nitrogen oxides, mainly nitrogen dioxide and nitrogen oxide (NOx), are major atmospheric pollutants, which pose a potential threat to 
human health and the environment. NOx come from industrial waste, fuel oil, vehicle exhaust, etc. contributing to the depletion of the 
ozone layer and human health causing severe respiratory diseases. Therefore, measuring the concentration of NOx in the air 
accurately, sensitively, and conveniently is essential for atmospheric environment quality assessment. Here we report on the different 
approaches developed in our lab determination of this pollutant on atmospheric air. Figure 1 summarised methodologies developed to 
achieve simple and efficient devices for NOx determination. The adequate probes are entrapped into materials with good chemical 
and thermal stability and excellent optical transparency. Mainly two kind of materials have been evaluated: thin crosslinked polymeric 
films (Fig. 1 A and C) and soft materials as organogels (Fig. 1 B, i.e. an organic solvent gelated by the presence of a low molecular 
weight organogelator). Regarding the nature of the probe both colorimetric and fluorimetric organic dyes as well as quantum dots 
(QDs, i.e. CdSe/ZnS) have been successfully evaluated to detect NOx up to ppb levels. Furthermore, in order to monitor the presence 
of NOx in atmospheric air, we have developed a different device using a porous gas permeation membrane to divide the flow of air 
integrating gas pre-concentration and NOx determination (Fig 1 D). The integration of both systems will allow the development of 
devicesto be applied to analyse outdoor air with a comparable precision to that of the standard methods.  

 

 

Figure 1: A) colorimetric disposable polymeric test strips B) Chemical structure of organogelator. Photographs of representative samples of hybrid 
organogels containing different types of core and core–shell QDs under room (top) and UV (bottom) light, showing the luminescence of the QDs in 
organogel media.Emission spectra monitoring (λexc = 366 nm) of the CdSe/ZnS QDs (0.45 μM) in the toluene organogel of cyclophane 1 (2.6 mg 

mL−1) after addition of NO (1%).C) Fluorimetric disposable polymeric test strips. D) Tube-in-tube membrane device for the concentration of 
atmospheric NOx. 

A)

B)

C) D)
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Abstract 

The Flemish Environment Agency (FEA) plays a crucial role in the integrated water policy. It measures and controls the quantity and 
quality of surface  water in Flanders, manages water systems, collects a levy on water pollution and groundwater extraction, advises 
on environmental permits and takes care of the planning and supervision of the treatment infrastructure.  

For the control of the water quality,  POPs are monitored in surface water all over Flanders. Thousands of samples need to be 
analyzed each year  for more than 100 compounds, which makes  multi method analysis important for  a good performance of this 
task.  

An automated solid phase extraction method was developed for the simultaneous extraction of Tributyltin (TBT), Triphenyltin 
(TPhT), PBDE28, PBDE47, PBDE99, PBDE100, PBDE153, PBDE154, PCB28, PCB52, PCB101, PCB118, PCB138,PCB153 and 
PCB180. The sample preparation consists of two steps, first a derivatization step for TBT and TPhT followed by an extraction of 1L 
sample. The derivatization step is done with sodium tetra-ethylborate and has no effect on the PBDE and PCB compounds. The 
extracts are analyzed on a GC-MSMS for the organotin compounds and on a GC-HRMS for PBDEs and PCBs. 

The method is fully validated with LOQ according to WFD or Vlarem (Flemish Environment norm) and succesfully used in the 
monitoring programs of the FEA.  

 

Keywords: multimethod, organotin, solid phase extraction, POP 
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Abstract  

Graphene oxide (GO) is considered the form of graphene, where oxygen is introduced through chemical oxidation. It contains many 
oxygen-containing functional groups such as epoxide, hydroxyl on its basal plane and carbonyl and carboxyl groups at the edges. Due 
to the presence of these groups, it is able to bind with metal ions, especially with multivalent metal ions, through electrostatic and 
coordinate approaches. Herein, a novel graphene oxide derived material was prepared after treatment with sodium hydroxide. After 
characterization it was applied for the dispersive solid phase extraction (d-SPE) of toxic and nutrient elements followed by inductively 
coupled plasma atomic emission spectrometry detection (ICP-AES). Full factorial design and Derringer’s type desirability function 
were employed for the optimization of the adsorption and desorption steps. The proposed method was validated in terms of linearity, 
LOD, LOQ, accuracy, within-day precision and between-day repeatability. The d-SPE method is simple, rapid, sensitive and it can be 
used for the analysis of Ba, Cd, Cr, Cu, Fe, Zn, Al, Ni and Pb in complex matrices. 

Keywords: graphene oxide, heavy metals, ICP-AES, dispersive solid phase extraction, experimental design 
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Abstract 

Packed with biological properties, beet roots (Beta vulgaris) are becoming renaissance crop drawing great attention to 
researchers. The major attention of our present work is to explore the effects of operating variables on total phenolic content and 
antioxidant capacity of beet root peel extract, with a focus on solvent ratio, extraction time, operating temperature.  In this work, beet 
root extract was prepared with different variables such as peel-to-solvent ratio (0.2, 0.6, 1.0 w/v), operating time (1 h, 3 h, 5 h), and 
temperature (20 oC, 35oC, 50oC) respectively. For the extractions 15 v/v% ethanol was used as solvent. The content of total 
polyphenol was analyzedcolorimetrically according to the modification of Folin-Ciocalteau method on Genesys 5 UV-Visible 
spectrophotometer and express as Gallic Acid Equivalents (GAE). For antioxidant assay, Ferric Reducing Antioxidant Power (FRAP) 
method was applied. Data analysis was performed using Central Composite Design and Response Surface Methodology, Design 
Expert statistic software version 11.0.3, based on analysis of variance (ANOVA). It was observed that phenolic compound content is 
correlated with antioxidant capacity. It is logical since phenolic compound exhibits antioxidant properties. Apart from being the eco-
friendly extraction method, we used waste part of beet root so that our research is doubtlessly suitable for the food waste management. 

Keywords: beetroot peel, Beta vulgaris, extraction, phenolic, antioxidant, phytochemicals 

Introduction 

Beetroot crops represent an important source of bioavailable compounds like nitrate, phenolic compound, ascorbic acid, 
carotenoids, betalains, vitamins, and minerals (Chhikara, Kushwaha, Sharma, Gat, & Panghal, 2019). Not only tuber but also the 
whole part of beet root plant was applied as traditional medicine to treat a wide variety of diseases in ancient times (El Gamal et al., 
2014). Nowadays, they are extensively being popular in modern food industry regarding as health promoting functional foods in light 
of their high antioxidant activity (Georgiev et al., 2010; Lee et al.,1982).  

Antioxidant components (ascorbic acid, phenolic compounds, carotenes, and betalains) play a vital role in human health by 
scavenging free radicals which emerges during oxidation reactions and damage the cells of organisms. Besides, the antioxidantseven 
in small quantity can terminate these chemical chain reactions. Most common plant pigments such as betalains, carotenoids, 
anthocyanins, and carminic acids are generally used in medicinal and food applications (Stintzing & Carle, 2004). Among them, 
betalain, water soluble compound, is prominent for its biological properties such as antioxidant, anticancer, antiradical and 
antimicrobial activities (Georgiev et al., 2010). Even though the main interesting source of colour giving bioactive compounds is 
theircoloring potential, there are also an excellent source of dietary antioxidant components which may have beneficial effects on 
consumers’ health (Albano et al., 2015). 

During these days, phenolic compound has achieved interest as health promoting food additive. The chief reason for this 
interest is not only the recognition of their antioxidant properties but also their prevention of various diseases associated with 
oxidative stress such as cancer, cardiovascular, neurodegenerative diseases.Phenolic compounds in food contain simple phenols, 
phenolic acids, hydroxycinnamic acid derivatives, and flavonoids.These compounds have attracted much attention because of their 
influence on different organoleptic parameters, such as colour or taste(Decker, 1995). Daily consumption of flavonoids can prevent 
heart diseases (Vinson, Hao, Su, & Zubik, 1998). The extraction of phenolic compounds from various sources with or without acidic 
medium has been already studied by (Vinson et al., 1998). 

The extraction yield of bioactive compounds is strongly correlated with the efficiency of solvent(Cacace & Mazza, 
2003).The solvent can be pure water (cold, or at room temperature) (De Azeredo, Pereira, De Souza, Gouveia, & Mendes, 2009), 
aqueous methanol (Sawicki, Bączek, & Wiczkowski, 2016), or ethanol (El Gamal et al., 2014). Moreover, it can be said that the 
extraction method affects noticeably the content of individual compounds in the extract. Recently, modern extraction techniques such 
as ultrasonic extraction method (Chemat et al., 2017; Laqui-Vilca, Aguilar-Tuesta, Mamani-Navarro, Montaño-Bustamante, & 
Condezo-Hoyos, 2018; Maran & Priya, 2016; Sivakumar, Anna, Vijayeeswarri, & Swaminathan, 2009), microwave assisted 
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extraction method (Cardoso-Ugarte, Sosa-Morales, Ballard, Liceaga, & San Martín-González, 2014; Gonçalves, Di Genova, Dörr, 
Pinto, & Bastos, 2013; Thirugnanasambandham & Sivakumar, 2017), and pulse electric field extraction method (López, Puértolas, 
Condón, Raso, & Alvarez, 2009) have been applied to boost the extraction efficiency of colour compounds and phytochemicals from 
beet root.  

Lately, extractions of betalain compounds and phytochemicals from the whole tuber of beet root have been investigated by 
researchers.Besides, there are some accessible observations of bioactive antioxidants and colour giving compounds extractions from 
the waste parts of beet root such as pomace(Kushwaha, Kumar, Vyas, & Kaur, 2018a; Vulie & Canadanovic-brunet, n.d.), peel 
(Kujala, 2001; Singh, Ganesapillai, & Gnanasundaram, 2017), and stalk (Maran & Priya, 2016). However, only few articles are found 
that applied conventional extraction method. Furthermore, investigation about the correlation between the sample-to-solvent ratio and 
the content of phytochemical compounds in the extract are still needed. Our study could be useful to maximize the extraction of 
valuable phytochemicals from waste parts of vegetables. 

2.0 Materials and Methods 

2.1 Sample acquisition and preparation 

Samplescollection was done in local supermarket and processes were carried out right away after purchasing. First and 
foremost, raw beetroots were cleaned gently by using sponge to make it sure that the samples are free from dust and hairs. After being 
cleaned, the beetroots were peeled with sharp knife about 1mm thick manually. The peels were then blended with mixer for about 2 
minutes. 

 

2.2Conventional extraction 

50 g of pulp was mixed with 15% ethanol in three different ratios (0.2w/v,0.6w/v,1.0w/v). Extraction processes were carried 
out at different operating temperature (20oC, 35 oC, 50 oC) for three different extraction time (1 h, 3 h, 5 h) with stirring at (215 
rpm).At the end of extractions after 25 minutes centrifugation process at 6000 rpm, the supernatant was collected and kept under 
refrigerated condition for analysis of phenolic compound and antioxidant capacity. 

2.3Analytical Methods 

Total Phenolic Content  

The content of polyphenol in beet root extract was measured colorimetrically according to the modification of Folin – 
Ciocalteu method on Genesys 5 UV-Visible spectrophotometer and express as Gallic Acid Equivalents (GAE). The sample solution 
(10 µl) was mixed with Folin reagent (1250 µl) and methanol-distilled water solution (240 µl). After exactly 1 minute, sodium 
carbonate solution (1000 µl) was added to the sample solution. The sample mixture was then put in the thermal bath which maintained 
the temperature at 50ºC and measurement was carried out at 760 nm after 5 minutes incubation. The calibration was performed with 
gallic acid instead of sample solution and the curve was found to be linear with a correlation coefficient of 0.9947. TPC was 
calculated according to the following equation, 

TPC = 
𝐴 𝑥 2500 𝑥 𝐷𝐹 𝑆 𝑥 𝑎 [𝑚𝑔 𝐺𝐴𝐸𝐿 ] 

Whereby: A – Measured absorbance; S – Amount of sample; a – slope of calibration curve DF – dilution factor. The measurements 
were carried out in triplicate at the same conditions. 

Antioxidant Assay 

Antioxidant capacity was determined by Ferric Reducing Antioxidant Power (FRAP) method. FRAP reagent was prepared 
with acetate buffer solution (250 µl), ferric chloride solution (25 µl), and TPTZ solution (25 µl). FRAP reagent (1500 µl) was mixed 
with (30 µl) distilled water. The sample solution (20 µl) was added into the mixture and incubated for 5 minutes at room temperature 
in darkness. After exactly 5 minutes, the measurement was done at 593 nm on Genesys 5 UV-Visible spectrophotometer. The 
calibration was performed with ascorbic acid instead of sample solution and the curve was found to be linear with a correlation 
coefficient of 0.9926. The following equation was applied for calculation; 

AC = 
𝐴 𝑥 1550 𝑥 𝐷𝐹 𝑆 𝑥 𝑎 [𝑚𝑔 𝐴𝑆𝐸𝐿 ] 

Whereby A – absorbance; S – amount of sample; a – slope of calibration curve; DF – dilution factor 
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In order to study the effect of multiple replications on the parameters under study, each measurement was replicated for three times at 
the same conditions. 

2.4Statistical evaluations 

Analysis of variances was performed by empirical design of experiment namely called Response Surface Methodology. 
RSM is one of the statistical tools that are mainly used for the modeling and investigation of multivariable systems and to optimize 
the variables in which a response of interest is influenced by several variables. 

 
3.0 Results and Discussion 

Central Composite Design of Design Expert software version 11.0.3, based on analysis of variance (ANOVA) was applied 
for the significance test of model fit. Cubic model was aliased whereas quadratic model is statistically highly significant so that it was 
applied for the next step of analysis. It was found that P-value is smallenough for the quadratic terms to fit the second-order model to 
the yield response. Subsequently, the models are significant as the F value is high and the Prob>F value is less than 0.0001. (Table 1) 

Table (1) Anova and Regression Coefficients of second-order polynomial model for the response variables 

 

It was observed that lack of fit is non-significance which means that the model is significant for the responses. The high 
coefficient of determination (R2) accounts for 0.866% for antioxidant capacity and 0.906% for phenolic compoundsin each. Moreover, 
the values of Adj R-Squaredand Pred R-Squared differ by less than 0.2 for both responses meaning that these two values are in 
reasonable agreement with one another. The coefficients of variation which measure the residual variability in the data are expressed 
with percentage. 

Table (2) Treatment variables and their corresponding responses 

 

Variable DF DF

antioxidant phenolic antioxidant phenolic antioxidant phenolic antioxidant phenolic

Model 4 5 61.92 92 24.24 27.12 < 0.0001 < 0.0001

A 1 1 -1.66 3.19 1.11 3.70 0.3085 0.075

B 1 1 -0.9053 -2.41 0.33 2.10 0.5743 0.169

C 1 1 14.21 17.27 81.30 108.40 < 0.0001 < 0.0001

C² 1 -8.4 14.21 0.0019

AB 1 4.89 6.95 0.0195

A² 1 -8.92 14.46 0.0019

Lack of fit 10 9

R² 0.8660 0.9064

Adj R² 0.8303 0.873

Pred R² 0.7658 0.7994

C.V% 8.64 5.99

Estimated coefficient F value P value

sample Time (hr) temperature (oC) Solvent ratio (w/v) Antioxidant capacity(mg/L) Phenolic compound(mg/L)

1 5 20 1 3915.30 8830.65

2 3 20 0.6 4299.16 8803.76

3 3 35 0.6 2602.53 7853.94

4 1 20 1 4552.50 10775.09

5 1 35 0.6 4007.43 7029.57

6 5 20 0.2 1892.40 4852.15

7 3 35 0.6 4145.62 8723.12

8 3 35 0.2 1923.11 5470.43

9 3 35 1 5101.41 11169.35

10 1 50 0.2 1266.72 2664.61

11 3 35 0.6 3496.90 9995.52

12 3 35 0.6 3635.09 9887.99

13 3 35 0.6 4421.99 7181.90

14 3 35 0.6 4326.03 9144.27

15 5 50 0.2 1011.84 4655.02

16 5 35 0.6 3139.92 8463.26

17 3 50 0.6 4521.79 7172.94

18 5 50 1 4544.82 11554.66

19 1 50 1 4871.10 8588.71

20 1 20 0.2 1746.53 4556.45
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3.1 Total Phenolics Analysis 

Because of the effects of different variables, the yield of polyphenolic varied from 2664.61mg/L to 11554.66 mg/L (Table 2) 
which results are far better than the observations of (Kushwaha et al., 2018a) who studied the content of phytochemicals from beet 
root pomace. Subsequently, solvent ratio was found to be the most significant term (p≤0.05) whereas time and temperature were  also 
significant to an extent. According to figure 1.(a), it was investigated that solvent ratio had the positive effect on the content of 
polyphenolics. Phenolic content increased dramatically with increasing solvent ratio and the highest extraction of phenolics was 
obtained around (1.0 w/v) solvent ratio. Which is consistent with mass transfer mechanisms controls the length scale of migration 
process of phytochemical compounds to ethanol solvent. It was already proved by (Cacace & Mazza, 2003). Moreover, the yield 
increases with increasing time and reached the highest point at around 3 h time but there is a slight change beyond that time limit 
which is depicted in figure 1.(b). (Jorge, De La Garza, Alejandro, Ruth, & Noé, 2013) pointed out the greater extraction time and 
solvent concentration lead to the higher activity of extracts. Besides, according to (Jorge et al., 2013; Kushwaha, Kumar, Vyas, & 
Kaur, 2018b) increase in phenolic extraction was found with increasing temperature. In our case, however, changes in temperature did 
not show significant effect on phenolic content within the temperature range of studied which is shown in figure 1.(c). This might be 
because of the higher influent effect of solvent ratio on yield than extraction time and temperature. And we think it depends on the 
type of beet root. 

The regression equation for obtaining phenolic compounds at any given parameters was given as;  

Sqrt (phenolic compound) mg/L = +63.96485+9.27135A-0.649116B+43.16473C+0.162920AB-2.22974A2 

Where A is extraction time (h), B is operating temperature (oC) and C is peel-to-solvent ratio (w/v), in the examined range 
respectively. 

3.2 Antioxidant capacity  

Due to the effects of different process variables, it was observed that antioxidant capacity varied from 1011.84 mg/L to 
5101.41 mg/L. Among all variables under study, peel-to-liquid ratio was found to be the most significant parameter (p≤0.05) at 
quadratic term. Consequently, antioxidant capacity increases with increasing solvent ratio and reached the highest yield at around (1.0 
w/v) solvent ratio which is illustrated in figures1.(d) and (e). This might be due to the specific properties of phenolic compounds. 
Another possible explanation is that the present of betalain compounds which pronounced the antioxidant 
properties(Thirugnanasambandham & Sivakumar, 2017) who have shown the same results with us claim that the effective antioxidant 
activity of extracts at the higher concentration of solvent. According to the model, the effects of extraction temperature and time on 
antioxidant capacity were non-significant. Nevertheless, antioxidant capacity was found to be decreased when the extraction time and 
temperature were increased which can be seen in Figure 1.(f). The possible explanation is that most of vitamin C and colour 
compounds were destroyed at high processing time and temperature. This fact was proved by (Herbach et al., 2005; Jorge et al., 2013; 
Ravichandran et al., 2013) 

The regression equation for obtaining antioxidant capacity at any given parameters was given as;  

Sqrt (antioxidant capacity) mg/L = +26.30467 -0.830923 A -0.060351 B + 98.55191 C-52.51606 C2 

Where A is extraction time (h), B is operating temperature (oC) and C is peel-to-solvent ratio (w/v) in the examined range, 
respectively. 

 

 

 

 

(c) 
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Figure (1) RSM for phenolic compounds and antioxidant capacity 
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4.0 Conclusion 

The optimum conditionswere chosen depending upon the highest yields of responses, Figure (2). In case of antioxidant 
capacity, it was found that extraction time 1.5 h, operating temperature 20oC, and solvent ratio 1.0 w/v givethe highest yield of 
antioxidant capacity (4920.11 mg/L). Central Composite Design suggested the quadratic model with optimum condition at extraction 
time 2.7 h, operating temperature 20oC, and solvent ratio 1.0 w/v giving 12503.5 mg/L of polyphenolics. Depending upon our 
findings, it can be concluded that waste part of beet rootcontains the considerable amount of phytochemicals which can be applied 
effectively in food and medical industries. Besides, the cost of processing is considerably lower than the other modern techniques. 
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Abstract: 

Soil testing for plant-available phosphorus in Bulgaria and many European countries is most commonly conducted using acid 
Ca-lactate extraction (Egner–Riehm test) and alkaline sodium bicarbonate extraction (BDS ISO 11263:2002), based on Olsen test, 
followed by a colorimetric assay to measure the concentration of P in solution. This study reports the differences between Egner–
Riehm test and BDS ISO 11263:2002 measured colorimetrically and verified by ICP-MS measurements. Fifty soils were selected 
from South Bulgaria to represent a wide range of soil properties.  

Keywords: Extractable phosphorous, Soil analysis, Colorimetry. 

Introduction: 

Phosphorus exists in soils in a wide variety of inorganic and organic forms. It is impossible to predict the quantity of plant-
available P for a given soil, varying with plant and soil characteristics, including plant root, soil pH, mineralogy and P buffering 
capacity (Hart and Cornish, 2009). There are various soil tests for evaluating plant-available P using different extraction solutions. 
The alkaline sodium bicarbonate extraction procedure, based on Olsen P test (Olsen, 1954) and Egner–Riehm soil test (Egnér et 
al.,1960), is currently the most commonly used available P test in many countries.  

Materials and methods: 

Soils: Fifty soil samples, the chemical and physical properties of which varied widely (Table 1), were taken from different 
locations in Southern Bulgaria to characterize the difference between the most commonly used available P test as well as between 
colorimetric and ICP-MS phosphorus determination. Soil pH ranged from 4.9 to 8.1, oxidized organic matter from 0.9 to 5.2%, and 
clay from 14 to 76%.  

Table 1: Basic characteristics of soil samples. 

Statistical indicator Organic matter, (%)  C, (%) рН Clay, (%) 

Mean 2,12 1,23 6,68 38,96 

Minimum 0,86 0,50 4,90 14,00 

Maximum 5,20 3,02 8,13 76,00 

Soil test extraction 

BDS ISO 11263:2002 soil test: Soil sample (2 g) was extracted with 100 ml 0.5 mol L−1 NaHCO3, adjusted to pH 8.5, by shaking 
for 8 h. Interference from organic matter dissolved in the solution was eliminated by sorbing the organic matter onto activated acid-
washed charcoal added to the extract.   

Egner–Riehm (ER) soil testt: Soil sample (5.0 g) was extracted with 200 ml 0.04 mol L−1 calcium lactate, acidified with 
hydrochloric acid to pH 3.5, by shaking for 8 h.  

The phosphorus in the soil extracts was measured photometrically after adjusting the digests to pH 3±0.5 by two widely used 
methods – (i) method of Murphy and Riley (MR) and (ii) Phosphate test Spectroquant (Merck KGaA) – using Boeco S-22 UV/VIS 
Spectrophotometer (Germany) and Spectroquant Pharo 100 spectrometer (Merck KGaA, Darmstadt, Germany) respectively. The 
results obtained were verified by the results of ICP-MS investigation. 
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Results: 

BDS ISO 11263:2002 soil test: The samples were digested following BDS ISO 11263:2002 soil test, described above. The 
phosphorus content was determined colorimetrically by means of the molybdate blue method of MR and Phosphate test Spectroquant 
(the averaged data are presented in the table) and were verified by ICP-MS. The results obtained by means of both analytical methods 
are presented in Table 2.  

Table 2. Summarized statistical results for P content after extraction by BDS ISO 11263:2002 soil test. 

Statistical indicator 
ICP-MS P 

 (mg kg-1)  

Colorimetric P 

(mg kg-1) 

Ddifference  

(mg kg-1)   
Relative difference, (%) 

Mean 36,8 31,3 5,5 32,3 

Minimum 6,1 3,8 1.0 2,4 

Maximum 186,0 170,8 15,4 151,7 

Colorimetrically determined phosphorus ranged from 3.8 to 170.8 mg kg−1 with an overall mean of 31.3 mg kg−1, while ICP-MS gave 
P values ranging from 6.1 to 186 mg kg−1 with an overall mean of 36.8 mg kg−1. It is obvious that ICP-MS showed significantly 
higher amounts of P (17.6% for the mean values), and the difference between ICP-MS P and colorimetric P ranged from 1.0 to 15.4 
mg kg−1 with a mean value of 5.5 mg kg−1 and relative difference from 2.4 to 152% with a mean value of 32.3%. These results suggest 
that significant amounts of non-molybdate reactive P are present in the soils. The relative difference between ICP-MS P and 
colorimetric P decreased rapidly as colorimetric P increased, i.e., the relative difference is larger when P content in the soil is lower 
(10–20 mg kg−1) and decreases to 10–20% when the P content is higher than 50 mg kg−1. 

Egner–Riehm soil test: The samples were digested following ER soil test, described above. The phosphorus content was 
determined colorimetrically by means of molybdate blue method of MR and Phosphate test Spectroquant (the averaged data are 
presented in tables and figures) as well as by ICP-MS. Colorimetrically determined phosphorous in this case varied widely from 4.0 to 
333.0mg kg−1 with an overall mean of 59.5 mg kg−1, while ICP-MS gave P values ranged from 5.8 to 343 mg kg−1 with an overall 
mean of 62.5 mg kg−1 (Table 3).  

ICP-MS showed higher P contents (5.0% for the mean values), and the difference between ICP-MS P and colorimetric P ranged 
from 0.7 to 9.8 mg kg−1 with a mean value of 3.1 mg kg−1 and relative difference from 2.2 to 44.8% with a mean value of 9.8%. 

Table 3. Summarized statistical results for P content after extraction by the method of Egner and Reim.  

Statistical indicator 
ICP-MS P 

 (mg kg-1)  

Colorimetric P 

(mg kg-1) 

Difference  

(mg kg-1)   
Relative difference, (%) 

Mean 62,5 59,5 3,1 9,8 

Minimum 5,8 4,0 0,7 2,2 

Maximum 342,8 333,0 9,8 44,8 

The relationship between the relative difference of ER ICP-MS P and ER colorimetric P shows the same tendencies as with BDS 
ISO soil test. The relative difference between ICP-MS P and colorimetric P decreased as colorimetric P increased. This increase is, 
however, considerably weaker than with BDS ISO soil test. The absolute difference between the values of ICP-MS P and colorimetric 
P is also considerably lower. 
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Conclusions: 

 The analytical method used to measure P in ER and BDS ISO 11263:2002 soil extracts substantially affect the results. In all 
cases, the ICP-MS determination registers significantly higher P concentrations than the traditional colorimetric molybdenum blue 
method. The relative differences between ICP-MS and colorimetric phosphorus in ER and BDS ISO 11263:2002 soil extracts strongly 
depend on the P concentration while the absolute differences between methods depend on both soil type and P concentration. Close 
linear relationship (R2=0.8154) exists between phosphorus concentrations measured by the ER and BDS ISO methods. The method of 
ER and BDS ISO 11263:2002 soil extracts and subsequent colorimetric detection of phosphorus can be used for determination of total 
extractable phosphorus. Its advantage over other digestion methods is the simplicity of realization and substantially lower labour and 
time consumption.  

This work was supported by the Bulgarian National Science Fund [Project DFNI H06/214 and Project DFNI Н04/9] 
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Fig.1. Correlation between colorimetric phosphorus values 
in extracts obtained by the method of ER and BDS ISO 
11263:2002. 

Close linear relationship (R2=0.8154) was found 
between phosphorus amounts measured by the ER and 
BDS ISO methods (Fig. 1). Similar linear correlation 
between ER and Olsen methods was recorded also in 
research in Latvia (Velykis et al., 2008) where the 
correlation coefficient R was found to be 0.95 (n=145). 
The same authors found that in alkaline soils, rich in 
carbonates, the relationship between the ER and Olsen 
methods becomes weaker.  
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Abstract 

Solid-phase extraction (SPE) is the most widely used extraction technique of several types of analytes and matrices inliquid samples 
due to its enrichment of analytes andhigh capability of elimination of matrix interferences.Different materials with a broad range of 
properties are available to use as SPE sorbents (Andrade-eiroa et al.,2016). Among them, mixed-mode ion exchange sorbents combine 
capacity and selectivity in a single material. They are based on a polymeric phase that contains ionizable functional groupsspecifically 
designed to interact with ionic species by combining effective reversed-phase chemistry with ion-exchange groups.There are four 
types of mixed-mode sorbents depending on the functional groups attached to the polymeric support classified as cationic or anionic 
exchangers with strong or weak properties.The strong ion exchangers include functional groups that are charged in the entire pH 
range, while those with weak properties have groups with a more reduced working pH range depending on their pKa values.Strong 
cation-exchangers (SCX) usually have sulfonic acid groups, whereas weak cation-exchangers (WCX) have carboxylic acid groups. 
Otherwise, sorbents with strong anion-exchange(SAX) properties presentquaternary amine groups and the ones with weak anion-
exchange(WAX) properties include tertiary, secondary or primary amines. Mixed-mode ion-exchange sorbents have been applied in 
environmental samples, like river or wastewater samples, to successfully extract ionicor ionisable analytes like pharmaceuticals and 
drugs of abuse.(Fontanals et al., 2010; Bratkowska et al., 2010).Nevertheless, the necessity of extracting various types of analytes 
with acidic and basic properties led to use new ion-exchange sorbents. Research to demonstrate the application of various mixed-
mode ion-exchange SPE cartridges in tandem to simultaneously extract analytes with different properties was achieved (Lavén et al., 
2009). However, the simultaneous extraction of both acidic and basic compounds within the same cartridge is the main issue of 
mixed-mode sorbents.To deal with this topic, tests performed using a combination of well-known SPE materials in one cartridge 
(multi-layer solid-phase extraction (mlSPE)) were done for the analysis of polar organic chemicals in three different aqueous 
matrices(Köke et al., 2018). Another example of developing mixed-mode ion-exchange sorbents in the same cartridge is physically 
combining mixed-mode sorbents with strong or weak cationic and anionic properties to obtain single SPE cartridges with balanced 
positive and negative charges to simultaneously and strongly retain basic and acidic pharmaceuticals through ionic interactions(Salas 
et al., 2018).  

To enhance the properties of the sorbents, the incorporation of cation and anion exchange moieties in the same functional group 
attached to the polymeric network also came out, called zwitterionic polymers. In the present study, two different zwitterionic 
sorbents were synthesised and evaluated by SPEto simultaneously analyse 11 model compounds with acidic, basic and amphoteric 
properties from three different families: artificial sweeteners, illicit drugs and pharmaceuticals. Thehypercrosslinkedweak cation- and 
weak anion-exchange polymer(HXLPP-WCX/WAX); and thehypercrosslinked strong cation- and weak anion-exchange 
polymer(HXLPP-SCX/WAX) were the sorbents prepared, shown in Figure 1. Both sorbents were synthesised usingpoly(DVB-co-
VBC)as the precursor, which was prepared by precipitation polymerization. Before the functionalization, a hypercrosslinking reaction 
was used in both polymers to increase the specific surface area and so the capacity of the sorbent. The HXLPP-WCX/WAX polymer 
was functionalized with sarcosine ethyl ester hydrochloride, to include the anion-exchange properties to the particles, followed by the 
hydrolysis of the ester group to allow the polymer get the cation-exchange properties. The functionalization of the HXLPP-
SCX/WAX polymer was performed using taurine. TheHXLPP-SCX/WAX was synthesised using two different solvents: 
dimethylsulfoxide and toluene. A carboxylic acid and a tertiary amine are the anionic and cationic moieties attached to the HXLPP-
WCX/WAX sorbent, respectively. The HXLPP-SCX/WAX contains a sulfonic acid and a secondary amine as the strong cation- and 
weak anion-exchanger, respectively, as it can be seen in Figure 1. 

 



254 
 

 

 

 

 

 

 

 

(A)                                                                  (B) 

Figure 1: Structure of the HXLPP-WCX/WAX (A), 
and HXLPP-SCX/WAX sorbent (B). 

 
Different SPE parameters, such as the amount of sorbent placed into the cartridge, and the loading, washing and the elution 
conditions,were tested and optimized so as to get the optimum extraction conditions.The pka values of the analytes and the functional 
groups of the sorbents were of special importance so that effective interactions between them were established.For both sorbents, 200 
mg of the synthesised sorbent were packed into the SPE cartridge. The SPE optimization was performed for both sorbents, obtaining 
the same optimal conditions for the two zwitterionic polymers evaluated. After loading 100 mL of sample at pH 3 or 6, a washing step 
was introduced consisting of 1 mL of MeOH. The elution step was performed with 5 mL MeOH containing 5% NH4OH. pH 3 and pH 
6 were the pH values selected to load the sample at which the model compounds were more effectively retained. As consequence, 
different selectivity was achieved.Both sorbents get similar results in terms of pH interactions depending on the family of compounds 
studied. The strong acidic compounds get better results when loading at pH 3. Alternatively, pH 6 was selected as the best pH value to 
load the sample for the weakly acidic and basic analytes. For the amphoteric analytes,the method was not suitable as they were not 
retained at any pH value due to the repulsion of charges at any pH.The optimized SPE procedure was applied to determine the model 
compounds selected from different type of complex environmental water samples. 

Keywords: Solid-phase extraction; Mixed mode ion exchange; Zwitterionic sorbent; 
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Abstract 
 
Introduction 

The testing of private and public water supplies providing less than 10 m3 per day or serving fewer than 50 persons is not addressed 
by the drinking water directive (Government Gazette 2017) and consequently monitoring of such sources is not routinely carried out. 
Where such supplies are used for drinking water, health effects may occur if water quality guidelines are not met. The area of Siatista, 
Voio, Greeceis a mainly agricultural area with many private wells and public sources that are not routinely tested Fertilizer use in the 
area may lead to high concentrations of nitrate and phosphate ions in water supplies that could adversely affect human health. 

 

Objective 
The objective of the study was to assess the quality of public and private water sources not covered by the drinking water directive 
with regard to physicochemical parameters (odour, colour, taste,pH and conductivity), nitrate, phosphate and selective metal (zinc, 
nickel, cobalt and manganese)ion concentration. 
 

Methods 
Sampling was carried out in accordance with APHA guidelines (APHA, 2005)in the wider municipality of Siatista, Greece (Figure 1) 
from 22 private and public water sources and wells (Figure 2). 

 

 

Figure 1:Municipality of Siatista, Greece and sampling locations 
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Figure 2: Three of 22 sources sampled in Siatista, Greece 

The selection of sources was based on purpose and frequency of use.  Of the 22 sources 12are public sources used by local residents 
regularlyfor drinkingwater,sixare used for irrigation and domestic useand fourfor livestock. Parameters were determined using 
standard procedures (APHA, 2005). 

Results 
Conductivity values were below the drinking water guideline value of 2500 mg/L (Government Gazette 2017) at all locations. Colour, 
odour and tastewere acceptable at all sources (WHO, 2017).Nitrate concentration in 41% of the samples was above the 50 mg/L 
drinking water guideline value (Government Gazette 2017). Highest values were found in the area of Mikrokastro and Kaloneri area 
whereconcentrations were over double the guideline value at 121 ±5mg/L and 105 ±21mg/L respectively. Concentrations of 
phosphate and sulfate ions were below guideline values. At locations Kaloneri and Mikrokastro pH was 5.6 pH, out with the lower 
guideline value, of 6.5 pH units.  Concentrations ofzinc, nickel, cobalt, manganese where tested were found to be within drinking 
water guideline values.  

 

Conclusions 
High nitrate levels found in private and public water supplies in Siatista, Greece are probably a result of fertiliser use in vineyards, 
which is the main crop of the area, livestock breeding (mainly mink farms) and from domestic wastewater. Low pH values may also 
be a result of fertilizer use (Saunders 1958). Since exposure to nitrate above guideline values for extended periods can cause negative 
health effects such as methemoglobinemia in babies (Manassaram, 2010) measures must be enforced to monitor this parameter 
throughout the area and limit population exposure. 

Keywords: drinking water, pollution, nitrates, Siatista, Greece 
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Abstract: 

The aim of this work was to evaluate the effectiveness of different soil test extractants for the determination of available soil 
phosphorus in soils. Sixteen soils were collected for this study from the region of South Bulgaria. The main characteristics of the soils 
are presented in Table 1. The soil samples were extracted with the following methods/extractants: CaCl₂, CaCl₂ and DTPA (CAT), 
double lactate (DL), ammonium lactate (AL), calcium acetate lactate (CAL), Olsen, Mehlich 3 (M3), Bray I, and AB-DTPA, which 
are commonly used in soil testing laboratories (Table 2). Phosphorus in soil extracts was determined spectrophotometrically by the 
method of Murphy and Riley using a Spectroquant Pharo 100 spectrometer. The results for the different P extraction methods are 
listed in Table 3. The mean extractable P in soil samples was found to be in the order of CaCl₂ < CAT < AB-DTPA < DL < Olsen < 
CAL ≤ M3 <Bray I < AL (Figure 1). The results obtained show differences in the amount of extracted phosphorus depending on the 
extraction method used. It is known that P soil is absorbed and fixed to Fe and Al sexioxides (Eriksson, 2009). In addition, soil 
containing organic substances, Ca-, Fe- and Al-complexes, and Fe and Al compounds in an amorphous state may take part in the P 
sorption and binding processes (Brady and Weil, 2002). Depending on the soil pH, P is absorbed on different compounds (White, 
1979). In acidic soils the reactions between P and Al- or Fe-oxides or hydroxides are most common and P can precipitate and form 
complexes of compounds with Al or Fe-oxides. In alkaline soils, P binding to Ca is a common phenomenon. The composition of the 
active elements in the extraction solution is probably the main reason for the differences in the amount of extracted P by different 
methods. The soil:solution ratio, the time, and the shaking rate also affect the amount of extracted P(Eriksson, 2009). 

 

Table 1: The main soil characteristics of investigated soils 

 pH Organic C,% N, % Ca, mg/kg Fe, mg/kg Al, mg/kg 

Min 5.1 1,5 0,13 24355 14865 22130 

Max 8,5 5,3 0,41 97200 35725 28379 

Mean 7,7 2,8 0,24 58973 24644 25301 
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Table 2:Extraction methods 

Extractant Extractant composition Soil: 

Extractant 

Shaking 
time(min) 

CaCl2 0.01M CaCl2 1:10 120 

CAT 0.01 M CaCl2 + 0.002M DTPA 1:8 60 

Double lactate 

DL 

0.02M Ca-lactate (C6H10CaO6*5 H2O) + 
0.02M HCl, pH 3.6 

1:50 90 

Calcium acetate 
lactate 

CAL 

0.3 M CH3COOH + 

0.05 M C6H10CaO6,  pH4.0 

1:20 120 

AL 

Egner-Riehm 

0.1 M NH4CH3CH(OH)COO) + 

 0.4M CH3COOH, pH 3.75 

1:20 120 

Olsen 0.5 M NaHCO3 pH 8.5 1:20 30 

Bray I 0.025 M HCl + 0.03 M NH4F 1:7 5 

AB DTPA 1M NH4HCO3 +0,005M DTPA, рН 7.6 1:2 15 

Mehlich 3 

 

 

0.2 M HOAc + 0.25 M NH4NO3 + 0.015 
M NH4F + 0.013 M HNO3 + 0.001 M 

EDTA, pH 2.5 

1:10 5 

 

 

Table 3:Extractable P (min. max and mean) (mg/kg) determined by 9 different methods 

 CaCl2 CAT DL CAL Bray I M3 Al Olsen AB-DTPA 

Min 0,1 0,55 4,7 10.0 8,4 5,4 18,5 3,2 0,79 

Max 13,4 56,4 59,6 155,1 247,3 225.0 245,5 146,7 92,4 

Mean 3,6 13,3 28,9 68,9 97,9 69,3 109,2 36,0 25,3 
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Figure 1: Extractable P (mean) (mg/kg) determined by 9 different methods 

 

 

The used extractants can be generally classified into several categories: (1) unbuffered salt solutions with or with¬out a complexing 
agent (DTPA) (CaCl2, CAT). (2) dilute concentrations of weak acids (e.g., lactate, acetate) without a complexing agent (F- or EDTA) 
(AL, Dl, CAL), (3) dilute concentrations of strong acids (e.g., HC1, HNO3) with a complexing agent (F-, EDTA) (Mehlich 3 and Bray 
I) and (4) buffered alkaline solutions (NaHCO3, NH4HCO3 (ammonium bicarbonate) with or without a complexing agent (DTPA) 
Olsen and AB-DTPA).The main reason for the differences in extraction force between the various methods can be found in their 
different extraction mechanisms based on their individual active components. The most tested (AL, CAL, DL, M3, Bray I) methods 
contain one or more strong chelating agents such as lactate, EDTA, NH4F and acetate (Eriksson, 2009), which are able to release P 
from Al- and Fe-P-compounds. In addition, two of them (AL and M3) have a low pH (<4), leading to hydrolysis of P in insoluble Al-
humic-P substances and dissolution of insoluble Ca-P compounds (Ottabong et al. 2009). In contrast to this, the two methods DL and 
CAL, both contain only one chelating agent, lactate, coming in combination with Ca as active cation. Since Ca2+ may precipitate some 
of the extracted P in the extraction solution, it will lead to lower P-values compared to extractants containing NH4

+ as active cation 
(like AL) (Eriksson, 2009). The Mehlich 3 extraction solution contains a higher concentration of NH4

+ but a very short period of 
shaking may reduce the amount of P extracted, compared with the P-AL method. The methods of Olsen and CaCl2 only hydrolyze 
those Fe-/Al P compounds which are easily soluble, with the alkaline Olsen in addition releasing P from Ca-oxides and some of the P 
found in Ca-phosphates (Olsen et al., 1954). Similar to Mehlich3, NH4

+ ion in AB-DTPA extraction solution acts as a displacing agent 
for cations adsorbed onto clay minerals and therefore is used for the exraction of exchangeable cations, whereas the DTPA is used as 
a chelate to extract micronutrientsP desorption is facilitated by HCO-

3and OH-ions (Soltanpour and Schwab, 1977). 

A significant positive correlation was found between the values of mobile P obtained through different methods. When comparing the 
results obtained by the various extraction methods with one another, it can be seen that there are significant correlations between most 
methods. 

 

Keywords: soil test methods, Phosphorous, extractants 
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Abstract: 

Human exposure to noxious metals has dramatically risen during the last decades. Lead and cadmium are two of the metal pollutants 
which may cause critical environmental problems. Exposure to these toxic elements imposes risks not only to human health but also 
to plants, animals and microorganisms. 

Direct determination of trace metal ions in various types of samples is considered to be a key target. The main limitations arise from 
the high content of the matrix as well as the very low concentration levels of analytes, which are below the detection limits of many 
analytical techniques. Thus, highly sensitive and selective techniques are required. Electrothermal atomic absorption spectrometry 
(ETAAS) is considered to be a powerful technique for trace metal analysis. However, preconcentration and/or separation procedures 
are often necessary in order to enhance selectivity and sensitivity as well as to overcome the interferences associated with the matrix. 

A plethora of separation / preconcentration techniques like solid phase extraction (SPE) and liquid-liquid extraction have been 
successfully used for metal determination. Among them, on-line column preconcentration systems using various sorbent materials 
inautomatic mode,arewell established in terms of simplicity, small consumption of organic solvents and the ability to achieve higher 
enrichment factors[Kazantzi et al., 2018]. However, these systems are complicated to operate, considering the loading of the analytes 
due to the highhydrodynamic impedance. To overcome the drawbacks of packed columns, Bigham et al., introduced sol-gel capillary 
microextraction (CME) technique [Bigham et al., 2002] as a low-solvent extraction technique for the preconcentration of trace 
analytes. The sol-gel CME technique makes use of fused silica capillary tubes internally coated with different types of sol-gel 
materials which can be used for the extraction and preconcentration of a wide variety of polar and nonpolar analytes from various 
types of samples. 

 

Figure 1:Schematic diagram of the on-line sol-gel CME system coupled with ETAAS for Pb and Cd determination. 
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In this work, a novel on-line flow injection system for Pb and Cd determination in environmental water samples by ETAAS involving 
sol-gel coated CME, has been developed. The proposed platform was based on a fused silica capillary tube internally coated with sol-
gel poly(dimethyldiphenylsiloxane), sol-gel PDMDPS,used as extraction device for the preconcentration of target analytes. The 
extraction procedure was carried out by connecting the capillary tube (150 cm length) onto a six-port injection valve of a flow system 
coupled with ETAAS, as presented in Figure 1.The on-line retention of Pb and Cdinside the capillary tube was carried out after on-
line complexation with ammonium pyrrolidine dithiocarbamate (APDC) at pH 2.0, during the preconcentration step. Methyl isobutyl 
ketone (MIBK) was used to elute metal-APDC complexes. A part of 30 μL of MIBK was injected into the furnace graphite tube for 
analyte atomization and quantification. The effect of the main chemical and flow parameters on the sensitivity of the method was 
thoroughly studied. The sol-gel PDMDPS capillary tube in flow systems, revealed low flow resistance, high extraction efficiency and 
satisfactory sensitivity. The proposed method proved to be facile, rapid and accurate for direct analysis of natural water samples. 

 

Keywords: capillary microextraction; metal determination; electrothermal atomic absorption spectrometry; automation 
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Abstract: 

We developed a concept for studying the reactive transport processes in food webs using hexachlorocyclohexanes (HCHs) as the 
model contaminants. The reactive transport of HCHs in the environment wascharacterised employing stable isotope fractionation 
concepts. HCHs from the former production of Lindane has spread around the globe and HCHs are found in remote areas and 
areaccumulating in arctic food chains. The HCHs are practically inert to chemical degradation under typical environmental conditions 
and only biodegradation processes lead to elimination of HCHs in the environment. Thus, it is interesting to characterise 
biodegradation processes directly in the environment in order to link sources and sinks of HCHs. 

During photo-chlorination of benzene, α-, ß-, γ-, δ- and ε-HCH are formed, among which α-HCH appears as racemic mixture of 2 
stereoisomers, (+) α-HCH and (-) α-HCH, respectively. γ-HCH is used as pesticide and other isomers are waste products mostly 
dumped in the vicinity of the production sites.  

We studied the stable isotope fractionation of HCHs in order to characterise degradation processes in the environments. Reference 
experiments with cultures and enzyme assays were conducted with α-HCH to obtain carbon isotope and enantiomer fractionation 
factors for developing a concept to analyse processes in field studies. The correlation of enantiomer and isotope fractionation has 
diagnostic potential for characterising the mechanisms of chemical and biological degradation processes. 

We selected Bitterfeld, Germany and Lucknow, India as the model sites to evaluate the potential of tracking degradation processes in 
the environment. Technical HCH mixtures were produced in both areas for many years. Industrial wastes were buried in the sites, 
eventually contaminating regional aquifers. Waste water was discharged to local rivers and the contamination was spread to 
agricultural soil due to storm water flooding, but also by airborne transport of dust from production sites. Reactive transport processes 
governing uptake of HCHs from the contaminated soil into plants, as well asHCH accumulation in food and wild animals were 
investigated (Figure 1). These processes can be characterised by enantiomer and stable isotope fractionation. 

 

Figure 1: Concentrations and isotope compositions of α-HCH (a) and β-HCH (b) from contaminated soil, plant, cow/buffalo milk and dung, 
pork/deer livers and seal blubber. Grey bars indicate the concentrations of HCHs. Red triangles and blue circles indicate the δ13C and δ37Cl values, 
respectively. The red and blue bars indicate the δ13C and δ37Cl values of HCH muck in Bitterfeld. The red and blue dashed lines indicate the δ13C and 
δ37Cl values of HCH sources from former and recent manufacturing worldwide. 

Source: (Ivdra, Fischer et al. 2017, Wu, Moses et al. 2019) 
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We will provide a brief overview with respect to evaluation of the degradation processes of HCHs in soil, sediments and aquifers at 
the scale of a landscape. Furthermore, the transformation of HCHs in food webs starting with the reactive transport of HCHs from soil 
to plants, and from plants to higher organisms will be discussedusing compound-specific isotope analysis, enantiomeric fractionation 
and enantiomer specific isotope analysis. 

Keywords: isotope fractionation; hexachlorocyclohexane; natural attenuation; environmental fate; food web. 
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Abstract 

Since the discovery of antibiotics in the 1940s, they have become an indispensable part of veterinary medicine. For a number 
of years antibiotics have been used as growth promoters (AGPs) that influence the rate of weight gain of slaughter animals. 
Unfortunately, already in 1969, Swann has reported that one of the main causes of the increasing drug resistance of pathogenic 
microorganisms is the unreasonable and excessive use of antibacterial substances in veterinary medicine, mainly as AGPs in feed 
(Swann Report, 1969). Since the 1970s, AGPs have been withdrawn from use in slaughter animals, and in 2006 all EU member states 
were forbidden to use them in feed. Currently, the only legal way of administration of antimicrobial substances in feed is medicated 
feed. 

In the case of feeds, antibiotics do not have residue limits or maximum residue limits, no official analytical methods are 
available that makes possible the detection and determination of antibacterial substances in non-target feed. Microbiological methods 
have been used for screening methods for many years, but these methods have low selectivity and specificity. These methods are 
under replacing process by chromatographic techniques with different types of detectors: UV, DAD, FLD or mass spectrometry (MS 
or MS/MS) (Civitareale et al., 2004, Borras et al., 2011, Gavilán et al., 2016, , Gbylik et al., 2012, Kim et al., 2016, Patyra and 
Kwiatek 2017a , 2017b, Pereira Lopes et al., 2011, Pietruk et al. 2015). In most cases, existing methods are for drugs belonging to the 
same or similar chemical groups (e.g. coccidiostats, sulphonamides, macrolides, quinolones, tetracyclines, etc.) based on high-
performance liquid chromatography combined with ultraviolet (UV), fluorescence (FLD) or mass spectrometry (MS) detection  Multi 
analyte-methods for detection of antimicrobial residues have been developed for food matrices such as meat and eggs (Chico et al., 
2008, Granelli et al., 2009, Granelli and Branzell 2007, Kaufmann et al., 2008, Peters et al., 2009) , urine (Kaufmann et al,. 2007), 
milk (Ortelli et al., 2009, Stolker et al., 2008) and honey (Robert et al., 2013)  but multi-class residue methods for the analysis of 
antimicrobial agents in non-target feed are still rare because of the analytical challenges that have to be overcome. These challenges 
are based on the complex composition of feed matrices and several chemical groups (physical–chemical properties) of the different 
veterinary drugs. The high sensitivity and selectivity requirements call for the use of HPLC–MS/MS-based techniques (Boscher et al., 
2010, Cronly et al., 2010, Kaklamanos et al., 2013, Kantiani et al., 2010a, Kantiani et al., 2010b, Mol et al., 2008). Only few methods 
can be found in the scientific literature that allow the analysis of over a dozen or several dozen antibacterial substances in at carry-
over level in non-target feeds (Borras et al., 2013, Boscher et al., 2010,  Cronly et al., 2010). 

The aim of this work was to develop a multi-component method allowing to analyze several antimicrobial substances from 
various chemical groups in non-target feeds in only one LC-MS/MS analytical procedure. 

The following compounds were selected for the study: ciprofloxacin, enrofloxacin, erythromycin, lincomycin, penicillin G, 
tiamulin, trimethoprim, tylosin, sulfadiazine, sulfamethazine and valnemulin. From two grams feed sample extraction of these 
compounds was made using a mixture of 0.1% formic acid in acetonitrile. The samples were shaken and then centrifuged, 4 ml of the 
obtained extract was concentrated under a stream of nitrogen. Residues was dissolved in Milli-Q water and filtered through a syringe 
filter and then analyzed with the use LC-ESI-MS/MS. The analyzes were carried out on a biphenyl column using a mobile phase 
consisting of 0.1% formic acid in acetonitrile and 0.1% formic acid in water Mili-Q. The analysis time was 24 minutes. 

The presented method was validated in accordance with the guidelines of the European Commission Decision 657/2002/EC. 
Good validation parameters were obtained with high recoveries ranging from 76.04 to 17.39% and coefficients of variation ranging 
from 2.41 to 19.27%. The developed method allows for the determination of eleven antimicrobial compounds ranging from 250 to 
2500 μg/kg of feed and is useful for routine feed analysis of various origins. 

Keywords:  antibacterial substances, LC-MS/MS, feed; Commission Decision 657/2002/EC 
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Abstract  

 

Introduction and aims 
Organophosphorous flame retardants (OPFRs) are high-production volume chemicals used to replace polybrominated diphenyl esters 
in a wide range of consumer goods, such as textiles, resins, foams, electronics or furniture. Their use as additives (not chemically 
bonded to materials) facilitates their release into the surrounding environment, turning them into ubiquitous contaminants presentat 
high concentrations in indoor atmospheres (van der Veen &de Boer, 2012). Most of the population is continuously exposed to 
OPFRsvia inhalation, dermal absorption andingestion of dust and contaminated foods.In the case of the chlorinated derivatives, 
harmful effects of this exposure include dermatitis (tris(chloropropyl) phosphate (TCPP) and 1,3-dichloro-2-propyl phosphate 
(TDCPP)), endocrine disruption(tris(2-chloroethyl) phosphate (TCEP) and TDCPP),carcinogenicity(TDCPP) and toxicity towards 
specific organs (TCEP) (Saillenfait A.-M. et al., 2018; van der Veen & de Boer, 2012).Traditionally, human exposure to 
environmental contaminants has beenassessed through the measurement of the parent compounds and their metabolites in urine. 
However, a relatively new approach known as wastewater-based epidemiology reveals the analysis of wastewater as a complementary 
tool to understand exposure at population level (Been et al., 2017; González-Mariño et al., 2017). 

In this line,this study was aimed at optimizing and validating a new method to determine the main urinary biomarkers of TCEP, TCPP 
and TDCPP, i.e. bis(2-chloroethyl) phosphate (BCEP), bis(chloropropyl) phosphate (BCPP) and bis(1,3-dichloro-2-propyl) phosphate 
(BDCPP), in wastewater. 

Methodology 
Composite raw wastewater samples of 24 h were collected at the inlet of an urban wastewater treatment plant in the NW of Spain. 
Aliquots of 100 mL were filtered, spiked with deuterated internal standards and submitted to solid-phase extraction (SPE) on mixed-
mode reversed-phase weak anion exchange sorbents Oasis WAX (150 mg). A fractionated elution was designed: first, interfering 
chemicals were removed with 4 mL of ethyl acetate and, subsequently, analytes were recovered with 2 mL of 2% NH3in ethyl acetate. 
Eluates were evaporated to dryness, redissolved in100 µL of EtOAc and derivatized with 25% (v/v) of N-tert-butyldimethylsilyl-N-
methyltrifluoroacetamide (MTBSTFA).  

Instrumental analyses were performed by gas chromatography (GC) - high resolution mass spectrometry (HRMS) using a quadruple-
time-of-flight system (QTOF). Volumes of 10 µL were injected with aprogrammable temperature vaporizer injector and the 
chromatographic separation was carried out on a HP-5MS type capillary column. The mass spectrometer operated in Electron 
Ionization (EI) mode at 70 eV and in single MS mode. The TOF analyzer worked in 2-GHz extended dynamic range mode. 

Results and discussion 
Conversely to the extended use of liquid chromatography - tandem mass spectrometry for the separation and detection of OPFRs and 
their metabolites, we developed the first GC-based method for the determination of BCEP BCPP and BDCPP in wastewater extracts. 
Two silylation reagentswere compared: MTBSTFA and N-methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA), the first one 
showingbetter results.The corresponding tert-butyl dimethyl silyl (TBDMS) derivatives provided EI spectra characterized by a base 
peak at m/z 154.9924 that is specific of silylated acidic phosphate esters (see the spectrum of BDCPP-TBDMS in Figure 1). Its 
accurate acquisition by HRMS allowed to screen for other phosphate ester metabolites, enhancing the capabilities of the method 
through the combination of both target and suspect analyses. Derivatization conditions (temperature, time, percentage of derivatizing 
agent) were optimized with standards in ethyl acetate and with reconstituted fractions resulting from the evaporation of 2 mL of 2% 
NH3 in ethyl acetate. Neither the temperature nor the time had a significant effect on the extension of the reaction. However, the 
percentage of MTBSTFA was set at 25% (v/v)to ensure a complete derivatization of the three diesters, independently of the partial 
consumption of MTBSTFA by reaction with NH3 or with interferences occurring in wastewater.The injection of large sample 
volumes was optimized with the programmable temperature vaporizer injector. 
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Figure 1:High-resolution mass spectra (EI) of the tert-butyl dimethylsilyl (TBDMS) derivative of BDCPP 

 

For the extraction of the analytes from wastewater, two SPE strategies were assessed: i) acidification of samples to pH 2, extraction 
on hydrophilic-lipophilic balance reversed-phase polymeric sorbents Oasis HLB (200 mg) and elution with 3×2 mL of ethyl acetate; 
and ii) extraction of samples at their natural pH on mixed-mode reversed-phase weak anion exchange sorbents Oasis WAX (150 
mg)and elution with 3×2 mL of 2% NH3 in ethyl acetate. None of the analytes was quantitatively recovered from the Oasis HLB 
sorbent. With the Oasis WAX, between 98% and 100% of the eluted analytes were recovered in a single fraction of 2% NH3 in ethyl 
acetate, therefore selected as elution solvent. To avoid the putative interference of the parent triesters,a fractionated elution protocol 
was designed. First, 4 mL of ethyl acetate were passed through the cartridges to remove organophosphate triesters and other organic 
interferences and, subsequently, 2 mL of 2% NH3 in ethyl acetate were used to elute the diesters.  

The method was validated in terms of trueness, precision and limits of detection (MDLs) and quantification (MQLs). MDLsranged 
from 1.1 to 4.6 ng/L, MQLsfrom 4 to 15 ng/L, percentages of recovery from 90% to 110% and relative standard deviations were 
below 13% in all cases. The analysis of composite raw wastewater samples collected over 24 h in the NW of Spain allowed to 
quantify, for the first time in this matrix, BCPP at levels over 60 ng/L (Figure 2). 

Finally, stability tests conducted in wastewater demonstrated that the three triesters are stable in this matrix at room temperature for 
48 h. Diester concentrations underwent a decrease of 20% up to 24 h, remaining stable afterwards. 

 

 

Figure 2:Extracted ion chromatogram of the analytes and the deuterated internal standards (IS, 200 ng/mL) in a sample extract 

 
Conclusions 

This study provides the first GC-based method for the determination of three chlorinated OPFR metabolites (BCEP, BCPP and 
BDCPP) in wastewater. Analyte separation and detection was conducted by GC-HRMS after derivatization with MTBSTFA, a 
silylation reagent that provided an excellent derivatization efficiency. The determination by HRMS demonstrated a good performance 
in terms of sensitivity, repeatability and reproducibility. The analysis of composite raw wastewater samples of 24 h showed, for the 
first time in this matrix, the presence of BCPP. 

 

Keywords: organophosphorous flame retardants, metabolites, wastewater, gas chromatography, high-resolution mass spectrometry 
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Abstract: 

Trace elements are essential nutrients (zinc, iron, copper, chromium) but some have toxic properties at high concentrations. In 
addition, certain chemical elements (lead and cadmium) are toxic and in low concentrations can accumulate in the human body and 
cause adverse effects (Tokalıoğlu, 2012). 

The use of medicinal plants in the treatment of various diseases has increased in recent years around the world. Some of these herbs 
may containelements at potentially toxic concentrations. Raw and dry plants are used in the pharmaceutical industry for the 
preparation of herbal medicines. Therefore, determination of their elemental compositionis important (Nikolova et al., 2018). 

In this study, we assessed the concentrations of some substantialelements (Fe, Zn, Mn, Cu, Pb, Ni, Cr and Cd) in two traditionally 
used wild medicinal plantschamomile (Anthemis  spp.)and white yarrow (Achillea millefolium)collected from urban and ruralregions 
near Varna, Bulgaria. Concentrations of trace elements weredetermined by inductively coupled plasma-optical emission spectrometry 
(ICP-OES) after sample mineralization. The samples were digested with concentrated nitric acid in a microwave system. The 
decreasing order of the mean elements levels in medicinal herbs is as follows: Fe > Zn > Mn > Cu >Pb >Cr >Ni > Cd.The content of 
toxic elements in chamomile and white yarrowwas found significantly higher in areas with intensive traffic compared to suburban 
areas. The results showedlow concentrations of toxic elementsCd and Pb in two species studiedthatwere far below the permissible 
limit of FAO/WHO. 
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Abstract: 

Iron belongs to bioactive metals and plays an important biological role in the life of plants, animals and humans. Being in different 
oxidation states: Fe+2and Fe+3, plays a different role in metabolism. In natural objects, the ratio of the Fe(III) to Fe(II) depends on 
many factors: the intensity of sunlight, the presence of natural oxidizing agents ((O2, H2O2, O3, etc.) or reducing agents, complexing 
agents - organic acids. For example, in natural surface waters, the content of Fe(III) significantly exceeds the content of Fe(II), while, 
in groundwater, iron is predominantly in the form of Fe(II). The simultaneous determination of iron in various oxidation states: Fe(II) 
and Fe(III), is an important task in the field of environmental protection, agriculture and biology. 

Organic reagents selective to a certain degree of oxidation of iron are used for the determination of iron in various oxidation states. N-
heterocyclic bases: 2,2-dipyridyl, 1,10-phenanthroline and their derivatives are widely used for the determination of iron in the 
oxidation state +2, and oxygen-containing compounds for the determination of iron in oxidation state +3. Fixing selective to iron in a 
certain degree of oxidation reagents on the surface of solids will make it possible to create selective adsorbents. 

The adsorption preconcentration of the microcomponent followed by its determination directly in the phase of the adsorbent has 
several advantages: the analyte is transferred  into a matrix of known composition, the microcomponent is concentrated, there is no 
need to use eluents, it is possible to separate the forms of the element.In the phase of the sorbent, determination can be carried out by 
various methods, for example, using solid-phase spectrophotometry and diffuse reflectance spectroscopy, or visually, using the 
methods of color test-scales or indicator tubes, which ensures low cost of analysis and rapidity.An important requirement for the 
matrixes of adsorbents when using such methods of determination is the absence of its proper color and luminescence. Silicas satisfy 
this requirement. A simple method for modifying the silica surface with organic reagents resulting in synthesis of adsorbents selective 
to a particular form of the analyte is proposed. The core of the method is in the sequential treatment of silica with an aqueous solution 
of polyhexamethylene guanidine and an analytical reagent that comprise sulfo or carboxy groups and form a colored complex with the 
analyte.Reagents are fixed in layers on the surface of silica due to the formation a large number of weak intermolecular bonds 
between them. Polyhexamethylene guanidine (PHMG) is fixed on the surface of silica due to the formation of hydrogen and 
electrostatic bonds, so the surface of the adsorbent acquires a positive charge and the organic reagent is fixed by electrostatic 
interaction with negatively charged acid groups. This method does not require the use of organic solvents, is simple and has a lower 
cost compared with chemical modification of silica. 

In the present work, silica, sequentially modified with PHMG and 7-iodo-8-hydroxyquinoline-5-sulfonic acid (Ferron) (SiO2-PHMG-
Ferron) was used for preconcentration and determination of Fe(III) and silica, sequentially modified with PHMG and 2.2´–dipyridyl–
4,4´–dicarboxylic acid (Dipy) (SiO2-PHMG-Dipy) was used for preconcentration and determination of Fe(II). The adsorbents have no 
proper color, but when SiO2-PHMG-Ferron interacts with Fe(III), the surface of the adsorbent turns to intense green, and when SiO2-
PHMG-Dipy interacts with Fe(II), the surface of the adsorbent turns pink. 

The time of the establishment of adsorption equilibrium and the development of the maximum color intensity in a batch mode for 
determination of Fe(II) and Fe(III) using these adsorbents does not exceed 5 minutes. SiO2-PHMG-Ferron quantitatively extracts 
(99%) Fe(III) at pH 3.5-4.2, and SiO2-PHMG-Dipy quantitatively extracts (99%) Fe(II) at pH 5.0-6.0. 

The determination of 0.1 µg mL-1 of Fe(III) using SiO2-PHMG-Ferron at pH 4 is not affected by the following ions in multiples: 103 - 
Ca(II), Mg(II), Na(I), K(I); 20 – Cr(III); 10 – Al(III); 5 – Ni(II), Cd(II), Zn(II); 2,5 – Cu(II), Mn(II). The determination of 0.1 µg mL-1 
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of Fe(II) using SiO2-PHMG-Dipy at pH 6 is not affected by the following ions in multiples: 103 -  Ca(II), Mg(II), Na(I), K(I); 25 – 
Cr(III); 10 – Ni(II), Cd(II), Mn(II), Zn(II), Al(III); 5 – Cu(II). 

For the simultaneous determination of the concentration of Fe(II) and Fe(III) in natural water, the indicator tube method was used. 
Adsorbents SiO2-PHMG-Ferron and SiO2-PHMG-Dipy are powders that fill quartz capillaries. The surface of the sorbent was colored 
after pumping of iron-containing solutions (Figure 1) through the capillary; the length of the colored zone was proportional to the iron 
content in the solution. 

 

Figure 1: Quartz capillary filled with SiO2-PHMG-Dipy, after Fe(II) adsorption 

For the simultaneous determination of Fe(II) and Fe(III), natural water pumped through a system of two indicator tubes (Figure 2) 
filled with adsorbents using a peristaltic pump. Wherein, the first column filled with SiO2-PHMG-Ferron adsorbent retains Fe(III) at 
pH 4.0, and the second column filled with SiO2-PHMG-Dipy adsorbent, retains Fe(II) at pH 6.0. 

 

Figure 2: Fe(II) and Fe(III) separation scheme using SiO2-PHMG-Dipy and SiO2-PHMG-Ferron 

The concentration of Fe(II) and Fe(III) was determined by the length of the colored zone after construction of the calibration curves 
(the length of the colored zone (l, mm) vs. the concentration of the component to be determined (C, mg L-1)). 

The proposed method using indicator tubes filled with SiO2-PHMG-Dipy and SiO2-PHMG-Ferron was applied for determination of 
Fe(II) and Fe(III) in natural waters, snow, and mineral water samples. The validity of proposed method was confirmed by analysis of 
the same samples using inductively coupled plasma optical emission spectrometry. 

The reported research was funded by Russian Foundation for Basic Research and the government of Krasnoyarsk region of the 
Russian Federation, grant № 18-43-243004. 

Keywords: modified silica, adsorption, Fe(II), Fe(III), indicator tube 
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Introduction: 

Arsenic is well-known as a potent human carcinogen, and its presence in water, especially groundwater, is a major problem in 
different areas of the world. Inorganic arsenic in the environment can be found in different chemical species depending on the redox 
potential and pH. In the case of arsenate (As(V)), in the pH range 6.5–8.5 (pH of many natural waters) it is present as mono and di-
protonated species (HAsO4

2- and H2AsO4
-) while, at the same pH range, trivalent arsenic (As(III)) predominates as arsenous acid 

(H3AsO3). In literature, studies on As(V) extraction are reported, but to our knowledge, no data concerning As(III) extraction are 
available, although this one shows a particular toxicity due to the high affinity towards –SH groups of the proteins.Given this, it is of 
paramount importance to develop appropriate methodologies able to facilitate the detection and speciation of arsenic in natural waters. 

In this study, we present the use of a polymer inclusion membrane (PIM) to extractand preconcentrate As and facilitate its 
determination. In PIMs, a suitable extractant is immobilized within the chains of a plasticized thermoplastic polymer, such as 
polyvinyl chloride (PVC) or cellulose triacetate (CTA). The polymer provides the membrane with mechanical strength whereas the 
carrier is the responsible for the extraction. In general, PIMs are easy to prepare, possess good mechanical properties (e.g. strength 
and flexibility), and are versatile in terms of the target chemical species they can extract.In a recent work, we showed the efficiency of 
a PIM containing the carrier trioctylmethylammonium thiosalicylate (TOMATS) to extract Hg in water samples, and a methodology 
was developed based on the extraction and subsequent determination of the metal collected in the membrane by X-ray fluorescence 
spectrometry (XRF) (Elias et al. 2018). 

The aim of the present study is to investigate a simple methodology based on a PIM, containingthe extractant bis(2,4,4-
trimethylpentyl)dithiophosphinic acid (Cyanex 301),  to allow arsenic preconcentration and speciation from groundwatersamples prior 
its analysis by a low power benchtop Energy Dispersive XRF (EDXRF) spectrometer. Arsenic speciation is based on the specificity of 
the extractant to interact with As(III) and not with As(V) at a determined conditions.   

 

Keywords: Arsenic; groundwater; speciation; polymer inclusion membranes; low-cost detection method  

 

Materials and methods: 

PIMs with a composition of 50% CTA-50% Cyanex 301 were prepared by dissolving 0.2 g of polymer and 0.2 g of extractant in 20 
mL chloroform for 5h. The solution was then poured into a 9.0 cm diameter glass Petri dish, placed horizontally and covered to allow 
the solvent evaporation overnight. Later, the membranes were peeled off and used for extraction studies. 

Preconcentration experiments were done using a 1 cm diameter membrane that was put in contact with 500 mL of different waters 
tested containing from 1 to 150 µg L-1 of As(III) at pH=1adjusted with HNO3. Samples were stirred for 24 hours under magnetic 
agitation. Afterwards, the membranes were rinsed with ultrapure water and let to dry at room temperature before the XRF analysis. 

As(V)reduction studies were performed by using a 1% (w/v) sodium thiosulfate (TS) and 0.5% (w/v) potassium iodide.The procedure 
involved the addition of 1 mL of thiosulfate solution or 1 mL of iodide solution to 100 mL of As(V) aqueous solution at pH=1. After 
30 minutes of waiting, the extraction was carried out, using a 1 cm diameter membrane. 
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Results: 

PIM extraction experiments were carried out both for As(III) and As(V) and results demonstrated that a total extraction of As(III) was 
obtained after 3 hours while no extraction occurred for As(V), even after 24 hours.  

Once established the best experimental conditions for the extraction and determination of As(III), analytical figures of merit for the 
combined methodology determined and results are summarized in Table 1. The detection limit of the technique (LOD) is lower that 
the regulated As level in drinking waters (10µg L-1). 

Table 1. Analytical figures of merit for As detection 

 Parameter Analytical feature 

LOD 0.6 µg L-1 

Linear range (ultrapure water) 1 – 150 µg L-1 

R2 (ultrapure water) 0.998 

Linear range (natural water) 1 – 100 µg L-1 

R2(natural water) 0.995 

Method precision: n = 5; 10 µg L-1 RSD: 5.60 

n = 5; 100 µg L-1 RSD: 5.77 

 

To study the possibility of using the PIM also for As(V) extraction, we investigated different reagents to reduce As(V) to As(III), as 
shown in Fig. 1. As it can be seen, the addition of TS+KI to an As(V) solution allows its reduction and, therefore, can be then 
extracted by the membrane. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 1:Comparison of the signal obtained when analysing a PIM contacted with 200 µg L-1As(III), As(V) or As(V) reduced with TS or TS +KI 
(n=2).  

Finally, the developed methodology was used to determine the different As species present in natural waters containing As. To detect 
As(III), the samples was only acidified at pH=1 and the membrane was let in contact with 500 mL of the water tested for 24h. 
Another sample of the same water was also acidified at the same pH and the mixture TS+KI was also added, in order to reduce the 
possible As(V) to As(III). Afterwards, the membrane was contacted with this solution to perform the extraction. The obtained results 
are shown in Table 2, along with the results obtained with ICP-OES to determine total As.  
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Table 2:Application of the PIM-EDXF methodology for the analysis of As containing natural waters(from Catalonia, Spain). 

 

 

 

 

 

*As(V): As (Total) - As (III); n.d.= not detected 

As it can be seen, the simple and new methodology here developed is able to discriminate between the two inorganic As species found 
in natural waters. This PIM-EDXRF can be viewed as an attractive alternative to perform As quantification and speciation at ultra-
trace levels. 
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Sample PIM-EDXRF method ICP-OES 

 As (III) ( µg L-1) As (V)* ( µg L-1) As (Total) ( µg L-1) 

Spring water n.d. 44 ± 4 49 ± 6 

Ground water n.d. 55 ± 3 68± 3 
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Abstract 

Our study evaluated the performance of a Thermo Scientific™ Dionex™ Integrion HPIC™ system coupled with a Thermo 
Scientific™ ISQ™ EC single quadrupole mass spectrometer to fulfill the requirements of EPA Method 332.0 for determination of 
perchlorate in environmental waters.  

The method uses a Thermo Scientific™ Dionex™ IonPac™ AS20 column set, on a compact IC system (Dionex Integrion HPIC 
system) coupled with a recently introduced single quadrupole mass spectrometer (ISQ EC MS).  

The results showed this new IC-MS platform can successfully execute EPA Method 332 for the determination of perchlorate in 
drinking water. 

Keywords: environmental waters, ic-ms, EPA method 332, perchlorate 
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Abstract 

Organochlorine pesticides (HCHs, DDTs, Heptachlors, AldrinesandEndosulfanes), seven polychlorinated biphenyl markers (PCB), 
polycyclic aromatic hydrocarbons (PAH) and BTEX (benzene, toluene, ethylbenzene and xylenes) were analysed in marine water 
samples of Porto-Romano area for four years period (2015-2018). Porto-Romano is situated in Adriatic Sea, near Durresi, Albania. It 
is considered as Hot-spot because before 90’ in this area was located chemical plants for Lindane production and tannins for leather 
treatments. Wastes of these plants were discharged for around 30 years directly to the sea. Last year’s in Porto-Romano is constructed 
and operates a port for hydrocarbons. There is realized import/export for oil, gasoline, etc. This could be a possibility of 
contamination due to various accidents that may be caused by the transfer of hydrocarbons. Also, near Porto-Romano is located a 
landfill that collects the urban wastes of several cities (Durres, Rrogozhine, Peqin, Kavaje) which has become quite problematic for 
the environment and residents of the area.Porto-Romano for a long period of time is strongly influenced by anthropogenic activity that 
become it a Hot-spot area of Albania.Marine water samples were taken from March to May of each year in six stations of Porto-
Romano. Samples were collected five to ten meters from the seashore and one to two meters in depth.  

Liquid-liquid extraction was used for extracting organochlorine pesticides, PCBs and PAHs from water samples. Clean-up procedure 
was realized in an open-column of Florisil for chlorinated pollutants. Analysis of pesticides and PCBs were realized in HP 6890 
Series II, gas chromatograph equipped with μECD detector. For separation of organochlorine pollutants was used Rtx-5 capillary 
column. Analysis of PAH and BTEX were realized in Varian 450 GC, gas chromatograph equipped with FID detector.VF-1ms 
capillary column was used for hydrocarbon separation. BTEX were analysed using HS-SPME method.  

Organic pollutants were found in all water samples of Porto-Romano area. The higher concentrations were found for organochlorine 
pesticides because of releases from ex-chemical plants in this area. Lindane and its isomers weren’t found in high concentration. PCB 
28, volatile congener, was found in higher concentrations because of their atmospheric origin. Presence of heavy PCBs shows 
terrestrial origin of PCBs in this area. PAH and BTEX were found for more than 60% of analyzed samples. Their concentration could 
be because of industrial activity and ship transport in this area. Mismanagement of Lindane plant wastes, urban pollution and recent 
industrial activity are factors of continues pollution in Porto-Romano area. Presence of organic pollutants in water samples of Porto-
Romano indicates that monitoring of this Hot-spot should be continuous. 

Keywords: Organochlorine pesticides; PCBs; PAH; BTEX; GC/ECD/FID 
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Abstract: 

 

The challenge of modern analytical chemistry is to design methods that minimize or even exclude the use of hazardous substances. 
Hence the need to develop rapid, accurate, sensitives and secure analytical techniques for environmental monitoring, that meet the 
requirements of green chemistry. Such applications require determination of several analytes at trace levels. Despite significant 
improvements in instrumental analysis, most techniques cannot be used directly for the analysis of complex sample matrices. As a 
result, sample preparation before instrumental analysis is required; for example, extraction methods used for the determination and 
identification of analytes include liquid–liquid extraction (LLE), solid-phase extraction (SPE), and supercritical fluid extraction 
(SFE). Nowadays, these extraction methods are used less frequently because of their high consumption of organic solvents and long 
duration(Mousavi, Tamiji, & Khoshayand, 2018; Rykowska, Ziemblińska, & Nowak, 2018). 

 

Recently, dispersive liquid-liquid microextraction (DLLME) became one of the techniques attracting special attention.DLLME is 
consistent with current trends of modern analytical chemistry. DLLME is simple, inexpensive, environmentally friendly, and can offer 
high enrichment across a wide variety of acceptor and donor phases.DLLME is the miniaturized form of liquid–liquid extraction in 
that the amount of organic solvent used is dramatically reduced. In this technique, three phases are used: the extraction solvent, the 
dispersive solvent, and the aqueous phase (where the analyte is located). The extraction solvent density should be different from that 
of water and the solvent should have lower miscibility with water compared to the sample solution, thus yielding appropriate 
selectivity with good extraction efficiency(Mansour & Danielson, 2018). 

 

Accelerated solvent extraction (ASE) is another advancement in sample preparation which is based on the extraction of analytes from 
the solids into a solvent under high temperature and pressure conditions. It allows accomplishing efficient extraction in relatively 
shorter periods of time. The use of high temperature leads to better extraction through improved analyte solubility, increased diffusion 
rates, decreased solvent viscosities, and reduced solvent-matrix interactions.There are several opportunities to combine ASE with 
microextractions. For example, ASE can be used for extraction from complex matrices such as soil, food, etc., and then further 
enhancement can be done by combining with microextraction(Sajid & Alhooshani, 2018). 

 

In this study ASE(Dionex® Thermo Scientific, PA, USA) was combined with DLLME for extraction of 17 PAH from filters in which 
particulate material is sampled. The analytes were first extracted using ASE, water was used as an extraction solvent. The extract was 
then used for DLLME.Standard solution mixtures of deuterated and native PAH (Semivolatile internal stardard and PAH Calibration 
mix from Sigma Aldrich®) were use during extraction and calibration. The quantification was done using a gas chromatograph 
(Thermo scientific trace GC ultra) coupled to a mass spectrometer (Thermo scientific ISQ). A fused silica capillary column (Select 
PAH, CP7462) from Agilent was used to separate the 17 PAH. Helium was used as carrier gas at a constant flow rate of 1.5 ml min−1, 
the volume injected was 1 μl in splitless mode with a pressure pulse. 

 

The detection limits(LODs) and quantification limits(LOQs) were calculated by preparing a total of 6 samples (n), which contained 
approximately the same amount of reference standard of PAH compounds to guarantee an acceptable chromatographic signal (ions) 
and a signal-to-noise ratio between 2.5 and 5. The standard deviation (S) for each congener and the average value (X) of the obtained 
data were calculated. The LOD was calculated for each congener by applying equation 1. Linearity was determined by the 
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mathematical treatment of the results of the analysis of different concentrations of the analytes. The linearity is expressed in Relative 
Response Factors (RRF). This calculation was made before the quantification of the samples. The acceptance criteria corresponds to a 
value of the relative standard deviation% RSD <20% for PAH. The% RSD was calculated according to equation 2. LOQs were 
calculated applying equation 3. 

 𝐿𝑂𝐷 = 𝑆 ∗ 𝑡𝑥(𝑛−1) Equation1 %𝑅𝑆𝐷 = 𝑆𝑋 × 100 Equation2 𝐿𝑂𝑄 = 10 ∗ 𝑆 Equation3 

To determine the accuracy of the analytical method, 6 samples (n) added with the standard of PAH were prepared and analyzed, the 
average value X (ug/ml) and the standard deviation S of the results obtained for each congener were calculated. With this data, the texp 
parameter was calculated according to the equation 4. 

𝑡𝑒𝑥𝑝 = (𝑋𝑟𝑒𝑎𝑙 − 𝑋𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑) √𝑛𝑆  Equation4 

The calculated texp value was statistically compared with the ttabulated value of the Student t test (99.5% confidence limit) with n-1 
degrees of freedom (Figure 1 a). Recoverypercentwas determined for each PAH. To evaluate Precision under reproducibility 
conditions, 6 samples were taken, these were prepared and processed in a similarform to those used to calculate accuracy. The average 
value of the samples, the standard deviation of the data obtained for each congener were calculated. If the %CV is less than or equal 
to 20% it is accepted that the method of analysis is accurate (Table 1). 

 

 

    a)        b) 
  

Figure1: a)Student t-value and b) Recovery percent calculated for each compound. 

The Figure 1 a) shows the values obtained for texp which determines the accuracy. In almost all cases the texp is less than the ttab = 
4.032. The compounds for which texp is greater are pyrene = 4,784 and Benzo (ghi) perylene = 6,285. However, because these values 
are not very far from the acceptance criteria, and the compounds are not those of greater toxicity, they are accepted. These results 
allow us to infer that the method is accurate under working conditions. 

 

The acceptance criteria for the estimated value of the LOD is the value obtained for the coefficient of variation (%CV). Up to 10% 
CV is accepted. As shown in Table 1, the response of the equipment is different from the number of rings. The values found for the 
CV are much lower than 10%. Table 1 shows LODs were in the range of 0.03–0.54 ug/g. 

t
tabulated

(n-1)= 4.0321 



280 
 

Table1: LOQs, LODs, Linearity as a %RSD, Precisión as a %CV and Recovery percent for 16 PAH compounds. 

 

 

Table 1 shows the coefficient of variation and the average recovery obtained for the 6 samples analyzed, with an expected 
concentration of 50ug /ml. In almost all cases the% CV was less than 20%, showing that the method is accurate and reproducible and 
the recovery percentage is within the allowed range (70% -130%)for most compounds as shown in Figure 1 b. 

 

An analytical method has been verified for the analysis of PAH. The proposed protocol is able to measure PAH in filters at 
concentration as low as 0.16 ug/g. All the results obtained show that the method used is reproducible and exact, it is still possible to 
optimize several parameters by means of an adequate design of experiments such as the volume of solvent dispersant and solvent 
extractor, however the proposed method significantly reduces the use of organicsolvents compared to traditional methods, the use of 
water as a solvent facilitates the disposal of waste. 
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RRFm % RSD X S % CV RRFm % RSD X S % CV

Naphthalene 1.36 0.27 3% 2.33 8% 52.31 1.66 3% Benz[a]anthracene 0.93 0.19 3% 2.31 14% 51.51 3.42 7%

Acenaphthylene 0.16 0.03 0% 3.42 11% 57.27 4.65 8% Chrysene 0.61 0.12 2% 2.70 11% 49.44 2.32 5%

Acenaphthene 0.37 0.07 1% 2.53 12% 56.84 6.20 11% Benzo[b]fluoranthene 1.11 0.22 1% 0.98 8% 43.10 5.55 13%

Fluorene 0.99 0.20 2% 2.28 8% 52.63 2.71 5% Benzo[k]fluoranthene 1.87 0.38 6% 3.13 13% 54.07 3.35 6%

Phenanthrene 1.26 0.25 2% 1.93 11% 51.07 1.12 2% Benzo[a]pyrene 1.11 0.22 6% 3.76 11% 65.38 12.40 19%

Anthracene 1.61 0.32 4% 1.84 12% 50.48 1.11 2% Benzo[ghi]perylene 1.78 0.36 5% 2.32 9% 70.91 11.04 16%

Fluoranthene 2.61 0.53 7% 3.81 7% 44.81 4.07 9% Indeno(123cd)pireno 1.72 0.35 3% 1.05 18% 64.37 11.02 17%

Pyrene 0.48 0.10 2% 3.37 13% 36.01 9.11 25% Dibenz[a,h]anthracene 2.69 0.54 5% 2.66 13% 61.75 7.26 12%

Precision
CompoundCompound LOQ LOD LOQ LOD

Linearity Precision Linearity
% CV% CV
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Abstract 
Ambient particulate matter (PM10 and PM2.5) and volatile organic compounds (VOCs) samples were collected daily in a background 
area located at Cyprus Atmospheric Observatory (CAO) at Agia Marina Xyliatou. during the winter of 2017. Polar organic tracers, 
organic carbon (OC), elemental carbon (EC) and meteorological data were measured. The scope of this work was to investigate the 
formation, distribution and the sources of the secondary organic aerosol (SOA) tracers in a low polluted atmosphere. Among the 
oxygenated compounds, mono and di-carboxylic acids (C4-C18), α-pinene and isoprene oxidation products (pinic acid, cis-pinonic 
acid, methylerythritol), aromatics (phthalic acid, isophthalic acid, trimellitic acid), sugars (levoglucosan, pinitol, ribitol, xylitol, 
glucose, inositol, trehalose), hydroxy-/polyacids (mallic,citric,glycerol, glycolic acid) and fatty alcohols (C12-C18) were tentatively 
identified in all the samples by a fully validated 3-step derivatization method.The median concentration levelsof di-carboxylic acids 
were <10 ng m-3, while mono carboxylic acids ranged from 13.3-37.0 ng m-3. Biogenic SOA tracers (a-pinene and isoprene oxidation 
products) varied from 2.56 to 9.45 ng m-3 while aromatics’ levels were <6 ng m-3. Sugars’ concentration levels were <10 ng m-3 except 
pinitol (52.9 ± 26.0 ng m-3) and the biomass burning tracer, levoglucosan (25.5 ± 20.2 ng m-3). Fatty alcohols and hydroxyl-/polyacids 
ranged from 8.71-35.9 and from 5.52-40.3 ng m-3 respectively.OC and EC concentration levels, for PM10, ranged from 0.43 to 9.06 μg 
m-3 and from 0.03 to 1.42 μg m-3 respectively,while for PM2.5, from 0.38 to 3.05 μg m-3 and from 0.06 to 1.63 μg m-3 respectively.A 
significant difference between PM10 and PM2.5 concentration levels derived from the statistical analysis. Source apportionment tools 
employed, comprising use of correlation analysis and PMF, to investigate possible associations and common sources among analytes. 
The study provides an original snapshot of the organic matter composition at a Mediterranean background site. 
Keywords: SOA, PM10, PM2.5, oxygenated compounds, derivatization 
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Abstract 

Monitoring of toxic compounds in the environment represents an important tool to follow the contamination of the environment and 
its changes and impacts on ecosystems, human health and society. Many monitoring campaigns are active worldwide, either as 
demanded by international treaties, laws or for scientific purposes. 

According to the actual legislation in the Czech Republicthe landfills and their vicinity is actively monitored for the quality of 
groundwater, surface water and leakages with emphasize on pH, conductivity, content of metals and anions such as nitrates and 
nitrites, and chemical and biological oxygen demands (COD and BOD)as well as geodetic parameters such as settlement of the 
landfill body. Out of all monitored parameters the COD is the only parameter relevant to the eventual contamination with organic 
compounds. 

To further understand the distribution of the organic pollutantsaround the landfills we proposed and carry out a measurement 
campaign in the vicinity (within 200 m) of six active landfills (five in the Czech Republic and one in Slovakia) in 2014/2015. The 
campaign was focused on winter and summer season and covers sampling of soil, water and air. We targeted diverse groups of 
organic pollutants, such as PAHs, PCBs, DDX, brominated flame retardants and similar, in all samples from each matrix.The tested 
groups of chemicals were chosen among those, which are often present in the consumer products and/or materials typically dumped 
on the landfills and are known to be persistent. 

The results of the measurements and comparison with lawful limits for industrial areasand with other sites (such as measurements 
from Košetice observatory, representing a typical background site in Central Europe) will be discussed in more details.In general, we 
do not found any significant contamination of monitored landfills vicinity with measured organic compounds and the landfills were 
thus not found to be a major source of such contamination. 

 

 

Keywords: persistent organic pollutant, landfills, contamination 
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Abstract 

Since 1996 Institute of Plant Protection-National Research Institute (IPP-NRI) have been performing official testing of pesticide 
residues in crop samples taken at the primary production stage for Main Inspectorate of Plant Health and Seed Inspection, within the 
supervision framework of the trade turnover and application of protection plant products. The purpose of the studies is to check 
whether plant protection products are used in compliance with Plant Protection Regulation requirements.  
In 2018, the studies were conducted within the framework of the multi-annual programme “Protection of cultivated plants with the 
consideration of food safety, reduction of yield losses and threat to humans, livestock and the environment” financed by Minister of 
Agriculture and Rural Development. The research comprised the determination of pesticide residues in 1.447 samples of 54 
commodities randomly collected from domestic farms by inspectors of Plant Health and Seed Inspection (Figure 1). Overall, the 
residues of 551 compounds were sought. Methods fulfilling the requirements of the SANTE/11813/2017guideline [1] and accredited 
under ISO/IEC 17025, in particular the multi-residue methods were applied in the studies.QuEChERS [2] extraction was used to 
isolate the analytes and remove the impurities. Chromatographic analyses were performedby liquid chromatography (LC-MS/MS) 
with using an EksigentekspertultraLC 100-XL system with chromatographic separation on a Kinetex C18 (100 x 2.1mm x 1.7µm) 
column interfaced with a mass spectrometer equipped with an electrospray-ionization source operated in the positive and negative 
mode (AB Sciex, Qtrap 6500), as well bygas chromatography (GC-MS/MS)with using the Agilent Intuvo 9000GC system combined 
with a triple quadrupole mass spectrometer equipped with an EI ionization source (Agilent, Triple Quad 7010B) and the 
chromatographic separation using an Agilent HP-5MS column (15m, 0.25mm, 0.25 μm). Multiple reaction monitoring (MRM) mode 
was used for detection and quantification of analytes. 

 

Figure 1: Analysed product groups 

Pesticide residues were found in 37.4% samples. In total, residues of 108 pesticides were detected in all tested products. Multiple 
residues were found in 18.3% of the samples. Pesticide residues were found in fruit (56.1%), vegetables (43.9%), oilseeds (23.9%), 
cereals (28.5%), pulses (4.8%) and sugar plants (43.5%)(Figure 2).The most frequently found pesticides were tebuconazole (7.4%), 
boscalid (5.1%), linuron (4.7%), azoxystrobin (4.6%), pirimiphos methyl (4.3%), difenoconazole (3.9%), dithiocarbamates (3.5%), 
chlorpyrifos (3.0%), acetamiprid (2.7%), fluopyram (2.6%) and epoxiconazole (2.0%).  
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Figure 2: Pesticide residues occurrence (%) 
 

Pesticide residues were most often detected in samples of apples (90.0%), celeriac (74.6%), sour cherries (69.4%), parsley 
roots (68.4%), strawberries (66.7%), lettuce (54.1%), tomatoes (53.4%), parsnips (52.4%) and cucumbers (51.2%). 

 
Figure 3: EU MRLs violations and unauthorisedplant protection product uses (%) 

 
The EU MRLs exceedances were found in 1.1% of the samples, while the residues of unauthorised plant protection products were 
present in 7.5% of samples tested(Figure 3). 
[1] Guidance document on analytical quality control and method validation procedures for pesticides residues analysis in food and feed. 
SANTE/11813/2017. 
[2] Foods of plant origin - Multimethod for the determination of pesticide residues using GC- and LC-based analysis following acetonitrile 
extraction/partitioning and clean-up by dispersive SPE - Modular QuEChERS-method. EN 15662:2018. 
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Abstract 
 
Several in situ or ex situ prepared film electrodes have been proven successful in the determination of the trace heavy metals in 
different environments using anodic stripping voltammetry (Lu et al., 2018). Since the first studies discussing the in situ preparation 
of Bi-film electrode (BiFE) (Wang, Lu, Hocevar, Farias, & Ogorevc, 2000) and Sb-film electrode (SbFE) (Pauliukaite et al., 2004) 
and their use thereof for trace heavy metal analysis there are also studies not only on BiSb-film electrodes (BiSbFE), but also 
BiSn-film electrodes (BiSnFE) (Ashrafi & Vytras, 2013; Finšgar & Petovar, 2018; Finšgar, Petovar, & Vodopivec, 2019). In this 
work, first the analytical performance of the best performing BiSnFE, is briefly compared with the Sn-film (SnFE) and Bi-film (BiFE) 
electrodes previously reported (Finšgar, Petovar, et al., 2019) in terms of linear concentration range, accuracy and precision for Zn(II), 
Cd(II) and Pb(II) trace analysis in 0.1 M acetate buffer solution. Then, a detailed electrochemical impedance spectroscopy (EIS) study 
has been performed at different accumulation and measured potentials to shed light on the analytical performances of these electrodes. 
Based on the results obtained from fitting the EIS response the sensitivity of these electrodes is also discussed and compared with the 
pure SnFE. 
 
Keywords: heavy metal analysis; BiSn-film electrodes; Sn-film electrodes; electrochemical impedance spectroscopy; 

 
 

Introduction 
 
The interest of the research community in heavy metal determination has increased over the years due to their adverse effects to the 
environment in general and especiallyto the human health (Masindi & Muedi, 2018; Tchounwou, Yedjou, Patlolla, & Sutton, 2012). 
The acute or chronic exposure to heavy metals (including Pb, Cd, Hg, Cr, etc) can lead to serious damages among others to the 
respiratory, gastrointestinal and nervous systems as well damages to kidneys, and liver.Some of these heavy metals are also known to 
be human carcinogens (Tchounwou, et al., 2012). 
Electroanalytical techniques in general and square wave anodic stripping voltammetry (SWASV) in particular have been an 
interesting alternative to the spectroscopic methods due to the fact that not only can achieve low limits of detection (LOD) and 
quantification (LOQ), and provide high accuracy, sensitivity and precision, but they are also less expensive (lower costs related to the 
equipment and performing the analysis) and portable (Alves, Rocha, & Soares, 2017; Bansod, Kumar, Thakur, Rana, & Singh, 2017; 
Lu, et al., 2018). 
Pure or modified glassy carbon electrodes (GCE) have been extensively used with voltammetric techniques in heavy metal 
determination (Cui, Wu, & Ju, 2015; Finšgar, Xhanari, & Petovar, 2019; V. Jovanovski, Hočevar, & Ogorevc, 2009; V. Jovanovski, 
Hrastnik, & Hočevar, 2015; Korolczuk, Tyszczuk, & Grabarczyk, 2005; Petovar, Xhanari, & Finšgar, 2018; Tyszczuk-Rotko & Maj, 
2012). Since the first work from Wang et al. (Wang, et al., 2000) on the potential of the Bi-film electrode in trace heavy metal 
analysis a wide variety of modifications have been reported aiming to improve its analytical performance (widening its linear 
concentration range) (Hwang et al., 2019; Jiang, Wang, Ding, Lou, & Qin, 2010; Vasko Jovanovski, Hočevar, & Ogorevc, 2017; 
Petrović et al., 2019; Zidarič et al., 2019; Zidarič et al., 2017).In addition, Bi(III) has been previously combined with either Sn(II) 
(Finšgar, Petovar, et al., 2019; N. B. Li, Zhu, Luo, & Luo, 2012) or with Sb(III) (Finšgar & Petovar, 2018; Yi, Li, Ran, Luo, & Li, 
2012) to form new types of electrodes.The development of these combined electrodes was based on several previous studies 
performed on the use of Sn-film electrodes (SnFE) in trace heavy metal determination (Czop, Economou, & Bobrowski, 2011; B. L. 
Li, Wu, Xiong, Luo, & Li, 2012; Maczuga, Economou, Bobrowski, & Prodromidis, 2013; Tian, Li, & Luo, 2009; Zhu, Li, & Luo, 
2007). 
Recently, the in situ preparation and the analytical performance of a Bi-Sn-film glassy carbon electrodes with different mass 
concentration ratios of Bi(III) and Sn(II) was reported (Finšgar, Petovar, et al., 2019). These electrodes were used for the 
determination of Pb(II), Cd(II) and Zn(II), with 0.1 M acetate buffer as a supporting electrolyte. Four Bi(III):Sn(II) mass 
concentration ratios (i.e2:8, 4:6, 6:4, and 8:2) in solutions with a total concentration of Bi(III) and Sn(II) of 0.5 and 1.0 mg/L were 
tested.The electrode containing a Bi(III):Sn(II) mass concentration ratio of 4:6 (0.4Bi0.6Sn) demonstrated the highest accuracy and 
precision in the determination of Pb(II), Cd(II) and Zn(II).  
In this work we first briefly describe the in situ preparation of the combined electrode (0.4Bi0.6Sn). Then, the analytical performance 
of this electrode is discussed and compared with the performance of the pure SnFE and BiFE electrodes. However, the main focus of 
this work is to further expand the study reported previously (Finšgar, Petovar, et al., 2019), focusing on better understanding the 
electroanalytical behaviour of the combined electrode (i.e. 0.4Bi0.6Sn) and compare it with the respective behaviour of the pure 
SnFE. In order to achieve that, detailed electrochemical impedance spectroscopy (EIS) measurements were performed at five different 
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potentials (i.e. –0.3, –0.6, –0.9, –1.2, and –1.4 V vs. Ag/AgCl(saturated KCl)) at both the same potential as the accumulation potential 
(Eacc) and at the open circuit potential (Eoc). To the best of our knowledge no such detailed study has been performed previously about 
these types of combined electrodes. 
 
Experimental 
 
A PalmSens3 EIS potentiostat/galvanostat controlledby the PSTrace 5.6 software (PalmSens, Houten, the Netherlands) was used to 
obtain the anodic stripping voltammograms and to perform the EIS measurements at room temperature. All the components used to 
perform these measurements, including the Ag/AgCl (saturated KCl) electrode (reference electrode),theGCE, or 0.4Bi0.6 
Sn/SnFE/BiFE (working electrode) and the Pt wire (counter electrode), as previously reported were purchased from Metrohm 
(Herisau,Switzerland) (Finšgar & Petovar, 2018; Finšgar, Petovar, et al., 2019; Finšgar, Xhanari, et al., 2019; Petovar, et al., 
2018).Ultra pure water (resistivity of 18.2MΩcm) obtained with a Milli-Qsystem (Millipore Corporation, Massachusetts, USA) was 
used to dilute to the desired concentrations the atomic absorption spectroscopy standard stock solutions (1000 mg/L) of Zn(II), Cd(II), 
Pb(II), Bi(III), and Sn(II) purchased from Merck (Darmstadt, Germany). Prior to the SWASV measurements the GCE was 
mechanically and electrochemically cleaned as described previously (Finšgar & Petovar, 2018; Finšgar, Petovar, et al., 2019; Finšgar, 
Xhanari, et al., 2019; Petovar, et al., 2018). Cyclic voltammetry measurements at different weep rates were employed to check the 
appropriateness of the working electrode preparation procedure in a 1.0 M KCl solution containing 10 mM K3[Fe(CN)6]. KCl was 
purchased by Carlo Erba Reagents (Val de Reuil, France) while K3[Fe(CN)6] was purchased from Sigma Aldrich (St. Louis, Missouri, 
USA). The supporting electrolyte is a 0.1M acetate buffer solution (pH = 4.5). A0.5 mg/L total concentrations of Bi(III) and Sn(II) 
was employed in addition to the Zn(II), Pb(II), and Cd(II) for the in situ preparation of the 0.4Bi0.6Sn electrode.A positive going 
potential with 50 mV amplitude, a frequency of 25 Hz, and a potential step of 4 mV was employed to obtain the anodic stripping 
voltammograms in the potential range from –1.4 to 0.6 V. The electrode was pre-treated for 60 s at Eacc = –1.4 V under continued 
stirring (300 rpm). An equilibration time of 15 s was employed before the measurements. No stirring was applied during the 
equilibration step, while during the cleaning step the solution was stirred at 300 rpm. The same accumulation and equilibration steps 
were also carried out prior to the EIS measurements. An excitation signal with 10 mV amplitude was used to obtain the EIS spectra in 
the potential range 50 kHz to 5 mHz with 5 points/decade. The PSTrace 5.6 software (PalmSens, Houten, the Netherlands) was 
employed to fit the EIS measurements using several equivalent electrical circuit (EEC) models (the model with the highest goodness 
of the fitting procedure was selected). The Dixon’s and Grubbs’ statistical tests with 95% confidence (Massart et al., 1997) were used 
to check for possible outliers from at least three replicate measurements and then the average values were calculated. 
 
Results and discussions 
 
Partial method validation 

The anodic stripping voltammograms measured using the in situ prepared 0.4Bi0.6Sn electrode at 0.5 mg/L with two different 
additions of the analytes are presented in Figure1. The selectivity of the method was confirmed by the clearly separated peaks from 
the stripping ions of the combined electrode (i.e. Bi(III) and Sn(II)) compared with the analytes stripping signals. The stripping peaks 
of Bi(III) were found at –0.15 V, while the stripping peak for Sn(II) is not developed (Figure 1). The stripping peaks of the analytes 
were located at –1.12 V, –0.78 V and –0.55 V for Zn(II), Cd(II), and Pb(II), respectively. 
Furthermore, it was shown that independently of the analyte measured the lowest LOD and LOQ values were obtained for the 
measurements performed with the pure BiFE. Moreover, the 0.4Bi0.6Sn electrode prepared at 0.5 mg/L total concentration of Bi(III) 
and Sn(II) provided lower LOD and LOQ values compared with the SnFE for all three analytes. 
The widest linear concentration range for Zn(II) determination at 0.5 mg/L was obtained with the pure SnFE total concentration of i.e. 
24.4–288.4 μg/L. The combined electrode (i.e. 0.4Bi0.6Sn) gave a narrower linear concentration range compared with the pure BiFE. 
However, the 0.4Bi0.6Sn electrode gave the lowest value of the lower concentration limit in Zn(II) analysis at 0.5 mg/L total 
concentration of Bi(III) and Sn(II). The same trends were also found in the case of Cd(II) determination. The pure SnFE electrode 
gave the widest linear concentration range for Cd(II), i.e. 9.9–462.4 μg/Lat 0.5 mg/L.In the case of Pb(II) determination, for the 
electrodes at 0.5 mg/L total concentration of Bi(III) and Sn(II) the widest linear concentration range (i.e. 12.3–644.8 μg/L) was 
obtained with the pure SnFE. However, for measurements performed with electrodes prepared at 0.5 mg/L total concentration of 
Bi(III) and Sn(II) the 0.4Bi0.6Sn electrode gave the lowest value of the lower concentration limit for each of the analytes (i.e. 2.0 
μg/L for Zn(II) and Cd(II) and 2.5 μg/L for Pb(II)). 
It was also shown that the 0.4Bi0.6Sn electrode has higher method sensitivity in the determination of all three analytes compared with 
the pure film electrodes at 0.5 mg/L total concentration of Bi(III) and Sn(II). 
It was also shown that for all three analytes the highest method precision (lowest RSD value) is obtained with the pure BiFE, followed 
by the 0.4Bi0.6Sn electrode. Moreover, the pure SnFE did not produce precise results (RSD > 20.0%) for the determination of Zn(II) 
and Pb(II).  
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The accuracy of the 0.4Bi0.6Sn electrode was satisfactory (recovery values were within the rangefrom 80.0 to 120.0%) for the 
determination of all three analytes. The pure SnFE prepared at 0.5 mg/L produced the least accurate results in the determination of all 
three analytes(Finšgar, Petovar, et al., 2019).  
 

 
Figure 1: Anodic stripping voltammograms obtained with pure BiFE, SnFE and the 0.4Bi0.6Sn electrodes in 0.1 M acetate buffer at 0.5 mg/L total 

concentration of Bi(III) and Sn(II). Two different concentrations of the analytes were employed, i.e. (a) 19.6 μg/L and (b) 29.1 μg/L. 
 
Electrochemical impedance spectroscopy measurements 
The EIS measurements were performed for the pure SnFE and the 0.4Bi0.6Sn electrode in situ prepared in 0.1 M acetate buffer at 0.5 
mg/L total concentration of Bi(III) and Sn(II), with and without the simultaneous addition of 19.6 or 29.1 μg/L of Zn(II), Cd(II) and 
Pb(II). In order to understand the behaviour of the electrodes prior to obtaining the stripping signal the EIS spectra were recorded at 
the same potential as the accumulation potential (Emeas = Eacc). Moreover, the EIS measurements were also performed at the open 
circuit potential (Emeas = Eoc) to gain insight on the electrodes’ behaviour in their natural state. The EIS spectra were obtained at five 
different potentials, i.e. –0.3, –0.6, –0.9, –1.2, and –1.4 V vs. Ag/AgCl (saturated KCl). 
Figure 2 (a–f) presents the Nyquist spectra (dotted curve) obtained with the pure SnFE and the 0.4Bi0.6Sn electrode and the 
respective fitting, measured at the same potential as the accumulation potential. Different EEC models have been considered to fit the 
EIS response obtained at the same potential as the accumulation potential (Emeas = Eacc) with both electrodes, but only the models that 
gave the lowest error of the fitting procedure presented in Figure 3 were selected. 
 

 
Figure 2: Nyquist spectra (dotted curve) and the respective fit (continuous line) measured at Eacc(from –1.4 to –0.3 V) with (a–c) 0.4Bi0.6Sn 

electrode and (d–f) SnFE. 
 
Table 1 presents the EEC models used to fit the EIS response obtained with the pure SnFE and the 0.4Bi0.6Sn electrodes formed in 

situ at 0.5 mg/L total concentration of Bi(III) and Sn(II) in 0.1 M acetate buffer, measured at the same potential as the accumulation 
potential (Emeas = Eacc).These models consists of a combination of resistances (R), constant phase element (represented by Qx, the non-
ideal capacitance) and the Warburg element (W). Model A – RΩ(Q1(Rp)), the Randles model, describes the behaviour of the electrode 
the surface of which is covered by a film consisting of either Sn, or the Bi-Sn combination. Model B –RΩ(Q1[RpW]), includes the 
addition of the Warburg element to the Randles model (model A). According to this model the electrodes are both under kinetic- and 
diffusion-controlled processes. 
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Figure 3:The EEC models used to fit the EIS response obtained with the pure SnFE and the 0.4Bi0.6Sn electrodes formed in situ at 0.5 mg/L total 

concentration of Bi(III) and Sn(II) in 0.1 M acetate buffer. 
 
Finally, two relaxation processes are used in model C – RΩ(Q1[R1(Q2R2)]) to describe the behaviour of the electrodes. The first 
relaxation process (R1Q1) describes the behavior at the GCE-electrolyte interface, while the properties of the electrodeposited surface 
layer (a combination the trace heavy metals and Bi(III), and Sn(II)) are described by the second relaxation process (R2Q2). In all cases, 
RΩ presents the uncompensated resistance, largely influenced by the solution resistance.  
Table 1 shows that the Randles model (model A) is used to fit the EIS response of the SnFE measured at the most negative potentials 
(i.e. –0.9, –1.2 and –1.4 V) independently of the presence or concentration of the analytes. The same model has been used to fit the 
EIS response of the 0.4Bi0.6Sn electrode at –0.9 V, with or without the presence of analytes. No defined trend can be observed in 
Table 1 regarding the selection of the EEC model to fit the EIS response for the other systems. However, Table 1 shows that both 
systems with analyte additions are both under kinetic and diffusion control (model B) at the most negative potential (i.e. at –1.4 V). 
Meanwhile, the same systems are only under kinetic control (model A) at the most positive potential applied (i.e. at –0.3 V).  
 
The polarization resistance (Rp), is calculated as the sum of all resistances (excluding the uncompensated resistance) in the case of 
model C, while for the other models, Rp represent the charge transfer resistance (R1). The Rp is connected to the ease of transferring 
the electron to the electroactive species in solution (Finšgar & Petovar, 2018; Finšgar, Petovar, et al., 2019; Finšgar, Xhanari, et al., 
2019; Petovar, et al., 2018). A higher Rp value is indicative of higher resistance to the oxidation or reduction reactions, which will lead 
to less intensive signal being obtained, i.e. a lower sensitivity of the method.  
 

Table 1: The EEC models used to fit the EIS response measured at Eacc using the pure SnFE and the 0.4Bi0.6Sn electrodes formed in situ at 0.5 
mg/L total concentration of Bi(III) and Sn(II) in 0.1 M acetate buffer. 

Potential Without 
analytes 

Solution containing  
19.6μg/L analytes 

Solution containing 
29.1μg/L analytes 

0.4Bi0.6Sn 
–0.3 V C A A 
–0.6 V B B B 
–0.9 V A A A 
–1.2 V A B B 
–1.4 V C B B 

SnFE 
–0.3 V C C C 
–0.6 V B B C 
–0.9 V A A A 
–1.2 V A A A 
–1.4 V A A A 

 
Figure 4 presents the variation of the Rp values obtained from fitting the EIS response of the pure SnFE and the 0.4Bi0.6Sn electrode 
measured both at the same potential as the accumulation potential (Emeas = Eacc), and at the open circuit potential (Emeas = Eoc), with 
and without additions of the analytes. For the measurements performed at Eacc (Figures4a, b) independently of the electrode used the 
Rp values of the systems containing analytes increased first when more positive potentials were applied, i.e. from –1.4 to –0.6 V and 
then decreased when moving from –0.6 to –0.3 V.  
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Figure 4:The variation of Rpvalues (obtained from fitting the EIS response) with the applied potential for (a, c) the 0.4Bi0.6Sn electrode and (b, 

d)SnFE. The EIS measurements were performed (a, b) at Eacc or (c, d) at Eoc. 
 
However, the increase in the Rp values is more pronounced for the measurements performed with the pure SnFE (Figure 4b). 
Moreover, for both electrodes (Figure 4a, b), no significant influence of the concentration can be observed when changing the applied 
potential. In the case of the 0.4Bi0.6Sn electrode (Figure 4a) for the system containing no analytes addition the Rp values decrease 
first from –1.4 to –1.2 V and then follow the trend described for the systems containing analytes addition. This behaviour was not 
observed in the case of the SnFE (Figure 4b), where the Rp values increased continuously when moving towards more positive 
potentials. Figure 4a, b shows that at the most negative potential (i.e. at –1.4 V) the Rp value obtained from the 0.4Bi0.6Sn is higher 
compared with the value obtained with the pure SnFE. This will indicate a higher sensitivity of the method (lower Rp value) for the 
pure SnFE compared with the 0.4Bi0.6Sn electrode, contrary what was found from the slopes of the calibration curves. However, it 
has to be noticed that in the systems with analytes addition measured at Eacc with the 0.4Bi0.6Sn electrode are both under kinetic and 
diffusion control processes (model B) as seen in Table 1. It has been previously reported (Finšgar, Petovar, et al., 2019) that method 
sensitivity is influenced by the diffusion control processes, due to the slowdown of electron transfer reaction. Meanwhile, the same 
systems (with analytes addition) when measured at Eacc with the pure SnFE are only under kinetic control processes (model A) at the 
most negative potentials (Table 1). 
For the measurements performed at Eoc, in the case of the pure SnFE (Figure 4d), the Rp values are not influenced from neither the 
presence nor the concentration of the analytes. For the pure SnFE, the Rp values continuously increase when moving towards more 
positive potentials. No significant change in the Rp values can be observed in the case when the 0.4Bi0.6Sn electrode was used 
(Figure 4c) for the systems containing analytes addition. 
 
The capacitance (Cx) values can be calculated from the respective resistance (Rx) and non-ideal capacitance (Qx) values according to 
Equation 1: 
 𝑪𝐱 =  (𝑹𝐱 ∙ 𝑸𝐱)𝟏 𝒏𝐱⁄𝑹𝐱                       (1) 

 
In the case of model C, since the two capacitances are in parallel the total capacitance (Ct) can be calculated as Ct = C1 + C2. For the 
other two models, Ct represents the double layer capacitance (C1).Figure 5 presents the variation of the Ct values obtained from fitting 
the EIS response of the pure SnFE and the 0.4Bi0.6Sn electrode measured both at the same potential as the accumulation potential 
(Emeas = Eacc), and at the open circuit potential (Emeas = Eoc), with and without additions of the analytes. 
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Figure 5:The variation of Ct values (obtained from fitting the EIS response) with the applied potential for (a, c) the 0.4Bi0.6Sn electrode and (b, d) 

SnFE. The EIS measurements were performed (a, b) at Eacc or (c, d) at Eoc. 
 
In the case of the 0.4Bi0.6Sn electrode (Figure 5a), the variation with the applied potential of the Ct values for the systems with 
analytes additions measured at Eaccis not influenced by the analytes’ concentration. For these systems, the Ct values decreased slightly 
from –1.4 to –1.2 V, increased from –1.2 to –0.6 V and then did not significantly change when moving towards more positive 
potentials applied.Figure 5b shows that for the pure SnFE measured at Eacc the Ct values are not influenced by neither the presence nor 
the concentration of the analytes in the whole potential range, with the exception of the measurement performed at –0.6 V for the 
system with 29.1μg/L Zn(II), Cd(II), Pb(II). The fact that the variation of the Ct values with the applied potential is not significantly 
influenced by the presence or concentration of the analytes is clearly observed for the measurements performed at Eacc (Figure 5c, d) 
for both electrodes. 
The potential of zero charge (PZC) can be determined as the lowest Ct value obtained for the system without additions of analytes 
measured Eacc (Figure 5a, b).In the potential range where the measurements were performed (i.e. from –1.4 to –0.3 V) the PZC for the 
0.4Bi0.6Sn electrode was observed at –1.2 V, while for the pure SnFE the PZC was observed at –1.4 V. 
 
Conclusions 
The performance of the in situ prepared bismuth-tin-film(BiSnFE) and the Sn-film (SnFE) glassy carbon electrodes in 0.1 M acetate 
buffer solution, used in the determination of trace levels of Zn(II), Cd(II) and Pb(II),was studied using electrochemical impedance 
spectroscopy (EIS) measurements.The EIS measurements have been performed at the same potential as the accumulation potential 
(Eacc) and at the open circuit potential (Eoc).The limit of detection (LOD) and limit of quantification (LOQ) of the 0.4Bi0.6Sn 
electrode prepared at 0.5 mg/L total concentration of Bi(III) and Sn(II) for all three analytes were found to be lower compared with 
SnFE, but comparable with the respective values from the Bi-film (BiFE) glassy carbon electrode.SnFE gave wider linear 
concentration range for all three analytes compared to the 0.4Bi0.6Sn electrode.Based on the slopes of the calibration curves a higher 
sensitivity of the method was found for the 0.4Bi0.6Sn electrode compared with the pure film electrodes. Finally, the 0.4Bi06Sn 
electrode gave more precise and accurate results for all three analytes compared with the SnFE. 
EIS measurements showed that at the most negative potential (i.e. at –1.4 V) for the pure SnFE, when measured at Eacc the systems 
followed kinetic-controlled processes, independently of the presence or the concentration of the analytes. Meanwhile, for the 
0.4Bi0.6Sn electrode when measured at Eacc the systems containing analytes addition were under both kinetic and diffusion control 
processes.Independently if the measurements were performed at Eacc or Eoc, no significant influence of the analytes’ concentration on 
the variation of the polarization resistance (Rp) values when moving towards more positive potentials can be observed.A more 
resistive system (higher Rp values) was obtained at the most negative potentials for the 0.4Bi0.6Sn electrode compared with the pure 
SnFE. The potential of zero charge (PZC) in the studied potential range were found to be –1.2 and –1.4 V for the 0.4Bi0.6Sn and the 
SnFE electrode, respectively.  
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Abstract: 

Introduction 

Flame retardants (FRs) represent a wide group of industrial chemicals which are added to electronics, textiles and furniture and which 
increase the ignition resistance of treated product. Usage of some brominated flame retardants, e.g. polybrominated diphenyl ethers 
(PBDEs), polybrominated biphenyls (PBBs) and hexabromocyclododecane (HBCDD), is prohibited by the Stockholm Convention on 
Persistent Organic Pollutants (POPs) due to their toxicity for humans and the environment. For this reason, “novel” flame retardants 
(NFRs) such as Dechlorane Plus, hexabromobenzene (HBB), decabromodiphenylethane (DBDPE) and organophosphorus flame 
retardants (OPFRs) are used as the alternatives for prohibited BFRs. Despite that, there are also concerns about their health effects on 
humans. Most of above mentioned groups of FRs are not covalently bound to material and they could leak from the product during its 
usage, disposal and recycling(Besis and Samara, 2012; Covaci et al., 2011; van der Veen and de Boer, 2012). From the ecological and 
economical points of view, the recycling process represents saving of (un-)renewable resources and reducing environmental burden, 
but it can also lead to “recycling” of flame retardants whose presence in new products like children toys, plastic kitchen utensils and 
other everyday objects is undesirable.For minimizing the risk of migration of flame retardants into the new products, the Directive 
2011/65/EU of the Parliament and of the Council set the “low POPs concentration levels” (LPCL): 0.1% for PBBs and 0.1% for 
PBDEs. The recycled material is discarded after the exceeding of these limits. Despite that fact, several studies revealed the presence 
of hazardous FRs in products where their presence is not needed and could potentially act as health threat for humans.(Guzzonato et 
al., 2017; Ionas et al., 2014; Kuang et al., 2018) 

Materials and methods 

30 samples of plastic products including 13 kitchen utensils, 6 toys and 11 samples of everyday objects were obtained on the Czech 
Republic retail market. Overall, 49 flame retardants were monitored: 16 main congeners of PBDEs representing prohibited technical 
mixtures (penta-, octa- and deca-BDE), 3 isomers of HBCDD (α-, β- and γ-), tetrabromobisphenol A (TBBPA), 14 currently used 
NFRs and 15 most significant OPFRs. The overview of targeted substances is summarized in Table 1. Short chain chlorinated 
paraffins (SCCP C10-C13) and medium chain chlorinated paraffins (MCCP C14-C17) were also among studied pollutants. Prior 
extraction, the samples were disintegrated into small parts (approx. 3×3 mm). An isolation procedure was based on ultrasound-
assisted extraction (UAE) for three hours. After that, a primary extract was evaporated to dryness and reconstituted in isooctane 
(analysis of PBDEs and NFRs), resp. methanol (OPFRs, HBCDD and TBBPA) and cyclohexane (SCCPs and MCCPs) enriched with 
appropriate mass labelled standards. Instrumental analysis of PBDEs and NFRs was performed using gas chromatography (Agilent 
6890A) coupled to mass spectrometry (Agilent 7000B) in negative ion chemical ionization (GC-NICI-MS), while for the analysis of 
OPFR, HBCDD and TBBPA ultra-high performance liquid chromatography (Agilent 1290 Infinity II) interfaced with tandem mass 
spectrometry (Agilent 6495 Triple Quad LC-MS) in electrospray ionization (UHPLC-ESI-MS/MS) was employed. For the analysis of 
SCPPs and MCCPs gas chromatography (Agilent 7890B) coupled to high resolution mass spectrometry (Agilent 7200B) in negative 
ion chemical ionization (GC-NICI-HRMS) was used. 

Results and discussion 

The detectable amounts of FRs were observed only in 7 samples – 4 toys and 3 objects of everyday use, however none of the targeted 
substances was detectedin plastic kitchen utensils. From the group of PBDEs, BDE 209 (deca-BDE) was the predominant one (75-
98% of the total PBDE content) with concentrations ranging between 4.54-1280 mg/kg in the positive samples followed by BDE 183 
(hepta-BDE) with 0.009-47.4 mg/kg and Σnona-BDE (BDE 206 and 207) with 0.540-28.0 mg/kg. The amounts of the rest of PBDEs 
decreased as follows Σocta-BDE > Σhexa-BDE > Σpenta-BDE, while tri- and tetra-BDE were not detected in any of samples. Among 
NFRs, mainly alternatives for technical mixtures of octa- and deca-BDE were found in the highest concentrations, specifically 
BTBPE (0.018-300 mg/kg), OBIND (0.440-61.4 mg/kg) and DBDPE (0.480-73.5 mg/kg). Chlorinated FR, Dechlorane Plus (syn- and 
anti- isomers) was also observed in relatively high amounts: 0.046-3.70mg/kg (syn-DP) and 0.200-17.5 mg/kg (anti-DP). The ratio 
between syn- and anti- isomer in samples was approximately 1:4 (m/m), which is inconsistent with the ratio in the technical mixture 
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(1:3; m/m). This difference is probably caused during the recycling process under high temperature which leads to a higher amount of 
anti-DP at the expense of the second isomer. The example of a chromatogram of PBDEs and NFRs is showed in Figure 1. In case of 
HBCDD, α- isomer was found in the highest concentrations: 3.23-109 mg/kg (64-88% of total HBCDD) followed by β-HBCDD 
(0.390-8.55 mg/kg) >γ-HBCDD (0.220-6.76 mg/kg). In the technical mixture γ-HBCDD is the predominant isomer, the dominance of 
α- isomer in samples might be caused by the same phenomenon like in case of Dechlorane Plus – isomeration due to high 
temperature. TBBPA also represents FR which was found in one of the highest concentrations among target substances, specifically 
1.08-180 mg/kg. Triphenyl phosphate (TPhP) was the predominant representative of OPFRs: 2.01-617 mg/kg g (90-95% of all 
OPFRs) followed by the other OPFRs with benzene ring in structure, namely cresyl diphenyl phosphate (CDPP) – 0.120-14.5 mg/kg 
and tricresyl phosphate isomers (ΣTCP) – 0.071-67.7 mg/kg. From the chlorinated OPFRs, amounts of TClPP were 0.180-2.87 mg/kg, 
concentrations of other halogenated OPFRs and OPFRs with alkyl chain were low (in the range of µg/kg).A chromatogram of OPFRs 
in one sample is illustrated in Figure 2. The last group of studied FRs were short and medium chlorinated paraffins which were found 
in same samples like above mentioned FRs. Their concentrations varied between 1.80-61.0 mg/kg for SCCPs and 0.300-40.9 mg/kg 
for MCCPs. 

 

Keywords: flame retardants, recycled electric and electronical waste, kitchen utensils, plastic toys, “everyday objects” 

Tables and figures: 

Table 1:Overview of the targeted compounds 

Brominated and "novel  flame retardants (BFRs, NFRs) Organophosphorus flame retardants (OPFRs) and other BFRs 

Polybrominated diphenyl ethers (PBDEs; #28, 47, 49, 66, 85, 
99, 100, 153, 154, 183, 196, 197, 203, 206, 207, 209 

Triethyl phosphate (TEP) 

Tris(2-chloroethyl) phosphate (TCEP) 

1,2-bis(2,4,6-tribromo-phenoxy)ethane (BTBPE) Tripropyl phosphate (TPrP) 

Decabromodiphenylethane (DBDPE) Tris(1-chloro-2-propyl) phosphate (TClPP) 

Dechlorane Plus (anti-, syn-DP) Tris(1,3-dichloro-2-propyl) phosphate (TDClPP) 

(2,3-dibromopropyl) (2,4,6-tribromophenyl) ether (DPTE) Tri-isobutyl phosphate (TiBP) 

2-ethylhexyl-2,3,4,5-tetrabromobenzoate (EH-TBB) Tri-n-butyl phosphate (TnBP) 

Hexabromobenzene (HBB) Tris(2-butoxyethyl) phosphate (TBOEP) 

Hexachlorocyclopentadienyl-dibromocyclooctane (HCDBCO) Tris(2-ethylhexyl) phosphate (TEHP) 

Octabromotrimethylphenylindane (OBIND) Triphenyl phosphate (TPhP) 

2,3,4,5,6-pentabromoethylbenzene (PBEB) 2-ethylhexyl diphenyl phosphate (EHDPP) 

2,3,4,5,6-pentabromotoluene (PBT) Tricresyl phosphate (TCP) 

2,3,5,6-tetrabromo-p-xylene (pTBX) Cresyl diphenyl phosphate (CDPP) 

1,2,5,6-tetrabromo-cyclooctane (TBCO) Tris(p-tertbutyl phenyl) phosphate (TtBPP) 

1,2-dibromo-4-(1,2-dibromoethyl) cyclohexane (TBECH) Hexabromocyclododecane (HBCDD) 

Bis(2-ethylhexyl) tetrabromophthalate (TBPH) Tetrabromobisphenol A (TBBPA) 
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Figure 1: Chromatogram of PBDEs and NFRs in a sample of toy gun 

 

Figure 2: Chromatogram of OPFRs in a sample of toy car 
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Introduction:According to the World Health Organization (WHO)more than 360 million people will be affectedby diseases such as 
depression, anxiety or bipolar disorder. The treatment available is practically based on the use of antipsychotic drugs. According to 
the Brazilian Health Surveillance Agency (ANVISA), the most consumed antipsychotics in the São Paulo State, Brazil, between 
2009-2011, were clonazepam, alprazolam, amitriptyline, fluoxetine, sertraline, and bupropion (ANVISA, 2012). After administration,  
a non-metabolized portion of these compounds are excreted in natura, which may lead to the spread and occurrence of these 
compounds in water bodies worldwide and, because of that, antipsychotics are considered contaminants of emerging concern.In 
general, these active pharmaceutical inputs, originating from a variety of sources, including domestic and hospital wastewater, present 
risks to aquatic environment (Melvin, 2017). Antidepressants, even if found at trace levels, can cause adverse effects on aquatic 
organisms, such as reduced reproduction, abnormal embryo development, and delayed sexual development (Silva et al. 2017).The aim 
of this work was to develop and validate anon-line solid phase extraction-ultra highperformance liquid chromatography-tandem mass 
spectrometry(SPE-UHPLC-MS/MS) method for the determination of alprazolam (APZ), amitriptyline (AMT), bupropion (BP), 
carbamazepine (CMZ), clonazepam (CNZ), escitalopram (ESC), fluoxetine (FLX), nortriptyline (NT), sertraline (SER) and trazadone 
(TZ) in surface water (Atibaiariver basin and Anhumascreek). The Atibaiariver (165 km of extension, Q = 12 m3 s-1)is the primary 
water supply of the city of Campinas located in the state of São Paulo, Brazil. Because Anhumascreek is the main receptor of treated 
wastewaters of Campinas city, a sample point in this tributary prior disembogueinAtibaia river was selected. 

Methods:The analyses were carried out using an on-line SPE-UHPLC-MS/MS system (Waters, USA) as previouslydescribed by 
Tetzner et al. (2016), Figure 1. Briefly, the system is equipped with a quaternary solvent manager pump (SPE process), a binary 
solvent manager pump (chromatographic separation), a triple quadrupole mass detector (Xevo TQD Zspray) with an electrospray 
ionization source (ESI) operating in the positive mode. Argon was used as the collision-induced dissociation gas. As shown in Figure 
2.A,seven sampling sites were selected in the Atibaiariver basin (samples sites 1 to 7) and one at the Anhumascreek (sample site 8). 
The surface water samples were collected in three sampling campaigns (I-30/08/2018, II-30/10/2018 and, III-04/02/2019). The 
samples were added of the internal standards, filtered (0.22 µm) and analyzed by a the validated SPE-UHPLC-MS/MS method. 

 

Figure 1. SPE-UHPLC-MS/MS system. 

 

Results: The SPE process was performed using an Oasis HLB column (2.1 x 30 mm x 10 µm) and the chromatographic separation on 
an Acquity UPLC CSH C18 (2.1 x 50 mm x 1.7 μm) analytical column at 40 ºC, both from Waters. The SPE loading solvent was 
water:acetonitrile 80:20 v/v at a flow rate of 1.0 mL min-1 and the sample volume of 200 µL. The mobile phase for the 
chromatographic separation consisted of water containing formic acid (0.1% v/v) (solvent A) and methanol (solvent B). The gradient 
was as follows: 0.0–0.5 min (75% A); 0.5–0.55 min (70% A); 0.55–3.0 min (30% A), 3.0–5.0 min (30% A), and 5.0–5.5 min (75% 
A).The method was in-house validated and the following parameters were assessed: linear range, linearity, precision (intra- and inter-
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day, fortification level 750 ng L-1), accuracy, limit of detection (LOD) and limit of quantitation (LOQ). Carbamazepine-d10, 
clonazepam-d4and fluoxetine-d6 were used as internal standards.The capillary voltage was 0.9 kV, desolvation temperature of 350 ºC 
and desolvation gas flow rate (nitrogen) of 500 L h-1. Further mass spectrometric and validation parameters are described in Table 
1.The intra-day precision (n=6) and the inter-day precision were in the range of 2.6 to 43.6% and 3.1 to 42.2%, respectively. The 
linearities were higher than 0.98 and the LOQ was 50 ng L-1 for all drugs. 

The antipsychotic occurrence results are presented on Figure 2.B. CNZ, NT, SER and ALP were not detected in any samples. BP was 
present in 61% of the samples, being the highest concentration(i.e. 1880ng L-1) detected in the sample site 8 (Anhumas creek). Of all 
antipsychotics monitored, the highest concentration determined was 3530 ng L-1 of CMZ, in thesampling campaign I,also at sample 
site 8.Anhumas creek was highly impacted by the occurrence of this class of pharmaceutical probably because it is the main receptor 
of the treated wastewater of Campinas. Moreover, the high concentration and frequency of antipsychotic occurrence in the sample site 
8 may indicate the inability of the prior wastewater treatment applied toremove these compounds.It is also noted an increase in 
antipsychotics occurrence frequency and concentration as the river flows from agricultural to an urban area (from sampling site 1 to 
8). 

Table 1.Drugs assessed and their respective SRM and mass spectrometer parameters and validation parameters. 

 MS parameters Validation parameters 

Drug Precursor 
ion (m/z) 

Cone 
voltage 

(V) 

Quantitation 
ion (m/z) / 
Collision 

energy (V) 

Identification ions 
(m/z) / Collision 

energy (V) 

Linear 
range (ng 

L-1) 

Intra-day/inter-
day precision 

(%) 

Accuracy 
(%),  

750 ng L-1 

APZ 309.1 40 281 (27) 205 (38); 274 (27) 50-5000 3.6/8.4 92.3 

AMT 278.1 37 91 (22) 233 (17) 50-3000 5.1/8.6 103.5 
BP 340.1 23 184 (13) 131 (25); 166 (16) 50-3000 11.1/10.2 120.2 

CMZ 237.1 38 194 (20) 179 (32); 165 (40) 50-3000 4.3/3.6 97.5 
CNZ 316.0 52 270 (25) 214 (38); 241 (34) 50-3000 3.8/3.4 95.3 
ESC 325.2 43 109 (24) 262 (19) 50-5000 42.3/26.8 131.2 
FLX 310.1 20 44 (12) 148 (9) 50-3000 10.9/11.8 102.2 

NT 264.4 32 233 (14) 191 (21); 218 (23) 50-5000 9.7/14.6 115.4 

SER 306.1 14 159 (26) 129 (23) 50-3000 47.2/37.1 106.5 
TZ 372.8 47 176 (24) 148 (33) 50-3000 36.2/22.9 156.2 

CMZ-d10 247.0 38 204 (20) 187 (36); 174 (42)    
CNZ-d4 320,0 52 274 (25) 218 (38); 245 (34)    
FLX-d6 316,0 45 44 (12) 154 (8)    

 

A)  B)  

 

Figure 2. A) Sampling campaigns sites: I-30/08/2018, II-30/10/2018 and III-04/02/2019. B) Results of antipsychotics occurrence in 
the Atibaiariver and Anhumascreek. Values lower than LOQ were considered as half of the value of LOQ (25 ng L-1). 

CONCLUSION: The combination of the SPE on-line process to UHPLC-MS/MS enabled the establishment of an automated and 
accurate method for the determination of residues of antipsychotic drugs at the ng L-1 level in surface water, with the advantage of 
lower sample handling, solvent consumption and analysis time in relation to off-line SPE. Quantitation limits of 50 ng L-1 were 
achieved for all drugs evaluated. Six of the ten drugs evaluated were detected in the surface water collected from the two rivers. The 
Anhumascreek presented higher concentrations of the drugs, and an urban-related occurrence of antipsychotics was observed. This 
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work highlights the importance of tributaries and inefficient wastewater treatment on the fate of antipsychotic drugs in Atibaia’s 
basin. 

Keywords: antipsychotics; water; contaminants of emerging concern; pharmaceuticals; SPE-UHPLC-MS/MS 
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Abstract 

Phthalate diesters are high-production chemicals which can be found in a wide variety of consumer products such as food packaging, 
medical equipment or personal care products, among others (Net et al., 2015). These compounds can easily reach the environment as 
well as the organisms that we consume due to the fact that they are neither chemically bound to the products, nor efficiently removed 
by wastewater treatment plants (Harunarashid et al., 2017). Moreover, a prolonged exposure to some phthalate diesters can cause 
negative effects on the reproductive system and the development of the affected biota (Mathieu-Denoncourt et al., 2015). Phthalate 
diesters can be also metabolised into their corresponding monoesters for which some studies have pointed out endocrine disrupting 
properties as well (Zhai et al., 2014). 

 

Therefore, this work focuses on the development of analytical methods for the determination of six phthalate diesters and their 
respectivemonoesters in widely consumed fish species by high-performance liquid chromatography coupled with high-resolution 
mass spectrometry using an Orbitrap mass spectrometer.  

 

The results obtained with two different ionisation sources (heated electrospray (HESI) and atmospheric pressure chemical ionization 
(APCI)) were tested in order to obtain minimum matrix effect values. When the analysed matrix is as complex as fish, ion suppression 
or enhancement effects can occur and interfere in the correct detection and quantification of the target compounds. Nevertheless, 
some studies have reported an improvement in matrix effect values when APCI was used instead of HESI (Morrison et al., 2018). 

 

Moreover, two extraction methodologies were optimised and compared, as well as several clean-up strategies to try to decrease as 
much as possible the high matrix effect values. On one hand, a pressurised liquid extraction (PLE) method with methanol was tried 
out, followed by a solid phase extraction (SPE) step to clean and preconcentrate the extracts. The second method consisted on a 
QuEChERS extraction followed by a dispersive solid-phase extraction (dSPE) clean-up step.Both extraction procedures were 
optimised for two types of fish with different lipid percentagesconsidering that the extraction efficiency can vary according to that 
content.The selected species were sole (white fish) and salmon (fatty fish). 

 

Afterwards, the PLE and QuEChERS methods were validated and applied to the simultaneous determination of the chosen phthalate 
diesters and their metabolites in five different fish species selected among those most widely consumed by the population in 
Catalonia: mackerel (Scomber scombrus), salmon (Salmo salar), shrimp (Aristeus antennatus), sole (Solea solea) and squid (Loligo 

vulgaris). 

 

Regardless of the extraction method used, several of the target compounds were satisfactorily detected and quantified in different 
samples. Briefly, benzyl butyl phthalate and dibutyl phthalate were identified in most samples, even though bis(2-ethylhexyl) 
phthalate and diethylphthalate were found at the highest concentrations. Regarding phthalate monoesters, monoethyl phthalate, 
monobutyl phthalate and mono(2-ethylhexyl) phthalate could be quantified in most species. 

Keywords: Phthalate diesters, Pressurised liquid extraction, QuEChERS, Fish samples, HPLC-HRMS 
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Abstract 
 
Trace metal micronutrients, particularly iron, are involved in regulating primary production in the marine environment and therefore 
play a key role in controlling global climate via their impact on the global carbon cycle. The availability of iron regulates the growth, 
biomass and species composition of phytoplankton over large areas of the surface ocean and CO2 drawdown has been observed in 
iron fertilisation studies. The marine biogeochemistry of iron therefore has great scientific, ecological and political significance. 
Reliable determinations of dissolved iron at sub-nM concentrations in marine waters are therefore needed to enhance our 
understanding of their impact on ocean productivity and processes such as ocean acidification. However, iron species are analytically 
challenging to measure due to their very low concentrations, the presence of labile and complexed forms of the element and the 
potential for contamination. Hence methods need to be sufficiently validated (via intercomparison exercises and uncertainty 
estimation) to allow comparison between data sets from different spatial and temporal regimes.This presentation overviews flow 
injection (FI) methods for the determination of iron in marine waters using chemiluminescence detection for shipboard use and 
inductively coupled plasma-mass spectrometry for laboratory applications. The FI manifolds used incorporate an immobilised 
chelating ligand for on-line preconcentration and matrix removal. Results from the application of these methods to seawater samples, 
together with supporting hydrographic data, are used to elucidate important iron marine biogeochemical processes. The relative 
contributions of all sources of uncertainty associated with the measurement process are discussed in the context of fit for purpose 
methodologies. Laboratory microcosm experiments to investigate aerosol iron dissolution in seawater and quantification of iron 
binding siderophores are also considered. 
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Abstract 
 
The analysis of environmentally related samples (water, soil, air) is of huge importance due to the global impact on human, aquatic 
and plant life. The effect of known suspect chemical contaminants needs to be thoroughly understood, but of higher concern is the 
emergence of unknown contaminants caused through bio-transformation. These unknown suspects pose challenges to analytical 
scientists on how to detect what they are, with the use of LC-MS/MS being used today as a routine frontline technique. In this paper, 
we describe the technology and workflows provided by SCIEX hybrid linear ion trap (QTRAP) and high resolution QTOF LC-
MS/MS that can be used to breakdown those analytical challenges. 
 
Here we present results of PPCP (pharmaceuticals & personal care products), illegal drugs, steroids and pesticide findings in water 
samples collected in different geographies and from different type of water, including drinking water, creeks, rivers, lakes, sea etc. All 
samples were analyzed by direct injection Liquid Chromatography coupled to tandem Mass Spectrometry (LC-MS/MS). We will 
discuss the sample extraction procedure, analytical method conditions and software workflows to aid identification of both target 
(known) and non-target (suspect) compounds. Two analytical methods were used. A method which enables the quantitation of PPCP 
at low ppt levels using Multiple Reaction Monitoring (MRM) and their identification using full scan MS/MS with mass spectral 
library searching using a hybrid triple quadrupole linear ion trap LC-MS/MS system (QTRAP® 6500). In addition a high resolution 
and accurate mass LC/MS/MS system (TripleTOF™ 5600+ and X500R QTOF) was used to further explore collected samples for 
unexpected analytes. Data processing turned out to be the bottleneck of the general unknown screening methodology. New and 
advanced data processing tools where used to automatically identify unexpected and unknown pollutants will be discussed. 
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Abstract : 

New pharmaceutical forms are being innovated to improve patient comfort among them, orodispersible tablets or rapidly 
disintegrating tablets administered orally. 
Rapidly disintegrating tablets have the particularity of rapidly disintegrating in the oral cavity, tongue and in contact with saliva.  
After deglutition the dissolution   and   absorption   of   the   suspension (saliva-grain) will take place as for a conventional tablet in 
the gastrointestinal tract. 
Orodispersible forms are convenient for pediatric patients, geriatric, disabled and also patients with persistent nausea, who are 
traveling or who do not have access to water. 
Indeed, the active principle, in the orodispersible form, is presented in a form directly available for absorption; the rapid dispersion in 
fine particles makes it possible to avoid any gastric ulceration and adherence to the walls of the digestive tract. 
They are, in fact, manufactured with standard equipment (mobile mixers) present in any industry dedicated to solid forms. 
The main disadvantage of orodispersible tablets is taste   masking,   and   because   of   their   low hardness and high friability, these 
tablets are difficult to handle during their use. 
On the basis of a literature search, an attempt was made to optimize a qualitative and quantitative formula, as well as a 
manufacturing process which would be subsequently validated by transposition on an industrial scale. 
The proportions of the various excipients used are inspired by the "Handbook of pharmaceutical excipients. 
The test for flow and compaction of the excipients was non-compliant, the flow time had exceeded the limit of 10 s and the packing 
test (V10-V500) was greater than 20 ml, excepted for those performed on lactose  monohydrate,  which  were  compliant  but this  
was  not  sufficient to  obtain a  mixture  with good flow and settlement. 
This was the reason why the recommended process was wet granulation in order to improve the rheology of the mixture. 
Six placebo trials were performed (Table 3), each placebo was 500 g in weight this would be used to find a rapid disintegration 
matrix optimum in which the AI would be introduced and which aimed to verify the technical feasibility of the formula through the 
search for the conformity of the pharmaco-technical controls. 
the results of the friability and hardness tests of placebos was almost the same. We had good hardness and good friability for all 
the placebos, so we could not distinguish the optimal matrix according to these analyzes. 
Regarding the first histogram which represents the variation  of  wettability  time,  disintegration  time and water content absorbed 
for each placebo, the disintegration time increased with that of the wettability time and the placebo 03 gave the time of Disintegration 
and fastest wettability. Therefore, it this test would be retained as an optimal matrix. The formulated tablets are dosed with 100 mg of 
acetylsalicylic acid with a weight of 300 mg. 
The Magnesium Stearate is incompatible with acetylsalicylic  acid,  so  we  replaced  it  with  talc which does not present any 
incompatibility with the latter. All the tests carried out with Crospovidone as disintegrant, alone or in combination with another 
disintegrant and with the Pregelatinized starch as binder, made it possible to obtain a disintegration time of less than 1 min. 
The use of the Pregelatinized starch, which could act as a binder as well as a disintegrant, had shown that the change in its mode 
of incorporation into the formula had no impact on the pharmaco-technical controls and this for the same disintegrant. 
The use of polyvinylpyrrolidone (PVP K30) as a binder in place of the Pregelatinized starch was most appropriate since it had dual 
role: binder and disintegrant. A rapid disintegration matrix with AI was obtained with a disintegration time of 16 s and a hardness of 
4.95 Kp and friability of 0.45%. 
 
  Keywords: Granulation,;Rapidly disintegrating matrix; Tablet orodispersible; Placebo. 
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Abstract: 

Introduction : 

H1 antihistamines are inverse agonists of histamine H1receptors that stabilize the inactive form. [1][2] 

Loratadine is tricyclic antihistamine with long-acting action and partial selectivity for histamine H1 receptors.It is indicated primarily 
in the symptomatic treatment of allergic rhinitis and chronic idiopathic urticaria. [4] 

The objective of our work is to evaluate the physicochemical quality of Loratadine raw material. 

MATERIALS AND METHODS: 

The active ingredient Loratadine was identified through its organoleptic characteristics, its melting point and by infrared absorption 
spectrum using a FTIR spectrophotometer. The determination of its purity and the determination of its organic impurities were carried 
out using Waters ALLIANCE HPLC, equipped with a UV detector at 254 nmand C8 column (4.6 mm X 15 cm X 5 µm) which is 
maintained at temperature; 25° to 35°C. A mixture of acétonitrile , methanol and buffer A (O.01 M dibasic potassium phosphate): 
(60:60:70) was used as  mobile phase, the flow rate was about 1.2 ml/min for the determination of impurities and about 1 ml/min for 
assay.[3] 

RESULTS AND DISCUSSION:  

The identification of the active substance and the evaluation of its physicochemical quality have shown compliance with the standards 
required by the US Pharmacopoeia USP 40 NF 35. 

High performance liquid chromatography analysis revealed three unspecified impurities; the total of the three impurities was 0.114%. 

CONCLUSION: 

The Loratadine raw material tested is of good physicochemical quality. 

Keywords: Loratadine, antihistamine, physicochemical quality, HPLC, organic impurities. 
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Abstract  

A highly sensitive fluorimetric method for the qualitative and quantitative determination of synthetic dye in wastewater is proposed. 
The method was developed on a standard sample of the synthetic dye indigocarmine (E132) in an alkali solution. The working 
wavelength of indigocarmine excitation in NaOH 310 nm was found, at which the luminescence of the alkaline solution of the 
synthetic dye is observed at a wavelength of 402 nm. 

 

Keywords: wastewater, fluorimetry, indigocarmine, synthetic dyes. 

 
One of the most valuable natural resources is water. Water is the basis of human life and plays an exceptional role in metabolic 
processes. In addition, water is of great importance in industrial and agricultural production. The growth of cities, the rapid 
development of industry and a number of other factors increasingly complicate the problem of providing clean water (Carlos A. 
Martı´nez-Huitle, 2009). 

The production of dyes in the chemical industry is constantly increasing and is about 1 million tons / year. One of the most common 
are synthetic and organic dyes, which fall into the wastewater of the chemical industry. 

The danger of such wastewater is due to the high toxicity of dyes, since their MAC values are less than 0.001 mg/dm3 (SNiP 2.04.02 - 
84., 1985). In this regard, the development of new methods for the detection and quantitative determination of synthetic dyes in 
wastewater is an important task. 

The aim of the research is the development a fluorimetric method for the determination of the synthetic dye indigocarmine (E132) in 
wastewater. 

Fluorimetric analysis is characterized by high sensitivity compared with other known methods of analysis and therefore is particularly 
effective for determining low concentrations of the desired substances. 

Synthetic dye Indigocarmine  is used in medicine: urology, surgery, gynecology, gastroenterology, oncology and vascular surgery, in 
the manufacture of capsules and tablets; in the chemical industry as a chemical indicator; in household chemicals and food industry as 
a dye. 

To determine the excitation wavelengths at which the luminescence of alkaline solutions of indigocarmine occurs, a synchronous 
scanning of the spectra was performed under the following conditions: excitation from 180 to 800 nm, displacement of the 
monochromator from 0 to 100 nm. In the course of the study, a working excitation length of 310 nm was established at which the 
luminescence intensity of E132 dye was observed to be the highest (Fig. 1.). 
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Figure 1: Luminescence Spectrum of indigocarmine in NaOH 

The proposed fluorimetric method of analysis is the most accurate for the determination of synthetic dyes in wastewater due to its 
high sensitivity compared with other methods of analysis of synthetic dyes, such as spectrophotometric, chromatographic and 
electrochemical. 
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Abstract 

 

Interferences were observed in the determination of fluoride ions (F-) in waste water samples by potentiometric fluoride method1, in 
case of high aluminium ions (Al+3) concentration2, 3. Despite the use of total ionic strength adjustment buffer (TISAB), a buffer which 
regulates the pH and binds interfering cations such as Al+3,thus setting free the complexed fluoride, there was a great diversity in the 
results during F-concentrationmeasurements4,5. After analysingseveral waste water samples spiked with variousaluminium 
concentrations, the minimum concentration of aluminium which interferes significantly has been specified. In conclusion a single F-

measurement of a sample,even if is within calibration limits,might not be accurate and the actual concentrationmust be verified by at 
least two consecutive dilutions. 

Keywords: fluoride,potentiometric, aluminium, interference, dilutions 

Tables and figures 

Table 1:Measurements showing the effect of various aluminium concentrations added to 10ppm F – solution. Recovery of F-. 

 

C Al+3 (ppm) C F-measured (ppm) Recovery of F-(%) 

10 8,10 81,0 

5 8,92 89,2 

2 9,50 95,0 

1 9,90 99,0 

0,5 10,0 100,0 

 

 

Figure 1:The effect of various aluminium concentrations added to 10ppm F –solution. 

 

 

8.0

8.5

9.0

9.5

10.0

0 2 4 6 8 10

C
 F

-  (
m

g/
l)

 

C Al+3 (mg/l) 

10ppm F⁻ 

mailto:egiouni@elkeme.vionet.gr


308 
 

Table 2:Measurements showing the effect of various aluminium concentrations added to 5ppm F – solution. Recovery of F-. 

 

C Al+3 (ppm) C F-measuring (ppm) Recovery of F- (%) 

5 4,01 80,2 

2,5 4,50 90,0 

1 4,75 95,0 

0,5 4,85 97,0 

0,2 4,90 98,0 

 

 

 

Figure 2:The effect of various aluminium concentrations added to 5ppm F – solution. 
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Abstract 

 

Indoor swimming pools have a very sensitive indoor environment due to their intrinsic hygrothermal conditions, complex chemical 
dynamics and ventilation needs. These type of buildings include a high volume of heated water in the pools that must be properly 
disinfected, typically by adding chlorine-based products (Teo, Coleman, & Khan, 2015). Chlorine readily reacts with natural organic 
matter such as sweat, urine, skin particles, hairs, cosmetics, microorganisms that are generally introduced in the water mainly from the 
users, leading to the formation of potentially hazardous disinfection by-products (DBP) (Manasfi, Coulomb, & Boudenne, 2017; 
Weisel et al., 2009). Some of the formed species, such as trihalomethanes (THM) and chloramines, are very volatile and consequently 
likely to be present in significant concentrations in the air above the chlorinated waters (Tardif, Catto, Haddad, Simard, & Rodriguez, 
2016). Due to this chemical dynamics, it is of major importance that this kind of facilities be equipped with an effective heating, 
ventilation, and air conditioning (HVAC) system, in order to provide adequate comfort conditions and avoid accumulation of harmful 
compounds in the indoor environments whilst promoting their elimination.  

This work aimed to evaluate the impact of ventilation conditions on the indoor air quality(IAQ) in public indoor swimming pools, 
with special focus on the exposure of the occupants to airborne DBP.In order to accomplish this, 20 public swimming pools located in 
the Northern region of Portugal were visited in twocampaigns - in cold and warm seasons of 2018. Awalkthrough inspection was 
carried out in each facility, alongside a building survey through checklist in order to gather all relevant information on the 
building/room characteristics, disinfection routines, ventilation conditions and occupancy patterns.Data on air quality indicators were 
collected indoors through two methodologies. The first one involved continuous monitoring of a comprehensive set of air parameters 
(carbon dioxide (CO2), temperature, relative humidity, chlorine and ultrafine particles (UFP)) during a full day operating hours of the 
facilities. The second one, consisted of 1h-air samplings to assess environmental levels of volatile organic compounds, in particular 
THM, in two locations (chosen to be representative of swimming pool occupants’ breathing zones) carried out during the first hour 
activity of the day (early morning)and in the period of high-attendance to the swimming pool (evening).Similarly, data on the levels 
of air pollutants and of other environmental parameters were also collected outdoors by positioning the monitoring and sampling 
equipmentnearby to the air inlet of air handling unit of the HVAC that serves the indoor swimming pool environment.  

The analysis of the data obtained from the monitoring and sampling work conducted indoors showed that the assessed total THM 
concentrations,used as putative predictors of exposure to volatile DBP, are significantly increasedin periods of highest occupancy of 
the swimming pools.Further, the measured indoor levels of CO2 -indicator of occupancy and also of worst ventilation conditions- 
were strongly statistically associated with the concentration of THM existing in the indoor air. Accordingly, also the measured air 
relative humidity percentage and existence of signs of condensation in windows weresignificantly correlated with higher airborne 
THM and chlorine levels. These findings support that buildings with worst ventilation conditions promote a significant accumulation 
of DBP, in particular THM, in the indoor environment of the swimming pool.Eight out of the 20 studied swimming pools exhibited an 
indoor/outdoor ratio higher than 1 for suspended UFP counts, suggesting that the HVAC systems of a noteworthy number of 
participant facilities is not functioning at a levelto guarantee the filtration of outdoor particles. Moreover appreciable amounts of 
THMwere detected in the outdoor environment close to the inlet of the air handling units which supply fresh air to the indoor air 
spaces in 5 out of the 20 swimming pools studied. This can be plausibly attributed to noticeable errors during the HVAC system 
design, which have the entrance of fresh air supply duct located surprisingly close to the exhaust air grille, or to the local of storage 
and/or handling of chemical products.  

Overall, this study found evidence that occupants of swimming pools with inadequate ventilation conditions are likely to be exposed 
to significantly higher concentrations of THM, and potentially other volatile DBP, than people working in or attending swimming 
pools with anappropriate air treatment system. Further, the findings of this work also stress that to prevent re-entrance of exhausted 
substances into the indoor space it is of major importance to have a well-designed HVAC system that ensures that supply and exhaust 
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airflows do not mix.It is expected that these results can inspire policy and regulatory actions on IAQ in swimming pools, namely by 
generalization of assessment plans on IAQ and effectiveness of HVAC systemsin these facilities and by development of guidelines to 
safeguard the health and well-being of occupants. 

The authors gratefully acknowledge the funding of Project NORTE-01-0145-FEDER-000010, Health, Comfort and Energy in the 
Built Environment (HEBE), cofinanced by ProgramaOperacional Regional do Norte (NORTE2020), through Fundo Europeu de 
Desenvolvimento Regional (FEDER). 
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Environment and health: Comprehensive interdisciplinary bachelor and master study 
programmes in Brno, Czech Republic – an integrative approach to higher education in 

environmental sciences 
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RECETOX, Faculty of Science, Masaryk University, Kamenice 753/5, A29, 625 00 Brno, Czech Republic 

 

Higher education study programmes in the field of environmental sciences are traditionally growing from the field of chemistry, e.g., 
environmental chemistry or biology, e.g., ecotoxicology or are technologically oriented (e.g. waste treatment). As a consequence, the 
curricula usually tend to be focused primarily either on chemical courses or biological courses (or eventually engineering) and thus 
graduates are similarly oriented in line with the traditional division of natural sciences. This is, however, not strict and a recent study 
by Lammel et al. showed, that an “environmental chemistry” bachelor and master study programme (SP) at a European university 
could contain a share of unavoidable credit points given for chemistry courses anywhere between 0 and 60% for bachelor SP, 
respectively 0 and 100% for master SP (Lammel, 2014). 

The Bologna process is aiming to introduce a common system of study programmes through Europe to increase flexibility, 
transparency and international mobility and to ensure comparability of higher education qualifications (Kehm and Teichler, 2006).It 
inspired various curricular reforms starting since around 2000 and led to a higher diversification of higher education in Europe. 
However, the increasing multidisciplinarity of science and societal need for professionals with broad knowledge base of relevant 
fields would require the opposite approach – integration of study programmes. In addition, we expect our graduates to be on the job 
market until around 2070 and ever accelerating societal changes will require them to adapt and to pursue life-long learning. This 
further underlinesthe importance of getting a broad overview and master critical and scientific thinking. 

To offer students an education opportunity with deep understanding of impacts of the environment on human and ecosystem health 
(understood as both individual health, ecosystems health and summary of all mankind needs fulfilled by the environment), we decided 
to combine the two SPs traditionally running in the Centre RECETOX, Masaryk University, Brno, namely a) Environmental 
chemistry and b) Ecotoxicology into one SP, Environment and health. This already accredited bachelor SP will prepare graduates with 
interdisciplinary knowledge of biological and chemical disciplines who are wellorientated in complex environmental problems and 
their contexts, causes, consequences and solutions at different levels. It has interdisciplinary concept and emphasize understanding of 
both the chemical and biological nature of environmental problems and their impacts. 

In the following master SP, Environment and health, the emphasis is put on the interactions between the environment and human 
health, incl. technological tools and law. The educative aim isto prepare professionals with knowledge of environmental and 
analytical chemistry, (eco)toxicology, pathophysiology, risk-assessment or epidemiology and their contexts.With this knowledge base 
the graduates are expected to understand the nature of environmental problems and contribute to their solution. Students could choose 
one of prepared four profiles to shape their knowledge bases and prepare for their independent career. 

These study programsare unique in the Czech Republic and one of only few across Europe.The details of curricula, process of its 
preparation, analysis and future possibilities for graduates will be discussed. 

Keywords: environment health, education, undergraduate study programme, bachelor, master 
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Abstract: 

 

Water is one of the most precious resources on earth. A growing world population must be provided with increasing amounts of fresh 
water whereas resources are limited and pollution of the natural water cycle is increasing. Against the background of climate change 
and its impact on the environment and the global economy, the sustainable and efficient handling and managements of this resource is 
of paramount importance and a challenge for future generations. This challenge cannot be met by single disciplines such as chemistry, 
engineering or biology alone - it requires interdisciplinary knowledge.  

 

The University of Duisburg-Essen offers a series of international and interdisciplinary water-related master programsin the faculties 
of engineering, biology and chemistry. Water Science, Transnational ecosystem-based Water Management (TWM) and Management 
and Technology of Water and Waste Water (MTW³) are three designated water courses, Environmental Toxicology has a strong water 
focus, and three further courses offer a specialisation in water topics. They are all interlinked so that students can choose optional 
courses from all curricula. Water education at UDE is organized by the Centre for Water and Environmental Research (ZWU) 
together with the involved faculties. 

 

Water Science: 

Water Science offers a two-year curriculum. Students will learn how to characterise processes in aqueous systems, how to quantify 
chemical and microbiological parameters and their effect on water quality, how drinking water is produced and waste water is treated 
at a state-of-the-art level. They will learn how to interpret data and acquire the skills necessary for protecting water resources. The aim 
is to provide students with in-depth knowledge in these subjects with a focus on the interfaces, as scientifically based work in the 
water sector is not possible in single disciplines. The students should be able to classify scientific evidence and develop a broad 
overview of their field of study. Based on strong education in the core topics students have many opportunities to develop an 
individual profile by choosing from a large variety of optional courses, bringing in areas such as (eco)toxicology, water technology, 
nano-materials, etc. 

 

Transnational ecosystem-based Water Management (TWM): 

The two-year Master program “Transnational ecosystem-basedWater Management” (TWM) is particularly aiming at the ecological 
aspects of watermanagement. TWM is a joint initiative of the University of Duisburg-Essen(Germany) and the Radboud University in 
Nijmegen (TheNetherlands). The first year is taught jointly in Nijmegenand Essen, while the second year is dedicated to practice,i.e. 
to implement the knowledge within an external three-month internship and finally in context of the master thesis.Due to its 
international curriculum, the study programmeallows the students for an insight in the interdisciplinaryeducational structure and the 
two cultures in Germany andthe Netherlands. Students will graduate at both universitiesand obtain a double diploma (two MSc 
degrees). Core topics are water ecology, water chemistry, water engineering, flood management, river basin management, social 
environmental sciences and environmental evaluation. 

 

 

 



314 
 

Management and Technology of Water and Waste Water (MTW³) 

MTW3 is a two-year interdisciplinary Master course based on natural scientific and technicalfundamentals with main focus onprocess 
engineering and advancedengineering as well as economicsand water management. All studies are related to water procurement, 
water treatment, draining of storm and waste water and waste water treatment. Graduates of MTW3 will be familiar with 
Germanwater management and treatment systems. They will be able tothink interdisciplinary by combining knowledge on 
economics,water management and engineering. MTW³ offers a wide range ofpossibilities for prospective careers especially in water 
supply,sewage disposal, water boards and engineering companies. 

 

 

 

 

Keywords: international and interdisciplinary water education  



315 
 

Using problem based learning and case studies in teaching environmental chemistry 
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Abstract: 

Environmental Chemistry is taught on both basic and advanced level at Umeå University. In addition two new courses in the field are 
planned for the autumn semester 2019 focused on risk assessment approaches of organic chemicals and biogeochemical cycles of 
metals, respectively. The advance level course is entitled Advanced Environmental Chemistry and is given once per year during a ten 
week period yielding 15 ECTS credits. The course is deigned to cover a wide spectrum of topics within the discipline of 
environmental chemistry, from toxicology to legislation, which warrants interdisciplinary studies. In recent years we have as well 
included a short block on sustainability with a focus on using life cycle analysis as a tool to integrate and compare various aspects of 
chemical hazards. The course is now designed with following blocks; emissions and sampling, organic trace analysis, inorganic trace 
analysis, risk and sustainability assessment, and a final case study. Each module has a small teacher’s team and these modules end by 
an individual or group examination with different formats. For several years we have applied various types of pedagogical techniques 
including case studies and problem-based learning (PBL). PBL is a style of student-centered learning which facilitates the integration 
of multiple subjects. Recently, we investigated if it would be a more appropriate instructional method for teaching Environmental 
Chemistry than the traditional teacher centered education model.1We implemented PBL on our course and studied the outcome over a 
two year period and the results indicated that the students were pleased and found PBL to be an efficient methodology for not only 
learning, but also acquiring an in-depth understanding of the subject. This presentation will present the development and design of the 
course and our experience on using various pedagogical tools.  

 

Keywords: teaching, problem-based learning, case studies, environmental chemistry 

 

References  

1. Jansson S, Söderström H, Andersson PL, Nording M. Implementation of Problem-Based Learning in Environmental Chemistry. J 
Chem Edu. 92, 12, 2080-2086, 2015. 

 

 

 

 
 

 



316 
 

Environmental science programs at the Eberhard Karls Universität Tübingen 

 

Zwiener C. 

Environmental Analytical Chemistry, Center for Applied Geoscience, University of Tübingen,  
Hölderlinstr. 12, D-72074 Tübingen, Germany 

 

Abstract 

In the Department of Geoscience at the Eberhard Karls Universität Tübingen bachelor and master courses with a strong link to 
environmental science are offered. Among them are the bachelor program Environmental Sciences and the master program Applied 
and Environmental Geoscience. All programs are characterized by a fundamental education in science, which is the basis to 
understand the interactions between human activities and the environment. 

A focus of the BSc program Environmental Sciences is on the analysis and understanding of biogeochemical and physical 
processes in soil, atmosphere and the water cycle. The study program therefore includes mathematics, physics and chemistry. 
Introductory courses to geo and environmental systems include cycles of matter in water, soil and atmosphere. For a deeper 
understanding of environmental processes and their modelling, knowledge in environmental physics and chemistry as well as 
ecotoxicology are imparted. Methods of environmental science are provided in the modules system analysis and environmental 
analysis and are further applied in a field course. 

Applied and Environmental Geoscience (AEG) is an international research-oriented study program focusing on the evaluation and 
solution of environmental problems. Special emphasis is given to environmental problems in the subsurface such as the pollution of 
drinking water supplies from groundwater resources, the non-sustainable use of natural resources, the impact of short and long term 
waste disposal, the impact of climate and land-use change on soil and water quality.Students from various science backgrounds learn 
to qualitatively and quantitatively address complex processes in soils, water and air and to evaluate environmental risks based on 
multi-disciplinary approaches. 

 

Keywords: environmental science, study program, education 
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Abstract 

University of Novi Sad is one of the 14 partners in Erasmus+ project named "ICT networking for Overcoming Technical and Social 
Barriers in Instrumental Analytical Chemistry Education" (NETCHEM, http://www.netchem.ac.rs/). The project is coordinated by 
the University of Niš with the main goal of strengthening the capacities for international cooperation in Serbian and Albanian higher 
education institutions (HEIs) and enterprises dealing with analytical instrumentation usage for Environmental & Food Safety Control 
(EFSC). Technical capacities and education practice through Technology Enhanced Learning are going to be increased. This is in line 
with the strategies of scientific development of Serbia and Albania. In addition, two regional Western Balkan priorities are stressed(i) 
Environmental protection and (ii) Learning and teaching tools, methodologies and pedagogical approaches including outcomes and 
ICT-based practices. The partnership comprises 3 EU universities, a prominent public EU research organization, 4 Serbian and 2 
Albanian universities, small and medium enterprises and company that produces analytical instruments. The main outcome of the 
project is the NETCHEM platform, http://netchem-eu.com/home.html, that has been established at the University of Nišand once 
finished, will be dynamic focal point of collaboration of the partners among themselves and wider community in domain of education 
in instrumental analysis related to EFSC. It consists of three parts (i) SQL based system for EFSC data collection, (ii) web assessed 
remote instrumental analytical laboratories (WARIAL) and (iii) open education resources (OER) in partner country universities. At 
the moment of writing this abstract open education materials that are/will be used at universities are modernized and first WARIAL 
trials are performed. In this way modernization of MSc and PhD courses has been undertaken at the project level (in total 53 
MSc/PhD courses) 

 

Based on training that was obtained from EU partners during the project, two faculties, namely Faculty of Science and Faculty of 
Technical Sciences at the University of Novi Sad have been modernized 6 and 5 courses, respectively. New teaching material in the 
form of video-clips, concept maps and tests for Moodle platform has been developed. In addition, WARIAL sessions with remote 
access to laboratories that are usually difficult to assess with large groups of students are developed and delivered. This assess is 
mainly developed as a remote lecture approach. One of WARIAL sessions was with remote control of instrument. It is filmed 
andthose films are planned to be used for so called flipped learning in the future. Topics that are covered by the lectures sometimes 
overlapping in content since the delivery differs for different study programmes (e.g. engineering vs. science) or different study levels 
(MSc vs. PhD). They cover internal validation of GC-MS method, determination of MDL and PQL values for HPLC-DAD method, 
application of high pressure liquid chromatography with tandem mass spectrometry (HPLC-MS/MS) in analysis natural products, 
high pressure liquid chromatography with diode array detection (HPLC-DAD) application in analysis of food and supplements or in 
analysis of water pollutants during water treatment, optimization of ion-chromatographic analysis with conductivity detection (IC-
Ec),matrix interferences in flame atomic absorption spectrophotometry, application of quality control charts in total organic carbon 
analysis in environmental samples,  practice in monitoring of landfill gasses and groundwater, etc.All those materials will be broadly 
available beyond the borders of the consortium, while remote sessions will be exchanged in between partners thus enabling better 
networking among professionals and overcoming of the barriers in education (e.g. lack of material resources and instrumentation or 
limitations related to availability of instruments for education, lack of practical knowledge and experience etc). 

 

In addition, University of Novi Sad was leading the sub-task related to survey on partner country practice in using OER and 
instrumental analysis. Results of this survey that was performed with help of colleagues from all partner institutions at their respective 
universities and regions are published at the project web site (http://www.netchem.ac.rs/documents/send/35-outputs/754-prep-1-2-
report-on-pc-practice-in-using-oer-and-warial-pdf). It was shown that the need on continual professional education exists especially in 
the field of analytical method validation and development. Real hands-on training and problem based learning, development of 

http://www.netchem.ac.rs/
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practical skills are found to be needed both for students and professionals. Willing for improvement of teacher's education skills was 
reflected through results of survey. Students also stressed that they are very interested in development of practical skills.  

 

Having all this in mind, the two faculties established the practice of training of own teachers through workshops related to WARIAL 
and new teaching concepts and tools. Furthermore, free continual professional development course named "Creation of 

contemporarily designed courses based on the principle of constructive alignment" was designed and delivered by professor 
J.Adamov from Faculty of Sciences for all the teachers at the University of Novi Sad. In addition, Faculty of Technical Science 
delivered continual professional development course named Passive sampling techniques for environmental media monitoring" 

delivered by professor M. Turk Sekulić and J. Radonić. Under construction is the course related to QC procedures in Gas 
chromatography by group of authors from both faculties. 

Keywords NETCHEM, open education, continual professional development, remote access to laboratories 
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of Bath, UK. 

 

Jannis Wenk 

University of Bath, Department of Chemical Engineering,  
Water Innovation and Research Centre, Claverton Down, Bath, BA2 7AY, UK 

 

During the past eighteen months I have been the Principal Programme Developer for a new MSc in Environmental Engineering in the 
Department of Chemical Engineering at the University of Bath, UK. I have been also the Director of Taught Postgraduate Studies in 
our Department and have been involved in restructuring an already existing MSc course ‘Sustainable Chemical Engineering”. 
Currently, the Department is pursuing curriculum transformation for all its programmes. In addition both MSc courses have been 
submitted for accreditation by a professional body. 

During my presentation I would like to present the structure of the new MSc course and future plans for further development, with a 
focus on novelty and where we will position this course within the UK and the European education landscape of environmental and 
sustainability studies. I will also include a few examples on how we approach teaching, embrace new teaching technologies, our 
feedback policy and student engagement strategies.  

 

 

From the workshop I expect exchange with colleagues across Europe, active in curriculum design and to learn about current trends 
and latest developments for delivery of timely study programmes within the environmental/sustainability engineering and science 
studies family.’ 
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Abstract 

 

The Domžale-Kamnik Waste Water Treatment Plant (DKWWTP) is the fourth largestmunicipal WWTP (149.000 PE) in Slovenia, 
treating municipal, industrial and storm wastewater from six municipalities. It has been operating since 1980 and in 2017 was 
upgraded to nitrogen and phosphorous removal. Within the plant,treatment occurs in three stages,1) mechanical waste water 
treatment, which removes the coarse solids and larger debris;2) aerobic biological stage with SBR technology, which removes the 
carbon, nitrogen and phosphorus compounds, and 3) anaerobic biological digestion, which converts the sludge into biogas. The plant 
utilisesthe DEMON process for treating the nitrogen reachside steam wastewater produced during anaerobic digestion.It also treats 
other liquid wastes delivered bytanker truck.The biodegradable liquid wastefirst passes through a hygienisation unit and then into an 
anaerobic digestion tank. Using a small amount of highly organic liquid waste to generate biogas means thatthe plant is almost self-
sufficient inheat and power needs. To pre-treat the hazardous and non-hazardous liquid wastes,the plant has installed a 
separateelectrocoagulation with air flotation unit. Afterwardsthe wastewateris returned to the main plant.All processes incorporate 
best available technologies (BAT) equipped with sensors and process regulators resulting in more efficient and more stable operation.  

 

To assure efficient plant operation,it is also important to have well educated and motivated employeesable to react to any situation and 
quickly restore normal operations. The DKWWTP has 17 employees with different levels of educationranging from those with 
secondary education to those who hold doctoral degrees. Regardless, each workerhas had to learn or upgrade his/herown knowledge 
concerning wastewater treatment processes, and since in Slovenia there is no educational centre for wastewater operators,this has been 
achievedthrough attending international conferences, courses and byreadingthe technical literature. Learning-by-doing is the mottoof 
the DKWWTP, and a significant body of knowledge has been built upfrom an engineering (civil and mechanical engineering), 
biological, and chemical perspective. Each employee is encouraged to attend at least one training event annually. In addition, young 
employeesare given the chance to increase their level of education. In this way, the DKWWTP has been able to build and maintain a 
highly educated and motivated workforce, where the average employment stayexceeds 20 years, whichcontributes to long-term stable 
plant operations. Every year the DKWWTP collaborates with different research institutes and university faculties on mastersand 
doctoral theses related to aspects of wastewater treatment as well as establishing its own R&D group.  

 

The number of wastewater treatment plants in Slovenia continues to rise, each with their own specificneeds and challenges. In 
2006,the DKWWTPstarted toshare and exchange its knowledge and experience with other operators by organising a two-day training 
course. To date, this course remains the only one of its kind in Slovenia. Every year the course is upgraded with the latest information 
andeminentinternational experts are invited to give talks. In 2015,the DKWWTP began its so-called “Month of Knowledge” were 
different producers and suppliers are given the opportunitytopresent their latest products and technologies. This has resulted in the 
DKWWTPbecoming a centrefor knowledge transfer although it does not award a certificateof education. In the ten years of providing 
this service, the DKWWTP has trained more than 500 operators. 

 

In 2017,Slovenia established a Centreof Competence (CoC) for those working in drinking water supply, drainage and 
wastewatertreatment, with the Chamberof Commerce as one of its main promotorsand the EU as a co-financier. Besidesthe 
DKWWTP, the CoChas 21other members.One of the main outcomes was the registration and the awarding of the qualificationof 
“WWTP operator”. As of 2019, the Institute of the Republic of Slovenia for Vocational Education and Training (CPI) now recognises 
this additional qualification. Operators from other wastewater companies have also given their support.The two-day course consists of 
ten modules, each lasting from four to six hours covering all aspectsof basic WWTP operation. Each course will combine theory and 
practice with the practical part beingheld at the WWTP. The final exam is given by the DKWWTP anddesigned to test the theoretical 
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and practical knowledge of the candidate. All participants mustattend at least 80 % of the courses. After passing the exam, the 
participants receive a certificate from the DKWWTP. In 2018,together with the CPIand other Slovenian experts,the DKWWTP 
beganpreparinga nationalvocational qualification standardfor wastewater operators that will have an international value. This willbe 
completed in 2020 and will focus on advanced knowledge of wastewater treatment. The vision of the Slovenian Ministry for the 
Environment and Spatial Planning is to make this vocational education obligatory for every WWTP operator, as is the case in 
Germany.   

 

To promote the value of the work performed by the DKWWTP, each year the plant opensits doorsto the public, whichtypically 
includes20-30 groups from primary and secondary schoolsand universities.During these visits, audiences are shown a14 minute 
animation describing the wastewater treatment process. This is followed by a guided tour of the facilities. Every third year, the plant 
organizes a special event on a Saturday morning for more than 400 visitors from neighbouringcommunities and friends and relatives 
of employees.  

 

It is important that we have a respect for water and forthose people whose responsibility it isto treat wastewaterin order to protect the 
environment and this valuable resource. This respect will be given only if peopleunderstand the value of water and the work that is 
done at the WWTP.This can be achieved only through the education of WWTP operators and the public. Let us together start the 
golden era for water treatment professionals. 

Keywords: operators, training, WWTP, vocational education and training 
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The need of considering the environment as primary social and economic asset, together with the urgency of contrasting the effects of 
climate change, has increased the demand of environmental education and the offer of academic curricula over the last decades. The 
role of chemistry, especially environmental chemistry, is mandatory in higher education programs focusing on environmental sciences 
and environmental technologies. A comprehensive Europe-wide survey on bachelor (BSc) and master (MSc) programs has been 
conducted by the DCE of EuCheMS for the period December 2011- November 2012 literature (Lammel et al., 2014). The results 
showed an overall offer in Italy of 23 BSc and 16 MSc academic programs requiring the teaching of environmental chemistry and 
related subjects (e.g. environmental analysis, environmental chemical pollution, exposure in ecotoxicology, environmental risks). 
Here we report on the update of the previous survey with additional information on courses given in English, and on Ph.D. programs 
and courses. In addition, the demand of environmental chemistry in the field of Conservation and Restoration of Cultural Heritage is 
also reported since the academic scientific sector in Italy includes both Chemistry of the Environment and Chemistry of Conservation 
and Restoration of Cultural Heritage. 
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Abstract 

Quaternary ammonium salts belong to the class of cationic surfactants. The surfactants contain, simultaneously, hydrophilic 
and hydrophobic chains and that amphiphilic structure is the foundation for their practical applications(Liu et al., 2018). Quaternary 
ammonium salts are commonly used as biocides, detergents and corrosion inhibitors but they also find applications in nanoscience 
and nanotechnology (gene therapy, drug nanocarriers) as well as in enhanced oil recovery (Brycki et al., 2017). Recently, a new 
generation of cationic surfactants – gemini surfactants – has become an interesting topic for researchers. Their dimeric structure, two 
monomeric moieties linked by a spacer, leads to superior properties than monomeric salts, such as: lower critical micelle 
concentration (CMC), lower minimum inhibition concentration (MIC) and higher ability to lower surface tension, meaning that the 
same effect may be achieved using a lower amount of the compound(Brycki et al., 2017). Every year, consumption of these 
compounds increases which, consequently, leads to an increase of their potential risk to the environment. Therefore, studying their 
ecological properties such as aquatic toxicity and biodegradability is crucial. 

There is a lack of information about toxicity of quaternary ammonium salts, especially in sea water. Nevertheless, the 
available toxicity data, in fresh water, shows that gemini surfactants are less toxic than their monomeric counterparts. However, 
according to the Ecotoxicity Hazard classes proposed by the OECD(OECD, 2001), they are still considered as toxic to aquatic life 
(Garcia et al., 2016).Encapsulation of active ingredients in engineered materials (mesoporous silica, LDH) is an effective way to 
reduce their toxicity(Avelelas et al., 2017; Gutner-Hoch et al., 2018; Martins et al., 2017). Moreover, it also providesa controlled 
release of the encapsulated compounds (Keyvani et al., 2017; Sousa et al., 2015)favouring the preservation of the environment. 

In this study, toxicity of some quaternary ammonium salts (Figure 1) in artificial sea water was studied.Free and 
encapsulated cationic surfactants were tested to non-target species: microalgae cultures (Nannochloropsis gaditana, Phaeodactylum 

tricornutum, Tetraselmis chuii)and crustancean (Artemia salina), following standard protocols. The results will fulfill the lack of 
information on the toxicity of quaternary ammonium salts to marine species and toxicity decrease due to encapsulation in silica 
capsules. 

 
 

 

 

Figure 1:Structure of tested cationic surfactants. 
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Abstract: 

 

Increasing attention has been shown worldwide for the removal of sulfur-containing compounds, which are responsible for 
environmental pollution and risk for the human health, since they are converted to sulfur oxides (SOx) during their combustion (Hou, 
Zhao, Li, & Gao, 2018; Xun et al., 2015). In recent years more and more countries institute stricter regulations of sulfur content in 
fuels (10ppm) (Timko et al., 2016). The main method used the last decades for desulfurization of fuels is Hydrodesulfurization 
(HDS), a costly process without satisfied results for the removal of heterocycles sulfur compounds, such as 4,6 
dimethyldibenzothiophene (4,6-DMDBT) (Muzic & Sertic-Bionda, 2013; Triantafyllidis & Deliyanni, 2014).  

This study has been focused on a new alternative technology, capable of producing ultra-low-sulfur fuels, oxidative desulfurization 
(ODS). In this process, sulfur-containing compounds are oxidized using selective oxidants such as hydrogen peroxide in the presence 
of a catalyst such as carbon to produce sulfone compounds (Teimouri, Mahmoudsalehi, & Salavati, 2018). 

Commercial nanoporous activated carbons were examined as metal-free reactive removal medias for the oxidative desulfurization of a 
thiophenic compound contained in fossil fuels; 4,6-dimethyldibenzothiophene (4,6-DMDBT).  

In order to study the importance of surface chemistry and of the structural features, oxidized or sulfonated counterparts of the 
commercial were also synthesized and studied. The desulfurization evaluations 
experiments were performed in hexadecane and the addition of hydrogen peroxide 
was also investigated.  

The examined carbons had a plethoric in sizes porous structure, from ultra-micro to 
mesopores, although the textural features revealed to have a negligible impact on the 
removal and catalytic capability. In comparison with the catalytic experiments, 
adsorption experiments were conducted at the same temperature (Fig. 1) and it was 
reported that when the oxidation reactions are carried out on carbon surfaces the 
range of the pH is an important factor for the process. The catalytic activity of 
activated carbons increases with the decrease of the aqueous phase pH, so the removal of the thiophenic compound increases (Yu, Lu, 
Chen, & Zhu, 2005). 
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Fig. 1. Comparison of the results from the 4,6-DMDBT adsorption and oxidative desulfurization experiments for activated carbons (a)  
CPL, SX PLUS, D10, SAE SUPER and (b) SX PLUS, SX PLUS ox, SX PLUS sulf 

On the contrary, the surface chemistry heterogeneity and acidity were found to play a dominant role. The surface modification by 
oxidation and/or sulfonation had a positive impact on their catalytic activity.  

Oxidized carbocatalysts successfully converted 4,6-dimethyldibenzothiophene (4,6-DMDBT) to the  respective sulfones and/or 
sulfoxides, as at the UV-Vis spectra, new peaks of these compounds appear and at the GC/MS measurements  the peak of 4,6-
DMDBT decreases at the carbon SX PLUS and disappears at all at its oxidized counterparts. 

 

 

Keywords:  desulfurization, oxidative desulfurization of 4,6-DMDBT, catalytic oxidation, carbon,  ODS, fuels 
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Abstract: 

VOCs (Volatile organic compounds) are regarded as one of the dangerous air pollutants in ambient air environment as they can cause 
a number of adverse effects on our health such as respiratory tract infection, headaches, and even cancer. VUV-based processes are 
considered one of the most promising techniques in VOC degradation. Photocatalysis and catalytic oxidation are often included in the 
VUV-based processes as ozone can be produced by the reaction of VUV irradiation with oxygen. Composite catalysts are commonly 
applied in this technologies to achieved both of the above two catalytic functions. Pure CeO2 has been reported to possess both the 
catalytic activity of photocatalysis and catalytic ozonation.In this study, pure CeO2 with different nanostructure were creatively 
applied in the VUV-based technology which are commercial CeO2 (COMM), mesoporous cubic CeO2(MCC), CeO2 nanorods (NR) 
and CeO2 nanoparticles with tuneable porosity(CT).  

COMM and MCC had larger particle size compared to NR and CT. NR and CT are nano-sized particles. NR were 5–8 nm in lateral 
size and 17–50 nm in longitudinal size. Spherical pores with small pore size can be observed in the sample of CT. 

The efficiency of toluene removal, mineralization rate, ozone removal as well as the contribution of photocatalysis and catalytic 
oxidation processes of different Nano CeO2 were investigatedexperimentally.Results showed that NR and CTexhibited superior 
toluene removal efficiency, mineralization rate and ozone removal efficiency compared to COMM and MCC. However, the 
contribution of the processes of photocatalysis and catalytic oxidation varied with different CeO2 photocatalysts. Photocatalysis 
contributes a large percentagein the toluene degradation using CeO2 nanorods, and both effects have equal contributions for MCC 
while catalytic ozonation dominates the toluene removal for COMM and CT. The different contributions of the two catalytic functions 
can be attributed to the different Ce3+ amount on the surface of CeO2 and different responses to UV irradiation. 

Keywords: VOC degradation, Cerium oxide, catalytic oxidation, photocatalysis 

 
Tables and figures 

Figure1. SEM and TEM images of the CeO2 Nano photocatalysts: 

SEM of COMM, (a) CT, (d) TEM of MCC(b) and NR(c) 
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Figure2. Removal efficiency of toluene (a), COx generation concentration (b), O3 removal rate of different CeO2photocatalysts (c), and contribution 
of catalytic ozonation and photocatalysis processes (d) 

(Reaction condition: air flow of 1.5L/min, 50% RH, original 30 ppm toluene, two 4W VUV lamps, catalysts mass of 1.0g) 
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An efficient removal of formaldehyde (HCHO) from indoor air remains one of the big industrial challenge of these days. For 
example, only in the USA up to 2 million of workers are exposed every day to it. HCHO is considered as one of the most dangerous 
gases for the respiratory system. In indoor air, formaldehyde, is found in carpet cleaners, medicines, cosmetics, adhesives, paper and 
plastics. Moreover, pressed wood products containing formaldehyde resins are often a significant source of formaldehyde in homes. 
Exposure to HCOH causes irritation of the nose, ayes and throat, which occurs at HCHO concentration of about 0.4 ppm. 

The HCHO adsorption capacity of activated carbon can be increased by their surface functionalization. In general, introduction of N-
groups to the carbon matrix was found as enhancing the HCHO adsorption capacity of commercial activated carbons. Following this 
line of research, this work extends the previous investigations and focuses on the incorporation of sulfur or sulfur and nitrogen groups 
into highly porous commercial carbon based materials. HCHO adsorption tests in dynamic conditions were carried out at room 
temperature at fixed concentration of formaldehyde (1 ppmv) in dry and humid conditions. The novelty aspect is in investigating how 
the surface modification, by the incorporation of sulfur and/or nitrogen groups, could affect the activity and improve formaldehyde 
adsorption. 

Polymer based carbon (PSC) and commercial activated carbons S208 (coconut shell-based carbon-Waterlink Barnabey and Sutcliffe, 
indicated as S208), BAX-1500 (wood-based carbons-Westvaco, indicated as BAX) carbon textiles were used in this study. The 
samples were further modified by an introduction of sulfur and nitrogen groups or only nitrogen groups via saturation with thiourea 
and melamine, which was followed by heat treatment at 800 oC.  

On the carbons, HCHO breakthrough curves were measured at ambient conditions either from dry or moist (70% humidity) air and 
from them the breakthrough capacity was calculated. 

The surface of carbons was characterized by adsorption of nitrogen, thermal analysis/mass spectrometry, potentiometric titration and 
X-ray Photoelectron Spectroscopy. 

The results showed that the chemical heterogeneity of a carbon surface is a very important factor which governs the surface activity of 
nanoporous carbon towards HCHO retention. Even though, following the physical adsorption principles, the volume of 
ultramicropores was expected to govern the amount adsorbed, we have shown that decorating the surface of carbon in larger pores 
with sulfur and nitrogen containing functional groups, being able to chemically/specifically interact with HCHO, enhances the 
capacity. The novelty of this work is in presenting the sulfur groups incorporated to carbon matrix as significantly increasing the 
carbon surface activity towards HCHO adsorption. On such carbon the degree of surface utilization is even greater than that on only 
N-modified carbon 

 

 

Keywords: formaldehyde adsorption, nanoporous carbons,  surface chemistry,  porosity 
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Recently, membrane-based separation techniques have received great attention due to number of advantages such as flexibility, no 
phase change, scalability and many others over conventional technologies (Greenlee, L. et al., 2009, Misdan, N. et al., 2012, 
Elimelech, M.& Phillip, WA. 2011). Among the various membrane separation process approaches, forward osmosis (FO) is recently 
considered superior to conventional membrane methods. It provides exceptional advantages including process simplicity, low energy 
consumption, and easy working conditions (Peñate, B. & García-Rodríguez, L., 2012). This is a potential substitute to pressure-driven 
membrane processes owing to lower energy utilization, a lower fouling tendency, and higher water recovery as compared to other 
conventional process. Conventional TFC FO membranes are comprised of an asymmetric polysulfone (PSf) support layer fabricated 
by traditional phase inversion over a polyester (PET) nonwoven backing layer and an aromatic PA active layer formed by interfacial 
polymerization methods. However, the TFC membranes resulted in poor performance due to thick, dense and hydrophobic support 
layers that mitigate severe mass transfer limitations near the interface of the active layer in the FO process. Therefore; in recent years, 
thin film nanocomposite (TFN) membranes have been developed by incorporation of nanomaterials to improve water permeability, 
fouling propensity, mechanical and thermal properties.In this study, the main objective is to investigate the effect of 
polydopamine/halloysite nanotube (PDA/HNT) hydrophilic interlayer on the performance of TFN FO membrane. Therefore, TFN FO 
membrane is fabricated by the PDA/HNT interlayer coating on the PSf support layer prior to interfacial polymerization of trimesoyl 
chloride (TMC) and m-phenylenediamine (MPD) monomers. The synthetic membrane was characterized and operated in lab-scale FO 
process in order to evaluate a role of the PDA/HNT interlayer on membrane performance in FO mode. 

