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Plenary Lecture 1

Proteomics - a Tool in Personalized Medicine?

F. Lottspeich
Max-Planck-Institute of Biochemistry, Am Klopferspitz 18, D-82152 Martinsried

With cellular systems several quantitative proteomics techniques are available like metabolic or
chemical labelling (SILAC, iTRAQ or ICPL, etc.). However, with plasma the situation is much different.
Only chemical labelling is possible, the extremely complexity of probably millions of different protein
molecules (e.g. antibodies) and the unequalled large dynamic range of over 10" of the most abundant
to the least abundant proteins hampered a more comprehensive coverage of the plasma proteome.
An easy routine identification of low abundant proteins which are expected to be diagnostically and
prognostically relevant is not achieved so far. Additionally, it is well known that in plasma most of the
proteins are present in multiple forms caused by various posttranslational modifications and
processing events. Single protein species which may be diagnostically relevant have to be quantified
which hardly can be achieved by peptide based proteomics approaches. As a consequence in most
reports on plasma proteomics only a few tens to a few hundred proteins have been identified and
hardly any significant quantitative data are available for human plasma. In a feasibility study first
results of a proteomics based individualized biomarker discovery strategy in colon cancer patients will
be presented and discussed. In collaboration with the Bavarian Blood Bank (Bayerischer
Blutspendedienst) well standardized samples of single individuals covering various time points from a
healthy situation until a diseased state are quantitatively analysed using protein based quadruplexed
ICPL labelling strategy. The advantages, potential and current limitations of such an individualized
proteomics study in human plasma is discussed.



Plenary Lecture 2
The Environmental Challenge for Analytical Sciences

M. Grasserbauer

Vienna University of Technology
A-1060 Vienna
Austria

In this lecture the major elements of the European Union’s Policy on Environmental Protection and
Sustainable Development and resulting challenges for Analytical Sciences will be presented.

The priority issues dealt with are:

¢ Sustainable management of natural resources: air, water, soil, forestry.

o Climate change and clean energy.

e Global development cooperation.

Analytical Sciences are required to provide policy relevant information for the development and
implementation of European Community legislation and form a strong pillar for a sustainable evolution
of our region and our planet.

It will be shown which information needs to be provided, how the necessary quality levels can be
achieved and which new approaches, e.g. combining measurements and modelling, or earth-
observation with in-situ chemical/physical measurements, need to be taken to achieve an integrated

assessment of the state of the environment and to develop approaches for sustainable development.

In this context the need for building-up of a Shared Environmental Information System based on the
INSPIRE spatial data infrastructure will be emphasised.

The lecture will present these issues using concrete research results obtained in the Joint Research
Centre, which is providing S/T based support to the European Commission in the questions relating to
the Protection of the Environment and Sustainable Development of the European Union.



Plenary Lecture 3
Nanoanalytics - Probing Matter at the Atomic Scale
H. Fuchs

Physikalisches Institut and
Center for Nanotechnology (CeNTech)
Wilhelm-Klemm-Str. 10
Westfélische Wilhelms-Universitat Miinster
D-48149 Miinster, Germany

Nanoanalytical methods allow us to probe a variety of properties of material surfaces and interfaces
even down to the atomic scale. Besides structural features which might define the functional properties
of materials and devices, other parameters such as mechanical compliance, chemical composition
and optical properties as depending on the local composition and distribution are of utmost interest for
the development, optimization and failure analysis.

Nanoscale science is strongly driven by Scanning Probe Techniques such as scanning Tunnelling
Microscopy (STM) and Atomic Force Microscopy (AFM) which allow us to investigate and manipulate
individual atoms and molecules, thus complementing electron- and ion beam techniques as well as
laser spectroscopy. While the imaging capabilities of techniques such as STM, SFM, and near field
optics (SNOM) etc. dominated the application of these methods at their early development stages, the
physics of probe-sample interactions, and the quantitative nanoanalysis of elastic, electronic and
magnetic surface and transport properties became recently of increasing interest. Force spectroscopy
allows us, for example, to gain information about folding and unfolding processes of individual protein
molecules and other biologically relevant systems. Beyond that we can do now quantitative imaging of
the potential landscape of surfaces at the atomic scale thus getting valuable data for the
understanding of the atomic scale mechanisms underlying, e.g. friction- and wear processes. These
techniques may also open the pathway for chemical non-destructive surface-analytical investigations
at the atomic scale.

Recent development of some these techniques will be discussed.