Keywords: TFN membrane, polydopamine, halloysite nanotube, forward osmosis  

Materials and Methods 
Polysulfone (PSf, BASF) and polyvinylpyrrolidone (PVP K-30, Kanto Chem. Co., Japan) were used as the polymer material for the 
fabrication of support layer via phase inversion process. The pDA and/or pDA/HNTx coated PSf support layers were designated 
pDA/HNT0 to pDA/HNT24 depending on HNT loading. For fabrication of TFN FO membrane, the polyamide (PA) active layerwas 
fabricated on the top surface of PDA/HNT coated PSf support by interfacial polymerization reaction between MPD and TMC. 
Additionally, various characterization techniques were utilized to examine the characteristics of pristine and modified PSf support 
such as ATR-FTIR, FE-SEM, AFM, TEM, XPS and water contact angle measurement. Mass transport characteristics of TFN FO 
membranes such as permeability and selectivity were characterized by custom-made lab-scale FO testing system. Fig. 1 presents 
schematic diagram of TFN FO membrane.  

 

Figure 1:Schematic diagram of TFN membrane with PDA/HNT interlayer 
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Results and Discussion 
All TFC FO fabricated membranes were evaluated in FO mode using lab scale cross-flow experimental set-up and results are 
presented in table 1 deionized (DI) water was utilized as feed whereas 1M NaCl as a draw solution. However, the all modified 
membranes expressed remarkably higher flux than control TFC membrane apart from membrane fabricated with high concentration 
of HNT due to the increased transport resistance produced by the thicker PA active layer and interlayer. The significant improvement 
in the water flux of modified membranes shows that the hydrophilic intermediate layer has considerably enhanced the hydrophilicity 
of membranes. Hydrophilic interlayer render a hydrophilic character to substrate of the membrane which exceptionally improved the 
interfacial polymerization process as a result degree of cross linking between polyamide layer and support layer enhances. The water 
flux of hydrophilic PDA and PDA/HNT customized TFN membranes increased to 18.75 and 26.90 LMH correspondingly, than 
control thin film composite (TFC) membrane (13.98 LMH). This excellent progress in water flux endorsed as increase in 
hydrophilicity of membrane by coating hydrophilic intermediate layer and these results verified by various characterizations of 
prepared membranes.  

 

Table 1:Effect of PDA/GO interlayer on FO performance of TFC membrane 

Membrane Water flux (LMH) RSF(gMH) Selectivity(g/L) 

TFC 13.979 4.172 0.298 

TFC-PDA 18.751 3.350 0.179 

TFC-PDA/HNT 26.880 4.010 0.149 

 

Conclusion 
In this study, thin film composite (TFC) membranes based on PDA/HNT coated support layers were successfully synthesized. 
Compared to pristine PSf TFC membrane, modified membranes showed excellent improvement in the FO performance in terms of 
water flux and selectivity. Therefore, the surface modification by incorporation of hydrophilic intermediate layer on PSf support was 
promising technique to develop high performance FO membrane and has great potential in water desalination.   
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Abstract 

Tailored solvents with advances functional features are gaining a great interest in recent years. In this work, a double-headed 
surfactant based supramolecular solvent (SUPRAS) has been synthetized and its potential for analytical extractions assessed. 
SUPRAS are tailored nanostructured liquids made up of supramolecular aggregates. These solvents are generated through a 
coacervation phenomenon in which a liquid-liquid phase separation is produced in an aqueous or organic colloidal solution of 
amphiphiles by self-assembly processes. (Caballo et al, 2017; Ballesteros-Gómez et al., 2018). First, the preparation of a colloidal 
solution of amphiphiles at a concentration above the critical aggregation concentration lead to the formation of tridimensional 
aggregates (generally aqueous or reverse micelles, vesicles, bilayer, etc.). Secondly, a coacervation agent is added to induce an 
environmental change (temperature, pH, salt concentration, hydration or dehydration of the amphiphiles, etc.) that promotes the 
assembly of the aggregates by diminishing the repulsions among themand separate into a new highly packed phase (SUPRAS). 
SUPRAS have unique properties for the development of innovative extraction processes. Because of their high amphiphile content 
they establish multiple binding interactions with the analytes. Furthermore, the aggregates offer different polarity regions with mixed-
mechanisms for analyte solubilization (dispersive, ionic, dipole-dipole, π-cation, etc.) which are determined by the amphiphile nature, 
the dispersion media composition and their spatial distribution among the aggregates. As a result, solutes can be extracted efficiently 
in a wide polarity range by using low volumes of SUPRAS (with concentration factors typically ranging from 100 to 500). They also 
feature restricted access properties, being able to extract low molecular weight solutes while excluding macromolecules, which are 
common interferents in many matrices.  

In this work we design a new SUPRAS based on an alkanol with two polar heads (1,2-decanediol) dispersed in tetrahydrofuran and 
water. The SUPRAS is characterized in terms of formation, composition and structure. As it has been reported before, when a 
surfactant molecule contains a greater number of head groups, the steric hindrance results in fewer amphiphiles that can be 
accommodated within the aggregate. In such a situation, the aggregates are smaller and the hydrocarbon chains of the double-headed 
amphiphiles remain folder, leading to more open structures that allow to establish a higher number of interactions with water 
molecules. At the same time, the introduction of an extra alcohol group would increase hydrogen bonds and dipole-dipole 
interactions, being the former one of the strongest type of binding interaction. To assess the extraction potential, a wide polarity range 
of perfluorinated compounds (PFASs) (with sulfates and carboxylate head groups and an alkyl chain length in the range C4-C18) were 
selected and determined in environmental waters by LC-MS/MS. 

 

Keywords: nanomaterials; liquid chromatography; mass spectrometry; perfluorinated compounds; environmental analysis 
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Tables and Figures 

 

The method involved a low consumption of reagents (36 mL sample, 1 M NaCl, 4 mL THF, 150 mg de 1,2-decanediol) and simple 
steps of stirring (30 min) and centrifugation (5 min, 3,000 rpm) for SUPRAS formation (250 µL SUPRAS) and simultaneous PFASs 
extraction. 

 

 

Figure 1.Schematic picture of the 1,2-decanediol based SUPRAS sample treatment for the extraction of PFAS in environmental waters 

 

Recoveries for all PFASs were quantitative in water samples despite their wide polarity range (in the range 79-123%; median 100%; 
mean 100.9%, internal calibration). The precision (at 25 ng L-1 of PFASs) expressed as relative standard deviation (RSD), was 
between 1 and 23% (median 6, mean 7). See Figure 2. Detection limits were in the range 0.005-0.01 ng L-1.Four natural water samples 
(collected in South Spain, namely La Breña water reservoir, a well located in Trassierra and Guadalquivir and Guadiato rivers) were 
analysed. In all cases excepting for la Breña reservoir, PFCAs concentrations were lower than PFSAs ones. Higher concentrations of 
PFASs were found in water collected from Guadalquivir, which flows by Córdoba city and it is more exposed to industrial 
contamination as well as in La Breña reservoir, in which human activities such as fishing are commonly carried out. Levels were 
consistent with the values generally found in the literature (0.01-5 ng L-1). 

 

Figure 2. Recoveries ± RSD of PFAS internal standards in four natural waters spiked at a concentration of 25 ng L-1. 
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Abstract  

Among metal-based nanoparticles (NPs), silver is largely used for various products and is finally found in discharged wastewaters. 
Silver was typically detected in all investigated municipal wastewaters. Once released in the receiving environment, Ag NPs can 
undergo major transformation and their initial properties can be modified under natural conditions. Natural transformation processes, 
such as aggregation or degradation, control the environmental fate and behavior of NPs released into the environment. Wastewater 
samples were analyzed by the technique of single particle/ICP-MS (SP-ICP-MS) to identify and determine their content in silver 
nanoparticles. Nano-sized forms would account for less than 5% of the total Ag released from municipal effluents. A modified 
analytical approach was used for tracking silver nanoparticles and their degradation products. The following targeted size fractions 
dissolved/dissociated, intact Ag NP, fragments and aggregates were investigated in effluent recieving waters.Particle size distributions 
changed significantly under different experimental conditions where most material was found in coarse colloidal fractions. The 
presence of natural humic substances slowed degradation of nanoparticles, which is characterized by the increase of small ion 
complexes and the detection of colloids with a size less than 80 nm. Haft-life values were generally estimated to be less than 12 days 
under natural conditions. Future research on nanotoxicity should consider exposure conditions, and then transformation by-products, 
for risk assessment studies. 
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Abstract: 

In the field of polymer solar cells, the improvement of the bulk heterojunction (BHJ) in the active layer has been the topic of intensive 
research. Among the possible electron donor materials in the BHJ, low band gap (LBG) conjugated polymer started to attract more 
attention because of their absorption within the solar emission, their number of delocalized π electrons and their smaller bandgap 
enhancing the power conversion efficiency. One current problem is the bad stability of the BHJ due to aggregation of LBG or multi-
phase morphology. Hybrid solar cells using inorganic materials as acceptor material and conjugated polymers in the BHJ display a 
new trend to outperform organic electronic materials and to improve morphology and stability against oxygen and moisture in the 
active layer. In addition to their ease of fabrication and low production costs, hybrid materials enhance interfaces with the 
optimization of charge injection, transport and recombination 

We demonstrate an efficient strategy to anchor an end-functionalized low band gap polymer P(A-B) onto zinc oxide (ZnO) 
nanospheres to elaborate hybrid materials with tunable photophysical properties.  

The P(A-B) macromolecule was prepared via Stille coupling with a ternary reaction mixing monomer A, monomer B and an end-
capper.1H NMR and DOSY NMR spectra were performed to characterize the polymer. This polymer was then grafted onto ZnO 
nanospheres to create a macromolecular self-assembled monolayer (MSAM). This versatile technique introduces a new one pot 
strategy based on coupling reaction and could be applied to different metal oxide nanoparticles such as silicon, titanium or indium-tin 
oxide. The theoretical grafting density has been calculated and then determined, as well as polymer shell thickness via thermo 
gravimetric analysis and transmission electron microscopy. The optical properties of the hybrid material were ascertained by UV-
visible absorption and fluorescence to show a specific quenching effect and to anticipate their potential applications in active layer of 
photovoltaic cells. 

 

 

 

Figure 1 :Fluorescence emission spectra of chloroform solutions of P(A-B)(0),grafted ZnO NPs, and a mixture composed of ZnO and P(A-B)(0) 
(weight ratio = 0,9075/0,0925) 
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ABSTRACT  

Sodium hydroxide modified graphene oxide was used as manganese oxide support for the preparation of three nanocomposite 

catalysts via an one-pot preparation route, for the degradation of pollutants, specifically, an endocrine disruptor, bisphenol-A and a 

dye, Reactive Black 5. The nanocomposites were characterized for their structure by X-ray diffraction, for their morphology with 

scanning electron microscopy and for their surface chemistry with Fourier transform infrared spectroscopy, potentiometric titration 

and thermal analysis measurements. The nanocomposites prepared showed to possess high catalytic activity for the 

degradation/oxidation of the pollutants at ambient conditions, without light irradiation and/or the addition of oxidants, which was 

higher than that of the pure manganese oxides and can be attributed to the synergistic effect of the manganese oxide and the modified 

graphene oxide. The addition of oxidants/radicals was further examined.  
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Abstract 

Since the global demand for energy increasing, fossil fuels continue to be the substratum of energy use. As part of this growth,demand 
for transportation fuels for trucking, aviation, and shipping is expected to increase.Fossil fuels incorporate sulfur-containing 
compounds that, when combusted, lead to formation of sulfur oxides (SOx), causing serious atmospheric pollution problems. To 
address this issue, regulations in sulfur content of fuels have been introduced in many countries and drastically reduce the content 
limit from 2000 ppm (wt.) sulfur (1993) to 10 ppm (wt.) sulfur (Euro V & VI standards 2009 and 2015, respectively).  

Benzothiophenes, such as dibenzothiophenes(DBT) and 4,6-dimethyldibenzothiophene(4,6-DMDBT) are present in jet fuel, diesel 
fuel, etc.  

Hydrodesulfurization is the traditional method for lowering the sulfur content of fuels, using a metal catalyst, high hydrogen pressure 
(>30 bar) and high temperature (320 – 380 oC). The introduction of ULSD (Ultra Low Sulphur Diesel) to fuels policy, make the sulfur 
content reduction a major technical and economic challenge for petroleum refining. The development of processes that require less 
hydrogen, lower temperature and maybe metal-free catalyst is particularly challenge. 

This work aims to evaluate ametal-free catalytic desulfurization method that does not directly require hydrogen.Commercial 
nanoporous activated carbons, as well as their oxidized counterparts were examined as metal-free catalysts, for the oxidative 
desulfurization of dibenzothiophene (DBT) and 4,6-dimethyldibenzothiophene (4,6-DMDBT). The desulfurization experiments were 
performed with solutions in different solvents. These was hexane and hexadecane, respectively for two thiophenes. Additionally, a 
mutual solvent used for comparison and in order to investigate the mechanism of the oxidation. All oxidation experiments have held 
in presence of hydrogen peroxide. The activated carbons examined possessed a micro-mesoporous structure and different surface 
acidity in the range of acidic, neutral and basic. The surface chemistry of the carbons plays a prevalent role either on adsorption 
capacity of the materials and on the conversion of the carbocatalysts. The solvents don’t seem to affect neither adsorption nor catalytic 
efficiency of the carbons. The oxidations products determined via gas chromatography – mass spectrometry of the two thiophenic 
compounds are the respective sulfones and/or sulfoxides. 

 

Figure 1 Graphical abstract 
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Figure 2 Comparison of Adsorption and Catalytic efficiency of carbons with 4,6-DMDBT and DBT 
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Abstract  

Bisphenol A (BPA) has vast applications in consumer and industrial products, therefore it is found on the aquatic 

environment. Studies have proven that BPA is an endocrine disruptor; therefore its removal seems to be necessary and has 

research interest. In the currentresearch, BPA’s removal was examined using a synergistic method of adsorption-

heterogeneous Fenton oxidation, in which a commercial activated carbon that was impregnated with the mixed oxide 

CuFe2O4 acted as a catalyst while H2O2 acted as an OH radical donor. The mixed oxide CuFe2O4 was prepared with co-

precipitation, according to the published work by Xu et al. (2016). Using this method, copper nitrate, iron nitrate and citric 

acid solutions were inserted, stirred and heated in a beaker, until the mixture formed a gelatinous texture. The new material 

was calcined in 400 oC. For the preparation of the CuFe2O4-impregnated carbon material, the same amounts of copper 

nitrate, iron nitrate and citric acid were inserted, stirred and heated in a beaker containing activated carbon. The activated 

carbon-CuFe2O4hybrid material was also calcined in 400 oC. The materials’ characterization confirmed their identity, their 

crystallization (Fig 1a) and the homogeneous distribution of the mixed oxide on their surface. The concentration of the 

mixed oxide on carbon surface was also measured. 

The impregnated carbon as well as the precursor magnetic oxidewere characterized by X-ray diffraction (XRD), scanning 

electron microscopy (SEM), Energy Diffusion Spectroscopy (EDS), Fourier Transform Infrared Spectroscopy (FTIR) and 

Inductively Coupled Plasma (ICP).  

The experiments conducted were focused on the radical and non-radical kinetics of BPA removal, with the impregnated 

carbon to remove bisphenol at a 99.8% rate.BPA’s oxidation productswere identified by HPLC. The experiments of 

bisphenol’s Fenton oxidation were carried with 60 ppm BPA concentration at pH 3, and at 25 oC temperature. The study of 

the impact of H2O2 quantity showed that with 125 ppm H2O2 in 2 hours, BPA was removed at a 55% rate with the mixed 

oxide, and at a 96% rate with the impregnated catalyst, so this H2O2 quantity was used in the kinetics experiments. Thetime 

effect results showed that H2O2 increased BPA’s removal with the mixed oxide from a 20% rate to a 50% rate, and with the 

impregnated carbon from a 70% rate without the addition of H2O2to a 90% rate with H2O2(Fig. 1b).Also, the impregnated 

catalyst removed about 99.8% of BPA in a 24 hour experiment.The study of the impact of H2O2 quantity showed that with 

125 ppm H2O2in 2 hours, BPA was removed at a 55% rate with the mixed oxide, and at a 96% rate with the impregnated 

catalyst.With the HPLC standard addition method BPA’s oxidation products were identified and the degradation 

mechanism became clear. Finally, the reuse of the materials was also studied at a five-time runafter the materials were 

washed with methanol. The mixed oxide lost about 20% of its effectiveness, and the impregnated catalyst lost about 35 %. 
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Figures 

 

 

(a) (b) 

Figure 1:(a) XRD spectrums of mixed oxide (M), mixed oxide with adsorbed BPA (M-BPA), impregnated carbon (NM), 

and impregnated carbon with adsorbed BPA (NM-BPA) and (b) Oxidative removal of BPA in 120 min with activated 

carbon (N), mixed oxide (M), mixed oxide with H2O2 (MH2O2), impregnated carbon (NM), impregnated carbon with H2O2 

(NMH2O2) 
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The scarcity of water and its quality due to the presence of heavy metals in our water streams is of great concern around the world. 
Heavy metals such as lead, copper, zinc, iron, mercury, nickel etc. are usually discharged to the environment through several 
industrial activities such as electroplating, painting, smelting, mining, leather tanning, and battery engineering, etc., living a 
significant risk to the environment and human health [1]. Iron is one of the major impurities which is usually found in many water 
sources. The simple synthesis of the Ag2S nanoparticles through modified homogeneous precipitation route and the preparation of 
Ag2S-chitosan nanocomposite is reported. The Ag2S nanoparticles and the nanocomposites were characterized with UV-
Visspectroscopy, PL, XRD, TEM, and SEM. The XRD pattern of the synthesized Ag2S nanoparticles (Fig 1(A)) showed monoclinic 
crystal structure. TEM images in Fig 1(B) of the nanoparticles revealed spherical shaped particles. Adsorption of Fe(II) ions from 
aqueous solution onto chitosan and Ag2S-chitosan nanocomposites was studied in a batch system. The flame atomic absorption 
spectrophotometry (AAs) was used to analyze water samples. The effects of pH, and contact time were investigated. The results 
revealed that Ag2S-chitosan nanocomposites can serves as better biosorbent as compared to purer chitosan as shown in Fig 1(C). 

 

 

Fig. 1: XRD pattern (A) and the TEM image (B) of Ag2S nanoparticles and effect of pH on adsorption of Fe(II) ion using chitosan 
(a) and Ag2S-chitosan nanocomposites (b) as absorbents (C). 

 

 

References 

  [1] O. Ozay, S. Ekici, Y. Baran, N. Aktas, N. Sahiner, Water Research 43, 4403 (2009). 



346 
 

Nanostructured systems for the consolidation of historical objects 

 

Remzova M.,1Brzicova T.,2Rathousky J.1 

 
1 J. Heyrovsky Institute of Physical Chemistry of the CAS, Dolejskova 3, Prague 18223, Czech Republic 

2Institute of Experimental Medicine of the CAS, Videnska 1083, Prague 14220, Czech Republic 
 

When a stone is weakened by decay, consolidation is necessary to restore its strength. Ideally, to make it at least as strong as it was 
originally. Recent research in this field has mainly focused on the development of inorganic consolidants, particularly alkoxysilane 
ones. While these consolidants are compatible with a wide range of stone types, they suffer from two major drawbacks: First, due to 
the syneresis and residual drying stress, shrinkage and cracking of the consolidant gel occurs, leading to a reduction of its mechanical 
strength. Second, the physical properties of the consolidant gel are not compatible with those of the stone.  

 

To overcome these drawbacks, we modified alkoxysilanes by adding engineered nanomaterials and using a suitable catalyst. This 
resulted in the preparation of crack-free compatible consolidants. To determine the performance of our novel consolidants, we 
employed not only a classical approach but also new methodologies. This enabled to better understand the process of stone 
consolidation. The mechanical properties of the consolidated stones were studied using the bending strength and drilling resistance 
methods as well as the nanoidentation. To our best knowledge, we were the first who employed nanoindentation in the field of 
restoration.  

 

Further, we combined the study into the nanomaterials’ performance with the analysis of their possible toxicity. Since inhalation of 
nanoparticles during the consolidant production and application is assumed the main exposure route, the toxicological effect of 
nanoparticles on human lung cells was performed (Table 1). 

 

This procedure enabled to obtain consolidants not only with exceptional mechanical properties but also with a minimized toxicity. 

 

The main goals of this study were: 

 

(i) complex enhancement of the performance of alkoxysilane consolidants based on the implementation of multitude 
approaches, 

(ii) introduction of new methodologies into the field of materials consolidation to determine the mechanical properties of treated 
materials in detail,  

(iii)  explanation of the reasons of the performance enhancement, 
(iv) analysis of the possible toxicity of used engineered nanomaterials toobtain consolidants with a minimized toxicity. 

 

Keywords: cultural heritage, ethyl silicate consolidatns, mechanical testing, toxicity of nanoparticles 
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Table 1: LC50 values obtained from both cytotoxic assays after 24 h exposure. 

Sample WST-1 assay / µg mL−1 LDH assay / µg mL−1 

SiO2 89.4 ± 1.2  92.0 ± 12.4 

SiO2–methyl no toxic* no toxic 

SiO2–octyl no toxic no toxic 

TiO2 no toxic no toxic 

ZnO 9.6 ± 0.2 9.5 ± 0.6 

* no toxic means that the particles did not exhibit cytotoxic effects at the test conditions. 
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Abstract: 

Electrospinning is a method that uses an electrostatic field to produce nanofibers from melted polymers or their solutions (Huang et 
al., 2003).In comparison to other techniques of nanofibres obtaining, electrospinning is cheaper and enables spinning of 
nanostructures using a wide range of polymers (Lee et al., 2018). What is more, it allows to obtain fibres with a specific structure, 
such as highly porous, cross-linked as well as core-shell or tube-in-tube materials. An advantage of this method is also the spinning of 
the desired material in several ways, including needle-free,coaxial, alloy or emulsion (Li et al., 2017). Nowadaysnew potential 
applications for both electrospun nanofibres and membranes obtained from them are being sought. Their properties, such as high 
porosity, high surface to volume ratio as well as production of a materials with desired structure and morphology, make the nanofibers 
usable in many different fields, as shown in Figure 1. 

 

 

Figure 1: Potential application of electrospun materials 

 

It is worth paying attention to the increasing use of electrospun materials as supportsin enzyme immobilization. Immobilized 
biocatalysts can be used for example to degrade hazardous compounds present in wastewaters and drinking water. Laccase, which 
among others enzymes, is involved in the oxidation of phenolic compounds to less toxic products, deserves special attention. 
Immobilized laccase can be repeatedly used for removal of phenols, pharmaceuticals and dyes, with high efficiency, even in 
numerous of repeated catalytic cycles (Antecka et al., 2018). 

Taking into account the above-mentioned information, the main aim of the presented study was application of electrospun nanofibers 
made of poly(methyl methacrylate) and polyaniline (PMMA/PANI) for adsorption immobilization of laccase from Trametes 

versicolor.The key point of the work was selection of the immobilization parameters to obtain biocatalytic system characterized by 
the highest catalytic activity. The effect of temperature, pH, immobilization time and laccase concentration on immobilized enzyme 
properties was investigated.The obtained results indicate that pH 5, temperature of 25 °C, 60 min of process duration and a laccase 
concentration of 1 mg/mL allow to obtain systems with the highest catalytic activity. Moreover, significant improvement of the 
immobilized enzyme stability was noticed as well as the possibility of its repeated use have been demonstrated. 

Electrospun 
materials 

Medicine 

Textile 
industry 

Enzyme 
immobilization 

Filtration 
processes 



349 
 

 

 

Figure 2: Effect on: a) pH, b) temperature, c) time and d) enzyme concentration on enzyme relative activity 
 

Keywords: electrospinning, enzyme immobilization, laccase, enzyme activity 
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Abstract 

Bisphenol A (BPA) is one well-known environmental endocrine disruptor which can imitate the biological activity of natural 
hormones, interfere with the transport and metabolic processes of natural hormones, and pose a risk to animals and humans. It has 
been listed as a critical contaminant because its weak estrogen-like effect is harmful to organisms. Hence it is of great value to 
develop highly efficient technology to remove them from water. 

Up to now, there are some adsorption technologies reported to decontaminate bisphenol A. By comparison, adsorption technique is 
very simple and running effectively because of its comparatively low cost, ease of operation, and generating fewer harmful secondary 
products.  

Adsorbent materials play the crucial role in adsorption, and among them, activated carbons and graphite oxide are very important 
adsorbents. On the other side, magnetic nanomaterials, recently, are investigated to be used as adsorbents for solid phase extraction, 
which is the so-called magnetic solid-phase extraction (MSPE). 

Polymers, have a wealth of amino and benzene ring groups, so can adsorb organic compounds with p–p interaction and electrostatic 
interaction. For example, Polyaniline (PANI), which represents a favorable combination of aromatic rings connected via nitrogen-
containing groups, and as it was reported recently, Chitosan (CS), a very promising graphite oxide polymer additive for various 
applications including EDCs adsorption.  

Hence it is a good choice to construct advanced composite materials that combine magnetic cores with PANI, CS and PS shells, 
which can efficiently enhance the adsorption and removal rate for aromatic compounds from water samples.The aim of this work was 
to prepare and characterize novel composites of magnetic activated carbon or magnetic graphene oxide with polystyrene (GO-PSm), 
chitosan (GO-CSm) and PANI (GO-PANIm), through one-pot simple and effective route.The prepared nanocomposites were 
characterized via XRD, SEM, FT-IR, VSM, potentiometric titration and N2 adsorption-desorption isotherms. Materials tested for their 
sorption ability for the endocrine disruptor, bisphenol A. The effect of solution pH and initial concentration, were examined and FTIR 
mearurements were performed in order to investigate the role of the PS, PANI and CS on the adsorption performance of the 
nanocomposites. The characterization with these techniques revealed the possible interactions of the surface functional groups of 
activated carbon and/or graphite oxide with polystyrene, CS and PANI. 
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Figure 1. Graphical abstract 

 

 

Figure 2. Adsorption isotherms determined with Langmuir and Freudlich models 

 

 

Keywords:Modified graphite oxide, adsorption, polymers,bisphenol, magnetic materials, endocrine disruptors  
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Abstract: 

An innovative trend for the development of modern protection uniforms for 
real-life application like for industry personnel, fire workers, or even soldiers, 
is the utilization of mutli-layered nano-engineered fabrics. The ultimate goal, 
especially for the protection against toxic vapors, is to synthesize 
multifunctional “smart” textiles, capable to simultaneous adsorb, degrade, and 
sense(Giannakoudakis and Bandosz, 2018).A promising strategy towards this 
direction is the deposition of nanostructured active phases on wearable cloths. 
The appliance of toxic compounds as weapons of mass destruction, known as 
Chemical Warfare Agents (CWAs), dates from the First World War, and their 
deployment is a great threat even until nowadays. The two most widely used 
categories of CWAs are the blister agents (like mustard gas) and the nerve gas 
agents (like tabun, sarin, soman etc.). In most of the cases, the CWAs were 
employed as vapors. Although, the available studies regarding the interaction 
of textiles with vapors are limited.      

 

Herein, the focus will be on two categories of commercial fabrics: cotton 
textiles (Giannakoudakis et al., 2017)and activated porous carbon 
cloths(Giannakoudakis et al., 2019). Their decoration with a minimal amount 
of various nano-structured active phases, such as Metal Organic Frameworks 
(Giannakoudakis et al., 2017)or nanoparticles of metal oxides(Florent et al., 
2017; Wallace et al., 2017), following practical and economically feasible 
procedures will be also analyzed. These multifunctional composite protection medias presented to possess an elevated catalytic 
detoxification capability towards CWAs vapors as a result of the synergistic effect and the well and homogeneous dispersion of the 
active phase on textiles’ fibers. The detoxification of toxic vapors was based on adsorption, but also and more importantly to the 
decomposition to less- or non-toxic molecules. The visible and gradual color change during the interactions was also found as a key 
asset for a simultaneous selective detection. 

 

Keywords: activated porous carbon textiles, cotton composite textile, Metal Organic Framework composites, metal oxide 

nanoparticles, chemical warfare agents vapors. 
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Abstract: 
Progress of various industries from the past decade led to a drastic increase in industrial effluent discharge, causing dramatically 
environmental pollution as well as serious life-threatening problems for environment in several regions. With regard to organic 
pollutants, the textile dyes possess a high capacity to modify the environment due to their strong color and visual pollution and also cause 
changes in biological cycles mainly affecting photosynthesis processes. Treatment of colored wastewater attracted attention in recent 
years due to large quantities of synthetic dyes discharged annually into the water. Adsorption was found to be an effective, simple and 
economical method for wastewater treatment. The application of magnetic nanoparticles as adsorbent materials in solving 
environmental problems has recently received great attention due to their unique physical and chemical properties, which make them 
superior to traditional adsorbents. 
The aim of this work was to obtain adsorbents which combines very good adsorption ability of the carbon-based materials with 
magnetic properties of the iron oxides. For this purpose, magnetic nanoparticles embedded in a matrix of activated carbon have been 
synthesized, characterized and tested as adsorbents to remove dyes from aqueous solutions. 
The synthesis of Fe3O4/C nanocomposites (CAN) with different mass ratio was performed by the combustion method. This method is 
environmentally friendly and has many advantages such as simplicity, short reaction time, and low energy consumption. 
For the synthesis of nanocomposites, sample of activated carbon were impregnated with the precursor solution of iron nitrate 
nonahydrate and with arginine used as a fuel. The effect of experimental conditions, such as the specific surface of active carbon, 
reaction time and magnetite/carbon ratio, on the nanoparticles characteristics was investigated. The resulted powders were 
characterized by X-Ray diffraction (XRD), FT-IR, scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy 
(EXD), specific surface area (BET), N2 adsorption–desorption isotherms and thermal analysis (TG/DSC).  
New magnetic nanocomposites (CAN) with the BET surface area ranging from 485 m2/g to 1095 m2/g by varying the 
magnetite/carbon ratio from 2/3 to 1/9 were obtained. The characterization of resulting nanomaterials, confirm that the as-prepared 
composites are made up of nanocrystalline Fe3O4 particles embedded within an amorphous matrix of activated carbon. The thermal 
behaviour and textural properties of the samples are significantly influenced by the high carbon content. 

 
Figure 1. SEM-EDX analysis of sample CAN 4 
 
The obtained nanocomposites were tested as adsorbents for the removal of both anionic and cationic dyes from aqueous solutions, in 
selected working conditions. The adsorption process was optimized by studying the influence of solution pH (311), magnetite/carbon 
ratio, adsorbent dose (0.5  4 g/L), initial dye concentration (10300 mg/L), and temperature (298, 308, 318 K) on the dye removal. 
The percentage of removed dyes increased with increasing dose of CAN, and temperature, and by decreasing the magnetite/carbon 
ratio and initial dye concentration. 
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Figure 2: Removal efficiency of CAN for anionic (a) and cationic (b) dyes adsorption. 
 
The adsorption process was optimized and the maximum removal percentage was 95.12% for anionic and 99.72% for cationic dyes 
using CAN 4 (Fe3O4/carbon mass ratio 1/9) as adsorbent. 
Pseudo-second order kinetic model was fitted to the kinetic data, and adsorption isotherm analysis and thermodynamics was used to 
elucidate the adsorption mechanism. 
Adsorbents regeneration using ethanol solution (1:1), and five adsorption/desorption cycles were performed. 
The combination of high adsorption capacity, excellent separation capability and the short equilibrium time indicates that the as-
prepared magnetite/carbon nanocomposites are excellent adsorbent materials. 
 
Keywords: Magnetic nanocomposites, combustion, adsorption, dyes, multi-systems 
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Abstract 

As far as it’s concerned that an issue of global warming has been debated around the world and it is bringing more attention to the 
people now. This is perhaps owing to recent natural catastrophes witnessed in different parts of the planet in which the world’s 
scientists have expressed their concerns about the imminent environmental crisis, believed to be caused by humans upsetting of the 
natural balance. From a Buddhist perspective, in this paper will be attempted by meto consider how the core Buddhist teachings 
reflect on this global issue which is threatening human wellbeing worldwide. There are many interesting points to be considered, 
some of them might have already been studied by others such as scholars, researchers, or authors. However, in this paper, I will be 
trying to point out which is Buddhist teachings and fatalism. So the question is raised as follows: is global warming our irresistible 
fate? If so, what is the Buddhist attitude towards this fate?  

Furthermore, this paper has been divided by me into four parts. Todepict global warming, first, I will discuss background information 
regarding the global warming phenomenon. Second part will deal with an analysis of this phenomenon according to the principle of 
dependent origination, however, other Buddhist tenets will be mentioned and referenced where it seems relevant. In the third part 
which is central, an argument on Buddhism and fatalism will be debated. Herein, the teaching of action will be analyzed in 
comparison and contrast with the concept of fatalism. Last but least, from the proceeding discussion, this paper will culminate with 
some Buddhist stances towards global warming crisis.  

  

Keywords: Environmental crisis, Global warming, natural balance, Buddhist teachings, dependent origination 
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Nasarawa is a State in Nigeria that is highly rich in solid minerals. The rising cases of unregulated mining activities in the rural areas 
of Nasarawa State, is worrisome due to the health hazards it poses to the populace. The activity concentrations of natural 
radionuclides; U–238, Th–232 and K–40 were measured in soil samples collected from eleven (11) different farm lands around the 
lead (Pb) mining site in Adudu Community of Obi Local Government Area, Nasarawa State. High resolution gamma spectrometry 
(HPGe detector) was used to measure the activity concentration of U – 238, Th – 232 and K – 40 radionuclides in the soil samples. 
The radiology hazards of the natural radioactivity was assessed by calculating the absorbed dose rate (Dr) and the radium equivalent 
activity (Raeq). The result showed that the activity concentration of K – 40 was highest in eight (8) of the samples analysed. The 
concentrations of U – 238, Th – 232 and K – 40 varied in the range 28.49-72.95 Bq/kg, 33.97-104.44 Bq/kg and 27.37-853.16 Bq/kg 
respectively. It was observed that the activity concentrations of U – 238 and Th – 232 were above the international radioactivity levels 
in the International Atomic Energy Agency (IAEA) standards. The activity concentration of K – 40 for all the samples except that of 
the Pb mining site, was found to be below IAEA standards. The result have been compared with those of different countries of the 
world. The absorbed dose rate for all samples was above the IAEA standards while their radium equivalent activity (Raeq) was below 
the IAEA standards. Thus, this study have shown that the ongoing illegal mining activities in rural communities’ poses health risk to 
the dwellers. 

 
Figure 1: Lead (Pb) Mining Site in Adudu Community of Obi Local Government Area, Nasarawa State 
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Abstract 

Soilportfolio is one of the ultimate viticultural considerationswhen planting grape vines.However, soil composition is also a crucial 
determining factor foragrochemical transfer to fresh/groundwater resourcesas a result of chemical-soil particle interactions. 
Adsorption coefficients are known to be the most sensitive parameters used for water pollution risk assessment. Therefore,adsorption 
interactions should be studied in as many soil composition as possiblescenarios and the adsorption data should be considered with 
certain physical and chemical pedovariablesin order to predict the mobility of agrochemicals down the soil profiles. Glyphosate isone 
of the most frequently used herbicides in a wide range of cropping, notably in vineyards, for broad-spectrum control of weeds. This 
study presents the glyphosate adsorption parameters and their variation considering the soil composition in different agro-ecological 
conditions. The batch-sorption experiments were performed in two different vitisolsof the continental (texture-heavier)and 
Mediterranean (texture-lighter) part of Croatia. Soil samplesfrom both vineyard locations were collected at four depthsfrom 0 to 100 
cm and characterized on certain chemical/physical variables. Soil composition differed between the studied soil layers. Glyphosate 
was extracted from aqueous phase of soil suspensions by solid-phase extraction procedure using a weak anionexchanger. 
Derivatization was performed prior to GC-MS analysiswith a mixture containing trifluoroacetic anhydride and trifluoroethanol. The 
analytical results were well fitted to the Freundlich sorption isotherm.Glyphosate adsorption in soils from both originscorresponded to 
the L-type of isotherm, while glyphosate adsorption intensity was generally higher in heavier silty-clayic vs. lighter sandy-silty soil 
profiles. The glyphosate adsorption intensity was correlated with selected soil properties (pH, organic matter content, particle size 
distribution, conductivity, P/K content) and the glyphosate mobility through soil profile was considered. 

Keywords: glyphosate, adsorption, vineyard soil, Freundlich isotherm, mobility 
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Abstract 

Surfactants are a class of organic molecule, consisting of a hydrophobic and hydrophilic part, and are often classified as anionic, 
cationic, non-ionic or zwitterionic, depending on the nature of the hydrophilic group (Volkering, et al., 1997). Surfactants are utilised 
in a significant percentage of personal care, household cleaning and industrial cleaning products, and may enter the environment as a 
result of sewage sludge spreading, effluent discharge from wastewater treatment plants, or direct industrial discharge (Cowan-
Ellsberry, et al., 2014; Scott & Jones, 2000). Surfactants present a topic of interest in the fields of industrial chemistry and food 
science, where they are mostly used in cleaning and disinfection (Simões, et al., 2010; Venhuis & Mehrvar, 2004). In this context, 
the emphasis is placed upon maximizing the efficiency of the surfactant (Chen & Stewart, 2000). 

 

 

Figure 1: The hydrophobic tails of the surfactant molecules adsorb onto the surface of the biofilm, form micelles which contain the pieces of the 

biofilm, and lift them from the sediment by lowering the surface tension of the water. 

 

Studies have investigated the environmental impact of surfactants in freshwater systems (Jackson, et al., 2015; Sakai, et al., 2017; 
Wang, et al., 2015). This research has resulted in the replacement of many industrially and commercially important surfactants with 
biodegradable alternatives. These alternatives have been examined in depth from an ecotoxicological perspective, and their toxicity to 
test organism has been gradually minimized. This has led to a consensus that these biodegradable surfactants pose a negligible risk to 
the aquatic biota, and the European Commission have imposed biodegradation targets on the order of days (European Commission, 
2004). However, few studies have considered the potentially negative impact surfactants may have on beneficial microbial growth in 
the freshwater environment. 

 

A biofilm is generally regarded as a surface-adhering community of microbial cells coexisting within a polymeric matrix (Simões, et 

al., 2010). A readily-available and replenishing food source, the biofilm is consumed, whether directly as a result of grazing or 
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indirectly by the ingestion of particulate organic matter on which it has settled, by benthic macroinvertebrates which occupy the 
foundations of the aquatic food web (France, 2011; Simon, et al., 2003). Additionally, as is the case with many marine organisms, 
benthic macroinvertebrates often play host to a microbial biofilm (Cook, et al., 2002). While there exists a significant body of work 
investigating the presence of epibionts on various organisms, there has been little advance in our understanding of the complex 
relationship between microbial community and host. While there are a number of reasons to believe that the presence of a biofilm 
may hinder the life quality of the host organism, there is also some evidence that supports the idea that this biofilm may be beneficial 
to the health of the host organism (Wahl, 2008). 

 

Asellus aquaticus is a freshwater isopod, found in temperate streams and lakes throughout Europe (Verovnik, et al., 2005). Known to 
be tolerant to a number of pollutants, it has seen considerable use in the determination of water quality, particularly in relation to 
populations of other species, as is seen in the prevalence of the Gammarus:Asellus ratio as an indication of freshwater health 
(MacNeil, et al., 2002). We have, under scanning electron microscope (SEM), imaged microbial growth on the carapace of A. 

aquaticus. Aditionally, A. aquaticus is known to scrape at the surface of leaves in order to selectively ingest microbial and fungal 
growth (Graça, et al., 1993). 
 

In this work, we investigate the microbial biofilm associated with A. aquaticus and the effects that commonly-used surfactants have 
on the persistence and surface coverage of this biofilm. We investigate the growth and survival of biofilm in environmentally-realistic 
concentrations of commonly-used surfactants, both on immobile surfaces and as a microepibiotic film on a freshwater isopod species, 
Asellus aquaticus. Our work will evaluate the environmental risks of biofilm removal due to direct surfactant action, and place these 
risks in the context of the presently understood toxicological risks. 

 

Keywords: Surfactant, Biofilm, Freshwater, Benthic macroinvertebrate 
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Abstract  

Phycotoxins are naturally occurring compounds. They can be accumulated in shellfish and in turn can lead to severe illness or 
chronical consequences in human shellfish consumers. 

Domoic acid is a water soluble, tricarboxylic amino acid. It is produced by the pennate diatom species P. nitzschia spp. which are 
widely distributed worldwide. This phycotoxin causes amnesic shellfish poisoning (ASP), is a kind of shellfishpoisoning with 
gastrointestinal and neurotoxic effects onhumans.  

Lipophilic toxins are mostly polyether in chemical structure.Among them okadaic acid anddinophysistoxins are involved in the 
diarrheic shellfish poisoning. Together with pectenotoxins they are produced by Dinophysis spp.Azaspiracids cause azaspiracid 
shellfish poisoning and are produced by photosynthetic dinoflagellates such as Azadinium spinosum. Although not associated with 
human poisoning incidents, detection of yessotoxins should be a concern due to its ability of myocardium damaging, neurotoxicity in 
animal studies etc. Yessotoxins are mainly produced by Gonyaulax spinifera, Protoceratium reticulatum etc.  

Regarding human health protection, in Europe are set regulatory thresholds of phycotoxin concentrations in shellfish, above that 
seafood is not appropriate for consumption.  

The aim of this study was to assess the phycotoxin levels in both plankton net and mussel samples from the Bulgarian north coast and 
to estimate if these is a potential health risk if mussels were consumed. Samples were collected in 2017 from cultivation and natural 
breeding sites.  

Phycotoxin levels were determined by liquid chromatography tandem mass spectrometry (LC-MS/MS).Three population groups were 
included for both acute and chronic exposure estimation: 1) the general Bulgarian population, 2) the local population of Varna district, 
Bulgaria and 3) recreational harvesters in Bulgaria. 

Domoic acid (DA), pectenotoxin-2 (PTX2), yessotoxin (YTX) and azaspiracid-2 (AZA2) were detected in the mussel samples from 
spring 2017, but only YTX in the samples from summer 2017. All phycotoxin levels were below the regulatory limits. DA, PTX-2 
and YTX were detected also in the spring plankton samples, whereas in summer plankton samples only PTX2 was registered.  

Investigation on marine toxins in mussels is substantialfor seafood industry as in recent years it is considerably developing. Domoic 
acid was already detected in Bulgarian mussels, but in scarce samples. Hereby all the spring samples were positive for domoic acid. 
Nevertheless, mean domoic acid concentration was comparable with other Bulgarian studies. Registered PTX-2 and YTX levels were 
comparable with detected levels in shellfishfrom other areas of the Black Sea. AZA2 has been found just in few mussel samples. Even 
though its presence should be considered due to its health implications.  

Estimation of acute exposure showed that local females were the group of highest risk. Most prominent exposure was caused by 
domoic acid – 1.4 μg DA/kg bw in the case of consumption of cultivated mussels. This value was below the acute reference dose 
(ARfD) of 30 µg DA/kg bw.  

When consuming cultivated mussels, it appeared that local females and recreational harvesters were chronically more exposed to 
domoic acid than other subpopulation groups with 0.062 and 0.042 μg DA/kg bw/day, respectively, which is lower than the tolerable 
daily intake (TDI) -  0.075 μg DA/kg bw/day.  

Potentially toxin phytoplankton species on the Bulgarian Black Sea coast are regularly monitored. To our knowledge, there are no 
studies on toxin potential of these species. Presence of DA, PTX2 and YTX in the spring plankton net samples confirmed that field 
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samples contained toxic species. Interestingly, in the summer plankton samples only PTX2 was detected. Environmental factors such 
as water temperature, salinity etc. might have affected this result.  

 

Keywords: YTX, PTX2, AZA2, seafood, shellfish poisoning 
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Introduction and aim of the study 

Polar anthropogenic organic micropollutants such as pharmaceuticals, corrosion inhibitors, biocides, and stimulants arefrequently 
detected in raw sewage and wastewater treatment plant (WWTP) effluents (Loos et al., 2013; Margot et al., 2013). Therefore, these 
compounds are omnipresent in the aquatic environment including groundwaterand surface waterand, consequently, discharged on 
large scale into marine environments.In this work monitoring data represented by more than 200samples collected from the shorelines 
of the Baltic Sea (Germany),Northern Adriatic Sea (Italy), Aegean Sea and Dardanelles (Greece and Turkey), San Francisco Bay 
(USA), and Pacific Ocean (from Muir Beach to Monterey Bay; USA) is presented.The monitoring studieswere conducted during 
various sampling campaigns in the period 2009–2014. Water samples were analyzed for a large number of micropollutants including 
various classesof compounds such as non-steroidal anti-inflammatorydrugs (NSAIDs), stimulants, artificial sweeteners, 
antihypertensives, iodinated X-raycontrast media, antibiotics, lipid regulators, antiallergics, anticonvulsants,sedatives, antidepressants, 
herbicides, biocides, corrosioninhibitors, one gastric acid regulator, one antipsychotic, one breastcancer drug, and selected 
transformation products (TPs) of compoundsfrom the aforementioned classes.  

 

The aims ofour activities in this field were (i) to providean overview of the occurrence of polar anthropogenicorganic micropollutants 
in coastal environments regarding their detection frequencies and concentration ranges as well as possible sources, (ii) the spatial 
distribution of the herbicide atrazine, and (iii) to test the applicationof a proposed wastewater indicator quartet (acesulfame, caffeine, 
valsartan, and valsartan acid) to detectpoint sources and contamination hot-spots with untreated and treated wastewater.The main 
results and conclusions are summarized in the following section. Detailed information can be found in Nödler et al. (2013, 2014, 
2016).  

 

Main results and conclusions of the studies 

(i) Caffeine, paraxanthine, theobromine, tolyltriazole, 1H-benzotriazole, and atrazine were detected in >50% of all samples. The 
detection frequencies of carbamazepine,iopamidol, diuron, sulfamethoxazole, paracetamol, theophylline, and atenolol were in the 
range of 20–30%. As caffeine is linked to untreated wastewater, the widespread occurrence of raw sewage in marineenvironments 
and thus potentially elevated nutrient concentrations and risk concerning the presence ofwastewater-related pathogens was 
remarkable. 

 

(ii) Despite its EU-wide ban in 2004 the triazine herbicide atrazineand its TPs were frequently detected in the Aegean Sea. Maximum 
concentrations of atrazine (31–41 ng/L) were detected in Istanbul and the Dardanelles. A concentration gradient from East to Westin 
the Aegean Sea was clearly observed, indicating ongoingintroduction of the compound via the Dardanelles (Figure 1).This outcome is 
a strong example that the prohibition of chemicals even at a highinternational level cannot necessarily prevent an ongoing 
contamination at the boundaries of the covered area. By contrast, the verylow detection frequency and concentration range of 
atrazineand desethylatrazine at the German coastline of the Baltic Sea is a clear indication thatthe measure (i. e. the atrazine-ban since 
1991 in Germany) was successful.On the other hand, the high detection frequency and the significantconcentration range of 
terbuthylazine in the Northern Adriatic Sea (the highest concentrations were detected in Venice (52–76 ng/L)) may beregarded as a 
warning signal for extended occurrence of this compound and possible implications in the near future, similar to those recorded for 
atrazine in the past. 
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(iii) To test the application of the proposed wastewater indicator quartet (acesulfame, caffeine, valsartan, and valsartan acid) a detailed 
monitoring study on Lesvos Island, Greece, was conducted. The artificial sweetener acesulfame and the stimulant caffeine were used 
as indicators for treated and untreatedwastewater, respectively. In case of a contamination with untreated wastewater the 
concentration ratio of the antihypertensive valsartan and its TP valsartan acid was used tofurther refine the estimation of the residence 
time of the contamination. The median/maximum concentrationsof acesulfame and caffeine were 5.3/178 ng/L and 6.1/522 ng/L, 
respectively. The detection frequenciesof both compounds were 100%. Highest concentrations were detected within the urban area of 
the capitalof the island. The indicator quartet in the gulfs of Gera and Kalloni (two semi-enclosedembayments on the island) 
demonstrated different concentration patterns: A comparatively higherproportion of untreated wastewater was detected in the gulf of 
Gera, which is in agreement with official data on the wastewater infrastructure. The indicator quality of the micropollutants to detect 
wastewater wascompared with electrical conductivity (EC) data. Due to their anthropogenic nature and low detectionlimits, the 
micropollutants are superior to EC regarding both sensitivity and selectivity. 

 

 

Figure 1: Spatial distribution of atrazine concentrations (in ng/L) in the Aegean Sea (results from 2010 and 2011).  

 

 

Keywords: Pharmaceuticals, pesticides, acesulfame, caffeine, coastal environment 
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Abstract: 

Mediterranean Sea is subjected to a high anthropic pressure, which determines direct or indirect discharges of persistent organic 
pollutants deriving from intensive industrial activities. These compounds could easily enter and contaminate, the whole marine 
compartment, with possible transfers(and contamination)among water, sediment and biota, depending on physicochemical 
characteristicsof receiving matrices and on biological features and feeding habits of zooplankton.  

Based on the above-mentioned assumptions, the aim of this work was the determination ofpolycyclic aromatic hydrocarbons 
(PAHs) and dioxin and non-dioxin-likepolychlorinated biphenyls (PCBs) in the neritic marine environment of the Southern Ligurian 
Sea, which is heavily influenced by industrial (i.e. Solvay-Rosignano) and commercial activities (harbor of Leghorn).The study was 
focused on the possible partition of micropollutantswithin theenvironmental compartments of marine ecosystem(seawater, sediment 
and zooplankton), and on the factors that could influences these transfer behaviours. Data are related to two campaigns (2015 and 
2018) on a seasonal sampling (summer and winter periods). 

To better understand the presence of preferential bioaccumulation pathways in the zooplankton, biota samples were "sorted" by 
stereomicroscope. Based onfeeding habits (herbivorous or carnivorous) and living environment of organisms, four“taxa”were 
successfully identified and separated: hyperbenthic Isopoda, herbivores planktonic copepods, carnivores planktonic copepods and 

ittioplankton.  

To determine PAHs and PCBs in the matrices, analytical methods based on chromatographic techniques were optimized, preceded 
by specific extraction and preconcentration methods. To extract, purify and analyse micropollutants in seawater samples, a SPE (Solid 
Phase Extraction) procedure was optimized in order to reduce the interferences of salinity. For sediments, extraction was performed 
by Quick, Easy, Cheap, Rugged and Safe (QuEChERS) procedure, while a basic digestion, with NaOH/CH3OH, was used to extract 
PAHs and PCBs from lyophilized zooplankton. Extracts obtained from seawater, sediment and zooplankton were finally analysed by 
means of a gas chromatograph coupled to a mass spectrometer (GC-MS). 

For each procedure, method detection limits (MDLs) and method quantitation limits (MQLs) were evaluated by matrix matched 
calibration, to account for matrix effects. MQLs were compared to the limits set by the EU Directive 2013/39/UE and the Italian 
Regulation D.Lgs 172/2015, which regulate priority substances in seawater compartments. 

The extraction yields, calculated through the addition of PAHs/PBCs isotopically markedsurrogate standards, were satisfactory 
(55% to 100%). MDLs ranged from 2 to 10 ng/L for PAHs and PCBs in seawater, from 0.11 to 6 ng/Kg in sediment and from 
0.005and 0.39 µg/g for zooplankton, resulting in a good compatibility of the developed methods with the above-mentioned 
regulations. 

Data showed how PAHs and PCBs concentrations found in seawater were comparable to those of other Mediterranean areas 
considered moderately polluted, while PAHs and PCBs concentrations in sediment were lower than those reported by literature. 
According to the few data available in literature for zooplankton, similar concentrations for PAHs, but higher for PCBs were found. 
This observation could be explained by the aforementioned significant presence of chemical industries and commercial activities 
along the coasts. The origin of the PAHs detected in the sediment and the bioaccumulation capacity of copepods were alsodiscussed. 
The ratio (1.096) between light and heavy PAHs (2-3 and 4-6 condensed rings, respectively) pointed out a petrogenic origin of the 
PAHs, compatible with the industrial activities located near the sampled area. Bioaccumulation factors (BAF) were calculated for 
those micropollutants detected both in water and in zooplankton samples, i.e.: fluoranthene, phenanthrene and PCB52. The obtained 
BAF values were linearly correlated to the hydrophobicity of each molecule, expressed as log KOW coefficients. 

mailto:luca.rivoira@unito.it


368 
 

According to the amount of micropollutants found in the hyperbenthonic Isopoda, it can be reasonably assumed that no direct 
transfer occurs between sediments and zooplankton. On the contrary, specific analytes, such as benzo[k]fluoranthene and PCB 15, 
were found at significant concentration both in water and in the sorted classes of zooplankton sampled in the same place and in the 
same period, thus supporting bioaccumulation from seawater to biota.   

Herbivorous copepodsexhibitedthe highest contamination from PAHs and PCBs. Such a behaviour is in agreement with recent 
theories, that showed how herbivorous copepods could be deceived in their feedings by microplastics (on which algae and 
phytoplankton grow up). Since microplastics are recognized as optimal sorbents for organic pollutants, such as PAHs and PCBs, they 
can promotebioaccumulation in the “misleaded” herbivorous copepods. Bioaccumulation along the trophic web (herbivorous to 
carnivorous) was also observed for specific pollutants (e.g. PCB101).  

 

Keywords: Mediterranean Sea,PAHs, PCBs, zooplankton, bioaccumulation pathways 
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Abstract : 

Significant dredging activity is constantly required to enlarge, deepen and maintain harbour access and achieve appropriate 

water depths along waterside facilities. The management of the dredged materials is generally limited to sea or land disposal, 

depending on the contamination levels in sediments. Then, for many harbours, the management of the dredged sediments is an issue, 

facing tighter regulation (that prevent disposal at sea for contaminated sediments) and the scarcity of land for storage. 

This context, along with materials resources preservation, encourages the development of new environmental management 

practices of these marine sediments, taking into account technical, economic, environmental and regulatory aspects. The 

incorporation of dredged sediments (with high clays content) in the manufacture of bricks,as an alternative solution, is studied in the 

SEDIBRIC project. 

Besides the technical challenges, we focus on the environmental impact of the use of sediments potentially contaminated with 

metallic elements. Several sediments were collectedfrom the harbour of Le Havre at 8 separate locations. The total concentrations as 

well as the potential availabilities of heavy metals in harbour sediments were investigated, as the knowledge of the total concentration 

of metals is not sufficient to ascertain the environmental risk. 

Thus to estimate heavy metalsavailability in sediments, single (HCl and EDTA) and sequential extractions were performed. 

The optimized sequential chemical extraction procedure (Leleyter and Probst, 1999) was chosen among several sequential 

procedures because it was checked for selectivity, reproducibility, and repeatability of the different steps and it was commonly used in 

literature. 

 The comparison of the total concentrations analysed with the French thresholds values (N1, N2) for the disposal of dredged 

sediments at sea, shows an overtaking of N1 levels for Cd, in all the studied sediments,and for several other metals (Cu, Ni, Cr) in 2 

samples analysed (Figure 1). Moreover,the metals availability appears higher for these 2 samples compared tothe others. 

 Besides, we have studied the impact of brick-making process (specially the temperatures of the bricks cooking),in order to 

evaluate the loss of the volatileelements and the metals trapping phenomena inside the bricks. 

 

 
Figure 1 : total metal concentrations in the 8 harbour sediments of Le Havre  

 
Keywords:  sediments valorisation, metals availability, 
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Abstract 

Cis-nerolidol is a natural sesquiterpene found in essential oils of many species of plants and flowers. Because of its known 
antioxidative, antifungal, antioxidant and antimicrobial properties, the effect of cis-nerolidol on acetylcholinesterase enzyme (AchE) 
was tested. Kinetic constants, the Michaelis-Menten constant (KM) and the maximum velocity (vmax), and the type of inhibition of the 
enzymatic reaction was determined using the electrochemical method (cyclic voltammetry and chronoamperometry) while enzyme 
was immobilized on the GC electrode. Cyclic voltammetry showed an increase of anodic and cathodic peaks with an increase of cis-
nerolidol concentration, while decrease of peaks was observed when scanning rate was increased. Increasing the concentration of 
acetylcholine iodide (AchI) substrate from 2.8 mg mL-1 to 7 mg mL-1 leads to a linear increase of current, Table 1. The kinetic 
constants (KM and vmax) are determined using chronoamperometric method, based on Lineweaver-Burk diagram, where it has been 
showed that cis-nerolidol bounds to the enzyme acetylcholinesterase as competitive inhibitor, Fig. 1. The cis-nerolidol inhibitor 
reversibly bounds to the active site on the enzyme and thereby prevents the binding of acetylcholine iodide to the same site. There was 
an increase in the value of the Michaelis-Menten constant, while the maximum rate value remained constant (0.25 mol L-1s-1) because 
the inhibitor did not bind to the enzyme-substrate complex, Table 2. 

Keywords: cis-Nerolidol, acetylcholinesterase, chronoamperometry 

 

Table 1. Results of the obtained currents depending on substrate concentration (AChI) 

 

[AChI] / mg mL-1 I  / µA 

2.8 121 

3.5 146 

4.2 187 

4.9 235 

5.6 303 

6.3 350 

7.0 368 
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Figure 1. Lineweaver-Burk plot in the presence and in the abscence of different cis-nerolidol concentrations:  

x - 0 mg mL-1; ■ - 1.2 mg mL-1 and ▲ -2.4 mg mL-1; 

 

Table 2. The values of the maximum velocity Vmax and Michaelis's KM constants in the presence of different cis-nerolidol 
concentrations 

[cis-nerolidol] mg mL-1 Km (mM) Vmax (mol L-1s-1) 

0 5.0x10-7 0.25 

1.2 7.5x10-7 0.25 

2.4 1.5x10-6 0.25 

 

 

*This work was partially supported by the Croatian Science Foundation under project HRZZ-IP.2014-09-6897. 
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Abstract 

In the last years, concern has arisen regarding the presence of degradation products of pesticides in different environmental matrices. 
The vertical transport in soils is due to their polar character with low possibilities to be retained on the organo-mineral complex of 
soils; on the other hand, they present a higher persistence than parental products.  

Despite of the confirmed contamination of groundwaters with these compounds, there are few studies that address the feasibility of 
their immobilization or controlled retention in soils.  

Agricultural activities in Chile have led to an intensive use of pesticides. According to the last official statisticschlorpyrifos rank at the 
third place among insecticides. Its main degradation product in soils is 3,5,6-trichloro-2-pyridinol (TCP). TCP can be highly persistent 
in soils (DT50=60-365 d) (Armbrust, 2001, Tiwuari and Guga, 2014) and it was classified as mobile by the USEPA (US 
Environmental Protection Agency, 1999). It presents a log KOW=3.10, a pKa=4.55 and a water solubility=80.9 mgL-1 (at 25°C).In 
accordance with these properties, the sorption constant of this compound was low or null in Chilean soils belonging to Andisols, 
Ultisols, Mollisols, and Alfisols orders which account of the highest percentage of the arable land (Báez et al., 2015). Furthermore,the 
leaching in two different Ultisols was demonstrated at laboratory scale despite their acidic pH and organic matter content.   

Clay based derivatives have been proposed as remediation agents of contaminated water resources mainly because the physical and 
chemical modifications of these natural minerals allow the adsorption of ionic and nonionic compounds. Cationic compounds such as 
quaternary ammonium surfactants of different chain length and with different functional groups have been used for the modification 
of clays, mainly montmorillonite, reaching the conversion of its hydrophilic nature to lipophilic.Because of these modifications, 
different mechanisms for the adsorption of ionizable and neutral compounds can be obtained, depending strongly on properties of the 
cation used and on the extent of loading reached. These new materials could be considered as soil amendments agents compatible 
with a low impact or scarce alteration of different environment compartments. 

The aim of the present work was to assessthe capacity of an organoclay as adsorbentof the weak acid TCP. The adsorbent is a 
montmorillonite modified with hexadecyltrimethylammonium (HDTMA) that could be an effective amendment to be used as a 
retention agent in soils. To this end, the influence of the adsorbent dosage, concentration of the adsorbate, pH, and contact time in the 
adsorption process was established by using a four factor Doehlert design. This second order model allow modelling data for 
assessing through a response function influential factors and their interactions.   

Material and Methods 

The adsorbent used was a Na-rich Wyoming montmorillonite (SWy). It was homoionized previously with sodium and modified with 
HDTMA by treating 4 g with 200 mL of a solution containing 1.3 times the amount equivalent to the cation exchange capacity of the 
clay.  

Experimental Design. The Doehlert design consisted of 21 experiments according to the matrix for four factors (Ferreira et al., 2004). 
The adsorbent dosage was studied at 7 levels (5-15 mg), the concentration of TCP at 6 levels (5-50 µg/ mL, the pH at 5 levels (3-9), 
and the contact time at 3 levels (0.5-7 h). The central point was: adsorbent=10 mg, TCP initial concentration=27.5 µg/mL, pH=6.0 
and contact time 3.50 h.  

Batch Adsorption experiments. Samples were equilibrated by shaking glass tubes “end over end” with the corresponding adsorbent 
amount and 10 mL of TCP solutions at the controlled pH values according to the experimental design. In all cases CaCl20.01M was 
used as background electrolyte and temperature was 20±1°C. The previous pH adjustment of solutions was obtained by using NaOH 
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or HCl 0.1M. After eachselected sorption contact time was reached, samples were centrifuged at 20,000×g during20 min and TCP 
was determined in the solutions byHPLC-DAD. 

Results and Discussion 

Values for adsorption % of TCP varied between 38.8 and 98.8 showing that under the appropriate conditions a great retention 
capacity of the SWy-HDTMA organoclay can be obtained. The R2 value for the model explained 89.2% of the variability in the 
adsorption %. The P-value for lack-of-fit was 0.07, therefore the model is adequate for the description of the observed data at the 
95.0% confidence level.The ANOVA showed that the four variables under study are significant (P < 0.05) in the adsorption process 
with a positive effect for the adsorbent dosage, pH, and contact time and a negative effect for the concentration of TCP. The 
interaction between adsorbent dosage and concentration of TCP was also significant. The equation of the fitted model was: 

Adsorption % = -51.70 + 3.58*adsorbent dosage - 1.68* TCP concentration + 37.89*pH + 3.52*contact time - 0,19*adsorbent 
dosage^2 + 0.12*adsorbent dosage* TCP concentration– 2.72*pH^2 – 0.28*contact time^2.  

In Figures 1 and 2 the positive effect of a pH neutral to basic in the adsorption process and the interaction between the adsorbent 
dosage and the initial concentration of TCP, respectively, can be observed.  The pH effect on the adsorption could be explained 
through the electrostatic interaction produced between the predominant presence of the anionic form of TCP according to its pKa 
value and the possible positive charge in the modified montmorillonite surface. This charge can be obtained at high surfactant loading 
level where cation exchange in the interlayer space and hydrophobic binding of the surfactant could occur (Shattar et al. 2016). From 
Figure 2 the trend to the saturation of active sites is observed for the lower amount of adsorbent, with the lower adsorption % at the 
high initial concentration level, however as the adsorbent dosage increases a high adsorption % is obtained for all concentration levels 
of TCP. The contact time is significant but very slight differences were observed as values increase. According to data, the adsorption 
process could be described by a rapid equilibrium, and the possible mechanisms and parameters describing the kinetics must be 
studied. The results obtained show that the montmorillonite modified with the cationic surfactant HDTMA can be considered for 
further studies related to its capacity as a retention barrier of ionic degradation products of pesticides, in soils with an intensive 
agronomic activity. 

 

 

 

 

Figure 1. Response surface plot of adsorbent dosage vs pHon adsorption % of TCP  
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Figure 2. Response surface plot of adsorbent dosage vs initial concentration on adsorption of TCP 

 

References  

Armbrust, K. L (2001). Chlorothalonil and chlorpyrifos degradation products in golf course leachate. Pest Management Science, 57, 
797-802. 

Báez, M. E.; Espinoza, J.; Silva, R.; Fuentes, E. (2015).Sorption-desorption behavior of pesticides and their degradation products in 
volcanic and nonvolcanic soils: interpretation of interactions through two-way principal component analysis. Env. Sci. and Pollution 
Research, 22, 8576-8585 

Shattar, S.F.A.; Zakaria, N. A.; Foo, K. Y. (2016). Feasibility of montmorillonite-assisted adsorption process for the effective 
treatment of organopesticides.Desalination and Water Treatment, 57:29, 13645-13677. 

Tiwari, M. K.; Guha, S.(2014), Kinetics of biotransformation of chlorpyrifos in aqueous and soil slurry environments. Water Research 
51, 73-85. 

Acknowledgments: This work was financed by FONDECYT 1181456 project, CONICYT, Chile 

Keywords: adsorption, organoclays, montmorillonite-HDTMA, 3,5,6-trichloro-2-pyridinol (TCP), Doehlert experimental design 



376 
 

Occurrence of organochlorine pollutants levels on water samples of Devolli River, Albania 

 

Nuro A., Marku E., Murtaj B. 

TiranaUniversity, Faculty of Natural Sciences, Departmentof Chemistry 

E-mail: aurel.nuro@fshn.edu.al 

Abstract 

This study presents first data on concentration oforganochlorine pesticides (OCPs), their residues and polychlorinated biphenyls 
(PCBs) in water samples of Devolli River, Albania. Devolli River starts in Gramozi Mountain (Southeast Albania), passes through 
Korca fieldand joins near Kucova with Osumi River to form Semani River. Korca field is one of the most important agricultural areas 
of Albania. The main part of Korca plain was formed after dried of Maliqi marshy around 1950.Water of Devolli River is used for 
irrigation of agricultural areas of Korca filed and other agricultural areas near it. Also, it collects surface waters from this area. The 
catchment area is 3139 km². The average height above sea level is approximately 960 m. Devoll's average flow rate is 49.5 m³/s. 
Organochlorine pesticides were used widely in Albania for agricultural purposes until 90’. Organochlorine pesticidescan persistent for 
many years after their application. Organochlorine pesticides and their residues are toxic substances which can easy bio-accumulated 
in food chain. PCBs were use in small scale in Albaniaafter 90’ as insulator in electric transformers. They were reported in many 
studies in different areas of Albania because of their ability to distribute far away of application place because of atmospheric 
factors.Water samples were taken in 8 stations of Devolli River starting from it source (Gramozi Mountain, Bilisht) to Moglica (Korca 
region).Water samples were taken in November 2018.  

Organochlorine compounds, their metabolites and PCB markers were extracted using liquid-liquid technique using n-hexane as 
extracting solvent. After extraction the organic phase was dried with 5 g Na2SO4 anhidrous for water removing. A Florisil column was 
used for the sample clean-up. After the concentration to 1 ml, the samples were injected in Varian 450 GC equiped with ECD 
detectors.Rtx-5 column (30 m x 0.33 mm x 0.25 um) was used for separation of organochlorine pollutants. Qualitative and 
quantitative analyses of EPA 8081B pesticides and seven PCB markers were based on external standard method. 

Organochlorine pesticides are not allowed to use after the 90’ in Albania. OCPs were found for all water samplesof Devolli River. 
These data shown persistent levels of pesticides and their metabolites in water samples because their previous use. The higher level 
was found for Endosulfanes. It doesn’t exclude the possibility that these pesticides continue to be used under false trade 
names.Also,PCB markers were found for all samples. Their presence could be because of their precipitation from atmospheric factors 
(wind, rain, snow). PCB 28 and PCB 52 were found in higher levels for all samples. Presence of heavy PCBs were shown in some 
samples because of terrestrial sources. The found levels for organic pollutants in waters of Devolli River were comparable than 
reported levels for other ecosystems in Albania (Shkumbini, Semani, Vjosa rivers). 

Keywords: Devolli River, organochlorine pesticides, polychlorinated biphenyls, water analyses, GC/ECD 
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Abstract: 

The competition for water for different uses results in constantly increasingpressure in many regions, representing a limiting factor for 
social well-being and for the economic development. In this context, treated wastewaterrepresentsa valid alternative to satisfy the 
water demand in agriculture while ensuring the necessarywater quality needed for irrigation purposes.In fact, irrigation of vegetables 
with reclaimed water has become a commonpractice in many countries around the worldwhere water scarcity and excessive 
exploitation for agriculture are forcing local authorities to look for alternative resources.However, reclaimed water is considered a 
source of organic micro-pollutants such as human drugs which are not entirely removed during the wastewater treatment processes. In 
fact, due to their presence in wastewater effluents, these pollutantsmay end up in soil, and may be taken up by crops or translocated 
through evapotranspirationfrom soil to plant tissues above the ground, thus posing a potential risk to human health and the 
environment.More studies are warranted to improve the understanding of drug exposure of cropsand to further assess theirimpact on 
consumers. 

The present work aimed to evaluate the distribution and the bioaccumulation of 40 relevant wastewater-derived pollutants,mainly 
pharmaceuticals (including climbazole, clarithromycin, ciprofloxacin, sulfamethoxazole, citalopram, acesulfame K, sucralose, 
diclofenac, valsartan, ibersartan, benzotriazole, carbamazepine, lamotrigine, metropolol, and hydrochlorothiazide) in lettuce and 
radish tissues (leaves and root system) as well as insoil.Lettuce and radish plants were grown in pots in a controlled environment 
(Figure 1) and irrigated during the entire growing period (60 days for lettuce and 25 days for radish) with spiked tap water containing 
the target compounds at low and high concentrations (10 and 100 ng mL-1, respectively). The high spiking level was used to facilitate 
the detection and quantitation of the target compounds and their metabolites in all tissues.Another set of plants was irrigated with real 
wastewater to study the impact of contaminants at real environmental concentrations. Control plants were irrigated only with tap 
water. 

Pharmaceutically active compounds were extracted from crop tissues and soil samples by modified QuEChERS-based method 
whereas the detection was performed using the new SCIEX X500R QTOF-MS, a compact hybrid quadrupole time-of-flight mass 
spectrometer combining advantages of TOF and QqQ systems with accurate mass. Different QuEChERS extraction salts (Original, 
CEN) were tested and compared to evaluate their extraction efficiencies (Figure 2).In this study we investigated the use of MRMHR 
and MS/MSAll with SWATH®acquisition performedin parallel for thetargeted analysis (using reference standards) and non-target 
screening on a routine basis. In fact, the generated high resolution MS/MS data were usedfor confident identification through an 
MS/MS library match against a spectral librarycontaining relevant environmental contaminantssuch as pesticides, antibiotics, 
mycotoxins, veterinary drugs, pharmaceuticals, and drugs of abuse. 

Preliminary results reveal the presence of all analytes in crop tissues and soil samples irrigated with spiked water at high 
concentration. Carbamazepine presents the highest accumulation in crop tissues (leaves and roots). Conversely, crop plants and soils 
irrigated with treated wastewater presented no significant level of contamination. 

 

Keywords: Pharmaceuticals, QuEChERS, LC-MS/MS, reclaimed water, crop uptake, metabolism 
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Tables and figures 

 

 

 

 

Figure 1:Images of lettuce after transplant in the growth chamber under controlled conditions at the IDAEA-CSIC (Barcelona, Spain). 

 

 

 

 

Figure 2:Preliminary recovery values of some compounds of interest at 10 ng/g spiking level of two different extraction salts (OR and EN). The 
effects of a clean-up (PSA) and presence of formic acid (FA) were also evaluated.  
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Abstract: 

The contamination of the environment by pharmaceuticalsis recognized as an emerging issue of concern bythe general public and the 
government agencies (Yao et al., 2011).These contaminants are not currently incorporated into monitoring programs but their future 
regulation isexpecteddue to their potential threat to human health and the environment(Yao et al., 2011). Quinolone antibiotics (QAs) 
embrace two of the most important families of antibiotic agents and are used worldwide to treat both human and animal diseases 
(Toledo-Neira et al., 2016). In veterinary medicine,these drugs are used as growth promoters and to improve feed efficiency(Andreu 
et al., 2007).Among QAs, oxolinic acid (OXA), a first-generation antibacterial agent,has received considerable attention due to 
itswide usage and relative low bioavailability and low degradability,resulting in high concentrationsin aquaculture environments (Lai 
andLin, 2009). Still, OXA fate and persistence in aquatic environments may be affected byphotodegradation, whichcan occur by two 
processes: direct or indirect photolysis. Direct photolysis consists in the light absorption by the chemical itself, leading to chemical 
transformations,while indirect photolysis consists inthe light absorption by photosensitizers, suchas humic substances (HS), which 
generate photoreactants that promote the photodegradation(Oliveira et al., 2016).However, photosensitizers may have a dual role, also 
retarding the photodegradation by screening sunlight.Thus, photosensitizers can affect the efficiency of photodegradation and, 
consequently, the photodegradation rate(k) and the half-life time (t1/2) of the pollutant. To date, few studies have been published on the 
photodegradation of OXA. Therefore, a better knowledge about the influence of different components present in natural aquatic 
matrices on OXA photodegradation is needed. 

The main objective of this workwas to investigate the photodegradation behaviour of OXA, under simulated solar radiation, aiming 
to: (i) evaluate the persistence of this contaminant in the environment;and (ii) assess the potential of photodegradation as remediation 
process.Photodegradation studies under laboratory-controlled conditions were performed using a solar radiation simulator (Solarbox 
1500; Co.fo.me.gra, Italy), equipped with an arc xenon lamp (1500 W) and outdoor UV filters that limited the transmission of light 
with wavelengths shorter than 290 nm. The OXAphotodegradation process was evaluated by the parameters k(rate constant) and 
t1/2(half-life) and monitored by analysingOXA concentrationin a Shimadzu High-Performance Liquid Chromatograph Prominence 
system equipped with a fluorescence detector (HPLC-FLD). 

With the mentioned objectives in mind, photodegradation studies in presence of HS fractions (humic acids (HA), fulvic acids (FA) 
and XAD-4) and of synthetic sea salts were performed. The effect of the pH of the matrix was also evaluated. Furthermore, the effect 
of different environmental matrices on thephotodegradation behaviour of OXAwas assessed using environmental aquatic 
samples(fresh, estuarine and waste water samples).Results indicated that radiation has a majorinfluence in the degradation of OXA in 
waters. This study provided a more-detailed understanding on the persistence/fate of OXA in aquatic matrices, as well as on the 
possibility of using photodegradation as a sustainable remediation technique. 

Keywords: Oxolinic acid, photodegradation, humic substances,aquatic environment, aquaculture. 
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Abstract  

INTRODUCTION 

Over the last decades, the presence of pharmaceuticals in the environment is well-known problem in terms of human health and the 
environment (Gavrilescu et al., 2015). Moreover, the rapid emergence of resistant bacteria worldwide(Ventola, 2015)can be 
connectedto the fact that antibiotics have been widely used. When pharmaceuticals enter the aquatic environment, one of the most 
important pathways of their degradation are photochemical processes. It is worth noting that direct and indirect photolysis can have 
high impact on the environmental half-lives of pharmaceutical compounds. Due to the structural moieties of cefdinir, it is presumed 
that it absorbs light in the environmentally relevant range (300  ̶  800 nm). 

 

OBJECTIVES 

In this work the focus was to examine the photolytic fate and behaviour of cefdinir which belongs to a broad spectrum and third-
generation of cephalosporin antibioticsused for the treatment of upper and lower respiratory tract infections and urinary tract 
infections (Abou-Taleb et al., 2016).  

 

METHODS 

The photolysis experiments were carried out in Suntest CPS+ simulator (Atlas, Germany) equipped with a xenon lamp and 
temperature sensor used as the source of artificial sunlight in the wavelength range of 300̶800 nm. In all experiments irradiation was 
maintained constant at 500 W m−2, while the reaction temperature was kept at (25 ± 2) °C. Cefdinir solutions were irradiated in quartz 
vessels. Dark control experiments were performed under the same conditions to those described above, except that the vessels were 
wrapped in aluminium foil. At regular time intervals aliquots (0.5 mL) of cefdinir solution were withdrawn and analyzed by HPLC-
DAD. 

 

RESULTS 

Cefdinir was irradiated under simulated sunlight in different water matrices in order to investigate influence of both direct and indirect 
photolysis. It was found out that it undergo photolysis which can be seen in Figure 1.,in the case of river water and synthetic 
wastewater. 
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Figure 1:Degradation profiles of cefdinir in river water and synthetic wastewater 

 

Also, influence of pH-value was investigated since it was found that itplays an important role on photolysis of many 
pharmaceuticals(Li et al., 2018).Degradation rate constant were very similar at all investigated pH-values with a little bit faster 
degradation in basic conditions. In all conducted experiments degradation of cefdinir followed first order kinetics with half-lives 
around 20 minutes. 

 

CONCLUSION 

On the basis of relatively quick degradation of cefdinir it can be concluded that photolysis might be an important process of reducing 
its concentration in the environment. Hence, the results obtained in this study could increase knowledge of the understanding of 
cefdinir fate and behaviour in the environment. 

 

Keywords: pharmaceuticals, cefdinir, photolysis, aqueous environment 
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Abstract: 

Hexabromocyclododecanes (HBCDDs) are a common brominated flame retardant known to accumulate in soil and sediments. The 
reaction of HBCDDs with iron oxides (i.e., magnetite,goethite,and hematite) in the presence of dissolved Fe(II) was investigated. The 
individual degradation rates of the three dominant isomers (α, β and γ) of HBCDD with Fe(II)/iron oxides were investigated at room 
temperature. Kinetic experiments were performed at different pH with different concentration of Fe(II) and different iron oxide 
minerals to evaluate the influence of these environmental factors on the degradation of HBCDD. An isomer selective reaction was 
observed and the observed reaction rates appear fast enough to be potentially relevant for the fate of HBCDD in soil and sediments. 

 

Keywords: HBCDD, iron oxides,  goethite, magnetite, Fe(II) 

 

Introduction: 

HBCDDsare brominated aliphatic cyclic hydrocarbons that have been extensively used in as a flame retardant in furniture (foam, 
fabrics), electronics, building material (insulation), and clothes. [Covaci et al., 2006]. HBCD is an additive flame retardant that is not 
covalently bonded to the polymer molecules, therefore it is possiblethat HBCDDs are released to the environmentduring use, disposal, 
and recycling of materials that containHBCDD. As a result of their widespread use andtheir physical and chemical properties, 
HBCDDs arenow ubiquitous contaminants in the environment. The concentration in river sediments reach now to 20 ng/g dw [Oh et 
al., 2014]. 

Reducing conditions in sediments can lead to transformation reactions of contaminants. Fe(II) associated with iron oxides are known 
to reduce nitroaromatic and chlorinated compounds [Klausen et al. 1995, Gorski et al. 2014]. These conditions might also potentially 
lead to the transformation of HBCDDs in sediments. 

 

We measured the reaction of HBCDDs in iron oxide (i.e., magnetite, goethite, hematite)suspensions with Fe(II)at varying pH and 
varying Fe(II) concentrations. 

 

Results: 
Figure 1 shows the time course of a technical mixture of HBCDDs in a suspension of 2.5 mg/L magnetite, 6 mM Fe(II) at pH 7.2. 
Only in -
HBCDD reacts faster in this Fe(II)/magnetite suspension than γ-HBCDD and α-HBCDD. Figure 2 illustrates the effect of increasing 
pH on the rate of reaction of HBCDDs. 
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Figure 1:Reaction of 1 M HBCDD in the presence of 2.5 mg mL-1 magnetite and an initial concentration of 6 mM Fe(II) at pH 7.17 and 27 C.  

 

 

Figure 2:The density of sorbed Fe(II) and observed pseudo-first-order rate constants for the reaction of 1 µM HBCDD in the presence of 2.5 mg mL-

1 magnetite and an initial concentration of 6 mM Fe(II) at various pH values  

 

With goethite instead of magnetite as the iron oxide, a similar relative reactivity of β-HBCDD versus αHBCDD was observed. A 
significant increase in the observed reaction rate was also noticed with goethite when increasing the pH from 6 to 7. Goethite appears 
to be less reactive than magnetite toward HBCDD (when expressed on a per mass of iron oxide basis).  

 

The addition of Pahokee Peat humic acid to the Fe(II)/iron oxide suspensions leads to significant decrease of the observed degradation 
rates of HBCDDs. Already a concentration of 0.5 ppm Pahokee Peat humic acid leads to a more than ten fold decrease of the observed 
degradation rate of β-HBCDD. 

 

Conclusions: 

Fe(II) associated with iron oxides that commonly present in sediments can lead to the degradation of HBCDDs. The observed reaction 
of HBCDDs in Fe(II)/iron oxide suspension is isomer specific (β-HBCDD reacts the fastest, α-HBCDD reacts the slowest). The 
presence of NOM in these systems seems to significantly slow down the degradation of HBCDDs.  
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Introduction: Sheep are often affected by parasitic diseases, and to avoid production losses, the producers mainly rely on 
chemotherapy with antiparasitic agents, such as benzimidazole drugs. Sheep manure has great potential to provide nutrients to crops, 
but it may contain benzimidazole residues that can be transferred to the soil, impacting the environment(Li, 2014). The presence of 
antiparasitic residues in the soil can lead to the development of resistant strains of parasites(Sutherland & Leathwick, 2011). The 
metabolism of benzimidazoles in mammals is extensive and their metabolites, some of them bioactive molecules, are found in their 
tissues, milk, and excreta. The most important representatives of this class of antiparasitics are albendazole (ABZ), whose major 
metabolites are ricobendazole (RBZ), albendazole sulfone (ABZ-SO2) and amino-albendazole-sulfone (ABZ-NH2-SO2), and 
fenbendazole (FBZ), whose main metabolites are oxfendazole (OFZ), and fenbendazole sulfone (FBZ-SO2)(Danaher, De Ruyck, 
Crooks, Dowling, & O'Keeffe, 2007).This work aimed to assess the leaching behavior of benzimidazole drugs (ABZ, FBZ and TBZ) 
and some of their metabolites in two soils of different textural classifications – sandy (sand content: 93.2%) and clay (clay content: 
60.2%) – as well as sheep excreta-amended soils, following the OECD Guideline no. 312 for leaching studies using soil 
columns(OECD, 2004). TBZ is no longer commonly used as a veterinary drug due to the existence of more efficient and modern 
alternatives. Nevertheless, it was included in the soil leaching studies due to its use as a fungicide in the production of citrus and other 
crops. 

Material and Methods: Two ewes (Santa Inês race) received a single oral dose of 10 mg kg-1b.w. of either ABZ or FBZ. Another 
ewe was not medicated and used as control. Their feces were collected at 24, 48, 72, 96 and 120 h postdose.The extraction of the 
analytes from the feces was performed using the originalQuEChERS approach(Anastassiades, Lehotay, Stajnbaher, & Schenck, 
2003)and the parent drugs (ABZ and FBZ) and their metabolites (RBZ, ABZ-SO2, ABZ-SO2-NH2, OFZ and FBZ-SO2) were 
quantified by anin-house validated UHPLC-MS/MS method. 

For the leaching studies, atrazinewas used as a reference substance to determine the relative mobility factor (RMF, ratio between 
the leaching distance of the test substance and the reference substance) of the analytes of interest (ABZ, RBZ, ABZ-SO2,  
ABZ-SO2-NH2, FBZ, OFZ, FBZ-SO2 and TBZ).Glass chromatographic columns (35 cm, 4.0 cm i.d.) were packed to a height of 30 
cm with the appropriate soil (sandy or clay). The soil columns were saturated with CaCl2 solution (0.01 mol L-1) andamultichannel 
peristaltic pump was set to dispense 87.2 µL min-1 of artificial rain over the top of the columns for 48 h (total of 251 mL). The 
application of the test substance on the top of the columns was carried out using 5.00 mL of a methanol solution containing all 
benzimidazoles of interest and atrazine at a concentration level of 13 µg mL-1. After leaching, the soils were removed from the 
columns and sectioned into six equal segments, each measuring 5 cm. The segments were homogenized, and samples (5.0 g) were 
subjected to solid-liquid extraction with 5 mL of phosphate buffer (pH 8) and 5 mL of acetonitrile. The benzimidazoles were 
quantified by an in-house validated UHPLC-MS/MS method. The experiments were performed in triplicate andrecoveries were 
calculated considering uniform soil density and humidity. The same experimental setup was used for the benzimidazole mobility 
assays with feces from medicated ewes and the clay soil. Instead of direct application of the test substances, 5.0 g of ewe feces 
containing the highest concentration of benzimidazoles (24 h postdose) were evenly distributed over the top of the soil columns.  

The analyses were carried out using a UHPLC-MS/MS system (Waters, USA) equipped with a triple quadrupole mass detector 
and an electrospray ionization source (ESI) operating in the positive mode. A Waters Acquity UPLC BEH C18 analytical column (50 
mm × 2.1 mm, 1.7 µm) at 40 °C was used for the chromatographic separation by gradient elution (0.400 mL min-1). The mobile phase 
consisted of water (solvent A) and methanol (solvent B), both containing formic acid (0.1% v/v). The gradient was as follows: 0.0–0.1 
min (90–20% A); 0.1–1.5 min (20% A); 1.5–1.6 min (20–90% A) and 1.6–4.5 min (90% A).The analytes were quantified and 
identified in the selected reaction monitoring (SRM) mode. The massspectrometer parameters are described in the work ofPorto, 
Rodrigues-Silva, Schneider, and Rath (2019).The in-house validation evaluated the analytical methods regarding the following 
parameters: linear range, linearity, precision (intra- and interday) and accuracy. The linear range was determined by matrix-matched 
analytical curves in the range of 0.1 to 16.0 µg g-1, for feces samples, and in the range of 10 to 900 ng g-1 for soil samples. 
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Results: Regarding the validation parameters of the quantitation method for benzimidazoles in ewe feces, all curves showed a 
correlation coefficient equal to or greater than 0.99. The intra- and interday precision (concentration levels of 0.1 and 4.0 µg g-1) were 
between 2.1% and 18.8%. The accuracy values determined at the same concentration levels were between 78.0% and 129.2%.The 
ewestreated with ABZ and FBZ excreted the parent drug and its metabolitesvia feces within 24 to 72 h postdose, but FBZ was 
detected in the feces up to 120 h of the end of the treatment. The highest concentrations of ABZ (12.8 μg g-1) and FBZ (10.7 μg g-1) 
were determined on samples from the first time point, i.e., 24 h postdose. The results are presented in Figure 1. 

Regarding the validation parameters of the quantitation method for benzimidazoles in soil samples, all curves showed a correlation 
coefficient equal to or greater than 0.999.The intra- and interday precision (concentration levels of 10 and 300 ng g-1)varied between 
1.3% and 37.7% and the accuracy values were between 42.2% and 131.5%for both soils. 

  
Figure 1: ABZ and FBZ in sheep feces after administration of a single oral dose (10 mg/kg b.w.).  

 

In the leaching studies with clay soil, most benzimidazoles were retained in the top 5 cm of soil. Only RBZ and ABS-SO2 were 
recovered (4.1% and 6.4%, respectively, of the applied dose) in the second column section (5 – 10 cm). Benzimidazoles presented 
higher mobility in the sandy soil. RBZ and ABZ-SO2-NH2, were recovered in the first four sections (0 – 20 cm), while ABZ-SO2 was 
detected up to the fifth section (20 – 25 cm). On the other hand, OFZ and FBZ-SO2, were found up to the third column section (10 – 
15 cm). Leaching data for benzimidazoles in clay and sandy soils are shown in Figure 2. 

  

Figure 2:Leaching data for benzimidazoles in clay and sandy soils. 

 

The RMF values of the evaluated benzimidazoles varied between0.25 and 0.8, andthey can all be classified as slightly mobile in 
both soils, except for ABZ-SO2, which was moderately mobile in the sandy soil.In the leaching studies with sheep feces amended soil, 
ABZ and FBZ were recovered only in the top 5 cm of the soil column. ABZ was found at an average concentration of 49.4 ng g-1 (s = 
4.3 ng g-1), which corresponds to approximately 6.0% of the dose present in the feces. FBZ, in turn, was recovered from the soil at an 
average concentration of 20.7 ng g-1 (s = 10.8 ng g-1), which represents 3.0% of the dose present in the applied feces. Metabolites from 
both ABZ and FBZ were also detected in the samples at the same soil depth, at concentrations ranging from 4.0 to 64.6 ng g-1.  

Conclusion: The leaching behavior of the benzimidazoles and metabolites were different in the two assessed soils. Their lower 
mobility in clay soil is probably due to the higher clay and organic matter content of this matrix, which would favor the sorption 
phenomena. Less than 6% of the drugs present in medicated ewes feces were available to be leached onto the soil columns, which 
indicates that the feces could be acting as a reservoir of these drugs and a potential long-term contamination source of the soil. 
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Introduction:  
The water quality of the Olifants River, located in a highly industrialized area of South Africa, has deteriorated significantly as a 
consequence of anthropogenic activities. The presence of organic pollutants have been reported and have had adverse effects on 

organisms1. The link between their presence, translocation potential, as well as their transformation and products in solar simulated 
sunlight in freshwater systems have not been rigorously studied.  

Materials and Methods:  
Polycyclic aromatic hydrocarbons (PAHs)have been shown to translocate and persist in ecosystems far removed from their input 
source.Their presence in aquatic systems is of particular importance since they have been shown to cause adverse effects on 
organisms in these habitats.. The photodegradation and transformation of individual and mixtures of 2 to 6 ring PAHs naphthalene 
(Nap), anthracene (Ant), benzo(a)anthracene (BAnt), benzo(a)pyrene (BaP), benzo(ghi)perylene (BghiP) in aqueous samples, with 
and without natural organic matter (NOM) were evaluated. These represented the decay of these compounds in samples emulating 
ideal and environmental conditions. A closed circuit system comprising a photosimulator, an equilibrator and fluorescence 
spectrometer (FS) were used to conduct the experiment. Synchronous absorbance and fluorescence measurements were collected with 
the FS every 18 min, for 24 h. Solutions were prepared such that the final concentrations in ultrapure water was 1 mg/L. Optical data 
was visualised and processed in MATLAB R2015a with the AQ2 toolbox and the kinetic model evaluation carried out with the kinfit 
R-package.To evaluate and extrapolate unique features in excitation-emission fluorescence measurements, PARallel FACtor analysis 
(PARAFAC) was applied using the drEEM and Nway toolboxes. In addition, 28 subsamples (500 L aliquots) were collected, 
subjected to LLE, followed by qualitative and quantitative analysis by GC-mass spectrometry (MS.) 
 

Results and Discussion:  
The degradation of 2 to 6 ring PAHs followed the order Nap< BghiP<BAnt<Ant <BaP in the absence of NOM and 
Nap<BghiP<Ant<BaP<BAnt in its presence (Table 1). The PAH mixtures in both sample types had half-life values that were between 
those determined for 3 to 6 ring PAHs. PARAFAC modelling of EEM measurements indicated that there were excimers formed 
during degradation. These were compared to chromatographic data. Only Ant, BAnt and the 2 to 6 ring PAH mixtures evolved 
photoproducts that were detectable by GC-MS. These were more pronounced in samples containing NOM. 
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Table 1: Rate constants (±SD) for individual and PAH mixture in ultrapure water, derived from maximum fluorescence intensities 

Compound k1 (min-1) k2 (min-1) t1/2 (min) Chi-error, % 

Kinetics in ultrapure water 

Naphthalene 0.00842±3.10 x10-4 0.00725±8.66x10-6 477.9 1.03 

Anthracene 0.0211±8.12 x10-4 0.00122±6.65 x10-5 46.5 8.94 

Benz(a)anthracene 0.0257±1.11 x10-3 -0.00487±1.78 x10-3 432.9 1.99 

Benzo(a)pyrene 0.0433±2.13 x10-3 0.000760±6.00 x10-4 21.4 12.24 

Benzo(ghi)perylene 0.0161±9.40 x10-4 0.000913±4.14 x10-5 43.0 9.28 

2-6 ring PAH mixture 0.0159±8.10 x10-4 0.000137±8.93 x10-5 53.7 13.77 

Kinetics in ultrapure water with NOM 

Naphthalene 0.000113±1.99 x10-5 N/A 6130 5.91 

Anthracene 0.0152±6.00 x10-4 0.00100±6.33 x10-5 66.2 7.75 

Benz(a)anthracene 0.0161±9.40 x10-4 0.000913±4.14 x10-5 43 9.28 

Benzo(a)pyrene 0.0224±1.32 x10-3 0.000446±4.56 x10-5 49.8 8.96 

Benzo(ghi)perylene 0.0210±1.29 x10-3 0.000286±2.91 x10-5 68.8 6.05 

2-6 ring PAH mixture 0.0128±9.26 x10-4 -0.0000074±1.22 x10-4 67.9 17.39 

 

Conclusions:  

Exposure of PAHs to simulated sunlight results in the degradation of these compounds but also the production of photodegradation 
products with the potential to be more toxic than the parent compounds. The presence of NOM in aquatic systems has the potential to 
prolong the life-time of these compounds and promote the production of a larger pool of by-products. Future studies should evaluate 
the mobility, transformation and toxicity of parent compounds in risk assessments to make predictions that may be used in 
rehabilitating environments.  
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Abstract  

The Vjosa River in Albania is one of Europe’s last living wild rivers. It is 270 km long and characterized by beautiful canyons, 
braided river sections, islands, oxbows and meandering stretches. In some areas the riverbed expands over more than 2 km in width. 
However, what makes this river really outstanding internationally is the fact, that almost all its tributaries are free-flowing and intact 
as well, creating a living rivers network that is without par in Europe. 

Different persistent organic pollutants, such as organochlorine pesticides and their residues (OCPs), polychlorinated biphenyls (PCBs) 
and polycyclic aromatic hydrocarbons (PAHs) were analyzed in water samples of Vjosa river (Albanian part). Samples were taken in 
16 stations starting from Petrani (Permeti) to Mifoli Bridge (Vlora) in April 2017. OCPsand 7 indicator PCBs were extracted using 
liquid-liquid technique with n-hexane. PAHs were extracted using liquid-liquid technique with dichloromethane, the extracted phase 
was dried with anhydrous Na2SO4. A Florisil column was used for the sample clean-up. After the concentration down to 1 ml, the 
samples were injected into Varian 450 GC equiped with ECD and FID detectors.OCPs and PCBs were present in all sampling 
stations, except in the samples from Vjosa very upper part (Petrani) and also from thermals springs of Benja, in Permeti region. The 
concentrations range of OCPs was 33.06 - 94.73 ng/l. For 45% of water samples the concentrations of Endosulfanes and Mirex were 
higher than permitted levels for surface waters according to Directive 2013/39/EU, and also DCM 246 (2014). The highest values of 
PAHs were observed in Drino (Kordhoca; 19.49 µg/l), Thermal springs (Benja 3; 11.67 µg/l) and Kuta (Vjosa; 5.97 µg/l).Profile of 
PAHs was:  Benzo[a]Anthracene > Perilene > Fluorene.  PAH values were not detected in most of the samples. The less chlorinated 
PCBs were the most abundant in Vjosa waters. 

The concentrations of persistent organic pollutants in Vjosa river were lower than the reported data for other rivers in Albania.  

 

Keywords: Vjosa River, OCPs, PCBs, PAHs,organic pollutants 
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Organic micropollutants such as Pharmaceuticals and Personal Care Products (PPCPs), have been released into aquatic and terrestrial 
ecosystems at very low concentrations ranging between µg L-1 and ng L-1. Many of these chemical residues are not fully removed in 
conventional Wastewater Treatment Plants (WWTP) and their presence in wastewater discharges may present a potential toxic risk 
for aquatic life. The aimof this study was: - 

1- to measure the environmental concentration (MEC) of selected PPCPs in raw and treated wastewater, 
2- to calculate the removal efficiencies for the three WWTPs studied, and 
3- to use the environmental risk assessment approach to determine the Risk Quotient (RQ) which is the ratio between MEC and 

predicted no-effect concentration (PNEC) for each compound. 

In this study, sixteen PPCPs belonging to six therapeutic classes (Antibiotics, Analgesics and anti-inflammatories (NSAID), 
Antidiabetics, Stimulants, Antigouts, and Beta-blockers) were selected and analysedin the influents and effluents of three 
WWTPs.Out of sixteen PPCPs of interest,twelve were detected in the King Saud University WWTP (KSU-WWTP), seven in 
Manfuha WWTP (M-WWTP) and tenin Hair WWTP (H-WWTP). 

The concentrations of the detected compounds ranged from 4.8 µg L-1 for Atenolol to 100 ng L-1 for Ofloxacin. For the first time, 
Baclofen was studied in a WWTP and its concentration was just below the Limit of Quantification (LOQ). Most of these PPCPs were 
detected in the influent of WWTP-KSU at concentrations higher than the other two WWTPs and were estimated to pose a higher risk 
(RQ≥1). A potential explanation is that wastewater is discharged directly to this treatment plant from the King Khalid University 
Hospital (800 beds) without treatment, together with wastewater from the University campus and housing area. Nevertheless, the 
riskquotients were generally found to range from medium to low at the outlets of the WWTPs because of the high removal rate in 
these tertiary treatment plants (≈90%). 

Key words: Pharmaceuticals, WWTP, Atenolol, removal rate, Environmental risk. 
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Abstract 

Environmental fate and toxicity of pharmaceuticals and personal care products (PPCPs) continue to be a topic of current concern for 
environmental regulatory agencies. These chemicals are not totally removed by the wastewater treatment plants, so residues are 
generally detected in their effluents. Valsartan©, an antihypertensive drug, is often found at high concentrations (0.06-0.6μg/l) in 
wastewater treatment plant effluents, which means that the use of reclaimed wastewater in farmland could be a serious risk to soil 
quality and cropping. 

Because soil is a significant sink for environmental contaminants including PPCPs, soil fauna play a dual role as sentinels of pollutant 
occurrence and toxicity, as well as biological vectors in bioremediation. Among soil mesofauna, earthworms are pivotal decomposers 
in soil, having a significant impact on soil physicochemical and biological properties. Likewise, soil-dwelling earthworms such as 
Lumbricus terrestris are sensitive to environmental pollutants, so they are good indicators of pollution and, furthermore, contribute 
direct or indirectly to the degradation of soil pollutants. It is well known that among the multiple pathways for pollutant dissipation in 
soil, biodegradation or pollutant breakdown by soil microorganisms contribute significantly to soil persistence of pollutants. 
Therefore, measurement of microbial activity and soil extracellular enzyme activities are suitable endpoints to assess the impact of 
environmental contaminants on soil biodegradation processes. In this study, we have used the earthworm L. terrestris as sentinel to 
assess the toxicity of Valsartan-spiked soils, and selected soil enzyme activities linked to P- (alkaline phosphatase), C- 
(carboxylesterase and β-glucosidase) and N-cycling (urease and protease) as soil indicators of Valsartan toxicity and biodegradation. 
Moreover, the activity of dehydrogenase was measured as an indicator of soil microbial activity because this oxidoreductase enzyme 
is linked to alive cells.  

We hypothesise that the earthworm L. terrestris contributes to degradation of Valsartan and, consequently, the adverse impact of this 
pharmaceutical on soil microbial and biochemical processes are reduced. 

The experimental design consisted of four contrasting treatments with 3 replicates each one: Control soil, Soil+Worms, 
Soil+Valsartan and Soil+Worms+Valsartan. Each replicate was made by adding 1.5 kg of wet soil (22-25% w/v, moisture). 
Treatments with earthworms contained 9 individual per kg of soil, whereas treatment with Valsartan were spiked at the dose of 5 
mg/kg dry soil. All test containers were kept at 15ºC and a photoperiod (12:12 h, L:D) for 21 days. Periodically (t=7, 14 and 21 d), 
samples of soil were removed from each replicate for measuring soil enzyme activities. Moreover, earthworms (n=3/treatment) were 
also collected for measuring of selected biomarkers of exposure potentially related to toxicity of pharmaceuticals, i.e., 
acetylcholinesterase (AChE), carboxylesterases (CE), and glutathione-S-transferase activities. Soil samples and non-exposed 
earthworms collected at t=0 d were used to obtain reference values of the biomarkers and soil enzyme activities used in this study. 
Likewise, we used two enzymatic indexes of soil functional diversity, i.e., the geometric index (GMea) and the treated-soil quality 
index (T-SQI) for assessing the impact of Valsartan and earthworm activity on the global response of soil enzyme activities (Figure 
1). 

The results of this study revealed that: i) Valsartan had no effect on earthworm AChE activity and no mortality was recorded, but CE 
activity was strongly inhibited by this chemical after 7 d of incubation. Because CE activity in this organism in the sum of multiple 
isoenzyme with marked differences in substrate preferences and sensitive to potential inhibitors, we used several substrates as 
reported of the hydrolytic activity of this enzyme. Although the inhibition of CE activity was detected with the substrates 4-
nitrophenyl acetate (4NPA), 1-naphthyl acetate (1NA) and 2-naphthyl acetate (2NA), the activity did not change with the substrates 4-
nitrophenyl butyrate (4NPB) and 1-naphthyl butyrate (1NB). ii) The CE activity at times 14 and 21 days significantly decreased in 
both control and treated earthworms. iii) The GST activity displayed a similar response than CE activity; a significant decrease of this 
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enzyme activity occurred at short-term exposure (t=7 d), but it reversed its activity in the following weeks to values similar to the 
control group (Figure 2).  

iii) There was a significant effect of the time of incubation and treatment on the activity of soil CE, alkaline phosphatase and β-
glucosidase. Their hydrolytic activities increased as time of incubation increased and, furthermore, they were maximum in the 
Valsartan-spiked soils containing earthworms. Interestingly, soil dehydrogenase activity was permanently higher in the soils 
containing earthworms and Valsartan than in the rest of treatments, which suggest a biodegradation of this chemical assisted by 
earthworms. iv) Both enzymatic indexes corroborated that the presence of L. terrestris in the Valsartan-contaminated soils was 
essential to stimulate production of soil enzymes, whose activities were significantly correlated. 

Pending of chemical analyses of Valsartan residues in both soil and earthworms, we postulate that incubation of Vasartan-
contaminated soils in the presence of L. terrestris decreased the persistence of this pharmaceutical in soil and, simultaneously, the 
activity of selected soil enzymes implied in the organic matter decomposition and nutrient cycles increased. These preliminary results 
suggest, therefore, that the inoculation of agricultural soils receiving reclaimed waters contaminated by PPCPs with L. terrestris could 
be a complementary strategy for reducing the toxicity of these emerging pollutants in soil. Likewise, our work may also serve as a 
starting point for future studies trying to understand the underlying mechanisms of vermiremediation of pharmaceutical-contaminated 
agricultural soils. 

 

Keywords: pharmaceuticals, Valsartan, earthworms, biomarkers, soil enzyme activities 

Tables and figures 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:Treated-Soil Quality Index (T-SQI) of soil enzyme activities measured at 7, 14 and 21 days following incubation time. 

 



396 
 

 
Figure 2: Carboxylesterase activity (mmol/min/g wet weight) with the substrates 1-naphtyl acetate (1NA) and 1-naphtyl butyrate (1NB) in the whole 
body of the earthworms L. terrestris. The asterisk (*) indicates significant differences (Wilcoxon tests; p<0.05) between control and exposed 
conditions. Capital letters indicate statistical results (non-parametric Kruskal-Wallis test) obtained for the controls and lowercase for the exposed 
conditions. 
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Abstract 

The considerable growth of engineering nanomaterials (ENMs) applications in different fields (i.e. cosmetics, textiles, coatings and 
paints) has been driven by their novel physicochemical properties, which promise improved functionality (Piccinno et al. 2012). 
However, the extensive use and high complexity of ENMs fate processes, has led concerns about their potential impact upon human 
and environmental health.ENMs dispersed in biological or environmental media are subjected to several processes such as 
dissolution, aggregation and surface transformations(Mudunkotuwaet al. 2015). Since there is a strong likelihood that human and 
biological impactfrom ENMs will depend on key physicochemical properties that represent the so-called exposure and hazard 
determinants, the investigation of interactions between ENMs and the surrounding mediaare of great importance for supporting the 
risk and safety assessment of these materials (Hristozovet al.2016).In this context, the EU H2020 NanoFASE project proposed to 
develop an integrated exposure assessment framework model for incorporation of ENMs into current mainstream chemical 
assessment tools, policy and regulation (i.e. EUSES and REACH). NanoFASE has considered different release processes, waste-
streams and environmental compartments, by idealizing them as a set of “reactors” that are able to transform ENMs from a “as 
produced ENMs” to “environmentally transformed materials”. Within this context, this work aims at presenting the different 
aggregation and transformation processes of TiO2 nanoparticles (NPs), both uncoated and PVP-coated,in artificial aquatic systems. 
The pH, the electrolyte and the natural organic matter concentrations (NOM) were the parameters varied to investigate such 
transformations, and their influence on the colloidal stability of the NPs investigated. Additionally, the effect of the presence of 
suspending particle matter (SPM) was studied by means of dynamic and electrophoretic light scattering techniques(DLS and ELS) 
and centrifugal separation analysis (CSA). Principal Component Analysis (PCA) was then used to display in a bi-dimensional space 
the CSA data obtained, in order to identify classes of stability (example reported in Figure 1), which were used toevaluate how the 
extrinsic properties varied in the study affected this categorization. 
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Figure 1:PCA analysis of the sedimentation velocity values of TiO2 NPs dispersed in deionized water with different concentrations of TOC and 
Salts (CaCl2:MgSO4 (4:1) mmol/L). The ellipses represent a 68% confidence interval for experimental data, highlighting the regions corresponding 
to high (circle on the left) and moderate-low (circle on the right) stability. For clarity, only the pH value was reported in PCA labels. 
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Abstract: 

The purpose of this research was to encapsulate the active ingredient that is sensitive to the gastrointestinal environment. Proteins 
are important therapeutic molecules because they have multiple biological functions, however, the development of a drug-based 
protein is the origin of many difficulties due to their specific properties and their sensitivity to environmental conditions. 

Proteins are molecules of high molecular weight, with a complex structure. Their instability during preparation, storage and 
subsequent release is a major problem in the formulation and production of a drug. In addition, proteins have low oral and 
transdermal bioavailability, they are usually administered parenterally. However, most proteins have a very short half-life, requiring 
frequent injections, which is not well tolerated by patients and may limit the extent of therapies based on protein.    

 Microencapsulation of peptides and proteins and the preparation of sustained-release forms have been widely studied in order to 
improve the therapeutic efficacy of these bioactive molecules. 

The use of polysaccharides and especially natural biopolymers has attracted particular interest due to their desirable biocompatible, 
biodegradable, hydrophilic and protective properties. The interaction between cationic and anionic biopolymers leads to the 
formation of the polyelectrolyte complex, which has demonstrated favorable characteristics for drug entrapment and delivery. 

In this study, two polysaccharides, alginate and chitosan were used as polyionic polymers to associate with the model protein drug 
insulin. The use of chitosan in complex with alginate is a promising strategy if we consider the biocompatibility of two 
polyelectrolytes. 

The technique of encapsulation used is based on ionic gelation between two oppositely charged polymers at room temperature 
polymers at room temperature.  

The ionotropic gelation method is very simple and mild. In addition, reversible physical crosslinking by electrostatic interaction 
insteas of chemical crosslinking avoids the possible toxicity of reagents and other undesirable effects. 

In this method polysaccharides (alginate, gellan and pectin) are dissolved in water or in weak acidic medium (chitosan). These 
solutions are then added dropwise under constant stirring to the solutions containing other counterions. Due to the complexation 
between oppositely charged species, polysaccharides undergo ionic gelation and precipitate to form spherical particles. 

The characteristics of the nanoparticles including size distribution,   zeta potential, morphology, and the efficiency of encapsulation 
were optimized by means of a full factorial experimental design over the influence of different independent variable.  

To avoid the use of solvents and additives, we chose to use the technique of ionotropic gelation to the formation of polyelectrolyte 
complexes in aqueous conditions, non-denaturing for active protein as the insulin; with the design of experiments, we were able to 
define the area of a formula corresponding to the optimal best compromise, namely nanoparticles: Obtained from natural and 
bioavailable  polyelectrolytes:  chitosan and alginate Sodium; using a process that does not require solvents or additives: the 
ionotropic gelation, having a size less than 500 nm, allowing the passage of the intestinal barrier, With their surface charged groups, 
allowing them to enable their subsequent functionalization, and have a maximum encapsulation efficiency.  

After  the in vitro study in simulated environments, we can now confirm that the obtained nanoparticles    containing insulin have 
shown their ability to protect insulin from the gastrointestinal tract with a gastric resistance (low release)  and  a crossing of the 
intestinal epithelium. 
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Abstract: 

Pharmaceuticals are widely used in both human and veterinary medicine and prescriptions are increasing continuously. Unfortunately 
this positive development for men is affected with a negative side effect as pharmaceutically active ingredients (AI´s) and some of 
their metabolites can already be found in the environment and particularly in the aquatic system. This is due to either incomplete 
uptake of the drug by the human body (so still active substances are excreted), the washing off of drug containing gels and lotions 
during personal hygiene, and unfortunately still due to improper disposal of pharmaceuticals. Although contaminated municipal 
wastewater is treated in wastewater treatment plants (WTP), due to their stability many of these substances are unaffected by the 
treatment process currently used – so WTP-effluents can still be contaminated with AI´s in the ng L-1 to the low mg L-1 range [1]. This 
has been demonstrated in a number of studies published over the last two decades. Due to the increased need for water, in arid regions 
waters from such treatment plants are more and more used for irrigation in agriculture.In this contextthe contamination of this water 
with residues from pharmaceuticals may be considered problematic. Plants can come into direct contact with the AI´s, resulting in 
uptake, translocation or even metabolization of the drug by the plant [2]. Particularly in the case of edible plants the studying of such 
effects is of utmost concern. 

In the present work we investigated the uptake of three classes of widely used pharmaceuticals (frequently found in WTP effluents) 
namely non-steroidal anti-inflammatory drugs (NSAIDs) [3,4], tricyclic antidepressants [5] and statins [6] by several edible plants. 
Our model plants were:  garden cress (Lepidium sativum), onion (Allium cepa), lettuce (Lactuca sativa), pea (Pisum sativum), radish 
(Raphanus sativus), and maize (Zea mays). A special focus was set on the transformation of the AI´s by the plant and the 
identification of metabolites either already formed in the aquatic environment and taken up by the plant or formed within the plant 
organism. After germination plants were cultivated hydroponically in Petri dishes in the presence of drug containing water. After 
harvesting, plant parts were separated and subjected to an extraction procedure. Here different approaches based either on solvent 
extraction followed by a solid-phase-extraction step or a modified QuEChERS method was compared. Subsequently the extracts were 
analyzed by a RP-HPLC and mass spectrometry (MS) was used for detection. In order to identify and characterize potential 
metabolites, information from high resolution (QTOF and Orbitrap) MS (exact mass), multiple stage MS (specific fragments) and 
drift time ion mobility measurements (collision cross sections) was obtained and combined. The chromatograms/spectra were 
searched for potential metabolites using a targeted approach. This means information from similar studies in mammals or studies 
conducted in similar plant or plant cell systems was gathered and employed for the investigation of the plant extracts. Thereby for 
most of the drugs studied a series of metabolites could be detected in the selected model plant systems grown in drug containing 
water. Most widely found were phase one metabolites formed by hydroxylation or oxidation of the parent drug. In addition a series of 
phase two metabolites, namely conjugates with glucose, different amino acids and malonic acid could be identified. Based on the 
information from QTOF MS2 experiments, specific fragment ions were selected for each metabolite for establishing a multiple 
reaction monitoring (MRM) method on a highly sensitive QqQ MS instrument. This allowed the detection of metabolites also in 
plants treated with the parent drugs at concentrations close to those expected in real environmental samples (0.1 - -1). Besides 
highly sensitive detection of metabolites at trace levels, the developed QqQ MRM method was also employed for semi-quantitative 
analysis involving the use of a deuterated internal standard. Thereby the distribution of the parent drugs as well as the metabolites in 
different plant parts was investigated. The same approach could also be used for experiments on the formation kinetics of the 
metabolites, allowing to estimate changes in the parent drug and metabolite concentration within roots and upper parts of the plant 
throughout the growing period. 

 

Keywords: emerging contaminants;active pharmaceutical ingredients; phytouptake; drug metabolites; bioaccumulation; 
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Abstract: 

Bioaccumulation of organochlorine pesticides (OCPs) by marine organisms is one of the methods of environmental quality. Food 
safety of products is an important task for public health. Concentrations of HCHs (α-, β-, γ-) and DDT and its metabolites (DDD and 
DDE) were determined in organs of the pink (Oncorhynchus gorbuscha), chum (O. keta), chinook (O. tshawytscha), and sockeye (O. 

nerka), which caught from the Kuril Islands (the northern-western part of the Pacific Ocean), the Sea of Okhotsk and the Bering Sea). 
These species are used by the indigenous people of the Russian Far East for food. Pesticides have been found to accumulate in fish 
organs in the following: muscles < liver < eggs < male gonads. The highest concentrations in muscles and liver have been recorded 
from sockeye. The total concentration of OCPs in organs of salmon from Western Pacific is lower than that in salmon from the 
Atlantic Ocean. 

Keywords:OCPs, Pacific salmon, Russian Far East, food control. 

 
One of the most toxic groups of pollutants in the biosphere is persistent organic pollutants (POPs). Among POPs, the quite hazardous 
compounds by their distribution and impact on biota are organochlorine pesticides (OCPs), including isomers of HCHs, DDT and its 
metabolites (DDD and DDE), which were particularly widely used from 1950s to 1970s. Now they are distributed in the environment 
and found in all regions of the planet. Marine ecosystems frequently become the terminal sink of accumulation of these compounds 
(Tanabe, 2007). POPs have a high affinity to lipids, a low rate of disintegration and removal, and may be accumulated in adipose 
tissues of fish, birds, and marine mammals. Concentration of pesticides in fish, used as an important item in the human diet, is 
especially hazardous.  
Among fish that inhabit the upper epipelagic layer of the northern Pacific, the most abundant group is Pacific salmon of the genus 
Oncorhynchus. The major species spawning on the coast of the Russian zone of the Far Eastern seas are pink (Oncorhynchus 

gorbuscha), chum (O. keta), coho (O. kisutch), chinook (O. tshawytscha), and sockeye salmon (O. nerka). The most abundant of them 
are chum and pink salmon.The Kuril Islands of the Sea of Okhotsk and the western part of the Bering Sea are an area of natural 
feeding of Pacific salmon. In the same area fish are caught for use in food industry. Besides the unique natural salmon reproduction, 
highly effective hatcheries for breeding chum and pink salmon are operated in the rivers, springs and lakes of these 
regions(Khristoforova et al., 2016). 
During their feeding season and particularly prior to the spawning migration, salmon accumulate reserves of neutral lipids, both to 
satisfy their energy needs and to develop gonads while migrating. Accumulation of lipophilic pollutants occurs along with the buildup 
of lipid reserves, both in subtropical latitudes and in the temperate zone. In the Russian zone of the northwestern Pacific Ocean, 
significant OCPs concentrations were earlier found in grey whales, Pacific walruses, and sea birds from the Sea of Okhotsk and the 
Bering Sea (Tsygankov et al., 2014, 2015, 2016, 2017, 2018). It was shown also that pink and chum salmon, as the most abundant 
species of Pacific salmon, perform the pesticide transfer from ocean to freshwater environments (Lukyanova et al., 2014, 2015). In 
this work, we provide data on pesticide concentrations in four species of Pacific salmon of the genus Oncorhynchus and discuss the 
level of accumulation of the pollutants in these species compared to sanitary norms of Russia. 
Samples of organs from fish of four Oncorhynchus species – pink (O. gorbuscha), chum (O. keta), sockeye (O. nerka), and chinook 
(O. tshawytscha) – were analyzed. The samples were collected during expeditions organized by Pacific Research Fisheries Centre 
(TINRO-Center): pink and chum were caught in the southern Sea of Okhotsk, off the Kuril Islands, during pre-spawning migrations; 
sockeye and Chinook were caught in the western Bering Sea and in the Sea of Okhotsk, during feeding ground. In pink and chum, the 
organs subjected to analysis were muscles, liver, male gonads, eggs, and whole fish; in chinook and sockeye, muscles and liver.Lipids 
were extracted from homogenate (10-20 g) using n-hexane, with subsequent disintegration of the fat components by concentrated 
sulphuric acid. Concentrations of organochlorine pesticides (HCH isomers (α-, β-, γ-HCH), p,p'-DDT and its metabolites (p,p'-DDD, 
p,p'-DDE)) in samples were measured by gas chromatography–mass spectrometry (GC–MS) (Tsygankov et al., 2018). 
HCH isomers and DDE were found in all analyzed samples. The total content of pollutants in various organs varied within a wide 
range, from 41 to 7103 ng/g lipids. In general, the pesticide concentration increased in the following order: muscles < liver < eggs < 
male gonads. The maximum OCPs concentration in individual fish was recorded from sockeye liver (7103 ng/g lipids), where HCHs 
constituted 6453 ng/g that was also the maximum value for the studied salmon. The highest concentration of DDE was found in 
chinook liver (3022 ng/g). DDE in all the samples was the only registered DDT metabolite that indicates destruction of initial DDT, 
i.e. long-term presence of this pesticide in the ecosystem (Tanabe & Subramanian, 2006). All three HCH isomers were detected in 
pink and chum; the total content of α- and β-HCH was higher than the level of γ-HCH. α- and β-HCH are the most stable isomer and 
typically constitute the major portion of the total HCHs content in living organisms. The total concentration of HCH isomers in all the 
species was generally higher than the DDE concentration. In muscles and liver of chinook and sockeye, only two forms (α- and γ-) of 
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three HCH isomers were detected in all the analyzed samples; the value of γ-isomer was the highest. The high concentration of these 
isomers in species that spend several years in ocean indicates the recent input of technical HCH and lindane into marine ecosystems. 
A comparison of the total OCPs amount in muscles and liver of all four fish species showed that the mean values did not differ 
significantly between pink and chum, but they were significantly lower (p ≤ 0.05) than in chinook, in which the value was even lower 
than in sockeye. The concentration increases in the following sequence: chum ≤ pink < chinook < sockeye; for instance, the total 
concentration in muscles ranged within 78.8–174.1, 89.3–222.8, 265.0–2435.4, and 165.7–3020.1 ng/g lipids, respectively.  
Samples of sockeye and chinook were collected from the western Bering Sea and the Sea of Okhotsk in October and November, when 
fish feed in the sea and can spend there for several years. During this time, the concentration of toxicants in organs gradually increases 
not only in the metabolically active liver, but also in reserve muscles. For instance, chinook accumulates 99% of all toxicants during 
its marine life (Cullon et al., 2009).On the Russian coast of Pacific Ocean, there are no local sources of pesticide pollution, and thus, 
salmon are unlikely to intake toxicants during their freshwater period of growth. In this regard, the pesticide accumulation in organs 
of salmon inhabiting the Sea of Okhotsk and Bering Sea probably originates from the global transport of toxicants via the atmosphere 
from regions where they are used, their precipitation on to the sea surface, binding with suspended particles, accumulation by 
planktonic organisms and, eventually, by fish.Currently, farmed Atlantic salmon (Salmo salar) constitutes a significant portion of the 
world’s salmon market. Pesticides content in organs of these fish is strictly controlled; nevertheless, pollution of its habitat causes 
toxicants to accumulate in aquaculture objects. The major attention is paid to fish muscles (fillet), as these organs are most frequently 
used as item of diet and in food industry. The total OCPs concentration in muscles of pink, chum (Lukyanova et al., 2015), chinook 
and sockeye salmon (Lukyanova et al., 2016) does not exceed sanitary standards of the Russian Federation (SanPin, 2001). 
This work was supported by the Russian Science Foundation (project No. 18-14-00120). 
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Abstract: 

In this work, the results of a comparative analysis of organochlorine pesticides in the blood of dead and living people are presented.Of 
all the pollutants, only β-HCH was found in lifeblood, and β-HCH, γ-HCH, o,p’-DDE, p,p’-DDE were found in dead blood.The range 
of β-HCH concentration in lifeblood was from 0.09 to 0.95 ng / l. In dead blood, range concentrations of β-HCH, γ-HCH, o,p’-DDE 
and p, p’-DDE were 43-851, 2-13, 8-131 and 7-57 ng/L, respectively.The results show that the blood of a living humans contain lower 
concentration of pesticides, due to the constant circulation and passage through the filtering organs.  

Keywords: OCP, human lifeblood, dead blood of corpse, Russian Far East. 

 
Contaminants in the environment affect living organisms and human health.The all ways of transport of persistent organic pollutants 
(POPs) on the long distances are well studied.All parts of food chains were investigated.But, the question of the effect of POPs on 
human health as the top of the food chain is still open.Among persistent organic pollutants, the most dangerous on distribution and 
effects to living organisms are organochlorine pesticides (OCP). Among POPs, the quite hazardous compounds by their distribution 
and impact on biota are organochlorine pesticides (OCPs), including isomers of hexachlorocyclohexane (HCHs), 
dichlorodiphenyltrichloroethane (DDT) and its metabolites (dichlorodiphenyldichloroethane (DDD) and 
dichlorodiphenyldichloroethylene (DDE), which were particularly widely used from 1950s to 1970s.UNEP recommends analyzing 
POPs in such fields as air, water, breast milk and human blood (UNEP, 2013).The purpose of the study is comparison of the content 
of OCPs in the human lifeblood residents of the Far East of Russia and dead blood of corpse. 
The blood was collected at one of city’s health-care organizations. Informed consent was obtained from all individual participants 
included in the study. Sex, age, profession, and other personal information are protected by the law “On the bases of health care of 
citizens of the Russian Federation” and are the medical confidentiality.Frozen samples (–20°C) were transported to the laboratory. 
Lipids were extracted from human blood and urine by using the n-hexane extraction method, with subsequent disintegration of fat 
components in concentrated sulphuric acid (Tsygankov and Boyarova 2015). The mass content of OCPs (α-, β-, γ-isomers of HCH, 
p,p'-DDT and its metabolites (p,p'-DDD, p,p'-DDE)) in samples were measured by a gas chromatography (Shimadzu GC-2010 Plus 
with an ECD (electron capture detector) (capillary column Shimadzu HiCap CBP5)). Temperatures at the column, injector and 
detector were 210°C, 250°C and 280°C, respectively. Carrier gas was argon, inlet pressure: 2 kg/cm2, 1:60 flow divider, and flow rate 
of carrier gas through the column: 0.5 ml/min.Laboratory blank samples (n-hexane + OCP standard solution) were extracted and 
analyzed on a regular basis. Retention times for the standard samples were constant and therefore relied upon component 
identification. To identify individual substances, OCP standard solutions (α-, β-, γ-isomers of HCH, p,p'-DDT, p,p'-DDD, p,p'-DDE) 
in the concentration range of 1–100 mg/mL were applied (Tsygankov and Boyarova, 2015; Tsygankov et al., 2017).The detection 
limits (LOD) were calculated as 3 × the SD (standard deviation of 11 samples) of OCP levels in procedural blanks. For analytes, 
which were not detected in procedural blanks, LOD was calculated as the amount of analyte per sample corresponding to the lowest 
calibration standard. LOD was 0–20 pg/L for OCPs (α-HCH, 0–12; β-HCH, 11–20; γ-HCH, 2–17; p,p'-DDT, 0–8; -p,p'-DDD, 0–12; 
p,p'-DDE, 0–9 pg/L). 

In the blood of living donors, only β-HCH was found in concentrations from 0.09 to 0.95 ng/L. In the blood of dead people, in 
addition to β-HCH, γ-HCH was also detected. At the same time, the concentration of β-HCH of dead blood was significantly higher 
and reached 850 ng/L (Fig. 1).  
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Figure 1:Concentration of OCPs in the human lifeblood residents of the Far East of Russia and dead blood of corpse 

The concentration of γ-HCH varied from 2 to 11 ng/L.DDT and its metabolites in the blood of living people was not found. 
Concentration of o,p’-DDE in the blood of dead people was from 8 to 131 ng/L, and p,p'-DDE from 7 to 57 ng/L. 

It can be assumed that postmortem changes cause destruction of the cell wall membranes. This leads to the extrication of substances 
from nearby tissues and increase the concentration of toxicants, for example, organochlorine pesticides, which studied in human 
blood.The results obtained are the initial stage of further research of persistent organic pollutants in the human body. 

This work was supported by the Russian Science Foundation (project No. 18-14-00120). 

 

References 

 

Tsygankov, Vasiliy Yu., Khristoforova, N. K., Lukyanova, O. N., Boyarova, M. D., Kiku, P. F., & Yarygina, M. V. (2017). Selected 
Organochlorines in Human Blood and Urine in the South of the Russian Far East. Bulletin of Environmental Contamination and 
Toxicology, 99(4), 460–464. https://doi.org/10.1007/s00128-017-2152-0 

Tsygankov, V.Yu., & Boyarova, M. D. (2015). Sample Preparation Method for the Determination of Organochlorine Pesticides in 
Aquatic Organisms by Gas Chromatography. Achievements in the Life Sciences, 9(1), 65–68. 
https://doi.org/10.1016/j.als.2015.05.010 

United Nations Environmental Program (UNEP). (2005). Ridding the World of POPs: A Guide to the Stockholm Convention on 
Persistent Organic Pollutants. Geneva, Switzerland. 

 



409 
 

Impact of progestogens contaminations on the development of zooplankton and aquatic 
invertebrate species 

 
 

R. Svigruha1,2*, Z. Zrínyi2, I. Fodor2, G. Maasz2, Z. Pirger2 

1University of Pannonia, Faculty of Engineering, Doctoral School of Chemistry and Environmental Sciences, 8200 Veszprém, 
Hungary; 2Adaptive Neuroethology Research Group, Department of Experimental Zoology, Balaton Limnological Institute, MTA 

Centre for Ecological Research, 8237 Tihany, Hungary. 

*svigruha.reka@okologia.mta.hu 

 
Abstract 
The concentration of some progestogen hormones are generally low in environment (between 1 and some 100 ng/L), however, the 
combined presence of these active ingredients is observed in environment.Bioaccumulation of progestogens is also known process in 
case of vertebrate and invertebratespecies (Liu et al., 2011).In these non-target organisms, progestogens affect the biosynthesis of 
endogenous hormones, and disrupt the endocrine systeminfluencing reproduction, development, maturation of the gametes or mating 
behaviour (Orlando and Ellestad, 2014).  
Earlier, our research group has observed the presence of progestogen hormones (0.1-45 ng/l) in the largest shallow lake of Central 
Europe, Lake Balaton and its catchment area (River Zala and Kis-Balaton) by using novel HPLC-MS method (Avar et al., 2016; 
Maasz et al., under review). According to research data, progestogens may pose an ecological risk to invertebrate (Donna et al., 2003; 
Zrinyi et al., 2017) and vertebrate(Maasz et al., 2017) aquatic organisms.Therefore, our aim was to examine the possible ecological 
effects of detected progestogens on embryos and adult individuals of pond snail (Lymnaea stagnalis) occurring in the catchment area 
of lake, and in juvenile individuals of the water flea (Cladocera, Daphnia magna).We are looking for the answers to the next 
questions, what behavioural changes can be caused by progestogen treatment, in addition,what trends can be observed in growth 
during development of test animals?In our studies we applied chronic treatment (21 days) with 1, 10, 100, 500 ng/l progestogen 
mixtures of progesterone, levonorgestrel, drospirenone, gestodene modelling the environmental effects of pilot area in the controlled 
laboratory conditions. 
Based on our research data, the rate of heartbeat did not change significantly, however the number of radula movement significantly 
increased during embryonic growth of L. stagnalis in the presence of 1 ng/l progestogen mixture.In adultL. stagnalis, the feeding 
activity also increased significantly compared to the control group, while the locomotion activity decreased in case of the same 
treatment.The results show that the growth of D. magnaafter hatching was changed depending on the hormone treatment.As a result 
of exposure, the number of females with eggs did not change significantly compared to the control group.At the same time, the 
number of eggs in female water flea changed with applied concentration of progestogens.The number of neonates are in correlation 
with increase of number of eggs.  
The results show that contaminants of human contraceptives and their active degradation products, can pose a challenge to the aquatic 
ecosystems. 
 
Keywords:progesteron, levonorgestrel, drospirenone, Lymnaea stagnalis, Daphnia magna 
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Abstract 
Over the years, the interest in the potential effects of pharmaceuticals, like the antidepressants, in non-target organisms has grown, 
principally due to their frequent detection in the environment.It is known that biotransformation of xenobiotics is an important process 
of detoxification of the organisms, involving different enzymatic reactions to produce more hydrophilic and less toxic metabolites of 
contaminants. Nevertheless, sometimes the metabolites formed may have equal or higher activity than the parent compound as is the 
case O-desmethylvenlafaxine,the main human metabolite of the antidepressant venlafaxine.However, humans and aquatic organisms, 
like fish, can have distinct metabolic pathways;therefore it is of great importance the identification and evaluation of the metabolites 
formed as well as the assessment of an integrated overview of the metabolic response of non-target organisms to xenobiotics. 
The present work aims to evaluate the metabolic response of the juvenile fish Argyrosomus regiuswhen exposed to venlafaxine via 
water. Venlafaxine, a serotonin-norepinephrine reuptake inhibitor (SNRI), is one of the most prescribed antidepressants and it is being 
frequently detected in the aquatic environment (Alonso et al., 2010; Schlüsener et al., 2015). It also has the potential to accumulate in 
biota (e.g. fish tissues, fluvial biofilm, etc.) (Grabicova et al., 2017; Huerta et al., 2016), usually at low ng/g range. Additionally, 
different studies have shown the capability of venlafaxine to induce toxic effects (Best et al., 2014) and behavioral changes in non-
target organisms (Maulvault et al., 2018).  
Based on the fish plasma model (Huggett et al., 2003), a water exposure concentration of 20 µg/L was selected, in order to get a fish 
plasma concentration of venlafaxine equivalent to the human therapeutic plasma concentration (149-225 µg/L). This plasma 
concentration is expected to exert an effect in fish behavior as well as to enable the proposal of a metabolic pathway of venlafaxine by 
fish.A targeted screening analysis (LC-QTrap-MS/MS) was performed for the quantification of the five human metabolites of 
venlafaxinein different fish tissues (i.e. liver, brain, plasma).Venlafaxine was detected in all the fish tissues, reaching a concentration 
of 1292 µg/L in fish plasma. Two venlafaxine metabolites (N-desmethylvenlafaxine and N,N-didesmethylvenlafaxine), which are 
common with humans metabolization, were quantified in most of the fish tissues though at much lower levels in fish plasma than the 
parent compound (22 µg/L for N-desmethylvenlafaxine and below MQL (<1.68 µg/L) for N,N-didesmethylvenlafaxine).Moreover, a 
non-target analysis methodology, based on liquid chromatography coupled to high resolution mass spectrometry (LC-HRMS) 
combined with predictive software tools,was applied for the identification of additional venlafaxine metabolitesin the different tissues.  
A tentative description of the metabolization of venlafaxine by A. regius was thus delineated, showing that oxidation and conjugation 
are the main enzymatic reactions involved in the metabolization of venlafaxine by A. regius. Using different complementary 
approaches (targeted screening and non-target analysis), a metabolic pathway of venlafaxine by fish could be proposed, which 
included Phase II metabolites. Finally, the capabilities of LC-HRMS for an ecometabolomics approach were also explored in order to 
evaluate the impact of venlafaxine in the organism. 
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Abstract: 

Surfactants have become an inseparable element of everyday human being life which is well evidenced by their large global 
production volumes as well as the multiplicity of applications of this special group of organic compounds. Because of their 
emulsifying and dispersing properties, excellent antimicrobial activity and high efficacy as corrosion inhibitors cationic surfactants 
are widely used in household, biotechnology, pharmacy and other fields(Brycki et al., 2017). An increasing use of surfactants is 
mainly driven by higher demand for personal care products, detergents, cleaners and industrial—anticorrosion and biocidal—
products. This, in turn, is expected to lead to the introduction of innovative, more effective, surfactant-based products in the near 
future. The higher efficacy of surfactants is directly related to lower CMC and surface tension as well as the efficient emulgation and 
solubilization effects. Such profile of innovative surfactants is accomplished to a high extent by gemini surfactants(Menger & Littau, 
1991; Zana, 1996). These compounds contain two hydrophilic head groups and two hydrophobic tails linked by a spacer at the head 
groups or closed to them. The structure of linker and its affinity to solvents can vary in a wide range. The gemini alkylammonium 
salts show unique surface and interfacial properties in aqueous solution. 

After use, surfactants are discharged to the environment through sewage after treatment or directly where no wastewater treatment 
system is available and part of them can get into the aquatic environment. Surfactant degradation by microorganisms in wastewater 
treatment plants and aquatic ecosystems represents the main mechanism to assure low concentrations of these compounds in the 
environment and constitutes the major challenge in the design and production of safer molecules. 

The susceptibility of gemini surfactants to biodegradation is the objects of many tests. The alteration of chemical structure of a 
substance changing its properties is defined as primary biodegradation, whereas mineralization to carbon dioxide, mineral salts and 
biomass is an ultimate biodegradation (Garcia i in., 2016) 

New cleavable oligomeric cationic surfactants containing ester groups susceptible to hydrolysis between the hydrocarbon tails and the 
hydrophilic moiety have been synthesized and their biodegradability and aquatic toxicity examined. Aerobic biodegradability was 
evaluated by applying a standard method for ready biodegradability, the CO2 Headspace test, and aquatic toxicity was evaluated by 
means of the acute toxicity test with Daphnia magna.  
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Abstract: 

The reuse of treated wastewater (TWW) nowadays is one of the main introduction routes of pharmaceuticals and personal care 
products (PPCPs) into agro(eco)systems. Since they are classified as pseudo persistent organic pollutants, this could result in an 
environmental risk at different levels. Their environmental risk assessment is one of the most attracting topics for scientists today, 
besides to their removal issues. In this study, we aimed to investigate the removal efficiency of some selected PPCPs by 
biodegradation using one of the most spread fungi speciesin soil: Trichoderma species. 

Tramates versicolorfungusis classified as basidiomycete white-rot fungus (WRF) and has beenwidely used for PPCPs removal since it 
is showing good removal efficiency, due to its nonspecific enzymatic system(Čvančarová, Moeder et al. 2015). However, WRF has 
shown limitations under non-sterile conditions(Mir-Tutusaus, Baccar et al. 2018), which limits its usage at real environmental fields 
(conditions). From here, we decided to direct our study towards another fungi species,Trichoderma, which is able to grow and 
function under non-sterile conditions. Trichoderma is classified as ascomycete fungus, and it is broadly used in agriculture as 
biocontrol agents (BCAs) and as plant growth promoters.Moreover,it is highly present in the rhizosphere zone of nearly all soil types. 
This is referred to their aggressive properties such as high reproductive capacity, ability to survive under very unfavourable 
conditions, strong aggressiveness against pathogens, growth in symbiotic relationship with plants, protection of plants from 
phytopathogens, promoting plant growth and enhancing plant defence mechanisms(Benítez, Rincón et al. 2004). 

For this study,Trichoderma harzanium (TH)andTrichoderma asperellum (TA) were selected among the large number of Trichoderma 
strains. Ciprofloxacine (CIP), ofloxacine (OFL) and climbazole (CLB) are among the frequently detected PPCPs in domestic effluents 
and TWW reused for crops irrigation, were selected as the target compounds in this study. 

We have cultivated the Trichoderma strains separately in potato dextrose agar petri dishes. Thereafter, 3 plugs of fungi were 
transferred into specimen cups filled with low nutrient liquid medium and incubated on an orbital shaker. The experimental setup 
included inoculated cups as control, spiked inoculated cups, and spiked uninoculated cups to follow the stability of the selected PPCPs 
during the experiment.To study kinetic degradation andto identify transformation products (TPs), samples were taken at selectedtime 
points, purified by SPE and injected in a LC-HRMS Orbitrap and in a LC-MS/MS QTOF system. 

For the first time, this study proved the ability of Trichoderma strains to degrade the three selected PPCPs, CIP, OFL and CLB. 
Acceptable removal efficiencies were observed, 78% of CIP and 41% of OFL were removed by TA, and 33% of CLB were removed 
by TH after 13 days of cultivation.Moreover, this study was the first to report the TPs of CLB under biodegradation. ThreeTPs of CIP, 
4 TPs of OFL and 2 TPs of CLB were detected and identified under the two selectedTrichoderma strains. Some of thedetected TPs are 
already reportedin the literature, and some of them are reportedhere for the first time allowing to predict the transformation pathways. 
The production of the same TPs by twoTrichoderma strains showed that they had the same behavior toward the selected PPCPs, 
which can enlarge the choices of Trichoderma strains for PPCPs removal purposes. 
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Abstract 

The limits to an indefinite growth based on a linear production and consumption system have become particularly evident in the 
recent years as the demand for natural resources and the associated environmental consequences have increased to unsustainable 
levels(Rockström et al., 2009). Growing interest in understanding the effects of human activities on the environment added awareness 
of the societal value of natural resources in the form of materials and energy to meet essential human needsand requires improved 
knowledge on the socio-economic metabolism of the modern society(Drielsma et al., 2016; Wiedmann et al., 2015). Metals, in 
particular, have marked technological progress and provided many benefits for human wellbeing in the form of material goods. 
However, for a wide spectrum of these resources, with rare earth elements (REEs) and specialty metals (e.g., indium) being 
exemplary, potential supply risk has raised concerns towards a long-term and sustainable demand(Nassar, Graedel, & Harper, 
2015).REEs, and of more interest hereneodymium, have become fundamental materials in our life and driving technological 
innovation in several fields including power generation, energy storage and sustainable mobility. Despite of their name, REEs are 
relatively abundant on the Earth crust, but geopolitically concentrated ore deposits, monopolism, low concentrations and dispersion in 
minerals, interlinked value chains, and price volatility make their supply potentially vulnerable to disruption and shortages(Valero, 
Valero, Calvo, & Ortego, 2018).This vulnerability is of primary relevance for countries highly dependent on imports, notably many 
European Member States(European Commission, 2017). 

In this context, resource recovery and recycling at end-of-life are often pointed as key strategies to diversify resource supply, relief 
import reliance, secure access to sustainable sources, and reduce elemental criticality(Sprecher et al., 2015). Being complementary to 
primary production, secondary material sources, also known as in-use stock, could secure sustainable resource supply to Europe and 
pursue a closure of material cycles in accordance with the Circular Economy approach(European Commission, 2015). While 
providing essential materials to industry, end-of-life recycling is also expected to benefit the environment by reducing the use of large 
amounts of energy required in primary production and the related impacts to ecosystems. However,inefficiency and losses at end-of-
life result in non-existent recycling for many metals(United Nations Environment Programme, 2011) including neodymium so that 
improving resource efficiency is ofprimary importance.As mining explorations and geological assessments constitute the base for 
identifying natural deposits and supplying virgin materials, the analysis of the socio-economic metabolism of resources lays the 
foundation for characterizing anthropogenic stocks and accessible flows of secondary materials at end-of-life. This information is a 
pre-condition for efficient recovery and can be unveiled bydescriptive and quantitative modelling approaches in Industrial Ecology 
such as material flow analysis (MFA). When combined together, MFA and life cycle assessment (LCA) can address issues of 
environmental sustainability over the life cycle of a resource and be of pivotal importance to provide insights on achievable benefits 
from recycling. In this view, MFA and LCA are the scientific foundations on which to build sustainable development solutions. 
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Figure 1:Neodymium flow into use, 1990-2016. Values in neodymium metallic equivalent. Source: Ciacci et al., 2019. 

 

In this work, a dynamic MFA (dMFA) model was created and applied to analyse neodymium stock and flows in Europe (i.e., EU-28) 
for 1990-2016(Ciacci, Vassura, Cao, Liu, & Passarini, 2019). Based on available information, the life cycle of neodymium was 
framed to include ore mining, production, manufacture, use and end-of-life management phases. The overall accounting framework 
follows the methodology developed in a previous work(Ciacci, Vassura, & Passarini, 2017).In principle, all accounting processes 
comply with the principle of mass conservation. All stock and flows are expressed in neodymium metallic equivalent. The analysis 
covered the main end-use application segments of neodymium including automotive (both conventional vehicles and electric 
vehicles), e-bikes, appliances (i.e., air conditioners, washing and drying machines, and refrigerators), voice coil motors, wind turbines, 
magnetic resonance imaging scanners, and acoustic transducers. LCA was then applied to the dMFA results for the estimation of first-
order potentials for energy savings and greenhouse gas emissions reduction, theoretically achievable through efficient recovery and 
recycling of secondary neodymium sources. 

 

Figure 2:Pareto plot for cumulative in-use stock of neodymium (including uncertainty ranges). Source: Ciacci et al., 2019. 

 

The results showed that the demand for neodymium has increased almost exponentially in the last decades (Figure 1), mainly driven 
by its use in permanent magnets applications. This feature, combined to relatively long lifespan of several neodymium-containing 
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products, resulted in a net-accumulation of neodymium in in-use stock. From 1990 to 2016, total neodymium accumulated in in-use 
stock amounted to 14.3 (9.9-19.1) kilotons of neodymium.Most secondary neodymium is embedded in conventional automotive and 
appliances (Figure 2), setting boundary conditions to the closure of neodymium cycle. Ideally, up to 50% of the annual neodymium 
demand in Europe could be met by secondary neodymium domestically supplied and lead to significant energy and GHG emissions 
savings. Our analysis suggests that about 10-20 ktCO2eq and 200-400 TJ could be annually saved if current neodymium flow at end-
of-life was recovered and recycled (Ciacci et al., 2019). However,issues related to product design, high dispersion in discarded 
products and waste, low levels of sorting and separation technology, lack of incentives and scrap price issuesremain fundamental 
obstacles to approach achieving circularity in the neodymium cycle. Unless tackling effectively these limits,turning latent recycling 
potentials into actual benefits will remain problematic for Europe. 

Keywords: rare earth elements, neodymium, permanent magnets, wind turbines, circular economy 
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Abstract  

Desymmetrizing transformations of achiral heterobicyclic alkenes are important towards the development of chiral scaffolds 
prominent in various natural products and molecules with pharmacological attributes. The application of transition metals as catalysts 
in this methodology has been well-studied with carbon, oxygen, nitrogen, sulfur, boron and fluorine based nucleophiles - producing 
molecules with unique spatial dissymmetry owing to the tandem realization of multiple stereogenic centres. Advances by Lautens et 
al., and several others have demonstrated the potential of this strategy of ring opening reactions with oxa- and azabicyclic alkenes and 
various nucleophiles. However, to the best of our knowledge, there exists no record in literature regarding the use of phosphorus 
nucleophiles in this protocol. In the wider context of nucleophilic additions and in view of the synthetic difficulty, there also exists a 
dearth of reports on the catalytic enantioselective addition of phosphorus(III) nucleophiles unto cyclic alkenes. In our hands, air-stable 
palladacycles have proven to be efficient for conducting catalytic P-H additions unto activated linear conjugated and non-conjugated 
alkenes. Motivated by this, we hypothesized that extending the asymmetric hydrophosphination (AHP) methodology to oxabicyclic 
alkenes via a desymmetrization pathway would prove to be of immense value towards broadening the access to novel and otherwise 
synthetically challenging chiral phosphine frameworks. Hence, as part of our ongoing efforts to develop the Pd-catalyzed Asymmetric 
Hydrophosphination (AHP) reaction, we examined the catalytic activity of a selection of palladacycles for the protocol and optimized 
for applicability. The optimized AHP protocol to oxa- and azabicyclic alkenes proceeded in the presence of a chiral 
phosphapalladacycle catalyst and mild acid at room temperature to give the enantioenriched addition products exclusively in excellent 
yields and good selectivities. Three new chiral carbon centers were generated stereoselectively via the catalytic hydrophosphination 
reaction. 

Keywords: hydrophosphination, asymmetric, palladacycles, chiral, phosphines 

 
 

 

Figure 1:Hydrophosphination of heterobicyclic alkenes under mild conditions. 
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Abstract 

Owing to the well-knownantifungal and antibacterial properties of copper compounds, Cu-based NPs are currently used as additives 
in wood preservatives, in antifouling paints and in agricultural pesticides, causing concern about their possible release in the 
environment(Parks et al., 2018; Keller et al., 2017). However, little is known about the processes to which these materials may be 
subjected when they come into contact with the different biotic and abiotic components(Mudunkotuwa et al., 2015). These 
interactions between NPs and the surrounding media may affect their environmental fate, as well as their antimicrobial activity. 
Specifically, ligands present in biological and environmental mediamay greatly influence particle solubility, aggregation status and 
surface properties, by attaching to the particle surface, through ligand-assisted ion releaseand/orthrough the formation of complexes 
with copper ions. 

Aim of this study was to investigate the interactions between CuO NPs and a series of natural amino acids(Arg, Asp, Glu, Cys, Val, 
Leu, Phe, Tyr), chosen as model molecules to evaluate the effect of ligands on the physico-chemical properties and the antimicrobial 
activity of these type ofnanoparticles.  

To this purpose, multiple analytical techniques were used to carry out an extensive physico-chemical and colloidal characterization of 
both pristine and amino acid-treated CuO NPs. These included FTIR, DSC-TGA, ICP-MS, light scattering techniques (DLS, ELS and 
CSA) and SEM. Moreover, the antimicrobial activity was tested using the Gram-positive bacterium Staphylococcus epidermidis.  

A thorough evaluation of the obtained data allowed to point out the major role played by the nature of the aminoacidic side chain. 
Examples of physico-chemical characterization and antimicrobial activity of CuO NPs treated with L-Cys are reported in Figure 1. 

 

Keywords: Copper oxide nanoparticles; Amino acids; Antimicrobial activity  
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Figure 1:a) FTIR spectra of pristine CuO NPs, CuO NPs treated with L-Cys and pure L-Cys. b) TGA-DSC analysis of CuO NPs treated with L-Cys. 
c) and d) Optical microscope pictures of Gram-positive bacterium Staphylococcus epidermidisin Nutrient Agar plates with CuO NPs-Cys at 

concentrations of 10 and 160 g/mL respectively.  
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The use of reclaimed wastewater for agricultural irrigation practices is an important alternative water source especially in arid and 
semiarid regions. Besides this considerable benefit, reclaimed wastewater can pose potential risks by pharmaceuticals and their 
metabolites disposed to the sewage system. Those wastewater-derived contaminants are taken up by edible plants and can therefore 
enter the human food chain. Thus, this study focusses on the potential uptake of pharmaceuticals into lettuce and gives insights into 
the metabolic capacity of the plant for the biotransformation of xenobiotics. Lettuce was grown in a hydroponic system under 
controlled conditions in a phytochamber and treated with lamotrigine (50 µg/L) or diclofenac (20 µg/L) in a 100 fold higher 
concentration than found in European and U.S. effluents. Analytical results in addition to transcriptional analysis and enzyme activity 
measurements are assembled to investigate the deposition of the pharmaceuticals as environmental contaminants in the crop as well as 
to examine the detoxification mechanisms for these xenobiotics in lettuce. First results of RT-qPCR and enzyme activity 
measurements suggest a strong influence on plant stress enzymes in lettuce leaves triggered by lamotrigine. An altered expression of 
the pathogenesis-related protein PR1 is moreover emphasizing an H2O2 dependent stress response. Further scrutinizing for plant 
metabolites and general plant stress answers are required to evaluate the significance of the reaction for food quality. The results are 
critically discussed with view to agricultural practice and the safety of food derived from fields irrigated with reclaimed waters. 
Keywords: Pharmaceuticals in plants; Lettuce; Detoxification; Stress enzyme response. 
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Abstract 
 
Antineoplastic agents are compounds widely used in chemotherapy of oncological patients. The antineoplastic drug Etoposide (ETO) 
is a topoisomerase II inhibitor and its basic structure is the podophyllotoxin, a plant alkaloid,linked to a sugar moiety, a 
glucopyranoside.Through mechanistic action of ETO, theDNA re-ligation is inhibitied leading finally to apoptosis of the cancer cell 
(Nussbaumer et. al. 2011).The past years, it is proved as one of the most active single agents for the treatment of small-cell lung 
cancer and it has been used for testicular cancer, lymphoma, other solid tumors, and several types of leukemia (Sikes et. al.  2007). 
Because of the fact that ETO has been classified by the International Agency for Research on Cancer (IARC) as a carcinogen for 
humans (group 1), it has raised significant concern related to its presence in the environment and specifically aquatic systems (Gajski 
et al. 2016), since it has been detected in municipal wastewater and surface waters. The degradation of ETO using innovative 
treatment processes has not been studied in the past, especially using TiO2photocatalysis, which has beenwidely accepted with 
extensive applications in water treatment. 
 
The main objectives of this study are: 1) to study, compare and optimize the photolytic and photocatalytic degradation process of ETO 
via UV light under different operating parameters, 2) to identify and propose the structures of transformation products (TPs) of 
photocatalytic degradationas well as an oxidation pathway, 3) to evaluate the total mineralization of ETO and 4) todetermine the 
toxicity of the produced TPs. 
 
Irradiation experiments were carried out in a 500 mL Pyrex UV reactor equipped with a diving Philips HPK 125 W high-pressure 
mercury lamp (λmax = 365 nm). The lamp was jacked with a water-cooled Pyrex filter restricting the transmission of wavelengths 
below 290 nm. The tap water cooling circuit maintained the temperature at 22-26 °C.The determination of the concentration of ETO 
was monitored using UPLC-DAD and the parameters affecting the efficiency of each process were pH, catalyst load, contact time, 
initial pollutant concentration. Low and high resolution mass spectrometry was used for the identification of the TPs employing 
reversed phase chromatographic column and an appropriate elution gradient program. 
 
Kinetic studies of the photolysis of ETO in ultrapure water provedthat 40% of the compound's initial concentration was degraded 
within 120 min, at pH values 5 and 9, without achieving full mineralization of the compound. Moreover, experiments with TiO2 
photocatalysis presented almost total degradation in less than 10 min at pH values 4 and 8. Optimum degradation efficiency was 
observed atinitial conentration of the photocatalyst 200 mg L−1. More than 8 photocatalysis TPs were identified and molecular 
structures were proposed for each one, leading to a proposed transformation pathway during the oxidation reaction. 
 
Keywords:  Etoposide, Advanced Oxidation, Photocatalysis, Transformation Products, LC-MS/MS  
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Abstract: 

The increasing number of applications for carbon steel both in industry and everyday life requires knowledge on its susceptibility 
towards electrochemical corrosion in different environments, especially in acid solutions. Moreover, the interest of the research 
community is still focused on finding suitable compounds which provide good inhibition effectiveness in the specific corrosion 
environment and are afoardable and environmental friendly. In this work we discuss the inhibition effectiveness of ampicyline as 
corrosion inhibitor for carbon steel in HCl solution at room temperature, using the weight loss method. The inhibition effectiveness of 
ampiciline in 0.02 M HCl increased with increasing its concentration. Indeed, the highest inhibition effectiveness (90.7%) was 
achieved for the highest inhibitior concentration (1.0 wt.% ampiciline). 

Keywords: corrosion, carbon steel, ampiciline, acid solution, weight loss 

 
Introduction 

Electrochemical corrosion is a process dating a long time ago and so is the use of metals. Electrochemical corrosion deals with the 
damages of the metals and the loss of mechanical abilities as a consequence of their electrochemical interaction with the surrounding 
environment. A crucial role in the electrochemical corrosion, along with the selection of the accurate metal is played by the corrosive 
environment where the metal is located. The industrial development of nowadays emphasizes the need for a deep acknowledge of the 
electrochemical corrosion process, that is related with the mechanism and the protection of the metal from this accompanying 
aggressive phenomenon (Schweitzer 2010). This electrochemical phenomenon is more emphatic in the solutions of electrolytes, for 
instance the HCl solution, NaCl solution etc, used these for different purposes in several industrial processes.  

Regarding to the literature is assumed that the loss from corrosion in some of the industrial countries is estimated to be approximately 
4% of the general production. The loss from corrosion includes a big economical cost for the replacement of metallic objects, but are 
also related with preliminary investments for its prevention. To the latest one we can include the electrochemical protection, the anode 
protection, the cathodic protection, the use of the inhibitors etc. The corrosion besides the damage of the metallic objects through the 
loss of material, is related to negative effects to the environment and to numerous accidents and breakdowns, decreasing so the 
security at work and their effectiveness. In this aspects we can mention damage of bridges, demolition of metal structures of industrial 
plants, technological lines etc (Bardal 2004). 

The corrosion phenomenon is assessed as a life threatening, reducing their mechanical skills and denaturing their function. Although 
the use of metals is very old -dated, the science of corrosion still coincides, because corrosion can not be completely stopped but can 
be minimized and prevented by applying different methods (Owens,  Blum 1967, Raja, Sethuraman 2008). 

Today's corrosion science is an integral part in testing and selecting metal matrices. In this aspect, the laws of Faraday are an 
important basis, as they evaluate the relationship between chemical action and electrical current. Through these laws calculations of 
the corrosion rates of different metals can be calculated. Corrosion control can be performed on the electrochemical survey base 
(Fouda et al. 2017). Currently there is extensive literature and many results of scientific articles to recognize and take into account the 
phenomenon of corrosion (Ahmad 2006, Valek et al. 2008, Abdulreda 2014, Xhanari et al. 2015, Shkirskiy et al. 2015). 

Antibiotics are known for their inhibition effect against various infections or diseases as well as for their antibacterial action. In this 
regard, ampicilline finds a lot of uses in these areas (Rocco, Overturf 1982, Kumar et al. 2013, Niwa et al. 2016). 

From the family of antibiotics, a representative, such as ampicilline, is selected to evaluate its influence and its role in the 
electrochemical corrosion of metals (El-Naggar M (2007, Gece 2011, Chudobova et al. 2014). 

In this paper we evaluate the inhibition efficiency of ampiciline in the corrosionn of carbon steel in different concentrations of HCl 
solution. The efficiency of the ampiciline was determined using the weight loss method.  The measurements were performed at four 
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different inhibitor concentrations (i.e. 0.25 g/L, 0.50 g/L, 0.75 g/L and 1.00 g/L) at different concentrations of HCl solutions (0.02 M; 
0.05 M; 0.07 M and 0.10 M) at room temperature. 

 

Experimental part 

 

Preparation of the samples for weight loss method  

The samples used in the weight loss method were in parallelepiped shape with dimensions (40 mm x 25 mm x 3.5 mm and a diameter 
hole of 3.25 mm. Table 1 shows the composition of the carbon steel. The remainder is Fe. 

 

Table 1: Chemical composition of the carbon steel samples 

Element C Mn Cr Si V S P 

Content 

(%) 

0.55-0.60 0.65-
0.70 

0.35 0.25 0.20  0.03 0.03 

 
Preparation of the corrosion environment 

HCl solutions of different concentrations were prepared starting from a 36% HCl solution (d = 1.179 g/cm3). Different amounts of 
ampiciline added to 100 ml of acid solution with the desired concentration and mixed with a magnetic stirrer for 15 min.  
 

Ampiciline composition 

Ampiciline was purchased from “Profarma” company as capsules. Each capsule contains 500 mg of ampicillin as ampicillin trihydrate 
and apart from the active component thiamine clorhidrate. The other ingredients are magnesium stearate, erythrosine, indigocarmine, 
titanium dioxide, gelatine, etc. The term “ampiciline” used throughout the paper refers to the capsules.  
 

Chemical formula of ampicillin is C16H19N3O4S and chemical name is (2S,5R,6R)-6-([(2R)-2-amino-2-phenylacetyl]amino) -3,3-
dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- carboxylic acid. 

  

 

 
Fig 1. Chemical structure of ampicilline. 

Preparation of the corrosion environment 

HCl solutions of different concentrations (0.02 M; 0.05 M; 0.07 M and 0.10 M) were prepared starting from a concentrated solution. 
Different amounts of ampiciline added to acid solution with the desired concentration and mixed with a magnetic stirrer for 15 min. 
The volume of the solution that contains the corrosive test environment is 100ml. In each of the hydrochloric acid solutions (HCl 
(HCl 0.02 M; HCl 0.05M; HCl 0.07M dhe HCl 0.1 M) was added relevant quantities of ampiciline: 0.25 g/L (1/2 capsule), 0.50 g/L (1 
capsule), 0.75 g/L l (3/2 capsules) and 1.00 g/L (2 capsules). Table 2 summarizes all the acid-inhibitor combinations tested. 
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Table 2: Composition of the corrosion environment 
Acid concentration HCl 0.02 M HCl 0.05 M HCl 0.07 M HCl 0.1 M 

 - - - - 

 

Inhibitor concentration 

0.25 g/L 0.25 g/L 0.25 g/L 0.25 g/L 
0.50 g/L 0.50 g/L 0.50 g/L 0.50 g/L 
0.75 g/L 
1.00 g/L 

0.75 g/L 
1.00 g/L 

0.75 g/L 
1.00 g/L 

0.75 g/L 
1.00 g/L 

 
 

Working procedure 

The prepared samples are marked and their surface is polished using emery paper of different grades (120, 240, 320, 600 and 1000). 
They are then rinsed with distilled water and dried with warm air pressure. Finally the samples surface is treated with acetone to 
degrease it and then rinsed with distilled water and dried with warm air. The samples were left in the corrosion environment for 4 
hours. After they have been removed from the solution they were rinsed with distilled water, neutralized with an aqueous solution of 
Na2CO3 and then dried with warm air pressure.   

 

Results and discussion 

The results obtained from the weight loss method are used to calculate the corrosion rate in g/m2hour: 

 

         2( / )g m hour
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and in mm/year: 
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Δm – change in weight (in grams) of the sample before and after exposure 

S – sample surface (in m2) 

t – exposure time in the corrosion environment (in hours) 

d – density of steel (7.86 g/cm3) 

 

The protection efficiency of the vitamin C is calculated using the formula: 

 
0

0(%) 100corr corr

corr

v v
E

v


       (3) 

E (%) – inhibitor efficiency 
v0

corr – corrosion rate without inhibitor addition 
vcorr – corrosion rate with inhibitor addition  
 
Table 3 summarizes the corrosion rates in g/m2hour and mm/year and the respective corrosion efficiency values calculated according 
to formulas 1-3, for all inhibitor-acid combinations investigated.  
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Table 3: Corrosion rates and inhibitor efficiencies for different corrosive environments 
 Corrosive environment Corrosion rate 

(g/m2hour) 
Corrosion rate 

 (mm/year) 
Inhibitor efficiency 

(%) 

 
HCl 0.02 M  1.5739 1.7541 - 

HCl 0.02 M + 0.25 g/L inhibitor 0.4552 0.5073 71.08 

HCl 0.02 M + 0.50 g/L inhibitor 0.3242 0.3613 79.40 

HCl 0.02 M + 0.75 g/L inhibitor 0.2678 0.2984 82.99 

HCl 0.02 M + 1.00 g/L inhibitor 0.1464 0.1631 90.70 

 

HCl 0.05 M  0.8003 0.8919 - 

HCl 0.05 M + 0.25 g/L inhibitor 0.6292 0.7013 21.38 

HCl 0.05 M + 0.50 g/L inhibitor 0.3647 0.4065 54.43 

HCl 0.05 M + 0.75 g/L inhibitor 0.3080 0.3432 61.53 

HCl 0.05 M + 1.00 g/L inhibitor 0.2528 0.2817 68.42 

 HCl 0.07 M  1.4005 1.5608 - 

 HCl 0.07 M + 0.25 g/L inhibitor 0.6828 0.7609 51.25 

 HCl 0.07 M + 0.50 g/L inhibitor 0.5403 0.6021 61.42 

 HCl 0.07 M + 0.75 g/L inhibitor 0.4418 0.4924 68.46 

 HCl 0.07 M + 1.00 g/L inhibitor 0.2927 0.3262 79.10 

 

HCl 0.1 M  2.3741 2.6459 - 

HCl 0.1 M + 0.25 g/L inhibitor 1.7136 1.9098 27.82 

HCl 0.1 M + 0.50 g/L inhibitor 1.6073 1.7913 32.30 

HCl 0.1 M + 0.75 g/L inhibitor 1.5797 1.7606 33.46 

HCl 0.1 M + 1.00 g/L inhibitor 1.5297 1.7049 35.57 

 

The lowest corrosion rate (0.1464 g/m2hour) was obtained for the most diluted acid (0.02 M HCl) using the highest concentration of 
ampiciline (1.00 g/L). It can be also observed from the data that for the same inhibitor concentration the corrosion rate decreases with 
the decrease of acid concentration. Figure 2 shows that the corrosion rate decreases with the increase of inhibitor concentration for all 
acid concentrations tested. 
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Figure 2: Inhibitor concentration effect on corrosion rate at different acid concentrations  

 

 

Figure 3. Inhibitor concentration effect on inhibition efficiency at different acid concentrations  

  

The tests were performed in 0.02 M HCl solution, since this concentration gave the lowest corrosion rate at room temperature. The 
corrosion rates increase when increasing temperature.  
 
Conclusions 
Ampiciline showed good inhibition efficiency in the protection of carbon steel. The inhibition efficiency increased with the increase 
of the concentration of the ampiciline. The lowest corrosion rate obtained was 0.146 g/m2hour for 0.12 g/L ampiciline. The corrosion 
rate increased with increasing temperature, suggesting that ampiciline may be more appropriate as inhibitor at low temperatures. 
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Theaim of this work is to test the inhibitory properties of Margarita flower leaf extract, against Fe-B500 corrosion in an acidic 
environment (0.5 M H2SO4) in the presence of chloride ions (Cl-). In contemporary literature it is cited that about 17 polyphenolic 
compounds such as phenolic acids, triterpenoidsaponins, triterpens, flavonoids, anthocyanins and polyacetylenes are present in the 
extract of Margarita leaves, which are responsible for its inhibitory action against metal corrosion (Ali Esmail Al-Snafi 2015). 

 
 

Figura 1. Margarita Flower and its chemical constituents. 

The leaves of Margarita were washed, dried and cut in small pieces. After that the material was extracted using alcoholic extraction 
for 72 hours at room temperature (Sunday Aribo et al 2017). The extract was analyzed to UV spectrophotometric method, as well as 
the chromatographic analysis method (HPLC), in order to be determinedchemical contents in it.The concentrations of extract that 
were used as corrosion inhibitor were: 0.5g/L; 1g/L; 1.5g/L. 

Subsequently, the extraction of Margarita flower leaves was tested as a corrosion inhibitor for iron B 500 in acidic media by two 
methods: the weight loss method and the potentiodynamic method for various concentrations. 

For the weight loss method, cylindrical samples of Fe were prepared in lathe, 38 ± 4 mm in length and 7 ± 1 mm in diameter. In the 
upper part the samples was opened a 3 mm diameter hole.Before embedding in corrosive solutions, the Fe samples are purified with 
bidistilled water and acetone in the ultrasound bath for 3-4 minutes each. 

 
Figure 2. Samples in corrosive media 
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Table 1. Results for the weight loss method 

Nr. Index m  

Before (g) 

m  

After (g) 

∆𝒎 

(g) 

S 

(m2) 

Time 

(hour) 

V 

(g/m2·hour) 

V 

(mm/year) 

Sample 1 1 15.8384 15.8228 0.0156 0.001152 3.22 4.028471584 4.3370515 

1 . 15.3759 15.3698 0.0061 0.001114 3.22 1.665696485 1.9944385 

Sample 2 2 15.718 15.7139 0.0041 0.001159 3.33 1.073103057 1.4080891 

2 . 15.4852 15.4818 0.0034 0.001144 3.33 0.893804096 1.062006 

Sample 3 3 15.1777 15.1736 0.0041 0.001139 3.45 1.042625851 1.226071 

3 . 16.0579 16.0544 0.0035 0.001147 3.45 0.880345679 1.1088666 

Sample 4 4 15.5534 15.5499 0.0035 0.001119 3.63 0.848471361 0.986595 

4 . 15.8732 15.8715 0.0017 0.01136 3.63 0.022832485 0.0300868 

 

From the data of weight loss method, the corrosion rate and the inhibition effect of iron B 500 corrosion in the acid environment and 
in the presence of chloride ions (Cl-) were determined for the extract, at different concentrations.  

For potentiodynamic method was used a potentiostat-galvanostat TACUSSEL type PJT 24-1. The electrodes that were used were: 
working electrodes, which differ according to the metals to be studied, electrode reference electrodes Hg / Hg2SO4 and as the 
electrode was used platinum electrode for H₂SO₄. With the data of the potentiodynamic method, the polarization curves and Tafel's 
tangents were constructed in order to investigate the nature of the inhibitor and its inhibition mechanism for protection of iron B 500 
from corrosion. 

Table 2. Results from potentiodynamic measurements. 

 

Ecorr (mV) icorr(μA/cm2) Vcorr(mm/vit) Efficiency (%) 

Blank -937 263.0268 3.08753 - 

0.5g/L -917 34.67369 0.407016 86.81743 

1g/L -917 30.90295 0.362753 88.25102 

1.5g/L -925 28.84032 0.338541 89.03522 

 

 
Figure 3.Potentiodynamic polarization curves for the protection of Fe B500 from corrosion, in the H2SO4 environment, in the presence of chloride 
ions (Cl-), for different concentrations of the extract.  
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The concussions of the experimental measurements for the both methods are: 

1. The inhibition efficiency of extract upon Fe B500, is increased with the increasing of the concentration (E ff = 87.4% for 
concentration 1.5g/L). 

2. The extract of Margarita leaves may be to work as a mixed inhibitor, cathode and anode type inhibitor that blocks anode and 
cathodic areas. 

3. The curve view indicates an adsorption without altering the corrosion reaction mechanism. 
4. The adsorption of thechemical compounds in the extract, is initially dedicated to the HSAB principle (Fe B500 acts as a 

weak acid in the acidic environment and the inhibitor as a weak base due to the heteroatoms as O with free electrons and the 
delocalized π electrons of the aromatic cycles). 

5. The anodic curve view justifies the formation of coils between the Fe2+ ions and the compounds that indicate the downward 
current in the anodic initial polarization but that further increase the winding and the currents are the same as those of Blank 
where the passivation is suppressed. 
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The aim of this paper is to test the green inhibitor eucalyptol extracted from eucalyptus leaves in two different acidity environments, 
H2SO4with concentration 1M and HCl with concentration 1M, in respect of Fe B500 metal. 

In contemporary literature it is cited that the eucalyptol present in the extract of eucalyptus leaves, is responsible for its inhibitory 
action against acidic metal corrosion (J.Mater, 2012). 

  

Figure 1.Eucalyptus leaves  and its chemical constituents. 

The leaves of Eucalyptus were washed, dried in the dark in room temperature,and cut in small pieces. After that the material was 
extracted using boiling waterwith magnetic stirrer for one hour.Are used 10g eucalyptus / 100 ml bidistil water  (boiling water in 
advance).The concentrations of extract that were used as corrosion inhibitor were:6 g/L; 8 g/L; 10g/L. 

Subsequently, the extraction of Eucalyptus leaves  was tested as a corrosion inhibitor for iron B 500 in acidic media by two methods: 
the weight loss method and the potentiodynamic method for various concentrations. 

For the weight loss method, cylindrical samples of Fe were prepared in lathe, 38 ± 4 mm in length and 7 ± 1 mm in diameter. In the 
upper part the samples was opened a 3 mm diameter hole.Before embedding in corrosive solutions, the Fe samples are purified with 
bidistilled water and acetone in the ultrasound bath for 3-4 minutes each. 

-a- -b- 

Figure 2. Samples in corrosive media –a- H2SO4 with concentration 1M; –b- HCl with concentration 1M  

 

Table 1. Results for the weight loss method 

Inhibitor 
concentration 

Acidic media with H2SO4 in 1M 
concentration 

Acidic media with HCl in 1M concentration 

g/L V (g/(m2 • hour) V (mm/year) Inh. 
Eff.% 

V (g/(m2 • hour) V (mm/year) Inh. Eff.% 

0 (blank) 78.58 89.34 0 76.21 84.93 0 

6g/L 37.23 41.51 52.62 34.08 38.00 55.28 

8g/L 32.30 36.00 58.89 22.52 25.10 70.45 

10g/L 26.71 29.78 66.00 15.12 16.18 80.15 
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From the data of weight loss method, the corrosion rate and the inhibition effect of iron B 500 corrosion in the both acid environment 
H2SO4 1M in the presence of chloride ions Cl- in concentration 10-3 mol/L, and HCl 1M were determined for the extract, at different 
concentrations.  

Potenciodynamic measurements were carried out in a typical three-electrode electrochemical cell with an 
Hg/Hg2SO4saturated K2SO4electrode as a reference electrode and a platinum electrode as auxiliary electrode. Potenciostat 
galvanostat tip TACUSSEL PJT 24-2 is used for potenciodinamic measurements, potencial scan rate is 3x10-2V/min 
[Mars G. Fontana et al., 1986], [Robert G. Kelly et a., 2002] 

Table 2. Results from potentiodynamic measurements. 

Inhibitor 
concentration 

Acidic media with H2SO4 in 1M concentration in 
presence of Cl- (10-3mol/L) 

Acidic media with HCl in 1M concentration 

g/L E. Corr. 
(mV) 

i. Corr 
(µA/cm2) 

V 

(mm/year) 

Inh. Eff.% E. Corr. 
(mV) 

i. Corr 
(µA/cm2) 

V 

(mm/year) 

Inh. Eff.% 

0 (blank) -925 562.34 6.533 - -511 215.97 2.509 - 

6g/L -917 350.43 4.071 37.68 -517 83.98 0.976 61.11 

8g/L -915 261.22 3.034 53.55 -511 75.77 0.880 64.92 

10g/L -921 260.98 3.032 53.60 -497 65.21 0.758 69.81 

 

-a- -b- 
Figure 3.Potentiodynamic polarization curves for the protection of Fe B500 from corrosion, in the H2SO4 
environment, in the presence of chloride ions (Cl-) (-a-), and in the HCl environment (-b-) for different 
concentrations of the eucalyptus extract.  
 

The concussions of the experimental measurements for the both methods are: 

6. The extract of eucalyptus leaves may be to work as a mixed inhibitor, cathode and anode type inhibitor that blocks anode and 
cathodic areas, for both acidic environment.  

7. Potentiodynamic polarization method and weight loss method showed that: the extract of eucalyptus leaves present higher 
efficiency in 10 g/L concentration refers corrosion protection of Fe B 500 in HCl 1M in respectively 69.81% and 80.15% 
inhibitor efficiency. 

8. The adsorption of the chemical compounds in the extract, is initially dedicated to the HSAB principle (Fe B500 acts as a 
weak acid in the acidic environment and the inhibitor as a weak base due to the heterathoms as O with free electrons and the 
delocalized π electrons of the aromatic cycles). 
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Abstract: 

The awareness of the risk of direct exposure to sunlight has led to increased use of personal care products, such as sunscreens, 
containing UV filters. Sunscreens provide protection from UVradiation by producing a thin layer on the skin in which UV light is 
absorbed by organic compounds or scattered and reflected by inorganic micro particles. With the increasing use of sunscreens, their 
environmental impact has become an important issue. The sunscreen ingredients, which are applied to the skin, may enter the surface 
water directly (when released from the skin during water activities) or indirectly via wastewater treatment plants(when releasedduring 
showering or washed from textiles) [1].Plants growing in the water or waterside of lakes with typical leisure activities come into 
direct contact with the UV filters in serious concentrations, resulting in uptake, translocation or even metabolization of these 
compounds by the plant [2].  

In the present work we investigated the uptake of three frequently used UV filters in sunscreens, namely Avobenzone (also known as  
Eusolex 9020), Octisalate (Eusolex OS) and Octocrylene (Eusolex OCR). Our model plantswere Duckweed (Lemna minor)and 
Cyprus grass (Cyperus alternifolius). A special focus was set on the transformation of the UV filters by the plant and the identification 
of metabolites formed within the plant organism. Duckweeds were grown in nutrition media and Cyperus alternifoliuswas purchased 
from a local store. The plants were cultivated hydroponically in the presence of the selected UV filtersinnutrition media or water. 
Duckweeds were grown for seven days and then extracted with an acetonitrile/water mixture 1/1. Cyperus alternifoliuswas 
harvestedafter five days - plant parts were separated and subjected to the same extraction procedure as used for duckweeds. 
Subsequently the extracts were analyzed by RP-HPLC and high resolution mass spectrometry (HRMS) was used for detection. In 
order to identify and characterize potential metabolites, information from a drift tube ion-mobility quadrupole time-of-flight (DTIM-
Q/TOF) MS was employed. This information comprised accurate mass, specific fragmentation and measurement of collision cross 
sections. The chromatograms/spectra were searched for potential metabolites using a targeted approach. This means information from 
similar studies conducted in similar plant or plant cell systems was gathered and employed for the investigation of the plant extracts 
[3,4]. In an untargeted approach plant extracts were compared with control samples using the Agilent Profinder software. For all the 
three UV filters studied the parent compound as well as metabolites could be detected in both model plant systems grown in UV filter 
containing media. Avobenzone showed, apart from the parent substance, two metabolites. The demethylated and hydroxylated species 
were detected. In case of Octocrylene also the hydroxylated metabolite was identified and for Octisalate a glucose-malonic acid 
conjugate was found. 

Additional experiments were done regarding the formation kinetics of the metabolites, allowing to estimate changes in the UV filter 
and metabolite concentration in duckweeds and within roots and upper parts of theCyperus alternifolius plant throughout the growing 
period. 

Keywords: emerging contaminants;UV Filter; phytouptake; bioaccumulation; environmental metabolomics; environmental analysis;  
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Abstract  

In recent years, peracetic acid (PAA) has been largely adopted as a disinfectant for several purposes. Primarily used as a disinfectant 
and sanitizer, PAA has a wide variety of commercial applications due to its function as a peroxide and oxidizing agent such as 
medical facilities, agricultural premises, food establishments, beverage processing plants and textile industries (Pechacek et al., 2015).  

Peracetic acid mixtures are primarily used as sanitisers in the food industry, since they can control deposits, odours and biofilms on 
surfaces in contact with food, such as fresh fruits and vegetables and more in general in agriculture (Carrasco and Urrestarazu, 2010).  
Peracetic acid in liquid solution is a very strong oxidising agent, even more powerful than chlorine or chlorine dioxide. It is 
translucent and colourless and produces no foam, which makes it suitable for use in irrigation facilities.  

The disinfection with this substance is considered green because none of the products formed during the degradation process (acetic 
acid, hydrogen peroxide and water) are harmful. In fact, the acetic acid is biodegraded into carbon dioxide and hydrogen peroxide into 
oxygen, therefore nothing is toxic for aquatic life (Luukkonen et al., 2015). However, the formation of acetic acid emits a 
characteristic pungent odor that may impair its use in some circumstances. 

Other disadvantages related to the use of PAA are related to its high reactivity that can produce strong local effects upon direct 
contact with the eyes, skin and respiratory tract or by ingestion (Pacenti et al., 2010) . These characteristics have led governmental and 
non-governmental agency to focus attention on its potential occupational health hazards, suggesting to identify occupational exposure 
limits (OEL) that are protective for workers' health(Pechacek et al., 2015) 

The research of new and active disinfectant agents is then attractive for both research and industrial applications. A potential solution 
could be represented by permaleic acid (C4H4O5) that can be obtained by cheap and bio-based precursors as well as hydrogen 
peroxide and maleic anhydride following the 7th principle of green chemistry.  

In this work the antimicrobial efficiency of permaleic acid(PMA) versus pure culture of E. coli and S. aureus was studied and 
compared to the  disinfection performance of PAA. Both peracids resulted more efficient for the inactivation of S. aureus than for E. 

coli, probably for the different cell size and membrane permeabilization. However, PMA showed a better antimicrobial performance 
on both bacteria with respect to PAA, being able to completely inactivate S. aureus at 50 ppm and to enhance the mortality of E. coli 
of 40 % with respect to PAA at 50 ppm. To completely inactivate E. coli a concentration of 100 ppm was necessary for both PAA and 
PMA 

The experimental data seems to demonstrate a better antimicrobial efficiency of PMA with respect to PAA. Thus, the PMA solutions 
could be valuable as promising antibacterial agents for several applications where PAA is now utilized and, also, opening new fields 
of application where PAA is not used for its known limits, for example the swimming pool water treatment, disinfection of surfaces 
and instruments, sanitation of infected laundry and many other. For this reason, these results open a wide range of possible industrial 
application and many possibilities of future studies to measure the PMA performances in these new application fields, also 
considering all its advantages in terms of respect of the environment and protection of workers’ health. 

 

Keywords: antimicrobial activity; permaleic acid; peracetic acid; S. aureus; E. coli  
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Abstract  

A gold film modified glassy carbon electrode (Aufilm/GCE) was developed for the determination of chromium (VI) in water sample. 
GCE was immersed into HAuCl4 solution (10-3M) and electrodeposition of thin gold layer was conducted at –0.4 V (vs Ag/AgCl) for 
10 min. The strong affinity between Au and Cr species resulted with increasing reduction current of Cr (VI), compared with the bare 
glassy carbon electrode. The differential pulse stripping voltammetry was used for electrochemical detection of Chromium (VI). The 
concentration of indifferent electrolyte, the electrodepositing time, pre-concentration potential and the stripping interval were 
optimized. The analytical performance of the electrode has been evaluated regarding to sensitivity, linear behaviour, and detection 
limit. The calibration graph using accumulation time of 120 s was linear from 9.9 to 117 µgL-1 with a sensitivity 1.3 x 10-2 µA/µgL-

1.Under optimum experimental conditions, a good correlation coefficient R=0.9971 and a low detection limit 5.5 µg/L Cr (VI) was 
obtained. The signal was reproducible with a relative standard deviation ±4.5 %. The modified sensor was used for the determination 
of Cr (VI) in sewage water samples. 

 

Keywords:Glassy carbon electrode; chromium (VI); thin gold film and differential pulse stripping voltammetry 

 

Introduction 

Chromium is a metallic element usually found in aquatic systems in two different oxidation states, Cr(III) and Cr(VI) with completely 
different natures. Chromium (III) in trace amounts is an essential supplement in the body and combines with various enzymes to 
transform proteins, sugar and fat, while chromium(VI) which, depending on the pH, is available as CrO4

2−, HCrO4
−, H2CrO4 or 

Cr2O7
2−is toxic, mutagenic and carcinogenic. (Liu at al, 2007).Therefore, determination of chromium (VI) is more important than 

chromium (III), and development of an analytical method which is capable of selective measurement of chromium (VI) is of great 
importance. Various analytical methods were used for Cr(VI) determination in the presence of Cr(III).(Biswas at al, 2017) In this 
work, a gold film modified glassy carbon electrode was prepared and it was applied for reduction detection of Cr(VI) by adsorptive 
stripping voltammetric with the aim of an improved analytical performance. 

 

Preparation of the Aufilm/GCE 

Initially the glassy carbon electrode was rinsed with ethanol and water to remove any residual polishing material. Than the surface of 
the electrode is polished in the Al2O3 powder with different particle sizes and purified with distilled water. The GCE was immersed 
into solution containing 15 mL HCl 0.1 M and 140 μL of HAuCl4(0.108 g of Au in 100 ml of HAuCl4 solution) and deposition was 
conducted at the potential of –0⋅4 V (vs Ag/AgCl) for 600 s. 

 

Sewage Water Analysis and Recovery. Sewage water samples were collected near an industrial factory of leather processing and 
cleaning. Firstly, the water sample was pre-treated by a vacuum filtration process as the sample contained many solid suspensions. 
Further the filtered solution was analysed using the Aufilm/GCE sensor optimized in laboratory conditions. Sample solutions were 
prepared by adding 2 mL filtered sewage water into electrochemical cell containing 15 ml HCl 0.1M. Recovery experiments were 
performedby spiking standard Cr (VI) stock solution to the sample.  
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Results and discussions 
 

Electrochemical response of Cr(VI) on Aufilm/GCE electrode 

The effect of the gold film in the electrochemical detection of chromium (VI) was studded using the differential pulse stripping 
voltammetry in a solution 0.1M HCl containing Cr6+. As it can be seen from voltammograms shown in figure 1a) the reduction 
current of Cr (VI)at modified electrode was increased compared with the bare glassy carbon electrode, for the concentration 100 µg L-

1ofCr (VI). This can be attributed the strong affinity between Au0 and Cr6+. The different parameters that govern the analytical 
performance of Cr(VI) on the Aufilm/GCE have been optimized. Figure 1 b) shows the signals obtained with Aufilm/GCE in solution 
containing 50 µg L–1 Cr(VI)for accumulation time: 30s; 60s;120; 180s.It can be seen that the response increases nearly linearly with 
the accumulation time up to 120 s accumulation, and decrease thereafter, which reflecting the electrode surface saturation.Therefore, 
an accumulation time of 120s was used for all further measurements. 

 

 

Figure 1. a)Voltammograms of bare GCE and Aufilm/GCE  in the 100 µg L-1 Cr(VI), in 0⋅1 M HCl. Accumulation for 120 s at +0.9 V, DPV 
detection conditions: step potential, 5 mV; amplitude, 25 mV; frequency, 30 Hz. Potential scanning rate: 100 mV/s;b)Effect of the accumulation time 

at Aufilm/GCE, c)reduction current obtained in the solution containing 50 µg L–1 Cr(VI) in different acidity other conditions as in Fig 1 a). 
 

Figure 1c) shown the concentration effect of supporting electrolyte (HCl) on response of modified sensor. This sensor gives the 
highest current at concentration 0.1 M HCl for the same concentration of Cr(VI). 50 µg L–1.Calibration curves for the determination of 
Cr(VI) at the Aufilm/GCEwas achieved by DPVtechnique under optimal conditions. The differential pulse voltammogrames for 
different concentrations of Chromium (VI) were illustrated in figure 2a). The resulting calibration plots is linear over the range from 
9.9 to 117 µg L–1, with limits of detection was 5.5 µg L–1 based on three times the standard deviation of the baseline. Respectively, the 
calibration curves and correlation coefficients are y = 0.07593 + 0.01396x and R = 0.9971 with an accumulation time of 120 s.  

 

Figure 2. a) Differential pulse voltammograms registered with Aunano/GCE electrode in HCl 0.1 M, tdep=120 s, poteciacial from 1.0 to -0.2 V in 
different concetration of Cr6+.b) Calibration curve of various Cr (VI) concentration. 
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The modified glassy carbon electrode (Aufilm/GCE) was applied to Cr(VI) determination in sewage water sample. The content of 
Chromium was determine using standard addition methods and the recoveries of the added Cr(VI) were studied. 

Table 1. Recovery test with sewage water samples 

 

 

 

 

 

The obtained recoveries of Cr(VI) added in concentrations of 88 and 176 µgL−1 were 97.3 % and 100.3%  with RSD from 4.8% to 5.4 
%, respectively.The results suggest that this method allows for Cr(VI) determinations in the presence of excess of Cr(III) and alsocan 
be easily adopted for routine analysis of chromium(VI).This rapid method has advantages such as low cost, simple preparation, wide 
linear calibration range, and good limit of detection. As a conclusion in this paper, a simple method for the fabrication of thin gold 
modified glassy carbon electrode was presented. It has been shown that, after proper optimization of the experimental conditions, the 
electrode prepared was suitable for the determination of Cr(VI) with high sensitivity and good reproducibility. The method developed 
was applied to real samples which gave satisfactory results. 
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Sample 
 Cr (VI)Added 
(µL-1) 

Cr (VI) Found 
(µL-1) 

Spike 
Recovery (%) 

sewage water 
88 86,1± 0.8 97.8 

 
176 176.5 ±0.5 100.3 
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Abstract  

The aim of this review is to present the effects of the cyanotoxins and cyanobacteria, and their possible occurrence in the lakes of 
Greece. Cyanobacteria blooms are favored by eutrophication conditions and climate change will intensify these episodes. Cyanotoxins 
are a growing environmental and public health concern t, which should be removed and destructed in water treatment facilities. 
Keywords: cyanotoxins, cyanobacteria, lakes 

 

Introduction 
Cyanotoxins are biotoxins produced by cyanobacteria, and are represented by four different chemical groups, cyclic peptides, 
alkaloids, lipopolysaccharides polyketides and amino acids such as β-amnomethyl-L-alanine (Picardo et al., 2019). Cyanobacteria 
occur worldwide in freshwater environments (Brazil, Australia, USA).Cyanobacteria blooms are favoured by environmental factors 
such as water temperature, light intensity, nutrient concentration (mainly phosphorus and nitrogen) and stagnation, which can lead to a 
rapid multiplication of cyanobacteria and to the formation of blooms. Anthropogenic effects have led to a sharp increase in the 
abundance of cyanobacteria in inland waters. Climate change, global warming due to the increase ingreenhouse gases, combined 
withwater pollution and anthropogenic activities will intensify the problem and result mainly in the predominance of cyanobacteria 
producing toxins. 

The presence of cyanotoxins has been recognized as a major emerging threat to water resources and human health by W.H.O., E.P.A. 
and other authorities and organizations. Cyanobacteria produce cyanotoxins which can be hepatotoxins, neurotoxins and 
dermatotoxins.Exposure to cyanotoxins through drinking water or contact with waters containing cyanotoxins can cause serious 
damage to health such as liver, kidney or nervous, respiratory and gastrointestinal diseases, even death (WHO, 2003).Moreover, β-
amnomethyl-L-alanine could be associated with various neurodegenerative diseases such as Alzheimer’s disease (Merel et al., 
2013).Figure 1 illustratesthe three main factors, temperature, light and nutrients which lead to the increase in the frequency of 
cyanobacterial blooms and the paths of human exposure to cyanotoxins.  

 

 

 

Figure 1:Favorableenvironmental factorsfor the formation of cyanobacteria in water and the possible paths of human exposure  

Source:Merel et al., 2013, p. 305. 
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Occurrence of microcystins 

Microcystins,cyclic peptides, are the most common and most well-known toxins, produced by various species of cyanobacteria. 
Cyanotoxins, especially microcystins, can be distributed and bioaccumulated in zooplankton (DeMottandDhawale, 1995) in the 
aquatic food (Zhang et al., 2009). Shellfish, fish such as, cyprinuscaprio (Fisher and Dietrich, 2002, Papadimitriou et al., 2013), 
catfish (Zimba et al., 2001) are in danger of exposure to cyanotoxins and accumulation in their tissues (Malbrouck &Kestemont, 
2006). Alsowater birds are very likely to be affected by the consumption of cyanobacteria or exposure to cyanotoxins and fatalaties 
have been recorded, such as the Dalmatian pelicans in Karla reservoir in Greece (Papadimitriou et al., 2018). 

 

Removal of cyanobacteria and cyanotoxins from drinking water 

The use of water contaminated with microcystins may induce food chain contaminations with considerable health risks (Pham and 
Utsumi, 2018). Over the past decades, extensive use of chemical reagents has failed to resolve the problems effectively and the 
formation of toxic metabolites and by-products is possible. Cyanobacteria can be removed in water treatment plants by physical 
processes such as coagulation-flocculation, clarification or membrane filtration. Oxidation of the cells is not proposed as a treatment 
to avoid cell lysis and the releaseof intercellular cyanotoxins. Not all cyanotoxins produced can be dealt with by conventional water 
treatment technologies. In some cases, treatment requires additional procedures, changes in dose requirements and special attention 
due to the serious risks they pose to human health.Toxins (e.g. microcystins) can be removed by oxidation (e.g. ozonation, 
chlorination) and through retention or adsorption on activated carbon (Merel et al., 2013).The destruction of microcystins by 
convetional and advanced oxidation processes has been extensively reviewed (Sharma et al., 2012). Moreover,reverse osmosis and 
photocatalysis can almost completely remove cyanotoxins and are rapid. Biological treatment of cyanotoxins may be a possible 
solution, as the attached growth mechanism (Kumar et al., 2019). Biological processesare considered more economical, producing 
fewer by-products than chemical methods. However biological processesare time consuming. Further research is necessary to 
determinesafe, economically-feasible and efficientalternatives in water treatment facilities for dealing with cyanobacteria and 
cyanotoxins in the next years. 

 

Occurrence of cyanobacteria and cyanotoxins in lakes in Greece 

Cyanobacteria and cyanotoxins have been detected in lakes and reservoirs in Greece (Gkelis and Zaoutsos,2014), such as inthe Karla 
reservoir (Papadimitriou et al., 2018). Inthe L. KastoriaMicrocystis aeruginosa, Cylindrospermopsisraciboeskii and Aphhanizomenon 

gracile were dominant in the studied period (Moustaka et al., 2007). In LakePamvotis,microcystins were detected in concentrations 
ranging, from 0.16 to 27 μg/L,throughout the year being monitoredand saxitoxinswere also detected and reported for the first time, 
with a maximum concentration of 2.1 μg/L (Gkelis et al., 2014). Cyanotoxins have beenmeasured, especially microcystins (MC) even 
in Lake Marathonas, a water reservoir of Athens. For example, over a period of four years, MC variants, MC-YR, MC-LR and MC-
RR were detected and found to vary seasonally with consistent peak concentrations during early autumn, of 717, 451 and 174 ng /L, 
respectively. However, none of the measured cyanotoxins in the lake were detected in treated drinking water samples (Kaloudis et al., 
2013). 

 

Conclusion 

Climate change will intensify and increase the episodes of cyanobacteria blooms in freshwater environments, rendering cyanotoxins 
an important threat to water resources and human health. Finding cost-effective methods for dealing with cyanobacteria and 
cyanotoxins will be a challenge for water treatment plants. Effective removal of cyanotoxins without the production of toxic by-
products or metabolites is of a primary concern. 
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Abstract  

Chlorinated pool water fastness is the durability of dyed and printed textile materials against active chlorine solution and is very 
important for textiles used in bathroom and pool (Perenich et al., 1991; Epps, 1987). Today, many synthetic chemicals have been 
developed to improve chlorinated pool water fastness and continue to be developed. In recent years, bioactive materials which are 
suitable for human health and environmentally friendly have become more important. In the literature, various natural dye extracts 
were used for dyeing and then for these dyeings, chlorine fastness properties were investigated (Khattak et al., 2015). However, the 
chemicals which are purified from natural sources and used directly against chlorinated water fastness are not found in the literature. 
Tannins are a heterogeneous group of polyphenols commonly found as secondary metabolites in plants (Hassanpour et al., 2011). 
Tannins are extracted from the roots, bark, wood, fruit, fruit shells, leaves, plant tips of plants (Openshaw, 2000). In this study, several 
tannin based chemicals were isolated and purified from plant sources. The solutions of the obtained extracts in different 
concentrations were prepared and applied to the fabric (20g/L) in continuous process. Chlorine fastness and washing resistance were 
investigated for product performance evaluation (ISO 105 /E03:20mg/kg). Analysis results show that the product performance is more 
successful than the equivalent products in the market in terms of fastness and washing resistance. 

Keywords: chlorine fastness, tannins, bio-based, washing resistance  
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Abstract  

Since the early-1980s, samples of marine environmental materials collected by the Environmental Protection Agency (and previously 
the Radiological Protection Institute of Ireland) around the Irish coast and from the Irish Sea have been analysed to determine the 
concentrations of artificial radionuclides. This marine monitoring programme primarily monitors the effects of radioactive discharges 
from the Sellafield Nuclear Fuel Reprocessing Plant on the northwest coast of England. 

The main objective of this programme is to assess the exposure to the Irish population resulting from radioactive contamination of the 
Irish marine environment and to estimate the associated risks to health. The artificial radionuclides of greatest concern from a dose 
point of view are caesium-137, technetium-99 and actinides (isotopes of plutonium and americium). In addition, the programme aims 
to assess the distribution of contaminating radionuclides and to identify long-term trends. To assess the exposure arising from this 
source, levels of radionuclides are measured in seawater, sediments, and seaweed as well as samples of fish and shellfish landed at 
ports along the north-east coast of Ireland. The northeast coast is the area in which the highest levels of radioactivity attributable to 
Sellafield are observed. 

Fish and shellfish are monitored in order to determine exposure from the internal irradiation pathway; sediment is analysed with 
relevance to external exposures. Seawater and seaweeds are sampled as environmental indicator materials. 

A thorough review of the adequacy of the monitoring arrangements and a habits survey was carried out in 2009. This review provided 
information of possible changes in radiological exposure pathways affecting doses to people, an assessment of doses to people who 
consume large amounts of seafood and those who are exposed to external radiation over long periods. This led to some changes in the 
how the assessment of doses for the Irish population were derived from these pathways. The Irish marine monitoring programme has 
continued throughout the intervening years to the present time and is reviewed annually.  

The objective of this paper is to provide concentrations of certain radionuclides in selected indicators (seafood, seaweed, seawater and 
sediment) and associated doses to the Irish population over a 35 year period. The concentration data have been compiled to assess the 
time trends from the early 1980s up to the present.  This data gives a clear and broad picture of radionuclide trends in the Irish 
environment as a result of discharges of low level liquid radioactive waste from UKs Sellafield Nuclear Fuel Reprocessing Plant. 
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Abstract: 
The susceptibility of carbon steel towards localized corrosion increases significantly when immersed in chloride-containing solutions. 
This is the case in various industrial applications and especially for structures immersed in the sea. Over the years several studies have 
reported on the possible mechanism for this corrosion and more importantly on effective inhibitiors for this material in chloride-
containing solutions. In this work we report on the use of amygdali amare biter semen extract as corrosion inhibitor for carbon steel in 
3 wt.% NaCl solution at room temperature. The inhibition effectiveness of this extract was evaluated using the weight loss and the 
Potentiodynamic polarization method. The inhibition effectiveness of the amygdali amare biter semen extract increased with 
increasing its concentration. 
Keywords: corrosion, carbon steel, amygdali amare biter semen extract, NaCl  solution, weight loss, potentiodynamic polarization 

metod 

 
Introduction 
Electrochemical corrosion is a costly and dangerous natural process. This process is accompanied by large economic and 
environmental dangers. This is related to the replacement costs as well as the costs of maintaining metal objects to prevent the 
corrosion process (Mansfeld  2003). 
Corrosion is associated with loss of efficiency of metal objects, contamination of products and the environment. The development of 
the electrochemical corrosion process produces corrosion products that are associated with metal damage as well as reduces the 
efficiency of heat transmission  (Roberge  2000). Damage to corrosion can cause damage to metal structures, as well as breakdowns 
and accidents. 
Corrosion is a concern that needs to be taken into account in the stages of preparation and implementation of the project, material 
selection, corrosion environment assessment, etc (Schweitzer 2010, Farooqi et al. 1997). 
In this respect, knowledge of corrosion is of particular importance. This relates to the recognition of the electrochemical corrosion 
mechanism, the method of metal selection, the recognition of preventing methods, monitoring and testing of corrosion etc (Korb (ed.) 
and Olson (ed.) 1992, Ahmad 2006).  
 
The steel has a tendency to combine with oxygen and water and pass in the form of hydrogenated oxides of iron type Fe2O3 x H2O, 
which are present in the environment in rust. Electrochemical corrosion is a major concern, especially in the oil and gas industry, 
especially in marine structures, such as seawater corrosion (3% NaCl) (Ahmad 2006). 
For curbing corrosion and preventing rust, today are used multiple inhibitors. Inhibitors are used in industrial and marine applications, 
which should be recognized by the specialists of this field (Alinj  et al. 2017). Various natural or synthesized chemical compounds can 
be used as corrosion inhibitors (Flick1993, Raja and  Sethuraman 2008).  
Some of the corrosion inhibitors are toxic to health and have negative environmental effects and therefore, they need deep insight and 
care about their use. Nowadays, many people are using green inhibitors, which do not carry toxicity and are biodegradable in the 
environment (Asghar et al. 2019, Patni et al. 2013, Chauhan et al. 2007).   
 
Bitter almonds are the ripe dried seeds of Prunus dulcis, syn. Prunus amygdalus, a species of tree native to Iran and surrounding 
countries but widely cultivated elsewhere (Rieger  2006). According to literature the almonds contains mainly Unisaturated fatty acids 
with the predominance of oleic and linoleic acid accounting for over 90% of the total lipids (Yildirim et al., 2016). Furthermore, the 
bitter almond extracts contains palmitic acid, palmitoleic acid, stearic acid, and phenolic compounds with antioxidants capacity 
(Sharma et al. 2018) 
 
The IR spectroscopy of the extracts of bitter almonds shows that contents characteristic bands belonging to the family of fatty acids 
(signal 1730 cm-1), benzaldehyde, etc (Ronceroa et al. 2016). 
. 
The signals 1463 cm-1 and 1417 cm-1 show the presence of C-H chemical bond vibration in CH3 and CH2. The signals 2925 cm-1 and 
2853 cm-1 show the presence of C-H vibration to the -CH- group (Hernandez SA and Zacconi FCM 2009).  
 
In this paper we evaluate the protection role of amygdali amare biter semen extract as green inhibitor in the corrosion of carbon steel 
at in 3 wt.% NaCl solution at room temperature. The efficiency of the extracts was determined using the weight loss method.  The 
measurements were carried out in 3 wt.% NaCl solution, referring to different inhibitor amounts. 
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Experimental part 
 
Preparation of the corrosion environment 
NaCl solutions of different concentrations were prepared starting from a solution of 3% NaCl. Different amounts of extract were first 
dissolved in 5 ml of acetone and then added to 95 ml of 3% NaCl solution with the desired concentration.  
Analysis of amygdali amare biter semen extract at IK Spectrum at different times are presented below. 

 
Figure 1.  IR Spectrum of amygdali amare biter semen extract at time 0 min 

 
Figure 2. IR Spectrum of amygdali amare biter semen extract at time 5 min 

 

 
Figure 3. IR Spectrum of amygdali amare biter semen extract at time 10 min 

 
Preparation of the samples for weight loss method and working procedure 
The samples used in the weight loss method were in parallelepiped shape with dimensions 40 mm x 25 mm x 3.5 mm and the 
diameter of the hanging hole of 3.25 mm. Table 1 shows the composition of the carbon steel. The remainder is Fe. 
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Table 2: Chemical composition of the carbon steel samples 

Element C Cr Mo Si Mn S 
Content 
(%) 

0.195 0.118 0.018 0.186 0.710 0.019 

Element Ni Cu Co Ti Nb V 
Content 
(%) 

0.140 0.365 0.014 ≤0.0005 ≤0.0010 ≤0.0010 

Element Pb B Sb Sn Zn As 
Content 
(%) 

0.0080 0.0016 ≤0.0010 ≤0.0030 0.0011 0.015 

Element Ta Ca Ce Zr La Fe 
Content 
(%) 

0.0070 0.0012 0.0020 ≤0.0015 0.0003 98.1 

Element Se P W Bi N  
Content 
(%) 

<0.0020 0.033 0.0095 0.0070 >0.019  

 
The prepared samples are marked and their surface is polished using emery paper of different grades (120, 240, 320, 600 and 1000). 
They are then rinsed with distilled water and dried with warm air pressure. Finally the samples surface is treated with acetone to 
degrease it and then rinsed with distilled water and dried with warm air. The samples were left in the corrosion environment for 24 
hours. After they have been removed from the solution they were rinsed with distilled water, neutralized with an aqueous solution of 
Na2CO3 and then dried with warm air pressure.  
 
Preparation of the working electrode for electrochemical measurements 
The metal sample of the working electrode, with the composition as shown in table 1, has a cylindrical shape. The external surface of 
this sample is first cleaned with polishing paper and then fixed at the centre of a teflon cylinder using epoxy resin. This way it is 
avoided the contact of the lateral parts of the sample with the corrosive solution. The only exposed area as a result is a circle with a 
diameter of 5 mm.  Table 2 summarizes all the acid-inhibitor combinations tested.  
 

Table 3: Composition of the corrosion environment 

Solution  concentration  3 wt.% NaCl 3 wt.% NaCl  
 - 0.000 g/L  

Inhibitor concentration  1 drop* 0.282 g/L  
2 drops 0.564 g/L  

3 drops 0.846 g/L  
*1 drop amygdali amare biter semen extract inhibitor weights 0.0282 g.  
 
Potentiodynamic polarisation measurement procedure 
Before starting the polarisation the exposed surface of the working electrode was cleaned using different polishing papers (120, 240, 
320, 600 and 1000), then rinsed with distilled water and dried with warm air pressure. The exposed surface was treated with acetone 
to degrease it and then rinsed with distilled water and dried with warm air. The polarisation was done using a Tacussel PJT 24-1 type 
potentiostat equipped with a pilovit for potential scanning. The scanning rate was 6 mV/min. The rest potential was measured after 30 
min. The platinum electrode was used as the auxiliary electrode, while the saturated calomel electrode with Luggin capillary was used 
as the reference electrode. 
 
Results and discussion 
 
The results obtained from the weight loss method were used to calculate the corrosion rate in g/m2hour: 

         2( / )g m hour

m
v

S t





          (1) 

and in mm/year: 
 

         
2( / )

( / )

8.76
g m hour

mm year

v
v

d


          (2) 

 
Δm – change in weight (in grams) of the sample before and after exposure 
S – sample surface (in m2) 
t – exposure time in the corrosion environment (in hours) 
d – density of steel (7.86 g/cm3) 
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The protection efficiency of the lavandula officinalis extract is calculated using the formula: 

0

0(%) 100corr corr

corr

v v
E

v


       (3) 

E (%) – inhibitor efficiency 
v0

corr – corrosion rate without inhibitor addition 
vcorr – corrosion rate with inhibitor addition  
 
Three different inhibitor (amygdali amare biter semen extract) concentrations (0.282 g/L, 0.564 g/L and 0.846 g/L) have been tested 
as shown in table 2. Table 3 summarizes the corrosion rates in g/m2hour and mm/year and the respective corrosion efficiency values 
calculated according to formulas 1-3, for all inhibitor - 3% NaCl solution combinations investigated. The lowest corrosion rate 
(0.3427 g/m2hour) was obtained for the 3% NaCl solution using the highest concentration of amygdali amare biter semen extract 
(0.846 g/L).  

Table 4: Corrosion rates and inhibitor efficiencies in corrosive environment 

 Corrosive environment Corrosion 
rate 

(g/m2hour) 

Corrosion rate 
 (mm/year) 

Inhibitor efficiency 
(%) 

 

3% NaCl  0.7835 0.8733 - 
3% NaCl  + 0.282 g/L inhibitor 0.5611 0.6254 28.39 
3% NaCl  + 0.564 g/L inhibitor 0.4128 0.4601 47.31 
3% NaCl +  0.846 g/L inhibitor 0.3427 0.3819 56.26 

 
Figure 1 shows that the corrosion rate decreases with the increase of inhibitor concentration.  

 
Figure 4. Inhibitor concentration effect on corrosion rate. 

The data obtained from the potentiodynamic polarization are represented in polarization curves, as shown in figure 5. The values of 
the potential measured vs calomel electrode are converted to values vs hydrogen electrode.  
 

 
Figure 5. Potentiodynamic polarisation curves of carbon steel in 3% NaCl with and without addition of inhibitor 
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Table 5: Inhibitor efficiency of inhibitor for different corrosive environments 

Corrosive environment Inhibitor efficiency 
(%) 

NaCl  3% solution - 
NaCl  3% solution + 0.282 g/L inhibitor 27.7 
NaCl  3% solution + 0.564 g/L inhibitor 46.3 
NaCl  3% solution + 0.846 g/L inhibitor 55.6 

 
The comparison of the two polarization curves (with and without addition of the inhibitor) clearly shows that amygdali amare biter 
semen extract both the cathodic and the anodic parts of the polarization curve, behaving as a mixed type inhibitor.  
 

 
Figure 6. Inhibitor efficiency of inhibitor for different corrosive environments 

 
 
Conclusions 
The inhibition efficiency of amygdali amare biter semen extract in the corrosion of carbon steel in 3 % NaCl solution was studied in 
this paper. Amygdali amare biter semen extract showed optimum inhibition efficiency in the protection of carbon steel in sodium 
chloride solution. The inhibition efficiency increased with the increase of inhibitor concentration. The highest protection efficiency 
was obtained for 0.846 g/L amygdali amare biter semen extract added to the 3% NaCl solution. Moreover, the potentiodynamic 
polarization curve suggests that amygdali amare biter semen extract behaves as a mixed-type inhibitor at the tested conditions 
 
References 
 
Asghar A,  Hosseini SM, Hosseini FSK, Zahra Yousefnejad Amiri ZY, Hosseini FS, Lavasani MS, ·  Kerdarian H, ·  Dehkordi MS 
(2019) The anti-cancer effect of amygdalin on human cancer cell lines. Molecular Biology Reports 46(2):2059-2066. 
https://doi.org/10.1007/s11033-019-04656-3 
 
Ahmad, Z. (2006): Principles of corrosion engineering and corrosion control, Elsevier Science and Technology Books: 3–672 
 
Alinj  A, Seiti B, Xhanari K (2017): Evaluation of the corrosio resistance of carbon steel in 3% NaCl solution in presence of 2- 
aminopyridine, 7th International Conference of Ecosystems: pp 317–321 
 
Chauhan L, Gunasekaran G (2007): Corrosion inhibition of mild steel by plant extract in dilute HCl medium, Corrosion Science, vol. 
49(3): pp 1143–1161 
 
Farooqi I, Nasir M, Quraishi  M,(1997): Environmentally-friendly inhibitor formulations for industrial cooling systems, Corrosion 
Prevention and Control, vol. 44 (5): pp 129–134 
 
Flick E (1993) Corrosion inhibitors, An industrial guide, 2nd edn., Noves Publications, Park Ridge, New Jersey, pp 2-32 
 
Hernandez SA and Zacconi FCM (2009) Sweet almond oil: extraction, characterization and application. Quim. Nova, 32(5): 1342-
1345 
 
Korb R (ed.) and Olson D (ed.) (1992) ASM Handbook, volume 13: Corrosion, ASM International, 2000, pp 3221-3231  
 
Mansfeld  F  (2003): Electrochemical methods of corrosion testing, in: S.D. Cramer, B.S. Covino Jr. (Eds.), Corrosion: Fundamentals, 
Testing, and Protection, Vol. 13A, ASM Handbook, ASM International: pp 446–462 
 



452 
 

Patni N, Agarwal S, Shah P (2013): Greener Approach towards Corrosion Inhibition. Chinese Journal of Engineering, Article ID: 
784186, DOI: 10.1155/2013/784186. 
 
Ronceroa JM, Álvarez-Ortía M, Pardo-Giménezb A, Gómeza R, Rabadána A, and Pardoa JE (2016) Virgin almond oil: Extraction 
methods and composition. Grasas y aceites (International Journal of Fats and Oils) 67(3): 143. http://dx.doi.org/10.3989/gya.0993152  
 
Rieger, M. (2006). Introduction to Fruit Crops. Retrieved in web address: http://www.uga.edu/fruit/almond-prunus-dulcis/ 
 
Roberge P (2000): Handbook of Corrosion Engineering, McGraw-Hill Companies, pp.710-736. 
 
Raja P,  Sethuraman M (2008): Natural Products as Corrosion Inhibitor for Metals in Corrosive Media – A Review. Materials Letters, 
62(1), 113  
 
Sharma S and Neeraj (2018) FTIR Spectroscopic Characterization of Almond Varieties (Prunus dulcis) from Himachal Pradesh 
(India). Int.J.Curr.Microbiol.App.Sci (2018) 7(5): 887-898.  
 
Schweitzer A (2010) Corrosion engineering handbook, second edition, fondamentals of metalic corrosion, atmosferik and media 
corrosion of metals, 2nd edn., CRC Pres, Taylor & Francis Group, London New York , pp 1-4, 309-326 
 
Yildirim, A. N. Akinci-Yildirim, F. Şan, B. Sesli, Y. (2016). Total Oil Content and Fatty Acid Profile of Some Almond (Amygdalus 

communis L.) Cultivars. Pol. J. Food Nutr. Sci., 2016, Vol. 66, No. 3, pp. 173–178 
 

http://www.uga.edu/fruit/almond-prunus-dulcis/


453 
 

Robustness & validation an HPLC method for the determination of digoxin in tablet unit 

 

I.Benghezal* and  F.Reggabi. 
 

SAAD DAHLEBUniversity, Pharmacy Department, Algeria, BP270 OuledAiche, Blida 
tilck2000@yahoo.fr 

 

 

Background & Aims: 

Digoxin is acardiotonic glycoside obtained mainly from Digitalis lanata; it consists of three sugars and the aglyconedigoxigenin. 
Digoxin has positive inotropic and negative chronotropic activity. It is used to control ventricular rate in atrial fibrillation and in the 
management of congestive heart failure with atrial fibrillation. Its use in congestive heart failure and sinus rhythm is less certain. The 
margin between toxic and therapeutic doses is small. 

As is known, Uniformity of dosage units is an important parameter in the specification of drug products.Uniformity of dosage units 
includes both the mass of the dosage form and the content of the active substance in the dosage form; a pharmacopoeial procedure 
should be used. In general, the specification should include one or the other but not both. It is clear for digoxin tablets; the content of 
the active substance in the dosage form is more appropriate 

Some methods for determining Digoxin in a tablet unit have been reported for example in the British Pharmacopoeia, the 
quantification of digoxin is based on spectrophotometric measurements induced by exposure of Digoxin to extreme conditions 
causing rapid degradation ofDigoxin, another example in the US pharmacopeia, the quantization is performed by liquid 
chromatography through a system compliance solution based Digoxgénine. In this study a fast and simple HPLC with UV-Visible 
detection method is applied for the determination of Digoxin without any transformation and without expensive system compliance 
solution.The method used has been adapted for the analysis of the Digoxin content with regard to the preparation of the standards, the 
diluent, as well as the treatment of the tablets and their dissolution. This adaptation, however simple, is imperative because it was 
necessary to take into account the solubility of digoxin in ethanol 96%, the matrix of the tablet based on excipient insoluble in water 
and in organic solvents, the manufacturing process type of granulation and compression) and pharmacotehnie specificities of the 
tablet in this case disintegration and breaking strength. The chromatography was performed at 20 °C on a Symmetry C18: 3.5 μm,          
75 mm×4.6 mm column with water–acetonitrile (72:28, v/v), as the mobile phase and UV detection at 220 nm. From these facts we 
propose to study the robustness of the method and the validation for application in the quality control routine. 

Materials&Methods: 

The robustness and validation of the method were performed on a Waters e 2695 HPLC system and a 2998 PDA detector. Data 
Acquisition, Data Collection and System Control were provided by Empower 3 software the same company.A Symmetry C18 3.5 μm, 
75 mm × 4.6 mm column purchased from Waters was used. 

The robustness assessment as defined by the International Conference on Harmonization (ICH) is possible in two approaches: one 
variable at a time or one experimental design. For several reasons (too many experiments, no interaction, etc.), the univariate 
approach, although often performed and described in the literature, is not recommended for robustness tests. Full factor design, as a 
powerful statistical tool, was used in this study. A factorial design 23was chosen to study the factors that seem to influence the 
chromatographic analysis. These factors are three: the temperature between two levels 18°C and 22°C, the organic fraction between 
two levels 24 and 32 and weighingof the Digoxin Etalon for the preparation of the standardsbetween two levels 18.5 mg and 21.5 mg. 
Digoxin peak characteristics, such as peak area, retention time, symmetry factor and number of theoretical plates per column were 
used to observe the influence of these changes in the method. 

The validation of the analysis technique was undertaken by referring to the validation criteria of the ICH Q2 (R1) namely: 

The specificity was demonstrated by comparing the chromatographic profilesof three preparations (Matrix alone, Digoxin alone and 
Digoxin + matrix), 

mailto:tilck2000@yahoo.fr
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Linearity was verified using concepts introduced by the least squares method. The search for the linearity limit implements a lack-of-
fit test, based on analysis of variance. The study of this criterion will also make it possible to reach conclusions on the possible 
existence of matrix effect and to give a measurement interval. 

Accurancy has been demonstrated by comparing the value entered and the value found by calculating the average recovery confidence 
interval. 

Repeatability and Intermediate Repeatability has been demonstrated by the use of one-way analysis of variance, with the chosen 
factor being the day. 

The limits of detection and quantification amount to an equality test between the value of the instrumental response and the response 
for a blank sample. Then we look for the limit from which we would reject the hypothesis at the level of confidence 1 - α. 
Results & Conclusions: 

Robustness. The factorial plane 23 makes it possible to obtain 8 different analytical responses. The effect of each factor as well as the 
interaction between the factors on the analytical response was calculated by the average of the responses of the eight tests, with a sign 
- or + according to the chosen plan. We then calculate the confidence limits of the effects of each factor and their interaction. If the 
confidence interval of the effect of a factor or their interaction contains zero, the effect of that factor or their interaction is zero, 
otherwise it is significant. The table 1 below shows the factors the influence of each on the characteristics of the peak of Digoxin. 

 

Table 1:factors as and the influence of each on the characteristics of the peak of Digoxin 

 Organic 
Fraction 

weighing of the 
Digoxin 

Temperature 

Retention time significant not significant not significant 

EP plate significant not significant not significant 

Tailing factor significant not significant not significant 

Area of pic not significant significant not significant 

 

The calculation of the effect of factor interactions is not significant. 

Validation. 

Specificity.no interfering peaks were observed at the expectedretention time of the active ingredient 

Linearity.The linearity of digoxin (area of peak against concentration) was verified within the range 70–130 % of the reference 
solution. All the results are summarized in Table 2 below. 

 

Table 2: Summary table of the statistical study 

 Digoxine+Matrix Digoxine 

Slope 16363.16 16036.86 

Coefficient r -7985.77 -1958.99 

y-intercept 0.99448 0.99584 

Regression 1.7771 0.0303 

Model error 1376.65 1205.50 
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The comparison of the slopes and intercept Y clearly shows that there is no matrix effect. 

Accuracy.The value of 100% is included in the average recovery confidence interval 

Repeatability and Intermediate Repeatability.The coefficients of variation of the repeatability and reproducibility are respectively less 
than 5%. 

The limits of detection and quantification.They are determined from the numerical value obtained during the linearity study using the 
value of the variance of the Y intercept as the value of the variance of the blank.The LOD=0, 15 µg/ml and LOQ=0, 59 µg/ml. 

The use of the method for the analysis of the digoxin content in a tablet is quite possible provided to take care during the preparation 
of standards, to overcome this problem it is better to control the quality of the calibration at each analysis by calculating the joint 
confidence interval of the blank and the slope of the validation data, thus checking whether the calibration at the beginning of analysis 
is in conformity with those obtained previously. 

 

Keywords: digoxine, robustness, validation, chromatography. 
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Radioactivity is radiation from unstable atomic nuclei called radionuclides. These are used in medicine, alone or associated with 
vectors, where they are exploited for diagnostic or therapeutic purposes and in specific pathologies according to their physical nature. 

Ionizing radiation interacts with the atoms constituting the living matter resulting in biological effects, as a consequence of the 
ionizations produced within the irradiated medium. These effects depend on various factors related to: dose and dose rate, radiation 
characteristics (type, energy) and cell type, tissue and subject (individual susceptibility) that are irradiated. 

Radiopharmaceuticals are drugs containing one or more radioactive isotopes and because of their radioactive nature, have a dual 
membership that drugs especially poisonous substances and that of radioelements, and although they have a definite benefit on human 
health, their radiation pose a biological and environmental risk according to their energy, type and time of exposure. 

To control these risks, to ensure the quality of radiopharmaceuticals and to improve the delivery of care and services in healthcare 
establishments, the achievement of a level of quality is essential for both patients and operators by placing the radiopharmaceutical 
drug circuit. as especially to secure. 

In this dynamic, quality assurance is a broad concept covering all the issues that individually or collectively affect the quality of a 
product and whose objective is to ensure a necessary level of quality of radiopharmaceuticals prepared under hygiene and optimal 
radiation protection for patients, operators and the environment. 

It is in this spirit that the first concern of the radiopharmaceutical team is to achieve: 

- A mastery of the environment: by defining the precautions and means to be applied in terms of premises, equipment and materials, 
personnel, hygiene and training. 

- An effective quality assurance system that specifies and revises all procedures and procedures, and the implementation of systematic 
quality control of radiopharmaceutical preparations through preparation and process controls, quality control and radiopharmaceutical 
controls and criteria for acceptance. 

Thus, the quality assurance policy is to ensure the continuous improvement of the quality and management of the associated risks and 
therefore requires the implementation of a system of radioprotection and radioactive waste management by setting up a number of 
appropriate rules, procedures and means of prevention and surveillance aimed at preventing or reducing the harmful effects of 
ionizing radiation produced, which are determining factors because of their impacts throughout the radiopharmaceutical circuit. 

 

Keywords: radiopharmaceuticals, quality assurance, ionizing radiation, radiation protection, radioactive waste 
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Abstract 

Introduction 
Peptic ulcer disease is a common pathology that causes pain, sometimes serious complications during outbreaks and high risk of 
recurrence. [1] 
For this the therapeutic arsenal has been enriched more and more and it offers to practitioner a wide choice of antiulcer drugs; in 
particular antacids which by their neutralizing power constitute one of the pillars of this arsenal. [2] 
Anionic clays or double-lamellar hydroxides (HDLs) by their physicochemical properties are currently of increasing interest in the 
medical field. [3] 
We are interested in their neutralizing power; the present work is a contribution to the study of antacid activity of these synthetic 
lamellar clays. 
 
Material and method: 

The anionic clays were synthesized on a laboratory scale by the co-precipitation method, with a molar ratio M + 2 / M + 3 equal to 2. 
[4] 
Three varieties of clays were chosen for this study: Mg-Al-CO3; Ca-Al-CO3 and Fe-Mg-CO3. 
The characterization of these samples has been considered by the usual methods for materials namely the scanning electron 
microscope (SEM), the infrared absorption spectrum using a FTIR spectrophotometer and X-ray diffraction (XRD). [5] 
Antacid activity was studied according to the protocol described in Drug discovery and evaluation and the European Pharmacopoeia 
8th edition. [6] 
 
Results and discussion: 

The yield of the syntheses varies between 55.14% and 67.32%. 
SEM analysis highlights the characteristic morphology of HDLs with poor crystalline; the same results were obtained by G.Prinetto 
and coll in 2000 and A. Kannan and coll in 2005. 
The X-ray diffractogrammes show that the appearance is quite characteristic of a double lamellar hydroxide, in particular with the 
lines (006) and (009) found in these compounds with a lamellar structure. Results confirmed by A.Deroy in 1992. 
For therapeutic activity; compared with the standards required the European Pharmacopoeia; The synthesized HDLs all exhibit 
antacid activity and buffering capacity. This activity is more marked with the Mg-Al type phase. 
 
Conclusion 

The in vitro tests validate the anti-acid effect of our synthesized HDLs, and lead us to complete the study by in vivo tests to prejudge 
their uses in the pharmaceutical field. 

 
Key words: Anionic clays, lamellar materials, coprecipitation, characterization. 
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Abstract 

Ionic liquids (ILs) are considered to be green solvents due to their low vapor pressure, non-flammability, thermal stability, good 
solvent power and self-assembling ability. These properties make these novel class of solvents safer and more environmentally 
acceptable. Green Chemistry promotes the use of renewable and biocompatible compounds such as amino acids, lipids and acids of 
natural origin to yield more sustainable ILs which yields their application in several industrial processes. Driven by the current 
requisite for sustainable progress along with overcoming dependence on fossil-based resources, the current work details out important 
findings pertaining to design of sustainable ionic liquids from the perspective of green chemistry to exhibit suitable physico-chemical 
properties and a low toxicological profile, for their applications in food industry. Biodegradation studies using closed bottle test (301D, 
OECD guidelines) were performed to observe the biodegradability of ionic liquids. Toxicity controls were run along with the CBT run to 
observe the behaviour of these ILs in the environment. Microbial degradation using consortia and enzymatic degradation using immobilized 
enzymes were also performed for these chemicals. The results for microbial and enzymatic degradation were screened using Nuclear Magnetic 
Resonance (NMR) spectroscopy. In this framework, the present paper investigates the development of safer ionic liquids (ILs) for 
biomass valorisation adhering to the concepts of green chemistry and biorefinery. The results obtained suggests that our synthesized ionic 
liquids screened for efficient biomass valorization have high biodegradability and low toxicity thus posing no threat to the aquatic 
environment. 
 
Keywords: Ionic Liquids, Biodegradation, Toxicity, Biomass valorization 
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Abstract 

The agricultural world production is continuously increasing every year as a result of the rising global demand for food and generates 
billion tons of by-products each year. The disposal of agri-waste is a growing issue that can cause phytosanitary problems and cross-
contamination in food industries. As a consequence, new strategies to manage or benefit from agri-waste are urgently needed. One of 
the most promising options is to valorize the bioactive components presents in the by-products that may have applicability in 
functional foods and nutraceutical developments. Among raw materials, coffee stand outs as one of the most valuable primary 
products in world trade because of the high consumption of coffee beverage. The coffee industry generates about 2 billion tons of 
agri-waste which represent a great pollution hazard (Iriondo-DeHond et al., 2018). Depending on the processing method, either wet or 
dry, coffee pulp and husks are the first by-products and account for 29% and 12% of the overall coffee cherry (Janissen et al, 2018). 
Coffee by-products have been of interest as substrates for biofuels, composting, extraction of bioactive compounds such as caffeine, 
tannins, cyanidins and polyphenols and to obtain extracts with prebiotic, antimicrobial and antioxidant properties.  

 

Supramolecular solvents (SUPRAS) are green solvents made up of assembled aggregates of amphiphiles dispersed in a continuous 
phase (aqueous or hydro-organic phase) (Caballo et al, 2017). The synthesis is made by a simple two-step self-assembly and 
coacervation process. First, amphiphiles spontaneously assemble into tridimensional individual aggregates (mainly micelles and/or 
vesicles). The second stage generates a new highly packed phase by the assembly of the aggregates into a nano- or micro-structured 
liquid (SUPRAS phase). This second phase is triggered by an external stimuli or coacervating agent (change of pH, temperature, 
addition of salt or addition of a poor solvent for the amphiphile) that diminishes the repulsion among the aggregates and promotes 
their assembly. The SUPRAS phase remains in equilibrium with the bulk solution, which contains the amphiphile at a low critical 
aggregation concentration. SUPRAS can be extracted and stored if required (keeping its structure and properties) for application to 
solid samples or stabilization of compounds or applied together with the equilibrium solution, which acts as dispersion phase for the 
matrix and as sink of interferents. SUPRAS have shown a wide applicability to a variety of compounds of very different nature and 
polarity, given the multiple binding interactions capacity that is conferred and tuned by switching the functional groups of the 
amphiphile and the dispersion solvent (ionic, anionic, hydrogen bonds, dispersion interactions, etc.). Their special internal structure 
creates also microenvironments of different polarity and restricted access properties for the exclusion of macromolecules, which are 
many time interferents in extraction processes. The extraction of high-value bioactive compounds using SUPRAS constitutes an 
economically attractive alternative for the valorization of coffee by-products due to the potential of high extraction efficiency for a 
variety of compounds, rapidity, simplicity and low-cost synthesis (room temperature, low consumption of cheap reagents). SUPRAS 
can be also considered green solvents due to their low volatility, flammability and low toxicity. In this study,we investigate the 
suitability of SUPRAS for the valorization of dry coffee husks in terms of caffeine content, total polyphenolic content and antioxidant 
activity. 

 

 

Keywords: supramolecular solvents, green solvents,coffee,by-productsantioxidant, valorization  
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Tables and Figures 

SUPRAS were made up of biocompatible ingredients only which are also allowed for use in food, namely decanoic or otanoic acid in 
ethanol:water mixtures. The optimal SUPRAS composition was studied considering the amphiphile (decanoic or octanoic acid), 
different ethanol percentages in the synthetic water:ethanol mix, different ratios of SUPRAS/equilibrium solution as extraction phase 
and different ratios of sample/extraction phase. Caffeine content was determined by LC-UV, total polyphenolic content by Folin-
Ciolcateu method and antioxidant activity by ABTS and DPPH. 

 

 

 

Figure 1. Schematic picture of the SUPRAS extraction process from coffee husks  

 

The optimal final conditions were of a) SUPRAS synthesis conditions (5% v/v C8 y 24% v/v ethanol), b) valorization of coffee husks: 
0.67 mL SUPRAS, 0.13 mL equilibrium solution, 200 mg coffee husks (stirring 3,000 rpm, 5 min). These values can be scaled up for 
industrial purposes. The extraction rate of caffeine with SUPRAS was compared with conventional solvents (under the same phase 
ratios and extraction conditions) being considerable greater for SUPRAS (see Figure 2). 

 

 

Figure 2. Extraction rate of caffeine from coffee husks with SUPRAS and conventional solvents 

 

With optimal conditions, the caffeine content with SUPRAS extracts from coffee husks was of0.14 %. Total poliphenol content was 
of 310 mg GAE.L-1and the antioxidant activity of 60% (ABTS). We can conclude that SUPRAS offer a cheap and green alternative 
for the valorization of coffee by-products and waste. SUPRAS extracts enriched with bioactive compounds could be used in 
cosmetics, pharma and food industries taken into account their biocompatibility. Further studies of our research group include the 
valorization of other agri-food waste and algae with SUPRAS and related toxicity and bioavailability studies. 
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Figure 1: Intensification of a photocatalytic process by fluidic microreactors for (A) water 
decontamination, and (B) lignin-based model molecules valorization. 
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Abstract: 

New alternative photocatalytic solutions must be developed to satisfy not only the strict policies regulating the standards of 
wastewater pollution for industrial applications, but also the energy needs and the sustainable production of chemicals. The 
aforementioned concerns can be solved through the use of heterogeneous photocatalysis coupled with the design and construction of 
appropriate continuous microfluidic reactors and using the advantages offered by sonochemistry (in the process intensification 
concept).We report selected experiments of photocatalysis‘sintensification using microreactors for water detoxification and 
photocatalytic selective oxidation (in the frame of the concept of lignin valorization), and the proof of concept of intensifiying a 
selective photocatalytic oxidation by acoustic cavitation. 

 

 Keywords: lignin valorization, water detoxification, microfluidic photoreactors, selective sonophotocatalysis, semiconductor 

photocatalysts 

Because the rapid depletion of clean water 
sources on our Earth, together with the 
unsustainable rate of population growth, 
the need to develop technologies for the 
recycling of wastewater is as relevant as 
ever. Additionally, the strict policies 
regulating the standards of wastewater 
pollution for industrial applications 
impose the need for effective 
decontamination methods. Available 
purification technologies, based 
essentially on physical separation of 

contaminants and biological degradation, fail to provide an efficient solution for the complete removal of toxic, no-biodegradable 
organic compounds. In this context, photocatalysis (as part of Advanced Oxidation Processes), using highly reactive oxygen species, 
demonstrated to be one of the most efficient processes for water detoxification (Andreozzi et al., 1999; Chong et al., 
2010).Microfluidic photocatalytic reactors (MPRs) represent a promising solution to facilitate highly efficient and sustainable water 
treatments (Figure1A)(Wang et al., 2014). MPRs have advantages such as large surface-area-to-volume ratio, better temperature 
control, high light efficiency and high control of fluid flow, yet still suffer from drawbacks due to limited mass transport associated 
with laminar flow.Close related to the problem of water contamination is the lignin-based (e.g. phenolic derivatives) wastes produced 
by paper/pulp industries and bio-refineries which are ending up in water. Following these lines,selective oxidation of lignin-based 
model aromatics alcohols to other value chemicals mostly aromatic compounds containing carbonyl and carboxylic groups is a 
promising field for developing new methodologies in the production of chemicals from lignin-based wastes. The high value chemical 
compounds are stated to be replacement to expensive chemicals used in various products coming, for instance, from food and 
pharmaceutical industries (Li et al., 2016; Rinaldi et al., 2016).Among promising technologies, photocatalytic oxidation of lignin in a 
microfluidic reactor system(Figure 1B)  may be particularly beneficial in comparison with conventional batch processes leading to 
high selectivity for the desired products (e.g. aromatic aldehydes/ acids) (Colmenares et al., 2017;Nair et al., 2018). From other 
side,the coupled action of the physicochemical effects of ultrasound (acoustic cavitation) and selective heterogeneous photocatalysis 
is a very innovative approach that gathers a continual increase of attention, since it can positively promote selective redox reactions 
via a cost-effective and environmental-friendly manner.  
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Figure 2: Proof of concept of  ultrasound-assisted  selective photo-oxidation catalysis  

for lignin-based model molecules valorization. 

This lecture is a report of selected experiments of photocatalysis‘sintensification using flow microphotoreactors for water 
detoxification and photocatalytic selective oxidation (in the frame of the concept of lignin valorization), and the proof of concept of 
intensifying a selective photocatalytic oxidation process by acoustic cavitation.More specifically the lecture will be on: 

 

Wastewater treatment by photocatalytic oxidation in microfluidic photoreactors: 

A method based on ultrasound technology (Colmenares et al., 2018) for the immobilization of commercial TiO2 nanoparticles on the 
internal wall of a polymeric microrector and its application in fluidic microreactor technology for photocatalytic degradation (without 
the use of: oxygen, hydrogen peroxide, ozone and other oxidants in flow) of phenol in water. 

Selective photocatalytic oxidation in microfluidic photoreactors: 

Encouraged by the benefits of 
microfluidic-based photoreactors, 
thispiece of work focusses on the 
photocatalytic oxidation of the simplest 
model aromatic compound of lignin  
(benzyl alcohol) in a polymer-based 
microfluidic photoreactor. For this study, 
nanostructured ZnO and TiO2 were 
prepared by a sonication-assisted method 
and deposited internally on the walls of a 
polymer-based microtubes. The 
photocatalytic activity of the 
semiconductor-coated fluoropolymer-
based microcapillary was evaluated for 
selective conversion of benzyl alcohol to 

benzylaldehyde in flow conditions. 

 

Ultrasound-assisted photocatalytic 
selective oxidation:The effort of  

our research is focused on the utilization ofsonophotocatalysis for the selective transformation of lignin-based model molecules by 
nanostructured metal oxides (TiO2, Fe2O3 or Co3O4)(Figure2). A plethora of factors/parameters that affects the acoustic cavitation 
phenomena and as a result the potential of sonochemistry were investigated, like the ultrasound frequency and power, the solvent’s 
nature and temperature, the purged gas, and even the sonoreactor’s geometry. Various important photocatalytic parameters such as the 
wavelength and intensity of the irradiated light, photocatalyst loading, type of solvent, mixture of solvents, and solution pH were also 
optimized. 
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Abstract: 
Use of sonication for designing photo-microreactor is a novel approach especially for the nano-deposition of the active photocatalytic 
phase inside the microreactorwhich is based on the principles of Green chemistry. The utilization of  ultrasoundirradiation isfound to 
possess unique advantages, like shorter reaction durationand simplicity of the experimental setup.(Adewuyi, 2005) Another important 
aspect is the feasibility to achieve higher catalytic activities by avoiding the addition of chemical agentsduring the catalyst 
deposition.The need to find an alternative to fossil fuel based energy source has led to the increase in utilization oflignocellulosic 
biomass as a raw material for biorefineries and other chemical industries. However, lignin, a major component of lignocellulosic 
biomass, is produced in vast scale as the main by-productfrom these industries. Recent studies on lignin valorization have shown that 
the depolymerisation ofthiscomplex polyphenolic polymer, can result in the generation of chemical compounds which are of great 
importance to pharmaceutical and fine chemical industries. 
The development of a heterogeneousphotocatalytic system to upgradelignindepolymerization in a microreactor is an innovative 
butchallenging approach due to thelimited  number of studies being carried out in this field.(Colmenares, Varma, & Nair, 2017). 
Recently, the photocatalytic oxidation of lignin model compounds,like aromatic alcohol into the correspondingaldehyde, has attracted 
considerable attention due to its fundamental interest and potential applications.(Zheng et al., 2017)Benzyl alcohol oxidation to 
benzaldehyde is an important reaction, as the aldehyde product finds extensive application in the food, pharmaceutical, perfume, and 
agrochemical industries.(Annual Review of Cosmetic Ingredient Safety Assessments—2004/20051, 2006; Krings & Berger, 1998; 
Report & Assessment, 2006)In addition, the use of fluoropolymer based microreactors have shown to be a better option in designing 
the photo-microreactor due to its excellent light transmission and high chemical stability.(Su, Straathof, Hessel, & Noël, 2014). 
Considering the positive effects of microphotoreactor system, the current work is focused on the selective photocatalytic oxidation of 
alignin based model compound,benzyl alcohol, using a polymer-based PFA(Perfluoroalkoxy alkane) microfluidic photoreactor. The 
first part of this study was focused on the PFA microtube’s deposition by commercially available TiO2 and ZnO nanoparticles. For the 
sake of comparison and in order to enhance the photocatlytic performances, TiO2 nanoparticles were synthesized and deposited in situ 
inside the microtubes. The analysis of the results showed that various features/parameter are crucial and by tuning them it is feasible 
to elevate the conversion and the selectivity to benzylaldehyde. 
 

Keywords: lignin, ultrasound, photocatalysis, microflow synthesis 

 
Figure 1. Selective oxidation of benzyl alcohol to benzaldehyde inside semiconductor coated PFA tube 
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Abstract 

Intensification of heterogenous catalysts interaction with reagents plays a crucial role in catalysis. The recent our studies on the use of 
ultrasound to assist catalytic reactions have clearly shown great advantages of this technics for the chemical processes(Colmenares, et 
al., 2013; Magdziarz & Colmenares, 2017).Ultrasound-assisted photocatalysis was chosen as a green chemistry methodology for the 
selective oxidation of lignin-inspired complex model molecules under such specific sono- photocatalytic environment. Pairing 
photocatalysis with ultrasonic waves is advantageous because of increased creation of hydroxyl radicals under UV irradiation(Jyothi, 
Yesodharan, & Yesodharan, 2014), the extra mass transfer between the catalyst and the reaction mixture in liquid phase, ultrasonic 
depassivation and de-aggregation of catalyst particles resulting in higher surface area (Joseph, Puma, Bono, & Krishnaiah, 2009; 
Panda & Manickam, 2017; Kuna, Behling, Valange, Chatel, & Colmenares, 2017). 

This coupled method was used in our group during synthesis of the bimetallic photocatalysts (Magdziarz, Colmenares, Chernyayeva, 
Łomot, & Sobczak, 2016)and now is used reactor extensively in processes for biomass valorization of the lignocellulosic biomass and 
its derivatives. The proper hybrid configuration coupling sonochemical and photochemical processes is advantageous. A design 
concept of this should take into account cleaner, safer and more energy efficient technologies. The usage of coupled ultrasound with 
photocatalysis ensures these obligations in the vast spectrum of possibilities offered by lignocellulose-based processes. 

The batch sono-photo reactor wasdesigned to guarantee synergistic effect of ultrasound and UV-VIS irradiation under ambient 
conditions. Heat is emitted especially during sonication and to extinguish this issue cooling system was constructed which is a part of 
this batch sono-photo reactor. The whole reactor integrates ultrasound, UV-VIS light and cooling system Figure 1. 

 

 

Figure 1:Scheme of sono-photo reactor 

As source of ultrasound the Q700 QSonica sonicator was used and as source of light the halogen optical fiber illuminators 3200K 
Spectra-Laser were used. Inside the cup-horn of sonicator the cooling coil was immersed and the Corio CD circulator Julabo with 
extenal circulation to keep temperature of waterconducting ultrasound. Three samples in vials can be treated simultaneously with 
ultrasound and light to perform sonophotocatalytic reaction.  

Keywords: photocatalysis, sonophotcatalytic, lignocellulose 
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Abstract: 

Plethora of valuable platform chemicals can be derived from 
one of the most widely available natural and renewable 
feedstock, lignocellulosic biomass (Khan et al., 2018). The 
development of environmental-friendly and economical 
feasible processes that obey the principles of green chemistry 
gathers an enormous interest the last decades (Colmenares et 
al., 2017; Rinaldi et al., 2016). Selective oxidative 
heterogeneous catalysis can be assumed as an important and 
promising candidate for the valorization of biomass and its 
derivates. Among the various derivatives, 5-
hydroxymethylfurfural (HMF) is of a great importance, since it can used as building block for the synthesis of valuable chemicals, 
especially in biorefinery (Sheldon, 2014). Partial oxidation of HMF leads to another important compound; the 5-diformyl furan 
(DFF), which can be utilized for the synthesis of various products (like organic conductors, pharmaceuticals, antifungal agents, and 
bio-polymers). An on-going challenge is to achieve HMF to DFF oxidation (HMF-to-DFF) with high HMF conversion yield and DFF 
selectivity, with the minimal environmental impact. Ambient conditions and prevention of using expensive noble metals and 
hazardous or non-renewable chemicals are among the most crucial targets. By the use of an efficient catalyst, light irradiation can 
assist the process intensification of the HMF-to-DFF oxidation. Hence, the synthesis of novel redox catalysts and the design and 
development of an appropriate photoreactor are key standpoints. 

 

Herein, we present the synthesis of a 1D manganese oxide nanocatalyst (Figure 1), capable to promote 
the additive-free photo-assisted heterogeneous catalytic selective oxidation at ambient conditions in 
aqueous media. Additionally, the synthetic protocol was designed and optimized to be up-scalable, 
environmentally friendly, and economically feasible, providing high yields under ambient conditions 
with water as the solvent.The followed controllable precipitation protocol resulted in stable manganese 
oxide nanorods, 10 to 55 nm in diameter and length between 150 nm to 1.5 μm. The exceptional high 
HMF conversion (99 %) and DFF selectivity (100%), obtained at 39 oC and 1 atm, is the highest 
reported up to now and to the best of our knowledge, even with other studies performed under more 
harsh conditions and/or the addition of oxidants. The homemade photoreactor played a vital role (Nair 
et al., 2019), revealing that light irradiation of the specific wavelength in the UV range (365 nm) from 
low-energy LEDs is sufficient to promote the reaction efficiency and kinetics. The involved 

mechanisms and the key reaction parameters were concluded based on a thorough examination of various parameters (different light 
sources, solvents and mixtures of them, pH, temperature etc.). 

 

Keywords: biomass valorization, photo catalysis, selective oxidation of 5-hydroxymethyl furfural (HMF), 2,5-diformyl furan (DFF), 

manganese oxide nanorods 
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Abstract: 

There is a continuously increasing trend for the exchange of the conventional organic synthetic chemistry by a more cost-effective and 
greener process, heterogeneous photocatalysis. Although, photochemistry suffers froma drawback, since it can lead to “nonselective” 
reactivity, especially in aqueous media (Colmenares and Luque, 2014; Zhou et al., 2014). Additionally, the utilization of 
ultrasonication was revealed to be aneffective alternativeto synthetic chemistry.Ultrasounds of low frequency promote the catalytic 
reactivity predominately due to physical and mechanical phenomena, such as increment of the mass transfer, de-aggregating of the 
catalyst,and de-passivation effect. Additionally, the growth and implosion of acoustic cavitation leads tothe formation of localized 
hotspots, where the temperature and the pressure can reach up to 5000 oC and 1000 bars, respectively (Colmenares, 2013).Appliance 
of high frequency ultrasound irradiation elevate various advance oxidation processes by the formation of reactive oxygen species, 
such as radicalsand super oxides ions(Magdziarz and Colmenares, 2017). A growing research topic the last decades is the synthesis of 
industrially valuable bio-chemicals from a widely available natural and renewable resource; the lignocellulosic biomass. To achieve 
complete biomass and its derivatives valorization following green-chemistry oriented approaches is an active field of research of a 
great potential. The ultimate goal is to avoid the use of precious noble and/or rare-earth metals-based catalyst, addition of hazardous 
and non-reusable agents, as well as harsh experimental conditions. The simultaneous irradiation of ultrasound and light in 
heterogeneous catalysis is a modern and innovative approach that gathers a continual increase of attention.This process intensification 
strategy of combining twoenergy sources can positively promote catalytically valorization reactions via a cost-effective and 
environmental-friendly manner due to synergistic effects(Chatel et al., 2017). This field is known as sonophotocatalysis. 

Our research-group’s effort is localized on the utilization of 
sonophotocatalysis for selective upgrade of lignin-based 
derived model molecules by using novel nanocomposites as 
catalyst. The synthesis of thesenanocatalysts is based on the 
unique effectsarisen from the cavitation phenomena (Yu et al., 
2001), as ultrasound irradiation was applied during the 
synthesis. The main phase of the catalyst consists of 
nanostructured inorganic active phases of a wide range of 
metal oxides like TiO2, MnxOy, Fe2O3 or Co3O4.Nano-scaled 
graphite or graphitic carbon nitride, unmodified or oxidized, 
were usedas fillers. Unique structural, morphological, 
physical, optical, and surface chemistry heterogeneity features 
were achieved due to the synergistic effect during the 
composite formation, resulting to enhanced reactivities (Giannakoudakis et al., 2017, 2016). Coupling photocatalysis 
withsonocatalysis led tounexpected beneficial effects on the lignin-model compounds transformation, since the combination 
resultedin improved conversion and selectivity. A plethora of parameters/factors that can possibly affect the cavitation phenomena 
and as a result the potential of sonochemistry were investigated, like the acoustic frequency, power, and pulse protocol, the solvent’s 
nature and temperature, the purged gas, and even the sonoreactor’s geometry. Various important aspects of the photocatalysis such as 
the wavelength and intensity of the irradiated light, photocatalyst loading, type of solvent, mixture of solvents, and solution pH were 
also optimized. Distinctemphasis was provided on understanding the synergistic effects upon light and ultrasounds irradiation from a 
mechanistic point of viewduring the reactions, as well as upon the synthesis of the nanocatalysts. 
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Abstract  

Environmental and economic impacts of climate change have an impact on Europe’s energy security, while the current financial and 
economic crisis jeopardizes economic growth and employment [EU, 2013].Decentralized gasification-based units for combined heat 
and power and pyrolysis for biochar is a rapidly-deployable and efficient way to meet energy demands by using local biomass, 
avoiding transportation costs, creating business and employment in rural areas, improving resource efficiency, closing loops of 
nutrients and providing synergistic opportunities for many sectors such as agroindustry, bioenergy and waste management sectors, 
in the transition to Circular Economy. Resources’ role in eco-systems and farming has not to be neglected [Narodoslawsky,2017]. 
The transition to a circular economy is recognized as an essential element in developing low carbon, and resource- efficient 
economy [Zabaniotou et al,2017].The decentralized gasification and pyrolysis systems can offer local energy production without 
affecting local food security, providing an income for producers and management options of the agro-industrial sector wastes. 
Biofuel development include large-scale systems in northern Europe and small-scale systems in the Mediterranean [Zabaniotou et 
al,2015] and in global South [Mangoyana et al,2011]. Carbon sequestration and soil quality improvement coupled with bio-energy 
generation can be achieved. Closed loop models of decentralized pyrolysis-based biochar units are new opportunities. This work 
aims to shed light on the role of decentralized gasification and pyrolysis units for bioenergy and biochar production fueled with 
agro-industrial wastes with environmental sustainability and social acceptance in the transition to Circular Economy. Decentralized 
and community-based small-scale energy production systems compared with grid power have the potential to deliver affordable, 
reliable, and sustainable energy in rural areas with reasonable costs [Zabaniotou et al,2018]. The public generally expresses a positive 
attitude towards the installation of small-scale CHP unit within the boundaries of the local agro-industry. 
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Abstract  

A significant amount of food waste remains unexploited for the global economy, missing the chance to improve resource efficiency 
and move towards to a more circular economy (European Commission, 2015). Unexploited food waste generated by a wide range of 
industrial food and drink processes can be valorized via environmentally and economically efficient routes. An innovative approach 
towards an integrated exploitation of food waste, which intends not only to handle, but also to valorize them is that of biorefining. 
Biorefinery side streams and leftovers canproduce bioenergy and biochar, closing loops in agriculture and providing nutrients to 
thesoils(Zabaniotou Anastasia, 2018).Following the concept of a sustainable biorefinery, thermochemical conversion of solid waste 
streams obtained after valuable components extraction could lead to the production of a number of value added materials, biofuels and 
other chemicals.The massive quantities of Spent Coffee Grounds (SCG) generated after coffee extraction and use consist a 
representative example(Zabaniotou & Kamaterou, 2019). Large amounts of organic compounds containing inSCG, such as fatty acids, 
amino acids, polyphenols, minerals and polysaccharides recommend its valorization. Three are the main steps of the proposed 
biorefinery:SCG phenolic compounds extraction in a sonicator bath using methanol (35oC temperature, ̴ 40 min, 0.02 g/ml solid to 
solvent ratio),SCG sugar extraction and SCG solid waste pyrolysis (wire mesh type reactor, 400-700°C, heating rate ̴ 50°C/s, at 
atmospheric pressure and inert atmosphere). In order to gain valuable knowledge for biochar quality, ultimate, proximate and 
elemental analysis of chars performed. BET and FT-IR spectroscopy were also performed for the determination of char morphological 
characteristics. The results encourage the development of asustainable biorefinery based on valorisation of spent coffee grounds 
according to the principles of circular economy. 
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Abstract  

Single component softwood kraft lignins have been sought after as precursors to carbon fibers. This noble goal can be achieved by 
adding carbon onto lignin via propargylation. The reactivity of propargylated lignins may then be modulated via methylation thus 
eliminating the onset of gelation via phenoxyl radical initiated random polymerization. This paper demonstrates that properly 
installed, propargyl groups of an acetone soluble kraft lignin (ASKL) fraction can be thermally polymerized to high molecular 
weights in a controlled manner. In order to create single component chain extended softwood kraft lignin systems for carbon fiber 
applications, one needs toregulate the amount and the positioning of the propargyl groups on the lignin. This became possible and it is 
now demonstrated that the propargylation of lignin needs to occur first, followed by methylation and not the other way around. Such a 
sequence offers substantial benefits for the onset of a Claisen rearrangement to occur between the propargyl groups and the free C5 
positions of the softwood lignin. Furthermore, once in position, the created benzopyrans can effectively further polymerize in a 
controlled manner offering chain extended kraft lignin products of sufficient molecular weight so as to apply subsequent stabilization 
and  carbonization steps to it.  

 
Keywords: Carbon Fibers, Materials, Polymers, Claisen Rearrangement, Lignin, NMR 

 

Introduction   
In our earlier efforts we have embarked in describing and discussing the importance of propargylation chemistry on lignin so as to 
synthesize lignin macromonomers for thermal polymerization via Claisen rearrangement , Sen et al, & Argyropoulos et al. We have 
also discussed that the molecular weight and glass transition temperatures of the thermally polymerized lignin improves significantly 
relative to the starting material. The intricate polymer structure created within lignin as a result of the benzopyran double bond 
thermal polymerization chemistry (see Scheme 1 C) is offering a regular covalently linked framework from which, after 
carbonization, a regular carbon fiber material could be envisaged to emerge. As such, thermally polymerized propargylated softwood 
lignin can be explored as a prospective material for the synthesis of bio-based CF precursors. 
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Scheme 1. The sequence of reactions that involves lignin propargylation (A) followed by Claisen rearrangement (B) and thermal 
polymerization (C) 

Results and Discussion  

Various reactivity considerations that are to be discussed in the presentation 3 were addressed by a series of experiments where 
initially Acetone Soluble Kraft Lignin (ASKL) was propargylated, thus occupying all readily accessible and highly reactive phenolic–
OHs, followed by methylation of the remaining phenolic OH’s to limit phenoxy radical induced thermal polymerization. All the 
polymerization reactions were conducted by heating the samples at 180 °C for three hours and the corresponding molecular weights 
and distributions were determined.  

As anticipated, the installation of the propargyl groups in more reactive positions, more readily prone to Claisen 
rearrnagnent and thermal polymerization events, offered much better developed molecular weights. The shape of the overall 
plot in Figure 1 is exponential, indicative of molecular weights exceeding 130,000 g/mol at the extreme end of active 
propargyl group content (2.6 mmol/g). Similarly, the extreme heterogeneity of the sample as evidenced by the ratio of 
Mw/Mn approaching nearly a value of 50, is an undisputed indication that gelation statistics are operational. The fact that all 
thermally polymerized samples were soluble in acetone and/or DMSO, indicates that using the specific starting sample of 
ASKL (Mw of about 4,000g/mol) and within the examined range of active propargyl groups (0.4-2.6 mmol/g), the reaction 
conditions were such that the gel point had not yet been reached or exceeded. Overall, our experiments validate our 
contention that both gelation statistics and significant reactivity issues are the underlying considerations t hat define the 
progress of thermally induced polymerization chemistry on propargylated lignin samples.  
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Figure 1. Effect of active propargyl group on molecular weight and polydispersity of ASKL at 180 °C for three hours of reaction for 
samples that were propargylated first prior to methylation3.  

Conclusions 
In this effort, an in-depth investigation of propargylation chemistry followed by a thermally induced Claisen rearrangement  on 
fractionated softwood kraft lignin is reported. In this study, the phenolic-OHs of acetone soluble kraft lignin (ASKL) fractions are 
propargylated in basic media using variable amounts of propargyl bromide, arriving at thoroughly characterized lignins with various 
degrees of substitution. Then, efforts towards inducing a thermal-mediated Claisen rearrangement reaction (Scheme 1B) and the 
ensuing thermal polymerization chemistry (Scheme 1C) of the pendant alkynes are described, Argyropoulos et al & Sadeghifar et al. 
As anticipated, the multifunctional nature of the lignin causes it to arrive at a hyper-branched and cross-linked polymer, which is 
intractable and not suitable for further thermoplastic processing. This major limitation is addressed by appropriately reducing the 
degree of propargylation and masking the remaining phenolic−OHs by alkaline methylation with dimethyl sulfate. This is a novel 
approach for the simultaneous systematic modulation of the functionality and the reactivity of lignin developed in earlier parts of our 
work (Argyropoulos et al.). 
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Abstract: Fruits peels, an agricultural waste discarded in huge amounts, were effectively fractionated into its oligosaccharides 
composition to dedicate their added values utilization. Four fruits peels (Banana, Watermelon, Orange and Mango) were studied. The 
starch, pectin, hemicellulose, celluloses, lignin and proteins fractions were determined in terms of dry weights percentages for these 
peels. Mango peels showed the highest oligosaccharides levels, even lignin content was highest by 17.25%. Also, banana peels 
showed high oligosaccharides levels with the lowest level of lignin by 4.82%. While, strains of Aspergillus niger and Phanerochaete 

chrysosporium were co-cultivate, no antagonistic phenomena was remarked. Whoever, the co-cultivation can improve extracellular 
enzyme secretion. Also, co-cultivation was resulted an increasing in enzymes activities by 5.8, 8.8 and 81.3 nmol.min

-1
.ml

-1 for β-
glucosidase, celulase and xylanase, respectively. The SDS-PAGE profiles confirmed the results of co-cultivation for improving the 
excretion of relevant enzymes proteins, the combined profile were contained proteins not observed in the individual culture. Lab-scale 
bioreactor was carried out for enzymes production and saccharifaction, the banana and mango peels were released the greatest 
saccharified pentose and hexose sugars, the total fermentable sugars were 27.77 and 21.13 g.l

-1, respectively. The co-fermentation 
were conducted by selected yeast strain belong to Kluyveromyces marxianus to contribute previously sexual regenerative 
Saccharomyces cerevisiae for bioethanol co-production. As expected, co-fermentation increased the productivity by more than 18%, 
the substantial bioethanol yield were observed by saccharifed banana peels with 10.74 g.l

-1, the adding of CaO lead finally to 97.5 wt 

% of pure bioethanol by duplicate the distillation process for various biofuel uses. 

 

Keywords: Biofuel; Agro-peels wastes, fungi co-cultivation, yeast co-fermentation. 

 

Table 1: The productivity indicators of the selected yeast strains and its co-fermentation. 

Yeast strains 
CO2 emission mol.l-1 Sugars utilization rate g.l-1.h-1 Max ethanol production g.l-1 

Glucose Xylose GX. Mix Glucose Xylose GX. Mix Glucose Xylose GX. Mix 

S. cervisiae 0.2 ± 0.07 0.0 ± 0.0 0.09 ± 0.03* 1.12 ± 0.06 0.0 ± 0.0 1.43 ± 0.09* 9.23 ± 0.05 0.0 ± 0.0 4.21 ± 0.04* 

K. marxianus 0.14 ± 0.03 0.11 ± 0.02 0.12 ± 0.07 0.79 ± 0.08 0.57 ± 0.06 0.68 ± 0.05 6.17 ± 0.07 4.91 ± 0.04 5.58 ± 0.08 

Co-fermentation 0.17 ± 0.07 0.12 ± 0.08 
0.16 ± 0.02 

1.26 ± 0.03 0.55 ± 0.04 
0.83 ± 0.7 

7.83 ± 0.08 5.62  ± 0.03 
7.16 ± 0.05 

The values are mean of three replicates ± standard deviation 

* Values based on glucose amount only. 
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Table2: Biochemical analyses of examined agro peels waste based on dry weight percentage (% w/w). 

Agro peels wastes Protein Starch Pectin 
Lignocellulose 

Hemi-cellulose 
Lignin Cellulose 

Bp 5.12 ± 0.5 13.27 ± 0.2 11.21 ± 0.4 4.82 ± 0.5 33.32 ± 0.4 12.93 ± 0.3 

Mp 3.89 ± 0.4 13.56 ± 0.8 11.89 ± 0.3 17.25 ± 0.1 34.23 ± 0.4 14.51± 0.8 

Wp 8.84 ± 0.6 4.36 ± 0.7 11.34 ± 0.4 9.87 ± 0.3 26.71 ± 0.7 11.45 ± 0.1 

Op 5.23 ± 0.8 3. 22 ± 0.1 
16.45 ± 0.5 

6.53 ± 0.6 24.23 ± 0.5 
9.27 ± 0.6 

The values are mean of three replicates ± standard deviation 

 

Table 3: Total secreted protein and enzymes activities of A. niger, P. chrysosporium and its co-cultivation. 

Fungi strains 
Total proteins 

(mg.ml-1) 

Enzyme activities (nmol.min
-1

.ml
-1) 

Cellulase β-glucosidase Xylanase 

A. niger 0.59 ± 0.03 7.9 ± 0.17 4.2 ± 0.13 72.8 ± 0.26 

P. chrysosporium 0.42 ± 0.03 6.2 ± 0.13 3.8 ± 0.15 5.3 ± 0.24 

Co-cultivation 0.65 ± 0.04 8.8 ± 0.16 5.8 ± 0.19 81.3 ± 0.23 

The values are mean of three replicates ± standard deviation 

Table 4: Total saccharified sugars and bioethanol yields of A. niger, P. chrysosporium and its co-fermentation. 

Saccharified  

fruits peels 

Total enzymatic released sugars g.l
-1 Produced ethanol g.l

-1 by yeasts strains 

Pentose sugars* Hexose sugars* Mixed sugars* S. cervisiae K. marxianus Co-fermentation 

Bp 6.08 ± 0.5 22.13 ± 0.3 27.77 ± 0.6 9.19 ± 0.4 7.67 ± 0.6 10.74 ± 0.7 

Mp 5.39 ± 0.3 16.26 ± 0.8 21.13 ± 0.5 5.62 ± 0.3 4.89 ± 0.8 6.75 ± 0.6 

Wp 5.26 ± 0.2 14.47 ± 0.5 19.56 ± 0.2 6.07 ± 0.6 5.36 ± 0.2 7.35 ± 0.3 

Op 4.08 ± 0.6 
12.05 ± 0.2 

15.97 ± 0.8 
4.45 ± 0.3 3.89 ± 0.5 

5.31 ± 0.4 

The values are mean of three replicates ± standard deviation 

*Pentose, hexose and mixed sugars (as xylose, glucose and with fructose mixture, respectively).  
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(▲ S. cervisiae ● K. marxianus ■ Co-fermentation ) 

 

SDS-PAGE protein profile of A. niger, P. chrysosporium and its co-cultivation 
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Abstract 

Agri-food sector is the key element for the economic and social development of the European countries(Eurostat, 2017). Two of 
the main European activities, wine and table olive industries(Figure 1), generate a vast amount of processing wastes. 

 

 

Figure 1:Representative wine and table olive producing European countries. 

Source: International Organisation of Vine and Wine, 2017; International Olive Council, 2018 

 

Wine production in Europe is estimated to produce annually 6 × 109 kg of the lignocellulosic by-product grape pomace (García-
Lomillo & González-SanJosé, 2017; International Organisation of Vine and Wine, 2017). White grape pomace, the leftover of white 
wine production, is rich in sugars (60%-80%, on a dry mass basis) and dietary fibers (20%-30%, on a dry mass basis). Currently, 
white grape pomace is commercially used as raw material in the production of spirits and tartaric acid, while some valorization 
attempts toward the recovery of phytochemicals and the generation of bio-based products via fermentationhave been employed in the 
literature (Papadaki & Mantzouridou, 2019). 

 

Spanish-style processing, which is the most widespread table olive manufacturing method, generates about 2 × 109m3 of polluting 
green olive processing wastewaters at a European level(International Olive Council, 2018; Papadaki & Mantzouridou, 2016). 
Commonly, these streams are either stored in evaporation ponds or disposed of in the environmental compartments. Up to now, most 
of the research is focused on the detoxification of the streams via physical, chemical or biological treatment. The implementation of 
the biorefinery strategy to exploit the effluents for the production of added-value products is limited to lactic acid and methane-rich 
biogas production via microbial fermentation due to the nutrient unbalance and toxicity of the streams(Papadaki & Mantzouridou, 
2016; Papadaki, Tsimidou, & Mantzouridou, 2018). 



485 
 

 

The prospect of utilizing white grape pomace and green olive processing wastewaters as raw materials in an integrated biorefinery 
approach is expected to offer economical, environmental and social benefits in the aforementioned small- and medium-sized 
enterprises (SMEs).The fact that both streams are generatedduring the same period of the year and the respective industries located 
usually in the same geographical area and in short distance among each other enables the waste synergy possibilities between the 
SMEs for the manufacture of food ingredients. To this direction, we have proposed a novel multi-productbiorefinery scheme for the 
valorization of the streams toward the production of citric acid and hydrolytic enzymes of high industrial importance (Figure 2). 

 

 

Figure 2:Biorefinery approaches for green olive processing wastewaters and white grape pomace toward citric acid and hydrolytic enzymes 
production with the concomitant wastewater detoxification. 

Source: Papadaki & Mantzouridou, 2019; Papadaki, Tsimidou, & Mantzouridou, 2018 

 

As indicated in our recent study(Papadaki & Mantzouridou, 2019), the green-olive processing wastewaters were enriched with the 
soluble sugars of white grape pomace by simple mixing and the sugar-enriched wastewater (111.5 g/L of sugars, initial pH value 5) 
was used as a substrate for citric acid production by the hyper-producing strain Aspergillus niger B60. Maximum citric acid 
production (83 g/L) and yield 0.54 g/gwas recorded in liquid surface culture after minimum supplementation of the enriched 
wastewater with sucrose (100 g/L) and ammonium nitrate (1.1 g/L). The process was competitive to those reported using otheragro-
industrial wastewaters (molasses, spent grain liquor, cheese whey) as fermentation feedstocks.The effectiveness of A. niger B60 for 
the rapid degradation of simple phenols present in Spanish-style Chalkidiki green olive processing wastewaters(Papadaki, Tsimidou, 
& Mantzouridou, 2017; Papadaki, Tsimidou, & Mantzouridou, 2018), was verified in the presence of sugars (phenolic content and 
chemical oxygen demand value decrease of 64% and 78%, respectively). The lignocellulosic solid residue after the recovery of sugars 
from white grape pomace, rich in dietary fibers (~70%, on a dry mass basis),wasused as a feedstock for the production of hydrolytic 
enzymes via solid state fermentation by recycling the fungal mycelium from the citric acid process. Findings are discussed to support 
clustering of table olive and wine industries in an efficient and sustainable way. 
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Abstract  

 The projected depletion of fossil fuels and the deterioration of environment have fostered research towards the utilization of 
alternative sources of energy and chemicals. Promising feedstocks could be the biomass from non-edible crops, agricultural and 
forestry residues and food industry wastes. Within the “biorefinery” context, a “whole biomass” valorization approach is described in 
this work, as outlined in Figure 1, towards the production of value added chemicals and fuelsunder “green” process conditions. 

 The first step in the efficient valorization of lignocellulosic biomass is the pretreatment which aims at the fractionation into 
its main structural components: cellulose, hemicellulose and lignin. The fractionation could be achieved via the hydrothermal 
treatment in pure water, a “green” process (without organic solvents and catalysts) which can be applied to a wide variety of 
feedstocks (grapevine/olive tree/poplar prunings, almond shells, apricot kernels, etc.), leading to hemicellulose removal and a 
cellulose-lignin pulp(Christos K. Nitsos, Choli-Papadopoulou, Matis, & Triantafyllidis, 2016; C. K. Nitsos, Matis, & Triantafyllidis, 
2013). The composition of the recovered fractions can be controlled by the severity of the process, in terms of time and temperature: 
Moderate treatment severities resulted in high concentration of xylose in the liquid product while higher severities were proved to 
enhance the conversion of xylose towards furfural and formic acid. In a next step, lignin can be extracted from the pretreated biomass 
under mild conditions with solvents which can be recovered, leaving a cellulose rich pulp (C. Nitsos, Lazaridis, Mach-Aigner, Matis, 
& Triantafyllidis, 2019). This combined pretreatment-extraction method could provide the three different streams of the main 
components of lignocellulosic biomass. 

 The liquid fraction obtained after the hydrothermal pretreatment of biomass is rich in hemicellulose oligomers (xylose/xylan) 
as well as furfural and can be converted into 2-methylfuran and 2-methyltetrahydrofuran via catalytic hydrogenation process in 
presence of supported metal (i.e. Ni, Pd, Pt) catalysts and H2 gas and/or hydrogen donor solvents. Indicatively, high furfural 
conversion (>90%) and high selectivity to 2-methylfuran was observed with monometallic catalysts supported on carbon(Wang, 
Prinsen, Triantafyllidis, Karakoulia, Trikalitis, et al., 2018; Wang, Prinsen, Triantafyllidis, Karakoulia, Yepez, et al., 2018). The main 
products of the process, 2-methylfuran and 2-methyltetrahydrofuran, can be used as platform chemicals, fuel additives and resins 
additives. 

 The cellulose-rich pulp obtained after the lignin removal can be easier hydrolyzed to glucose in presence of enzymes. Then, 
the produced glucose can be converted to ethanol via fermentation. Alternatively, in a one-step process the cellulose-rich pulp can be 
converted into sugar alcohols/polyols via catalytic hydrolytic hydrogenation reactions(Lazaridis et al., 2017). High conversion (96%) 
of commercial cellulose and high selectivity to sugar alcohols was achieved under mild reaction conditions with monometallic 
catalysts supported on carbon. Sugar alcohols and polyols are considered to have important applications in food, pharmaceutical, 
polymer and fuel industry. 

 Finally, lignin can be used without modification as additive in resins or can undergo conversion to phenolic compounds 
which can be utilized in phenol-formaldehyde resins, polymers and composites. Lignin can be converted via catalytic fast pyrolysis or 
catalytic hydrogenolysis into high value added chemicals. The catalytic fast pyrolysis of lignin may provide a bio-oil containing alkyl-
phenols, mono-aromatics (BTX) and PAHs whilethe catalytic hydrogenolysis a bio-oil rich in alkoxy-phenols and some aliphatics and 
esters(Lazaridis, Fotopoulos, Karakoulia, & Triantafyllidis, 2018). The composition of lignin bio-oil produced either via catalytic fast 
pyrolysis or catalytic hydrogenolysis depends on the biomass feedstock and the catalysts used in the reaction. 

mailto:ktrianta@chem.auth.gr
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 In this work, an overview of previous results of our group, as well as new experimental data obtained under the frame of 
INVALOR project (Research Infrastructure for Waste Valorization and Sustainable Management -Exploitation of waste and by-
products of industrial and agro-industrial activities aiming at the saving of raw materials and the sustainable production of chemicals, 
fuels and materials) focusing on the valorization of agricultural/food industry waste (i.e. grape and olive tree prunings, apricot and 
peach kernels, etc.), will be presented and discussed. 

 

 

 

Figure 1:Holistic approach for the valorization of lignocellulosic biomass. 
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Abstract: 

The production of renewable liquid fuels for transport has attracted international research and market interest in line with the 
ambitious 2020 and 2030 energy and climate targets set by the European Union (EU) policy, considering the increasing global 
demand for their fossil counterparts and the resulting environmental impact. On this basis, the utilization of non-food/feed biomass is 
promoted, while the most promising bio-chemical and thermo-chemical value chains for biofuels production have been prioritized by 
the European Industrial Bioenergy Initiative [EIBI], under the Strategic Energy Technology [SETIS] Plan, listing pyrolysis among 
them.Pyrolysis of biomass is a fundamental thermochemical technology. However, pyrolysis bio-oil is very unstable due to its acidity, 
high oxygen content and high concentrations of heavy compounds. Therefore, bio-oil upgrading is essential in order to be used as 
transport fuel. Toward this direction, hydrotreatment (HDT) and in particular hydrodeoxygenation (HDO) is a good perspective to 
address the challenge [Yang Z. et al. 2015].This work investigates the potential of bio-oil upgrading via mild-hydrotreatment to 
produce high added-value refinery intermediate products. 

 

In this study, ablative flash pyrolysis bio-oil was used as feedstock, which was produced from barley and wheat straw 50/50 w/w 
[Schulzke T. et al. 2016]. Towards its assessment as a potential feedstock, the flash pyrolysis bio-oil was analyzed, the key properties 
of which are presented in Table 1. This ablative flash pyrolysis bio-oil is characterized by high density and an extended distillation 
curve which denotes the presence of large molecules. Moreover, its high oxygen content is attributed to the increased acidity (Total 
Acid Number-TAN) and dissolved water. Therefore, an upgrading step is necessary to transform this oxygenated heavy feedstock to 
higheradded-value liquid with the potential to be used within a refinery. The main target of the upgrading technology is oxygen 
removal as well as cracking of heavy molecules. For this study, a custom made NiMo/Al2O3–type hydrotreating catalystwas employed 
made by Ranido for the BioMates project.All experiments were carried out in a small pilot hydroprocessing plant of the Chemical 
Process and Energy Resources Institute (CPERI) of the Centre for Research and Technology Hellas (CERTH).During the study, three 
reaction temperatures were investigated (300°, 330° and 360°C). 

 

Table 1:Bio-oil properties 

Properties Units Value Analysis Method 

Density at 15°C gr/ml 1.024 ASTM D-4052 

Sulfur wppm 1183 ASTM D-5453 

Hydrogen wt% 8.32 ASTM D-5291 

Carbon wt% 53.92 ASTM D-5291 

Oxygen wt% 37.64 Calculated 

H2O (dissolved) wt% 21.86 ASTM D-1744 

TAN mgKOH/g 79.92 ASTM D-664 
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The main premise of this study was to evaluate the effect of temperature (300°, 330° and 360°C),while all the other operating 
parameters were remained constant (pressure: 1000 psi, LHSV: 1hr-1 and H2/Oil ratio: 5000 scf). 

 

Table 2:Operating experimental window 

Parameter Units Condition 1 Condition 2 Condition 3 

Temperature °C 300° 330° 360° 

Pressure psi 1000 1000 1000 

LHSV hr-1 1 1 1 

H2/Oil Scf 5000 5000 5000 

 

The representative product sample was collected during the last day of each condition and analyzed in detail. The catalyst clogging 
and deactivation was daily monitored by the reactor ΔP and the sulfur content in the liquid product. It should be mentioned that the 
total liquid product consisted of an organic and an aqueous product (resulting from HDO reactions) as shown in Figure1.The two 
products were separated via sedimentation and the organic product was analyzed as the main product.The properties of the organic 
product of each condition are depicted in Table 3. It is observed that the second aqueous phase yield ranged from 38 to 40 v/v % of 
the total liquid product, depending on the reaction temperature tested, and corresponds to the efficiency of hydrogenation reactions 
rendering water formation.  

 

 

Figure 1:Liquid products of conditions 1, 2 and 3 including both organic and aqueous phases 

  

Cond. 1 Cond. 2 Cond. 3
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Table 3:Product properties of each condition 

Properties Units Condition 1 Condition  2 Condition 3 

Density gr/ml 0.970 0.920 0.916 

Sulfur wppm 469 341 792 

Hydrogen wt% 11.03 11.68 11.41 

Carbon wt% 84.02 85.79 86.81 

Oxygen wt% 4.90 2.49 1.70 

H2O dissolved wt% 0.090 0.025 0.001 

H2O 2nd phase v/v % 40.4 40.5 38.6 

TAN mgKOH/g 2.77 0 0.01 

Cetane index - 28.1 35.2 32.9 

Kin. Viscosity cSt 61.9 8.9 4.9 

 

According to the products  qualitative analysis of all operating conditions tested (Table 3), the main target of hydrodeoxygenation i.e. 
oxygen and water removal from initial bio-oil feedstock, was successfully achieved. It is evident that the reaction temperature favors 
the HDO and cracking reactions. Furthermore due to the high oxygen removal extent, the product acidity (TAN) is very low, 
particularly for the two higher testing temperatures. The conversion and diesel selectivity of the three testing conditions is juxtaposed 
in Figure 2, revealing that the mild-hydrotreated products have ~40% diesel-like molecules, while a significant percentage (30-40%)is 
large molecules. In addition, higher temperatures favor cracking reactions and thus products with lower boiling point are 
produced.Overall, the mild temperatures are preferable from product quality view point and performance of the process. 

 

 

Figure 2:Distillation curve (mass %) of the organic phase of each condition 

 

The proposed technology renders a good quality intermediate feed that could be integrated in an underlying process within a 
conventional refinery. The successful removal of the oxygen and water content from the initial bio-oil feed via the proposed mild- 
hydrotreating process, render this technology as a very promising way to upgrade and promote the use of bio-oil for the production of 
transportation fuels 

 

Keywords: bio-oil, hydrotreatment, pyrolysis, biofuels 
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Abstract: 

Introduction 

Lignocellulosic biomass is an attractive source of fermentable carbohydrates and aromatic compounds, found in the form of lignin, 
which can be converted to a variety of high added value chemicals. These range from aromatic lignin derived compounds for liquid 
transportation fuels and phenolic resins to food additives such as Polyunsaturated fatty acids (PUFAs) and prebiotics to novel 
biocompatible polymers such as poly- lactic acid. Key to successful valorization of biomass is its fractionation towards its 3 main 
building blocks, cellulose, hemicellulose and lignin. Lignin specifically has been found to be a crucial factor limiting the enzymatic 
hydrolysis of biomass by acting as a physical barrier between enzymes and holocellulose. Recently, a new pretreatment method, the 
acetone/water oxidation (AWO), has been developed exhibiting the advantages of wet oxidation such as relatively low temperatures 
and low yield of degradation products while achieving higher lignin removal (Katsimpouras et al., 2017). In this work, several 
different process parameters are investigated in an effort to optimize the fractionation process. The derived cellulose is biochemically 
converted towards PUFAs.PUFAs, especially those with very long chains (LC-PUFAs) such as eicosapentaenoicacid (EPA) and 
docosahexaenoic acid (DHA), have been widely recognized as important bioactive compounds that can be used in the food and 
nutraceutical industry. Microalgae are oleaginous microorganisms that have attracted attention, as they are able to accumulate high 
amounts of LC-PUFAs, when growing in heterotrophic cultures, supported by a carbon source (Santos-Sánchez et al. 2016). At 
present, industrial production of heterotrophic microalgae is hampered by the high costs of glucose. Using lignocellulosic biomass as 
a substrate is a promising strategy for developing a sustainable bio-economy. Despite the challenges of the process, concerning the 
presence of inhibitors and the heterogeneity (hexoses/pentoses) of sugars in the biomass fractions, different substrates, such as rice 
straw hydrolysates (Joe et al. 2015) have been successfully used in heterotrophic and mixotrophic microalgae cultivations for the 
production of lipids. The heterotrophic micro alga Crypthecodinium cohnii is an interesting source medium for DHA production and 
for research on DHA biosynthesis due to its unique fatty acid composition. C. cohnii can accumulate relatively high amounts of lipid 
(>20%), of which 30–50% can be DHA of the fatty acids while no other polyunsaturated fatty acids is present above 1% (de Swarf et 
al. 2003). 

Experimental 

All oxidative organosolv runs took place in a Hastelloy C-276 Parr reactor with a volume of 975 ml. The ratio of biomass to liquid 
solvents was 1/10. The reactor was heated at temperatures between 150 to 175 oC and reaction time was 1 or 2 hours. C. cohnii was 
used as microalgae organism towards the study of the efficient production of omega-3 fatty acids from lignocellulosic biomass. 
Microalgal cells were grown in standing cultures on standard medium containing 9 g/L glucose, 18.7 g/L sea salts and 2 g/L yeast 
extract with the pH of the medium set at 6.5, at 23°C in the dark. The standing cultures were used as inoculum for precultures. Shaken 
flask cultivations (precultures and shaken flask experiments), containing 25 ml medium in 50-ml shake flasks, were carried out at 
27oC, pH 6.5, 160 rpm in a linear shaker. The cultures were inoculated with 10% (v/v) inoculum and incubated for 184h at 27oC. At 
the end of cultivation, cells were harvested, washed, lyophilized, and weighed in order to determine the biomass concentration. 

 

Results and Discussion 

Mixtures of water with different organic solvents such as Acetone (AC), Ethanol (EtOH) and Tetrahydrofuran (THF) were used. Gas 
O2 was used as a mild oxidizing medium that allowed the cleaving of lignin ether bonds and increased the achieved delignification. 
Delignification degree (DD) and cellulose and hemicellulose recoveries in the solid product are presented in figure 1. The organic 
solvents proved to be efficient in different temperature regimes. THF was very efficient removing more than 70% of the lignin at the 
lowest temperature of 150 oC. AC and EtOH on the other hand required higher temperatures to effectively remove lignin, however at 
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the highest temperature of 175 oC they achieved more than 95% DD. What was even more important was the fact that 100% of the 
cellulose was retained in the solid pulp, indicating minimal cellulose degradation. 

The other parameters investigated were time, temperature and initial O2 pressure. Increasing time and temperature had a positive 
effect on the DD while an enhancement of the hemicellulose depolymerization and hence solubilization was also noted. In all cases 
almost 100% recovery of the cellulose in the solid was observed. Use of mineral acids such as H2SO4 typically used in biomass 
pretreatment results in acidic wastes, need for corrosive resistant reactors and degradation products that have inhibitory effect in 
downstream biological conversions. In our work gas O2 successfully replaced homogeneous acidic catalysis.  

 

 

Figure 1:Delignification degree (DD), cellulose and hemicellulose recoveries in the solid pulp after mild oxidative organosolv pretreatment at 150 
oC for 120 min with different solvents. 

 

First, preliminary experiments were conducted using glucose as a carbon source in order to evaluate the effect of different process 
parameters, such as the initial concentration of carbon and nitrogen source and the feeding strategy, on the growth and the 
accumulation of fatty acids. At concentrations above 25 g/L, glucose inhibits growth of C. cohnii (de Swaaf et al 1999) as well as 
lipid accumulation in shake-flask cultures. As shown in Table 1, the lipid content of cells grown on glucose was 41.1% when yeast 
extract was added at a concentration of 2 g/L, whereas cells grown on 4 g/L nitrogen source contained less, 28%. In general, lipid 
accumulation in microorganisms is stimulated by an excess of a carbon source and a limitation in one (or more) of the other nutrients, 
especially nitrogen. The DHA content of the lipids was quite similar (37.1% and 40.4% respectively). The results showed that both 
growth and lipid accumulation are affected when initial glucose concentration is higher, so a fed-batch strategy was chosen for the 
case of lignocellulosic biomass-derived sugars. 
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Table 1:Biomass and total fatty acid (TFA) production by C. cohnii cells in fed-batch cultivation in shake flasks, using either pure glucose (Glc) or 
biomass-derived sugars (BDS), under different conditions of nitrogen source supply (YE: yeast extract). 

Glc 

(g/L) 
YE 

(g/L) 
Additional feeding 

(96h) 

Biomass  

(g/L) 

TFA  

(g/L) 

DHA  

(g/L) 

TFA  

(% of dry 
biomass) 

DHA  

(% of TFA) 

25 2 25 g/L Glc 15.0 ± 1.3 6.1 ± 0.2 2.3 ± 0.1 41.1 ± 2.3 37.1 ± 1.3 

25 4 25 g/lt Glc 20.8 ± 2.6 5.8 ± 0.4 2.3 ± 0.4 28.0 ± 1.6 40.4 ± 3.5 

25 2 25 g/L Glc/2g/L YE 16.1 ± 1.4 4.8 ± 0.1 2.1 ± 0.0 30.2 ± 3.6 43.2 ± 1.4 

50 4 - 17.7 ± 1.0 5.1 ± 0.2 2.1 ± 0.1 28.8 ± 0.6 40.6 ± 2.3 

25*  4* 25 g/L BDS* 9.2 ± 0.7 1.1 ± 0.0  0.5 ± 0.0 22.6 ± 0.2 40.3 ± 0.4 

*lignocellulosic biomass-derived sugars were used as carbon source 

 

The results showed that C. cohnii was able to grow on glucose and other sugars produced from the enzymatic hydrolysis of 
lignocellulosic biomass, although the biomass and the total lipid production was lower compared to that pure glucose feeding. This is 
an indication that not only the carbon source but also the medium composition is important for the accumulation process in C. cohnii. 
Among the factors that could possibly affect the growth and metabolism of microalgae cells is the presence of other sugars except for 
glucose, such as xylose, and the presence of phenolic compounds.  Lipid accumulation and DHA content of the lipids was similar to 
that retained with glucose, reaching 22.6% and 40.31% respectively. Although more experiments need to be conducted in order to 
optimize the whole process, the overall results of this work demonstrate that there is a potential of lignocellulosic biomass to be 
utilized for the production for value-added products, such as DHA and other omega-3 fatty acids, through environmentally friendly 
bioconversion processes. 
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Abstract: 

 

With regard to the great importance of the issue of fossil fuel depletion, many efforts have been made but many more are still needed 
in order to remedy the problem. Since the Industrial Revolution, two numbers (among others) have increased, creating problems for 
future generations: the amount of waste produced and the exploitation of fossil resources. They are closely linked by economic and 
industrial progress, but they must be lowered in order to allow future generations still to meet their needs. In the context of a circular 
economy, waste must therefore be increasingly used as a source of raw material in order to reduce the risk associated with its 
management and combat the exploitation of non-renewable resources. This concept, which is at the heart of the "green chemistry" 
philosophy and of the UN’s “sustainable development goals”, is now the driving force behind the innovations in chemical industry. 

With this in mind, a new process of biogas upgrading has been analysed, with the aim of replacing the current technology that 
involves the recovery of natural gas. The scope of this work is therefore to study and quantify, from a life cycle perspective, the 
environmental performance of a new route for the production of syngas from biogas, derived from the anaerobic digestion of organic 
waste. In order to know if it is able to reduce the environmental impact of the syngas production, this process has been compared with 
two traditional technologies, illustrated in Figure 1: 

 

 

Figure 1: Representation of the three analysed syngas production routes. 

 

The set of reactions that characterize this type of transformations is essentially the same: 

 CH4 + H2O ↔ 3 H2 + CO  Steam reforming 
 CH4 + CO2 ↔ 2 CO + 2 H2 Dry reforming 
 CO + H2O ↔ CO2 + H2  Water gas shift 
 CH4 +  ½ O2 ↔ CO + 2 H2 Catalytic partial oxidation 

Depending on the type of input, the reagents and the reaction conditions, the balances will move towards the most favored product. 
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The three processes shown above use these reactions to obtain a final output in which the H2/CO ratio is equal to 2 (characteristic of 
the syngas which could be used for subsequent processes, as methanol or Fischer-Tropschsynthesis). 

A brief description of the routes is given: 

 Steam/Dry reforming:it is the innovative pathway that involves the use of biogas.The process combines the reaction of steam 
reforming and dry reforming in a single reactor, and is promising for the production of syngas. By modulating the amount of 
steam fed to the reactor according to the composition of the clean-biogas, it is possible to obtain a syngas output with a 
H2/CO ratio similar to 2. Pressure and temperature conditions can be considered similar to those of a classic steam reforming 
reactor, while the amount of steam fed is slightly lower: Steam/CH4 = 2 instead of 3; 

 Two-step reforming: in this configuration, the steam reforming reactor is followed by a second “oxygen-fired adiabatic 
reforming reactor” (similar to an ATR reactor) which, by regulating the input of O2 to the secondary reforming, adjust the 
H2/CO ratio of the output. To ensure that this adjustment of the H2/CO ratio is possible, the output of the steam reforming 
reactor must contain a substantial amount of unreacted CH4, which will be converted into CO in the 2nd reformer, lowering 
the H2/CO ratio. In the first step, in fact, only 35-45% of the reaction takes place and this is achieved by working with low 
steam/CH4 values, low temperature and high pressure; 

 ATR reforming: it is a combination of partial oxidation with oxygen and steam reforming reaction. The starting reagent is 
natural gas, which is sent to a reactor with two regions: a turbulent combustion zone where the partial oxidation of CH4 
occurs and a catalytic zone where heterogeneous catalytic reactions (water gas shift and steam reaction) take place. By 
adjusting the steam/oxygen ratio inlet, it is possible to adjust both the composition of the output syngas and the temperature 
profile inside the catalytic bed, avoiding dangerous hotspots (which are one of the problems of the partial oxidation). 

 

Two-step reforming and ATR reforming are processes already set at industrial level and applicable for the production of syngas from 
natural gas, so a possible use of biogas would require, upstream, a process of separation of CO2 that would cause the use of only 50% 
of the potential of the resource. Using steam/dry reforming, on the other hand, the CO2 content of the biogas is valued through the dry 
reforming reaction, overcoming its main disadvantages thanks to the presence of steam, which raises the H2/CO ratio of the syngas 
and reduces the formation of carbon on the surface of the catalyst, increasing its life time. Moreover, with this conformation it is 
possible to operate using only one reactor (compared to two-step reforming) and it is not necessary to use compressed oxygen (two-
step reforming and/or ATR) which, besides increasing the operating cost of the plant, also creates problems on its safety. 

Since the Steam/Dry reforming process is still in the development phase, it was necessary to estimate the energy requirements of this 
scenario to make it comparable with the other two. A process simulation was carried out using Aspen Hysys software and system 
boundaries consistent with those of the other scenarios were obtained. 

In order to perform the comparison,a LCA (Life Cycle Assessment) methodology has been used as a scientific tool of analysis and 
evaluation of the potential impacts of each scenarios. LCA allows the evaluation of the environmental weight associated with the 
entire life cycle of a product or a process, in our case evaluating the impact of the production of 1 m3 of syngas through three different 
pathways. Once the material and energy balances of the system have been defined, a model is built and analyzed using the SimaPro 
software (v. 8.5) and the Ecoinvent database (v. 3.1). The environmental impact of the emissions and the consumption of resources of 
each scenario have been respectively assessed using the ReCiPe and CED methods, providing results that take into account the entire 
life cycle of the processes. 

 

Keywords: Biogas, Life Cycle Assessment,Steam/Dry reforming, ATR reforming, Syngas 
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Abstract: 

The current strategic framework for a Resilient Energy Europe, having set ambitious 2020 and 2030 energy and climate targets, calls 
for energy security, a decarbonized economy and a fully-integrated and competitive European energy market. Toward this direction 
the European Industrial Bioenergy Initiative, launched under the Strategic Energy Technology Plan, prioritized pyrolysis technology 
among the most promising ones. Therefore, international research is being conducted on developing and further validating strategies 
and innovative technological “Green and Sustainable” pathways that will overcome techno-economic limitations associated with the 
valorisation of pyrolysis bio-oil, as an alternative and renewable transport fuel. In this respect, pyrolysis bio-oil refinery integration 
appears to be of great perspective. The study is part of “BioMates” Horizon2020 research and innovation EU project, aspiring in 
combining innovative 2nd generation biomass conversion technologies for the cost-effective production of reliable, advanced, bio-
based intermediates that can be further upgraded in existing oil refineries as renewable and reliable co-feedstocks.  

The main premise of this study is to overcome the key technological challenges of co-processing refinery intermediates with the 
newly developed bio-based intermediates, i.e. hydrotreated pyrolysis bio-oils (BioMates). Toward this direction, phase bahavior and 
fuel propertiesof HDT-Bio-oil and refinery intermediates have been evaluated to: (a) indicate the physicochemical relativity 
betweenthe liquids that will form the mixtures and (b) show the effect of HDTBio-oil addition to the refinery stream, in the 
underlying process.In this frame, the homogeneity of the two types of feedstocks is initially assessed via a miscibility study, as a pre-
screening step of the candidate refinery intermediate for the co- hydroprocessing study that will follow. The following refinery 
streams have been selected and investigated as potential candidates for co-processing with HDT-Bio-oil: Straight Run Distillate 
Diesel (SRGO); Atmospheric Gasoil (GASOIL); Light cycle oil (FCC LCO); Heavy cycle oil (FCC HCO); Light vacuum gas oil 
(LVGO).As part of the methodology, the different samples were microscopically “scanned” in orderto observe the phase appearance 
over different locations. Three sets ofanalysis under optical microscope took place, to evaluate the homogeneityover different sample 
locations. The miscibility of bio-oil with the 5 different refinery streams was comparatively assessed (Figure 1).Among the candidate 
refinery streams, Light Cycle Oil (LCO) was identified as the most compatible feedstock. The images of HDT-Bio-oil+LCO (30/70) 
sample were comparable to those of HDT-Bio-oil.Waxy, heavycompounds that exist in HDT-Bio-oil have been transferred to 
themixture. 
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Figure 1:Microscope analysis images of HDT-Bio-oil, selectedpetroleum fractions and their (30/70) mixture,respectively(magnification level for 
light microscopyimages: 20; camera’s magnification: 10) 

Source: Adopted from Manara et al., 2018, p. 311. 

LCO is the product of the Fluid Catalytic Cracking (FCC) unit, which is conventionally subjected to hydrotreatment (HDT) in order to 
reduce its sulphur levels and to saturate aromatics thus increasing its cetane number. Therefore, the present study further investigated 
the compatibility of LCO with BioMates towards downstream co-hydroprocessing, intended within existing petroleum crude oil 
refineries.Table 1 presents the properties of HDT-Bio-oil, LCO (as received) and their (30/70) mixtures. 

 

 

 

Table 1:Properties of HDT-Bio-oil, petroleum intermediates (as received) and their mixtures. 

 Properties  Units  Method HDT-Bio-oil FCC-LCO HDT-Biο-oil + LCO 

Surface tension dynes/cm ASTM D1331 31.3 30.5 30.1 

Density (15 °C) kg/m3 ASTM D4052 1011.3 929.2 957.1 

Kin. viscosity (40 °C) cSt   D 445 45.4 6.9  

C  wt%   75.01  88.41* 84.41 

         H  wt% ASTM 9.64  9.10* 9.32 

         N  wt% D-5291 0.99 0.05* 0.29 

   O** wt%  13.40 0.19 3.96 

S wt% ASTM D 4294 0.96 2.25* 2.02 

Water wt% ASTM D95 3.72   

RI   ASTM D1218 1.52 1.55 1.54 

*Estimations based on BP data and literature. 

**Calculated by difference. 

Source: Adopted from Manara et al., 2018, p. 311. 

 

The boiling range distributions for HDT-Bio-oil and LCO are presented in Figure 2. 
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Figure 2:Distillation curve of HDT-Bio-oil and FCC LCO. 

Source: Adopted from Manara et al., 2018, p. 311. 

 

HDT-Bio-oil resembles the properties of FCClight cycle oil (LCO). The experimental analyses of surface tension, density, viscosity, 
elementalcomposition, RI and boiling point distribution reveal good matches for the binary blend.Co-hydrotreatment of the referenced 
mixture of BioMates and LCO is furthermore investigated, in a next step, in a continuous hydroprocessing pilot-plant, following a 
detailed multi-parameter hydrotreatment testing protocol that targets to formulate the optimal operating window (e.g. temperature, H2 
partial pressure).The current study particularly targets to constitutea stepping stone towards further analyses and future directionsfor 
hydrotreatment of candidate mixtures at continuous, industriallyrelevant processes.The binary blend of HDT-Bio-oil and LCO 
presents increased homogeneity. Reaction pathways’ investigations and in detailmulti-parameter hydrotreatment testing will formulate 
the operatingwindow (e.g. temperature, pressure, catalyst) and finalize the proposedstrategy for successful operation. 

 

BioMates has received funding from the EU’s H2020 research and innovation programme (grant agreement 727463). 
This abstract reflects only the authors' view. The agency INEA is not responsible for any use being made of the 
information it contains. 

 

Keywords: Bio-oil, refinery integration, refinery intermediates, co-hydrotreatment 
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Abstract  

 
The storage properties of fuels are critical, considering the introduction of new fuels into the markets and their successful 
commercialization, as well. Pyrolysis bio-oil is a potential renewable energy source that can be utilized as an alternative transportation 
fuel (Chen et al., 2014, Yang et al., 2015). Towards this direction the combination of the ablative fast pyrolysis of straw and 
miscanthus followed by single-stage mild catalytic hydroprocessing in order to produce a hydrotreated bio-oil that can be used as bio-
based intermediate in the refinery is being explored. With this in view, the hydrotreated bio-oil product stability was studied during an 
extended 12-month storage period in an attempt to define its storage guidelines. In particular, the present study aims to provide 
specific guidelines for the extended storage of thehydrotreated bio-oil monitoring its quality variation and to elucidate its ageing rates 
under accelerated oxidation conditions (temperature, air effect, metal parts).  

For the purposes of the extended storage study the hydrotreated bio-oil produced fromstraight-run ablative fast pyrolysis of straw was 
stored at CERTH for 12 months at a plastic container outdoors under a shed at atmospheric temperature without exposure to sunlight 
(Figure 1). The weather conditions in Thessaloniki during the storage study were mild, having a rather soft winter and a not very hot 
summer (average annual temperature was ~16 °C). During the storage period, samples were taken on a monthly basis and the storage 
stability was studied with respect to total acid number (TAN, ASTM D 664) and water content (WC, ASTM D 1744).  

 

Figure 1 : Samples of the hydrotreated bio-oilduring the 12-month storage study 

The stability of the hydrotreated bio-oil was also accessed via accelerated ageing tests aiming to determine the effect of variant 
parameters (temperature, contact with air and with metal parts) on its quality and to form a comparison degradation basis between 
ambient extended storage and accelerated oxidation. The hydrotreated bio-oil accelerated ageing tests were performed employing the 
fuels thermal-ageing apparatus enabling the accelerated and prolonged ageing of conventional fuels, biofuels and their blends under 
controlled laboratory conditions. Specifically, the hydrotreated bio-oil was accelerated aged at 60°C and 80°C for 6 h with and 
without air effect (100 ml/min). The oxidized samples were first analysed for their homogeneities to see whether phase separation had 
occurred or not and then the WC was measured. Furthermore, these identified accelerated conditions were employed for the 
investigation of the effect of metal contaminant (stainless steel) on the hydrotreated bio-oil stability. 

Figure 2shows the monitored properties of the hydrotreated bio-oil during the 12-month study period. As it is observed, the TAN 
values of the hydrotreated bio-oil during the storage study did not present noticeable variation, indicating that there is no increase in 
the acidity. This trend of bio-oil ageing during storage has been reported in the literature (Chen et al., 2014).  

However, the hydrotreated bio-oil WC followed a steadily increasing trend indicating presumably reactions that generate water (e.g. 
esterification reactions results to the formation of water) (Chen et al., 2014) until the 5th month of the storage period and then 
significantly fluctuated until the end of the study. So, the hydrotreated bio-oil storage is proposed for a maximum period of 5 months, 
with the prerequisite to regularly monitor its quality characteristics via WC analysis. Furthermore, we expect that the storage of 
hydrotreated bio-oil in climatic conditions similar or rather colder to Thessaloniki in Greece would not cause more severe 
degradation. 

 

1 2 3 4 5 6 7 8 9 10 11 121 2 3 4 5 6 7 8 9 10 11 12
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Figure 2: WC and TAN of the hydrotreated bio-oilduring the extended storage study 

Figure 3presents the difference of the WC of the hydrotreated bio-oil before and after its accelerated oxidation (ΔWC/Δt expressed in 
mg/kg/h). As it is shown, the WC increase could be an evidence of polymerization reactions (i.e. esterification) during the accelerated 
oxidation of the hydrotreated bio-oil (Hilten and Das, 2010). The conditions identified for the hydrotreated bio-oil accelerated ageing 
involve heating at 80°C for 6 h, based on the WC increase of the oxidized samples compared to the WC increase of the samples that 
were stored for 12 months. Thereupon, these accelerated conditions could be applied in an attempt to simulate the hydrotreated bio-oil 
degradation after one year at ambient storage conditions. The addition of a metal part resulted also in a considerable ΔWC/Δt increase 
of the hydrotreated bio-oil. 

 

Figure 3 :ΔWC/Δt of the hydrotreated bio-oilat different accelerating conditions 

Conclusively, this study investigated the hydrotreated bio-oil stabilization and its storage guidelines. Based on the results, the 
proposed storage guidelines involve a maximum storage period of 5 months in ambient temperature without exposure to sunlight prior 
its utilization as refinery intermediate. During the storage period it is recommended to systematically monitor the hydrotreated bio-
oil’s quality variation (WC analysis is proposed). Furthermore, considering the accelerated ageing tests of the hydrotreated bio-oil, the 
accelerated ageing at 80°C for a period of 6 h resembles its quality deterioration after ~ 5 months of storage at ambient temperature. 
The WC increase of the accelerated aged hydrotreated bio-oil reveals potentially ageing reactions (i.e. esterification), whereas the 
other accelerated conditions investigated involving air effect and metal contaminant resultedalso to forceful oxidation.  

Keywords: hydrotreated bio-oil, storage study, stability guidelines 

 

BioMates has received funding from the EU’s H2020 research and innovation programme (grant agreement 727463). 
This abstract reflects only the authors' view. The agency INEA is not responsible for any use being made of the 

information it contains.  
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Fifty shades of green chemistry 
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LaMilCo Consultancy, Groningen, the Netherlands 

 

In the 21st Century, mankind is still addicted to fossil fuels. Growing climate change and global warming concerns, in spite of 
scepticism in some areas, are driving efforts to switch to renewables worldwide. The latest ‘hype’ seems to be circular economy. 
Numerous symposia on this topic have been held lately, in Europe and elsewhere, combining concepts like sustainability, recycling, 
waste minimization, zero carbon emission, smart grid, cradle-to-cradle, urban mining and so on. The search for ever more efficient 
electricity generating and storing systems using non-toxic, widely abundant elements and materials is essential for a successful energy 
transition. Carbon capture and storage might help restore the Earth’s carbon balance; excess electricity from renewable sources could 
be used to produce ‘solar fuels’ from captured CO2 that can replace fossil fuels in their current use, or even can be stored in the 
Earth’s crust. Excess electricity could also be used for the desalination of sea water to produce fresh water and harvest valuable 
elements. 

 

Chemists have always had a leading role in exploring and utilizing energy sources. Fossil fuels have been great base material for 
(organic) chemists, leading to many kinds of useful materials and products like polymers and medicines. Nowadays chemists are 
facing a new challenge: to use their skills and knowledge to establish a really sustainable society that can be preserved for many 
generations to come. A specific term for this kind of chemistry has evolved: Green and/or Sustainable Chemistry.  

 

Actually, all chemists who are willing to take a Oath for Scientists, are Green Chemists by definition. Don’t we all aim for a better, 
sustainable world? Of course, there will always be exceptions to the rule, but they remind us even more of our moral responsibility 
towards humanity, nature and planet.Many chemists claim to act in a green and sustainable way, but how green are they really? The 
author will discuss the ‘greenness’ of some great chemists from the past and hold a mirror to the audience to explore their respective 
shades of green chemistry. 

 

 

 

Keywords: green chemistry, sustainability, definitions, analysis  
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Introduction 

Glycerol can be converted to 1,2-propanediol via hydrodeoxygenation(HDO) reaction, a catalytic process which involves C-O bond 

cleavage and simultaneous hydrogen addition. The most common way to proceed glycerol HDO to 1,2-propanediol is by adding 
external hydrogen (Dasari et al., 2005). However, the requirement for an external H2 supplyis one of the major drawbacks of this 
process. An alternative promising option is the in-situ hydrogen production directly in the active sites of the catalyst and its 
consecutive consumption for HDO. Within this context two different approaches have been explored: the HDO of glycerol with H2 
produced via aqueous phase reforming (APR) of a part of glycerol  (Freitas et al., 2018) and glycerol HDO through hydrogen transfer 
reactions (CTH – catalytic transfer hydrogenation), using a hydrogen donor molecule (alcohols, formic acid) (Gandarias et al., 2012). 

This study refers to 1,2- propanediol formation via glycerol HDO using methanol as H2 donor. The required H2 is in-situ formed via 
methanol reformation in liquid phase (APR), over the same catalyst as in HDO and under identical conditions (Lemonidou et al. , 
2013). In previous studies of our group(Vasiliadou et al., 2015, Yfanti et al., 2016), Cu:Zn:Al catalyst proved to be an efficient 
material for the combined reaction cycle of methanol APR and glycerol HDO, showing 76% 1,2-PDO yield under inert conditions and 
short reaction times. The present work aims at investigating the liquid phase glycerol HDO mechanism and kinetics, over Cu:Zn:Al 
catalyst. 

 

Experimental 

The Cu:Zn:Al catalyst (49:26:3.5 wt%) was prepared using the oxalate gel co-precipitation method.The catalytic tests were conducted 
in an autoclave reactor.The reaction was typically conducted under the following conditions: 250°C, 3.5 MPa initial N2 pressure, 
mglycerol / mcatalyst = 2.4, a feedstock mixture of: 30 v/v% methanol, 11 v/v% glycerol and water, 1h of reaction time. Before reaction, 
the catalyst was reduced at 420°C for 2hr, in flowing mixture of H2/N2. Spectroscopic tests employing in-situ React-IR of glycerol 
HDO and in-situ DRIFTS of methanol adsorption were conducted to study reaction progression and elucidate the reaction steps. The 
effect of various operating conditions (reaction temperature, reaction time, catalyst weight, glycerol and methanol concentration) on 
the reaction rates was investigated in the kinetically controlled regime. 

 

Results and Discussion  

In–situ DRIFTS of adsorbed methanol indicate that methanol reforming proceeds via sequential methanol dehydrogenation to CO and 
further conversion to CO2 via water gas shift reaction. However, methanol's consumption rate is constrained by high surface coverage 
of glycerol in consequence of the stronger adsorption of glycerol on the same active sites. The main routes of glycerol HDO are 
presented in Figure 1. The first step of glycerol HDO (dehydration or dehydrogenation) depends on H2 availability as evidenced from 
mechanistic and in-situ IR spectroscopy tests. Glycerol mainly dehydrates directly to hydroxyacetone (HA), however, under ‘‘poor” 
hydrogen conditions that is low methanol/glycerol molarratio, glycerol dehydrogenates following the glyceraldehyde’s route. In both 
cases hydroxyacetoneis formed,which is further hydrogenated to 1,2-propanediol, the main reaction product. In parallel to 1,2-
propanediol formation, direct hydrogenolysis of glycerol to ethylene glycol (C-C bond cleavage) also takes place, though at low 
extent.In addition, 1-propanol and ethanol are also formed (with selectivity lower to 1%) via further hydrodeoxygenation reactions of 
1,2-propanediol and ethylene glycol, respectively.(Yfanti and Lemonidou, 2018) 

mailto:*alemonidou@cheng.auth.gr
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Figure 1. Glycerol hydrodeoxygenation pathways 

 

 

Based on the above results, a simplified reaction scheme of four routesleading to the formation of hydroxyacetone, 1,2-propanediol, 
ethylene glycol and hydrogen was considered in the kinetic study (Yfanti et al., 2018). The elementary reactions that describe the 
above four reaction steps, are presented in Table 1. Based on linear relation between active copper area (m2 gCu

−1) and methanol as 
well as glycerol reaction rate, it is considered that, all the reactions take place on metallic copper (Cu0) surface, the active site.A 
Langmuir–Hinshelwood-type kinetic model which was solved utilizing the Matlab R2010a software, was found to accurately describe 
the reaction steps. The experimental results byvarying the reaction time (0–75 min) and the temperature (200–270 ˚C) were used in 
order to determine the value of the intrinsic reaction parameters.As evident in Figure 2, the fitting between experimental and predicted 
data is satisfactory. The formation of 1,2-propanediol (glycerol dehydration to hydroxyacetone(Εa=87 kJ/mol) and consecutive 
hydrogenation to 1,2-propanediol (Εa=68.4 kJ/mol)) is the main reaction of the combined system, while C–C bond cleavage reactions 
to ethylene glycol (Εa=82.2 kJ/mol) is not promoted by the Cu:Zn:Al catalyst. The validation of the kinetic model was also 
investigated by applying it to independent tests withvarying glycerol (from 1 to 5 wt%) and methanol (from 7 to 30 wt%) initial 
concentrations, and the resultsshowed that the model adequately describes the combined reaction cycle for different operating 
conditions, when the system is in excess of hydrogen formed via methanol APR. 
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Figure 2: Experimental (points) and predicted (lines) values of 
reactants and products outlet concentrations as a function of 
reaction time. 

 

 

Table 1. Elementary reactions 
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1st step - 
H2 formation 

H2O +* ↔  H2O*  (KH2O) 
H2O* +   * ↔  OH* + H* (KOH) 
CH3OH +  * ↔  CH3OH* (KCH3OH) 
CH3OH*  +  *    →   CH3O* + H* 
CH3O*     +  *    →   CH2O* + H* 
                            :    
CO*  +   OH*    →   H*  +  CO2 

(k1) 

2H*↔  H2 + 2* (KH2) 
2nd step - 
Hydroxyacetone 
formation 
 

G  +   *↔ G* (KG) 
G* +   * →  HA* + H2O* (k2) 
HA*↔ HA + * (KHA) 

3rd step – 
1,2-propanediol 
formation 

HA* +  H* ↔  HAH* + * (KHAH) 
HAH* +  H*  ↔  1,2-PDO* + * (k3, K3) 
1,2-PDO* ↔  1,2-PDO + * (K1,2-PDO) 

4th step –  
Ethylene glycol 
formation 

G*  + H*    →  GΗ*  + * (k4) 
GΗ*  + H*    →    ΕG*  + CH3OH*  
EG*               ↔  EG + * (KEG) 

*=active site, G=glycerol, 1,2-PDO=1,2-propanediol, EG=ethylene 
glycol, HA=hydroxyacetone, H =hydrogen 

0 10 20 30 40 50 60 70 80

0,0

0,5

1,0

1,5

50

52

54

56

58

60

glycerol

hydrogen

reaction time, min

co
n

ce
n

tr
a

ti
o

n
, 

m
o

l 
L-1

 g
-1 ca

t

methanol

 

0 10 20 30 40 50 60 70 80
0,0

0,1

0,2

0,3

0,4

0,5

0,6

co
n

ce
n

tr
a

ti
o

n
, 

m
o

l L
-1

 g
-1 ca

t

ethylene glycol

hydroxyacetone

1,2-propanediol

 

 

 

reaction time, min



508 
 

Alternative feedstock for the production of 2nd generation biodiesel: The case of Greece  

 

Michailof C.1*, Sountourlis M.2, Marianou A.1, Karakoulia S.1, Yfanti V.L.1, Lemonidou A.1, Lappas A.1 

 
1Chemical Process and Energy Resources Institute, CERTH, GR 57001, 6th km Charilaou-Thermis, Thessaloniki, Greece 

2 Newenergy S.A., Paralimni, GR 62100, Serres, Greece 
 

Abstract: 

Biodiesel is an important alternative renewable fuel as it is environmentally friendly, non-toxic and has loweremission gases when 
used for combustion. However, the high cost of feedstock for biodiesel productionremains a barrier to its further widespread use. 
Additionally, the biodiesel production is accompanied by voluminous by-products (soapstock, fatty acids, glycerine) that affect its 
final market price. Therefore, the development of novel processes that may integratealternative feedstock sources and the proper 
valorisation of its by-products towards valuable chemicals are of paramount importance for the current and future sustainable 
production of biodiesel (Canakci and Sanli, 2008). 

The project ProperDiesel aims to the improvement of biodiesel production sustainability via the development of a value chain 
whichincludes the recycling and valorisation of liquid wastefrom the vegetable oil refining industry (soapstock and fatty acids) via 
chemocatalytic processes and the up-grading of the biodiesel by-product glycerine for the synthesis of high added value products 
(propylene).Soapstock is obtained as a by-product of the chemical neutralization of oils and fats with strong alkalies. A typical 
composition of soapstock is water 35-67% wt., fatty acids 10-28% wt., glycerides 12-13% wt., and phospholipids 5-9%wt (Echim et 
al., 2009). Routine processing of soapstocks includes their acidification with strong acids like sulphuric or hydrochloric acid, in order 
to split and recover the fatty acids as a fraction called oleins. Oleins could be used as an alternative feedstock for the production of 
biodiesel. Furthermore, glycerine is produced during the transesterification of glycerides towards methylesters, corresponding to an 
amount around 10% of the biodiesel produced. The purity of glycerine is directly correlated with its market value and possible uses 
(Ciriminna et al., 2014; Kong et al., 2016).  

In view of assessing the potential of using soapstock and glycerine as alternative biodiesel feedstock or as feedstock for the synthesis 
of high-added value chemicals respectively, one of the primary objectives of the project wasthe identification of the available 
quantities of soapstock, fatty acids and glycerine resulting from the vegetable oil processing and biodiesel plants operating in Greece. 

According to the studyat presentin Greece 9 oil processing facilities are in operation applying chemical refining and thereby 
producing soapstock and fatty acids as side-products. In addition, there are 13 bio-diesel plants producing fatty acids and glycerine as 
side-products. Overall, the oil processing facilities produce 9000tn of soapstock and 4000tn of fatty acids. Additional 1400tn of fatty 
acids are produced during the synthesis of fatty acids methyl esters. On the other hand, based on the total annual production of 
biodiesel, the available quantity of glycerine amounts to 13000tn per year. 

 

Keywords: soapstock, fatty acids, glycerine, biodiesel, vegetable oils 
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Abstract: 

In the present study,it reports the adsorption efficiency of carbon activated obtained fromHaematoxylum campechianum to remove 
phenol (Ph), 2-nitrophenol (2-nPh), 3-nitrophenol (3-nPh) and 4-nitrophenol (4-nPh) from aqueous solutions. Fourier Transform 
Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) techniques were used to characterize the sorbent. 
Operational parameters such as contact time (30-1440 min), solution pH (2–10), initial concentration of adsorbate (10–500 mg.L−1) 
and dosage of biosorbent (1-10 mg/L) were examined. The kinetic studies show that the maximum uptake of phenolic compounds was 
reached within 120 min, and the percent adsorption increased with increase in pH from 2 to 6 and remained constant up to 10. 
Furthermore, the adsorption process of the phnenolic compounds followed well pseudo-second order model. Adsorption data fitted 
with the Langmuir and Freundlich models. However, Langmuir isotherm displayed a better fitting model than Freundlich isotherm 
from the higher correlation coefficient, indicating to the applicability of monolayer coverage of the phenolic compounds on the 
surface of adsorbent.  
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Abstract  

Keywords: Wood-based panels, residues, nanocellulose, esters, oils, proteins, wetting agents 

Introduction 

The global population growth, climate change and the expected depletion of mineral resources leads to a global need for cheap, 
reliable and renewable resources for both energy and chemicals. An effective and feasible alternative is waste biomass. Organic 
material in waste biomass like agricultural residues can be considered as a good source for various chemicals. Its basic components 
are cellulose, hemicelluloses and lignin in various ratios which can give plenty of chemical compounds through various processes. 
The challenge now faced by scientists and entrepreneurs is to turn this waste into valuable commodities. 

Experimental part 

CHIMAR HELLAS SA, an innovative company serving the wood-based panels industry, responding to this need has developed bio-
based products from agricultural wastes. In particular, CHIMAR has tested nanocellulose, cashews nut shell liquid, proteins, alkyl-
xylosides,liquid from olive stones,starch and vegetable oils in the development of resins and additives for the production of 
particleboards, MDF and plywood panels.  

Nano Fibrillated Cellulose (NFC) pure and modified with amino groups has been tested as additive in urea-formaldehyde, melamine-
urea-formaldehyde and tannin-based resins (projects 22SMEs2009, FIBRACOM-12CHN322). Depending on the resin type, method 
of application and the production conditions of the panels, NFC may improve the water tolerance of the resin and the mechanical 
properties of the panels.  

Cashews Nut shell liquid (CNSL), a liquid derived from the fruit of cashew tree (AnacardiumOccidentale L.), has been used for 
phenol replacement in the synthesis of phenol-formaldehyde resins. CNSL represents about the 25% of the weight of the cashew 
apple and is obtained as a by-product during the isolation of the kernel by roasting the raw nuts. It is a cheap source of non-isoprenoid 
phenolic lipids, such as anacardic acids, cardanols, cardols, methylcardols and polymeric materials. CHIMAR has developed phenolic 
type thermosetting polymers by replacing phenol with CNSL up to 20%. Such resins are suitable for the production of plywood panels 
[E. Papadopoulou and K. Chrissafis]. 

Proteins from soy and sunflower have been used as raw-materials for the development of protein modified UF and PF resins. In the 
case of UF resins, protein was used as an additive. It was found that an addition level up to 1%w/w is enough to give laboratory scale 
particleboards with improved internal bond and tolerance to thickness swelling when being in humid environments. In the case of 
phenol – formaldehyde resins, a phenol replacement up to 25% by protein resulted in adhesives that can give plywood panels with 
properties close to the typical ones (project BIOREF - 09ΣΥΝ-81-715). 

Alkyl pentosides derived from biomass belong to the class of nonionic surfactants and are known to have excellent wetting and 
penetrating properties. CHIMAR evaluated the performance of alkyl pentosides as surfactant both in a blend with a typical UF resin 
and in a formulation of a proprietary wetting agent for the impregnation of paper. It was found that in both cases alkyl pentosides 
improve the foaming and wetting speed (project BIOSYNERGY 038994 – SES 6) [E. Papadopoulou et. al. 2011]. 

Liquid derived from the olive stone residue via the liquefaction process (BIOLIVE QLK5-CT-2000-00766) was used by CHIMAR for 
the development of PF type resins with 50% phenol replacement. Such resins were successfully used in the production of plywood 
panels.  

Waste from the food and biodiesel industryhave been successfully used in the development of a bio-based polyester polyacrylate resin 
in the framework of the project FP7-605236-ECOPRESSWOOD.When combined with appropriate reactive diluents, cross-linkers and 
nanoparticles, the bio-based resin was found suitable for the manufacture of wood based panels with formaldehyde emission at natural 
wood levels. CHIMAR undertook the scale up of the production process of the bio-based resin. 
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512 
 

Conclusion 

Chemicals derived from agricultural waste have great potential as raw materials for the synthesis of a variety of bio-based products 
competing with traditional ones. 
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Introduction: 

Fractionation of lignocellulose components have been important issue for utilizing all each component; cellulose, 
hemicellulose, and lignin. Pulping such as kraft or sulfite methods can recover highly pure solid cellulose, but other components, 
particularly lignin, would be degraded and inactive residue owing to re-polymerization during the treatment. Thus, the lignin 
recovered in the pulping has difficulty of its further useful employment, such as conversion into fuels via catalytic 
hydrodeoxygenation. For this reason, organosolv treatment has attracted much attention. This is another fractionation way enabling 
suppressionof native structure changes of lignin. In the treatment, water/organic co-solvent is used, and usually one-phase co-solvent; 
water/ethanol is employed. However, the one-phase co-solvents require a further step, for example precipitation by adjusting pH 
value, to separate hemicellulose and lignin fragments dissolved in the co-solvent. On the other hand, we have reported that water/1-
butanol co-solvent making twophases could separate hemicellulose and lignin as water-soluble and 1-butanol-soluble products, 
respectively (Kawamata et al., 2019). Generally, it was pointed out that solvent solubility against lignin was important factor on 
delignification and investigated that Hildebrand Solubility Parameter could explain the optimum ratio of water/organic co-solvent in 
case of one-phase co-solvents (Quesada-Medina et al., 2010). Meanwhile, our previous work revealed that liquid phase was essential 
for dissolving lignin using water/1-butanol co-solvent (Y. Nakasaka et al., 2017). For lack of papers discussing effects of phase state 
of the water/1-butanol co-solvent on organosolv treatment, this work surveyseffect of water/1-butnaol ratio on its phase state by using 
a simulation, and removal rates of hemicellulose and lignin from solid cellulose and discusses optimum co-solvent ratio for the 
organosolv. 

 

Method: 

Organosolv of cedar wood was performed using autoclave with 50 cm3volume at 473 K for 2 h. To obtain enough high 
reaction pressure for keeping the co-solvent as liquid phase, the inner of the reactor was pressurized up to 1.5 MPa at room 
temperature by Ar gas. Molar ratio of water/1-butanol was designed 1 to 49 (mol/mol). Phase state of the co-solvent was simulated 
and checked by Pro/II (Schneider Electric Software, LLC). Quantitative analysis of cellulose, hemicellulose, and lignin in cedar wood 
and solid products after the organosolv was conducted according to NREL method (Sluiter et al., 2012). The removal rates were 
calculated based on carbon amounts, measured by an elemental analyser. Hildebrand parameters of water, 1-butanol, water/1-butanol 
co-solvents at 298 Kwere calculated from Hansen solubility parameters (Hansen et al., 2007)based on weight ratios of the co-solvent 
obtained from the simulation by Pro/II. Hildebrand solubility parameter of lignin was referred from the previous paper (Quesada-
Medina et al., 2010) or calculated. 
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Result and discussion: 

Initially, phase-state diagram of water/1-butanol at 473 K is displayed in Fig. 1 with the plots of experimental conditions 
performed in present work. From Fig. 1, it was checked that water/1-butnaol in all experimental conditions almost satisfied liquid-
phase conditions. Furthermore, investigation of molar ratio of H2O/1-butanol for phase splitting by the simulation indicated the co-
solvent in range of water/1-butnaol = 0 to around 1.6 and 19 to ∞ (mol/mol) made one-phase state, by contrast, in range of water/1-
butnaol = 1.6 to 19 (mol/mol) made two-phase state; phase splitting occurred. Table 1 shows each Hildebrand parameter of water, 1-
butanol and water/1-butanol co-solvent in range of 1 ~ 49 molar ratio, which were the values at actual reaction conditions as described 
in Fig. 1. Table 1 indicated that two solvents with different solubilities co-existed under phase splitting conditions (water/1-butanol = 
1.6 ~ 19). Moreover, Quesada-Medina et al. reported that lignin had Hildebrand parameter as 31.0 MPa1/2 (Quesada-Medina et al., 
2010), which was similar to the values at 1-butanol phases in range of phase-splitting conditions. 

 

Figure 1: Phase-state diagram of water/1-butanol at 473 K simulated by Pro/II 

 

Table 1:Hildebrand Solubility Parameter of water, 1-butanol and water/1-butanol co-solvents (T=473 K) 

Water/1-Butanol Ratio [mol/mol] 
Hildebrand Solubility Parameter [MPa1/2] 

1-Butanol Phase Water Phase 

0 (1-Butanol) 23.7 - 

1 26.6 - 

2.3 28.4 41.7 

4 28.4 41.7 

7.3 28.4 41.7 

49 - 45.1 

∞ (Water) - 47.8 

 

 

Fig. 2 shows effect of the co-solvent ratios on removal rates of hemicellulose and lignin, respectively.Hemicellulose removal 
rate was increasing with increasing water ratio, indicating that hemicellulose fragments was favourable to dissolve in water than 1-
butanol. By contrast, lignin removal rate was low in range of the co-solvent ratio exhibiting one-phase state; water/1-butanol = 0 ~ 1.6 
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and 19 ~ ∞ (mol/mol), and high in the ratio exhibiting two-phase state. In other words, two-phase state of water/1-butanol was 
effective to dissolve and remove hemicellulose and lignin simultaneously. This is because two phases can co-exist with different 
solubility in the same condition. Hence, although solvent solubility is obviously important in organosolv to remove lignin and 
hemicellulose, the present work revealed the co-solvent state; one phase or two phases (phase splitting), is also important factor. As a 
result, it was found that optimum ratio of water/1-butanol co-solvent was in range of 1.6 ~ 19 (mol/mol), which enabled two phase 
state. 

 

Figure 2: Effect of water/1-butanol ratio on removal rates of hemicellulose and lignin 

 

Keywords: Organosolv, Lignocellulose, 1-Butanol, Phase state 
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Abstract  

The production of olive oil generates a lot of agricultural waste. The recovery of this waste for protection against toxic 
molecules like NOx is interesting. This begins by transforming the waste into activated carbon and then impregnated it with TiO2 
which plays the role of a catalyst to transform NOx into HNO3. However, this process uses the moisture contained in the coal; this 
moisture is the result of the presence of surface functions such as carboxylic acids. The objective of this work is the study of the 
relationship of the surface functions with the deposit of the TiO2 catalyst on the surface of the activated carbon then the influence on 
its efficiency to degrade the NOx molecules. 
 

The use of catalysts has become increasingly abundant particularly in the field of the treatment of toxic chemicals. The 
titanium oxide used as a catalyst under UV radiation allows the in-situ degradation of NOx released especially during storage of some 
energetic substances like TNT and nitrocellulose. On the other hand, the TiO2 activity is directly related to the contact surface of the 
latter; therefore, the good dispersion of the TiO2 particles on an adsorbent is directly related to its effectiveness. The proposed work 
investigates the effect of surface functions of activated carbons on TiO2 deposition. Two activated carbons were developed from the 
chemical activation of olive residue [1], the surface functionalities of the two samples are different because of the heat treatment that 
one of the two carbons undergoes after its synthesis [2]. The textural and structural characterization of the two prepared materials is 
carried out by means of nitrogen adsorption-desorption isotherms at -196 °C and X-ray diffraction (XRD), while functional 
characterization is carried out using the Boehm titration, Fourier transform infrared spectroscopy (FTIR) and measurements of 
moisture levels. The deposition of TiO2 is performed using the high temperature impregnation process [3]. The samples thus 
impregnated were characterized using the nitrogen adsorption-desorption isotherms at -196 °C, the DRX as well as the DSC 
(Differential scanning calorimetry). The impregnation rate is determined using Atomic Absorption Spectroscopy. 

The results obtained showed that the elaborated carbons have a specific surface area (calculated according to the theory of 
Brunauer, Emmett and Teller “BET”) of more than 1500 m2/g and that they kept their porosity after impregnation (with more than 
1000 m2/g). The combination of the results obtained by DRX and DSC measurements as well as the adsorption tests of the NOx 
molecules (which result from the degradation of the TNT) informs on the probable places where the particles of TiO2 are deposited, 
thus the role played by the surface functions is elucidated. 
 

Keywords: olive residue, activated carbon, NOx adsorption, TiO2 catalyst 
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Abstract:Contamination of heavy metal is most significant hazardous to both aquatic life and  public health  due to its notorious 
affect on biological systems. Aluminium is also able to give rise to toxicity in the hematopoietic and neurologic system (Alzheirmer’s 
disease, sensile dementia, Lou Gehrig disease (ALS)) in humans (Özkahraman, 2018). The Environmental Protection Agency (EPA) 
has given permission the secondary standard for aluminum from 0.05 to 0.20 mg/L in drinking water.  

The aim of the study is to investigate the Al(III) removal behaviour for Gellan Gum (GG) base double- network hydrogel as a 
promising adsorbent for wastewater treatment. Double-network hydrogel, a these gel based on two cross-linked polymer networks, 
can exhibit maximum compresssive, retention of material properties of hydrogels andfracture energy(Countinho et. Al. 2010; Chen et. 
Al. 2010). For this purpose, GG was dissolved in ultra-pure water at 90C for 30 min, and certain amount of methacrylic 
anhydride(MA) was added for 4 h at 50C. The synthesized GG-MA was dialyzed against deionized water using cellulose membrane 
dialysis tubing (MWCO=12kDa), and then lyofilizated (Shin et. Al. 2010). Single network was prepared 2% (w/v) GG-MA polymer 
solution at 50C for 1 day with 0.1% (w/v) Irgacure 2959 as photoinitiator and exposed UV-light. For double-network, GG-MA 
hydrogel was immersed in 12 % (w/v) acrylamide solution containing 0.1% ammonium persulfate and %0.5 (w/v) 
N’N’bismethyleneacrylamide. They were exposed to light again for 2 hours. 

The polymeric structure was confirmed to Fouried Transform Infrared Spectroscopy. This double-network hydrogel GG-MA/AAm 
hydrogel to be synthesized for the first time in the literature characterized by Differential Scanning Calorimetry and Scanning 
Electron Microscopy analysis, degradation and swelling tests at 3 different pH (2.1, 5.5, 7.2). The DN GG-MA/AAm hydrogel could 
be used many times without significantly decreasing in their adsorption capacities. Gellan gum hydrogel was characterized in terms of 
mechanical strength. The Al(III) removal behaviour study was performed in 500 ppm Al(III) aque solution. For this aim, GG-
MA/AAm hydrogel placed in this solution. Samples were periodically removed and then Al(III) adsorption capaticiy was determined 
by Atomic Adsorption Spectrometre. The Al(III) adsorption capacity of GG-MA/AAm hydrogel was calculated using following 
equation, 𝑞 = [(𝐶𝑖 − 𝐶𝑓)𝑥𝑉]/𝑚 

Where Ci is initial concentration (mg/L), Cf  is final concentration (mg/L),V is  volume of solution and m is the weight of the dry 
hydrogel (g).  

In addition, the equilibrium adsorption data were determinedto Langmuir and Freundlich isotherm models. Moreover, the 
regeneration and reuse studies calculated their adsorption capacities. In this work to developed mechanically strong double-network 
hydrogels that could be great potential for applications as Al(III) removal behaviour.  

Keywords: Alzheimer diseases, Al(III) removal, Gellan Gum based hydrogel 
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Abstract 

 
Since 2009 in the European Union, the maximum sulfur content in petrol and diesel fuels has been limited to 10 ppm (OJEU 2003) . 
Based on this regulation, refiners have to perform the so called hydrodesulphurisation process (HDS) which is carried out in presence 
of catalyst (CoMo) (Petrov, L.et.al. 2006). After several cycles the activity of the catalyst decreases below the acceptable level, it is 
usually regenerated and reused, but regeneration is not always possible. The catalyst activity may decrease to very low levels after 
several cycles and further regeneration may not be economically feasible. The spent catalysts are discarded as solid wastes (Trimm 
DL .et.al 1990). Spent catalysts from hydrogenation plants are the major secondary sources of Molybdenum and Vanadium. Among 
different way of minimization of spent catalyst waste, recovery of metals is one of the best route. Spent catalysts according to X-Ray 
Diffraction peaks usually consist of Molybdenum sulphide mixed with sulphides of Vanadium, Cobalt and Nickel on an Alumina 
carrier. In the present work, extraction of molybdenum and vanadium from ammonia leaching residue (main chemical composition of 
CoMo: 8.5 % Mo, 0.25 % V, 19 % Al2O3 and 2.6 % Co, data from X-Ray Fluorescence and ICP-MS, 11 % C, 9.5 % S data from EA) 
of spent catalyst was investigated by roasting the residue with sodium salt in rotary kiln, followed with hydrometallurgical treatment 
of the roasted products by leaching the roasted mass with H2O. In the roasting process, over 60 % of molybdenum and 65 % of 
vanadium could be extracted when a charge containing a sodium salt was roasted at 700 °C for 2,5 hours and the roasted mass was 
leached with water (liquid to solid ratio of 5) at high temperature for 1 hour. By leaching the roasted mass with 5% Na2CO3 and 5% 
H2O2 over 85% Vanadium and 80% Molybdenum could be extracted. 

Key Words: CoMo, spent catalyst, hydrodesulphurization, XRD, XRF, ICP-MS, EA, Rotary Kiln. 
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Abstract  

Antimony (Sb), a highly toxic metalloid, has been investigated as an emerging pollutant in soil and the soil contamination is 
commonly foundin the vicinity of smelters, mining sites, and shooting ranges (Nguyen and Lee, 2014). Increasing industrial need for 
Sb in the manufacture of electronic devices, flame retarding additives, pigments, and catalysts aggravate the concerns of Sb 
contamination in soil (Abinand Hollibaugh, 2014; Filella et al. 2002). Antimony species exist as metalloids in natural environments 
and are often considered to behave in a similar to Arsenic (As) (Park et al., 2016). Since the orbital electron configurations of both As 
and Sb are the same, with s2p3 in their outermost shell, they display a wide range of oxidation states (-3 to +5) and most commonly 
exist as either a trivalent or pentavalent oxyanion. Soluble inorganic forms of Sb, such as antimonite [Sb(III); Sb(OH)3] and 
antimonate [Sb(V); Sb(OH)6-], are found in the environmental matrices (Filella et al. 2002; Park et al., 2016). Isolation of a new 
strains of microorganisms and develop successful protocols for reducing metal toxicity with Sb tolerant species are important in the 
bioremediation research area, therefore, we investigated Sb contaminated soil and characterized for Sb contents. ICP-AES analytical 
results showed that the collected soil samples were highly contaminated with Sb (~14,000 ppm).In this study, 2 bacterial strains, 
Pseudomonas aeruginosa KM-101 and Comamonas thiooxydans KM-103, capable of resisting the Sb were isolated from the Sb 
contaminated soils by selective enrichment and characterized the growth patterns using flow cytometry and CellaSys to apply for the 
bioremediation. The isolated strains oxidized antimonate (pentavalent antimony) to Sb2O3 or SbO4 in the Sefr1 medium corresponds 
to growth rates. The Sb oxidizing products were analyzed by X-ray diffraction and Scanning Electron Microscopy-Energy Dispersive 
X-Ray Spectroscopy (SEM/EDS) analysis (Fig. 1). 

 

 

Figure 1:Scanning Electron Micrograph (SEM) images for confirming Sb oxides precipitation (Sb2O3or SbO4) in the liquid medium by newly 
isolated Sb-resistant bacteria. (a), Pseudomonas aeruginosa KM-101; (b), Comamonas thiooxydans KM-103. 

 

Further, the transport of Sb on the growth of the isolated bacteria strains were determined in liquid cultures or soil column tests with 
two different redox phases, and the microbial community change was also monitored by culture-independent pyrosequencing in the 
column tests.These results demonstrate that the isolated Sb-resistant bacterial strains could play a significant role in changing 
theredox state of Sb in the environment and potentially be used in the soil bioremediation from highly Sb contaminated soil. 

Keywords: Antimony, Sb-resistant bacteria, Biogeochemistry, Fate and Transport, Redox Reaction 
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Abstract: 

Bio-char (BC) samples were modified by the dielectric barrier discharge (DBD) plasma method to enhance theadsorption capacity for 
gaseous mercury (Hg0). The discharge gases and treatment time were studied for theirinfluences on surface modification. Surface 
characteristics of BCs were investigated using nitrogen adsorptionmethod and X-ray photoelectron spectroscopy (XPS) analysis. Hg0 
adsorption performance of BCs was testedin a bench-scale fixed bed reactor. The results indicated that surface area and pore volume 
of samples decreasedslightly with the plasma treatment. Oxygen-containing functional groups (OCFGs) especially C=O groups 
increasedon carbon surface as a result of the reaction with reactive intermediates. Adsorption data showed thatBCs with DBD plasma 
treatment had higher mercury removal efficiency compared with that of raw BC. Oxygenandwater vaporwere favorable to 
surfacemodification in the process of DBD treatment in this study. Chemisorptionwas believed to be predominant in Hg0 adsorption 
process and carbonyl and ester groups might play the keyroles. Compared with commercial activated carbons, the modified BC 
showed an excellent adsorption performance,implying that DBD plasma treatment was a potential surface activation technology to 
improve Hg0 adsorptioncapacity on bio-char adsorbents. 
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Abstract 

Resource recovery through waste valorisation can be understood as a win-win situation, since landfill volumes are reduced and 
additional value is generated.White pigment (TiO2) production is a large industrial sector, which produces up to 1.4 Mt/a of landfilled 
waste in Europe alone. Globally, more than 60 % of TiO2is produced by the so-called“chloride route”. Briefly, titanium-rich ores are 
treated with chlorine at high temperature, generating acidicwaste slurryof unreacted base materials and a variety of metal chlorides 
(mainly iron chloride). Depending on process conditions and starting materials, the acidic waste may contain considerate amounts of 
valuable elements(Remmen et al., Manuscript submitted for publication). Currently, acidic wastes are neutralized andthe resulting 
solids landfilled (Gázquez, Bolívar, Garcia-Tenorio, & Vaca, 2014), thus losing valuable elements. Scandium (Sc) has one of the 
highest potential economic values in these wastes. Sc is crucial for many high tech applications, such as solid oxide fuel cells and 3D 
printable alloys, yet 2/3 of the world’s supply stems from a single region(China). Due to its high economic value and supply risk, Sc 
is defined as a Critical Raw Material (CRM) for which new sources are sought. Currently, there is no technology available for 
recovery of Sc from TiO2 production acid waste. 

Therefore, this study is aimed at proving the principle of acid resistant nanofiltration (NF) for Sc recovery from such complex 
wastes.Using NF in Sc extraction may offer a) the possibility ofconcentrating Sc in the retentate (i.e. by retaining Sc on the 
membrane) as well as b) removing unwanted impurities (i.e. by element selective retention), both resulting in less downstream 
processing (e.g. ion exchange/solvent extraction) to ultimately gain pure Sc products. 

The study process consists of two steps: Firstly,the acid slurry was pre-treatedby pH adjustment. This removed several undesired 
elements (e.g. Ti, Zr, Th, U) almost completely, while the majority of Sc remained in solution.(Remmen et al., Manuscript submitted 
for publication).Then, a number of commercially available NF membranes with molecular weight cut offs (MWCO) between 200-
1200 Da have been tested (Table 1). 

 

Table 1: Commercial NF membranes tested (specifications according to producer). 

Description Producer MWCO/Da Salt retention/% 
Clean water flux/ 
Lm-2h-1bar-1 

Duracid GE 150-200 ≈98 (MgSO4) 1 - >2 
Nanopro A-3012 AMS 200 ≥96 (MgSO4) >2 
MPF-34 Koch 200 35 (NaCl) >2 
Nanopro A-3014 AMS 400 ≥92 (MgSO4) >2 
NP030 Microdyn-Nadir 500-600 80-95 (Na2SO4) >1 
NP010 Microdyn-Nadir 1000-1200 35-75 (Na2SO4) >5 
 

In terms of Sc selectivity and retention as well as permeate fluxthe A-3014 (AMS) was found to be the best membrane. It showed a 
clear selectivity for the separation of Sc over other dissolved metals, such as iron (Figure 1). Itwas then used to successfully increase 
the Sc concentration 2.5 times, while the total volume of retentate (for further downstream processing) was more than halved. For the 
other membranes, higher MWCO resulted in higher fluxes (at the same transmembrane pressure, TMP), but lower metal retention. 
This may also prove to be useful for other applications. 
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Figure 1: Plot of the scandium and iron retention against the TMP in bar. 

 

In the future, use of multiple filtration stages may allow even higher / more selective Sc extraction, making NF technology a real 
possibility to tap a so far unexplored source of Sc.  
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Abstract 
Biochar is the solid material rich in aromatic carbon produced through the pyrolysis (heating under limited oxygenconditions) of 
residual biomass(De la Rosa et al., 2014).Paz-Ferreiro et al. (2014)showed that biochars can reduce the bioavailability and 
leachability of heavy metals in contaminated soils. Trace element polluted soils is a worldwide concern covering 37% of the degraded 
soils in the European Union (EEA, 2007). 

Theaim of this study is to produce a biochar from agricultural residues efficient in the restoration of soils contaminatedwith trace 
elements.In this study, the influence of biochar on soil enzymatic activity and plant germination were studied in two Typic Xerofluvent 
soils polluted with trace elements, which were sampled in an area affected by the breaching of a tailing dam occurred in 1998 
(Aznalcóllar mine accident; SW Spain) with two respective levels of contamination (MPS; moderately polluted soil and HPS; highly 
polluted soil).  

Biochars used in this study were produced from four different biomasses: rice husk, pruned olive trees, olive pits and “alperujo” (a 
byproductof the olive oil). The feedstockwas pyrolysed in a 0.64L steel reactor under N2 atmosphere. Pyrolysis temperatureand 
reaction time were controlled, thus biochars were produced with temperatures ranging between 400 and 500 ºC whereas reaction time 
ranged from 1 to 4h. 

Each soil was mixed with 0, 2, 5 and 10% of biochar, and the pots were made in triplicate. All the pots were incubated under 
controlled conditions (60% of water holding capacity; 25 ºC) during 65 days and sown (Brassica rapa spp. Pekinensis). The plant 
experiment also lasted 65 days. 

The following parameters were determined for this study: bioavailability of trace elements(As, Cd, Cu, Fe, Ni, Pb, Sr and Zn), 
germination rates, plant biomass, partitioning of trace elements into Brassica leaves (Ba, Cd, Cu, Fe, Ni, Pb, Sr and Zn), pH, 
dehydrogenase (DHA) and β-glucosidase (BGA) activities in biochar amended and un-amended soils. 

Changes in bioavailability of trace elements in soils were influenced by incubation conditions, not by biochar application. Soil pH 
increased with the dose of biochar. DHA showed 10 times greater activity in MPSthan HPS. Furthermore, biochar amended MPS 
showed greater DHA than control soils. BGA decreased with increasing biochar rate application. No significant differences were 
observed in the germination rates in MPS, whereas germination increased with biochar dose for HPS. 

 

Keywords: biochar, trace elements, enzymatic activity, soil remediation, incubation experiment. 
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Abstract 

Recently, the removal of radioactive elements from aquatic environment has received great attention after Fukushima Nuclear Power 
Plant (NPP) accident which released large amount of radioactive strontium (90Sr) and cesium (137Cs). Accordingly, the efficient 
separation of radioactive elements released to groundwater and seawater has become critical as an important technological need. 
Prussian blue (PB) and alginate-based materials are well known to selectively adsorb Cs and Sr, respectively. In the previous study 
reporting PB incorporated alginate composites (Mihara et al., 2016, Vipin et al., 2013), the role of alginate was limited to the 
supporting material of PB. In this study, we prepared a structurally stable PB-embedded alginate foam and applied to the simultaneous 
adsorptive removal of Cs and Sr. The amount of PB in PB-alginate foam was optimized in terms of the adsorption capacity and the 
physical stability evaluated by tensile strength measurement. We characterized the physicochemical properties of PB-alginate foam 
and systematically evaluated Cs and Sr co-adsorption behavior under various reaction conditions corresponding to seawater 
environments. Cs and Sr adsorption on PB-alginate foam rapidly occurred following a pseudo-second-order kinetic model and the 
concentration-dependent profiles of Cs and Sr adsorption was well fitted to the Langmuir isotherm model displaying their maximum 
adsorption capacity of 19.88 mg/g and 24.10 mg/g, respectively. The variation of solution pH critically affected only Sr adsorption 
displaying that the performance significantly decreased under acidic condition. To evaluate the feasibility in seawater medium, we 
carried out competitive adsorption experiments in the presence of major cations in seawater such as Na, Ca, K and Mg. The effect of 
competitive ions on Cs and Sr sorption behavior was evaluated by introducing a distribution coefficient (Kd) as an important factor in 
determining the selectivity, which revealed slightly higher selectivity for Cs and Sr. Finally, we could confirm the simultaneous 
removal of radioactive Cs and Sr in real seawater medium. 

 

 

Figure 1:A Photograph of PB-alginate foam (left: dry, right: wet) 
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Abstract 

Cobalt (Co) is an essential trace element, environmental pollutant and a hypoxia-mimicking agent. The aim of the study was to 
evaluate the effect of chronic exposure of cobalt chloride on trace element profile (iron-Fe, manganese-Mn, zinc-Zn, copper-Cu, 
iodine-I, selenium-Se) in suckling mice. Pregnant ICR mice were subjected to daily dose of 75 mg/kgbody weight cobalt chloride 
(CoCl2x6H2O) 2–3 days before theygave birth and treatment continued until day 18 after deliver. The compound was dissolved and 
administrated with drinking tap water. Animals were fed a standard diet and had access to food ad libitum with strong control of the 
feeding regime. The animals were sacrificed by decapitation after etherization on day 18 and their liver, kidneys, spleen and muscles 
were excised, weighed and stored at -20°Cprior to analysis. Tissue homogenates were studied byICP-DRC-MS and trace metal 
content was calculated as µg/g.The differences were compared toage-matched mice control group obtaining regular tap water. 
Chronic CoCl2 treatment led to a significant accumulation of Co in the liver, kidneys, spleen and muscles of the exposed mice. Its 
content increased in the order: muscles<spleen<kidneys<liver having the highest concentrations in the liver. Chronic Co 
administration also altered trace element (Fe, Mn, Zn, Cu, I, Se) distribution in the examined organs. All trace elements 
concentrations were elevated except for Cu and Se in the spleen (Figures 1-4). 

Figure 1. Trace element content in liver after chronic exposure        Figure 2. Trace element content in kidneys after chronic            

of day 18 mice to CoCl2. 
*
at p<0.05                 exposure of day 18 mice to CoCl2. 

* 
at p<0.05                                                                                
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Figure 3. Trace element content in spleen after chronic exposure   Figure 4. Trace element content in muscles after chronic            

of day 18 mice to CoCl2. 
* at p<0.05                                                  exposure of day 18 mice to CoCl2. 

* at p<0.05                                                                        

The results indicate that chronic Co exposure alters other trace elements’ metabolism which could explain the toxic side effects of the 
metal. Fe, Mn, Zn, Cu, I, Se are known for their nutritional relevance, potential toxicity andeffects on cell proliferation, differentiation 
and migration, thus their altered profile would affect the maintenance of key physiological processes as most of the analyzed trace 
elements function as cofactorsof various enzymes. The results show the complex interplay of metal exposure with the endogenous 
trace metals as Co, Fe and Zn exhibit similar properties and Co is used to replace Zn in Zn-containing enzymes [Maret, W. & B.L. 
Vallee,1993]. Elements like Mn and Zn along with Costimulate enzymes as methionine aminopeptidase [Kobayashi M.&, S. Shimizu, 
1999]. The results for increased Cu content are in accordence with those of Fitzerald et al.[Fitzerald et al., 2016] demonstrating 
increased copper uptake and toxicity in zebrafish after hatching under hypoxic conditions. The increased  Se content in liver, kidneys 
and muscles is probably due to the body’s need to reduce the hypoxia-induced oxidative stress.The results demonstrate the complex 
regulatory role of Co ions on the metabolism of some endogenous trace metals. 

Keywords: cobalt exposure, trace elements, in vivo treatment, suckling mice 
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Abstract 

Chromium, copper, cadmium and lead are some of the main heavy metal species in the industry wastewater. Relatively modest 
concentrations of Cr(III), Cd(II) and Pb(II) have toxic effects on the environmental and human being. Cu(II) also can be a 
developmental toxicant at high doses. [1] According to standard World Health Organization (WHO), the maximum limit 
concentration of Cr(III), Cu(II), Cd(II) and Pb(II) (<0.55 mg/L for Cr(III), <0.017 mg/L for Cu(II), <0.01 mg/L for Cd(II), and <0.065 
mg/L for Pb) have been established for irrigation water. To deal with heavy metal contamination, biosorption is a promising technique 
compared with other methods due to its low cost and eco-friendly.Biochar is a porous carbonaceous material obtained under oxygen-
limited condition pyrolysis of biomass derived from a variety of feedstock, including agriculture waste, wood, and sewage sludge. 
Biochar has proven effective in the removal of heavy metal contaminants from wastewater due to its specific properties, such as large 
surface area, porous structure, enrich function groups on the surface and mineral components, which influence the removal efficiency 
and can vary widely depending on the types of feedstock and pyrolysis temperature. There are few studies on the comparison of 
sorption capacity of biochar derived from different type of feedstocks and sorption mechanism in multiple system. Therefore, it is 
necessary to study the sorption mechanisms of heavy metals on biochar to improve the removal efficiency in multiple system and 
guide the application of biochar in the future. Most important to solve the disposal biomass in the world. 

 

In this study, three types feedstock of biomass Poplar (from wood, CO), sewage Sludge (from industry solid waste, FO), Corn (ZO) 
and Canola (LO) (both from agriculture waste) are selected. Also, three of their biochar produced from the pyrolysis of Poplar (CL), 
Corn (ZL) and sewage Sludge (FL) are checked. All such biomass and biochar materials were used to remove Cr(III), Cd(II), Cu(II) 
and Pb(II) ions in multiple system. The objectives of this study are as follows: (1) to compare selected adsorption capacity among 
three different types of feedstock derived biochar, (2) to evaluate the possible adsorption mechanism of biochar in multiple system.  

 

Biomass and Biochars were characterized by Fourier transform infrared (ATR-FTIR) and Scanning electron microscopy/energy 
dispersive X-ray (SEM/EDX) to describe in detail the functional groups on the surface of the biomaterials. SEM recorded images 
show the morphology of all the materials, as seen in Figure 1. Some parameters taken into account are the pH of solution, metal 
concentration and contact time between adsorbent and solution.  
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Figure 1: (a) Original biomass (CO, ZO, FO and LO) and biochars images (CL, ZL and FL); (b) SEM biomass (CO, ZO, FO and LO) 
and biochars images (CL, ZL and FL). 

 

It has been found that the pore structure of such materials is extremely related with the biosorption removal efficiency found with 
those different biomass/biochars. In this sense, biochars CL and ZL and biomass LO,all three with larger pores have higher adsorption 
rates compared with the rest of the checked biomaterials. 

 

Batch experiments were carried out for adsorption capacity analyses. The seven sorbents show different biosorption capacities for the 
different metal ions. In general, biochars have better sorption capacity for all metals compared with the original biomass, which can 
be explained by the surface change, such as the change of porosity, functional groups and mineral contents after the pyrolysis process. 
Comparison the sorption according to the type of original feedstock, they were ranked as: sewage sludge (FO)> agriculture waste 
biomass (ZO, LO) > wood biomass (CO). This behave can be explained by the vary composition and function groups of the 
feedstocks. [2] 

 

Keywords: Biosorption, Biomass, Biochar, Heavy Metals, Sorption mechanism 
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Abstract 
 

Heavy metals emitted from anthropogenic sources, even in low amount, for years of activity of industry plant could happen 
almost permanently contaminate surrounding natural environment. This is particularly important when an industrial plant is located 
close to buildings, fields and forests. Apart from government or UE institutions dealing with environment protection, in folding 
project I would like to undertake independent academic analysis of possible impact local non-ferrous metal foundry on surrounding 
forest (aside from farm buildings and people and animals) and including soil and mushrooms (Basidiomycetes) – relevant in chain 
tropic relationship humans and animals. 

The subject of research concern the impact of possible emission of heavy metals from the nearest non-ferrous metal foundry 
on forest ecosystem – edible mushrooms eaten by humans or animals and soil profile. The examined area is forest ecosystem located 
close to non-ferrous metal foundry. Mushrooms growth in local forest and soil are potentially exposed on influence from heavy metals 
emission. Information about local influence non-ferrous metal foundry on surrounding area mushrooms and soil lack in literature. 

Works assume collecting fruiting bodies different species of mushrooms and soil samples in many locations in the area of 
non-ferrous metal foundry and fruiting bodies different species of mushrooms and soil from locations potentially non-contaminated in 
purpose to compare element contents.In the current state of research, they have been collected, prepared for analysis and mercury 
content was measuredin fruiting bodies Craterellus cornucopioides(L.) Pers.,fungus from the Cantharellaceae family. A soil profile 
(0-15 cm) was also collected, in which, after preparation for analysis, the mercury content in individual layers was determined. 

Health fruiting bodyof mushrooms in medium size was gathered from examined area, forest ecosystem close to non-ferrous 
metal foundry and from area considered as non-contaminated was cleared from pollutants (sand, pieces of forest floor) by a plastic 
knife. Gathered samples was delivered to laboratory as fast as possible. Cleared fruiting body was dry up in room temperature in 
ventilated dry place during 1-3 days. Next fruiting body was dry up in electric dryer (in temperature 65 ºC) until obtain solid mass, 
that mass haven’t changed during process. Dry mushroom elements like fruiting body or hats and stem depends on its size was sponge 
to powder in ball mill or by hand in porcelain mortar. Research material for analysis was be stored in proper marked string bags from 
polyethylene foil in clean and dry place. 

Mercury was determined by atomic absorption, cold vapor (CV-AAS) where the sample weight was introduced to the 
analyzer on little ceramic boat previously calcined in a muffle furnace. Mercury analyzer MA – 2000 is intended to measure amount 
of mercury in solid, liquid and gas samples. It’s easy to use and allows to very fast samples analysis, without prior mineralization, 
with high accuracy. 

The content of mercury in the soil profile layers ranged from 0.0296 mg kg-1 d.m. to 0.0851 mg kg-1 d.m. Mercury in the soil 
profile is unevenly distributed - most of it is in the top, organic layer. Fruiting bodies Craterellus cornucopioides from the foundry’s 
impact area were marked by mercury content 0.032±0.02 mg kg-1. Distribution of specific samples was from 0.010±0.001 mg kg-1 to 
0.061±0.002 mg kg-1. Mushrooms collected outside the area of influence non-ferrous metal foundry contained mercury in amount 
0,029±0.001 mg kg-1 (Kozia Góra, gm. Przywidz), 0.029 ± 0.016 mg kg-1 (around Poniatowa) and 0.058±0.016 mg kg-1 (Bugaj). 
Obtained result point to diversified contamination of Craterellus cornucopioidesfrom this ecosystem, this type seems has poor 
accumulate mercury. In one place near to non-ferrous metal foundryCraterellus cornucopioidescontained more mercury than the 
specimens from other places 0.061±0.002 mg kg -1.

 

Mercury content in edible mushroomCraterelluscornucopioidesare low compared to literature data for other types of fungi 
for example Suillus sp., Macrolepiota proceraor Boletus edulis but very dependent on the place where the sample was collected. This 
may be due to the presence of the foundry and wind blowing in this area. 

The work is the result of the research project no. UMO-2016/23/N/NZ9/02746 funded by the National Science Center. 
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Abstract  

Occupational or environmental exposures to heavy metals produce several adverse health effects. The common mechanism 
determining their toxicity and carcinogenicity is the generation of oxidative stress that leads to hepatic damage. Curcumin is a 
hydrophobic polyphenol compound naturally concentrated in the rhizome of the herb Curcuma longa (turmeric).  
Rats were divided into four groups randomly (each group with ten rats), so that the first group remained without any treatment 
(control group), while the second group treated 0.5 LD50 of lead nitrate (positive control) or the third and fourth groups were treated 
with 0.5 LD50 of lead nitrate plus 400 mg of water and alcoholic extract of turmeric, respectively. 
The results showed that the treatment of rats with 0.5 LD50 of lead nitrate (positive control) resulted in a significant deterioration in all 
liver functions measured in the experiment (albumin, total protein and AST, ALT, ALP activities), whereas groups treated with water 
and alcoholic extracts of turmeric resulted in significant improvement in all these parameters. Therefore, we can say that the water 
and alcohol extracts of turmeric plants act to limit the toxic effect of lead on experimental animals and protect liver cells. 
Keywords: Tumeric – Lead nitrate – Liver function.   
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Abstract 

Groundwater pollution with pentavalent arsenic and hexavalent chromium is a global environmental problem because of their effects 
on human health and the scale of affected areas worldwide. In particular, groundwater contamination by arsenic is perhaps the biggest 
disaster facing mankind, with more than 250 million people worldwide affected by exposure to high concentrations of arsenic. The 
World Health Organization (WHO) and the European Commission have established maximum contaminant levels in drinking water, 
10 μg/ L for As (V) and 50 μg / L for total Cr(Guidelines for drinking water quality, 1993). 

Recent public concern about As (V) and Cr (VI) occurrence in drinking water supplies has prompted the exploration of treatment 
technologies with the ability to simultaneously remove them to levels well below the maximum allowable levels in drinking water. 
While in many waters the simultaneous presence of these two elements has been observed, their simultaneous removal by 
conventional or innovative methods is still a matter of research. 

Previous studies have revealed that the simultaneous removal of chromate and arsenate by ion exchange(Jha et al., 2006) or 
adsorption on iron oxides suffered poor performance (Khaodhiar et al., 2000). In addition, removal of As(V) and Cr(VI) has been 
studied by Fe(II)(Guan et al.,2011)  but only from high initial concentrations, which were not so relevant to drinking water treatment. 
Therefore, more efficient methods should be explored and investigated for the simultaneous removal of chromate and arsenic from 
contaminated groundwater. 

Typical processing technologies applied to remove arsenic at full-scale plants are coagulation with iron or aluminum salts and 
adsorption on iron oxide-based or activated alumina adsorbents. When As (III) is present in groundwater, a pre-oxidation step is 
required to oxidize it to As (V), because As (III) does not effectively remove from the aforementioned technologies(Hering et al., 
2017). 

Cr (VI) on the other hand must be reduced to Cr (III), which is very insoluble in water and is removed from the water by 
sedimentation or adsorption to iron oxides. In the reaction between Cr (VI) and Fe (II), Cr (VI) is reduced to Cr (III) by Fe (II), as Fe 
(II) is oxidized to Fe (III). Cr (III) can easily be adsorbed and co-precipitated from iron hydroxide. Fe (III) hydroxides can be 
successfully used to remove arsenic from solutions as the above precipitate has a high capacity to adsorb As (V).In the present study, 
the two conventional iron salts will be compared, i.e., Fe (II) and the Fe (III) salt.The results depicted that at neutral pH, when both 
arsenic and chromium are present, the use of Fe (II) removes both toxic compounds at very low residual concentrations, while the use 
of Fe (III) was able to remove only As (V). In particular, by increasing the concentration of Fe (II) (≥2mg / L), almost 100% of both 
oxyanions were removed very effectively from initial concentrations of 50 μg/L each.  
Furthermore, arsenic and chromate removal were studied using Fe (II) in the presence of phosphate ions (PΟ4

3-), at varying 
concentrations at neutral pH. It was found, that while the removal of Cr is not affected by the presence of phosphate anions, arsenic 
removal decreases as the concentration of phosphate anions increases. 
To ovecome the competition of phosphate, Fe(II) dose had to be increased and this enabled arsenic removal to levels below 10 μg/L, 
but the increase in Fe(II) dose caused increased resicual turbidity and total iron concentrations at the final solution.  

Finally, in experiments performed at different pH values in the range 5-9, it was observed that the optimum pH for both arsenic and 
total chromium removal was the pH 7.2. At lower pH values arsenic removal was hindered and total chromium removal was also very 
low, although Cr(VI) reduction by Fe(II) was efficient. At pH 9, arsenic and chromate removal again decreased. Regarding arsenic, 
this decrease can be attributed to the negative overall surface charge of the iron oxides above the pZc, which hindered anionic arsenic 
species to be adsorbed, while for the case of chromate the main factor diminishing chromate removal was that at high pH values, the 
kinetics of Fe(II) oxidation by O2 is much faster than by Cr(VI) and thus more Fe(II) would be required to outcompete Fe(II) 
oxidation by O2. 

The results have great implications for the treatment of waters with multiple contamination of toxic components, which sometimes 
fail to be characterized as potable, because one or more toxic compounds remain in water at levels higher than the permissible 
concentrations. 

Keywords: groundwater, removal, arsenic, chromium, contamination 
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Abstract  

The transport of soil adhering to footwear and the deposition of atmospheric dust are the two mainmigration pathways of inorganic 
contaminants indoors. Additional dust is generated by indoor activities. Available literature data and own data were used to calculate 
the ratio of the concentrations in house dust and road dust for various elements. These ratios can provide an indication for relevant 
indoor emission of specific elements. 

Keywords: heavy metals, house dust, road dust 

 
Introduction 

In industrialized countries, people spend close to 90% of the time indoors in their homes and offices (US EPA, 1997). Therefore, 
indoor contaminants like house dust can be a significant factor for the intake of pollutants by humans.The transport of particulate 
matter suspended in the atmosphere and soil adhering to footwear are the two mainmigration pathways of inorganic contaminants into 
a building (Thatcher and Layton, 1995; Hunt et al., 2006).Activities carried out within the buildings, especially heating,may be 
additional important sources of contaminants. 

Some information on the composition of simultaneously collected samples of house dust (HD) and road dust (RD) is available in the 
literature (Mukerjee et al., 1997; Rasmussen et al., 2001; Karamelo 2015; Harb et al., 2015).From these data the concentration ratios 
in HD and RD were calculated for various elements. The data from two studies dealing with heavy metals in HD (Lanzerstorfer, 
2017) and in RD (Lanzerstorfer, 2018)in which the samples were collected in Spring 2016 in the same town were used for the 
calculation.Additionally, from these studies concentration ratios can be calculated for different particle size ranges. 

 

Results 

The concentrations of various elements in HD and RD as well as the resulting concentration ratios are summarized in Tables 1 and 2. 
For the soil mineral metals Ca and Mg the concentration ratio was always significantly lower than 1.0. This indicates that the main 
source for these elements is the soil. The concentration ratios for Al, Fe, Ba, Sr and Ti were also mostly smaller than 1.0. An 
exception to this was found for the data from Mukerjee et al. (1997), where most concentration ratios were slightly higher than 1.0.In 
contrast, the concentration ratio for S was in the range of 4 to 6. This indicates a significant contribution of the indoor emissions to the 
S content of the HD. Since the concentration ratios for Kwere in the range of 0.69 to 2.5 no distinct trend can be identified. 
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Table 1:Concentration of various elements in HD and RD(in mg/kg) and resulting concentration ratios 

Description Al Ba Ca Fe K Mg S Sr Ti 

Rasmussen et al., 2001 (Ottawa, Canada) 

HD 25948 492 48760 14135 10305 9826  255  

RD 47540 576 96787 18948 14963 15780  459  

HD/RD 0.55 0.85 0.50 0.75 0.69 0.62  0.56  

Mukerjee et al., 1997 (Rio Grande Valley, Texas) 

HD 30850 970 68370 20200 13170  6350 436 3300 

RD 35090 930 123480 19880 12980  1120 382 2700 

HD/RD 0.88 1.04 0.55 1.02 1.01  5.67 1.14 1.22 

Karamelo 2015 (Elbasan, Albania) 

HD    770      

RD    900      

HD/RD    0.86      

Harb et al., 2015 (Al-Qunfudah, Saudi Arabia) 

HD    17962      

RD    22230      

HD/RD    0.81      

This study (Wels, Austria) 

HD (Lanzerstorfer, 2017) 4622 77.5 69962 5788 3039 8136 13299 61.9 129 

RD (Lanzerstorfer,  2018) 5419 78.0 131705 15656 1204 25712 3090 136 251 

HD/RD 0.85 0.99 0.53 0.37 2.52 0.32 4.30 0.45 0.51 

 

In all studies the concentration ratio for Zn is higher than 1.0 (range 1.5 to 6.4), which indicates significant indoor emissions. A 
similar consistent behaviour was found for Ni and Co, however, the contribution of the indoor emissions is lower (concentration ratios 
for Ni in the range of 2.5 to 4.1 and for Co in the range of 1.1 to 1.7).  
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Table 2:Concentration of various heavy metals in HD and RD(in mg/kg) and resulting concentration ratios 

Description Cd Co Cr Cu Mn Ni Pb V Zn 

Rasmussen et al., 2001 (Ottawa, Canada) 

HD 6.46 8.92 86.7 206.1 269 62.9 406 27.8 717 

RD 0.37 8.31 43.3 65.8 432 15.2 39.1 34 113 

HD/RD 17.5 1.1 2.0 3.1 0.6 4.1 10.4 0.8 6.4 

Mukerjee et al., 1997 (Rio Grande Valley, Texas) 

HD   73.6 126 322  240  410 

RD   73 168 312  125  116 

HD/RD   1.01 0.75 1.03  1.92  3.53 

Karamelo 2015 (Elbasan, Albania) 

HD   15.9 74.8  27.5 73.5  512.2 

RD   6.8 31.5  10.4 37  160.8 

HD/RD   2.34 2.37  2.64 1.99  3.19 

Harb et al., 2015 (Al-Qunfudah, Saudi Arabia) 

HD  7.2  52.8 260  23  141 

RD  5  47 185  27  49 

HD/RD  1.44  1.12 1.41  0.85  2.88 

This study (Wels, Austria) 

HD (Lanzerstorfer , 2017) 0.3 9.3 73.0 230.3 273.5 54.0 35.4 13.1 498 

RD (Lanzerstorfer,  2018) 0.2 5.6 93.0 126.5 1238 22.0 35.6 31.7 323 

HD/RD 1.34 1.66 0.78 1.82 0.22 2.45 1.00 0.41 1.54 

 

For Cr and Cu the concentration ratio was higher than 1.0 in most cases, which also favours the assumption of a marked contribution 
of indoor emissions. For Pb and Cd the data reported by Rasmussen et al. (2001) result in extremely high concentration ratios which is 
not supported by the data from other studies, where the concentration ratios were slightly above 1.0. For V the values of the 
concentration ratio were significantly lower than 1.0, indicating that indoor emissions can be neglected. For Mn the concentration 
ratios ranged from 0.22 to 1.4. Thus no distinct conclusions can be drawn. 

The size-specific evaluation of the data from Wels, Austria revealed tht there is a significant difference in the concentration ratios for 
the finest dust fraction (mass median diameter of 1.5 µm) and the coarser size fractions for most elements. 

Conclusions 

The concentration ratios between HD and RD are quite different. A concentration ratio lower than 1.0, which indicates negligible 
indoor emissions was found for the elements Ca, Mg, Al, Fe, Ba, Sr, V and Ti. Generally very high concentration ratios indicating 
significant indoor emissionswere found for S, Zn and Ni. For Co, Cr and Cu the concentration ratios were slightly above 1.0. The 
same was found for Cd and Pb with the exception of one study with extremely high concentration ratios. For K and Mn the 
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concentration ratios varied in a wide range between lower and higher than 1.0. The size-specific evaluation of the concentration ratios 
from Wels, Austria revealed a significant difference in the concentration ratios for the finest dust fraction and the coarser size 
fractions of most elements. 
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Abstract 

Background:Total global consumption of peat as a fuel is estimated at 17m tons per annum, over 99% of which is used in Northern 
Europe for the production of heat and electricity. Ireland is the largest user, consuming 3.8m tons annually from peatlands that cover 
approximately 20% of the national land area [World Energy Council Report, 2013]. Most of this is used in thermal power plants to 
generate 8.5% of Ireland’s electricity. Peat ash is the main waste product of combustion at thermal power stations and is presently 
disposed of by landfill burial. It contains a range of toxic elements including arsenic and cadmium [Fagerström et al.,2014] and due to 
its alkalinity, alters the soil quality of the landfill site such that only alkali tolerant plants can grow during the years immediately after 
disposal. The transformation of peat ash to a useful value-added product with industrial applications would be a significant 
improvement on the current method of disposal.  

Zeolites are high surface area aluminosilicates that are widely used for water treatment and purification, humidity control, and 
heterogeneous catalysis. Recent studies have focussed on the preparation of zeolites from waste materials e.g. fly ash [Belviso, 2018], 
and naturally occurring minerals e.g. kaolin and shale [Doyle et al., 2016, 2017, 2018]. To our knowledge, there are no reports 
showing the preparation of zeolite using peat ash. 

Aim: To transform peat ash into zeolite and test as an adsorbent to remove heavy metals from aqueous solution. 

Results: The XRD pattern for peat ash, Figure 1, confirms the presence of quartz SiO2; anhydrite CaSO4; magnetite Fe3O4; calcite 
CaCO3; lime CaO; and merwinite Ca3Mg(SiO4)2. Non-quartz phases were removed by a single acid-extraction step, after which the 
resulting solid was decomposed to silicates and aluminosilicates using alkali fusion, and subsequently transformed to zeolite by 
hydrothermal treatment. Direct use of the alkali fused samples produced GIS-type zeolite, which was transformed to LTA- and FAU-
type by increasing the Si/Al ratio and extending the ageing time. 

 

Figure 1:XRD powder patterns of (left) calcined peat ash and (right) prepared zeolites. 

 

SEM images, Figure 2, show the morphology of GIS, the characteristic cubic ca. 1 μm sized particles of LTA and the sub-micron 
agglomerated FAU particle morphology, providing further evidence of the presence of these phases.  
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Figure2: Typical SEM images of different zeolites types prepared from peat ash. 

 

Experiments confirmed that the LTA- zeolite was active in the simultaneous adsorption of a range of metals from aqueous solution in 
batch phase, where over 99% of Pb and Cu were removed after 1 h, Figure 3. A full set of data showing additional structural 
characterization (XRD, BET, SEM/EDAX), elemental composition (XRF) and water adsorption results will be presented at the 
conference. 

 

 

 

Figure3: Metal removal (as % of original concentration) on LTA-type zeolite. 

Keywords:Peat ash; zeolite; pyrolysis; waste management; water purification.. 
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Abstract  

Past industrial activities and careless waste disposal practices caused heavy metals and metalloids to become one of the most 

spreadcontamination in the world,affecting both soils and waters, where they can pose many risks and hazards to both humans and the 

ecosystem. 

Different interventions can be applied to reduce the toxicity, mobility, and7or the amount of contamination from a polluted matrix, 

depending on the nature, concentration and composition of the contamination itself. These interventions usually include extraction 

(Gomes et al., 2013), chemical and/or biological degradation (Khalid et al., 2017), washing (Yao et al., 2012), thermal 

treatment(Guemiza et al., 2017), or immobilization of the contaminants in a given matrix (Liu et al., 2018).Immobilization treatments 

have been proven to bevery effective to address the potential risks posed by these pollutants to the environment(USEPA, 2005) since 

they aim to modify the contaminated matrix’s physical-chemical characteristics by mixing it with different binding ligands(Bates and 

Hills, 2015). In this context, a new technology known as HPSS® (High-Performance Solidification/Stabilization) for the treatment 

"on-site" of soils, sediments and waste of predominantly inorganic matrix has been recently applied to produce reusable cement-based 

granular material characterized by low porosity, low leaching rate of contaminants and high mechanical properties(Scanferla et al., 

2012, 2009). An implementation of this technology has already allowed to remove from the cement-based granules both Hg (up to 

81%) and organic compounds (up to 96%) by a thermal treatment (Careghini et al., 2010). However, beside the decrease of 

contaminants content, the high temperature and long time of treatment used caused also a partial degradation of the cementitious 

phases, with a consequent decrease of the granules’ mechanical properties. In this study, HPSS® technology application was 

improved, for the treatment of freshwater sediment contaminated by mercury and heavy hydrocarbons (C12-40) resulting from dredging 

for the construction of a new navigation basin along the Mincio river at Valdaro (MN - Italy). With respect to previous applications, 

we managed to reduce both the temperature and time of the conventional thermal desorption treatment, showing already at this step a 

lower degradation of the pellets. Then, granules were subjected to a wet conditioning step, which was demonstrated to further 

improve the mechanical properties, as well as to further reduce the leaching of contaminants. The physical-chemical properties of the 

granules and their contaminants’ leaching in water were investigated by XRPD, SEM, GC, ICP-MS and ICP -OESanalysis, to select 

the optimal parameters for both thermal and wet conditioning processes. The overall data show that the use of consecutive thermal 

and wet conditioning treatment on stabilized cementitious materials from HPSS® technology removes volatile pollutants and improves 

the quality of the granules, leading to a final material accomplishing all the Italian regulatory requirements for reuse. 

 

Keywords: High-Performance Solidification/Stabilization (HPSS
®

), heavy metals, thermal treatment, wet conditioning treatment. 
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The Thylox process was an efficient method for purification of manufactured gas that was in use at a number of gasworks from the 
1930s to the 1950s. Hydrogen sulfide (H2S) removal was achieved in a tower by passing the gas stream through a mist of concentrated 
sodium arsenite solution. H2S gas was absorbed and captured as thioarsenate species (H3-yAsO4-xSx

y-) and subsequently recovered as 
elemental sulfur by aeration. The detection of elevated arsenic concentrations in soil and groundwater at some former gasworks sites 
where the Thylox process was usedreflects past releases from leaks and accidental spills and/or loading and unloading of arsenic 
trioxide. 

Field and laboratoryinvestigations were carried outat a former gasworks site that employed the Thylox process to develop a 
conceptual site model for subsurface arsenic distribution, fate and transport and to evaluate in situ remediation options. Soil borings 
were advanced at selected locations and cores were screened using field-based X-ray fluorescence (XRF) to select discrete intervals 
for laboratory analyses which included bulk chemistry (arsenic, iron, sulfide, TOC) and selective sequential extraction of arsenic. 
Groundwater sampling of existing and new wells was performed for arsenic concentration and speciation (IC-ICP-MS),major ion 
chemistry and redox indicator species.Past releases in the former Thylox process arearesulted in soil and groundwater contamination 
by arsenic and sulfide.In wells where concentrations of both arsenic and sulfide are elevated, groundwater pH is alkaline and arsenic 
speciation is dominated by thioarsenate species.Thioarsenates are partially transformed under mildly acidic pH conditions to dissolved 
arsenite and sulfide. Increasing concentrations of arsenite and sulfide eventually result in saturation of groundwater with respect to 
arsenic sulfides (e.g. orpiment) and precipitation of these solid phases within the soil matrix, resulting in soil arsenic concentrations as 
high as 20,000 mg/kg. The arsenic sequestered in these solid phases is relatively stable and unlikely to be mobilized under the existing 
strongly reducing subsurface conditions.  Dissolved arsenic concentrations in these areas are controlled by the solubility of arsenic 
sulfides such as orpiment(or amorphous As2S3) which is primarily a function of pH and dissolved sulfide concentration.  
Downgradient from these areas, arsenic transport is controlled mainly by adsorption to and incorporation in iron oxyhydroxide phases. 

Due to limited prior experience with treatment of thioarsenates, the potential effectiveness of in situ groundwater remediation 
approaches commonly employed for arsenic was considered uncertain andtreatability testing was undertaken focusing on 
manipulating pH and sulfide using iron-based amendments that could either be injected(ferrous sulfate, ferric chloride) or emplaced in 
a permeable reactive barrier(siderite, zerovalent iron). Treatability testing was performed with groundwater from a well representing a 
“worst case” scenario (86.7 mg/L arsenic, 153 mg/L sulfide, and pH of 8.7). Acid titrations confirmed that dissolved arsenic 
concentrationcould be reduced by lowering pH to less than 6; however, the lowest concentration achieved was 14.2 mg/L (84% 
removal) due to the persistence of thioarsenate species (Figure 1).  

 

 

Figure 1:Removal of arsenic species by acid titration of impacted groundwater. 
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Batch tests assessed the ability of selected iron amendments, to reduce pH and/or sulfide levels which was expected to promote the 
decomposition ofthe thioarsenatespecies. Ferrous sulfate and ferric chloride reduced arsenic concentrations by up to 91%, zerovalent 
iron by up to 95%, and siderite by more than 99%, but reaction rates were sluggish (requiring up to 16 days reaction time) due to the 
recalcitrance of thioarsenates. Pretreatment with an oxidant peroxide or permanganate prior to reaction withferric chloride or ferrous 
sulfate achieved >99% arsenic removal (<200 µg/L) and >99.9% (<30 µg/L), respectively. Soil-groundwater slurry batch tests 
confirmed that the soil matrix did not adversely impact treatment effectiveness.  Sequential extraction analysis of the post-treatment 
soils showed that the readily soluble arsenic fraction was reduced and arsenic was sequestered in less reactive fractions, and 
documented stronger sequestration of arsenic by ferrous sulfate than ferric chloride treatment. Slurry testing also demonstrated higher 
arsenic uptake and stronger sequestration by zero-valent iron than siderite. It was concluded that injection of ferrous sulfate can 
reduce arsenic concentrations in groundwater by an order of magnitude or more over time as thioarsenate species are destabilized and 
arsenic is removed by precipitation of iron and/or arsenic sulfide phases.   

For field application, long-term stability and permanence of treatment are important considerations for successful implementation. 
Thepotential for post-treatment arsenic remobilization is dependent on the geochemistry of upgradient groundwater that flows through 
the treated area. Elevated dissolved iron, low sulfide concentrations,and near-neutral pH favor the stability of iron and arsenic sulfides 
and arsenic adsorption and would suggest a low potential for arsenic remobilization following treatment.   
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Abstract: 

Biochar fibers are mechanically robust, thermally stable and chemically very resistant materials and because of their unique fibrous 
vascular structure, these materials possess increased adsorption capacities and enable fast medium transport and intraparticle mass 
transfer, resulting in relatively fast adsorption kinetics and can be easily regenerated and reused. Moreover, the surface of the biochar 
fibers, which is basically non-polar and mainly interacts with non-polar substances, can be chemically modified and 
selectivelytriggered towards ionic species, such as (radio)toxic metal ions.Uranium, which is an industrially and environmentally 
relevant element, exist in surface waters basically in the hexavalent oxidation state (U(VI)) as dioxouranyl moiety (“UO2”). Uranium 
removal and recovery from industrial process solutions and (waste)waters is of particular interest with respect to environmental 
protection and sustainable development. 

In our studies biochar prepared fromOpuntia ficus-indica andLuffa Cylindricafibres,and pine needles have been oxidized by boiling 
nitric acid and the degree of oxidation has been determined by acid-base titrations and FTIR spectroscopy. The optimum conditions 
for the activation of the biochars is given when 8 M HNO3 is used and the reaction time is 3 hours. Following, the efficiency of the 
materialsregarding the adsorption of hexavalent uranium (U(VI)) from aqueous solutions has been investigated by batch-type 
experiments as a function of various physicochemical parameters (pH, T, I, [U(VI)]o), and spectroscopic (FTIR, Raman, XPS)and 
SEM-EDX studies,prior and after metal adsorption.  

The biochar fibers are composed of highly oriented series of lamellar structures giving the material a strong and tough structure, and 
providing channelswith diameters in the micrometer range. Comparison of the SEM images corresponding to the carbonized and 
oxidized biochar fibers shows that chemical modification does not significantly affect the texture of the fibers. In addition, FTIR 
spectra obtained for the carbonized and the oxidized biochar fibers clearly indicate that HNO3 activation results basically in the 
formation of carboxylic moieties on the fiber surface. Specifically, in contrast to the IR spectra of the carbonized fibers, which show 
only two weak peaks at 1574 cm-1 and 1429 cm-1, the IR spectra of the oxidized material show absorption bands at 3430 cm-1, 1713 
cm-1 and 1242 cm-1, which are attributed to -OH stretching, carbonyl stretching and carboxylic acid bending vibrations, respectively. 
In addition, XPS and Raman spectra corroborate the formation of the carboxylic moieties on the biochar surface and acid-base 
titrations allow evaluation of the proton exchange capacity, which was calculated to be 4.0 ± 0.5 meq g-1 oxidized material. 

SEM images corresponding to the carbonized and oxidized biochar fibers shows that chemical modification does not affect 
significantly the texture of the fibers. The biochar fibers are composed of highly oriented series of lamellar structures giving the 
material a tough structure and providing channels in the micrometer range. In addition, FTIR spectra obtained for the carbonized and 
the oxidized biochar fibers clearly indicate that HNO3 activation results mainly in the formation of carboxylic moieties on the biochar 
surface. Specifically, in contrast to the IR spectra of the carbonized fibers, which show only two weak peaks at 1574 cm-1 and 1429 
cm-1, the IR spectra of the oxidized material show absorption bands at 3430 cm-1, 1713 cm-1 and 1242 cm-1, which are attributed to -
OH stretching, carbonyl stretching and carboxylic acid bending vibrations, respectively. In addition, XPS and Raman spectra 
corroborate the formation of the carboxylic moieties on the biochar surface and acid-base titrations allow evaluation of the proton 
exchange capacity, which was calculated to be 4.0 ± 0.5 meq g-1 oxidized material. 

Upon U(VI) adsorption,a red shift of the IR bands corresponding to stretching modes of the carboxylic moieties occurs, which 
indicates that U(VI) binding occurs through the formation of inner-sphere complexes between the carboxylic moieties present on the 
oxidized biochar surface and U(VI). The corresponding reaction is formulated by following equation:  

R-COOH + UO2
2+  R-COO- UO2

+ + H+       

To evaluate the maximum adsorption capacity (qmax) at pH 3, adsorption experiments with varying U(VI) concentrations have been 
performed and the experimental data have been fitted with the Langmuir isotherm model. The qmax data obtained (Table 1) indicate 
that the oxidized biochar fibers possessincreased adsorption capacity for U(VI). The qmax value 0.8± 0.4mol.kg-1 (190 ± 95 g.kg-1)is 
orders of magnitude significantly higher than adsorption capacities of similar materials. Moreover, kinetic and thermodynamic studies 
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reveal that the U(VI) adsorption on biochar fibers at pH 3 is a two step process (k1= 0.09 ±0.08) and is an endothermic, entropy-
driven reaction (ΔHo= 14 ±33 kJ·mol-1; ΔSo=131 ±120 J·K-1·mol-1) associated with the formation of inner-sphere complexes. 

 

Keywords: uranium, biochar fibers, adsorption studies, spectroscopic surface species characterisation  
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Abstract  

Copper has many applications in differentindustries such as plating, mining and smelting, brass manufacture, electroplating industries, 
petroleum refining and it is also used in Cu-based agrichemicals (Demiral & Güngör, 2016). The wastewater and the sludge produced 
from the aforementionedindustries contain copper basically in the form of Cu(II) species  and in order to avoid 
environmentalproblems, this heavy metal must be removed from wastewater before their disposal to land or water receptors. Among 
different wastewater purification techniques, the adsorption process seems to be an advantageoustechnique due to  lower cost, simple 
design and easy operation(Malik et al., 2017).The aim of this work is the production of biochar from Opuntiaficus indica 
cladodes(CFA) and its use as adsorbent for Cu(II) removal. For this purpose batch experiments were carried out to determine the 
effect of different parameters such as the initial Cu(II) concentration, pH, adsorbent dosage and temperature (Table 1).Fig. 1a showsa 
scanning electron microscopy (SEM) image of the produced biochar with the characteristic micro-sized channels, which offer high 
external surface and to the material and allow fast material exchange.  
 

Table 1: The experimental design 
Parameters Initial concentration 

(mol/L) 
pH Adsorbent 

dosage 
(g/L)  

Contact 
time (h) 

Temperature 
(K) 

Ionic 
strength 
NaClO4 

(M) 
Initial 

concentration  
5×10−6 − 9 ×  10−3 5 0.5 24 298 0.1 

pH 5x10-4 2-9 0.5 24 298 0.1 
Adsorbent 

dosage  
5x10-4 5 0.25-2.5 24 298 0.1 

Temperature 5x10-4 5 0.5 24 303-343 0.1 
 

 

Fig. 1: A. SEM image of the produced biochar 

The increment of the initial concentration affects positively the Cu(II) adsorption(Fig. 2, right), because high Cu(II) 
concentrationfavors the interaction of the metal ions with CAF (Cheraghi et al., 2015).  The effect of pH on the relative adsorption are 
shown in Fig.2 (left). The adsorption was found to increase from pH 2 to 4 and be constantup to pH 5.5.At low pH values, the low 
adsorption may be attributed to the competition of H+ with copper cations for the same active sites present on the CAF surface(Fiol et 
al., 2006).  The sharp increment of adsorptionfor pH >6couldbe ascribed to the Cu(OH)2precipitation (Fiol et al., 2006). 

https://www.sciencedirect.com/topics/chemistry/wastewater
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/ficus-benghalensis
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Fig.2:Effect of pH on relative adsorption of Cu(II) onto CAF (left).B) Effect of initial Cu(II) concentration on adsorption capacity of Cu(II) onto 
CAF (right). 

Other significant parameters that affect the adsorption process are the temperature and the adsorbent amount. The uptake of Cu(II) 
declines with increasingtemperature from 30 to 70 0C (Fig. 3, left) probable due to deactivation of the CAF surface or the destruction 
of some active sites on the CAF’s surface (Anastopoulos et al., 2017). The relative adsorption isslightlyincreased when the adsorbent 
dosage increases from 0.005 to 0.01 g, due to the availability of more adsorption sites (Cheraghi et al., 2015).  

 
Fig.3: Effect of temperature on relative adsorption of Cu(II) onto CAF (left).B) Effect of adsorbent dosage on relative adsorption of Cu(II) onto CAF 
(right). 
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Abstract: 

 

Asbestos is a silicate compound in the shape of natural fiber as a kind of igneous rock. Asbestos fibers are divided into two groups, 
i.e., serpentine and amphibole. The serpentine group includes only chrysotile, and amphibole group includes crocidolite, amosite, 
anthophyllite asbestos, actinolite asbestos, and tremolite asbestos (Leonelli et al. 2006; Skinner 2003). Chrysotile (white asbestos), 
crocidolite (blue asbestos) and amosite (brown asbestos) are mainly used in industry (Kusiorowski et al. 2012). Because of heat 
insulation, heat resistance and cheap, asbestos has been used in a variety of fields ranging from construction, automobile 
manufacturing, and household goods (Gualtieri et al. 2000). Asbestos has been used in almost all economic classes around the world 
and it has long been thought that there is no substitute for asbestos. Because asbestos was not considered as hazardous materials, its 
usage has increased. Worldwide production has increased from 2.8 million tonnes in 1966 to 5.2 million tonnes in 1975. However, 
since the late 1970s, human risks to asbestos dust have been known. When exposed to asbestos dust, it can cause fatal diseases such as 
asbestosis, malignant mesothelioma, and lung cancer through a latency period of 20 to 40 years (Wagner et al. 1960; Newhouse et al. 
1965; Selikoff et al. 1968). In addition, asbestos has been identified as a first-level carcinogen in 1987 by the International Cancer 
Institute of the World Health Organization (WHO). As a result, asbestos substitutes have been developed and the use of asbestos has 
been decreasing. In the past, asbestos-containing wastes (ACW) was landfilled, but there was a need to develop detoxification 
technology for asbestos because of the lack of landfill and recycling of resources. Various methods such as encapsulation, thermal and 
thermochemical methods, and chemical methods have been studied to detoxify ACW (Turci et al 2010; Werner et al. 1995; Block et 
al. 2000). The most efficient method of ACW detoxification is to convert asbestos fibers into harmless structures by high temperature 
heat treatment (Leonelli et al. 2006; Gomez et al. 2009). The thermal treatment method is to transform the structure of the asbestos by 
heating to a high temperature of 1200 ° C or more, and in the thermochemical treatment method, a chemicals are added to lower the 
heat treatment temperature (Gualtieri et al. 2008; Jolicoeur et al. 1981). However, due to the low thermal conductivity of ACW, it is 
difficult to treat them in large volume (Kashimura et al. 2014). Further, the processing cost is expensive due to high-temperature heat 
treatment or additional chemical. As an alternative, heat treatment using the microwave is considered to replace due to its advantages 
like the rapid rise temperature and uniform distribution of heat (Borderes 2000). The cement components of ACW mainly contains 
SiO2, CaCO3, and Al2O3 which transmit microwaves at room temperature and hardly absorb microwave energy hence must be 
preheated for microwave absorption (Jianmiao et al. 2005; Clark et al. 1996 ). In this study, we developed a microwave heating 
method using SiC or ZrO2 which is capable of absorbing microwaves at room temperature to solve the limitation of heat treatment of 
microwaves. Table 1 reflects treatment condition for asbestos detoxification by microwave. Powdered ACW was mixed with SiC or 
ZrO2 followed by irradiated with microwave to heat the inorganic material for detoxification.  Effect of Different process parameters 
like ACW plate powder size, heat treatment temperature, heat treatment time, mixing ratio and the type of inorganic materials on 
detoxification of asbestos was investigated. After treatment, X-ray diffraction(XRD) and scanning electron microscopy(SEM) of 
ACW powder were analyzed and compared with untreated ACW powder. The XRD and SEM result (Figure 1) indicated successful 
detoxification of the asbestos in a microwave heating method using an inorganic material. 

 

Keywords: Asbestos-containing wastes, microwave, inorganic material, detoxification, heat treatment 
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Tables and figures 

 

Table 1:Treatment condition for asbestos detoxification by microwave 

Powder size, > 1 mm 0.5 ~ 1 mm < 0.5 mm 

Treatment temperature 1,100°C 1,200°C  

Treatment time 10 min 2 hour  

ACW/inorganic material Mixing ratio 0.5 1 2 

Type of inorganic material SiC ZrO2  

 

 

Figure 1:XRD and SEM result of ACW slate powder before and after treatment 
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Abstract 
Chromium forms that are related to human health are trivalent, Cr(III), and hexavalent chromium, Cr(VI). Trivalent chromium does 
not pose a risk to human health as it is considered an essential trace element. On the contrary, hexavalent chromium is toxic and 
carcinogenic. The form of chromium normally found in water is hexavalent chromium. In the present study, the removal of 
hexavalent chromium by coagulation with ferrous iron is studied. The coagulation, which is carried out in a pilot plant, takes place in 
tubular reactors followed by sand filtration, as it is shown in figure 1.  
 
 

 

Figure 1. Scheme of the water treatment pilot plant in a flow system with flocculation followed by direct sand filtration. (1:Incoming Water, 2: 
Pump, 3:Flocculant Unit, 4 Flocculation Tube (0.6m Length, 7mm Inner Diameter), 5: Coagulation Tube (0.6m Length, 15mm Inner Diameter), 
6:manometer, 7: sand filter (particle size 0-2.5 mm and 4-8 mm), 8: treated water, 9: backwash water. Column Features: Column Height: 1m, Bed 
Height: 50cm, Inner Diameter: 68mm) 

 
 
The parameters studied were the removal of hexavalent chromium in relation to the flocculant dose, the effect of linear velocity, and 
the initial hexavalent chromium concentration on the removal of hexavalent chromium. The experiments have shown that the removal 
achieved in this unit is in agreement with the results obtained from experiments carried out on a laboratory scale using the same 
parameters, namely pH, concentrations of chromium and coagulant.  
 
 

 
Figure 2. Removal of hexavalent chromium in relation to the molar ratio of ferrous iron to hexavalent chromium. Experimental conditions: 
initianchromium(VI) concentration 50μg/L, flocculant dose 0.25, 0.5, 0.75, 1 mg/L, linear velocity 8 m/h, pH 7.5. 
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In figure 2, the removal of hexavalent chromium in relation to the molar ratio of ferrous iron to hexavalent chromium is shown. The 
removal of hexavalent chromium from initial concentrations of 50μg/L is efficient with a coagulant dose of 2 mg/L and a linear 
velocity of 8 m/h. Final chromium concentrations at pH 7.5 are below 10 μg/L, which is a potential limit for Cr(VI), while iron 
concentrations in treated water are very low and below 200 μg/L, which is the limit for iron in drinking water. 

 
Figure 3. Removal of hexavalent chromium in relation to linear velocity. Experimental conditions:  initial chromium(VI) concentration 50μg/L, flocculant 
dose 0.5mg/L, linear velocity 4, 8, 12, 15 m/h, pH 7.5. 
 
 
As it is shown in Figure 3, at higherlinear velocity a slight decrease in chromium removal was observed. 
 
 

 
Figure 4. Effect of initial hexavalent chromium concentrations on chromium removal. Experimental conditions: :initian chromium(VI) concentration 50, 
100, 200, 400 μg/L, flocculant dose 0.5 mg/L, linear velocity 8 m/h, pH 7.5. 
 
 
In Figure 4, it is observed that there was a significant decrease in chromium removal by increasing the initial hexavalent chromium 
concentration above 100ppb. 
 
 
 
Keywords: hexavalent chromium, pipe flocculation, sand filtration 
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Fifty-onearticle from the Scopus database published from 2014 to April 2019have been selected to analyse the use of biosorbents for 
removal of rare earth elements (REEs) from aqueous solutions. The criteria for the selection of articles is shown in Table 1. 

 

Table 1:Selection criteria of articles 

Step No. 1 
Search term Field 
Lanthanum 
OR 
cerium,* praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium, 
dysprosium, erbium, holmium, thulium, ytterbium, lutetium, scandium, yttrium, ree, rem, rare earth 
AND 
biosorbent 
OR 
biosorbents, biosorption, bioadsorption, bioadsorbent, bioadsorbents 

Article title 
OR 
abstract, 
keywords 

Step No. 2 
Manual selection of [possibly] relevant articles from the list of references in the review articles found in the step No. 1 
Step No. 3 
Manual removal of the irrelevant articles 
* “,” here means “OR” 

 

In the first selection step, terms describing both sorbents of biological origin and adsorbate (a substance that has been adsorbed) have 
been used.Step No. 2 was applied to retrieve at least some of the articles that were not found in step No. 1, as there are researchers, 
who have chosen use terms “adsorption” and/ or “adsorbent” instead of more appropriate “biosorption” and/or “biosorbent”, which 
are the recommended terms, when a material of biological origin is used. For example, a research group from Romania (Butnariu et 
al., 2015) studied adsorption of Nd(III), Cs(I), Sr(II), Tl(I), Eu(III), La(III) ions by bone powder. They used term “organic natural 

sorbents” instead of “biosorbents”. Terms “adsorption” and “adsorbent” were not included in step No. 1, as number of retrieved 
articles would increase from 203 to 11102 (!) articles. Such a large number of articles cannot be considered appropriate for the 
selection for further analysis. In step No.3, irrelevant articles were removed from the list, for example, review articles and articles that 
are not in English. Articles, where only living (micro)organisms were applied as adsorbents, were also removed from the list, as we 
presumed that it is not known, whether biosorption has been the main removal mechanism, as bioaccumulation also plays a role. 
However, it was often not clear whether living or dead organisms were used. To reduce confusion in the future, we also suggest 
researchers to indicate, whether dead or living (micro)organisms are used in their studies (most preferably in the title or abstract). 

Most of the studies on biosorption of REEs have been based on batch experiments (also called batch tests, batch mode, batch 
technique) – biosorbent is contacted with synthetic metal solutions in a container (flask or centrifuge tube)at fixed temperature, 
agitation speed and contact time. The maximum adsorption capacity (regarded as the main parameter determining the efficiency of the 
biosorbent) is calculated from the difference between concentrations of a particular element in the initial solution and after filtration. 
The overview of the tested biosorbents and studied adsorbatesis given in Figure 1. To summarize, every rare-earth element has been 
studied except promethium and [vascular] plant-based biosorbents have been studied most often.  
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Figure 1:Tested biosorbents and studied REEs  

 

 

A basic bibliographic analysis hasalso been included in this minireview. Number of published articlesby journal rankis given in Figure 
2.Surprisingly, a large variety of journals (i.e., 39) have published these articles, and only 3 of them have published 3 or more articles, 
namely, “Desalination and Water Treatment”, “Journal of Environmental Chemical Engineering” and “Journal of Rare 

Earths”.And only 5 countries (i.e., researchers from these countries) have published 3 or more articles: India (10 articles), Japan (10), 
China (7), South Africa (4) and Germany (3). Vellore Institute of Technology, Chinese Academy of Sciences, Universityof Pretoria 
and University of Tokyo are the most actively publishing institutions.The most cited (according to Scopus) articles from year 2014 - 
2017: 

1) Characterization of metal-biomass interactions in the lanthanum(III) biosorption on Sargassum sp. using SEM/EDX, 
FTIR, and XPS: Preliminary studies - 62 citations (Oliveira et al., 2014). 

2) Biosorption of lanthanum and cerium from aqueous solutions by grapefruit peel: Equilibrium, kinetic and 
thermodynamic studies - 20 citations (Torab-Mostaedi et al., 2015). 

3) Biosorption potential of cerium ions using Spirulina biomass - 21 citations (Sadovsky et al., 2016). 
4) Uranium and neodymium biosorption using novel chelating polysaccharide - 10 citations (Elsalamouny et al., 2017). 

 

 

Figure 2:Number of published articlesby journal rankand number of open access articles 
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It seems that there is still a long way to go until we will see the application of biosorbents in real-life situations. Hopefully, 
researchers will take the challenge and will try to reduce the significant gap between laboratory-scale experiments and application of 
biosorbents in full scale systems. Column and regeneration studies, application of realwastewater, determination of the biosorption 
mechanism/-s and economic assessment should be the first direction to look at. Simply testing another biosorbent or applying new 
[and fancy] modification techniques won’t help to fill the gap and should not be encouraged, even though it seemsto be an easy bite. 
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Abstract 

Filtration can be defined as the separation of solids from a suspension by means of a porous medium which retains the solids and 
allows the passing of the liquid. The liquid collected is referred to as the filtrate, and the solids are retained as the filter cake. During 
the extraction of valuable metals form either hazardous or non-hazardoussolid waste and later separation of liquid from solid, in the 
filter residue remained significant portion of metals (Rettger, P et.al 2006). After several processes the filter cake is a source of 
different heavy metals which cannot be discharged directly without appropriate treatments due to economical point of view and 
environmental concern (Federal Register et.al 2003).Among different way of minimization of heavy metals in filter cake, (Rettger, P 
et.al 2006).  recovery of metals is one of the best route. The aim of the work is therefore to characterize this filter cake taken for our 
study during the recovering of metals form spent catalyst waste (main chemical composition of filter cake: 10 % Mo, 25 % V, 10 % 
Ni, data from X-Ray Fluorescence and ICP-MS) and to carry out leaching test of heavy metals from the filter cake using H2SO4; 
NaOH ̸ H2O2; H2O, (Previously roasted with Na2CO3or NaHCO3in muffle furnace);solution as leachant. In the present work, 
extraction of Molybdenum, Nickel and Vanadium using different leaching agents were at different rates (50% V, 45% Mo, 60% Ni, 
H2SO4; 65% V, 70% Mo. Ni was not present, NaOH ̸ H2O2; 50% V, 50% Mo. Ni was not present, H2O, sample previously roasted 
with Na2CO3 ̸ NaHCO3data from X-Ray Fluorescence and ICP-MS). Selective precipitation of metals from leaching solution were 
conducted to reach 99 % of Vanadium precipitation at slightly alkaline pH with ammonium salt at room temperature, as well almost 
all Molybdenum precipitated at strong acidic pH at boiling point of water. Unlike from two metals mention above, Nickel didn’t 
precipitate although different conditions were routinely applied.  

Key Words: Filtration, filter cake, muffle furnace, Leaching agent, XRF, ICP-MS. 
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Abstract: 

The presence of arsenic in water supplies is a major problem for public health and still concerns large parts of population in South 
East Asia, Latin America and Europe.Specifically, in South East Asia, more than 500 million people are consuming water with 
concentrations higher than the WHO guideline value of 10 μg/L (WHO 2010). Removal of arsenic is usually accomplished either by 
coagulation with iron salts or by adsorption with iron oxides or activated alumina (Katsoyiannis and Zouboulis, 2002, 2006; Deliyanni 
et al., 2003, 2011; Vaclavikova et al., 2005; Gallios et al., 2007;Nandi et al., 2012).However, these materials although very efficient 
for arsenic, normally do not remove other undesirable constituents from waters, such chlorine, organo-chlorine compounds, which are 
the results of water chlorination. Activated carbon, has this affinity for organic compounds, but do not remove so efficiently arsenic. 
Therefore, in the present study, iron modified activated carbons are investigated as alternative sorbents for the removal of arsenic (V) 
from aqueous solutions. In addition, modified activated carbons with magnetic properties can be easily separated from the solutions. 
In the present study, a simple and efficient method was used for the preparation of magnetic Fe2MO4 (M:Fe and/or Mn) activated 
carbons (Table1).  

 

Table 1: Impregnation ratio for the iron impregnated activated carbons. 

Samples Impregnation ratio 

N initial carbon 

NF initial carbon 90%;(Fe2+: Fe3+2:1) 10% 

NFC initial carbon 85%;(Fe2+: Fe3+2:1) 10%; Cu2+  5% 

NFM initial carbon 85% ;  (Fe2+: Fe3+ 2:1) 10%;  Mn2+  5% 

 

Activated carbons were impregnated with magnetic precursor solutions and then calcinated in an oven. The obtained carbons were 
characterized by X-ray diffraction (XRD), nitrogen adsorption isotherms, scanning electron microscopy (SEM), vibrating sample 
magnetometer (VSM), Fourier Transform Infrared Spectrometry (FTIR) and X-ray photoelectron spectroscopy (XPS) measurements. 
Their adsorption performance for As(V) was evaluated. The iron impregnation presented an increase in As(V) maximum adsorption 
capacity (Qmax) from about 4 mg/g for the raw carbon to 11.05 mg/g, while Mn incorporation further increased the adsorption 
capacity at 19.35 mg/g (Figure 1). 
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Figure 1:(a) Percentage adsorption of arsenic at pH 3 and 7. (b) Arsenic adsorption isotherms fitted to the Langmuir (lines) and Freundlich equations 
(dotted lines). 

 

Keywords: Arsenic (V) removal; magnetic activated carbon; Adsorption; Iron-manganese impregnation 
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Abstract  

Heavy metals can be mobilized from polluted sediments if they are exposed to changing environmental conditions. The aim of this 
study is to examine the changes in the fractionation of metals of marine sediments caused by sediment resuspension in well aerated 
seawater.Copper (Cu) under oxygenated conditions presents a decrease of 10% in the concentration of copper bound to organic matter 
and sulfides and a concurrent increase in the concentration of copper associated with carbonates. The fractionation of lead (Pb) and 
zinc (Zn) among the different phases was not significantly affected.Asmall concentration of Pb (0,5-1 μg/L) was released in the 
seawater after intense leaching procedures which is attributed mainly to the high concentration of chlorides in seawater. 

Keywords: fractionation, metals, oxidation, sediment  

 
Introduction 
Coastal sediments are a receptor of contaminants from anthropogenic activities. The evaluation of mobility and the effects of 
environmental factors on the mobility and the fate of metals is a critical issue.Reviews (Bacon and Davidson, 2008) and studies 
(Cappuyns et al., 2006) have shown that only some fractions of the contaminant load are mobile and bioavailable and thus affect 
sediment toxicity. For this reason, assessment of mobilization and transfer of metals from contaminated sediments to aquatic 
environment and to aquatic organisms are essential steps for the evaluation of potential environmental impacts and for the 
prioritization of actions or measures when the management of sediments is required (Katsiri et al., 2009). 

Metal ions in sediments are considered to be partitioned between the different phases present: organic matter, oxyhydroxides of iron 
and manganese, phyllosilicate minerals, carbonates, and sulfides. Metal ions are retained on these solid phases by different 
mechanisms, such as ion exchange, adsorption or precipitation (Filgueiras et al., 2002). 

Several factors influence the fractionation of metals in the sediment, but pH,redox (reduction-oxidation) potential and salinity are 
considered the most important of the environmental factorscontrolling the mobility of heavy metals. Except for the effect of dissolved 
oxygenon the binding of metals onto the sediments(Kelderman and Osman, 2007, Larner et al., 2008), the effect of others factors such 
as salinity, nitrogen and phosphoruson the release of metals have been studied (Liu et al., 2019).  However, even if oxidation leads to 
metal release, a large fraction of the metal can be readsorbed and repartitioned to the solid phase (Xie et al., 2019). This study extends 
previous work on the role of environmental factors and natural attenuation processes on the mobility of metals from sediments to the 
water column (Damikouka and Katsiri, 2017).  

 

Methods  

Samples were collected from several stations of the Port of Piraeus, Greece. All sediments were kept in closed airtight containers 
under nitrogen atmosphere at 4°C. The samples were subjected to the following tests: 

-A single leaching test based on the test specified by the European standard EN 12457/1. The liquid to solid ratio, L/S, was 2 L/kg dry 
matter. The leaching of constituents was carried out by stirring the samples with a roller table apparatus for 24 h at room temperature. 
The ultrapure water proposed by the Standard, was substituted for the oxygenated sea water. Aeration of the mixture of seawater and 
sediment was performed with synthetic air. 
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-A sequential leaching procedure based on the European standard EN 12457/1 was performed in 7 sequential cycles using as a 
leachant oxygenated seawater. The leachant was renewed in every cycle. 

-A sequential extraction procedure for the fractionation of metals before and after the single leaching procedure: Sequential 
extractions were performed using a modified version of the Tessier scheme (Tessier et al., 1979, Belzile et al., 1989). The extractable 
heavy metals are fractionated into 5 fractions: the exchangeable metals, the metals bound to carbonates, the metals associated with 
manganese oxides, the metals bound to iron oxides and the metals bound to organic matter and sulfides.  

-For the determination of the concentration of trace metals in seawater, the analytical grade Chelex 100 resin, 200–400 mesh in 
sodium form, was used 

-The determination of metals was performed by air/acetylene flame atomic absorption in a PerkinElmer AA Analyst 100 AAS, and by 
the electrothermal atomic absorption spectroscopy in a graphite furnace Perkin Elmer AAS 100, HGA 800. 

 

Results and Discussion 

Figure 1 depicts the concentration of Pb released in the seawater column after every cycle through the seven sequential cycles of 
leaching procedure. The concentration of Ζn released in the seawater after every cycle was from 0.6 to 0.8 mg/L, and for Cu was from 
0.07 to 0.1mg/L. 

Figure 2 presents the changes in the fractionation of Cu, Pb and Znin the phases under investigation due to intense resuspension of 
sediment in frequently aerated seawater. The partitioning of Pb and Zn among the different phases was not significantly affected. 
However,under oxygenated conditionsdecrease in the concentration of Cu bound to organic matter and sulfides and an increase in the 
concentration of Cu associated with carbonates was observed. 

 

 

Figure 1:Concentration of released Pb through the seven sequential cycles leaching procedure with oxygenated seawater 
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(a)                                                                        (b)                                                                       (c) 

 

Figure 2:Changes in the fractionation of a) Cu, b) Pb, c) Zn due to exposure to dissolved oxygen in resuspension procedures 

 

Conclusion  

Metal mobility is not affected by short-term changes in environmental conditions caused by resuspension in oxygenated water. The 
amount of metal released depends strongly on the characteristics and the components of sediment. The partitioning of lead and zinc 
among the different phases was not significantly affected. However, the metal-chloride complexation mechanism leads to a small but 
constant release of lead in the saline water column.This kind of short-term exposure is very likely during dredging procedure. 
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Removal of contaminants in wastewaters, such as heavy metals, that are known to be toxic for living organisms, continues to 

be a major concern. Numerous technologies have been developed to deal with this problem. As an emerging technology, 

nanotechnology has been gaining increasing interest and many nanomaterials have been developed to remove heavy metals from 

polluted water, due to their excellent features resulting from the nanometer effect, among them carbonaceous nanomaterials.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Adsorption isotherms. 

 

Nanostructured activated carbon, graphite oxide and their functionalized counterparts were used for the removal of the heavy metal 

ions from aqueous solutions by a batch adsorption method and were modeled using classical Langmuir and Freundlich adsorption 

isotherms. The present and potential applications of these nanomaterials in wastewater treatment include mainly adsorption. Langmuir 

adsorption isotherm results showed that carbonaceous nanomaterials are effective adsorbents for the removal of metal ions from 

aqueous solutions, while the experimental data suggest monolayer type of adsorption.  

The maximum adsorption capacities of metals adsorbed onto activated carbon (Figure 1), estimated from the Langmuir model, found 

to be analogous to their ionic radii and Pauling electronegativity, as presented in the Table 1. 

 

 

 

 

  

0 20 40 60 80 100 120 140

0

20

40

60

80

100

120

140

160

180

200

q
e

q
  

[ 
m

g
 /

 g
 ]

C
eq

  [ mg / L ]

Pb

Cd

Zn

Cu

Ni

Cr

Mn



567 
 

 

Table 1. Adsorption capacities onto activated carbon, ionic radii and electronegativity of some metals. 

  
Metal 

  
q

max
 

  

R
2
 

Ionic radii 
(Angstrong Å) 

electronegativity 
( Pauling) 

Pb 183.66 0.8878 1.19 2.33 
Cd 165.63 0.9674 0.97 1.69 
Zn 131.20 0.9942 0.74 1.65 
Cu 110.08 0.9712 0.73 1.90 
Ni 67.67 0.9730 0.69 1.91 
Cr 40.94 0.9269 0.52 1.66 
Mn 24.26 0.9638 0.46 1.55 

 

Metal ions were found toget adsorbed onto carbonaceous nanomaterials’ surface by π-π stacking and electrostatic interactions, as 

illustrated in Figure 2. 

 
Figure 2. Mechanism of heavy metal adsorption onto activated carbon. 
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Abstract: 

Despite its abundance, its importance in biological processes and its influence on metal bioavailability, the biogeochemical cycle of 
dissolved organic sulfur (DOS) in aquatic systems is still poorly understood. Recent high-resolution mass spectrometry studies 
showed a selective loss of organic sulfur during photodegradation of dissolved organic matter (DOM) from different 
environments(Gomez-Saez, Pohlabeln, Stubbins, Marsay, & Dittmar, 2017; Herzsprung, Hertkorn, Friese, & Schmitt-Kopplin, 2010; 
Stubbins & Dittmar, 2015), which was hypothesized to be associated with the production of sulfate. Here we present evidence of 
ubiquitous production of sulfate and methanesulfonic acid (MSA) during photodegradation of DOM samples from a wide range of 
natural terrestrial environments. Our estimates indicate that photoproduction of sulfate exceeds that of carbonyl sulfide and carbon 
disulphide, two known DOS photoproducts (Mopper, Kieber, & Stubbins, 2015), by at least one to three orders of magnitude. 

In addition, we identified possible environmentallyrelevant molecular precursors for sulfate and MSA production. We further selected 
cysteine, a ubiquitous S-containing amino acid, as arepresentative DOS model compound and we studied its photodegradation 
mechanism. Using state-of-the-art analytical techniques, we tracked the fate of the cysteine-S atom and we reconstructed the 
molecular events that ultimately leads to sulfate release. Our first results indicate that at least two independent pathways can lead to 
sulfate production, which can be both initiated by triplet sensitizer-induced oxidation. 

 

Keywords: photodegradation, dissolved organic matter, dissolved organic sulfur, reaction mechanism, cysteine 
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Tables and figures 

 

 

Figure 1:Left – Overview of the DOS cycle in sunlit surface waters and possible implications for DOS biogeochemistry.The dotted lines represent 
photochemical processes. The photoproducts identified for the first time in this study are in black-framed boxes. Right – Sulfate photoproduction 

from Pony Lake Fulvic Acid (PLFA, 20 mgC L-1) during UVB irradiation. After 40 hours, approximately60% of the starting DOS was converted to 
sulfate.Legend –MSA, methanesulfonic acid; MSIA, methanesulfinic acid 
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Dissolved organic matter (DOM) is ubiquitous in all aquatic systems. Both the composition as well as the concentration of DOM in 
natural waters are quite different. The concentrations is ranging from few mg/L or lower in groundwater up to 20 mg/L and more in 
brown water and bog lakes (determined as mg/L DOC; dissolved organic carbon). The structural composition of DOM depends 
mainly on the source of the precursor material as well as on the degree of its transformation and is therefore highly variable. In most 
aquatic systems, compounds of natural origin form the major part of the DOM. Among these, humic substances (HS) are the most 
abundant ones and therefore play an important role in aquatic systems as well as in water technology. 

In the drinking water ordinance, the parameter TOC (total organic carbon) is listed as an indicator parameter, and by this, it plays a 
dominant role in water treatment. Although HS are not toxic, increasing TOC or DOC concentrations might lead to problems in the 
treatment process during flocculation, adsorption, oxidation and disinfection steps. Concerning aesthetic aspects color, taste and odor 
of the water may be negatively affected by HS in addition. In addition, problems result from the fact that HS reacts in various ways in 
treatment processes: formation of toxic byproducts during disinfection; competitive adsorption on activated carbon; formation of 
fouling layers on membranes; increasing regrowth potential, and increased solubility of heavy metals due to complexation reaction. 

Many different approaches are used to characterize HS, but the heterogeneous and high molecular structure of HS in its manifold 
appearance makes it impossible to identify the chemical structure in the classical sense. Numerous reviews and detailed studies have 
been published on methods and approaches applied to the structural characterization of HS(e.g. Aiken et al. 1985, Frimmel et al. 
2002, Kamjunke et al. 2017). Although the elemental composition of HS is known, information about structures and functionality is 
still insufficient due to the complexity of these substances.The “structure” of HS is at least as diverse as its function in the ecosystem.  

Several functionalities with dualistic character are connected to the high molecular structure of the substances: unsaturated bonds and 
delocalized electron-systems influence the spectral absorbance and by this the photochemistry of HS; molecular interactions of 
organic micro pollutants are mainly due to the hydrophobic and hydrophilic structural regions of HS; the hydrophobic part influence 
the adsorptivity  and/or  mobility; electron donor functional groups are of major influence on the water solubility and its pH-
dependence, and influence the capacity for metal ion complexation and the resulting dissolution and/or precipitation. 

To understand all of these characteristic properties specific analytical tools, the use of as many independent methods as possible, the 
combination of well-defined sample treatment and isolation procedures, and the need for interdisciplinary research studies is needed. 
The correlation and combination of the data will help to set the basis for the understanding of the role of HS in natural 
systems(Lipczynska-Kochany 2018). 
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Abstract 

Soil organic matter (SOM) can be divided into labile or rapidly decomposed, and stable or slowly decomposed fractions. The labile 
fractions of soil C are important to study as these fractions greatly influence nutrient cycles and many biologically related soil 
properties. The labile fractions of soil C are often termed the active C pool, to distinguish it from the bulk of the soil C. The soil active 
C pool serve as sensitive indicators of changes in management-induced soil quality, include microbial biomass C (Islam and Weil, 
2000; Filep et al., 2015), particulate organic matter (Wander and Bidart, 2000).Organic  matter  decomposition  is  a  fundamental 
process,  regulating  rates  of  net  carbon storage  and  nutrient  cycling  in  terrestrial  ecosystems.  Decades  of  research  have  
informed  the development  of  ecosystem  models  that  describe decomposition  and  heterotrophic  soil  respiration rates  primarily  
as  functions  of  abiotic  environmental  factors  including  temperature,  moisture, and  organic  matter  substrate  quantity  and 
quality  (Davidson  and Janssens 2006;  Scott-Denton  et  al.  2006). 
In the past it has been difficult to trace changes in thestructure of dissolved organic matter (DOM) because of the complexity and 
nonconservative behavior of the composition of DOM in naturalenvironments. Fluorescence measurements can be used tocharacterize 
and trace DOM dynamics as a fraction of DOMfluoresces (e.g., McKnight et al. 2001; Stedmon et al. 2003).Over the last 20 yr, 
fluorescenceexcitation emission matrix (EEM) spectroscopy has beensuccessfully applied to identifying terrestrial and aquatic 
components of DOM (Coble 1996). However, it is only recently that all the informationcontained within the EEM is being used for 
characterizationof the fluorescent organic material. Multivariate data analysistechniques such as principal component analysis and 
parallelfactor (PARAFAC) analysis have been shown to provide aconsiderable advantage over the traditional methods in interpreting 
the multidimensional nature of EEM data sets(Persson and Wedborg 2001; Stedmon et al. 2003).  
For this study, thirteen topsoil samples were collected from seven sites in Hungary. The samples were mainly forest soils with high 
clay, siltand organic matter content, but three forest soils developed on sandwere also collected.The samples were kept in an incubator 
at 20 °C for 163 days at 70% WHC. Soil respiration was trapped in plastictubes containing 15 ml of 2 M NaOH, placed in the 
incubation bottles,which were closed air-tight. The NaOH traps were replaced on days 3,8, 15, 30, 51, 79, 107, 135 and 163, and the 
amount of CO2 evolved was measured. The first-order twopools model was used in this experiment to describe the Cmineralization 
kinetics in the studied samples.DOC was measured after extraction with 0.01 M CaCl 2at a 1:10 soil:solution ratio for 2 h with a 
TOC/TN analyser. The excitation-emission matrix was obtained by combining a series of emissionscans made from 240–600 nm 
while exciting at wavelengthsranging between 240 and 450 nm (every 5 nm). The PARAFAC analysis was carried outin MATLAB 
using the ‘‘N-way toolbox for MATLAB’’ (Andersson and Bro 2000).  
The objectives of this study 

 to reveal the relationship between the decomposition parameters and the chemical composition of DOM fraction by 
PARAFAC fractions 

 to follow the chemical changes in the composition of DOM fraction during the incubation 
 
 
Keywords: labile carbon pool, DOM, decomposition rate, fluorescence spectroscopy, PARAFAC 
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Abstract 
 
Endocrine disruptor chemicals (EDCs) are becoming one of the major aquatic pollutant in the last decade. With the rapid development 
of the chemical industry along with the pharmaceutics more and more EDCs such as 17α-ethinylestradiol (EE2) and 17β-estradiol 
(E2) have entered the aquatic systems. Estrogens can enter the wastewater from personal care products and medicines. Although 
estrogen compounds has typically low solubility in water (25 mg/l) only a trace amount can cause disturbance in endocrine processes 
of the wildlife and even human life. Classical sewage treatment processes are based on physical, biological and chemical processes. 
These treatments cannot effectively clean the water from these molecules, so the remain of the estrogen enters the environment 
mainly into water bodies. The persistence and bioavailability in the aquatic environment depend on their sorption on the solid phase. 
The main problem is, that little is known about the processes that can cause mobility of these substances. 
 
In aquatic systems probably the most effective adsorbents for EDCs are the dissolved organic molecules (DOM). DOM is a complex 
of chemically unspecified compounds that are either locally produced or originated from soil. It can be separated into two fractions 
based on their solubility at a given pH: 1./Humic acid (HA) fraction that precipitated in strongly acidic medium, and 2./ Fulvic acid 
fraction that remained dissolved in both acidic and alkali medium. Studying these fractions adsorption mechanism is a key element to 
understand the behaviour of different EDCs in aquatic systems. 
 
Present study focuses on the concentration-dependent adsorption of 17α-ethinylestradiol on three different DOM samples. Two of the 
DOM fractions were originated from IHSS 1./ Suwannee River Humic Acid Standard III, 2./Suwannee River Fulvic Acid Standard 
III. The third DOM fraction we were used was the FA fractionprepared from the Danube river. 

EE2 was added at different concentrations to each of the dissolved adsorbents. The solutions were shaken for 3 hours. After that the 
samples were dialysed for 48 hours against exact amount of destilled water in a 1 kDa molecular weight cut off membrane. Blind 
samples were also prepared to determine the amount of organic matter that passed through the dialysis membrane by TOC analyser. 
Excitation emission matrixes (EEMs) were measuredall of the samples and their dialysis waters. The concentrations of EE2 in the 
dialysis waters were determined by reverse phase HPLC measurements on C18 sunshell column. From the initial concentrations of 
EE2, and the concentrations of the dialysis waters, the adsorbed amount can be calculated for each adsorbent. 

According to the results the adsorption reaches a maximum value by increasing the EE2 concentration. The sorption isotherm of EE2 
to DOM fractions was fitted by the Langmuir model.  The maximum adsorption capacity of the DOM samples was determined from 
the equation of these isotherm. Also the distribution coefficients KDwere calculated for each adsorbent. The EEMs showed whether 
the adsorption of the EE2 molecules causes any shift in the typical fluorescent spectra of DOM. The peak that shifted characterize the 
chemical structure of a molecule groups, thereby it can be concluded which structural characterof the DOM is most capable of the 
adsorption. 

This research was supported by Hungarian National Research and Innovation Office NKFIH (NVKP 16-1-2016-0003) and (K-
123953). 
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Abstract 

High-field NMR spectroscopy served to elucidate the effects of actual drinking water treatment processes used in major Swedish 
cities on the structure of DOM itself. While common established processes based on chloramine (H2NCl) and hypochlorite (OCl-) 
show, with the exception of flocculation, surprisingly limited effects on DOM structures, a new pilot scale process alters DOM 
chemical environments very drastically and also attenuates TOC thoroughly. 

Key words: drinking water treatment, DOM, DBPs, chloramine, chemodiversity, structure, NMR, SPE 

 

Synopsis 

Freshwater dissolved organic matter (DOM) is a polydisperse mixture of organic molecules of terrestrial and aquatic origin which 
ranges among the most complex mixtures of molecules on earth. Colored organic matter (CDOM) is the light absorbing sub-fraction 
of DOM and features high proportions of sp2-hybridized carbon as constituents of aromatic and olefinic molecules and to lesser extent 
non-bonding electrons at heteroatoms. While natural products and biogeochemical materials such as lignins and tannins are 
acknowledged as plausible precursors of CDOM, its composition and structure are largely ill constrained even today. Nevertheless, it 
is obvious that unsaturated organic molecules based on sp2-hybridized carbon will in general show a higher susceptibility to abiotic 
and biological transformation than aliphatic compounds based on sp3-hybridized carbon. In common freshwater DOM, the ratio of 
Csp2H/Csp3H hydrogen-based chemical environments ranges near 1:15 according to 1H NMR spectra whereas the ratio of Csp2H/Csp3H 
carbon-based chemical environments ranges near 1:7 according to 13C NMR spectra. This discrepancy is largely caused by the high 
proportion of carboxylic groups, ketones and quaternary aromatic carbon in DOM. The high proportion of quaternary carbon in 
freshwater DOM which might exceed 50% is a particular discriminating feature of biogeochemical DOM when compared with 
common mixtures of biomolecules such as metabolite extracts. 

Drinking water treatment is widely implemented worldwide to prevent diseases caused by waterborne infectious pathogens. Common 
disinfection relies on strong inorganic oxidants such as gaseous chlorine (Cl2), hypochlorite (ClO-), chlorine dioxide (ClO2) and ozone 
(O3) but also monochloramine ClNH2, the primary reaction product of chlorine and ammonia, is often used in commercial drinking 
water treatment processes. Since the 1970s, an ever growing count and range of disinfection byproducts (DBPs) has been identified 
which arise from the reaction of these oxidants with DOM molecules. Micropollutants such as bromide (Br -), bromate BrO3

-) and 
iodide (I-) also contribute to the formation of DBPs. Halogenated DBPs are considered potentially harmful for humans and their 
putative and manifest toxic effects include cytotoxicity, genotoxicity and teratogenicity. Commonly ~16-30 DBPs are regulated in 
different countries; this implies that drinking water processes have to stay below specified rather low limits of these typically small 
molecules when the drinking water is released to the public. The recent years have revealed the presence of hundreds to thousands of 
additional halogenated DBPs in common drinking water treatment processes which are largely unknown with respect to composition, 
structure and toxicity even today. Fourier transform ion cyclotron mass spectra have made appreciable contributions to the discovery 
of these compounds because halogenated DBPs exhibit well recognizable isotope patterns (35/37Cl, 79/81Br) while iodinated DBPs often 
show mass peaks apart from the crowd, caused by the large mass of 127I. Because the inorganic oxidants preferentially react with the 
complement of CDOM molecules, most identified larger sized DBP molecules feature high degrees of relative unsaturation. 
Formation of DBPs is of particular concern at a time when DOM concentrations in inland waters are continually increasing, 
“bouncing back” from perhaps historical low levels which were initiated by large-scale acidification of land surfaces a few decades 
ago. 

While in-depth studies of molecular compositions and structures on DBPs are numerous, analogous in-depth assessments of 
alterations of DOM itself which are imposed by various procedures of drinking water treatment are still very rare. The vast majority 



576 
 

of compositional and structural studies of drinking water treatment that referred to the alterations of DOM itself used either 
fluorescence spectroscopy or chromatography coupled with various kinds of optical spectroscopy or on-line quantification of TOC. 
The advanced bulk parameters obtained from these studies show rather indirect relationships between data and structure-relvant 
molecular parameters. In contrast, high-field NMR spectroscopy provides the capability for quantitative and non-destructive de novo 

determination of chemical environments of polydisperse and molecularly heterogeneous DOM and is particularly well suited to define 
carbon- and hydrogen-based aliphatic, oxygenated and aromatic chemical environments of atoms. 

In our contribution, we compare the effects of real-world water treatment processes on DOM molecular structures itself. An average 
of 5-8 individual treatment steps precedes the release of drinking water in four major Swedish cities. All of these are based on 
disinfection of inland water sources induced by Cl2 and ClNH2 treatment; in Malmö, bromate from saltwater intrusion contributes to 
the formation of several brominated DBPs in certain DOM fractions.  

 

 

Fig. 1:. Area-normalized  1H NMR spectra (800 MHz, CD3OD) of SPE-DOM (PPL) from several fractions within drinking water treatment 
processes; (A) classical H2NCl process (B) new pilot plant process; (*) asterisk: flocculation. 

In our study, we have acquired 1H NMR spectra and a suite of multiplicity-edited 13C NMR spectra for an unbiased non-target 
analysis of DOM fractions obtained during these actual drinking water treatment processes. When necessary, two-dimensional 
homonuclear and heteronuclear NMR spectra were used for further discrimination of samples. 

With the exception of flocculation, the effects of Cl2- and H2NCl-based drinking water treatment of the structural diversity of DOM 
were surprisingly limited and in several steps, highly selective. In contrast, a new experimental five-step water treatment process 
which combines membrane processes and ozonation operates currently on pilot-scale in Stockholm and it dramatically alters the 
structure of DOM in about every single step. In the end, this new process has about completely removed all CarO-units from DOM 
and also attenuated TOC very significantly. 
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Abstract: 

Constructed wetlands can be a low-energy, low-cost method of wastewater treatment. However, adoption has been limited by the 
difficulty in reliably predicting their performance and challenges treating some contaminant classes, including pathogens and trace 
organic chemicals. One way to overcome these limitations is to build wetland systems consisting of smaller units, with each unit 
having a distinctive design, customized to treat a particular suite of contaminants. Among such unit processes, shallow sunlit open 
water wetland cells can be used to remove trace organic chemical contaminants (Prasse et al, 2015) that are susceptible to 
photochemical transformation and to inactivate pathogenic microbial contaminants such as waterborne bacteria and viruses 
(Silverman et al 2015). 

For pathogens, there are three sunlight inactivation mechanisms: direct inactivation, indirect endogenous and indirect exogenous 
inactivation. Direct endogenous inactivation occurs when chromophores (e.g., DNA or protein) that are part of the microorganism are 
damaged by the absorption of UVB-light (280 – 320 nm). Indirect endogenous inactivation occurs when chromophores that are part of 
the microorganism sensitize the formation of photo-produced reactive intermediates (PPRI) that cause damage whereas exogenous 
inactivation is caused by PPRI that are generated by sensitizers outside the organism. 

The exogenous mechanism has the potential to contribute significantly in surface waters containing chromophoric dissolved organic 
matter (CDOM), in which penetration of shorter UV wavelengths is limited (Maraccini et al, 2016). Under some conditions, 
exogenous sensitizers have been shown to enhance the sunlight inactivation of human viruses, bacteriophages and health-related 
bacteria.  

Although DOM reduces the penetration of light into surface waters, which reduces the rate of direct photochemical processes, it is 
also the main sensitizer involved in the formation of PPRI in surface waters. The PPRI include excited triplet states of dissolved 
organic matter (3DOM*), singlet oxygen (1O2), hydroxyl radical •OH) and the carbonate radical (•CO3-). Besides being the source of 
the reactive species, DOM also serves as a sink for reactive species, by inducing quenching, scavenging and antioxidant reactions in 
natural waters. The net effect of these photochemical processes depends on the source and characteristics of DOM. DOM derived 
from treated wastewater, usually termed effluent organic matter (EfOM), can produce reactive species, thereby enhancing 
transformation of chemical contaminants and inactivation of pathogens. Wetlands are expected to alter the composition of EfOM via 
microbial decomposition and photochemical processes and simultaneously new DOM compounds are produced by biological 
processes in the wetlands. Thus, the effect of DOM on photochemical processes will be modified by the wetlands.  

The goal of this study was to characterize the changes to DOM’s light-absorbing and photochemical properties in different types of 
unit process wetlands, and how these changes affect the sunlight-mediated inactivation of indicator organisms. In addition, we 
investigated how well DOM extracts can reproduce the photochemistry of an original water sample, including pathogen indicator 
photoinactivation.  

Water was sampled from a pilot-scale unit process wetland (Discovery Bay, CA, USA), including the secondary wastewater that 
served as influent, and effluents from three distinctive wetland cells: an open-water, a cattail and a bulrush cell. A solid phase 
extraction (SPE) method was employed to isolate wetland DOM and was evaluated for its efficiency to extract naturally occurring 
photosensitizers. Spectroscopic characterization and irradiation experiments were conducted in whole water samples and the re-
dissolved wetland DOM isolates and benchmarked against photosensitizer-free phosphate saline buffer (PBS) and two standard 
International Humic Substances Society (IHSS) DOMs, Suwannee River fulvic acid (SRFA) and Pony Lake fulvic acid (PLFA). 
Formation of reactive species (3DOM*, 1O2 and •OH) by whole waters and their DOM extracts was measured and the light-induced 
inactivation of a bacterial (E. faecalis) and a viral indicator (MS2 coliphage) organism were determined. Finally, the ability of 
wetland and standard DOMs to associate with the bacterial cells was evaluated. To our knowledge this is the first comprehensive 
investigation of changes in spectroscopic, photochemical and photoinactivating properties of DOM during passagethrough a wetland 
system, including a comparison of DOM extracts with the original water samples. 
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The initial specific ultraviolet absorbance (SUVA254) of the wastewater effluent increased in vegetated wetlands but decreased in the 
open water wetland (Figure 2, left-hand side). 

 

Figure 1:Water samples were taken before and after passage through either vegetated or non-vegetated wetlands and compared to dissolved organic 
matter isolates and IHSS standard material.   

 

In addition, both excited triplet state and singlet oxygen quantum yields decreased in the vegetated wetlands indicating that 
predominantly light-absorbing DOM was released by the wetland vegetation.Lower SUVA254values in SPE discharge indicate that 
SPE was effective in isolating the light-absorbing fraction of the DOM. Higher SUVA254 values of the DOM isolates compared to the 
original water samples further show that SPE selectively enriched for the colored fraction of the wetland DOM. 

For the virus indicator MS2 coliphage, the most efficient photosensitizer was wetland influent DOM (Figure 2, right-hand side), while 
for the bacterial indicator E. faecalis, inactivation results were comparable across all wetland isolates. SPE resulted in isolation of 
47% to 59% of initial DOM and enriched for colored DOM. Singlet oxygen precursors were efficiently isolated, while some excited 
triplet state precursors remained in the extraction discharge. Nonetheless, changes of DOM optical properties during wetland passage 
were reflected in the isolates.  

 

 

 

Figure 2:Specific ultraviolet absorbance of wetland water samples, wetland isolates and IHSS standard material (left-hand side). 
Inactivation rates of virus indicator indicators in pure water, for constructed wetland and standard DOMs with simulated sunlight. 

 

Reconstituting water sample solutions using DOM extracts showed that photoinactivation of MS2 can be significantly lower in both 
the reconstituted water samples and isolates compared to the original water sample. For E. faecalis results were similar in original 
water samples and isolates. Higher sorption of DOM to E. faecalis was roughly correlated with higher photoinactivation rates. 
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To enhance sunlight disinfection in unit process wetlands, there is no advantage to placing open water cells after vegetated cells, as 
passage through the vegetated cells led to increased light absorption and lower singlet oxygen and triplet-state quantum yields. 

Keywords: Dissolved organic matter, photochemistry, sunlight disinfection, constructed wetlands, singlet oxygen. 
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Abstract: 

Dissolved organic matter is a complex set of macromolecules of natural or anthropogenic, autochthonous or allochthonous origin, 
with a wide range of chemical composition and functional groups. Some of these species are highly degradable and can be in the 
aquatic systems at the source of eutrophication processes, algal blooms and or even anoxic events, while other are reasonably stable. 
Some of these species can also have a significant impact since they can very efficiently complex the dissolved metallic trace elements 
and so reduce their bioavailability. 

It is then of paramount importance to monitor the dissolved organic matter, both quantitatively and qualitatively, in order to 
distinguish the more reactive species from more stable and thus have a biogeochemically-relevant measure for these molecules. 

Furthermore, it has been shown that the aquatic systems can be very dynamic at the daily scale. Basic physical and chemical 
parameters, nutrients, trace metals concentrations have been observed to exhibit diel cycles that could be sometimes more significant 
than the seasonal ones(Nimick et al., 2011). A few studies have been conducted for the dissolved organic matter dynamics but usually 
with simple measured parameters. The present study aimed to better understand the variability of DOCby using advanced techniques 
on high frequency samples. 

The Deûle River at Auby (North France) was chosen as the study site since many high frequency monitoring (especially of metal 
contamination) have already been carried out there. An automated filtering sampler was deployed for one week in June with a 
collecting rate of one sample every 4 or 6h and organic matter analyses were performed on all samples. Measurements of dissolved 
organic carbon, UV-visible molecular absorbance, fluorescence spectroscopy and size-exclusion chromatography (SEC-HPLC) 
coupled with different detectors (UV-visible, fluorescence spectroscopy and mass spectroscopy) allowed a fine characterization of 
organic matter. 

Fluorescence measurement allowed to monitor 3 components after PARAFAC decomposition of the Excitation Emission Matrixes. 
Two of them were humic substances: a red shifted polycondensated one, C+, probably from the surrounding soils and a slightly blue 
shifted one, here assimilated to the “marine” M component at the beginning of its in situ decomposition. The third was a tryptophan-
like component T. After estimating the sampling and measure error, significant variations were considered over the week for the 
different parameters. Tryptophan-like fluorescent DOC exhibited diel cycles (see Figure 1) that could be linked either to the algal 
development or to sediment resuspension. No diel pattern was revealed for either one of the humic substances but an evolution was 
observed over the all week.  

The SEC-HPLC UV and fluorescence detector gives some insight on the size of the different fDOM components described 
beforehand and the SEC-HPLC-ICPMS allows us to have an idea of the preferential sites complexed with metals (Zn, Cu and Mn). 

 

 

Figure 1:Variation of Dissolved Organic Carbon and 3 fluorescent components over 6 days in the Deûle River in Summer 2018. 
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The variability of organic matter components is still to be demonstrated in different media and different aquatic systems. This study 
shows such dynamics for a small canal in Summer time with different evolutions depending on the considered components. It is the 
first step before observing a potential seasonal evolution or to couple this monitoring with one of the trace metal speciation (such as 
Superville et al., 2015 for instance). Better insight in the functioning of aquatic systems will be reached from a better apprehension of 
the organic matter variability. 

Keywords: Freshwater, Dissolved Organic Matter, monitoring, fluorescence spectroscopy, size exclusion chromatography. 
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Introduction 

In natural wetlands and submerged soils, humic acids (HA) are involved in numerous redox processes (Keller et al., 2009). 
HA can be used by facultative anaerobic bacteria as terminal electron acceptors during anaerobic respiration (Lovley et al., 1996) and 
upon re-aeration, they can donate electrons to oxygen (Klupfel et al., 2014). In addition to acting as redox buffers, HA can stimulate 
Fe reduction via electron shuttling. HA also mediate electron transfer to organic (e.g. halogenated hydrocarbons) and inorganic (e.g. 
As, Hg) pollutants, affecting their geochemical cycle. 

The antioxidant capacity (AOC) of HA, defined as the capacity to donate electrons by the reduced functional groups, 
depends on their molecular structure (phenolic groups and quinones act as major reducible moieties in HA) (Nanny and Ratasuk, 
2007) and on soil conditions (pH and Eh). 

The aim of this work is to quantify the AOC of free and bound HA extracted from saltmarsh soils of the Marano and Grado 
Lagoon (northern Adriatic Sea) using the ABTS decolorization assay and to link AOC to their geochemical characteristics. 

Materials and methods 

Surface soils were sampled in three saltmarshes of the Marano and Grado Lagoon: Allacciante di Marano (AM) (natural 
saltmarsh with strong river influences), Allacciante di San Andrea (ASA) (channel-fringing saltmarsh where dredging operations 
influenced the natural process of soil formation) and Barena di Martignano (BM) (back-barrier saltmarsh where the influence of the 
open sea is dominant). In each saltmarsh two sampling points were considered. 

HA were extracted from soils under a N2 flux for 1h, first with 0.5 M NaOH (free HA) and then with 0.1 M Na4P2O7plus 0.1 
M NaOH (bound HA) (De Nobili et al., 2008) The extracts were centrifuged (14000 rpm for 20 min) and supernatants were filtered 
using 0.2 µm cellulose filters. Free and bound HA were precipitated at pH 1 with 6 M HCl, separated by centrifugation, dialyzed 
against ultrapure water (until Cl- free), frozen and then freeze-dried. 

Organic carbon (Corg), total nitrogen (Ntot) and carbon stable isotope composition (δ13C) of bulk soils and HA (free and 
bound) were determined by a Costech Instruments Elemental Combustion Systemelemental analyser, coupled with an Isotope Ratio 
Mass Spectrometer (Thermo Scientific Delta V Advantage). UV-vis spectra were recorded using a Varian Cary 1E spectrophotometer 
from 220 to 800 nm at a scan rate of 60 nm min-1.ATR-FTIR spectra were recorded with a PerkinElmer Spectrum 100FTIR 
spectrometer over an interval from 4000 to 800 cm-1. A linear baseline correction was applied to all spectra. Intensity ratios were 
calculated for specific pairs of bands (Inbar et al., 1989). 

AOC was determined using the 2,2’-azinobis-(3-ethylbenzothiazolinesulfonic acid) radical cation (ABTS•+) decolorization 
assay. The ABTS•+ was generated according to Re et al. (1999) at two different pH: 4.79 (0.1 M citrate buffer) and 7.00 (0.1 M 
phosphate buffer). For measurements, the ABTS•+ solution was diluted to an absorbance of 0.70 at 734 nm. After adding spikes (20, 
50, 100, 200, 300, 400 µL) of HA solutions (0.5 g L-1), the absorbance decrease at 734 nm wasmeasured continuously for 18 min.The 
AOC, expressed as mmol e- gHA

-1,was calculated considering the decrease in absorbance measured 30 s after addition of HA. 

 

Results and discussion 

mailto:carlo.bravo@uniud.it
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Corg, Ntot and δ13C values of bulk soils and free and bound HA are reported in Table 1. These results highlight the presence of 
a geographical gradient among the three saltmarshes. The amount of Corg present in soils decreases from the innermost saltmarsh 
(AM) toward the most external one (BM). At the same time, δ13C values become less negative, reflecting the decreasing contribution 
of terrestrial inputs. This is confirmed by C/N ratios. Free and bound HA reflect the same trend of bulk Corg. On the other hand, bound 
HA well differentiate from free HA on the basis of their C/N ratio. 

 

Table 1:Corg, Ntot, δ13C and C/N values of bulk soils, free and bound HA. 

Station  Soil  Free HA  Bound HA 

  Corg Ntot δ13C C/N  Corg Ntot δ13C C/N  Corg Ntot δ13C C/N 

  % % ‰ V-PDB   % % ‰ V-PDB   % % ‰ V-PDB  

AM1  4.5 0.4 -24.9 11.1  52.0 6.5 -25.9 8.0  51.6 4.3 -25.6 11.9 

AM3  4.9 0.4 -25.1 12.2  49.5 5.6 -25.5 8.8  53.3 3.9 -25.7 13.7 

                ASA1  1.6 0.2 -19.0 9.3  n.d n.d. -19.4 n.d.  48.5 5.1 -19.2 9.6 

ASA3  4.8 0.4 -21.4 10.9  48.7 6.4 -21.6 7.6  52.4 5.2 -21.4 10.1 

                BM1  0.4 0.1 n.d. 9.1  53.4 8.8 -22.5 6.1  56.2 6.0 -22.9 9.4 

BM3  0.5 0.1 -19.4 9.1  50.9 8.8 -19.1 5.8  51.0 5.3 -18.5 9.7 

 

 

Figure 1: a.Time course of absorbance at 734 nm for the reactions of ABTS·+ withincreasing quantities ofHA (BM3 free HA, as example). b. 
Correlation between the AOC measured at pH 4.79 and 7.00 for free (grey circles) and bound (black squares) HA. 

 

A stable end-point of the reaction between ABTS•+ and HA was not reached during the time allowed for the experiment 
(Figure 1a). This suggests that at least two mechanisms may be involved: a faster one, that occurs at the beginning of the reaction and 
aslower one that lasts over time. We decided to calculate the AOC after 30 s of reaction because long periods of time are not 
environmentally significant considering that, to support electron transfer for biological reactions, fast processes are involved. 

We determined the AOC both in acid and neutral conditions. For all samples, the AOC is higher at pH 7.00 compared to pH 
4.79 (Figure 1b), probably due to a greater dissociation of phenolic groups.Moreover, bound HA present a higher AOC (about +20%) 
compared to that of free HA: this can be attributed to increased molecular complexity and degree of aromaticity in the bound HA (as 
highlighted by FTIR and UV-vis spectra). 

Both free and bound HA show a decrease of AOC values moving from the innermost saltmarsh (AM) to the most external 
one (BM). The negative correlation between δ13C and AOC values (Figure 2a) and the positive correlation between C/N ratio and 
AOC values (Figure 2b) are consistent with each other and confirm that HA with more terrestrial influence have a higher AOC. This 
could be due to a major phenolic character of terrestrial-derived HA. FTIR band ratios and SUVA254support this hypothesis. 
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Figure 2: Antioxidant capacity as a function of δ13C (a) and C/N ratio (b) of free (grey circles) and bound (black squares) HA. 

Conclusions 

This study demonstrates that the AOC of HA extracted from saltmarsh soils is strongly related to their geochemical 
characteristics. Future studies will focus on the kinetics and the mechanisms involved during electron transfer from HA to the 
ABTS•+, to highlight the processes involved in the fast and slow steps of the ABTS•+ reduction. 
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Humic substances (HSs) actively adsorb toxicants from solutions (Perminova et al., 2006). НSs can be adsorbed on the cell bacterium 
surface and minerals for this reason they are decrease impact and bioavailability of different substances in the solutions.  НSs are 
adsorbed on the cell surfaces of microorganisms (Fein et al.,1999, Tikhonov et al., 2013) and minerals (Zhou et al., 2001), reducing 
the effects and bioavailability of various substances in solutions. It has been shown that under adsorption of  HSs on goethite 
fractionation occurs. HSs of low molecular weight were adsorbed as the first components, which were quickly replaced by high 
molecular weight fractions (Zhou et al., 2001).  HSs with the high molecular weight were sorbed onto Bacillus subtilis predominantly 
(Maurice et al., 2004). There is little information about adsorption onto bacterial cells, collected from the different habitat.  The aim of 
the study was to research the fractionation of HSs on bacterial cells isolated from natural waters.  

Materials and Methods: We used humic acids (HAs) Aldrich (cas 1415-93-6), which were dissolved in 0,1 М phosphate-buffered 
saline (pH 7). Water samples were collected from the natural water of bog, stream and Mezha river in the Central Forest State Natural 
Biospheric Reserve (Tver region, Russia). The site of sampling is pristine in terms of local pollution. Bacteria were cultured on 
nutrient agar (Himedia, M001) and were identified as Pseudomonas sp., Bacillus amyloliquefaciens, Pseudomonas sp. and  
Paenicbacillus sp. according 16S rRNA gene sequence.  Sorption of HSs onto bacteria were provided according methods (Tikhonov 
et al., 2013).   The molecular mass of HSs was determined by size-exclusion chromatography (Ilina et al., 2014). 
 Result and discussion: Bacteria sorbed 25 – 150 mg HAs per gram of dry biomass bacteria (figure 1). The most sorbed culture was 
Paenibacillus sp., forming a bacterial capsule. Earlier it was shown the role of bacterial capsules in increasing of adsorption heavy 
metals (Drozdova et al., 2015) and other substances. HSs may be considered as biofilms, so presence of capsules can inductive 
changes of initial biofilms, creating the new properties, for example resistance to UV-radiation or bacteriophages (Tikhonov, 2017). 
During sorption of HAs onto bacterial surface there were their fractionation (figure 2). All the strain sorbed HAs with high molecular 
weight 6000 – 10000   predominantly. The similar results were obtained in study with fulvic acids (Maurice, 2004). In our opinion 
predominant sorbed HAs with high molecular weight onto bacterial cells are the universal phenomena in an environment, which 
create the additional properties from outer disruptors.  

 

Figure 1: Adsorption isotherms of HAs for Pseudomonas sp. (1), Bacillus sp. (2), Pseudomonas sp. (3) and Paenibacillus sp.   
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Figure 2: Chromatogram of the initial HAs (black) and after sorption with Paenibacillus sp. (dark grey) and Pseudomonas sp. (light grey)  
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Dissolved organic matter (DOM) fluorescence from domestic sewage is most often dominated by the presence of protein-like 
components with a lowest part of humic substances-like components (Goffin et al., 2018). Particular attention was paid on domestic 
sewage humic substances-like fluorescent components, which are poorly known, especially since synthetic organic molecules (e.g. 
optical brightening agents, OBAs) are likely to fluoresce in the same excitation-emission wavelength areas of the fluorescence 
spectrum. This study (MOCOPEE research program) aims to use physicochemical and biological fractionation methods coupled with 
excitation-emission matrix (EEM) fluorescence spectroscopy to better understand the origin of humic substances-like fluorescence 
signature observed in domestic sewage.  

Different nature of filtrated samples (0.45 µm; GF/F filters) were investigated: domestic sewage samples from the “Seine Centre” 
wastewater treatment plant (240,000 m3/day; Colombes, France); samples from French Rivers under low urban pressure; Suwannee 
River fulvic acid standard (IHSS) and laundry detergent solutions with or without OBAs. All samples were fractionated on DAX-
8/XAD-4/AGMP-50/AGMP-1 resins in duplicates following protocol used by Matar (2012). Dissolved organic carbon (DOC) 
measurements were made for each resin effluents and analysed at pH 8 with EEM fluorescence spectroscopy. Biodegradability 
experiments were also made on the previous filtered samples (0.45 µm; GF/F filters) using an Oxitop® respirometer under dark 
condition for 15 days. EEM fluorescence spectroscopy and DOC measurements were made at 0 and 15 days of experimentations, in 
triplicates. 

Humic substances are known to be retained on DAX-8 resin (Peuravuori et al., 2002) and to be relatively refractory to biodegradation 
compared to protein. Domestic sewage biodegradation experiments highlighted a high biodegradability of protein-like fluorescent 
components (-90% of fluorescence intensity) and an increase of humic substances-like fluorescent components (+28% of fluorescence 
intensity) observed between 0 and 15 incubation days. Fractionation by DAX-8 resins showed only half of the domestic sewage 
humic substances-like fluorescence (55%) was observed in the hydrophobic acid fraction. All these observations raised doubts about 
the attribution of humic substances-like fluorescence signal to real humic substances in domestic sewage. According to a mass 
balance calculation it can be possible that OBAs are emitted in sufficient quantities to cause about 10% of the fluorescence observed 
for humic substances-like components in domestic sewage.  

This study showed that EEM fluorescence spectrometry coupled with biological or physicochemical fractionation steps makes 
possible to distinguish fluorophores in domestic sewage according to their biodegradability and physicochemical properties. Results 
obtained also provide a better understanding of domestic sewage fluorescent DOM properties. This could help to better understand 
their possible evolution during the wastewater treatment plant process but also to consider a better management of the wastewater 
treatment works based on these elements. 
 

Keywords: Humic substances; sewage dissolved organic matter; fluorescence spectroscopy; biodegradation; physicochemical 
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Abstract 

Sargassum brown algae were found to represent the largest biological source of phlorotannins in the open Western Atlantic Ocean. 
Production of phlorotannins was enhanced under conditions of sunlight irradiation and DOC released contained up to 20% of 
phlorotannins with an average content of >65% quaternary carbon atoms. Phlorotannins are formed by the polymerization of 
phloroglucinol (1,3,5-trihydroxybenzene) through a variety of radical reactions; they exhibit spectral properties similar to terrestrial 
DOM. Every single ring in any phlorotannin retains the remarkable 1,3,5-symmetry of oxygen substitution causing specific reactivity 
as well as unique properties in NMR spectra which are critical to reveal structural detail of these aromatic compounds.  

The release of phlorotannin derivatives by Sargassum species into the Western Atlantic Ocean exceeds the content of polyphenols 
released by the Mississippi river into the Gulf of Mexico by a factor of ~10. Hence, Sargassum is the largest identified biological 
source of polyphenols to the open ocean so far, questioning the current perception that polyphenols detected in the open ocean may 
have ultimately originated from terrestrial organic matter. 
 
 
Synopsis 

Colored organic matter (CDOM) is the dominant absorber of UV light in the surface ocean which will harm life in the photic zone 
when exposure is not attenuated. CDOM structure and concentration affect depth of light penetration, trace metal speciation and trace 
gas cycling among others. CDOM produces a variety of radicals under sunlight irradiation and its reaction products are critical for 
transformation of organic matter in general. They cause oxidation to inorganic carbon/CO2, DOM chemical degradation and 
resynthesis and change the bioavailability of DOM, thereby affecting foodweb structures. 

Chromophoric groups of CDOM feature sp2-hybridized carbon as constituents of aromatic and olefinic molecules and to lesser extent 
non-bonding electrons at heteroatoms. However its sources, composition and structures are largely ill constrained. While 
allochthonous riverine DOM transports large amounts of lignin- and tannin-degradation products to the oceans, these are assumed to 
be readily degraded and supposedly not abundant in the pelagic open ocean. However, credible and abundant alternative sources of 
marine CDOM have not yet been revealed. 

Phlorotannins are an unique class of polyphenols which are largely produced by the acetate-malonate pathway in which a fully 
aliphatic compound (1,3,5-cyclohexanetrione) rearranges into a fully aromatic compound (1,3,5-trihydroxybenzene). This unique 
crossover is at the source of ~800 phlorotannins currently described, of which many are bioactive natural products.  
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Fig. 1: Rearrangement of aliphatic triketide into aromatic trihydroxybenzene as the ultimate source of phlorotannins; phloro-fucofuroeckol A 
(C30H18O14), an example natural product from brown algae with counts of oxygen per ring provided. 

The radical-initiated polymerization of 1,3,5-trihydroxybenzene (phloroglucinol C6H6O3) produces a large series of polyphenols in 
which any single aromatic ring retains a 1,3,5-trioxoaromatic ring irrespective of kind of polymerization and degree of further 
oxidation. This particular arrangement exposes the remaining three substituent positions to the combined electron-donating resonance 
effects of the CarO-units, causing specific reactivity as well as unique NMR properties. All real-world polymeric phlorotannins and 
their oxygenated phenolic derivatives are highly hydrogen-deficient and carry 4-6 oxygen atoms per aromatic ring. 

When Sargassum natans was exposed to ambient visible light, DOC release rates ranged from 7-10 µg C g-1
biomass h

-1, increasing to 
23-41 µg C g-1

biomass h
-1 when exposed to natural sunlight. This translates into a release of DOC by Sargassum up to 0.3-1.2 Tg C yr-

1(i.e. ~10% of its annual biomass), potentially contributing significantly to the marine DOC pool in the Gulf of Mexico and Western 
North Atlantic. Remarkably, solid-phase extracts of DOM contained up to 20% of phlorotannins, exceeding even the aromatic content 
of common terrestrial and riverine DOM. Hence, the total amount of Sargassum-derived polyphenols (26-197 Gg C yr-1) exceeds the 
amount of polyphenols carried by the Mississippi river into the Gulf of Mexico (6-21 Gg C yr-1) on average by up to ten-fold. 

Under realistic outdoor conditions comprising exposure to sunlight and oxygen, Sargassum exudates produced a highly diverse 
mixture of biomolecules produced by Sargassum itself, epiphytes and other microorganisms that have colonized the Sargassum 
plants. Hence, NMR spectra showed lipids, peptides and carbohydrates. The presence of these labile compounds implies that 
Sargassum exudates support oceanic microbial foodwebs with a large diversity of readily bioavailable molecules. In addition, 
Sargassum extracts showed fairly well developed NMR resonances that were attributed to biogeochemical products such as carboxyl-
rich alicyclic compounds (CRAM), oxygenation products of carotenoids and other oxyomethylene and oxomethine groups. In contrast 
to common open ocean DOM, Sargassum exudates showed lesser extents of aliphatic branching than common open ocean DOM, 
suggesting presence of higher proportions of biomolecules at rather early stages of DOM processing.  

However, general aromatic molecules, unsaturated natural products and specifically phlorotannins present in Sargassum extracts were 
altogether much more abundant than unsaturated molecules in common aquatic and marine organic matter. The proportion of 
quaternary carbon atoms in Sargassum phlorotannins (~70%) implies a critical significance for 13C NMR spectroscopy in the 
elucidation of phlorotannin structures in marine DOM. 

Overall, Sargassum is the largest biological source of open oceanic polyphenols recorded so far. The amount of polyphenolic DOC 
released by Sargassum challenges previous beliefs that all polyphenols found within the oceans are remnants of terrestrial organic 
matter, although the stability of phlorotannins and their derivatives need to be further evaluated. 
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Abstract 

The reclamation and reuse of disinfected (chlorinated) watersare widely accepted as an alternative water source for irrigation, in 
hydroponics farms or any agricultural recirculating/reusing systems, without knowing itscynicism on the formation of toxic 
disinfection byproducts (DBPs).  Natural organic matter (OM)may act as a precursor for the further formation of cytotoxic, genotoxic, 
carcinogenic and mutagenic DBPs in any source water undergoing chlorination.Humic-like substance are the major component which 
contributes around 80% of total OM for DBP formation. The concentrations of DBPs are correlated frequently with the UV 
absorbance and fluorescence properties of OM in wateror organic carbon (OC) concentrations serving as DBP predictors. In 
particular, these DBP predictors may include both absorbance per se and its derivative, specific UV absorbance (SUVA) whereas 
fluorescence fingerprints of OM may be separated into the components by means of parallel factor analysis (PARAFAC), 
characterized by simple peak picking (PP) or quantified byregional integration (RI) method.Those correlations between DBP 
concentrations and predictors gained much attention due to the interest in understanding the formation of toxic DBPs in waters 
undergone chlorination and in the whole OM reactivity in disinfection processes. This study was proposed toexamine how the 
strengths of correlations between DBP concentrations and their predictors are affected by specific types of DBP, source water used for 
treatment, disinfection agents and, type of DBP predictors. Total of 70 research studies covering the literature for the last two decades 
(1997-2019) reporting the correlations between DBP concentrations in chlorinated water and OM descriptors were collected. The 
Pearson's (r) coefficients characterizing strengths of correlations between the water descriptors (i.e., DBP predictors) and DBP 
concentrations (atp values of <0.05)were obtained from those 70 studies. The extracted data were grouped according to the four 
categorical variables that included water source (six types), chlorination agent (three types), DBP (four types) and the DBP predictors 
(Abs – absorbance properties, Fluor – fluorescent properties, and OC). Set of 574 correlation coefficients (r) describing linear 
associations between DBP concentrations and its predictors in variable combinations of predictors were converted to Z-scores used as 
a dependent variable. This conversion was performed using variance- stabilizing Fisher transformation. Then, the set of 574 Z-scores 
wasanalyzed by main effects ANOVA.The ANOVA results suggested that the water type and the nature of DBP predictors are the 
most significant factors affecting the strengths of correlations, followed by disinfection agents, whereas DBP nature was 
ofrelativelylow significance for strengths of correlations with DBP formation, by any means. Among the water types, 
wastewaterpotentially rich in OMshowedthe strongest correlations of DBP predictors withDBP formation. UV absorbance and OC 
concentrationswere superior as DBP predictors over SUVA and fluorescence-basedcharacteristics, which suggests that non-
fluorescent OMpresent in watersmay have a high reactivity towards chlorination reactions and a potential to form DBPs. When 
considering different techniques for quantification of water fluorescence, RI and PARAFAC showed stronger correlations with DBP 
concentrations as compared to PP. Humic-like substances showed stronger correlation with DBP formation than proteinaceous 
substances of OM. Examination of interaction effects of different variables supported the conclusion that the wastewater (among 
water types), Abs and OC as DBP predictors were the significant factors contributing to strong correlations with DBP formation. The 
obtained results propose also the importance of non-fluorescent OM in evaluating the potential of formation of toxic DBPs upon 
chlorination.  

 

Keywords: chlorination, correlation strengths, disinfection byproducts, organic matter   
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Sediments accumulated in dam reservoirs play an important role in the overall dynamic of nutrients, including phosphorus (P), thatis 
widely recognized to be a key factor limiting the development and maintenance of phytoplankton abundance in fresh surface water. 
The concentration of P in dam sediments often exceeds 2 g/kg dry weight (DW), and the internal P load to overlying water may 
account for the majority of P inflow (> 80%) to the water bodies (Kowalczewska-Madura et al., 2010; Maavara et al., 2015; Rapin et 
al., 2019). Therefore, the release of P from the sediment can sustain the eutrophic state of water and thus prevent the improvement of 
water quality notwithstanding a considerable effort put in reducingthe external P loadto surface water(Sondergaard et al., 2003).  

Research on P mobility at sediment/water interface has often focused on the “dissolved” and “particulate” fractions operationally 
defined by membrane filtration (typically 0.45 or 0.2 µm pore size).However, it isincreasingly acceptedthat this fractionation ignores 
naturally occurring colloidal particles (d = 1 nm – 1 µm) whosemobility in aqueous system is quite different from truly dissolved and 
particulate forms (Turner et al., 2004; Heathwaite et al., 2005). Hence, the quantification and characterization of colloid–bound and 
dissolved P released from sediment isnecessary to better understand P mobility at the sediment/water interface in the aquatic 
environment. The mobilization of sediment-associated colloids can be caused by physical and/or biochemical parameter changes. 
Sediment drying and rewetting is animportant factor implicated in colloid generation and mobilization (Mohanty et al., 2015). Dam 
sediments are specifically relevantin this analysis because sediment excavation and/or water level change in dam reservoir may lead 
to the emergence of previously submerged sediments and thus to temporary sediment desiccation.    

Surface sediments (up to 10 cm) were collected in Champsanglard dam reservoir (Creuse River, France),which undergoes periodic 
thermal stratification and phytoplankton blooms. Champsanglard sediments are rich in P (2.4 ±0.1 mgP/g DW) mainly associated with 
the ascorbate fraction (amorphous Fe/Mn oxyhydroxides) and contain high amount of organic matter (21 ±1%). The median grain size 
of the sediment is 55 ± 1 µm and the pHH2O of 5.7 ± 0.2. 

The quantification and characterization of colloids were conducted on thewater mobilizable fraction(d= 0 - 1 µm) extracted from wet 
(freshly sampled)and rewetted (previously dried at 20°C and 40°C) sediments. We considered wet sediment as reference. Because 
dried sediments were rewetted with the same solid/liquid (1.7% w/v) ratio to wet sediment, and agitated by the same manner like wet 
sediment, the differences in quantity and quality of mobilized elements were attributed to sediment drying. Colloid characterization 
included chemical composition (P, Ca, Al, Fe, Mn and Mg, organic carbon), colloid concentration and size distribution as well as 
microscopic observations. In this studyspecificattention was given to the abundance and distribution of P in colloidal (0.2 – 1µm) and 
dissolved (< 0.2 µm) fractions. Additionally, we attempted to quantify P associated to smallsize colloidalfraction (<0.2 µm). Colloid 
extraction was conducted onto sediment suspension (1.7% w/v solid/liquid ratio)after 24h of agitation.Colloid separationwas 
conducted by successive centrifugation (272 G, 6 min.)andfiltration (1 µm et 0.2 µm).  

The results shown thattotal Pmobilized fromwet sediment (37 ±3µgP/g of DW) occurredmainly(90 ±3% in mass) in colloidal (0.2-1 
µm) form;dissolved P-PO4

3-and P associated to smallercolloids (0 - 0.2 µm) accounted respectively for 10 ±3% and10 ±8% (Fig. 1). 
These results highlighted the substantial contribution of colloids in the mobilization of P from sediment to water. Sediment drying did 
not significantly affect the amount of total released P,howeverit did affects P distribution between the colloidal and dissolved 
forms.Sediment drying generatedthe release of smaller P-associatedcolloidswhichrepresented(in mass) 8 ±2% and 11 ±2% of the total 
mobilizedP (Fig. 1) for drying at 20°C and 40°C respectively. 

Concerning the quantity and size distribution of colloids, the results showed that the mass of mobilized colloids from wet sediment 
wasfrom 18% to 40% higher compared to dried sediments. Most of released colloids (95%) from wet sediment had a size between 50 
and 450 nm distributed mainlyin three fractions: 50-100 nm (21 ±14%), 100-220 nm (34±8%) and 220-450 nm(39 ±7%). Larger size 
colloidal fractions, 450-700 nm and700-1000 nm,represented respectively 5 ±1% and 0.6 ±0.2% (Fig. 2). Sediment drying 
predominantly led to in an important decrease of 50-100 nm and an increase of100-220 nm fractions.Our results highlight that 
sediment drying reduced the masse of mobilizable colloids but did not significantly lowered the amount of mobilizablecolloidal P. 
This means thatthe colloids released from dried sedimentswere enriched in P(until 6.6 ±0.4 mg P/g DW colloid for 40°C-dried 
sediment), compared to the colloids released from the wet sediment (4.4 ±0.3 mg P/g DW colloid). Therefore,sediment drying had a 
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significant impact not only on the quantity but also on the quality of mobilizable colloids. The lower mass of colloids from dried 
sediments probably resultedfrom the immobilization of colloids by the precipitation of cement in evaporating water during drying. 
The lower release of dissolved Fe and Al from dried sediments compared to the wet sediment and the pH of sediment suggestsFe 
and/or Al precipitates formation. We noted also that released colloids from wet sediment are mainly composed of organic matter and 
Al and sediment drying did not really change chemical composition of colloids (Fig. 3).Because the matter released from the wet 
sediment upon agitation iswidely used as an indicator for potentially mobile matter in the system (Liang et al., 2010), it can be 
assumed, considering the total  

P content in the sediments, that 1.5% of sedimentary P is potentially water mobilizablein colloidal and dissolved form. 

 

 

 

 

This study highlights the impact of sediment drying on quantity /quality of water mobilizable colloids and their associated P. Further 
experiments conducted with various samples will enrich the findings and could contribute to evaluate the processes of internal P 
mobilization in the reservoirs where accumulated sediments are affected by water level changes and drying. 

 

Keywords: Colloids, sediment drying,phosphorus mobility 
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Figure 2: Relative distribution 
of size fractions (in number of 
colloids) of water mobilizable 
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Figure 1: Relative distribution of 
water mobilizable P (in mass) in 
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Dam construction interrupts longitudinal continuity of sediment transport and leads to its accumulation in reservoirs upstream of 
dams.Reservoirs sediments play an important role in overall dynamic of biogenic elements, including phosphorus (P), which is an 
essential nutrient for primary production and thus considered as a key factor limiting freshwater eutrophication (Schindler et al., 2008; 
Maraava et al., 2015). It is recognized that phosphorus sediment interactionsinfluencethe trophic state of the water sincethe sediments 
can act as “sinks” or “sources” of P in thewater column (Sondergaard et al., 2003). One of the mechanismscontrolling P mobility at 
the sediment/water interface is adsorption, the magnitude of which depends on the physicochemical characteristics of the sediment 
(mainly grain size and composition) and geochemistry of the surrounding water (pH, redox conditions).Fine-grained sedimentshave 
generally higher sorption capacity compared to coarse-grained sediments due to larger surface area associated to greater clays, organic 
matter and Fe/Mn/Al oxyhydroxides contents(Stone & English 1993). Dams decrease water velocity and thus favor the accumulation 
of finer sediments which would lead tohigher sorption capacity of deposited material in dam reservoirs compared to the sediments 
accumulated in free flow river sections. Several studies have investigated sorption capacity of sediment in lakes and reservoirs, but 
change in sorption capacity across a cascade of dams is still poorly understood.However, cascade dams influence sediment 
characteristics and P distribution (Rapin et al., 2017) and thus can havean impact in regulating nutrient mobilization (Zhou et al., 
2016). This study aims to evaluate P sorption capacity of sediment accumulated along cascade of dams and to define the source/sink 
role of sediment for P in the column water in reservoirs.   

This study evaluatesthe P sorption capacity of sedimentcollected in relatively short (17 km) continuum of three cascade dams 
implanted in Creuse River in France, (reservoirs and river parts, Tabl. 1). The substratum of the watershed is mainly crystalline 
(granitic and metamorphic rocks). The surface of the watershed is mainly covered by grasslands used for cattle and sheep pasture and 
forest, urban areas represent only 4% of the total watershed surface,thus the main source of P for aquatic system is agricultural 
activity. Sorption capacity of sediments was evaluated onsurfacesediments (up to 10 cm, < 2 mm) accumulated in the first 
(Champsanglard) and last(Age) dam reservoir of Age Complex located in the upstream of the river and 35 km away from the first  
upstream dam. The characteristics of studied sediments are presented in Tabl. 1. 

Distance 
(km) Samplelocalization D50(µm) P(mgP/g DW) OM(%) Fe(mg/g 

DW) 
Ca(mg/g 

DW) 
0 River 180 ±11 0.45 ±0.01 8.6 ±0.1 15.0 ±0.5 1.7 ±0.2 

1.92 First reservoir-upstream part 49 ±2 1.46 ±0.01 19.7 ±0.1 33.0 ±3.0 4.1 ±0.1 
4.06 First reservoir-downstream part 25.4 ± 0.2 2.16 ±0.02 19.1 ±0.1 48 ±7 4.58 ±0.01 
4.4 River 885 ±28 0.23 ±0.03 0.6 ±0.1 9 ±1 1.1 ±0.2 

11.29 River 379 ±3 0.38 ±0.08 0.7 ±0.6 8.6 ±0.3 0.54 ±0.1 
11.68 Last reservoir-upstream part 95±8 1.39±0.01 14.4±0.6 24 ±1 3.9±0.9 
13.76 Last reservoir-downstream part 20.4 ±0.2 2.29 ±0.01 17.2±0.6 39 ±01 6.2 ±0.9 
14.35 River 702 ±6 0.31 ±0.02 0.9 ±0.1 16 ±1 1.3 ±0.1 

Tabl. 1: Chemical composition and median grain size of the sediments accumulated across the continuum of cascade dams (Creuse river, 
France, Rapin et al., 2017). 

Dissolved inorganic P(DIP) sorption is described by Langmuir and Freundlich models and the risk of P mobilization results from an 
equilibrium concentration between solute and solid fraction. Thus, sediment P holding capacity is estimated by the evaluation of 
maximum adsorption capacity (Qm) (Shoja et al., 2017) and the potential “sink/source” role of the sediment is evaluated by the 
determination ofthe equilibrium P concentration at zero net sorption (EPC0) (Li et al., 2013). If sediment EPC0is superior to DIP 
concentration in water, the sediment is supposed to adsorb DIP (role of sink). In case ofEPC0inferior toDIP content in water, the 

sediment could release P (role of source) (Huang et al., 2015).  
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The results show that the sediment fraction< 2mm accumulated in dam reservoirs wascharacterized by a higher maximum adsorption 
capacity (Qm> 0.6 mgP/gDW) as compared to the same size fraction deposited inriver sections(Qm< 0.2 mgP/g DW). In both 
reservoirs, a higher Qmwasobserved for the sediments accumulated in the downstream part (close to dams) of reservoirs, where finer 
particleswere settled, than in the upper part of the reservoirs. The maximum adsorption capacity of sediments accumulated in the first 
reservoir washigher (Qm = 1.22 ± 0.07 mgP/g DW)in comparison to the last reservoir (Qm = 0.97 ± 0.04 mgP/g DW) despite 
comparable physicochemical properties of sediments. These results emphasized also that, in aerobic conditions, the Champsanglard 
and Age sediments are able to trap additional DIPdespitetheir high TP content. The equilibrium DIP concentrations (EPC0) estimated 
for reservoir sediments were higher than for river sediments. In the first reservoir, the EPC0was ten times higher than in the last one 
(0.142 mgP/L in Champsanglard and 0.017 mgP/L in Age). Evaluation of sediment role, asP source/sink for column water will be 
presented, using water quality monitoring data. 

Keywords: phosphorus, sorption, sediment, dam cascade, EPC0 
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Abstract 

It is recently recognized that natural nanoparticles (d=1 nm-100 nm) representing the finest size fraction of colloids (d=1 nm-1 µm) 
play acrucialrole in nutrient acquisition and cycling processes in aquatic and terrestrial ecosystems. Especially, the high specific 
surface area and reactivity of natural nanoparticles and fine colloids (NP&FC, 1 nm<d<450 nm) potentially render them predominant 
carriers of nutrients like P in and to surface waters.  

Recent works with acidic forest catchments have shown that NP&FC can bind the majority of P present in soil solutions(Jiang et al, 
2015, Missong et al, 2018a,b) and stream waters (Gottselig et al, 2017a,b) and that natural nanoparticles can even support P uptake of 
plants from solution (Montalvo et al, 2015).Toidentify, quantify and characterizeP-carrying NP&FC in water and soil,we developed 
the field flow fractionation technique coupled to ICP-MS and an organic carbon detector (Nischwitz et al, 2016).The characterisation 
of water dispersible NP&FC and of NP&FC from different soil leachates (drainage water and soil column effluent) and stream waters 
has shown comprehensively that NP&FC-P is associated to various NP&FC-types such as Corg, Fe-/Al-OOH and phyllosilicates as 
well as their aggregates.  

Our study along two transects across Europe revealed that the size and composition of stream water NP&FC vary systematically and 
NP&FC substantially contribute to element transport in these European streams, especially for P and Fe. Interestingly, the colloid 
contents of Fe, Al, and organic C were correlated to their total element concentrations. The NP&FC fractions >60 nm were dominated 
by clay minerals across all sites, while the element patterns of NP%FC <60 nm changed from North to South Europe from Fe- to Ca-
dominated particles. Overall, the interactions between P and colloids need to be understood to better assess and predict P mobility, 
availability and eutrophication in surface waters (Bol et al, 2016, 2018). 

Keywords: natural colloids, phosphorus, soil, surface water 
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Assessment of protocols for colloid extraction from sediment  
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In spite of numerous water management programs, algal blooms in aquatic systems still occur. Therefore, the role of sediments in the 
release of phosphorus (P) as the limiting nutrient for phytoplankton and eutrophication in fresh water(Schindler, 1977), is the target of 
many studies. The release of P from sediment may occur in dissolved, colloidal and/or particulate forms;however, in many lake and 
reservoirsystems, the largest pool of P is found to be in association with colloidal particles (van Berkel and Beckett, 1996; Worsfold et 
al., 2016).Despite numerous studies showing the importance of colloid-facilitated transport of P in natural freshwater, groundwater 
and soil, papers rarely study the sediment matrix.Theevaluation of the mobility of P in colloidal formsfrom sediment will improve the 
current understanding of P transfer process in the environment. In order to proceed any research on colloidal P, the first action is to 
identify an appropriate methodology to extract colloidal material from sediment crossing a complexity of existingextraction protocols 
in the literature.The most common material used for colloid extractionare soil and river/groundwater along with different treatments 
varied from wet sample to drying at different conditions(Liu et al., 2014; Regelink et al., 2014; Séquaris et al., 2013). The extraction 
of colloids is mostly operated by agitation and the size separation by sedimentation, filtration and/orcentrifugation(Gimbert et al., 
2005; Murali et al., 2015; Séquaris et al., 2013; Yan et al., 2017).In this study, the objective is to examine several published methods 
on size separation and sample conditioning in order to select an optimized protocol to extract colloids from sediment matrix. 

Five well-adapted methods of colloid separation were tested onto freshly sampled wet sediment with particle density of 2.42 g/cm3: 

1/2-hour sedimentation and filtration at 1 µm glass microfiber filter (F1),  

2/ successive filtrations at 2.7 µm glass microfiber filter and at 1 µm glass microfiber filter (F2.7-F1),  

3/ centrifugation at 68 g for 15 minutes to remove particles larger than 1.24 µm andfiltration at 1 µm (C68-F1), 

4/ centrifugation at 272 g for 6 minutes to remove particles larger than 1 µmand filtration at 1 µm (C272-F1), 

5/ successive centrifugationsfor 6 minutes at 272 g and 680 g to remove particles larger than 1 µm and 0.2 µm, respectively(C272-
C680). 

After this stage, only protocolC272-F1was subjected to test on different sediment conditionings; dried at ambient temperature (20°C), 
oven-dried at40°C and lyophilized.  

Colloid concentration was measured by the dried weight(DW) of the particles retained on the surface of 0.2 µm cellulose nitrate 
membranefrom previous filtrates or centrifugates at 1 µm. The concentration of colloidal P was determined as the difference between 
total P concentration in fraction < 1 µm and dissolved inorganic phosphorus concentration in fraction < 0.2 µm.  

All tests were conducted onto 2 mm sieved sediment sampled in Champsanglard reservoir. Used sediment contains high level of P and 
Champsanglard reservoir is impacted periodically by cyanobacteria efflorescence.Colloid extraction was made from sediment solution 
of 1.7% (w/v) solid to liquid ratio after agitated during 24 hours. 

The amount of extracted colloid ranged from 5.4 ± 0.6 mg/g DW (F1 method) to 22 ± 2 mg/g DW (C272-C680 method) depending on 
separation protocols (Fig. 1).Both colloid quantities of the extracts and P level in the colloids are affected by applied pre-separation 
method (Fig. 1 and 2). Sediment conditioningsalso influence the quantity of extracted colloids and their composition (Fig. 1 and 2). 
The significant difference in freeze-drying conditioning highlights a strong impact of lyophilisation in the mobility of colloid from 
sediment.  
 
The low quantity of both colloid and P level obtained from F1 may be caused by filter membrane fouling and this phenomenon was 
mitigated with the pretreatment of sediment solution, particularly for the F2.7-F1 method. The successive centrifugations mobilized 
the largest quantity of colloid and P to solution however, the uncertainty was relatively high compared to four other protocols. For 
sediment conditionings, though the drying at 40°C and lyophilizing released less colloids but they contained relatively high level of P. 
Importantly, in all protocols, the concentration of colloidal P issignificantly higher than the concentration of dissolved Pand 
demonstrates its emphatic contribution to the total sedimentary P in comparison to dissolved P. 
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Considering the influence of pre-separation protocols and sediment sample conditionings, an optimized colloid extraction protocol 
will be proposed. 

 

Keywords: sediment, colloid extraction,size separation, sampleconditioning 

 

 

 

 

Figure 1:Quantity of colloid obtained by different size separation protocols and different sample conditionings.Data in triplicate. 

 

 

 

Figure 2:Mass of colloidal and dissolved phosphorus obtained by different size separation protocols and different sample conditionings. Data in 
triplicate. 
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Abstract: 

Nowadays, most of the world’s large rivers are dammed to improve water supply, generate hydropower and regulate flow (Grill et al., 
2015).Dams disrupt the water continuity impacting hydrology, morphology and sediment transport within the river, allowing the 
accumulation of finer sediment.Sediments play a major role in the nutrients cycle in particular phosphorus (P) due to its capacity to 
retain or release P, depending on surrounding conditions and they can support eutrophication of water (Liu et al., 2013; Maavara et 
al., 2015).In sediment, the speciation of P is multiple, such as bound to Fe-Mn oxy-hydroxides, associated to organic matter (OM) or 
calcium, depending on sediment physicochemical characteristics, water composition or biological activity. Sedimentary speciation 
and P potential mobility along longitudinal cascade dam continuum are still poorly understood.This study aims to evaluatethe impact 
of a three cascade dams on sediment quality and in particular onphosphorus retention, distribution and its potential mobility. We 
focused our attention on potential longitudinalchanges of sediment quality in river up- and down- stream each dam reservoirs as well 
as in each successive reservoir. 

 

This study was performed in the Creuse River (Massif Central, France), along a complex of three consecutive hydroelectric dam 
reservoirs (Age complex) submitted to recurrent cyanobacterial blooms (Rapin et al, 2017).The geology of the watershed is mainly 
granitic and metamorphic. 17 surface sediments were collected along a 17 km fluvial continuum section with 7 sampleslocated 
upstream and downstream each three reservoir and 10 sediments directly sampled inside the reservoirs (Fig.1).The sediments were 
analyzed for their physical (grain size, specific surface), chemical (total contents of P, Fe, Al, Ca, Mn) and organic matter (OM) 
characteristics. Moreover, a sequential chemical extraction of P was performed according to the scheme of Hieltjes and Lijklema 
(1980) modified by Rydin and Welch (1998).Seven fractions of P were obtained: (i) P-MgCl2 (representative of exchangeable P), (ii) 
P-Asc (representative of P associated with amorphous Fe/Mn oxi-hydroxides), (iii) P-DB (Dithionite-Bicarbonate) (representative of 
P associated with crystalline Fe/Mn oxi-hydroxides), (iv) rP-NaOH (reactive P from NaOH extracts, representative of P associated 
with Al oxi-hydroxides) and (v) nrP-NaOH (non-reactive P from NaOH extracts, representative of P associated with OM), (vi) P-HCl 
(representative of P associated with calcium) and (vii) P-Res (residual P). 
 
Intra-reservoir and inter-reservoir heterogeneity were observed, related to grain size and chemical composition (Fig.2). As expected, 
the sediment grain size varied highlythroughout the fluvial-continuum from sandy texture in the river sections (fine to coarse sand) to 
silty texture (from coarse silt to very fine sand) in the reservoirs (Fig.2).Inside dam reservoirs, a decrease of the median grain size was 
also noticed as we get closer to the dam.In average, the sediments trapped in dam reservoir contain five times higher amounts of P 
than river deposits (1.6 ± 0.5 mg/g DW and 0.31 ± 0.09 mg/g DW respectively), confirming higher potential of dam sediment to store 
P compared to the river sediment. TP concentration, were inversely correlated with grain size, suggesting P association to finer 
sediment (D50<180 µm), retained at proximity of the dam. Unexpectedly, in spite of the presence of upstream dam, the amount of TP 
trapped in the two downstream sediment reservoirs was not minimized, highlighting the significate contribution of their own 
watershed to the input of P. In river sectionssituated downstream of each dam, D50and Ca concentration slightly increased compared 
to the upstream site, whereas, OM amount tended to decrease along the river continuum. However no clear tendency for Al, Fe, Mn 
and TP was observed. Regarding P fractionation, P was mainly associated to inorganic fractions but significant difference in P 
distribution between river and reservoirs sections are observed. In reservoir sediments, P was mainly present in the P-Asc fraction (60 
± 13%), representing mostly amorphous Fe oxi-hydroxides, whereas in river, P is distributed fairly evenly in the fractions P-HCl (33 ± 
14%) and P-Asc (25 ± 10%), i.e. P associated to Ca and Fe minerals. The variation of total P content in sediment within dam reservoir 
was mainly due to the P-Asc fraction, highlighting the key role of P trapping by amorphous Fe/Mn oxy-hydroxides accumulated in 
fine sediments. The distribution of sedimentary P in rivers section (without taking into account reservoirs) was quite homogenous 
throughout the continuum and didn’t seem to be impacted by the presence of upstream dams. The bioavailable sedimentary P (BAP) 
is commonly evaluated by summing weakly bound P (P-MgCl2), P association to amorphous Fe/Mn-oxy-hydroxides (P-Asc) and 
organic P (nrP-NaOH) (Hupfer et al., 1995). The other fractions, rP-NaOH, P-HCl and P-Res are attributed to a more permanent P 
burial. In the three reservoirs (Champsanglard, Chézelles and Age), the BAP were on average, 1.0 ± 0.2 mgP/g DW, 0.25 ± 0.20 
mgP/g DW and 1.0 ± 0.4 mgP/g DW respectively, against 0.08 ± 0.03 mg/g DW in river, indicating higher potentially mobilizable P 
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in reservoirs compared to river sections. Moreover, no significant impact was noticed when comparing the BAP content in river 
sediment downstream cascading dams with upstream site (respectively 0.06 ± 0.01 mgP/g DW and 0.08 ± 0.01 mgP/g).  

 

Finally, when comparing reservoir and river sections along the Age complex continuum, our results show that the three cascade dams 
impact sediment quality and P distribution in relation to grain size and iron minerals but no significant impact was noticed when 
comparing reservoirs between them or the river from upstream to downstream.  

 

Keywords: cascade dam reservoir, sediments, P fractionation, longitudinal variation, Fe oxy- hydroxides, grain size. 
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Figure 1. Localization of Champsanglard, Chézelles 
and Age hydroelectric dam-reservoirs and the 17 

sampling stations along the continuum.  

 

Figure 2. Medium grain size D50 (μm), total P, Al, Ca, 

Feand Mn content (mg/g DW) and total OM content 

(%) in surface sediments along the Age complex 

continuum. DW: dry weight. 
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Removal of cationic dyes byadsorption on semi-IPN alginate beads  
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Abstract:Pollutants, like dye molecules, phenolic compounds and heavy metals from industrial wastewater of textiles, plastics or 
paper industry, can cause serious environmental problems. Synthetic dyes have a complex aromatic molecular structure, and the 
extraction of the organic molecules from water can be done membrane separation, flocculation, oxidation and adsorption. Adsorption 
is the most preferredmethod due to the economical and environmental reasons such as its simplicity, effectiveness, easy recovery, low 
initial investment, and the reusability of the adsorbent. Polymeric materials that can absorb large amount of aqueous solution are 
widely used as adsorbents, especially the natural polymers can prefer for the biodegradable and renewable property (Popescu et al., 
2016; Batmaz et al., 2014; Özkahraman et al., 2011). For this purpose, semi-interpenetrating network (IPN) polymeric beads based on 
sodium alginate were synthesized. 

In the present work,at first step,N-vinylcaprolactam,VCL and the initiator, ammonium persulfatewas dissolved in water, then the 
solution was purged with nitrogen for 15 min. The polymerization reaction was done at room temperature for 8 h. Following the 
reaction, the product was purified by precipitation in hot water and dissolved in water. The obtained polymer was dried under vacuum 
at 40°C for 24 h(Shi et al., 2006).  

The next step, the aqueous solutions of sodium alginate and PVCLwere prepared in deionized water separately,and, the solutions were 
mixed in a known composition. Then, the mixed solution was extruded in the form of droplets, using a syringe, into CaCl2solution 
while stirring, and the beads were kept for nearly 1 h in the crosslinker solution. After crosslinking, the beads were washed with 
deionized water, and dried under vacuum at 40°C for 24 h (Shi et al., 2006). The obtained semi-IPN beads were used for cationic dye 
adsorption experiments. 

The characterization of the beads was done by FTIR (Fouried Transform Infrared Spectroscopy) and DSC (Differential Scanning 
Calorimetry) analysis.Adsorption studies were performed by batch technique. The effect of different parameters such as initial pH, 
initial dye concentration, and contact time on their dye adsorption capacity was studied. The adsorption kinetics and isoterms were 
investigated at the natural pH value of dye solution. The dye concentration was determined by UV-Vis spectroscopy. 

The amount ofsorbed dye by the beadsat equilibrium (qe) was calculated with the following equation, 𝑞𝑒 = [(𝐶0 − 𝐶𝑒)𝑥𝑉]/𝑚 

where C0is the initial dye concentration (mg/L), Ce is the equilibrium dye concentration (mg/L), V is the volume of solution and m is 
the weight of the adsorbent (g).  

The obtained results showed the potential use of the natural semi–IPN beads for effective dye removal from wastewater. 

Keywords: Sodium alginate bead, Adsorption, Cationic dye, Safranine T  

References 

Irina Popescu, Dana Mihaela Suflet, Polymer Bulletine, 73(2016) 1283-1301.  

Rasim Batmaz, Nishil Mohammed, Masuduz Zaman, Gagan Minhas, Richard M. Berry, Kam C. Tam, Cellulose, 21(2014) 1655-
1665. 

Bengi Özkahraman, Işıl Acar, Serkan Emik, Polymer Bulletin, 66(2011) 551-570. 

Jun Shi, Natalia M. Alves, Joao F. Mano, Macromolecular Bioscience, 6(2006) 358-363. 



607 
 

The influence of cellular organic matter on the coagulation of Merismopedia tenuissima 
cells 

 

K. Novotna*, M. Baresova, L. Cermakova, J. Naceradska, M. Pivokonsky 

Institute of Hydrodynamics of the Czech Academy of Sciences, Pod Patankou 30/5, 166 12 Prague 6, Czech Republic 

*novotna@ih.cas.cz 

Abstract: 

Algae and cyanobacteria are ubiquitous in surface water bodies and subsequently, also dissolved algal organic matter (AOM) is 
released into water.Since these compounds significantly deteriorate quality of water and also impair efficiency of water treatment 
processes, AOM is of growing concern for drinking water treatment plants worldwide. While a part of AOM is produced 
extracellularly resulting from metabolic processes of living cells (extracellular organic matter – EOM), cellular organic matter (COM) 
appears in water when the cells die and decompose and its sudden release may cause serious complications to water treatment 
(Pivokonsky et al., 2016). Recently, cyanobacteria Merismopedia tenuissima appeared to be a problematic species due to its specific 
ecological and morphological characteristics, and its massive occurrence even caused a collapse of a water treatment plant (Koza and 
Rederer, 2014). This study investigates removal of M. tenuissima by coagulation, including both its cells and COM. Coagulation was 
optimized to attain maximum removal efficiencies and the mechanisms were described in relation to the character of M. tenuissima 
cells and COM. 

Three types of standard jar tests were performed to thoroughly study the coagulation performance: (i) jar tests with individual 
components (cells or COM) and ferric sulphate as a coagulant, (ii) jar tests with cell/COM mixtures and ferric sulphate as a coagulant 
and (iii) jar tests with cell/COM mixtures without addition of any coagulant. Different environmentally relevant concentrations of 
cells and COM were coagulated (i.e. cells concentration of 105 or 106 mL-1 and COM concentrations of 3, 5, or 8 mg L-1 DOC 
(dissolved organic carbon)). Thus, mutual proportions of cells and COM differed in the tests with their mixtures. Further, the 
influence of coagulant dose (1-16 mg L-1as Fe) and pH was also investigated. The coagulation efficiency was evaluated based on 
residual content of cells (monitored by optical density at 683 nm), COM (measured as DOC) and Fe. To better describe the 
coagulation mechanisms, COM was characterized in terms of protein and non-proteinaceous content, hydrophilicity/hydrophobicity, 
apparent molecular weight (MW) and charge. 

The maximum removal of M. tenuissima cells by coagulation was very high – up to 99% for both initial cell concentrations (105 and 
106 cells mL-1) at relatively low doses of coagulant (3 and 5 mg L-1 Fe, respectively). The optimum pH for cell removal was 6.0-
7.7.By contrast, the maximum removal of M. tenuissima COM did not exceed 60% and the optimum pH was more acidic, i.e. between 
5.0-6.5. The optimum dose of coagulant corresponded to 1 mg Fe per 1 mg of DOC, while the coagulation efficiency did not improve 
with increasing the dose.The limited removal of COM can be ascribed to the high content of hydrophilic and low-MW compounds. 
When coagulating cell/COM mixtures, the best removals of both cells and COM were reached at pH very similar to the optimum for 
COM coagulation. Under the optimized pH conditions, the doses required for removal of cells or COM solely were sufficient also for 
coagulating the cell/COM mixtures and increasing the doses did not result in any improvement. Maximum cell removal was again 
99% and COM removal was 37-57%, depending on initial cell and COM content (Figure 1). Thus, the presence of COM did not 
decrease the removal efficiency of cells, but change in coagulation pH from 6.0-7.7 to 5.0-6.0 was necessary. Under these pH values, 
both cells and COM are negatively charged and thus electrostatically interact with cationic Fe-hydroxopolymers arising from the 
coagulant. However, also interactions between the cells and COM apparently contribute to coagulation. It is supported by the results 
of jar tests without coagulant that also resulted in some removal of both cells and COM.  

To conclude, the presence of M. tenuissima COM significantly altered the optimum pH necessary for efficient cell removal and also 
the mechanisms of coagulation. Nevertheless, after optimizing the coagulation conditions, high removal efficiencies reaching 99% 
were obtained in case of the cells. Dissolved COM appeared to be more difficult to coagulate with maximum removal efficiency of 
57%, owing to its hydrophilic character and MW distributions. 

Keywords: cellular organic matter, coagulation, cyanobacterial cells, Merismopedia tenuissima 
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Tables and figures 

 

 

Figure 1:Dependence of residual cell (a) and COM (b) concentrations on pH. Initial cell concentration 105 cells mL-1, initial COM concentrations 3, 
5 or 8 mg L-1 DOC (COM3, COM5 and COM8, respectively) 
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Abstract: 

Recently, polyfluoroalkyl substances (PFASs) are intensively discussed in science as well as on a political level, due to wide 
spreading, environmental hazards and the human health risk. 

These compounds are characterized by unique features with multiple applications is very difficult to replace with other, and so it has 
emerged in the environment and detected all over the globe, especially long-chain PFASs such as perfluorooctanoic acid (PFOA) and 
perfluorooctane sulfonic acid (PFOS) have the tendency for bioaccumulation. Due to the potential negative effects on both human and 
ecological, the Stockholm Convention listed PFOS as a persistent organic pollutant (POP) and has recommended to include the 
PFOA. United States Environmental Protection Agency (U.S. EPA) issued a health advisory for the sum of PFOA and PFOS in 
drinking water at a concentration of 70 ng/L(Richardson & Ternes, 2018).PFOA and PFOS are survive most of the conventional 
techniques in drinking- and wastewater treatment and were observed in finished drinking water in Germany, USA and other 
countries.Thus, drinking water suppliers have to deal with the possibility of elevated PFASs concentrations in their raw water and 
thereby need to consider treatment strategies as barriers for PFASs.The surface modification of the textile material is possible with 
common textile finishing methods, yielding a durable, high-performing and even cheap adsorbents for micropollutants from water. 
Textile based adsorbents has been successfully used for the adsorption of chromium (VI) (ZIM project “ChromaTex” (grant KF 
3047703CJ4)) and Nobel metals (IGF project“Recovery of noble metals” (grant 17247 N)). Recently, studies showed insoluble 
polymers of β-cyclodextrin, an inexpensive, sustainably, are also of interest for removing micropollutants such as pharmaceuticals and 
PFASs from water by means of adsorption(Alsbaiee et al., 2016). But until now β-cyclodextrin polymers have several deficiencies, 
including low surface areas and poor removal performance compared to conventional activated carbons.  

In this work, a textile filters were developed based on coated polyester fibers (PET) with polyvinylamine (PVAm), a grafted 
polyvinylamine with β-cyclodextrin (CD)or others grafted material.  

The modified textiles were subjected to extensive investigations on the adsorption of PFAAs from home-made model waters, 
contaminated groundwater and various industrial process waters. Figure1 shows the removal proportion of the per- and 
polyfluoroalkyl from contaminated groundwater. 
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Figure 1: Removal proportion of the per- and polyfluoroalkyl from contaminated groundwater. 

 

Keywords: PET, PVAm, polyfluoroalkyl, Groundwater. 
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Background and objectives 

The presence of microplastic particles in aquatic ecosystems has been a topic broadly discussed by environmental organizations and 
authorities for some time. Reports on microplastic particles in drinking water have attracted attention recently. The Guardian 
published a report on 06.09.2017 that claims the presence of microplastics in drinking water. This cross-border research tested 159 
drinking water samples from five continents and found out that 83% of them were contaminated with tiny plastic debris. The findings 
were distributed and discussed by the press while scientists working on the analysis and treatment of drinking water jointly doubted 
whether the methods that had been applied were adequate to report such low concentrations as was done. The conclusion was that 
more investigations need to be performed to understand the extent of the problem and to make an adequate risk assessment.  

No comprehensive and systematic studies on microplastics in raw water resources, their behaviour during drinking water treatment, 
and their potential occurrence in drinking water have been available so far. Therefore, the objective of the project was to determine 
the concentration of microplastics in drinking water by sampling and analysis of raw water, treated water, and tap water from a variety 
of waterworks in Norway (24 waterworks in total). This should help to understand whether Norwegian drinking water contains 
microplastic particles and, if so, which health risk might result from them, and which measures should be taken to remove them, in 
order to guarantee the delivery of healthy drinking water to the consumers at every time.  

Approach and methods 

In total, 24 water works from different regions of Norway participated in the project. 20 of the waterworks have surface water sources 
and 4 water works have ground water sources.1 L Duran glass bottles with plastic caps were used for sampling. All the bottles 
including caps were cleaned in a dishwasher and then rinsed three times with filtered water. That was prepared in the lab and is RO 
(reverse osmosis) filtered water which is filtered a second time through a 0.22 µm filter. The filtered water is stored in 10 L glass 
bottles and the top is covered with aluminium foil to avoid contamination. Three sampling points were chosen from each water work 
which includes the entrance to the water treatment plant (i.e. raw water), at the end of the treatment process (i.e. finished treated 
water), and from the distribution system (i.e. drinking water). The samples were taken in three parallels and in total 9 samples were 
taken from each of the water works. To avoid contamination during sampling, special care was taken. In the lab, during the analysis of 
the samples, additionally special care was taken. Analysis was done by filtration through a glass microfibre filter and visual analysis 
using a stereo-microscope. Any particles >60 µm in diameter were registered and counted. Non-plastic particles were excluded, based 
on visual determination. Later, this will be verified by µFTIR. More details about the analysis are omitted here for reasons of 
space.Blanks were produced by filtering deionized, ultrapure water through 0.22 µm filters and collecting them in bottles that had 
undergone the same cleaning procedures as the bottles for sampling. 

Results 

In total, 72 bottles blanks and 216 bottles samples had been analysed during the project. The results from the blanks were analysed 
statistically, comparing the results obtained during the different sampling campaigns. No differences were found for the two 
campaigns. Thus, it is legitimate to determine the average from all blanks and the random deviations, expressed in the standard 
deviation and the confidence interval. This revealed an average blank concentration of 0.5 microplastic particles per litre in the 
blanks, with a standard deviation of 0.82/L (n = 72).  
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While in analytical chemistry usually 95% or 99% confidence intervals are used, we decided here to use 67% confidence intervals for 
data interpretation. This is quite commonly used in environmental sciences and due to very low concentrations as well as many factors 
impacting variability of environmental samples. 

For the blanks, the standard deviation and the number of 72 blanks analysed results in a 67% confidence interval of 0,10/L which is 
termed Limit of Blanks for 67% confidence, LoB(67%). In other words, when measuring a concentration in a blank sample (as this is 
not prone to errors during sampling) of 0.1/L and saying “there is something in the blank sample” the probability to be wrong is still 
33 % and the probability that there is not something in the samples is 67%. 

The left Figuregives the measured concentrations of microplastic particles in the raw water of the participating waterworks. For 
simplicity, the overlapping of the confidence interval with the zero line means that no microplastic particles were detected (the error 
to fail when concluding detection is higher than 33%). This is the case for 14 out of 24 waterworks. However, for all samples, the 
average of the triplicate bottles analysed was below the limit of quantitation of 4.1 microplastic particles/L.From these results, it must 
be concluded that microplastic particles were most likely not present in the raw water samples analysed. If any were present in 10 out 
of 24 samples, they were not quantifiable. 

The right Figureshows the concentrations of microplastic particles found in triplicate samples of treated water from the participating 
waterworks. In 20 out of 24 triplicate samples, the 67% confidence bands were overlapping the zero line. Furthermore, for the four 
triplicate samples remaining, the data points are above the LoD(67%) and far below the limit of quantitation, LoQ. Thus, it must be 
concluded that microplastic particles were most likely not present in the finished treated water samples analysed. As for the raw 
water, if any were present, they were not quantifiable. 

 

Figure:  Measured microplastic concentrations in the raw water (left) and the treated water (right) of the waterworks, and 67% 
confidence intervals.  

Conclusions 

From the findings in this study, it is concluded that concentrations of less than 4.1 microplastic particles per litre should not be given 
or used for comparison. Whenever analysis is done to elucidate a possible contamination of water, special care must be taken in the 
setup and in the conductance of the analysis. Furthermore, the limits of detection and of quantitation must be taken into account in the 
design of the experiment, the sampling, and in the decision about the number and volume of samples to be analysed. 

Based on the results from this project, the drinking water of the water works who participated must be declared as free from 
microplastic particles. Or, scientificically speaking, that no microplastic particles can be detected or quantified at the 67% confidence 
level. Furthermore, as the participating water works had been selected as those where microplastic particles might occur most likely, it 
is very likely that microplastic particles cannot be detected in Norwegian drinking water at all. 

When the results of the analysis of all samples of raw water (3x24=72 bottles) and treated water (3x24=72 bottles) are compared, it 
can be concluded that treated water likely (i. e. with 67% confidence) contains a lower concentration of microplastic particles. In other 
words, water treatment by coagulation and filtration removes microplastic particles. However, for that conclusion such very high 
numbers of samples are needed. From the sampling and analysis of 3 bottles of 1 L of raw water and drinking water, for a single water 
works, no conclusions regarding removal may be drawn. 
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Abstract: 

The presentation summarizes the results of several published and unpublished worksrelated to examples of benzophenone (BP), 
benzophenone-3 (BP-3) and caffeine (CF) behaviour in the aquatic environment and potential hybrid process application in drinking 
water treatment. Those substances are widely used and well known anthropogenic markers from a group of pharmaceuticals and 
personal care products with different log Kow values. Log Kow values are 3.18, 3.79 and -0.07 for BP, BP-3 and CF, respectively. 
Limit values in waste, surface and drinking water are not regulated. The research was performed in locally specific matrices (i) 
effluent from a typical wastewater treatment plant (WWTP) that uses secondary treatment with activated sludge (September 2015 to 
November 2017)and (ii) Danube river water(May 2015 to March 2018). BP was analysed and detected in 3 effluent 
samples(0.017µg/L -0.146 µg/L),while in river water it was detected only twice out of 9 samples(0.23 µg/L and 0.95 µg/L). BP-3 was 
found in 4 out of 5 samples in effluent (<0.002 µg/L-0.42 µg/L), while in river water it was found once out of 7 samples  
(0.62 µg/L). CF was detected in 5 effluent samples out of 6(<0.16µg/L-12 µg/L) and in 1 river water sample out of 7 samples 
(0.7 µg/L)(Ivančev-Tumbas et al., 2018a).Other authors confirmed presence of BP and BP-3 in river water in the range from 
0.002µg/L to 44 µg/L (Kameda et al., 2011; K’oreje et al.,2018), while CF is present in the range from 0.41 µg/L to 50 µg/L (Al-
Qaim et al., 2017; Dafouz et al., 2018).Related toWWTP effluentsBP and BP-3 are present in the rangefrom <0.003µg/L to 2196 µg/L 
(Kasprzyk-Horderna et al., 2009; Kapelewska et al., 2018), while CF was found in the range from 0.018µg/L to 707 µg/L (Behera et 
al., 2011; Gibbons et al., 2011). It is well known that besides dilution, processes of oxidation, photolysis, biodegradation and sorption 
on sediments can take place in the aquatic environment. Geosorption and biodegradation have an important role in retardation during 
subsurface transport of pollution with groundwater or riverbank filtrate. In a recent study, Bogunović et al., (2017) confirmed 
biodegradation of BP, BP-3 and CF in Danube river water using a laboratory test filter filled with inert material. The removal efficacy 
was 90-99% at a concentration of 20 μg/L. Biodegradation rate constants were 0.5 h-1, 0.33 h-1and 0.29 h-1for BP,  
BP-3 and CF respectively, with t1/2 of 1.4 h, 2.1 h and 2.4 h, respectively.In addition to the lab scale study, the small column (2 cm x 
20 cm) laboratory test with Danube river sediment was used for the investigation of the subsurface transport of BP, BP-3 and CF 
(co=0.5 mg/L, sediment was sampled from the depth of 50-170 cm, filtration velocity  
0.1 m/h). Results showed that a full breakthrough cannot be obtained for BP and BP-3. This confirms the results of the above 
mentioned study where more intensive biodegradation was observed for these two compounds. Retardation for CF was 1.7 and 4.5 
depending on the method of calculation since difficulties with the tracer were experienced. These values are in line with findings of 
Greenhagen et al., (2014) who observed retardation of 3.5 and 2 for CF in columns filled with sediment and sand, respectively. So, the 
more hydrophilic CF has the higher potential for breakthrough under applied experimental conditions than BP and BP-3. When river 
water is used for drinking water treatment an UV irradiation can take place in the water treatment train. Lab-scale study of Ivančev-
Tumbas et al., (2018b) showed that the surrogate DOC in MilliQ increases efficiency of BP photodegradation and that under the 
condition of same BP:DOC molar ratio, effects of photodegradation will depend on both BP concentration level and presence of 
certain anions. Even though the applied UV fluence was not realistic for disinfection, the results showed importance of more detailed 
evaluation of water quality when it is exposed to UV irradiation. Finally, among various scenarios of drinking water treatment, one 
possibility is direct river water intake and treatment by hybrid membrane processes (e.g. combined powdered activated carbon 
adsorption/ultrafiltrationprocesses (PAC/UF)coagulation/ultrafiltration (CoA/UF). In this way both chemical and microbiological 
quality of water can be achieved.Lab-scale pilot plant  
(30 L/h) was used to assess the removal of BP and CF from the river water (membrane module LAB 0.9 MB 0.2, inge GmbH, flux of 
120 l/h/m2 filtration cycle 30 min, 30 s of backwash with 1 min of forward flush with dechlorinated tap water (DWT). Aquasorb 
PAC-MG (Jacobi Carbons GmbH) dose was 5 mg/L and coagulant (BOPAC®) dose was 
3 mg/L. Substances were spiked as amixture in water. An average initial concentrations for 9 experiments were for BP 27 µg/L 
(RSD=7.5%), for BP-3 9.4 µg/L (RSD=35%) andforCF 34 µg/L (RSD=12%). UF without any sorbent or coagulant addition showed 
that membrane is able to sorb 82% of BP and 90% of BP-3 duringthe 1st cycle.For CF, membrane sorbs 1% and 3.8% during the 1st 
and 2nd cycle in river water, respectively. PAC/UF removes 92% of BP and 97.5% of BP-3 in the first filtration cycle. Duplicate 
experiment sample was damaged and therefore not analysed. In parallel, experiments of removal of same substances were performed 
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in DTW in order to assess the influence of the river water matrix on process efficiency. For PAC/UF process in DTW average 
removal for BP was also high, e.g. 98.7% (n=3, RSD=0.06%) and for BP-3 it was 97.7% (RSD=0.7%). Removal of CF by PAC/UF in 
river water was12% during the 1st cycle, while in the 2ndcycle it was 74%. Such an increase could be possibly caused by PAC cake 
layer formation on the membrane surface.It will be needed to explore further effects in more filtration cycle repetitions. In DTW CF 
showed much high removal of93% (n=3, RSD=4%).Possible reason for such a difference could be the absence of natural organic 
matter competition that can be present in river water. CoA/UF process in river water removed 73% and 69% of BP, 99% and 77% of 
BP-3 and 12% and 4.2 % of CF (during 1st and 2nd cycle, respectively). 

Keywords: benzophenones, caffeine, water treatments, hybrid ultrafiltration processes  
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Summary: 
Iron oxide-based adsorbents namely, bayoxide andtetravalent manganese feroxyhyte (TMF) were applied in batch adsorption 

kinetic and isothermexperiments to study the effect of water matrix on removal of pentavalent arsenic (As(V)) from drinking water. 
The adsorbents media were characterized in terms of iron (Fe) content, BET surface area, particle size, zeropoint charge (PZC), 
surface charge density and zeta potential. Batch adsorption results that As(V) uptake by both adsorbents depends strongly on the 
solution pH. The adsorption kinetics results show that adsorption rate of As(V) by TMF is faster than bayoxide.The adsorption 
isotherm data fitted the Freundlich model better than the Langmuir model, thus indicating the presence of heterogeneous adsorption 
sites in both adsorbents. Batch study showedthat TMF has higher Freundlich adsorption capacity (4.6µg/mg) than bayoxide 
(3.7µg/mg) at residual As(V) concentration of 10 µg/L. The lowest adsorption capacity at the same residual As(V) concentration was 
recorded in National Sanitation Foundation (NSF) water (3.2 µg As(V)/mg for TMF and 2.4 µg As(V)/mg for bayoxide, respectively) 
due to presence higher  levels of competing ions. Batch results from experiments focusing on effect of competing ions indicate that 
cations (e.g, calcium) enhances the As(V) removal efficiency up to 16% and 12% of TMF and bayoxide, respectively. The results also 
show that silica is the main competitor that occupied the adsorptionsurface and limits the media affinity to As(V).  

Keywords: Drinking water, arsenic removal, iron oxides, water matrix. 

1. Introduction 
Arsenic (As) is a major drinking water contaminant in many countries and causes serioushealth hazards. Among all the treatment 
technologies that have been tested to remove arsenic from drinking water, adsorption is most widely used for arsenic removal from 
drinking water being a simple, cost effective, efficient, eco-friendly and of high removal rate. The objective of study is to investigate 
the effectiveness of iron oxide-based adsorbents to remove As(V) in the presence of competing ions under batch adsorption tests. In 
our former study, we investigated the performance of low cost dust ferric hydroxide (DFH) as arsenic adsorbent (Usman et al.,  2018).  
This research is new because heretofore no information useful to water utilities is available to remove As(V) using TMF and 
bayoxidein presence of competing ions. 

2. Material and Methods 
Bayoxide was supplied by Severn Trent and TMF was supplied by Tresintsi et al. (2013). To derive the adsorption isotherms, the 

method of adding various quantities of adsorbent to a constant solution volume (500 mL), having the initial As(V) concentration of 
190 µg/L was adapted. To get realistic information on applicability of a particular adsorbent the adsorption isotherms were conducted 
in ultrapure deionized (DI) water, Hamburg-Harburg (HH) tap water andNSF challenge water.  

 
Table 1:Ionic composition of water matrices 

Water matrix Na+(m
g/L) 

Ca2+(
mg/L) 

Mg2+(
mg/L) 

Cl-

(mg/L) 
SO4

2-

(mg/L) 
NO3

-

(mg/L) 
F-

(mg/L) 
PO4

3-

(mg/L) 
SiO2(
mg/L) 

DOC(mg
/L) 

BES* 

(mM)  

DI water - - - - - - - - - - 2 

HH tap water1 14 42 4 19 23 0.62 0.13 0.05 16-17 0.8 ± 0.2 - 

NSF water2 73.1 40.1 12.6 71 50 2 1 0.122 20 - - 

Source: 1Hamburg wasser, 2Amy et al. (2005), *N, N-Bis (2-hydroxyethyl)-2-aminoethanesulfonic acid. 

3. Results and discussion 
Table 2 summarizes the physicochemical data derived by experiments for both applied adsorbents. The significant divergence of IEP 
and PZC (IEP-PZC > 0) indicates the highly positive surface of both adsorptive media(Tran et al. 2017). TMF has considerably higher 
BET surface area and surface charge density compared to bayoxide. 
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Table 2:Main physicochemical characteristics of used adsorbents 

Adsorbent Fe content 
(%) 

Surface 
area 
(m2/g) 

Particle 
size range 
(µm) 

PZC Surface charge 
density(mmol OH-/g)  

Iso-electric 
point (IEP) 

Pore volume 
(mL/g) 

TMF 44.5 178 ± 8 40.0 3.1 ± 0.1a 2.7b 7.2 ± 0.1a 0.28± 0.07 

Bayoxide 45.6 128 ± 3 52.4 7.8 0.28c 8.4 ± 0.1 0.67± 0.20 

Source: aTresintsi et al. (2013a), bTresintsi et al. (2014), cTresintsi et al. (2013b). 

As(V) adsorbed onto adsorbents at varying pH is graphically presented in Figure 1(left). The plots indicate that As(V) uptake by both 
adsorbents depends strongly on the solution pH, increasing with a decrease in pH, which can be attributed both to arsenic speciation 
and the surface characteristics of the adsorbent. 

 

 

Figure 1:(left) Effect of solution pH on adsorption efficiency of used adsorbentsin DI wateradsorbent dosage= 25 mg/L and T = 20ᵒ Cand 
(right)As(V) Adsorption isotherms of applied adsorbents in three different water matrices at pH 8 ± 0.1. 

Batch adsorption isotherm experiments indicated that the Freundlich model described the isothermal adsorption behaviour of As(V) 
notably well (Table 2). 

Table 2:Key parameters of the Freundlich isotherm for As(V) adsorption. 

Parameters 

TMF Bayoxide DFH1 

DI 
water 

HH tap 
water 

NSF 
water 

DI 
water 

HH tap 
water 

NSF 
water 

DI 
water 

HH tap 
water 

NSF 
water 

KF (µg/mg)/ (µg/L)1/n 2.0 1.7 1.6 1.9 1.5 1.1 3.3 3.2 1.2 

n 2.8 2.8 3.5 3.4 3.2 2.9 3.1 3.4 2.4 

Correlation coefficient (R2) 0.98 0.99 0.99 0.99 0.99 0.99 0.99 0.94 0.92 

Chi-squared value (χ2) 0.17 0.01 0.01 0.21 0.88 0.25 0.12 0.55 0.36 

Q10(µg/mg) 4.6 3.9 3.2 3.7 3.1 2.4 6.9 6.3 3.2 

Q50 (µg/mg) 8.1 6.6 5.1 6.0 5.1 4.2 11.6 10.1 6.1 

Note: 1Usman et al. (2018). Q10 and Q50are adsorptioncapacity of media at residual concentration of 10 and 50 µg/L, respectively. 

The addition of 40.1 mg/L (1.0mM)calcium (Ca2+) leads to higher removal efficiencies compared to the reference experiment (pH 8 ± 
0.1, DI water) at two adsorbent dosage for both adsorptive media. Adsorption of positively charged calcium ions onto the media 
surface might have shifted the IEP to higher values, thus improves the adsorption of As(V). Also, calcium might facilitate double-
layer adsorption of As(V).The effect of other major competing ions on As(V) removal at two different dosages (5 and 10 mg/L) and at 
same pHwas also examined in batch adsorption tests. A reduction of 12% and 28% in As(V) removal efficiency on TMF in the 
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presence of 0.122 mg/L phosphate and 20 mg/L silica at adsorbent dosage of 10 mg/L was recorded. In case of bayoxide at same 
dosage and experimental conditions, a reduction of 10% and 22% was estimated at same phosphate and silica concentration.The 
influence of combined phosphate and silica was examined in NSF water without 0.122 mg/L phosphate and 20 mg/L silica and results 
show that As(V) removal has been increasedsignificantly for both adsorbents and results are in line with batch tests focuses on 
calcium effect. 

 

Figure 2:Percent removal of As(V) at adsorbent doses of 10 mg/L and 20 mg/L in presence and absence of competing ions. 
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Abstract: 

Organic micro-pollutants (OMPs) are found in vast numbers almost everywhere in the water cycle, e.g. in wastewater treatment plant 
(WWTP) effluents, surface waters, groundwaters, and even drinking waters(e.g. Ruff et al. 2015). Their adverse effectson the 
environment and human health have been shown in various studies and are subject of continuous research(e.g. Melnyk-Lamont et al. 
2014).Authorities of several countries are reacting, demanding thatwater treatment facilities be upgraded by advanced water treatment 
stages for OMP removal(e.g. VSA 2018, Zietzschmann et al. 2019), whose benefits have broadly been proven(e.g. Bourgin et al. 
2018, Eggen et al. 2014). 

Adsorptive treatment by activated carbon (AC) offers several advantages over oxidation (i.e. actual removal of OMPs instead of 
transformation, overall decrease of background organics) and dense membrane filtration (i.e. no brine production, no alteration of 
inorganic water matrix), and furthermore, AC can either be regenerated/reactivated (granular) or used to increasesludge heating values 
(powdered). 

When using AC for OMP removal from real waters like drinking waters, surface waters, or WWTP effluents, the adsorption is 
strongly affected by the presence of background organic matter (BOM; Najm et al. 1991, Zietzschmann et al. 2015, Zietzschmann et 
al. 2014b). BOM and OMP compete for adsorption sites on the AC, which negatively impacts the overall efficiency of the process and 
increases AC consumption and costs. When applying adsorption in real-water scenarios, these competitive phenomena are the most 
important factors which have to be dealt with before making decisions on the design, prospective effectiveness, and control of a 
process setup. 

This presentation will give insights into the recent advances in characterizing, assessing, and predicting the competitive adsorption 
between OMPs and BOM in different waters. Several easy-to-use analytical and mathematical tools to model competitive adsorption 
will be presented and discussed. As an example, Figure 1 shows sulfamethoxazole isotherms which were modelled using a new 
analytically-driven approach to initialize the competitive Equivalent Background Compound Model(EBCM, Najm et al. 1991). The 
modelled data approximates the experimental values very well and thus allows for useful process predictions. Other, practically easy 
applicable methods are inferring the OMP removal by using surrogate parameters like UV254(e.g. Altmann et al. 2016, Zietzschmann 
et al. 2014a). 

The presentation will conclude with several new advancements and future research needs in adsorptive water treatment for the 
removal of OMPs. New materials like zeolites will be shortly discussed, as well as carbon-based adsorbents based on renewable 
resources like organic wastes. The practically widely applied method of powdered AC recirculation will be highlighted with respect to 
the associated benefits(Meinel et al. 2016, Zietzschmann et al. 2019). Also, the current knowledge gaps in practically useful methods 
and models for the prediction of adsorptive phenomena in real waters will be outlined. 

 

Keywords: Organic micro-pollutant, trace organic compound, adsorption, activated carbon, background organic matter 
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Figure 1:Measured and EBC-modelled sulfamethoxazole isotherms on PAC SAE Super, source: Zietzschmann et al. (2016) 
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Abstract 

Tertiary treatments in municipal water plants are aimed to the refinement of water quality through the removal of residual 
organic contaminants, responsible of odors and taste, by filtration on proper sorbents mainly composed by activated carbon. Activated 
carbon is usually imported from Thailand, India, Malaysia or Sri Lanka where it is produced under extremely difficult and unsecure 
conditions for workmen. 

Biochar is a porous, low cost carbon-residue derived from the thermal conversion of biomass wastes under limited oxygen 
(gasification) or anaerobic (pyrolysis) conditions, which can be used as soil amender, feed additive(Singh, Singh, & Cowie, 2010), 
and cosmetics.  Recently(Inyang & Dickenson, 2015; Joseph & Lehmann, 2009), biochar has been studied for the removal of selected 
classes of organic pollutants from water (e.g. VOC, plasticizers, pesticides and herbicides). In some instances, sorption and binding 
affinities of organic contaminants were reported comparable or even stronger for biochar than commercial activated carbons(Ahmad 
et al., 2012). 

The purposeof this work is to study the performance of biochar in the tertiary treatment of waters intended for human 
consumption, in comparison with activated carbon. Ten samples, including seven biochars, deriving from both pyrolysis and 
gasification processes, and three activated carbons, were studied. 

The samples were characterized according to international standards from the Conseil Européen des Fédérations de l'Industrie 
Chimique (CEFIC) and from the European Committee for Standardization (CEN), which establish the requirementsthat inorganic 
supports and materials (activated carbons) should have in order to be used for water filtration. The characterization parameters 
concern adsorption (iodine, phenol and methylene blue indexes,which provide information about the surface area of the material) 
andphysico-chemical properties (ash, moisture, pH, pH at the zero-charge pointpHpzc).Therelease of contaminants that could be 
formed during the thermal processes(PAHs, PCBs) or that can be transferred from feedstock to biochar (metals) was also 
considered.The dataobtainedare discussed in terms of the feedstock used and of the thermal treatment conditions adopted, verifying 
the fulfilment of the above-mentioned international standards.  

Iodine number, which is a restrictive parameter according to the international standards (> 600 mg/g), ranged between 197 
mg/g and 87 mg/g, for the biochar studied. Ash content (which must not exceed 15%) ranged between 6.2% and 49.4%. The other 
restrictive parameters are related to the content of metalsand PAHs extracted by water. For this last parameter, all the biochars tested 
result suitable substrates for the treatment of drinking water. For metals, only one out of seven was consideredunsuitable for water 
filtration. 

In order to identify any correlation among parameters, biochars and production process conditions, the data were processed 
usingthe chemometric approach of the principal content analysis (PCA) (Figure 1). 

The sorption capacity of the biochar against pollutants typically monitored along the drinking watersupply chain(disinfection 
by-products, herbicides, pesticides) was also investigated. Adsorption capacity was evaluated by means of Freundlich isotherm 
equation usingthe micro-isotherm technique for adsorbates at ppb concentrations, as established by ASTM D5919-96 standard. 

 

Keywords: Biochar, adsorption indexes, drinking waters, low-cost  
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Figure 1 PCA analysis of biochar parameters for all samples tested 
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Abstract 

Dyes are the most resistant compounds that are found in industrial wastewater causing adverse health and environmental problems. 
Removal of these dyes from coloredwastewater is a major preoccupation for the scientific and environmentalists. Crystal violet dye 
belongs to the class of triarylmethane and it has used in different area such as medicine, textile,printing ink and paints. Many 
processes were exploited for the elimination of dyes from polluted water but the adsorption has widely adopted as a suitable technique 
en favor of its simplicity, ability to treat trace amount of dyes and regeneration capability. 
In order to evaluate the adsorption behavior of Crystal Violet dye from aqueous solution by adsorption onto natural and activated clay 
from Morocco, all experiments were carried out in a series of batch equilibration studies. Tests were conducted to investigate the 
effect of initial dye concentration, contact time, pH, temperature, agitation speed and Solid Liquid ratio. The results showed that the 
use of activated clay is benefit because the contact time and the amount of sorbent have been reduced from 50 min to 20 min and from 
3g/l to 1g/l. The best result has been shown with a stirring speed of 200tr/min.This study has revealed a favourable adsorption in basic 
medium using natural bentonite. However, no pH effect using activated clay. The reaction kinetics has been described by a pseudo 
second-order rate expression with high correlation.The adsorption data were analyzed by using Langmuir, Freundlich, Elovich, 
Tempkin and Dubinin-Radushkevich isotherms models.The thermodynamic parameters have been also calculated. 
 

Key words: Dye, adsorption, clay, isotherm, crystal violet 
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Abstract: 

Fluoride pollution of groundwaters is affecting more than 200 million people globally (WHO). Excessive fluoride concentrations in 
groundwaters can be a result of both natural and anthropogenic activities (Pettenati et al., 2013). Long term exposure of people to 
drinking water containing excessive concentrations of fluoride is known to cause serious health problems (Ozsvath, 2009), while 
fluoride concentration up to 1.5 mg/Lin the drinking water are beneficial to human health. The most commonly applied method for 
water de-fluoridation is alum coagulation (He et al., 2015), which however presents some important limitations, such as the very high 
dosage which needs to be applied, which consequently produces excessive amounts of sludge. In this study, the use of novel 
aluminum based coagulants (Tolkou et al., 2015) is examined for its efficiency towards fluoride removal, as compared with the 
conventional AlCl3(Table 1).  

 

Table 1: Preparation procedure of coagulants used in this study. 

Coagulant Molar ratios Description 

PSiFAC-Na1.5-10-15 [OH]/[Al]: 1.5; [Al]/[Fe]: 10; [Al+Fe]/[Si]: 15 [AlCl3 + FeCl3] + pSi + NaOH 

PSiFAC-Mg30-10-15 [Al]/[OH]: 30; [Al]/[Fe]: 10; [Al+Fe]/[Si]: 15 [AlCl3 + FeCl3] + pSi + MgO 

AlCl3∙6H2O - Conventional coagulant 

 

The results showed that the coagulant, which contains MgO, i.e. PSiFAC-Mg30-10-15, is the most efficient, and can enhance the 
removal of fluoride to levels below 1.5 mg/L (Figure 1a) at solution pHgreater than 7 (Figure 1b), which is a great advantage against 
existing and applied adsorbents and coagulants.  

 

 

Figure 1:(a) Effect of coagulant dose to fluoride removal: Co 5mg F/L, pH 7.0±0.1, (T= 22±1oC); (b)Effect of pH on fluoride removal: Co 5mg F/L, 
coagulant dosage 30 mg Al/L, (T= 22±1oC) 
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The zeta potential  measurements(Figure 2a), shows that, in all coagulants used the IEP was found greater than 8, which means that at 
lower pH values an overall positive charge prevails, which might favour the interaction of the aluminum species with the negatively 
charged fluoride.Residual aluminum concentration is a very important parameter from human health perspective and should be 
carefully considered, when an aluminum coagulant is applied in drinking water treatment. As shown in Figure 2b, the use of all 
coagulants in this study did not enrich the finished water with unacceptable levels of aluminum and from this point of view can be 
considered safe for applications in drinking water treatment. 

 

Figure 2:(a) Comparison of zeta potential of all applied coagulants, as a function of pH; (b) Residual aluminum concentration as function of water 
pH for coagulants dose 20 mg Al/L (T= 22±1oC). 

 

Keywords: water treatment; composite coagulants; fluoride removal; magnesium. 
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Abstract – We present an investigation of water use practices, water treatment, and resulting health implications across rural wards of 
Kerala, India.  Through this study it was found thatthe consumption of salinized water is contributing to negative health conditions in 
these areas such as high blood pressure, and skin irritations. Additionally, the barriers to safe water usage in these areas extend 
beyond that of availability and include the water source proximity to homes, water usage fees, and water transport fees. It is 
recommended that future water treatment systems in these areas provide a low cost method of desalination, local training for 
maintenance and repair, and a reduction or elimination of water transport requirements or transport fees.  

 

INTRODUCTION 
The lack of access to clean water across the globe is a rising epidemic.  Despite 70% of the earth being made of water, only 2.5% of it 
is freshwater, leaving the remaining 97.5% as salinized ocean water(Shiklomanov, L., 1991).Conventional approaches to water 
desalination such as reverse osmosis (RO), are reliant on large quantities of energy, and thus require extensive financial resources to 
support such systems(Shiklomanov, L., 1991). An alternative approach to achieving water desalination is the humidification—
dehumidification (HD) process.  HD is an effective approach for water desalination when faced with decentralized demand(Malaeb, 
L. et al, 2011). This approach has been shown to have inherent advantages such as flexibility in capacity, moderate installation and 
operating costs, equipment simplicity, and the potential to utilize energy such as geothermal, solar, or cogeneration (Narayan, G.et al, 
2010).In India, the country population is expected to increase to 1.6 billion by the year 2050, and will rank 40th in the world in terms 
of water scarcity (Narayan, G.et al, 2010).  With an extensive coastline measuring 7517 km, desalination via HD should be considered 
a sustainable option for India to meet the rising fresh-water demand.  In this study we assess the feasibility of integrating the HD 
system into communities, as well as into the water usage practices resulting health implications of community members across rural 
wards of Kerala, India.   
 

Keywords: Salinity, desalination, water quality, health problems, humidification dehumidification system, reverse osmosis, rural 

areas.  

 

METHODOLOGY & RESULTS 

A. Data collection 

Health data were collected in the rural communities of Alleppy by way of mobile medical camps serving the communities of Kannadi, 
Eera, Talawadi, Pacha, and Thakazhy. In addition, surveys were carried out in the rural communities of Kakkazham, Karur, and 
Valanza to collect information regarding water usage and preferential water sources. 

B. Water usage and sources 

In assessing water sources accessed by villagers, it was found that ~60% people relied on the government pipeline, ~33% of them on 
borewell water, and only ~7% were using water treated by available RO machines (Figure 1) (n = 135). A number of variables were 
found to act as barriers to use of the clean and available waterprovided by RO water filtration devices including water usage fees, 
water transportation fees, and lack of device maintenance.  In addition, in the context of mass flooding, access to clean drinking water 
became a major concern for communities due to the mixing of polluted canal water, septic tanks, and available drinking water 
(Cornet, S. et al, 2019). Both government supplied water and borewell water can be subject to saline contamination especially in 
coastal areas during flooding. The use of RO or HD methods would ensure removal of contaminants. 
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C. Water-borne diseases  

Health conditions that are closely linked to salinized water were observed in the participating communities.  Of the individuals 
observed, 20% were diagnosed with diseases related to high blood pressure, such as hypertension and heart attack.   It is well known 
that excess salt in the body can lead to an increase in blood volume in the blood stream and thus result in hypertension, heart attack, 
and/or stroke (Harvard T.H. Chan, 2018). As such, it appears that the desalination of water could contribute to the reducing the 
development of current and future illnesses. 
 
 

 
Figure 1: Data were collected in villages including Kakkazham, Karur, and Valanza.  The survey group included 135 people across all villages.  The 
large percentage of people relying on government water was attributed to convenience, as it is supplied directly to their homes.  The higher use of 
Borewell water relative to Reverse-Osmosis water was attributed to its lower usage fee and lack of water transport fee. 

 

 

 

 

Figure 2:The percentage of individuals suffering with specific medical conditions. Data were collected over the time period of five days through 
medical relief camps, serving victims of flooding, by way of unstructured interviews and physician reports. 
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Abstract  

The High-speed train(TGV) of the National society of French railroadsis equipped for each coach with sanitary including washstand 
and toilet in the same small space. Washstands deliver fresh water from each coach tank. This water serves first of all to wash hands 
passengers. During train operations, controlling the microbiological quality of this water is a priority for their customers. To meet this 
need, a global HACCP1 approach has been implemented. Consequently, a first operational water quality plan has been established 
throughout the process. This includes specific procedures for filling up operations on maintenance sites until monitoring water quality 
from a rate of the TGV fleet. This procedure was carried out in two stages: 

 The first stage was to test two water treatment systems (UV radiation and ultrafiltration technologies) on our 
specific test bench at the Railway Test Agency (SNCF-AEF2).  

 As a conclusion of first trials, we decided to make a real test for assessing ultrafiltration treatment performance 
during train operations. This paper presents the results of this test. 

 

Material and method 

Four ultrafiltration cartridges have been set up upstream from washstand taps of a double decker TGV “2N2”. Others washstands still 
remained in original conditions and constituted the control samples for the trial period. On equipped coaches, four sampling points 
have been created on the water supply circuit in order to assess the benefits of ultrafiltration and to monitoring how microbiological 
water quality evolves along the circuit over the trial period. These refer to:  

 At the tap equipped with ultrafiltration cartridge and a specifics aerators(tap with a treatment with silver); 
 At the non-equipped tap; 
 Just after ultrafiltration cartridge (between the cartridge and the tap); 
 In the fresh water tank.  

 

The following microbiological parameters investigated in this study are those mentioned by the World Health Organisation (WHO, 
2017):  

 Escherichia Coli and total coliforms; 

 Enterococci; 

 Heterotrophic Plate Counts at 22°C and 36°C. 

In addition to these microbiological parameters, Pseudomonas Aeruginosa have been quantified. Samples were collected according to 
the European and international standard methods by us on a monthly schedule. Except some few samples that have been outsourced, 
all analysis was completed by the SNCF-AEF.Fig 1 show the location of the four sampling points along the water supply circuit of the 
double decker TGV equipped with ultrafiltration cartridge. 

                                                           
1Hazard Analysis Critical Control Point 

2Railway Test Agency (Agence d’essai ferroviaire in french). 
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Figure 1:Detailed diagram of the water supply circuit and sampling points. 

 

Results and discussion 

From March 2017 until April 2018, 254 samples have been collected. Table 1 gives occurrence of microorganisms in water. These 
results show occurrence in water tank and at the tap with treatment (ultrafiltration and aerator with silver) for E.coli, Total coliforms 
and Enterococci. These micro-organisms were never quantified just after ultrafiltration. For other parameters, lowers concentration 
were find after this treatment. Except for water tank which total coliforms weren’t counted, we have noted a relative efficacy of the 
cartridge for all the microbiological parameters. This indicates a reduction of tank contamination for all the parameters.  

Table 1: Occurrence of micro-organisms in train 

 
E. coli Total Coliforms  Enterococci 

Pseudomonas 

aeruginosa 

Heterotrophic Plate 
Counts at 22°C 

Heterotrophic Plate 
Counts at 36°C 

Water tank 0% 1.4% 2.9% 48.6% 97.1% 97.1% 
After ultrafiltration 0% 0% 0% 31.8% 79.5% 63.6% 
Tap with treatment 0% 3.0% 3.0% 29.4% 100% 100% 
Tap without treatment 0.9% 17.9% 12.5% 81.0% 100% 100% 
 

After the tank and along the water supply circuit downstream, different tendencies are observables which differ from the parameters. 
For Pseudomonas aeruginosa, results indicate a significant reduction between the tap equipped with ultrafiltration cartridge equipped 
and the non-equipped tap. For this position, we note a rise for Pseudomonas Aeruginosa. For this parameter we can suspect that the 
contamination is located in the tap. This hypothesis could explain these results. 

Concerning Heterotrophic Plate Counts at 22°C and 36°C, it doesn’t exist a flagrant difference of quantitative enumeration between 
equipped and non-equipped tap. Furthermore, global heterotrophic plate counts enumeration is lower in the water tank samples than 
equipped and non-equipped tap samples. This result suggests that a major part of the contamination do not originate from the water 
tanks. 

To conclude, the water treatment system using ultrafiltration cartridge shows reduction of certain microbial parameters. This 
reduction seems to come from ultrafiltration cartridges but also from certain specifics aerators. We noted also that water tanks 
samples are less contaminated than equipped and non-equipped tap samples, this suggests that microbial contamination occurs for a 
significant part at the terminal portion of the water circuit in particular at the tap. 
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Figure 2:Enumeration of Pseudomonas Aeruginosa and HPC at 36°C from the different sampling points. 

 

Conclusion 

Microbial quality along the water supply circuit of a train is not sufficiently documented. The implementation of this trial during real 
train operation provides important information in addition of those provided by initial tests on our specific bench. Results show that: 

 The treatment by ultrafiltration decrease concentration of all micro-organims;  
 The tap equipped by aerator in silver prevent or reduce contamination at the tap for all parameters (except HPC); 
 With treatment, more than 94% of samples satisfy the criteria of drinking water for E. coli, total coliforms, 

enterococci and pseudomonas aeruginosa and more of 80% for HPC; 
 Microbial contamination occurs for a large part at the terminal portion of the water circuit.  

It puts into questions the on-board water quality plan used actually in French trains. In complement; the SNCF-AEF is starting a new 
study with a French leading academic partner to:  

 Improve our knowledge of bacterial strain involved in the contamination;  
 The role of aerator the on enumeration values on non-equipped tap. This should allow us to determine the part of 

microbial reduction due to ultrafiltration cartridge and the one due to specifics aerators. 
Keywords: Trains, drinking water, ultrafiltration, microbiological quality 
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Abstract: 

The treatment of wastewater containing organic dyes has received considerable attention because the discharge of dye effluents to 
river streams is a major concern (Yu, 2018). Many dyes are carcinogenic, mutagenic, and teratogenic compounds, resulting that dye-
containing wastewater not only contaminates surface and ground water, but also harms human health and disrupts the ecological 
system (Qin, 2018).For water purification, there is a need for technologies that have the ability to remove toxic contaminants from the 
environment to a safe level and to do so rapidly, efficiently and within a reasonable costs framework (Azzaza, 2016). 

Concerning this, in this work, new magnetic nanocomposite, containing iron oxide with mesoporous silica (Fe2O3@mSiO2), with 
good adsorption capacity and magnetic response, was synthesized, characterized and successfully applied for organic dyes removal. 
Iron oxide nanoparticles where synthesized by reverse co-precipitation method, and coated with mesoporous silica through a 
surfactant-templating sol-gel approach, using TEOS as silica precursor and CTAB as template. The structure and morphologies of the 
obtained nanocomposite where investigated by Fourier Transform Infrared Spectroscopy (FT-IR), Transmission Electron Microscopy 
(TEM), X-ray diffraction, Nitrogen adsorption-desorption isotherms, Mossbauer Spectroscopy, Small-Angle X-ray Scattering and 
magnetic measurements. 

Table 1:Results of textural data from nitrogen adsorption-desorption isotherm 

Sample Specific surface 
area [m2/g] 

Total pore volume 
[cm3/g] 

Mean pore size 
[nm] 

Fe2O3@mSiO2 1068 0.912 4.6 

 

The synthesized adsorbent possesses high surface area, large total pore volume, and narrow pore size distributions whichendorse them 
for organic dyes removal from wastewaters. 
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Figure 1.Pore size distribution curve. Inset: TEM image of nanocpmposite sample 
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Mossbauer Spectroscopy indicated the presence of maghemite phase.Furthermore, the obtained material had a saturation 
magnetization of 7 emu/g,hencethe obtained nanocomposite could be easily separated by a magnet from the pollutant dye solution. 

The adsorption efficiency for removal of a cationic:Methylene Blue (MB) and an anionic: Congo Red (CR) dye from aqueous 
solutions onto Fe2O3@mSiO2,was investigated in batch system.The optimum conditions obtained for individual adsorption were 
selected as starting conditions for simultaneous adsorption of dyes from binary systems.The effect of thesolution pH (2.5-12.5), 
adsorbent amount (0.25-2 g/L), and initial dye concentration (25-200 mg/L) on the percentage removal was investigated. Using an 
adsorbent mass of 1 g/L, and working at the optimal solution pH, Fe2O3@mSiO2 showed removal efficiency up to 98.10% for Congo 
Red, and 98.34% for Methylene Blue.In binary systems the removal efficiency slightly decreased due to competitive effect.Even after 
three adsorption-desorption cycles the Fe2O3@mSiO2 nanocomposite presents a good efficiency (greater than 75%) for dyes removal 
from aqueous solution, indicating the possible industrial application.The pseudo-first-order, pseudo-second-order kinetic models and 
intraparticle diffusion model were used for the kinetic interpretations. The adsorption processes follow the pseudo-second-order 
kinetic model.Equilibrium data were analyzed by the Langmuir, Freundlich and Sips models.The equilibrium data were best 
represented by the Sips isotherm, and the maximum adsorption capacities were determined. The adsorption processes were found to 
be favourable, exothermic, and spontaneous. The experimental results suggest that the as-prepared Fe2O3@mSiO2nanocomposite has 
a potential application in the water purification management.Considering its ease of synthesis, excellent adsorption property, and 
cyclic performance, the ready preparedadsorbent could be a promising material for dye effluents treatment. 

 

Keywords: wastewater treatment, dye removal, adsorption, maghemite,mesoporous silica 
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Being a hybrid process, the authors understand it to mean that such a combination of different treatment processes can generate 
additional positive synergy effects that cannot be realized by simply interconnecting the processes in series. Typical hybrid 
interconnections are the use of membrane processes with porous membranes together with the dosing of powdered activated carbon, 
coagulant or ozone. However, transferring this hybrid process from the laboratory scale up to a technical scale requires deep 
consideration of important boundary conditions. Huge interest in optimization of industrial scale membrane filtration still exists 
despite the very successful developments during recent decades. This was realized through very different approaches, such as 
reducing the membrane surface area needed through using membranes with higher resistance to fouling, by increasing the elimination 
of disruptive water constituents, by improving the separation efficiency of membranes or by increasing the service life or reducing the 
energy and chemical requirements. In addition to membrane material and membrane module optimizations, adapting membrane 
processes and, in particular, combining them with other treatment processes have increasingly become the focus of engineering 
science for some time now. The membrane process is no longer a stand-alone process here, but is part of a processing chain that is 
defined by the treatment objective. Being a central element, porous membrane processes can be combined with one or more other 
processes such as flocculation, activated carbon filtration or ozonisation. In this way, for example, colloidal or molecular dissolved 
natural or anthropogenic organic water constituents can be eliminated in addition to microorganisms without the need for 
simultaneous desalination, which is unavoidable with dense membranes. The presentation will cover an overview about potential 
hybrid processes and the challenges to be faced by upscaling these processes to technical scale. 
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Abstract: 

Glyphosate-based weed control products are among the most widely used broad-spectrum herbicides in the world. Glyphosate inhibits 
enolpyruvylshikimic acid-3-phosphate synthase (EPSPS), which is responsible for producing aromatic amino acids in plants and some 
bacteria and fungi. Since this enzyme is only found only in plants, bacteria and fungi, glyphosate exhibits low toxicity to higher 
organisms including mammals, birds, fish, aquatic invertebrates and terrestrial invertebrates.  To meet new pollinator testing and risk 
assessment requirements, and support global glyphosate registrations, several new studies that assess exposure and potential effects of 
glyphosate bees have been performed. These new requirements include acute and chronic laboratory studies with larval and adult 
honey bees (Apis melifera) and acute studies for non-Apis bees. There are also several studies published in the open literature that 
inform the glyphosate pollinator assessment. 

In addition to laboratory and semi-field effects studies, a pollen and nectar residue study was performedto inform dose setting 
forthesemi-field colony feeding study and to support the pollinator risk assessment. To characterizeworst-case glyphosate exposure 
estimates in nectar and pollen, a highly bee attractive crop Phacelia was treated in greenhouses with an agricultural Roundup® 
formulation. Figure 1 shows flowering Phacelia, under greenhouse conditions, after application of Roundup and then bees were 
confined to collect nectar and pollen. Bees collected pollen and nectar overa 7-day post-exposure period to determine initial 
concentrations and to characterize glyphosate decline throughout the post-application period. Glyphosate in nectar and pollen rapidly 
declined with DT50values of approximately 1 to 2 days (Figure 2).Results from the exposure study were then used to set doses, using a 
bioenergetics-based approach,for a semi-field colony feeding study as reported by Thompson et al. (2014).Previous colony level field 
studies published in the open literature demonstrated no impact on larval and adult bees (Ferguson, 1987; Ferguson, 1988; Burgett and 
Fisher 1990). Further to thenectar and pollen residue study reported by Thompson et al., a field study by Laberge et al. (2007) 
reported pollen and nectar residues levels in an agro-forestry environmentwhere hives were placed within or at various distances from 
treated sites. Detectable residues of glyphosate were observed in approximately 50% of the pollen samples and 3 of 9 honey samples, 
with maximal residues of 8.2 mg/kg in pollen sampled 3 days post-treatment from a hive situated directly within the treated area. In 
addition, a recent FDA pilot study demonstrated that in 19 commercial honey samples approximately half of the samples were below 
the analytical limit of detection of 0.016 ppm. The glyphosate levels in the samples with detections ranged from 0.017 to 0.121 ppm 
with an average of 0.039 ppm (Chamkasem, 2016). Thesestudies later shows that overall exposure of honey bee colonies to 
glyphosate is low. 

The results from regulatory and published effects studies demonstrated no acute or chronic effects to larval and adult honeybees at the 
highest doses tested. Additionally, acute laboratory studies conducted using bumble bees and solitary bees, also demonstrates that 
glyphosate is practically non-toxic to non-Apis bee species. The results from these studies demonstrate that glyphosate does not show 
toxicity to beesafter acute and chronic exposures at levels that greatly exceeded environmentally realistic exposure levels (Giesy et al. 
2000; Thompson et al 2014; Ferguson, 1987; Ferguson, 1988; Burgett and Fisher 1990).Overall, the weight of evidence from 
laboratory and colony-level feeding studies, demonstrates that pollinators will not be adversely affected by glyphosate at 
environmentally realistic exposure levels (EFSA, 2015; PMRA, 2015). 

 

Keywords: glyphosate, honeybees, non-Apis 
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Tables and figures 

 

 

Figure 1:FloweringPhacelia after application of glyphosate.Source: Thompson et al. 2014. 
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Figure 2:Time-dependent decline of glyphosate residues in nectar and pollen after an application of 2.88 kg glyphosate acid equivalents/ ha. Source: 
Thompson et al. 2014 
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Abstract  

Since it was introduced in 1974, glyphosate has become the most used herbicide worldwide, largely due tothe widespread adoption of 
glyphosate-resistant (GR) crops(Duke, 2018a).  Glyphosate has been used continuously in GR crops in many fields in the USA for 
over 20 years. Some have suggested that glyphosate increases disease and adversely affects mineral nutrition and rhizosphere 
microbiota associated with these crops.  

Plants and microbes can metabolically degrade glyphosate (Duke, 2011).  Most microbial degradation of glyphosate is due to a 
glyphosate oxidase (GOX) that converts it to aminomethylphosphonic acid (AMPA) and glyoxylate.  A microbial C-P lyase converts 
some glyphosate in soil to sarcosine and phosphate.  A plant GOX is responsible for most degradation of glyphosate in plants.  The 
amount of degradation in plants varies considerably between species (Reddy et al., 2008).  Both glyphosate and AMPA  are found in 
seeds of glyphosate-treated GR soybean (Bohm et al., 2014;Bøhn et al., 2014; Duke et al, 2003, 2012a, 2018), but only trace amounts 
of glyphosate and no AMPA are found in seeds of glyphosate-treated GR maize (Costa et al., 2018; Reddy et al., 2018; USDA, 2018). 

All plants and some microbes are sensitive to glyphosate due to inhibition of 5-enolpyruvylshikimate-3-phospate synthase 
(EPSPS), a shikimate pathway enzyme needed for aromatic amino acid synthesis. No other herbicide targets this enzyme. There is no 
convincing evidence of another mode of action of glyphosate as a herbicide or antibiotic at doses used to kill plants. The best proof of 
this is that transgenic plants with a glyphosate-insensitive bacterial EPSPS are 50-fold less sensitive to glyphosate than near isogenic 
lines without the transgene (Nandula et al., 2007).  Some have claimed that glyphosate adversely affects mineral nutrition of plants 
due to its chelating properties. However, the preponderance of data in well replicated field studies at multiple sites, including sites 
where GR crops were grown for many years, have not found such effects on GR crops (Costa et al., 2018; Reddy et al., 2018; Duke et 
al., 2012a, 2018; Kandel et al., 2015; Williams et al., 2015).  Furthermore, the unaltered rates of yield increases in the principle GR 
crops (cotton, maize, and soybean) after the introduction of these crops in the U.S. (Duke and Reddy, 2018) strongly supports the 
view that glyphosate has no significant effect on plant mineral metabolism or any other plant function independent of inhibition of 
EPSPS. 

Inhibition of EPSPS reduces shikimate pathway-mediated resistance of glyphosate-sensitive plants to pathogens (Schafer et al., 
2012; Hammerschmidt, 2018). Thus, there is a synergy between glyphosate and some plant pathogens in glyphosate-sensitive plants 
(Duke, 2018b). In the field, this is part of the mode of action of glyphosate as a herbicide.  In GR crops, glyphosate has either no 
effect on crop disease (Duke et al., 2012b; Kandel et al., 2015; Williams et al., 2015) or acts as a fungicide on some plant disease 
microbes, such as fungal rusts (e.g., Feng et al., 2005). Drift levels of glyphosate can reduce severity of some plant diseases in some 
plant species (Dos Santos et al., 2018). 

Some have claimed that glyphosate significantly alters soil and rhizosphere microbiota. If this were so, the effect would be most 
severe in agroecosystems in which glyphosate was used for many years, such a fields in which GR crops were grown continuously. 
Most studies have shown that, even in GR crops treated with high glyphosate doses, effects are short-lived and of less consequence 
than effects associated with such factors as soil type, farming systems, and seasonal progression. These were the findings in a well 
replicated study in at two sites in the U.S. (Mississippi and Maryland) conducted for two years, comparing rhizosphere microbiota in 
plots of GR (with and without glyphosate application)  and non-GR soybean and maize grown on soils with a long history of 
glyphosate use or no history of glyphosate use (Kepler et al., 2019).Bradyrhizobium japonicum is sensitive to glyphosate (Moorman et 
al.,1992) and is apparently adversely affected in planta in GR soybean, although effects on yield are slight at approved rates of 
glyphosate application (Zablotowicz and Reddy, 2007).  Again, the sustained increases in yields after introduction of GR soybeans 
(Duke and Reddy, 2018) indicate that this phenomenon is of minor importance. 

In summary, there appear to be no significant adverse effects of continuous use of glyphosate for many years on the health of GR 
crops in most agroecosystems.  
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Abstract 

 Background 

Glyphosate, (CAS# 1071-83-6[N-(phosphonomethyl)glycine] Figure 1), is one of the most widely used herbicides in the world and 
has been on the market since the mid-1970s. The site of action of glyphosate is the 
enzyme 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), which is involved in 
the synthesis of the aromatic amino acids, phenylalanine, tyrosine, and tryptophan, 
which are essential for plant growth. The enzyme EPSPS is not found in animals 
which makes it essentially non-toxic to terrestrial and aquatic organisms other than 
plants (Stephenson and Solomon 2007). As is obvious from the structure (Figure 1), 
glyphosate is an acid and the technical active ingredient (TAI) is usually a salt.  

 

The TAIs are very water-soluble and do not penetrate well through the cuticular 
waxes of plants. For this reason, one or more surfactants are added to the TIA to 
produce a formulated product that facilitates penetration into the leaf of the plant and 

increases efficacy (Figure 2). For the widely-used formulation of 
glyphosate, Roundup®, the most common surfactant is a 
polyoxyethylene amine, POEA (Figure 1), a mixture of products with 
varying chain lengths (m (12-18 carbons), x, and y (10 to 14-carbons). 

 

It has been known for many years that surfactants in formulations of 
glyphosate are largely responsible for the toxicity of these products to 
aquatic organisms (Folmar et al. 1979, NRA 1996, Solomon and 
Thompson 2003, Rodriguez-Gil et al. 2017a). This is not surprising as 
surfactants in general are toxic to fish and other aquatic organisms. For 
this reason, commercial formulations of glyphosate, such as Roundup®, 
are not registered for use over water, such as for the control of emergent 
aquatic plants (Solomon and Thompson 2003). 

 

 

 

 

Toxicity, exposures, and risk assessment of POEA. 

Risk assessment requires that the toxicity of the substance in question be quantified and that the exposures to the substance be 
measured or estimated under realistic conditions of use in the environment. While it is known that POEA is the primary driver of 
toxicity of Roundup, there have been few studies on the toxicity of POEA itself. A recent paper (Rodriguez-Gil et al. 2017a) has 

 

Figure 34. Structure of glyphosate and the 
formulant POEA 

 

Figure 35. Illustration of the role of surfactants in facilitating 
the penetration of glyphosate through the surface of a leaf. 
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addressed this in a range of species and the data for POEA (MON 0818) are shown in Figure 3. When compared to toxicity of POEA-
normalized formulations ofglyphosate from the literature, these data were consistent with the POEA being the primary driver of 
toxicity (Figure 2 in Rodriguez-Gil et al. 2017a). It has been shown that toxicity of formulations of glyphosate containing POEA as a 
formulant is reduced when sediments are present. Toxicity of POEA (Mon 0818) to the aquatic crustacean Daphnia magnawas 
reduced in the presence of sediments (Wang et al. 2005). In a study conducted on tadpoles of four species of frogs in Colombia 
toxicity tests conducted in the presence of sediments showed LC50 values twice are great as were observed in laboratory assays 
conducted in glass vessels in the absence of sediment (Bernal et al. 2009). Similar results were observed in laboratory toxicity tests on 
three invertebrates (Hyalella azteca, Hexagenia spp., and Lumbriculus variegatus) and a freshwater fish (Pimephales promelas) in the 
presence and absence of sediments (Rodriguez-Gil et al. 2017b). These reductions in toxicity resulting from decreases in 
concentration of the POEA by adsorption to sediments and would be protective of aquatic organisms under conditions of use in the 
field. 

 

Toxicity of other surfactants used with glyphosate 

The formulation of glyphosate (e.g. Rodeo®) used to control emergent vegetation in water contains no formulants or surfactants 
(Solomon and Thompson 2003); these are added by the applicator after assessment of the risk to aquatic organisms (Solomon and 
Thompson 2003). In this latter review, the surfactant that was the least toxic to aquatic organisms was LI-700. This surfactant was 
successfully used in the overwater control of the emergent aquatic plant, Phragmites australis, an invasive non-native species in the 
USA and Canada (Solomon and Thompson 2003). 

 

Another low toxicity surfactant AL2575W, an 
alkypolysaccharide surfactant, has been used in 
Australia (NRA 1996) but data on the toxicity of 
this product were not located in the literature. 
However, a formulation of glyphosate containing 
an alkypolysaccharide surfactant, Cúspide 
480SL® was use for a short period for the control 
of Erythroxylum coca, the source of cocaine, in 
Colombia. Toxicity testing with this formulation in 
the laboratory showed that most aquatic organisms 
were considerably less sensitive to this formulation 
than to those containing POEA(Figure 4). Two of 
the three exceptions were plants, which were 
probably directly affected by the glyphosate in the 
Cúspide. The high sensitivity of the crustacean, 
Hyalella azteca is not readily explainable. 

 

In conclusion,POEA, the formulant used in many 
commercial formulations of glyphosate is the 
primary driver of acute toxicity to aquatic 
organisms. However, other formulants are less 
toxic and offer reduced risk where use of 
glyphosate might result in the contamination of 
surface waters. 

 

Keywords: Surfactants, Exposure, Water, Non-

target species  
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Figure 36. Species sensitivity distribution (SSD) of acute EC50s for MON 0818 
(technical mixture, 68% polyoxyethylene (15) tallow amine) plotted in relation to 
measured and estimated exposures in the field. From (Rodriguez-Gil et al. 2017a) 

 

 

Figure 37. An SSD of acute toxicity values for aquatic organisms exposed to 
Cúspide 480SL in comparison to formulations of glyphosate containing POEA and 

estimated concentrations in water over-sprayed in the field at recommended 
application rates. From (Currie et al. 2015). 
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Abstract 

Background 

Glyphosate, (CAS# 1071-83-6[N-(phosphonomethyl)glycine]Figure 1), is one of the 
most widely used herbicides in the world and has been on the market since the mid-
1970s. It was initially used a preemergence herbicide to control weeds in crops and 
forestry but became more widely used in the 1990s when genetically engineered crops 
were developed that were resistant to the effects of this herbicide at rates of application 
that controlled weeds in the crops at all stages of growth. It now represents about one 
quarter of the world market of herbicides. The site of action of glyphosate is the enzyme 
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), which is involved in the 
synthesis of the aromatic amino acids, phenylalanine, tyrosine, and tryptophan, which are essential for plant growth. The enzyme 
EPSPS is not found in mammals and other vertebrates, which makes glyphosate essentially non-toxic to terrestrial and aquatic animals 
(Stephenson and Solomon 2007). 

Glyphosate is registered and used in many countries, is manufactured by several agrochemical companies, and is marked in many 
formulations (Stephenson and Solomon 2007). Glyphosate has become newsworthy, initially for its use in genetically-engineered 
crops and later in 2015 when it was determined by the International Agency for Research on Cancer (IARC) to be “probably 
carcinogenic to humans (Group 2A)” based on limited evidence in humans and sufficient evidence in experimental animals; it was 
also concluded that there was strong evidence of genotoxicity and oxidative stress (IARC 2015). This classification contrasted with 
that from several regulatory agencies (EFSA 2015, JMPR 2014, PMRA 2015, USEPA 2017a). This difference of opinion resulted 
from differences in the studies used and their interpretation; IARC relies only on studies published in the open literature while 
regulators also consider studies conducted under Good Laboratory Practice with Quality Assurance that are submitted by 
industry(Tarazona et al. 2017). Studies conducted under GLP are fully reported and are globlly acceptable for regulatory decision-
making. However, those in the open literature are not always useful. For example, > 450 open literature journal articles were 
considered as part of the current USEAP review of glyphosate and “only a limited number of these studies were deemed acceptable 
and appropriate for consideration in risk assessment” (USEPA 2017b). In addition, although IARC mentions exposures, it does not 
evaluate these in the sense of risk assessment; it merely opines on hazard. Exposure is a critical component in assessing risks from 
pesticides and is always considered when regulating these substances. This paper presents an analysis of exposures measured and 
estimated in humans and assesses this in the context of risk. 

Assessment endpoints 
When assessing exposures through inhalation or diet the reference point is normally the Reference Dose (RfD) or the acceptable Daily 
Intake. The most recent RfD proposed for glyphosate is the USA is 1 mg/kg b.m/day(USEPA 2017a), which is the same as the ADI of 
0-1 mg/kg b.m/day determined by the FAO (JMPR 2014). The ADI established by the European Food Safety Agency is 0.5 mg/kg 
b.m/day (EFSA 2015). As pointed out (Solomon 2016), these values are suitable for comparison to the dietary intake but for 
comparison to systemic doses as estimated from biological monitoring (urinary excretion), the ADIs and RfD are divided by 5 to 
account for only 20% absorption from the GI tract (EFSA 2015). These normalized values are 0.2, and 0.1 mg/kg b.m./d, resp. 

Routes of exposure 
Air.For the general public, the routes of exposures to glyphosate are via inhalation, dermal absorption after contact with treated plants 
and surfaces and orally via drinking water and food. For applicators, routes of exposure also include contact with the concentrated 
material during mixing and loading as well as contamination of the skin with spray droplets.  Because glyphosate has very low vapor 
pressure exposure via inhalation is almost totally through inhalation of particulates in air (Majewski et al. 2014). Based on maximum 
values from air samples in Iowa and Mississippi (Chang et al. 2011)and Mississippi (Majewski et al. 2014), systemic doses resulting 
from exposure to air for 8 h and assuming a 70 kg human breathing 8 m3 air in a workday and assuming total absorption in the 
respiratory system, were estimated at 1.04 x 10-6mg/kg b.m/d, considerably less than the systemic RfD or ADI  

 

Figure 38. Structure of glyphosate 
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Rain- and surface-water. Exposures from drinking of rainwater were estimated as systemic doses from data provided in three papers 
that reported concentrations from Iowa and Mississippi (Chang et al. 2011)and Mississippi (Majewski et al. 2014), and in the 
Pampean Region of Argentina(Alonso et al. 2018). As for air, maximum values were used and the system dose from rainwater 
samples in Iowa and Mississippi by the above authors were 1.43 x 10-5, 1.1 x 10-5 and 3.85x 10-4mg/kg b.m/d. The 90th and 99th centile 
systemic doses from surface waters were sampled in the USA under the NAWQA program (see details in Solomon 2016) were 4.49 x 
10-6 and 2.26 x 10-5mg/kg b.m/d, resp. All these exposures were less than the RfD and the two ADIs. 

Food. The assessment of exposures to glyphosate by FAO (FAO 2013)as reviewed in (Solomon 2016), have not changed and, 
normalized to a 60 kg person,ranged from 0.013 0.002 mg/kg b.m/d for comparison to the ADIs of 0.5 and 1 mg/kg b.m/day. In 
support of the current registration review of glyphosate in the USA, a chronic dietary risk assessment was conducted by the EPA 
(USEPA 2017c). This chronic exposure analysis assumed tolerance-level residues, 100% crop treated, and used the DEEM (ver 7.81) 
exposure model with default values and processing factors and included modelled drinking water estimates (form the scenario of 
direct application to water). Worst-case estimated exposures ranged from 0.06 to 0.23 mg/kg b.m/d, the latter value for children 1-2 
years old. None of these exceed any of the ADIs or RfD. 

Applicators. New studies on applicators, where the 
data were based on multiday sampling and 
represented to the systemic dose, were not found in 
the literature. However, the data provided 
in(Solomon 2016)were reanalysed by adjusting the 
assumption of absorption through skin for studies 
using passive dosimeters. The assumption of 3% 
adsorption for dosimetry data was adjusted by the 
ratio of the median values of the two data sets 
(0.539) to make the medians equal and the 
systemic dose recalculated. The refined estimate 
for absorption through skin was 1.62% and the 
adjusted values are shown in Figure 2. Note that, 
as in the previous analysis, none of these systemic 
doses exceeded the system dose derived from the 
EFSA ADI. 

Risks 

None of the measured or estimated exposures of 
humans exceed the more conservative ADI 
determined by EFSA. None of the refined exposure 
values for routes of exposure here and those 
previously estimated in (Solomon 2016) exceeded the most conservative ADI (0.5 mg/kg b.m/d) of EFSA. This supports the recent 
regulatory decisions on the continued use of glyphosate in the production of food and fiber. 

 
Keywords: Human, Exposure, Food, Water, Applicators  
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Figure 39. Systemic doses of glyphosate measured in exposure studies 
conducted in applicators (data from (Solomon 2016). 
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Introduction 

A 5–year glyphosate mitigation study (2014-2018) was conducted to evaluate the effect of mitigation measures to reduce glyphosate 
loads in surface water. This evaluation is accomplished by monitoring a representative pilot study catchment in Europe, containing 
mainly agricultural land uses, two years before (baseline monitoring) and three years after implementation of the mitigation measures.  

To design the implementation of the measures, basic information such as land-use, connectivity to the river, gross emission of 
glyphosate, location of other potential sources and erosion mitigating measures (planned and implemented) was inventoried. From 
this information, a risk map was developed indicating the risk of the different fields for glyphosate loss to the river. This map was 
further validated in the field by the local water board and used to select priority zones for the implementation of erosion and 
glyphosate loss mitigating measures.An event-based and time-integrated monitoring was established to monitor the glyphosate 
concentrations and loads in the river, and to discern between runoff sources and point sources.  

 

Risk mapping 

In order to prioritize between fields and farmers to target 
themeasures to reduce glyphosate loads to surface water in 
the most efficient way, a risk map was constructed 
indicating the parcels representing the highest risk for 
losses of glyphosate to the river. This map is based on a 
desk study. The potential risk map isbased on the 
calculated glyphosate gross emission and the connectivity 
of the field to the river. Each agricultural field has a value 
for the gross emission of glyphosate (in g/ha) and for the 
connectivity to the river (in ha of connected runoff area). 
The values are scored. Adding the scores per field, a total 
risk for potential glyphosate pollution map (model-based) 
is obtained. In a next step, a field validation of the map 
was conducted comparing the results against an evaluation 
that includes field observations of erosion effects, erosion 
gullies or influx of sediment into the river (observation-
based). The risk map in Figure 1 shows the combination 
of model-based and observation-based risk areas. 50% of 
the agricultural land was classified in the same class, and 

only 4 ha has a distance of two classes (1 ha low Ob – 
high Mb, 3 ha high Ob-low Mb). The agreement was 
considered satisfactory for the purpose of the study 
considering that the two approaches cannot be readily compared. The Mb risk method requires less time for the evaluation, and it is 
based on available datasets. Therefore, it can be recommended for an initial screening of risk zones. 

 

 

 

Figure 40: Risk map showing model-based and observation based risk areas 
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Figure 2:Glyphosate loads during rainfall-runoff events (blue) and during baseflow (non-event) conditions 

 

Monitoring 

The monitoring set-up consisted of a flow meter to monitor water level and flow velocity at the upstream and the downstream 
monitoring location of the selected river stretch, a rain gauge at the downstream location and two ISCO samplers at both 
locations.Time-integrated samples were taken every two hours and collected in one bottle for every 24 hours. Event-based samples 
were taken once a discharge threshold is exceeded. These were taken every 15 minutes and collected in a sample bottle for every 90 
minutes. Samples of the refrigerated time paced samplers were collected on a weekly basis, while event samples were collected and 
frozen within 24 hours. Samples were stored frozen before being transported for analysis.Glyphosate and AMPA are determined in 
water samples according to the procedure described in ISO 16308. Known amounts of isotope labelled internal standards are added to 
the water sample followed by addition of acid. The native and labelled compounds are subsequently derivatised with FMOC-chloride. 
The derivatised compounds are extracted from the water phase using solid phase extraction (SPE). After removal of excess reagent 
and interfering compounds the analytes are eluted from the SPE phase and subsequently analysed using a liquid chromatograph – 
triple quadrupole mass spectrometer (LC-MS/MS). The analytes are quantified by the internal standard method (WAC, 2014). Figure 
2 shows the calculated load intensity of glyphosate during rainfall runoff events and during baseflow conditions (dry periods) for the 
period 2014-2018. The monitoring period consists of a baseline period during which no measures were implemented and no 
communication to farmers was done, and a mitigation period after which the mitigation measures (grassed buffer strips, dams) were 
installed to prevent runoff and erosion and communication related to the importance of point sources was repeated. The load intensity 
during runoff events are substantially higher as compared to baseflow load intensity except in the extremely dry year 2018. The 
intensity decreases with time, and the loads have almost halved from 4-5 g/h to 2-3 g/h after the implementation of the mitigation 
measures. Results need further confirmation, but it seems the mitigation measures have had impact on the event loads. On the other 
hand the mitigation measures did not have any significant impact on baseflow loads close to 1 g/h. Also the number and intensity of 
point sources have been reduced from 8 to 1, resp. from above 100 µg/L to less than 20 µg/L over the monitoring period, with a clear 
shift after the sensitization campaign started (results not shown here). 

 

 

 

 

 

 

 

# events analyzed:             n=8                n=8                n=7               n=6               n=3          

baseline monitoring mitigation monitoring 
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Communication and installation of mitigation measures 

A dedicated communication plan was set up to engage farmers to install grassed 
buffer strips and dams, and to sensitize farmers to reduce point sources by good 
agricultural practices. In total, 15 farmers in the priority zones with a significant 
impact on the pesticide load to surface water were stimulated to enter a voluntary 
erosion control program supported by the local government. During 2016 and 
2017, 11 grassed buffer strips were installed. In addition, workshops were 
organised with farmers for building biofilters to prevent point sources of 
pesticides. In total, 22 biofilters were built in the workshops, and advice was given 
to 30 farmers and visits to 8 farmers who wanted to install a filling and rinsing 
place in 2017 and 2018. An app (EVA) was promoted for fruit growers (almost 
150), through which pesticide application can be calculated accurately, and a 
Fyteauscan was applied by 25 pilot farmers. 

 

 

 

                                                                                                                                                          Figure 3: Pictures of installed grassed buffer strips 

Conclusion 

Targeted communication and continuous sensitization have resulted in an increase in implemented measures. Point sources have 
decreased over the period 2014-2018 in number as well as concentration. Influx of glyphosate during rainfall events has decreased 
over the period 2014-2017. In 2018 a low influx was calculated but this is also related to climate and use. The decreasingtrend still 
needs to be confirmed. 

During baseflow events there is an influx (though much lower).The origin needs further investigation.   
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Abstract  

Public awareness about the dangerous nature of pesticide use has grown in the last 20 years. This increase is due, in part, to advances 
in scientific knowledge of the negative impacts of the use of pesticides on biodiversity and on human, animal, soil and ecosystem 
health (Viewege et al. 2014, IARC 2015a; 2015b, Chagnon et al. 2014, TFSP 2015, Botías y Sánchez-Bayo 2018, Van Bruggen et al. 
2018, Torreta et al. 2018). 

Despite the knowledge of the harmful impact of pesticides, a global tendency to growth in their use is maintained. This trend is more 
accentuated in Latin America (Bravo et al. 2015). In the period 2010-2014, Brazil and Mexico occupied the first and third places in 
the world, in that order, in the amount of grams of active ingredient of pesticides used per kg of agricultural product harvested; the 
second place was occupied by Japan. The values (kg)were: Brazil, 1,883; Japan, 1,846 and Mexico, 1,678 (Zhang 2018). In the same 
period, Mexico and Brazil ranked third and fourth in the world in the amount of kilograms of active ingredient applied per hectare 
cultivated: Mexico, 7.87 and Brazil, 6,166 (Zhang 2018). In the group of herbicides, glyphosate is among the most used. 

It has been estimated that on a global scale the use of herbicides based on the ingredient active glyphosate has increased by more than 
12 times, from 67 million kg in 1995 to 826 million kg in 2014 (Benbrook 2016). The need for the prohibition of the production and 
use of glyphosate is at the center of a scientific debate. The objective of this presentation is to summarize the central elements of this 
debate. 

Among the key elements of the scientific debate that support its prohibition are: 

• Demonstration of its negative impact on wildlife and species diversity; glyphosate is responsible for the decline of bird and 
amphibian populations by diminution of their food sources (Tappeser et al. 2014). 

• It has the ability to contaminate runoff and surface water due to its high solubility in water, which is dangerous for aquatic 
organisms such as fish, algae and ferns, since some formulations can be more toxic than others, depending, for example, on 
surfactants and other inerts that contain (Janssens and Stoks 2017, Sjistar 2018). 

• It can be adsorbed on soil particles (Sidoli et al., 2016), this characteristic means that it can be bioavailable for organisms that are fed 
by sediment filtration. 

• It has negative impacts on beneficial organisms: earthworms, pollinators and natural enemies, such as insects and predatory mites, 
parasitoid insects, and spiders, etc. (Herber et al., 2014, Gaupp-Berghausen et al., 2015). 

• The classification as possible carcinogen (category 2A) for humans, in 2015, by the IARC (International Agency for Research on 
Cancer) of the WHO (World Health Organization) (IARC 2015a) is the high point of the debate (Torreta et al. 2018). It has also been 
reported to have tumorigenic, hepatorenal and teratogenic effects (Mensnage et al., 2015). 

Today, it is necessary to undo the knots that prevent the acceptance of scientific evidence and reasonable agreements regarding the 
dangerousness of glyphosate, while applying the alternatives available to its use and continue research in the search for new options. 

Keywords:  glyphosate, contamination, cancer, human health, biodiversity 
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Application of the ROIMCR method to MS environmental metabolomics 
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In the last years, chemometrics has experienceda large expansion in the metabolomics field, mostly because of its role in the 
analysis of the large volumes of data produced by the high performance analytical techniques used in this field, such as mass 
spectrometry coupled to gas and liquid chromatography. There is an urgent need for an improvement, dissemination and automation 
of all the steps of chemometric data analysis procedures, to summarize and integrate the wealth of information present in the data sets, 
and to extract from them the required biochemical knowledge about the produced effects. Different GC- and LC-MS data analysis 
methods have been developed in the last years to facilitate this analysis1. However, most of these strategies need the application of 
chromatographicpeak alignment and shaping unsafe procedures and they often associate each “feature” (i.e., chromatographic peak) 
to a unique m/z measurement. Thus, the development of an alternative data analysis strategy applicable to most types of MS data sets, 
which properly addresses these issues, is still a challenge in the metabolomics field. In particular, the ROIMCR2method is proposed to 
filter and compress the massive MS data sets produced in metabolomics studies without any need of any data pre-treatment nor of loss 
of the mass spectral accuracy and to resolve3 the spectral and concentration (elution) profiles of the constituents of the analysed 
samples, from which the required information about what are the metabolites that change their concentrations in the investigated 
biological systems under environmental stress and in what amount can be obtained. Some examples of analysis of environmental 
omics analytical data obtained in the evaluation of the effects of chemical contaminants and physical stressors on target representative 
biological systems will be shown. Overall, the hereby presented ROIMCR strategy demonstrates the usefulness of chemometrics in 
LC-MS data analysis and it is a valuable addition to the untargeted metabolomic research. 
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Figure 1: Schematic representation of the different steps of the ROIMCR approach. Initially, raw data are filtered and compressed 
through the search of regions of interest (ROI) and the obtained mass traces are reorganized into a matrix representation. Then, ROI 
profiles are evaluated: if they do not fit original data, the ROI search is repeated but changing initial criteria; on the contrary, if they 
properly fit original data the obtained ROI matrix is resolved by MCR-ALS. When having more than one sample, following 
individual ROI searches, column-wise augmented ROI data matrices can be generated and finally analyzed by MCR-ALS. Results of 
MCR-ALS analysis can be subsequently evaluated by statistical tests to find more significant components in the differentiation among 
sample groups (i.e., stressed groups vs. control groups).Source: Pillae, 2010, p. 318.  

 

Figure 2. Graphical representation of the MCR bilinear factor decomposition model. a) MCR bilinear model of the data matrix, D, 
obtained in the LC-MS analysis of one single sample. C and ST are the factor matrices which have respectively the concentration 
(elution) and mass spectra profiles of the MCR resolved components in the analysed sample. b) MCR model of the column-wise 
augmented data matrix, Daug, obtained in the simultaneous analysis of multiple individual, Dk, data matrices, Caug and ST are the 
factor matrices which have respectively the concentration (elution) profiles of the MCR resolved components in each of the multiple 
simultaneously analysed samples and the common mass spectra profiles on all of them. 
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Abstract  

Momordica charantia(Figure 1) or known as bitter gourd belonging to the Cucurbitaceae family are most widely distributed 
throughout the tropical region in the world. M. charantia are known as ‘peria’ in Malaysia. In this present study, the leaves, fruits, and 
seeds of M. charantia collected from Tawau, Sabah. All selected parts of M. charantia were extracted using three solvent with 
different polarity (hexane, ethyl acetate, and methanol) and screened to determine the presence of its phytochemical (Table 1) and its 
antioxidant potential. The antioxidant properties of the extract were analyzed by using 1,1-diphenyl-2 picrylhydrazyl (DPPH) free 
radical scavenging assay, determination of carotenoid, and α-tocopherol. The methanol crude extract showed the highest percentage 
yield which are 11.24 % (leaves), 8.04 % (fruits), and 4.67 % (seeds). The qualitative phytochemical tests clearly revealed that an 
alkaloids, flavonoids, reducing sugar, carbohydrates, steroids, saponins, tannins, phlobatanins, and phenolic were determined in 
methanol crude extract from leaves part of M. charantia. Based on the result for antioxidant assays (Figure 2), the methanol crude 
extract from leaves part of M. charantia revealed the highest ability to scavenge DPPH free radical (98.43 ± 0.09 mg/ml). It also has 
the highest amount of α-tocopherol (4.65 ± 0.01 mg/ml) (Table 2) (Devasagayam et al. 2004) and carotenoid (44.18 ± 1.81 mg/ml) 
(Table 3)(Lichtenthaler, 2009). The related phytochemical screening and antioxidant activities enhanced the identification of 
secondary metabolites in the crude extract prior to the isolation stages.   

 

Keywords: Bitter melon, secondary metabolites, antioxidants, DPPH.  

 

 

 

Figure 1:Momordica charantiaSource: (Das et al., 2015) 

 

 

Table 1:Phytochemical constituents of Momordica charantia 
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Figure 2: Percentage of scavenging activities in the methanoliccrude extract of M. charantia per DPPH assay. 

 

 

Table 2: Amount of 𝛂-tocopherol in M. charantia. Table 3: Carotenoid content in methanol crude  
extract of M. charantia. 

Samples Mean ± SE (mg/ml) 

Leaves 4.65 ±  0.01 

Fruits 1.95 ±  0.31 

Seeds 0.12 ± 0.02 

 

Samples Mean ± SE (mg/ml) 

Leaves 44.18 ±  1.81 

Fruits 32.72 ±  3.09 

Seeds 24.28 ± 2.79 
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Screening Test 

Crudes extract 

Leaves Fruits Seeds 

Hexane Ethyl 
acetate 

Methanol Hexane Ethyl acetate Methanol Hexane Ethyl 
acetate 

Methanol 

Alkaloids + + + + + + + + + 
Flavonoid − − + − − + − − + 
Steroids + + + + + + + + + 
Saponins − + + − + + − + + 
Tannin − − + − − + − − + 

Phlobatanin − − − − − − − − − 
Phenolic content − − + − − + − − + 

Carbohydrate + + + + + + + + + 
Reducing sugar + + + + + + + + + 
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Abstract 

1. Introduction 

The development of high resolution mass spectrometry (HRMS) has enabled to screen, in an untargeted way, 
hundredsof compounds at trace levels in any environmental matrices (e.g. water, sediment, organism). The power and 
sensitivity of this technologymake it relevant and suitable to answer ecotoxicological issues, and especially through 
environmental metabolomics(Lankadurai et al., 2013). Indeed, HRMS-based chemical profiles collected on fluids or 
biological tissues of exposed organisms are likely to reflect exposure by the direct non-targeted detection of parent 
compounds and their metabolites (exposome). They may also reflect effects by detection and characterization of the 
modulation of endogenous metabolites (endometabolome) that may lead to physiological disturbances induced by the 
chemical exposure (Courant et al., 2014). 

The aim of the present study was to perform an untargeted metabolomics approach to highlight endogenous metabolites 
disrupted by anurban wastewater treatment plant (WWTP) effluent exposure and then elucidate the biological effects of 
such exposure on Mediterranean mussels (Mytilus galloprovincialis). An untargeted analysis was also conducted on the 
WWTP effluent extract in order to characterise the exposure.Since pharmaceutical and personal care products 
consumption has beenrising during the last decades, these compounds may constitute a large class of contaminants 
present in the urban WWTPeffluent(470,000 inhabitants equivalent).Hence, the following WWTP effluent preparation 
was focused on the extraction of dissolved hydrophilic compounds. 

2. Materialsand methods 

The WWTP effluent was prepared as follows. 15L of effluent was deposited on 30 cartridges (Oasis HLB®500 mg, 6 
cc) conditioned with 5 mL MeOH and 5 mL distilled water. Cartridges were then washed (5 mL Milli Q water), dried 
and eluted each with 2 x 5 mL of MeOH. The eluate was evaporated until 3 mL of extract was obtained. 

The exposure was performed in controlled laboratory conditions. After seven days of acclimatisation, mussels from a 
treated group (n=25; 5 tanks containing 5 mussels each per 2L seawater) were exposed to 100 µL of theWWTP effluent 
extract corresponding to an environmental dilution of the effluent of 5%. Mussels from thecontrol group (n=25) were 
exposed to solvent (100µL MeOH into each tank of 2L of seawater). During the acclimatisation and exposure periods, 
filtered seawater was continuously aerated and renewed daily (static renewal). Mussels were fed once daily with the 
marine green alga Tetraselmis suecica at constant density (10,000 cells/mL). Seven days following the exposure, 
mussels were dissected and their sex determined. No mortality was observed during the exposure period. 

Metabolic fingerprints were generated from digestive gland (control group: n=9 males and n=10 females; exposed 
group: n=10 males and n=10 females)by LC-HRMS analysis (reverse phase PFPP column, Exactive Orbitrap) operating 
in positive and negative ionisation mode. Afterwards, univariate and multivariate tests were applied to highlight 
disrupted metabolites in male and female following exposure. A gender specific response was then assessed 
quantitatively and qualitatively by an ANOVA Multiblock OPLS (AMOPLS). This method takes advantage from the 
structured design of multifactorial experiments to decompose and quantify the sources of variability, and investigate 
main effects (exposure, gender) or interaction(s) (exposure×gender) using dedicated components (Boccard and Rudaz, 
2016). 

3. Results and discussion 
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  3.1 Characterisation of the WWTP effluent extract 

Untargeted analysis of the WWTP effluent extractrevealed numerous signals in both negative (ESI-; n=8194) and 
positive (ESI+; n=5773) electrospray ionisation modes. Among those signals, the Toxin and Toxin Targeted 
Database(Wishart et al., 2015)allowed the chemical annotation of 2912 and 1622 signals in ESI- and ESI+ respectively, 
based on an accurate mass tolerance of 0.002 Da. Majority of annotated compounds belonged to the classes “Drug”, 
“Pesticide” or “Household compound”, confirming the main urban nature of the WWTP effluent.Raw formulae of 
chlorine or sulphur containing contaminants were confirmed on the basis of chlorine or sulphur isotope ratio in mass 
spectrometry(e.g. sulfamethoxazole, nordazepam, fenofibric acid, fipronil, etc). When available in thelaboratory, 
annotations were confirmed by the injection of the corresponding analytical standards in the same analytical conditions 
(diclofenac, venlafaxine, ofloxacin, oxazepam, 4-nonylphenol, etc.). 

 3.2 Disruption ofmale mussel endometabolome 

The study of the endometabolome showed numerous metabolites modulatedon treated male mussels in response to 
WWTP effluent exposure. The highlighted metabolites belong mainly to amino acids metabolism (e.g. tyrosine, 
phenylalanine, proline, etc.), neurohormones (dopamine and a serotonin metabolite), purine and pyrimidine metabolism 
(e.g. adenosine, guanine, uracil etc.), citric acid cycle intermediates (e.g. malate, fumarate), and a component involved 
in oxidative stress defence (oxidised glutathione). Figure 2 shows an example of altered metabolic pathways, i.e. 
phenylalanine and tyrosine metabolism. Modulation of these metabolites could have effects on several biological 
processes, which may lead to a negative impact of organism fitness, such as energy metabolism, DNA, RNA and 
protein synthesis, osmoregulation, byssus formation and adhesion, and reproduction. 

 

 

3.3 Do males and females respond identically? 

Female mussels also showed many impacted metabolites. Some of them were common to male, while many others 
seemed to be specific of female response. Thanks to the AMOPLS analysis, we were able to decompose the variability: 
the exposure effect (independently of gender) represented 7% (p<0.01) of the total variability, and the exposure×gender 
interaction, i.e. the gender specific response to WWTP effluent exposure, represented 4% (p<0.05) of the total 
variability. Meaningful biochemical information was obtained from the component related to each effect. The former 
highlighted metabolites modulated in response to exposure whatever the gender. Those relevant metabolites may 
constitute a set of biomarkers after further validation processes. The latter highlighted key metabolites involved in 
gender specific response (for example dopamine modulation was only observed in male in response to the WWTP 
exposure). This may provide a better understanding of response variabilities to the exposure. 

 

 

 

 

 

Figure 2: Partial map of phenylalanine and tyrosine metabolism in the response of male mussels to WWTP effluent exposure. 
Metabolites modulated by exposure are shown in bold. Red arrows correspond to down-modulations and green arrows to up-
modulations (exposed compared to control). Direct interactions between metabolites are indicated with full arrows. 
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4.  Conclusion 

Our work demonstrates the relevance of an untargeted metabolomics approach to characterise both exposome and 
endometabolome. We highlighted key molecular events triggered by chemical exposure, which could lead to adverse 
outcomeson individual fitness. In addition, it underlines that gender has to be taken into account for further research on 
response of organisms to stress. AMOPLS is a promising approach to better characterise multiple factors of variability 
in response to a stress. 

 

Keywords: metabolomics, LC-HRMS, wastewater treatment plant effluent, metabolic pathways, Mytilus 

galloprovincialis 
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Abstract 

Most of the pre-clinical and clinical studies in drug discovery and development processes involve a series of experiments including  
pharmacokinetics (PK), pharmacodynamics (PD), toxicokinetics (TK), and therapeutic drug monitoring (TDM). Due to the distinct 
complexity of whole blood as the sample matrix, either plasma or serum are used as the primary sample in preclinical and clinical 
research as the proxy for whole blood. During the transformation of whole blood into plasma or serum followed by extraction of 
targeted drug(s) and their metabolites using conventional sample preparation techniques including solid phase extraction (SPE) and 
liquid-liquid extraction (LLE), a significant portion of the analytical information disappears, resulting in questionable data in these 
critical studies. Fabric phase sorptive extraction (FPSE), a new generation sample preparation technology, has offered a paradigm 
shift approach in sample preparation for preclinical and clinical research. FPSE innovatively combines the benefits of solid phase 
extraction (SPE) (works under exhaustive extraction principle) and solid phase microextraction (works under equilibrium extraction 
principle) into a single sample preparation technology platform. FPSE utilizes a flexible and permeable fabric substrate, coated with 
high-performance sol-gel sorbents as the extraction membrane. This uniquely designed extraction membrane is capable of 
quantitatively extracting target analyte(s) directly from whole blood. Due to the special geometry of FPSE membrane (flexible, flat, 
and permeable) and sponge-like porous architecture of sol-gel sorbents, rapid analyte mass transfer occurs between the bulk sample 
matrix and the extraction membrane, resulting in a near exhaustive extraction within a fraction of time required for other comparable 
sample preparation techniques. 

FPSE is particularly suitable for analysing target analytes e.g., drug residues, metabolites, and disease biomarkers directly from whole 
blood without requiring any protein precipitation or other pre-extraction sample cleaning/manipulation[1-3]. FPSE begins with direct 
insertion of the FPSE membrane into the sample container holding the pristine, unmodified whole blood. Due to the high viscosity of 
whole blood, it may be diluted with deionized water. A Teflon coated magnetic stir bar can be used to diffuse the sample matrix. After 
extracting the target analyte(s) directly from the whole blood sample, FPSE membrane is exposed to a small volume of 
organic/organo-aqueous solvent for eluting the extracted analyte(s). Low viscosity of organic solvent, capillary force of the fabric 
support and sponge-like porous sol-gel network allows fast diffusion of organic solvent into the FPSE membrane for quick and 
complete recovery of the extracted analyte(s). As a result, FPSE eliminates time consuming and error prone solvent evaporation and 
sample reconstitution step often considered as an integral part of solid phase extraction/liquid-liquid extraction workflow. During the 
solvent mediated elution/back-extraction, any protein or matrix interferents adhered to the FPSE membrane precipitates out and a 
final centrifugation of the resulting solution prior to injecting into the analytical instrument ensures clean particle-free highly 
concentrated target analyte(s). 

Fabric phase sorptive extraction has already developed a large number of high performance sol-gel sorbents specifically suitable for 
polar drugs/metabolites/disease biomarkers such as sol-gel polyethylene glycol, sol-gel chitosan, sol-gel Carbowax 20M, sol-gel 
polycaprolactone-polydimethylsiloxane-polycaprolactone to name a few. These high-efficiency sol-gel sorbents have been found 
equally effective for analytes possesing wide range of polarity. Consequently, searching for the drug residues and their metabolites 
from whole blood in presence of numerous endogenous and exogenous interferents is no longer a wishful thinking but an achievable 
reality. 

In the current talk, some new and fascinating data on bioanalytical sample preparation using FPSE and a comparison between FPSE 
and conventional sample preparation techniques will be presented. 

 

Keywords: fabric phase sorptive extraction, metabolomics sample preparation, whole blood analysis, green analytical chemistry  
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Figure 1.  LC-MS chromatogram comparing metabolite profile obtained from liquid-liquid extraction (top) and fabric phase sorptive 
extraction using 50-µL whole blood.  

 

 

 

Figure 2. Gene expression profile captured by fabric phase sorptive extraction before and after exposing blood to radiation. 
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Abstract  

Human are inevitably exposed to xenobiotic chemicals via diet, environment or medication on a daily basis. High-dose or repeated 
exposure of these xenobiotics can elicit detrimental effects on biological systems through diverse mechanisms. However, the possible 
consequences for these xenobiotics exposure at human relevant level have rarely been investigatedand the mechanism of the 
xenobiotic mixture induced toxicity still remain unclear. Together with genomic and proteomics, metabolomics directed systems 
biology has been used to capture the system-wide biological response due to environmental stressor exposure.In this study, we applied 
liquid chromatography mass spectrometry-based global metabolomics to characterize the model cell MCF-7’s responses toward 23 
xenobiotic mixture, covering diverse classes of compounds (e.g. plasticizers, personal care products, flame retardants, etc.) at human 
relevant concentrations. The human relevant geometric mean (GM) and maximum (Max) concentrations (in urine or serum) for each 
chemical were referring to the fourth National Report on Human Exposure to Environmental Chemicals or published literature. The 
result showed that xenobiotic “cocktail” at human relevant level is likely to cause the metabolic alteration in the model cell. High dose 
group (Max and 5Max) exhibited significant metabolic perturbation induced by the xenobiotic mixtures with many metabolites 
showing dose-dependent responsive patterns.Metabolites such as lactic acid, adenosine and adenosine triphosphate are the ones that 
were severely altered. In summary, our results show that the cellular disturbances were induced by the xenobiotic mixtures at  human 
relevant level, providing new toxicity evidence at the molecular level. We are currently investigating the causal compounds or 
combinations that were responsible for each dysregulated metabolome.  
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Tables and figures 

The metabolic activity for the model cell was likely to be altered by the xenobiotic mixture at human relevant level (Figure 1). Dose-
dependent responsive patterns were also observed for many metabolites. 

 

 

Figure 1: Heatmap analysis of significant metabolites for model cell with xenobiotic mixture exposure at human relevant concentration (GM, 2GM, 
5GM, Max and 5Max). GM represents geometric mean level of dosing mixtures at human relevant level. Max represents maximum level of dosing 

mixtures at human relevant level. 

 

 

 

 



666 
 

Fate assessment of pharmaceuticals in the environment: Analytical challenges, 
ecotoxicological profiling, hydrolytic stability and distribution in soils 

 

Piotr Stepnowski 

Department of Environmental Analysis, Faculty of Chemistry, University of Gdańsk, Wita Stwosza 63, 80-308 Gdańsk, Poland 

 

The presence of pharmaceutical residues and their metabolites in environmental compartments is an issue of growing concern. Their 
widespread occurrence in the environment has been proved by a number of studies. Although impressive improvements have been 
observed methodological challenges are still numerous. The lecture focuses on selected analytical challenges in the determination of 
pharmaceutical presence, distribution and fate in the environment. Selected case studies are presented including applicability of LC-
MS and GC-MS techniques for detection of antibiotics, beta blockers, estrogenic hormones and non steroidal anti-inflammatory drugs 
in various environmental compartments. 

Additionally sorption to soils of selected residual drugs were investigated in batch as well as column systems. Various sorption 
kinetics were recognized depending on molecular interactions potential.  

Developed analytical tools were also used for hydrolytic stability studies of pharmaceutical found in the environment. Most of 
antibiotics under investigation reveal high hydrolytic stability in the typical environmental conditions.  

As far as ecotoxicological profiling is concern, several studies on various levels of biological complexity were undertaken. Since 
particular drugs are not present individually in the environment, it is necessary to assess their joint toxicity as well. It was found that 
pharmaceutical of similar use act jointly according to additive model.  
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The Fusarium family is an important cereal pathogen worldwide, because of its ability to produce toxic secondary metabolites 
(mycotoxins) which can accumulate into cereal plant, resulting in contamination of animal and human cereal food in toxicologically 
relevant concentrations [1]. One of the main mycotoxin found in agricultural products is zearalenone (ZEA) and its metabolites (α-
zearalenol - α-ZOL and β-zearalenol - β-ZOL) [2]. ZEA has structural similarity to the natural estrogens, so can mimic endogenous 
estrogens, antagonize their activity, change their mechanism of synthesis and metabolism or interfere with the synthesis of receptor, 
which contributes to change and neoplastic i.e. breast cancer or prostate cancer. Moreover, alpha zearalenol shows higher 
estrogenicity than ZEA [3]. The occurrence of zearalenone in foods is dangerous for human health and it is considered as a major 
economic problem, so development of new and effective method of its neutralization is required. What is more, it is important to 
develop a method of isolation and determination of zearalenone and its metabolites from various matrices - mainly biological and 
environmental samples. In the last years, researchers have tried to solve those problems - there are a few methods which have been 
developed to control the occurrence of Fusarium and their toxins, i.e. physical and chemical neutralization approaches [4] and using a 
variety of instrumental methods for isolation and purification ZEA from complex biological samples [5]. Now, microbiological 
method of zearalenone neutralization has focused more attention and this approach is implemented and tested, as a pioneering 
research. The results we have confirmed of neutralization of ZEA by lactic acid bacteria [6] and diatoms [7], which is a new and 
promising tool for the microbiology neutralization of mycotoxins. Furthermore, in other studies [8] we conducted of the selective 
method of isolation of zearalenone and its metabolites from neoplastically changed human tissue (endometrial cancer) by coupled 
separation techniques. Except the purely chromatographic applications molecularly imprinted polymers were also used as specific 
binding matrices for the solid phase extraction and cleanup of biological sample extracts. 

Acknowledge  
The work was financially supported by the National Science Centre (project MAESTRO), No 2014/14/A/ST4/00641 (2015-2018). 

Literature: 

[1] Van Der Fels-Klerx HJ, Klemsdal S, Hietaniemi V, Lindblad M, Ioannou-Kakouri E, Van Asselt ED. Food Addit Contam Part A. 
2012; 29: 1581-1592. 

[2] Urry WH., Wehrmeister HL, Hodge EB, Hidy PH. Tetrahedron Lett. 1966; 7: 3109-3114. 

[3] Hussein HS, Brasel JM. Toxicology. 2001; 167: 101-134. 

[4] Paster N, Bullerman LB. Int J Food Microbiol. 1988; 7: 257-265. 

[5] Kwaśniewska K, Gadzała-Kopciuch R, Cendrowski K. Crit. Rev. Anal. Chem. 2015; 45: 119-130. 

[6] Król A, Pomastowski P, Rafińska K , Railean-Plugaru V, Buszewski B, Anal. Bioanal. Chem; 2017 

[7] Sprynskyy M, Gadzała-Kopciuch R, Nowak K, Buszewski B. Colloids Surf., B. 2012; 94: 7-14. 

[8] Gadzała-Kopciuch R, Cendrowski K, Cesarz A, Kiełbasa P, Buszewski B. Anal. Bioanal. Chem. 2011; 401: 2069. 

  



668 
 

 

 

 

 

 

 

Micropollutants and microplastics in the aquatic 

environment 



669 
 

Organosilicon benzene derivatives – first study on degradation processes 

 

E. Grabitz*, A.-K. Amsel, O.Olsson, K.Kümmerer 

Leuphana University of Lüneburg, Germany, Universitätsallee 1, 21335 Lüneburg 

elisa.grabitz@leuphana.de 

 

Abstract: 

Silicones are produced in high amounts (7.4 million tonnes in 2017,Statista, 2018). They have lots of applications in e.g. industry, 
personal care products and agriculture. Most of them are very persistent and thus ubiquitous in the environment. Recently, the cyclic 
siloxanes D4, D5 and D6 were listed as substances of very high concern (ECHA, 2018) because of their toxic effects e.g. on the 
aquatic environment. Therefore, potential substitutes, which are better degradable in the environment, are urgently needed. However, 
knowledge about this is more or less non-existent. In order to understand the relation between chemical structure and degradation 
properties, five partially new organosilicon substances with higher water solubility than polysiloxanes were investigated by different 
biotic and abiotic degradation tests. Structures are based on anisole and N,N-dimethyl aniline. 

Hydrolysis experiments were performed according to OECD 111 (OECD, 2004). Biodegradation tests (Closed Bottle test 
(CBT)according to OECD 301D) and Manometric Respirometry test (MRT)according to OECD 301F) were performed with effluent 
of a local waste water treatment plant as inoculum andwith 1% DMSO as a co-solvent (OECD, 1992).The degradation rate was 
determined by measuring the depletion of diluted oxygen during a period of 28 days. A test substance is readily biodegradable if the 
degradation rate reached minimum 60%. Irradiation was carried out using a xenon-lamp(SUN-test, 300–800 nm) and a UV-lamp 
(medium pressure Hg-lamp, 200–400 nm) for 8 h and 256 min, respectively.Samples were analysed by HPLC-UV. 

Hydrolysis experiments of four tested compounds displayed primary elimination of at least 90% between one to three days (Table 1). 
Only substance (p-MeOC6H4)2SiMe2 was more stable against hydrolysis (pH 4 ca. 80%, pH 7 ca. 30% and pH 9 ca. 10% degradation 
after 28 days in buffered water). In both CBT and MRT, no biodegradability could be observed (Table 1). Results of the photolysis 
experiments showed elimination of test compounds to a certain degree, which could also result in so-called transformation 
products.After 6 hours,approximately 100% of p-Me2NC6H4SiMe3 was primary eliminated. During the test, generation of more polar 
transformation products was observed. The other test substances were eliminated between 4 and 70% by artificial sunlight during a 
period of 8 hours (Table1). Irradiation with UV-light resulted in higher elimination rates compared to irradiation with xenon lamp in 
SUN-test. After 4 hours, all substances were primary eliminated to ≥90%. Substances o-MeOC6H4SiMe3 and p-Me2NC6H4SiMe3had 
the highest elimination rates. Transformation products were observed but not yet determined. Reference samplesin the dark of all 
tested compounds showed also elimination rates up to 30% probably due to hydrolysis. 

 

Table 1: Summary of the results from different biotic and abiotic degradation tests. Hydrolysis experiments were conducted at different 
pH values until degradation reached 90% or until 28 days. Number of days up to this value are shown in table or the degradation in % 

after 28 days. CBT and MRT run over 28 days. SUN-test and photolysis in photo reactor run 8 hours and 256 min, respectively. 

Substance Hydrolysis 
N° of days 

CBT 
degradation in % 

MRT 
degradation in % 

SUN-test 
degradation in % 

Photo reactor 
degradation in % 

p-MeOC6H4SiMe3 3 3±2 0±3 40±6 98±2 
o-MeOC6H4SiMe3 2 0±1 0±1 69±33 98±2 

(p-MeOC6H4)2SiMe2 
pH 4 ca. 80% 
pH 7 ca. 30% 
pH 9 ca. 10% 

0±2 8±8 4±3 92±3 

p-Me2NC6H4SiMe3 
(pH 4) 1 

(pH 7 & 9) 4 0±4 0±1 100±0 98±1 

o-Me2NC6H4SiMe3 3 0±2 0±5 70±5 90±7 
 

Increased water solubility of the newly synthesised organosilicon compounds did not result in an increased biodegradability in water. 
Substance p-Me2NC6H4SiMe3 showed the highestphotodegradation rate of all tested compounds. Functional groups with +M effects at 
the aromatic ring like -NR2 in para position improved the photolytic degradability because of a better overlap of the compound’s 
absorption spectrum with the emission spectrum of the lamp.Since elimination was even observed without irradiation, hydrolysis is 



670 
 

considered a major path of the primary elimination process. Acidic conditions increased hydrolysis due to the presence of catalytic 
H3O

+. 

Keywords: hydrolysis, biodegradation, SUN-test, photodegradation 
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Reports on the occurrence of particulate plastics (nano- and microplastic particles and fibers) in the environment emerge on a weekly 
basis, but quantitative data are still limited due to analytical difficulties and inconsistencies of the methods applied to detect 
particulate plastics in complex environmental matrices. While progress is still ongoing to develop analytical methods to measure 
particulate plastic in field studies, researchers who study the fate, transport and biological interactions and effects of nano- and 
microplastics in bench top or pilot scale studies can take advantage of an entirely different approach. In this work, we synthesized a 
variety of particulate plastics (nanoplastic particles, fibers) with an embedded inorganic fingerprint (Pd or In; approx. 0.5% 
metal/wt) which can be used to detect plastic by common analytical techniques for metals analysis, such as ICP-MS. This 
allows us to more quickly 
and quantitatively assess plastic in complex matrices than is currently possible with other analytical techniques. To highlight the 
utility of this approach, here we used these materials to investigate the fate and transport of particulate plastic in a pilot-scale WWTP 
representing the activated sludge process. Triplicate samples were taken from the mixed liquor and effluent at least twice a week for 
the entire length of the experiment, which lasted five weeks. With a recovery rate of plastics over 90%, our findings show that over 
98% of plastics (both nanoplastic particles and microplastic fibers) were found in the sludge, with a high correlation between TSS 
concentration and plastic concentration. Therefore, these materials will be removed from the wastewater stream with the sludge. 
While surveys of municipal treatment plants have shown similar trends in the magnitude of microplastics removed, we can now 
validate the retention of nanoplastics and microplastic fibers with a more complete mass balance study. With a better understanding of 
emissions from WWTP, one could suggest estimated annual loads of particulate plastics to surface waters or applied to fields with 
sewage sludge, which could, by extension, be used as a starting point for fate modelling. Beyond the case study specifically 
highlighted here, these metal laden particulate plastics are suitable to study fate, transport, eco-toxicity and interactions with 
organisms at trace concentrations.  
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Abstract: 
Keywords: Microplastics, agglomeration, water treatment,seawater desalination, sea salt extraction. 

An increasingly serious and widespread problem is the introduction of plastics into the water cycle. The poor degradability leads to 
the plastic waste remaining in the water for a long time and over time it fragments into smaller and smaller plastic particles, so called 
microplastics (Law & Thompson, 2014).  
Seawater desalination and sea salt extraction are highly dependent on the quality of the seawater in terms of process utilization and 
cost structures, i.e. on the level of pollution (Lattemann & Höpner, 2008). Especially micro particles represent a significant potential 
for blocking the microfiltration membranes (pore size > 100 nm) in the pretreatment and the very costly reverse osmosis (RO) 
membranes (pore size > 5 nm)(Ma et al., 2019).  
Up to 680 Microplasticparticles per kg were detected in table salt obtained from seawater (Iñiguez, Conesa, & Fullana, 2017). With 90 
million tons, sea salt is the most frequently produced salt type worldwide. 17.5% of the produced salt is used by the food industry, 
whereby the microplastic is transferred to humans. Therefore, contamination of sea salt or salt containing foods should be prevented 
do avoid a risk for the human health. 
This innovative approach for the removal of microplastics from seawater for industrial use combines a chemically induced 
agglomeration and a new technological implementation step. The particular challenge in removing the microplastics is not only their 
small size but also their inert properties against most of the physical and chemical additives for flocculation (Herbort, Sturm, & 
Schuhen, 2018). The new concept is based on the development and use of special organosilanes, which can attach to microplastic 
particles and link them subsequently by forming an inclusion compound(Herbort & Schuhen, 2016). This leads to the localized 
agglomeration fixation of microplastic particles in large agglomerates, which can be easily removed from seawater (Figure 1)(Sturm 
et al., 2018). With an easy implementation to existing systems, an economic aspect and a strong impact on the maritime ecological 
balance will be expected.  
The removal rates were determined gravimetric on lab scale using 100 µg microplastics in 1 l distilled water. The reaction behavior of 
the organosilanes in water was determined using IR-Spectroscopy. Table 1 summarizes the results. 

Table 1: Inclusion rates and gelation times for tested organosilanes (Herbort et al., 2018, p. 15230). 
Tested organosilane Gelation Time [s] Inclusion Rate 

C1 silane <1 0 % 
C4 silane 120 75 % 
C8 silane 1 50 % 

C10 silane 1 25 % 
 

Functionalized silanes are highly reactive in water and are hydrolyzed to silanoles. Those are unstable in water and connect by 
siloxane bounds to hybrid silica(Pietschnig & Spirk, 2016). The organic group can have a stabilizing effect on the silanes / silanoles 
and influence the gelation time(Levy & Zayat, 2015). In addition the organic groups determine the attachment to the microplastics 
and the inclusion efficiency. The short chain silane is least suited to include microplastics, which is due to a low affinity to 
microplastic particles and the gelation occurs to fast, what makes an inclusion of microplastics impossible. The C4 system has the 
best balance between affinity to the microplastics and an intermediate gelation time, what leads to the highest inclusion rate. The fast 
gelation of long chain silanes leads to lower inclusion rates, as there is not enough time to from agglomerates.The maximum inclusion 
rate of 75 % is limited by the design of the lab scale experiments. First tests in pilot plants with an optimized agglomeration process 
show a much higher inclusion rates >99 % (Figure 1). Changing the milieu from freshwater to salt water results in a longer reaction 
time but in no significant influence on inclusion rate.  
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Figure: Application of the new approach for the removal of microplastics from water using organosilanes on pilot plant scale. 
A test reactor (2 m²) is filled with water containing 50 mg / l microplastics (Polyethylene / Polypropylene, 50:50). Subsequently 
the organosilane is added. After a short time of stirring big microplastic agglomerates are formed and removed from the 
water(Sturm et al., 2018, p. 36). 
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As a result of various production and consumption processesa significant amount of chemical substances have become part of global 
environments. Within the European Union, there are several regulations in place to protect the environment and human health. These 
include Regulation (EC) No 1907/2006 on the Registration, Evaluation, Authorization and Restriction of Chemicals (REACH), 
theWaste Framework Directive (Directive 2008/98/EG), as well as the Marine Strategy Framework Directive (Directive 2008/56/EC). 

The reduction of micropollutant concentrations in surface waters is an important objective of the European water policy. The 
European Union has defined environmental quality standards for priority and priority hazardous substances (PS) as well as several 
other pollutants in surface waters (Directive 2013/39/EU). To achieve the goals of the European water policy, the main pollutant 
sources have to be identified and quantified. Many studies conclude that major pathways for PS emission into surface waters are the 
municipal wastewater treatment plants (WWTPs), storm water outlets, and combined sewer overflows. According to model results 
(Fuchs &Toshovski 2016,Fuchs et al. 2017) WWTPsare the most significant pathway for several micropollutants. The calculation of 
pollutant loads from WWTPsrequires both reliable data on concentration and wastewater flow. The amount of wastewater annually 
treated in German WWTPs is statistically recorded and comparably valid. In contrast to this theavailability of valid concentration data 
representing an average environmental situation is very limited. One reason is that the monitoring programs conducted do not follow a 
standardized procedure of sampling, sample preparation and analysis.Furthermore, some substances occur in very low concentrations 
which make them even more difficult to detect. Anevaluation of data available throughout Germany has shownthata consistent and 
realistic estimate of loadsis not possible and misjudgments cannot be avoided for several substances (Lambert et al. 2014). 

Following this, a Germany-wide monitoring programfor municipal WWTPs has been launched in partnership with the German states 
andFederal Environment Agency of Germany.In order to create a reliable data base for the quantification of emissions via WWTPs, a 
two-phase project was developed.The overall goal of the project is to generate a valid and representative database on average effluent 
concentrations of German WWTP. The corresponding objectives of the first project phase wereto design and test an appropriate 
monitoring strategy and to establish analytical methodssensitive enough to produce reliable data. During this phase,an adapted 
samplingapproach was developed and tested in three WWTPs. After the approach could be successfully confirmed, it was 
implementedin 49 plants distributed throughout Germanyrepresentatively. The focus of in the second project phaseis to monitor 
WWTP effluents. However, at 5 WWTP inflows and sludge streams are analyzed to assess the overall pollutant removal efficiency 
and the contribution of the mechanical and biological processes. The samplingapproach follows the established routine at the WWTP, 
producing 24h composite samplesevery day. From this sample one liter was taken and compiled to aseven-day composite sample in a 
freezer. The samples were store at -18°C in stainless steel vessels which have proven to be the best compromise in terms of ease of 
use (cleaning, stability) and affecting the samples.  

This sampling method is well suited to considerably reduce fluctuations in the analysis results and therefore of particular advantage if 
the number of samples to be analyzed is limited. However, there is a risk of minor quantification for all substances which are highly 
volatile (e.g., mercury, volatile halogenated hydrocarbons, small polycyclic aromatic hydrocarbons (PAHs)). Over quantification may 
be a problem for di(2-ethylhexyl)phthalate(DEHP) or bisphenol A because of the use of plastic material in the sampling devices.  
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In total,59 substances in over 800 samples were analyzed, including the substance groupsheavy metals, PAHs, pesticides, industrial 
chemicals, phenols, perfluorinated compounds, and plasticizers. As part of an additional project from Germany’s Federal 
Environment Agency, further 23 biocideswere analyzed in selected WWTPs. The majority of the detected substances in the influent 
were PAHs, DEHP, heavy metals, nonylphenol (NP), diethyltoluamide(DEET), triclosan and permethrin. The substances DEET, 
DEHP, heavy metals, triclosan, 1,2,4-triazole, terbutryn made the top list of most frequently detected substances in the effluent. 
Substances not detected at all are, for example, aclonifen, bifenox, dicofol, difethialone, heptachlor, prallethrin and quinoxyfen all 
from the group pesticides.  

The preliminary results show that, on the one hand, the currently measured concentrations for certain substances (e.g.cadmium, lead, 
NP, atrazine, diuron) are significantly below the values reported in other studies. In the case of atrazine and diuron, the reasons could 
be the time gap between the previous monitoring campaigns the ban of useand better analytical methods.On the other hand, the 
current concentrations for certain substances (e.g. DEHP, some PAHs, isoproturon) are above the values reported in other studies. 
Further analyses are carried out to reveal whether this is a result of a systematic contamination (DEHP); an effect of the size of the 
WWTPselected (PAK) or influenced by the application pattern (isoproturon). 

The preliminary results clearly highlighted that the concentrations show substance specific relationships in terms of size of the 
WWTPs, degree of urbanization, and type of drainage system. For substances with one main source and rather low removal efficiency 
in the WWTP, higher effluent concentrations were found for larger plants (e.g. terbutryn).Consequently, a correlation between the 
degree of urbanization and the level of effluent concentrations can be found for a number of substances. If the substance specific 
efficiency of wastewater treatment is high, this relationship disappearsfor the respective substance. With regard to the predominately 
used drainage system, differences could be noted for some substances. For example, terbutryn higher effluent concentrations were 
found in situations where the catchment isdrained with a combined sewer system. Most likely because of the missing input in 
catchments with a separated sewer system where the storm water runoff is directly discharged into the nearest surface water.For NP 
which has its main source in domestic sewage, no sewer system depended differences could be determined under dry weather 
conditions. However the storm water introduced during wet weather conditions leads falling concentrations for WWTPS receiving 
their inflow from acombined sewer system.  

Emission inventorycan only be as good as the available input data. Even if monitoring data are improving in quantity and quality, 
there is still a lack of valid and representative data to describe complex systems concerning spatial differences. Valid monitoring data 
for all environmental media can hardly be found or only small datasets are available. This leads to persistent uncertainties, which may 
causea wrong prioritization of measures.  

For a number of substances and at least for one relevant pathway of emissions the project described will significantly reduce 
uncertainties and allow a more reliable quantification of emissions into surface waters on the basis of consistent monitoring 
results.Furthermore it may serve as an example how necessary and beneficial isa harmonization of environmental monitoring. 
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Introduction 

Saronikos gulf and the nearby bay of Elefsis are the only areas of Greece with environmental data since the late 1970’s and regular 
monitoring since the mid-80’s. This is due to the existence of various urban and industrial polluting activities on the north-east coast 
of Saronikos. The industrial zone of Elefis includes shipyards, oil refineries, food industries, iron steelworks, cement factories, cable 
manufacturing, waste recycling plants, landfills and military installations. Furthermore, increased ship traffic and the outlet of the 
waste water treatment plant of Thriasio, which began operation in 2012 and discharges in Elefsis gulf, add to the metal pollution load 
(Paraskevopoulou et al 2014, EYDAP 2019).Trace metals are known environmental pollutantswith essential roles as micronutrients 
(e.g. Zn. Co, Cu) butalso potential toxic agents at higher concentrations (Morel 2003). The Laboratory of Environmental Chemistry 
has produced a significant amount of measurements for dissolved and particulate metal forms in seawater and measurements of total 
metals in sediments at regular time intervals in the Gulf of Elefsis.The most recent measurements of 2017 for the metals Cu and Zn in 
Elefsis will be presented in comparison to historical data.  

Materials and methods 

The 2017 seawater and sediment samplings were conducted with the oceanographic vessels of the Hellenic Centre for Marine 
Research, R/V AEGAEO. As soon as possible after collection the seawater samples (~2L) were filtered through Millipore membrane 
filters (0.45 μm pore size). The filtered samples were acidified to pH 2 with nitric acid and stored refrigerated until analysis. The 
dissolved trace metals were determined viaa preconcentration procedureusing Chelex-100 resin (Riley and Taylor1968 and Kingston 
et al. 1978)after slight modifications (Scoullos et al. 2007). The metals retained on the resin were eluted with 2M HNO3. The 
preconcentration factor was usually 50. The particulate matter retained on the filters was dried to constant weight and the filters were 
then digested with concentrated nitric acid in closed PTFE vessels on a hotplate. Precautions were taken during all stages in order to 
avoid contamination. The sediments were sampled on the 11 of October 2017 with a box corer and the surface layer (0-2cm) was 
scraped carefully avoiding the metallic edges of the box. The sediment samples were placed in polyethylene screw cap containers and 
stored frozen until analysis. Then the samples were freeze-dried and separation of the silt and clay fraction (<63 μm) from the sand 
fraction (> 63μm) was done by sieving. The percentage of both fractions (sand and silt-clay) was calculated and further analytical 
procedures were carried out when the mass of each fraction was adequate (>10% of the total sediment). The total metal contents (Cu 
and Zn) of the two fractions were extractedvia complete dissolution of sediment samples with an acid mixture of HNO3-HClO4-HF 
(ISO-14869-1:2000). Cu concentrations in the Chelexeluates and particulate matter digestion solutions were determined by graphite 
furnace atomic absorption spectrophotometer (Varian SpectrAA 640Z with Zeeman background correction), Zn concentrations in all 
samples and Cu is sediment extracts were measured by flame atomic absorption spectrophotometer (Varian SpectrAA 200).  
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Results and discussion 

In Figure 1 we present average dissolved and particulate Cu concentrations from six time periods of monitoring.  

  

Figure 1: Evolution of Cu forms in Elefsis gulf seawater 

 

The dissolved Cu values are approximately 600 and the particulate Cu values more than 500. In each time period the average 
concentrations originatefrom several values (from 20 to more than 200) depending on the years and samplings in each period. We can 
observe the very clear decrease of dissolved and particulate Cu in seawater from 1995 onwards and the stabilization of concentration 
levels after 2008. The same applies to the forms of Zn in seawater. In Figure 2 we present the Cu and Zn contents of sediments 
collected over the last 40 years. In the Eastern part (stations closer to the harbour and industrial activities) the decrease of both metals 
from 1988 until 2017 is more prominent and could reflect the shrinkage of industrial activities in the last 10-15 years. Furthermore, 
the improvement of both water and sediment quality of the Eastern part can also be attributed to the beginning of operation of the 
Athens metropolitan area Waste Water Treatment Plant (WWTP Psitalia) in 1996 because until then the untreated sewage of Athens 
were partly transferred inside the Elefis gulf on the eastern side through the prevailing water circulation patterns. In the Western part 
(stations closer to shipyards and other industries) Cu remains fairly constant while Zn also presents a marked decrease especially after 
2004.  

 

  

Figure 2: Evolution of Cu and Zn in Elefsis gulf sediments 

 

Conclusions 

The metal pollution status of Elefsis gulf has reduced over the last 40 years due to some shrinkage of industrial activity accompanied 
by implementation of improved available antipollution technologies by the remaining industrial sector and operation of waste water 
treatment facilities in the metropolitan area of Athens. Monitoring efforts in the gulf of Elefsisare continuing in line with the 
implementation of the EU Water Directives (WFD and MSFD). 
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Abstract: 

Many pharmaceutical residues are found in the aquatic environment. A special group of pharmaceuticals are antineoplastic drugs 
which are used in treatment of cancer, autoimmune disorders or organ transplantations. Antineoplastic drugs are designed to prevent 
or disrupt with the cell proliferation by reacting directly or non-directly with the synthesis of deoxyribonucleic acid in target and non-
target cells. As a result of these often unselective reaction mechanisms antineoplastic drugs differ from other pharmaceuticals by 
causing mutagenic, carcinogenic, teratogenic, cytotoxic and genotoxic effects(Kümmerer et al., 2016). Although the human toxicity 
and ecotoxic effects of many antineoplastic drugshave been extensively investigated, the environmental fate and ecotoxicity of their 
human metabolites are still widely unknown.Therefore, the aim of the study wastoevaluate of the ready biodegradability of the 
nitrogen mustard cyclophosphamide and its stable human metabolites in the aquatic environment to determine their biological 
persistence as part of the risk assessment. 

The assessment of the ready biodegradability was performed by anoptode based closed bottle testusing secondary effluent of a 
municipal sewage treatment plant as an inoculum source(Friedrich et al., 2012). Identification of metabolites and determination of 
primary elimination of the antineoplastic agents were performed by UHPLC-MSn equipped with an ESI source in positive mode. The 
UHPLC setup consisted of an Accucore HILIC column and a Kinetex PFP column.  

The results of the closed bottle test showed that only the main human metabolite carboxyphosphamide, a nitrogen mustard derived 
compound, was biodegradable to some extent. All other nitrogen mustardsshowed neitherbiodegradation under these conditions nor 
were any toxic effects on the inoculum observed. However, MSnresults showedprimary elimination for all nitrogen mustards related 
compounds exceptfor 9-OdAP.Yet, the new degradation products were not biodegradable either. Therefore, abiotic degradation was 
proposed as the main degradation pathway during the closed bottle test especially by SNi and SN2 reactionswith water and other 
nucleophiles. As main metabolites3-(2-chloroethyl)oxazolidin-2-one and cytotoxicnor-nitrogen mustardan analogue of the chemical 
warfare agent HN2 were proposed. The main intermediate during the degradation process is proposed to be N-2-chloroethylaziridine 
and its corresponding aziridinium ion which is known to form many of the detected degradation products. Furthermore, 1,4-bis(2-
chloroethyl)piperazine was proposed as degradation product of nor-nitrogen mustard, which is considered to be even more toxic than 
HN2(Sakurai & Izumi, 1953). 

The results of the biodegradation test supported the importance of human metabolites in the evaluation of the environmental fate of 
pharmaceuticals and their risk assessment.Furthermore, identification of cytotoxic nor-nitrogen mustard as a major degradation 
product showed the importance of the identification of possible degradation products as they can be even more toxic than their parent 
compounds and therefore, cause a greater risk to the environment and humans. This issue raises even more concern as some of these 
nitrogen mustards have been already detected in hospital effluents and surface water causing unknown effects to humans and the 
environment. 

Keywords: cyclophosphamide, antineoplastic drugs, biodegradation, nitrogen mustards 
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Abstract 

Emerging organic contaminants (EOCs) are a growing international concern with respect to their occurrence in and contamination of 
groundwater bodies. The scope of the term EOC is quite broad as it includes any chemical that is known to be introduced into the 
environment due to anthropogenic activities, but is not currently included in national or international monitoring programmes, or 
current environmental quality regulations.Due to increasing global population, there is huge demand for more food while using less 
space, which has led to increased intensification of food production and associated practices. As a result, agrochemicals, such as 
veterinary drugs, have become a critical component in animal husbandry in many countries including Ireland. The administration or 
application of such substances can potentially lead to their occurrence in environmental water bodies.  

This work focuses ontwo groups ofantiparasitic drugs, the anthelmintics and anticoccidials, covering 68 analytes that are used in 
extensive and intensive production systems. Anthelmintic drugs are used to control helminthic parasites (nematodes, cestodes and 
trematodes) that infect animals, particularly those exposed through pasture based production systems, such as bovine and ovine. 
Anticoccidials are used to control coccidiosis and other protozoan infections in food producing animals, with primary prophylactic 
use in poultry production. There is very limited information available on the occurrence of anthelmintics and anticoccidials in the 
environment, particularly in groundwater, which has resulted in them being considered potential emerging organic contaminants of 
concern. Information on the occurrence of environmental transformation products (TPs) is scarcer, even though the TPs themselves 
can be more toxic.  The aim of thisresearchwas to investigate the occurrence of these antiparasitic compounds in Irish groundwaters 
and to help to broaden the overall knowledge and understanding of occurrence and fate (mobility and behaviour) of both parent 
compounds and TPs in the environment, through the development and application of more sensitive and comprehensive analytical 
methods. The work presented here focuses on the development of analytical methodology for the two groups. 

To date, a multi-residue SPE method has been developed for the extraction of 40 anthelmintic compounds in surface water and 
groundwater, with determination using an optimised UHPLC-MS/MS triple quadrupole (QQQ) detection method. This method 
includes 27 parent drugs and 13 TPs. Samples (500 mL), modified and pH adjusted, were purified using UCT Enviro Clean HL DVB 
(200 mg, 6mL) SPE cartridges, followed by final concentration and instrumental detection. This method was validated and applied in 
a comprehensive study investigating the occurrence of anthelmintics in Irish groundwaters. The limits of quantification (LOQs) 
ranged from 0.5 – 40 ng L-1, depending on individual analyte sensitivity. During spring of 2017, 16 out of 40 anthelmintics were 
detected, with detections of one or more compounds at 22% of sites. Detections were of the order of 1- 41 ng L-1.A second SPE 
method has also been developed for the determination of 28 anticoccidial compounds by UHPLC-MS/MS (Quadrupole ion trap). 
Samples, in this case 250 mL, were also purified using the UCT HL-DVB cartridge; however elution conditions differed to the 
anthelmintics. This work on the anticoccidials also involved the development of a new UHPLC chromatographic separation method. 
As it stands, two different gradient elution methods, on different column chemistries, are currently required to separate this group of 
drugs. Different stationary phase chemistries and mobile phase conditions (solvent type, composition and additives) were 
assessedwith the aim of developing a single gradient method capable of separating all 28 anthelmintics on the same UHPLC column.  
Overall separation of all analytes was achieved by reverse phase chromatography using a gradient elution with an ammonium formate 
aqueous (A) and an acidified organic phase (B). To date, the method has been applied in a comprehensive spatial study which 
involved the determination of anticoccidials in 99 different groundwater samples from across 25 counties in Ireland. Provisional 
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results indicate detections of up to 7 different anticoccidial compounds at 22% of sites(22 of 99) sampled. Detections were of the 
order of 1-390 ng L-1. 

 

Keywords: agro-chemicals, veterinary drugs,emerging contaminant, groundwater, UHLPC-MS/MS 
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Abstract  

Numerous xenobiotic organic components can have a highly detrimental effect on human health and the environment. Endocrine 
disruptors, a group of chemicals that affect the endocrine system, are a serious cause for concern. The effects of this group of 
substances often manifest after a certain period of time. The risk arising from the broad use of these substances and the necessity of 
educating both natural and legal persons have been recognized on the national level. The first step in this direction was the adoption 
and implementation of the appropriate national legislation, namely the Law on Chemicals (“Official Gazette of RS”, Nos. 36/2009, 
88/2010, 92/2011, 93/2012,and 25/2015); Law on Biocide Products (“Official Gazette of RS”, Nos. 36/2009, 88/2010, 92/2011, and 
25/2015);The Lists of Substances of Very High Concern (“Official Gazette of RS”, Nos. 94/2013, 101/2016, and 22/2018), which also 
includes endocrine disruptors; and Candidate List of Substances of Very High Concern (“Official Gazette of RS”, Nos. 58/2016 and 
22/2018). The national legislation was adopted based on the experience of other countries, primarily the European Union, and 
appropriate legislation, namely REACH Regulation (Regulation (EC) No 1907/2006 concerning the Registration, Evaluation, 
Authorisation and Restriction of Chemicals), Authorisation List (included in Annex XIV, REACH ("Authorisation List")) and 
Candidate List of substances of very high concern for Authorisation (published in accordance with Article 59(10) of the REACH 
Regulation). 

For the purpose of detection and identification of endocrine disruptors, qualitative analysis ofleachate from non-sanitary (L1) and 
sanitary (L2) solid waste municipal landfill from the region of Vojvodina, Serbia,was carried out.In addition, semi-quantitative 
screening analyses of collected samples were performed using QP2010-Ultra GC-MS. The results are shown in Table 1,2, 3, and 4, 
and represent the basis for designing the treatment of solid waste municipal landfill leachate and removal of endocrine disruptors by 
applying economically cost-effective yet experimental methods of phytoremediation using plants such asPotamogetonillinoensis, 
Potamogetoncrispus andRaphanussativus(Trueman and Erber, 2013). 
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Table 1. Valuesof physical and chemical parameters of  leachate from the site L1     Table 2. Values of physical and chemical parameters of 

                                                                                                                                       Leachate from the site L2 

 

 

 

 

 

 

 

 

 

Table 3. Values of microbiological parameters of leachate from landfill sites L1 and L2 

Parametеr Method Unit L1 L2 
Limit 
value1 

Limit 
value2 

Number of aerobic heterotrophs Kohl UCF/1mL 32.227.273 302.272 - - 
Total Coliform Bacteria Membrane filtration UCF/100mL 20.000.000 200 10.000 10.000 
Fecal Coliform Bacteria Membrane filtration UCF/100mL 9.000.000 100 2.000 2.000 
Detection and enumeration of intestinal enterococci Membrane filtration UCF/100mL 8.000.000 200 400 200 
1Regulation on emission limit values for pollutants in waters and deadlines for their reaching (“Official Gazette of the RS” No. 67/11, 48/12 and 
01/16), article 13, Table 4; Annex II, Chapter III Urban wastewaters 

2Bathing Water Directive (CD 76/160/EEC), Table 10; Directive concerning the quality of Bathing Water COM (2002) 581, Annex I, Table 11 

  

Parameter Unit Value 
Temperature of leachate [C] 7.3 

pH [-] 7.31 

Conductivity [S cm-1] 10 560 

COD [mg l-1] 3545 

BOD5 [mg l-1] 1040 

BOD5/COD [mg l-1] 0.293 

Ammonia nitrogen [mg l-1] 166 

Sulphate [mg l-1] 188.0 

Total Phosphorus [mg l-1] 26.256 

Ortho-phosphate [mg l-1] 1.964 
Turbidity  [NTU] 87.1 

Total suspended solids [mg l-1] 7.4 

Parameter Unit Value 
Temperature of leachate [C] 6.2 

pH [-] 8.51 

Conductivity [S cm-1] 16 230 

COD [mg l-1] 4380 

BOD5 [mg l-1] 180 

BOD5/COD [mg l-1] 0.04 

Ammonia nitrogen [mg l-1] 38.15 

Sulphate [mg l-1] 102.7 

Total Phosphorus [mg l-1] 66.256 

Ortho-phosphate [mg l-1] 2.561 

Turbidity  [NTU] 17.8 

Total suspended solids [mg l-1] 4.29 
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On the basis of microbiological examination, the sample of leachate from the landfill site L1does not correspondto limit values 
stipulated by corresponding national and EU regulations. Escherichia coli (37C, 44C) represents a type of microorganisms 
identified in the sample L1 and L2, and the presence of another type of microorganisms - Klebsiellapneumoniae (37C, 44C) was 
identified only in the sample L2. 

 

Table 4. Organic analysis of the sample of leachate from landfill sites L1and L2 

Compound Retention time 
[s] 

CAS 
number 

Molecular 
formula 

Molecular 
weight 
[g mol-1] 

GHS Classification 

L1 
7-Hexadecenal, (Z)- 10.068 56797-40-1 C16H30O 238.41 / 
Guanosine 11.57 118-00-3 C10H13N5O5 283.24 Signal: Danger  
Phenol 17.468 108-95-2 C6H6O 94.11 Signal: Danger 
Phenol, 4-methyl- 25.145 106-44-5 C7H8O 108.14 Signal: Danger 
Triisopropylphosphate 35.017 513-02-0 C9H21O4P 224.23 Signal: Warning 
Indole 40.948 120-72-9 C8H7N 117.15 Signal: Danger 
2,4,7,9-Tetramethyl-5-decyn-4,7-diol 50.005 126-86-3 C14H2602 226.36 Signal: Danger 
2,6-Dimethylphenyl isocyanate 53.973 28556-81-2 C9H9NO 147.17 Signal: Danger 
Methyl (4S,5R)-2,2,5-trimethyl-1,3-dioxolane-4-
carboxylate 56.063 38410-80-9 C8H14O4 174.19 Signal: Warning 

Tributyl phosphate 56.628 126-73-8 C12H27O4P 228.31 Signal: Warning 
4-Oxo-4-(para-tolyl)-butyric acid 59.698 4619-20-9 C11H12O3 192.21 Signal: Danger 
s-Trioxane, 2,4,6-triethyl- 68.275 2396-42-1 C9H18O3 174.24 Signal: Warning 

Phthalic acid, monoethyl ester 76.093 2306-33-4 C10H10O4 194.18 
Potential effect on thyroid 
gland activity in pregnant 
women 

Propyphenazone 80.12 479-92-5 C14H18N2O 230.31 Signal: Warning 
Phenol, 4,4'-(1-methylethylidene)bis- 90.153 80-05-7 C15H16O2 228.29 Signal: Danger 
Hexasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11-
dodecamethyl- 131.478 995-82-4 C12H36O5Si6 428.92 / 

 

By performing organic analyses of leachate samples from landfill sites L1 and L2, the presence of 39 substances was detected in the 
sample L1 and 55 substances were detected in the sample L2. Table 4 shows detected xenobiotic organic compounds with GHS 
classification, namely the proven hazardous effects on the environment and human health. 7-Hexadecenal, (Z)- and Hexasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl- were detected in both samples. One endocrine disruptor, Phenol, 4,4'-(1-
methylethylidene)bis- (Bisphenol A), was detected in the sample L1. Identification of endocrine disruptor Bisphenol A, a compound 

L2 
Dodecanoic acid, 3-hydroxy- 11.188 1883-13-2 C12H24O3 216.32 Signal: Warning 
Trans-2-undecenoic acid 11.47 15790-94-0 C11H20O2 184.28 Signal: Warning 
Nonanal 27.243 124-19-6 C9H18O 142.24 Signal: Warning 
Undecanal 27.28 112-44-7 C11H22O 170.29 Signal: Warning 
Pentadecanoic acid 27. 33 1002-84-2 C15H30O2 242.40 Signal: Warning 
2-Undecanone, 6,10-dimethyl- 55.363 1604-34-8 C13H26O 198.35 Signal: Warning 
Octanoic acid, 7-oxo- 55.465 14112-98-2 C8H14O3 158.19 Signal: Warning 
Benzenesulfonamide 57.803 98-10-2 C6H7NO2S 157.19 Signal: Warning 
7-Hexadecenal, (Z)- 58.188 56797-40-1 C16H30O 238.41 / 
Gabapentin 58.76 60142-96-3 C9H17NO2 171.24 Signal: Danger 
1-Hexadecanol 59.648 36653-82-4 C16H34O 242.44 Signal: Warning 
1,2-Epoxy-5,9-cyclododecadiene 64.145 943-93-1 C12H18O 178.27 Signal: Warning 
Glycine, N-[(4-methylphenyl)sulfonyl]- 67.105 1080-44-0 C9H11NO4S 229.25 Signal: Warning 
Cyclopentadecanone 67.213 502-72-7 C15H28O 224.38 Signal: Warning 
Benzenesulfonamide, N-butyl- 70.905 3622-84-2 C10H15NO2S 213.30 Signal: Warning 
Propyphenazone 80.083 479-92-5 C14H18N2O 230.31 Signal: Warning 
Card-20(22)-enolide, 3,5,14,19-tetrahydroxy-, 
(3.beta.,5.beta.)- 85.58 560-54-3 C23H34O6 406.51 Signal: Danger 

Di-n-octyl phthalate 106.145 117-84-0 C24H38O4 390.56 Signal: Danger 
9-Octadecenamide 114.68 301-02-0 C18H35NO 281.48 Signal: Warning 
Hexasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11-
dodecamethyl- 135.38 995-82-4 C12H36O5Si6 428.92 / 
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that is proven toxic to reproduction, is a very important basis for realisation of future research related to the treatment of landfill 
leachate. 

Keywords: Landfill leachate, Municipal solid waste landfill, Xenobiotic,Endocrine disruptors 
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Persistent organic pollutants (POPs) have been emitted to seawater from rivers, atmosphere or released to the sea from ship 
transportation, coastal, or offshore infrastructures for several decades. Their concentrations only slowly decrease after successful 
emission mitigation or even phase-out. The aim of the study was to determine surface seawaterlevels of POPs in the South Atlantic 
Ocean (SAO) and the Black Sea (BS), indicate their spatial gradients and, in combination with air pollution data, conclude on the 
direction of air–sea exchange. 

A silicone based passive sampling method is suitable for monitoring hydrophobicPOPs, such as polychlorinated biphenyls (PCBs), 
organochlorine pesticides (OCPs), brominated flame retardants (BFRs), and polycyclic aromatic hydrocarbons (PAHs) in 
seawater(Lohmann et al., 2017). 

A Dynamic passive sampling (DPS) device enables to accumulate sufficient amount of POPs in a short sampling period (days),since it 
increases the sampling rate(Vrana et al., 2018). DPS efficiently reduces the thickness of the aqueous boundary layer that controls 
POPs uptake to silicone passive sampler. The DPS device consists of an electrically driven large volume water pump coupled to a 
passive sampler exposure cell placed in a stainless steel barrel continuously fedwith sampled seawater. The DPS device sampled 
surface seawater onboard of the ship RV Meteor cruising from Cape Town, South Africa, to Rio de Janeiro, Brazil, and on board of 
RV Mare Nigrum cruising across the Black Sea. In addition, two stationary passive samplers were deployed in the Ukrainian 
territorial waters in the Black Sea. 

Temporally and spatially integrated concentrations of POPs in surface seawater, covering 34°S/17°E-25°S/38°W in the SAO and 
41.5°N/41.5°E-46.5°N/29.0°E in the BS, were estimated. Sampling of POPs was performed using up to four Altesil™ silicone rubber 
sheets (four 7×28×0.05 cm sheets with exposed surface area of ~780 cm2). For each sampled stretch up to three Altesil™ silicone 
sheets (~580 cm2) were extracted usingacetonitrile (SAO) or methanol (BS). POPs wereanalysed in the sampler extractsbyGC/MS-
MS. Sampled volume was estimated from dissipation of performance reference compounds during sampler exposure usinga model by 
Rusina et al. (2010). 

 

Table 1:  Parameters ofpassive sampling in the South Atlantic Ocean and the Black Sea 

Parameter South Atlantic Ocean Black Sea – voyage Black Sea - stationary 
Dates of sampling 1.-18.3.2016 17.5.-5.6.2016 9.6.-11.7.2016 27.6.-24.7.2016 
N° of sampled stretches 5 4 - 
Length/stretch (km) 830 – 1450 280 – 1300 - 
Exposure time per stretch (days) 3.5 4 27 – 32 
Water temp. (°C) 22 – 28 14 – 26 11 – 35 
Sampling rate range (L d-1) 17–95 31 – 82 14 – 32 
Sampled volume range (L) 50 – 336 112 – 343 381 – 869 
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Stretch 2  
Stretch 2 

 

Figure 1:Map of passive sampling stretches in the South Atlantic Ocean from Cape Town to Rio de Janeiro in 2016 

 

 

Figure 2:Map of passive sampling stretches and stationary sampler deploymentsin the Black Sea in 2016 

 

In both cruisesthe majority of the targeted compounds were foundwith the highest concentrations off South Africa or in the Ukrainian 
territorial waters, respectively. 

The freely dissolved concentrationsof the sum of PCBs and OCPs in the SAO werein the low units ofpg L−1 range.Hexachlorobenzene 
and pentachlorobenzene were found in all stretches ranging from 0.72 to 2.73 pg L−1. The sum of polybrominated diphenyl ethers 
(PBDEs) ranged 0.7–4.8 pg L−1. Spatial trend was observed for PBDEs with the highest concentrations found near South African 
coast (4.8 pg L−1), decreasing along the east-to-westtransect (0.7–2.1 pg L−1) and increasing again west of 30°Wto 4.0 pg L−1.Novel 
brominated flame retardants (NBFRs) were found in the range 3–147 pg L−1following the same spatial trend as PBDEs. The 
compound1,2-bis(2,4,6-tribromophenoxy)ethanewas found as the most abundant BFR (2.3–72.4 pg L−1).PAH concentrations were in 
the range of units of ng L−1. The variation of concentrationamong stretcheswas ≤30%. 

In the Black Sea, the sum of PCBswas much higher than in the South Atlantic Ocean i.e., in the range of tens of pg L−1, with the 
dominance oflight PCBs in their pattern. The sum of OCPs was in lower hundreds of pg L−1.A spatial contamination trend was 
observed for DDTs and its metabolites. The predominance of p,p’-DDD was found  close to coasts (stretches 1, 3 and both stationary 
samples). On the other hand, p,p’-DDE was prevailing in the open sea. Most of the PCBs and OCPs were found in all stretches and 
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stationary samples.BFRs were found in units of pg L−1 with predominant Dechlorane Plus (0.4–2.9 pg L−1) and pentabromotoluene 
(0.3–3.0 pg L−1). 

In the BS, the concentrations of PCBs and OCPs were up to two orders of magnitude higher than in the SAO, except for BFRs, which 
were two orders of magnitude higher in the SAO. The same distribution pattern was observed for PBDEs with BDE47, BDE99 and 
BDE100 as the most abundant congeners.  

The findingsindicatethat the spatial distribution of POPs and emerging pollutant in the South Atlantic Ocean and the Black Sea is not 
only influenced by riverine inputs and ocean currents, but also by atmospheric deposition from continental plumes andcoastal 
contamination. 

 

Keywords: Dynamic passive sampling, Persistent Organic Pollutants, South Atlantic Ocean, Black Sea 

 

References 

Lohmann, R., Muir, D., Zeng, E. Y., Bao, L. J., Allan, I. J., Arinaitwe, K., … You, J. (2017). Aquatic Global Passive Sampling 
(AQUA-GAPS) Revisited: First Steps toward a Network of Networks for Monitoring Organic Contaminants in the Aquatic 
Environment. Environmental Science and Technology, 51(3), 1060–1067. https://doi.org/10.1021/acs.est.6b05159 

Rusina, T. P., Smedes, F., Koblizkova, M., & Klanova, J. (2010). Calibration of silicone rubber passive samplers: experimental and 
modeled relations between sampling rate and compound properties. Environmental Science & Technology, 44(1), 362–7. 
https://doi.org/10.1021/es900938r 

Vrana, B., Smedes, F., Allan, I., Rusina, T., Okonski, K., Hilscherová, K., … Slobodník, J. (2018). Mobile dynamic passive sampling 
of trace organic compounds: Evaluation of sampler performance in the Danube River. Science of the Total Environment, 636, 
1597–1607. https://doi.org/10.1016/j.scitotenv.2018.03.242 

 

 

 



691 
 

Relevance of three urban WWTPs in the dispersal of selected antibiotic resistance genes 
to receiving water bodies 

 

Schwermer C.U.*, Krzeminski P., and Uhl W. 
Norwegian Institute for Water Research, Norway, Gaustadalléen 21 NO-0349 Oslo 

*carsten.schwermer@niva.no; +4795728537 
 

Abstract 

Introduction 

The emergence and spread of antimicrobial resistance (AMR) presents a serious threat to global health. Counteracting the spread of 
AMR requires a holistic “one-health approach”, i.e., the triad of human health, animal health, and the environment. However, the role 
of the environment as part of this approach has only recently been addressed in national strategies that aim to combat AMR. This is 
owing the current lack of knowledge on the emergence and spread of AMR in environmental settings, particularly when subjected to 
anthropogenic pollution. 

Urban wastewater treatment plants (WWTPs) are recognized as ‘hotspots’ for AMR, where antibiotic resistant bacteria (ARB) can 
thrive and multiply in the presence of sub-inhibitory concentrations of AMR-driving substances, and their genes can be transferred to 
environmental bacteria. However, the degree to which WWTPs contribute to the selection of ARBs and the dispersal of AMR (ARB 
and antibiotic resistance genes, ARGs) to the receiving water bodies, is still scarce.  

Essential information for the regulatory authorities and plant owners for making decisions on the necessity of improving or upgrading 
WWTPs to minimize AMR dissemination to the receiving water bodies is needed. Thus, to unravel the uncertainty about the unknown 
risk potential resulting from AMR in WWTP discharges, more knowledge is urgently needed. 

Aim & approach 

The research presented aimed to generate data on the abundance of ARG markers in WWTP effluents and in the receiving water 
body. Selected ARGs, 16s RNA and a class 1 integron (intl1) were quantified by qPCR in samples from the effluents of three urban 
WWTPs located in and near Oslo city. To quantify the ARGs in a recipient, water and biofilm samples were collected from the river 
down- and upstream of the discharge point from one of the WWTPs.  

Results & conclusions 

At all three WWTPs most of the ARGs analysed for were discharged to the receiving water bodies. The dominant genes in the plant 
effluents were 16S rRNA, class 1 integron integrase intl1 and sul1. The concentrations of most ARGs were comparably high in the 
effluents of all three treatment plants. However, as only two of them received discharges from hospitals, this suggests that households 
and other diffusive sources play a dominant role as source for ARGs in wastewater. Hence, it is concluded that hospitals are not 
necessarily the most critical emittents of ARGs. 

WWTP effluent samples contained genes coding for resistance against the most commonly used antibiotics, including penicillins, 
tetracyclines, sulfonamides, β-lactam antibiotics, trimethroprim and aminoglycosides. However, despite the low consumption of ‘last-
resort antibiotics’ in Norway, genes coding for resistance against those antibiotics, including carbapenem, colistin, and cephalosporin, 
were also detected. Consistent withother recent studies from other countries, this implies that these ARG might be far more spread in 
the environment than expected. This is especially embarrassing for Scandinavian countries as Norway, where AMR dissemination is 
commonly thought to be limited and under control.   

Samples collected in the river downstream and upstream of the outletfrom one of the WWTPs contained the same ARGs 
concentrations as found in the plant’s effluent. This at the first glance surprising result is explained by extraordinary circumstances in 
the stretch of the river, where samples had been collected. Those include generally high pollution in the river, faecal pollution from 
other rivers nearby, heavy rainfalls prior sampling, and river water mixing. Based on the data obtained so far, conclusions on whether 
or not the WWTPs effluent contributes more to the total load with anthropogenic ARGs in the river than other diffusive sources 
cannot be drawn.  
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We will present results from a simple mass balance related to the ARG spread into the riverassociated to one of the WWTPs. The 
relevance of the plant to emit ARG during different flow scenarios in the river will be shown and discussed.  

Moreover, possible technical measures to restrict or minimize ARB and ARG dispersalfrom WWTPs effluents to the environmentwill 
be discussed in the presentation.During testsusing a bench-scale membranefiltration unit,all E. colithat were tested,including those 
resistant to antibiotics, were removed from WWTP effluents by means of ultrafiltration (UF) and nanofiltration (NF)membranes 
(Schwermer et al., 2018). This implied that UF and NF processes could provide potent barriers for ARB applied as quaternary or 
quinary treatment step at WWTPs. 

With respect to the ARGs, the assessment included studying the feasibility of UF and NF to remove selected ARG from ultrapure 
water. The removal effectivity of the selected ARGs varied between 2 and 4 log removal values (LRV) for UF membranes with 
different pore sizes and about 5 LRV for NF membranes (Krzeminski et al., 2018). Therefore, in addition to removing ARBs from 
effluents, thesepreliminary resultsimply thatmembrane filtration may be an effective measure in reducing the release of ARGs to 
receiving water bodies.  

Keywords: antimicrobial resistance, modelling, recipients, waste water treatment, water bodies 
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Introduction 

Recently, the occurrence of microplastics in drinking water has drawn attention to media because their presence may affect drinking 
water quality standards. News from The Guardian warns that 83% of the studied water samples collected on a global scale contain 
microplastic concentrations ranging from 9.6 to 3.8 particles/L (Kosuz et al., 2017). Another study indicates that microplastic may 
migrate from packaging into drinking water (Schymanski et al., 2018). More recently it has been shown that very low levels of 
microplastics reach distribution water from Germany (Mintenig et al., 2109).  

Actually, the most part of the presence of microplastics in distribution waters depends on the quality of the catchment water and the 
type of treatment carried out by each plant. A recent study in Ireland indicates that microplastics can be eliminated during treatment, 
although chlorination or dioxycloration can induce the migration of plastic monomers to water (EPA Research Program 2014-2020, 
2017). On the contrary, treatment plants that use non-exhaustive treatments are probably not able to eliminate the load of 
microplastics present in the catchment waters. However, the lack of studies in this field shows that: (i) the levels of microplastics in 
catchment areas is unknown; (ii) the microplastic elimination capacity during the water purification processes has not been studied 
and (iii) the presence of microplastics in tap water has not been evaluated exhaustively and rigorously. 

The main objective of this study is to determine the sources, presence and evolution of microplastics from 0.5 mm to 20 μm in the 
Drinking Water Treatment Plant (DWTP) of Sant Joan Despí, in Catalonia. To do so, a comprehensive sampling design was 
elaborated to: (i) determine the distribution of microplastics along the Llobregat River, from source to its uptake in the DWTP; (ii) to 
evaluate the elimination of microplastics along the treatment processes and (iii) to determine their presence in Barcelona tap water. 

 

Experimental work 

The Llobregat river catchment has been monitored from source to the water uptake in the DWTP. The catchment is characterized by a 
high anthropogenic pressure generated by urbanization, industrial areas, Wastewater Treatment Plant discharges, agriculture and 
historical mining. The distribution of microplastics along the Llobregat river served to identify the focus of pollution.  

Then, several samples were taken along the Drinking Water Treatment Plant in order to detect and identify microplastics and its 
evolution or removal along the water treatment process. Thus, samples were collected from the following phases along DWTP of Sant 
Joan Despí: raw water, sand filters, granular activated carbon (GAC), reverse osmosis and treated water(Figure 1). Finally, 
representative samples were also taken from tap waters along the metropolitan area of Barcelona to determine the presence of 
microplastics in finished water. 

 

Figure 1:Scheme of the treatment process in the DWTP of Sant Joan Despí. In yellow, water analysed.  
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For Llobregat river water, 2.5 L of water were sampled and transported to the laboratory. Sampling of water within the DWTP was 
performed in situ and the amount of water collected was of 50-100 L depending on the treatment step. Waters were passed through a 
filtration ramp with a set of filters with decreasing mesh size ranging from 3.5 mm to 20 µm. Then, filters were rinsed with MilliQ 
water to collect the microplastics. In addition, a subsample of 1L was filtered through a teflon filter of 1 µm to collect the small 
microplastics.Flotation was performed using ZnCl2 to eliminate the sand present in the preconcentrated river, but this step was not 
fully successful as fine particles could not be removed. After this process, the preconcentrated sample was filtered as described above. 

Microplastic particles were detected and the size measured under a stereomicroscope-IR Leica EZ4D (10447200 SS33189) with a 
magnification from 12x, using the software Leica Application Suite EZ (Version 1.3.0/Build 3.1.170.0).Fibres and particles bigger 
than 20  microns have been removed manually from the filter and deposited on a diamond cell, where  they have been pressed with 
another diamond cell in order to achieve a thinner sample to be measured by FTIR in transmission mode. The identification was 
conducted out with a μ-FT-IR microscope (Thermo Nicolet iN10 MX/ Omnic version 7.3) equipped with a MCT detector and a 
diamond cell which was deployed in the transmittance mode. The IR spectra were recorded with a resolution of 4 cm-1, and with an 
aperture size from 25 to 100 μm. The spectrum range was from 4000 to 675 cm-1 with a collection time of 64 scans. All spectra were 
compared with a data base to verify the type of polymer. 

 

Results 

Microplastics were detected in Llobregat river water samples at growing concentrations towards the mouth of the river. The levels 
were between 5-10particles /L and main polymers detected were high and low density polyethylene, polyethylene terephthalate, 
polystyrene and acrylonitrile. Figure 2 shows a picture of water from the Llobregat river and after osmosis treatment. Most 
microplastics had a size < 100 µm.  During treatment, the concentration drastically decreased, with levels of 0.4 particles /L after sand 
filtration and in reverse osmosis, and the levels further decreased to <0.1 particles /L in finished water. Overall, the levels were very 
low and in accordance with a recently published study where levels of 0.7 miparticles/m3 were detected in drinking water from 
Germany(Mintenig et al., 2109). 

 

 

 

 

 

 

 

Figure 2:(A) filter of water from the Llobregat river, where the microplastics are observed with a background of sand and (B) a filter from the 
activated carbon treatment where microplastic filaments are observed along with black dots which are activated carbon used in the treatment. 

 

Overall, the present study demonstrates that water from the highly impacted Llobregat river has loads of microplastics but these are 
eliminated during treatment, so that the quality of the final water can be guaranteed.  

 

Keywords: microplastics, rivers, drinking water. 
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Abstract 

Plastics and rubber are used in many applications, such as packaging, building, construction and mobility. Due to their favourable 
properties like light weight, flexible processing and low costs their production and consequently their input into the environment has 
increased significantly over the last decades. In the environment,oxidation processes and mechanical abrasion lead to the 
decomposition of these plastics into small fragments, called microplastic (< 5 mm) [1]. By definition, microplastics only involve 
thermoplastics and duroplastics but elastomers made out of synthetic polymers (e. g. styrene butadiene rubber), modified natural 
polymers (e. g. natural rubber) and products of synthetic polymers (e. g. tires) are also part of the current microplastic discussion [2]. 
The main entry pathway of rubber into the environment is the wear of used tire treads in road traffic. Lassen et al. showed that 60 % 
of the microplastic emissions in Denmark into the environment come from secondary microplastics generated by tires [3].Rain events 
can cause microplastic and rubber to get from the street into the street inlets. Depending on the sewage system, these waters are 
sometimes not cleaned in the sewage treatment plants and reach the surface waters untreated. 

To analyse microplastic particles in samples, mainly FTIR or Raman spectroscopic methods are applied at present. Rubber or tire 
particles in environmental samples cannot be analysed by these methods, because the added carbon black leads to annoying 
absorption and fluorescent effects [4]. 

We developed a thermoanalytical method, the so-called TED-GC-MS (thermal extraction desorption gas chromatography mass 
spectrometry), which allows the simultaneous detection of microplastic and tire wear with almost no sample preparation in about 2.5 
h. The TED-GC-MS is a two-step analytical method which consists of a thermobalance and a GC-MS system. Up to 50 mg of an 
environmental sample is heated up to 600 °C in a nitrogen atmosphere. During pyrolysis, between 300 and 600 °C polymer-specific 
decomposition products are produced and collected on a solid phase. Afterwards the substances are desorbed, separated and analysed 
using the GC-MS [5].  

The aim of the present work is to present the TED-GC-MS as a time efficient screening method to quantify the industrial most 
relevant polymersin street run-off samples.Analytical challenges in the determination of polyethylene (PE), polypropylene (PP), 
polystyrene (PS), polyethylene terephthalate (PET) and polyamide (PA), polymethyl methacrylate (PMMA) and styrene-butadiene-
rubber (SBR) as a component of tire wear are honestly discussed. 

The study area is a 200 m long section of the Clayallee in Berlin, a representative typical urban catchment area. The road run-off in 
this section flows through the gullies directly into a sample chamber, which directs the runoff in an open channel to the rainwater 
sewer of this area. The sample chamber allows a sample to be taken directly from the road run-off without mixing with the run-off 
from other areas.The sample chamber is equipped with an automatic sampler. The automatic sampler is controlled by a conductivity 
sensor to detect the storm event at an early stage.The sensor gives the sampler a signal to start the sampling program when it gets in 
contact with water and reaches a certain conductivity threshold.The capacity of the sample container is 100 l and the maximum 
delivery of the automatic sampler is 2.8 l/min.  
Afterwards, the water was pumped through various stainless-steel sieves with a diameter of approximately 20 cm and mesh widths of 
500, 100,50 μm. The obtained solids were steam sterilized, freeze-driedand measured with the TED-GC-MS [6]. 

 

The results of the TED-GC-MS-measurements are summarized in Figure 1. It shows the polymers whichwere detected in 1 mg of the 
dry masses of various street run off samples obtained during a period of 1.5 years. We detected PMMA, PS, PP, PE and SBR, as a 
component of tire wear in the samples. The quantification of the polymers leads to amounts of PS, PP, PE and SBR between 0 µg and 
10 µg.PMMA was only detected in traces.  
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Figure 41: Mass of polymers which were detected in 1 mg of solid matter obtained from a street run off. 
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Abstract 

Recent environmental studies have shown the ubiquitous presence of organic contaminantsin environmental compartments including 
river water and sediments.The site of interest of this study is the river basin of Asopos, which is located inStereaEllada, north of 
Athens, due to its geomorphology and the industrial activities taking place in this territory.Asopos river has been the focus of 
severalresearch studies,mainly because of the highmedia coverage surrounding thepresenceand carcinogenic effects of Cr(VI). The 
major focus of previous efforts was the monitoring of metals, arsenic and physicochemical properties using existing regulatory 
standards,but ignored possible pollution from organic contaminants such as industrial chemicals, PPCPs from domestic activities or 
pesticides from the agricultural activities in the area of Oinofyta. 

The aimof the study was the development of an advanced methodology for the extended monitoring of emerging contaminantsin 
environmental samples fromAsopos river basin.Solid-Phase Extraction(SPE) by an in-house mixed-mode sorbent was used for the 
sample preparation of river water to ensure the extraction of compounds with wide range of physicochemical properties [Gago-
Ferrero et al, 2015] while an Ultrasonic Assisted Extraction (UAE) was used forthe sample preparation of sediments [Gago-Ferrero et 
al, 2015]. The extracts were analyzed by complimentary chromatographic techniques, achieving chemical characterization of the 
samples, including Reversed Phase (RP) Liquid Chromatography and Hydrophilic Interaction Liquid Chromatography(HILIC) 
coupled to Quadrupole-Time-of-Flight Mass Spectrometry (QToF-MS) due to its increased selectivity.The MS data were acquired 
through Data Dependent and Independent Acquisition modes (DDA and DIA). 

An in-house database of 3,000 compounds (emerging contaminants, naturally occurring compounds and endogenous metabolites) was 
used for target screening and the detection was based on retention time, mass accuracy, isotopic pattern of the precursor ions and 
MS/MS fragmentation pattern [Gago-Ferrero et al, submitted]. As for the suspect analysis, an in-house automated 
workflow“AutoSuspect” was used for the screening of emerging contaminants and their transformation products, including a database 
of approximately40,000 compounds (REACH chemicals, industrial chemicals,biocides, personal care products, pharmaceuticals, 
surfactants and compounds from the NORMAN network monitoring programs), (https://www.norman-
network.com/?q=node/236)[Aalizadeh et al, 2017]. A wide range of analytes was studied, following the aforementioned procedures, 
allowing the possibility of retrospective analysis. 

The selection of two sampling sites (one sampling site was close to industrial and agricultural activities,whereas the other one was 
chosen to becloser to the estuaries of the river) provided information for the levels of emerging contaminants and spills. The sampling 
schedule provided trend information for daily (sampling for 30 consecutive days) and seasonal trends (7 consecutive days in the 
beginning of every season). River water samples and sediments were analyzed not only for the priority pollutants according to the 
Directive 2013/39/EU, but also for emerging contaminantsfrom various classes of compounds. The wide scope screening strategies 
revealed a holistic view for the level of pollution, while chemometric tools for trend analysis designed in the Laboratory of Analytical 
Chemistry were applied for the first time for the analysis of environmental samples of Greece. 

The preliminary screening results indicate the presence of numerous industrial chemicals such as benzothiazoles, benzotriazoles and 
perfluorinated compounds (PFCs)in both sampling sites, as well as pesticides such as azoxystrobin and fluometuronpotentially 
originating from the nearby agricultural activities.Compounds from different classes of compounds including stimulants and 
pharmaceuticals were also detected.The results of this research will provide anoverview for the state of organic pollution in the 
Asopos river basin and highlighting potential sources of concern. 

 

Keywords: Emerging Contaminants, Monitoring, River water, Sediments, HRMS 
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Abstract: 

Human activity releases a wide variety of trace organic compounds, a class of contaminants termed micropollutants (MPs) when 
detected and active in environmental media in micro- to nano-gram/Lconcentrations. Although arising from different applications 
such as in pharmaceuticals, pesticides, and personal care products, the compound's chemical structure largely defines the action and 
distribution of MPsin the environment. Therefore, the equivalencein chemical structurebetween compounds strongly determines the 
similarity in the fate and transformation of MPs in engineered microbial systems, such as in activated sludge typical of wastewater 
treatment plants (WWTP)[Achermann et al., 2018].Notably, MPs containing amine functional groups have previously been shown to 
undergoion trapping in addition to transformation in WWTP activated sludge communities[Gulde et al., 2016]. Ion trapping might 
occur when the neutral form of a base crossesthe membrane of an organism (or of an internal vesicle) that exhibits a lower pH value 
than the surrounding environment. This process leads internally to higher fractions of protonated and thus positively charged species 
of the molecule, a form unable to diffuse through the membrane. In activated sludge, amines have been shown to concentrate 
specifically in the acidic vesicles of resident eukaryotic protozoa due to ion trapping[Gulde et al., 2016]. 

In addition to amines, the common wastewater component ammonia (NH3)is also capable of being ion trapped. Notably, when the pH 
of the compartment is below the pKa of weak bases such as NH3 and ammonia-containing MPs,the equilibrated pH of the internal 
vesicles will increaseresulting from the accumulation of the compounds and from the resulting concentration gradient opposing the 
action of ATP-dependent proton transportation [Davies et al., 1993].Therefore, the presence of NH3 within wastewater in the mg/L 
rangepotentially impedes the ion trapping ofamine-containing MPs by increasing the pH of internal vesicles. 

The concentration of NH3in aerobic activated sludge typically results from the balance of two processes during the consumption of 
nitrogen-containing organic matter: ammonification and nitrification. Ammonification concerns the breakdown of organic nitrogen to 
NH3, whereas nitrification is the oxidation of NH3to nitrite and then nitrate. Inhibitingthe nitrification pathway by allylthiourea (ATU) 
has been previously employed to identifyMPs transformed by the ammonia monooxygenase (AMO), theenzymethat catalyzesthe first 
step in the process[Men et al., 2017].However, employing ATU also leads to the accumulation of NH3. Therefore, we hypothesized 
that the increasing NH3 concentrations upon ATU addition might lead to reducedion trapping of amines and thus remobilize amine-
containing MPs, which may partially explain contradictory results on the effect of ATU addition. 

The objectives of this study weretherefore to (1) determine whether continuous concentrations of elevated ammonia impedes the 
trapping of amine-containing MPs previously observed in activated sludge, and (2) determine whether the accumulation of NH3within 
activated sludge through the inhibition of AMO remobilizes trapped amine-containing MPs. 

To achieve these objectives,batch experiments(100-mL) with aerobic activated sludgewere run under various conditions for 32 or 48 
hours. To confirm the results of a previous study, three cultures were amended with digitonin (a membrane disruptor of eukaryotes) at 
the start of the experiment to inhibit ion trapping, and three additional cultures were amended with digitonin only after 24 hours to 
induce the release of the ion trapped compounds. To determine the influence of continuous levels of ammonia, three reactors received 
a pumped addition of ammonium chloride (NH4Cl) to achieve a 10 mg/L NH3-N concentration. Finally, three additionalreactors were 
treated with ATU to inhibit AMO. All reactors were amended with a mixture of  ≥35MPs (a selection of compounds both with and 
without an amine functional groups) at the start of the experiment and sampled along the time course for microscopic observation of 
the resident protozoa, nitrogen-species analysis, andliquid-chromatography high-resolution tandem mass spectrometry (LC-MSMS) 
analysis. The nitrogen species were monitored photometrically using HACH test kits (HACH, Loveland, Colorado, United States). 
Aqueous samples for the LC-MSMS analysis were prepared by centrifugation and spiked with internal standardsfor quantification. 
These samples were separated using a reversed-phase column with a water/methanol gradient and analyzed on a Q-Exactive+ 
(Thermo Fisher Scientific, Waltham, MA, USA) in a full-scan switch mode to cover both negative and positive ionization. 
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After amending digitonin at 0 h, the representative observed concentrations of levamisole (amine-containing; predicted to undergo ion 
trapping) and bezafibrate (without an amine; predicted to undergo biotransformation) reproduce expected results, displaying an effect 
solely on levamisole (Figure 1.a). When observing the activated sludge community microscopically, no protozoa were detected 
throughout the experiment, physically lacking the potential for ion trapping. Additionally, aqueous phase concentrations of levamisole 
are recovered after the addition of digitonin at the 24-hour time point, highlighting the release of the trapped compound with the lysis 
of the protozoa and confirming the reversibility of the process. Other amine-containing micropollutants including citalopram, 
clozapine, mianserin, propranolol, and venlafaxine displayed similar profiles. 

 

Figure 1.The aqueous concentrationsof levamisole (top) and bezafibrate (bottom) over the experimental runfor (a) the digitonin (0 and 24 hr 
applications are colored black and grey, respectively), (b) thecontinuous ammonium-chloride, and (c) the ATU-treated reactors (solid lines) 
compared to the respective untreated controls (dashed lines). Error bars indicate the 95% confidence interval about the mean of triplicate values. 

The continuous addition of NH4Cl also displayed an inhibitory effect on the ion trapping of levamisole in the resident protozoa of 
activated sludge with minimal influence on bezafibrate (Figure 1.b). This inhibition was also noted for the ATU treatment; as the NH3 
concentration increased from <1 mg/L to 12.5±1.4 mg/L NH3-N over 48 hrs, levamisole was released back into the aqueous phase 
after 6 hrs (Figure 1.c). Because protozoa were microscopically observed throughout the ATU inhibition experiment, the increased 
NH3 influenced the ion trapping mechanism through a process other than the direct lysis of the cells. Combined, NH3distinctly 
influences the ion trapping of amine-containing MPs in the protozoa residing in activated sludge. 

The observed influence of NH3 likely determines the predicted fate of amine-containing compounds in WWTPs, with even 
lowNH3concentrations impeding ion trapping in protozoa (~10 mg/L NH3-N). Additionally, the influence of ATU-induced ammonia 
accumulation and subsequent interference with ion trapping explains why certain MPs have shown inconsistent evidence in studies 
targeting AMO. Overall, studies must consider the physical subcellular location of weakly acidic or basic MPs when investigating and 
predicting the fate of these compounds in activated sludge or other complex microbial communities.   

Keywords: micropollutants, amines, activated sludge, pH-dependence, ion trapping 
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Abstract: 

An agarose hydrogel-based passive sampler prototype was exposed to the outlet of a wastewater treatment plant (WWTP), equipped 
with membrane bioreactor (MBR), located in Cyprus. The treated wastewater was intended to be reused in the agriculture as result of 
the water stress conditions facing the region. Samplers in triplicates were exposed according to a time-series exposure plan with 
maximum exposure duration of 26 days. Composite flow-proportional water samples were collected in parallel with the passive 
sampling exposure plan and were analyzed by HORIZON SPE-DEX 4790 using same sorbent material as in the passive sampler. This 
enabled the field-scale calibration of the sampler by calculation of the substance specific sampling rates. Extracts from passive 
sampling and HORIZON SPE-DEX device were analyzed together in one-batch by liquid chromatography tandem MS/MS (LC-
QQQ) and liquid chromatography high-resolution mass spectrometry (LC-HRMS). LC-HRMS data were digitally-archived and were 
subjected to wide-scope retrospective screening using novel data-processing tools. Hydrogel-based passive sampler proved to be 
capable of detecting chemicals of emerging concern (CECs) at trace-level concentrations that were missed by traditional sample 
preparation methods. 

Motivation: 

Development of novel monitoring methods such as passive sampling (PS) as a promising tool for future application should be pursued 
according to the Environmental Quality Standards Directive (EQS) issued under the European Union's Water Framework Directive 
(WFD). This recommendation derives from the fact that CECs are often present at trace but toxic concentration levels in the 
environment. Their low concentration (as low as few pg L-1) makes them difficult to detect with traditional sampling and sample 
preparation protocols. PS is a novel approach offering detection of CECs in ultra-trace concentration levels. PS is cost-effective, 
offers an representative image of pollution over a period of several weeks, does not require transport of big volume samples to the 
laboratory and can be easily integrated into a variety of monitoring programs. 

Such program can be the monitoring of effluent wastewater from WWTPs even the ones equipped with advanced treatment. 
Therefore, CECs and their transformation products may persist in the treated wastewater in trace concentration levels. Effluent 
wastewater is used in water management plants and in agriculture in regions with water shortage. However, the reuse of treated 
wastewater is accompanied with a list of possible threats to the environment and human health, which have not been documented in 
the legislation yet. An example of these threats is the potential uptake and bioaccumulation of CECs from the treated wastewater to 
the plants and fruits in cases which effluent wastewater is reused in agriculture. It is of utmost importance to have a holistic overview 
of the chemical pollution in effluent wastewater intended for reuse, perform risk assessment to prioritize the CECs that can potentially 
harm the environment and human health. A holistic overview can be achieved only with powerful sampling methods capable of 
detecting trace-level chemicals such as PS combined with high-throughput HRMS monitoring. 

 

 

Methods: 

The passive sampler consists of two stainless steel rings, between which are placed four layers of 0.1 cm thick gel. The outer 
(diffusion) layers consist of a 1.5% agarose hydrogel film of 5.6 cm diameter with an embedded nylon mesh. The inner (sorption) 
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layers are made up of 1.5% of a 3.8 cm diameter agarose hydrogel with the dispersed Oasis HLB sorbent. The active area of the 
sampler is approximately 22.68 cm2 and the weight of the sorbent in the sampler is 0.1 g. Samplers were deployed in protective light-
weight stainless-steel cage. After the exposure, deployed samplers were disassembled, sorbents were spiked with internal standards 
(IS) and were extracted by addittion of 20 mL methanol and overnight shaking on an orbital shaker at 60 rpm, a procedure that was 
repeated with another 20 mL methanol.  

The composite wastewater samples were spiked with IS. Sample preparation was achieved using HORIZON SPE-DEX 4790 with 47 
mm disk holder (Atlantic HLB-M Disk). Disks were cleaned up with isopropanol and Milli-Q water, were pre-conditioned with 
methanol, ethyl acetate and Milli-Q water. Samples were loaded, and disks were dried with air for 20 min and extracted with 
methanol.  

The extracts were evaporated under a gentle nitrogen stream until dryness, were reconstituted to 500 uL of methanol and water 50:50 
and were filtered through 0.2 um syringe filter (Phenomenex, USA). All extracts were analyzed using a UHPLC-ESI-QQQ system for 
target screening of pharmaceuticals and antibiotics and a UHPLC-ESI-QTOF-MS system which enabled wide-scope target and 
suspect screening 

Results: 

Extracts were analyzed using a highly-sensitive target screening LC-MS/MS method for a set of 171 drugs including many 
pharmaceuticals, antibiotics and psychoactive substances. 115 of them were detected in all weekly composite samples and in PS 
extracts. Additional 16 compounds were captured only in the passive sampling extracts at sub-ppb concentration levels. Among them 
the antibiotics sulfamethizole and sulfamethoxypyridazine both at average concentration levels 0.4 ng L-1. Most of the detected 
substances followed integrative behavior until the end of the deployment while few showed integrative behavior until the 19th day of 
exposure. Relative standard deviations (RSDs) of triplicates did not exceed 20% including sampling and analysis. For the compounds 
detected by both methods, the substance specific coefficients were calculated; sampling rate (Rs). Average Rs was calculated 0.08 L 
day-1. Rs can be viewed as the volume of water extracted per unit time and forms a conceptual link between traditional batch water 
extraction methods and passive sampler-based methods. An extensive quality control protocol was applied for the passive samplers as 
a result of the time-series experimental setup and deployment. This helped a lot to reveal the behavior of the substances with the 
passive sampler and additionally verified the concentration levels of the targeted substances as revealed from the traditional SPE 
method followed for the analysis of the composite water samples. 
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Figure 1:Uptake of codeine to the hydrogel-based passive sampler. The open circles express concentration measured in weekly composite water 
samples. The full symbols denote concentration measures in passive samplers. Exposure time of a particular sampler is indicated next to each data 

point. The dashed line expresses a linear regression line through samplers labelled with circle symbols. Sampling rate of 0.08 L day-1 was calculated 
as a ratio of the uptake line slope and the mean concentration in water. 

 

 

Keywords: urban effluent wastewater,high-resolution mass spectrometry, passive sampling, wastewater reuse 

 

77
7

777

7
7

7 7
7
7

141414

21

21
21

28

2828

14
14
14

W1

W2 W3
W4

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

0 5 10 15 20 25 30

C
o

n
ce

n
tr

a
ti

o
n

 (
n

g
/s

a
m

p
le

r;
 n

g
/L

)

Exposure (days)

Codeine 



707 
 

Microplastics versus drinking water treatment 

 

L. Cermakova*, K. Novotna, L. Pivokonska, M. Pivokonsky 

Institute of Hydrodynamics of the Czech Academy of Sciences, Pod Patankou 30/5, 166 12 Prague 6, Czech Republic 

*cermakova@ih.cas.cz 

 

Abstract: 

Nowadays, microplastics (MPs) are being detected in seas, oceans and freshwater bodies worldwide, even in very remote areas. Some, 
so far rare, studies reported also the occurrence of MPs in potable water. Despite the potential adverse effects on human health are 
still largely unknown, the presence of MPs in drinking water deserves more attention. Besides the need for elimination of MPs in 
natural environments, it is necessary to focus also on their fate and removability at drinking water treatment plants (DWTPs) that pose 
a barrier for MPs to enter water for human consumption. We decided to summarize all available information regarding the presence of 
MPs in drinking water sources (both in raw water directly at DWTPs and in freshwaters) and in potable water (both in public drinking 
water system and in bottled waters), and regarding the removal of MPs by different water treatment processes. Approximately 100 
studies were reviewed to provide concise conclusions. This summary enabled to identify the research needs regarding MP removal by 
DWTP technologies. We also compared MPs to other pollutants commonly present in raw water for DWTPs.  

In general, the numbers of MPs detected in water (raw/freshwaters as well as drinking water) vary significantly, from negligible to 
several thousand per litre (Oßmann et al., 2018; Pivokonsky et al., 2018; Schymanski et al., 2018; Mintenig et al., 2019; Triebskorn et 
al., 2019). Besides the diversity of samples, some differences may also arise from the variations in sampling, sample preparation and 
methods used to identify MPs. Overall highest numbers of MPs were reported by studies that analysed MPs down to the size of 1 µm 
(Oßmann et al., 2018; Pivokonsky et al., 2018). These and some other studies (Schymanski et al., 2018; Triebskorn et al., 2019) 
suggest that the size distribution of MPs skews towards the smaller sizes. It can be therefore speculated that studies that analysed only 
MPs in the range of dozens/hundreds µm and larger might have determined only an unknown proportion of MPs. However, even 
these results are highly valuable and it is of note that the determination of MPs in µm range is very complicated. Nevertheless, current 
results imply that regarding potable water, the most attention should be paid to the smallest MPs (in µm range). While MPs > 50 µm 
are likely to be completely removed during conventional drinking water treatment, MPs < 10 µm comprised majority in drinking 
water (Oßmann et al., 2018; Pivokonsky et al., 2018) and seem to be the biggest challenge for DWTPs. 

Regarding the removability of MPs by water treatment processes, much more attention has been paid to wastewater treatment plants 
(WWTPs) compared to DWTPs so far. High removals of MPs at WWTPs were reported, up to 99%(Carr et al., 2016; Lares et al., 
2018; Simon et al., 2018), however, none of these studies covered MPs < 10 µm, thus their fate during wastewater treatment processes 
remains unexplored. To the best of our knowledge, only two studies regarding the removal of MPs at DWTPs have been published. 
One of them (dealing with water from surface sources) reported a significant decrease (around 70-85%) in MP (> 1 µm) abundance 
between raw and treated water, however, it is not clear which treatment step caused the removal (Pivokonsky et al., 2018). The other 
study (dealing with water from underground) determined MPs (> 20 µm) at different stages of the water supply chain, however, they 
found such small numbers of MPs that it is not possible to derive any clear conclusions regarding the MP removability (Mintenig et 
al., 2019). Regarding the investigation of MP removal by distinct drinking water treatment processes under laboratory conditions, two 
studies have been published (Ma et al., 2019a,b). They observed up to approximately 90% removal of polyethylene MPs (< 0.5 mm) 
by coagulation/flocculation, however, a mixture of coagulants at extremely high doses was necessary to reach this result. They 
investigated also ultrafiltration, which was effective due to the much larger size of MPs compared to the membrane pores, however, 
membrane fouling appeared at the high doses of coagulants.  

As there is no legislative limitation for MP content in drinking water and potential impacts on human health are not known, it is 
difficult to consider the currently reported numbers of MPs in drinking water (up to thousands items per litre) as too high or 
satisfactorily low. It is also difficult to compare the contents of MPs in water to other common pollutants as these are usually 
expressed in different units, e.g. weight per volume. A partial comparison may be provided by asbestos fibres that are usually reported 
in million fibres per litre (MFL) and up to > 10 MFL were observed in water supplies (WHO, 2003). These numbers are much higher 
compared to the so far reported MP contents. Comparison of MP abundance to the pollutants of natural origin such as 
algal/cyanobacterial cells or clay particles is difficult, however, they are in similar size range which suggests that the same removal 
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techniques may be applicable. Only further research will show whether an adjustment of conventional drinking water treatment 
processes can effectively remove MPs or whether new technologies are required. 

It can be concluded that the future investigations regarding MPs versus drinking water treatment should include (i) more research 
focused on the quantification and characterisation of small MPs (in µm range) in drinking water and its sources, (ii) thorough 
investigation of removability of MPs by distinct treatment technologies employed at DWTPs (and also of possible enrichment of MPs 
during the conventional treatment) and, if needed, (iii) optimization of the treatment processes or inventing new techniques targeted at 
MP removal (or specifically at MP fractions that would not be removable by the conventional treatment). When preparing artificial 
samples, attention should be paid on their similarity to MPs occurring in raw water.  

Keywords: drinking water, microplastics, pollutants, water treatment, wastewater 
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Abstract: 

Several configurations of passive samplers based on diffusive gradients in thin films for polar organic compounds (o-DTG) were 
developed in last few years(Challis, Hanson, & Wong, 2016; Chen, Zhang, & Jones, 2012; Guibal, Buzier, Charriau, Lissalde, & 
Guibaud, 2017). The uptake of compounds to most samplers is influenced by water boundary layer (WBL), but in case of o-DGT, the 
layer of diffusive gel is thicker than typical thickness of WBL. As a results, the diffusion process through the diffusive gel to the 
binding gel with sorbent presentsthe limiting factor for compound uptake to sampler. Therefore, performance of o-DGT sampler is 
typically independent on hydrodynamic conditions, unlike other passive samplers used for polar compounds. 

Recently, a new version of o-DGT sampler comprising agarose diffusive gel and Oasis HLB binding gel was proposed and calibrated 
in our laboratory for monitoring pharmaceuticals, polar pesticides and perfluorinated compounds in water. In this field study newly 
designed hydrogel-based passive sampler wastested in the effluent of a municipal wastewater treatment plant. Samplers in triplicates 
were deployed for different time periods(Figure 1) to verify if the uptake of chemicals is in the kinetic regime. Water  concentration 
estimated by o-DGT sampler was compared to daily composite water samples, as well as to concentration obtained using other 
simultaneously deployed polar passive samplers such as polar organic integrative sampler (POCIS) and Speedisk. 

Methods: 

The o-DGT passive sampler consists of two inner disks of a sorptive 1.5% agarose hydrogel with the dispersed Oasis HLB sorbent 
with a diameter of 3.8 cm and two outer diffusive 1.5% agarose hydrogel disks of a 5.6 cm diameter with an embedded nylon mesh. 
All gel layers are 0.1 cm thick and they are placed in between two stainless steel rings and held together by three stainless steel bolts 
and nuts. The active surface area of the sampler is approximately 22.68 cm2 and the mass of the sorbent in the sampler is 0.1 g. 

The studywasperformedintheeffluentoftreatedwastewaterfromalargemunicipalWWTPinModřice (capacity approximately 
500,000equivalentinhabitants).Thesamplingwascarried out inadischarge basinwhereflowand volumeof treatedwastewater is 
measured.At the end of the cube-shaped basin,astraight horizontal wastewater dischargepipelinefeedsintothe 
basinatadepthof3mbelowgroundlevel.Theminimumwaterdepthinthebasinis2.35m. The necessary supporting measurements such as 
water temperature, flow andpH were provided by WWTP operator. 

Samplers were deployed in stainless steel wire frame according to deployment design (Figure 1). After exposure, deployed samplers 
were disassembled and sorptive gel disks were extracted in 10 mL of methanol with 0.5 % ammonia (w/w)shaking overnight on an 
orbital shaker at 60 rpm.An extraction procedure was repeated with 10 mL of methanol. Combined extracts were evaporated under 
gentle nitrogen flow and filtered through nylon syringe filter. 

Pharmaceuticals,pesticides and perfluorinated compounds in passive samplers and composite water samples were carried out by use 
of an Accela 1250 LCpump and Accela 600 LC pump (Thermo Fisher Scientific, San Jose, CA,USA) with an HTS XT-CTC 
autosamplers (CTC Analytics AG, Zwingen,Switzerland) coupled to a Q-Exactive mass spectrometer and a triplestage quadrupole 
MS/MS TSQ Quantum Ultra mass spectrometer(both from Thermo Fisher Scientific, San Jose, CA, USA). A HypersilGoldaQ column 
(50 mm × 2.1 mm ID × 5μm particles; Thermo Fisher Scientific, San Jose, CA, USA) was employed for separation of the 
targetanalytes. The sample extracts were supplemented with isotope-labelledinternal standards prior to dilution with ultrapure water 
(1:1) and analyzed by use of conventional LCinjection (10μL of sample per injection).Fedorova et al.(2014); Fedorova et al.(2013) 
and Grabic et al. (2012) describe the validated method in full detail. 
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The uptake kinetics of passive samplers can generally be described by the steady state mass transfer equation (Booij, Vrana, & 
Huckins, 2007): 𝑑𝐶𝑆𝑑𝑡 = 𝑘𝑂𝐴𝑚𝑆 (𝐶𝑊 − 𝐶𝑆𝐾𝑆𝑊) #(1)  

 

where CS (ng kg-1) is the mass of sorbed compound per sorbent mass, t (d) is the sampling time, kO (L m-2 d-1) is the overall mass 
transfer coefficient, A (m2) is the sampler surface area, mS (kg) is the sorbent mass, CW (ng L-1) is the compound concentration in 
water, and KSW (L kg-1) is the compound`s sorbent/water distribution coefficient. The product of k0A (L d-1) can be viewed as the 
sampling rate (RS). The compound uptake data to passive samplers, expressed as a function of aqueous concentration from composite 
water samples were processed in the Model Maker software (Cherwell Scientific Limited2000) using a model defined by a differential 
equation based on Equation 1. Aqueousconcentrations were incorporated by numerically computed fourth order Runge-Kuttasolution 
of the equation. 
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Figure 1: Passive sampler deployment design 

 

Results: 

Performance of passive samplers was evaluated in terms of time-integrative sampling period and substance specific sampling rates. 
The sampling rates are expressedas substance specific volume of water cleared of chemical per unit of time. Relationship of sampling 
rates with physicochemical compounds properties such as logKow, log D and pKa will be discussed. 

 

Keywords: o-DGT, passive sampling, polar organic compounds, wastewater treatment plant 
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Introduction 

The contamination of surface waters by micropollutants has become a worldwide issue of increasing environmental concern with low 
concentrations ranging from pg.L-1 to ng.L-1 (Schwarzenbach et al., 2006). These micropollutants, also called emerging 
contaminants, encapsulate a wide range of chemicals including personal care products, pharmaceuticals, pesticides, steroid hormones, 
illicit drugs and many more (Petrie et al., 2015). They could have negative effects on aquatic ecosystems as endocrine disruptors, 
induction of antibiotic resistance, cytotoxic and genotoxic effects or chronic effects by a long-term exposure (Pruden et al., 2006).  

Few studies have studied micropollutants in domestic wastewater. Eriksson et al. (2003) mentioned that alkylphenols in domestic 
wastewater originate from the chemical products used in households such as detergents. In France, Bergé et al. (2014) showed the 
significant contribution of domestic wastewater to the load of alkylphenols and phthalates in the Parisian sewer network. Indeed, in 
this weakly industrialized and highly urbanized catchment, less than 5% of total loads of these compounds came from industrial 
discharges (Bergé et al., 2014). They demonstrated that was the most contaminated water. To finish, Deshayes et al. (2017) showed 
that these compounds came mainly in domestic waste water from shower and washing machines wastewater.The purpose of this paper 
is to show the origin of alkylphenols, phthalates and parabens in greywater. 

Materials and methods 

The identification of the origin of the contamination of greywaters was assessed through the decomposition of waters from washing 
machine and shower. Samples from washing machine (n=4) and shower (n=4) were fragmented into four types of samples as 
illustrated figure 1. For washing machine, tap water, water from an empty machine, water from a machine with laundry products but 
without clothes and water from a complete machine were analyzed. For shower, tap water, water stored in the bathtub, water from a 
shower without soap or any cleaning products and water from a classic shower were analyzed. Consequently, several potential sources 
were investigated:  

• For washing machine: tap water (1), washing machine (2), laundry products (3) and clothes (4); 

• For shower: tap water (1), bathtub (2), personal care products (3) and volunteer (4). 
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Figure 1 : Decomposition of greywaters from washing machines and showers 

 

Results 

Table 1 gives the contribution of water, bathtub, volunteer and products to the contamination of showers by micropollutants. 
Contribution of the tap water wasquite low close to zero (means <7%). , Two trends were identified: 

• Globally similar contribution between volunteers and products was observed for MeP (about 50% for both), DEP (36%), 
DnBP (40%) and BBP (51%).  

• . For NP products were the only source (100%)in shower greywater . For DEHP, contribution of products was between 45 
and 83% while volunteer’s contribution never exceeded 39%. Therefore, we can conclude that  

 

Table 1: Contribution (%) of water, bathtub, volunteer and products to the contamination of showers (mean, min-max) 

 Tap water Bathtub Volunteer Products 

NP 0 0 0 100 

DEP 0 0 36 (0 – 72) 64 (28 – 100) 

DnBP 0 0 40 (9 – 87) 60 (13 – 91)  

BBP 7 (0 – 21) 12 (0 – 38) 51 (0 – 82) 30 (0 – 100) 

DEHP 2 (0 – 8) 6 (3 – 10) 31 (17 – 39) 62 (45 – 83) 

MeP 0 0 51 (27 – 72) 49 (28 – 73) 

EtP 0 0 66 (32 – 100) 34 (0 – 68) 

PrP 0 24 (0 – 95) 36 (0 – 73) 40 (5 – 74) 

 

Table 2 gives the contribution of water, machine, products and clothes to the contamination of washing machines by micropollutants. 
As for the part of shower, the tap water had a really low impact. Except for the BBP with a maximum contribution of 44%, washing 
machines were not responsible of pollution in greywater.  

Contrary to showers, sources of contamination in washing machines were well-defined. Indeed, except DnBP and NP, all compound 
came from clothes. Indeed, NP and DnBP are majoritary introduced in greywater of washing machine by products (85 % and 68% 
respectively). Other compounds came exclusively from clothes. 
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Table 2: Contribution (%) of water, machine, products and clothes to the contamination of washing machines (mean, min-max) 

 Tap water Washing machine Products Clothes 

OP 0 0 16 (0 – 47) 84 (53 – 100) 

NP 0 4 (0 – 11) 85 (55 – 98 ) 11 (0 – 45) 

DEP 0 4 (0 – 11) 0 (0 – 2)  96 (94 – 100)  

DnBP 0 5 ( 3 – 10) 68 (24 – 95) 27 (0 – 73) 

BBP 0 (0 -2) 14 (1 – 44) 2 (0 – 11) 84 (63 – 99) 

DEHP 0 (0 – 1) 4 (1 – 8) 8 (3 – 12) 88 (81 – 96) 

MeP 0 1 (0 -3) 1 (0 – 2) 98 (97 – 99) 

EtP 0 0 3 (0 – 11) 97 (89 – 100) 

PrP 0 1 (0 – 3) 1 (0 – 2) 98 (97 – 99) 

 

 

Conclusion 

Results showed that, at the exception of BBP, alkylphenols and phthalates in shower originated predominantly from products (from 
60% to 100%) and parabens originated both from products and people. From theseresults, some new issues arise:  

 What are the origins of micropollutants found on volunteer for those which are not present in the cosmetic formulations? 
 Which levers could be used to effectively reduce the transfer of these pollutants into greywater between regulation or 

consumers awareness? 

For the contamination of washing machine greywater results showed two distinct sources. NP and DnBP come from products. Other 
compounds come from clothes.The questions that remain outstanding are: 

 Do contaminations come directly from the release of clothing? 
 Can clothing be a vector of contamination with the deposition of contaminants during the day of use? 
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Abstract 
Halogenated organic substances are often persistent and bioaccumulative and therefore environmental contaminants of high concern. 
Well established target methods exist to monitor certain halogenated compounds;however, these methods only allow the detection of 
a minor fraction of the substances potentially present in the environment. Advances in high resolution mass spectrometry 
(HRMS)have initiated a new trend in analytical dataand their processing, and the number of substances that can be investigated has 
substantially increased. This work aims to identify polar halogenated micropollutants in the aquatic environment by using suspect 
screening strategies based on a national regulatory database covering information on occurrence on the market and consumption 
(Figure 1). 

In total, 389 substances were prioritized and included in the suspect screening list; most of whichnotinvestigated in previous 
studies.Sampling was performed using the passive sampler Polar Organic Chemical Integrative Sampler (POCIS) with Oasis® HLB as 
the receiving phase. The samplers were deployed within a Swedish catchment and included sites affected by medium to large size 
wastewater treatment plants (WWTPs) or exclusively affected by on-site sewage treatment facilities (OSSFs; 7 sites, in total 28 
samples). Samples were analysed using an ultra-performance liquid chromatography (UPLC) system coupled to a quadrupole-time-of-
flight (QTOF) mass spectrometer (MS). The evaluation of the suspects was carried out following a workflowpreviously developed by 
Gago-Ferrero et al. (2015). Out of the 389 introduced suspects, 110 hits were obtained accomplishing thresholds in mass accuracy, 
isotopic fit and chromatographic retention time plausibility. After careful evaluation of the MS/MS spectra, several compounds were 
tentatively identified at different levels of confidence(Schymanski et al., 2014), and five of them were later confirmed with their 
corresponding reference standard. It is noteworthy that most of these 110 compounds have never been investigated in 
Sweden.Additionally, 84 micropollutants, including highly used pharmaceuticals, personal care products, pesticides, artificial 
sweeteners and perfluoroalkyl substances (PFASs), were analysed using a target methodology in order to correlate their presence with 
the new detected substances. 
Keywords:organohalogens, suspect screening, HRMS, passive sampling, surface water 
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         Figure 43: Workflow schematic of the present study.  
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Abstract 

Introduction 

Water quality is a major issue in South American countries, like Brazil. Most of the Brazilian rivers are strongly influenced 
by urban areas and intensive human occupation. The inefficiency of the sewage collection and treatment aggravates the degradation of 
Brazilian freshwater ecosystems, where most of the cities are not fully covered by basic sanitation and many households dispose of 
the raw sewage in rivers. For this reason, raw sewage and wastewater treatment plants (WWTP) are the major sources of pollutants 
inside urban rivers. These pollutants are organic matter, nutrients, heavy metals and also micropollutants. There are several classes of 
micropollutants, but among the emerging contaminants, there are some important examples: personal care products (PCPs), 
plasticizers, fragrances, and pharmaceuticals.  

The use of pharmaceuticals by overall population increases every year, and the most frequently used pharmaceuticals are the 
anti-inflammatories and analgesics. Usually, they don’t need a medical prescription for their purchase, are easily found in drugstores 
and are cheap. Most of the pharmaceuticals are not completely absorbed by the human organism and the active compound and/or a 
metabolite are excreted through domestic sewage. In the WWTP these compounds are not completely removed from the effluent since 
the biological treatments employed in Brazil are not efficient. Therefore, pharmaceuticals are frequently detected in domestic sewage 
and in freshwater ecosystems in concentrations from ng L-1 up to µg L-1. The major issue is that, even in such low concentrations, 
pharmaceuticals can be toxic to aquatic organisms, like algae, fishes and even non-aquatic species, like birds. Some pharmaceuticals 
are considered persistent in the environment, while others are easily photodegraded. However, pharmaceuticals are not included in 
any environmental laws in Brazil, and their occurrence in aquatic ecosystems was only studied in few Brazilian cities and river basins 
(Ide et al. 2017; Kramer et al. 2015; Locatelli et al. 2011). Therefore, the aim of this research was to assess the occurrence of anti-
inflammatories and analgesics in an urban river in Southern Brazil.  

Methodology 

 The Ronda River is located in a city called Ponta Grossa, in the southern state of Paraná. The city had a recent and unplanned 
urban expansion and today has approximately 300 thousand inhabitants. The sources of Ronda River are located in the city center, in a 
high-density urban area. Four sampling points were chosen to assess the occurrence of pharmaceuticals: AR1, near the source of the 
river, AR2, located in an area with many poor residents, AR3, upstream a WWTP and AR4, downstream a WWTP. From 
December/2015 to October/2016 four seasonal sampling campaigns were performed. All the sampling campaigns were performed at 
the end of spring, summer, autumn, and winter. This area has a humid subtropical climate, with no dry season. However, in the period 
of the first sampling campaign, the area was under the influence of El Nino, which caused intense rain events.  

 Five pharmaceuticals and one metabolite were assessed: ibuprofen (IBU), diclofenac (DIC), acetaminophen (ACE), 
acetylsalicylic acid (AAS) and its metabolite salicylic acid (AS), naproxen (NAP) and ketoprofen (KET). In each sampling point 1L 
of water was collected in a previously decontaminated glass bottle. The water was filtered with cellulose acetate membranes (0.45µm) 
and acidified with HCl until the pH reached 3. The target compounds were extracted from the water samples using C18 Cartridges 
from Chromabond®, using the solid phase extraction (SPE) method and analyzed by high-performance liquid chromatography 
(HPLC-DAD). The extraction and chromatographic methods were based on Ide et al. (2017).  

Results 

 All target compounds were detected in the water samples. However, some pharmaceuticals were detected below the limit of 
detection (LD) or the limit of quantification (LQ) in some samples. The lowest detection frequency was of DIC and ACE, both 
detected in only two samples (12.5% of the samples). The detection frequencies are described in Table 1. DIC was detected in the 
sampling points AR2 and AR4 during the second sampling campaign and ACE was also detected in the sampling points AR1 and 
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AR4 during the third sampling campaign. The degradation of these two compounds is usually fast and induced by photolysis, which 
can explain the low concentrations detected (Poirier-Larabie et al. 2016).  

Table 1:Concentration ranges (ng L-1)and detection frequencies (%) of the target compounds 

Sampling point IBU DIC ACE AAS AS NAP KET 

AR1 nd-1888.64 nd nd-424.70 nd-1242.12 nd-934.34 nd nd 

AR2 416.55-2788.25 nd-495.2 nd nd-1476.09 nd-859.54 nd-262.02 nd 

AR3 nd-1829.15 nd nd nd nd-266.05 nd-442.50 nd-1858.64 

AR4 nd-1117.95 nd-508.4 nd-269.33 nd-439.45 nd-394.78 nd-121.66 nd-42.56 

Detection freq. 75% 12.5% 12.5% 18.75% 31.25% 25% 25% 

 

The highest detection frequency was from IBU, detected in 75% of the samples and quantified in 62.5%. IBU was also 
detected at the highest concentrations, reaching 2788.25 ng L-1 in sampling point AR2 during the first sampling campaign and 
1829.15 ng L-1 in sampling point AR3 during the second sampling campaign. Ibuprofen is usually detected in high concentrations in 
other studies (Bu et al. 2013; Pereira et al. 2016), showing that the compound is highly consumed and is also persistent in the 
environment. High concentrations were also detected for CET and AAS. The concentration ranges can be visualized in Table 1.  

 The micropollutants were mainly detected in the sampling points AR2 and AR4. The sampling point AR2 is located in an 
area with many poor residents, where many households are not connected to the sewage collection system. Therefore,discharges of 
raw sewage inside the Ronda River are frequent in this area, which may be affecting the water quality and increasing the 
concentration of pharmaceuticals. The sampling point AR4, although is not completely surrounded by urban areas,also presented high 
frequency detections, but lower concentrations than AR2. Since the sampling point AR4 is located downstream of a WWTP, the 
release of pharmaceuticals into the environment may be continuous, but in lower concentrations than the ones found in raw sewage 
influenced areas. 

 The detection of pharmaceuticals was the lowest during the first sampling campaign, mainly because of the dilution factor 
caused by the intense rains of El Nino. On the other hand, the highest detection frequency occurred during the third sampling 
campaign, at the end of the autumn. Usually, rain events are not so frequent during this period, which also may have contributed to 
increasing the concentration of pharmaceuticals in the Ronda River in the third sampling campaign.  

 Another interesting result is that the occurrence of the metabolite AS was higher than the parent compound AAS, showing 
that the parent compound was absorbed, metabolized and excreted. The higher occurrence of AS, as well as the other compounds,  
strongly indicate that the area is influenced by anthropic activities and the Ronda River is polluted with domestic sewage and the 
effluent of the WWTP.  

Conclusion 

 All target compounds were detected in the Ronda River, but the highest concentrations were of ibuprofen, a popular anti-
inflammatory. The most polluted sampling points were AR2 and AR4, which are influenced by the discharge of raw sewage and the 
effluent of the WWTP. The presence of pharmaceuticals in urban rivers indicates that the sewage collection and treatment system is 
inefficient, and should be improved.  
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Large amounts of persistent organic pollutants (POPs) have accumulated in sediments, especially close to former point sources. When 
the emissions of persistent organic pollutants from primary sources decrease, the contaminated sediment can become the main source 
of contaminants to the aquatic environment. From the sediment, the POPs are continuously dispersed to aquatic organisms living in 
the sediment and in the water column.Passive sampling methods can improve basis for the mechanistic understanding of fate and 
transport processes in sediments and havethe potential to significantly improve risk assessment and management of contaminated 
sediments. Partitioningpassive sampling methods can be used asa negligible-depletion method for assessing freely dissolved (Cfree) 
concentrations as a measure of chemical activity, or a depletive method for measuring the (readily) desorbing contaminant 
concentration (Cas) of the sediment as a measure of bioaccessibility.The multi-ratio method, developed by Smedes et al. 
(Smedes2013) is based on the principle that incubations at low sampler/sediment ratios yield the concentration in the pore water 
(minor depletion of the sediment phase) and incubations at high sampler/sediment ratios yield the accessible concentration in the 
sediment (maximum depletion of the sediment phase).  

 

 

Figure 1: Map of the Danube sites where sediment samples were collected during JDS 3 in 2013 

 

In our study we applied the multi-ratio method to determine Cfree and Casof a range of POPs including polycyclic aromatic 
hydrocarbons (PAHs), organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers 
(PBDEs), musks and alkylphosphates in surface layer sediments collected from Danube river at nine sampling stations (Figure 1).The 
sampling sites were selected to represent ecosystems impacted by different levels and scenarios of pollution by POPs. Collected 
sediments represent mixed composition of the river bed layer. AlteSil™ translucent silicone rubber (SR) sheets 0.5 mm thick (Altec, 
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UK) were used as passive samplers. A set of five samplers (weight from 0,4 to 15 g, with surface area of ~13 - 495 cm2) was used for 
each sediment sample. Five different sampler-sediment phase ratios (from 0.0006 to 0.2) were chosen to cover range from low to high 
depletion level (D) of POPs in sediment. Exposure of SR samplers to sediment suspension was carried out in amber glass bottles for 
42 days. After exposure, the samplers were retrieved from the bottle, rinsed with ultra pure water, wiped dry with a paper tissue and 
soxhlet extracted in methanol. POPs were analysed in the sampler extracts by GC/MS-MS. 

The freely dissolved concentrations of PCBsranged from 0.03 to 77.6pgL-1 and PAHs from 0.001 to 30.13 ngL-1. PCBs were mostly 
fully accessible (80 – 100 %) in comparison with PAHs (20 – 40 %).Hexachlorobenzene and pentachlorobenzene were foundranging 
from10to230 pg L-1 and DDT breakdown products, i.e. 4,4’-DDD and 4,4’-DDE , were well within the measurable range (0.4 – 390 
pg L-1). 

Results are discussed in relation to POPs levels in the water column (Vrana 2018), also measured by passive sampling to identify 
whether sediments present a sink or source of diffusive pollution by POPs. Sum of PCBsCfreeare shown in Figure 2. 

 

 

 

Figure 2:Comparision of surface water Cw,0 and sediment pore water Cw of ∑PCBs concentrations at adjacent sampling sites. 

Keywords: equilibrium passive sampling, silicone rubber, sediment, freely dissolved concentrations, hydrophobic organic compounds 
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Abstract 

The presence of brominated flame retardants (BFRs) such as polybrominated diphenyl ethers (PBDEs) and hexabromocyclododecane 
(HBCD) in the environment, their persistence, bioaccumulation and biomagnification and our exposure to BFRs via the indoor 
environment and the food chain is still an indisputable danger for the human health.  

For more than fifteen years, scientific evidence has been gathered on the endocrine-modulating effects of PBDEs, besides other 
recognised adverse health effects like neurodevelopmental toxicity andemerging indications of cancer[Lilienthal, Hack, Roth-Härer, 
Wichert Grande & Talsness, 2006,Hoffman et al., 2017]. 

Notwithstanding the adoption in 1999 of the Community Strategy on endocrine disruptors, the European Commission has considered 
it necessary to step up its commitment to further protect its citizens and the environment by outlining a renewed and horizontal 
strategic approach to endocrine disruptors for the years to come [COM(2018) 734 final, 2018].  

The monitoring of BFRs in environmental and food samplesis therefore an ongoing task for analytical laboratories, which also have to 
deliver reliable measurement results for compliance purposes (e.g. PBDEs and HBCDare included in the list of priority substances of 
the EU Water Framework Directive with defined environmental quality standards in water and biota) [Commission Recommendation 
2014/118/EU, 2014, Directive 2013/39/EU, 2013] .Certified reference materialsare an important element of quality assurance and 
quality control in the chemical analysis, in particular for assessments ofaccuracy [Directive 2009/90/EC, 2009]. 

This contribution presents the certification of two reference materials for BFRs, the sediment ERM-CC537a and the fish tissue ERM-
CE102 with focus on the evaluation of data from inter-laboratory comparisons. 

ERM-CC537a is produced as a naturally contaminated freshwater sediment and it is the first certified reference material (CRM) ever 
available for the analysis of HBCD in sediment, while ERM-CE102 is a naturally contaminated fish tissue, produced as a wet-like 
paste, whichis currently in the finalisation phase of the certification process before being put on sale. 

The certified values, for both CRMs, were determined through an inter-laboratory comparison of 13-14expert laboratories, selected on 
the basis of documented expertise with the analysis in question, applying different analytical procedures.  

The sample extraction techniques applied for the BFRs in sediment and fish pasteincluded Soxhlet, accelerated solvent extraction and 
solid-phase extraction, generally followed by a chromatographic clean-up step (using different stationary phases or gel permeation 
chromatography).  

The instrumental analysis of the PBDEs wasbased on gas-chromatography, followed by electronic impactor electron capture negative 
ionisation-single or tandem mass spectrometry (MS), whilethe HBCD isomers were determined by high or ultrahigh performance 
liquid chromatography electrospray ionisation tandem MS.  

The uncertainty of the certified values includes contributions from the assessment of homogeneity and stability for the material as 
well as contributions derived from the inter-laboratory comparison. 

Table 1 presents the certified values (expressed as mass fraction levels) of ERM-CC537a: 
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Table 1:Sediment ERM-CC537a certified values (dry mass basis) 

Parameter Certified value Uncertainty 

BDE 28 0.28 µg/kg 0.05 µg/kg 

BDE 47 16.5 µg/kg 1.8 µg/kg 

BDE 99 34 µg/kg 4 µg/kg 

BDE 100 5.8 µg/kg 0.6 µg/kg 

BDE 153 6.6 µg/kg 0.9 µg/kg 

BDE 154 3.5 µg/kg 0.5 µg/kg 

BDE 183 1.41 µg/kg 0.21 µg/kg 

BDE 209 7.8 mg/kg 0.7 mg/kg 

α-HBCD 8.3 µg/kg 1.6 µg/kg 

β-HBCD 2.3 µg/kg 0.5 µg/kg 

γ-HBCD 60 µg/kg 16 µg/kg 

 

The assignment of the certified values for the fish paste ERM-CE102is on-going and the mass fraction ranges (on a wet weight basis) 
are expected to be as follows:  

BDE 28, 49, 100, 153, 183: between 5 and 70 ng/kg  

BDE 47, 99, 154, 209: between 100 and 600 ng/kg. 

Given that these two CRMs were both produced from "naturally" contaminated starting materials and no spiking was applied, it is not 
surprising that the ranges of mass fractions levels of BFRs match the environmental occurrence in the two different compartments, 
sediment vs biota [Covaci et al., 2005, Shaw et al., 2008, Erdogrul, Covaci & Schepens, 2005, van Leeuwen et al., 2009]. While the 
PBDEs and HBCD in the sediment ERM-CC537a arecertified at the µg/kg (dry weight) level (except for BDE 209 whose value is an 
order of magnitude higher, reflecting what is normally found in sediment samples), the PBDE mass fractions in the fish tissue ERM-
CE102 span over the ng/kg (wet weight) range. There are of course cases of polluted river sites where the levels of PBDEs in fishcan 
reach significantly higher values (compared to ERM-CE102), also depending on the species [Eljarrat, de la Cal, Raldua, Duran & 
Barcelo, 2004]. 

The agreement of BFR levelswith those commonly found in environmental samples enhances the value of the CRM as an appropriate 
quality assurance/quality control tool in the hands of the monitoring laboratories for method validation and compliance check 
purposes. 

The measurement uncertainty reported by the laboratories participating in the intercomparison for the assignment of the certified 
values (and applying exclusively validated methods) ranged from 10 % to 50 % for the analysis of PBDEs, depending on the 
congener. Remarkably, if comparing the submitted PBDE results for the sediment ERM-CC537a to the ones of the fish sample ERM-
CE102, generally higher values of measurement uncertainty were declaredfrom the participants, also when looking at the performance 
of the same laboratories (eight laboratories participated in both certification studies). In the case of the analysis of HBCD isomers in 
sediment, the uncertainty range observed was from 18 to 50 %, pointing to a greater difficulty in the determination of this class of 
BFRs compared to the PBDEs. 

The standard deviation (SD) among laboratories shown in the intercomparison exercises also provides interesting insights. In the case 
of ERM-CC537a, for the various PBDE congeners, the SD among laboratories covered a range between 9 and 15 % (18 % for BDE 
28, which is present at a mass fraction level very close to the limit of quantification for some laboratories, see Table 1); in the case of 
ERM-CE102, a preliminary evaluationof the data brings the SD range to higher values, i.e. 17-26 %. For the HBCD isomers in ERM-
CC537a, the observed SD among laboratories was≈17 %, once again indicatingthat they are more challengingto analyse than the 
PBDEs. 
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Abstract 

Plastic is a synthetic material that has an essential role in industrial and commercial products due to its unique properties such as 
durability, low weight, chemical and light resistant, simple production processes and low requirements on raw materials and energy. 
The mass consumption of plastic and its short life span have been responsible for the increase in plastic solid wastes (PSW). 
Unfortunately, the rapid increase of plastics use has been accompanied by two major problems; the depletion of natural resources, and 
the ever-increasing volume of waste with consequences detrimental both to man and the environment. Taking into account the large 
production of plastics worldwide and the resilience of this material and hence the difficulty of its decomposition into the environment, 
recycling becomes an imperative for both economical and environmental reasons.  
In order to recycle plastic solid waste, separation of different plastics is necessary to take place first. Froth flotation is a flaring and 
quite economical separation method. Flotation was firstly applied as a separation technique in mining industry; however it is an 
alternative separation method for polymers as well. The technique takes advantage of the difference in surface hydrophobicity of the 
particles to be separated.Due to the hydrophobicity of most plastics, it is necessary for their successful separation to use suitable 
wetting agents, which selectively make plastics hydrophilic. 
Following the separation of plastics, they could be reused as matrices for sorbent materials synthesis. The resulting composite 
material has low density and is eligible for solid liquid separations. Additionally could be used for the removal of organic substances 
from waste water, which are a major health matter.  
Keywords: plasticwaste, flotation, sorbents 
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Abstract 

Lakes PCB (polychlorobiphenyl) contamination has been extensively studied and monitored worldwide. In some cases, mass budgets 
were built to highlight the main fluxes driving PCB dynamics in lakes. Special attention was paid to the American Great Lakes, 
undergoing important PCB contamination since the 1970s(Guo et al., 2017; Jeremiason, Hornbuckle, & Eisenreich, 1994) and a few 
studies focused on the particular case of high-altitude lakes(Blais et al., 2001; Nellier et al., 2015). Some studies investigated PCB 
contamination in Lake Geneva (France/Switzerland) (Corvi, Majeux, & Vogel, 1986; Loizeau et al., 2016; Thomas, Vernet, & Frank, 
1983), Lake Maggiore as well as Lake Lugano in Italy (Bettinetti, Quadroni, Boggio, & Galassi, 2016; Guzzella et al. 2018) but PCB 
mass budgets were not performed. Consequently, fluxes driving PCB dynamics inperi-alpine lakes remain unknown.Dissimilarities 
with the American Great Lakes (i.e catchment area over lake surface ratio, PCB contamination sources, size of the lake and the water 
residence time) support the need for further investigation on this type of lake. Lake Bourget (France) is medium-sized (44.5km²) and 
representative of many other peri-alpine lakes contaminated with PCBs (Naffrechoux et al., 2015), often used as resources for many 
activities (fishing, leisurely sports, drinking water supply).In Lake Bourget, the fishing activity suffers from the PCB contamination 
since Arctic char PCB levels exceeds the guidelines threshold (i.e Σ7PCBi = 125 ng.gW.W-1) prohibiting commercialization and 
impacting the local economy. Therefore, it is of critical importance to identify the main fluxes driving PCB dynamics in thistype of 
lake. A PCB mass budget was conducted for the period 2013-2017 with the aim to provide new insights about the decontamination 
pace of the lake and ultimatelyfacilitatelake management for the policymakers.Water, sediment, air, suspended particulate matter and 
fish samples were collected in the lake and its main tributaries and concentrations of the 7 indicator PCBs (Σ7PCBi)were determined 
(Table 1).Modelling wascoupled to field monitoring to ensure an accurate annual PCB mass budget.Special attention was ensured to 
accurately evaluate the global uncertainties associated to thefluxes. Indeed, uncertainties in measurements (of PCB concentration in 
water, air or sediments)or unwise choices in constants and partition-coefficients (i.e octanol-water partition-coefficient, Henry’s law 
constant) could greatly impact modelled fluxes as it has beenpreviously demonstrated for air/water exchange fluxes (Liu et al. 2016). 
Therefore, an error propagation analysiswas performed on modelled fluxes to assess the impacts of inputs parameters uncertainties on 
the resulting flux uncertainty. 
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Table 1:Σ7PCBiconcentrations in the Lake Bourget ecosystem and meteorological parameters used for model computation (n = number of samples, 
sd = standard deviation). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Overall, the PCB mass budget in Lake Bourgetwas negative for the period 2013-2017. This net output was consistent with a 
diminution of the lake contamination as suggested by the decreasing PCB contamination levels observed in biota since 2008. 

This mass budget revealed important discrepancies compared to previously investigated ecosystems (i.e American Great Lakes and 
high-altitude lakes) and brings new insights on the processes ruling PCB dynamics in peri-alpine lakes. Inputs of PCBs to Lake 
Bourget were mainly due to inflowsfrom contaminated tributaries rather than through atmospheric inputs (i.e dry and wet deposition + 
gaseous absorption). This was contrasting with other lakes such as high-altitude lakes that are almost exclusively contaminated via 
atmospheric inputs coming from long-range atmospheric transport(Blais et al., 2001; Nellier et al., 2015).It also differed from lake 
Michigan and lake Superior where atmospheric inputs contributed at least as much as tributaries(Guo et al., 2017; Jeremiason et al., 
1994).Two possible explanations are(i) the catchment area over lake surface ratio was 13 for Lake Bourget and 0.6 – 1.5 for the 
American Great Lakes, enabling a larger contribution of atmospheric deposition in the latter and (ii) the much higher water residence 
time (i.e 99 years in lake Michigan and 8 years for lake Bourget) could justify the lower PCB inputs through tributaries.The internal 
flux of PCBs (particles settling, diffusion at the sediment/water interface and resuspension from the sediment)was considered at 
equilibrium. However, particles settling and resuspension were identified as important fluxes defining PCB dynamics between the 
water column and the surficial sedimentas it was also demonstrated for the American Great lakes(Guo et al., 2017; Jeremiason et al., 
1994).Volatilization and sediment burial were responsible for the largest part of PCBs escaping the lake. Volatilization has been 
repeatedly identified as a major pathway forlake PCB decontamination(Guo et al., 2017; Liu et al., 2016) and this observation was 
verified in this work. However, the sediment burial contribution was larger in Lake Bourget than in the American Great Lakes (Guo et 
al., 2017; Jeremiason et al., 1994). This observation was mainly related to dissimilarities in accumulation rates, and consequently, to 
distinct characteristics (i.e suspended particulate matter loading from tributaries, primary production) of the lakes. 

The error analysis successfully highlightedthat the fluxes uncertaintiesmostly concerned modelled fluxes, at a relatively important 
degree (43 – 55 %). Therefore, the necessity for accurate PCB concentration measurements as well as the decisive choice in constants 
and partition-coefficients will be discussed. The global PCB mass budget in Lake Bourget as well as alternatives (i.e innovative field 
monitoring) and recommendations for reduction ofuncertainties in models will be exposed. This presentationwill help improvingfield 
monitoring and modelling methods for a better understandingofsemi-volatile organic compounds dynamics in lacustrine ecosystems. 

 

Keywords: alpine lake, PCB mass-budget, PCB dynamics, error propagation analysis. 

Compartment n Monitoring 
period Mean ± sd 

Water, tributary (ng.L-1)     

Terre-Nue canal 2 2014-2015 5.3 ± 1.0  

Leysse River 4 2010-2014 3.5 ± 0.5 

Tillet River (dissolved fraction only) 3 2017 1.8 ± 0.2 

Water, Lake (dissolved) (pg.L-1) 5 2015-2016 384 ± 170 

Water,Lake (total) (pg.L-1) 3 2015-2016 518 ± 96 

Air, gas (pg.m-3) 9 2014-2016 
47 ± 18 (summer) 
106 ± 70 (winter) 

Sediment core, Lake (0 – 1cm) (ng.g DW-1) 11 2013-2016 68 ± 113 

Fish filet (ng.g w.w-1) 248 2013-2017 258 ± 90 (arctic char) 
47 ± 26 (whitefish) 

Water Temperature (°C) 24 2015-2016 18 ± 4(summer) 
8.1± 2.3(winter) 

Wind speed (m.s-1) 24 2015-2016 2.1 ± 0.3 (summer) 
2.4 ± 0.4 (winter) 
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Abstract 

Polychlorinated biphenyls (PCBs) are synthetic chemicals introduced into the environment from 1920s up to 1990s.PCBs are 
composed of 209 congeners that differ in chlorination level, physico-chemical properties and toxicity.They have become widespread 
in the lake ecosystems mainly throughatmospheric and river transport, and in some cases through discharge of wastewater treatment 
plants.They are susceptible to be transferred into organisms and biomagnified in food webs.  

Wild fish can represent a significant source of exposure to contaminants for the consumer. Indeed, the consumption of fishrepresents 
one of themain sources of PCBs for human population in France (AFSSA 2008). PCBs can bioaccumulate and affect development in 
humans. Up-to-date risk-benefit assessments show that high intake of fish may lead to an undesirable intake of pollutants which is not 
sufficiently balanced by the concurrent intake of protective nutrients, such as polyunsaturated fatty acids. Thus, the protection of 
populations requires setting regulatory threshold values. Thecurrent European regulation states that fish meat should not exceed a 
level of 125 ng.g-1 for the sum of a set of 7 congeners, called “indicatorPCBs” (iPCBs). However, monitoring the iPCBs impregnation 
of fish is made difficult by the extent of contaminated areas in France (and Europe). It is therefore essential to quantify 
bioaccumulation factors (bioconcentration factor BCF, bioaccumulation factor BAF orbiota-sediment accumulation factorBSAF) in 
order to predict the level of PCB impregnation of fish from measurements of PCBs concentration in water or sediment.However, 
bioaccumulation of contaminants are complex phenomena ruled by both physico-chemical properties of compounds and ecological 
and biological factors of organisms, makingdifficult to predict these bioaccumulation factors (Arnot and Gobas 2006). It is thus 
interesting to determine the fish bioaccumulation kinetic and intensityof these chemical contaminants in laboratory conditions in order 
to identify factors driving these patterns.This study investigates the hypothesis that contaminated food absorption can mainly 
influence PCB impregnation of fish.Results are also compared to PCB accumulation in wild fish (arctic char and European white fish) 
ofLake Bourget (France), one ofthe most contaminated lake in Europe, with iPCBs concentration in water about 2 ng/L and 60 ng/g 
MSin surface sediment (Naffrechoux et al. 2015). 

The laboratory experiment involved the exposure of goldfish (Carassius auratus)toa diet consisting of Purina® Game Fish 
Chow®pellets contaminated with Arochlor1254 in a flow-through system filled with lake water and sediment. Throughout the 
exposure period, fish were carefully sampled and their serumanalysed for concentration of iPCBs. At the end of the experiment, fish 
were killed and muscles were analysed for iPCBs concentration and lipidcontent. 

Laboratory exposure 

One week before testing, 24 fish were transferred to acontrol tank(labelled T) continuously filled with lake Geneva raw water.Fish 
were fed once a day withextruded, multi-particle size product, at a rate of about 1% wet body weight/day. The small rationswere 
consumed immediately by the fish. Pellets quantity never exceed the one that fish cantotally consume during 5 min.In a first 
experiment, Arochlor1254 was added to lake water. The addition of the PCBs to water of the 3test tanks (labelled A, B and C)was 
begun by continuously metering in an acetone solution of Arochlor1254. After verification of the desired concentrationof iPCBs in the 
test tanks (2 ng/L), 6 fish were transferredto each test tank. The 6 remaining fish were kept inthe control T tankfor the duration of the 
test. In the test tank A, the 6 fish were kept fast. In the test tank B, the 6 fish were fed with uncontaminated diet. They were fed with 
PCB contaminated diet in the test tank C. Pellets were contaminated (138 ± 22 ng iPCBs/g MS) by immersing in Arochlor 1254 
dissolved in acetone.During the second experiment, all 4 tanks were continuously filled with raw lake water without Arochlor 
addition. A polluted sediment (10 000 ngiPCBs/g MS, field sampled in the Tillet river, Savoie, France)was added to each test tank 
in200µmstainless steel sieves. At the beginning of the second experiment, the resulting water concentration in the flow-through 
system was 17 ng/L. Fish in the test tanks A, B and C were fed the same way as for the first experiment. 
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Analysis 

The concentrationof iPCBs in the water was measured eachweek. Fish were carefullycaught after 7 d of exposure for blood (1 mL) 
sampling and then returned in the corresponding tank for the 7 next days.After 14 d exposure, all fish were removed,weighed, blood 
sampled and killed. Muscle filets were sampled for lipid content and iPCBs analysis. The iPCBs in serum and filet fish, water and 
sediment wereanalysed after extraction and purification with a Gas-Chromatography Clarus 580 from Perkin-Elmer with a non-polar 
fused silica capillary column Optima® HP-5-MS accent 30m x 0.25mm from Machery-Nagel and coupled with a Pulsed Discharge 
Ionization Detector. 

Results 

Bioaccumulation of PCBs by Goldfish in 14-d laboratoryexposures to the polluted sediment (Table2 - experiment 2) was consistently 
higher than thatobtainedwith contaminated lake water (Table 1 – experiment 1). This observation wasnot particularly surprising 
because of the resulting water concentration in experiment 2 (17 ng/L vs 2 ng/L for exp.1), due to dissolution of adsorbed PCB on 
field sediment or resuspension of contaminated colloidal particles. 

 

Table 1:PCB accumulation in goldfish exposed to contaminated pellets (138 ng/gMS) and lake water (2 ng/L) 

 iPCBs in serum 
(ng/mL) 

iPCBs in filet 
(ng/g)  

BAF 

(L/kg) 

Fasting fish (tank A) 2.0 42.0 21 000 

Fed with clean diet (tank B) 2.0 35.0 17 500 

Fed with contaminated diet (tank C) 3.5 61.0 30 500 

Uncontaminated water-clean diet (tank T) - 6.3 3 150 

 

Table 2:PCB accumulation in goldfish exposed to contaminated pellets (138 ng/gMS) and sediment (10000 ng/gMS) 

 iPCBs in serum 
(ng/mL) 

iPCBs in filet 
(ng/g)  

BAF 

(L/kg) 

Fasting fish (tank A) 4.0 262.0 15 412 

Fed with clean diet (tank B) 3.5 352.0 20 705 

Fed with contaminated diet (tank C) 10.0 2073.0 121 941 

Uncontaminated water-clean diet (tank T) - 68.3 4 017 

 

In both experiments, PCB concentration (in serum and muscle) was higher for goldfish fed with contaminated diet, highlighting the 
effect of diet on the accumulation of these contaminants. If water concentration is representative of highly polluted ecosystem (i.e. 
about 10 or more ng/L), with both colloidal and dissolved contamination, the bioaccumulation of PCB is considerably influenced by 
the diet, with a 6 fold increase for BAF. However, when PCBs concentration in water is due only to pure dissolved contaminants, diet 
doesn’t account for a large part in PCB bioaccumulation. Indeed, PCB concentration in muscle is only 1.5 higher for fish fed with 
contaminated diet compared to fasting fish (exp.1).In this case, bioconcentration mechanism, when chemical pollutants from water are 
absorbed by fish via the skin or a respiratory surface, seems to be predominant over bioaccumulation.The constant large transfer of 
water across the gills compared with the amount of ingested food probably results in a higher PCBs uptake from water. 
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Concentrations of PCBsin the goldfishof exp.1 (35-61 ng/g ww) were lower than in the lake Bourget fish(9-168 ng/g wwin European 
whitefish (n=89)). While fieldfishand laboratorygoldfish are both potentially exposed to contaminants via the overlying water and 
ingestion of contaminated diet,thefood chain structuremay differ for field fish. Moreover, feeding habits are probably different. 
European whitefish feed mainly on zooplankton, bothin pelagic and benthic habitats. They are thus subjectedto uptake from both 
sediment and water as laboratory goldfish were only exposed to contaminated water. 

 

Keywords: Polychlorinated biphenyls, bioaccumulation, bioconcentration, fish 
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Abstract 

A literature review of 25 studies of surveys of contaminants in drinking water and groundwater, comprising data between 2000 and 
2018, was performed. In total 333 unique chemicals were identified, of which 246 were found in drinking water and 187 in 
groundwater, and 100 in both. This review may be considered a representative but by no means exhaustive list of substances that have 
been detected in drinking water or ground water. Of these 333 chemicals, 142 (43%) of them corresponded to substances that were 
registered under REACH (as of May 2017) of which 32 are also used as pharmaceuticals and 5 are also used as pesticides. 191 
chemicals were not registered under REACH (as of May 2017), with several pharmaceuticals and their metabolites (74) as well as 
pesticides and their metabolites (62) and 56 chemicals belonging to other use categories. An interesting finding from this data 
compilation is that REACH substances when present tended to have higher concentrations than non-REACH substances. For instance, 
58% of REACH substances in drinking water and groundwater were reported at least once over 0.1 µg/L, but only 40% of non-
REACH substances (Figure 1). This finding supports the fact that REACH registered substances recently comprise a substantial 
portion of drinking water and ground water contaminants. 

 

 

 

Figure 1:The percentage of non-REACH substances vs REACH substances in drinking water and groundwater that were reported 
with a maximum concentration over 0.1 µg/L 

The hazard posed by persistent chemicals that are mobile in the water phase is scientifically well known since decades  (Schröder, 
1991). The German Environment Agency (UBA) in 2017 proposed criteria and an assessment concept for such chemicals in the 
regulatory context of the EU-chemical legislation REACH (EC No 1907/2006), and to name such substances as persistent, mobility 
and toxic (PMT) or very persistent and very mobile (vPvM) (Neumann, 2017).In addition to two written consultations the proposal by 
the German Environment Agency (UBA) was continuously presented and discussed on workshops. This research project was funded 
to scientifically justify and technically develop the PMT and vPvM criteria further and to assess all REACH registered substances as 
of May 2017 (Arp et al. 2019 in preparation - FKZ 3716674160). Here we present the result of the scientifically and technical 
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development under REACH of the PMT and vPvM criteria.For the empirical validation of the M criteria the intrinsic substance 
properties of those chemicals detectedin the literature reviewed have been used and descriptive statistics has been used to 
scientifically justify the log Koc cutoff values of 4.0 for mobilty (M) and 3.0 for very mobile (vM). 

The PMT/vPvM criteria were validate in terms false negatives performing a PMT/vPvM assessment for REACH substances identified 
in the monitoring campaign.The validations shows that the false negative error is 22% (32out of 142). This error is mainly caused by 
the P criterion than the M criterion. The 31substances deemed “not P” account for 31of the 37not PMT substances in Figure 2. This 
may be interpreted as that the cutoff for the P-criterion is to high and that already shorter half-lives may lead to significant 
contaminations of drinking water or ground water. It must be discussed if the P-criterion is not protective enough for the sources of 
our drinking water.Only 6of the 37not PMT substances were assessed as P but were not M (e.g. DEHP, galaxolide, tert-octylphenol). 
This may be interpreted as that the M-criterion is well selected and must not be seen as over conservative.There was only one of the 
37not PMT substances that was neither P or M, the plasticizer butyl benzyl phthalate. In general, false negatives can be somewhat 
accounted for due to high emissions, or potential contamination plasticizers (mainly phthalates) via pipes or plastic sampling 
equipment.It must be noted that for 17REACH registered substances found in either drinking water or ground water, the PMT 
assessment was non conclusive due to lack of data. These substances should be urgently tested for persistence. 

 

 

Figure 2: Results of the PMT/vPvM assessment for REACH registered substances found in drinking water and groundwater. "Weight-of-evidence" 
refers mainly to data where the available evidence indicates a PMT/vPvM substance; however, standardized data verifying this is not currently 
available. 
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Abstract  

Organic micropollutants are compounds which are normally detected at concentrations up to microgram per liter in the aquatic 
environment and they are considered to be potential threats to the ecosystem. Some of them have been studied in detail since 1980s 
and are already included in existing national or international legislative documents,whileothers are characterized as emerging 
contaminants (ECs) and no regulations currently require their environmental monitoring. During the last decade, several studies have 
been focused on the investigation of possible sources of emerging contaminants’ distribution into the environment. According to the 
literature, sewage treatment plants are considered as major point sources of these compounds into the environment, as they receive 
domestic and industrial wastewater, as well as urban and -in some cases- agricultural runoff (Ratola et al., 2012; Luo et al., 2014; 
Arvaniti and Stasinakis, 2015). On the other side, the contribution of landfills,via the produced leachates,in transferringemerging 
pollutants to the environment, is not well reported so far (Oturan et al., 2015).Besides European policy for recycling and waste-to-
energy, landfilling still remains one of the alternative options for municipal solid waste management in EU-28, where 58 × 106 tonnes 
of municipal solid waste were disposed to landfillsin 2017 (Eurostat, 2018). Concerning Greece, more than 80% of the produced 
municipal solid waste is dumped to central landfills which are located in the mainland and islands. 

The occurrence of ECs in leachates samples originated from different Greek landfills was investigated in this study and the possible 
threat for the aquatic environment was evaluated using risk quotient (RQ) methodology. For this reason, raw and treated leachate 
samples (after biological treatment with activated sludge process or/and advanced treatment with reverse osmosis, RO) were collected 
from eight (8) landfills around Greece, in June 2018.All studied landfills receive municipal solid waste but present different 
characteristics regarding their capacity and the technology applied for leachates’ treatment. The samples were initially analyzed for 
conventional pollutants and afterwards for the existence of ECs using LC-ESI(+/-)-QTOFMS.For the determination of emerging 
contaminants, Solid-Phase Extraction using mixed-mode sorbents was used for the extraction and pre-concentration of compounds 
with different physicochemical properties. The HRMS chromatograms were screened with an in-house wide scope database of more 
than 2,200organic pollutants including compounds of different classes (such as pharmaceuticals, personal care products, drugs of 
abuse, pesticides, stimulants, sweeteners,perfluorinated compounds, benzotriazoles, benzothiazoles, phthalates and surfactants), as 
long as their transformation products and metabolites. The concentrations of the contaminants in leachates were calculated based on 
standard addition method. For estimating the ecological threat for the aquatic environment, toxicity data was collected after literature 
review or using ECOSAR and RQs were found for the detected ECs according to the Technical Guidance Document on Risk 
Assessment (EC, 2003; Thomaidi et al., 2015) for raw, biologically treated and RO treated leachates. According to this methodology, 
in cases that RQ is less than 1, no ecotoxicological risk for the aquatic environment is indicated, while in cases that RQ is greater than 
1, ecotoxicological risk is possiblefor the aquatic environment. 

According to the results, the pH of the samples was ranged between 5.28 and 8.98 and their conductivity between 0.21 mS/cm 
(sample treated with RO) and 27.9 mS/cm (raw leachate sample). The average COD and the NH4-N concentrations of the raw leachate 
samples was 7,261 ± 2,953 mg/L and 962 ± 451 mg/L, respectively, while the application of biological treatment resulted to a partial 
decrease of these pollutants to 2,665 ± 2,902 mg/L and 212 ± 185 mg/L, respectively. The advanced treatment of leachates with RO 
resulted to significant decrease of conventional pollutants to 24 ± 9 mg/L for COD and 25 ± 24 mg/LforNH4-N. 

Concerning the occurrence of ECs, 67 compounds were detected in total belonging to different chemical groups such as 
pharmaceuticals, food additives, herbicides, industrial chemicals and perfluorinated compounds, while 16 of them were found at more 
than 50% of collected samples. An HRMS chromatogram of selected emerging contaminants in raw leachate sample is presented in 
Figure 1.The compounds that were detected with the higher frequency were benzoic acid (96% of samples), 2-OH-benzothiazole 
(84% of samples), PFOA (68% of samples), bisphenol A, bentazone and propamocarb (64% of samples). The number of detected 



735 
 

compounds,as well as their concentrations varied significantly based on the matrix and the applied treatment process. More ECs and 
at higher concentration levels(up to some hundreds μg/L) were detected in raw leachate samples, while the application of biological 
treatment removed totally someof them and partially decreased the concentrations of the rest.The elimination of ECs was much more 
important when RO was applied. In these samples, only few compounds were detected per sample and their concentrations did not 
exceed levels of ng/L. The results of risk assessment showed that the possibility of ecological threat for the aquatic environment 
cannot be rejected for the cases that raw or biologically treated leachates are discharged into rivers with small flow. 

 

Keywords: emergingpollutants, occurrence, leachates, HRMS, environmental risk assessment 

 
 

 

Figure 1:HRMS chromatogram of selected emerging pollutants in rawleachate sample. 
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Abstract: 

Polymers as mircoplastic (MP) are become an environmental threat with ubiquitous distribution. Microplastic pollution have negative 
effects on the aquatic environment and probably on human health. After being released in the aquatic and terrestrial environment, 
polymers undergo weathering and biofouling processes by mechanical abrasion and UV-light. That lead to smaller and smaller 
fragmentation into MP. It is very difficult to estimate accurately amounts, distributions and polymer types in environmental systems. 
To get reliable data for all that we need new analytical approaches, than the detection of MP in environment samples in the wide 
range from 1 µm to 5 mm nearly quantitatively in a reasonable time is a challenging mission. We want to present an analytical 
approach for the identification and quantification of MP by an automated combination of optical particle analysis with FTIR and 
Raman microscopy. 

This approach have to start with well-defined sampling locations and procedures. The subsequent task is a sample preparation 
procedure to purify the sample by removing organic and inorganic parts without destroying the MP. A further important step is the 
following loss free transport to the analytical laboratory. The use of blank samples from the sample preparation process through all 
steps until the analytical laboratory should be mandatory. 

The contribution describes the approach to identify and quantify MP in environment samples in MP-free clean rooms with the use of 
blank samples in all steps. First procedure after purification of the sample is a three-step vacuum filtration to divide the particles in 
four fractions, above 500 µm, from 500 to 50 µm, from 50 to 10 µm and below 10 µm. After filtration the particles of the different 
fractions are on IR transparent silicon filters (Käppler, 2015). We use for all analyses the in-house developed Open-Source program 
GEPARD (IPF, 2018). GEPARD starts with an optical particle identification, which determines all particles in shape and dimension 
and store there coordinates for the subsequent measurements with FTIR and/or Raman microscopy.Both methods identify the MP on 
the filter by their chemical structure using spectral databases automatically with the help of the included spectra search program 
TrueMatch (WITec). All databases include polymers, copolymers, fillers, inorganic and organic substances, paints and lacquers. The 
IR libraries use transmission, ATR and reflection spectra and the Raman libraries use spectra measured with 532, 633 and 785 nm 
lasers. Every particle is assigned about the spectrum to a substance. This can be a polymer or in case of a mixed spectrum a polymer 
with paint/filler or also not a polymer. Figure 1 shows as an example the complete filter (10 x 10 mm, pore size 10 µm) with 33.000 
particles from a water sample (river Warnow, Germany), analysed by Raman. We could identify 250 particles as MP and dye particles 
(85 PP, 51 PE, 41 dye particles, 12 epoxy resin, 11 PS, 8 PET, 6 PVC, 5 PMMA 5 PA, 4 PU, 3 rubber) between 5 and 500 µm.  
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Figure 1: Si-filter of a water sample (river Warnow), 10 x 10 mm, pore size 10 µm, particles: total number: 33.000, MP number: 250  

 

The fractions above 500 µm and from 500 to 50 µm are measured mainly by FTIR and the fraction from 50 to 10 µm and some 
selected samples below 10 µm mainly by Raman. However, several samples of the fractions above 10 µm are measured also with both 
methods since only a combination of both spectroscopic methods delivers a complete MP analysis(Käppler, 2018). As an output of 
GEPARD, every particle spectrum and size can be seen, the overall particle size distribution and the overall polymer type distribution. 
Figure 2 shows this output with a 43 µm PP particle.   

The advantage of FTIR is a faster measurement time and often a better identification of the polymer matrix in coloured 
samples.Thedisadvantage of FTIR is the lower limit of particle size detection at 15 µm. The advantage of Raman is the better 
detection of additives and dyes and the identification of particles up to 1 µm particle size. The disadvantage of Raman is the longer 
measurement time and the appearance of fluorescence in case of not sufficient cleaned samples. Further parameters, like the 
integration time for one spectrum and the magnification of the objective used influence also the quality of the spectra and thus the 
quality of the spectral search.  

 

 

 

 

Figure 2: Output of the GEPARD program 

 

We will show in the contribution the results of the investigation of MP in water and sediment samples from rivers and the Baltic Sea, 
in agriculture soil samples and in wastewater treatment plant samples. For samples > 2mm it is possible to measure MP directly on a 
boat or a shipon the sea with a hand-held NIR spectrometer. We will discuss the possibilities and limits of this NIR measurement by a 
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comparison of these NIR measurements with laboratory FTIR measurements. A further comparison between FTIR and Raman 
measurements for the identification of MP will be discussed. 

 

Keywords: microplastics identification and quantification, FTIR, Raman, particle size and distribution  
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Abstract: 

In this study, water samples were collected from small river located on nitrate vulnerable zone of Wielkopolska region and analysed 
for present of pesticide residues. Samples were collected from Kopla river and its main tributaries in 2013-2017 (five years study). 
The primary objective of the present study was not only to examine the quality of water and its pesticide pollutants in Kopla river and 
its main tributaries, but also to investigate seasonal variability of thecontamination in relationship with agricultural activities in its 
catchment area. 47 pesticides were determined in Kopla river water samples. All collected samples were residues of investigated 
pesticides. Most popular pesticide analysed in Kopla was imidachloprid, neonicotinoids insecticide, but most popular group of 
detected pesticides were herbicides. 

Keywords: Pesticide residues, nitrate vulnerable zones, surface water samples, UPLC-MS/MS 

 

The widespread use of pesticides in agriculture has brought many benefits with respect to enhanced quality and quantity of produced 
crops. Thus, the use of pesticides during the cultivation plays a very important role in harvest quality and yield, but pesticides and the 
products of their degradation may pollute surface water. Contamination of water resources by pesticides and other micro-pollutants is 
one of the major objectives for the preservation and sustainability of the environment. The number of potentially hazardous chemicals 
that can reach the environment in areas of intensive agricultural activities is very large and new substances are constantly being 
released. 
 

Kopla river is located in farmland and woodland area on nitrates vulnerable zone in Wielkopolska region. It is a small river of 30.2 
km length and its catchment covers approximately 390 km2. The major part of the studied area is characterized by intensive 
agriculture, sugar beet, corn, cereals and rapeseed are among the most often grown crops, and by low water resources which makes 
the water particularly vulnerable to contamination. Based on the previous work, we knew that surface waters in the said area were 
heavily contaminated by nitrates from agricultural sources. The objective of the work was to examine contamination with pesticides. 
For this purpose, water sampling was carried out in six locations including Kopla river (four sites) and its tributaries, namely Struga 
Średzka and Głuszynka. In years 2013-2015 samples from Kopla were collected only in spring and autumn season, but in 2016-2017 
additional samples were collected in summer season. Total, 60 samples in years 2013-2017 from Kopla basin were collected and 
analyzed.The studies included more than 220 active substances of plant protection products. All selected pesticides were extracted 
from water samples by means of solid phase extraction (SPE, carbon black) followed by reverse phase ultra-performance liquid 
chromatography with quadrupole mass detection (RP-UPLC-MS/MS). 
 

In monitored water samples imidacloprid, tebuconazole, prochloraz and metazachlor were most popular pesticides analyzed in Kopla 
basin (Figure 1). The most frequently detected pesticides and on the highest residue concentrations were detected for the herbicide 
group (Figure 2). Pesticides usually found in water samples were used in current plant protection. 
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Figure 1:Most popular pesticides detected in Kopla river and its tributaries in years 2013-2017. 

 

 

 

Figure 2: Pesticides detected in monitored water depending on the mode of action. 

 

In years 2013-2017, 47 different active substances of plant protection products were identified and quantified. With regard to Council 
Directive 98/83/EC, 14.3% of all pesticides determined in water samples exceeded the limit values for a single substance (0.1 μg/L).In 
total, 34 of the 60 samples collected had the sum of pesticide residues above the limit value of 0.5 μg/L (56.6%).Generally, the river 
water in the studied area was of low quality and apart from nitrates, pesticides were major contaminants (Figure 3). Although the 
highest overall frequency of detection was obtained for imidacloprid (an insecticide) and tebuconazole (a fungicide),the highest 
concentrations were obtained for herbicides (popular oilseed rape protection herbicide metazachlor and corn protection herbicide 
metolachlor-S). The highest concentrations of pesticides were typically determined in the spring, but in July 2016 (summer) after 
intense rainfall, we detected the highest concentration of pesticide residues this year. The major factors affecting the pesticides levels 
and distribution in particular sampling sites were pesticide origin and temporal variability associated with the type of crops grown in 
the studied area and weather conditions. 
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Figure 3: Sum of pesticides detected in years 2013-2017 in Kopla river sampling sites. 

 

 

ACKNOWLEDGEMENTS 

The authors would like to thank the Polish Ministry of Agriculture and Rural Development for financial support under Long-Term 
Program of Institute of Plant Protection-NRI. 

 



742 
 

Microplastic analysis of water samples – the devil is always in the details 

 

Zumbülte N.1*, Witzig C. S.1, Pittroff M.1, Müller Y. K.1 

1TZW: DVGW – Water Technology Center, 76139 Karlsruhe, Germany, * nicole.zumbuelte@tzw.de 

 

Introduction 

In recent years, research in the field of microplastic analysis has increased greatly. Microplastics (synthetic polymer particles with 
diameters of 1 µm to 5 mm) have been discovered in various environmental matrices, like biota, sediments, surface waters and oceans 
(Rezania et al., 2018) as well as in food and mineral water (Schymanski et al., 2018). Due to missing standardization of analysis 
methods (e.g. pyrolysis gas chromatography mass spectrometry (pyr-GC/MS), micro-Fourier-transform infrared spectroscopy (µ-
FTIR) and µ-Raman spectroscopy (µ-Raman)), sampling procedures and sample preparation methods the research results are in many 
cases not comparable. Anotherimportant issue is the handling of blank values. Microplastics are ubiquitous and thereby contamination 
of samples feasible, consequently a blank value analysis is essential.A first interlaboratory round robin test with reference 
microplastics in water samples demonstrates that even when using the same analytical method, theobtained results are not necessarily 
comparable (Müller et al., 2018).Hencea comprehensive validation of the used methods is recommended. 

Here we present the results of a sound validated method for sampling and analysis of drinking water samples with special regards to 
blank values. Therefore, a fractionated filtration unit was developed, validated and adapted for analysis of microplastics down to 5 µm 
were quantified with µ-Raman.  

 

Methods and Materials  

The developed fractionated filtration unit (Figure 1) consists of three brass filter cartridges.Each of these cartridges is equipped with a 
polyoxymethylene (POM) filter support with a stainless steel filter mesh with various meshes sizes (100 µm, 20 µm, and 5 µm). The 
seals of the filtration unit consist of rubber or polytetrafluoroethylene (PTFE). To preventdamage of the filter meshes and the particles 
on it, the filtration unit is equipped with a manometer and an overflow valve to control pressure during sampling. At the outlet of the 
filtration unit a water meter is placed. The filtration unit is suited to sample environmental water bodies as well as processed drinking 
water with a samplevolume between 0.3 m³ and 1.3 m³. 

 

 

Figure 1: Fractionated filtration unit consisting of PVC hose (1), outlet (2), overflow valve (3), three brass filter cartridges (4), 
manometer (5) and water meter (6), scheme (left) and during sampling (right). 

 

The enriched particlesareextracted from the filter meshes by ultrasonic extraction. The extracts for drinking water samples are directly 
filtered over a PTFE filter membrane (1-2 µm, Ø 25 mm, Pieper, Germany). Surface water extracts require cleaning up (e.g. density 
separation, organic digestion) before final filtration. 
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For analysis XploRa Plus and LabRam HR Evolution Raman systems(Horiba Jobin von, Kyoto, Japan)are used. The 
Ramanspectrometersare coupled to a confocal microscope (Olympus BX51 respectively Olympus BXFM; Olympus, Tokyo, Japan) 
and equipped with an EMCCD detector. The semi-automated measurements areprocessed automatically with the “Particle Finder” 
module (LabSpec 6 software; Horiba Jobin Yvon, Kyoto, Japan) whichallows the quantification of all particles down to 5 µm in 
diameter. The excitation wavelength of the used solid state laser is 532 nm. 

At least 20-50% of the filter area ismeasured and the obtained spectra aresemi-automatedlycompared with an own created as well as a 
commercially available database (Biorad, Hercules, USA). 

The focus during method development was to sample a large water volume, avoid blank values as well as to validate the analysis 
procedure.Blank values are minimized by conducting all steps (e.g. preparation, clean-up and analysis) under laminar flow boxes 
(Thulab, Langgöns-Dornholzhausen, Germany) by omitting the use of plastic materials in the laboratory as far as possible, and by 
thoroughly cleaning of all materials with particle free ultrapure water prior to use. When handling samples,a 100% cotton lab coat and 
nitrile gloves are worn. 

To validate the analysis procedure a recovery test with reference microplastics of different polymer types (polyethylene (PE), 
polyvinylchloride (PVC) and polymethylmethacrylate (PMMA)) and sizes (5-250 µm in particle diameter) was performed in 
triplicate. The validation of the method included sampling, sample preparation and analysis. Furthermore, the tightness of the 
filtration unit was tested with a particle counter (LDS 1/1, Fa. Klotz, Germany) for particles above 10 µm.  

Drinking water and tap water samples were taken from three different waterworks. As quality control a process blank value, including 
the process of sampling, sample preparation and analysis, was conducted for all drinking water samples. 

Results and Discussion  

The recovery experiments yielded an average overall recovery of 81%. The particle counter experiment showed that the fractionated 
filtration unit reliably retains all microplastic particles with a diameter above 10 μm. 

The total amount of microplastics in processed drinking water and tap water (180-801 microplastic particles per m³) were in the same 
order of magnitude as the process blank values (51-531 microplastic particles per m³). Considering uncertainty factors for calculation 
of an estimated limit of quantification, microplastic contents were well below this limit and thus could not be quantified for the 
investigated samples.The process blank values consisted to more than 94% of PE and POM, besides lower findings of polypropylene 
(PP), polyamide (PA), polyethyleneterephthalate (PET) and PVC. POM was excluded from the evaluation as it is part of the filtration 
unit and prone to abrasion during sample preparation. PTFE could not be quantified, because the used analysis filter membrane was 
made of PTFE.  

 

Conclusion 

This study shows that a sound validation of the entire microplastic analysis method is crucial, furthermore the process blank value 
needs to be investigated in order to reduce the risk of false positives. 

Keywords: microplastic analysis, blank values, fractionated filtration, micro-Raman spectroscopy, validation 
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Introduction:Tire particles are emitted in great quantities and emissions in Germany are estimated at about 133 000 t/a (Wagner et 
al., 2018). During the abrasion process, tire tread particles (TP) and particles present on the road surface form heteroaggregates, so 
called tire and road wear particles (TRWP; Kreider et al., 2010). For the fate of these particles, size and density are of high 
importance. TRWP are expected to have an altered density compared to the TP density of 1.2 g/cm³ and were estimated at 1.8 g/cm³ 
(Unice et al., 2018). TRWP properties depend on the road surface material and local conditions and their density is, thus, also 
expected to be variable. Up to now, very little data on TRWP density is available. 

This contribution presents a method for the quantification of TRWP in roadenvironment based on their Zncontent after enrichment. 
Zn is present in stable concentrations in tires. In a first step, particles are enriched using the principle of density separation. Here, 
particles with lower density than the separation liquid float, while denser particles settle. The Zn content of the particles enriched in 
the light fraction is then used to determine a TRWP content based on the Zn content of TP and an assumed contribution of TP to 
TRWP of 50%. Zn content is determined using microwave assisted acid digestion and inductively coupled plasma optical emission 
spectroscopy. Analysis of Zn content also provides information on TRWP density and indications on altered particle dynamics. 

Methods: Samples from two road runoff treatment facilities were used as environmental samples. One system is located in Berlin 
Halensee (HAL) while the other is close to Leipzig (LE). Both systems treat highway runoff. Zn content from 20 different tire 
samples was examined. In addition, a TP composite from shredded tires was used for method optimization (TPmix). For method 
validation, sediment from an urban lake (Lake Tegel, Berlin, Germany) was used. Density separation was conducted using sodium 
polytungstate solution (SPT) and volumetric flasks. After separation, samples were digested. For further details, please refer to 
Klöckner et al., 2019.  

Results&Discussion:In order to determine the influence of various Zn salts on the determination of TRWP, samples were spiked with 
soluble and insoluble Zn species (ZnS, ZnSO4, ZnCl2, ZnO) and then density separated. The spiked Zn species were not found to 
affect the TRWP quantification, as 110±45% of the soluble Zn species were determined in the SPT solution while 119-125% of the 
insoluble Zn was found in the heavy fraction. Only 1.2±0.3% of the spiked Zn salts was found in the light fraction, where TRWP also 
accumulate. TPmix recovery was 86±4.0%. 

The ideal density for density separation was tested by separating sediment from the sedimentation basin in the HAL system with 
various densities. As can be seen in Figure 1, a clear increase in Zn recovery in the TRWP fraction can be observed for the samples 
separated with SPT solution of density 1.9 g/cm³ as compared to lower densities. A further increase in density of the separation 
solution did not lead to a statistically significant increase in Zn recovery in the light fraction(p = 0.058; a = 0.05; paired t-test, two-
tailed).  
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Figure 1:Zn partitioning in light and heavy fractions at varying densities compared to total Zn of the sample before fractionation (n=3). Error bars 
indicate standard deviation. The dissolved fraction was determined with the help of a mass balance. 

Source: Klöckner et al., 2019 

The working range of the method was determined in a range of 2-200 mg TP/g using urban lake sediment (Lake Tegel) spiked with 
TPmix. Mass recovery was 95±17% on average. In the lower concentration range of 2-10 mg TP/g, mean recovery was 112±12% after 
background subtraction. However, the sensitivity of the method is limited by the ability of the density separation to separate non-
TRWP-Zn from TRWP-Zn. For the lake sediment, a relatively high Zn content (0.86 mg/g) as well as organic carbon content (16.5% 
dry weight) were observed. In addition, the samples have a low traffic influence. These factors may have hampered a complete 
separation of other Zn species and limit the sensitivity of the method. 

The described method was applied to samples from the two road runoff treatment systems. Concentrations between 16-150 mg/g were 
determined for the HAL system, while concentrations in the LE system were much lower with 0.38 - 2.0 mg/g (Table 1). Samples in 
the HAL system are high in the sedimentation basin (SED) that treats inflowing water as well as in the subsequent soil retention filter 
(SRF) directly after the inlet (SRF1). A strong decrease can be observed for the sample collected on the opposite side of the soil 
retention filter area (SRF2) with a distance of approximately 35 m to the inlet. This indicates that TRWP concentrations are not 
equally distributed along the filter area and that not all TRWP are retained in the initial sedimentation basin. Samples from the LE 
system had astonishingly low TRWP concentrations, even though highway runoff is treated in this system. This may be a result of 
changed particle properties, such as increased particle density due to aging and aggregation processes. Since the overall light fraction 
mass was low, Zn leaching was not found to be the reason for the low determined TRWP concentrations, as Zn-depleted TRWP 
would still accumulate in the light fraction.  

 

Table 1:TRWP concentrations in samples from road environment and relative mass of the light fractions (n=3). 

Sample TRWP content in mg TRWP/g Mass of light fraction in % 
HAL_SED 130 ± 15 52 ± 1.2 
HAL_SRF1 150 ± 30 40 ± 3.5 
HAL_SRF2 16 ± 1.4 4.4 ± 0.23 
LE_S1 2.0 ± 0.3 2.5 ± 1.0 
LE_S2 0.38 ± 0.04 1.3 ± 0.43 

Source: Klöckner et al., 2019 

 

Conclusions: The presented method is suitable for TRWP quantification in samples from road environments with high traffic 
influence. Selectivity and sensitivity of the method may be increased with the application of a 2-step density separation, where 
particles with lower density than TRWP are removed. TRWP concentrations between 0.38 mg/g and 150 mg/g were determined and 
found to be highly variable. In addition, valuable insights into particle dynamics were obtained from the analyses. 
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Abstract  

Over the last few decades the occurrence of micropollutants in the environment has become a matter of high concern. Micropollutants 
are compounds detected in the environment at trace level concentrations (range from μgL-1 to ngL-1). Due to this fact and the diversity 
among them, their analysis and detection procedures are being complicated and challenges occur in the water and wastewater 
treatment processes. One main category of micropollutants are the organic ones, that include a huge variety of compounds; the 
perfluoroalkyl substances (PFAS) represent one of the most widespread contaminants class of emerging concern. PFAS are man-
made, aliphatic compounds with a wide range of physicochemical properties, which make them suitable to be employed in the 
production of a lot of different goods, such as firefighting foams, waterproofing agents, ski waxes, paint, cosmetics, plasticizers, food 
packaging and non-stick frying pans(Buck et al., 2011). Due to this fact they have been detected in different environmental matrices, 
wildlife and even in human with drinking water being considered as the main exposure route(Ahrens, 2011).  

The aim of this study was an assessment of PFAS occurrence in the Metropolitan Area of Turin - where Società Metropolitana Acque 
Torino S.p.A. (SMAT) is in charge of the management of the water cycle - in order to estimate the pollution levels and to understand 
the contaminants’ stability properties. Commonly, PFAS used in consumer products are complex mixtures of many compounds that 
provide different specific features(Kempisty, Xing, & Racz, 2018). For this reason, pursuing also the application of green analytical 
chemistry, in this study we decided to develop a method for evaluating sixteen different linear perfluoroalkyl substances, with a chain 
length ranging from four to eighteen carbon atoms, in order to also investigate the variety of their properties. The key characteristic of 
this method - in contrast with the research reported till now in literature(Wille et al., 2010)(van Leeuwen & de Boer, 2007)-  is the 
absence of a pre-treatment or a preconcentration step (SPE extraction)with a direct injection into the UHPLC system coupled to a 
Triple Quadrupole Mass Spectrometer, limiting in this way the solvents’ consumption. 

The developed method was validated according the ISO/IEC 17025 accreditation requirements and, in particular the ones set by 
Accredia - the Italian National System for the Accreditation of Laboratories. The validation parameters included precision, accuracy, 
linearity, recovery and limits of Detection (LOD) and Quantification (LOQ) and the results were based on six-point calibration curves 
with a range 5-120 ng L-1.During the development of the method numerous difficulties were faced and had to be taken care of, such as 
cross contamination at trace levels of PFAS which can occur even from laboratory equipment’s which contain fluoropolymers and 
will have a large impact on the accuracy and validity of the analytical results, especially in an analytical method whichaims to 
perform at nanograms per litre (or parts per trillion; ppt) of sensitivity. Despite that,  good recovery results (70-102%)  – which were 
within the range reported in the standards’ requirements-  good linearity (R2=0.99) and really low Quantification Limits (5 ngL-1 ) for 
every analyte were achieved (Table 1).  

  



749 
 

 

 

Table 1:Statistical Analysis Results 

Compounds Spike ng L-1 Accuracy % Recovery % Precision % Linearity LOQ 

PFBA1 50 
-8,6 91,38 3,13 0,997 5 

PFBS 
50 -4,2 95,78 2,89 0,997 5 

PFPeA 
50 1,3 101,28 1,67 0,999 5 

PFHxA 
50 -5,2 94,84 2,82 0,998 5 

PFHxS1 50 -3,9 96,12 6,07 0,997 5 
PFHpA 50 -4,7 95,28 3,63 0,999 5 
PFOA1 50 -3,7 96,28 4,36 0,998 5 
PFOS1 50 -8,0 92,04 1,96 0,992 5 
PFNA 50 -9,6 90,38 4,82 0,999 5 
PFDA 50 -14,4 85,58 7,59 0,995 5 
PFUdA 50 -5,3 94,72 9,64 0,998 5 
PFDoA 50 -7,2 92,78 8,72 0,999 5 
PFTrDA 50 -26,8 73,22 17,53 0,989 5 
PFTeDA 50 -30,0 69,98 13,76 0,987 5 
PFHxDA 50 -15,1 84,88 15,97 0,995 5 
PFODA 50 -13,7 86,34 5,48 0,980 5 

1The compounds detected in the samples in concentrations higher than the Limit of Quantification. 

 

The developed method was applied for the estimation of PFAS pollution in the Metropolitan Area of Turin. 930 samples from 291 
Municipalities (managed by SMAT) in Piedmont, Italy were collected and analysed. Among the samples, 5% of them were surface, 
19% were underground and 76% were drinking water samples.As a sum of the sixteen target PFASs, the highest detected 
concentration was 57 ng L−1 (Figure 1). Only four out of the sixteen compounds monitored were detected in the area in concentrations 
above the Limit of Quantification (5 ng L−1): PFBA, PFHxS, PFOA and PFOS. The highest detected concentration for PFBA was 19 
ng L−1, while for PFHxS 15 ng L−1, for PFOA 9 ng L−1and for PFOS 23 ng L−1. All the results are lower than the drinking water 
performance values set from the Italian Ministry of Health (30 ng L−1 for PFOS and 500 ng L−1 as sum of PFAS) and are reported in 
the Revision of the Drinking Water European Directive (100 ng L−1 as single and 500 ng L−1 as sum of PFAS).Moreover, only in one 
municipality were all the four compounds detected together, and that was near the airport where, as it is known from the literature, 
aqueous film-forming foams (AFFF)—foams with fluorinated chemicals—can be used.However, the pollution rates in the area are 
very low since only 54 out of the 930 samples analysed were detected with significant concentrations of PFAS. 
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Figure 1:Pollution levels of the detected compounds as a sum in the study area (ng L-1). 

 

Keywords:Perfluoroalkyl substances; drinking water; trace level analysis; triple quadrupole mass spectrometer 
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Abstract: 

Plastic pollution has become a major global threat in the last decades due to their wide use and their high persistence in the 
environment. (Thompson et al., 2004; Hidalgo-Ruz and Thiel, 2012; de Sá et al., 2018). The amount of plastic debris in the aquatic 
environment are increasing with the rapid increase of global plastic manufacturing, from 230 million tons in 2009 to 348 million tons 
in 2017 (PlasticsEurope, 2010; PlasticsEurope – the Facts, 2018). Microplastic (MP), which reported the first time since the 1970s, 
defined as small pieces of plastic but still without a precise definition of its size among the scientific community. Although the 
common adopted size is less than or equal to 5mm in diameter (GESAMP, 2015).One of the most challenges which face the scientists 
in order to identify the MP particles is the heterogeneity of its properties such as size range, colour, and type of polymer from which it 
was produced (Waller et al., 2017). Those MPs are made originally from synthetic polymers and prepared by polymerization of 
monomers derived from oil or gas(Thompson et al., 2009). MPs can be classified as primary or secondary, according to the 
methodwhich they are produced, primarily MP are tiny plastic particles such as microbeads which used generally in pharmaceutical 
and cosmetics products and released directly into the environment (de Sá et al., 2018). On the hand, secondary MPsformed from the 
breakdown and degradation of larger plastics by biological, physical, and chemical factors(Cole et al., 2011).In spite of the rivers are 
considered as the important pathways of MPs due to the main source of marine plastics are originating from land-based source (Wang 
et al., 2017), there is still a lack of studies focused on MPs in the freshwater compared to those conducted in marine 
environment(Eerkes-Medrano, Thompson, & Aldridge, 2015). To the best of our knowledge, there is no published study on MPs 
pollution along the sediments of Danube River of Budapest. Therefore, the aim of this study is to investigate the concentration, 
distibution, and characteristics of MPs in surface sediments along Danube River of Budapest. 
 
Keywords: Microplastics, Freshwater, Danube River, Sediments 
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Abstract 

The annual production of plastics was exceeding 348 Mt in 2017 (Plasticseurope.org, 2019). However, a proper technology of plastic 
waste collection and disposal is urgently required for collecting millions of tons of microplastic wastes in receiving waters and 
wastewater. The municipal sewage system is an initial interaction point of microplastics with the raw urban wastewater matrix which 
contains different types of organics and inorganics substances, chemicals and heavy metals (Gross et al., 2017). Two important 
organic groups of wastewater suspected for major interfacial properties are well known as: a) the Fat, Oil and Grease (FOG) contain 
about 94-96% triglycerides molecules with a hydrophilic head and non-polar hydrophobic tail, b) surface active agents molecules with 
polar head and long hydrophobic tail.  

This particular, a synergistic impact of the mixed ionic (anionic, cationic and amphoteric) and non-ionic surfactants or other 
wastewater constituents such as FOG group and their influence on the surface properties of plastic is lacking. At this point, the direct 
effect of wastewater surfactants and wastewater (mixed FOG group plus major types of surfactants occurred in the urban wastewater) 
with the deforming size of the formed bubble nuclei at the hydrophobic surfaces of plastic particle samples, has been detected. 

The formation of bubble nuclei at solid surfaces (Mørch, 2015; Belova et al., 2011) represents a basic phenomenon important in the 
treatment process of wastewater flotation or Dissolved Air Flotation (DAF) for separation or flocculation (Khuntia et al., 2012) 
methods of plastic pollutants from an urban wastewater stream with a specific focus on the mechanisms of interfacial interactions in a 
bubble-particle aggregate involving two types of Polypropylene (PP) plastics samples; isotactic and amorphous (Fig.1). There is a 
good interaction between the polymers rough surfaces and the bubbles due to existing cavities which aid in the formation of bubble 
nuclei. In this study, the bubble nuclei were characterized by measuring their growth rate on technical polymer substrate both with 
wastewater surfactants and synthetic wastewater. In presence of surfactants, the bubble nuclei radius growth rate increased from t0-t10 
for clean amorphous Polypropylene (aPP) ~ 8% while after adding the synthetic wastewater, the growth rate accelerated up to 31%. It 
was also observed that rigid forms of Polypropylene induced the highest growth of bubble nuclei. For isotactic Polypropylene (iPP), 
the surfactant induced bubble nuclei growth was ~ 63% while after adding the synthetic wastewater, the growth rate reached ~151 %. 
The results revealed that synergistic impact of surfactants with other components of wastewater can accelerate the growth of the 
bubble nuclei at plastic surfaces in the first minutes of contact with wastewater (Fig.2). This can improve the process of microplastic 
separation by bubble-solid bridging.  

Keywords:Polypropylene, surface roughness, bubble nuclei, bubble-particle attachment, wastewater. 
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Tables and figures  

 

Figure1: microscopic images of the dry aPP and iPP surfaces  

 

Figure 2: comparison of growing bubble nuclei radius at the aPP and iPP surfaces after addition of wastewater (WW) and wastewater 
surfactants with respect to the surface roughness.  
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Abstract: 

Polychlorinated biphenyls (PCBs) profile in ten bottom sediment samples from the Serbian part of the Danube River (Figure 1) were 
analyzed by GC-MS to explore the status of contamination, spatial distribution and to trace their potential sources. The total 
concentrations of PCBs (sum of 7 PCB congeners and 12 dioxin-like PCBs) varied from 0.27 to 3.54 μg·kg-1 with a median of 1.59 
μg·kg-1 and from 0.03 to 0.48 μg·kg-1 with a median of 0.14 μg·kg-1, respectively, (Figure 2). The ranges were comparable to or lower 
than those recorded in the sediment from the different areas worldwide. Spatial distribution revealed that the areas with recent 
urbanization and industrialization (sampling sites in the vicinity of Pančevo (D9)) were more contaminated with PCBs than the 
unindustrialized area (Belegiš village (D8)). Lightly to moderately chlorinated (2–6 Cl) homologs dominated the PCB profiles. 
Multivariate techniques such as Principal Components Analysis and usage of Kohonen's Self-Organizing Maps elucidated that the 
past and on-going handling of PCB-containing equipment (e.g. capacitors and transformers), as well as the anthropogenic activities 
such as urban developments, commercial and industrial establishments, might be potential sources of PCB emission in Serbia. A set 
of congeners based on their detection frequencies and abundance were identified and categorized as potential environmental marker 
PCBs, which can be used for the future selective monitoring studies regarding reasonable limitations on full congener assessment. 
According to the existing national and international sediment quality guidelines/standards, PCB concentrations recorded in this study 
could potentially cause ecological damage. Essentially, the findings of this first comprehensive report on the PCB contamination in 
the Danube sediment in the may provide a reference to future studies of these compounds in the Serbian part of the Danube Basin. 

 

Figure 1: Mapof the sampling site 
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Figure 2:Concentration levels of PCB and dl-PCB congeners in collected samples of the Danube river sediment 

 

 

Keywords: polychlorinated biphenyls, sediment, Danube 

 

 

Acknowledgements - This investigation was financed by City administration for environmental protection, Novi Sad, Republic of 

Serbia (VI-501-2/2018-18в-8), the Ministry of Education, Science and Technological Development, Republic of Serbia (III46009 and 

TR34014), the Czech Ministry of Education, Youth and Sports (LM2015051) and the European Structural and Investment Funds, 

Operational Programme Research, Development, Education (CZ.02.1.01/0.0/0.0/16_013/0001761). 

 

 



757 
 

Adsorption mechanisms of persistent organic pollutants on primary microplastics in the 
aquatic environment  

 

Tubić A., Lončarski M. *, Apostolović T., Kragulj-Isakovski M., Tričković J., Molnar Jazić J., Agbaba J. 

University of Novi Sad Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental Protection, Trg Dositeja 
Obradovića 3, 21000 Novi Sad, Republic of Serbia  

* Corresponding author: maja.loncarski@dh.uns.ac.rs (Maja Lončarski) 

Abstract: 

Presence of microplastics (MPs) in aquatic environments worldwide has become a matter of growing concern in last five years. 
Despite all the efforts made, in last decades, to reduce pollution, plastics are widespread in aquatic systems, together with significant 
number of other pollutants (Li et al., 2018). Results obtained through limited number of studies show that organic chemicals have 
tendency to adsorb on microplastic debris and can act as a sink for hazardous organic pollutants in the aquatic ecosystems (Lee et al., 
2014; O'Connor et al., 2016). Therefore, microplastics can act as carriers of those contaminants which can express their negative 
effects on aquatic organisms, as well as potential indirect toxic effects on the environment and human health (Bakir et al., 2014). 
Despite the growing number of research related to this topic, there is still a lack of knowledge about behaviour of many organic 
pollutants in water contaminated with microplastics. In order to improve understanding of the organic pollutants behaviour in 
presence of microplastic in aqutic environment, the aim of this study was to evaluate adsorption mechanisms of six persistent organic 
pollutants (trichlorobenzens - 1,2,3-TeCB, 1,3,5-TeCB, 1,2,4-TeCB; pentachlorobenzene - PeCB; hexachlorobenzene - HeCB and 
trifluralin - TFL) on primary miroplastics. These are all listed, by the EU legislation, as priority substances in the field of water policy 
(Directive 2013/39/EU). Polyethylene microparticles isolated from two personal care products (PE_PCPs_1 and PE_PCPs_2) were 
chosen for the experiments as representatives of microplastic debries, which can be found in the aquatic environment. Observed 
effects are compared to the results obtained with pure low density PE standard substance. As representative of granular microplastic, 
polyethylene terephthalate standard substance (PET) was used. 

The isolation of the microplastic particles was carried out according to the modified procedure described in the literature (Nuelle M-T 
et al., 2014), which included mixing the boiling water with selected PCPs at 180 rpm and filtration through a 0.45 μm cellulose-
acetate membrane filter (Sartorius Stedim Biotech, Gottingen, Germany). The following techniques were used to describe the 
structural properties of the isolated MPs: FTIR analysis (Thermo-Nicolet Nexus 670, in the range of 4000-600 cm-1, at a resolution of 
4 cm-1); light microscope and image analysis systems Image Analyzing System Motic 2000. All kinetic experiments were conducted 
in the 40 mL glass vials at room temperature (25°C) as followed: 10-20 mg of investigated adsorbents was added into each vial which 
contains 30 mL of background solution. The initial concentration of investigated compounds in the experiments was 100 µg/L. The 
vials were sealed and pleased on a digital shaker at a speed of 200 rpm. All experiments were performed in triplicate. Samples were 
collected at specified time intervals (up to 96 h) and filtered through the 0.45 µm membrane filter. Filtrated samples were prepared for 
gas chromatographic analysis (6890 with 63Ni µECD, Agilent Technologies).  

Tabela 1: Physico-chemical characteristics of investigated organic compounds 

Compound Molecular mass logKow
 Solubility in water 

(mg/L) 

1,2,3-TeCB 181 4.05 12.2 

1,2,4-TeCB 181 4.02 49 

1,3,5-TeCB 181 4.19 3.99 

PeCB 250 5.18 0.81 

HeCB 406 7.54 < 1 

TFL 335 5.34 < 0.1 
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Figure 1: Kinetic study results of six POPs on a) PE, b) PE_PCPs_1, c) 
PE_PCPs_2 and d) PET during 96 h 

Figure 2: Linear plots of sorption pseudo-second-order kinetic model 
for six POPs on a) PE, b) PE_PCPs_1, c) PE_PCPs_2 and d) PET 

Obtained experimental data were fitted with three kinetic models: the pseudo-first-order, pseudo-second-order and Weber-Morris 
models. Figure 1 shows the adsorption kinetics of selected organic pollutants on the different types of microplastics. On Figure 2, 
pseudo-second-order model results are presented. Based on the results shown in Figure 1, the adsorption equilibrium was achieved 
after 48 h for all investigated compounds on all investigated MPs. More hydrophobic compounds (PeCB, HeCB and TFL) had higher 
affinity toward all four types of MP. Concentration of these compounds in water, after contact with PE and PET during 48 h, 
decreased for more than 90%, relative to initial values. The difference in behaviour of this compounds in presence of MPs isolated 
from personal care products and pure PE can`t be observed. Other authors also found that hydrophobic compounds have high affinity 
for adsorption on PE (Lee et al., 2014; Ramos et al., 2015). Trichlorobenzens, showed lower adsorption affinity toward MPs, as a 
consequence of their lower hydrophobicity. Lowest sorption affinity on all MP materials showed 1,2,4-TeCB (about 70%), following 
by 1,2,3-TeCB (about 80%) and 1,3,5-TeCB (86-89%). The obtained R2 value ranging from R2=0.936-0.999 indicate that kinetics for 
all investigated substances and MPs, can be described with pseudo-second-order model. Furthermore, measured qe values were similar 
to theoretical qe, calculated for pseudo-second-order. This confirms chemical interactions between selected POPs and PE and PET, 
which is in accordance with findings of other authors (Wang et al., 2018; Li et al., 2018).  

  



759 
 

 

 

Table 2: Theoretical and experimental qe values obtained with pseudo-second-order model 

Compounds Sorbents k1 (h
-1) R2 qe (theoretical) qe (experimental) 

1,2,3-TeCB 

PE 
0.0739 0.9363 237.36 277.78 

PE_PCPs_1 
0.0360 0.9928 242.58 277.78 

PE_PCPs_2 
0.0298 0.9936 239.58 263.85 

PET 
0.0506 0.9950 237.29 285.71 

1,3,5-TeCB 

PE 
0.0338 0.9977 257.22 285.71 

PE_PCPs_1 
0.0316 0.9954 256.59 285.71 

PE_PCPs_2 
0.0317 0.9970 258.20 282.49 

PET 
0.0374 0.9923 253.22 294.12 

1,2,4-TeCB 

PE 
0.0359 0.9884 251.66 294.12 

PE_PCPs_1 
0.0290 0.9850 258.03 277.78 

PE_PCPs_2 
0.0155 0.9995 263.73 272.48 

PET 
0.0179 0.9991 257.49 277.78 

PeCB 

PE 
0.0075 0.9995 301.91 312.50 

PE_PCPs_1 
0.0061 0.9998 304.64 312.50 

PE_PCPs_2 
0.0056 0.9998 306.06 313.48 

PET 
0.0077 0.9996 302.72 312.50 

HeCB 

PE 
0.0092 0.9999 272.15 285.71 

PE_PCPs_1 
0.0069 0.9998 276.75 285.71 

PE_PCPs_2 
0.0057 0.9999 278.04 283.29 

PET 
0.0064 0.9996 277.43 285.71 

TFL 

PE 
0.0058 0.9998 330.15 344.83 

PE_PCPs_1 
0.0053 0.9999 332.27 344.83 

PE_PCPs_2 
0.0058 0.9997 333.74 343.64 

PET 
0.0072 0.9993 323.45 344.83 

 

Based on obtained results it was determined that PE and PET, as commonly found microplastic particles in water environment, have 
very high sorption capacity for hydrophobic persistant organic pollutants such are trichlorobenzens, pentachlorobenzene, 
hecachlorobenzene and trifluralin. This implies that since microplastics are widespread in the water environment and undergo slow 
decomposition, they may play an important role in the fate and transport of investigated POPs.  

 

Keywords: microplastic, persistent organic pollutants, sorption, kinetics, water pollution 
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Abstract: 

We investigated a combination of approaches to extend the attainment of partition equilibria between silicone passive samplers (PS) 
and surface or treated waste water towards more hydrophobic organic compounds (HOC). The aim was to identify the HOC 
hydrophobicity range for which silicone sampler equilibration in water is feasible within a reasonable PS deployment period. 
Equilibrium partitioning of HOC between PS and water is required for their simpler application in exposure assessment as a 
“chemometer” with the aim to compare chemical activity gradients across environmental media (e.g. water, sediment, biota). 

Equilibrium can be attained faster when: a) sampler exposure periods arelongand water flow is high (smart placing or mechanical 
power)maximizing mass transfer from water to PS; b) when samplers are thinner; and c) when samplers are pre–equilibratedwith local 
bottom sediment the equilibrium time should be shorter after deployment than starting from a blank sampler (Figure 1).  

The approaches were tested at three sites including a fish pond with a low level of pollution, a river impacted by an urban 
agglomeration and an effluent of municipal wastewater treatment plant. For this we analyseded targetcompounds over a large 
hydrophobicity range includingpolychlorinated biphenyls (PCB), polycyclic aromatic hydrocarbons (PAH), DDT, its metabolites and 
their isomers, hexachlorobenzene (HCB) and polybrominated diphenyl ethers (PBDE).  

The study shows that thin (100-500 µm) silicone sheets exposed at sampling rates of 10-40 L d-1 for a time period of up to four 
months reach partition equilibrium with water for compounds with a log Kow<5.5. Nevertheless, for compounds beyond this limit it is 
challenging, within a reasonable time period, to reach equilibrium between PS and water in an open system where water boundary 
layer resistance controls the mass transfer. For more hydrophobic HOC (log Kow>6), the kinetic method using performance reference 
compounds is recommended instead. 

 

 

Figure 1:Different approaches to extend the hydrophobicity range of substances, for which silicone passive samplers 
 reach partition equilibrium with water 

Keywords: aquatic pollution, persistent organic pollutants, mass transfer, equilibrium partitioning, passive sampling, silicone 
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Abstract 

Introduction 

Biofilm is one of the most common and successful life forms on earth. It is an assemblage of microbial cells, forming a 
complex community of bacteria, algae, fungi, and other microorganisms. However, these organisms contribute for less than 10% of 
the biofilm dry mass. The major constitution of a biofilm is the matrix, which is produced by the organisms and is an aggregation of 
polysaccharides, proteins, nucleic acids, lipids, and water, responsible for the attachment to surfaces and for keeping biofilm together. 
The matrix is known as extracellular polymeric substances (EPS) andstands at the foundation of the food chain(Flemming, 2002; 
Flemming & Wingender, 2010; McDougald, Rice, Barraud, Steinberg, & Kjelleberg, 2012).  

Biofilms are present in a great variety of environments, and their importance reaches several study fields, like health, 
biological and environmental sciences. They are employed in technical applications, wastewater treatment and bioremediation (Singh 
et al., 2006; Wuertz et al., 2004),also, they have important functions in the natural environment. For example, these microorganisms 
actively participate in the energy and biogeochemical fluxes, most of allwithin rivers(Beaulieu et al., 2011; Mulholland et al., 2008; 
Raymond et al., 2013). 

Biofilms are so important because they can incorporate nutrients and become a source of them to other organisms. Their 
main characteristic is the ability to retain and absorb substances. Since stream biofilms are continuously exposed to the dynamic flow 
of the water, they can incorporatenot only nutrients but also suspended solid particles (and substances bounded to them), other 
microorganisms,dissolved ions, pollutants and even microplastics present in the water phase. In that way, both hydrophilic and 
hydrophobic substances can be detected within biofilms. There are different mechanisms to incorporate substances and materials into 
the matrix (EPS) or microbial biomass (into the organisms or cells), like adsorption, absorption, and diffusion (Battin, Besemer, 
Bengtsson, Romani, & Packmann, 2016; Flemming & Wingender, 2010).For the cited reasons, biofilmis a suitable biological 
indicator and may be an interesting kind ofbiological passive sampler. This paper has the goal to review the use of biofilm as passive 
sampler or as an appropriate monitoring matrix.  

The use of biofilms as a monitoring tool 

Inside a stream or a river, the surface of rocks, wood, leaves,sand and even the pore space of the sediment can be a proper 
host surface to biofilms. They also grow in synthetic surfaces, like glass, plastic or stainless steel. The growth rate and the 
composition of a biofilm can vary depending on the environment. Characteristics like light, dissolved oxygen, temperature, nutrient 
availability, turbidity, and others can interfere in the biological and chemical processes of the biofilm (Besemer, 2015). Those 
characteristics must be considered in each study area to define a monitoring plan and an experimental design that describes the 
environment properly. For that reason, the comparison between two or more study areas is very complex.  

It is also very difficult to separate the substances that are bound to the EPS, incorporated in the cells of organisms or in the 
solid particles embedded in the biofilm. Furthermore, it is almost impossible to separate the bio-available substances from the ones 
that are not available to the organisms. Several substanceswere analyzed within biofilm along the years and the most frequent are 
heavy metals. Although heavy metals are not considered micropollutants, they are also released in the environment, are persistent and 
toxic to many organisms. The highest concentrations detected were of zinc, lead, mercury and vanadium, which were detected up to 
500 µg gDW-1 in the biofilm. Similar concentrations of micropollutants like polycyclic aromatic hydrocarbons, polychlorinated 
biphenyls, hexachlorobenzene, and dichlorodiphenyltrichloroethane werereported(Fuchs, Haritopoulou, Schäfer, & Wilhelmi, 1997; 
Kohušová, Havel, Vlasák, & Tonika, 2011).  

Pesticides were also detected within biofilms, in lower concentrations than the just mentioned pollutants. The herbicide 
diuron and its degradation products were analyzed, but only diuron was quantified above the limit of quantification. The highest 
concentration detected was 0.04 µg gDW-1(Dorigo, Berard, Rimet, Bouchez, & Montuelle, 2010). Similar concentrations of triclosan, 



763 
 

parabens, and pharmaceuticals were detected by Huerta et al. (2016)in river biofilms in Spain and the lowest concentrations detected 
(less than 0.001 µg gDW-1) were of hormones and carbamazepine (Du, Haddad, Scott, Chambliss, & Brooks, 2015; Writer, Barber, 
Ryan, & Bradley, 2011).  

 Another concerning fact about biofilms is that the bacteria present in their constitution may be developing resistance genes 
due to the discharge of antibiotics into aquatic ecosystems by wastewater treatment plants (WWTP), and becoming resistant to 
antibiotics (Aubertheau et al., 2017). The resistance genes can also spread in the environment, and are considered a kind of pollution. 
Antibiotic-resistant bacteria are of concern because their presence in the environment may cause negative impacts on human health.  

These findings indicate that biofilms well represent environmental conditions and therefore can be employed as biological 
passive samplers. Their use, along with other analyses, may provide better and more complete results than traditional chemical and 
hydrological monitoring techniques, like grab sampling. However, the sorption mechanisms of biofilms and the concentration of 
pollutants within biofilm over time are still not completely understood. The partition of pollutants and the relations between the 
concentrations detected in the water, sediment and biofilm are equally unknown.So far,there are few studies monitoring 
micropollutants and resistance genes in biofilm and their relation with other matrices. Most of the studies were performed with stream 
biofilms collected from natural rocks, but the potential of the biofilm as a passive sampler is not fully explored yet. 

Conclusion 

Biofilms are easy to find and may grow on any kind of substrate. Their sorption abilities are important for the ecosystem and 
are an advantagefor monitoring pollutants infreshwater ecosystems. These results emphasize that biofilms are apromising choice as a 
passive sampler, integrating physical, chemical and biological analyses. However, using a biological matrix to monitor pollutants in 
the environment is complex, and the sorption and chemical processes within biofilms are not fully understood. There are few studies 
in this area, and more studies are required for final conclusions. Therefore, when working with biofilm as passive sampler, the 
experimental design must be carefully developed and the found results must be used with caution.  
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Introduction 

Hexabromocyclododecane (HBCDD) is now a banned brominated flame retardant (BFR) that has been used in polystyrene foams in 
building materials, upholstery textiles and electrical devices. With over 10 000 tons annual market demand, HBCDD was the second 
most-used BFR in Europe in 2010 (de Wit et al., 2010), following earlier limitations on the use of polybrominated diphenyl ethers 
(PBDEs). As a result of this extensive use, HBCDD is measured in the marine environment (Munschy et al., 2013) and was found to 
biomagnify in the food chain (Ruan et al., 2018), prompting its inclusion in the Stockholm Convention list on Persistent Organic 
Pollutants. However, even after its production ban, HBCDD-containing plastic debris in the ocean could act as a reservoir of the 
compound, promoting its long-range transport and its stability. Earlier work found that mussels growing on polystyrene buoys 
accumulated 8 time higher amounts of HBCDD than the surrounding mussels growing on rocks (Jang et al., 2016). The aim of this 
study was: (1) to evaluate the HBCDD content and isomeric profile of plastic debris collected on the coast of the French Riviera, and 
(2) to evaluate the leaching of plastic-contained HBCDD to the dissolved phase.  

 

Methods 

Beached foam-like plastic macro-debris (n=17) were collected from three sites 
along 50 km of the French Riviera coastline in 2018: Lerins Island (Cannes), 
Beaulieu-sur-Mer and Menton (Fig 1). Only debris larger than 2 cm were 
targeted. The outer surface of each macro debris was removed to analyse the 
pristine material within the interior. A subsample(4-5 mg) of each piece was 
spiked with 50 ng of labelled internal standards (13C12 TBBPA, β-HBCDD d18, γ-
HBCDD d18) and dissolved in 0.5 mL of HPLC grade dichloromethane. The 
polymer was precipitated upon addition of 0.5 mL of HPLC grade methanol, and 
the solvent mixture was concentrated by evaporation to a volume of 0.3 mL. The clear supernatant in methanol (as dichloromethane 
was evaporated) was collected after centrifugation, spiked with 10 ng of the injection standard (α-HBCDD d18) and analysed by LC-

MSMS. The target analytes were α-, β-, and γ-HBCDD, tetrabromobisphenol A (TBBPA), 2,4,6-
tribromophenol (TBP) and bisphenol A, and the accuracies of this extraction method were 106±19, 
111±9, 94±22, 97±6, 95±27, 110±36, respectively.Another small subsample of the debris was 
analysed by FTIR spectroscopy. 

For the leaching experiment (Fig 2), 300 mg of HBCDD containing debris (sample #1) were sliced 
into regular cubic fragments of 0.5-1 mm and placed in a meshed spherical container. The container 
was fully immersed in a clean glass beaker containing 250 mL of 1 µm-filtered clean seawater and 
kept under constant vertical motion. This water was renewed at a rate of 2.4 mL/min by means of a 
peristaltic pump. A 250 mL sample from the overflowing ofleachate (~2h collection time) was taken 
daily for a week, acidified to pH 2 and extracted with dichloromethane, with satisfactory accuracies 
between 88 and 119% for all compounds. 

Results and discussion 

FTIR spectroscopy confirmed the polystyrene nature of 16 out of the 17 pieces of macro-debris colleted. Sample #13 did not dissolve 
into dichloromethane and had a distinctive FTIR spectrum characteristic of polyurethane. LC-MS/MS analysis of polystyrene 
additives indicated the presence of HBCDD in 8 macro-debris at levels above 100 µg/g (sum of the isomers) and up to 776 µg/g. The 
HBCDD isomeric profile varied betweenpolystyrene samples: #1, 7 and 14 had comparable concentrations of each the α-, β- and γ- 

Figure 1. Beached polystyrene-like macro-debris 
collected along the French Riviera coast. 

 
Figure 2. PS leaching 
experimental design. 
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isomers; #9 and 10 had comparable levels of α- and β- isomers while γ- was 4 to 5 times more concentrated; and #15, 16 and 17 were 
composed of α- for 50 % of ΣHBCDD. Although the HBCDD technical mixture incorporated into the polymers has a constant 
composition of 81.6%, 11.8 and 5.8% of γ-, α- and β-HBCDD respectively, isomerization is known to occur during thermal 
processing, up to the isomeric profile at equilibrium:∼80% α-, ∼11% β- and ∼8% γ-HBCDD (Li and Wania, 2018). Expansion, 
extrusion, or molding undertaken under heating (80-120 °C) can lead to a variety of partial isomerization such as the one observed in 
this study.Phenolic compounds, on the other hand, were found only in 3 pieces of macro-debris (#15, 16, 17), with bisphenol A at 
levels up to 4480 µg/g and TBP and TBBPA around 1000 µg/g. The consistency in the concentrations of all compounds between 
these 3 polystyrene pieces suggests that they originate from the same source, possibly by breakdown of a larger piece. 

 

Figure 3. Concentrations of additives in beached polystyrene-like macro-debris collected along the French Riviera coast (analytical replicates: n=3-
7). 

In the leaching experiment, ΣHBCDD was found in the leachate at concentrations between 20 and 132 ng/L. The α- isomer was found 
to be the predominant form of HBCDD (78 ± 3 % of ΣHBCDD).Even if the highest concentration was found inthe first sample (taken 

2h after immersion of the plastics), samples from day 2 to 14 had consistently lower 
concentrations between 20 and 61 ng/L with no evidence of a decrease at the end of the 
experiment (Fig 4). The flow calculations indicated that between 54 and 415 ng of 
ΣHBCDD were released per day, indicating that flame retarded polystyrene can be an 
important source of HBCDD in the environment. The experiment was followed by another 
32 days of leaching in the same conditions but without water sampling. Analysis of the 
leached polystyrene debris at the end of the experiment indicated no significant difference 
in its HBCDD concentration, suggesting a release of these additivesover much longer 
periods of time. 
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Figure 4. Leaching of α-HBCDD from 
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Abstract 

The sulfate radical (SO4−) is a highly oxidizing reactive species occurring in advanced oxidation processes (AOPs) that may be 
relevantfor the remediation of contaminated waters and soils (Matzek & Carter, 2016). The efficiency of these remediation processes 
is affected by the quality of the treated water. In particular, dissolved organic matter (DOM) is an important sink of the sulfate radical 
and can therefore slow down the removal rates of target contaminants (Lutze et al., 2015). Recent studies have shown that DOM may 
inhibit the oxidation of target contaminants by an additional mechanism, which most probably involves the reduction of oxidation 
intermediates of the target contaminant, leading to reformation of the parent compound (Canonica & Laubscher, 2008; Janssen, 
Erickson, & McNeill, 2014; Jannis Wenk, Aeschbacher, Sander, von Gunten, & Canonica, 2015; J. Wenk & Canonica, 2012; J. 
Wenk, von Gunten, & Canonica, 2011). A marked inhibitory effect of DOM was observed for the photosensitized oxidation of 
contaminants having aromatic amine functional groups, such as substituted anilines and sulfonamide antibiotics. The goal of the 
present study was to verify the occurrence of an analogous inhibitory effect of DOM in the case of oxidations induced by SO4−. 

Photolysis of persulfate under steady-state UV irradiation (wavelength range: 308  410 nm) served as a source of SO4−, whereby the 
formation of the hydroxyl radical was suppressed by addition of tert-butanol as a scavenger. The depletion kinetics of a target 
compound (out of a set comprising various anilines and sulfonamide antibiotics) and a reference compound (isoproturon) was 
measured in the presence and absence of DOM from standard sources (obtained from the International Humic Substances Society). 
The oxidation of the reference compound isoproturon was assumed to be exempt from the inhibitory effect of DOM (beyond the rate 
decrease due to the mere scavenging of SO4−), according to a previous photosensitized oxidation study (Canonica & Laubscher, 
2008). Second-order rate constants for the transformation of the target compounds induced by SO4− were determined by competition 
kinetics in the presence and absence of DOM up to a concentration of 5 mgC L˗1. 

In the absence of DOM, the second-order reaction rate constants of the sulfate radical were found to cover the ranges of  
(1.8  3.3)  109 M˗1s˗1 and (0.87  8.6)  109 M˗1s˗1 for the anilines and the sulfonamide antibiotics, respectively. In the presence of 
1.0 mgC L˗1 of DOM, the second-order rate constants were typically reduced by 20  60 % for the sulfonamides and 30  80 % for 
aniline, 4-cyanoaniline and 3,4-dichloroaniline compared to those obtained in the absence of DOM. For N-alkyl-substituted anilines, 
DOM either had no significant effect or increased the rate constants by up to 60 %. The DOM concentration dependence of the rate 
constants for 4-cyanoaniline and sulfamethoxazole revealed a sharp decrease from 0 to 0.5  1.0 mgC L˗1 of DOM, followed by a 
region with no further change or even an increase in rate constant. These features were interpreted as the result of an inhibitory effect 
of DOM, analogous to the one observed for photosensitized transformations, and a counteracting accelerated transformation of the 
target contaminants due to reactions with secondary radicals. The latter are suggested to result from the reaction of SO4− with DOM. 

In conclusion, the present study revealed that the SO4−-induced oxidation of anilines and sulfonamide antibiotics is subject to an 
inhibitory effect due to the presence of DOM. Moreover, DOM may also be a source of secondary oxidants, which are especially 
effective in accelerating the transformation of electron-rich anilines. 

Keywords: DOM; advanced oxidation; sulfate radical; inhibitory effect 
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Abstract 

In water treatment, oxidative agents are used for the disinfection and the removal of micropollutants. In the reaction of the 
micropollutants withan oxidant, undesired by-products can be formed(von Gunten, 2003). This by-product formation wasstudied in 
laboratory scale. In most cases, an oxidant is dosed to a sample containing the compound under study. The present work shows that 
this can result in local surplus concentrations which is affecting by-product formation(Terhalle et al., 2018). This was investigated for 
the reaction of phenol with hypochlorous acid (HOCl) in present of bromide (Br-). In the first step, HOCl reacts with Br- to HOBr and 
Cl-. In the second step, HOBr reacts with phenol to bromophenols (e.g., 2- and 4-bromophenol).For these experiments, two different 
approaches were used.A: The reaction solution consisting of phenol (1.0 × 10-3 M), bromide (1.0 × 10-2 M) and phosphate buffer 
(5.0 × 10-3 M) was prepared and adjusted with H3PO4 and NaOH to pH 4.00 ± 0.05. Aliquots of 10 mL solution were filled in 20 mL 
headspace vials. Different volumes of the HOCl stock solution were added to that solution (30 – 190 µL) (final concentrations of 
2.0 × 10-5 – 1.2 × 10-4 M).B: The solution of 1.0 × 10-3 M phosphate buffer was prepared and adjusted to pH 4.00 ± 0.05. After this 
solution was filled in 20 mL headspace vials, different HOCl concentrations (2.0 × 10-5 – 1.2 × 10-4 M) were added to this buffer 
solution. As last step, a solution containing phenol and bromide was added to the HOCl containing vials (final concentration: 6.0 × 10-

3 M phenol and 6.0 × 10-2 M bromide).  

 

 

Figure 1: Yield of bromophenols per HOCl consumed. A: 60 µM HOCl added to the solution of phenol (1.0 × 10-3 M) and bromide 
(1.0 × 10-2 M). B: Solution of phenol (6.0 × 10-3 M) and bromide (6.0 × 10-2 M) added to the solution of HOCl with a concentration of 
60 µM (pH = 4.00 ± 0.05). 

 

In Figure 1 the exemplary results of the yield of bromophenols at the dosage of 6 × 10 -5 M HOCl are shown. In approach A, the 
dosage of HOCl does not match the yield of 2-bromophenol and 4-bromophenol. Only 9 ± 1 % of 4-bromophenol was formed with 
respect to the dosage of HOCl and 2-bromophenol was below the limit of quantification (LOQ). 2,4,6-tribromophenol is the main 
product in approach A (75 ± 2 %). The formation of 2,4-dibromo- and 2,4,6-tribromophenol requires 2 and 3 equivalents of HOCl. 
Considering this, the sum of all bromophenols formed fairly agree with the dosage of HOCl (87 ± 8 % recovery).The formation of 
multiple bromophenols can be explained as follows. After addition of HOCl to the solution containing phenol and bromide, time is 
needed for complete mixing of HOCl. In this mixing time, the fast reaction between HOCl of the dosed solution and bromide in the 
bulk solution can happen at the interface between these two solutions. However, at this interface the HOCl concentration is much 
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higher compared to the completely mixed solution. The spots of high HOCl concentration may result in locally high HOBr 
concentration, which may in turn have favored formation of 2,4-di- and 2,4,6-tribromophenol. Tee, Paventi, and Bennett (1989) 
reported that at pH 4.00 mono- (e.g., 2-bromophenol: k (HOBr) = 6.8 × 105 M-1 s-1(Tee et al., 1989)) and di-bromophenols 
(2,4-dibromophenol: k (HOBr) = 7.24 × 105 M-1 s-1(Tee et al., 1989)) are more reactive towards HOBr than phenol 
(k (HOBr) = 5.0 × 102 M-1 s-1(Pinkernell & von Gunten, 2001)) by several orders of magnitude. This is due to a decrease in pKa of the 
phenols with increasing degree of halogenation (pKa (phenol) = 10; pKa (2-bromophenol) = 8.43, pKa (4-bromophenol) = 9.17; 
pKa (2,4-dibromophenol) = 7.79)(Acero, Piriou, & von Gunten, 2005; Hoigné & Bader, 1994). With approach B (addition of phenol 
and bromide to diluted HOCl solution) the excess of HOCl at the interface between the dosed solution and bulk solution was prevent. 
HOCl was completely mixed when the solution containing high concentration of phenol and bromide was added. A small volume of 
this solution was added to 15 mL of HOCl solutions. With this approach, the multiple bromination was suppressed. The yield of 2,4,6-
tribromophenol was indeed below LOQ. Only at the highest HOCl concentration (1.2 × 10-4 M) 2,4,6-tribromophenol (7 ± 1 %) and 
2,4-dibromophenol (3 ± 0.3 %) were formed. Below 1.2 × 10-4 M HOCl only 2-bromophenol and 4-bromophenol was formed and the 
recovery of HOCl was nearly complete (90 ± 2 %).Schreiber and Mitch (2005) showed similar results during reactions of chloramine 
and HOCl. In mechanistic studies, the experimental approach (the concentration and the order of reagent addition) could have a strong 
effect on the product formation.  Especially in case of fast reactions, envisaged surplus of compounds under study over e.g., an 
oxidant may not be prevalent in case oxidant stock solutions are dosed to reaction mixtures. 
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Chlorine dioxide (ClO2) is an oxidant used in water treatment for disinfection and oxidative elimination of pollutants, algal toxins or 
iron and manganese. Since ClO2 is a highly selective oxidant it reacts fast with electron rich compounds such as phenols, anilines or 
activated amines (Hoigné et al. 1994).  

One major drawback of ClO2 is formation of undesired by-products such as ClO2
- . Recently it was reported that also other by-

products can be formed such as hypochlorous acid (HOCl) from the reaction of phenol with ClO2(Terhalle et al. 2018)(Rougé et al. 
2018). Furthermore it is conceivable that other by-products are also formed such as chloride and chlorate. Yet, yields of these by-
products are largely unknown. The present study investigates by-product formation in the reaction of ClO2 with Suwannee River 
natural organic matter (NOM) as well as with model compounds resembling reactive moieties of NOM. Chloride, chlorite and 
chlorate were determined by IC and HOCl was scavenged by glycine and formed chloroglycine determined by IC.Reaction of 
ClO2with Suwannee River NOM formed mainly chlorite (50%) and considerable yields of HOCl (20%) (minor yields of chlorate 
(≈5%) and chloride (≈10%)). For investigating which reactive moiety may be important for HOCl formation further experiments were 
conducted with simple model compounds resembling reactive moieties of NOM (Figure 1). 

 

Figure 1:Yields of by-products (chloride, chlorite, hypochlorous acid (HOCl) and chlorate) from the reaction of ClO2 with phenolic 
compounds and amines resembling reactive moieties of natural organic matter. Yields are presented in % of ClO2 consumed. Figure 1 
was taken from Lutze et al. (2019). 

 

Figure 1 shows that small changes in the molecular structure of the investigated model compounds may affect the mechanism very 
much, since none of the investigated model compounds showed the same product pattern. Even though phenol hashigh HOCl yields 
the more complex phenolic compounds (e.g., vanillin, hydroquinone) seem not to form HOCl. 
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Since these more complex phenolic moieties are partof NOM, it can be concluded that HOCl is not formed in the reaction of ClO2 
with phenolic moieties.  Rather other structures in NOM may be yield HOCl such as double bonds or amines. 
 

Key words: Chlorine dioxide, secondary oxidants, natural organic matter 
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Abstract: 

In recent years, the rapidly growing population and economic development has resulted in serious adverse environmental 
impacts, bringing priority substances and emerging pollutants into increasing focus. Priority substances are characterized by their 
persistence, bioaccumulation and toxicity, and may pose a high risk to human health and aquatic biota (Teodosiu et al., 2018). A 
number of studies have also shown that climate-change-related extreme events, e.g. floods and rainfall, may lead to an increased 
presence of priority pollutants in natural waters (Kallenborn et al., 2012). Most priority pollutants are very difficult to degrade using 
conventional physico-chemical processes or by microorganisms during biological treatment. The new generation of advanced 
oxidation techniques based on sulfate radicals formation are a promising alternative to these conventional water treatment processes. 
Sulfate radical anions (SO4

•-) are strong oxidizing agents, which have standard reduction potentials in the range 2.5-3.1 V (Rehman et 
al., 2018). In comparison with the hydroxyl radical (HO•) generated from hydrogen peroxide, persulfate salts are a solid oxidant at 
ambient temperature, easy to transport and store, and have high stability and high water solubility (Dewil et al., 2017). Another key 
difference between HO• based and SO4

•- based advanced oxidation processes is that SO4
•- has higher selectivity, reacting by electron 

abstraction or to a lesser extent through H-abstraction. 

Previous studies have shown the degradation of chlorinated benzenes by advanced oxidation processes. However, to our 
knowledge, there is a lack of published data regarding sulfate radical-based degradation of trichlorobenzene (TCB), a representative 
of the priority pollutants of the European Water Framework Directive (2013/39/EU). Hence, this study presents the performance of 
the UV/S2O8

2- process as a new solution in water treatment for the degradation of 1,2,3-TCB in synthetic water. The influence of 
water matrix, including the presence of humic acids as a model for natural organic matter and hydrogencarbonate was also addressed. 
Laboratory experiments were conducted using a photochemical reactor with a quartz reaction vessel equipped with an 253.7 nm UV 
low pressure mercury lamp. The photon flux was determined to be 2.33 x 10-6 Einsteins s-1 by ferrioxalate actinometry method, 
described by Hatchard and Parker (1956). The applied UV fluence was in the range 0-1400 mJ/cm2 with persulfate concentrations of 
0.03 mM and 0.3 mM S2O8

2-. The concentration of 1,2,3-TCB in synthetic water was analyzed after liquid-liquid extraction with 
hexane by gas chromatography with electon capture detection (6890 with 63Ni µECD, Agilent Technologies), according to a 
procedure given in the literature (Kragulj et al., 2013).  

The impact of direct UV photolysis and the UV/S2O8
2- process on the kinetics of 1,2,3-TCB degradation were investigated in 

a control matrix (ultrapure water) and synthetic matrices (figure 1).  
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Figure 1: Degradation of 1,2,3-TCB using UV photolysis alone and UV/S2O8
2- advanced oxidation process  

 

 

The maximum efficacy of 1,2,3-TCB degradation (˃99%) was observed in the control matrix using an oxidant dose of 0.03 
mM and a UV fluence of 70 mJ/cm2. The presence of humic acid and hydrogencarbonate in the synthetic water significantly reduced 
the 1,2,3-TCB degradation relative to the control matrix with no scavengers added. In order to obtain a similar degradation 1,2,3-TCB 
in the synthetic water, it was necessary to add a higher concentration of persulfate and apply a higher dose of UV fluence.  

Degradation of 1,2,3-TCB using the UV/S2O8
2- process follows the pseudo-first order kinetics. Comparing the given results 

with our previous study a slightly higher efficacy of trichlorobenzene degradation was observed by UV/S2O8
2- compared to the 

UV/H2O2 process.  The sulfate radical-based UV/S2O8
2- advanced oxidation process could thus be a effective solution for 

trichlorobenzene removal from water rich in humic acids.   
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Abstract 

 

1. Introduction 

Knowledge about the occurrence and removal of the antidiabetic sitagliptin in municipal wastewater treatment plants (WWTPs) is 
scarce. In WWTP effluents sitagliptin concentrations up to 2 µg/L were detected by Martin et al. (2012)and Hermes et 
al.(2018).Biological treatment was unable to remove sitagliptin with an appreciable portion. For substances containing electron-rich 
structures such as amino moieties (present in sitagliptin) or double bonds, oxidative processes such as ozonation are known to 
bepromising (Gerrity and Snyder, 2011; von Sonntag & von Gunten, 2012) for their removal. The degradation of substances by 
ozonation occurs either by direct reactions with ozone or by indirect reactions with ozone products, mostly OH radicals (von Sonntag 
& von Gunten, 2012). However, a complete mineralization is frequently not achieved with commonly specific ozone dosesused up to 
1.5 mg O3/mgDOC. As consequence, the formation of oxidative transformation products (OTPs) is crucial to elucidated.Sitagliptin is 
likely to be oxidized at the primary amine moiety. The aims of this work werei) to study the removal of sitagliptin by ozonation, ii) to 
identify OTPs formed and iii) to suggest a degradation pathway. 

2. Materials and Methods 

An ozone solution (c = 1 mM) was prepared by passing ozone gas (generated by an Ozone generator LAB2B, Ozonia) through an ice-
cooled bottle filled with ultrapure water. The ozone concentrations weredetected by UV at a wavelength of λ = 258 nm. Experiments 
were conducted by dissolving sitagliptin in phosphate buffer (c = 50 mM). The pH was adjusted with NaOH (1 M). To study only the 
direct reactions of ozone, a radical scavenger (t-BuOH, 1% v/v) was added. By varying the analyte:ozone-ratio the dependence on the 
ozone concentration was investigated, while the determination of the rate constants was performed by stopping the reactions with 1 
mM indigo solution at defined periods. For analysis a LC-QTOF (AB SCIEX 5600 Triple TOF) was used. The separation was 
performed with a Synergi Hydro-RP column (250 x 3 mm, 4 µm). The MS analysis was carried with non-target screening in the mass 
range of 100-1000 Da after electrospray ionization. 

3. Results and discussion 

Degradation of sitagliptin was achieved with and without theaddition of a radical scavenger. In both cases a clear dependence towards 
ozone concentration and reaction time was observed (Figure1). 
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Figure 1: Removal of sitagliptin in ultrapure water by direct ozonation and combined reactions of ozone and radicals at different analyte:ozone-
ratios at a reaction time of 2 h (left) and at different reaction times at fixed ratio (right) 

 

Compared to carbamazepine(k = 3 x 105 M-1s-1, von Sonntag & von Gunten, 2012), the reaction of sitagliptin with ozone was rather 
slow (~ 103 M-1s-1). A complete removal was only observed at a tenfold excess of ozone. Kinetic studies showed that the degradation 
without the addition of a radical scavengerwas much faster.  

 

Primary amines react well with ozone as long as they are non-protonated.The reactions are slow (reaction constant for ammonia is in 
the range of 20 M-1s-1), but increased by deprotonation (von Sonntag & von Gunten, 2012).The identified OTPs confirmed that the 
primary amine moiety of sitagliptin was attacked by ozone (Figure 2). OTPs containing a hydroxyl amine and a nitro moiety indicated 
the reactions of the primary amine moiety (Keinan and Mazur, 1977) as well asthe exchange of the primary amine moiety by a keto-
group.  

 

Figure 2: Transformation of sitagliptin during ozonation; solid arrow = observed pathway,dashed arrow = assumed pathway 

OTPs of sitagliptin were formed by direct as well as by indirect reactions. In both cases, the nitro-TP was the main OTP.Nevertheless, 
in addition to the hydroxyl amine, which is very likely further oxidized to the nitro OTP, a β-diketo derivative (SITA-TP406) was 
identified. The latterwas studied separately, as a reference standard was commercially available. Under the same conditions as used 
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for sitagliptin a fast transformation of SITA-TP406 during ozonation was observed, via direct and indirect reactions. OTPSITA-
TP264 was also detectedafter the ozonation of sitagliptin. 

4. Conclusions 

The antidiabetic sitagliptin was detected with concentrations up to the µg/L-range in effluents of WWTPs, since biological treatment 
is unablefor removal. Ozonation at relatively high ozone doses of approx. 5 mg/L was able to remove sitagliptin during laboratory 
studies.However, 4 OTPs were identified with unknown (eco)toxicological properties. Next, the degradation of sitagliptin will be 
studied in ozonation pilot plants and the formation of the identified OTP will be studied. 
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Abstract 

Chlorine dioxide (ClO2) gained interest as a disinfectant in water treatment after disinfection by-products, (DBPs)namely 
trihalomethanes (THMs) formed during chlorination were regulated in70s(Black & Veatch Corporation, 2010). Its use for 
micropollutant reduction in wastewater was suggested as well (Hey, Grabic, Ledin, la Cour Jansen, & Andersen, 2012)(Huber, 
Korhonen, Ternes, & von Gunten, 2005). Yet, knowledge of reaction mechanisms of ClO2reactions with pollutants is largely lacking. 
Among pollutants secondary and tertiary amines may react fast with ClO2.In this study, reaction of four different heterocyclic 
secondarymodel amines (piperidine, piperazine, pyrrole andimidazole) with ClO2were investigated. These are the moieties that are 
present in numerous pharmaceuticals such as ritalin, cetirizine, fludioxonil and candesartan. To further verify the knowledge gained 
by these compounds, reaction of cetirizine as a micropollutant present in water bodies (LANUV, 2018) with ClO2was investigated. 

Kineticswas studied by measurement of ClO2depletionat 359 nm in pseudo first order condition by UV-Vis or by using a stopped-
flow device (for very fast kinetics). Different instrumental analysis was utilized to measure the model compounds including LC-UV, 
LC-MS and cation-IC.Hypochlorous acid (HOCl) was measured by using glycine as scavenger and measurement of N-chloroglycine 
with anion-IC alongside chloride, chlorite and chlorate as other possible transformation products of ClO2. 

Nitrogen present in piperidine, piperazine and imidazole is protonated below their corresponding pKavalues and thus, reaction rate of 
these compounds with ClO2was shown to be pH dependent. In case of piperazine it appears that monoprotonatedspecies were not 
reactive towardsClO2 as well as diprotonated species, yet the neutral species showed a 3-fold higher reaction rate compared to 
piperidine. This indicates that the reactivity towards ClO2is mainly controlled by the neutral piperazine species and the two nitrogen 
atoms may act as one reaction center. Neutral imidazole demonstrated a very low reaction rate towardsClO2while overall reaction rate 
may be controlled by the anionic imidazolide (pKa = 14.4 (Catalan et al., 1988)). Pyrrole on the other hand, is only present as neutral 
species since it has no pKa between -2 and 16. For cetirizine it was also observed that only the neutral species in which both nitrogens 
are deprotonated is reactive.  

Stoichiometry of the reaction for piperazine, pyrroleand imidazole followeda two-step reaction pathwaythat has been suggested 
previously by other researchers for reaction of other groups of compounds with ClO2(Dennis, Hull, & Rosenblatt, 1967)(Wajon, 
Rosenblatt, & Burrows, 1982)(Terhalle et al., 2018). In brief, ClO2 reacts by electron transfer in a first reaction forming chlorite and a 
radical cation. The radical cation may cleave H+ and undergo an extremely fast second reaction with ClO2 following different possible 
mechanisms. For piperazine,a second electron transfer reaction with the second nitrogen will formanother chlorite anda 
transformation product which after animine formation and further hydrolysis will form formaldehyde and ethylenediamine(Figure 1). 
This was confirmed with more than 80% formation of chlorite as the major ClO2transformation product (Table 1). But in case of 
pyrrole and imidazole, the second attack did not form chlorite as its yield was only around 46% and 50%, respectively. The missing 
fraction of chlorine mass balance was HOCl and chloride, indicatingan oxygentransfer reaction as suggested previously by Aguilar et 
al. 2014, and Rougé et al. 2018.While the yield for chloride in different ratios of ClO2 to pyrrolewas relatively constant (16% in 
average), the yield for HOCl was changing from 8 % for 1:5 to 45% for 2:1. For imidazole, an average of 50% chlorite approved 
initial electron transfer reaction. An average of 40% HOCl and 10 percent chloride was also observed. 

In case of piperidine,a very high stoichiometry of more than 7ClO2 consumption per piperidine was observed, indicating a possible 
chain reaction between one of theshort-lived intermediateswith ClO2to the primary product of the first electron transfer. The 
remaining fraction of the chlorine balance was measured to be HOCl and chloride with an average of 5 and 10%, per consumed 
ClO2respectively. 
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Figure 1: Reaction pathway for reaction of piperazine withClO2 

 

Table 1:Reaction characteristics of heterocyclic amines with ClO2 

Compound  Stoichiometry 
of the reaction 
with ClO2/ ClO2 
per compound 

Average 
chlorite 
formation / 
percent 

Average HOCl 
formation / 
percent 

Average 
chloride 
formation / 
percent 

Piperidine 7.3 83 5 10 

Piperazine 2.3 79 - 14 

Pyrrole 1.7 46 22 16 

Imidazole 2.7 50 40 10 

Cetirizine 3,6 93 - 5 
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Oxidation processes are important for the abatement of micropollutants and lead to corresponding transformation products. 
Wastewater and drinking water treatment may employ oxidation for targeted removal of micropollutants, whereas in surface waters, 
photooxidation contributes significantly to the natural attenuation of these compounds. Owing to the high number of micropollutants, 
it is impossible to experimentally assess the abatement of every compound in every setting. It is thus necessary to understand the 
reaction mechanisms of these reactions, and to develop predictive models for the reaction kinetics- knowledge that is transferable 
from one compound to another. 

 

Quantum chemical calculations can help to evaluate proposed reaction mechanisms by estimating their thermodynamic and kinetic 
feasibility. Thermodynamic feasibility can be evaluated by Gibbs free energy calculations of the involved reactants, intermediates, 
and products. A proposed reaction mechanism should ideally involve species that are connected on a potential energy surface formed 
by atomic coordinates, allowing also the estimation of the free energy of activation of a reaction. Also, quantum chemical descriptors 
such as orbital energies can be used to construct quantitative structure-property relationships (QSPRs) to predict second order rate 
constants for oxidation reactions. In this talk, an overview of the corresponding quantum chemical methodologies will be given, and 
some representative examples from ozonation reactions will be presented. 
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Abstract 

The ubiquitous chromophoric dissolved organic matter (CDOM) is the main absorber of sunlight in surface waters and may induce the 
indirect phototransformation of a variety of organic contaminants (Zepp, Baughmann & Schlotzhauer, 1981). These transformations 
are initiated by photochemically produced reactive intermediates (PPRIs), which comprise singlet oxygen, the hydroxyl radical and 
excited triplet states of CDOM (3CDOM*).The latter are important short-lived PPRIs that are able to initiate the transformation of 
electron-rich phenols, phenolic phytoestrogens, N-substituted anilines, phenylurea, bisphenol A and sulfonamides (McNeil 
&Canonica, 2016). Besides 3CDOM*, other still unidentified CDOM-derived PPRIs were detected that are particularly effective in 
the transformation of electron-rich phenols at sub-micromolar concentrations (Kawaguchi, 1993; Canonica &Hoigné, 1995; Canonica 

&Freiburghaus, 2001).Based on kinetic arguments, these PPRIs were termed as long-lived photooxidants (LLPOs) and estimated to 

have lifetimes in the order of >100 s, in contrast to short-lived photooxidants (such as 
3CDOM*) exhibiting lifetimes of only a few 

microseconds.In the present study we further characterized the chemical nature of these LLPOs and identifiedorganic contaminants 

that are particularly susceptible to transformation by LLPOs. 

Severalphenols were selected as target compounds and the kinetics of their CDOM-photosensitized transformation was measuredat 

the two endpoints of 0.1 M and 5.0 M initial concentrations of the target compound.At the higher initial concentration short-

lived CDOM-derived PPRIs were assumed to dominate the transformation of the phenols, while at the lower initial concentration 

both short- and long-lived PPRIs were assumed to contribute to the transformation. The sources of CDOM wereextracts of aquatic 

humic substances obtained from the International Humic Substances Society, and CDOM was employed at a typical concentration of 
2.5 mgCL-1

.Photosensitizers in combination with electron-deficient phenols were also used as CDOM model systemswith the goal of 

photogenerating phenoxyl radicals,which were hypothesized to be LLPOs surrogates.The experimental irradiation conditions were 

chosen to mimic environmental conditions and to minimize the effect of direct photochemistry. 

At the high endpoint initial concentration (5.0 M), the pseudo-first-order rate constants for the PPRI induced transformation varied 

in the range of (3.1  15.1)  10
-4

s
-1 

for the electron-rich phenols, 2,4,6-trimethylphenol, trolox and 3,4-dimethoxyphenol, and  

(2.2  8.0)  10
-5

s
-1

for phenol and 4-methylphenol.Upon lowering the initial target compound concentration from 5.0 M to 0.1 M, 

a 6 16 fold increase in pseudo-first order rate constants was observed for the more electron-rich phenols,while no significant change 
in pseudo-first order rate constants was observed for phenol and 4-methylphenol.The ratio of pseudo-first-order rate constants for 

the low (0.1 M) versus the high (5.0 M) initial concentration was taken as an indicator for the relative increase in rate constant to 

be attributed to LLPOs. Therefore, LLPOs were found to dominate the photosensitized transformation of the more electron-rich 

phenols at 0.1 M initial concentration, but to negligibly contribute to the photosensitized transformationof the less electron-rich 

phenols. For a few model systems with CDOM surrogates, the pseudo-first-order rate constants for the photosensitized 

transformation of 3,4-dimethoxyphenol were also found to be enhanced at 0.1 M initial concentration compared to 5.0 M, 

confirming that such surrogates are able to mimic the kinetic effect attributed to LLPOs. 

In summary, the observed trendsin pseudo-first-order rate constants support the hypothesis of target compound transformation 

induced by photooxidants of different lifetimes produced by irradiation of CDOM. Moreover, photochemically produced 
phenoxylradical were able to mimic the effect of LLPOs inthe photosensitized transformation of electron-rich phenols. 
 

Keywords: aquatic photochemistry, photooxidants, transformation kinetics, chromophoric dissolved organic matter 
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Abstract 

 

Introduction 

Ozonation has been applied in drinking water and wastewater treatment mainly for disinfection purposes, but since the 1990s, the 
possibility to abate micropollutants has gained in importance. Micropollutants are not mineralized during reactions with ozone and/or 
OH radicals, but are converted to transformation products, which are largely unknown (von Sonntag and von Gunten, 2012; von 
Gunten, 2018).Some studies showed an increased toxicity afterozonation in wastewater treatment (Stalter et al. 2010).According on 
general knowledge of ozone chemistry, the transformation products resulting from the reaction of ozone with certain molecular 
moieties can be predicted based on their reactivity in systems where only ozone is considered (Lee et al. 2017). However, under 
realistic conditions, ozone decomposes into OH radicals, which concurrently are reacting non-selectively with the micropollutants or 
with the transformation products formed in ozone reactions.It is not easily predictable how stable the formed products are and what 
their fate is in the biological post-treatment, i.e., sand filtration. Often it is assumed that ozonation transformation products (OTPs) are 
easily degradable, since AOC/BDOC is degraded in the biological post-treatment. However, some OTPs, e.g.,N-oxides that are 
formed with a high yield from tertiary amines (Borowska et al. 2016; Merel et al. 2017; Bourgin et al. 2018), were found to be very 
persistent and are not degraded during biological post-treatment with sand filtration. OTPs from olefins or aromatic compounds are 
expected to be more easily biodegraded than the parent micropollutants (Hübner et al. 2015). 

Typically,liquid chromatography coupled to high-resolution mass spectrometry (LC-HR-MS/MS) is applied for the analysis of OTPs. 
Two common approaches can be differentiated:(A) OTPs can be elucidated in laboratory experiments with the support of expert 
knowledge and/or model predictions. However, the elucidation of transformation products of single substances is very labour-
intensive and therefore, data remains scarce. (B) In contrast, non-target analyses can be used to screen for peaks that appear after 
ozonation under realistic conditions in pilot- or full-scale studies (Schollee et al. 2018). Although this approachprovides a more 
comprehensive assessment, it is very challenging to assign chemical structures to transformation product candidates and to relate a 
transformation product to its parent compound. 

In this study, laboratory experiments were performed with mixtures of micropollutants under different ozone and OH radical exposure 
(simulating real water matrices without the addition of natural organic matter (NOM)) to identify OTP candidates first as peaks only. 
Thereafter, their abundance in real water matrices (wastewater and spiked drinking water) were evaluated for the prioritization of 
relevant transformation products before chemical structures are assessed. 

 

Method 

Batch experiments were conducted in the laboratory with mixtures of 87 micropollutants at differing ozone exposure.The oxidation 
conditions in drinking water and wastewater matrices (i.e., ozone and OH radical exposure)were simulated by adding methanol and 
acetate as promoters and inhibitors for the ozone decomposition, respectively. By this approach, a drinking water matrix of 1.3 mg/L 
DOC and a wastewater matrix of 5 mg/L DOC was simulated without the inherent analytical problems due to NOM oxidation 
products.The selected micropollutants included environmentally relevant compounds with different functional groups (e.g. olefins, 
amines, aromatic moieties). Samples taken at different time points were analysed with LC-HR-MS/MS. Beside the commonly applied 
reversed-phase chromatography (RPC), a method using hydrophilic interaction liquid chromatography (HILIC) was developed and 
applied to better detect polar OTPs. Electrospray ionization (ESI) in positive and negative mode was applied to identify OTPs. 
Additionally, pilot-scale ozonation experiments were performed at a drinking water treatment plant of the waterworks Zurich. Fifty 
micropollutants were spiked and samples were taken before, in and after the ozonation reactor and the subsequent biological sand 
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filter. Moreover, samples from a wastewater treatment plant (WWTP) that employs ozonationwith a specific ozone dose of 0.55 g 
O3/g DOC and a post-treatment with sand filtration were taken. These samples from drinking water and wastewater treatment were 
screened for the OTP peaks elucidated in the laboratory batch experiments.  

Results 

Out of the 87 micropollutants analysed, focus was laid on 53 that were found in the WWTP samples after biological treatment. In the 
batch experiments with the simulatedwastewater matrix, 1133 OTP signals were found in total, 1051 with RPC, and 82 with 
HILIC(analysed only for 28 compounds in highest concentrations). About equal amounts were detected in positive and negative ESI 
modes. On average, 21 OTPs were found per parent compound. 

For the same OTP, several signals can occur in the two ionization modes and in the two chromatographic analyses. Therefore, these 
peaks were grouped together. The retention time was used for this, together with the trend of the OTP peaks in the batch experiments 
with higher ozone exposures.  

 

 

Figure 1:Number of identified OTP signals of 53 micropollutants in reversed-phasechromatography (RPC) and of 28 micropollutants in HILIC 
chromatography in positive and negative ESI mode during ozonation in a simulated wastewater matrix.  

 

Structure elucidation is only done for peaks that were detected in real environmental samples. Therefore, the measurements of spiked 
drinking water and of wastewater samples were screened for all potential OTP masses found in the batch experiments. So far, only 
results are available for theWWTPwith full scale ozonation. Out of 631 OTP peaks found in RPC for 28 micropollutants, 46 could be 
confirmed in the real wastewater samples based on the exact masses of these possible OTPs and on similar retention times. So far, 
eight OTP signals could be further confirmed due to similar fragments in the MS/MS spectra. Two were the OTPs chlorothiazide and 
venlafaxine N-oxidewhichare already known from literature (Bourgin et al. 2018). For 5 other OTPs, a structure could be proposed by 
comparing the structures and the MS/MS fragments of the OTPs with the ones of their respective parents. While chlorothiazide and 
venlafaxine N-oxide are persistent compounds, a decrease of the signal of some of the other OTPs could be found during sand 
filtration. Work is still on-going to assess the fate of the OTPs in the drinking water treatment plant, and to elucidate more OTP 
structures found in real samples. 

 

Keywords: ozonation, transformation products, drinking water, wastewater  
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Abstract  

The DOC2C’s project is an extensive research program of four years to investigate the possibility of improved dissolved organic 
carbon (DOC) removal in drinking water treatment. This research is through a European Interreg @ Seas Programme that is focused 
on the North Sea and the English Channel regions, known as the 2 Seas Area. The DOC2C’s consortium consists of PWNT R&D 
(NL), South West Water (UK), De Watergroep (BE), Lille University (FR) and Delft University of Technology (NL). 

One of the main aims of improving DOC removal is to avoid Disinfection By-Product (DBP) formation from chlorination or 
chloramination processes. Only a few among many potential DBP compounds are regulated(Kristiana et al. 2012). Also iodide and 
bromide play an important role in DBP speciation as iodinated and brominated DBPs are more toxic than their chlorinated analogues 
(Wagner and Plewa, 2017). This could impact project partners in coastal areas as these are vulnerable to high salinity and possibly 
higher iodide levels in source waters. And in the context of climate change, water salinity may increase in the future such as by sea 
water intrusion. 

Analytical methods to analyse the regulated trihalomethanes – with a focus on iodinated species and haloacetic acids – by Headspace-
Trap Gas Chromatography were developed at Lille University. Chlorination experiments (e.g. formation potential tests) were 
performed on samples from a full-scale plant (30,000 m³/day) in 2018.  

The results showed that the highest precursor removal consists in the coagulation step, (e.g. 88 % of chloroform precursors’ removal) 
where most of the humic substances are removed. Then, the sand filtration and activated carbon steps account for a lower removal of 
precursors, but, it was shown that the formation potential decreases linearly with the decrease of the building blocks fraction of NOM 
during these two processes and final chlorination. 

 

Figure 1:Trihalomethane formation potential evolutionin a full scale plant related to the building block’s peak area (data corresponding to the water 
sampled after the different treatment steps mentioned) – Results from 2 campaigns in 2018. 
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Considering halides, a clear correlation between bromine incorporation into THMs and the bromide to DOC ratio was obtained in the 
full-scale plant. Iodine was mainly transformed into iodate during chlorination due to the high concentration of bromide. Moreover, a 
part of organic iodine is also transformed in the treatment line. 

Finally, from a theoretical toxicity assessment performed on the treated water, the speciation of trihalomethanes and haloacetic acids 
showed that despite the much larger amount of THM4 in the water compared to HAAs, their relative cytotoxicity is far less than the 
one caused by the presence of HAAs.  

 

Figure 2: Comparison between real water concentrations in THM4 and HAAs (a) and their relative cytotoxicity (b). An intermediate chlorination is 
performed after sand filtration. 

 

An innovative process (Ion exchanged in a Fluidized bed – Pilot plant) has also been tested during the campaigns to assess its 
improvement of NOM removal related to the disinfection by-product formation. 
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Abstract: 

Introduction 

Contemporary wastewater treatment is optimized to remove oil and solids and degradable organic compounds and nutrients. 
However, emerging chemicals originating from anthropogenic activities, such as pharmaceuticals, biocides, industrial chemicals, food 
additives, etc. are often not well removed during these treatments. Emerging chemicals are generally present in low concentrations 
(and are therefore often referred to as micropollutants) but can have effects on aquatic organismsdue to their intended biological 
activities and constant emission. In order to reduce the possible load of these micropollutants to Swiss surface waters, a Water 
Protection Act was implemented at the beginning of 2016. The act stipulates that approximately 15% of Swiss wastewater treatment 
plants (WWTPs) have to be upgraded with advanced treatment to achieve a micropollutant abatement of 80% over the WWTP. 
Ozonation in combination with biological post-treatment or activated carbon is recommended as an advanced treatment option to 
remove these emerging contaminants from wastewater.  

Ozonation is effective in abating many micropollutants; however, rather than being mineralized, generally ozonation transformation 
products (OTPs) are formed (von Sonntag and von Gunten, 2012).These OTPs can be formed either through reactions with ozone or 
with hydroxyl radicals. The formation and fate of these OTPs is not well understood, especially since many remain unknown.High-
resolution tandem mass spectrometry (HRMS/MS) data, along with suspect and non-target screening methods, can be applied to 
assess the changes resulting from different treatments and compare their performances (Hollender et al.2018). In this study, these 
methods were used to investigate the formation and fate of OTPs in real wastewaters in Switzerland. Study objectives include (1) 
assessing the formation of OTPs predicted with the ozonation pathway prediction system (O3-PPS; Lee et al.2017)in a suspect 
screening approach and (2) with a non-target approach, comparing the removal of OTPs in various treatment technologies, including 
granular activated carbon (GAC) filtration and powdered activated carbon (PAC) treatment. 

 

Methods 

Samples were collected from four WWTPs before and after conventional activated sludge treatment (INF and BIO, respectively), after 
ozonation treatment (OZO), and after biological post-treatment or activated carbon treatment (EFF). Reverse-phase liquid 
chromatography (RPLC) coupled to HRMS/MS was used to measure samples (Bourgin et al.2018) and a workflow including peak 
picking, profile building and isotope/adduct clustering was applied (Schollée et al.2015 and Schollée et al.2018). Intensity patterns of 
the accurate mass / retention time (AMRT) features were then analysed.First, in a suspect screening approach, OTP exact masses were 
predicted with the ozonation pathway prediction system (O3-PPS; Lee et al.2017) for 87 relevant micropollutants and their presence 
was screened for in wastewater. Second, in a non-target screening approach,hierarchical cluster analysis (HCA) grouped AMRT 
features based on intensity patterns in the WWTP. Expected intensity patterns related to OTPs (e.g., increasing intensity after 
ozonation) were further analysed to investigate the fate of likely OTPs. In addition to analysis with RPLC, hydrophilic interaction 
liquid chromatography (HILIC) was also coupled to HRMS/MS to detected highly polar OTPs. 
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Results 

In the suspect screening approach, over 7000 potential OTP structures were predicted from 87 relevant micropollutants. Although the 
number of AMRT features detected was similar in RPLC and HILIC (approximately 12000), more suspect hits were detected in 
RPLC than in HILIC (Figure 2). Between 7 and 18% of hits followed the expected trend, i.e., the sum of OTP intensities after 
ozonation was more than twice the sum of the intensity before ozonation. AMRTfeatures that did not fit the expected trend could 
either be false positive hits, transformation products formed prior to ozonation, or OTPs formed in only small amounts. Nevertheless, 
between 400 and 2000 features could potentially be OTPs. 

 

 

Figure 2. Suspect screening of predicted ozonation transformation products. The number of exact mass hits in each of the four measurement modes is shown in blue 
and the number of hits with the expected trend is shown in orange. RPLC: reverse-phase liquid chromatography; HILIC: hydrophilic interaction liquid chromatography; 

pos-ESI: positive electrospray ionization; neg-ESI: negative electrospray ionization 

 

In the non-target screening approach, out of approximately 8000 AMRT features detected at one WWTP, 600-700 features (9%) were 
determined to be likely OTPs based on their intensity patterns. In subsequent post-treatment, 54-83% of likely OTP features were 
well-removed, with granular activated carbon (GAC) filters (run up to 40,000 bed volumes) performing slightly better than the 
biofilters investigated. It was also found that OTPs that were well-removed in post-treatment had significantly higher retention times 
in RPLC (p<0.05, Mann-Whitney U-test), suggesting recalcitrance of polar OTPs. Currently, the evaluation of the formation and fate 
of OTPs in three different WWTPs with the combination of ozonation and GAC filtration or PAC treatment is on-going. 

 

Keywords : Ozonation, transformation products, advanced wastewater treatment, non-target screening 
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Abstract 

The possibility to remove herbicide diuron from waste waters without using chemicals by applying a novel hydrodynamic cavitation 
technology was investigated.  Hydrodynamic cavitation device with a cavitator of Ventury type for waste water purification was 
constructed. The effect of cavitation numberCN, number of passesn, pH and temperature on the reduction of concentration of diuron in 
aqueous solution was examined. The kinetics and the kinetic model have been established and the kinetic parameters of diuron 
removal were calculated. 

Keywords: hydrodynamic cavitation, diuron, herbicide, removal, wastewaters, Ventury  

 

Introduction 
The pesticides are chemical compounds either mixtures or products of biological origin which are ordinary used to prevent, eliminate 
or suppress damage of herbs and plant feces. The herbicides are class of pesticides intended for the control of grass and woody weeds, 
algae, mosses, lichens, etc. Unlike to the majority of the pollutants which are introduced in  the environment accidently, the pesticides 
are applied  with the intention to increase yields of plants in various branches of agriculture (fruit growing, viticulture and forestry), 
and thus helping in the "fight" against harmful microorganisms and other pests in the environmental protection. 

Diuron belongs to the phenyl urea herbicide group, one of the most commonly used and acts as a non-selective herbicide for a large 
number of weeds (Salvestrini et al., 2016). A number of technologies for the removal of diurons from water have been developed: 
oxidation, nanofiltration, photodegradation in combination with biodegradation and adsorption. Hydrodynamic cavitation (HDC) is a 
relatively new and energy-efficient technology for wastewater treatment. The removal of organic pollutants from waste water is based 
on the ability of HDC to generate OH radicals by sonolytic cleavage of water, which are strong oxidizing agents (Petkovic et al., 
2018).Bearing in mind that ordinary used technologiesfor purification, either they are primary or secondary one, they do not enable 
enough effective removal of diuron, in this paper the possibility of diuron removal from waste water by HDC technology was 
investigated. 

 

Experimental 

Materials 

The following chemicals were used: diuron (Sigma Aldrich, Germany), hydrochloric acid (37% w/v Sigma Aldrich, Germany) and 
sodium hydroxide (98% w/v Sigma Aldrich, Germany)-all analytically pure, and distilled water. 

Hydrodynamic cavitation device (HDCD) 

A detailed description of the construction and operation is given in the work (Petkovic et al., 2018).   

Analytical Method for determination concentration of diuron 

The concentration of diuron in aqueous solution was determined by the High Performance Liquid Chromatography (HPLC) technique 
on the Waters system with UV detector (model 2487). A column C18 of 3.9 x 150 mm was used. As a mobile phase, acetonitrile and 
water solvent was used (50:50), with eluting linear gradient with a flow rate of 1 ml min-1. Diuron was detected at a wavelength of 
248 nm at a retention time of 8 minutes. 
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Calculation of the cavitation number of the hydrodynamic cavitation device 

The cavitation number (CN) represents the degree of progress of the cavitation processand equation by which is   describedis given in 
previous work (Petkovic et al., 2018).  

Results and discussion 

Figure 1. shows the effect of the CN  hydrodynamic cavitation device value on the reduction in diuron concentration. 

 

Figure 1: The effect of CNHDCD on the reduction of diuron concentration 

 

When CN≥ 1 there is no reduction in diuron concentration in the solution due to the fact that values of the cavitation number do not 
result in the formation of OH radicals. The decrease in the value of CN in the range of 1.0 ≥ CN> 0.3, leads to a linear decrease in the 
concentration of diuron from 5 mgL-1 to 2 mgL-1. A further decrease in CN values leads to the complete removal of diuron from the 
solution.  

In order to determine the effect of temperature on the reduction in diuron concentration, the temperature of solution varies from 288K 
to 308 K while the values of other technological parameters remain constant: C0= 5 mgL-1, pH = 7, CN= 0.10, n = 20, n = 50. Table 1 
shows the effect of the temperature on the concentration of diuron in the solution. 

 

Table 1: The values of the concentration of diuron (mgL-1) 

 

 

 

Based on the results shown in Table 1, it can be concluded that the increase in temperature at all of the investigated numbers of passes 
leads to the significant reduction in the concentration of diuron in the solution and to its complete removal. 

The influence of the pH value of the aqueous solution on the decrease in the concentration of diuron was examined by varying the pH 
value within the range from 2 to 12, keeping constant all other technological parameters: C0 = 5 mgL-1, T = 298 K, n = 50, CN= 0.10. 
The effect of pH value of the aqueous solution of diuron on the reduction of diuron concentration after HDC is shown in Figure 2. 

 

Figure 2: The effect of pH value of solution on the reduction of diuron concentration 

 

T (K) 288 298 308 

n = 20 1.3 0.8 0.5 

n = 50 0.6 0.3 0 
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Based on the results shown in Figure 2, it can be concluded that the pH value of the solution does not significantly effect on the 
degree of reduction of diuron after the hydrodynamic cavitation process. 

Conclusion 

The HDC is a highly efficient technology for completely reduction of diuron from wastewater without the use of additional chemicals. 
By reducing the value of the cavitation number of HDCD, by increasing the number of passes and temperatures, at constant values of 
other technological HDC parameters, it leads to a significant reduction in the concentration of diuron in the solution until it is 
completely removed. The complete removal of diuron content in aqueous solution is achieved under the following conditions: 
CN<0.10, n > 20, 288 ≤ T ≤ 308. The values of the concentration of diuron are independent of the pH of the solution.  
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Abstract 

The treatment of urban wastewater is essential for pollution prevention of water bodies and drinking watersources.In this 
context, disinfection has not been just an indicator of treatment quality but a fundamental issue that can prevent waterborne diseases. 
In addition, the concernabout micropollutants not removed by conventional wastewater treatment has increased since some substances 
can pose a risk to the aquatic environment and human health. Given that ozonerapidly destroy/inactivate microorganisms and also can 
eliminate micropollutants, ozonation is often used as tertiary treatment in wastewater treatment plants. However, the influence of 
effluent composition on disinfection and micropollutant removal efficiencies by ozonationis not well understood. The ozone dose 
necessary for disinfection and/or micropolluttant removal may vary depending of the effluent composition. 

The objective of this study was to address the removal behavior of micropollutants during the disinfection with ozone. Two 
different effluents were used, one froma wastewater treatment pilot plant (WWTPP) and the second from a municipal wastewater 
treatment plant (WWTP), both from Limeira city, Brazil. The ozonation treatment was set equally for both effluents, using a 2L 
cylindrical glass reactor (Ozonar GT 8000, Brazil), which bubbled ozone through porcelain porous diffusers. The ozonationtreatment 
was carried out in duplicate for each effluentin order to evaluate micropollutant removal.Before the treatment the WWTPPsamples 
were spiked withbis(2-ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP), 4-nonylphenol (4-NP), tris (2-butoxyethyl) phosphate 
(TBOEP), tris(2-chloroisopropyl)phosphate (TCIPP), and triphenyl phosphate (TPHP) in order to guarantee detectable levels of these 
micropollutants in this sample.No spiking was performed for the WWTPsample.The previousstablished disinfection ozone dose (7 mg 
of O3)for the WWTPP effluent was used in this study. It was based on a previous study (Malvestiti & Dantas, 2018) and for 
comparison purposes it was alsoused for the WWTP effluent.Five aliquots (100 mL) were collected during the ozonation: 1) 0 min: 
before ozonation; 2) 17,5 min = 3 mg of O3; 3) 35 min =7 mg of O3; 4) 70 min = 15 mg of O3; 5) 105 min = 22 mg of O3. The aliquots 
were extracted using Oasis HLB SPE cartridges (200mg, WATERS®) as described elsewhere (Sánchez-Avila, Fernandez-Sanjuan, 
Vicente, & Lacorte, 2011) and analyzed by GC-Orbitrap MS. Electron ionization (EI) mode was set at 70 eV and mass tolerance was 
set at 5 ppm.A total of 64 target compounds were included in this study, including pesticides, alkylphenols, phthalates, flame 
retardants, polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls. Ozone disinfectionwas evaluated by the 
Colilert® method, which measured total coliforms and Escherichia colicontent.  

During ozone disinfection, the removal of target micropollutants was monitored. Fifteen out of the 64 target micropollutants 
were detected in the effluent samples. Alkylphenols, phthalates andorganophosphorus flame retardants (OPFRs)were 
originallypresentin both effluent samples. PAHs and chlorpyrifos were detected only in sample WWTPP, while TCEP, TPHP and 
TEHP were only detected in the WWTP sample.Figure 1 presents theinitial concentration of eachquantified compound in the raw 
secondary effluent samples. 

 
 

 
Figure 1: Initial concentration of micropollutants in WWTPP (before spiking)(A) and WWTP (B) 
 
The behavior of each micropollutant family during disinfection with ozone was evaluated.PAHs and chlorpyrifos were 

removed after 17,5 min of treatment (3 mg of O3).For the micropollutant families detected in both effluent samples,the removal rate 
followed a same trend: Alkylphenol>Phthalates>OPFRs. The most recalcitrant compounds were TCEP (17% of removal, present only 
in WWTP sample) and DEHP (removal rate: 48% in WWTPP, 39% in WWTP). 

Figure 2 presents the relationship between disinfection and micropollutant removal. For comparison purposes, only the 
compounds detected in both effluents and that were removed by ozonation at some level were included (alkylphenols - 4NP, NP, OP; 
phthalates - DBP, DEHP, DEP, DMP; OPFRs - TBOEP, TCIPP, TDCIPP).A higher removal rate for all micropollutant families was 
observed in WWTPP sample (Figure 2A). At the dose of 7 mg of O3(17,5 min)the content of E. coliand total coliforms was near zero, 
and removal rates of  99, 83and70% were observed for the considered alkylphenols, OPFRs and phthalates, respectively. In contrast, 
lower micropollutant removal and disinfection rates were obtained for the WWTP sample (Figure 2B). The resultsshow that 
theWWTP samplepresented a worse disinfection performance than the sample WWTPP, even though the initial levels of total 
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coliforms and E. coli were lower. In addition, the micropollutant removal was also lower in WWTP than in WWTPP samples. It is 
important to point out that the pilot plant considered in this study treats effluent from a university campus, where no industrial-related 
activities are performed. On the other hand, the WWTP correspond to effluent of 50.000 people, representing a much more complex 
effluent. Physical chemical characterization (COD, alkalinity, color, pH) of the effluents was performed and no relation to removal 
rates and disinfection results was found, which indicate that other components present in WWTP effluents can interfere on the 
disinfection rates. 

 
 

 
Figure 2: Micropollutant removal and disinfection rates during ozonation in WWTPP (A) and WWTP (B) effluents. 

 
 
Results indicate that the type of effluent and its origin contribute to the final results of disinfection with ozone. Although 

recalcitrant behavior of some micropollutants was observed, the disinfection with ozone showed that a great portion of 
micropollutants found after conventional treatment are removed. 

 
 
Keywords: ozone treatment, micropollutants, disinfection, wastewater, advanced oxidation process 
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Abstract: 

In recent years, micropollutants have become an emerging issue in natural water bodies, especially in industrialized countries. To treat 
those micropollutants, different advanced oxidation processes were developed and optimized. Some of the advanced oxidation 
processes need additional chemicals (catalysts, oxidation agents, pH control), which have to be separated, (re)activated or degraded 
after the treatment process often followed by a neutralization step accompanied with high salt loads. Cavitation processes belongs to 
the group of advanced oxidation processes, due to the formation of highly reactive hydroxyl radicals by the homolytic cleavage of 
water molecules in the cavitation bubbles. Cavitation processes do not need any additional chemicals and do not rely on the salt 
content or turbidity. Moreover, the formation of hydroxyl radicals takes place in the whole volume of the treated water and is not 
restricted to a specific surface. However, the energy demand of cavitation processes is higher compared to other advanced oxidation 
processes. Therefore, new cavitation-based processes have to be developed, to overcome the disadvantages. 

 

Keywords: hydrodynamic cavitation, acoustic cavitation, synergy, Advanced Oxidation Processes 

 
Cavitation processes based on the formation, growth and subsequent implosive collapse of gas or vapour-filled bubbles in liquids. The 
collapse is associated with different chemical and physical effects, which can be used for the degradation of micropollutants in water. 
The chemical effects rely on the high temperatures and pressures (5000 K, 1000 bar) caused by the bubble collapses, leading to a 
homolytic bond cleavage of water molecules and the formation of highly reactive hydroxyl radicals. The physical effects (microjets, 
hydrodynamic shear forces, shock waves, turbulences) are caused by symmetrical and asymmetrical collapse. These can contribute to 
the intensification of degradation processes by increasing the mass transfer to active surfaces (e.g., catalysts) or (re-)activation or 
different surfaces (scaling, biofilms). Cavitation can be generated via different ways, where single-bubble systems can be produced by 
optical and particle-induced methods and multi-bubble systems by acoustic and hydrodynamic methods, whereas latter are relevant 
for Advanced Oxidation Processes. Acoustic cavitation uses ultrasound in a frequency of 20 kHz up to 2 MHz, whereas depending on 
the frequency chemical or physical effects dominate. In hydrodynamic cavitation the reduction of static pressure can be achieved by 
an increase in fluid velocity (Bernoulli), for example due to the implementation of an orifice in a pipe flow. Nevertheless, the 
effectiveness of cavitation processes is dependent to the bubble density (reaction volume) as well as the temperatures and pressures 
during the collapse, the so-called collapse conditions (Suslick et al., 1986) (Braeutigam, 2016).Acoustic cavitation is accompanied by 
a low bubble density and high collapse intensity in contrary to hydrodynamic cavitation, which produces high bubbles densities and 
lower collapse intensities. Therefore, a new method called hydrodynamic-acoustic-cavitation was developed, where the advantages of 
each individual cavitation method was used and combined in one reactor. The degradation of carbamazepine was used as model 
reaction to compare the individual methods with the hydrodynamic-acoustic-cavitation (Figure 1). 
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Figure 1: Degradation of carbamazepine by 
hydrodynamic cavitation (HC), acoustic cavitation (AC) 
and hydrodynamic-acoustic-cavitation (HAC) 

Figure 2: Degradation of bisphenol A by 
electrochemical Oxidation (EC), acoustic cavitation 
(AC) and sonoelectrochemical oxidation (AC/EC) 

 

The oxidative degradation of carbamazepine by HAC is significantly faster. Hydrodynamic (HC) or acoustic cavitation (AC) shows a 
half-life of 33.6 and 26.3 min, respectively, whereas the half-life within HAC is reached at 3.2 min. Therefore, a synergy index of 
4.59 can be calculated. Similar effects could be obtained by the combination of acoustic cavitation with electrochemical oxidation 
(Figure 2) or photocatalytic oxidation (data not shown) (Dietrich et al., 2017). 

Moreover, transformation products were detected, quantified (Figure 3) and based on the data a kinetic model was derived as shown 
in Figure 4 (Braeutigam et al., 2012). 

 

  

Figure 3: Degradation of carbamazepine and formation 
of transformation products 

Figure 4: Kinetic model of the cavitation induced 
degradation of carbamazepine 
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Abstract 
Processes leading to the formation of secondary organic aerosols (SOA) are still poorly understood in atmospheric science (Ervens, 
2011). Models based on available parametrizations of laboratory studies are strongly underestimating SOA masses and do not accord 
with the observed SOA masses from field studies (Hallquist, 2009). This discrepancy between ambient and modeled SOA 
concentrations suggests thatother SOA sources and formation processes have not yet been identified and characterized. Recently, 
photosensitized particulate-phase chemistryis in discussion to be one of a missing process to SOA formation(Aregahegn, 2013; 
Monge, 2012; Rossignol, 2014). Such processes are known from other fields of science like surface water chemistry (Canonica, 1995; 
Canonica 2000), but little is known about such processes in/on atmospheric particles regarding to their kinetic and photochemical data 
as well as mechanisms of these photosensitized particle-phase reactions. However, the presence of photosensitizers like imidazole-2-
carboxaldehyde in ambient aerosolparticles (Teich, 2016)establishes an important new field of research of increasing activity. 
In the present study, the photochemical behavior and properties of different photosensitizers like imidazole-2-carboxaldehyde (2-IC), 
3,4-dimethoxybenzaldehyde (DMB), and 3-methoxyacetophenone (3-MAP) were investigated. Spectroscopic studies were carried out 
by laser flash photolysis-laser long pathway absorption (LFP-LLPA) to observe the formation of the excited triplet state of the 
photosensitizers at a specific time after the laser pulse (tdelay = 100 ns – 360 µs) resulting in a time-resolved absorbance spectra 
(λ = 200 – 800 nm). Additional, trapping reaction experiments were performed using LFP-LLPA to determine the quantum yields of 
the excited triplet state of the photosensitizers (ɸT(2-IC) = 0.9 at pH = 5 and T = 298 K). Hence, their absolute molar absorption 
coefficients from the above-mentioned absorbance spectra can be calculated. The received data will be included into further studies to 
evaluate the importance of particle-/aqueous-phase chemistry of photosensitizers for atmospheric processes as well as the impact of 
photosensitized reactions on atmospheric particles possibly contributing to SOA formation. 
Keywords: photochemistry, multiphase chemistry, aqueous phase, photosensitization, quantum yield 
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Abstract: 

This work investigates ozonation, and catalytic ozonation of pharmaceutical residuals found in waste waters across the world 
(ibuprofen, carbamazepine, and diclofenac) and the formed by-product using a new semi-batch reactor concept. Catalytic experiments 
were carried out on several heterogeneous catalysts such as metal modified zeolites and microporous materials. The ozonation and 
catalytic ozonation enhances the removal of these micropollutants from water.However, to achieve the best removal, a catalyst is 
needed. The degradation kinetics wasanalysed usinghigh-performance liquid chromatography (HPLC) and the results varied for 
different compounds. The catalytic ozonation transforms these particles into low molecular weight products which were investigated 
via gas chromatography-mass spectrometry (GC-MS).An investigation of the application of appropriate heterogeneous catalysts, and 
the parameters affecting on catalytic and non-catalytic ozonation systems are given here as a summary. The purpose is to establish a 
conceivable novel technology to water treatment. 

Keywords: Advanced oxidation processes, pharmaceuticals, catalytic ozonation  

 

Introduction: 

One of the most emerging concerns is the hazardous impacts of pharmaceuticals in the aquatic environment. They are generally 
detected in public sewage systems and surface waters at concentrations that may be harmful to aquatic ecosystems and human 
health(Arias-Marín et al., 2018). Some of these pharmaceuticals are frequently used drugs including resistant to conventional and 
biological water treatment. Indeed, they have been detected at high concentrations in the aquatic environment compared to others; for 
instance, ibuprofen (IBU), carbamazepine (CBZ), diclofenac (DCF) are included in this group. For example, a water and wastewater 
channel of Karachi in Pakistan exhibited up to 8.5 µg l-1 of DCF and it is photolytically transformed to new compounds.Inside rivers, 
in Germany 0.25 µg l-1 an average concentration of CBZ was reported(Ali, Khan, Shah, Sayed, & Khan, 2018)(Rehman et al., 
2015).One of the most promising approach to wastewater treatments are Advanced Oxidation Processes (AOPs) developed during the 
last decades wherein the principal reactive species are free radicals (e.g. ˙OH, ˙O ̄

2, ˙HO2)(Kolosov, Peyot, & Yargeau, 
2018).Ozonation with the generation of reactive radicals, high oxidation and disinfection is powerful in water treatment. It is applied 
to the degradation of the organic and inorganic contaminants in water.Catalytic ozonation has several advantages compared to a few 
limitations of ozonation (e.g., low ozone solubility and stability in water) which restrict its employment in the water treatment 
processes(Kasprzyk-Hordern, Ziółek, & Nawrocki, 2003).This work reports novel developments in catalytic ozonation of 
pharmaceuticals, to by-products and final products. For this purpose several heterogeneouszeolite catalysts were applied to screen the 
degradation kinetics of these compounds.  

 

Experimental procedure: 

Various methods were utilized for catalyst synthesis such as evaporation impregnation (EIM), deposition-precipitation (DP) solid-
state ion exchange (SSIE) and solution ion exchange (IE) as well as several characterization methodswere employed for the 
description of the behaviour ofcatalysts. The reactions were conducted as semi-batch experiments in a 1100ml double jacket glass 
reactor (Figure 1) connected to an ozone generator with a stirring basket inside the reactor. The experiments were planned to a two-
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phase reactor for only ozonation experiments (gas phase and liquid phase) and three-phase reactor for ozonation combined with 
heterogeneous catalysis ( gas phase, liquid phase and a solid catalyst phase). The liquid phase contained only one pharmaceutical 
compound 10-30 mg l-1 and 10 ml l-1 ethanol for IBU and 10 ml l-1 for CBZ experiments as a solvent dissolved in 1000 ml deionized 
water (batch mode). 

 
Figure 1: Schematic presentation of the semi-batch reactor for the degradation of IBU, CBZ and DCF. 
 

The gas phase carrying ozone produced by ozone generator (Absolute Ozone, Nano model, Canada) was continuously bubbled into 
the liquid phase through a 7µm disperser at the bottom of the reactor (gas flow: 100-1100 ml/min). The solid catalyst phase (0.25-1 g 
l-1) was immobilized in a mixing technology (Spinchem)TM. The catalyst particle size was 150-500 µm mesh that enabled the trapping 
of the catalyst inside the Spinchem stirrer (mixing rate: 900-1070 rpm). The reactor temperature varied from 5 to 30˚C, and the 
reaction time was 10-240 min. For the determination of the concentrations of IBU, CBZ and DCF, transformed reaction products, as 
well as dissolved ozonesamples were withdrawn and analysed with HPLCand GC during experiments. 

Results and discussion: 
The resultsdepict that for the IBU degradation, the presence of Cu-H-Beta-150-DP catalyst wich was prepared by the deposition-
precipitationmethod enhanced the performance and in the presence of catalysts the concentration of 2-OH-IBU (one of ozonation 
transformed by-products)was lower than in corresponding non-catalytic operations. In the ozonation of CBZ, itrapidly changed to1-
(2-benzaldehyde)-4-hydro-(1H,3H)-quinazoline-2-one (BQM).The by-product analysis (Figure 2) illustrated that the degradation of 
BQM was higher when catalytic ozonation was applied.In addition, Pd-H-Y-EIM which prepared by the evaporation-impregnation 
method showed the highest degradation rate of BQM compared to other catalysts.In terms of DCF (Figure 3),its decomposition was 
much more pronounced when using 2% Pt-MCM-22-100 compared to non-catalytic ozonation. 

 

 

Figure 3.BQM degradation by ozonation with or without catalysts. [CBZ]=30 mg/L, gas flow rate= 110 ml/min, T= 50˚C, stirring speed= 900 rpm. 

 

 



803 
 

 

Figure 4. DCF degradation by ozonation with or without catalysts. [DCF]=30 mg/L, gas flow rate= 110 ml/min, T= 20˚C, stirring speed= 900 rpm. 

 

Conclusions: 

This study showed that catalytic ozonation have the potential to remove pharmaceuticals and their by-products from water. Operation 
conditions and the catalyst and the of modification of the active metal of catalysts have a stronginfluence on the degradation rate of 
pharmaceuticals and their by-products.  
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Abstract: 

The frequent detection of contaminants of emerging concern (CECs) in treated wastewater effluent brings great public concern when 
the effluent is further reused.As the traditional treatment train is not designed to eliminate CECs,their removal efficiencies are highly 
variable for different compounds. To remove the CECs from wastewater more effectivelyand improve the quality of the effluent for 
water reuse purpose, various advanced treatment technologies are adopted, including membrane separation (i.e., microfiltration, 
ultrafiltration, nanofiltration, reverse osmosis, multifunctional membranes, and membrane bioreactors), adsorption (granular, 
powdered, and biological activated carbon), ozonation, as well as advanced oxidation processes (Fenton-like, UV-based 
photochemical oxidation, and photocatalytic processes). As technologies implemented to the conventional treatment train, these 
advanced approaches significantly reduce the level of CECs,such as pharmaceuticals and personal care products, perfluorinated 
chemicals, pesticides and other difficult to removal contaminants. In this presentation, several strategies by integrating several of 
these technologies for water reuse applicationwill be showcased. Special attention will be given to the advantages and challenges 
those approaches are facing. 

 

Keywords: water reuse; contaminants of emerging concern; advanced oxidation processes; application. 
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Introduction: Photocatalytic oxidation (PCO) processes using semiconductors may be more cost-effective to treat contaminants in 
water matrices than conventional treatment techniques. The PCO involves the use of a semiconductor that can be photoactivated by 
ultraviolet or solar irradiation. Despite the results obtained using commercial P25 TiO2 as semiconductor, the efficiency of this 
process is limited by the recombination of the e-/h+ pair, due to itshigh band gap value (E0 = 3.2 eV). The photoactivity ofP25 
TiO2only occurs under UV irradiation (λ<400 nm), which represents about 4-5% of the solar spectrum, rendering the use of solar 
radiation less effective to activate this catalyst (Venancio et al. 2018). These deficiencies can be overcome by modifying the 
semiconductor morphology, obtaining doped or impregnated catalysts.TiO2 impregnation with nitrogen can increase the absorption 
band of solar irradiation. Monteiro et al. (2015) highlight that the incorporation of nitrogen into TiO2 promotes absorption in the 
visible light region and the transfer of the electron from the valence band to the conduction band. The addition of nitrogen in the 
structure of TiO2 can enhance about 30% the degradation of pollutants if compared to commercial semiconductors (Monteiro et al. 
2015). Besides, the use of solar radiation is a possible solution to the energy costs involved in PCO process. The objective of this 
study was to synthesize a N-modified TiO2 impregnated with nitrogen (N-TiO2), using urea as precursor, and to evaluate the material 
performance in the PCO of an aqueous solution containing a mixture of drugs from the fluoroquinolones (FQ) family (ciprofloxacin: 
CIP, ofloxacin: OFL andlomefloxacin, LOM). In addition, the antimicrobial activity removal of the solutions subjected to the PCO 
was evaluated using bacteria Escherichia coli. 

Material and Methods: Commercial TiO2 P25 from Evonik Degussa of Brazil. The synthesis of N-modified TiO2 was based on the 
previous work of Monteiro et al. (2015): Briefly, the material was prepared based on the mixture of urea and TiO2 P25 in a ratio of 
1:2w/v in ethanol and was kept under stirring until complete evaporation of the solvent; the resulting slurry was dried under 50 °C and 
then calcined at 450 °C for 2h;finally, the resultant material was pulverized in agate mortar. The optical properties of the materials 
were analyzed by UV-Vis diffuse reflectance spectroscopy using an Agilent Cary 5000 Spectrophotometer. X-ray diffraction (XRD) 
was used to assess the crystalline form of the synthesized material. The structure of the material was analysed with an scanning 
electron microprocessor (SEM).An on-line solid phase extraction-ultra highperformance liquid chromatography-tandem mass 
spectrometrywas used for FQ quantification, and the monitoring of residual antimicrobial activity of the treated and untreated 
solutions was done by exposing a 10 serial dilution of the sample to 1x106 CFU mL-1 of the Gram-negative Escherichia coli bacteria. 
Both methodswere previously reported by Venancio et al. (2018). The photocatalytic experiments were performed in amicroreactor 
with TiO2 catalysts loadof 100 mg L-1;adequate mixing was ensured by magnetic stirring along the experiment. Assays were 
performed in the dark, under solar radiation (30 WUV m2), and under solar irradiation with the presence of the N-TiO2(PCO).  

Results: Agglomerates of spherical particles were observed on the micrograph (Figure 1A), and the particle size seemed to be lower 
than 50 nm, with a surface area of 65 m2 g-1. The X-ray diffraction (XRD) patterns of the synthesized materials are shown in Figure 
1B. The method used for the synthesis of the N-modified TiO2resulted in a compound with anatase and rutile in its composition, 
which are in line with the previously described results in the literature (Monteiro et al. 2015). It can be observed in Figure 1C that the 
sample presented an absorption in the visible light region when compared with the P25 TiO2 and, in addition,the light yellowish 
coloration of the material suggests its ability toabsorb light in the visible region. The EDS analysis confirmed the presence of nitrogen 
in the prepared material (Figure 1D).The incorporation of nitrogen in the synthesized sample moves the absorption band to lower 
energies, narrowing the band gap. The sample presented band gap energies equal to 2.9 eV, making the photocatalyst more active in 
the visible light spectra.Adsorption equilibrium was reached after 10 min of contact between the FQ solutions and the catalyst, and the 
maximum absorptions of CIP, OFL and LOM on the N-TiO2 surface were 13%, 13% and 6%, respectively (Figure 2A). No photolysis 
of the FQ was observed under solar UV irradiation (data not shown). The degradation results show that the synthesized N-TiO2 
presented higher absorption shifts in the visible range, allowing a higher percentage of FQ degradation when compared with PCO 
assays performed with P25 TiO2. As shown in Figure 2A, the degradation results of FQs subjected to PCO with N-TiO2were 97% 
(CIP), 95% (OFL), and 98% (LOM). This synthetized materialincreased thedegradation capacityofthe PCO processwhencompared to 
the samples subjected to PCO withP25 TiO2, which achieved degradations lower than 56% for all FQ subjected to degradation.The 
antimicrobial activity in solution is expectedto decrease during the PCO process. To evaluate this assumption, assays of bacterial 
(Escherichia coli) exposure to the samples subjected to UVsolar/N-TiO2 were performed (Figure 2B). It was observed that by applying 
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a 100 mg L-1 load of N-TiO2, in a reaction time of 10 min, the antimicrobial activity was reduced about 80% for the urea impregnated 
material. Thus, the higher the reaction time, the higher the drug degradationand the removal of antimicrobial activity. 
Conclusion: The N-modified TiO2was more photoactive under solar radiation in the PCO of FQs. This happens for the absorption 
band is shifted to lower energies, narrowing its band gap, which enables a more effectiveuse of the solar radiation. Finally, this work 
achieved a PCO above 90% for FQ and an antimicrobial activity removal above 80%. 

 

Keywords: Fluoroquinolones, antimicrobial activity, P25 TiO2. 

 
 

A) 

B) 

 

C)  

D)  
 

Figure 1:A) SEM micrographs of N-TiO2 particles; B) XRD patterns of the P25 TiO2 powder before (fresh sample) and after impregnation with N; 
C) EDX spectra and, D) UV-VIS absorption spectra. 
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Figure 2:A) Fluoroquinolones PCO under solar irradiation and, B) Removal of the solution antimicrobial activity. 
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Abstract 
An alternative Advanced Oxidation Process (AOP) which has recently attracted increasing interestfor the treatment of organic trace 
pollutants, is sonolysis. The principal of the method includes the generation of ultrasound waves,which pass through an aqueous 
medium, initiating the formation and growth of cavitation microbubbles. When they reach a critical size, theycollapse violently, 
generating hot spots with increased pressure (∼1000 atm) and temperature (∼5000 K) (Adewuyi, 2001). As a result, various reactive 
radical species are generated (HO•, H•, and HO2•), from the rupture of water molecules and oxygen,with the subsequent formation of 
hydrogen peroxide (Sathishkumar, Mangalaraja, & Anandan, 2016).  
 
Sonication has been used in the past for the degradation of various organic pollutants in aqueous medium, through oxidative reaction 
pathways. In order to study the effect of the produced reactive species on the treated pollutants and to estimate the efficiency of the 
process, several experimental methods have to be employed to detect the production of these reactive moieties and to demonstrate the 
effect of various operating parameters on their production. 
 
This study aims a) to investigate the sonolyticefficiency of a laboratory ultrasonic apparatus on the widely used model pollutant 
compound 2,4 dichlorophenol (2,4 DCP), b) to evaluate the effect of significant operational parameters (ultrasound power density 
W.L-1, initial compound concentration, time of sonolysis, pH, etc), which affect the degradation rates of the compound and c) to 
employ several radical scavengers, in order to selectively evaluate the production of individual reactive species under different 
operating parameters. 
 
An ultrasonic transducer E/805/T connected to an Ultrasound Generator K 80 (MeinhardtUltraschalltechnik) operated at 850 kHz, and 
equipped with a 500 mL Ultrasound bath (5/1575 model), was used to carry out the experiments. Samples were frequently taken for 
analysis at various irradiation times. 2,4 DCP degradation was monitored by HPLC-UV, using an HPLC apparatus (Waters Milford, 
MA, USA, Model 600E). Operating parameters, such as incident ultrasound energy per unit volume (W.L-1), initial 2,4 DCP 
concentration, pH and time of reaction were studied.Also, parameters related to the geometry of the reactor were evaluated (volume of 
reaction sample, distance from the transducer, etc). The generation of HO• was evaluated using the reaction with coumarin(Hirano & 
Kobayashi, 2016) andthe formation of 7- hydroxycoumarin was monitored using a fluorometricdetector (excitation at 332 nm). Fricke 
dosimetry was also used to monitor both the formation of HO• and hydrogen peroxide(Merouani, Hamdaoui, Saoudi, & Chiha, 2010). 
Several radical scavengers i.e. methanol, and tert-butyl alcohol for inhibition of HO•, superoxide dismutase for HO2

• and catalase for 
H2O2 were also selectively used to remove specific ROS and to assess the role of remaining species in the degradation process. 
 
Results showed that sonolysis can effectively degrade the model compound 2,4 DCP.Among various operating parameters, ultrasound 
incident energy was the most important parameter affecting the rate and efficiency of the process. The volume of the treated solution 
and the distance of the solution from the sonication transducer were also significant factors related to the geometry of the reactor. The 
use of selective scavengers revealed that the ultrasonically-induced degradation of 2,4 DCP, was mainly driven by he reaction 
withHO• radicals. The degradation of the model compound takes place at a far lower rate when only HO2

• or hydrogen peroxide were 
present in the aqueous solution. The reaction rates for the degradation of 2,4 DCP in the presence of individual reactive species were 
calculated. Finally, the degradation of the model compound was expressed in in terms of incident ultrasonic energy per unit reaction 
volume (W.L-1) 
 
Keywords:  Sonolysis, Advanced Oxidation Processes, Oxidative treatment, model compound 
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The degradation of recalcitrant pollutantsremains a high priority in order to preserve environmental quality. Often direct irradiation of 
water pollutants results in complexes or by-products that are more toxics than the initial compounds(Ozoemena et al.2001). 
Photodegradation is a promising process for water organic micropollutantsmineralization. Different kind of photosensitizers have 
been used last decades for organics decomposition like porphyrin (Yoo et al., 2016)phtalocyanin (Li et al., 2017),rose bengale (Brame 
et al., 2014), phenalenone (Monadjemi et al. 2012) . However these photosensitizers tend to agglomerate resulting in the quenching of 
photosensitizers photocatalytic activity. To avoid this problem the photosensitizers were supported on mineral supports like 
silica(Ucoski et al. , 2011) and clays(Barros et al. 2008; Bielska et al. 2015).Photodegradation of phenolic compounds byfree and 
supported photosensitizers have been studied by different researchers(Sanchez et al. 1999;Marais et al. 2007;Platonova et al. 2018).  
Nevertheless, the photodegradation of pesticides by hybrid photosensitizers based on natural clay remain less studied(Panagiotaras et 
al. 2018). 
In our study we develop a new hybrid photosensitizer based on natural Halloysite for water micropollutants photodegradation by 
adsorption of Phenalenone (PN).The preparation of the hybrid material was achieved by adsorption in aqueous solution in one-step 
procedure. After 24 h of stirring, the dispersion was centrifuged and the spectrophotometric analyze confirm that Phenalenone is 
adsorbed in surface with a rate of 1.7 × 10-7 mole g-1. The structure of Halloysite was preserved (Figure 1).  
The Characterization of obtained hybrid material PN-Halloysite by Scanning Electron Microscopy (SEM), X-ray diffraction (XRD), 
Fourier transform infrared (FTIR) and UV-VIS Spectroscopy confirm the incorporation of Phenalenone to the clay. 
Both homogenous and heterogeneous photodegradation of phenol (micropollutant model) and tebuconazole (a widespread fungicide) 
were conducted in an annular photoreactor with UV or visible irradiation (Figure 2). The influence of operation parameters: pH, 
pollutant initial concentration, photosensitizer loading, intensity and UVor Visible irradiation has been studied. Results show that pH 
was the most important parameter that affect the phenol photodegradation. A rate of 94 % and 51 % Phenol degradation was attained 
within 5 hours of UV and visible irradiation respectively at pH 12 for initial Phenol concentration of 5×10 -5 M with 5×10-5 M initial 
PN concentration (Figure 3).Initial Photosensitizer loading affect slightly photodegradation kineticespecially under UV Irradiation. 
Intensity irradiation of 2000-2500lux seems necessary to obtain sufficient rapid photodegradation kinetic. The rate of the 
photodegradation was higher with the hybrid materials than for free PN in homogenous aqueous solution. A first order reaction with 
phenol is observed with UV or visible irradiation (Table 1). 
Keywords: Photosensitizer, Phenalenone, Halloysite, Phenol, Tebuconazole. 

 

 
Figure 1. SEM image of PN-Halloysite 
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Figure 2. Reactor settings 

 
Figure 3.Photodegradation of 5×10-5 M phenol in aqueous solution(400ml) at pH 12 using 5×10-5 M of phenalenone under UV an visible irradiation 

Table 1. Kinetic constants of phenol photodegradation in the different experiments at pH12 
 

Experiment operation parameters K (min-1) 
[Phenol]0 = 5×10-5 M; [PN]0 = 5×10-5 M; Intensity irradiation 2000 lx; UV (9.3 ± 2.2) 10-3 
[Phenol]0 = 5×10-5 M; [PN]0 = 5×10-5 M; Intensity irradiation 2500 lx; Vis (1.8 ±0.56) 10-3 
[Phenol]0 = 5×10-5 M; [PN]0 = 5×10-5 M; Intensity irradiation 207 lx; UV (4.2 ± 1.75) 10-3 
[Phenol]0 = 5×10-5 M; [PN]0 = 5×10-7 M; Intensity irradiation 2000 lx; UV (7.2 ±0.93) 10-3 
[Phenol]0 = 5×10-5 M; [PN-Halloysite]0 = 3×10-7 M; Intensity irradiation 2000 lx; UV (8.1 ± 0.4) 10-3 
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Abstract  

Water disinfection is a critical process during water treatment. The most common disinfection process is chlorination. During this 
step, the reaction between chlorine and natural organic matter leads to the formation of disinfection by-products (DBPs). More than 
600 DBPs have been recorded until today, but only two groups of these compounds (THMs and HAAs) have been regulated 
(Richardson and Ternes, 2018).   

Over the last few years, there is an intense interest in Nitrogenous Disinfection By-products (N-DBPs) that represent a group of 
emerging DBPs. Although the presence of these compounds in chlorinated water is relatively low, there is a growing concern due to 
their high genotoxicity and cytotoxicity compared to regulated DBPs (Cortés and Marcos, 2018; Mian et al., 2018).   

This study investigates the formation of N-DBPs (halogenated acetonitriles - HAN4, halogenated nitromethanes - HNMs) during 
chlorination of surface water, under various experimental conditions (contact time, bromide occurrence, ozonation/chlorination). The 
possible DBP-precursors such as algal growth-presence of cyanobacteria and wastewater effluents have been also investigated. N-
DBPs were determined according to EPA standard method 551.1. 

Dichloroacetonitrile (DCAN) was the predominant compound presenting the maximum concentration after 24 h of chlorination 
(Figure 1).  

 

 

Figure 1. Formation potential of DCAN under chlorination of surface water for 7 days.  

 

Cyanobacteria have been reported in various sources supplying potable water treatment plants (Gkelis and Zaoutsos, 2014). The 
presence of cyanobacteria in surface water may adversely affect the treatment of water intended for human consumption. Intra- and 
extra-cellular organic matter of cyanobacteria may alter the characteristics of the natural organic matter and its reactivity towards the 
formation of potentially hazardous ozonation and/or chlorination by-products (Papageorgiou et al., 2017). The formation potential of 
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algal organic matter from two cyanobacteria strains (Anabaena sp., Microcystis flos-aquae) isolated from freshwaters of Greece upon 
ozonation and subsequent chlorination is shown in Figure. 2. 

 

        

 

Figure 2. Formation potential of DCAN and relative contribution upon ozonation and subsequent chlorination of cyanobacteria a) Anabaena sp. 

and b) Microcystis flos-aquae 

Wastewater effluents may have a significant impact on N-DBPs formation due to different characteristics and reactivity of wastewater 
organic matter as well as the presence of various precursors (nitrogenous and bromide compounds) (Liu et al., 2018). In Figure 3 the 
profile of chlorinated and brominated N-DBPs, during chlorination of surface water and sewage effluents, is shown.  

 

   

   

Figure 3. Relative contribution of Cl- and Br- HANs during of a) surface water  and b) sewage effluents. 
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Motivation 

Semiconductor photocatalysts have attracted considerableattention in both the scientific and commercial communitiesowing to their 
efficiencyin the degradation of organic pollutants generated by industry and households (e.g., Rathousky et al, 2011, Guérin et al, 
.2015, Zouzelka et al, 2016). Under irradiationby light of sufficient energy, electron-hole pairs are generated inthe photocatalyst. 
Thephotogenerated holesact as a strong oxidant either directly by themselves or by generating hydroxyl radical intermediates, both 
able to degrade even stable organic pollutants. Titanium dioxide is the most widely used semiconductor photocatalystowing to its 
exceptional optical and electronic properties, oxidizing power, non-toxicity, chemical stability and low-cost.  

Semiconductor photocatalysts have been mostly tested in powder form, which is favourable in terms of the mass transport of reactants 
and degradation products. However, to avoid the complicated separation or filtration steps of very fine particles, immobilized 
photocatalysts are increasingly preferred. Therefore major attention has been  devoted to the development of deposition techniques 
able to coat a variety of materials with a thin layer of a photocatalyst. 

Aim 

Electrophoretic deposition (EPD) is a promising method for preparing titanium dioxide layers for use in the photocatalytic 
degradation of organic water pollutants. In this study, we optimized the process parameters of the EPD process to prepare highly-
crystalline porous TiO2 layers for the the degradation 4-chlorophenolpollutant degradation. Our aim was to achieve a quantitative 
deposition of main structural forms of TiO2 important regarding their photocatalytic application on stainless steel, silicon and 
conducting glass plates. 

Results and discussion 

In order to quantitatively prepare easily reproducibly TiO2 photocatalytic layers of desired mass without using any additives (e.g. 
binders, surfactants), EPD should be carried out under highly specific conditions. Using novel mixtures of organic solvents and strong 
electric field, we found that quantitative deposition of a broad range of powders on conductive substrates was feasible, which ensured 
an effective use of material without any losses and removed the necessity to determine the mass of the deposited particles.. 
Furthermore, the layers prepared were ready for photocatalytic testing immediately after EPD and fast volatile solvent evaporation. 
Neither heating for drying nor calcination for layer consolidation was necessary because the deposited titania did not contain 
additional impurities. There this method is suitable for heat-sensitive materials and substrates.As the layers exhibit good adhesion to 
the substrate and high stability in aqueous media, they are suitable as photocatalysts for environmental applications. Moreover, as no 
treatment at increased temperature is required,  

The photocatalytic performance of TiO2 layers prepared was tested in the degradation of diluted (10-4 M) aqueous solution of 4-
chlorophenol. Our study showed that the photocatalytic performance of layers prepared by electrophoretic deposition depended 
substantially on the structural and morphologic properties of titania particles, especially on their allotropic form (anatase vs. rutile), 
crystallinity, presence of defects and their particle size. Figure 1 (left) shows the rate of the 4-chloropohenol degradation achieved 
using two anatase (designated as Anatase and UV 100), rutile and P25 photocatalyst samples, the latter containing a mixture of 
anatase (about 70 %) and rutile (about 20 %) the rest comprising a varying percentage of an amorphous phase. The curves show that 
for the Anatase and P25 samples practically complete degradation of 4-chlorophenol is achieved within 300 minutes. The Anatase 
material is characterized by high phase purity and well developed crystals of about 150 nm in size. 

Besides the rate of 4-chlorophenol degradation, also the degree of its mineralization is of fundamental importance for a deeper 
understanding and relevant comparison of the photocatalytic performance of individual TiO2 layers. Regarding the application of 
photocatalysis in the purification of water, a high degree of mineralization is required because of the potential risk due to presence of 
aromatic or nonaromatic organic products, formed in the course of step-by-step pollutant degradation.The most photocatalytically 
active Anatase and P25 exhibited a very high degree of mineralization reaching almost 100 per cent (Figure 1 right). This implies that 
vast majority of organic carbon was converted into carbon dioxide, while only a small part of about 3 per cent remained in the 



817 
 

solution as organic carbon. On the other hand, for the UV 100 and Rutile layers, the percentage of inorganic carbon was less than 20 
per cent and the rest remained in the form of 4-CP or other organic compounds.  

The photocatalytic process itself involves two different mechanisms: a direct transfer of charge carriers (i.e., positively charged holes 
in the photocatalytic oxidation) and an attack of radicals. Depending on the reaction conditions, these mechanisms may act separately 
or jointly. The radicals can be formed by the reaction of photo-generated holes with surface hydroxyl groups or with sorbed water.  

However, when a radical scavenger is present in wastewaters that are to be photocatalytically purified, only the direct charge transfer 
should control the mechanism of pollutant degradation as all the radicals formed are removed. Therefore to assess the role of a radical 
scavenger, we added 2-propanol, a radical scavenger; in a thousand-fold excess either at the very beginning or during the reaction 
course. Such a high concentration would practically stop the 4-chlorophenol degradation if only the radical is responsible. 

The addition of 2-propanol during the reaction drastically slowed the rate of 4-chlorophenol photocatalytic degradation for all of the 
tested samples. However, there were significant differences in reaction deceleration; in particular, slowing was far more pronounced 
for the most active sample, Anatase (376 times), than for the least active, Rutile (7 times). Therefore, it seems that for Rutile the direct 
transfer mechanism was dominant and that the formation of radicals on its surface was rather restricted. Conversely, for Anatase, the 
mechanism was mostly controlled by the radicals, with the effect of direct transfer being almost negligible.  

For well-developed anatase crystals, a high rate of the degradation of 4-chlorophenol and its almost complete mineralization was 
achieved. Furthermore, we found that the mechanism of the 4-chlorophenol photocatalytic degradation on anatase was controlled by 
the formation of radicals, while on rutile the direct charge transfer was dominant. 

 

 

 

Figure 1:Photocatalytic degradation of 4-chlorophenol on TiO2 layers deposited on stainless steel (left). Mass percentage of individual products after 
the irradiation time of 300 min (right). 

 

Conclusions  

We have shown that the electrophoretic deposition is a suitable method to prepare thin porous coationg of TiO2 particles on na range 
of conducting materials. Based on the obtained correlation between the structural and morphologic properties of deposited powders 
(especially allotropic form, crystallinity and particle size), the most suitable materials for the efficient degradation of pollutants can be 
selected. For the well-developed anatase crystals, a high rate of the degradation of 4-chlorophenol and its almost complete 
mineralization were achieved. This feature, which is often overlooked in photocatalytic studies, is of fundamental importance 
regarding the application of photocatalysisin the purification of water. Such a high degree of mineralization is required due to the 
potential risk of aromatic or nonaromatic organic products. 
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Immobilized rGO/TiO2 photocatalyst for decontamination of water 
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Abstract 

Graphene-based nanomaterials possess unique properties that can be applied to environmental remediation.The interest in these 
nanomaterials originates from graphene´s unique physicochemical properties, notably its exceptionally high surface area, electron and 
thermal mobility, and mechanical strength. One of the most popular approaches for preparing graphene-based nanomaterials involves 
the use of graphene oxide (GO) because of its lower production costs. GO is an oxidized form of graphene, showing a high density of 
oxygen functional groups (carboxyl, hydroxyl, carbonyl, and epoxy) in the carbon lattice. However, the oxidation of graphite to GO 
introduces defects into the carbon structure that results in significantly altered physicochemical properties.  

By the reduction of GO, a large fraction of its oxygen content can be removed, which leads to a substantial change in its physico-
chemical properties. The formed reduced graphene oxide (rGO) possesses enhanced electronic (higher mobility of electrons), optical 
and surface properties (decreased wettability). Moreover, reduction also results in an altered chemical structure, with carbon 
vacancies, residual oxygen content, clustered pentagons and heptagons carbon structures. Thus, the complete reduction of GO is 
challenging. Despite these defects, the physicochemical properties of rGO represent a partial restoration that is closer to pristine 
graphene than GO.  

Restoring the physicochemical properties of graphene is vital for the production of graphene-based composite materials. However, the 
improved performance of graphene-based composites often relies on synergistic interactions between the rGO and the materials 
attached to its surface. Therefore, the quality of the graphene-based materials used will have an important impact on the performance 
of the final nanocomposite. 

In the environmental field, graphene-based nanocomposites have been used to develop novel adsorbentsand photocatalysts. 
Adsorption is a fast, inexpensive, and effective method for the removal of contaminants from aquatic environments.It is based on 
physicochemical interactions between the adsorbent and contaminant. Although rGO-based adsorbents can remove contaminants from 
water, this technique does not degrade the compounds, which require further disposal. Thus, for the complete mineralization of 
organic pollutants, photocatalytic treatment is often more suitable (Zouzelka et al., 2018). 

Composite graphene-based photocatalysts have been mostly tested in the form of suspensions,which is favorable from the point of 
view of the mass transport of reactants and degradation products. However, for environmental remediation and clean-up applications, 
immobilized photocatalysts are often preferable for several reasons (Zouzelka et al., 2016, Guerin et al., 2015): (i) they do not require 
complicated separation or filtration steps, (ii) a thin layer deposited on a suitable substrate can be easily incorporated into continuous 
flow systems, and, last but not least, (iii) the aggregation, or even agglomeration, of particles can be prevented. Despite this, to the 
best of our knowledge, no study has reported the preparation of an immobilized rGO-based photocatalyst for the removal of 
pollutants.  

In this study, we optimized the suspension and process parameters of the EPD process to prepare an rGO-based photocatalyst 
immobilized on non-porous rigid substrates for the photocatalytic degradation of 4-chlorophenol. Our criteria were rGO/TiO2 layer 
homogeneity, good mechanical stability in aqueous media, strong adhesion to the substrate, and, in particular, high photocatalytic 
activity. In the degradation of 4-chlorophenol, our nanocomposite was much more effective than pristine TiO2. The presence of rGO 
had beneficial effects on the photocatalytic degradation of 4-chlorophenol in an aqueous solution. A marked increase in the 
photocatalytic degradation rate was observed, even at very low concentrations of rGO. Compared with the TiO2 and TiO2/GO 
reference layers, use of the rGO composite (0.5 wt% and above) increased the first-order rate reaction constant by about 70%. This 
enhanced performance was associated with increased formation of hydroxyl radicals that attacked the 4-chlorophenol molecules. 
Thus, EPD-prepared rGO/TiO2 layers appear to be suitable for environmental application. 

 

Keywords: EPD,photocatalysis, TiO2, rGO, phenol, water purification 
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This study investigated the synthesis of two different types of photocatalyst, namely- Boron/Sodium fluoride co-doped 
Titanium dioxide (B/NaF-Ti) and its analogous dye sensitized silicon based axial methoxy substituted pthalocyanin (B/NaF-
TiPc1).  Boron/Sodium fluoride co-doped TiO2 nanocomposites were synthesized via hydrothermal method while 
pthalocyanin functionalization on the semiconductor particles was obtained usingthe wet deposition method. Percentage 
weights of 3 and 1 for each of the B/NaF co-dopants and Pc sensitizer respectively have been employed. Structural 
characterization of the synthesized materials by XRD analysis confirmed that the doping with neither boron and sodium 
fluoride or the anchorage of silicon pthalocyanin on the TiO2catalyst did not change their crystalline structures confirmed by 
the presence of the crystalline anatase phase structure. Other characterizations have been obtained with FTIR, BET, TEM, 
XPS and UV-Vis Spectrophotometry. FTIR analysis showed in all samples the expected vibrational functional groups of 
pristine TiO2 (Ti-O-Ti bonds), with the Ti-OH bond vibrations within the range of 1600-3400cm-1. Doped materials showed an 
increased crystal size and an improvement of the surface area (13m2 compared to 1m2 of pristine TiO2).  XPS depicted 
chemical environment for the synthesized materials as expected. The Titania 2p doublet phases such as 2p3/2, 2p1/2etc. were all 
revealed in the materials together with the core shell level boron (B 1s) and other expected elemental composition of the 
synthesized materials. UV-Vis Spectra analysis harmonized with Tau’s plot showed a band gap shrinkage, due to introduction 
of (B/NaF and SiPc additives) into the materials. Energy band gap were reduced to 3.05 ev in the case of B/NaF-Ti and 2 eV 
for B/NaF-TiPc1, moreover, the photocatalytic activity of these materials were evaluated toward carbamazepine abatement in 
a solar box equipped with a cut-off filter at 340nm. The removal of almost 100% was achieved within 2 and 4 (hours) for the 
B/NaF-Ti and B/NaF-TiPc1 respectively. 
 

Keywords: Heterogeneous photocatalyst, UV-Visible light, pthalocyanins, doping, carbamazepine 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Depicting XRD & BET measurements of as synthesized materials 
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Fig 1: Photocatalytic degradation of carbamazepine by as synthesized materials 
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Abstract 

Recently the synthesis and application of bio-based composite materials which contain polymeric and inorganic units such as TiO2 
has gained much attention in the field of water/wastewater treatment, due to their better and more practical performance parameters. 
In the present study, floating polymer supported nanocomposites consisting of biobased chitosan (CS), graphene oxide (GO) and TiO2 
nanoparticles were prepared and investigated for the removal of target cytostatic/antineoplasticdrug mixture(cyclophosphamide, 5-
flourorouracil, tamoxifen, and cytarabine) in aqueous solution. The final concentrations of TiO2/GO in CS were 5, 10, 15 and 20 wt%. 
The synthesized photocatalysts were characterized using Fourier Transform Infrared spectroscopy (FTIR) and wide-angle X-ray 
diffraction (WAXD). The photocatalytic experiments were carried out under simulated solar irradiation (SSL). The effect of various 
factors such as variation of pH, catalyst concentration and initial substrate concentration, as well as reaction kinetics were 
investigated.An increase at the photocatalytic rate of cytostatic/antineoplastic drugs was observed at higher concentrations of 
TiO2/GO in CS. However, at higher concentrations of TiO2/GO, the hydrophilicity of the materials increases, leading to possible 
decomposition. Finally, the transformation products (TPs) generated during the photocatalytic treatment were investigated using 
liquid chromatography coupled to high resolution mass spectrometry, while mineralization was also followed by ion chromatography 
and total organic carbon measurements. 
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Abstract: 

Trace organic contaminants (TrOCs) are a diverse class of organic compounds comprising of pharmaceuticals, personal care products, 
hormones, pesticides and specialty chemicals that are frequently present at nanogram to microgram per litre concentrations in surface 
water, ground water and drinking water.The main entry pathways for TrOCs into water bodies are direct sources from agriculture, 
aquaculture and urban stormwater runoff, and indirectly through wastewater treatment plants. The occurrence of TrOCs in the aquatic 
environment poses a threat to various sensitive organisms, and may adversely affect whole ecosystems. Further-more, the detection of 
TrOCs in drinking water has raised public concerns. In 2015 the European Commission published a first watch list of emerging water 
contaminants with the aim to create a reliable information base on the occurrence of selected substances across the EU. As a 
consequence, more stringent measures to reduce concentrations of TrOCs in water bodies can be expected, including the widespread 
application of advanced water treatment approaches. 

Ozone is a traditional drinking water disinfectant and ozonation is among the most promising technologies to degrade TrOCs during 
advanced wastewater treatment, water recycling and for drinking water production. Ozonation combined with biofiltration is 
frequently employed to remove organic trace contaminants during advanced water treatment schemes. However, research is needed to 
understand the biodegradation of ozonation products to further elucidate fate of trace organic contaminants after ozonation and to 
assess the efficiency of the treatment process. The main practical obstacle to enable more extensive studies has been the difficulty to 
combine ozonation with continuous biofiltration at lab-scale. 

To overcome this issue, we have developed a Continuous Ozonation merged with Biofiltration (COMBI) system based on an 
electrochemical ozone generation method (Zoumpouli et al 2019). Our system can be operated continuously and resource-efficiently 
over several months by supplying ozone doses typically used for water treatment and providing stable conditions for the establishment 
of microbial communities in biofiltration columns.  

We have tested our system with five exemplary trace organic contaminants, including acesulfame, carbamazepine, diclofenac, 
dimethylsulfamide and fluoxetine at 1 µmol/L concentration or below under drinking water and secondary treated wastewater effluent 
ozonation conditions. Advanced mass-spectrometry analytical tools were employed to follow removal of parent compounds and 
subsequent fate of ozonation products including the evolution of secondary microbial metabolites during biofiltration. 

The small-scale column setup for continuous ozonation consisted of an ozonation column and three post-ozonation filtration columns, 
two storage tanks for the influent and the effluent, a pump and an ozone generation vessel. The columns were all made of glass. 
Ozone was produced electrochemically from small amounts of deionized water with an ozone microcell (Ozon-Micro-Zelle OMZ, 
Innovatec GmbH, Rheinbach, Germany). A schematic of the experimental setup is shown in Figure 1. The setup operated 
continuously for three months and was fed with different types of water that were spiked with trace contaminants. The analysis of 
contaminants was conducted with high-performance liquid chromatography coupled to mass spectrometry (HPLC-MS). 

The fate of the pharmaceutical carbamazepine (CBZ) in synthetic wastewater during combined ozonation biofiltration is shown in 
Figure 2 as an example. At ozone doses of 1 mg/L to 2 mg/, which is a typical value for water treatment more than 99% of CBZ was 
removed.Two main transformation products were formed: BQM (1-(2-benzaldehyde)-4-hydro-(1H,3H)-quinazoline-2-one)and 
BaQD(1-(2-benzoic acid)-(1H,3H)-quinazoline-2,4-one). During column passage these ozonation products further transformed. 
Overall removal of BQM during column passage was more than 50%. It shows that BQM biodegrades, while its parent compound 
CBZ is usually recalcitrant towards microbial degradation. Increased BQM removal at later dates, indicated adaptation of the 
microbial community in the columns. Result indicate that biotransformation of ozonation products of CBZ is an important 
degradation pathway that should be monitored in addition to the fate of CBZ itself 
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Figure 1: Experimental setup for continuous ozonation and sand filtration 

 

 

 

Figure 2: Evolution of carbamazepine transformation products BQM (left-hand side) and BaQD (right-hand side) during passage through the sand 
columns on four different days 

 

In summary, our results show that the system will be a useful tool to provide reliable predictions on the fate of ozonation products for 
different treatment conditions and process configurations e.g. intermittent ozone supply, water matrixes and alternative filtration 
media such as biological activated carbon. Long-term studies can be also conductedon the evolution of the microbial community 
under post-ozonation conditions. The system has a small footprint, while the total cost of parts for a complete system is approximately 
660 €. 

Keywords: Sand filtration, transformation products, wastewater, drinking water, ozone, membranes, computational modelling 

oxygen. 
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Iohexol is one of the common used iodinated contrast media (ICM), which aredetected in aquatic environment, mainly in wastewater 
treatment plants (WWTP) influents and effluents, as well as in surface waters, bank filtrate and even in drinking water. It is caused 
mainly by its incomplete elimination in biological processes in the wastewater treatment plants. The study concerns the possibility of 
iohexol removal by means of  photolysis and photocatalysis The main aim of the study was to compare the possibilities of the iohexol 
eliminationfrom water samples using photolysis and photocatalysis process with TiO2 and hybrid TiO2/GO. 

In order to improve the photocatalytic activity of TiO2, its surface modification wasmade by graphene oxide. Such modification 
should significantly increase the elimination of organic compounds in the following ways: better sorption properties, higher efficiency 
not only in the UV range, but also in the visible light and higherselectivity of the decomposition process. 

The UV photochemical treatment of the iohexol water solution was carried out in a 350 mL glass reactor equipped with a medium-
pressure mercury lamp, with the emission spectra from 255 nm to 579 nm (UVI LabP400, Vita Tech, Germany), whereas theSolarbox 
1500e device, equipped with xenon lamp,emittedthe solar radiation, what made possible to perform the tests in visible light.  

During this study, the removal efficiency of iohexol was higher in the UV light experiments within 20 minutes of irradiation than in 
the solar lights experiments with TiO2 and TiO2/GO(above 25% in comparison to 18 and 21%, respectively. However, after 30 
minutes of the experiments performance, it occurred that addition of 500 mg TiO2 L-1 and 500 mg TiO2/GO L-1in the 
solarirradiation improved the iohexol decay to 28 and 35%, respectively, whereas the photolysis did not show any further elimination 
(Fig. 1). 

 

 

Figure 1:The iohexol elimination in photolysis and photocatalysis process 

 

 

Keywords: Contrast media, photocatalysis, graphene oxide 

Work supported by the Silesian University of Technology as part of BK No. 08/080/BK18/0054. 



827 
 

Overview of sulfate radical-based advanced oxidation processes in treatment of 
contaminants of emerging concern 

 

D. D. Dionysiou* 

Environmental Engineering and Science Program, University of Cincinnati, Cincinnati, Ohio, USA 

 dionysios.d.dionysiou@uc.edu 

Abstract: 

While most of Advanced Oxidation Processes (AOPs) are based on hydroxyl radical as oxidizing species, sulfateradical-based AOPs 
are gaining popularity for the removal of contaminants of emerging concern.In this presentation, Prof. Dionysiou will discuss various 
sulfate radical precursor (i.e., persulfate, peroxymonosulfate) activation methods,including transition metals, non-metal catalysts, 
energy (e.g., photochemical, electrochemical, sonochemical, and thermal activation), alkaline, as well as other oxidants.These AOPs 
are usually characterized by high degradation rates of a variety of contaminants ofemerging concern, such as pesticides, cyanotoxins, 
sunscreen ingredients,representative pharmaceuticals and antibiotics, and model phenolic compounds. Discussion will also be 
provided into mechanistic insights of the oxidation technologies, including identification of reaction intermediates, unveiling reaction 
pathways, determination of treated solution toxicity, formation of disinfection byproducts, and the role of water quality on the reaction 
mechanisms and reaction kinetics. Most emphasis will be exerted on degradation mechanism elucidation from experimental and 
theoretical perspectives. The applications and challenges of sulfate radical based AOPs in engineered systems will be presented. The 
results in this presentation will be primarily from Dionysiou’s group and his collaborators, but he will also showcase important work 
from other research groups.  

 

Keywords: sulfate radical; advanced oxidation processes; mechanism; application. 

 

mailto:dionysios.d.dionysiou@uc.edu


828 
 

Photocatalytic degradation of Bromazepam by photo-fenton processes at different pH and 
iron complexes  

 

Mitsika E.1, Christophoridis C.1, Fytianos K.1, Chatzimpaloglou A.1 

1 Environmental Pollution Control Laboratory,Chemistry Department, Aristotle University of Thessaloniki, 54124 

*cchrist@chem.auth.gr 

 

Abstract  

Advanced oxidation technologies utilize the catalytical production of highly oxidizing hydroxyl radicals (•OH) for the removal of 
pharmaceuticals from different water matrices with high removal efficiencies. Bromazepam is a common prescribed benzodiazepine 
in Greece. It is to persistent in the environment as it exhibits long half-lives in water (60d),soils (120d)and sediments (540d), resists to 
hydrolytic and photolytic degradation and has been detected in wastewater effluents (94 ng L-1)and surface waters (320 ng L-1).  

Photo-Fenton is a photochemical advanced oxidation process (AOP) that has been applied forthetreatment of pharmaceuticals, 
achieving rapid and effective removal, reduction of TOC and formation of lower toxicity transformation products. The basic 
limitation of the method is the pH adjustmentat low values. At neutral pH, limited performance of the classic Photo-Fenton system is 
observed as the trivalent iron precipitates. The iron complexing with different organic ligandsenhances its solubility and stability 
leading to a higher iron activity in a neutral pH aqueous solutions.The Fe (III) -EDDS complex is stable and photochemically 
effective at neutral pH, which means that higher quantum yields can be achieved to form hydroxyl radicals due to rapid 
photochemical reactions. 

The objectives of the study were to evaluatefor the first time the photocatalytic degradation kinetics of psychiatric pharmaceutical 
Bromazepam under Photo-Fenton and Photo-Fenton-like processes and examine the effect of various parameters (H2O2 and Iron 
concentration, pH)on the rate of the oxidative processes. Finally the identification of transformation products (TPs) using LC-MS/MS 
was carried out. 

First pseudo first order kinetic models were found to describe the Photo-Fenton process effectively with 0.111min-1reaction rate 
constant at Fe3+4.61 mg L-1 / H2O2 = 25.08 mg L-1achieving  approximately 80% degradation at 3 hours reaction. The addition of Fe2+ 
instead of Fe3+ led to higher degradation rate constants enhancing 10% the final degradation of Bromazepam. 

Different common iron sources were compared for their efficiency in the degradation of each compoundduring Photo-Fenton reaction 
as well the use of Fe(III)-EDDS. The iron complex improved the efficiency of the Photo-Fenton reaction at neutral pH encouraging its 
application in real water and wastewaters samples without pH adjustment.Alone Fe(III)-EDDS, Fe(III)-EDDS/ H2O2, Fe(III)-
EDDS/UV systems showed low degradation rates 1:2 initial iron/ligantratio proved more efficient to the degradation under the 
influence of UV irradiation and 10 mg L-1 H2O2addition, achieving70% degradation at neutral pH. 

Twelve transformation products were identified by LC-MS/MS, mainly through hydroxylation. Toxicity of the treated solution is 
initially reduced, indicating the production of less toxic by-products 

Keywords: Bromazepam, Advanced Oxidation, Photocatalysis, Transformation Products, LC-MS/MS  
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Abstract: 

Algal organic matter (AOM) may comprise an essential part of natural organic matter in surface waters. It is a consequence of 
eutrophication of aquatic environments followed by a phytoplankton population increase. In reservoirs supplying drinking water 
treatment plants, seasonally occurring high concentrations of AOM may affect the performance of treatment processes, mainly the 
coagulation efficiency(Pivokonsky et al., 2012, Henderson et al., 2008). Numerous studies have showed that coagulation of algal and 
cyanobacterial cells can be improved by pre-oxidants addition (Plummer and Edzwald, 2002; Chen and Yeh, 2005; Henderson et al., 
2008; Ma et al., 2012; Coral et al., 2013; Pranowo et al., 2013; Wang et al., 2013). Thus, the aim of this study was to investigate the 
influence of potassium permanganate pre-oxidation on coagulation of AOM (specifically its cellular peptides/proteins - COM 
peptide/protein fraction)produced by cyanobacterium Microcystis aeruginosa. 

Potassium permanganate doses of 0.1, 0.2, 0.4 and 0.6 mg KMnO4 mg-1 DOC (dissolved organic carbon) and oxidation time of 1-60 
minutes were tested for determination of permanganate pre-oxidation impact on COM peptide/proteins coagulation. Based on 
variations in parameters of UV254, DOC and residual KMnO4, the doses of 0.2 and 0.4 KMnO4 mg-1 DOC and 10 min oxidation were 
determined as optimal and these were applied in coagulation experiments.Additionally, molecular weight (MW) distribution of the 
peptides/proteins and the content of microcystin were also measured before and after pre-oxidation.Then, coagulation 
experimentswith peptides/proteins at concentrations of 1, 3, 5 and 8 mg L-1 DOC and Fe-coagulant (optimized dose and pH) were 
performed both with and without KMnO4 pre-oxidation. Residual concentrations of DOC, Fe and Mn were measured for evaluation of 
coagulation efficiency. 

It was ascertained that for coagulation of COM peptides/proteins without pre-oxidation, an optimal dose of coagulant was 7 mg L-1 
Feand optimal pH values were in the range 4.3-6 (for DOC 3, 5 and 8 mg L-1) and 5.5-6.5 (for DOC 1 mg L-1) (Table 1) (Pivokonsky 
et al., 2012). The main mechanism of coagulation was charge neutralization between the deprotonated peptide/protein functional 
groups and the positively charged hydrolysis products of the coagulant. Adsorption also played an important role, depending on the 
concentration of coagulant and COM peptide/protein concentrations and also on pH (Pivokonsky et al., 2012, 2016). When pre-
oxidation with potassium permanganate was used, the optimal dose of Fe was reduced to 6.4 mg L-1 Fe for all initial concentration of 
COM peptides/proteins. In addition, pre-oxidation extended the optimal pH range to 7.3, which may be due to the presence of MnO2 
particles.Coagulation with pre-oxidationhas resulted in a higher rate of COM peptides/proteins removal than withoutpre-oxidation, 
which may be due to the conversion of organic material to inorganic and also to an increase in the number of carboxyl groups 
responsible for interactions of coagulated substances with the coagulant (Table 1, Figure 1a,b). Using pre-oxidation in coagulation of 
peptides/proteins with Fe-coagulant also eliminates the formation of Fe-peptide/protein complexes that inhibit the coagulation process 
at pH values of about 6.2 (Pivokonsky et al., 2012).Further, HPSEC analysis showed that low-MW peptides (< 9 kDa) were not 
removed even by the pre-oxidation-coagulation processes and other treatment techniques are thus required. On the contrary, toxic 
microcystin was effectively removed (up to 96%) by both KMnO4 concentrations used for oxidation (Table 1). 

The results showed that pre-oxidation with potassium permanganate increased the coagulation efficiency of COM peptides/proteins of 
Microcystis aeruginosa with iron coagulant and decreased the optimal dose of the coagulant. Application of pre-oxidation also 
extended the optimal pH of the coagulation from 4.3-6 to 4.3-7.3 and eliminatedthe formation of Fe-peptide/protein complexes at pH 
6.2. At the same time, pre-oxidation resulted in a high efficiency of toxic microcystin removal (up to 96%). 

Keywords: algal organic matter, coagulation, Microcystis aeruginosa, permanganate pre-oxidation, water treatment 
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Table 1: Optimum coagulation conditions and removal rates for AOM peptides/proteins with and without pre-oxidation 
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Figure 1:The dependence of the residual concentration of DOC on the pH value for the initial DOC concentrations of 1, 3, 5 and 8 mg L-1 without 
pre-oxidation (a) and after pre-oxidation (reaction time 10 min) at a dose of 0.4 mg of KMnO4 mg-1 DOC (b) 
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Abstract: 

Butter is a common component of thehuman diet, which polish people eat more often. According to the Central Statistical Office in 
year 2016, the statistical Pole ate 4.7 kg of butter, 0.5 kg more than in 2014. Milk and milk products like butter have shown to be good 
indicator for the contamination of persistent organic pollutants (POPs) such as dioxins and PCBs along the food chain. Dioxins are29 
chemical compounds with a common mechanism of toxic action which include dibenzo-p-dioxin (PCDD) dibenzo-p-furans (PCDF), 
dioxin-like polychlorinated biphenyls (dl-PCBs).The most toxic compound is 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD). 
Due to their physicochemical properties, these compounds accumulate in fat-rich tissues of farm animals, and during lactation they 
are excreted into milk. Milk and its products, for example butter, as a food of animal origin are considered one of the main sources of 
human exposure to dioxins. To reduce the exposure of the population, acceptable limits for dioxins for milk and milk products have 
been established.  

The purpose of the work was to determine the levels of dioxins and PCBs in butter samples. The twenty butter samples (with 
a fat content of not less than 80%) were collected from Polish market and analysed in Department of Radiobiology of the National 
Veterinary Research Institute in Pulawy. Isotope dilution method with HRGC-HRMS detection was applied for determination of 17 
PCDD/F, 12 dioxin-like PCB (DL-PCBs), 6 NDL-PCB congeners. To ensure the quality, the certified reference materials (BCR-607) 
and reagent blank samples were analysed with each series of test samples. Moreover the recoveries of isotopically enriched congeners 
were controlled. 

There were no exceedances of the maximum levels for PCDD, PCDF, dl-PCB and ndl-PCB in any tested butter sample. 
According to Regulation EU 1259/2011, the permissible content of dioxins in butter is 2.5 pg WHO-PCDD/F-TEQ/g fat, 5.5 pg 
WHO-PCDD/F-dl-PCB-TEQ/g fat, and for ndl-PCB 40 ng/g. The concentrations of the analysed compounds were at low levels. 
Average PCDD/F concentrations (x±SD) was 0.46 ± 0.04 pg WHOTEF2005-TEQ g-1 of fat, which compensates about 19% of the 
maximum allowed limit for butter (2.5 pg WHO-TEQ / g fat). The average level of PCDD/PCDF/dl-PCB was 0.88 ± 0.20 pg 
WHO2005-TEQ g-1 of fat, resulting from about 16% of the allowable level of 5.5 pg WHO2005-TEQ/g fat. The ndl-PCB content was 
only 2% of the acceptable limit for butter, set at 40 ng/g fat.  

In summary, the tested food samples contain trace levels of dioxins, furans, DL-PCBs and NDL-PCB and therefore should 
not constitute a danger to consumers. 

 

Keywords: dioxins, PCBs, POPs, butter 
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Abstract: 

 Dioxins due to lipophilic properties do not accumulate in water, but are adsorbed on the surface of solid particles and 
deposited to the bottom sediments. Therefore, the degree of water environment contamination with dioxins and PCBs represents 
levels found in bottom sediments. Toxins are uptake from the lower parts of the reservoirs by benthic organisms, which are food for 
organisms standing at the higher levels of the aquatic food chain like fish. The aim of the study was to investigate levels of dioxins 
and PCBs in sediments from main polish rivers and lakes and verify the influence on fish muscle contamination.  
 Tested materials were: sediments from 13 fish habitats, 54 bream and 38 roach muscles samples which comes from three 
rivers: Vistula, Oder, Brda and four lakes: Maroz, Lanskie, Rybnicki and Roznowski Reservoirs. 
 Sediments from urbanized area contained higher levels of dioxin and PCB (from 0.17 to 7.84 pg WHOPCDD/F/dl-PCB -TEQ/g 
dry matter (d.m) and ndl-PCB from 0.13 to 8.73 ng/g d.m. Statistically significant less contaminated were sediments from agricultural 
areas (Brda and Mazury Lakes) (0.09 to 0.36 pg WHOPCDD/F/dl-PCB -TEQ/g d.m. and ndl-PCB from 0.05 to 0.36 ng /g d.m.)(Kruskal-
Wallis test p≤0.05).The impact of environment contamination was significant on the levels found in bream muscles. Breamfrom 
urbanized areas contains from 0.30 to 7.25 pg WHOPCDD/F/dl-PCB -TEQ/g f.w. and ndl-PCB from 0.74 to 100.35 ng/g f.w. In 
agricultural regions, the content of PCDD/F/dl-PCB in muscle were low, average from 0.30 to 0.72 pg WHO-TEQ/g fresh weight 
(f.w.) and for ndl-PCB from 0.15 to 10.78 ng/g f.w. The lowest concentrations were determined in agricultural areas such as Brda and 
Mazury Lakes, and many times higher in the area of Cracow. A smaller accumulation of dioxins and dl-PCBs showed a roach, but 
also significant differences in concentrations depending on the habitat location occurred. In both species, the influence of the 
environment on the level of dioxins and PCBs in the muscles was noticed. There was a strong positive correlation between the level of 
sediment pollution and the content of toxins in the muscles for all tested groups of compounds. Correlation coefficient rs= 0.82 for 
PCDF to 0.88 for dl-PCB and ndl-PCB (p ≤0.05). 
 
Keywords: dioxins, fish, sediments 
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Introduction 
Freshwater resources are adversely impacted by effluents of wastewater treatments plants. Tens of hundreds  of wastewater-borne 
pollutants, among them human drugs, have been reported to occur in river water. Changes in their levels are subject to additional 
inputs and natural attenuation processes. In the latter category fall photodegradation reactions which are thought to constitute key 
factors in the fate of organic micro-pollutants in surface waters. For the assessment of the relevance of in-stream attenuation of 
pharmaceuticals, only a few field studies on pharmaceuticals have been conducted suggesting that some members of this class of 
pollutants can be photodegraded.  

In our research group we previously evaluated the photodegradability of several pharmaceuticals spiked into reconstructed or real 
surface water followed by either simulated solar radiation or natural sunlight and mass spectrometric search for their transformation 
products (photoTPs) in the environment [1-4]. For instance, in the case of the X-ray contrast agent iopromide and related compounds 
[3], we first set out to identify by liquid chromatography high resolution mass spectrometry (LC-HRMS) their photoTPs in spiked 
surface water samples after exposure to artificial sunlight. The acquisition of high-resolution QToF-MS mass spectra (10,000 
resolving power) in combination with H/D exchange experiments allowed to characterize the photoTPs. This yielded four principal 
photoreactions for iopromide: gradual, and eventually complete, deiodination of the aromatic ring, substitution of the halogen by a 
hydroxyl group, N-dealkylation of the amide in the hydroxylated side chain, and oxidation of a methylene group in the hydroxylated 
side chain to the corresponding ketone [3]. Thanks to the improvements in HRMS instrumentation in terms of analytical sensitivity 
and resolving power we were able to identify/detect photoTPs of iopromide and its related compounds. We achieved this by taking 
advantage of the capabilities of a UPLC-Q-Exactive-Orbitrap-MS. Specifically, we circumvented the tedious process of manual data 
mining, but relied on the SIEVE software for automated search of the photo-TPs. Its algorithm retrieved as much as of 108 
photoproducts in artificially irradiated samples [4].  

Whether these photoproducts were actually of environmental relevance, was investigated by analyzing surface water samples in a 
suspect screening approach with UPLC-Orbitrap-MS [4]. Based on accurate MS(/MS) data and retention time data, of all the TPs 
observed in the lab, the presence of eleven photoTPs could be confirmed in the real samples. Finally, we were able to quantify the 
parent compounds and their photoTPs.  The median concentration of the parent compounds ranged from 29 ng/L to 6 μg/L (iomepro l) 
while the photoTPs were found at median concentration of 30 ng/L. 

In the present work, we propose a holistic workflow using HRMS for evaluating the phototransformation of 37 pharmaceuticals under 
simulated and real environmental conditions. In contrast to the previous compound-by-compound approach, here, we expose a 
cocktail of human drugs to the phototransformation conditions. Following the identification of photo-TPs, a list of suspect TPs was 
created and used to screen them in SPE-concentrated river water samples from European rivers. 

Experimental section 
Reconstructed surface water was spiked with a cocktail of 34 pharmaceuticals at concentrations of 500 and 50 µg/L and exposed to 
artificial light in a sunlight simulator for the generation of photo-TPs. The sunlight simulator was equipped with a Xenon arc lamp 
with glass filters, which restricted the transmission of wavelengths below 290 nm and thus yielded a wavelength spectrum closely 
resembling that of solar light. The samples were placed in quartz vials and irradiated with appropriate dark-control experiments to 
account for possible hydrolytic reactions. UPLC-HR-MS (QExactive) was used to identify the photo-TPs and subsequently surface 
water samples were screened for their presence. These samples were taken from the Evrotas River. For the enrichment of the potential 
photo-TPs, water samples were preconcentrated on four SPE cartridges connected in series (Oasis HLB, Bond Elut PPL, Oasis MAX 
and Oasis MCX) and then analyzed using UPLC-Q-Exactive-Orbitrap-MS. 
 
Results and discussion 
The accurate mass measurements obtained by HRMS allowed for screening of suspected drugs and their photo-TPs in surface water 
samples. After accurate mass extraction of expected ions, specific information such as accurate mass and retention times allowed to 
detect photoTPs in the irradiated sample. For the photolysis of the 37 pharmaceuticals in reconstructed waster, several photoreactions 
were identified: reductive deiodination, deacetylation, demethylation, hydration, dehydration, dehydrogenation, decarboxylation, 
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oxygenation, desulfonylation, oxidative deamination, dehalogenation and combination of reactions. We detected 25 photoTPs of 
pharmaceuticals in these photolysis experiments. Then, we searched for these detected TPs and their parent compounds in real surface 
water samples. The results showed sporadic detection of pharmaceuticals along the investigated Evrotas river showing a clear impact 
of the WWTP discharges on drug levels in river and downstream of the WWTP outlet. It was also observed in-stream attenuation of 
some drugs maybe due to photolysis in the river. We searched for the identified 25 photoTPs in riverwater samples but several human 
metabolites, microbial TPs and photoTPs were detected together. Until now only one photoTP could be attributed to originate 
exclusively from phototransformation (AAP-TP152). Substantial increase of the abundance of the phototransformation product of 
acetaminophen (AAP-TP152) was detected 10 km downstream of WWTP outlet. HRMS helped us to provide an overview of 
anthropogenic pollutants and their TPs in the aquatic environment providing evidence for photolysis and thus underpinning the 
importance of natural attenuation processes in rivers.  

 

Figure 1. Presence of the AAP and its photo product AAPTP152 in surface water samples  from Evrotas river 
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Abstract 

Water scarcity is a big topic in the European Union and the whole world in general. Due to the climate change, droughts will not 
remain a rare event, but will become quite common in the future. Because of that, irrigation of crops with reclaimed wastewater will 
be more and more important. 

There are different ways how pharmaceuticals end up in the environment and especially inthe aquatic system. One major route for the 
contamination of the environment with pharmaceuticals is via the uptake and incomplete metabolization by humans and subsequent 
excretion via urine and faeces. Another way is the direct application of ointments on the skin, whereby they are rinsed off during 
personal hygiene, entering the public sewage system. Unfortunately the illegal disposal of drugs in e.g. the toilet or the sink still 
considerably adds to the effects discussed in the above. Even though the sewage of cities ends up inmunicipal wastewater treatment 
plants (WWTPs), many pharmaceuticals, their respective metabolites and degradation products can still be detected in their effluents 
in the ng/L up to the low µg/L range. The removal efficiency of pharmaceuticals in a WWTP is dependent on the chemical properties 
of the drugs and the processes used for water cleaning. BasicWWTPdo not include stepsfor the removal/degradationof drugs with e.g. 
activated carbon filters or UV-radiation. 

According to the IQVIA market report 2017 (IQVIA, 2019) nonsteroidal anti-inflammatory drugs (NSAIDs)are in the top ten of the 
bestselling pharmaceuticals in Germany. Diclofenac and acetaminophen belong to the group of NSAIDs and are so calledover-the-
counter (OTC) drugs without requiring medical prescription. Diclofenac is one of the most frequently detected pharmaceutical in 
WWTP effluents(Vieno, Sillanpää 2014), due to the large amounts used and its poor removal rate in the WTTP. Acetaminophen is 
also detected in different water bodies, like river water, coastal water, WWTP influents and effluents (Montaseri, Forbes 2018). 

As treated waters are increasingly used in agriculture (for irrigation) it is of high relevance, how plants cope with pharmaceuticals.In 
principle this topic has already been studied as can be seen from a series of papers published over the last decade (Dodgen et al., 
2015), (Klampfl, 2019).Whereby most studies dealing with the uptake and metabolization of parent drugs have been performed 
exposing the plants to environmentally relevant concentrations of the pharmaceuticals, this is not always the case when the main goal 
of the study is set on the metabolization and biotransformation of the drug by the plant. 

Inthe presented study these two approaches were combined.Therefore,the influence of diclofenac and acetaminophen on maize (Zea 

mays) and pea(Pisum sativum) was investigated. At first, possible metabolites were identified using irrigation water containing 10 mg 

drug/L. In addition to the determination ofthe uptake of the parent drug and its metabolization, the drift tube collision cross section 
(DTCCSN2) was determined as well. This was realized by coupling HPLC to a drift tube - ion mobility quadrupole time of flight mass 
spectrometer (HPLC-DT-IM-QTOF-MS). As there are no standards available for possible metabolites of these two drugs, the 
DTCCSN2 value is beneficial for differentiation of metabolites with the same exact mass, but different structures. In a second step, the 
concentration was lowered in several steps down to 0.001 mg drug/L. The determination of the lowest drug concentration, was done 
with an HPLC combined with a triple quadrupole mass spectrometer (HPLC-MS/MS). 

Keywords: plant metabolism, xenobiotics, LC-DT-IM-QTOF, NSAIDs 
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Abstract 

Identifying organic contaminants present in aquatic environments is of major concern for water quality monitoring. During the last 15 
years, application of non-target screening to identifynew emerging contaminants and their transformation products in aquatic 
environment has increased to meet this challenge. The data prioritization and quality assessment is essential before performing non-
targetscreening evaluation of water samples.Based on a metabolomics workflow strategy, the main objectives of our study were to 
evaluate the influence of data selectioncriteria to prioritize features for structural elucidation. 

Surface water sample was collected from aFrench urbanized river. Different solid phase extraction conditions (SPE, n=3 per 
condition) were tested towards C18 UHPLC-HRMS/MS (Ultra High Performance Liquid Chromatography hyphenated to High 
Resolution Mass Spectrometry) analysis in positive ionization mode. The SPE protocols varied according to the extraction phase 
(Oasis HLB® or multi-layer cartridge), the elution solvent (methanol or methanol and dichloromethane) and thesample pHadjustment 
(pH 3 or 7) (Table 1). To ensure data quality, SPE blanks and quality control (QC) were also injected. The QC sample corresponded 
to a pool of 5 μL of each sample extract andwas injected repeatedly throughout the injection sequence to monitor the analytical 
repeatability.The data were processed using XCMS, metaXCMS and CAMERAR packages.A first data selection was performed 
based on features analytical repeatability: for each feature detected in all QC injections a relative standard deviation (RSD) of its area 
was calculated. As a first selection criteria,only features presenting a RSD<30%in QC injections werekept (FDA, 2001; Sangster et 
al., 2006; Want et al., 2010). By the same approach, the features repeatability in the extractswas evaluated: the RSDcalculationof 
featuresarea in then=3 extracts per SPE methodallowed the assessmentof each sample preparationmethod repeatability. Then, 
assecond selection criteria, only features presenting a RSD<40%in sample extracts were kept.However, this was not selective enough 
to consider a structural elucidation of the remaining features. Therefore, the influence of various S/N thresholds (S/N 0; 3; 5; 8; 10; 
15; 20) on the data distribution (features m/z, retention time, and intensity) was evaluated. Finally, a structural elucidation strategy 
was performed on the most intensive selected features common to the 5 sample preparation methods. It was based on (i) isotopic 
distribution examination;(ii) determination of possible chemical formula(s) (error <10 ppm);(iii) study of MS/MS data and 
comparison to MassBank database (https://massbank.eu/MassBank/) to determine a potential identification (fitting score >0.75);and 
(iv) confirmation of the possible identification by injectingthe corresponding analytical standard under the same analytical conditions. 

Table 1:Summary of the different sample preparation methods 

Method 1a 1b 2a 2b 3 

Extraction phase Oasis 
HLB® 

Oasis 
HLB® 

Oasis HLB® Oasis HLB® Multi-layer: 

Oasis HLB® + Strata-X®AW + 
Strata X®CW + Isolute® ENV+  

Elution solvent Methanol Methanol Methanol + 
dichloromethane 

Methanol + 
dichloromethane 

Methanol 

Sample pH adjustment 7 3 7 3 7 

 

Analysis in positive ionization mode led to the detection of numerous features for each sample preparation method, with the following 
ranking: method 1a (1230 features) > method 2b (1087 features) > method 2a (1028 features) > method 1b (836 features) > method 3 
(765 features). Among all these features, some of them corresponded to features presenting a poor analytical repeatability or a poor 
extraction repeatability. Then, number of features was reduced from -34% to -49%, depending on the sample preparation method. The 
various S/N thresholds tested revealed the higher the threshold, the higher the number of features with low and high m/z (m/z <130; 
m/z >850), extreme retention time (Rt <4 min; Rt >20 min) and low intensities (<103 counts) were excluded from the data sets. 

https://massbank.eu/MassBank/
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Considering the structural elucidation objective of our study, the most restrictive S/N threshold was chosen(S/N 20).These selection 
criteria allowed to keep8-13% of the features initially detected.Among them, 15-35% werespecific to one extraction method, while 
28-49% (corresponding to 40 features) werecommon to all 5 extraction methods (Figure 1). 

 

Figure 1:Illustration of the features distribution after data selection with a Venn diagram representing the specific and the common features (if n> 
10) for the five sample preparation methods (obtained with metaXCMS) 

 

Among the 40 features common to the 5 extraction methods, 14 had an intensity >50,000 counts.As example for the structural 
elucidation process, two features among the 14 were selected. Theywere suggested as belonging to the same isotopic distribution by 
CAMERA, with anelutiontime at 10.95 min for a [M+H]+(m/z 429.2427) corresponding to a true chromatographic 
peak,and[M+H]+1(m/z 430.2451) (Figure 2.A). CAMERA also revealed the detection of 2 other features (with intensity <50,000 
counts) which mightbe related to [M+H]+because of their similar retention time: one of them mightalso be part of the isotopic 
distribution ([M+H]+2, m/z 431.2461) whereas the other onecould be a fragment (m/z 207.0929). The isotopic distribution revealedthe 
absence of halogenated compound (Figure 2.B). The comparison of the experimental MS/MS data with MassBank database 
highlighted only one possible identification: irbesartan, with afitting score of 0.87.The injection of the irbesartan analytical standard 
revealedstrong similarities withthe retention time and the MS/MS experimental data (Figures 2.C and 2.D): the structural elucidation 
process led to the identification of irbesartan with a level 1 confidence (Schymanski et al., 2014). This approach also allowed us to 
formally identify the presence of amisulpride, celiprolol, flecainide and oxazepam among the 14 features. 

 

 

Figure 2:Information required for structural elucidation of irbesartan with A/ the [M+H]+extracted ion chromatogram provided by XCMS; B/ the 
experimental isotopic distribution; C/ the [M+H]+ chromatographic peak in samples and the irbesartan standard injection; D/ the fragments detected 
in the MS/MS function in the samples and the MS/MS of irbesartan standard injection. 

 

This study highlighted that selection criteria are essential to determine which features to focus on for non-target screening, especially 
in a structural elucidation objective that is very time-consuming.Focusing on repeatable features is a necessity to avoid identification 
of features that could be analytical artefacts. 

 

Keywords: Non-target screening; Data quality;Features selection; Structural elucidation; Organic Contaminants 
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Abstract  

The occurrence of chemical residues and contaminants in food and environment is of a major concern both from public as well as 
regulatory agencies around the world. Effective monitoring of the large groups of possible contaminants and residues is therefore 
required. Although in most existing studies, multi-analyte methods are employed, typically only one group of the above hazardous 
compounds was targeted. 

In the recent years the High Resolution Accurate Mass spectrometry (HRAM) has gained popularity and started replacing traditional 
MS/MS technology. The main reasons are simple use, high analyte coverage and option of screening unknows, in addition to the 
routine quantitation and confirmation in one run. In the presentation, the principles of Orbitrap mass spectrometry will be discussed 
along with the newest trends, possibilities and challenges in data evaluation of both targeted and non-targeted assays. 
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Abstract: 

Global warming effects are widely recognized during the recent decades, and therefore water availability and water management 
issues are of special significance. Agriculture is the major consumer of water and it is potentially to encounter the most serious threats 
due to water scarcity. Water imbalances in the agricultural sector in arid and semiarid regions are anticipated to be further intensified, 
due to the limitation of unequally distributed rainfalls, leading to the increase of crop evapotranspiration and irrigation requirements. 
In order to compensate for shortages of water,water authorities have been forced to seek for economic non-conventional water 
resources, such as reclaimed/treated wastewater (TWW). Consequently, in the last years, the use of municipal wastewater, mainly for 
irrigation purposes, has been established as a prevalent practice, which is considered a key in providing relief to water stressed areas. 
The use of TWW on agricultural lands has gained a worldwide acceptance, as it is anticipated to substitute nutrient needs apart from 
satisfying water needs for growth and germination. Although there are multiple benefits associated with TWW use, potential risks do 
exist and challenges are to be considered. In fact, recent studies have shown that TWW constitutes a significant pathway for the 
introduction of the contaminants of emerging concern to the agricultural environment, as conventional water treatment processes do 
not effectively eliminate them. During wastewater treatment many of them have limited absorbability and biodegradability, resulting 
in a considerable amount of pharmaceutical chemicals in TWW effluents. Edible plants grown in such contaminated soils have been 
found to uptake and accumulate emerging pollutants in their tissues through the transpiration stream, constituting possible vectors of 
introducing them into the food chain, posing threats to the public health. 

To date, the countries that promote the use of TWW have developed legislation and national/ regional guidelines based only on 
conventional microbiological and chemical parameters. In the last years, several groups of research have investigated uptake of 
PPCPs by plants and have determined their residues in crops. However, the use of different experimental designs (e.g. growth 
conditions, plant biology), different extraction techniques and analytical methods and the discharge of new industrial compounds in 
the environment makes it difficult to reach conclusions that relate to the assessment of these compoundsrisk which may represent for 
the terrestrial environment. Moreover, the reliable quantitative analysis of this type of compounds in such complex matrices also 
represents a challenge on this topic of research. 

A few methodologies based on liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) have been developed for 
the target analysis of different classes of drugs and PPCP’S in plants, mainly using the selected reaction monitoring (SRM) mode in 
triple quadrupole analyzers. However, the use of liquid chromatography coupled tohigh-resolution mass spectrometry (LC-HR-
MS/MS) can contribute to significant advancements for pharmaceuticals screening in environmental settings, resulting a useful tool 
for the identification of unknown or unexpected compounds when the standards are not available in complex samples such as 
vegetable products irrigated with treated wastewater. 

Therefore, the present study involved, primarly, the development and validation of an extraction method using QuEChERS-based 
method and liquid chromatography coupled to quadrupole time of flight high resolution mass spectrometry. Secondly, the application 
of proposed method to assess the potential uptake of pharmaceuticals by lettuce tissues (leaves and roots). Such work includes the 
assessment of the occurrence of pharmaceuticals in plants and their translocation once taken by them. Furthermore, the advantages 
and drawbacks associated with the detection and uptake of these pharmaceuticals by plants are discussed. Lettuce was selected as the 
matrix of the study for several reasons: (1) it is the most cultivated leaf vegetable worldwide, (2) it is easy to grow in greenhouse 
conditions, (3) it is a quick-growing crop, (4) it is ordinarily consumed without being cooked or heated, which preserves the retained 
contaminants, (5) it has an extensive complex root structure that may facilitate the uptake of organic contaminants from soil and (6) 
its vegetative part consists merely of green leaves, which simplifies sample preparation. 

Keywords: micro-contaminants, wastewater reuse, water cycle, crop uptake 
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Water scarcity and the increasingly demand for agriculture have forced water authorities to seek alternative water resources. 
Consequently, countries in arid and semi-arid regions, where water is a limited commodity, are increasingly using treated Wastewater 
(TWW) to cover their demands. However, there are a lot of compounds, such as pharmaceuticals and care products (PPCPs) that are 
not completely eliminated in conventional wastewater treatment processes. Thus, irrigation of plants with TWW can lead to uptake 
and accumulate these residues in soil plant system. Then through the transpiration steam they can be translocated to edible plant 
tissues. Thereafter, since irrigation with reclaimed water is becoming a very common practice, there is a growing concern that the 
consumption of fresh crops irrigated with such water can pose a risk to human health. 

In recent years, numerous analytical methods have been developed to fill the existing knowledge gap in current understanding of 
PPCPs uptake by crops irrigated with TWW. However, these data are difficult to compare due to differences in experimental design 
(i.e. growth conditions, plant biology). 

The current study explored the fate and uptake of these compounds coming from the irrigation of radish with wastewater, raw 
wastewater, ground water and spiked treated wastewater. Radish were grown in pots in our greenhouse laboratory for the entire period 
(60 days). The extraction of target organic micro-contaminants was done with QuEChERS (quick, easy, cheap, effective, rugged and 
safe). In this work, two different QuEChERS salts were used to evaluate the uptake of most common organic contaminants including 
diclofenac, carbamazepine, sulfamethoxazole and valsartan. The detection of the target analytes was performed by means of the new 
quadrupole time-of-flight MS system SCIEX X500R QTOF. High resolution data were acquired using a multiple reaction monitoring 
(MRMHR) and the detection and quantification of the compounds was performed due to high resolution MS/MS data. 

The purpose of this study is to provide experimental data for the evaluation of the accumulation of the selected organic contaminants 
in soil and their uptake and bioaccumulation in radish. 

Keywords: treated wastewater, PPCPs, radish, QuEChERS  
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Abstract 

This contribution presents our strategy to analyse high-resolution mass spectrometry (HRMS) datasets to detect the discontinuous 
discharges of organic contaminants from pharmaceutical industries based on their characteristic emission patterns in wastewater 
treatment plant (WWTP) effluents. We will illustrate the approach based on two case studies investigating wastewater of producing 
and formulating pharmaceutical industries, respectively.  

The aim of the underlying research project is the assessment of the contribution of pharmaceutical industries to the total contaminant 
emissions from municipal WWTPs. Our work is motivated by the fact that the current knowledge about the extent of industrial 
organic contaminant discharges is very limited compared to the well-studied emissions from domestic wastewater. So far a systematic 
analytical approach to comprehensively assess industrial contaminant discharges is still missing.  

This lack of knowledge may be due to the challenges associated with the investigation of industrial discharges, such as their 
discontinuity, which is linked to batch production cycles common in pharmaceutical manufacturing. In addition, chemical information 
is typically unavailable because of production data confidentiality. However, a complex, variable mixture of compounds has to be 
expected in the wastewater, which may not only consists of the final bio-active ingredients but also contains intermediates and other 
chemicals involved in pharmaceutical manufacturing (e.g. catalyst and synthesis by-products). Finally, after on-site pre-treatment, 
industrial wastewater is usually directed to municipal WWTPs, which then receive both domestic as well as industrial sewage. Hence, 
compounds detected in the effluents may originate from either source or even both.  

The approach we developed addresses these challenges. First, we collected consecutive daily effluent samples (24-h composite) for 
three months at several Swiss WWTPs receiving different proportions of wastewater from pharmaceutical manufacturing sites to 
capture the short-term emissions from batch production. Then, we employed an analytical method that covers the broadest range of 
compounds present in the samples. Thus, after centrifugation, the samples were directly analysed by large volume injection reversed-
phase liquid chromatography HRMS in both positive and negative electrospray ionization mode. We acquired full scan accurate mass 
spectra (ppm error < 5 ppm) at a very high resolution (> 100’000 at m/z 200) across a wide mass range (100-1000 m/z) ona hybrid 
quadrupole-orbitrap MS (QExactive Plus, Thermo Scientific). Additionally, MS2 fragment spectra were acquired in data-independent 
acquisition mode to obtain structural information on all potentially interesting compounds. Finally, to attribute features to industrial or 
domestic wastewater based on their temporal patterns, the freely available enviMass workflow (Loos, 2018) was used to create the 
time series of all accurate masses detected in the full scan data. After data cleaning and cross-sample componentization (isotopologue 
and adduct grouping) the entire time profile inventory of each WWTP consisted of several thousand time series of a priori unknown 
compounds. We then classified potential industrial emissions based on the intensity fluctuations observed in these time series. Time 
profiles exhibiting intensity variations that highly exceeded variations explainable by changes in hydraulic discharge were considered 
as potential industrial emissions. For quantifiable target compounds, source attribution was additionally based on load per capita 
comparison between different WWTPs.  

The classification of the entire time profile inventories revealed a 3-fold percentage increase in potential industrial profiles for a 
WWTP treating industrial sewage compared to a pure domestic WWTP. Moreover, compound structures assigned to potential 
industrial emission profiles using non-target analysis were clearly attributable to the pharmaceutical industry in the catchment, 
indicating that our classification correctly detected industrial emissions. Loads per capita of pharmaceuticals emitted during industrial 
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discharge events were up to several orders of magnitude higher than those usually measured in domestic wastewater, and by far not 
explainable by per capita consumption. 

To evaluate the importance of these discharges for overall water quality, we assessed the exposure of aquatic environments by tracing 
the potential industrial emissions in the river system. Indeed, for several of the emissions a highly correlated time profile was found in 
the long-term daily LC-HRMS monitoring data of the international Rhine monitoring station (Ruppe et al., 2018) located more than 
100 km downstream of the respective WWTP, suggesting that emissions from one single industry can influence the water quality in a 
large catchment. This finding was surprising since industrial wastewater streams were generally very small in comparison to the 
domestic sewage streams. 

Overall, the results demonstrate that comprehensive HRMS time series datasets of WWTP effluents provide a valuable basis to 
estimate the relevance of discontinuous industrial discharges on the overall contaminant emissions via treated wastewater to surface 
waters.  

 

Keywords: Organic contaminants, industrial wastewater, discontinuous emissions, high-resolution mass spectrometry, time series 

analysis 
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Abstract 

Bisphenol A (BPA) is present in a wide variety of materials and it is a well-known endocrine disruptor that is widespread in indoor 
and outdoor environments. In order to evade regulatory oversight and social pressure, industry has introduced BPA replacements into 
the market. Replacements are usually structural analogs to BPA with similar physicochemical properties and, subsequently, similar 
potential toxicity. Bisphenol S (BPS), bisphenol F (BPF), bisphenol B (BPB), bisphenol AF (BPAF), bisphenol E (BPE), 
tetrabromobisphenol A (TBBPA), bisphenol A diglycidyl ether (BADGE) and bisphenol F diglycidyl ether (BFDGE) are common 
BPA replacements. They are used in a variety of materials too, such as electronic equipment, cans’ lacquer coating, dental sealants 
and flame retarded products and have also been widely reported in environmental and biological samples. Other widespread use of 
BPA is thermal paper (Geens et al., 2012; ,Björnsdotter et al., 2017a). Replacements have also been introduced into the market for this 
aim, namely BPS and other less known compounds such as 4-hydroxyphenyl 4-isopropoxyphenyl Sulfone (D-8), 4,4′-sulfonylbis(2-
allylphenol) (TGSA), 4-((4-(allyloxy)phenyl)sulfonyl)phenol (BPS-MAE), Pergafast 201 and D-90 (US EPA, 2015).  Although there 
are some recent studies about the presence of these compounds in thermal paper products and their potential toxic effects (Goldinger 
et al. 2015; Björnsdotter et al., 2017b) their migration and presence in the environment have not been assessed so far.  

 

In the present study, BPA replacements used in thermal paper (BPF, BPS, BPS-MAE, D-8, TGSA) were analyzed in indoor dust. 
Indoor dust is a potential source of human exposure to BPA and its analogs due to their migration from many materials and slow 
degradation. Concentration values of BPA and PBS in indoor dust usually range from ng·g-1 to µg·g-1 levels. We optimized a novel 
supramolecular solvent (SUPRAS)-based microextraction method for the analysis of BP replacements in indoor dust. SUPRAS are 
multi-target nanostructured solvents made up of self-assembled amphiphiles. They offer multiple extraction interactions (dispersion, 
polar, hydrophobic, etc.) and they constitute excellent candidates to develop generic and fast sample treatment procedures at low cost. 
These properties make them excellent candidates for generic sample treatment of indoor dust, a complex and heterogeneous matrix 
containing from textile and paper fibers to human or animal hair, cells and mineral components, among others. Dust samples were 
collected in public environments, because of the frequent use of thermal paper cash receipts and in other type of indoor environments 
(houses, cars, offices and bedrooms). Sampling was performed using a vacuum cleaner with bags. Dust samples were collected in 
Spain in 2018 from public environments (n=57). They were homogenized and sieved to 0.5 mm. BPA, BPS, BPF, D-8, TGSA and 
BPS-MAE were determined by SUPRAS (sample preparation) and LC-MS/MS. 

 

Keywords: supramolecular solvents, indoor dust, bisphenol A, bisphenol S, BPS-MAE, D-8, TGSA 

 

Tables and Figures 

 

For sample preparation with SUPRAS, aliquots of 25 mg of dust were weighed in 2 mL Eppendorf microtubes. The SUPRAS 
synthetic solution (200 µL of hexanol, 200 µL of THF and 800 µL of water) was added and spiked with 25µL of IS mix. SUPRAS 
formation and microextraction/clean-up was performed in a single-step by vortexing (5 min) and centrifugation at 10,000 rpm for 20 
min. After phase-separation, 150 µL of SUPRAS (the top layer) was collected, transferred to an LC vial and aliquots of 3 µL 
measured by LC MS/MS. A schema is shown in Figure 1.Recoveries were within the required levels (69 – 108%) and LODs were 
satisfactory for this matrix (in the low ng·g-1). 
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Figure 1. Schema of SUPRAS method for the determination of emerging BPA replacements in indoor dust samples. 

The emerging BPA replacements (BPS-MAE, D-8 and TGSA) were present at median levels around ten times lower than BPS but 
frequently detected (6 – 90%) in all the environments which suggests that they may be used in other materials and not only in thermal 
paper (frequent use in shops). As an example values found in shops are shown in Table 1.  

n.d.: non-detected;  a: Calculated without values below the LOQ; b: Calculated without values below the LOQ 

 

Results show the potential of these emerging contaminants to migrate into the environment and constitute a first insight into their 
presence in indoor dust as a relevant route of exposure. It is worthy to monitor these compounds in future studies taken into account 
the limited number of samples and that they are considered toxic (TGSA, D-8) and very toxic (BPS-MAE) to aquatic life according to 
the data available on the ECHA database. 

 

 

 

 

 

 

Table 1. Concentration of target compounds (in ng·g-1) found in indoor dust samples from different public microenvironment in Spain 
(n=10) 

 BPA BPF BPS BPS-MAE D8 TGSA 

Concentration range 192 - 4444 Detected - 183 n.d. - 736 n.d. - 79 n.d. - 58 n.d. - 48 

Meana 1883 79 290 20 23 22 

Medianb 1739 60 193 6 20 22 

Detection percentage (%) 100 100 70 50 70 90 
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Abstract 

The phenylpyrazole Fipronil is one of the most widely used insecticides in crops worldwide. Its use was banned by the 
European Union in April/2013 (Directive ECC Nº 781/2013) due to its harmful effects to non-target species(Gripp et al., 2017; 
Schlenk et al., 2001; Stefani Margarido et al., 2013). Despite this, Spain, the largest Fipronil consumer in Europe in sunflower crops, 
is still reluctant to adhere to the European directive alluding to few on-site studies that proved their toxicity. The aim of the present 
study was to assess a suite of biomarker responses on seabass (Dicentrarchus labrax) exposed through diet to Fipronil under two 
environmentally-realistic temperature regimes.  

Juveniles of D. labraxwere acclimated (14 days) to two temperature regimes of 13 and 16 ºC. Then, fish were fed spiked 
food with 10 mg/Kg of Regent®800WG (80% Fipronil) during two weeks, after which a depuration period of one week (feeding with 
unspiked food) was allowed. Eight fish were sampled at each temperature before Fipronil exposure (t0), after 7 and 14 days exposure 
(t7 and t14) and after a 7-day depuration period (t21), and dissected according to a standardized protocol. Feeding rate was calculated 
for each condition (temperature × time) and morphometric measurements were recorded for each fish. Concentration of Fipronil and 
its main metabolite Fipronil sulfone was determined in bile by LC-HRMS and in muscle (only Fipronil) by GC-MS.Metabolic and 
oxidative-stress related markers were assessed in different tissues: lactate dehydrogenase (LDH),six Cytochrome P450-related (CYP) 
enzymes, NAD(P)H cyt c and NADH ferricyanide reductases,uridine diphosphate glucuronyltransferase (UDPGT) and glutathione S-
transferase (GST) and the antioxidant enzymatic responses catalase (CAT), glutathione reductase (GR) and glutathione peroxidase 
(GPX) activities, as well as the marker indicative of oxidative stress damage: lipid peroxidation (LPO) levels. Differences between 
temperatures and time-groups (t0, t7, t14 and t21) were tested by ANOVA contrasts.  

Fish biometrics and condition indices remained similar during the 21 experimental days and at the two temperatures (Table 
1). Only an expected significant increase of fish size and feeding rate with time was observed.  
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Table 1:Mean ± SD for fish biometric measurements and general condition indides. N: number of individuals, M: males, F: females, SL: standard 
length, CF: condition factor, HSI: Hepatosomatic index, GSI: gonadosomatic index. Different superscript letters show significant differences among 

experimental groups within each temperature. 

 

High concentration of the metabolite fipronil sulfone in fish bile at t14 and t21 suggested a rapid metabolisation of the parent 
compound (Table 2). Persistence of fipronil sulfone in bile even after the depuration period at fairly high concentrations may be 
related to its affinity for organic carbon and supports the view that fat can act as reservoir for fipronil residues (Qu et al., 2018).Lower 
muscular levels of fipronil at 16 than at 13 ºC might reflect lower sorption of the chemical at warmer conditions, as also reported in 
soil and explained on the basis of a loss of chemical affinity (Singh et al., 2016), although more studies are needed to confirm this 
hypothesis. In contrast, higher concentrationof fipronil sulfone in bile at 16 than at 13 ºC could reflect speeding of metabolic 
degradation of the parent compound. Since Fipronil sulfone is more toxic than Fipronil itself to aquatic species (EPA, 1996), its rapid 
formation at higher temperatures alongside with its persistence in tissues with high lipidic content should be taken into account when 
contemplating a global warming scenario in a close future.   

Table 2:Concentration of Fipronil determined in bile of sea bass by LC-HRMS and in muscle (only Fipronil) by GC-MS. Each value corresponds to 
a pool of samples from 8 fish. Quantification in bile at t0 and t7 was not possible due to sample limitations. 

Temperature Time 
Muscle Bile 

Fipronil (ng/g) Fipronil (ng/mL) Fipronil sulfone (ng/mL) 

13 ºC 

t0 <6  -  - 

t7 88.4  -  - 

t14 64.6 4.08 ± 7.35 10.84 ± 9.02 

t21 <6 0.76 ± 0.47 15.17 ± 8.03 

16 ºC 

t0 <6  -  - 

t7 42.9  -  - 

t14 57.7 4.70 ± 4.65 38.43 ± 20.16 

t21 <6 0.63 ± 0.62 34.58 ± 30.87 

 

Temperature showed generally no effect in the enzymatic activities addressed, which suggests that the temperature range 
used in the present study was not large enough to have a significant effect in enzymatic activities in seabass. Activity of CYP-related 
enzymes, responsible for the formation of fipronil sulfone (Wang et al., 2016), was generally inhibited after fipronil exposure (Figures 

TºC Time 
N 
(M:F) 

SL (cm) Visceral fat (g) CF HSI GSI (F) GSI (M) Feeding rate 

13ºC 

t0 8 (6:2) 20.50 ± 2.67AB 5.05 ± 2.41 1.37 ±  0.08 2.08 ±  0.71 0.15 ±  0.02 0.11 ±  0.12 0.42 ± 0.16A 

t7 8 (2:6) 23.04 ± 0.60A 6.53 ± 1.63 1.43 ±  0.19 2.24 ±  0.84 0.28 ±  0.03 0.24 ±  0.06 0.46 ± 0.08AB 

t14 8 (2:6) 21.65 ± 1.62B 6.07 ± 1.44 1.42 ±  0.10 2.32 ±  0.73 0.20 ±  0.09 0.04 ±  0.01 0.49 ± 0.11B 

t21 8 (4:4) 22.56 ± 0.82A 7.28 ± 1.95 1.44 ±  0.11 2.72 ±  0.47 0.23 ±  0.08 0.09 ±  0.05 0.83 ± 0.17C 

16ºC 

t0 8 (4:4) 20.69 ± 2.14B 5.56 ± 1.69 1.51 ±  0.12 1.99 ±  0.54 0.23 ±  0.02 0.10 ±  0.08 0.38 ± 0.12A 

t7 8 (2:6) 21.56 ± 2.31AB 6.01 ± 2.82 1.48 ±  0.20 2.25 ±  0.57 0.21 ±  0.06 0.07 ±  0.01 0.47 ± 0.06AB 

t14 8 (1:7) 21.50 ± 2.49AB 6.72 ± 2.43 1.49 ±  0.11 2.21 ±  0.55 0.22 ±  0.08  - 0.66 ± 0.14B 

t21 8 (1:7) 22.63 ± 1.83A 6.20 ± 2.81 1.40 ±  0.08 1.88 ±  0.73 0.25 ±  0.05 0.05 0.85 ± 0.14C 
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1a, b) while the conjugation enzyme GST increased over time (Fig. 1c). Fipronil clearly induced an oxidative stress situation: hepatic 
CAT activity was inhibited (Fig. 1d), possibly indicating that oxyradical production exceeded the protective capacity of this enzyme 
(Regoli and Giuliani, 2014), and hepatic and muscular LPO levels were enhanced (Figs.1e, f). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:Mean ± SE on the levels of the biochemical markers most respondant to fipronil exposure in seabass: CYP-related enzymes EROD and 
ECOD in liver microsomes, GST and CAT in liver cytosol and LPO levels in S10 liver and muscle fraction. Different letters show significant 

differences among temporal replicates. 

 

Keywords (3–5): Fipronil, seabass, oxidative stress, CYP metabolism, enzymatic markers 
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Environmental research continues to expand beyond traditional, regulated contaminants to emerging contaminants, such as sucralose 
and other artificial sweeteners, nanomaterials, perfluorinated compounds, pharmaceuticals, hormones, drinking water and swimming 
pool disinfection by-products (DBPs), 1,4-dioxane, sunscreens/UV filters, flame retardants, benzotriazoles, naphthenic acids, algal 
toxins, and new contaminants on the horizon:  ionic liquids and microplastics.  These are now frequently being found in water 
samples, including rivers, lakes, ground water, and drinking water, and most of these originate from wastewater discharges.  
Understanding their fate and transport in the environment and in wastewater/drinking water treatment is vitally important, and as 
such, one of the major trends continues to be in identifying their transformation products.  Because environmental samples are 
inherently complex mixtures with trace-level contaminants, mass spectrometry has been key for their identification and measurement.  
This presentation will provide an overview of the state of the science for emerging contaminants in wastewater and drinking water, 
their formation and transformation in the environment, and the modern tools used to measure them.   

 

Keywords:  wastewater, drinking water, emerging contaminants 
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Abstract: 

The use of reclaimed water for irrigation, industrial applications, street cleaning, etc. is increasing worldwide and it has become a key 
practice to cover the water demand in areas suffering from extreme water scarcity. This practice will also extend to other areas in the 
future, due to the effect that climate change will have on the availability of water resources. To meet sanitation standards, treated 
wastewater has to be disinfected. Disinfectants react with the organic and inorganic matter present in water generating a large suite of 
disinfection by-products (DBPs). The DBP mixtures formed vary as a function of the DBP precursors present in water (different in 
wastewater treatment plant effluents than in groundwater or surface water), and the disinfection treatment (the type of disinfectant 
used and disinfection conditions). Many DBPs have been reported in the peer-reviewed literature to be cytotoxic, genotoxic, 
mutagenic and even carcinogenic1. Exposure to DBPs has also been associated in epidemiological studies to the appearance of 
negative effects at reproductive and developmental level2. However, the DBP mixtures formed have not been fully characterized to 
date, and therefore, the toxicity of the DBP mixture cannot be fully understood, as well as the potential risks of exposure. Protection 
of public health calls for adopting preventive measures that minimize the formation of toxic DBPs in disinfected waters.  

State-of-the-arthighly sensitive high-resolution mass spectrometry (HRMS) instruments represent a unique opportunity to increase the 
knowledge on DBP mixtures. Combination of mass spectrometry information with in vitro toxicity bioassays data allows 
identification of toxic DBPs in the mixtures. However, the right workflow has to be developed for a successful identification. For this, 
a genericextraction protocol to extract DBP mixtures has to be optimized, and an analytical approach based on “effected-directed 
analysis” (EDA) can be applied to identify the most toxic substances in the DBP mixture. Toxicity of the mixtures and individual 
DBPs will be evaluated with a human placenta cell line (JEG-3). After reducing the complexity of the mixture by means of HPLC 
fractionation, toxic fractions will be explored using HRMS, so that data interpretation efforts get focused on those mixture fractions 
that provide a toxic response. Results obtained in the initial steps of this work will be presented. 

Acknowledgments: C. Postigo acknowledges the financial support by Fundación General CSIC (Spanish ComFuturo Programme). 
This work was supported by the Government of Catalonia (Consolidated Research Groups 2017 SGR 01404- Water and Soil Quality 
Unit) 
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Recent advances in mass spectrometry have led to the development of new analytical methods to ensure food safety and 
environmental quality. Gas and liquid chromatography with mass spectrometrymethods are widely applied for the detection of known 
and unknown chemical contaminants, in food commoditiesand environmental matrices. Monitoring of pesticides residues and their 
metabolites in food and water samplesnecessitates thedevelopment and validation of multi-class LC-MS/MS and GC-MS/MS 
methodologiesby using general extraction procedures such as QuEChERS and SPE for sample preparation. 

This work is focused on the development and validation of large scale multi-residue methods for the detection, identification and 
quantitation of pesticides and their relevant metabolites, included in their EU MRL definition, in various food and water matrices, 
using QuEChERS and SPE extraction procedures in combination with LC -MS/MS and GC-MS/MS techniques.Selected LC -MS/MS 
and GC-MS/MS operating parameters were optimized to achieve the highest possible analytical sensitivity, accuracy and detectability 
in the food and water matrices. LC-MS/MS methods have been developed for the analysis of more than 300 compoundswhile the GC-
MS/MS method is applied for the determination of 140 compounds fulfilling the performance criteria described in the European 
Union guidelines (SANTE Doc. No 11813/2017). Both methods have been successfully applied τοthe EU monitoring program and 
national control program of pesticide residues and their metabolites in food and environmental samples to ensure compliance with 
MRLs and to assess consumer exposure to pesticide residues. 
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Abstract 

Introduction 
There is a scarcity in the methods used for extracting information from the large data files recorded with various types of mass 
spectrometers. The SPIX software has been developed for the analysis of such data with the aim of (1) suppressing operator 
subjectivity in handling big data, (2) taking into account variability and measurement uncertainties inherent to experimental 
approaches, (3) gaining time and confidence in results interpretation (4) having a powerful tool to handle different data formats. 
Developments were firstly focused on the analysis of direct infusion HR-MS measurements, but have been recently extended to low-
resolution MS and hyphenated techniques. SPIX permits reliable determination of compounds at trace levels in samples with natural 
intrinsic variability (i.e. waters, soils, food,…). 

Methods 
SPIX allows the statistical comparison of populations of very complex mass spectra taking into account the intrinsic variability of 
experimental data and thus is able to spot very low but significant differences between complex samples subject to high variability. 
SPIX is the only software currently available, which makes following of the evolution of a sample possible over time. It allows 
automatic detection of compounds whose concentration evolution follows one of the kinetics models proposed in the current version: 
growth, decrease, growth followed by decay, etc. It aims to highlight reactions occurring in a complex mixture and is able to 
characterize reagents, products and transitory species among thousands of molecules whose concentrations are subject to natural 
variability. 

Preliminary Data 
The current primary applications of this statistical tool are in the field of environmental samples analysis, such as the detection of 
photodegradation products of contaminants in different matrices and changes in the composition of humic substances (HR-MS). SPIX 
has also been used to optimize experimental conditions for the determination of perfluorinated compounds (LR-MS). 
HR-MS analyses were carried out in direct infusion mode on an FT-ICR-MS for environmental samples.  
The modeling of photodegradation of pesticide and biocide molecules in increasingly complex matrices (from ultrapure water to lake 
water) was successfully performed. The software was able to detect and model the kinetics of each photoproduct over time. One of the 
applications was on Benzisothiazolinone biocide, where the kinetics of disappearance of the parent compound (figure 1.), and the 
kinetics of appearance of photoproducts were modelled during irradiation with UV lamp. All the ions which undergo statistically 
relevant changes in the mass spectra will be summarized by the software. It is also possible to filter blank measurements, to discard 
the noise related to solvent or instrument. 
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Figure 1. Disappearance of Benzisothiazolinone over 6 hours of irradiation 

The example of an application of comparison between two conditions will be presented by the analysis of Suwannee River fulvic acid 
before and after nitrosation. The sample was ionized in both positive and negative electrospray ionization modes yielding thousands 
of ions. The software was able to point out the changes: the degradation of a substantial percentage of the starting molecules and the 
appearance of new nitrosated compounds. All of the ions corresponding to molecules which underwent statistically relevant changes 
can be easily exported using SPIX, which facilitates further statistical treatment (e.g. Kendrick or Van Krevelen diagrams). 
Perfluorinated compounds were analyzed in MRM mode using a low-resolution MS instrument in direct infusion mode. The software 
recognized the chemically significant molecules and gave an insight on which measurement conditions are the most suitable for these 
compounds. 
Recent developments feature the ability to process data from various instruments, working with formats such as .mzxml, .xy, .xml, to 
be able to apply it to data from different instruments further developments will focus on expanding the applicability to hyphenated 
techniques by adding an extra dimension, which could be retention time for GC-MS and LC-MS couplings and drift time for ion 
mobility. The aim is to introduce reliable peak picking by the software, be able to easily follow the evolution of each peak, and to 
separate isomeric compounds, which is not possible using direct infusion mode.  SPIX is free and available at 
http://spix.webpopix.org/index.html 

Novel Aspect 
The SPIX software aims at extracting relevant information from very complex MS data and eliminating operator-related subjectivity. 
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Abstract 

Disinfection by-products (DBPs) are unwanted and potentially toxic by-products formed during drinking water treatment when using 
chemical disinfectants such as chlorine, chlorine dioxide and chloramine (Richardson et al. 2007). Exposure to chlorinated drinking 
water have been related to various human health risks such as bladder cancer, demonstrated by epidemiologic studies (Villanueva et 
al. 2015). The DBPs are formed when a chemical disinfectant reacts with natural organic matter (NOM) or anthropogenic organic 
compounds. Hundreds of different DBPs have been identified, and yet a large fraction is still unknown, showing why complete 
assessment is difficult (Richardson et al. 2007; Zhang et al. 2000). One of the ways forward towards minimizing human DBP 
exposure is to improve the removal of reactive NOM species (pre-cursors) at the treatment plants, up-stream the point of disinfection. 
This approach is promising since it simultaneously address other important challenges for drinking water producers, e.g. risks for 
microbial growth in the distribution system or saturation of GAC (granular activated carbon) filters (Köhler et al. 2016). 

We would like to present results from a study conducted at Lovö water treatment plant (WTP) in Sweden to evaluate a series of new 
treatment technologies for improved NOM removal, including suspended ion exchange (SIX®), ozonation, in-line coagulation, 
ceramic micro-filtration (CeraMac®) and granular activated carbon (GAC) filtration and their effect on DBP formation. The SIX® 
process is designed to remove dissolved organic carbon and might become a future option for NOM removal, especially for 
waterworks using surface water (Galjaard et al. 2018; Galjaard 2009). Detailed NOM characterization was performed using ultra-high 
resolution Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS). DBP formation was evaluated with normal-
dose (total chlorine residual 0.3-0.4 mg L-1, pH 8.5, contact time 24 hours) and formation potential (total chlorine residual ~10 mg L-1, 
pH 8.5, contact time 3 days) experiments, where the DBP formation was assessed through trihalomethane (THM), adsorbable organic 
halogens (AOX) and non-target FT-ICR MS analysis. 

Preliminary results show that THM and AOX formation potential was mainly reduced through SIX® and GAC filtration, however, 
the formation/mg C was primarily reduced through GAC filtration. Ozonation did not have a significant effect on THM or AOX 
formation potential despite reduced absorbance at 254 nm and specific ultraviolet absorbance (SUVA) following this treatment. 
Interestingly, the relative proportions of bromine containing DBP species increased along the treatment train, seen both through THM 
and non-target analysis. The non-target DBP analysis (performed using solid phase extraction with Bond Elut PPL cartridges followed 
by 12 T FT-ICR mass spectrometry operated in negative mode electrospray ionization) revealed information about DBP fractions not 
regularly monitored, but which have been related to high toxicological relevance (Stalter et al. 2016).  

In general, our research aims towards a deepened understanding of how the human exposure to the mixture of these potentially toxic 
compounds can be reduced. For that purpose, high-quality target and non-target analytical characterization is fundamental. 

 

Keywords: Drinking water treatment; Disinfection by-products, Non-target analysis 

 

 

 



861 
 

References 

Galjaard GK, Kamp PC, Koreman E (2009) SIX®: A New Resin Treatment Technology for Drinking Water. Water Practice & 

Technology 4; doi:10.2166/wpt.2009.076. 
Galjaard G, Koreman E, Metcalfe D, Moore G, Ericsson P (2018) NOM-removal by the SIX ®-process. Water Practice & 

Technology 13:524-541. 
Köhler SJ, Lavonen E, Keucken A, Schmitt-Kopplin P, Spanjer T, Persson K (2016) Upgrading coagulation with hollow-fibre 

nanofiltration for improved organic matter removal during surface water treatment. Water Research 89:232-240 ; 
doi:10.1016/j.watres.2015.11.048. 

Richardson SD, Plewa MJ, Wagner ED, Schoeny R, DeMarini DM (2007) Occurrence, genotoxicity, and carcinogenicity of regulated 
and emerging disinfection by-products in drinking water: a review and roadmap for research. Mutation Research 636:178-
242; doi:10.1016/j.mrrev.2007.09.001. 

Stalter D et al. (2016) Sample Enrichment for Bioanalytical Assessment of Disinfected Drinking Water: Concentrating the Polar, the 
Volatiles, and the Unknowns. Environmental Science and Technology 50:6495-6505; doi:10.1021/acs.est.6b00712. 

Villanueva CM, Cordier S, Font-Ribera L, Salas LA, Levallois P (2015) Overview of Disinfection By-products and Associated Health 
Effects. Current environmental health reports 2:107-115; doi:10.1007/s40572-014-0032-x. 

Zhang X, Echigo S, Minear RA, Plewa MJ (2000) Characterization and comparison of disinfection by-products of four major 
disinfectants ACS Symposium Series, vol 761, chapter 19, pp 99-314.  

 

 



862 
 

Development of SPE-LC-HRMS method using suspect screening SWATH® technology for 
the detection of halogenated pharmaceuticals and their phototransformation products in 

surface waters 

 

E. Fagnani*,1,2, N. Montemurro2,S.Pérez2 

1. School of Technology, University of Campinas (UNICAMP), Paschoal Marmo 1888, 13484-332, Limeira-SP, Brazil  

2. Department of Environmental Chemistry, Institute of Environmental Assessment and Water Research from the Spanish Council for 
Scientific Research (IDAEA-CSIC), Jordi Girona 18-26, 08034, Barcelona, Spain 

*Corresponding author: efgqam@cid.csic.es 

 

Abstract: 

The continuous release of contaminants of emerging concern (CECs) into the aquatic environment as result of anthropogenic activities 
has attracted the attention of international scientific communities. Pharmaceuticals are CECs that show widespread occurrence, 
environmental recalcitrance and potential unintended effects on the biota and human health.Because 20-30% of the current biological 
active compounds such a pharmaceuticals present at least one halogen in their structure,and more and more are being developed,their 
presence in the aquatic environment is creating concern. Since previous studies about halogenated compounds such as pesticides, 
flame retardants and polymers have revealed environmental persistence(Horváth, 2012),it is a matter of concern to determine the 
behaviour of halogen-containing pharmaceuticals after their discharge in the aquatic environment. Natural process such as 
photolysis,which is one of the most important degradation process in the receiving waters,could degrade these compounds into 
phototransformation products (photo-TPs). Photo-TPs present different physicochemical properties and,therefore,different mobility in 
comparison with the precursor molecules, besides different toxicity. 

Because of the low concentration of pharmaceuticals and even lower concentration of photo-TPs in the environment,very sensitive 
and selective analytical methodologies are needed. In addition, most photo-TPs identities are unknown and there is not a reference 
standard for a direct comparison or quantification. In order to preconcentrate them from water samples, solid phase extraction (SPE) is 
the method of choice. However, the selection of most adequate sorbents, sample pH, and polarity of eluting solutions is not a trivial 
task in multicomponent analysis.Because that referred analysis implies on the determination of compounds with very different 
characteristics, the use of only one or two kinds of sorbent material would results in loss of several analytes. Our research grouphave 
developed a comprised SPE method, which uses four different sorbents mixed in one single cartridge.In spite of some drawbacks 
related to mixing several sorbents in just one cartridge, this setup avoids some problems as flux restriction as can be verified in serial 
4-cartridges layout(Zonja, Delgado, Pérez, & Barceló, 2015).There are some references in the literature that use manually prepared 
cartridges with very satisfactory results, depending on the elution conditions(Kern, Fenner, Singer, Schwarzenbach, & Hollender, 
2009; Osorio, Schriks, Vughs, de Voogt, & Kolkman, 2018; Schollée, Bourgin, von Gunten, McArdell, & Hollender, 2018; Singer, 
Wössner, McArdell, & Fenner, 2016). 

Therefore, we wanted to developed SPE methodologies for the extraction of halogenated pharmaceuticals used in the treatment of 
diseases as hyperlipidaemias and anxiety disorder, besides iodinatedcontrast media (ICM) for image diagnostics. Moreover, their 
respective photo-TPs from irradiated samples and surface waters have been also investigated. To generate photo-TPs, degradation 
experiments of pharmaceuticals in reconstructed surface water were carried out in a sunlight simulator. For the enrichment of the 
compounds from the irradiated surface water, four different stationary phases have been tested to maximize the retention of potential 
photo-TPs: Oasis HLB or Strata X, for the retention of neutral compounds; Strata X-AW and Strata X-CW for the retention of 
ionisable water soluble compounds; Bond Elut PPL or Isoelute ENV+, for the retention of polar halogenated compounds, with 
highlight to ICMs (Bletsou, Jeon, Hollender, Archontaki, & Thomaidis, 2015; Nödler, Licha, Bester, & Sauter, 2010; Singer et al., 
2016; Zonja et al., 2015). 

The latest hybrid quadrupole time-of-flight MS system SCIEX X500R QTOF was used to identify unexpected organic pollutants in 
surface water samples. Data acquisition was performed in MS/MSAll with SWATH technology, a non-target acquisition method 
providing MS/MS information of all precursor ions across a specified mass range in pre-divided mass windows allowing more 
selective MS/MS data collection. A suspect screening approach was used, as well as quantitation using MS/MS information from 
SWATH acquisition (reference standards) when the standards were available. Confident identification and quantitation were achieved 
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through a MS/MS library match against a HR-MS/MS spectral library (commercial and homemade libraries).Internal standards 
(deuterated compounds) were used to mitigate matrix effects. 

With this approach,several TPs from 16 halogenated pharmaceuticalshave beendetected in the irradiatedsamples. Currently, the 
identification of some TPs still requires confirmation. Therefore, this approach highlights that LC–HRMS allied to SWATH 
technology is a powerful tool for simultaneous qualitative and quantitative analysis, allowing the search for suspected compounds, 
their photo-TPs in irradiatedsamples. Furthermore, this approach will be applied to real samples.  

Keywords: contaminants of emerging concern; photolysis; optimization of analytical methodology, river water, transformation 

products 
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Abstract: 

Introduction 

The Baltic ecosystem has undergone extreme changes during the 20th century due to a combination of anthropogenic and natural 
stressors. Many factors are the reason for massive population decline of key species in the region. Anthropogenic hazardous 
substances (AHSs), like pesticides, pharmaceuticals, and personal care products are shown to be a major force behind the reduced 
health of the Baltic. Experiments have shown there are cause-effect relationships for various health biomarkers and AHSs. For 
example, high tissue concentrations of industrial and environmentally persistent chemicals in seals in the 1970-80s have been 
associated with reproduction system diseases, which led to sterility. Similar effects have been documented for otters and white-tailed 
eagles (Roos et al., 2012). AHSs have many environmental sources and show complex environmental partitioning and cycling 
behaviour. Furthermore, thousands of new chemicals are produced every year, potentially posing new chemical threats. In addition, 
AHSs have tendency to be accumulated within the organism and transferred within the trophy levels of the food web, which makes 
them even more dangerous. There are three disturbing characteristics for marking hazardous compounds: persistence, 
bioaccumulation and toxicity. Compounds which possess all three are labelled PBT-compounds (Andersen et al., 2010). Therefore, it 
is important to develop tools for assessing how AHSs affect physiological processes and overall health of the organisms in the 
ecosystem. The development of such complex tools is based on a combination of wide range of methodologies, like spatiotemporal 
modelling of food web dynamics, analysis of pathogens, and identification of known and emerging AHSs. The latter is done by means 
of non-target screening, which helps to understand what hazardous compounds get accumulated in the wild animals' tissues and how 
they are transferred through the food web. 

Non-target workflow consists of different stages, like extraction, purification and chromatographic analysis of AHSs. During 
extraction step it is necessary to reduce the amount of co-extracted biogenic materials, such lipids, which influence later stages of 
analysis, especially detection of AHSs. It is impossible to remove lipids completely. However, it is possible to make the ratio 
lipids:AHSs acceptable for detection of the latter. Existing methods of purification, such as solid phase extraction (SPE)-based lipid 
removal or QuEChERS clean-up, give quite good level of lipid separation (Hong et al., 2004). On the other hand, these methods allow 
for purification of small sample quantities and need additional equipment. Additionally, QuEChERS is applicable for target analysis 
(known compounds of interest), while non-target capabilities are sacrificed. Therefore, the development of new techniques is 
necessary in order to overcome the drawbacks of existing workflows. 

The first aim of this work was to establish a workflow for non-selective extraction and purification (lipid removal) of biological 
samples, the second aim was non-target analysis and identification of biomagnifying lipophilic organic substances in top consumers in 
the Baltic Sea food webs by GC-MS analysis. 

Materials and methods 

In order to identify anthropogenic bioaccumulating substances, samples from lower trophy levels of the relevant Baltic Sea food webs 
(blue mussels, eelpout, herring) have been collected, purified, analysed, in parallel to samples of top consumers (grey and harbour 
seals, porpoise).  

Experimental procedure was the following: 

Samples were homogenized with anhydrous Na2SO4 (Merck) (4:1; w/w) 3 times at 10,000 rpm for 3 s in polypropylene 1 L vessel in 
a Grindomix GM200 laboratory blender (Retsch). Samples were left for about 2 h and were then homogenized once again. The 
mixtures were loaded on the glass extraction column. The samples were extracted in 2 rounds: first, with 200 mL n-hexane:acetone 
(1:2.5, v/v), then with 150 mL n-hexane:diethyl ether (9:1, v/v). After extraction the samples were reduced in volume to approx. 5 mL 
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using rotary evaporator; 50 mL of ethanol were added and the samples were evaporated until only the lipid fraction was left. One g (or 
the whole sample if the lipid content was less than 1 g) of the lipids from each sample in 2 mL dichloromethane (DCM):hexane (1:1; 
v/v) was submitted to a first clean-up step – gel permeation chromatography (GPC). GPC was done using 1260 Infinity II LC System 
(Agilent Technologies) with Phenogel 10 μm 100 Å LC guard column (height: 50 mm, i.d.: 21.2 mm) and Phenogel 5 μm 100 Å LC 
column (height: 300 mm, i.d.: 21.2 mm) filled with cross-linked styrene-divinylbenzene (Phenomenex). Analytes were eluted with 
250 mL DCM:hexane (1:1; v/v); collection started at minute 13.40 to cut the lipid fraction. The eluates were again reduced to about 3 
mL and resubmitted to GPC clean-up, which was done using Agilent Technologies PLgel 5 μm guard column (height: 50 mm, i.d.: 
7.5 mm) along with two subsequent Agilent Technologies columns: PLgel 5 μm 100 Å (height: 300 mm, i.d.: 7.5 mm) and PLgel 5 
μm 50 Å (height: 300 mm, i.d.: 7.5 mm) filled with cross-linked styrene-divinylbenzene. Analytes were eluted with 40 mL 
DCM:hexane (1:1; v/v); collection started at minute 22.50 to cut the lipid fraction.After the clean-up the sample was reduced in 
volume to approx. 1 mL. The sampleswere further fractionated by Florisil column (i.d. 1.0 cm; 8.0 g, 1.2% H2O (w/w) deactivated) 
(Merck). Four fractions were collected (n-hexane; 15% DCM in n-hexane, 50% DCM in n-hexane; 8% methanol in DCM) using the 
protocol from Norstrom et al. (Norstrom et al., 1988). The eluates were reduced to about 5 mL, the solvent was changed to isooctane, 
reduced to about 1 mL and transferred to GC vials. The blank sample has been run in parallel. Then the samples were submitted to gas 
chromatography. Analysis was done by a GC-MS system (7890B GC System coupled with 7250 QTOF-MS (both Agilent 
Technologies)) in electron ionisation mode (EI) with helium as carrier gas fitted with a DB-5MS column (25 m x 0.25 mm i.d. x 0.25 
μm film thickness (Agilent Technologies)). 

Data evaluation procedures have been used to find compounds that occur in samples throughout the food way and increase in 
concentration towards the top, i.e. biomagnifying compounds. 

Results 

The established sample preparation procedure was efficient in the removal of lipids. The two-step GPC fraction procedure proved 
efficiency in removing lipids (Figure 1). 

 

 

Figure 1: Efficiency of lipid removal by GPC: top – porpoise blubber sample during first GPC run;  

bottom – re-run of fractions 35 and 36 from the first GPC run. 

 

Initial GC-MS analysis showed that PCBs, DDT along with its metabolites, and other chlorinated compounds accumulated in the 
tissues of top predators of the Baltic ecosystem, as expected. Identification of additional halogenated and non-halogenated 
biomagnifying AHSs are underway.  

The non-target screening workflow is focusing on finding sample constituents that are present in all, or most, of the studied organisms 
and that are increasing in concentration (lipid weight basis) with trophy level. The goal is to understand what structural features 
contributes to biological stability and give biomagnification potential and, through collaborations, unveil their potential detrimental 
effects on the Baltic ecosystem and its inhabitants. 
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Abstract 

The ambient ionisation techniques such as Laser Diode Thermal desorption (LDTD) have increasing attention due to their ability to 
introduce sample to a mass spectrometer with minimal requirements for additional sample treatment and separation. If liquid 
chromatography as relatively time-consuming separation step is avoided, consequently other sample preparation steps can be omitted. 
In the end LDTD represents fast technique allowing to quantify compound(s) of interest within few seconds.  

Above mentioned properties have been considered as beneficial for bacterial degradation experiments of irbesartan as widely use 
pharmaceutical for the hypertension treatment. The experimental design required to analyze large amount of sample in short time and 
identify the most effective bacterial cultures which were afterwards selected for screening of transformation products. A liquid 
chromatography at reverse phase with high resolution mass spectrometry in full scan combined with data independent analysis was 
used for this purpose. Obtained screening data files were post-processed with small molecule structure identification software- 
Compound Discoverer 3.0. 
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Abstract: 

Introduction 

Personal care products (PCPs) and cosmetics can be divided into two major categories: “leave-on” (e.g.moisturising creams, lotions, 
anti-wrinkle products etc.) and “rinse-off” (e.g. shampoos, hair conditioners, bodywash etc.) products, based on their application and 
purpose of use (Brausch et al., 2011). Primary classes and functions of PCP ingredients include natural and synthetic musks, 
antimicrobial agents,preservatives, ultraviolet (UV) filters, phthalate esters, bisphenols and parabens However, severalendocrine 
disrupting chemicals (EDCs) have been identified in PCPs formulae in substantial amounts (Guo et al., 2013). Added to the free 
market movement, the lack of prompt and regular screening of PCPs can lead to harmful andrestricted chemicals re-entering the 
market, often exceeding the established tolerable safety doses. Hence,concerns have been raised on consumer safety and potential 
adverse health effects of PCPs ingredients onhumans, as a result of potential chronic and cumulative human exposure from an early 
age as they progress through the adult life (Calafat, et.al., 2015). 

Aim of study 

The aim of the our study is to develop a multi-residue analytical method suitable for assessment and quantification ofpotential 
endocrine-disrupting ingredients present inrinse-off and leave-on PCPswith diverse and complex fatty matrices, e.g. shampoos, hair 
conditioners or sunscreens. Our paper describes an optimised targetedanalytical method employing a modified QuEChERS extraction, 
followed by dispersive SPE (dSPE) clean up and high-resolutionMS/MS (Orbitrap Fusion™) instrumental analysis.  

Materials and methods 

Reagents and standards 

All standard stock solutions were prepared in methanol (MeOH) at 2 mg/mL and were stored at -20oC. Combined working solutions 
for native and mass-labelled standard analyte solutions were prepared in MeOH separately at 0.5 µg/mL used for instrumental method 
development. Diuron-d6, isoproturon-d6, M8PFOS and M8PFOA were used as recovery injection standards (25 uL; 100 ng/mL in 
MeOH), spiked into all samples prior to instrumental analysis.   

Sample preparation 

Approximately 100 mg of a rinse-off or leave-on PCP were weighed into 15 mLoven-baked glassvials, including method blanks with 
no added matrix (n=2every 20 samples). Prior to extraction, all samples were spiked with a mix of mass labelled internal standards 
(ISTDs), i.e. 50 ng of mass labelled Bisphenols, Parabens, Musks, Preservatives (100 µL; 5 µg/mL in MeOH). Two mL of ddH2O 
were added to minimise generation of emulsion, five mL of MeCNfollowed during the first extraction cycle and our samples were 
sonicated for 10 minutes twice. All samples were stored at +4°C allowing ISTDs equilibration between the matrix and the solvent, 
enhancing thus extraction recovery. The next day, an extra sonication cycle followed for 10 min. The first extracts (i.e. supernatant) 
were collected in clean, oven-baked 15 mL glass vials upon sample centrifugation at 4000 rpm, for 5 min. The second extraction cycle 
followed using 5 mLMTBE added into the initial PCP 15 mL vials. Similarly to the first cycle, all samples were vortexed, sonicated 
(10 mins) and centrifuged (4000 rpm, 5 mins), while their supernatantswere combined with first MeCN extract. In an attempt to 
remove excess water, a drying step was included; 1.5 g NaCl and 4 g Na2SO4were added to the combined extracts. The samples were 
shaken aggressively, vortexed for 30 sec and the upper organic solvent phase was collected into 15 ml glass vials after centrifugation 
(4000 rpm; 5 min). Allextract were evaporated to 5 mL under a gentle N2stream. To assessfat precipitation, all extractswere frozen for 
< 2h to overnight at -20oC. If any salt/sorbent/fat precipitation was visible at the solvent phase, then the extracts were centrifuged at 
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4000 rpm for 3 min and the upper phase was carefully collected using a glass Pasteur pipette. Due to the fatty and highly complex 
matrix which several categories of PCPs hold (e.g. sunscreens or hair conditioners), a dSPE clean-up step was deemed necessary in 
our sample preparation, by employing the Enhanced Martix Removal (EMR) Lipid sorbent. The EMR-Lipid sorbent was (1 g, 15 mL 
PP tubes) was conditioned using 5 ml of ddH2O, vortexed and manually shaken. Then, our organic extracts in MeCN were directly 
transferred into the EMR tubes, vortexed for 30 sec and shaken vigorously.  All samples were centrifuged (4000 rpm; 5 min) and their 
supernatant was collected into clean 50 ml PP tubes. Additional 5 mL MeCN were be added to the EMR-Lipid tubes as a sorbent 
washing step to enhance analyte recovery,followed by centrifugation and collection steps as described above. All supernatants were 
combined and were evaporated to 2 mL under a gentle N2stream. Finally, solvent exchange was performed from MeCN to MeOH (1 
mL) and the samples were subjected to filtration using a 0.22 μm nylon filter. Finally, 25 μL of recovery injection standard mix (100 
ng/mL in MeOH) were combined with 25 μL of sample extract (final volume 50 μL). All samples were stored at -20oC until 
instrumental analysis. . 

Instrumental analysis 

An ultra-high pressure liquid chromatography (UHPLC)system (Nexera X2, Shimadzu) coupled to high-resolution mass spectrometry 
(HRMS)analyser (Orbitrap Fusion™Tribrid™ Mass Spectrometer, Thermo Scientific) was used for instrumental analysis.UHPLC 
was employed andchromatographic separation was achieved on a Waters Acquity BEH C18 (100 mm × 2.1 mm i.d., 1.7 µm particle 
size).The mobile phase for positive ionisation consisted of 5mM NH4COOH with 0.1% HCOOH and 5 mM NH₄CH₃CO₂ for negative 
ionisation, all dissolved in ultra-pure H2O (aqueous phase A) and MeOH (organic phase B), respectively. The Orbitrap Fusion™ ion 
source was equippedwith a heated electrospray ionization (HESI) probe. Electrospray ionisation(ESI) and atmospheric pressure 
chemical ionization (APCI) sourceswere operated inpositive and negative modes separately in distinctive instrumental runs. The 
system was controlled by Xcalibur2.4 software. The resolution during all MS1 and MS2 acquisitions were set at120,000 and 30,000 
FWHM (m/z = 200) respectively,while the scan acquisition rangedfromm/z70 to 850.Identification of thepositive findings was 
accomplished with MS1data from accuratemasses of the target ions, based on high resolution full-scan exact massmeasurement of 
[M+H]+and [M+H]-ions, together with retention time (RT) dataand characteristic fragment ions for confirmation purposes, i.e.MS1 

and MS2ion fragmentswith high accuracy (< 5 ppm mass tolerance) (Miralles-Marco et al.,2018) 

Results 

This is the first study proposing a multi-residue targeted analytical method concerning personal care product analysis with respect to 
high precision and accuracy of HRMS instrumental approaches employed in the determination of a wide range of established and 
emerging PCP ingredient categories and compound classes. We targeted 10 different chemical categories such as preservatives, 
plasticisers and antimicrobials for analysis (over than 150 individual target analytes) based on evidence of theirassociation with 
endocrine disruption or asthma, their expected presencein consumer products, and analytical capacity. Our analytical and instrumental 
workflow allowed us to update and classifyestablished and emerging PCP ingredients present either as main compounds, as mixtures 
or as packaging impurities in a systemic risk-based manner. 

Conclusion 

The ambiguous disparities in addition to the regulatory complexity governing each PCP category (e.g.food supplements, biocides, 
medicines) worldwide, may result into different levels of product safety provided to theconsumers (e.g. borderline products, imports 
of over-preserved cosmetics to the EU). The latest advancements in high resolution mass spectrometry (HR-MS) have ripened the 
possibility that highthroughput screening could become a substantial tool in the elucidation and prioritisation of substances 
notincluded in current human biomonitoring strategies.Ultimately, the successful and rigorous combination of targeted and suspect 
screening practices will enable us to identify and highlightsubstances ofemergingtoxicological concern. 

 

Keywords: personal care products, modified quechers, high-resolution mass spectrometry, human exposure, endocrine disrupting 
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Ingestion and inhalation of dust and indoor air have been identified as significant pathways of human exposure to several classes 
of organic compoundson a daily basis (Papadopoulou et al., 2016).  Most of them are present in indoor consumer products such as 
furniture, carpets, electronic devices, etc. and can easily be emitted from such productsby evaporation and/or abrasion and be a 
potential indoor pollutant (Wang et al., 2017). Bans and restrictions that have been applied to certain groups have led the global 
market to apply alternativesolutions by introducing new compoundsto products. For these alternatives, we have limited information 
concerning their impact on the quality of the indoor environment (Oziolet al., 2017). 

To investigate the quality of the indoor environment, the SHINE project (Target and non-target Screening of cHemicals in the 

Indoor enviroNment for human Exposure assessment) aimed to assess the presence and levels of organophosphorus flame retardants 
(PFRs), brominated flame retardants (BFRs), emerging brominated flame retardants (eBFRs), per- and polyfluoroalkyl substances 
(PFASs), chlorinated paraffins (CPs), pesticides, legacy phthalates (LPs) and alternative plasticizers (APs) in the indoor environment 
by suspect screening and target analysis.  

Dust and air samples from different indoor environments (homes, offices, and kindergartens) from 4 European countries (Belgium, 
The Netherlands, Sweden and Ireland) were collected between December 2016 and February 2017. Analytical methods for target 
analysis and suspect screening were developed. Polybrominated diphenyl ethers (PBDEs), eBFRs,PFRs, LPs, and APs were 
determined by using GC-MS, while theconcentrations of hexabromocyclodecanes (HBCDDs), tetrabromobisphenol-A (TBBP-A) and 
PFASs were assessed by LC-MS. Pesticides were analysed byboth GC-MS and LC-MS, whereas CPs were investigated by LC-
QTOF-MS. The latter instrument was also used to conduct asuspect screening of the same samples to identify additional contaminants 
and combinations of chemicals. 

BFRs (BDE-209, HBCDD), eBFRs (decabromodiphenyl ethane - DBDPE) and pesticides (permethrin) were found as dominant 
groups (compounds) in Irish homes. PFRs (tri-chloroisopropyl phosphate - TCIPP) were detected in higher concentrations in Belgian, 
Dutch and Swedish home indoor environments, whileLPs (DEHP, DINP) and APs (DEHT) were mostly present in Swedish offices 
and kindergartens. Offices in the Netherlands displayed the highest median concentrations of PFASs and exceeded thosein indoor dust 
from Dutch houses. Perfluorobutane sulfonate (PFBS) predominated amongst the targeted PFASs in all but Swedish office dust. CPs 
(especially medium chain) were detected in higher levels in Swedish and Dutch offices. Collectively, this studyconfirms the 
ubiquitous presence of BFRs, PFRs, and PFASs in European homes and offices and indicates the continued existence of substantial 
differences in contamination levels and patterns between different EU countries. 

In suspected screening by high resolution mass spectrometry, 48 compounds were identified in positive ionization mode with 
frequency of presence in samples of 86% and 15 compounds in negative ionization mode with frequency of presence 15-20%. 
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Abstract 

Recent developments in ion source, analyzer and detector design of gas chromatography (GC) quadrupole time-of-flightmass 
spectrometry (MS) (GC/Q-TOF) systems has resulted in improved sensitivity and resolution. Suchinstruments may now be feasible 
alternatives to GC high-resolution magnetic sector MS (GC-HRMS), offering highsensitivity and high selectivity. The performance of 
such a system was evaluated in the current study for the analysisof environmental samples. 

The sensitivity was good with the lowest point of the calibration graph around 10 fg for tetra- and penta-congeners.Target analysis of 
in-house reference materials (RMs) show good agreement between GC/Q-TOF, GC-HRMS dataand the average RM values. The 
GC/Q-TOF data for the toxicologically most relevant congeners (PCB126, 2,3,7,8-TCDD, 2,3,7,8TCDF, 1,2,3,7,8-PeCDD, 1,2,3,7,8- 
and 2,3,4,7,8-PeCDF) were within 25 % of the GC-HRMS and RMvalues. Similarly, the dioxin toxic equivalency values (TEQs) 
were within 19 % of the comparison data. 

However, the utility of the GC/Q-TOF systems extends beyond trace-analysis of e.g. dioxins. The entire full-spectrum data iswritten 
to disc and is available for various postacquisition tasks, such as suspect and non-target screening. Toillustrate this we have screened a 
sediment sample for dioxin-analogues such as polychlorinated naphthalenes(PCNs), dibenzothiophenes (PCDTs) and thianthrenes 
(PCTAs) and polybrominated dioxins and dibenzofurans(PBDD/Fs). We also used non-target screening workflows to find additional 
planar halogenated compounds. Suspectscreening revealed PCNs, PCDTs, and PBDDs in sediment samples, with PCNs as the most 
abundant compoundclass. 

Non-target screening showed that PAHs dominated the dioxin fraction and also revealed many halogenated PAHs. NoPCTAs were 
found, but an interfering signal was noted during octa-CTA screening. Its spectrum displayed atetrabromo isotope cluster at 
(monoisotope) m/z 492.730, and another tetrabromo cluster at [M-15]+, likelycorresponding to a methyl loss. Molecular formula 
generation returned C13H7NBr4 as the most likely formula, but aSciFinder search did not return any candidate. Another search for the 
in-silico demethylated analogue did returned alikely candidate, the natural halogenated compound (NHC) 1,3,6,8-tetrabromo-
carbazole (TB-CZ), which has been reported inGreat Lakes sediment [Guo et al, 2014]. It was postulated that the unknown was 
1,3,6,8-tetrabromo-9-methyl-carbazole; formed by biomethylationof TB-CZ. 

 

No standard was commercially available to confirm the structure of the tentatively identified compound. Instead, a standard of 
1,3,6,8-tetrabromocarbazole was used together with the methylating agent trimethylanilinium hydroxide (TMHA) to generate 1,3,6,8-
tetrabromo-9-methyl-carbazole by “flash methylation” in the GC inlet. This procedure resulted in one peak that coincided with the 
retention time of the methyl tetrabromocarbazole. 

Electron capture negative ion chemical ionization was used to screen selected sediment samples for additional brominated natural products. A 
number of additional nitrogen containing bi- and tricyclic aromatic NHCs. 
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Abstract 

A confirmatory method was developed and validated for the determination of glyphosate (Gly), glufosinate (Glu) and 
aminomethylphosphonic acid (AMPA) in feed (soy, soybean meal, chickpeas and wheat), honey and milk, based on reversed-phase 
high performance liquid chromatography coupled with Q-ToF MS/MS detection. A versatile sample preparation approach consists of 
extraction by acidified water followed by SPE, derivatisation by FMOC-Cl, and another SPE stage. The following limits of 
quantification (LOQ, ppm) were reached: Gly – 0.1, Glu and AMPA – 0.4 in feed samples;Gly – 0.05, AMPA – 0.1, Glu – 0.5 in 
honey;  Gly – 0.05 and Glu – 0.02 in raw milk. The method was applied in 2017-2018for monitoring of honey samples. The obtained 
results revealed agricultural territories with intensive application of Gly.  

Keywords: glyphosate, mass-spectrometry, herbicides, sample preparation, feed, food 

 
Introduction 

Gly and Glu are broad-spectrum herbicides widely used for weed control on crops fields. Intensive use of these herbicides leads to 
crops contamination not only by original agents, but also by a degradation product of Gly - aminomethylphosphonic acid (AMPA). 
On the other hand, the use of these herbicides on non-GM crops during soil remediation leads to profound contamination of food 
chains. Due to their main role in the pollination process, honey bees would be contaminated by the herbicides applied to flowering 
plants, and pesticide residues would be transferred to apiculture products. The transfer of Gly and Glu from crops and forage can 
contaminate poultry and livestock and derived products. In this case, the pesticides present in milk, honey and feed are markers of 
food chain contamination. Gly, Glu and AMPA are notoriously difficult analytes due to their structure and properties. There are two 
ways for their determination: the use of specific cationic/anionic or HILIC chromatography columns, or derivatisation. Each of them 
have advantages and disadvantages, but we have chosen the derivatisation approach.  

Materials and method 

All standards and chemicals were purchased from Sigma-Aldrich (Merck). All samples used for method development and validation 
studies were obtained locally. Oasis HLB and WCX SPE cartridges (3cc 60 mg, both) for clean up stages were purchased from 
Waters. For derivatization and evaporation steps a Reacti-Therm (heating and stirring module, Thermo Scientific) was used. HPLC 
separation was carried out on an ACQUITY BEH C18 column (100x1.0 mm, 1.7µm) from Waters. Q-ToF MS/MS detection was 
carried out on a Maxis (Bruker) mass-spectrometer in negative ionization mode. 

The validated sample preparation is as follows: 4 g of feed sample spiked with Gly internal standard (IS) aliquot is extracted by 25 ml 
of deionised water and 0.16 ml of hydrochloric acid for 30 min followed by 10 min on ultrasonic bath and centrifuged at 4750 rpm for 
30 min at 200C. For honey extraction, 1 g of sample spiked with IS is extracted with 4 ml of deionised water with 0.026 ml of 
hydrochloric acid at 450C for 30 min followed by 10 min on ultrasonic bath and centrifuged at 4750 rpm 10 min at 200C. Extraction 
from milk: 4 ml of sample spiked with IS and 1 ml of 5% aqueous sulfosalicylic acid is extracted for 15 min followed by 10 min on 
ultrasonic bath and centrifuged at 4750 rpm 15 min at 40C. For cleanup, a 1-ml aliquot is passed through a pre-equilibrated Oasis 
HLB SPE cartridge and collected in a vial for derivatisation step. 1 ml of borate buffer (pH 10-10.5) and 1 ml of FMOC-Cl (2 mg/ml 
in acetone) were added to 1 ml of purified extract at 450C and left for 30 min. After derivatisation and cooling to RT, 2 ml of diethyl 
ether is added to separate the organic phase (OP) followed by centrifugation at 4000 rpm for 5 min at 200C. The OP-free extract is 
concentrated to 1.2 ml at 450C and diluted with deionised water to 3 ml, and then 0.01 ml of hydrochloric acid is added. For feed and 
milk samples it is recommended to centrifuge the extract at 4000 rpm for 10 min at 200C before second SPE. After SPE on WCX 
sorbent, the extract is concentrated to 0.6 ml at 450C, diluted to 1.0 ml with 1 % acetic acid, and used for analysis. 

HPLC separation was carried out in gradient mode, from 20 mM ammonium acetate in water (A) to 20 mM ammonium acetate in 
methanol (B) at 300C and 0.1 ml/min: 0-1 min. from 90 to 80% of phase A, 1-6 min. to 5% of phase A, 2 min. hold at 5% and from 8 
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to 8.1 min. switching to initial condition with hold till 14 min. A typical HLPC separation is shown on Figure 1. The MS/MS 
parameters are described in Table 1. 

 

 

Figure 1:Mass-chromatograms of the herbicides in feed sample and Gly calibration curve points 

 

Table 1: MS/MS parameters for Gly, Glu and AMPA determination 

Analyte Molecular ion, m/z Fragments, m/z RT, min. Collision energy, eV 

Glyphosate-FMOC 390.08  168.005/124.020 4.8 25 

Glufosinate-FMOC 402.12  180.044/206.024 5.2 23 

AMPA-FMOC 332.08  110.000/135.981 5.6 22 

Glyphosate-IS 392.08  170.006/126.016 4.8 25 

 

The following variable parameters were chosen for the method validation steps: matrix (2 per type), analysts (at the sample 
preparation stage) and storage time (immediate injection vs. overnight storage). The calibration curves and experimental samples were 
in duplicate with two blank samples analyzed in one batch. 

Results and discussion 

Recoveries of the herbicides in fortified samples ranged from 90 to 117 % depending on concentration level. Specificity of the method 
was confirmed by analysis of 20 blanks for each matrix where no interferences were observed. Correlation coefficients of calibration 
curves were above 0.99 during validation experiments. Stability of the analytes was confirmed for overnight storage. Maximum RSDR 
values for Gly, Glu and AMPA in feed were 26, 30 and 28% respectively; in honey 24, 22 and 21% respectively; in milk 19 and 20% 
respectively. The values of expanded uncertainty (U) in feed were: for Gly, 56% at 0.01-0.05 ppm and 20% up to 1 ppm; for AMPA, 
57% in all concentration range; for Glu, 65% at  0.01-0.05 ppm  and 31% up to 1 ppm. The U values in honey were: for Gly, 53% at 
0.05-0.2 ppm  and 21% up to 2 ppm; for AMPA 43% in all range; for Glu, 44% at 0.5-2.0 ppm  and 30%up to 20 ppm. The U values 
in milk were: for Gly, 45% at 0.05-0.2 ppm  and 16% up to 2 ppm; for Glu, 35% at 0.02-2.0 ppm and 28% up to 20 ppm. Robustness 
was confirmed during validation procedure with variation of the factors. The typical equation (y=a^x+b) of calibration curves, 
depending on the matrix, and their correlation coefficients (R) are shown in Table 2. 
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Table 2: The parameters of the calibration curves 

Analyte Matrix Equation R Add. parameters 

Glyphosate-FMOC Feed 3.638848^x+0.000937 0.9998 None 

Glufosinate-FMOC Feed 141533.8639^x+82198.24954 0.9992 None 

AMPA-FMOC Feed 154462.921^x+(-17868.7663) 0.9996 Weighting 1/X 

Glyphosate-FMOC Honey 4.272722^x+(-0.001040) 0.9996 Weighting 1/X 

Glufosinate-FMOC Honey 27474.6726^x+6122.878 0.9989 Weighting 1/X 

AMPA-FMOC Honey 941498.447^x+(-44411.7) 0.9991 Weighting 1/X 

Glyphosate-FMOC Milk 8.609356^x+ (-0.009722) 0.9999 None 

Glufosinate-FMOC Milk 790750.681^x+7860.748 0.9998 None 

 

The method was applied in 2017-18 for analysis of 99 honey samples from 20 regions of Russia. Six of the samples were positive. In 
two samples from Kaliningrad region and Republic of Mordovia, Gly was found below LOQ, approx at 0.01-0.02 ppm level. In four 
samples from Krasnodar, Samara, Altai regions and Republic of Mordovia, Gly was found at levels above the EU MRL for honey 
(0.05 ppm); 0.11-0.07-0.17 ppm and 0.13 ppm respectively. The detection of Gly occurrence in a positive sample of honey from Altai 
region is demonstrated on Figure 2. 

 

Figure 2:Mass-spectrum and mass-chromatogram of Gly in positive sample of honey 

 

Conclusion 

The developed analytical method can be used as confirmatory analysis of Gly, Glu and AMPA at reasonable levels in feed, honey and 
milk, according to the EU Council Directive 96/23/EC (2002/657/ЕС). The results of monitoring show actual occurrence of Gly in 
food chains in selected Russian regions. Therefore, the existing methodology for the analysis of polar herbicides in food and feed 
should be further improved for use in monitoring a broader spectrum of relevant matrices. 
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Abstract: 

Water sanitation is commonly ensured by disinfection treatments that kill pathogenic organisms by altering their cell structures or 
metabolic functions. This is usually achieved by adding chemical disinfectants to the water. However, these strong oxidants do not 
only react with pathogenic microorganisms but with any organic and inorganic matter present in water. Thus, changes in the water 
constituents are expected after addition of chemical disinfectants.The present works investigate the effects of adding chlorine or 
chloramine in different types of water (groundwater, surface water or artificially recharged water). For this, water was sampled before 
and after the disinfection process in four water treatment plants in Sweden and chemical constituents in each matrix were 
characterized using diverse specific and generic extraction approaches for target, suspect and non-target screening using mass 
spectrometry-based methods.   

 

Acknowledgments: CP acknowledges support from the Swedish University of Agricultural Sciences through the August T Larsson 
Guest Researcher Programme.This work was supported by the Government of Catalonia (Consolidated Research Groups 2017 SGR 
01404,Water and Soil Quality Unit)and by the Swedish Research Council FORMAS (grant 2013-01077). 
 

Keywords: chlorination, chloramination, drinking water 

 



877 
 

Soil contamination of poly- and perfluorinated alkylsubstances (PFAS) due to recycling 
economy – a mass spectrometric screening study 

 

Zwiener C., Bugsel B., Tisler S. 

Environmental Analytical Chemistry, Center for Applied Geoscience, University of Tübingen,  
Hölderlinstr. 12, D-72074 Tübingen, Germany 

 

Abstract 

The class of poly- and perfluorinated alkyl substances (PFAS) comprises more than 3000 compounds which have a broad application 
area, from industrial processes to consumer products. PFAS are persistent, toxic and bioaccumulating or may form persistent 
transformation products. Therefore, the production, application and fate of PFAS require specific attention, especially in recycling 
loops of products and waste typically applied in a recycling economy. In this work we show the occurrence and fate of PFAS on 
contaminated soil and theapplication of liquid chromatography - high-resolution mass spectrometry (LC-HRMS) to identify PFAS 
and their transformation products (TPs).For example, in aqueous film-forming foam products more than 40 PFAS classes could be 
identified by LC-HRMS and the application of mass defect filters(Barzen-Hanson et al. 2017). 

The contamination of agricultural soils on several millions of square meters on a site in Southwest Germany goes back to the 
application of compost mixed with paper-fibre biosolids (paper sludge) during a period of about ten years. However, part of the paper-
fibre biosolids was contaminated with PFAS, which were used in the production of grease repelling paper and board for food 
packaging (Trier et al. 2011; Zabaleta et al. 2017). Since neither detailed information on the input of PFAS products from industry 
during this period nor the identity of most TPs are available, screening approaches have to be used to identify the contamination and 
its potential threat for groundwater quality due to the formation of persistent TPs.  

LC-HRMS screening was applied to identify precursors and possible products in soil samples. HRMS data were evaluated by mass 
defect filters, Kendrick mass analysis combined with systematic retention time shifts for homologous series and comparison to PFAS 
data bases. LC-QTOF-MS measurements of contaminated soils showed more than 5300 features (m/z, retention time, intensity). A 
mass defect filter for relatively low to negative mass defects – typical for polyfluorinated compounds – allowed us to pre-select about 
860 features. Typical homologous series with -CF2- or -CF2O- units could be extracted by their Kendrick mass defects. Finally, more 
than 100 compounds from 17 compound classes could be identified. Among them are ingredients of products typically used for paper 
grease-proofing like di-polyfluoroalkyl phosphates (diPAPs) or N-ethyl perfluorooctane sulfonamido ethanol phosphate diesters 
(diSAmPAPs) and a series of their typical transformation products like fluorotelomer compounds, perfluorinated acids and sulfonates. 
The large number of original contaminants and their TPs reveals the input of different products over a rather long time period. The 
long-lasting formation of persistent acids from the original contamination poses an ongoing threat for groundwater used for drinking 
water production.The example of paper sludge recycling clearly demonstrates the challenge for environmental quality and human 
health, if persistent and hazardous compounds like PFAS are not removed from the recycling streams.   
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Figure 1:Extracted ion chromatograms of diPAPs from a contaminated soil sample. 

 

References 

Barzen-Hanson, K.A., Roberts, S.C., Choyke, S., Oetjen, K., McAlees, A., Riddell, N., McCrindle, R., Ferguson, P.L., Higgins, C.P. 
and Field, J.A. (2017) Discovery of 40 Classes of Per- and Polyfluoroalkyl Substances in Historical Aqueous Film-Forming 
Foams (AFFFs) and AFFF-Impacted Groundwater. Environmental Science & Technology 51(4), 2047-2057. 

Trier, X., Nielsen, N.J. and Christensen, J.H. (2011) Structural isomers of polyfluorinated di- and tri-alkylated phosphate ester 
surfactants present in industrial blends and in microwave popcorn bags. Environmental Science and Pollution Research 18(8), 
1422-1432. 

Zabaleta, I., Negreira, N., Bizkarguenaga, E., Prieto, A., Covaci, A. and Zuloaga, O. (2017) Screening and identification of per- and 
polyfluoroalkyl substances in microwave popcorn bags. Food Chemistry 230, 497-506. 

 

Acknowledgement - The authors acknowledge the state of Baden-Württemberg for financial support of the project 
EOFplus(L7517012) in the funding program BWPLUS. 



879 
 

Fastmethod for the extraction, clean-up and quantification of human pharmaceuticals 
residues in biological samples using USE and d-SPE followed by LC-QToFMS analysis in 

SWATH mode 

 

J.M. Peña-Herrera1*, N. Montemurro.1, S. Chirón2, S. Pérez1 

1.Water and Soil Quality Research Group, Dep. of Environmental Chemistry, IDAEA-CSIC, Barcelona, Spain 

2.UMR HydroSciences 5569, University of Montpellier, IRD, Montpellier, France 

juan.pena@idaea.csic.es 

 

Abstract 

The dischargeof human and veterinary pharmaceuticals throughwastewater effluents into surface waters has beenwidelyreported; 
however, the accumulation and effects generated by these pollutants in biota havereceived less attention. In order to gain 
detailedinformation on the presence of pharmaceuticals in biota, multi-residue analytical methods allowing for a rapid and sensitive 
determination in complex biological matrices are required. In this context, the development of new analytical techniques improving 
the reported ones have enabled the detection, analysis, identification and quantification of pharmaceuticals in complex matrices. The 
most critical steps of the analytical protocolare an efficientextraction and a selective clean-up to removeundesiredco-extracted 
components such as lipids (e.g. cholesterol and triglycerides), carbohydrates (e.g. glucose and nucleotide sugars), salts (e.g. sulphates 
and phosphates), amines (e.g. amino acids and urea), among others (vitamins, and bilirubin, insulin and non-target contaminants) 
(Panuwet et al., 2016; Peña-Herrera, Montemurro, Barceló, & Pérez, submitted for publication.).Therefore, these two steps need to be 
optimizedin order to generate accurate and reliable results. Regarding the clean-up step, different options have been proposedfor the 
removal of coextracted lipids from complex samples likeanimal tissue or animal feed, (González-Curbelo et al., 2015).Other 
approachesthat have been described for the clean-up of biota and foodstuff extracts include specific solid-phase extraction (SPE) 
sorbents for the removal of phospholipid  (d-SPE-EMR) as well as more generic SPE material such as HLB prime (Han, Matarrita, 
Sapozhnikova, & Lehotay, 2016; Peña-Herrera et al.,.; Reinholds, Pugajeva, Perkons, & Bartkevics, 2016). 

In this context, our research has focusedon the determination of pharmaceuticals in biological matrices using fast and reliable 
extraction and clean-up methods (alumina, alumina with PSA18, magnesium sulphate, zirconium) in combination with liquid-
chromatography coupled to high-resolution mass spectrometry (LC-HRMS). Specifically, in the present work, we have developed an 
analytical method for extraction of pharmaceuticals from biota samples based on ultrasound extraction, including d-SPE clean-up with 
zirconium salts. A full in-house method validation with assessment of recovery, precision,linearity, matrix effects, limit of detection 
and limit of quantification has beencarried out. Optimization of the chromatographic conditions using a C18 packed column in a 
UPLC system has alloweda good chromatographic separationin 12 minanalysis time (Figure 1). Analytical detection and 
quantification has beencarried out using a QToF-MS system supported by the SWATH (Sequential Windowed Acquisition of All 
THeoretical MS) acquisition technology, based on a data-independent acquisition (DIA) MS strategy. This technology has 
beenapplied to collect all MS2, where every detectable ion from the sample is fragmented. The MS/MS SWATH spectra has beenused 
to confirm specific compounds, matching SWATH data against pre-assembled MS/MS spectral libraries (Figure 2). 
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Figure 1:Extracted Ion Chromatogram of target analytes in fish muscle matrix. Over each chromatogram peak “name / retention time”. 

 

 

Figure 2:Chromatogram, MS and MS/MS SWATH spectra of Midazolam and confirmation of compound with MS/MS spectral libraries of AB 
SCIEX®in the SciexOS software v. 1.4 
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Recycling of nutrients from organic residues is an imperative feature for circular economy. Within the society there is a huge diversity 
in organic residues unlisted for recirculation depending on their origin and/or the type of process involved in their production and 
further usage. Anaerobic digestion is a process that can be used for a wide range of organic residues to produce biogas (mainly 
methane) leaving a digestate (digested substrate). Today, the use of a large variety of organic residuesassubstratesin anaerobic 
digestion for the production of biogas is a growing industry worldwide. Biogas production is expected to be an important future 
suppliers for renewable energy in Norwayespecially for large scale domestic and industrial heating, transportation and electric power 
production. 

Digestate is rich in plant nutrients and may due to its content of organic material also improve soil quality.On the other hand, the 
application of digestate as soil amendment and fertilizer may also imply a dispersal of contaminants on agricultural soils. From soils, 
contaminants may be absorbed into food and fodder plants, ultimately resulting in animal and human exposure, or further spread in 
the environment with negative consequences also for other ecosystems. 

In a recent survey, we confirmed the presence of a variety organic contaminants of emerging concern (CECs) such as pharmaceuticals 
and personal care products have recentlyin representative digestate samplesfrom Norwegian biogas production plants. In total 19 
biogas digestates from 12 biogas production plants in Norway were collected and analyzed. For this purpose, an analytical method 
applying solvent extraction and solid phase extraction followed by high performance liquid chromatography – tandem mass 
spectrometry (HPLC-MS/MS) was developed and validated. Furthermore, process related parameters such as pretreatment of 
substrates, additives, flocculation and temperature conditions were considered for interpretation of the obtained results. The CEC 
measured levels were found to be dependent on substrate composition, dry-matter content, conditioning and pretreatment of the 
substrate as well as of the composition of the microbial community in the anaerobic digestion. In liquid digestates, the common 
sunscreen ingredient octocrylene (147 µg/L) and the nonsteroidal anti-inflammatory drug acetaminophen (164 µg/L) were found with 
the highest concentrations whereas Octocrylene (> 600 ng/g ww) and flame retardant TCPP (>500 ng/g ww) were found at the highest 
levels in solid digestates, exceeding even the upper Method limit of quantification (MLQ). The highest levels for CECs were found 
for solid digestates (1490 ng/g ww) compared to liquid digestates (364 µg/L corresponds to 364 ng/g). The results of the here 
conducted study confirmed that CECs occur in biogas digestates even after extensive and optimized anaerobic digestion at the various 
production plants. Hence, appropriate measures are recommended for method adjustments in order to minimize CEC contamination in 
digestates meant for further use as soil amendments and/or fertilizers in agricultural plant production. This is also considered as 
important in order to avoid unintended exposure of human consumers. The pattern of detected CECs and their correlation to the 
process related parametersand potential consequences of their presence in the exposed soils will be discussed during thispresentation.  

 

Keywords: Pharmaceuticals, personal care products, digestates, anaerobic digestion, Environmental risk  
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Abstract 

Steel production is a water intensive process (EC, 2013; 2006; WSA, 2011)during which large quantities of water are used indirectly 
or directly to cool the equipment, process fluids and intermediate/final steel products(Mortieret al., 2007). Direct and indirect cooling 
induces a temperature rise in water and causes a significant increase to the concentration of dissolved solids(Kurita, 1999). 
Additionally, direct contact with hot steel enriches water with a variety of pollutants in both particulate forms and emulsions(Legrand 
and Leroy, 1990). Such utilization of water also increases corrosion,scalingand microbiological growthin cooling water 
systems(Morvay and Gvozdenac, 2008) and results to a decrease in the equipment performance and heat transfer efficiency and to an 
increase of the maintenance cost(Daniel, 2009), resulting ultimately in the progressive destruction of equipment(Hwang, 1995). 

The present study presents an overview of the qualitative and quantitative characteristics of a direct contact cooling water circuit of a 
representative steel hot rolling mill (Figure 1). The results obtaineddemonstrate that the adoption of best appropriate technologies 
(BATs) andrecirculation cooling water circuit, combined with efficient final effluent treatment, has led to significant improvements, 
in comparison to the previously applied system operatingwithout recirculation. Freshwater consumption has been decreased by 85% 
and wastewater discharge by more than 95%. The associated emission levels, for waste water from hot rolling mill are: suspended 
solids <20 ppm, iron<5 ppm, zinc<2ppm and total hydrocarbons<5 ppm. A potential further recoveryof valuable by-products which is 
also expected(715 Kgh-1 of dry scale and 3.0 Kgh-1 of Oil/grease),indicates the feasibility of the application of the circular economy 
modelto the steel industry, the operation of which could be realised according to the principles of sustainable development.  

Keywords: steel mill; hot rolling; water recirculation; effluent treatment; circular economy 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:Cooling water flow chart 
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Abstract 

Biological materials are among the largest material streams in Europe. Biomaterials, i.e. materials based on biological sources, 
include e.g. food waste, municipal and industrial sludge, agricultural residues. These materials have shown multiple eco¬innovative 
possibilities: processing biowaste for fertilizing products, bioenergy, biogas production and biofuels, bio-refinery etc. Bio-based 
materials can also present advantages linked to their renewability that provide alternatives to fossil based products and energy. 

The transition to a circular economy (CE) requires systematic change and regions play a central role in the process. Regions are in 
high priority since closing the loops of various biological streams is economically beneficial when this is carried out locally. Local 
ecosystems are affected and local networks are required for closing the loops of biological streams. In addition, best available 
technologies and services are a key for achieving circular economy. Hence, an approach of best practices of ecosystems, networks, 
technologies and services related to circular economy of biological streams is needed. Based on this holistic perception, the regions 
can create regional models of the transition towards circular economy. Resource efficiency leading to circular economy and closing 
the loops will boost the competitiveness through creating new business opportunities and innovative ways of producing and 
consuming. 

Regions in Europe have developed expertise in the field of circular economy. There are several good models of ecosystems and 
networks, as well as best available technologies for biological materials which are in accordance to the requirements of the EU 
Circular Economy Package. However, these best practices are often created by separated actors or companies and known locally. 
Even in the same region, knowledge about these practices do not reach all potential actors. For example, municipal and industrial 
sectors may produce similar sewage sludge, but the treatment may vary, so that only one of the actors may use best practice. 
Moreover, it is well known that food and agricultural waste streams have a huge potential to be reduced by closing the loops. Hence, 
regional authorities are in a key role to transfer knowledge and promote the transition to circular economy through changes in 
policies.  

This paper presents the results of a qualitative assessment that was carried out in Finland, Spain, Slovakia, Greece, Romania and 
France. Selected national and regional strategies were identified, compared and analysed from the perspective of CE and bio-based 
CE. At the time of the study, the added value of CE was recognized in most of the national and regional level strategies studied, 
through objectives concerning e.g. waste management or bioenergy. Bio-based CE was hardly ever included as a term but circularity 
aspects were referred to for example through bio-waste management. Waste management appears to be the main driver in the 
transition towards CE. 

The studied national strategies vary in the way they approach the CE objectives. Finland, for example, showed an integrative focus 
where different levels are addressed in the strategy, while Spain, Slovakia, Romania and France share a common view regarding CE, 
as their national strategies are focused on waste management and raw material circulation. On the other hand, CE is not yet included 
in the Greek national level strategy, where waste management seems to be the main modus operandi the country starts from when 
implementing CE on a national scale. 

The research is a preliminary outcome of the ongoing Interreg Europe project BIOREGIO, where the bio-based CE is boosted through 
a transfer of expertise about best practices, aiming at changing regional policies to support bio-based CE. 

 

Keywords:Circular economy, bioeconomy, bio-based products, biological streams 

 
 



886 
 

Green cities –hubs in a circular economy 

P. D. Jenssen*, A. K. Hvoslef-Eide**, A. Oarga Mulec***, J. Bryden****, P. H. Heyerdahl *****, M.K. 
Pandey******,K. Refsgaard******* 

*Faculty of Environmental Sciences and Natural Resource Management, Norwegian University of Life Sciences  
petter.jenssen@nmbu.no 

**Faculty of Biosciences, Norwegian University of Life Sciences, trine.hvoslef-eide@nmbu.no 

*** Laboratory for Environmental and Life Sciences, University of Nova Gorica, Slovenia, andreea.oarga@gmail.com 

****Norwegian Institute of Bioeconomy 

***** Department of Mathematical Sciences and Technology, Norwegian University of Life Sciences, petter.heyerdahl@nmbu.no 

******Faculty of Environmental Sciences and Natural Resource Management, Norwegian University of Life Sciences  
manoj.pandey@nmbu.no 

*******Nordregio, Stockholm, karen.refsgaard@nordregio.org 

Keywords: resource recovery, urban horticulture, wastewater, organic waste, biogas,  

Abstract  

Today cities are dependent on large imports of water, food, and energy. In return, they produce huge amounts of climate gases, solid 
and liquid waste. Emerging technologies can turn cities into important suppliers of fertilizer and soil amendment products and 
simultaneously convert cities into greener more sustainable areas. This will contribute to solving major environmental challenges such 
as supply of phosphorus for agricultural production and sufficient water supply. Flooding resilience is increased due to more 
absorbing surfaces. Human excreta contain the majority of nutrients and pathogens in wastewater. By separate collection, human 
excreta is diverted from the water cycle and turned into fertilizer and soil amendment products greatly reducing water pollution and 
risk of waterborne diseases. When hygienizing excreta, organic waste can be added and biogas produced, thus reducing climate gas 
emissions. Biogas can fuel combined heat and power (CHP) generators and provide heat, light and the CO2 for  e.g. nearby 
greenhouses. The nutrient rich effluent (digestate) from the biogas reactors can be processed and used as fertilizer in hydroponic 
cultures, but also for production of struvite (magnesium-ammonium–phosphate;MAP) and algae, thus demonstrating recycling and 
circular economy. In addition circular economy open new business opportunities and can increase employment. Source separation 
technologies makes possible a reduction of the water footprint of >90%. Green roofs and walls together with wetland and infiltration 
technology can reduce peak runoff during storm events, provide cleaner air, reduce urban noise pollution and provide a cooler urban 
climate. An example from Havana, Cuba show that up to 60% of the vegetables consumed can be grown within the city limits, but 
this is not the ultimate limit. Urban horticulture can also improve life quality as well as food security. Although the technologies to 
solve most of the global challenges to develop sustainable water, food and energy supplies are known, to date they are not being 
adopted rapidly enough. Scientists must face the fact that the reasons for overly-slow adoption amongst urban planners concern 
human behaviour, and its’ conditioning by social institutions that establish the ‘rules of the game’. Better understanding of the role 
and functioning of human institutions is therefore an urgent necessity, as is the development of innovative new solutions to steer 
human decisions in the desired directions. 
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Abstract 

Worldwide, the most common packaging waste material is plastic, where 26% from its production volume is used in this industry 
(Muthuraj et al., 2017; Zhuo et al., 2014). The traditional selective collection of waste streams continues to have great importance, 
especially if linked to the possibility of energy recovery and energy saving, thanks to the reuse and recycling of materials.One of the 
biggest impediments of a representative packaging waste product is that each country has differences that can bring to quantitative 
and qualitative changes in the MSW composition. In these terms, the primary physic-chemical characterization continues to be of 
interests, especially in the recycling and recovery of packaging waste industry. 

In the present paper, different types of pure and commercial plastic waste, from different EU countries (United Kingdom, France, 
Italy and Romania) were investigated. The four countries represent different areas of Europe: the northern, central-southern and 
eastern Europe, with economic, social, regulatory systems vastly different. The microstructure surface morphology and chemical 
proprieties were analysed by scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDXS). These 
techniques are worldwide used in order to characterize microstructure and composition, even on a sub micrometric range, of inorganic 
and organic materials (Reitsma et al., 2000; Goldstein et al., 2003).  

The goal of the current investigation was to determine the chemical composition of selected packaging materials and compare these 
measurements with data obtained through a Carbon-Hydrogen-Nitrogen-Sulphur-Oxygen (CHNS-O) elemental analyser, which is 
conventionally used to characterize waste materials. The capabilities of the experimental approach are discussed in connection with 
their application to the study of waste sample materials and in comparison with alternative experimental methods such as Elemental 
Analysis.  

Results show a difference of composition among packaging from different countries that can affect the treatment adopted for its 
valorisation.Regarding the PP samples analysed in this study, it was observed that the one coming from Romania have scratched 
surfaces with deposited irregularly shaped. On the surface also some fibre-shaped/branch-shaped particles were observed. Instead, the 
PP Italian and French samples, as well as the one coming from the United Kingdom appear more homogeneous.The EDXS analysis 
also highlighted some differences in the composition of the samples. In particular, the matrix of the polymer coming from UK 
contains more aluminium and silicon than all the other matrices. 

Such results can be useful in order to make considerations aimed at making more effective the reuse and recycling of light packaging 
and the eventual energy recovery in Europe and where it will exported for its exploitation. Moreover, the different physical-chemical 
composition can determine a different composition of the waste and emissions produced during the processes of thermal treatment of 
these different matrices. 

 

Keywords: Energy Dispersive X-ray Spectroscopy (EDXS); Packaging; Plastic Waste; Scanning Electron Microscopy (SEM). 
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Abstract: 

Introduction 

Reverse osmosis is a promising method for the treatment of landfill leachate,which resultsinto permeate and concentrate fractions. 
Concentrate represents 25% to 50% of the total volume of treated leachate and is highlyloaded with refractory organic pollutants and 
inorganic salts (Kallel et al., 2017). Due to its environmental toxicity it is necessary to remove the pollutants and one effective method 
is immobilization throughrecycling in new geotechnical composites. The objectives of the study was to understand the mechanism 
taking place during the immobilization process and obtain the optimum mixtures from an environmental and technical point ofview.  

Methods 

The proper selection of additives is crucial for optimizingthe immobilization of pollutants in geotechnical composites. One alternative 
is Portland cement, but its utilization is not an environmentally and economically appropriate solution (Monteiro et al., 2017). As an 
alternative, we tested various mixtures of concentrate with two industrial waste materials (paper ash and cement kiln dust) and two 
types of zeolites (mordenite and clinoptilolite).A simultaneous follow-up of hydration mechanisms and an identification of the 
mineral phases with maximum affinity forthe immobilization of toxic compounds hasbeen carried out.  

Results and discussion 

Isothermal conduction calorimetry and in situ X-ray diffraction (Figure 1) indicated that similar hydration products were formed in 
mixtures with concentrate and in control mixtures with water.Results showed that the concentrate likely did not impact the type of 
hydration products formed, but rather the reaction kinetics. The major crystalline mineral phases formed were portlandite and 
different calcium aluminate hydrates which precipitated within 24 hours of hydration. Further experiments are in progress to confirm 
if calcium aluminate hydrates and the potential formation of calcium silicate hydrates can retain thedesired level of pollutants from the 
concentrate and paper ash and/or cement kiln dust before using the new geotechnical composite.  
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Figure 1:Isothermal conduction calorimetry and in situ X-ray diffraction analysis. CKD-cement kiln dust, PA-paper ash, ZM- clinoptilolite, ZG-
mordenite 

Conclusions 

This study presents a promising approach for solvingthe problem of heavily polluted leachate from landfills whilst simultaneously 
allowing for the recycling and treatment ofindustrial waste material in new low grade geotechnical composites. 

Keywords: reverse osmosis, concentrate, recycling, industrial waste, geotechnical composites 
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Abstract  
Introduction 
Circular economies (CE) and material cycling within the agroecosystem are principle components of future sustainable food systems 
(Springmann et al., 2018; Willet at al., 2019). Considering waste as a resource is essential for closing nutrient loops. Novel 
technologies and the political promotion of CE both stimulated the production of novel recycling-fertilizers from different waste 
streams. Along the nexus of food-energy-sanitation, sanitized human excreta are also a valuable source of nutrients that can be used 
for material cycling, particularly in urban and peri-urban areas. In this context, urine-diverting dry toilets provide an easy access to 
nutrient-rich urine. Additional treatment allows for the production of nutrient concentrates free of pathogens and pollutants. However, 
the broad field of recycling fertilizers still lacks knowledge on the applicability and agronomic and ecological potentials in 
horticultural practice. 
Objective 
The objective is to examine the use of urine-based recycling fertilizers in closed and open-field horticultural production systems, to 
create a proof-of concept for nutrient cycling in circular economy food systems. We will specifically target plant nutrition aspects, 
growth performance, and greenhouse gas emissions. 
Methods 
We conducted a pot experiment in a climate chamber, to assess different urine products against urea, regarding ammonia (NH3) 
emission potential and nitrogen (N)-fertilizer value with maize grown in a peat-free substrate. Four fertilizer variants and a non-
fertilized control were tested (n=5): Two nitrified urine-based fertilizers differing in ammonium/nitrate ratio (1) Aurin (50% NO3

-)and 
(2) C.R.O.P. (up to 80% NO3

-), as well as (3) synthetic urine (100% NH4
+), and (4) urea (Bonvin et al., 2015; Etter et al., 

2015;Bornemann et al., 2018). For all four treatments, the optimum application rate of 1.4 g N per pot and maize plant was applied 
(A) completely and (B) split into two applications (day 0 and after 4 weeks). Additional nutrients required were supplied in an 
optimum range. Ammonia emissions were measured directly after application of the fertilizers and the following three days, using 
acidified filter papers and a closed chamber method over 60 min. One week after fertilization, maize was sown and cultivated for 8 
weeks until flowering stage. Dry matter, C/N ratio, and macronutrients in shoots and roots will be determined. Soil total N, mineral N 
will be measured to conduct a mass balance and thereby estimating potential losses via N2O.  
Results 
First results will be available in May 2019. We will further give an outlook for two experiments with urine-based recycling fertilizers 
used in field and hydroponics beginning in April and May 2019, respectively. 
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East Asia‘s polyculture systems point the way 

20 years ago, the principles of ecological engineering (considering waste as a resource, multi-functionality, ecosystem based design, 
system integration, etc.) and the Asian polyculture concept provided the basis and guidelines for the development of atropical indoor 
polyculture system. The so-called “Tropenhaus”(German expression for Tropical Greenhouse)) concept, which was designed in 
cooperation with Chinese specialists, allows to reuse nutrients, water and energy in cascades and circular flows. It optimises the use of 
resources and thus the productivity of the system. In China, such polyculture systems were applied in fish-rice aquacultures already 
2.000-3.000 years ago. 

In the “Tropenhaus”, the production of fruit and fish is connected over the water and nutrient cycle; i.e., the waste product “fish 
water” is treated and reused for irrigating and fertilising the tropical plants. In other words: the tropical fruit garden can be regarded as 
a natural wastewater treatment system for the tropical fish production. 

The only nutrient input into the system is the fish fodder, which is bought on the market. It compensates the nutrient outputs of the 
greenhouse, i.e. the harvested products as well as plant biomass that has to be composted. Rainwater collected on the roof of the 
greenhouse covers the water needs. The droplet irrigation system minimises the water consumption and prevents fungal decay and the 
growth of weeds. To conclude, waste heat, solar energy, rain water and fish feed are regarded as the “system drivers” of the tropical 
greenhouse. Figure 1 shows the functional scheme of the tropical indoor polyculture system. 

 

 

Figure 1:Functional scheme of the tropical indoor polyculture system “Tropenhaus”. Source: seecon international gmbh. 

 

The beginning of a success story 

Waste heat (or process heat) is a well known, but to little used energy resource. In Ruswil in the center part of Switzerland, a natural 
gas densification plant is being operated as part of the European gas-pipeline network. The plant generates more than 100 GWh (1 
GWh = 1.000 kWh) waste heat per year. Options to use this energy to heat villages failed due to cost reasons. Today 40 GWh of the 
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waste heat are turned into ecologically sound electricity and up to 30 GWh are used for the production of tropical fruit and fish as a 
contribution to substitute energy consuming imports (Heeb n.d.). 

As it was not economically viable to heat buildings with this waste heat, due to the dispersed settling pattern in the region, the idea of 
an agricultural use in a greenhouse with subtropical or tropical climate regime was born in 1997.Since spring 1999, a pilot tropical 
greenhouse with an area of around 1.500 m2 has been operating in Ruswil. The project was launched to evaluate various options to 
use waste heat for agricultural production. With this pilot project, it should be proved that this option is ecologically sound and 
economically viable. In this “Tropenhaus”, which is unique in Switzerland and on an international scale, tropical fruit like bananas, 
papayas, starfruit and guavas as well as tilapia fish are produced successfully. The pilot project showed that high quality tropical 
products can be grown profitably and that there is a great demand. The popularity of the numerous locally and organically grown 
tropical goods and the enormous public interest in the project have given rise to several tropical greenhouse projects in Switzerland 
(Tropenhaus Wolhusen and Frutigen) and Germany (Tropenhaus am Rennsteig) since (Heeb 2007). 

 

 

Figure 2:Construction of Tropenhaus Ruswil in winter 1998/99 (left), Tropenhaus Wolhusen (second from left), Tropenhaus Frutigen /second from 
right) and Tropenhaus am Rennsteig (right). 

 

Experiences and lessons learned 

A wealth of experience,in-depth knowledge and expertise gained and lessons learned from the “Tropenhaus”, a 20-year learning case, 
are currently analysed and evaluated in detail by reflecting on successes and challenges and will be presented for knowledge 
sharing.Twenty years of experience with the “Tropenhaus”in Switzerland and abroad has shown that tropical indoor polyculture 
systems are a promising, ecologically sound and economically viable option to use waste energy.These and other experiencesare now 
shared with and channelled into the promotion of urban agriculture for food security, resource efficiency and smart, resilient citiesin 
the context of the EU Horizon 2020 project “Sino-European innovative green and smart cities (SiEUGreen)”: 

Economic development, job creation and value addition:The “Tropenhaus”opens new income alternatives for farmers and contributes 
to creating jobs in the agricultural sector by providing interesting work in an extraordinary field. The “Tropenhaus” has triggered a 
debate on the innovation potential of agriculture. It can act as a model of how to realise visions and innovations and can boost the 
courage to do something new. Furthermore, the innovative concept of cultivating tropical fruit in a polyculture greenhouse represents 
a model of how low-temperature waste heat can be used sustainably. 

New products, markets and customers:The“Tropenhaus”contributes to a diversification of agriculture by opening up a new 
agricultural market sector: regional, eco-friendly tropical niche products face little competition, so the conditions for marketing and 
sales are favourable. On the market, imported products are clearly distinguished from the locally produced goods. Quality (freshness 
and ripeness), ecology (organic production, short transport distances) and regionality (regional production) of the products are aspects 
that characterise the label “Tropenhaus”. 

Information and communication:The “Tropenhaus” is also a platform to communicate the principles of ecological engineering to a 
broader audience and has become a supra-regional tourist attraction. 

Recreation and education:The “Tropenhaus” addresses an important leisure trend in combining adventure, eating/drinking and 
learning, especially with children, young people and students. 

Impact investment:The “Tropenhaus” provides opportunities for eco-investing or green investing, that is a form of socially 
responsible investing where investment is made in green projects on commercial terms and mobilise other private sector capital. 

 



894 
 

 

References 

Heeb, J. (n.d.). Waste heat turns into tropical products. The tropical greenhouse project Ruswil. 

Heeb, J. (2007). Tropical greenhouses as examples of innovative organic agriculture. 



895 
 

Urban farming towards 2030: Trends, Weak Signals, business models and scenarios 

 

Stavros Mantzanakis1,2, Epaminondas Christophilopoulos3 

1. EMETRIS SA, 22 Adrianoupoleos Str, GR-55133, Kalamaria, Thessaloniki, 
2. Phemonoe Lab, 22 Adrianoupoleos Str, GR-55133, Kalamaria, Thessaloniki, sm@emetris.gr 

 
3. UNESCO Chair on Futures Research, Foundation for Research and Technology – Hellas (FORTH), 1 Morihovou Str., GR-54625, 

Thessaloniki, Greece, epaminondas@praxinetwork.gr 
 

 

Keywords: Urban Farming, future, scenarios, trends, business models,  

 

Abstract 

In the future, the global food system will experience an unprecedented confluence of pressures. On the demand side, global 
population size will reach 8.5 billion by 2030; many people are likely to be wealthier, creating demand for a more varied, high-quality 
diet requiring additional resources to produce. On the production side, competition for land, water and energy will intensify, while the 
effects of climate change will become increasingly apparent. In this global environment, various versions of urban farming can 
contribute to food safety, resource sustainability, and societal cohesion.  

However, the future is full of uncertainties and to build a sustainable long-term urban farming strategy requires to explore alternative 
futures. This paper is presenting the outcome of foresight research performed in the context of the SiEUGreen project (funded by the 
Horizon 2020 program of the European Commission), based mainly on a Delphi study and a participatory workshop. The paper 
presents the main drivers affecting the future of urban farming, as well as the identified weak signals and business models. Finally, it 
presents four alternative scenarios for the future of urban farming aiming to provoke and challenge policy makers, and other related 
stakeholders to think in new ways about the future. 
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Abstract: 

This study was aimed at establishing an efficient way to extract vanadium from spent desulfurization catalyst (SDC) and 
characterization of post-leaching residue with regard to environmental risk of selected metals release from the investigated material. 
Leaching of V was carried out using organic lixiviant (citric acid - CA). The standardized protocols have been applied to assess 
environmental stability of both raw SDC and leached residue. 

The SDC sample was received from sulfuric acid production plant, which is a unit of copper smelter in SW Poland. The catalyst is 
used there to oxidize SO2 to SO3, which is later utilized for H2SO4 production. The as-received sample consisted of 10-mm yellow 
granules. One of the granules has been used to make a polished section, which was later subjected to microscopic observations 
(optical microscope with reflected light, SEM-EDS). The phase and chemical characteristics of raw and leached residue were 
conducted using X-Ray diffraction (XRD) and X-Ray fluorescence (XRF), respectively.The SDC sample has been comminuted and 
sieved using two sets of sieves (0.1 mm and 0.2 mm) in order to investigate effect of particle size on leaching efficiency. The CA 
solution used in this study was obtained from dissolution of analytical grade CA (Chempur, Poland) in ultrapure water (Millipore, 
Milli-Q), which resulted in two stock solutions of different molar concentrations (0.1 M and 1 M) in order to evaluate the impact of 
acid concentration on V leaching. The third parameter used to optimize the process was pulp density (PD), which was evaluated in the 
range from 1% to 20%. The extraction rate was analyzed in the time frame of 8-72 hours. 

The raw and leached SDC samples were subjected to leaching tests which applied standardized environmental protocols accepted 
worldwide.The discharge of metals from SDC samples when exposed to artificial rainfall was assessed using EPA 1312 SPLP test. 
The fractionation of metals in raw and leached SDC material was evaluated using four-step sequential extraction protocol proposed by 
BCR. BCR extraction causes the release of four following fractions: exchangeableF1 (leached with 0.11 M acetic acid) which 
represents adsorbed metals easily affected by ionic composition of water; reducible F2 (leached with 0.11 M hydroxylamine 
hydrochloride with pH adjusted to 2) which corresponds to metals affected by anoxic conditions; oxidizable F3 (leached with 30% 
hydrogen peroxide and 1 M ammonium acetate with pH adjusted to 2), corresponding to metals released during highly oxic 
conditions, bound to organic matter and/or sulphides; and residual F4 (digested with aqua regia), representing metals bound to crystal 
lattice of the material.The solutions after each of reaction steps were at first filtered through paper filters, and subsequently with 
Whatman® 0.45 µm syringe filters. The filtered solutions were analyzedusing ICP-MSaccording to ISO 17294-2:2016 protocol. The 
obtained results were multiplied by liquid-to-solid ratio to express the leaching yields in mg per kg of catalyst. 

The results of sequential extractionprocedure were used to evaluate the potential environmental risk of both raw and leached SDC 
residue. In this study, reduced partition index (IR) and risk assessment code (RAC) were employed to assay the potential 
environmental risk posed by spent catalyst before and after leaching. The IR is widely used because it provides information on 
relative binding intensity of particular metal in different solid matrix. IR is defined by (Eq. 1): 

𝐼𝑅 = ∑ 𝑖2𝐹𝑖/𝑘2𝑘
𝑖=1

 

where i indicates the index number of the BCR sequential extraction step, k = 4 (total steps in BCR sequential extraction), and Fi is 
the percentage of a particular metal in fraction i. The values of IR fit into the range of 0.06-1.00; the lower IR value, the weaker 
binding of a given metal, which corresponds to higher mobility. RAC is defined by (Eq. 2): 

𝑅𝐴𝐶 = 𝐶𝑚𝐶𝑡𝑜𝑡𝑎𝑙 × 100% 
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where Cm is a metal concentration in exchangeable fraction and Ctotal is total concentration of given metal. Based on the exchangeable 
fraction content, the RAC can be postulated on the scale of 1% to 100%: <1% (no risk), 1% to 10% (low risk), 11% to 30% (medium 
risk), 31% to 50% (high risk), and >50% (very high risk) for a given metal. 

The results of phase analysis by XRD showed that the main phase in raw SDC sample is SiO2 in the form of cristobalite or tridymite, 
which is typically used as porous support phase. Additional phases found comprised of KAl(SO4)2, K2S2O7 and V2O5; the last two 
phases correspond to potassium pyro-sulfo-vanadate, doped on the porous surface of the catalyst. The SEM observations confirmed 
the existence of porous support phase that was built of SiO2 and doped with V salts. Some euhedral crystals of KAl(SO4)2 were also 
embedded in the porous matrix. Chemical composition of raw SDC material was determined as follows: SiO2 (65.5%), SO3 (15.5%), 
K2O (8.8%), V2O5 (5.5%), Al2O3 (1.7%), Na2O (1.7%), Fe2O3 (0.8%), MgO (0.3%). Vanadium extraction from SDC material was 
found to be dependent on PD, CA molar concentration and grain size, as well as extraction time. The optimal leaching conditions 
were found to be 0.1 M CA concentration, 10% PD, 100-200 µm grain size and 72 hours duration, which resulted in 93% V leaching 
yield. The XRD results of post-leaching residue showed that the sole remaining phases after CA leaching were SiO2 polymorphs and 
KAl(SO4)2, while V-containing phases disappeared. Chemical composition of post-leaching material was following: 92% SiO2, 4.1% 
SO3, 1.53% Al2O3, 1.33% K2O, 0.52% Fe2O3, 0.19 % V2O5, 0.08% Na2O, 0.06% MgO.  

The SPLP leaching test results (Table 1) suggested that compared to Polish wastewater regulations the concentrationsof analyzed 
elementswere exceeded, except for Na. This method evaluatedthe worst-case scenario for waste landfilling, so in this view both raw 
and leachedresidues posed threat to water environment due to exceeded contents of substances particularly harmful to the aquatic 
environment in leachates. The load of harmful substances was much smaller in case of leached SDC (except for Al and Fe). 

The results of sequential extraction procedure (Figure 1) revealed that in raw SDC sample elements such as K, Mg, Na or V were 
mostly present in exchangeable forms, whereas Al and Fe mostly in residual form. In leached sample, much lower amount of metals 
was in mobile form, except for Al and Fe, which exhibited higher mobility. 

 

Table 1: Results of SPLP test for selected elements of raw and leached SDC samples and Polish regulatory values of these elements 

SDC sample 
Concentration [mg/dm3] 

Al Fe K Na S V 

Raw 63 28 2941 589 4746 438 

Leached 72 28 175 41 575 10 

Regulatory value 3 10 80 800 200* 2 

*calculated from value expressed as SO3 (500 mg/dm3) 

 

 

Figure 1:Fractions of selected metals in raw and leached SDC samples 
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Reduced partition indices (Table 2) confirmed the decrease of risk for metals such as K and Mg, expressed with higher binding 
strength (IR closer to 1). For Na and V, the IR values increased, but still remained relatively low. For Al and Fe, the values remained 
virtually constant, but close to 1, which indicated their high binding affinity in both materials. RAC values for both materials 
suggested that the risk was significantly lower for leached SDC, which was the most visible in case of K (risk decreased from very 
high to high), Mg (risk decreased from very high to low) and Na (risk decreased from very high to medium). 

 

Table 2: Reduced partition indices (IR) and risk assessment code (RAC) values of selected metals for raw and leached SDC samples 

Indicator SDC sample Unit Al Fe K Mg Na V 

IR 
Raw 

— 
0.80 0.73 0.15 0.40 0.07 0.33 

Leached 0.78 0.80 0.60 0.90 0.33 0.38 

RAC 
Raw 

% 
15 9 88 63 96 35 

Reached 18 16 33 9 18 20 

 

The obtained results suggested that single-step citric acid leaching was very efficient method for metal extraction. However, the 
environmental risk was found high in case of leached catalyst, which needs to be solved. The proposed methods are using the 
additional step in the leaching procedure or using bioleaching as the main method, as it was proved that biological treatment reduces 
metal mobility in spent catalyst. 

Keywords: spent catalyst, vanadium extraction, environmental risk, resource reuse, metal recovery 

 

Acknowledgements 

This study has been financially supported by AGH-UST grant no. 15.11.140.003 and by European Funds Program under agreement 
no.POWR.03.05.00-00-z307/17. 

References 

Pathak, A., Srichandan, H., & Kim, D.-J. (2014). Fractionation behaviour of metals (Al, Ni, V,and Mo) during bioleaching and 
chemical leaching of spent petroleum refinery catalyst. Water Air Soil Pollution, 225, 3, 1893. 

Pathak, A., Healy, M.G., &Morrison, L. (2018). Changes in the fractionation profile of Al, Ni, and Mo during bioleaching of spent 
hydroprocessing catalysts with Acidithiobacillus ferrooxidans. Journal of Environmental Science and Health, Part A, 53, 11, 
1006-1014. 

Regulation of the Ministry of the Environment of 18 November 2014 on the conditions to be met as regards the release of sewage into 
the water or onto the land and on the substances, that are particularly harmful to the aquatic environment (Off. Gazette 2014, item 
1800) (in Polish). 



899 
 

Metallurgical wastes: Metals extraction and leach residue characterization 

 

Potysz A.1*, Pędziwiatr A.2, Hedwig S.3, Lenz M.3,4 

1University of Wrocław, Institute of Geological Sciences, Poland, ul. Cybulskiego 32, 50-205 Wrocław 

2 Warsaw University of Life Sciences (SGGW), Faculty of Agriculture and Biology, Department of Soil Environment Sciences, 
Poland, Nowoursynowska Str. 159, 02-776 Warsaw 

3 Institute for Ecopreneurship, School of Life Sciences, University of Applied Sciences and Arts Northwestern Switzerland, 
Switzerland 

4Sub-Department of Environmental Technology, The Netherlands, Wageningen University, 6700 AA 

Wageningen  

 

Abstract 

Metallurgical wastes resulting from metal smelting and recovery processes are considered as potentially hazardous materials, because 
they contain metals unrecovered during processing. In the past, such wastes were finalized by landfilling, however at the present time 
disposal of these wastes is not recommended due to potential release of metals during weathering.Thus, appropriate safe disposal of 
these hazardous wastes should be practiced if any other management method is not feasible. Metal extraction is an attractive route for 
managing of metallurgical wastes, because: i) it extends the life cycle of these metallurgical wastes, ii) it may bring a profit thanks to 
recovery of valuable metals, iii) it can decrease toxicity of final wastes since toxic compounds are removed during extraction. 
Therefore, high leaching susceptibility of these wastes combined with the need for search of alternative sources of rare and critical 
metals necessitates detailed evaluation of leaching process.In these regards, the aim of this study was to evaluate leaching 
susceptibility of two types of metallurgical wastes: i) granulated amorphous copper slag and ii) crystalline lead matte. Experiments 
were designed in a way that following parameters were investigated: i) effect of sulfuric acid (H2SO4) concentration, ii) effect of 
various normality equivalent (2 N) acids : 1 M L-1 sulfuric acid (H2SO4), 2 M L-1 hydrochloric acid (HCl), 2 M L-1 nitric acid (HNO3), 
0.66 M L-1 citric acid (C6H8O7) and 1 M L-1 oxalic acid (H2C2O4), iii) effect of pulp density (1-10%) and extraction time (24-48 h) as 
well as iv) economic potential that can be made when processing such wastes. The metal and REE extraction was assessed by means 
of leaching experiments (quantification by triple quadrupole inductively coupled plasma mass spectrometry QQQ-ICP-MS), potential 
metal donor slag phases dissolution were studied by scanning electron microscopy (SEM-EDS) and characterization of leach residue 
and secondary phase formation was determined using X-ray powder diffraction.  

Studied wastes were characterized by different chemical and mineralogical composition. Granulated slag is characterized by relatively 
high content of SiO2 (15.4 wt.%), whereas lead matte contains <1 wt.% of SiO2. In turn, lead matte contains higher amount of sulfur 
(S) reaching 25.3 wt.%, whereas S content in granulated slag is <0.02 wt.%. Above-mentioned chemical features are reflected by 
metallurgical wastes mineral phase composition. Granulated slag is mainly composed of glass that explains its relatively high content 
of SiO2. In contrast, the main phase components of lead matte are sulphides which explains its content of sulfur. Based on these 
divergent chemical and structural features it was hypothesized that these two wastes reveal different leaching susceptibility and 
therefore their resource potential may also differ. Our research hypothesis was evaluated experimentally (described above). The 
results demonstrated that amorphous granulated slag is particularly suitable for chemical treatment because 91% (Cu), 85% (Zn) and 
88% (Pb) were extracted using HNO3. Under these optimal conditions, the maximal estimated leachate value would be as high as 781 
dollars. Remaining residue after H2SO4 extraction was characterized by metal depletion and occurrence of gypsum (according to 
SEM-EDS) rendering it more suitable for further use or disposal. Lead matte was found to be less suitable for chemical treatment due 
to its generally smaller susceptibility to leaching as compared to granulated slag. However, concerning extremely high initial content 
of metals in lead matte its maximal economic potential is nearly the same (761 dollars) as in the case of granulated slag. Nevertheless 
only base metals (not rare earth elements) can be considered for recovery in case of lead matte. Additionally, further process 
optimization is needed in order to end extraction process with residue  more importantly depleted in metals. Based on XRD analysis, 
it was demonstrated that the presence of sulfates (gypsum, anhydrite, basanite and anglesite) is a common feature of leach residues 
resulting from H2SO4 treatments. As the result of this study, we conclude that metallurgical wastes are susceptible to dissolution in 
mineraland organic acidswhich renders these industrial by-products suitable candidates for metal recovery process. 

Keywords: copper slag, lead matte, leaching, residue 



900 
 

 
 

Acknowledgements  

This work was financially supported by National Science Centre (NCN) in Poland in the frame of FUGA 5 program under grant 
agreement UMO-2016/20/S/ST10/00545 as well as by statutory research grant 0420/2677/18. Anna Potysz expresses her gratitude to 
Foundation for Polish Science for financing her research stay in the frame of START stipend (agreement no 70.2017) at the Institute 
for Ecopreneurship (Switzerland) where a part of analytical work has been performed. 

 



901 
 

Novel trends in the thermo-chemical recycling of plastics from WEEE containing 
brominated flame retardants 

 
Charitopoulou M.A.1*, Kalogiannis K.G.2, Lappas A.A.2,Achilias D.S.1 

1Laboratory of Polymers and Dyes Chemistry and Technology, Department of Chemistry, Aristotle University of Thessaloniki, 
Macedonia, 541 24, Greece, ccmariaa@chem.auth.gr  

2Chemical Process Engineering Research Institute, Centre for Research and Technology Hellas, 57001 Thermi, Thessaloniki, Greece 
 
Abstract: 
The amount of waste electric and electronic equipment (WEEE) has enormously increased nowadays, due to the rapid expansion and 
consumption of electronic devices and their short lifespan. In combination with their non-biodegradability, has led to the need to 
explore environmentally friendly solutions for their safe disposal. Recycling of WEEE is a challenge, because of the presence of a 
variety of materials, including glass, metals and plastics, with the amount of the latter to be around 20-30 % of a typical waste 
fraction. Different types of polymers can be identified in the plastic content of WEEEs, such as high-impact polystyrene (HIPS), 
polycarbonate (PC), polypropylene (PP), poly(styrene-acrylonitrile) (SAN), acrylonitrile-butadiene-styrene (ABS), etc. Among other 
recycling techniques, such as mechanical, or chemical, (thermo)chemical processes, such as pyrolysis has been selected by many 
researchers as an environmentally friendly method, since a number of secondary valuable materials can be produced and the liquid 
fraction can be used as fuel for the production of energy. It should be kept in mind that depending on the polymer type used as raw-
feeding material several different compounds can be produced in the liquid pyrolysis fraction, such as phenols from the degradation of 
PC, aromatic compounds from PS, hydrocarbons from PE, PP or the monomer in high percentage from the pyrolysis of PMMA 
(Antonakou et al., 2014, Achilias et al., 2007). 

One of themain obstacles in the recycling processof plastics originating inWEEE is that usually they comprise specific additives, 
such as brominated flame retardants (BFRs), which are toxic substances that need to be removed before or during their pyrolysis-
based recycling. Treatment of plastics containing BFRs at high temperatures may lead in the production of dioxins which are very 
harmful to human health.Current techniques for the debromination of plastics from WEEE are presented here, based either on a 
pretreatment of wastes followed by pyrolysis or on direct catalytic pyrolysis with or without chemical additives.  

One of the common pretreatment processes used prior to pyrolysis is that of solvent extraction. Thus, use of isopropanol and 
toluene as solvents has been proposed for the removal of TBBPA, one of the major BFRs, from real WEEE (modem wifi plastics and 
printed circuit boards (PCBs)) from a recycling plant (Evangelopoulos et al., 2018). In addition,solvothermaltechniques have been 
employed using methanol, ethanol and isopropanol as solvents, in order to remove TBBPA from ABS (waste computer housing 
plastic).After the treatment the structure of the plastic remained the same, enabling its recycling(Zhang and Zhang,2012). 

Another approach employed in the pretreatment step is to use commonchemicals, including alkalis (NaOH, KOH), alkali-earth-
metalsalts (Na2CO3, K2CO3), and acids (i.e. HCl) in ethylene glycol, in order to remove DBDPE(one of the emerging BFRs) from 
HIPS, without destroying the polymer matrix. A differentdebromination process involves the use of subcritical water in a high 
pressure reactor. This pretreatment was applied in PCBs containing BFRs and after that, thermal treatments (e.g. pyrolysis) took 
place.In another study, pyrolysis took place in the presence of polypropylene, so as to examine its debromination efficiency, for a 
HIPS sample which contained decabromodiphenyl oxide (DDO) as BFR with Sb2O3 as a synergist(Grause et al., 2015). 

Another way to remove BFRs, from the plastic part of PCBs is to add several additives during the pyrolysis processaiming in 
binding or transforming BFRs into non-toxic compounds. In this context,useof various metal oxides (such as ZnO, Fe2O3, La2O3, CaO 
and CuO) has been proposed during the pyrolysis of PCBs(Terakado, et al. 2013).  

Apart from studies on thermal pyrolysis, catalytic pyrolysis with a view to controlling bromine content in WEEE has attracted a 
lot of attention. Catalytic pyrolysis has been proposed, using ZSM-5 and Ni/SiO2-Al2O3 catalysts as well as Fe particles in order to 
enhance the debromination of non-metallic fraction from waste PCBs.Zeolites, such as HZSM-5 and HY were also used as catalysts, 
while adding (co-feeding) thermoplastics, such as HDPE and PP. Use of low cost catalytic materials (Fe, Ni) has been also 
investigated as regards their performance and debromination efficiency(Kim, et al. 2017). Samples of HIPS which contained DDO as 
BFR were pyrolized using zeolite (HY, Hβ and HZSM-5) and mesoporous(all-silica MCM-41 and active Al2O3) as catalysts. Another 
study focused on the catalytic pyrolysis of ABS which contained TBBPA as BFR with Sb2O3 as a synergist. The chosen catalysts 
were HZSM-5 and Fe/ZSM-5. The decrease in bromine content when using these catalysts was investigated(Ma et al.2017). 

All these techniques are critically reviewed and their pros and cons are elucidated.  
 
Keywords: WEEE, chemical recycling, pyrolysis, pretreatment, catalytic pyrolysis 
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Urban farming is defined as growing or producing food in a city or heavily populated town or 
municipality(https://www.greensgrow.org/urban-farm/what-is-urban-farming/), and it differs from community gardening and 
subsistence farming by the fact that the former is also a part of the urban economic and ecological system 
(https://www.ruaf.org/urban-agriculture-what-and-why). Residents becoming part-(or even full-)time laborers and consumers, urban 
waste and resources being introduced in the farming process, as well as positive or negative influences on urban ecology, are all 
interactions between urban farming and the urban ecosystem. 

Despite the significant benefits of urban agriculture (Koc et al., 1997) and a general shift towards “cleaner” and “greener” living, the 
vast majority of the public remains unaware of its existence and definition. Paradoxically, this often includes actual amateur urban 
farmers, who may not be aware that they are practicing urban agriculture. 

Therefore, it follows that increasing awareness and generating interest around urban farming can have very positive ecological, 
sociological and economic effects. However, adverse factors such as a lack of inclusion of urban gardens in politics and planning, a 
significant disconnect between those who drive and organize urban agriculture and those who regulate and manage it (Buić et al., 
2017), and the propagation of traditional views of urban residents as consumers and rural residents as producers (Koc et al.,  1997), 
reduce the significance of urban farming to the public, and make it seem like a novelty rather than a legitimate activity. 

In order to help increase awareness on urban farming, we propose and have undertaken the development of COMMURBAN. 
COMMURBAN is a user-friendly mobile app, which allows users to create their Do-It-Yourself (DIY) projects in a way that is easy 
to follow, and share step-by-step instructions with other users around the world. Users can also participate in ongoing projects and 
provide input to their owner. 

Our approach to increasing engagement and, in turn, awareness about urban farming is based on two axes: first, by presenting the 
projects in a structured and easily digestible, step-by-step format, we provide the users with information that won’t intimidate and 
prevent them from undertaking a project. Even larger and more complex projects are broken down in steps, so the user doesn’t feel 
overwhelmed by the scope of what he’s about to undertake.  

Second, we utilize gamification techniques. These techniques have been observed to increase engagement and enjoyment for the users 
(Hamari et al., 2014). To that end, we introduce a competitive aspect by providing points, awards and, ultimately, titles and badges to 
users who perform specific tasks within the context of the application, as well as motives to drive the users to share their work with 
their communities.  

By leveraging gamification principles of creating competition and providing global and local leaderboards, as well as complementing 
the competitive aspect with fostering a sense of collaboration between users, groups and communities, COMMURBAN is expected to 
bring attention to the general idea of urban agriculture, and raise awareness on the benefits it can have in the urban ecosystem, as well 
as in residents’ everyday lives and communities in general. 

 

Keywords: COMMURBAN, urban agriculture,citizens’engagement, mobile application, DIY application 
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Abstract: 

It is widely known that one of the major challenges of next decades, concerning environmental issues, is the proper handling of 
polymeric wastes produced by modern societies rapidly. Among them, packaging polymers are characterized by short life span and 
great volume. Thus, recycling approaches aid in resolving the matter. The study presented herein has as an objective the determination 
of the impact of microwaves and UV irradiation on the decomposition of polymeric materials used in packages.  

More precisely, PET, PS, PP polymers were irradiated a) with microwaves, catalytically, in alkaline solutions under various 
conditions and b) with UV light, as films, in ambient conditions. Then, the treated samples went through pyrolysis (Py-GC/MS).  

It was found that the pyrolysis temperatures for the maximum decomposition rates decline when the polymers are pretreated. We did 
not notice any great variations in the products yield between the neat polymers and the treated samples recordings, but there were 
differences for the elution times (which were slightly shorter) or the peaks intension for some fragments (which were a bit higher). It 
can be stated that O-containing polymers as PET, are fond of depolymerisation reactions under microwaves and more sensitive to 
aging under UV-rays too. On the other hand, it was apparent that PP and PS are more stable towards those processes. 

 

 

Figure 1:Chromatograms of macromolecules fragments eluted by neat PET and pretreated PET pyrolysed at 515 oC 

 

It is concluded that the effect of the pretreating techniques on the polymer samples is slight but stable and promotes the production of 
monomers or byproducts at milder pyrolysis conditions, thus the application of UV-irradiation and microwaves is recommended as 
beneficiary at that level.  

Keywords: polymer recycling, packaging waste, microwaves decomposition 
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Abstract: 

This research was intended to study the possible transfer along the agriculture chain of residual chemical contamination of treated 
wastewaters (TWs) reused for irrigation.  

In fact, agriculture is characterized by a high-water demand (about 70% of worldwide freshwater withdrawals is used for 
agricultural irrigation) and,due to limited fresh water (FW) availability, the reuse of treated wastewaters for irrigation is, indeed, an 
efficient tool for reducing water shortage.  

However, the TWs reuse is difficult to be realized, due to several barriers, such as potential risks for the environment and the 
human health and social acceptability. Moreover, the reuse of municipal or mixed municipal/industrial TWs for irrigation could 
negatively affect plant growth and productivity. In this regard, EU is defining minimum requirements for water reuse, with the general 
objective to alleviate water scarcity across the EU and to protect the environment and the human health.  

Among chemicals of high environmental concern, still potentially present in TWs, Cr(VI) and organic micropollutants, such as 
polycyclic aromatic hydrocarbons and polychlorobiphenyls arouse great attention.Indeed, several recent studies showed that 
PAHs/PCBs are still found in TWs even after tertiary refinement processes such as filtration by activated carbons and thatCr(VI) can 
still be detected in wastewater effluents of textile districts.  

Based on the aforementioned considerations, the aim of this research, funded by grant 13-069 under the ERANET MED 2014 call, 
was to investigate the impactof irrigation with municipal and mixed textile TWsalong an agricultural production chain. Fragaria x 

ananassa cultivar was chosen as model plant. A comprehensive monitoring of residual contamination of PAHs, PCBs, and Cr(VI) in 
TWs used for irrigation,in soils where strawberry cultivars grown up and in the strawberry crops was performed.Different sewages 
from urban, and mixed urban-textile origins treated according to different treatment trains (activated sludge, clariflocculation, 
membrane biological reactors) were used for the irrigation of strawberry in pots. 

For this purpose, suitable extraction protocols and analytical methods were appositively developed. To extract, purify and analyse 
PAHs and PCBS in water samples, a SPE (Solid Phase Extraction) procedure was optimized, using a polymeric reversed-phase 
cartridge. Concerning soils, extraction was performed bymicrowave assisted extraction, while Quick, Easy, Cheap, Rugged and Safe 
(QuEChERS) procedure was applied for the extraction of the organic micropollutants in strawberry crops. Extracts obtained from 
wastewater, soil and strawberries were finally analysed by means of gas chromatography coupled to a mass spectrometer (GC-
MS).Cr(VI) was detected by means of ion chromatography (IC) with post-column derivatization and spectrophotometric detection. 
Wastewater samples were directly injected, while for soils, a preliminary extraction by a Na3PO4 solution was performed. Detection 
of Cr(VI) on strawberry was not successfully achieved due to a residual colour interference of the matrix. Hence, the determination 
was performed measuring total Cr by means of ICP-MS detection.  

Extraction recoveries, evaluated by labelled surrogate standards for each matrixwere in the following ranges:for PAHs and PCBs, 
waters: 60% (13BP)- 99% (13PCB52); soils: 45% (13BP) – 95% (13PCB52); strawberries: 62% (13Chr) – 102% (13PCB118). For 

mailto:luca.rivoira@unito.it
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Cr(VI), recoveries were 85% (waters) and 30% (soils).For PAHs and PCBs, MQLs for each matrix were in the following ranges, 
waters: 1.3 (Phe)- 11.0 ng/L (PCB169); soils: 3 (PCB180) - 10 μg/Kg (BbFl); strawberries: 1.0 (Phe) - 10.9 μg/Kg (PCB169). For 
Cr(VI), MQLs were 0.15 μg/L (waters) and 0.018 mg/kg (soils). These performances fully satisfy limits fixed by Italian or European 
regulations on maximum admitted concentration of pollutants in i) treated waters to be reused for irrigation (D. Lgs 185/2003); ii) 
private and commercial soils (D.Lgs 152/2006), since limits are not present for soils intended for agricultural aims; iii) fruit crops (CE 
Regulation 1881/2006). 

Results showed that all the wastewater treatments considered are capable of ensuring levels set for PAHs and Cr(VI) by legislation 
for wastewater reuse for irrigation. Although PAHs, PCBs were detected in wastewaters, their presence was not observed in 
strawberries, except for BaA (levels similar to quantitation limit of the method).  Irrigation with TWs does not impact the quality of 
the soil that exhibits similar PAHs and PCBs content before and after irrigation. On the contrary, chromium content in one of the 
strawberry crops (not representing a risk for consumer) presumably derives from the original residual contamination of treated water.  

The results observed within this study seem in agreement with a negligible impact of lipophilic compounds and a possible transfer 
of inorganic water-soluble compounds (metals) in fruits of high-water content such as strawberries. 

Efficient technologies for wastewater purification allow to reuse this resource in agreement with the most recent circular economy 
policies.  

 

Keywords: food chain; reuse impact; strawberry; treated wastewater 
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Abstract: 

Thehigh-grade living environment is of great importance for humans. The other side of the coin is the industrial development, which 
requires the use of high-quality products and resources and subsequently deteriorates the environment. One of the methods that 
ensures both high-quality products and cleaner environment is catalysis, in which catalysts (mostly solid-state) are used to remove 
undesired constituents from the mixture of interest. The life cycle of catalysts is restricted; after some time (usually 1-2 years) they 
become deactivated and have to be replaced. Waste materials from catalytic activities are dangerous for the environment on one hand, 
andthey are a massive secondary metal resources on the other.In addition, the residues can be utilized after metal recovery, obviously 
ifenvironmental standards are met. In this paper we describe a state-of-art on the possible ways leading towards environmental 
characterization, metal value recovery and reuse of spent catalysts. A case study of application of mentioned methods on raw and 
citric acid leached spent desulfurization catalyst (SDC) is presented. 

The catalyst is a substance modifying chemical reactions without undergoing any reactions itself (catalysis is derived from Greek 
katalein- decompose). Various reactions are prompted with use of catalysts, such as, among others, engine fumes clean-up, processing 
of heavy crude oil, oxidation or reduction of given elements (e.g. sulfur, nitrogen) in flue gas emissions.The different applications 
require different chemical composition and unique properties; however, some common features can be distinguished among 
mentioned catalysts, which are the high specific surface area, presence of active compound (usually metals, such as Co, Mo, Ni, V, 
W, PGMs etc.) doped on a support phase (e.g. SiO2, Al2O3, TiO2). The catalysts have different life cycles (1-2 years for 
desulfurization, 3-5 years for nitrogen reduction), which can be shortened by factors such as formation of coke, precipitation of metal 
salts or adsorption of organic compounds, that either reduce the number of active sites or plug the pore system. Eventually, the 
catalysts become unusable and have to be replaced. The spent catalysts are often loaded with metals, oil or coke, which makes them 
hazardous and hampers the utilization, limiting it to disposal on hazardous waste sites. The load of spent catalysts generated 
worldwide (up to 200,000 tons of catalyst from petroleum industry, up to 40,000 tons of catalyst from sulfuric acid production; 38,000 
tons of SCR catalyst in China itself)forces the researchers to find comprehensive methods of economic use of catalysts. 

For many years, research efforts have been undertaken to find the efficient solution for catalyst utilization. The examined methods 
comprise of deoiling/decoking, metal extraction/recovery and utilization of remaining residue. Utilizing unprocessed spent catalysts in 
production of new catalysts or using them as additives to other useful materials has also been tested through the years. 

Regeneration of catalysts mainly comes down to deoiling or decoking, since oil and coke are two main contaminants that are 
removable. Removal of coke is aimed at restoring as much catalytic activity as possible. The common way to remove coke is via 
oxidative regeneration with diluted air or air-steam mixture. Other way to restore the catalyst is called rejuvenation, which is based on 
removal of both coke and metals. The content of contaminant metals has to be lower than 5% to obtain ca. 80% of recovered catalytic 
activity. Deoiling takes place via cracking, solvent extraction or mechanical washing. The latter is most economically and 
environmentally friendly. Commonly used devices are hydrocyclones, due to their low energy consumption and high separating 
precision. However, it is not always possible to remove oil, coke or metals from the catalyst. In this case, the material has to be 
discarded and is subsequently considered as waste. 

The methods applied for metal removal from spent catalysts are generally physical (pyrometallurgy), chemical (hydrometallurgy) and 
biological (bioleaching). Pyrometallurgical methods are utilized mainly in processing of automotive catalysts for recovery of noble 
metals (e.g. PGMs). However, pyrometallurgy exhibits huge disadvantages, namely the need for special equipment and high energy 
consumption; also, concentrated metals have to be refined. Therefore, the application of high-temperature treatment is limited from 
environmental and economic viewpoint. Therefore, (bio)leaching with chemical and bacterial means has grown huge attention from 
researchers worldwide. The chemical leaching methods used to recover metals from catalysts cover a variety of reagents, both organic 
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and inorganic. Among inorganic lixiviants, reagents such as H2SO4, HNO3, HCl, NaOH, KOH, NH4OH, NaNO3, Na2CO3, Na2SO3, 
NH3∙H2O, (NH4)2CO3 or (NH4)2S2O8 were tested; hydropyrometallurgical approach (with roasting before leaching) was also 
examined. Organic reagents covered in leaching tests were e.g. citric acid, oxalic acid, Cyanex 272. Biological reactions were carried 
out using different bacterial strains, namely Acidithiobacillus thiooxidans, Acidithiobacillus ferrooxidans, Escherichia coli, 
Cupriavidus metallidurans CH34, as well as fungi, such as Aspergillus niger or Penicillium simplicissimum. Both chemical and 
biological leaching procedures led to high yields of released metals (even up to 100%) both in single-step and multi-step processes, 
and combined chemical-biological processes. The metals in pregnant leach solutions may be either chemically precipitated or 
recovered using ion-exchange resins. 

Reuse of spent catalyst can be performed either after recovery of metals or using unprocessed spent catalyst. Apart from 
regeneration/rejuvenation processes described above, one of the popular ways is to utilize catalysts in construction materials. The 
catalysts were often considered as additions to cement or mortars. This application is mainly attributed to fluid cracking catalysts 
(FCC), since they exhibit very high concentration of Al2O3 and SiO2, which are desired constituents in construction materials. The 
catalysts exhibit very good pozzolanic activity, which improves hydration speed, and therefore can be used as binding agents. In this 
case, both unprocessed and processed catalysts are a good additive, since concrete is known for stabilizing pollutants in waste 
materials. Other application in construction is adding catalysts to asphalt mixtures, both as sand replacement or as filler material. The 
toxicity analysis of asphalt mixtures with addition of catalyst revealed that the metals are stable and there is no environmental hazard 
in such application. The catalysts may also serve as constituents of geopolymers, namely binders. The aluminosilicate FCC materials 
are proven to be a good precursor for geopolymers since they improve the gel formation and degree of crosslinking. The spent 
catalysts can also serve as a base for new catalysts. In this case, they have to exhibit good structural parameters such as specific 
surface area, pore size and have to be decoked, but metals have to be present. Spent catalysts are also a good basis for gas sorbent 
materials (e.g. for removal of H2S), as long as they are not contaminated.The sulfur-saturated fixed bed reactor can be regenerated 
many times through oxidation and serve again as sorbent for gaseous emissions. 

The raw catalysts pose threat to the environment because metals concentrated in these wastes are in high amounts and in mobile 
forms. The treatment of these wastes can significantly reduce the mobility of metals, which was proven using bioleaching. The 
biological treatment reduced the mobility of metals, so that most of metals (98-99%) were in residual fraction in the view of three-step 
sequential extraction. The (bio)hydrometallurgical treatment causes not only the recovery of metals present in catalysts, but also the 
enhanced environmental stability of these wastes, which is more encouraging in terms of their further application. 

 

Table 1:Chemical composition of raw and leached SDC material 

Waste material SiO2 Al2O3 SO3 K2O Na2O V2O5 Fe2O3 MgO 

Raw SDC 65.5 1.67 15.5 8.77 1.64 5.50 0.73 0.26 

Leached SDC 92.0 1.53 4.10 1.33 0.08 0.19 0.52 0.06 
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Table 2:Fractionation of metals in raw and leached SDC materials (all values in %) 

Waste material Fraction Al Fe K Mg Na V 

Raw SDC 

Exchangeable 15.2 9.10 88.0 62.6 96.2 34.9 

Reducible 5.80 24.8 3.40 1.20 0.50 45.7 

Oxidizable 2.20 0.60 0.90 0.30 3.30 1.20 

Residual 76.9 65.5 7.70 35.9 0.00 18.3 

Leached SDC 

Exchangeable 17.8 16.1 32.9 8.80 17.6 19.8 

Reducible 5.50 6.40 9.90 1.50 1.80 56.9 

Oxidizable 1.80 1.20 4.30 1.90 80.6 2.00 

Residual 74.9 76.3 52.9 87.8 0.00 21.3 

 

The spent desulfurization catalyst from copper smelting facility was examined with respect to above-mentioned applications. The 
chemical compositions of untreated SDC, as well as citric acid leaching residue, are presented in Table 1. The composition of both 
waste materials is dominated by SiO2, which suggests they could be utilized in construction engineering. However, the amount of 
Al2O3 is too small to use these wastes as binding agents. The high amount of V present in the untreated material can be efficiently 
extracted with citric acid (up to 96.5%, see Table 1). Both of materials, however, pose threat to environment,because metals such as 
K, Mg, Na or V are easily mobilized as demonstrated by sequential extraction, especially from raw SDC (Table 2). The BET-
calculated specific surface areas of raw and leached SDC are 2.34 and 2.86 m2 g-1, respectively. These values are small and discredit 
both materials as the potential basis for new catalysts.  

Keywords: spent catalyst, environmental risk, resource reuse, metal recovery 
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Abstract: 

Positive connotations associated to practices of Urban Agriculture (UA) have been challenged by critical perspectives on the 
phenomenon(Tornaghi, 2014;McClintock et al., 2018;Purcell and Tyman, 2014). Among these, questions of how UAhave 
unintentionally contributedto the neoliberal re-structuring of cities by shifting the responsibility for food production from the state to 
the individual /collective level (Rosol, 2010); arguments about how food networks are often constructed as ‘white spaces’ that 
overlooks the meaning and knowledge of UA from other cultures (Guthman, 2008)as well discussions about how the focus on the 
local scale can reduce food justice to a spatial problem preventing addressing macro-scale structures mediating food access (Born and 
Purcell, 2006)have been brought up.Inspired by these critical perspectives, this study proposes three analytical lines – scale, meanings 
and networks – to analyse and reflect upon UA initiatives that take place in different socio-economic contexts – Aarhus, Hatay and 
Fredrikstad. These analytical lines help uncovering how UA operates in different scales (e.g. individual, household, community, 
municipal, global), how it serves different, and often contradictory, functions (e.g. neoliberal, reformist, progressive, radical) for 
different actors and institutions (McClintock, 2014). In this respect, scale embody and express different power relations; meanings 
refer tothe diverse interpretations of UA that produce discordance in regard to purposes and outcomes and networks address the 
diverse socio-political and cultural aspects that surrounds the practice of UA. Considering these three analytical lines, UA initiatives 
in Aarhus, Hatay and Fredrikstadprovide the empirical ground for unpacking the multiple roles of UA. Aarhus is undoubtedly a ‘lab’ 
for UA. Peri-urban and intra-urban agriculture are extensively implemented with the support of the Program Taste Aarhus, which is 
managed by Aarhus Municipality partially through self-funding (€1 million) and partially through funding provided by Nordea Bank 
(€1 million, 2015-2018). Any person in the city is eligible to start up an initiative, under the conditions of institute a democratic 
structure consisting of a chairperson, treasurer and three other decision makers and organising two events per year that are open to the 
public, as a mean of giving back to the community for the privilege of using of public land. This organisation has contributed to the 
emergence of several initiatives throughout peri-urban and intra-urban areas of Aarhus. In denser areas of the city the occupation of 
empty and underutilised public spaces of the city, semi-private areas within condominiums and the use of UA as a temporary activity 
in places that are in transition (e.g. construction sites)are quite common. The Green Embassy (see Image 1) located at the main square 
of Aarhus, gives information to the public about how to engage in UA initiatives in the city. Besides supporting people to start-up UA 
initiativesAarhus municipality also raises awareness about edible resources in the city, using signs identifying herbs and/or 
vegetables, found in forests, public spaces and beaches, that could be incorporated in daily diets.Gardening and UA are also employed 
in institutional programmes (e.g. elderly homes, schools) as a mean of promoting heathier eating habits, encouraging physical exercise 
or for social interaction within these institutions. Hatay is Turkey’s seventh most densely populated province and is located in the 
southern part of the country.The proximity of Hatay Province to the Syrian border has had a strong influence on population 
development in recent years, leading to a sharp increase in the number of inhabitants, particularly in border municipalities. The 
rapidly increasing population places a burden on the Hatay’s economy which largely depends on agriculture.In Antakya, the capital of 
the province, a greenhouse is under construction in the peri-urban area. With financial support from EU, this investment is expected to 
become a demo and pilot area to test the potential of aquaponics, hydroponics and vertical gardening systems to produce food in the 
region. Hatay Municipality owns the land where this green-house is being built, and the master plan for the surrounding area includes 
housingdevelopment as well as the construction of pavilions to host the Expo Hatay 20212.In addition to this investment, a great 
number of UA initiatives around the region is supported by the ‘Women’s cooperative’, which is managed by an entrepreneur with 
the support of Hatay Municipality. Having access to a plot of land with the minimum area of 360 m2and be a woman in financial and 
social vulnerability (e.g. widows, unemployed husbands, kids enrolled in schools) are the conditions to become part of this 
cooperative. The municipality provides the material to build up middle-sized greenhouses (6x30 meters) in the backyard of the private 
houses (see Image 2). The production harvest from half of floor area of the greenhouses belongs to the cooperative and the other half 
to the women, who consume or sell the products in the local market.In many cases flowers are cultivated and used by the Municipality 
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in the parks and squares of the closest urban settlement. Currently 250 women are part of the cooperative, most of whom have 
previous experience with farming.Fredrikstad is a showcase for retrofitting, transforming a former hospital complex into a 
residential and commercial area, called Cicignon Park. The hospital - Østfold Hospital, located in downtown Fredrikstad, has a 
property portfolio of 55000 m2 and a plot area of 35000 m2. In December 2014, Nordic Group Development AS bought the hospital 
and construction of Cicignon Park (see Image 3) has started in October 2018. The private developer’s visions for Cicignon Park are 
(1) high environmental profile, (2) high architectural quality, and (3) high level of satisfaction on a European scale.This development 
is expected to become a showcase of circular economy. A share of the residential units will be equipped with dry toilets and all the 
waste will be treated on the site. UA is planned to be implemented in the balconies of the new flats and a green house is also planned.  

 

 
Image 1: Green Embassy, Aarhus, DK 

 
Image 2: Green house, Hatay, TK 

 
Image 3: Aerial view Cicignon Park, 
Fredrikstad, NO 

 

Despite the initial phase of this study, the dialogue between these different cases through UA critical literaturepromise 
uncoveringinterestingperspectives. For example, in relation to scale and meaning the visions stated in the planning documents of the 
different cities shed light on their priorities for development. Aarhus endeavours to become “a good city for all, where there is room 
for unfolding and diversity, and where we together help those who need it”(Aarhus Municipality, 2018). Hatay aims to ‘becom[e] a 
leader in agricultural production not only in Turkey but also in the Middle East”(Hatay Municipality, 2018). The municipal master 
plan of Fredrikstad, through social and spatial guidelines, strives for the vision of being “The small world city” (Fredrikstad 
Municipality, 2018). These visions to some extent mirror the role of UA in the different cases. Mediated by the Program Taste 
Aarhus, more than 300 UA initiatives have been flourishing in the Municipality of Aarhus. In Hatay, agriculture lies in the core of the 
policies for land use and is the driver for the economic growth of the region. One of the priorities stated in the regional plan is 
enhancing the productivity of agriculture in the region. This directive has been taken into consideration in the environmental plan, 
which identifies and safeguard specific areas for agriculture. In Fredrikstad, the incorporation of UA to a large urban development 
goes in hand with the popularisation of UA in many cities around the world. A new and green development situated in the Fredrikstad 
seem to match the vision of becoming ‘the small world city’. 

 

Key- words: Critical Urban Agriculture, Aarhus, Fredrikstad, Hatay 
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Abstract 

Urban Agriculture (UA) typologies have been frequently used as a mean to systematise knowledge about the impacts that agriculture 
can have in cities (EPRS, 2017; Krikser et al., 2016; Lohrberg et al., 2016).This is particularly important given the complexity that 
surrounds the phenomenon of UA which ismultifunctional (e.g. social, ecological) and multi-purpose (e.g. recreation, self-supply, 
profit) practice that involves different actors and, as such, implies on a variety of development options (Krikser et al., 2016). By 
clustering knowledge, typologies facilitate the communication of complex ecological and socio-economic systems, and, when well-
developed, they contribute to theory building (Doty and Glick, 1994)and support decision making(Krikser et al., 2016). Given these 
arguments, this study reports the method applied to develop a UA typology for Aarhus Municipalityand discusses how this typology 
can inform planning processes. Aarhus is the second largest municipality in Denmark and it is well-known for its bottom up initiatives 
involving UA. The ‘Taste Aarhus’2program has been a key driver of the implementation of more than 300 UA initiatives around the 
city. The program is managed by Aarhus Municipality partially through self-funding (€1 million) and partially through funding 
provided by Nordea Bank (€1 million, 2015-2018). The main question the program address is ‘How can cities create more socially 
inclusive places and communities, when focusing on edible nature and urban farming?’ Taste Aarhus uses UA as a tool to bring 
people together, activate underutilised spaces around the city and engage people in the practice of growing their own food.As part of 
making Aarhus an edible city, the municipality raises awareness about eatable resources in the city, using signs identifying herbs 
and/or vegetables, found in forests, public spaces and beaches, that could be incorporated in daily diets. UA is also seen as 
opportunities for new forms of engagement with the political ecology of the city (Davidson, 2017). In this regard, any person in the 
city is eligible to start up an initiative. Only two requirements are necessary: institution of a democratic structure consisting of a 
chairperson, treasurer and three other decision makers and organising two events per year that are open to the public. The latter is a 
means of giving back to the community for the privilege of using public land. This structure has contributed to the emergence of 
several initiatives throughout peri-urban and intra-urban areas of Aarhus. In peri-urban areas where the competition for land is less 
intense and the price is lower, larger spaces are available for agriculture. The intra-urban areas are, however those where most of the 
initiatives take place. While some of them include just few people (around 6) others have participation from over 300 members. Map 1 
depicts the location of these initiatives in Aarhus Municipality.  

                                                           
1Corresponding author: luciane.aguiar.borges@nordregio.org 

2 http://smagpaaaarhus.dk/ 
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Map 1: UA initiatives, building footprints with population density in Aarhus Municipality 

Based on the understanding that land is a core issue for the practice of UA, the attributes used to develop a typology for Aarhus were 
(i) spatial location; (ii) land ownership, and (iii) management. Regarding spatial location, besidesthe basic distinction between peri-
urban and intra-urban UA, the typology also acknowledged the diversity of initiatives within denser populated areas in the city. The 
inventory of existing UA initiatives allowed the identification of four different types of intra-urban spaces used for agriculture: 
‘transitional spaces’(refers to spaces that are in transition with UA activity as a temporary happening); ‘left over spaces’(relates to 
fragments of public spaces that are under-utilised and do not have a clear function), ‘between buildings spaces’ (corresponds to UA 
that happens in semi-public spaceswithin a neighbourhood or community in residential areas) and ‘edible spaces’ (eatable resources 
that can be found in the city).Aspects related to land ownership included the distinction between public, semi-public and private 
tenure and management acknowledged by whom the initiatives have been organised and administrated (e.g. municipality/institutions 
or people). Figure 1illustrates these attributes. The development of the typology included several steps which included the spatial 
pattern analysis based on information gathered from project website and project manager, synergistic photointerpretation facilitated 
by Google Map, Google Street View and OpenStreetMap, and input of ancillary data from two field studies in Aarhus and web 
search(see Figure 2). From this process, five UA typologies were identified for Aarhus Municipality (seeTable 1).  

 

 
Figure 1: Variables considered in the UA typology 

 

Figure 2: Methodology framework for UA typology 
development 

 
Table 1:UA typologies for Aarhus Municipality 

Type Attribute – Land, Spatial, Institutional Share of the total UA initiatives 
1 Public, Edible, Municipality 58% 
2 Public, Leftover, People (or together with Institution) 18% 
3 Semi-public, Between buildings, People (or together with Institution) 14% 
4 Public, Transitional, People 6% 
5 Private, Peri urban, People (or together with Institution) 4% 
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The scattered pattern of initiatives suggests that UA is not an exclusive activity for some resourceful communities or neighbourhoods 
in Aarhus but is a phenomenon that supports development of inclusive cities. The typology has unveiledhow UA is inserted in intra-
urban structures through the utilisation of public land. The municipality has a great impact on the share of UA initiatives in Aarhus – 
approximately half of them account for public information on edible resources in the city. This may suggest that UA is a phenomenon 
that relies extensively on public support. A close interlink between public and civil society actors ensures that UA initiatives thrive. 
Thirty-eight per cent of the other initiatives are driven by peoplewith 18% of them taking place in leftover spaces of the city. This 
finding suggests the usefulness of UA as a mean of recycling underutilised spaces. This study will further investigate how the UA 
typologies can support and inform planning by interviewing the planners in Aarhus on issues related to the usability of these 
typologies. 

 

Key- words: Urban Agriculture (UA); urban planning, Aarhus,  
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Household compost mix reduced fruit cracking in greenhouse grown tomato (Solanum 
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Abstract  

Commercial plant production is dependent upon a reliable and stable growth medium. With the 
emergence of urban agriculture, a dependable source for growth media in containers has increased the need for 
recyclable and reliable substrates. We have done preliminary testing of substrates from a commercial supplier of 
recycled household  waste compost in Norway compared to an ordinary peat based substrate from another 
commercial supplier. The recycled compost used was ordinary household waste compost, mixed with 
vermicompost, using earth worms to produce a more nutritious substrate, in a shorter time. Two tomato 
cultivars, one red ‘Alicante’ and one yellow ‘Golden Sunrise’ were grown in 30 L containers with bottom holes, 
watered by drip-irrigation, the same rate for both substrates and fertilized with the same nutrient solution. The 
yield  (kg) and number of tomatoes for each of the six plants in each treatment, as well as the number of fruits 
with cracks was registered. There was no significant difference between peat based and household/vermicompost 
mix with regards to yield  (kg) or number of fruits per plant for each of the cultivars. However, there was a  
highly significant difference on the number of cracked fruits were observed, between cultivars; ‘Alicante’ had 
fewer cracked fruits than ‘Golden Sunrise’. The most surprising result was that for both cultivars, the compost 
mix gave the lowest number of cracked fruits, compared to peat based growth medium. We will discuss possible 
reasons for this and how we have set this season’s experiments up to verify our hypothesis. 

Keywords:  growth medium, compost, peat, tomato 

 

Introduction  

Peat based growth medium has received a lot of negative attention in recent years, due to CO2 emissions. Cleary et al 
(2005) calculated that Canada’s consumption, transport and processing of peat, mainly for the greenhouse industry, 
increased by 66% over the ten-year period from 1990-2000. Furthermore, it would take 2000 years to restore the land. 
Consumers in Norway are asking for non-peat growth media for their gardens. So far, commercial growers have been 
reluctant to give up peat, as this is a reliable growth medium, which they master and which has consistent quality. In 
order to prepare for more urban agriculture by citizens in urban areas and prepare for the transition from peat to 
compost also for commercial greenhouse growers, we have started a series of experiments to elucidate on any 
encountered problems using compost for the amateur gardener for a range of crops. Here, we have used two varieties of 
tomato to verify the effects of the choice of growth medium on yields and tomato fruit quality. We have chosen two 
commercial products; one with 84 vol.% sphagnum peat/10vol. % sand, 4 vol % granulated clay, with chalk and 
dolomite added to reach a pH between 5.5-6.5. The compost based one contained 65% composted household waste and 
35% Vermicompost made with earth worms to increase nutrient content (Kharrazi et al.2014). The pH range was 
identical to the peat based.The buckets were drip irrigated with either water or nutrient solution provided with an 
electrical conductivity of 1.5 ds m-1, to balance a good growth. Both growth media were given the same treatment 
throughout the experiment. 

Materials and Methods 

Tomato varieties ‘Golden Sunrise’and ‘Alicante’ were grown from seeds and potted into 4 L pots with either peat or 
compost medium until they were large enough to be potted into 30L buckets for both growth media. We have chosen 
two commercial products; one with 84 vol.% sphagnum peat/10vol. % sand, 4 vol % granulated clay, with chalk and 
dolomite added to reach a pH between 5.5-6.5. The compost based one contained 65% composted household waste and 
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35% Vermicompost made with earth worms to increase nutrient content. The pH range was identical to the peat based.  
The buckets were drip irrigated with either water or nutrient solution provided with an electrical conductivity of 1.5 ds 
m-1, to balance a good growth. Both growth media were given the same treatment throughout the experiment. 

We recorded the yield (number of fruits and weight) and the quality (number of cracked fruits) for each treatment and 
variety. The experiment was conducted for 3.5 months, from mid May till end of August 2018. This was an extremely 
hot summer, with abnormally high temperatures in the greenhouses. 

Results and Discussion 

According to Figure 1, compost based growth media was equal to peat based with respect to number of fruits (Fig.1A) 
and the yield (g) (Fig.1B) for both varieties through the summer. This is a promising result, as that is all we need, to be 
able to make the shift from peat to compost for tomato production. Urban famers can safely grow in nutritious compost. 
With respect to quality, the compost was far superior to peat for ‘Alicante’, since the number of fruits with cracks were 
significantly reduced for this variety (Fig.1C and D). For ‘Golden Sunrise’, the problem of cracked fruits under the 
conditions in the greenhouse substantial for this variety, as seen in Figure 1C. ‘Golden Sunrise’ seems to be more 
vulnerable to fruit cracking, compared to ‘Alicante’ and compost could not sufficiently compensate for this. This is no 
surprise, as the variety is known for the thin skin, considered to be an advantage for home grown tomatoes. But, for the 
thicker skinned ‘Alicante’, the number of cracked fruits were significantly reduced in compost, compared to peat 
(Figure 1C and D). 
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Figure 1. Impact of tomato variety (A=‘Alicante’ and GS=‘Golden Sunrise’) and Growth medium (Torv =peat) 
and Lindum =organic compost) on A: total # fruits, B: fruit fresh weight (g) and C: total # fruits vs # cracked 
fruits, D: detail on # cracked fruits. All numbers are average per plant. Bars represent 5% significance level. 

 

The hot summer of 2018 is probably be the reason for the high number of cracked fruits, as irrigation is a crucial 
component of fruits cracking. High temperatures could cause uneven moisture in the buckets, which is a larger problem 
for peat, than compost, since peat is less readily re-moisturised. To test this hypothesis, we are repeating the experiment 

A B 

C D 
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this summer; comparing the same experiment in buckets to self-watering containers with a large water reservoir to 
ensure that the growth media never dries out. 
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Abstract: 
 
To achieve a circular economy, more of the nutrients in waste, including human waste, needs to be recycled back into 
agriculture/plant production. If possible, local nutrients should be better utilized in urban greening. Urine contains plant available 
nutrients in a fairly balanced ratio. Source separated human urine can be used as a fertilizer, but this is uncommon, especially in urban 
areas. There are several reasons for this(Simha and Ganesapillai 2017),one is that nitrogen occurs as urea that quickly hydrolyses to 
ammonium during storage. Hydrolysis also raises pH, and ammonium turns into ammonia. Ammonia is easily lost as gas, and this 
causes the bad smell. In agricultural soil ammonium is quickly nitrified to nitrate. This is also the first step in biological sewage 
treatment. Nitrate is stable, does not smell and is a better plant nutrient, as many plants cannot grow well with ammonium as the only 
nitrogen source. During nitrification, pH also decreases, which also stabilizes any residual ammonium. Nitrification in a reactor for 
production of nutrient solution has been achieved in Switzerland (Fumasoli et al. 2016; Udert and Wächter 2012). 
Here we attempt to nitrify urine to get a liquid fertilizer. Whilst nitrification of diluted urine is similar to what happens in the first step 
of sewage treatment, nitrification of full strength urine poses some problems, among them nitrite (intermediate product) accumulation. 
We set up two types of reactors in laboratory scale using stored human urine, one where nitrification happens in a solution and air is 
bubbled througha moving bed biofilter(Figure 1), and one where urine percolates through a multipass paced-bed biofilterusing porous 
lightweightaggregates. (Figure 2).As nitrification decreases pH, pHwas used as control parameter. When pH drops below a set value 
(6.2 currently used), more substrate (urine) was added. The aim of the study is to get a stable process where high strength urine can be 
partly nitrified to a stable, smell free nutrient solution. Data from different reactors and variation in loading rate will be presented. 
 
Keywords: nitrification, urine, nutrient solution 

 

 
Figure 1:Nitrification reactor with liquid with moving beds inside. At the start-up phase, acid is added though inlet (B) when pH goes above a 

threshold, later the substrate that has a high pH (about 9) is added when pH drops below a threshold. Air is blown in (C) and can get out through an 
outlet (F) and when the reactor gets fuller than a threshold (measured at G), some liquid is pumped out to a storage tank (H). There is a magnetic 

stirrer (L) inside and the reactor is cooled to a temperature of 16  ͦC (A/I, inlet/outlet of cooling water). A perforated plate (K) separates the tank with 
the moving beds from the stirrer. Dissolved oxygen (D) and pH (E)are measuredcontinuously.  
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Figure 2:Nitrification reactor with liquid percolating over porous filter. Everything is seen from above apart from the tank with measurement 
devices (F).Substrate is let in (A) when pH drops below a target, and it is let out into a storage tank (H) when too full. A column (G) is filled with 
leca with nitrifying bacteria, and the liquid percolates from the top. The liquid is pumped there from a small tank (F) where all the measurements, 

dissolved oxygen (C) and pH (D) and how full the reactor is (E/B) are made and air is let in (I). 
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Abstract: 
The application of the circular economy in European cities delivers benefits at local and global level on fourmaindomains: resource 
use, the environment, the economy and society at large. In nature, the ecosystem is circular because waste from one organism is food 
for another, but the city ecosystems in most cases are linear and the raw materials are transformed into goods or products and finally 
end up as waste (European Environment Agency, 2016). However, the ecosystem of a city can be transformed into circular by closing 
the cycle with the adoption of innovative technologies, supportive policies and the participation of citizens through more 
environmentally friendly behaviours. 
The EU has defined a common strategy for all Members States with the 2050 vision of 'living well within the limits of our planet'. In 
this context the new general Union Environment Action Programme to 2020 identifies three priority areas, the natural capital, the 
resource-efficientlow-carbon economy, and human health and wellbeing (European Commission, 2013).  
Following this Programme, European cities with focus on urban development are encouraged to exploit efficiently the natural 
resources in order to contribute to the circular economy.However, this challenge encompasses difficulties when it comes to the cities 
adoption and implementation of specific policies and practices. In this respect, the SiEUGreen European funded project has identified 
that there is a wide range of available innovative resource-efficient agricultural techniques, which have been  evaluated primarily on 
the lab scale or in small pilots. In order to facilitate cities to deploy these technologies and techniques towards a circular model of 
urban agriculture, SiEUGreen proposes a certain methodology that is aimed at the following:  
First, help the cities identify their needs and priorities as regards urban agriculture and circularity. 
Second, provide the linkages between these needs and priorities and the available technologies so that they select the most 
appropriate.  
Third, develop quantified targets for the measurement of the accomplishment of their objectives towards the delivery of economic, 
environmental and social benefits. 
Currently, researchers have identified a series of substantial good practices, but most of them have not been put in practice at larger 
scale or the benefits that a city can obtain haven’t been measured with the appropriate indicators or haven’t been communicated to a 
wider audience, including European cities. 
The aim of this paper is to surpass these obstacles by providing to cities the methodology described above with instructions and 
suggestions as regards the establishment of their vision, the deployment of the technologies, stakeholder and end-user engagement and 
other relevant issues.  
Based on this methodology, three European cities: Aarhus in Denmark, Fredrikstadin Norway, and Hatayin Turkey, and two Chinese 
cities:Beijing and Changsha will implement both technological and social innovations aiming to demonstrate how different urban 
agriculture technologies can be implemented in practice. 
Last, SiEUGreen will diffuse the knowledge of evaluation results about benefits through an online resource centre and promotional 
toolwith openly accessible best practices, toolkits, success stories and challenges.  
 
Keywords: urban agriculture, circular economy, resource efficiency, environmental andsocioeconomic benefits 
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Abstract 
 
The blackwater stream of domestic wastewater contains the majority of nutrients that can contribute to the circular economy. This, 
however, requires a sustainable means of recovering to provide alternative and effective nutrient sources. The growth of C. 

sorokiniana on treated source-separated blackwater as a substrate was monitored by measuring optical density (OD) and dry biomass 
weight (DBW) at a substrate flow rate of 1.8 L d-1, the temperature of 37 oC and pH of 7. The results indicated thatC. 

sorokinianaassimilate and recover 99 % of N and P from 10% treated source-separated blackwater. The N and P removal rates were 
99 mg N L-1d-1 and 8 mg P L-1d-1 for 10% treated BW and reached 212 mg N L-1d-1 and 35 mg P L-1d-1

, respectively when using 20% 
treated BW as a substrate. The corresponding biomass yield on light, biomass yield on N and P on the 20% treated BW substrate were 
0.37 g (mol photon)-1, 9.1 g g-1 and 54.1 g g-1, respectively.  

Keywords: blackwater, chemostat, microalgae biomass, nutrient recovery, effluent quality 

Introduction 
 
The core principles of the circular (bio)economy are based on the recycling and re-use of resources towards sustainable approaches, 
which require a holistic resource utilization andprotectionof the ecosystems. There is an increasing interest in the use of anaerobic 
digestion (AD)for the treatment of source-separated domestic blackwater (Kujawa-Roeleveld and Zeeman 2006, de Graaff 2010, de 
Graaff et al. 2010, De Graaff et al. 2011, Moges et al. 2018, Zeeman et al. 2008). The effluent of an AD reactor is rich in nutrients, 
particularly N and P. Without proper treatment, excess nitrogen and phosphorus in discharged AD effluents can lead to downstream 
eutrophication and ecosystem damage. Using AD effluents as a resource and combining AD effluent treatment with the production of 
microalgae-based bioproducts can overcome several of the major challenges. The need for nutrients for the production of bioproducts 
from microalgae on the one hand and the threats from the release of AD effluents, on the other hand, open up opportunities for 
combined solutions. For a sustainable feed production from algae, the value of anaerobically digested effluent as a low-cost nutrient 
supplement has been evaluated in a number of studies (Kebede-Westhead et al. 2004, Chinnasamy et al. 2010) and was found to be 
promising. At the same time, converting the nutrients from AD effluents into microalgae biomass results in an improved effluent 
quality fulfilling the permitted levels for the safe discharge into the environment. The recovery of nitrogen through microalgae 
biomass could also enhance the environmental quality by reducing the nitrous oxide (N2O) emission. Nitrous oxide is a major 
greenhouse gas (GHG) with a global warming potential of about 300 times that of CO2 over a 100-y time period (IPCC 2007).  

This study aims to assess the nutrient removal efficiency of C. sorokiniana and its potential to improve effluent quality and evaluate 
the opportunities and challenges of using microalgae as an option for nutrient recovery from source-separated and anaerobically 
treated blackwater.  

 
Fig. 1. Approach and system description 

 
Results & Discussion 
 
Anaerobically digested, post-treated and hygienized blackwater (Eshetu Moges et al. 2018) was used as a substrate for a continuous 
culture of Chlorella sorokiniana strain NIVA CHL-176. When using a 10 % concentrated dilution of the wastewater the culture 
reached a steady-state after supplementing the substrate with Mg (fig. 2). The removal efficiency for N and P was 99.8 and 99.2 %, 
respectively (table 1). When increasing the treated blackwater concentration to 20 % the culture collapsed due to a too high nitrite 
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concentration, which was formed in the substrate bottle. By anaerobising the substrate the formation of nitrite could be prevented and 
the culture reached a steady state with a removal efficiency for N and P of 77.8 and 99.5 %, respectively (table 1). 
 

 
Figure 1:Dry biomass in g L-1 without Mg and without extra P, with Mg and extra P and with Mg but not extra P (▪), N concentration in the effluent 

(▲), and P concentration in the effluent (●) using 10% treated source-separated blackwater as a substrate. 
 

Table 1:Nutrient removal rates, the nutrient yield on light, biomass yield on light, and biomass yield on a substrate (N and P) 

 
 
Conclusions 
 
The integration of source-separated sanitation,anaerobic digestion of black water,and micro algae biomass production is a win–win-
win solution for domestic wastewater treatment challenges. It  addresses issues of water and wastewater management,energy and 
nutrient recovery, minimize pollution of water bodies and emissions of odors and greenhouse gases,and microalgae biomass may be 
used for several purposes depending on biomass quality and quantity. 
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Abstract 
Population growth, urbanization, and climate variability are putting increasing pressure on water resources. Recycling of greywater 
can be considered as an alternate water source. Integrated greywater treatment and recycling for green walls and roofs irrigation are 
one of the options that offer numerous benefits to densely populated urban areas, such as promoting sustainable urban farming for 
food production, cooling, air filtering, aesthetically appealing, and providing the basis for healthier urban community interaction. 
Alongside the benefits generated from greywater recycling, there are concerns about the impact on human health from microbial 
pathogens and chemicals. This study conducted based on the unique configuration of a source separation system; an on-site greywater 
treatment system; a green wall structure; and hydroponic crop production in the green wall, aiming to assess the efficiency of an 
integrated greywater treatment system and to evaluate the health risk associated with the consumption of products and operational 
activities. Chemical-microbial risk assessment (C-MRA) approach was utilized as a tool for predicting health risks associated with 
specific pathogens/chemicals of concern in order to place appropriate barriers and safety measure. Literature values and experiment 
results have been used as an input for C-MRAframework. Microbial risk assessment result for this specific setupindicates that the 
system attained the health-based targets of microbial risk. Similarly, the targeted hazard quotient (THQ) did not exceed the 
permissible level; thus the microbial and chemical (heavy metals) health risk concerns are within the acceptable risk level. 

Keywords:source separation system; greywater reuse; urine reuse, greywater treatment; green wall; health risk assessment 

Introduction 
Source separation of domestic wastewater is a system that provides an opportunity to collect the toilet waste separately, containing the 
majority of pollutants. Simultaneously, the system collects greywater, with much less concentration of pathogens and constitutes most 
of the wastewater quantity in households’ wastewater. As greywater contains fewer pathogens than domestic wastewater, it is 
relatively safer to treat and reuse(Larsen, Alder, Eggen, Maurer, & Lienert, 2009; Larsen, Udert, & Lienert, 2013). To remove 
contaminants, various greywater treatment technologies have been developed, ranging from simple to advanced treatment processes 
incorporating pre-treatment, biological, chemical or physical treatment technologies, and disinfection units as a post-
treatment(Ghunmi, Zeeman, Fayyad, & van Lier, 2011). This study conducted in the unique configuration of an on-site greywater 
treatment system, filtration system as part of the green wall and hydroponic crop production (Figure 1), aiming to assess the efficiency 
of the treatment systems and to evaluate the health risk associated with the operation and consumption. 

 
Figure 1. Greywater treatment steps and lettuce production (the type of lettuce and the proportion of urine depend on plant growth stage) 

Methodological Approach 
The chemical-microbial risk assessment followed the basic methodological framework for quantitative-microbial risk assessment 
(QMRA) postulated by (Haas, Rose, & Gerba, 1999)and chemical risk assessment (heavy metals) based on Targeted hazard quotient 
(THQ), a ratio between heavy metal concentration and the oral reference dose, weighted by the duration and frequency of exposure, 
intake rate and body weight(Petroczi & Naughton, 2009). The operational activities that can potentially expose the operator to 
microbial pathogens are routine ingestion and accidental ingestion, and assumed 0.0001 litresper event and 0.001 litres per event, 
respectively. The average body weight of an adult expected to be 70 kg, the daily lettuce consumption assumed to be 50 g, and the 
exposure frequency and duration assumed to be 104 days per year, and 70 years life expectancy, respectively. The concentration of 
reference pathogens was estimated based on E. coli concentration as an indication of microbial contamination and the concentration of 
reference pathogens in the sewage system(Eregno, Moges, & Heistad, 2017). 
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Result and Discussion 
The reduction of E. coli in log10 MPN/100 ml were 1.6, 1.9, and 1.6 for the biofilter system, green wall filtration column, and 
circulated irrigation water, respectively. Therefore, the system has gained a cumulative reduction of E. coli about 5.1 log10 MPN/100 
ml in the final effluent (Figure 2). E. coliwere not observed in any of the plant samples. The results of this study point out that the 
greywater treatment systems efficiently removedE. coli. The integrated hydroponic irrigation system can minimize the risk of 
contamination of the edible part of the lettuce. The type of irrigation plays an important role in terms of reducing the risk of 
contamination.The chemical health risk due to lettuce consumption expressed in terms of targeted hazard quotient (THQ), and the 
vale was above one and below the critical value five, when the value of lettuce intake rate per body weight of As, Cr, and Cu was 
above 1.65 g/kg, 2.05 g/kg, and 2.55 g/kg respectively (Figure 2). 

 
Figure 2. Water quality at different treatment steps andcalculated THQ for lettuce intake rate for a given body weight 

The computed health risk that accounts for operational activities (irrigation and harvesting) and consumption can be expressed in 
terms of probability of infection and it ranges from 2.8E-08 (Cryptosporidium) to 2.5E-12 (norovirus). On the other hand, the 
probability of infection due to lettuce consumption was estimated to be 1.4E-10, 7.8E-13, and 1.3E-10 in the case of Cryptosporidium, 

Campylobacter, and norovirus respectively (Table 1).The health risk of both operational activities and lettuce consumption based on 
the corresponding assumptions and scenarios were below WHO health-based targets. 

Table 1. Computed health risk for lettuce production and consumption 

Pathogens Rout of exposure Activities Pinf/event Pinff/year Pill/expo Pill/year 

C
ry

p
to

sp
o

ri
d
iu

m
 

Hydroponic irrigation 
Routine ingestion 2.8E-09 1.0E-06 1.1E-09 3.9E-07 
Accidental ingestion 2.8E-08 2.8E-07 1.1E-08 1.1E-07 

Lettuce harvest 
Routine ingestion 2.8E-09 8.3E-08 1.1E-09 3.2E-08 
Accidental ingestion 2.8E-08 1.4E-07 1.1E-08 5.4E-08 

Lettuce consumption Deliberate ingestion 1.4E-10 1.4E-08 5.4E-11 5.6E-09 

C
a

m
p

yl
o
b
a

c
te

r Hydroponic irrigation 
Routine ingestion 1.6E-11 5.7E-09 5.2E-12 1.9E-09 
Accidental ingestion 1.6E-10 1.6E-09 5.2E-11 5.2E-10 

Lettuce harvest 
Routine ingestion 1.6E-11 4.7E-10 5.2E-12 1.6E-10 
Accidental ingestion 1.6E-10 7.8E-10 5.2E-11 2.6E-10 

Lettuce consumption Deliberate ingestion 7.8E-13 8.2E-11 2.6E-13 2.7E-11 

N
or

ov
ir

us
 Hydroponic irrigation 

Routine ingestion 2.5E-12 9.3E-10 1.9E-12 6.8E-10 
Accidental ingestion 2.5E-11 2.5E-10 1.9E-11 1.9E-10 

Lettuce harvest 
Routine ingestion 2.5E-12 7.6E-11 1.9E-12 5.6E-11 
Accidental ingestion 2.5E-11 1.3E-10 1.9E-11 9.3E-11 

Lettuce consumption Deliberate ingestion 1.3E-10 1.3E-08 9.3E-11 9.7E-09 

Conclusion 
Microbial risk assessment result for this specific configuration indicates that the system attained the health-based targets. Similarly, 
the targeted hazard quotient (THQ) did not exceed the permissible level. The results of C-MRA demonstrate the importance of 
microbial removal efficiency of the integrated greywater treatment system and hydroponic irrigation scheme can minimizethe health 
risk below the health-based targets. This study points out some vital health risk-minimizing strategies that may potentially further 
reduce health risks, and these include: 1) Improving microbial and heavy metal removal efficiency of greywater treatment systems 
through appropriate treatment. 2) Selecting plants that can be served cooked in urban food production. 3) Growing plantsthat have the 
potential of reduced heavy metal bioaccumulation in urban food production.4) Select appropriate irrigation minimizing contaminated 
aerosol particles. 
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Evaluation of a compact unit for pre-and primary treatment of greywater 
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Abstract: 
As water, the most vital element for life is becoming perilously scarce (Elimelech, 2006), solutionsand technology facilitating for 
lower water consumption and re-use of wastewateris becoming extremely relevant. 
If the wastewater from a household is separated greywater and blackwater, recycling is facilitated and more than 90%(Jenssen & 
Vråle, 2003)of the total could be recycled. However, as greywater is to be recycled in densely populated areas compact greywater 
treatment systems are needed.  
 
In this studyabiological aerated filter(BAF) is used to treat greywater from“Kaja” student dormitory at Norwegian University of Life 
Sciences (NMBU),a residential complex with 48 permanent inhabitants (Todt, Heistad, & Jenssen, 2015).Floating biofilm carriers are 
used as filtermedia, and it is operated in an upflow mode.  
Initial resultsshow on low loading rate76.8% removal of BOD5, and 77.2%. reduction of TSS. After 15 days of operation the filtered 
COD showed 135 mg/L in the inlet, and 37.8 mg/L in the outlet.The study will be continued to give better uderstanding of the 
possebilities and limitations of using BAFs as a compact system for treating greywater. 
 
Keywords: Biological aerated filter (BAF);Greywatertreatment; Source separation. 
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Abstract 

Potable water is becoming aincreasingly scarce in parts of the world due to populationincreaseand the effects of global warming.  
Singapore reclaim drinking water from sewage in their New Water project with great success. Greywater, water from showers, 
washing and kitchen constitutes 60-90% of the total volume of waste water. Greywater has lower nutrient content and less pathogens 
than normal sewage (wastewater including blackwater or toilet waste), hence, it should be easier to recycle. If greywater could be 
recycled and supplement the current supply of household drinking water, a lot of water can be saved. However, greywater may 
containorganic micropollutants as pharmaceuticals and personal care products. (PPCPs). PPCP´s and also taste and smell needs to be 
removed if greywater is to be recycled. In this paper potential methods for turning greywater into drinking water is examined. 
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Precipitation of Fertilizer from concentrated Liquid waste 

 

S. Ullah Khan, M.K. Pandey, P.D. Jenssen 

The global population of humans is increasing at a rapid rate and in order to sustain the food requirements of the growing population 
the food production needs to be increase accordingly. The main   fertilizers, as nitrogen derived from natural gas, phosphorus, 
potassium and Sulphur derived from mineral ore, are all limited with expected remaining reserves ranging from 50 – 260 years. In 
addition most of the phosphorous is produced from phosphate rocks found in four West Sahara and China but some also in, Russia, 
USA and China (Heckenmuller, Narita, & Klepper, 2014). Therefore, new sources of fertilizers are needed to be found as the 
availability of mineral fertilizer sources are becoming more challenging in future. Municipal waste water contains numerous essential 
nutrients which can be used to extract mineral fertilizer and therefore not only meet the global needs of mineral fertilizer for crop 
production but have very harmful effects on environment if these nutrients are dumped without treatment along with wastewater into 
the environment. Therefore, extracting fertilizer elements from wastewater not only solves the problem of fertilizer shortage for 
agriculture but also reduce the environmental impacts of these nutrients on the environment such as eutrophication and soil leaching. 
A lot of attention has been given to the term Circular Economy these days and extracting fertilizers from municipal wastewater 
present an ideal form of circular economy as it creates employment opportunities, reduce the risks associated with release of nutrients 
into the environment and provides a continuous source of valuable source of fertilizer. In this research paper the challenges in 
extraction of mineral fertilizer from source separated concentrated streams of wastewater and the methods to extract mineral fertilizer 
from such wastewater are discussed. The methods can be chemical, biological and physical extraction of nutrients from concentrated 
streams of wastewater. 
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This study presents examples of locations in Norway implementing multifunctional blue-green infrastructure to improve water 
quality. Water in urban areas and downstream may suffer serious pollution form point and diffuse sources from upstream and in-
catchment, which might have a negative impact on ecology, quality of life and values in the city. Pollutants in run-off, storm water 
and wastewater can be nutrients, pathogens, organic matter, suspended matter, low or high pH or toxic compounds, as metals and 
specific organic compounds.  
 
For many years the practice in cities has been to hide polluted surface water by building pipes and culverts. By this, the risk of human 
exposure to polluted water was minimized. With changing climate giving increased intensity of precipitation and the ambitions to turn 
the cities in a greener direction, the view on urban surface water as a resource, has increased worldwide.  
 
There are available a large menu of ecotechnology (blue-green infrastructure) to cope with storm water and run-off in the cities, even 
in cold temperate areas. This include green roofs and walls, infiltration in turfgrass areas, rain beds, treatment wetlands, ponds and 
open vegetated channels/streams. Systems including treatment and reuse of precipitation and storm water as alternative to potable 
water in parks (e.g. irrigation and washing) are also systems in development. When urban watercourses are restored, and new storm 
water systems are built, it is often referred to several ecosystem services that the measure is expected to fulfil, where better water 
quality ranks high, in addition to flood control, biodiversity and landscape aesthetics.  
 
In Norway there has been an increasing interest for blue green- green infrastructure in the cities since 2005. Many residential 
development projects include on-site measures for local storm water treatment. Municipalities reopen closed streams and use urban 
landscape, were available, for treatment and detention and as elements in city parks.    
 
The study present examples of urban treatment parks using surface flow constructed wetlands, ponds, biofilters and open channels to 
improve urban surface water quality. These systems are in the Oslo region in Norway and have been in operation for minimum 5 
years. The size of range from 2 – 14 da and systems typical consist of surface flow treatment wetlands in combination with vegetated 
channels/streams(table 1). 
 

Table 1: Examples of multifunctional nature-based systems for improved water quality in Norway 
Treatment park Municipality Estab. 

year 
Size, da 
(length*, m) 

HLR 
l/s 

Elements 

Teglverksdammen Oslo 2012 12 (400) 5 – 500 wetland, pond, biofilters, channel 
Bjerkedalen Park Oslo 2013 2,5 (300) 30-1000 wetland, pond 
Ensjøbekken Oslo 2017 (1000) 5-100 channel, wetland 
Nansenparken Bærum 2014 14 (700) 5-100 wetland, pond, channel, biofiler 
Knatten Lørenskog 2000 3,5 5-500 wetland/pond 
Blåveisbekken Ski 2005 7,0 5-500 wetland, ponds, P-filter  
Paddetjern** Ski 2008 4,0 5-30 wetland 
Spillhaug** Aurskog H. 2000 2,0 1-5 wetland 

*Length of channel/reopened watercourse, **Treating landfill leachates from closed landfills 
 
Data for monitoring water quality parameters has been compiled. Frequency of sampling and type and number of parameters varies 
between the locations and from year to year. 
 
The study include experiences using microbial source tracing (MST) for identifying sources of faecal pollution in urban watercourses, 
and effect of nature-based treatment on water quality, as nutrients (N and P), suspended solids, metals and pathogens (E.coli).  
In general, the systems investigated show ability to improve water quality. The effect varies with seasons and loading – as expected. 
Best removal was achieved in summer periods but data show also treatment in periods with low water temperatures. Wetland systems 
with hydraulic retention time HRT>10 days achieved removal of N, P and SS larger than 50% on yearly basis, however most system 
tested had shorter retention time.  
 
Open water in the cities attracts birds and other wild and domestic animals. In periods MST indicate that animals contribute 
significantly to water pollution by faecal matter. It is important to focus on measures to reduce the sources and concentrations of 
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faecal pollution to urban water bodies were there are many people, and to include measures to prevent people from being exposed to 
the water at sites or times when the water has a high level of faecal pollution. It is normally not possible to achieve stable bathing 
water quality standard for these water qualities, even if natural based treatment systems are used. 
The net effect of water quality improvement implementing blue-green infrastructure can be difficult to predict, since these systems are 
influenced by climate and biology, in addition to a large variety in design. There pressure on land use in most cities are extreme. 
Areas that can be deposited for water treatment are limited and often these systems are established in combination with parks. It is 
expensive to turn areas and former grey infrastructure in cities into blue-green measures - and to achieve a size that is optimal for 
desired hydraulic residence time, which is necessary for water quality improvements. 
 
When assessing the benefits, other effects than water quality and economy should also be included, as biodiversity, flood control and 
aesthetics. Multipurpose design is recommended, but not all ideal design goals should to be implemented at the same location, since 
some of the goals have specific requirements for design. For example,biodiversity with nesting sites can be implemented in treatment 
wetlands, but such measures are at risk if the systems also serve as flood control. In general, we recommend some areas in the water 
course to be specially designed for water quality improvements in combination with aesthetics, while other areas may focus on other 
design goals. New design including floating wetlands may improve multifunctionality in these systems. 
 
Good blue-green infrastructure design improves the quality of life of the citizens. This can also be reflected in willingness to pay extra 
for the properties in neighbouring areas with increased values, where these measures are included. This is an incitement for property 
developers and city planners to include blue-green infrastructure in planning.  
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Abstract: 
Fossil fuels have been and still are the major energy source in cement production. However, over the last few decades there is a steady 
global trend of increasing use of alternative fuels, driven both by cost incentives as well as by a series of environmental benefits. This 
study aims to investigate the prospects for the partial replacement of conventional fossil fuel (pet coke) currently used in the TITAN 
cement factory in Thessaloniki, Greece, with alternative fuels. More specifically, the study focuses on the impact of alternative fuels’ 
use on the emissions of air pollutants from co-incineration operations. In this direction, a quantification of pollutant emissions from 
co-processing of alternative fuels in the TITAN cement factorywas conducted and simulations of air pollutant dispersion around the 
factory took place.The alternative fuels that were investigated are: (i) Solid Recovered Fuel (SRF), (ii) Automotive Shredder Residue 
(ASR). Each scenario (BAU, A, B) represents a mixture of Pet coke with one or more alternative fuels: 

 Business as Usual (BAU) scenario: Pet coke 90% - ASR/SRF 10%. 
 Scenario A: Pet coke 70% - ASR 30%. 
 Scenario B: Pet coke 70% - SRF 30%. 

SRF constitutes a high quality alternative to fossil fuel produced from mainly commercial waste including paper, card, wood, textiles 
and plastic.SRF is manufactured to a specification, which is likely to vary depending on end-user requirements. On the other hand, 
ASR results from the shredding of automobiles into a mixture of ferrous and non-ferrous metal and shredder waste, consisting mainly 
of glass, fiber, rubber, automobile liquids, plastics and dirt. 
The exhaust emissions from the rotary kiln were estimated for the conventional fuel and for mixtures of conventional with alternative 
fuels, based on emission factors obtained by literature review, but also using the continuous measurements conducted by TITAN. 
More specifically, the quantification of air pollutant emissions regarding the BAU scenario was based on two alternative approaches: 
 Continuous flue gas measurements for the year 2017 
 Emission estimates based on emission factors (EFs) obtained through a statistical correlation between activity data (production 

volume), average fuel mix composition and emission data from operational measurements. 
On the other hand, with respect to the Scenarios A & B, the corresponding estimates were based on EFs related to: 

 Chemical composition of alternative fuel 
 Emission reduction technologies used in the factory 
 “Worst case” estimation 

Emission series are calculated for an entire calendar year taking into account activity and operational parameter data registered for the 
specific time period. Table 1 shows the calculated emissions for the regulated pollutantsas regards the scenarios under consideration. From 
Table 1 it can be deduced that the use of alternative fuels leads to less NO2 emissions. Besides, regarding dust emissions the 
legislative limits are not exceeded, neither for the BAU scenario nor for the two alternative scenarios. On the other hand, care should 
be taken regarding HC, CO and Hg emissions in the case of the alternative fuel scenarios, while dioxin and furan emissions are below 
the corresponding limit value. 
Using the emission estimates and measurements in the flue gas, the dispersion of the atmospheric pollutants around the factory and in 
nearby inhabited areas is simulated with the use of AUSTAL2000 model. AUSTAL 2000 is a Lagrangian air pollution emission and 
dispersion model, developed in strict adherence to the German VDI 3945 standard. In the frame of the present application, 
AUSTAL2000 was applied for a 10 x 10 km2area with the stack of the plant in the centre for the full calendar year 2017.On-site 
meteorological measurements and MEMO model results were used as meteorological input data. Besides, the plume rise was taken 
into account. 
Figure 1 presents the spatial pattern of the factory’s contribution to PM10and NO2annual average concentrations for BAU, while 
Figure 2 shows a comparison of concentration contributions under the BAU, A and B scenarios.Results from the dispersion 
simulations suggest that the factory’s contribution to the annual average air pollution levels in the surrounding area is very low. 
Based on the above, the prospective introduction of alternative fuels in the cement production process of the plant appears to have an 
overall positive effect on the related atmospheric emissions. Measurements in flue gas indicate significantly lower actual emissions 
than those estimated based on emission factors (“worst-case”).The increased use of alternative fuels in the fuel mix leads to reductions 
in the emission rates of most pollutants, while the current standards for alternative fuel chemical composition and substitution rates of 
alternative fuels are adequate to ensure conformance. Besides, simulation results indicate that contributions to the air pollution over 
surrounding areas are very low for all regulated pollutants. More specifically, even during extremely unfavourable conditions, NO2 
concentrations remain below the threshold values set by European legislation. As a result, the increased use of alternative fuels is 
expected to lead to a reduction in the unit's contribution to the levels of gas emissions in the surrounding area, including NO2. In 
conclusion,the participation of alternative fuels in the fuel mix of the plant is considered to be environmentally beneficial. 
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Table 1:Calculated emissions for all regulated pollutants as regards the scenarios under consideration 

 

BAU Scenario Α Scenario Β 
Limitvalues 
(mg/Nm3) Measurement 

2017 (mg/Nm3) 
Literature (mg/Nm3) 

High     Average 
High 

(mg/Nm3) 
Average 

(mg/Nm3) 
High 

(mg/Nm3) 
Average 

(mg/Nm3) 

SO2 1.9 31.57 29.80 25.26 24.04 28.03 26.85 200 

NO2  

672 (until 
25/3/2017) 
476 (since 
26/3/2017) 

1400.87 737.30 1265.32 665.96 1254.90 660.47 

800 (until 
25/3/2017) 
500 (since 
26/3/2017) 

Dust 1.4 17.92 13.18 16.19 11.90 16.05 11.80 

30 (until 
25/3/2017) 
20 (since 

26/3/2017) 
HCl 0.5 13.15 8.22 29.78 18.61 31.06 19.41 10 
HF 0.07 0.12 0.08 0.10 0.06 0.09 0.06 1 

PCDD/Fs 0.008∙10-6 3.169∙10-8 2.958∙10-8 2.567∙10-8 2.396∙10-8 2.521∙10-8 2.353∙10-8 10-7 
Hg 0.0133 0.0317 0.0172 0.0927 0.0504 0.0587 0.0319 0.05 

 
 

Figure 1:Spatial pattern of the factory’s contribution to the annual average concentrations of PM10(left) and NO2 (right) for BAU. 
 

 

Figure 2:Comparison of concentration contributions under the BAU, A and B scenarios 
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Phosphorous recovery by precipitation of struvite using  sea water as a magnesium source 

E. Kapela, T. Krogstad and P. D. Jenssen 

Abstract 

Phosphorus is a finite resource with the largest remaining resources in West Sahara and China. India and Europe have no significant 
mineral phosphorus resources. Nitrogen fertilizer is produced from natural gas. The gas used both to supply the ammonia and the 
energy for the production of the N-fertilizer. The world reserves of both natural gas and phosphorus are finite. Recovery and recycling 
of Phosphorous in the 21St century have thereforebecomeinteresting due to non-renewability and the need for feeding an increasing 
world population. Precipitation of struvite, an excellent slow release fertilizer containing both nitrogen and phosphorus, is therefore 
becoming increasingly interesting. Struvite can be precipitated from concentrated waste streams as from sludge dewatering, urine or 
blackwater (toilet waste) collected with water saving (eg. vacuum) toilets. For production of struvite magnesium (Mg) has to be added 
to the waste stream. Seawater contains Mg and precipitation of struvite from urine using seawater is successfully documented. In this 
paper precipitation of struvite from anaerobic co-fermentation of blackwater and organic household waste is investigated.  
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Are the 16 EPA PAHs in need of overhaul after 40 years of faithful service? 

Jan T. Andersson* and Christine Achten 
(University of Muenster; Muenster, Germany; *E-mail: anderss@uni-muenster.de) 

 
Due to their high carcinogenic/mutagenic potential and ubiquitous occurrence, polycyclic aromatic compounds (PAC) are among the 
most intensely studied environmental pollutants. Out of the thousands of representatives of this class of compounds, in most studies 
only 16 of them are selected, namely those that appear on the list that the Environmental Protection Agency (EPA) compiled in 1976 
as “priority pollutants” for water quality studies. In the following decades this list of compounds has found many other uses, including 
monitoring hazards to human health, although it was not intended for such purposes by EPA.  
 
The knowledge of PACs in the environment has grown enormously since the 1970s, and this is reflected in other selections of 
polycyclic aromatic hydrocarbons (PAH) that are now also used for regulatory purposes, i.e. in the U.S. Clean Water Act and in the 
15+1 PAHs for food analysis of the European Commission. However, the original list is still used by many scientists as if it were a 
code of best practice.  
 
The 16 compounds on the list are all hydrocarbons and contain from 2 to 6 rings. Some of the  
shortcomings of the list for adverse health effect estimations are related to this choice of compounds. Intense environmental studies 
have shown that other PACs show a stronger influence on human health and should therefore be preferentially analyzed if a truthful 
picture of the toxic properties of the sample is strived for.  
 
Compound classes that show adverse effects on human health and are relevant in environmental studies but are absent from the EPA 
list, are larger PAHs, e.g. dibenzopyrenes, polycyclic aromatic heterocycles, especially those with sulfur or nitrogen as heteroatom, 
and alkylated PACs (for instance 5-methylchrysene with a toxicity equivalence factor equal to that of benzo[a]pyrene). Such 
compounds can have toxicity equivalence factors much higher than that of benzo[a]pyrene.  
 
This realization has led to a call for establishing more suitable compilations of PACs for analysis for human health purposes. A 
fundamental question is whether one set of PACs would cover the needs for all kinds of samples and research interests or whether 
different ones are needed depending on the focus of the work. Representatives of the classes of compounds mentioned above should 
be included in such considerations. Other issues to be kept in mind are not only toxicity but also the frequency of occurrence, 
analytical practicability, if the compound may act as a proxy for other similar substances, etc. These thought-provoking questions will 
be discussed and illustrated with examples from the current literature and legislation.  
 
The realization that the EPA PAHs do not answer many of the scientific questions they are supposed to answer, means that action 
needs to be taken to come up with more appropriate systems that will yield better questions. This next step can only be taken after 
enough scientists have become aware of the untenable situation at present, and the presentation should be seen as one step in this 
process. 
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Non-extractable residues, an overlooked new hazard in the persistence assessment? 

 

M Telscher*, F Schmidt, C Leake 

Bayer Crop Science Division, Environmental Safety Department,  

Alfred-Nobel-Str. 50, 40789 Monheim am Rhein, Germany  

E-mail contact: markus.telscher@bayer.com 

Abstract: 

Non-extractable residues (NER) so called “bound residues” of plant protection products are formed e.g. in soil as a result of 
degradation processes.  Due to their inherent nature, analyses and further assessments of bound residues are challenging. Therefore an 
estimation of the generation and behaviour of NERs is mainly done indirectly.  In order to evaluate the microbial impact on the 
formation of non-extractable residues (NER) in addition to the microbial degradation experiments sterile control experiments are 
conducted to prove whether the formation of NERs is only due to adsorption processes or due to microbial degradation processes. 

 If the formation is due to microbial degradation processes the nature of the NERs is of course different to nature of original parent 
compound and release of NER is very slow in time and strongly correlated to degradation processes of the matrix (e.g. soil). 

In 2014 a new classification of non-extractable residues has been evolved and the non-extractable residues have been classified into 
three types of: 

 NER type I: Entrapped, strongly adsorbed, no covalent binding 

 NER type II: Covalently bound non-extractable residues  

 NER type III: Biogenic bound residues 

ECHA published some guidance for the assessment of (Persistent Bio-accumulative and Toxic) PBT properties in 2017 
(ECHA_2017_R.7b; ECHA_2017_R.7c; ECHA_2017_R.11). In addition in 2018 a discussion paper improving the interpretation of 
non-extractable residues (NER) in degradation assessment has been published by ECHA. I this discussion paper methods have been 
evaluated, how non extractable residues could be further experimentally analysed. 

In the regulatory view of ECHA the non-extractable residues are regarded as completely bioavailable and non-degraded residues in 
the regulation of general industrial chemicals and therefore they are regarded and handled in the risk assessment as parent substance if 
not shown otherwise experimentally. 

From our experiments it was concluded that the experimentally elucidation of non-extractable residues is highly sophisticated and 
therefore still challenging. However, even with soil destroying methods like the silylation, enzymatic digestion or digestion with 6 
molar HCL at 110°C the main portion of bound residues will remain bound to the soil and therefore it could be concluded that this 
part is not bioavailable. The liberated non-extractable soil bound residues could not be assigned to bromoxynil nor any metabolites of 
bromoxynil. A  small  could be assigned to natural amino acids. Both results indicate that bound residues will not contribute to future 
risks or hazards because they are on one hand not bioavailable or on the other hand they have been converted to natural biogenic 
residues like natural amino acids. 

On the basis of these results an overlooked new hazard would not be foreseen. 

 

Keywords: non-extractable residues, persistence assessment, availability, soil, extraction methods 
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During the past decade, the development and application of new, highly sensitive trace analytical instruments and methods 
haveresulted in the identification of a large number of organic contaminants of emerging concern (CEC) in Arctic environments. The 
recently published Arctic Monitoring and Assessment Programme (AMAP)assessment on CECs is a comprehensive testimony of the 
wide array of contaminants currently investigated in the Arcticenvironment.During the past decade, the list of priority CECs 
considered as relevant for Arctic pollution assessment was expanded into new flame retardants (i.e. organophosphorous flame 
retardants (OPFRs)), personal care products (e.g. synthetic musks and cyclic siloxanes), pharmaceuticals, surfactants, food stabilising 
chemicals and many more.Moreover, the AMAP assessment on CECs in the Arctic revealed a surprising complexity of sources, 
distribution processes and transformation pathways of these contaminants.By collating existing research and monitoring results, the 
assessment contributed to a new scientific understanding of the sources andenvironmental fate of anthropogenic contaminants in the 
Arctic environment. As a consequence, AMAP hasrecently expanded and reorganised the future assessment strategies based upon 
these extended new findings. Future investigations of sources to Arctic pollution will include a stronger focus on local sources in 
addition to long-range transport.Our presentation will illustrate the application of new research results in regional screening and 
monitoring activities with several relevant examples.The transport and distribution pathways of cyclic siloxanes, novel flame 
retardants as well as documented local contamination issues on pharmaceutical residues in the Arctic decentralised communities will 
be discussed. The challenges of thorough quality control and method validation for screening and monitoring CECs and its 
importance for the proper interpretation of research and monitoring results will be elucidated in the presentation. In addition, the final 
implementation in regional and even global regulatory frameworks will be discussed and elucidated. The close interdisciplinary 
linkage between environmental chemistry, toxicology, fate modelling and monitoring, environmental assessment and regulation is 
considered as mandatory for sustainable environmental regulations in the Arctic environment.This is especially truein a time of 
potential conflicts between environmental concerns and other important economic and strategic interests in the region.  
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Abstract: 

In the last decade, medical and pharmaceutical sciences improved considerably. Due to this development, average age increased and 
the human population dramatically rose. At the same time, the types and amount of consumed medicines changed. In spite of that 
wastewater treatment techniques have been constantly evolved, many active pharmaceutical residues appear in the cleaned effluents, 
therefore, in the surface waters as well. But, the release of pharmacologically active compounds (PhACs) into aquatic ecosystems 
poses a serious environmental riskresulting in a chronic contamination of non-target organisms.  

Our research aim was to determine the ecological risk of PhACs concentrations in the waters of an important touristic region, the 
largest shallow lake in Central Europe, Lake Balaton (Hungary – Figure1) andto explore a possible correlationbetween magnitude of 
actual hazard and impacts of seasonal changes.Earlier, the presence of 134 PhACs was examined at 10 different sites in Lake Balaton 
and its catchment area from June 2017 to August 2018 with seasonal frequency.Taking the complete studied period and all sampled 
sites account, 72 PhACs were detected and quantitative measured in environment (Maasz et al., 2019, under review). Based on their 
biologically activity, the detected PhACswere classified among others into the following groups: antiepileptics, cardiovascular agents, 
antipsychotics, and hormone modulators.The three most frequent (>85%) PhACs were tramadol, carbamazepine and lidocaine in the 
water samples. At the same time, PhACs having the three highest maximum concentrations were the caffeine (2675 ng/L), lamotrigine 
(2334 ng/L) and carbamazepine (805 ng/L).Seemingly, according to our results, the impact of summer touristic season on number and 
concentration of PhACs is remarkable.  

To calculate of ecological risk assessment after determining the environmental concentrations of investigated PhACs, it wasalso 
required collection of ecotoxicology data (e.g. EC50, LC50 or NOEC) and determination of the Predicted No Effect Concentrations 
(PNEC). Using a risk quotient (RQ), which is defined as the ratio of the maximum measure environmental concentration (MEC) to 
the PNEC, the ecosystem risk from pollutants can be estimated.In general, RQ<0.1 reveals a low risk, 0.1<RQ<1 represents a medium 
risk, and RQ above 1 indicates a high ecological risk to aquatic organism (Deo, 2014). 

The risk analysis was performed separately for the Lake Balaton (5-10 sites on Figure 1) and its catchment area (1-4 points on Figure 
1), as well. In addition, it has been examined how the risk level changes in each measurement period, in other hand whether the 
ecological risk increases during the summer tourist season. Generally, based on our risk assessment results, it can be stated that 
aquatic organisms living in the catchment area are exposed to bigger hazard than those populating in the lake.The reason is probably 
the pollution of nearby city and the surrounding treated wastewater effluents into River Zala. Studying the change of ecological risk 
with touristic seasonal variation is a complicate task. The ecological risk depends on among others the concentration of investigated 
PhACs in surface water. Furthermore, the environmental concentrations are depend on efficient of applied waste water treatment 
technology, resistance of biodegradation, defined daily doses, and dosage of medicine (it can be periodical or continuous). It can be 
seen from our data that some hormones, antiepileptics, antidepressant and anxiolytics causealmost same risk in the water of lake all 
year, commonly the dosage of these compounds are continuous. However, there are also PhACs (e.g. hallucinogens),they pose any 
risk just occasionally. In the case of impact of summer touristic season on risk further measurements are necessary to state exact 
conclusions. PhACs that caused at least medium risk during the investigated period in the Lake Balaton and/or its catchment area can 
be seen in the Table 1.Overall, the results definitely show that the ecological risk is low in caseof most of the investigatedPhACsin the 
largest shallow lake in Central Europe butit is very important to pay attention the level of pharmaceutical ingredients in our surface 
water and to protect the ecosystem from possible future damages.  
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Tables and figures 

Figure 1 represents the sampled sites A: in Europe; B: in Hungary; C: on Lake Balaton with its catchment area and main river (River 
Zala). 

 

 

Figure 1:Maps of sampling locations  

 

Table 1:Compounds causing at least medium risk during the investigation 

Pharmaceutical class Compound RQ 

Alkaloids caffeine 0.3904 

Antiepileptics carbamazepine 0.1265 

Antipsychotics/Antidepressants haloperidol 0.2500 

Cardiovascular drugs propranolol 0.3942 

Hormones/hormone derivatives bE2 0.5969 

Hormones/hormone derivatives E1 0.9657 

Opioids/morphine derivatives tramadol 8.7459 

Stimulants/Hallucinogens and their metabolites  MDMA (Ecstasy) 0.1238 
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Abstract: 

The pathogenesis of obesity and related comorbidities have been shown to be promoted by environmental pollutants, such as 
plasticizers and bisphenols which are capable of binding and activating the peroxisome proliferator-activated receptor γ (PPARγ), that 
plays a key role in regulation of adipogenesis. Since endocrine disruptors targeting PPARγ are found to affect humans as well as 
aquatic organisms, it seems crucial to overcome the artificial separation between these research fields.To understand molecular details 
of PPARγ-activation we studied the molecular interactions of several phthalates, non-phthalates and bisphenols to PPARγ in humans 
and fish by surface plasmon resonance (SPR) spectroscopy. Using recombinant human and zebrafish PPARγ, the interactions were 
tested at a compound concentration range of 6.25-400 µM and compared to the binding efficacy of the natural PPARγ-ligand 15-
Deoxy-delta12,14-prostaglandin J2 (15-PGJ2). We could confirm Bisphenol A as a PPARγ-interacting compound in human and 
zebrafish and identify several common substitutes of Bisphenol A as strong binding partners, with Bisphenol AF and Bisphenol B 
even exceeding the effect of Bisphenol A. Furthermore, we could demonstrate, that two metabolites of the phthalate DEHP are able to 
bind PPARγ and confirm activation at low micromolar concentrations through reporter gene assays. 

The data on the molecular interaction will provide evidence for which substances bind to PPARγ and have to be analysed in more 
detail. A quantitative-structure-activity-model (QSAR model) of PPARγ-interacting compounds will allow conclusions on which 
parts of the compounds contribute to the interaction. In further studies diverse interaction partnersinvolved in the PPARγ-plasticizer-
complex and effects on gene activation mediated through plasticizer-binding will be characterized in human and zebrafish adipocytes. 
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Abstract: 
Nowadays, due to sustainable development of chemical processing or environmental monitoring and control, much more attention is 
paid to environmental aspects in chemistry field (Sikdar, 2003). The well-known 12 Principles of Green Chemistry formulated by 
Anastas and Warner give some clues, how to reduce environmental impact, as well as potential negative health effects of chemicals 
and chemical synthesis (Anastas& Warner, 1998). The 5th rule concerns solvents and indicates that their usage should be minimized 
(lower amount of solvent) or avoid whenever is possible, or replaced by some alternatives that are more environmental benign. The 
replacements for conventional organic solvents could be water, supercritical fluids, carbonates, bio-based solvents (from biomass and 
food waste) and ionic liquids (ILs). The last one group is widely used due to their various desirable physicochemical properties. These 
salts are combination of relatively large asymetric organic cations and either organic or inorganic anions, that allow to designate a 
substance for the specific demand. Unfortunately, their greenness status is not clear. Firstly, they were used to be called as the green 
solvents (mainly due to negligible volatility and non-flammability), then some indications appeared that they could be harmful (eg. 
due to toxicity, biodegradability, etc.). How to assess whether these chemical substances are green solutions for given chemical or 
technological applications? Therefore, a lot of different factors should be included in evaluation to give a relatively true image of the 
problem, including safety, biodegradability and toxicological criteria. Toxicity towards different organisms, biodegradability, vapor 
pressure and some hazardous properties, such as: special hazards arising from the substance or hazardous decomposition products, 
hazard and precautionary statements, signal wording are parameters that seem to be significantly important. However, putting all 
factors together is the most challenging task. The solution is application of MCDA (Multi-criteria Decision Analysis) methods. These 
tools allow to combine the values of many assessment criteria into single numerical value, easy to interpret. Therefore, the main aim 
of these techniques is finding the most favourable solution among all alternatives (available options) and ranking all remaining ones 
(Huang et al., 2011). Moreover, MCDA provides ranking of available alternatives according to the preference by assessing the 
appropriate weights values to criteria. It allows to differentiate the relative importance of each criteria - influence on final ranking 
results. In this case study TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution), one of the most popular 
MCDA algorithm is applied. It is based on the definition of similarity to ideal solution, which ranged between 0 and 1 - the worst and 
the best option for all criteria, respectively (Yoon, 1987). In this evaluation commercially available ILs are included. Additionally, 
some organic molecular solvents are also taken into assessment. Unfortunately, due to missing points in dataset, different rankings are 
performed - for more criteria but few substances, and also including few criteria but with a greater number of ILs and solvents. To 
give the idea on the reliability of the greenness assessment, ILs are summarized with organic molecular solvents, previously 
characterised in solvent selection guides reported in the literature (Prat et al., 2014). Accordingly, organic solvents are divided into 
several groups, colored by: dark green (recommended), light green (to be confirmed), yellow (problematic), amber (to be confirmed), 
red (hazardous) or dark red (highly hazardous). Chemists are familiar with hazards related to their application and organic molecular 
solvents serve as reference points in presented rankings. However, if less criteria are considered (due to gaps in dataset) but more 
substances, the order is quite different. Traditional organic solvents, which are described in literature as environmentally dangerous 
are on relatively high positions in the ranking. It is worth to notice, when compared with molecular organic solvents all ILs were 
ranked within a narrow range of values of similarity to ideal solution. That makes them relatively non-diverse group in comparison to 
polar solvents included in the ranking (in a reference to assessment criteria). Remarkably, the situation changed significantly while 
criteria reduction. Thus, this range is getting much more wider. In case of four criteria of assessment, only very superficial 
information on ILs greenness could be provided. Biodegradable compounds as well as that ones that do not form hazardous 
decomposition or degradation products are more favorable. Lack of data is a serious problem in performing greenness assessments for 
ILs. Therefore, comprehensive assessment only for a limited amount of ILs may be done. These results clearly show that the reckless  
assertions on ILs as alternative green solvents are inaccurate and inappropriate. More data collection and studies should be performed 
in upcoming years. 
Keywords: green assessment, ionic liquid, multi-criteria decision analysis, solvents, TOPSIS 
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Abstract 

Disinfection byproducts (DBPs) formed during chlorination of any water sources are becoming emerging contaminants and, as potent 
toxicants, can cause health risks to humans. The presence of humic-like organic matter acts as a precursor for DBP formation in 
waters upon chlorination. This study is one of its kind to evaluate the toxicity of whole chlorinated effluents on three genetically 
modified bioluminescent bacteria and one naturally occurring cyanobacteria spirulina strain isolated from freshwater. The three 
bacterial strains underwent plasmid fusion with different promotor's response to specific reporter genes were used.Bacterial strains 
named as DPD2794 (Vollmer et al., 1997), TV1061 (Van Dyk et al., 1994), and DPD2515 (Belkin et al., 1997)obtained as a gift from 
Prof. S. Belkin (Hebrew University of Jerusalem, Israel) were used as a model system to examine the toxicity of raw and chlorinated 
wastewaters. The reporter genes are sensitive to genotoxic, cytotoxic and reactive oxygen species generation. DPD2794 
(genotoxicity) strain was genetically modified from the host E.Coli DH5 alpha-RFM443 with promotor rec A and plasmid 
pRecALux3 which is sensitive to SOS-DNA damages. TV1061 strain is again E.Coli DH5 alpha encodes for the heat-shock grpE 
promoter sensitive to the cytotoxic substances causing metabolic changes in bacteria. Host E.Coli DH5 alpha strain-W3110 receiving 
micF promotors responds to superoxide reactive oxygen species (ROS) stress. Three different non-chlorinated wastewater effluents 
(W1, W2, and W3) were collected from treatment plants located in Raanana, Kibbutz Yagur and Shafdan, Israel.Further, the samples 
were chlorinated in the lab using sodium hypochlorite (NaOCl) solution containing 1 and 10 mg/L of active chlorine at different 
contact time (0.5, 1, 2, 4, 8, 24, and 72h) such that the final residual chlorine was quenched using sodium thiosulfate. The changes in 
organic matter content and composition of raw and chlorinated effluents were characterized using dissolved organic carbon (DOC) 
concentrations, UV absorbance (at 254 nm), specific UV absorbance (SUVA254) and fluorescence. Development of toxicity along the 
water chlorination towards three bacteria and one algal test strains was wastewater-specific. The UV absorbance of wastewater 
effluent W1 decreased significantly when treated with 10 mg/L Cl2, whereas, DOC and SUVA254 remained to be unaffected. Also, 
(W2 and W3) two other effluents did not show any significant changes in DOC and SUVA after chlorination. Chlorination of all three 
effluents seems to have a minimal effect on fluorescent organic matter. Chlorinated effluents showed a chlorine concentration-
dependent temporal development of cytotoxicity and genotoxicity potential as compared to non-chlorinated effluents, while 
chlorination does not induce ROS-associated toxicity. Genotoxicity and cytotoxicity increased with time W1 and W3, then, by 
reaching maximum after 24 and 72 h of chlorination, they demonstrated a drop, thus indicating the competition between the formation 
of toxic DBPs and their disappearance. The differences in the development of cytotoxicity and genotoxicity between three effluents 
and in response to chlorine concentration are associated most probably with effluent quality and OM composition. These results 
highlight that the chlorinated water possesses DNA-damaging properties and substantial changes in the cellular metabolism of 
bacteria as a result of cytotoxicity. Toxicity of chlorinated water on cyanobacteria was always comparable to non-chlorinated 
effluents of all three types, which signifies that the production of DBPs was not strong enough to inhibit the growth of algae. The 
bioluminescent bacteria was found to be more susceptible to the development of toxicity along wastewater chlorination than 
cyanobacteria, thus suggesting the use of bioluminescent bacteria as a specific testing system for monitoring of water chlorination 
process.  

 

Keywords: chlorination, genetically modified bacteria, disinfection byproducts, algae, toxicity  

 



949 
 

References:  

Belkin, S., Smulski, D. R., Dadon, S., Vollmer, A. C., Van Dyk, T. K., &amp; Larossa, R. A. (1997). A panel of stress-responsive 
luminous bacteria for the detection of selected classes of toxicants. Water Research, 31(12), 3009-3016. 

Vollmer, A. C., Belkin, S., Smulski, D. R., Van Dyk, T. K., &amp; LaRossa, R. A. (1997). Detection of DNA damage by use of 
Escherichia coli carrying recA&#39;:: lux, uvrA&#39;:: lux, or alkA&#39;:: lux reporter plasmids. Applied and environmental 
microbiology, 63(7), 2566-2571. 

Van Dyk, T. K., Majarian, W. R., Konstantinov, K. B., Young, R. M., Dhurjati, P. S., &amp; Larossa, R. A. (1994). Rapid and 
sensitive pollutant detection by induction of heat shock gene-bioluminescence gene fusions. Applied and environmental 
microbiology, 60(5), 1414-1420. 

 



950 
 

Alternative assessment of hazardous chemicals by combining in silico tools with 
multicriteria decision analysis 

 

Ziye Zheng1, Gregory Peters2,3, Hans Peter H. Arp4,5, Patrik L. Andersson1 

1Department of Chemistry, Umeå University, SE-901 87 Umeå, Sweden 

2Division of Environmental Systems Analysis, Chalmers University of Technology, SE-412 96 Göteborg, Sweden 

3Department of Civil and Environmental Engineering, University of New South Wales, Sydney, Australia 

4Department of Environmental Engineering, Norwegian Geotechnical Institute, NO-0806 Oslo, Norway 

5Department of Chemistry, Norwegian University of Science and Technology (NTNU), Trondheim, Norway 

 

Abstract 

Alternative assessment of hazardous chemicals is challenging and several examples exist where problematic chemicals have been 
replaced by another hazardous chemical or only slightly better alternative. However, hazard dataistypically lacking in particular when 
considering recently introduced chemicals and thus in silico data could be a means to facilitate alternative assessment and speed up 
the processes. Another critical issue is to set endpoints to be considered for assessing the hazard. Most of the legislations, for example 
REACH,consider persistence (P), bioaccumulation potential (B) and toxicity (T) for hazard assessment, while the mobility in water 
(M) hasbeen recently brought up as a novel criteria1.Another concern is how to reach a decision based on uncertain in silico data 

across multiple endpoints. 

To address these problems, this study collected experimental data from open databases and calculatedin silico data by open-source 
software in order to determine what’s the most suitable data source.For this, sixteen alternatives to a widely used and regulated flame 
retardant - decabromodiphenyl ether (decaBDE) - were considered as the case chemicals.As expected, the data distribution of 
experimental data was uneven and large data gaps existed. In silico data were calculated for all alternatives that covered half-lives in 
biota and environmental media, bioconcentration factor, mobility in water and 13 toxicity endpoints including both human health and 
environmental endpoints.Furthermore, the use of three different multicriteria decision analysis (MCDA) methods was explored for the 
alternative assessment framework including heat mapping, MAUT and ELECTRE III. The heat map indicated that none of the target 
chemicals is perfectly sustainable. MAUT and ELECTRE III indicated that the case chemicals include potential regrettable substitutes 
but also some potential less hazardous alternatives. In aggregate the results of these three MCDA approaches provided meaningful 
insights in how to use in silico data to make an appropriate final-decision strategy for a selection of alternatives.This study also 
indicated that the traditional PBT assessment can underestimate the risk for more hydrophilic compounds, thus M should be taken into 
consideration in future alternative assessment processes. 
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Abstract: 

The removal efficiency (RE) of organic contaminants in wastewater treatment plants (WWTPs) is a major determinant of the 
environmental impact of these chemicals which are constantly discharged from wastewater treatment plants into surface waters. In a 
recent study by Li et al. [1] non-target screening analysis was applied to quantify the percentage of Removal efficiency (i.e. RE%) of 
over 300 polar contaminants, by analyzing influent and effluent samples from a Swedish WWTP with direct injection UHPLC-
Orbitrap-MS/MS. The method generated reliable estimates of RE% for large numbers of contaminants with comparatively low effort 
and is foreseen to be particularly useful in applications where information on a large number of chemicals is needed.  
In this poster we focus on the development of quantitative structure–property relationships (QSPRs) starting from RE% data measured 
and estimated by Li et al. to predict this parameter from the chemical structures. QSPR represents another possible solution to support 
hazard and risk assessment when experimental data are scarce or absent [2]. 
Several QSPR models have been generated starting from 31 compounds for which reference standards and measured RE% values 
were available, and then expanding the dataset using all the remaining available RE% data which were calculated from the ratio of the 
peak areas in the influent and the effluent from the non-target analysis. For a correct parametrization of the linear regression models 
the available RE% data expressed as complementary values (100-RE%) were scaled in a 0-1 interval and logit transformed prior to 
modelling. Multiple modelling strategies were used to address the heterogeneity of the available dataset as a whole, or by studying 
smaller sets of chemicals grouped according to structural similarity. The here presented QSARs were realized by Multiple Linear 
Regression based on Ordinary Least Squares approach (MLR-OLS) based on the theoretical molecular descriptors calculated by the 
freely available software PaDEL-Descriptor [3]. The best MLR models were selected by a Genetic Algorithm-based procedure and 
validated using the software QSARINS [4]. The quality of the QSPR relationships identified in this study is promising (i.e. R2 range 
0.7-0.9) and validates the data estimated using the non target analysis mentioned above.  

 

Figure 1: Experimental vs. Predicted values of the studied endpoint calculated for a group of amines and anilines using the QSPR approach 

These results suggest the possibility to use in silico predictive methods such as QSPR to generate predictive capacity to help the 
evaluation of the potential hazard of chemicals released from the technosphere to the environment 
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Abstract: 

In the last decades the need to provide extensive information on fate and effects of existing chemicals to humans and the environment, 
necessary to support the timely identification and management of potential risks associated to chemicals, has pushed the use of in 

silico, i.e. computer-based, alternatives to animal testing, forward. More recently, additional attention has been devoted to prevent 
hazardous substances from being developed and entering the environment, as well as to build safer alternatives to existing harmful 
chemicals through the “chemical substitution” procedure, which has become a core issue of regulatory strategies worldwide [1, 2]. 
Modelling approaches based on Quantitative Structure-Activity Relationships (QSARs) can be applied successfully to model and 
screen properties of large sets of chemicals in order to identify potentially hazardous compounds or safer alternatives [3, 4]. 

Regulatory and scientific communities are making a big effort to maximize the use of in silico techniques and are calling for fast, 
efficient, and transparent modelling tools, expected to support the exponential growth of information made available through public 
databases as well as high-throughput and –omics techniques [5]. Machine learning methods based on linear and non-linear approaches 
as well as data mining techniques have been widely applied to this end.  

Nowadays thousands of in silico models based on structure-activity relationships (i.e. QSARs) are available to predict different 
endpoints of ecotoxicological and regulatory interest. On the one hand, all this enthusiasm poses new challenges, which involve big 
data handling and modelling, and call for an increased expertise of developers and users, including regulators, to cope with highly 
complex information and computational approaches. On the other hand new challenges are opportunities for growth and improvement 
which are pushing computational scientists to deliver better results, for instance by addressing data uncertainty through data curation 
and multi modelling approaches. Even though challenges remain, such as the development of computational tools to predict the 
potential hazard of mixtures or the fate and behaviour of nanomaterials, examples of successful achievements in computational 
toxicology and related applications to support the hazard and risk assessment of chemicals will be discussed. 
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Abstract: 

The United Nations (UN, Resolution 64/292) and the World Health Organization (WHO Guidelines for drinking-water quality) 
consider access to clean drinking water essential to the realisation of human rights and the protection of human health. The UN 
Sustainable Development Goals (2015) for the next 15 years specifically address the need to protect water resources from the use of 
chemicals and the European Commission's 7th Environment Action Programme strategy for a non-toxic environment (EC, 2017) has 
the goal to "create and maintain a non-toxic environment that is free of exposures to minimise and eliminate all exposures to 
hazardous substances".Emissions of existing and next generation persistent chemicals into drinking water resources could not only 
impact the taste, odour and colour of drinking water, but also public health, ecosystem services and human rights. Consequently, 
ensuring that the sources of our drinking water are secure from any threats caused by chemicals is of the utmost importance. 

 

In order for a chemical substance emitted into the environment to pose a threat to the sources of our drinking water, it must be 
transported from the point of emission through soil layers, riverbanks, aquifers, and other natural or even artificial barriers. The time 
scales for this can vary from a few days in the case of surface water sources or riverbank filtration, to several years for remote 
groundwater extraction wells. Therefore important factors are the scale of environmental emissions, and whether the substance, or its 
transformation products, are persistent in the environment and mobile in the aquatic environment to survive such a journey. Inherently 
through these definitions, the more persistent and mobile a substance is the less intense the emissions would have to be in order for 
the substance to reach the sources of our drinking water.The hazard posed by persistent chemicals that are mobile in the water phase is 
scientifically well known since decades (Schröder, 1991). 

 

 

Figure 1: Overview of the proposed assessment procedure to identify PMT/vPvM substances 
registered under REACH. 

 



955 
 

The German Environment Agency (UBA) in 2017 proposed criteria and an assessment concept for such chemicals in the regulatory 
context of the EU-chemical legislation REACH (EC No 1907/2006), and to name such substances as persistent, mobility and toxic 
(PMT) or very persistent and very mobile (vPvM) (Neumann, 2017).In addition to two written consultations the proposal by the 
German Environment Agency (UBA) was continuously presented and discussed on workshops. This research project was funded to 
scientifically justify and technically develop the PMT and vPvM criteria further and to assess all REACH registered substances as of 
May 2017 (Arp et al. 2019 in preparation - FKZ 3716674160).The general outline for the PMT assessment is presented in Figure 1. 

 

Here we present the result of the PMT and vPvM assessment for the15469 substances registered under REACH as of May 2017, of 
which 9741 contained an identifiable organic constituent in concentration > 0.1% (w/w). Only these are considered “assessable” 
substances, as the remainder are either inorganic or complex mixtures, such as UVCB substances, with no workable structural 
information. We present a list of substances that are considered with sufficient weight-of-evidence to fulfil the PMT and vPvM 
criteria. 

 

The aim is to minimise environmental emissions of PMT and vPvM substances, similar to existing obligations in REACH for 
Persistent, Bioaccumulative and Toxic / very Persistent and very Bioaccumulative (PBT/vPvB) substances. This must be done 
precautionary before contamination of the water cycle occurs and before monitoring data are available. Consequently, the next step is 
an emission characterisation and if necessary the implementing of risk reduction measures by industry or of regulatory measures by 
authorities. Both will avoid undue contamination to the sources of our drinking water and will protect these valuable resources for 
future generations. 

 

Keywords: substance list, PMT and vPvM substances, REACH, drinking water 
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Abstract  

Starting from the lesson learnt after amassive contamination by perfluoroalkyl substances (PFASs) discovered in 2013, an 
innovativeapproach to environmental and health emergencies is here suggested. The pollution episode affected a vast area (Figure 1) 
of groundwater recharge in the North-East of Italy (Veneto Region), with direct consequences on surface water, soil, subsoil, and on 
water for drinking purposes (WHO, 2017). The regional authorities faced the environmental and health emergency situation putting 
immediately in place mitigation actions effective for long-chain PFASs. However, the pollution event involved different fluorinated 
compounds, including the short-chain PFASs (i.e. < C6). 

Within the framework of the European LIFE Programme, the novel approach is proposed with the LIFE PHOENIX “Perfluorinated 
compounds Holistic Environmental Interinstitutional eXperience” Project (LIFE16/ENV/IT000488). Lead partner of the project is 
Regione delVeneto while associated beneficiaries are ARPAV, Azienda Zero, IRSA-CNR and Università degli Studi di Padova. The 
project aims at demonstrating how a new inter-institutional governance system could be able to manage efficiently risks related to the 
environmental contamination bypersistent mobile organic contaminants (PMOC). PMOC are highly polar chemicals likely to persist 
in the water cycle, slowly degrade and are very mobile in aqueous medium, including water in biological tissues (Reemtsma et al, 
2016). The most important subclass belonging to PMOC is PFASs and the short-chain ones are the main targets of the project. In 
general, exposure to PMOC can lead to serious health effects, which in many cases cannot be adequately assessed because of a lack of 
monitoring data as well as knowledge of physico-chemical, toxicological and eco-toxicological properties (Lamastra, Balderacchi & 
Trevisan, 2016).  

LIFE PHOENIXProject started in September 2017, will last until March 2021 and is adopting an integrated approach called “holistic” 
because plansto involve different bodies, authorities and stakeholders that play key roles in the assessment and management of the 
risks from the contamination.The outcomes hence will assist policy-makers in taking decisions and implementing effective prevention 
measures for the environment, human health and socio-economic context.The inter-institutional governance systemstarted with the set 
up of a Permanent Regional Commission for emergencies supported by a Multidisciplinary Expert’s Panel in order to draftready-to-
use guidelines and prompt tools to support an effective action plan. An informative and statistic system based on a data warehouse 
that collects all crucial database and information available for the assessment will support the expert’s panel in order to implement the 
correct strategy and to improve the quality of data needed for local and regional policies.  

At the same time two well-timed environmental forecast tools for the estimation of contaminant distribution were set. The first tool is 
based on a validated numerical model for the flow and transport of the examined contaminants in groundwater. The model allows 
understanding all processes related to water quantity and quality, predict the transport and distribution of PFASs alongthe aquifer and 
evaluate the interactions of different environmental and anthropogenic factors in the diffusion of the contamination. Moreover, a 
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second developed tool is based on biological and eco-toxicological systems of early warning to define correlation between 
biodiversity levels and environmental stress. The use of terrestrial organisms likelumbricidaeis considered to assess the health status 
of some important cellular components as biomarkers in hemolymph cells (i.e.: cell mortality, resistance of lysosomal membranes – 
NRRT test and Reactive Oxygen Species level). 

The project is also proposing mitigation strategies based on sustainable technological and natural solutions. For the abatement of 
short-chain PFASs in drinking water the solution is based on physico-chemical treatment using ion exchange resins that are tested in a 
specific pilot plant. The resins are regenerable in situ and proposed as cheaper alternative to the off-site regeneration of activated 
carbon filters. Then, the use of phytodepuration applied in another pilot plant and successfully obtained with phragmitesis tested for 
the abatement of PFASs in irrigation water. The constructed artificial wetland will be soon upscaled in three already identified 
wetland systems. 

Finally, LIFE PHOENIX aims to transfer its solutions proposing the application of methodologies and approaches to other European 
geographical situations affected by similar episodes of environmental contamination from PMOC. 

The key points and the results of the first phase of LIFE PHOENIX Project are presented and discussed. 

 

 

Keywords:risk management, perfluoroalkyl substances (PFASs), forecast tools, mitigation strategies, early warning 

 
 

 

 

Figure 1: the plume of contamination from PFASs in the studied area. 

Source: Mazzola et al, 2013 
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Abstract   

In the past decade, significant concerns have been raised regarding the presence of perfluoroalkyl substances (PFASs) in northern 
Italy, with the Veneto Region as one of the contamination hotspots. Concentrations up to 700 μg/L (PFOA) were detected in the 
groundwater, up to 3.4 μg/L (PFOA) in the surface waters and 7.9 μg/L (PFOA) in the source waters of the Vicenza 
province(ARPAV, 2018; Valsecchi et al., 2015). Agriculture is traditionally among the most important economic sectors in Veneto, 
beingone of the most significant producers of fruits, vegetables, cereals and wine in Italy and Europe. Concurrently, Italy has the 
highest use of water for agricultural purposes in Europe(Nicoletto, Maucieri, & Sambo, 2017). The most important routes of the 
human exposure to PFASs are drinking water and food consumption, among which, vegetables have been identified as the most 
important food category in terms of the PFASs exposure (Felizeter, McLachlan, & De Voogt, 2014). Even though elevated serum 
PFASs concentrations have been detected in the residents of the contaminated areas in Veneto, connected with contaminated drinking 
water ingestion(Ingelido et al., 2018)and associated to higher mortality levels for some causes of death (Mastrantonio et al., 2018), 
comprehensive health risk assessment and research considering the food consumption are still lacking. In the light of the global trends 
in the substitution of long-chained PFASs (as PFOA and PFOS) with their short-chained equivalents (as PFBA and PFBS), the 
scarcity of data on the environmental behaviour and pathways of short-chain PFAAs and their health impacts are another emerging 
issue(Ghisi & Vamerali, 2018). In this work, atypical Veneto crop - red chicory var. Chioggia (Cichorium intybus L. 

Rubifoliumgroup), was cultivated in a greenhouse as model crop, under varying concentrations of pre-contaminated soil and irrigation 
water corresponding to 12 different treatments, with the final goal of developing a forecast model of PFAAs uptake to edible parts of 
the crops under environmentally representative contamination conditions. Even though PFAAs uptake in crops has been already 
studied providing some insights in their distribution and pathways in the plants, studies concentrating on mechanistic understanding 
are still scarce, usually including only one or several long-chained PFAAs (Ghisi & Vamerali, 2018). To our knowledge, this is the 
first study assessing the PFAAs plant uptake fromboth PFAAs contaminated agricultural soil and irrigation water in separation and in 
synergy. 

Radicchio plants were grown in the greenhouse for a period of 87 days (from transplanting the seedlings to harvesting) in pots filled 
with 11 kg of soil per pot. Agricultural soil wasspiked with nine short and long chained perfluoroalkyl acids (PFAAs) (Table 1) to the 
nominal concentrations of 100 ng/g and 200 ng/g each, and was irrigated with spiked drinking water with nominal concentrations of 1 
μg/L, 10 μg/L and 80 μg/L, respectively, according to the following scheme, also including a control (clean soil and irrigation water) 
(Figure 1). 

mailto:andrea.gredelj@phd.unipd.it
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Table 1. List of PFAAs used in the experiments: 
Short – chained PFAAs  

(≤ C6): 
Long – chained PFAAs 

(> C6): 

Perfluoroalkyl carboxylic acids (PFCAs): 
Perfluorobutanoic 
(PFBA) acid 

Perfluoroheptanoic acid 
(PFHpA) 

Perfluoropentanoic acid 
(PFPeA) 

Perfluorooctanoic acid 
(PFOA) 

Perfluorohexanoic acid 
(PFHxA) 

Perfluorononanoic acid 
(PFNA) 

 Perfluorodecanoic acid 
(PFDA) 

Perfluorosulfonic acids (PFSAs): 
Perfluorobutanesulfonic 
acid (PFBS) 

Perfluorooctanesulfonic 
acid (PFOS) 

 

 

Figure 1: Experimental set-up 
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After the maturation (and reaching a marketable size), radicchio plants were harvested in triplicates, split into roots, leaves and heads 
and were analysed by HPLC-MS/MS for the determination of the PFAAs concentrations. Soil samples were taken and analysed by 
LC-MS/MS after the spiking activities (after the equilibration period of 10 days), to evaluate the homogeneity of the spike, and after 
the harvesting, as representative samples for the rhizosphere of each sampled radicchio plant.Estimates of the distribution of each 
PFAA inside the plant compartments with respect to the soil concentrations resulting from the pre-contaminated soil, contaminated 
irrigation water, and their combination, were evaluated to estimate the importance of the contamination sources (separately and 
synergistically). Also, to assess the importance ofPFAAs soil sorption asa factor in decreasing bioavailability, laboratory batch tests 
were performed to estimate the soil-water distribution coefficient for both sorption (Kd,ads) and desorption (Kd,des). For all treatments, 
mass-balances for each PFAA were calculated as well as the root concentration factors (RCFs), leaves-to-root concentration factors 
(LRCF), leaves concentration factors (LCF), leaves-to-head concentration factors (LHCF) and transpiration stream concentration 
factors (TSCFs) as the basis for the uptake and bioaccumulation estimation andthe development ofessential chain-length and 
functional group correlations. Results throughout all the treatments showed that short-chained PFAAs, and PFBA particularly, are 
more prone to accumulate in all plant compartments, PFBA reaching concentrations up to 53(±13) μg/gdw in the roots, 27(±8)μg/gdw in 
the leaves and 12(±0.2)μg/gdw in the heads (the edible part) in the treatment with the highest contamination. Mass balance results 
indicate that the total PFAAs mass is mostly contained in roots in the treatments with only pre-contaminated soil, whereas most of the 
PFAAs mass passes to the leaves when contaminated irrigation water is applied on the clean soil. The highest mass percentages of 
PFAAs ending in the heads are detected in the treatments with highest contamination from both water and pre-contaminated soil. 
While short-chained PFAAs (PFBA, PFPeA, PFBS, PFHxA) were always detected in all plant compartments, and were primarily 
contained in the aerial plan parts, PFOA was detected in the radicchio head only twice, in the treatments with pre-contaminated soil 
irrigated with clean water. PFOS was generally detected in the lowest concentrations, and mainly it was stopped in the roots. The 
BCFs were calculated on dry weight basis, with the highest BCF calculated for PFBA (86.2 gdw/gdw on average among treatments) and 
the lowest for PFOS (2.6 gdw/gdw) The bioconcentration factors comparisonindicated that in treatments with the PFAAs delivered 
through the irrigation water (having higher compartmental BCFs), all PFAAswere more readily uptaken in radicchio and also 
transferred to leaves and heads compared to the treatments where only pre-contaminated soil is used. This difference is particularly 
visible for the long-chained PFAAs that are more significantly adsorbed to the soil, especially PFDA and PFOS, having the highest Kd 
values. These results represent a valuable empirical base for the validation of the existing plant uptake models which, when 
adequately modified to account for the specificenvironmental behaviour of PFAAs, can support a mechanistic understanding of 
theirtransport from soil to crop and, in general,of inter-compartmental translocation of different PFAAs under realistic environmental 
conditions, all of immense importance in risk assessment.  

 

Keywords: PFOA, PFOS, Chicorium intybus, crop uptake, bioconcentration factors 
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Abstract: 

In the last 20 years, our research group has developed many validated QSARs to predict different physico-chemical properties and 
biological activities of organic chemicals and contaminants of emerging concern. These models are useful for the hazard assessment 
of existing and new chemicals of environmental interest. In 2014, most of the models developed in these two decades of research were 
included in the modelling software QSARINS [1], in addition to a profiling tool, i.e. the QSARINS-Chem module [2]. However, this 
software is particularly suitable for experienced model developers and users.  

Recently, the growing need to move toward approaches, which are able to deliver fast but transparent and trustable predictions that 
are suitable, also at the regulatory level, to fill data gaps or support screening procedures, pushed us to develop the new QSARINS-
Chem as a standalone version. This software is dedicated to all users (i.e. with or without previous modelling experience), has been 
developed using the Java language, and can be freely downloaded at http://dunant.dista.uninsubria.it/qsar/.  

 

QSARINS-Chem allows for the profiling of organic chemicals for multiple endpoints and properties of ecotoxicological interest such 
as acute aquatic toxicity, biotransformations half-lives in multiple organisms, Koc, etc… in addition to the PBT Index model [3]. 
These predictions are generated using QSAR models developed by Multiple Linear Regression and based on 2D molecular descriptors 
calculated using the open source PaDEL-Descriptor software [4]. The quality of the models was validated according to the OECD 
Principles for the validation, for regulatory purposes, of QSAR models [5]. The statistical performances and properties of the models 
(i.e. applicability domain and descriptors) are described in the respective QSAR Model Reporting Format (QMRF). All the 
QSARINS-Chem models are easily applicable, in the respective structural applicability domain, for the prediction of properties and 
activities of new chemicals. 

In this poster, we provide examples of how the QSARINS-Chem standalone version can be transparently applied to generate 
predictions for various endpoints. The proposed examples show that this tool is useful to fill data gaps and profile/prioritize chemicals 
according to multiple endpoints of interest, also in combination with predictions generated by other software and literature models. 

Keywords:  QSAR, in silico, screening, hazard assessment 
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Abstract 

The Environmental Quality Standards Directive 2013/39/EU (The European Parliament and Council, 2013) calls for a new 
mechanism for providing high-quality monitoring information on the concentrations of potentially polluting substances in the aquatic 
environment to support future prioritisation exercises, with the final aim of improving the protection of water bodies and human 
health (through exposure via the environment).The mechanism consists in the creation of a “watch list” identifying a set of emerging 

pollutants(i.e. pollutants that are relevant considering their emissions, fate, hazard and risk and that are not yet monitored in the water 
bodies at the European level) for launching amonitoring program in Member States, lasting up to four years. The identification of 
chemicals included in the list that is now in force(European Union, 2018) followed for most of the chemicals a procedure relying on 
chemical risk assessment (Carvalho et al., 2015; Loos Robert et al., 2018), including emissions estimations,quantification of predicted 
environmental concentrations (PECs) or identification of measured environmental concentrations (MEC) and predicted no effect 
concentrations (PNEC) and human acceptable ortolerable daily intake valuesfor the exercise of risk-based prioritisation of chemicals 
at the European scale.  

The lagoon of Venice is one of the largest coastal transition environments in the Mediterranean sea and is located in a highly 
populated area where, starting from the 1960’s, anthropogenic drivers (chemical industry, fishing, tourism, glass manufacturing) 
increased the pressures on the lagoon environment, resulting in chemical pollution, eutrophication phenomena, and erosion 
(Micheletti et al., 2011).The lagoon of Venice is characterized by complex hydro-morphological conditions and includes a variety of 
valuable aquatic and terrestrial habitats. Since 2007, the lagoon of Venice is included as a Special Area of Conservation under the 
Natura 2000 network.Since the ‘90s, different monitoring programs have been carried out in the case study area, especially on priority 
pollutants to accomplish the requirements from the Water Framework Directive 2000/60 (European Parliament, 2000) and other 
regional and national regulations.Figure 1 shows the case study area and the river basin insisting on it. 

 
Figure 1: The Venice Lagoon and its watershed 

 
From Carpani et al. (Carpani and Giupponi, 2010) 

 

The exercise performed at the European scale to prioritise emerging chemicals is relevant, as it identifies (i) the criteria and (ii) the 
methodology at the basis of the inclusion of a pollutant in the watch list. However, the use of chemicals varies at the national and 
regional scale, in fact the chemicals market for several products categories is monitored at the national level, and, for some chemical 
classes, it is even managed at the regional level. Therefore, a regional case study can identify realistic patterns of use, emissions, and 
environmental concentrations of emerging pollutants. One of the objectives of the project Venezia 2021 is indeed the identification of 
a list of emerging chemicals specific to the lagoon of Venice, which is not included in the screening monitoring by National 
authorities. Starting from a review of the existing knowledge on emerging pollutants in Europe, Italy and in the lagoon of Venice and 
its watershed, including local monitoring programs,a set of pollutants that could be included in a local watch list was first identified. 
Sampling campaigns are planned in the project according to the seasonality characterising the different chemical classes,in order to 
detect the emerging contaminants in water, sediment and biota in the Venice lagoon. Ahead of these ad-hoc monitoring activities, 
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modelling activities will address aspects related to emission inventories and environmental fate to estimate realistic PECs for 
ecological risk assessment. After a first review on data availability, a procedure for quantifying chemicals emissions is defined for 
each chemical class or product category, thus identifying available statistics and the most suitable approach to define the loads of each 
chemical in the case study area.This methodology builds on the specific databases available at the national and regional level for the 
different classes identified. This activity, consisting in the first step of the strategy for the definition of a watch list specific to the 
Lagoon of Venice,calls for a chemical-specific approach where each chemical class is treated separately, and is realised through the 
elaboration of geographical information and statistical data treatment.  

Further steps will includethe development of a multimedia model to estimate PECs for the identified chemicals and hazard and risk 
assessment following the methodology presented by Carvalho et al. (2015), including ecotoxicological testing on species relevant to 
the case study area.  
 
Keywords: Emissions inventory, Watch list, Venice Lagoon 
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Soils are faced with chemical stressors, such as pesticides, and non-chemical stressors like soil compaction due to agricultural traffic 
and natural disturbance like water logging or drought. Although multiple stress factors are typical in the environment, research on the 
response of soils under such conditions is limited.  

Based on a short review of resilience theory [1-2], I will present a concept for research on the ability of soil contaminated by 
chemicals as one stressor to resist further natural or anthropogenic stress and to retain its functions and structure (Fig. 1), i.e. its 
ecosystem services. Pollution as a primary stressor will change the resilience, stability and resistance of ecosystems like soil. It can be 
expected that pollution affects the physiological adaption of organisms and the functional redundancy of the soil to further stress. 
Synergistic research is needed to test whether the recovery of organisms and chemical-physical properties in polluted soil after impact 
of further stress differs from that in non-polluted soil, i.e., whether polluted soil has a lower resilience compared to that of not or less 
contaminated soil. We highlight this issue by presenting two examples: one on the combination of chemical stress and non-chemical 
stress (metal contamination and soil compaction), the other on multiple chemical stress (application of several pesticides within 
typical agricultural spray series). 

We propose to intensify research on effects of combined stresses involving a multidisciplinary team of experts and provide 
suggestions for corresponding experiments. A mechanistic understanding of the reaction of soils to multiple stressors would pave the 
way to enhance ecological theory and to render the environmental risk assessment of chemicals more realistic. 
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Figure 1: The graph shows the possible reactions of an ecosystem to a stress applied at time zero (t =0, center) by four extreme 
scenarios: (a) Full resilience: the system returns to the initial state in terms of both structure (S) and functions (F), S  = S0, F  = F0; 
(b) Full physiological adaption: the structure is conserved but the functions have changed,  
S  = S0, F ≠ F0 (c) Full functional redundancy: the structure has changed but the functions are retained, S ≠ S0, 

F  = F0; (d) No resilience: both structure and functions have changed, S ≠ S0, F ≠ F0. The resilience of the system is independent of 
the time needed to return to equilibrium. The third dimension illustrates further aspects of reactions: The higher the stress a system 
can withstand without turning into a new regime, the higher its resilience. The smaller the response of a system the higher is its 
resistance. The faster the return to equilibrium after a disturbance, the higher is the systems stability as defined by Holling (1973) 
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Abstract 

Governmental soil policy of Slovakia declares that the soil is and will be the basics of environmental, ecological, economical 
and social potential of Slovakia and therefore it must be carefully protected against damage. The new regulation concerning 
agricultural soils is the Act n. 220/2004 Z.z. on protection of agricultural soils and land use (MPRV SR, 2013) in effort to increase 
protection against degradation. Background soils contain native heavy metals concentrations plus an anthropogenic addition by the 
ubiquitous deposition resulting from diffuse heavy metal sources. The understanding of the potential risk elements behaviour in the 
soil system is one of the most important tasks in evaluation of their immobilization and transport.  The objective of this study is the 
evaluation of current hygienic state of agricultural soils in Slovakia.On the basis of the obtained results it may be said that the 
agricultural soils of Slovakia are not contaminated except some contaminated sites which are mostly situated on the industrial areas 
(anthropogenic impact) as well as on the areas situated under geogenic influence (mostly some mountainous regions). Their 
unfavourable state persists often a long period and agricultural land use of those affected fields is not recommended.  

Keywords:soil monitoring, soil contamination, risk elements, Slovakia 

 

Risk elements distribution on agricultural soils in Slovakia is evaluated in this contribution. The measured results have been obtained 
on the basis of soil monitoring system in Slovakia which is consistently running since 1993 year.Soil monitoring network in Slovakia 
is constructed using ecological principle, taking into account all main soil types and subtypes, soil organic matter, climatic regions, 
emission regions, polluted and non-polluted regions as well as various land use. There are 318 monitoring sites on agricultural and 
alpine land in Slovakia. All soil monitoring sites are located in WGS 84 coordinates. The monitoring site represents the circular shape, 
with a radius of 10 m and an area of 314 m2. The main aim of soil monitoring system is to obtain the knowledge of the most current 
state and development of soil properties according to main threats to soil including soil contamination (Kobza et al. 2014). There are 
permanently monitored important parameters in connection to recommendation of European Commission for evaluation of current 
state and development of soils (van Camp et al. 2004). Monitored parameters are the basis for modelling and assessment of soil 
functions and ecosystem services of agricultural land. Risk elements have been analysed in extraction by aqua regia (Cd, Pb, Cu, Zn, 
Cr, Ni, As, Se, Co) and Hg (total content using AMA analyzer).The distribution of risk elements depends on parent material, land use, 
soil type and potential source of elements origin (geogenic, anthropogenic, resp. mixed influence) (Wilcke et al. 2005). The 
geochemical anomalies occur mostly on volcanic and crystalline rocks, mainly in mountainous regions this process is manifested in 
agricultural land with less intensity. The most extended areas of geochemical anomalies appear in Štiavnické vrchy, Low Tatras and 
Slovenské Rudohorie mountains. These regions are often characterized by high to very high concentrations of some risk elements, 
especially in all soil profile (Cd, Pb, Cu, Zn, As).The distribution of risk elements on agricultural soils of Slovakiain surface horizon 
(0 – 10 cm) is given in the following Table 1. 
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Table 1: Average content of risk elements (mg.kg-1) extracted with aqua regia of main soil types in  Slovakia 

Explanations: 
FM – Fluvisols, 
ČA – Phaeozems, 
ČM – 
Chernozems, HM 
–  Luvisols, 
LM+PG – Albic 
Luvisols and 
Planosols, KM – 
Cambisols, RM – 
Regosols, RA – 
Rendzic Leptosols 
(soils according to 
WRB, 2014), Hg1 
– total content 
(AMA analyzer) 

 

In general, on the basis of our results it may be said that the hygienic state of agricultural soils in Slovakia is good except of 
some contaminated sites which are mostly situated in the industrial areas (anthropogenic impact) and in the areas influenced by  
geogenic impact – occurrence of geochemical anomalies (mostly mountainous areas). The area of contaminated agricultural soils is 
less than 1% of total area of soils in Slovakia. The significant change in concentration of inorganic (Cd, Pb, Cu, Zn, Cr, Ni, Co, Se, 
As, Hg and F) contaminants was not observed during monitored period of 20 years. It means that the soils which were contaminated 
at the beginning of soil monitoring, are still contaminated at present. There are about 20 thousand hectares of contamined soils in 
Slovakia. This constitutes 1 % of the total area of  soils in Slovakia, but predominant part of them is contaminated by geogenic 
influence.Based on the monitoring trends of contaminated sites on the most extended soils in Slovakia (Cambisols), we have noted the 
following positive trend (Cd andAs) and negative trend (Zn, Co, Cu and Ni). Two examples for Cd (positive trend) and for Zn 
(negative trend) are represented in the following Figures 1 and 2: 
 
• Positive trend for total Cd content (in comparison with the years 2013 and 2007) (Figure1) 
• Negative trend for total Zn content (in comparison with the years 2013 and 2007)(Figure 2) 

 
 

 

 

Figure 1. Contaminated sites (Cambisols) - Cd   Figure 2. Contaminated sites (Cambisols) - Zn 

 

  

0

0.2

0.4

0.6

0.8

1

1.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

mg.kg-1 
Cd 

2007 2013

0

50

100

150

200

250

300

350

400

450

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

mg.kg-1 
Zn 

2007 2013

Soil types As 
Cd Co Cr Cu Ni Pb Zn Se Hg1 

FM 
10.8 0.7 8.8 39.1 34.0 37.0 54.3 122.8 - 0.2 

ČA 
10.0 0.4 7.8 42.9 22.7 29.6 21.1 75.6 0.2 0.06 

ČM 
10.0 0.4 7.8 42.9 22.7 29.6 21.1 75.6 0.3 0.1 

HM 
9.2 0.2 10.0 41.5 22.9 32.6 19.7 68.8 0.1 0.05 

LM+PG 
9.9 0.3 9.7 42.8 17.0 23.3 24.2 66.7 0.2 0.07 

KM 
14.8 0.3 12.6 52.2 28.9 29.2 27.0 93.5 - - 

RM 
3.4 0.1 2.0 19.5 17.0 12.0 7.7 41.0 0.3 0.03 

RA 
13.1 0.5 11.8 55.2 30.6 42.0 36.3 103.1 - 0.13 
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Their unfavourable state of contaminated sites persists often a long period without significant change during soil monitoring 
period in Slovakia since 1993 year and therefore it will be necessary to monitor them also in the future.  
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Abstract: 

Organophosphorus pesticides (OPs) have been used mainly as insecticides throughout the world since the decline in the use of 
organochlorine pesticides in the 1960s and 1970s. OPs exhibit acute toxicity by inhibiting acetylcholinesterase (AChE) in the nervous 
system. OPs are considered to be degradable in the environment in contrast to organochlorines; however, continuous and excessive 
use of OPs has led to environmental contaminations which raise public concerns as the residues have repeatedly been detected in 
soils, plants, waterbodies, air samples, fishes and humans. Thus, it is important to understand the environmental fate of OPs for 
properly environmental risks assessment and for environment protection and management. 

Compound specific isotope analysis (CSIA)is one of the most promising fate investigative tools of organic contaminants. The 
hydrolysis is assumed as the most important step for detoxification of OPs and is concerned to be a major transformation mechanism. 
This study investigated the isotope fractionation pattern of organophosphorus compounds (OPs) in the aquatic environment upon 
processes such as hydrolysis, photolysis, radical oxidation and biodegradation(Wu, Yao et al. 2014, Wu, Kummel et al. 2017, Wu, 
Chladkova et al. 2018, Wu, Verma et al. 2018), which highlights that the carbon and hydrogen fractionation pattern has the potential 
to elucidate the transformation of OPs in the environment.  

Biomass may be contaminated with residual OP pesticidesand the waste material from crops or organic wastes containing OPs could 
be well used for biogas production. The efficiency and robustness of degradation need to be assessed for the development of 
biotechnological strategies on treating organic waste in biogas producing anaerobic digestion (AD) systems. Thus, the monitoring and 
characterization of OPs degradation in AD system is an important aspect for developing treatment concepts, and knowledge on 
degradation mechanisms might be used to optimize the reduction of residual concentration in digestate. Therefore, the ability of 
anaerobic digestion to eliminate organophosphorus model compounds with structural elements of phosphate, phosphorothioate and 
phosphorodithioate esters was evaluated. Enzymatic mechanism of the first irreversible degradation reaction was characterized using 
metabolite pattern and kinetic 2H/13C-isotope effect in original, cell-free and heat sterilized biogas slurry. The isotope fractionation 
study suggests different modes of degradation reactions.Representatives for phosphate ester, tris(2-chloroethyl) phosphate and 
tris(1,3-dichloro-2-propyl) phosphate, were hydrolysed in biogas slurry without carbon or hydrogen isotope fractionation. 
Representatives for phosphorodithioate, dimethoate and malathion, were degraded in original slurry yielding carbon enrichment 
factors but without hydrogen isotope fractionation. Phosphorothioate degradation represented by parathion and parathion-methyl 
yielded surprisingly different carbon and hydrogen isotope enrichment factors in original slurry compared to cell-free slurry, 
suggesting H-C bond cleavage. 

CSIA opens the door to the development of field-based assessment of degradation reactions.The applicability of CSIA for assessing in 

situ hydrolysis of OPs was investigated in a contaminated aquifer at a former pesticide wastes landfill site “Groyne 42” which is 
situated at Harboøre Tongue in Denmark facing the North Sea. The area is still heavily contaminated by approximately 100 tons of 
primarily OPs, mainly the highly toxic parathion. Stable isotope analysis of parathion extracted from groundwater taken from 
different monitoring wells revealed a maximum enrichment in carbon isotope ratio of +4.9 ‰ compared to the source of parathion 
(Figure 1), providing evidence that in situ hydrolysis took place. Calculations based on the Rayleigh-equation approach indicated that 
the natural attenuation of parathion was up to 16% by hydrolysis under neutral and acidic conditions. In degradation experiments with 
aerobic and anaerobic parathion-degrading microbes, no carbon and hydrogen isotope fractionation of parathion were observed. For 
the first time, CSIA has been applied for the exclusive assessment of the hydrolysis of phosphorothioate-containing organophosphorus 
pesticides at a contaminated field site. 
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Figure 1: Carbon (a) and hydrogen (b) isotope ratios of parathion obtained from the ground water from the “Groyne 42” field site. Green squares 
indicate the samples from the treated area; blue circles indicate the samples from untreated area; Red dotted lines indicate the carbon and hydrogen 
source signatures of parathion. 

Source: (Wu, Verma et al. 2018) 

 

Keywords: isotope fractionation; organophosphorus compound; natural attenuation; environmental fate. 

References 
 
Wu, L., B. Chladkova, O. J. Lechtenfeld, S. Lian, J. Schindelka, H. Herrmann and H. H. Richnow (2018). "Characterizing chemical 

transformation of organophosphorus compounds by (13)C and (2)H stable isotope analysis." Sci. Total. Environ.615: 20-28. 
Wu, L., S. Kummel and H. H. Richnow (2017). "Validation of GC-IRMS techniques for delta C-13 and delta H-2 CSIA of 

organophosphorus compounds and their potential for studying the mode of hydrolysis in the environment." Anal. Bioanal. 
Chem.409(10): 2581-2590. 

Wu, L., D. Verma, M. Bondgaard, A. Melvej, C. Vogt, S. Subudhi and H. H. Richnow (2018). "Carbon and hydrogen isotope analysis 
of parathion for characterizing its natural attenuation by hydrolysis at a contaminated site." Water Res.143: 146-154. 

Wu, L., J. Yao, P. Trebse, N. Zhang and H. H. Richnow (2014). "Compound specific isotope analysis of organophosphorus 
pesticides." Chemosphere111: 458-463. 

 



974 
 

Simulation of time-dependent mixture exposure to pesticides in agricultural landscapes 
and estimation of effects on terrestrial organisms  

 

A.Sybertz*, R.Ottermanns, A.Schäffer, B.Daniels, B.Scholz-Starke, M.Roß-Nickoll  

RWTH Aachen University, Institute for Environmental Research, Chair Environmental Biology and Chemodynamics, 
Worringerweg 1, 52074 Aachen, Germany 

*alexandra.sybertz@rwth-aachen.de 

 

Abstract: 

The increased use of pesticides to protect crops leads to a decrease in species richness and diversity in agricultural landscapes 

(Robinson & Sutherland, 2002; Geiger et al., 2010). Pesticides are applied either as single substance, or, most often, as combination 

products or in tank mixtures, i.e., typically multiple substances are released to the environment. The repeated use of pesticides as a 

spray series is widespread practice (Roßberg & Harzer, 2015)resulting in pesticide mixtures in soil (Jablonowski et al., 2012; Chiaia-

Hernandez et al., 2017) and organisms (Botias et al., 2017). Depending on the degradation behaviour, pesticides can accumulate in 

the soil over several years. A study from Switzerland indicated that residues of some pesticides can still be detected in soil even after 

longer periods of time. In addition, the study found mixtures of 10-15 or sometimes up to 29 components in the soil (Chiaia-

Hernandez et al., 2017). Soil organisms can strongly influence the properties of soil and it is therefore important to estimate the 

exposure and effects of soil pollution from agricultural practices on soil organisms and their populations. Due to the high number of 

authorised pesticides not all possible mixture combinations can be covered by ecotoxicological tests aiming to investigate effects on 

soil organisms.  Thus, we aimed to develop a model to estimate the time dependent effects of multiple pesticides on soil organisms. 

The model was developed using software R (R-Core-Team, 2016) and is based both on FOCUS exposure scenarios (Forum for the 

Co-ordination of pesticide fate models and their Use) (Boesten et al., 1999) as well as German pesticide registration assumptions. 

The time-dependent risk from individual and mixed pesticides, as well as exposure and degradation of each substance are presented. 

Not only the maximum mixture risk for soil organisms can be assessed, but also, how long a certain risk threshold may be exceeded 

above which unacceptable effects on exposed organisms may occur. We show that model predictions for several years are possible, 

i.e., long-term spray series can be assessed by taking the degradation of the individually applied substances into account.  

So far, our model only considers the mixture risk of pesticides for earthworms (Eisenia fetida), but we currently aim to adapt the 

model for including other species and for considering effects on populations as well.  
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Abstract: 

In mercury contaminated localities,plants (e.g.,oilseed rape, wheat, andrice) can be a bioaccumulator of mercury species,and may be 
significant exposure pathway (Cui et al., 2014). The determination of total mercury in soil samples is a poor indicator of mercury 
availability to plants, because number of exogenous and endogenous factors (e.g., physicochemical properties of soil, mercury 
speciation and concentration, interaction with other substances) significantly affect the bioavailability of mercury (Kabata-Pendias 
and Mukherjee, 2007).For determination of bioavailability of mercury species in soils are usually used the sequential extractions 
(Issaro et al., 2009), and diffusive gradients in thin films technique (DGT) (Dočekalová et al., 2015; Liu et al., 2012; Zhang et al., 
2001; Zhang et al., 2004). 

The DGT technique(Pelcová et al., 2014) was used for the determination of bioavailable mercury species in soils, and at the same 
time, the mercury accumulation by plant tissues of Pisum sativum L. (pea) (green seeds, leave, root, bloom, legume, and stem)was 
observed. The total mercury concentration in DGT sorption gels, soil samples, and plant tissues was determined by atomic absorption 
spectrometry (AMA 254). The soil samples were collected in Brno city. 

The total mercury concentration in soil samples ranged between 0.08–0.33±0.03 mg kg-1. One of the analysed soil samples exceeded 
the maximum limit (0.3 mg kg-1, announcement CZ, no. 153/2016) set for mercury in soil. From DGT measurementis evident that in 
studied soils mercury is strongly bonded on the solid phase. Only 2.2–3.5 % of mercury from soil solution was available for the DGT. 
The highest contents of total mercury were determined in the pea leaves and roots, the lowest in green seeds and legumes (Figure 1).  
 

 

Figure 1: The mercury content in pea tissues after 37 day growth period 

 

Mercury concentrationin pea tissues increased with time of pea growth. The legislative limit for the level of mercury in legumes is 
0.03 mg kg-1 FW (announcement CZ, no. 305/2004). Consumable pea parts (legumes and green seeds) did not exceed this maximum 
permissible limit. 
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The significant correlations (Pearson’s correlation coefficients – in parenthesis)were observed between DGT-measured flux and 
mercury flux into pea stem (0.984), root (0.999), and leave (0.985). 

The results showed that the DGT method can provide a description of mercury uptake by pea tissues in urban soils.  

Keywords: Pisum sativum L.;mercury accumulation; diffusive gradients in thin films technique 
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Abstract: 

The growing production and use of nano-products result in increasing proliferation of nanoparticles (NPs) in the environment, 
including soils. Similarly to heavy metals, metal components of inorganic nanoparticles will be subject to partitioning among the 
various soil phases (Hass et al., 2010).However, due to the specific properties of NPs, one can expect differences in metal 
fractionation compared to their bulk counterparts.Therefore, processes such as dissolution, aggregation or adsorption may differ from 
those of larger particles, and that in turn may have a bearing on their mobility, bioavailability and toxicity(Lowry et al., 2002). Metal 
fractionation depends on the type of metal and soil properties as well as on such abiotic factors as redox potential, temperature and 
aging (Filgueiras et al., 2002). Changing environmental conditions can lead to changes in metal partitioning, and metal fractions 
believed to be stable and bioavailable may liberate metals that can contribute to the unstable fractions (Filgueiras et al., 2002) The 
objective of the study presented here was the estimation of zinc and copper distribution in different soils aftertreatment with nano-
ZnO and nano-CuO as well as ZnCl2 and CuCl2 under various pH (4.0, 6.5, 9.0) and fertilizers supply (N, P, K). Samples of soils with 
NPs were incubated for 1 day, 3 and 24 months. The assessment of metal distribution was made with the use of sequential analysis, 
which allowed to distinguish five fractions that differed in availability and stability: exchangeable (F1), carbonate (F2), bound with 
Fe-Mn oxides (F3), bound with organic matter (F4), and residual (F5). Besides the sequential analysis, the acid, neutral, and alkaline 
phosphatase activity was evaluated. The results of the analyses revealed that in the treated soils at the lowest pH the share of 
potentially bioavailable fractions (F1, F2) was considerably higher than the total content of fractions considered to be stable (F3, F4, 
F5). Whereas the fertilizers application, especially P2O5, resulted in the decrease of percentage of F1 and F2 fraction of Cu and Zn in 
soils treated with NPs. Fractionation of Cu and Zn differed, which could have been determined by different rates of solubility and by 
soil properties, hence the differences in the increase of concentrations of bioavailable metal fractions. The study confirms the need for 
analysis of the content of all fractions of metals, not only the bioavailable ones, as in the face of changes in the environmental 
conditions metal transfer can take place within the individual fractions. 

Keywords: nanoparticles, fractionation, pH, nutrients, aging 
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Abstract 

Glyphosate and glufosinate are non-selective post emergence herbicides widely used around the world for weedand vegetation 
control. When these herbicides reaches the soil, it is strongly sorbed to soil components, such as clay, iron oxides, or humic 
substances. Aminomethylphosphonic acid (AMPA) is the major metabolite of glyphosate and also included into the pesticide residue 
definition. Although glyphosate would not be expected to be transported to ground and surface water, due to its strong sorption onto 
the soil and its microbiological degradation, both glyphosate and AMPA have been found in natural water (Ibanez et al., 2005). The 
urban contribution of these compounds to wastewaters has also been reported, as well as the presence of substantial amounts in 
sewage sludge from urban areas.  

The environmental fate and behavior of glyphosate is subjected to controversial. One of the main problems comes from its difficult 
the residue determination in soil at low concentration level (e.g. below 0.1 mg/kg), due to the complexity of this matrix sample.In 
addition, due to their high polarity it is difficult to extract these pesticides from samples and to retain them on LC phases (Druart et 
al., 2011a and 2011b). 

The aim of this study is to develop a rapid and robust method for the determination of low concentrations of glyphosate, its principal 
degradation product, AMPA, and glufosinate in soil samples by SPE – LC – ESI – MS/MS. The method involves a derivatization step 
with 9 – fluorenylmethoxycarbonyl chloride (FMOC-Cl) in borate buffer.The different factors affecting the efficiency of this method, 
especially the soil extraction have been evaluated and optimized. The method has been validated in soil samples, spiked at 0,10 and 
0,5 mg/kg. All the detections were confirmed by acquiring two transitions for each compounds. 
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Abstract: 

Glyphosate (N-(phosphonomethyl)glycine) is an organophosphorus compound that is the active ingredient in numerous non-selective, 
post emergent systemic herbicide products(Borggaard & Gimsing, 2008; Vereecken, 2005). Glyphosate is used globally for the 
management of pest plants in agriculture and forestry, but also routinely in some pristine environments to control weed 
incursions(Borggaard & Gimsing, 2008; Scribner, Battaglin, Gilliom, & Meyer, 2007). For example, in Australia, glyphosate is used 
on island nature reserves (e.g. Big Island and Broughton Island, NSW) and in Sub-Antarctic South Georgia and the South Sandwich 
Islands (Government of South Georgia and the South Sandwich Islands, 2016). Glyphosate is considered of low persistence with low 
off-target effects but increasingly, together with its degradation product aminomethylphosphonic acid (AMPA),glyphosate is detected 
in surface and groundwater (Landry, Dousset, Fournier, & Andreux, 2005),especially where it is used repeatedly.At the World 
Heritage listed Great Barrier Reef in the South Pacific Ocean off the northeast cost of Australia,glyphosate has been detected as a 
result of sediment dispersionfrom agronomic areasduring flood periods (Mercurio, Flores, Mueller, Carter, & Negri, 2014).With 
concern about glyphosate use escalatingaround the globe(Brookes, Taheripour, & Tyner, 2017), there is a clear need to fully 
understand its behaviour, fate and effects in environments to which it is applied.  

The ecology of Australia’s many offshore nature reserve islands is unique, rainfall may be high and temperatures extreme. Threats 
from weed incursions are significant and glyphosate offers one option for control, especially as emergency response. Nevertheless, 
almost no data are available on the environmental fate, persistence and mobility of glyphosate or AMPA in these diverse, vulnerable 
environments, and this limits decision making for environmental managers.Accurate and precise analysis of glyphosate and AMPA in 
soils is a prerequisite for sustainable and safeapplication. This is, however, challenging due to complex molecular chemistry and 
complexation with soil matrices(Alferness & Iwata, 1994; Ibáñez, Pozo, Sancho, López, & Hernández, 2005). Soils on islands of high 
conservation value often have low disturbance and high organic matter, therefore matrix interferences and extraction difficulty can be 
greater than in agricultural soils. The aim of this study was to develop a reliable extraction and clean up procedure for glyphosate and 
AMPA determination to low concentrations in high conservation island soils.  

Potassium hydroxide at 0.6M(Ibáñez et al., 2005) was used for soil extraction with a novel post derivatisation clean up process using 
silica Sep-Pak cartridges. This allowed for highly accurate and sensitive detection of glyphosate and AMPA by liquid 
chromatography tandem mass spectrometry (LC-MS/MS), with an on-line concentration step. Detection limits were less than 0.01mg 
kg-1 with recoveries ranged from 80 to 100% at greater than 90% accuracy for both analytes. The method showed significant 
improvement over standard procedures that use ammonium hydroxide with phosphate or low strength bases and also methods that 
require dilution of samples when using 0.6M KOH(Alferness & Iwata, 1994; Todorovic et al., 2013).This method has broadened the 
scope of soilanalysis and its utilisation will significantly improve risk assessment for this widely used herbicide in the range of unique 
environments to which it is applied. 

 

Keywords: glyphosate extraction, soil, fate, persistence, LC-MS/MS. 
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Abstract: 

Fungicides, especially chlorothalonil, are a critical management option for treatingfungal diseases in agricultural crops, urban lawns, 
and recreational turf.Due to its low water solubility and high soil sorption chlorothalonil is abroad-spectrum fungicide originally 
registered in 1966 by the Diamond Shamrock Corp. However, there is a dearth of information on the side-effects of residual 
chlorothalonil on key yellow-brown loam soil micro-ecosystems processes. In the present study, changes in soil respiration, enzyme 
activities, and microbial communityresulting from the application of chlorothalonil were determined in yellow-brown loam soils to 
gainbetter understanding of the effects of residual chlorothalonil on soil properties and soilmicrobial community. 

The yellow-brown loam soilsamples for the experiment were collected from the top layer (0-15cm) inbotanical garden located at the 
farm of Nanjing Normal University, Nanjing, China (31o14’ N, 118 o 22’ E), and contained no detectable amount of residual 
chlorothalonil.The major physicochemical characteristicswere as follows: total carbon 12.7 g kg-1, total nitrogen 757.4 mg kg-1, 
availablephosphorus 334.6 mg kg-1, available potassium 116.2 mg kg-1, moisture content 28.5%, and pH 6.7. Soil samples were 
treated with the appropriate amount of chlorothalonil to givefinal concentrations of 3 and 300 mg kg-1 of soil. The different soil 
samples were collected from each control and treatment at 0, 10, 20, 30, 60 days.The microbial community of bacteria and fungi were 
examinedusing traditional plate counting and PCR-DGGE. The soil properties and digitizedDGGE images analysis were used 
together for estimating soil microbial ecosystem. 

The results indicated that soil respiration, enzymatic activity, and microbial community were more strongly influenced by residual 
chlorothalonil. The soil respiration and phosphatases was increased with the increasing of residual chlorothalonil concentration of 
soil. In contrast, the saccharase, microbial biomass (Table 1), and microbial community diversity (Figure 1) were decreased. The 
highest inhibitory effect of residual chlorothalonil to soil enzymatic activities and microbial community were observed at initial after 
applying and later on they tended to recover. Moreover, correlation analyses for different treatments, revealed differences that were 
consistent with results obtained for soil biological properties. These results suggested that the residual chlorothalonil direct 
relationships existed between soil respiration, enzyme activities, and microbial community. 

Keywords: Chlorothalonil; Microbial community; DGGE; Microbial biomass;Enzyme activity 

 
Tables and figures 

The results showed that chlorothalonil could influenced the culturable bacterial and fungal biomass (Table 1) and leadto significant 
difference in the bacterial community(Figure 1) compared with the control.Compared with the control, theculturable bacterial biomass 
of the soils with chlorothalonil decreased significantlyafter applying, and high concentration treatment (Ch300) decreased significantly 
thanlow concentration treatment (Ch3). Moreover, the culturable fungal biomass of Ch3and Ch300 treatments were also significant 
lower than the control after 20 days (Table 1,p< 0.05).As shown in Figure1, the groups of bacterial community in Ch3 and Ch300 
treatments were significantly different from groups in the Ck at 30 days, less than 80% and 25% similarly, respectively.The analyse of 
band sequences from PCR-DGGE profiles also produced a similar result that the total species and Shannon index in Ch3 and Ch300 
treatments were lower than the control at 30 days (Data not shown). 

 

 

 

 



983 
 

Table 1:The culturable microorganism of soil with Chlorothalonil 

Treatme
nts 

Bacteria (105) Fungi (103) 

0 days 10 days 20 days 30 days 60 days 0 days 10 days 20 days 30 days 60 days 

Ck 7.75±0.9A
a 

8.25±0.50
Aa 

5.67±0.52
Aa 

8.33±1.13
Aa 

7.83±0.80
Aa 

1.15±0.13
Aa 

1.17±0.10
Aa 

0.90±0.50
Aa 

3.08±0.45
Ba 

2.93±0.27
Ba 

Ch3 7.75±0.90
Aa 

5.5±1.15B
b 

4.42±0.63
Bb 

7.5±0.50A
a 

5.75±0.50
Ab 

1.15±0.13
Aa 

1.39±0.34
Aa 

1.08±0.14
Aa 

1.39±0.04
Ab 

1.89±0.58
Ab 

Ch300 7.75±0.90
Aa 

1.78±0.09
Bc 

2.33±1.47
Ab 

2.12±0.14
Bb 

5.33±0.38
Ab 

1.15±0.13
Aa 

0.63±0.28
Ab 

0.83±0.12
Aa 

1.83±0.30
Bb 

1.04±0.35
Ab 

Note: different lowercase letter in the same line means significant difference at p<0.05 level; different uppercase letter in the same row means 
significant difference at p<0.05 level (n=4).Ck, the soil without chlorothalonil; Ch3, the soil with 3 mg/kg chlorothalonil; Ch300, the soil with 300 

mg/kg chlorothalonil. 

 

 

Figure 1:DGGE profile and cluster analysis of soil bacterial communities.  
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Abstract: 

To prevent adverse effects of pesticides application on soil organisms and soil functions,a tiered risk assessment approach (from lower 
tier to higher tier) for soil organisms was developed in China.The tiered risk assessment approach considers ecologically relevant 
groups of soil organisms, earthworm and soil microorganisms, which are involved in a range of soil functions providing essential 
ecosystem services, e.g. organic matter breakdown and mineralization, water regulation in soil etc.  

The lower tier approach can be used to quickly identify those pesticides which do not pose acute or chronic risk (in a certain area of 
ecotoxicology) on soil organisms – even under worst case assumptions. For those pesticideswhich can’t pass the lower tier risk 
assessment, higher tier risk assessment need to be done. Each tier risk assessmentis based on Risk Quotient (RQ), calculated by 
dividing the Predicted Environmental Concentration (PEC) by the Predicted no Effect Concentration (PNEC). This calculation takes 
into account, that beside the toxicity of a pesticide, the amount of this pesticide in the environment plays animportant role when 
assessing a risk. If RQ > 1, the risk is unacceptable and higher tier risk assessment should be conducted. 

Exposure assessment employ tiered assessment approach. Tier1 exposure analysis employs simple model (PECsoil_SFO_China from 
NIES) to predict exposure to soil organisms. A higher tier exposure analysis can be applied by refining environmental exposure 
parameters or using semi-field trial test. Currently, the higher tier models PRAESS and China-PEARL, which were developed by 
NIES and ICAMA in China, are applicable to predict the exposure concentration at specific depth of soil layer and at specific 
scenarios in China. 

Proposed test systems for effect assessment include acute toxicity test and reproduction test of earthworm, nitrogen transformation 
test of microorganisms, litterbag test and earthworm field test. The PNEC can be calculated using the endpoint obtained from 
ecotoxicological studies and corresponding uncertainty factors (UF).Tier1 effect assessment mainly focuses on the earthworm acute 
or chronic (in case pesticide DT50>180 d or RQacute>1) assessment and N - transformation assessment. Higher tier effect assessment 
mainly focuses on the litterbag test assessment and earthworm field assessment.  

The tiered risk assessment approach have already been adopted as national standard and applied in pesticides registrationin China, 
more than 40 pesticides’ riskassessment have been conducted according to this tiered approach. 

Keywords: tiered risk assessment approach,soil organism, pesticides 
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Abstract 

Soil has a multitude of different ecological and economical roles such as habitat, regulation of nutrient cycling (e.g. carbon and 
nitrogen)and crop production (Baveye et al, 2016).Soil is an inherently complex and heterogeneous matrix due to variation in its 
physicochemical properties (e.g. particle size, particle size distribution, pH and organic matter concentration) and environmental 
conditions (e.g. rainfall/irrigation policies and temperature). 

Modern agriculture is reliant on the efficient application of pesticides to maximise crop yields, by preventing losses due to pests (Popp 
et al, 2013). Pesticides comprise of over 1,000 active ingredients can be found in a variety of formulations (which can influence their 
toxicity) and can be sub-categorised into different types depending on their target organism. The main types used in Ireland 
areinsecticides(insects), herbicides (weeds) and fungicides (moulds/fungi). 

As pesticide residues may physically or chemically bind to soil particles, the physicochemical properties of soil have a major impact 
on the profile of pesticides found in soil.Therefore, comparable pesticide regimes may result in different residue profiles in different 
sites. Also as pesticides or their breakdown products may also persist in soil, prior pesticide regimes of the site will also impact the 
pesticide residue levels and their resultant genotoxicity. Pesticide contamination of floral resources is complex and is a result of 
multiple exposure routes (David et al, 2016). Recently it has been demonstrated that pesticide residue can translocate to pollen and 
nectar from pesticide-treated seeds (Krupke et al, 2012, Bonmatin et al, 2015). It is also possible that pesticides may translocate to 
nectar and pollen from soil (Arias-Estévez et al. 2008).  

This research is part of the “Protecting terrestrial ecosystems through sustainable pesticide use” (Protects) project funded by the 
Department of Agriculture, Food and the Marine in Ireland. Protects is a multi-institute research project, combining laboratory and 
field research to develop novel technologies for toxicity testing and computer modelling. There are five tasks associated with the 
Protects project: 

1) Review of pesticide use and best practice (NUI Galway) 
2) Developing tools for pesticide detection in soils and flowers (Dublin City University) 
3) Assessing hazards of pesticide use in Ireland for pollinators (Maynooth University) 
4) Developing soil risk assessment scenarios and recommendations for a soil monitoring programmes (Trinity College 

Dublin) 
5) Mapping the road to mitigate pesticide effects on pollinators (NUI Galway) 

 

This research project falls under Task 2 of Protects, which aims to produce a cheap, simple and effective screening tool to determine 
the overall genotoxicity of pesticide contaminated soil. DNA based sensors are preferred, due to their high sensitivity and their low 
specificity which allows for determination of the overall genotoxicity level, rather the genotoxicity of specific pesticide residues. 
Electrochemical DNA biosensorshave been utilised to detect the oxidation of nucleobases adenine and guanine and also DNAstrand 
breakage/unwinding (Hájkováet al, 2017, Lin et al, 2017). Electrochemical DNA biosensors are faster and offer greater sensitivity 
compared to other conventional methods. Electrochemical impedance spectroscopy (EIS) is a label free method that measures changes 
in the charge transfer resistance (Rct) before and after DNA damage, which allows for a higher sensitivity for the detection of  DNA 
alterations compared to voltammetric techniques such as square wave voltammetry, cyclic voltammetry and differential pulse 
voltammetry.  

 

mailto:michael.kitching@dcu.ie
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In this study, we will utilise screen printed graphite working electrodes (SPE) due to their low cost to fabricate and ease to fabricate in 
bulk. Incorporation of gold nanoparticles (AuNPs) onto the working electrode surface increases the electrode conductivity and surface 
area, while allowing for the stable attachment of the thiolated probe oligonucleotides (Yang et al, 2011, Omidfar et al, 2013, Wang et 
al, 2014).Therefore, we will electrochemically deposit AuNPs onto the surface of the working electrodes to bind thiolated double 
stranded DNA probes (human telomeric DNA, 21 bp, GC content; 57.14%). See Fig. 1 for clarity on working electrode design. 

 

 

 

 

 

 

Figure 1: Flow diagram of biosensor fabrication. AuNPs are electrodeposited onto SPE. Thiolated dsDNA probes are then bound to the working 
electrode surface via Au-S bonding. 

 

Upon fabrication, the biosensors will then be exposed to different mixtures of pesticides and other oxidising agents (e.g. H2O2),and 
the genotoxicity will be determined by the change in Rctover time (up to 20-30 minutes)as measured by EIS. The biosensor design 
will then be validated using pesticide extracts from contaminated soils collected from representative sites around Ireland. 
Representative sample sites and the composition of the pesticide mixtures that will be used to test the sensor will be determined as 
part of Task 1 of the Protects project in late January-earlyFebruary.Once validated the biosensors will become an important tool as 
part of a National Soil Screening programme in Ireland.  

 

Keywords: electrochemistry, genotoxicity, biosensor, pesticide, soil 
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Abstract: 

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous contaminants formed through the incomplete combustion of organic matter. 
Their hydrophobic nature and persistence can ultimately lead to their accumulation in soils, particularly at industrial sites where direct 
contamination occurs. Many PAHs are known or suspected human carcinogens and, as a result, 16 parent (unsubstituted) PAHs have 
been classified as ‘priority’ pollutants.  There are many PAH contaminated sites throughout the world and the clean-up process is 
complex, from preliminary assessment and site investigation to site reuse and redevelopment, and can use any number of remediation 
strategies (or combinations of strategies), depending on the level of contamination, the compounds involved, and site characteristics.  
Our laboratory has focused on predicting the formation, measuring the presence, and determining the toxicity of PAH transformation 
products during bioremediation and thermal treatment of PAH contaminated Superfund site soils.  The goal of our research is to 
provide guidance to site managers regarding the use of appropriate remediation strategies to minimize the formation of these 
hazardous breakdown products.  Our research address the question, “Is remediation of PAH contaminate soils worth it?” 

Keywords:PAH, remediation, toxicity, hazardous, risk assessment, soil 
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Introduction: 
 
Peri-urban agriculture provides environmental benefits, although domestic and industrial infrastructures could be a potential source of 
pollution which can affect the agricultural production. To study the bioavailability of Hg in agricultural soils, Diffusive Gradient in 
thin Films (DGT) technique was used in this study. This technique was developed in 1994(Davison and Zhang, 1994) applying DGT 
devices to study the bioavailable trace elements in natural waters. Later, DGT was applied in soil to predict the trace metal uptake by 
plants including the new concept of effective concentration (CE).(Zhang et al., 2001) 

Materials and methods: 

In this study,an agricultural soil (AS)(0.64 mg kg-1) was selected to evaluate the effectiveness of different amendments on the 
mobility of different Hg species.A wood-based biochar (BC) at two rates (3% and 6%, w/w) and compost (CP) at one rate (30%, w/w) 
were used individually, being four different sets in this experiment including the non-amended soil.Homemade DGT devices using a 
selective ion-exchange resin and a polyacrylamide gel as the diffusive layer using an open resin (ODL) were used to analyze the 
bioavailable Hg in soil to predict the Hg uptake by Lactuca sativaL.DGT devicesusing bis-acrylamide as a restricted layer (RDL) 
were also applied to study the inorganic Hg in the soils by the addition of the different organic-amendments in the agricultural soil.To 
compare this technique with a conventional one, a five-step sequential extraction was also performed. 

 

Figure 1:Scheme of the experiments.   
 
 

Results and discussion: 

Results show that biochar could be a good organic-amendment to reduce Hg bioavailability in soil and, in consequence, the Hg uptake 
by lettuce. Besides, DGT values confirm the ability of this technique to predict Hg uptake by root lettuces. The application of DGT 
devices to study the inorganic Hg can add information about the Hg species in soil. In this case, inorganic Hg was the predominant 
species in all the different sets of the experiment (62-97%) although its content was reduced by the addition of the different 
amendments in the soil. 

Keywords: Diffusive Gradient in Thin Film; restricted gel; agricultural soils; biochar; compost. 
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Abstract  

In Europe approximately 300,000 tons of pesticides are applied to agricultural fields per year.1 Systematic studies to assess the fate 
and persistence of plant protection products (PPPs) in soil are limited or not existing. Therefore, the scarcity of data calls for a more 
systematic monitoring of PPPs by using different analytical techniques as well as complementary tools no commonly used in 
monitoring programs. 

Assessing the fate of PPPs is challenging due to the large variety of different environmental scenarios in agriculture as well as the 
number of applications, spatial and temporal variations, crop rotation and weather conditions. In addition, due to the high number of 
PPPs registered in the market, only a selection of substances are usually monitored. This approach although essential, excludesnew 
PPPs and other relevant substances. Moreover, because the complexity of soil analysis, the monitoring of PPPs is not yet at a yearly 
basis so changes in PPPs application patterns can take years before notice.  

Sediment cores can act as integrators of many inputs within a catchment providing historic records of many organic contaminants. 
Therefore, in this study we use lake sediments as a complementary tool in soil monitoring to prioritize PPPs as well as to reconstruct 
past applications and provide future scenarios of PPPs. 

Based on PPPs found in soils and lake sediments in Switzerland from previous work, a list of more than 80 pesticides was compiled 
as a first approach.2,3 An extraction and clean-up method specifically to pesticides was developed and the final extracts were analysed 
by liquid chromatography (LC) tandem mass spectrometry (MS/MS). Two lakes with very different land uses were investigated 
covering the last 100 years at a 3 year resolution. The high precision chronology was obtained using 137Cs, 210Pb measurements and 
biogeochemical varves (annual lamination). 

Our findings show the presence of more than 30 pesticides in each lake showing distinct patters over time and specific PPPs for each 
lake. The results are consistent with land use around the catchments and are also in agreement with application data. Furthermore, by 
using additional analytical techniques like LC- high resolution mass spectrometry (HRMS) and the aid of temporal, spatial patterns 
and non-target screening approaches, additional PPPs such as growth retardant products, not included yet in monitoring programs, 
were unravelled. 

Keywords: Plant Protection Products, Temporal Trends, LC-MS/MS, LC-HRMS, Lake Sediments, Soil Monitoring 
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Abstract:  

The historical Huelgoat mine (Brittany, France) was famous during the 18th and the 19th century. However, since 1934, the 

exploitation has ended, and the waste is still not treated. The abandoned mine wastes contain significant amounts of chemical 

elements potentially dangerous to the environment. The main differences concern the waste morphology (dumps, tailings, roastings, 

soils), the particle size, the hydrological regime, and the pH conditions, which determine the fate of metals in the environment. In fact, 

soil is that sediment that is subaerial, that is, exposed to the earth’s atmosphere.  A soil is greatly influenced by surface features, such 

as climate and organisms. Besides the transport of polluted stream sediments causes contamination as far as 5 km downstream of 

the mine wastes(Bini et al., 2017).In this aim, we investigated the effects of its current impact on the environment and we tried to 

study the current concentrations of heavy metals around the watersheds of the site, especially the reactions of lead oxide with the soil 

moisture in alkaline soils which can precipitate lead carbonate and reactions in acidic soils which can precipitate lead sulfate(Plumlee 

et al., 2007).Samples were collected from the upstream and downstream the mine along the banksof Argent river and Aulne river. The 

measured pH of the samples is between 5 and 7, knowing that Naturally-occurring lead in mineral deposits is not very mobile under 

normal environmental conditions, but becomes slightly more soluble under moderately acidic conditions lead is hardly mobilized at 

all in soil (Delmas et al., 2010). In addition, lead is more concentrated in fine particles (<50 μm) in a mineralogical form different 

from that of coarse particles. Lead concentrations ranging from 40 to 7000 ppm, knowing that lead is a heavy metal and often occurs 

naturally in the soil in concentrations ranging from 10 to 50 ppm (Finster et al., 2003). The X-ray diffraction analysis of the samples 

showed that in the fine particles there are more crystalline phases and Pb-bearing phases. We report XRD, XRF, and SEM 

observationsof Pb-bearing phases in these mine wastes to evaluate their actual environmental impact (Reeder et al., 2006). 
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Abstract  

The polar fractions of solvent extractable organic pollutants from soils are significant contributors to the overall (eco)toxicity 
attributable to pollutants in soils (Chibe et al., 2015; Wincent et al., 2015; Watanabe et al., 2005). Organic compounds identified in 
polar fractions include the nitrated and oxygenated polycyclic aromatic hydrocarbons (NPAHs, OPAHs).The sources of PAHs, 
NPAHs and OPAHs are primary emissions(pyrogenic and petrogenic). In addition, the OPAHs and NPAHs may be formed from 
microbiological and photochemical reactions of PAHs in soil and air (Bandowe and Meusel., 2015; Keyte et al., 2013; Bandowe and 
Wilcke, 2011).  

Ageing of emissions, ambient photochemical, meteorological conditions and soil biogeochemical properties modify the concentration 
and composition pattern of PAHs, OPAHs and NPAHs in soils in a way that is currently not understood (Bandowe and Meusel, 2017; 
Alam et al., 2014; Wilcke et al., 2014; Keyte et al., 2013). A comparative study of polycyclic aromatic compounds (PAHs, OPAHs 
and NPAHs) in soils from sites impacted by emissions sources, with sites affected by long range transported sources and in different 
seasons is a way to elucidate how processes impact on the concentrations and composition profile of OPAHs and NPAHs in soils. 
Such studies are not yet reported in the literature. 

In this work we simultaneously determined the concentration of 11 OPAHs, 18 NPAHs and 27 PAHs in soils from Košetice (a central 
European background site, n = 16) and Mokrá (an urban site influenced by industrial emissions, n = 28) and in total deposition from 
Košetice (n = 9) and Prague (n = 8).Soils samples in Košetice were taken each year from 2010-2017, while the soil samples from 
Mokrá were takenfrom 2006-2017. The Mokrá samples also included soils taken within the same years (2010 and 2011) but in 2 
different seasons (spring and fall), hence, allowing to examine seasonality. Deposition samples were collected 3-monthly in 2 phases 
i.e., on filter (glass fibre, GFF) and sorbent (XAD-2) in the years 2013-2015.The soil, XAD-2 and GFF samples were extracted with 
dichloromethane, cleaned up by column chromatography and the targeted substances determined in extracts by gas chromatography-
mass spectrometry. 

On average the concentration of each group of the polycyclic aromatic compounds was higher in soils of Mokrá thanKošetice. The 
total concentration of the specific substance groups decreased in the order: Σ27PAHs > Σ11OPAHs > Σ18NPAHs. This relative 
abundance is consistent with those in emission factors of various fossil fuels. The higher concentrations of the targeted compounds in 
Mokrá compared to Košetice is indicative of the higher emissions from anthropogenic sources in the urban centre compared to the 
background location. 

The OPAH mixtures were dominated by 9,10-anthraquinone contributing between 25 and 70% of the concentration of  Σ11OPAHs. 
The contribution of 9,10-anthraquinone to the Σ11OPAHs was higher in the Košetice compared to Mokrá which might be indicative of 
the formation of OPAHs with ageing of air masses, microbial formation or indication of their higher emission from wood sources 
(Alam et al., 2014; Wilcke et al., 2014). One of the points we will examine in this presentation is the contribution of individual 
OPAHs to Σ11OPAH mixtures and the individual OPAH/parent-PAH ratios as indicators of their primary sources or their post 
emission formation. 
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In selected samples, only 4 (1-nitronaphthalene, 2-nitronaphthalene, 1-nitropyrene and 2-nitropyrene) out of 18 NPAHs could be 
detected. The contribution of individual NPAHs to the ΣNPAHs increased in the order: 2-nitropyrene < 1-nitronaphthalene<1-
nitropyrene < 1-nitronaphthalene. 

The complete data set for soils and total deposition will be presented and discussed. 
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Abstract 

 

The city of Ballsh is well-known in Albania because of the oil refinery that has been operating for more than 5 decades, causing the 
contamination of the environment. Therefore we focused our attention in the study of 15 polycyclic aromatic hydrocarbons (PAHs) in 
surface soil and water samples collected nearby the oil industry in 2017. Soxhlet apparatus was used to extract PAHs from soil 
samples and the Low-Density-Solvent Dispersive-Liquid-Liquid Microextraction (LDS-DLLME) was applied for their extraction 
from water samples. All analyses were performed bygas chromatography/mass spectrometry adapted to capillary column HP-5 
phenylmethylsiloxane.The analytical methods showed good linearity in most cases (R2≥0.999). Limit of detection (LODs) ranged 
from 3 to 6 μg kg-1 d.w and 0.07 to 0.15 μg L-1 for different PAHs in soil and water samples, respectively. The total concentration of 
the15 PAHs ranged from 500 to 5620μg kg-1 dry weight (d.w)for soil samples and from 0.676 to 85.1 μg L-1 for water samples. The 
patternprofile of PAHs reportedthat 4-6-ring PAHs were predominant in soil samples contributing with 60% of total PAHs content, 
while 2-3-ring PAHs dominated in water samples contributing with 74% oftotal PAHs content. As indicated by the diagnostic 
isomeric ratios, the major source of PAHs in all samples waspyrogenic, probably due to emissions from the oil refinery.Potential 
toxicities assessment of PAHs was done using toxic equivalent quantity (TEQ), within in most cases found low.Consequently, local 
areasnearbytheoil refinery represents low human risk.When compared to other similar studies worldwide, the levels of total PAHs 
content in the studied soil and water samples from this area resulted to be higher. Total and individual PAHs concentration were 
compared with soil and water maximum PAH concentrationaccording to US EPA, Canadian legislation and Netherland 
legislation.The soil near the oil refinery was shown to be slightly contaminated while the water creek passing nearby resulted to be 
highly contaminated especially by carcinogenic PAHs. 
 
 

Keywords:PAHs, top layer soils, surface water, GC/MS, oil refinery.  
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Abstract  

Heavy metals are subject of scientific attention worldwide to prevent further risk for environmental and human health. The present 
and historical pollution of  Elbasani town are mainly due to metallurgical activities, which started in 1960. The purpose of this study 
was to determine the concentrations of heavy metals and to assess the pollution status in industrial, urban and rural areas. A total of 36 
surface soil samples were collectedand analyzed for Cr, Fe, Co, Ni, Cu, Zn, As, Cd, Pb, and Mn. The metalswere determined by an 
inductively coupled plasma mass spectrometer (ICP-MS), after a microwave acid digestion. In the industrial area, themedian 
concentration of Fe, Cr, Ni, Zn, As, Cd, and Co were 37,901mg/kg, 1,068, 301mg/kg, 79.5mg/kg, 7.362mg/kg, 0.239mg/kg, 28.94 
mg/kg respectively. Pb was found in higher level in urban area compared with industrialand rural ones.The geo accumulation index 
(Igeo), enrichment factor (EF), integratedpollutionindex (PLI), and potential ecological risk (PER) were calculated to assess the 
pollution situation in all three areas. For the industrial soils, Igeo results indicated moderate to strongly high soil contamination from Cr 
(1.77-5.24) and Ni (1.72-4.66). In urban and rural soil, Igeo results indicated moderate pollution by Cr and Ni. Enrichment factors, 
which were determined using Li as normalizer,indicated that three areas were enriched with Cr and follow this trend: EF industrial> 
EF rural> EF urban. The industrial area, according toPLI results,resulteda moderately to highly polluted soil, whereas the rural and 
urban areas, resulted moderately contaminated soils. PER results in the three areas indicated that Cr, Ni, and Cd were the main 
contributors, due to their high toxic factor. Based on the mean value of PER, the industrial area has a high ecological risk comparedto 
rural and urban areas. In addition, a comparison of heavy metals results with levels established by Dutch and Canadian Soil Quality 
Guidelines has been done. The mainsources of heavy metals in soils in the area are probably linked with metallurgical activities, as 
well as traffic emissions.These results provide general information of heavy metal pollution in soils around Elbasani town. 

Keywords: soil, heavy metal, ICP-MS, pollution index, metallurgical activity 

mailto:*jonida.tahiraj@fshn.edu.al
mailto:elda.marku@fshn.edu.al


998 
 

Determination of gasoline range organics in environmental samples using automated head 
space sampling coupled to gas chromatography 

 
Renpenning, R.1, Riccardino, G.2, and Cojocariu, C.2 

1 Thermo Fisher Scientific,Dreieich, Germany 
2 Thermo Fisher Scientific,Runcorn, UK 

Abstract 

Gasoline Range Organics (GROs) refer to hydrocarbons with a carbon range from C6-C10 that have boiling pointsranging from 
600to1700 Celsius. These chemicals are frequently present in the environment especially in soils and ground water and the source of 
contamination is usually human errors or accidents (such as oil spills) that occur when handling, storing or transportingoil and oil 
products. If GROs are detected in soils or water, the level of contamination needs to be determined by using quantitative analytical 
methods.Often the method of choice is head space sampling techniques coupled to gas chromatography and mass spectrometry and/or 
flame ionization detectors. 

In this work, the novel TriPlus 500 valve-and-loop static headspace autosampler coupled with a Trace 1310 gas chromatograph and an 
ISQ 7000 mass spectrometer were employed to develop an automated method for quantitative assessment of GRO in water. 
Chromeleon chromatography data system was used to acquire, process and report data. The performance of the method was assessed 
and various analytical parameters investigated. The data presented in this study demonstrates the method performance and reliability 
in addition to automated data processing and reporting capabilities. 

Keywords: Gasoline Range Organics, GRO, water, GC, headspace 
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Abstract: 

Soil is the upper layer of the earth surface, which enables growth and developments of plants. Its ability to meet needs of the 
living organisms is connected with four main elements: (1) the bedrock, which is a part of earth’s crust and contributes in formation of 
other layers of soil profile; (2) climate, correlated with amounts of rainfall and temperature; (3) biosphere - all living organisms on the 
soil surface, it’s also strongly influenced by the climate; (4) humans, whose have the least impact on soil creation process but the 
biggest on its functionality and balance (Greinert 1998). Contamination of the soil, caused by humans activity significantly lower 
amount of soil gas phase and changes chemical profile, leading to disturbances in microbial community. Among different pollutants, 
petroleum contaminants are one of the biggest problems, due to their low bioavailability and high toxicity (Ehlers et al. 2006). An 
example of such compounds are tetralin and decalin - naphthalene derivatives. Both are used as organic solvents in production of 
paints, waxes, lacquers and resins. They can enter the natural environment with wastewater, from garbage dumps and industry, 
possessing threat to living organisms due to its lipophilic character, resulting in membrane disruption (Hernáez et al. 2002; Stuchal et 
al. 2013). This indicates a need to efficiently remove those compounds from our surroundings.  

This research explores the ways in which tetralin and decalin affect microorganisms and how efficiently they can be removed 
by selected bacterial strains. While organic contaminants can absorb on soil particles, we decided to conduct our research based on 
soil environment, using soil as a solid matrix in liquid cultures and also reservoir of microorganisms for contaminants degradation. 
Firstly, toxicity of analyzed hydrocarbons to soil microorganisms was determined, using MTT assay. Then, biodegradation 
experiments were conducted for soil cultures only, as well as bioaugmented with Raoultella planticola M01, Raoultella 

ornithinolytica M03 or Acinetobacter calcoaceticus M1B. Moreover, experiments analyzing changes in cell surface hydrophobicity 
and membrane permeability of the three bioaugmented strains were performed.   

 Toxicity experiments indicate, that both contaminants are highly harmful, when its concentration in the culture exceed 500 
mg/mL. Interestingly, decalin in concentration of 50 mg/mL did not affect negatively cells, and only 20% decrease in their metabolic 
activity was noticed when 100 mg/mL were added to the culture. Different situation was observed for tetralin, while even 50 mg/mL 
has unfavourable effect, and cells viability was constantly decreasing with increasing concentration of the hydrocarbon, reaching only 
5% for highly contaminated cultures (500 and 1000 mg/mL). In biodegradation tests, pure soil cultures were characterized with over 
60% and over 50% biodegradation efficiency in mineral medium with soil microorganisms and in cultures with soil added after 14 
days for decalin and tetralin respectively. Supplementation of the cultures with additional microbial strains resulted in increment to 
around 80% removal of decalin and even 95% degradation of tetralin after the same time. As it was expected, permeability of cell 
membrane decreased in case of R. planticola and A. calcoaceticus cultured with tetralin and decalin. Surprisingly, similar 
modification was not noted for R. ornithinolytica cells. Furthermore, all three strains lowered cell surface hydrophobicity, in 
comparison to the results obtained for glucose samples. Presented results point to the need for in-depth analysis of tetralin and decalin 
removal processes in the environment, with special focus on cells surface properties to understand differences in cells answer to those 
hydrocarbons and mechanism of their transport and biodegradation.  

 

This research was funded by The National Science Centre Poland grant number DEC-2015/19/N/NZ9/02422. 
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Abstract  

Polyaromatic compounds (PACs) are a group of ubiquitous contaminants in the environment. PACs encompass a large group of 
compounds with a range of polarity, including polycyclic aromatic hydrocarbons (PAHs), alkylatedPAHs, oxygenated PAHs 
(OPAHs), and heterocyclic compounds, such as azaarenes. PACs are often found in soil in high concentrations at contaminated sites, 
posing potential environmental and human health risks.A number of PAHs, Methyl-PAHs, OPAHs, and azaarenes, in particular, are 
also known to be mutagenic and/or showing estrogenic activity. 

Current extraction method for PACs in soil, such as pressurized liquid extraction (PLE), is laborious and requires several steps prior 
to chemical analysis using gas chromatography coupled to mass spectrometry (GC/MS).For instance, PLE extracts need to be 
evaporated before undergoing further clean-up in silica columns. Additional steps may lead to more loss of PACs. In addition, it is 
now known that silica clean-up is not particularly suitable for OPAHs and azaarenes, as there may be some loss of these group of 
compounds during the clean-up step. Although prior study has suggested that basic silica may be preferred in the extraction method of 
PACs in soil, on the basis of more consistent recovery of azaarenes and OPAHs, there are little evidence that validates this approach. 

In this study, we used basic silica in-cell during the extraction step to achieve better, more consistent recovery of azaarenes and 
OPAHs and to simplify the extraction and clean-up procedure. We optimized our method taking into consideration basic silica mass, 
solvent selection, rinse volume, extraction temperature, and number of static cycles. The optimized method used 4 g basic silica, 
dichloromethane as solvent, 100% flush volume, 100 and 120°C extraction temperatures, with two static cycles for each temperature, 
and no rinse in between the two extractions for every sample. The recoveries of the analytes were increased after increasing the static 
cycles from 1 to 2. The volume of the extracts were ~150-160 mL.The method was validated usingcertified reference materialBCR-
524 (JRC-IRMM, Geel, Belgium). The results from our in-cell basic silica clean-up method were in agreement with certified 
reference material values and published values form prior inter-laboratory data: 

 

Table 1:Comparisons of concentrations of six PAHs in BCR-524 (μg PAH/kg soil) 

PAH Certified value Inter-laboratory data In-cell basic silica clean-up 

Pyrene 173±11 170±29 176,5±41,4 

Benzo(a)anthracene 22,5±1,8 27±4,6 26±1,7 

Benzo(b)flouranthene 13,5±1,6 16±2,3 13±1,1 

Benzo(k)fluoranthene 6,2±0,7 10,0±4,0 5,5±1,0 

Benzo(a)pyrene 8,6±0,5 10,0±4,1 9,6±0,9 

Indeno[1,2,3-cd]pyrene 5,1±0,4 4,8±0,7 5,7±0,3 

 

With regard to OPAHs and azaarenes, our results have lower deviation (i.e., more narrow confidence interval) than the results from 
the inter-laboratory data. The optimized method was then used to screen for PACs in four soil samples taken from different sites in 
Sweden. 
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For the next step in our research, the soil extracts will be screened using a battery of cell based bioassays, of which the potentially 
toxic samples will be screened further in combination with a GC-fractionator coupled to MS system. 

 

Keywords: PACs, basic silica, in-cell clean-up, azaarene 
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ABSTRACT 

The determination of carbonate content, as carbon dioxide, in coal and lignite is achieved by a new technique using the FOGL Digital 
Soil Calcimeter / BD Inventions. This technology is innovative and complies with EN ISO 10693:2013, ASTM D4373-02(2007), 
ASTM D1756-02(2007) and Soil Science Society of American standard test methods for calcium carbonate content in soils and 
sediments. The Carbon Dioxide analysis is based on a pressure method that utilizes the FOGL Digital Soil Calcimeter, which is a 
bench-top apparatus. The Carbon Dioxide determined by treating a 1.000 g (+/- 0.001 g) dried sample specimens with 1-3N 
hydrochloric acid (HCL) reagent grade, in an enclosed reaction vessel. Carbon Dioxide gas evolved during the reaction between the 
acid and carbonate fraction of the specimen, was measured by the resulting pressure generated, taking into account the temperature 
conditions during the reaction. The results of the FOGL experiment were compared with those obtained from the TGA 
Thermogravimetric Analysis. 

INTRODUCTION 

The quick method used for carbonates determination in lignites with high CO2 content involves a thermogravimetric analysis which 
in most cases fails, due to the sulfur content and carbonate types contained in lignite. An alternative new technique was applied based 
on a pressure method that utilizes the FOGL Digital Soil Calcimeter (BD Inventions), which is a bench-top apparatus that gives more 
consistent and rapid results. 

METHODS AND MATERIALS 

A quick method for carbonates determination in lignites and coals in general is a two-step thermogravimetric analysis (after moisture 
removal) involving the combustion (in oxygen atmosphere) of samples at 510 oC and then the heating of the remainder at 815 oC. In 
the first step all volatile and combustible constituents are removed from the sample, while in the second step the carbonates are 
decomposed, freeing the containing CO2. This method cannot be a standard method, as the carbonates’ type has a great impact on the 
final result. 

For the determination of carbonate content (as carbon dioxide) in coal and lignite a new technique was applied using the FOGL 
Digital Soil Calcimeter/BD Inventions. This technology is innovative and complies with EN ISO 10693:2013, ASTM D4373-
02(2007), ASTM D1756-02(2007) and Soil Science Society of American standard test methods for calcium carbonate content in soils 
and sediments.  The Carbon Dioxide analysis is based on a pressure method that utilizes the FOGL Digital Soil Calcimeter, which is a 
bench-top apparatus. The Carbon Dioxide determined by treating a 1.000 g (± 0.001 g) dried sample specimens with 1-3N 
hydrochloric acid (HCL) reagent grade, in an enclosed reaction vessel. Carbon Dioxide gas evolved during the reaction between the 
acid and carbonate fraction of the specimen, was measured by the resulting pressure generated, taking in account the temperature 
conditions during the reaction. The results of the FOGL experiment were compared with those obtained from the TGA 
Thermogravimetric Analysis. 

RESULTS 

Two different tests conducted to compare the results of the above mentioned methods:  
1. A series of MgCO3 and CaCO3  mixtures (reagent grade),  
2. A series of lignite samples  
1. MgCO3 – CaCO3 mixtures 
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Chart 1. Weight loss of mixtures by TGA 

As found in the thermogravimetric analysis the final result depends on MgCO3 and CaCO3  ratio, due to different temperature of 
decomposition of carbonates. As seen in the Chart 1, the TGA method behaves properly only in case that the carbonates are of calcite 
or aragonite type (pure CaCO3). This is because the MgCO3 decomposes prior or during the first step (510 oC), which leads to a false 
CO2 calculation (Table 1). 
 

 

2. Lignite samples 
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Chart 2. Comparison of FOGL and TGA results 

More than 500 lignite samples were analyzed with FOGL Digital Soil Calcimeter in duplicates and their results compared to the 
respective ones conducted by TGA analyzers.  

Surprisingly, although consistent with each other, the results provided by TGA were systematically higher than the ones obtained with 
the FOGL by 1%-2%, with difference increasing by the real carbonate content (Chart 2). 

DISCUSSION 

According to A. Khan et al (1) the MgCO3 decomposes at 440 to 460 oC endothermically, leading to respective CO2 loss before the 
second step of heating. On the other hand, if the sulfur contained in lignite is in the form of  ferrous sulfate (mainly from oxidized 
pyrites at the 1st step) its decomposition starts at 550 oC and increases rapidly at 600 oC(2), expelling SO2 which is accounted as CO2 
by the TGA method. It is noted that the sulfur content of lignite is 1%-2% in dry basis. 

By using the alternative method of FOGL Digital Soil Calcimeter, the CO2 content result does not depend on type of carbonates nor 
on other lignite constituents as sulfur, thus preserving more consistent and accurate results. 

CONCLUSIONS 

The determination of CO2 content in lignites and coals performed by thermogravimetric analysis exhibits error coming from their 
sulfur type and content as well as the type of carbonates. The alternative method of FOGL Digital Soil Calcimeter (from BD 
Inventions) not only confronts these issues but also complies with EN ISO and ASTM standards, giving more consistent and stable 
results, making it ideal not only for soil samples but also for lignite and coal samples, especially with CO2 content higher than 1%  
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1 Introduction 
Human activities on continents are the major responsible for ocean and continental microplastic (MP) pollution, therefore research has 
been performed to assess the different sources and their relative impact (Bläsing & Amelung 2018). While the most cited sources are 
general littering, direct dumping of plastic waste, and inappropriate management of landfill sites (He et al., 2018), a new focus has 
risen in the agricultural sector, who makes a contribution through final disposal of plastic mulching, water pipes, and greenhouse 
plastic covers (Brodhagen et al., 2017; Zhang & Liu 2018). Although there is evidence supporting that wastewater sludge used as a 
soil amendment could be part of the contributing factors (Zubris & Richards 2005), this source has been neglected to date.   
Wastewater treatment plants (WWTP) are usually efficient to remove MPs from wastewater (Sun et al., 2019). While this is a 
promising perspective for aquatic environments, it has rather obscure implications for soil pollution. As WWTP remove MPs from 
wastewater –nearly at 99% of removal rate-, they accumulate high amounts in the sludge (Li et al., 2018). Concurrently, the large 
amounts of sludge that are generated at WWTPs need to be managed in a sustainable way (Cogger et al., 2006). In this regard, sludge 
application to agricultural fields is a common practice for its positive impacts on soil fertility (Coors et al., 2016). Therefore, are 
microplastics accumulating in agricultural soils by sewage sludge disposal? 
 
2 Objectives 
The primary objectives of the study was to evaluate microplastic pollution in soils by sewage sludge disposal, and to evaluate the 
significance of successive sludge applications over the count of microplastic in soil samples. 
 
3 Methods 
This is an observational study were thirty-one agricultural fields with different sludge application records and similar edaphoclimatic 
conditions were selected. One field where none sludge applications have ever been performed was used as control site. The remaining 
30 fields have undergone sludge applications for the last ten years at different rates. The higher rate corresponds to 4 fields that within 
ten years have received sludge in 5 opportunities, for a total load of 200 ton ha-1 (dry weight basis). Other rates were 40 ton ha-1, 80 
ton ha-1, 120 ton ha-1, 160 ton ha-1, having for each 3, 4, 9, and 10 observations/fields. 
At each field, 3 soil samples were collected, and analysed for MP quantification. MP extraction was done by flotation, taking 
advantage of the different densities that MPs and other soil particles have. Samples were treated in H2O, NaCl, and ZnCl2 in 
sequential steps where they were stirred, centrifuged, and filtrated. MP quantification was performed by direct observation at a 
microscope (20x). A subsample of the detected MPs was taken to characterize their size. Top view area was measured for non-fiber 
particles, while width and length was assessed for fibers. Seven sludge samples were taken, and their MP content quantified in a 
similar approach.  
Descriptive statistics were used to characterize sludge and soil microplastic content, fibers length and width, and non-fiber-particles 
top area. ANOVA methods were used to compare MP content in soils with different rates of sludge application. 
 
4 Results 
Overall, there is a trend of increase in the median of MPs counts when increasing the number of sludge applications (Fig. 1). Soils 
where 1, 2, 3, 4, and 5 applications of sludge had been done presented a median of 1.1, 1.6, 1.7, 2.3, and 3.5 particles g-1 dry soil, 
respectively. The control site had the lowest MP count. Two of the three samples from the control scored 0.2 p g-1, while the other had 
0.6 p g-1. The mean of the control was different from zero. One, two, and three sludge applications had a similar effect over MP 
accumulation in the topsoil. There were no differences between the means of 2, 4, and 5 sludge applications. Data dispersion was the 
highest for 3 sludge applications, where data ranged from 0.46 to 3.8 p g-1. Sludge presented a high MP content (median = 34 p g-1, 
range 18 to 41 p g-1), which stood out from the soil observations. 
The majority of MPs observed for both soils and sludge samples were fibers. While the mean fibers to total MPs ratio for sludge was 
0.90 ± 0.05, the proportion of fibers for soil samples was 0.97 ± 0.03. The fibers to total MPs ratio was statistically different between 
soils and sludge samples. The observed fiber width distribution is concentrated at low values, showing a few fibers with width >50 
μm. The median fiber width was 20 μm, while the IQR was 10 μm (p.25 = 17 μm and p.75 = 27 μm). The fiber length showed a 
similar distribution, having a median of 0.97 mm and a IQR of 1.05 mm (p.25 = 0.62 mm and p.75 = 1.67 mm). Twenty percent of 
observed fibers had a length >2 mm, and only the 5% a length >4 mm. The shortest fiber observed was 0.16 mm, and the narrower 8 
μm. 
Non-fiber-particles shapes were predominantly flat (58%) and the particles top area was generally <0.5 mm2. The median for particle 
top area was 0.03 mm2 and the IQR 0.12 mm2 (p.25 = 0.01 mm2 and p.75 = 0.13 mm2). The smallest particle observed was 0.0023 
mm2 (2254 μm2). 
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Figure 1. Microplastic (MP) counts by sludge application rate (differences at α <0.05). 

 
5 Conclusion 
Sludge applications in soils resulted in increased MP counts in soil samples. By monitoring agricultural fields with different sludge 
application records, we provided evidence of MP accumulation over time given successive sludge applications on agricultural fields. 
The data revealed a high concentration of MP in the soils, stressing out the relevance of sludge as a driver of soil microplastic 
pollution. 
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Abstract  

The behavior and fate of pesticides in tropical environments are considerably less studiedthan in temperate regions,whichrepresents a 
major research gap. Several environmental factors, such as higher temperature, moisture, correspondingly higher microbial activity, 
and generally lower soil organic carbon content, are thought to cause half-lives of pesticides to be shorter in tropical than temperate 
soils under field conditions. However, direct comparisons are scarce, and experiments under controlled laboratory conditions often 
revealed similar behavior of pesticides in terms of dissipation rates, and sorption coefficients.For temperate and tropical ecosystems 
alike, pesticide monitoring and risk assessment mainly focus on surface waters, while (arable) soil residue analysis beyond laboratory 
studies for registration is largely neglected. The few soil monitoring programs which have focused on persistent organic pollutants 
included first generation organochlorine pesticides, organophosphorus compounds, and atrazine. While some programs have 
investigated the fate of some pesticides over a short timeframe, there is little information on the long-term behavior of “modern” polar 
and less persistent pesticide residues at the field scale under real agricultural practices, in spite of the fact that long term persistence of 
pesticide residues (bound residues) is known to occur.  

Pesticide applications and research in Cuba has been closely linked to the socioeconomic development of the country over the past 
decades. Cuba as a signatory of international conventions such as Basilea and Stockholm has established a strategy to replace banned 
pesticides by others that are more degradable and less persistent, such as triazines, carbamates or pyrethroids (Dierksmeier et al., 
2003).Potato is the fourth most important crop worldwide in terms of production and is a relevant crop in Cuba as well (147.000 t 
produced in 2017 (ONEI 2018)).While a typical annual application rate isaround 3 kg active ingredients (ai)/ha for other crops, 
itranges from 6 to 15 kg ai/ha for potato(Chiaia-Hernandezet al., 2017). Similarly, potato receives the largest quantity of pesticides in 
Cuba (17 to 41 kg ai/ha/y), with a total of 40 to 45 treatments on average.While systematically higher than in Switzerland, such rates 
seem comparable with other regions within the Caribbean, such as Costa Rica (about 40 kg ai/ha/y). 

The PERECUSOproject presented here has beenfinancedby the Swiss National Science Foundation to bring together analytical 
chemists from South and North to assess pesticide residues in their agricultural environment. The concept of PERECUSO is a 
practical approachabout the analysis, evaluation, and interpretation of multiple and modernpesticideresidues in soil and potatoand 
different climates. This information willbe exchanged between North and South to level out the knowledge gap. In detail we offer: 1) 
A systematic method to quantify currentpesticide residuesin soils and potatoes over four consecutive years in Cuba and Switzerland 
under real-world conditionswherethe agricultural management practiceis thoroughly documented,2) a sampling approach where three 
different potato cultivation systems are considered: intensive, semi-intensive, and agro-ecological or organic. The specific objectives 
of the project are: 1) expand knowledge regarding pesticide residues in tropical soils and reveal differences to temperate soils, 2) 
provide a basis to establish Environmental Quality Standards to address environmental risks of pesticide residues in soils, both in 
Cuba and Europe (currently absent), 3) provide a basis to establish or improve Regulatory Guidance Valuesto address corresponding 
human risks of pesticide residues in potato, and thereby contribute to increased food security in potato production, both in Cuba and 
Europe, 4) quantify economic costs and benefits of various potato production systems, and 5) add knowledge about how different 
pesticide management regimes affect agro-ecosystem services. 
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The project region in Cuba selected for the study is the province of Mayabeque, which is the major contributor to the national potato 
production (40%) and has a large fraction of private producers (74%). Sampling criteria are the farm type and production intensity, 

past and current land management practices (e.g. 
frequency of pesticide application in the past and 
at present, use of biocontrol measures, 
fertilization regime, and crop rotation types), 
different soil types, and local climatic conditions 
(Figure 1). 

Figure 1: Potential sites/farms of investigation 
under PERECUSO in the four major potato 
producing munici-palities of Maya¬beque, 
Quivican, Batabano, Melana Del Sur, and 
Güines. Symbols represent the different inten-
sity of potato culti¬vation: green squares: 
intensive (i.e. most), black triangles: semi-
in¬tensive (i.e. me¬dium), and red dots: agro-
ecological sys¬tem (i.e. no pesticides applied) 

 

The results obtained from the project are 
compared with 75 agricultural sites in 
Switzerland archived by Swiss Soil Monitoring 

Network (NABO) and will complement each other.The pesticide target analyte list will be established based on a number of 
parameters; i) frequency of the past applications and the average applied amount of ai per ha and cultivation period in both countries, 
ii) compound specific properties, such as persistence, hydrophobicity, and (eco-)toxicity.Methods based on gas chromatography (GC) 
with electron capture detection (ECD) or nitrogen-phosphorous detection (NPD) will be cross-validated in the Swiss lab with GC 
coupled to mass spectrometry (MS)or triple quadrupoleMS.Both labs will exchange samples, transfer analytical methods, and conduct 
inter-laboratory comparisons according to an earlier collaboration.Special attention will be given on the impact of pesticide 
application on soil biological parameters. Residual concentrations in tubers will be compared with model predictions, and maximum 
allowed concentrations in Cuban (0.01–50mg/kg, depending on the pesticide)and Swiss legislation (0.01–30 mg/kg). Residual 
concentrations and corresponding environmental and human risks will also be considered in light of the actual crop yield obtained 
under the different pest management and fertilization regimesincluding a corresponding economic cost-benefit analysis. PERECUSO 
contributes to bridge the North-South knowledge gap about pesticide fate and behaviour as outlined above, and corresponding 
environmental and human risks. This addsdirectly and/or indirectly to several goals and targets of the 2030 Agenda for Sustainable 
Development. 

Keywords: current pesticide residues, soil, potato, agricultural systems, samplingconcept 
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Abstract  
 
The capital of the Republic of Cuba,Havana, is atypical metropolitan area with industrial and traffic activities, although agricultural 
practices are also present. The neighbouring province, Mayabeque is mainly dedicated to agriculture and has few factories. We 
performed a monitoring in these two provinces to assess the effects of human activities on the environment.For that, polycyclic 
aromatic hydrocarbons (PAHs) were measured in soil samples. The main goal of this study is to elucidate how feed and food quality 
can be influenced in these contrasting areas. Therefore, we also measured the corresponding PAH concentrations in grass and milk. 
 
Ten soil samples from the Havana  and Mayabeque provinces (Sosa et al., 2017; Sosa et al., 2018a) their grass and milk from 
cattlegrazing on these sites were investigated for PAHs (Sosa et al., 2018b). Of the 15 grassland sites 10 were used by cattle.The soil 
sampling followed the protocol of the Swiss Soil Monitoring Network (NABO) and is described in detail in Desaules et al. (2008) and 
Gubler et al. (2015). The soil and grass samples were taken in the dry season in the same quadrant as the soil samples of 100 m2(Sosa 
et al.2017) with the objective of finding relations between PAH concentrations in both,soil and grass of the agro-ecosystem (Sosa et 
al., 2018b). Milk samples were taken from a collector tank of each dairy from the same period where the soil and grass samples were 
taken. The milk analysis followed the protocols of International Dairy Federation (FIL/IDF, 1995).The range of the detection limit of 
the individual PAHs in soils were 0.01 to 0.68 µg/kg, grass 0.01 to 0.12 µg/kg, and milk 0.36 to 2.34 µg/kg (Sosa et al., 2017; Sosa et 
al., 2018b). 
Concentrationsof the sum of the 16 US EPA (∑PAH16) in grassland soils (n=10) ranged from 24to508µg/kgwith a median of66µg/kg 
(Figure 1). These soils were classified as “not contaminated” (∑PAH16 <1000 µg/kgdw)according the Swiss regulation (VBBo1998). 
 
The concentration range that were not normalized over their respective lipids inorder to discuss them with corresponding 
regulationsof the ∑PAH16 in grass and milkwere 29 to 157 µg/kgdw and 120 to 346 µg/kgdw, respectively (Figure 1), with 
predominance of phenanthrene in grass and milk.The most carcinogenic PAH compound benzo[a]pyrene (BaP) was not detected in 
the milk but in the grass (up to 36µg/kgdw). 

 

 
Figure 1. The sumof the 16 US EPA polycyclic aromatic hydrocarbon (∑PAH16) concentrations in grass, soil and milk. The box represents the 25th 
to 75th percentile, the whiskers are the 10th and 90th percentile. 
 
The matrix has a significant influence on the PAH concentration (p-value 8.42e-05 in the ANOVA model). There is no significant 
difference between the concentration of the ∑PAH16 in grass and soil samples (p-value >0.05) but between milk and grass (p-value 
0.0011) and milk and soil (p-value 0.0056). Ratios of the ∑PAH16 concentrations in grass over the corresponding soil samples were 
calculated. In 53% of the samples the ratio is >1 and in 47 % <1. A study in the tropical region of China (Shunde) showed that there 
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was a relation between plant and soil PAH concentrations of 0.53-4.23 with a mean of 2.2 (Li et al.2008). In our case, the range was 
between 0.13-3.02, with an average of 1.3. However, the correlation was not significant (R2= 0.0005, p-value >0.05). This effect of 
bioaccumulation can be explained by the high atmospheric deposition and the loss of PAHs in tropical soils. Factors that influence 
this outcome aretropical thus, high temperatures, higher microbial degradation, photo-oxidation, volatilization, and leaching (Wilcke 
et al.,1999). When the ratio of grass over soil concentration was separated in two groups (>1 and <1) positive and significant 
correlationswere observed for both groups. The sites which showed a value of the ratio >1 (n=8) indicatepredominating atmospheric 
deposition(Wilcke et al., 1999) (R² = 0.84, p-value <0.01).The emission sources responsible for the ratios>1 might be the 
thermoelectric plant, the cable industry, and the rum factory. The factories exhaust and the tropical conditions could be responsible 
that the concentration in grass were higher than soil (Wilcke et al., 1999). Due to themultifactorial causes between grass and milkit is 
very difficult to find correlations. A significant correlation ofthe ∑PAH16 concentrationsbetween grass and milk was only observed 
in some sites (n=3) (R2 = 0.99, p-value <0.05).As a potential contaminant source they had thethermoelectric plantin common. The 
current regulation of the EuropeanUnion established maximum permissible limits (MLP) of 1.00 μg/kg for BaP and the sum of four 
PAHs (chrysene, benzo[a]anthracene, benzo[b]fluoranthene, and BaP) in milk for babies and continuation milk. The Cuban milk is 
safe according to the European Union regulation (UE, 2015). There are noregulationsfor grass yet. However, the grass contained 
predominantly phenanthrene, which is considered of low risk for the animal’s health.  
The data serve as a reference point for a possible future industrial development in Cuba.It also represents a basis to establish 
Regulatory Guidance Values for PAHs in Cuban soils, grass, and milk. Also these results contribute to the limited information on 
persistent organic pollutants in cattle farms from the Caribbean region. 
 
Keywords: PAHs, soils, grass, milk  
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Abstract 

Plant protection products (PPP) have been applied regularly to field crops and permanent cultures in Switzerland for decades now. 
With increasing knowledge on the effects of long-term exposure to PPP residues on humans and the environment in general and the 
soil quality in specific, the general concern has risen. Consequently, anational Action Plan for Risk Minimization and Sustainable Use 
of Plant Protection Products (AP PPP) was developed with the goal to reduce the risk from use of PPP by 50%. This Action Plan 
includes a concrete measure to fill knowledge gaps concerning PPP residues and their transformation products in the soil by 
developing a PPP residue monitoring strategy for the soil. 

Pesticides have long been monitoredin a multiresidue fashion in surface- and groundwater. However, so far there have been few 
comprehensive inventories of PPP residues in soil, let alone any long-term monitoring. Internationally, the countries with the largest 
recent projects are Spain (Fernandez-Alvarez et al., 2010, Gamon et al., 2003, Martinez Vidal et al., 2010), Korea (Park et al., 2013), 
Hungary (Mortl et al., 2010, Szekacs et al., 2014) and most recently the Czech Republic (Hvesdova et al. 2018, Vasickova et al. 
2018). 

To develop a PPP residue monitoring strategy for the soil, we will first define a list of relevant compounds. We will select substances 
based on the following criteria: eco- and toxicological relevance, persistence in soil, bioavailability, amount and frequency of usage, 
analytical determinability and stakeholder interest. Preceding this project, Agroscopes’ Environmental Analytics Group and the Swiss 
National Soil Monitoring Network (NABO) have established a multiresidue method to facilitate a cost effective chemical analysis of a 
number of substances and successfully tested it on soil samples from NABO sites (Chiaia et al. 2017). This method will be optimized 
and extended to reflect the most relevant substances with regard to their risk potential for soil quality. While the NABO already 
monitors soil properties on a wide selection of sites, we will extend this selection to have a sample set representing the most PPP 
intensive land-use forms. Furthermore, we will evaluate and model the fate of PPP residues based onfarmers’ application records for 
the respective sites.Additionally, we will look into various specific questions, such as the impact of permanent cultures or the impact 
of different tillage practices on patterns of PPP residues in the soil. The goal is to provide a comprehensive inventory on spatial and 
temporal variability of PPP residues in intensively used agricultural soils in Switzerland. Based on the inventory we aim to 
complement the existing collection of sites and the current sampling strategy, to propose a concept for a long-term exposure 
monitoring of PPP residues. In parallel, we will develop indicators and ecotoxicological soil quality criteriato determine the impact of 
PPP residues on soil quality and propose measures to reduce the risk to soil quality.  

 

Keywords: Soil PPP residues, multiresidue analysis, soil monitoring, ecotoxicological soil quality criteria, 
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for pesticide analysis in soil 
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Abstract: 
Modern agricultural methods depend on the use of pesticides and several 100 000 tons are applied in Europe each year.Recent studies 
put a focus on the fate and effects of plant protection products (PPP) in soil as processes in this compartment are complex and not 
well studied so far. Thereforthe Federal Council in cooperation with the Swiss soil monitoring network (NABO) and Agroscope want 
to establish a comprehensive soil monitoring for PPP in the following years (action plan PPP). 
 
For the detection and quantification of PPP the analytes have to be extracted from the soil. As soil is a complex matrix extraction 
steps seem to have a crucial impact on data quality. Many methods were reported like Soxhlet-Extraction, pressurized liquid 
extraction (like accelerated solvent extraction (ASE)) and QuEChERS (quick, easy, cheap, effective, rugged, and safe) but there is no 
valid standard procedure for PPP extraction from soils. QuEChERS was the choice for most studies in the younger past for the 
investigation of pesticides in soil but only a few studies compared comprehensively different extraction methods. In this 
studyQuEChERS and ASE were compared with the main focus on the analytical performance. 
 
Experimental set-up: Five soil samples and a blank (sea sand)were used for the comparison. Each sample was extracted with both 
QuEChERS and ASE. Each extract was further prepared with and without clean-up and measured diluted (1:10) and non-diluted 
resulting in eightsample preparations and measurements per sample. 4 of the 5 investigated soils derived from the NABO program 
and the fifth soil sample was taken from our own experimental field site next to our institute. The organic carbon (OC) content was 

between 1.48 and 2 % for 4 of the 5 samples, in one sample an elevated OC 
content of 13.5 % was present. 
 
The ASE method was adapted from Chiaia-Hernandez (2017). 6g of dried 
soil sample were transferred to a 11 mL extraction cell, which was equipped 
with glass fiber filters (Whatman GF/F). Two extraction steps were carried 
out. The first one with a mixture of acetone (Ac), methanol (MeOH) and 
acetonitrile (ACN) at a ratio of 65:10:25 (2 x 5 min,65 °C, 110 bar) and a 
second one with a mixture of Ac and 1% phosphoric acid at a ratio of 70:30 
(2 x 5 min, 120 °C, 130 bar) to release acidic compounds from the soil.Both 
extracts were combined and spiked with a mixture containing 28 isotope 
labelled internal standards.ADionex ASE 200 was used for the extractions. 
 
The QuEChERS method was modified from the method originally described 
by Lesueuer (2008):5g of an air dry soil sample were weighed into a Falcon 
tube. After adding 5mL of water,the samplewas conditioned for 15 min. 
Subsequently 15 mL ACNwere added andthe sample was put 5 min on a 
shaker. Salts were added (4g of MgSO4, 1g of NaCl, 0.5g of 
disodiumhydrogencitrate and 1g of trisodiumcitrate), andthe sample was put 
5 min on the shaker. The sample wascentrifuged and supernatant could be 
further used for the clean-up. 
 
 
 

Clean-up was the same for both extraction methods: 5 mL of supernatant were transferred to a 12 mL Falcon tube and 150 mg PSA, 
150 mg C18 and 900 mg KSO4 were added. Vortex- and centrifuge-step followed. 
 
For chromatographic separation a PhenomenexKinetexcolumn (5 µm particle size, 100 x 4.6 mm) was used and a chromatographic 
run included a solvent gradient starting with a water:methanol (H2O:MeOH) ratio of 90:10 and was ramped up to a ratio of 0:100 
over 12 min. Two transitions for each analytewere then measured on a SciexQTrap 5500 in Multiple Reaction Monitoring (MRM) 
mode. 40 PPP and5 of their transformation products were quantified using reference standards for the calibration and 23 isotope 
labelled internal standards for the compensation of matrix effects. 
 
Results: A first glance to the analyzed concentrations showed a better extraction efficiency for the ASE method (see Figure 1). This is 
true for the comparison of the total concentration sum in all pairs of ASE-prepared samples (in average 320 µg/kg) and their 
corresponding QuEChERS-prepared sample aliquot (160 µg/kg). As extraction efficiency increases with ASE the reached limits of 
quantification are lower and therefore more PPP can be detected with ASEcompared to QuEChERS (16 to 13 in average). But this 
findings are not true for all compounds, as some phenylureas like Diuron or Isoproturon show a slightly better QuEChERS extraction. 

Figure 52: Comparison of the extraction efficiency of ASE 
and QuEChERS of Atrazine & 3 metabolites and Diuron Figure 51: Comparison of the extraction efficiency of ASE 
and QuEChERS of Atrazine & 3 metabolites and Diuron 
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Contaminants and urban environments 
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The case has been clearly made about why environmental scientists have a focus on urban environments – more and more people live 
in cities, urban environments can be ‘managed’ to limit their use of environmental resources and to reduce their impacts on the wider 
environment. The quality and nature of the urban environment affects the wellbeing of its inhabitants and society.  

A key part of the ‘quality’ of an urban environment is the chemicals within it – the levels and mixtures of metals, nutrients and 
organic substances that people (and the environment) will be exposed to in their daily lives in the city.  

One of the objectives of this session at the conference is to provide an overview on the sources of contamination to urban air, 
watersand soils and to highlight the main pollutants that can affect the quality of the urban environment.  

The focus of this presentation is therefore on how urban chemical quality can be assessed, screened and monitored. We will review 
tools and techniques to do this, to monitor the compositions of urban air, indoor air, water supplies and effluents, and soils. We will 
also consider some useful metrics and approaches to quantify sources to urban environments, the flows and fluxes of materials, wastes 
and so on, topics which need to be considered when the concept of ‘sustainable’ or ‘green’ cities are discussed.  

Data generated from studies in Europe, North America and Asia will be briefly introduced and comparisons made. We will also 
discuss some of the current priorities and interesting research lines on contaminants in urban environments.  

 

Keywords: urban air quality; water quality; soil quality; human exposure 
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Breider F.1,Piazzoli A.1,2, Gachet Aquillon C.1, Salihu I.1, andvon Gunten U.1,3 

1 EPFL – Swiss Federal Institute of Technology, CH-1015 Lausanne, Switzerland 

2 Politecnico di Milano, DICA e Environmental Section, Piazza Leonardo da Vinci 32, 20133 Milano, Italy 

3Eawag – Swiss Federal Institute of Aquatic Science and Technology, CH-8600 Dübendorf, Switzerland 

Abstract 

N-nitrosamines such as N-nitrosodimethylamine (NDMA) are potent carcinogenic and mutagenic contaminants that can be present in 
water, wastewater and sediments. These compounds can be formed during oxidative water treatment with ozone or by reaction with 
dichloramine or by acid-catalysed nitrosation of secondary and tertiary amines. Quaternary ammonium compounds (QACs) play an 
important role in cleaning, wetting, dispersing, emulsifying, foaming and anti-foaming agents used in many industrial and consumer 
products such as biocides (i.e. disinfectants, herbicides and pesticides), detergents, paints, inks, metal working fluids and personal 
care and pharmaceutical products(Bennett and Bennett, 1984; Camacho-Muñoz et al., 2014).However their role in the formation of N-
nitrosamines has been rarely studied. For thisreason, we have investigated the specific and total N-nitrosamine (TONO) formation 
potential of two quaternary amine-based micropollutants;benzalkonium chloride (BZK) and cetyltrimethylammonium chloride 
(CTMA) during chloramination at pH6, 7 and 8(Piazzoli et al., 2018). Only BZK showed quantifiable NDMA formation potential at 
pH8. However, TONO formation potentials of BZK and CTMA ranged between 0.7 and 2.1% and 1.1 and 4.9%, respectively. In both 
cases the TONO polls were constituted mostly (>85%) of uncharacterized N-nitrosamines(Piazzoli et al., 2018). LC-qTOF screening 
of a list of proposed N-nitrosamine structures has enabled to identify a novel N-nitrosamine from the chloramination of BZK, 
namely,N-nitroso-N-methyldodecylamine(Piazzoli et al., 2018). According to the literature, N-nitroso-N-methyldodecylamine was 
found to be carcinogenic in animal tests and its presence in consumer products has already been cause of concern(Lijinsky et al., 
1983). Hence, this N-nitrosamine may significantly contribute to the overall cancer potency of the TONO pool. Overall, 
theseexperimental results support the hypothesis that different functional groups in QACs can act as leaving groups during 
chloramination and form differing carcinogenicN-nitrosamine structures at significant yield during water treatment. 

QACs with long aliphatic chains such as CTMA and BZK are also surfactants known to form micelles in aqueous solution. Because 
of their amphiphilic characters, micelles can catalyse different reactions by improving the solubilisation of organic reagents in water 
and favouring the compartmentalisation of reagents with enhancement of the local concentration and reactivity(Sorella et al., 2015). 
Okun and Archer have shown that micelle-forming surfactants can accelerate the formation of N-nitrosamines(Okun and Archer, 
1977). However, the mechanism of the reaction was unclear and the effect of the micelles and precursor properties on the formation of 
N-nitrosamines was never studied in detail. For this reason, we have also assessed the effects of micelle-forming QACs on the N-
nitrosamines formation rates during acid-catalysed nitrosation of secondary aliphatic amines(Breider et al., 2018).The results of the 
laboratory experiments have shown that the nitrosation of hydrophobic secondary amines such as dipropylamine and dibutylamine by 
nitrite is significantly enhanced in the presence of micelles-forming QACs such as CTMA whereas anionic micelles formed by 
sodium dodecylsulfate did not significantly enhance the formation of N-nitrosamines(Breider et al., 2018). Rate enhancements of up 
to 100-fold were observed for the formation of N-nitrosodibutylamine in the presence of CTMA. The magnitude of the catalytic effect 
of CTMA on the nitrosation reaction depended mainly of the hydrophobicity of the amine precursors, the stability and the charges of 
the micelles and the pH. One important enhancement factor is the lowering of the pKa of the precursor alkylammonium ion due to the 
electrical potential at the micelle-water interface by up to ~2.5 pH units(Breider et al., 2018). The micelle-catalysed nitrosation of 
secondary amines might play a role in the formation of N-nitrosamines in wastewater and industrial processes using high 
concentrations of QAC-based surfactants. 

QACs are present in many industrial and consumer products and are widespread in natural and engineered aquatic systems(Li and 
Brownawell, 2010; Sorella et al., 2015; Zhang et al., 2015). Our results have shown that QACs can play a dual role in the formation of 
carcinogenic N-nitrosamines both as precursor and catalyst.The results presented herein represent a first step in the understanding the 
contribution of QACs in the formation of N-nitrosamines in water and their potential impact on the environment and human health. 

Keywords: N-nitrosamines, quaternary ammonium compounds, catalysis, micelle. 
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Abstract: 

Worldwide development of industry is generating huge amounts of waste, including those most burdensome, from chemical 
and petrochemical industries (Singh et al. 2018). Crude oil for many years have been the most important global energy source, while 
one third of the worlds’ consumed energy is derived from it. Moreover, over the last decades petroleum industry has been one of the 
leading and strategical component of the fuel and power sectors (British Petroleum 2018). Widespread and importance of crude oil 
and its products considerably increases threat of environmental pollution with those products, which posses toxic and mutagenic 
properties (Logeshwaran et al. 2018). Petroleum hydrocarbons are mostly volatile and low-soluble in water, and released to the water 
environment tend to float on the surface (light fraction), forming thin film or adsorb to the sediments (heavier fractions). Therefore, 
their removal requires use of physical, chemical or biological treatment (Singh et al. 2018). Among this, biological methods are 
considerable as non-invasive, ecological and eco-friendly. Usually, hydrocarbons contamination causes significant reduction of 
microbial community diversity and number, due to low bioavailability of the nutrients (Fuentes et al. 2014). To overcome this issue 
bioaugmentation technique could be used, which consist in the introduction of selected hydrocarbons-degrading microorganisms to 
polluted environment (Mrozik et al. 2005). Although, bioaugmentation itself is a topic of global interest, studies related to application 
of this technique in fresh water samples are limited.  

Therefore, the aim of this study was to evaluate possible use of bioaugmentation in aliphatic and aromatic hydrocarbons 
removal in water-based systems, analyze community changes during the bioremediation process and determine effectiveness of 
pollutants degradation in single-carbon source and co-metabolic systems. For this purpose, microbial cultures containing water only 
(FW), fresh water biougmented with single bacterial strain (Raoultella planticola M01, Raoultella ornithinolytica M03 or 
Acinetobacter calcoaceticus M1B) or mixture of mentioned strains (MIX) were incubated for 7 or 14 days with single hydrocarbon 
(isooctane, nonane, dodecane, tridecane, hexadecane, n-butylbenzene, propylbenzene, tert-butylbenzene, sec-butylbenzene or 
xylenes) or mixture of aliphatic or aromatic hydrocarbons as a sole carbon and energy source. Afterwards, samples were extracted 
with hexane and analyzed using GC-MS/MS chromatograph. Additionally, catechol 1,2-dioxygenase and 2,3-dioxygease activity 
assay was implemented, to appraise enzymatic activity mmodyfications in the samples. The MiSeq (Illumina) genome sequencing 
was performed for initial samples, after 1- and 14-days of incubation with diesel oil.  

 

Figure 1: Biodegradation efficiency in water (FW) and water bioaugmented with different strains (M01, M03, M1B)  

 

Biodegradation efficiency analysis indicate, that implementation of exogenous strains significantly improves bioremediation 
rates in comparison to non-implemented samples (Figure 1). It was especially evident in samples with fresh water and aliphatic 
hydrocarbons, when degradation rate was dropping with hydrocarbon chain elongation. When it comes to bioaugmentation, for 
aliphatic hydrocarbons, incubation time was an important factor affecting degradation efficiency of hydrocarbons longer than 10 
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carbon atoms, as the results after 14 days were much better. Moreover, presence of natural microflora might have negative impact on 
single carbons degradation, but does not affect co-metabolic systems. Biougmentation with mixture of the strains, in co-metabolic 
systems was characterized with the highest degradation rates just after 7 days, and continue with high efficiency after 14 days. 
Moreover, it successfully stimulated also degradation of aromatic hydrocarbons, and also was the most effective when all analyzed 
strains were used with hydrocarbons mixtures. In case of benzene-derivatives utilization, structure of the side chain has no impact on 
aromatic hydrocarbons degradation, while all of them were almost completely removed after 14 days. Moreover, some negative effect 
of natural consortium observed for systems with single strains and single hydrocarbons was reduced when the strains mixture was 
implemented. The enzymatic activity tests showed significant boost of catechol 1,2-dioxygenase activity in the bioaugmented systems 
with hydrocarbons, comparing to the glucose samples. This suggest advantage of the ortho metabolic pathway during in used strains 
during degradation process. Moreover, shifts in microbial community structure were observed. Exploring the changes in 
biodegradation efficiency, enzymes activity and microbiome structure, bioaugmentation seems to be a promising strategy in fresh 
water environment restorage after hydrocarbons contamination.    

 

This research was funded by The National Science Centre Poland grant number DEC-2015/19/N/NZ9/02422. 
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Abstract: 

Stone corrosion by acid rain and deterioration from biofilms are universal problems for residential or industrial buildings as well as 
cultural heritage such as statues or historic architectures. (Revie et al., 2008). Such corrosion can be caused by thermal and 
mechanical stress (physical weathering) as well as chemical factors (chemical weathering). “Acid rain” is mainly caused by industrial 
pollutants (SOx, NOx emissions) and so this problem is particularly prevalent in urban area. (Charola et al., 2002) This presentation 
will showcase how some typical building stones can be protected from acid-corrosionand biofilm formation by application of 
transparent thin films of polyoxometalate-based ionic liquids (POM-ILs).(Misra et al., 2018)In this work, stone samples are coated 
with hydrophobic, acid resistant POM-ILs with antibacterial properties. Exposure of the samples to simulatedacid rain showed 
negligible corrosion compared to the significant deterioration of unprotected samples; while the biocidal properties ofthe POM-ILs 
suppress the formation of biofilms on coated stone slabs. A new class of molecular materials for protecting stones can now be 
developed for use in construction, environmental protectionand cultural heritage preservation.In addition, aesthetic changes along 
with physical and chemical deterioration arising from microbial colonization also invade the conservation of stone materials. 
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Biodeterioration of mineral stones occurs predominantly by formation of biofilms, causing discolouration of the stone surface and 
alteration the stone porosity. Exposure of stone artefacts to outdoor environments demands continuous maintenance and the use of 
water repelling agents to as well as biocidal products to inhibit further biofilm growth. To overcome this challenge, protective 
coatings have been developed which either act as water repellents to prevent aqueous acid corrosion or as biocides to prevent biofilm 
formation on the stone surface. ILs offer the advantage of a modular design where cation and anion can be independently tuned, 
thereby enabling the formation of multifunctional materials suitable for surface coatings.In the field of surface-active IL coatings, 
polyoxometalate-ionic liquids (POM-ILs) have recently received significant interest, owing to their outstanding chemical versatility 
and reactivity. (Herrmann et al., 2014) In POM-ILs, molecular metal oxide anions (polyoxometalates, POMs) are combined with 
bulky organic cations often resulting in room-temperature ionic liquids. The physical, rheological and chemical properties of POM-
ILs can be tuned by chemical design.The presentation will explore the development of water-repellent, acid-stable POM-ILs featuring 
biocidal activity (Kubo et al., 2017) as multifunctional corrosion protection coatings for three types of natural carbonate stones with 
different levels of porosity, typically used in construction.Our study exhibits that the combination of long-chain quaternary 
alkylammonium cations with acid-stable polyoxotungstate anions can be used to access room-temperature POM-ILs which combine 
facile application and high surface adhesion on porous and non-porous stone surfaces with high water repellency, acid stability and 
biocidal activity. Significantly increased corrosion-resistance is achieved under harsh chemical conditions using two different POM-
ILs, POM-IL 1 and 2 (Table 1) and also the aesthetic appeal and edge-sharpness of the stones are preserved (Figure 1). Detailed 
synthetic and characterization methodologies, ‘vapour-chamber’ and ‘rain-chamber’ anticorrosion tests and antimicrobial studies (cell 
proliferation and cell viability assays) will be described and the different techniques like electron and fluorescence microscopy 
utilized will be discussed.  

 

Table 1: Acid corrosion protection data  

Stone type Coating  Weight loss (%) 

After acid vapour test 

Belgian Blue - 10.1 

Belgian Blue POM-IL 1 0.1 

Belgian Blue POM-IL 2 0.6 

Romery - 6.2 

Romery POM-IL 1 0.1 

Romery POM-IL 2 0.4 

Dom - Complete breakdown 

Dom POM-IL 1 1.4 

Dom POM-IL 2 8.7 

Source: Misra et al., 2018, p. 14928. 
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Figure 1:Acid vapour corrosion protection of POM-IL-coated stone samples, studied by exposing the samples to acetic acid vapour for 72 h; for 
weight loss data, see Table 1. RO: Romery stone; BB: Belgian Bluestone; DO: Dom stone. 

Source: Misra et al., 2018, p. 14928. 

 

When exposed to typical biofilm-forming microbes like E. coli and B. subtilis, it is observed that novel POM-IL based acid- and bio-
corrosion protection becomes possible.Two multifunctional polyoxometalate ionic liquid (POM-IL) based transparent coatings can 
easily be applied by brush coating onto various corrosion-sensitive surfaces. The surface coating is mechanically stable and is not 
removed even under harsh mechanical and chemical treatment (e.g. under accelerated acid rain simulation). Tuning of the rheological, 
physical and chemical properties of the POM-ILs is possible and the results demonstrate that modification of the cation affects the 
anti-corrosive properties as well as the biocidal activity. Future directions of employing such novel materials will also be highlighted 
along the line of the longer-term performance of POM-ILs when applied under “real life” conditions to prevent biodeterioration in 
outdoor buildings or cultural heritage objects and also their antifungal activity. 

 

Keywords: Polyoxometalate.Ionic liquid. Corrosion. Self-assembly. Metal oxide. 
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Abstract 

In order to protect the aquatic environment, minimizing the introduction of hazardous substancesseems to be an interesting 
complement to the implementation of new water-treatment technologies. Some European and French regulations(Directive 
2000/60/EC, directive 2003/53/CE,French decree of 2015 July 21st)encourage the development of action plans contributing to the 
reduction of emissions of pollutants by limiting the flows arriving at wastewater treatment plants (WWTP). A lever of action that 
seems natural to communities is the control of emissions from industries and agriculture in the watersheds under consideration. This 
paper focuses on another source of contribution to pollutant flows that is not necessarily taken into account: domestic wastewater. In 
the case of the Paris conurbation, heavily urbanized and poorlyindustrialized, the aim of our work wasto compare the contamination 
of domestic wastewater with that of industrial wastewater for three families of micropollutants: alkylphenols, phthalates and parabens 
that are toxics for aquatic environments and classified as endocrine-disrupting compounds(Oehlmann et al. 2009; Haman et al. 2015). 
Then, we tried to identify ways to reduce the contamination of domestic wastewater. First the origin of the contamination was 
investigated through greywater and finally the impact of regulation and/or changing of practices on the contamination of wastewater 
were assessed.  

Industrial vs. domestic fluxes at the Paris conurbation scale 

Alkylphenols (NP: nonylphenols, OP: octylphenols), phthalates (DEP: diethylphthalate, DnBP: di‐n‐butylphthalate, BBP: 
butylbenzylphthalate, DEHP: di‐(2‐ethylhexyl)phthalate) and parabens (MeP: methylparaben, EtP: ethylparaben, PrP: propylparaben) 
were measured in industrial wastewater, domestic wastewater and in the influent of Parisian WWTP mixing both domestic and 
industrial wastewater. Figure 1 summarizes the levels of contamination measured for domestic water (measured at the head of the 
watershed), industrial water and water entering the WWTP. For all substances, domestic water is systematically more contaminated 
than industrial water.The calculated flowshighlighted that the industrial contribution represents less than 3% of the incoming flow in 
WWTP for the studied substances. This low contribution from industry can be explained by the nature of the Ile-de-France watershed. 
Indeed, the Paris region is a highly urbanized but poorly industrialized watershed. The effort granted by the industries would therefore 
reduce by 3% the contributions to the sewer network. What levers of action to imagine for other sources, namely domestic sources? 
To answer this question, greywater and the impact of the changes in consumer practices and the impact of the regulation concerning 
substances were investigated. 
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Figure 1:Concentrations (µg/L) in domestic wastewater, industrial wastewater and in influent of WWTP 

 

Greywater, the major source of alkylphenols, phthalates and parabens in domestic wastewater 

Domestic wastewater consists of greywater (80% by volume of water) and sewage (20% by volume of water). In the idea of finding 
levers of action for a reduction at the source of micropollutants, the study of greywater was prioritized because they are more 
important in water flow and it seems easier to modify our practices concerning them. We were therefore interested in the flows 
emitted by five different types of greywater: shower, washbasin, manual dishwashing, dishwasher and washing machine. Shower and 
washing machine effluentswere the main contributor to the wastewater contamination. This study highlighted that the daily use of 
different products for domestic activities explained the levels observed in wastewater.Moreover, the concentration variability could be 
explained by different habits of consuming.  

Evolution of concentration in wastewater following changing of industrial formulations 

Concentrations of alkylphenols, phthalates and parabens were measured in the influent of the main WWTP of the Paris agglomeration 
in 2010 (Bergé et al. 2014; Gasperi et al. 2014). These concentrations represent the reference levels of the impregnation of urban 
wastewater for these micropollutants since they werethe first studies providing information on these molecules. The same sampling 
points were again studied in 2015 and 2016. The evolution of the concentrations measured in Parisian wastewater between these two 
periods is showed in Figure 2.Since 2010, paraben concentrations have decreased by a factor of between 6 for MeP and 3.5 for EtP 
and PrP. For the alkylphenols, the NP concentrations are 5 times lower whereas those of the OP have been divided by 10; the levels 
recorded in 2015 are now very often close to the limit of quantification (0.17 μg/L). For phthalates, DnBP stands out, the 
concentrations in 2015 are higher than those of reference by a factor of 5 whereas for the other congeners the levels measured are 
approximately 5 times lower. Thus, for all the molecules, except for DnBP, the concentrations observed in 2015 are lower than the 
reference levels. This trend, which seems to be general, is however a reflection of very contrasting situations from one family to 
another.Parabens were almost withdrawn from personal care products following a sanitary alert (Darbre et al. 2004) and substituted 
by other preservatives. This latter withdrawal was the response of cosmetic manufacturers although no new regulations have been 
issued to ban them. Concerning alkylphenols and phthalates recent regulations limited their use in manufactured products (Regulation 
(EC) No 1907/2006, directive 2003/53/CE).  

 

 

 

Figure 2:Temporal evolution of the concentrations (µg/L) in influent of WWTP following modifications of industrial formulations or regulation 
concerning phthalates, alkylphenols and parabens 

 

Conclusion 

This study focuses on the domestic origin of the contamination of wastewater. In the case of a heavily urbanized and scarcely 
industrialized conurbation, we highlighted that the contamination of domestic wastewater is predominant compared to industrial 
wastewater for three families of micropollutants: alkylphenols, phthalatesand parabens. Then, the investigationof the quality of 
greywater allowed us to identify shower effluent and washing machine effluent as the main source of domestic wastewater 
contamination and so to identify ways to reduce it. Finally, the decrease of observed concentrations between 2010 and 2015 in the 
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main trunks of the Paris conurbation, allowed us to understand the determinants (regulations and/or consuming practices) of these 
fluctuations in order to imagine levers for action by local authorities. The regulation of domestic activities seems to be central to 
promote a source reduction of micropollutants. 
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Abstract 

Historically, pesticides used in agriculture have received much more attention than biocides used in urban areas. However, even if 
they are used in smaller quantities in cities, biocides loads in receiving waters from rural and urban areas can be in the same order of 
magnitude(Wittmer et al., 2011). Biocidal substances are largely used and hence contribute to a diffuse contamination of receiving 
waters. For example, they are used as disinfectant in hospitals and homes or as preservatives in cosmetics, personal care products or 
building materials (bitumen sheets, paints, renders, tiles, etc.). They are released into receiving waters via discharges of wastewater 
treatment plant (WWTP) effluents and also viastormwater (separate sewer systems) or combined sewer overflows (combined sewer 
systems)discharges during wet weather (Bollmann et al., 2014; Bucheli et al., 1998; Burkhardt et al., 2011). As they can have effect at 
very low concentration on aquatic organisms (Mohr et al., 2008), they are part of emerging concerns but they are not sufficiently 
monitored in the environment (Dulio et al., 2015) and in urban matrices. However, in order to reduce emissions in the aquatic 
environment, the identification of their sources is needed. Thus, the purpose of this study is to identify the different urban sources of 
18 biocides in combined sewer overflows (CSOs). 

In that context, the Central Laboratory of Police Prefecture in partnership with the Laboratory of water, environment and urban 
systems (Leesu) has developed a method to simultaneously quantify 18 biocides, used in building materials but also in household 
products, at trace level (ng/L-µg/L) in diverse urban matrices. The analysed biocides are the following ones: benzisothiazolinone 
(BIT), chloromethylisothiazolinone (CMIT), dichloro-octylisothiazolinone (DCOIT), methylisothiazolinone (MIT), 
octylisothiazolinone (OIT), cybutryn, terbutryn, terbuthylazine, diuron, isoproturon, carbendazim, iodopropynyl butylcarbamate 
(IPBC), tebuconazole, thiabendazole, mecoprop and bezalkonium chlorides (C12-C16). First, the sample is filtered through 0.7 µm. 
Both fractions are then extracted: solid phase extraction for the dissolved fraction and microwaves assisted extraction for the 
particulate fraction. And both extracts are analysed by ultra performance liquid chromatography coupled to tandem-mass 
spectrometry. 

Flow-proportional composite samples have been collected in Paris conurbation (figure 1) from two combined sewer overflows 
(CSOs) and from the Seine Centre WWTP (900 000 connected inhabitants, influents and effluents are sampled) with the help of the 
Mairie de Paris and the Public service of sanitation in the metropolitan area of Paris (SIAAP). The percentage of stormwater in CSOs 
has been estimated thanks to the sample conductivity, assuming that CSOs are composed of both stormwater (80-150 µS.cm-1) and 
wastewater (1050-1170 µS.cm-1). 

mailto:claudia.paijens@enpc.fr
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Figure 1: Sampling sites 

 

The results on dissolved fraction have shown a contamination of CSOs by the 18 targeted biocides.Concentrations are in the same 
order of magnitude for the two CSOs. They range from few ng/L to tens of ng/L for most of biocides but can exceed 100 ng/L (MIT, 
benzalkonium C16 and diuron) or even 1 µg/L (benzalkonium C12 and C14). 

First, compared to WWTP influents, concentrations of most biocides in CSOs are higher or in the same order of magnitude, which 
highlights that stormwater do not dilute biocides in wastewater but is also a source of biocides.Also, concentrations in CSOs can vary 
depending on the percentage of stormwater (figure 2). Three cases have been observed: 

- Biocides for whichstormwater substantially contributes to the contamination of CSOs. As shown on figure 2 (top charts), for 
carbendazim, diuron, OIT and terbutryn, the higher the percentage of stormwater is and the higher the concentrations are. 
Hence their major source in CSOs seems to be urban surfaces, and more specifically building materials (bitumen sheets, 
paints, renders, tiles, etc.) from which biocides have leached during rain events.  

- Biocides for which the contribution of wastewater seems more important. For instance, BIT, CMIT and MIT have been 
detected and quantified in Clichy CSOs only when stormwater percentage was below 60%. These compounds are widely 
used in household products, cosmetics and personal care products and thus, these uses are their major source in CSOs. 

- Biocides for which no clear trend was observed (bottom charts on figure 2) and then both contributions are significant and 
cannot be discriminated. 

Finally, annual mass loads of the 18 targeted biocides have been estimated in both CSOs and in the WWTP effluents of Seine Centre. 
Compared to WWTP effluents, CSOs seem to be a significant source of benzalkonium C12 and C14, CMIT, cybutryn, and OIT as 
their mass loads in CSOs are in the same order of magnitude or higher than in WWTP discharges. Mass loads of BIT, 
MIT,thiabendazole and benzalkonium C16 in CSOs represent less than 10% of mass loads in WWTP effluent. Thus, the contribution 
of CSOs to the contamination of surface waters seems to be minor. Mass loads of other biocides represent from 11 to 32% of those in 
WWTP effluents. 

 

Major source: stormwater 

 

Mixed sources: stormwater and wastewater 
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Figure 2: Concentrations of few biocides as a function of stormwater percentage in two CSOs (Clichy and Vincennes-Charenton) 

 

 

Keywords: Biocides, combined sewer overflows, stormwater, urban sources, wastewater 
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Abstract: 

Pesticides are part of the most important and ubiquitous micropollutants in the Environment. They are submitted to various types of 
degradation and transformation processes in water and soil and some metabolites can be formed (Scribner et al., 2000). Most of them 
are more polar, more mobile and more soluble than their parents (Boxall et al., 2004), meaning that they can be present in surface and 
groundwaters too. The diversity of pesticide families linked with various uses make impossible to analyse the totality of active 
substances and metabolites in resources and drinking waters by a single methodology. Indeed, physico-chemical properties are wide 
and diverse, such as polarity and solubility which are especially different between parent compounds and their metabolites. However, 
“pesticides and their relevant metabolites” are included in the European Drinking Water Directive (European Directive 98/83/CE) and 
the limits to be respected are 0.1 µg/L for each compound and 0.5 µg/L for the sum. Consequently, the development of specific 
methodologies is necessary to manage concentrations in resources and drinking waters and to follow the efficiency of treatment 
facilities along drinking water treatment plants (DWTP). Triazines are the most used pesticide family worldwide. Most of them were 
banned in 2003in Europe and chloroacetamides are now applied to replace them. These two families of active substances are often 
quantified in waters sampled during research studies and/or analytical sanitary controls. Some non-compliances are also measured but 
few information is available for their metabolites. In this context, the aim of this research project was to develop an innovative 
methodology to quantify triazines and chloroacetamides and their polar metabolites in resourcesused to produce drinking water and in 
associated drinking waters. 

Analytical methodologies were developed using on-line solid-phase extraction (SPE) or direct injection and ultra-high 
performance liquid chromatography coupled with tandem mass spectrometry (UPLC-MS/MS) or with high resolution mass 
spectrometry (UPLC-HRMS, Orbitrap). Several methods were needed for the analysis of 29 triazines and 47 chloroacetamides, 
targeted in this research project. Indeed, log Kow (representing polarity) of parent compounds are between 2 and 5 for both families 
but values for metabolites are below 2, meaning that special conditions are needed for their quantification. The first development was 
performed for the triazines family. First, injection, separation and detection parameters were optimised for the quantification of 15 
triazines and 14 of their metabolites. The most polar metabolites, ammelide and ammeline, were analysed by UPLC-HRMS in normal 
mode after SPE on strong cationic exchange cartridge. This development is quite innovative and allows to quantify these two 
metabolites in waters for the first time in French resources. Then, the method was optimised for 27 other triazines and metabolites on 
C18 column by direct injection in UPLC-HRMS (Thermo). Limits of quantification were particularly low, reaching 1 ng/L for most of 
the compounds. The second methodology was developed for chloroacetamides. Extraction, injection, separation and detection 
parameters were evaluated on several conditions of UPLC-MS/MS (Waters). In total, four methodologies were needed to quantify 14 
chloroacetamides and 33 of their metabolites and reached low limits of quantification (between 1 and 10 ng/L). During the 
development protocol, we showed that presence of chlorine in the distributed drinking water had a great impact on the detection of 
half of chloroacetamides (Figure 1). Indeed, recoveries of analytical standards spiked drinking water reached more than 125% for 11 
compounds, less than 75% for 5 and 4 chloroacetamides were not detected. On the contrary, corresponding recoveries ranged 80% to 
120% in spiked mineral water. Consequently, impact of chlorine was showed for 20 compounds out of 47 in this study and so, 
corrected by the addition of déchloration agent in the sample preparation procedure.   
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Figure 1:Impact of chlorine on the detection of chloroacetamides metabolites (compounds without effect not presented) 

 

Thus, we added a specific step to remove chlorine from samples, by determining the best moment in the sampling and preservation 
procedure to perform it and two ways of dechlorination (addition of sodium thiosulfate and ascorbic acid) were compared. Indeed, this 
last step also impacts the signals. Therefore, in complement of the dechlorination for drinking water, the impact of all steps of 
sampling preparation procedure on signals were evaluated: type of sampling bottle, filtration andfreezingconservation, matrix effect. 
Thus, the presence of natural organic matter (especially in surface water) induces also some modifications of compounds detection 
(Figure 2).Indeed, spiked analytical standard recoveries in surface water were 20% lower than those in mineral waterfor 8 compounds 
and reached 40% for flufenacet FOE5043, showing a matrix effect in the presence of natural organic matter. Consequently, on-line 
SPE and addition of marked analytical standards is required to control the efficiency of the entire sample preparation procedure and to 
quantify correctly chloroacetamide metabolites in real samples. 

 

 

Figure 2:Impact of natural organic matter on the detection of chloroacetamides metabolites (matrix effect) 
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The entire development and the final methodology are an essential and innovative part of this research project, showing the great 
analytical challenges to be raised to determine micropollutant concentrations at trace levels in environmental samples.  

The application of all these methods was then performed on real samples. Several sampling campaigns were organised in the French 
river Basin called Seine-Normandiewhere is located urban Paris area and in two vineyard areas near Dijon (East of France) and 
Bordeaux (South-West). Waters from 20 resources were collected during winter and summer seasons in order to compare the 
occurrence of pesticides and metabolites. Drinking waters produced with these resources were also collected and quantification of all 
triazines and chloroacetamide metabolites was performed.First results of occurrence of triazine and chloroacetamide metabolites were 
generated showing that part of them were introduced in resources by naturel degradation and transformation processes of active 
substancesin soil. Therefore, the presence of these compounds in drinking water was underlined for the first time for 5 metabolites of 
triazines, including ammelide and ammeline, the most polar compounds, and for 11 metabolites of chloroacetamides, including 
dimetachlorCGA369873, s-metolachlorCGA357704 and s-metolachlor CGA368208, which are quite polar too.  

 

Keywords: metabolites, pesticides, drinking water, polar compounds 
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Abstract  

 
In the last decade, the occurrence of pharmaceuticals is constantly increasing in the environment, because of the human and 

animal treatment. These compounds have been reported to cause adverse impacts on the wildlife. The excretion of pharmaceuticals 
can be occurred as unchanged or as active metabolites. During the sewage treatment pharmaceuticals may be adsorbed onto the sludge 
or remained unchanged in the water phase. Furthermore, recycled water and wastewater sludge are often used in agriculture, so these 
materials can be appeared in the environment not only by direct release of effluents to waterways.The terminal fate of these 
compounds can be strongly influenced by their sorption on sediments and soils. The adsorption can be reducing the potential for 
exposure and increasing the time for degradation.The migration of drugs is also slowed by the sorption processes.The 
physicochemical properties of the pharmaceuticals modify the adsorption behaviour, such as water solubility, dissociation constants 
(pKa, pKb) and n-octanol/water partition coefficient (Kow). 

 
The present work was aimed to study the adsorption of diclofenac, lidocaine, carbamazepine, 17-α-ethinyl-estradiol and 

lamotrigine on a hydromorphic soils and on a standard mineral material namely goethite. The effect of their intrinsic chemical 
properties on the adsorption processes was investigated. The examined soils formed on the same parent material with different 
composition of clay minerals, organic matter and iron oxides. The concentrations of pharmaceuticals were determined by high-
performance liquid chromatography (HPLC) applying fluorescence and PDA detectors. Partition coefficients and adsorption 
isotherms were applied using Langmuir and a Polanyi-based models in a batch technique experiment under ambient conditions. The 
partition coefficient (KD) application is useful in understanding of the behaviour of drugs in hydromorphic environment. Furthermore, 
the application of Polanyi theory is describing the roles of the physicochemical properties of the adsorbates and adsorbents in the 
sorption processes of pharmaceuticals. The maximum adsorption capacity of the adsorbents and the affinity of the chemicals to the 
surfaces can be calculated from the isotherms. The distribution coefficients (KD) also depend on the characteristic of the 
pharmaceuticals, for instance the less polar compounds tend to have a higher adsorption on soils. 

 
Due todifferentcomposition and structures of the soils, various mechanisms and intermolecular interactions are involved in the 

sorption processes, such as hydrophobic interactions and H-bondings. The higher n-octanol/water partition coefficient (Kow) values of 
diclofenac and 17-α-ethinyl-estradiol suggest that their hydrophobic interactions are more prominent. Strong correlation was found 
between the sorption of chemicals and the organic carbon content.  Our results provide further information on the fate of 
pharmaceuticals with different chemical properties in the environment.  

This research was supported by Hungarian National Research and Innovation Office NKFIH (NVKP 16-1-2016-0003). 
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Abstract: 

The environmental contamination of soil with anthropogenic chemical pollutants is a critical and massive health problem.These 
contaminants include polycyclic aromatic hydrocarbons and heterocycles (PAXHs), which cause carcinogenic, mutagenic and toxic 
effects on humans and ecosystems. According to the number of the condensed aromatic rings, a distinction between low molecular 
(LMW, 1-3 rings) and high molecular weight (HMW, ≥ 4) exists in the literature.  

Nowadays, there are different remediation techniques for soilclean-up. Biodegradation is the most used approach, but its efficiency 
depends on aromatic ring number. Because of better solubility, LMW are more easily biodegradable than HMW. Combining 
bioremediation with chemical (pre)treatment leads to transformation of poorly bioavailable pollutants into oxygenated and more 
bioremediable products.  

Understanding the processes of chemical reactions with over a thousand available compositions in such complex matrix like soil is a 
difficult task. Therefore, there is a need for ultrahigh resolution mass spectrometry for achieving a widespread and non-target 
characterization of various oxidized products obtained during the reaction.  

Our current aim deals with understanding and improving the Fenton reaction with PAXHs in contaminated soil. Using cosolvents 
increases the solubility of organic pollutants, which are more hydrophobic and adsorb stronger on soil. 

The Fenton oxidation was set up under batch conditions without and with different cosolvents. Contaminated soil was mixed with 
cosolvent (without, methanol, ethanol or toluene), deionized water, H2SO4, FeSO4. The H2O2 was added stepwise (every 30 minutes, 
three times) and the reaction mixture was stirring for 48 hours at room temperature. For comparison, a blank reaction was carried out 
with contaminated soil by stirring in deionized water. 

After the reaction, the phases were separated and a Soxhlet extraction of the soil with dichloromethane was performed.  

For mass spectrometric analysis a research-type Orbitrap Elite mass spectrometer (Thermo Fisher, Bremen, Germany) was used, 
operating at a resolving power of R = 480,000 (FWHM at m/z 400) using APPI(+). For APPI(+) a Kr-UV lamp with photon emission 
at 10.0 and 10.6 eV was used.  

There are a variety ofstudies from different researchers dealing with the chemical remediation of PAHs polluted soil. For these studies 
they used almost only gas chromatography-mass spectrometry for determining the concentration of the selected PAHs by comparing 
them with the 16 EPA PAHs. However, since only a small area is analyzed, it is hardly difficult to explore the reaction mechanism 
during the treatment of an unknown complex mixture. In this study, we present for the first time a non-target approach to understand 
the Fenton oxidation of PAXH in complex matrix using different cosolvents.  

The comparison between the blank reaction and Fenton oxidationindicates, that neitherthe conventional Fenton reaction without any 
cosolvent nor the addition of methanol or ethanol results in a qualitative degradation of PAXHs. On the other hand, the chemical 
treatment with addition of toluene is more effective, because a notable removal of radical and protonated hydrocarbons is observed, 
while specific PAHs (DBE around 30 and C-atoms around 40) are completely removed(Figure 1). Furthermore, PANHs are oxidized 
more effective with toluene as cosolvent. After the reaction, the abundance of multiple oxygen-containing compositions (up to O13) 
increased in toluene and soil phase.  

 



1037 
 

 

Figure 1:Double bound equivalents (DBE) vs carbon count plot of hydrocarbons (HC radical) before and after reaction. 

 

Keywords: polycyclic aromatic hydrocarbons (PAH),contaminated soil, Fenton reaction, ultrahigh resolution mass spectrometry, 

non-target-analysis 
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In this work we studied the adsorption of two structurally different organic compounds (pentachlorobenzene and alachlor) on biochar 
and hydrochar obtained during different thermal carbonization processes. As biomass we used energy cropMiscanthus×giganteus and 
sugar beet shreds. Both types of hydrochar were obtained at three different HTC temperatures (180, 200 and 220ºC), while the biochar 
was obtained during a slow pyrolysis process at 400ºC.  

Characterization of the  investigated adsorbents included multi-point BET specific surface area (SSA), pore volume and elemental 
analysis. The multi-point BET (Brunauer-Emmett-Teller) SSA and pore volume of the adsorbents was determined by nitrogen 
adsorption at 77 K using an AutosorbiQ Surface Area Analyzer (Quantochrome Instruments, USA). Elemental analysis (C, H, N, and 
S) was conducted using a Vario EL III CHNS Analyzer. The SSA for all investigated adsorbents ranged from 3.87 to 260 m2/g. Both 
of the biochars had a significantly higher SSA than the hydrochar. It is interesting to note thatthe SSA of the hydrochars obtained 
from sugar beetshredsincreased with increasing temperature of the hydrothermal carbonization process (Fig. 2a), while in the case of 
the hydrochars obtained from Miscanthus,increasing the reaction temperature reduced the resulting specific surface area (Fig. 2b). 

  
A) B) 

Figure 1:Relationship of SSA and reaction temperature during formation of hydrochars from A) sugar beet shreds and B) Miscanthus 

 

The mesopore contents of the biochars were expressed as BJH total pore volume (cm3/g),and for the biochars obtained from sugar 
beet shreds and Miscanthus were 0.016 and 0.023 cm3/g, respectively. The obtained mesopore volumes were lower compared to the 
hydrochars, which shows that the porosity of the material decreased during pyrolysis at higher temperatures. The biochars originating 
from sugar beet shreds and Miscanthushad micropore volumes of 0.086 and 0.1042 cm3/g, respectively. All the investigated 
hydrochars originating from Miscanthushad higher pore volumes (micro- meso and total pore volume) than those obtained for 
hydrochars of sugar beet shreds. Additionally, it can be noticed that the volume of micro- meso- and total pore volume for all the 
investigated hydrochars increases with increasing temperature from 180°C to 220°C. 

The results of the elemental analysis show that the H/C atomic ratiodecreases with increasing temperature of the HTC processto 
values close to 1, indicating an increase in the aromatic structure as the temperature of the process increases. In addition, (N+O)/C 
ratio, expressed as the polarity index, decreases as the temperature of the process rises, which indicates the formation of less polar 
structures with increasing temperature. 
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In order to investigate the adsorption characteristics of the adsorbents, experiments were performed in conventional batch adsorption 
experiments. The background solution was 0.01 M CaCl2 in doubly distilled water with 100 mg/l NaN3 as a biocide.The amount of 
adsorbent in each experiment corresponded to a sample/solution ratio that resulted in 20-80% uptake of the given organic compounds. 
The procedure was as follows: flasks containing premeasured adsorbent and background solution and a certain volume of methanol 
organic compoundstock solution was spiked and equilibrated at room temperature by continuous shaking for 72 h. Samples of clear 
supernatant were then removed for gas-chromatographic determination of the organic compound equilibrium concentrations. 

All adsorption isotherms well fitted the Freundlich model. The nonlinearity of all the isotherms ranged from 0.450 to 0.986, except for 
alachlor on sugar beet shreds hydrochar at200ºC, where the value of n was 1.180. Adsorption coefficients (KF) were in the range 
0.053 to 243 (µg/g)/(µg/l)n for both compounds and all adsorbents. However, direct comparison of adsorption affinities could not be 
made because of their different units as a result of the nonlinearity of the adsorption isotherms. Therefore, distribution coefficients 
(Kd) were calculated for three equilibrium concentrations (Ce = 0.01SW, 0.1SW and 0.5SW). Generally, in the case of both compounds, 
theKd values increased in the range: hydrochar of sugar beet shreds<hydrochar of Miscanthus<biochars of sugar beet shreds and 
Miscanthus. The highest adsorption affinities were obtained for biochars for both investigated compounds. The reason for the higher 
adsorption affinity for both compounds on the investigated biochars may be due to higher specific surface areas.It is known that slow 
pyrolysis produces biocharswith higher specific surface area, as well as a higher content of aromatic structures in relation to the 
hydrochar produced by hydrothermal conversion process, which can affect the formation of additional adsorption sites on the surface 
as well as increase the hydrophobicity of the adsorbent (Fig. 2). 
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Figure 2:Relationship between adsorption affinity and H/C ratio obtained for the adsorbents from A) sugar beet shreds and B) Miscanthus 

 

To support this fact, the logKd values obtained for the adsorbents were correlated with the atomic H/C ratios, whereby a positive trend 
was observed between the aromaticity and the affinity for adsorption in the case of both investigated compounds (Fig. 2). Generally, 
adsorption affinity increased with increasing aromatic structure in the adsorbents. In addition, it can be noticed that changes in logKd 
with the change in the atomic H/C ratio were particularly pronounced at the low equilibrium concentrations, indicating the importance 
of specific interactions such as π-π interactions in the overall adsorption mechanism. 
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Based on the obtained results, it can be concluded that the adsorption efficiency is significantly dependent on the physico-chemical 
characteristics of the investigated adsorbents, which arestrongly affected by the process and conditions during adsorbents synthesis. In 
addition,both investigated adsorbents could be used for the purpose of remediationof water or sediment polluted with organic 
compounds.  

 

Keywords: biochar, hydrochar, adsorption, organic compounds 
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Abstract 

Background  

Parabens were widely used as preservatives and antimicrobial agents in most personal care products (PCPs). Because of their 

ubiquitous presence in surface waters worldwide, and their potentially negative effect as endocrine disruptors on aquatic 

ecosystems(Haman et al, 2015), these molecules raise increasing concern. Following Darbre et al publication in 2004, which 

established a potential link between parabens and breast cancer, consumers’ increasing awareness prompted cosmetic industry to 

seek alternatives to parabens by developing “paraben free” or “organic” products in the formulations, processes and packaging 

(Bressy A et al, 2016). Key unresolved issues include the identification of the products which should be substituted, and their 

replacement by other potentially harmful substances. 

 

Objectives 

The objectives of our studies were (i) to determine which chemicals replace parabens; and (ii) to evaluate the toxicity of these 

molecules on the development and the behavior of zebrafish (Danio rerio) larvae. 

Methodology 

The most frequently used preservatives were identified based on a bibliography survey. The zebrafish larvae were exposed to various 

concentrations of these chemicals, ranging from environmental concentrations(0.05-14 g/L,indicated as 1x) to high concentrations 

(100x, 1000x, 5000x and 10000x)(Kimura et al, 2014; Rafoth et al, 2007), alone or in combination. Their impact on the development, 

survival of zebrafish larvae, and mobility were then evaluated and compared (until 7 day-post-fertilization (dpf)) through touch 

response assay; light-dark stress assay (Peng et al, 2016) using a Zebrabox® (ViewPoint)(Figure 1). 

 

 

Figure 1. Experimental protocol of the light-dark stress assay. Experiment duration: 95min, with 1hr continuous light followed by 35 min 
dark-light transitions. Quantification of the zebrafish larvae locomotion was performed with the Zebralab software (tracking mode). 

 

Results 

The bibliography survey underlined phenoxyethanol (PE), methylisothiazolinone (MIT), and chlorphenesin (CPN) as preservatives 

frequently used in methyl-paraben (MEP)-free cosmetics, although little attention had been paid to their occurrence in receiving 

water. Importantly, it also raised the hypothesis that these substitutes could possibly have hazardous effects on aquatic organisms. We 

evaluated their impact on the development, and survival of zebrafish larvae, and showed that larvae exposure to individual 
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compounds had little impact on their mobility, by contrast to some of the cocktails (MIT+PE, MIT+CPN, MEP+PE, MEP+MIT, 

MIT+CPN+PE), which induce larvae hypolocomotion or akinesy at high concentrations (5000x and over). Furthermore, larvae 

exposure to these cocktails induced hyperpigmentation, important developmental abnormalities including oedema, weak heart beats, 

red blood cell aggregates, curved tail and head malformation, deflated swimbladder, with important consequences on their mobility. 

At environmental concentrations (1x), no significant effect was observed for single molecules or mixes using the touch response 

assay. By contrast, the light-dark stress assay showed that substitutes induced a significant hypolocomotion during the light periods 

individually (Figure 2), whereas their combination had little effects on their behaviour, thus revealing the unpredictable nature of the 

mixtures. 

 

Figure 2. Effects of MeP, MIT, CPN, PE, alone or in mixtures (as indicated) on the locomotion of the zebrafish larvae. The average 
distance moved per minute under light or dark condition is plotted. Data are presented as the mean  SEM, n=36 animals per group.Anova 
followed by post hoc Dunnett’s test ***: p < 0.001 ; ** : p < 0.01 ; * : p < 0.05 

 

Conclusions 

The use of zebrafish larvae is a promising and robust tool to assess toxicological impacts of parabens and their substitutes in the 

environment. In particular, this model could enable to generate valuable data on cocktail effects, which remain to date poorly 

documented in environmental conditions. 
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Abstract 

In southern European countries, the warmer months attract a huge mass of tourists to coastal areas. This can produce a significant 
impact in terms of the emission of numerous emerging contaminants, particularly those employed in personal care products (PCPs), 
abundant in the holiday seasons (Tovar-Sánchez et al., 2013). One class of these chemicals are volatile methyl siloxanes (VMSs), 
comprised of a backbone of Si-O bonds with organic side chains in linear or cyclic arrangements (Rücker and Kümmerer, 2015). 
They have high vapour pressure, are persistent (high half-life) and very lipophilic (high Kow), which makes them susceptible to prone 
to long-range atmospheric transport and bioaccumulation (Warner et al., 2010). Their presence was detectedworldwide in biota, 
wastewater and surface water, air, sediments, sludge, soil and vegetation, among other matrices. 

In this study, the concentrations and trends of four linear (L2, L3, L4, L5) and four cyclic (D3, D4, D5, D6) VMSs are described for 
air, marine vegetation and sand samples from Atlantic (Portugal) and Mediterranean (SE Spain and France), depending upon 
availability. To analyse these different matrices, the protocols varied from passive air sampling with sorbent-impregnated 
polyurethane foam disks (SIPs) followed by Soxhlet extraction with DCM/Hex 1:1(Ratola et al., 2016) to QuEChERS technology 
with Hex as extracting solvent for marine vegetation (Rocha et al., 2019) and sand.Instrumental analysis for all matrices was 
performed using a GC-MS system with an injector adapted with a Merlin microseal system and a low-bleed Agilent DB-5ms ultra-
inert column (30 m x 0.25 mm x 0.25 μm). 

Table 1 shows the maximum total VMSs concentrations by matrix and season.  

 

Table 1:Maximum VMSs concentrations in air, sand and marine vegetation in coastal areas 

  

Matrix Season Linear VMSs Cyclic VMSs 

Air(ng m-3) 
Winter 0.1 2 

Summer 0.2 6 

Marine vegetation 
(ng g-1) 

Winter 0.6 27 

Summer 2.3 290 

Sand(ng g-1) 
Winter 0.6 11 

Summer 15 40 

 

 

In terms of matrices, marine vegetation had more VMSs incidence than sand, probably due to the fact that the organic content of the 
latter matrix is very scarce. And as can be seen, VMSs levels are higher in summer for the three matrices studied, with ratios in the 
maximum values obtained of 3 (air) to 10 (marine vegetation). This can be a reflection of the aforementioned increase in the 
population during the warmer months. However, in higher latitudes where beach holidays are not common the trend is apparently the 
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opposite. In fact, McLachlan et al. (2010) simulated the year-round concentration of D5 (the most commonly used VMS) and found 
that the winter had higher levels, due to the lower presence of OH radicals, which lowered the degradation of these chemicals in the 
atmosphere. In all matrices the cyclic VMSs had much higher concentrations than the linear ones. These findings are consistent with 
other studies performed in other matrices as well, with D5 and D6 predominating due to their extensive use in numerous consumer 
products.  

In conclusion, the results show that VMSs need to be carefully studied, since they can have different behavioural patterns depending 
on the climate conditions. Coastal areas are very vulnerable ecosystems that need tobe protected, allowing a sustainableuse of 
residents and tourists, without compromising natural resources and wildlife.  

 

Keywords: volatile methylsiloxanes, coastal areas, air, marine vegetation, sand  
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Abstract: 

 

Introduction 

Ponds are small freshwater bodies with pronounced annual and inter-annual changes in environmental conditions. They host many 
organisms and provide various ecosystem services, but may receive contaminants due to the human activities developed around. This 
study was carried out on the Saclay plateau, a territory that has the double particularity of being in the process of urbanization and to 
shelter more than 2000 hectares of agricultural land in Ile-de-France, near Paris.We sought to link the human activities carried out on 
the territory with the dynamics of the organic contaminants present in the water and sediments of the ponds of the territory. 

Materials and methods 

Twelve ponds were selected in relation to their location in a gradient of landscapes, ranging from natural to urban environments, 
aiming to mimic the periurban development currently underway on the Saclay plateau. The survey campaigns concerned water and 
sediments. They included complete physico-chemical analyses, ecotoxic effects measurements and biodiversity studies. The work 
presented here focuses on the water and sediment contamination by 15 polycyclic aromatic hydrocarbons (PAHs)and 35 pesticides, in 
samples collected in June and October during two consecutive years , from two separate locations in each pond. The PAHs were 
determined by HPLC-fluorescence and the pesticides by UHPLC-MS/MS analysis.  

Results and discussion 

Global description of the ponds 

The physicochemical parameters of pools have an extended gradient, with a ratio ranging from 6 to more than 50 between the 
minimum and maximum values observed. Thus, in water, the dissolved oxygen varies between 0.4 and 21 mg/L, the conductivity 
between 114 and 1194 μS/cm or the dissolved organic carbon content between and 96 mg/L. These integrating parameters could result 
from both human activities carried out nearby (agricultural or recreational) and from the immediate environment of the ponds 
(particularly wooded areas). 

 

PAHs 

The sediments of two ponds were very largely contaminated by PAHs, astheir sum exceeded 10 mg/kg and reached up to 57.8 mg/kg. 
Such levels can lead to severe ecotoxic effects (Bakke et al., 2010). These two ponds are close to farms and major traffic lanes. On the 
opposite, the ponds situated in woodlands present less than 0.2 mg/kg PAH in their sediments, which could correspond to a 
background concentration. PAHs being hydrophobic, they remain little concentrated in the waters. 

Pesticides 

Multiple pesticides were also found in the sametwo ponds at relatively high concentrations. This is also the case for other ponds 
located either directly in agricultural areasor more distant from the cultivated plots. Among the monitored substances, the 2 
insecticides, the 7 fungicides, the 3 herbicide metabolites and 18 out of the 23 herbicides were observed (figures 1 and 2). The most 
frequently observed at high concentration were some triazole fungicides as tebuconazole, both in water (observed in 93.5% of the 
samples, max 2.5 µg/L) and sediments (94.6%, max 105 µg/kg), followed by the herbicides S-metolachlor in water (88%, max 4.4 
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µg/L) and diflufenican in sediment (66.3%, max 30 µg/kg). The pond with the highest concentration of insecticide imidacloprid was 
close to residential areas, this neonicotinoid being authorized for domestic use.Only three ponds contain only traces or no pesticides. 
These 3 ponds generally receive their water from uncultivated areas (forest, campus). 

 

 

Figure 1: Frequency of determination of the pesticides in pond water 

 

 

 

Figure 2: Frequency of determination of the pesticides in pond sediments 

 



1048 
 

Conclusion 

Most levels of contamination are highly contrasted depending on the pond. However, all the 12 ponds present some organic 
contaminants or a physicochemical parameter inducing that some ecotoxicological impact could be suspected.Furthermore, the 
multiplicity of pollutants leads to question the effect of mixtures.In most cases, the contamination may be explained by the 
localization. However, the link between the contamination and the human activities should be formalized.  
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Abstract: 

The degradation of urban river ecosystems presents a serious threat to sustainable urban development during the urbanization process, 
of whichthe identification of the spectral characteristics and sources of dissolved organic matter (DOM) is of significant 
importance.To this end, we investigated the distribution patterns of DOM/TOC, TN and TPalong the longitudinal gradients of 
Qingshui stream, a heavily polluted urban river in Chongqing of China, which some ecological restoration approaches have been 
conducted recently. Simultaneously, the spectral characteristics and sources of DOM from surface water and Porewater of soil and 
sediment were analyzed usingthree-dimensional fluorescence spectra (EEMs) and UV spectratechnologies (Hosen et al., 2014). The 
samples were taken at 4 sites distributing from the headwater to the downstream reaches. The results showed that the water quality of 
the whole stream were worse than Grade V of Chinses environmental quality standard. TheaverageDOM/TOCconcentrations in 
surface water, sediment and the corresponding Porewater, soil and their Porewaterwere 52.56 ± 2.61mg·L-1, 37.96 ± 15.90mg·g-1, 
36.46± 7.89mg·L-1,24.00 ± 9.03 mg·g-1and 133.01 ± 136.87 mg·L-1; the average TN concentrations were 17.20 ± 2.75mg·L-1, 2.96 ± 
1.15mg·g-1, 48.92 ± 12.19mg·L-1,2.05 ± 0.51mg·g-1, 20.68 ± 16.26 mg·L-1 in surface water, sediment, Porewater of sediment, soil and 
Porewater of soil , respectively;the average TP concentrations were 0.81 ± 0.44mg·L-1(surface water), 2.12 ± 0.55mg·g-1 (sediment), 
5.04 ± 1.12 mg·L-1(sediment Porewater),1.14 ± 0.44mg·g-1(soil) and 0.36 ± 0.24 mg·L-1(soil Porewater) (Table 1). Regarding the 
spectral characteristics of DOM (Figure 1), the Fluorescence index (FI) were 3.01 ± 0.08, 2.52 ± 0.09 and 2.50 ± 0.14 at surface 
water, soil Porewater and sediment Porewater, respectively, revealed that the DOM had strongly self-origin (Ziegelgruber et al., 
2013).The BIX of surface water, soil Porewater and sediment Porewater were 1.11 ± 0.03, 0.98 ± 0.05 and 1.13 ± 0.09, which did not 
vary significantly.Meanwhile, BIX values implied the bioavailability potential on DOM metabolism. The values of SUVA254in the 
surface water, soil Porewater and sediment Porewaterdiffered significantly (P< 0.01), accounted for0.38 ± 0.04, 1.93 ± 1.70 and 3.97 
± 0.84L·mg-1·cm-1, respectively;and that of SUVA260 were 1.50 ± 0.04, 1.81 ± 1.58 and 2.53 ± 0.85 L·mg-1·cm-1. The distribution 
patterns of SUVA254 and SUVA260showed the highest aromaticityand hydrophobicity were in sediment Porewater and the lowest ones 
were in surface water. In conclusion, the source of DOM in the studied river isself-origin, implying the possibility of ecological 
restoration on heavily polluted urban river (Chen, 2017). 

 

Keywords: Heavily polluted water; dissolved organic matter (DOM); spectral characteristics; ecological restoration 

 

Table 1:The average concentrations of DOM/TOC, TN and TP of the Qingshui stream 

Description DOM/TOC TN TP 

Surface water(mg·L-1) 52.56 ± 2.61 17.20 ± 2.75 0.81 ± 0.44 

Sediment(mg·g-1) 37.96 ± 15.90 2.96 ± 1.15, 2.12 ± 0.55 

Sediment Porewater (mg·L-1) 36.46± 7.89 48.92 ± 12.19 5.04 ± 1.12 

Soil(mg·g-1) 24.00 ± 9.03 2.05 ± 0.51 1.14 ± 0.44 

Soil Porewater(mg·L-1) 133.01 ± 136.87 20.68 ± 16.26 0.36 ± 0.24 
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Figure 1:Spectral characteristics of dissolved organic matter  
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Abstract: 

In recent years, the monitoring of the presence of volatile organic compounds (VOCs) in urban atmospheres have awaken the interest 
not only of the scientific community but also of the populations in general, and in particular, of people living close to industrial 
facilities (Gallego et al., 2018; Maceira et al., 2017; Oiamo et al., 2015; Ramírez et al., 2010). The occurrence of VOCs in urban 
atmosphere is mainly due to the combustion processes related to traffic emissions, heating boilers, fuel distribution and combustion of 
organic matter. In industrial zones, their occurrence can be attributed to the industrial activities, especially production plants using or 
producing this kind of compounds or fugitive or accidental emissions that can generate sporadic high concentration of a determinate 
contaminant. In this sense, population leaving close to industrial zones, is also exposed to these industrial emissions, which can be a 
significant menace to human health. 

At present, European Directive 2008/50/EC recommends the measurement of the VOCs classified as ozone precursors but only 
regulates the immission levels of benzene to 5 µ m-3 as an annual average, while other VOCs, such as 1,3-butadiene, are 
currentlyregulated only in some countries i.e. Canada or United Kingdom. Benzene is classified as group 1 according to the 
International Agency of Research on Cancer (IARC) due to its carcinogenic properties, but other unregulated VOCs also contribute 
significantly in the chronic risk associated to inhalation of ambient air (Loh et al., 2007, Ramírez et al., 2012). 

VOCs are usually determined by gas chromatography-mass spectrometry (GC-MS) due to the possibility of determining a huge 
number of compounds with high sensitivity and selectivity. However, due to the low concentrations at which they are present in air, it 
is necessary a preconcentration step to concentrate or trap the VOCs prior their determination by GC-MS. The most used sampling 
and extraction methods used to determine VOCs in air are based on enrichment onto solid sorbents, either by passive or active 
sampling (Maceira et al., 2017, Walgraeve et al., 2011, Wrong et al., 2013) and both are used in official methods. Active sampling 
involves pumping a defined volume of air through a tube filled with sorbent in which the contaminants a retained while passive 
samplings results from the diffusion of contaminants through a sorbent bed by which they present high affinity. While passive 
sampling provides average values of contaminants, it can underestimate episodic emissions of VOCs. However, these average values 
can be used for risk calculations. In the last few years, passive samplers have been applied in several applications because of its 
simplicity, low price and their ease of use, with the only limitation of the number of diffusion uptake rates commercially available. 
Once the contaminants are retained in the sorbent, they can be desorbed by applying temperature (thermal desorption) or using 
organic solvents(Ramírez et al., 2010). 

In the present study, passive sampling using Carbopack X sorbent tubes followed by thermal desorption and GC-MS analysis was 
used to determine the occurrence of VOCs in industrial and urban atmospheres near the petrochemical area of Tarragona. As the 
diffusive uptake rates are known for only a limited number of VOCs, first passive and active sampling was performed simultaneously 
in an industrial atmosphere to be able to calculate as much experimental diffusive uptake rates as possible allowing us to determine 
the concentrations of a greater number of VOCs. From these assays, good correlation was also observed between the experimental 
diffusive uptake rates obtained and the theoretical uptake rates corrected according the average temperature and pressure of the 
sampling period, for those contaminants for which theoretical value is available (Vallecillos et al., 2019a). 

The passive sampling in Carbopack X tubes was successfully applied for the monitoring of up to 53 VOCs in both industrial and 
urban atmospheres, some of which being affected by the industrial activity. A comparative study of seasonal period was also carried 
out. Moreover, from the VOC concentrations obtained in each urban sampling point, the global lifetime cancer risk (LCR) referred to 
inhalation exposures as well as the annual number of cases attributable to inhalation of VOCswere calculated (Loh et al., 2007; 
Ramirez et al., 2012). The results showed that the values of global LCR are not negligible and the monitoring of these contaminants is 
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mandatory to ensure air quality, not only in the cities directly affected by the industrial activity but also those with an intensive car 
traffic (Vallecillos et al., 2019b) 

Keywords: industrial atmosphere, urban atmosphere, passive sampling, volatile organic compounds, 
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Abstract  
The emission of polycyclic aromatic hydrocarbos (PAHs) and heavy metals (HMs) reflect human activities in the environment such as 
Havana city in Cuba. The contaminants can affect urban soils and consequently the human health. Heavy metalsas well as PAHs are 
not yet regulated in Cuban soils. The main objective of this study was todetermine PAH and HM concentrations in soils of Havana 
province (refers to the whole metropolitan area) and to assess the quality of a part of the urban environment. 
Soil samples were taken at 28 different sites in Havana that have different uses: agricultural soils (n=12), organoponics (n=8), parks 
(n=7) and one remediation area. The design of the survey is based on expert opinions of the Cuban research team, the Cuban Ministry 
of Science, Technology, and Environment (CITMA) of Havana city, and the Swiss Soil Monitoring Network (NABO) team. The main 
criteria for the site selection were the principal pollution sources and the land uses. The soil sampling followed the protocol of the 
NABO and is described in detail in Desaules et al. (2008) and Gubler et al. (2015). The 16 PAHs prioritized by the US Environmental 
Protection Agency were analysed according the methodology described by Bucheli et al., 2004 and measured with gas 
chromatography – mass spectrometry. The extraction of Cd, Cr, Cu, Ni, Pb, Zn and Hg was done with nitric acid (2M). All HMs in 
the extractwere measuredwith inductively coupled plasma-optical emission spectrometry (ICP-OES) except Hg. Mercury was 
measured by cold vapor-atomic fluorescence spectroscopy. 
Total concentrations of the sum 16 PAHs (ΣPAH16)in the 28 soil samples are depicted in Figure 1A. Agricultural plots (0.04 to  2.7 
mg/kg) and organoponics (0.04 to 1.8 mg/kg) showed about the same ƩPAH16 concentration ranges, although agricultural soils had 
the higher maximum value but a smaller interquartile range than organoponics. City parks had the highestΣPAH16 concentrations 
(0.4–72 mg/kg). The remediation area (43 mg/kg) belongs to a petroleum refinery in Havana (Sosa et al., 2018). Some sites (n=3) 
exceeded the trigger value of Switzerland for ΣPAH16 (10 mg/kgdw, VBBo) and would need to be further assessed because they 
represent a risk for human health. The comparison of the most carcinogenic compound benzo[a]pyrene (BaP) with some European, 
North-, and Mesoamerican countries revealed that four sites (three park soils, the remediation site) surpassed some regulatory 
guidance values (Figure 1B). 
Table 1 presents the mean concentration of heavy metals by different land uses in Havana. According to regulations of The 
Netherlands the concentrations of Cu, Ni, Pb and Zn in agricultural soils, organoponic gardens, parks and remediation area clearly 
exceeded the target values (in mg/kgdw Cu 36, Ni 35, Pb 85 Zn 140,) that indicate good soil quality (Lamé and Leenaers, 1998). The 
concentration of Cd in agricultural soils, Cr in soils of the parks and area of remediation and Hg in the organoponic gardens are also 
above the target values (in mg/kgdw Cd 0.8, Cr 100, Hg 0.3).According to the Swiss VBBo the Cu concentrations in agricultural soils 
exceeded the trigger value of 150 mg/kgdw . Thus, these sites would need, according to the Swiss law, to be assessed for risk for 
humans, plants and animals. 
The pathway of impact of this study is to first assess urban contaminant’s concentrations, which serves as a basis for the Cuban 
government to establish regulatory guidance values (RGVs)for PAHs and HMs in soils. The results were communicated to regulators 
in Cuba such as the CITMA, the research community, and other stakeholders such as the public/consumers.Furthermore, the soil 
serves as an archive for contaminants that will provide important information for a better understanding of the fate and behavior of 
PAHs and HMs in urban soilsand will indicate future concentrations, when regularly assessed, that can pose risksto humans and the 
environment. Any control measures, be it observation, restriction of the land use, or remediation of a field are based on a soundsoil 
monitoring network and established RGVs that need to be implemented. 
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Figure 1. The sum (Σ) of polycyclic aromatic hydrocarbon (PAH16) 
concentrations (A) and benzo[a]pyrene (BaP) concentrations(B) in Havanasoils. 
The box represents the 25th to 75th percentile, the whiskers arethe 10th and 90th 
percentile, and the dots are outliers. The dashedgray line in panel A indicates the 
Swiss trigger value for ΣPAH16 (VBBo 
1998) of 10mg/kgdw. Thetwo black dotted lines in B represent concentrations at 
0.1 mg/kgdw(Ecuadorian remediation value for agricultural soils), and 0.7 
mg/kgdw (Ecuadorianremediation value for residential and industrial soils), and 
the red dotted/dashed line at10 mg/kgdw (Ecuadorian (Anonymous (2015) and 
Mexican max. permissible value forcommercial soils, Mexican max. permissible 
value for industrial soils(Norma_PAH 2012)and German action value for 
parks(BBodSchV 1999)). Source: Sosa et al., 2018. 
 
 

 
 
 
 
 
 
 
 

 
Table 1. Meanoncentration of heavy metals by different land use in the Havana city. 

Mean concentration 
(mg/kgdw) in soils 

Cd Cr Cu Ni Pb Zn Hg 

Agricultural  1.2 45 171 41 172 112 0.03 
Organoponic gardens 0.6 69 74 55 40 151 0.12 
Park 0.3 101 75 175 122 170 0.06 
Remediation nd 208 246 404 111 1047 0.04 

nd: not detectable 
 
Keywords: polycyclic aromatic hydrocarbons, heavy metals, urban soils, regulatory guidance values, soil monitoring network 
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