References:

Schirmeisen, B. Anczykowski, H. Fuchs

Dynamic force microscopy, in: Nanotribology and Nanomechanics - An Introduction, B. Bushan (Edt.),
ISBN 3-540-24267-8, Springer (2005)

D. Krlger, H. Fuchs, R. Rousseau, D. Marx, M. Parrinello, D. Kriiger, H. Fuchs, R. Rousseau, D.
Marx, M. Parrinello, Phys. Rev. Lett. , 2002, 89 186402

D. Kriger, R. Rousseau, H. Fuchs, D. Marx, Angew. Chem. Int. Ed. 2003, 42, 2251

A. Schirmeisen, A. Taskiran, H. Fuchs, H. Bracht, S. Murugavel, B. Roling

Phys. Rev. Lett. 98, 225901 (2007)

For further publications and topics, see:
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S01: Microfluidics
KEYNOTE LECTURE 1

Flow Injection Techniques for Investigating the Biogeochemistry of Dynamic Marine
Environments

P.J. Worsfold

SEOES, University of Plymouth, Plymouth, PL48AA, UK.
Email: pworsfold@plymouth.ac.uk; Web: www.research.plymouth.ac.uk/beach

Instrumental analytical techniques are critical for improving our fundamental understanding of
environmental processes. In addition to the challenge of environmentally relevant detection limits is
the need for high temporal and spatial resolution measurements. In this context there is a growing
need for rapid and reliable but relatively low cost techniques that can be remotely deployed to provide
high quality environmental data.

This presentation describes the evolution of flow injection (FI) based instrumentation for aquatic
environmental monitoring [1]. FI techniques now impact on a wide cross section of analytical chemistry
activities, providing imaginative and practical solutions to challenging analytical problems and
contributing to the improvement of data quality. Key aspects of field based Fl systems will be
discussed, including reaction chemistry, detector design, analytical performance, sample presentation
and data processing.

Two examples will be used to illustrate the impact of Fl techniques at the interface between
environmental analytical chemistry and biogeochemistry. The first is the determination and cycling of
phosphorus species in catchments and estuaries. Novel solid state detection coupled with on-line
photochemical oxidation of dissolved organic phosphorus in natural waters will illustrate the potential
of FI techniques for gathering high temporal resolution data for catchment management. A more
complex FI manifold coupled with sequential enzymatic hydrolysis will be shown to identify individual
classes of organic phosphorus species in the Tamar Estuary (SW England) [2]. These results will
demonstrate the potential importance of the organic phosphorus fraction (which is often overlooked)
as a bioavailable source of phosphorus in aquatic systems.

The second is the determination and biogeochemistry of iron the open ocean. An FI with
chemiluminescence detection (FI-CL) will be described for the determination of iron in remote, open
ocean environments. As a rate limiting nutrient, iron plays a key role in ocean productivity and climate
change. Data from real time monitoring of picomolar concentrations of Fe(ll) and Fe(lI+lll) in the
Atlantic and Southern Oceans will be presented and the biogeochemical cycling of iron discussed. The
Atlantic Ocean data show the power of FI-CL for global scale spatial mapping of sub-nM surface iron
concentrations and the Southern Ocean results demonstrate the ability to provide high temporal
resolution data from truly remote locations. The procedure used for the collection of a bulk (1 L) low
level (< 1 nM Fe) Atlantic Ocean sample for the preparation of a CRM and results from shipboard and
global laboratory intercomparison exercises for low level iron in seawater will also be presented to
emphasise the importance of 'clean' analytical protocols [3].

[1] Flow analysis techniques for spatial and temporal measurement of nutrients in aquatic
systems, S. Gray, G. Hanrahan, |. McKelvie, A. Tappin, F. Tse and P.J. Worsfold,
Environmental Chemistry, 3, 3-18 (2006) doi: 10.1071/EN05059.

[2] A protocol to assess the enzymatic release of dissolved organic waters under environmentally
relevant conditions, P. Monbet, I.D. McKelvie, A. Saefumillah and P.J. Worsfold, Environmental
Science & Technology, 41, 7479-7485 (2007) doi: 10.1021/es070573c

[3] Intercomparison between FI-CL and ICP-MS for the determination of dissolved iron in Atlantic
seawater, A.R. Bowie, S.J. Ussher, W.M. Landing and P.J. Worsfold, Environmental Chemistry, 4, 1-4
(2007) doi: 10.1071/EN06073.
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S01: Microfluidics

The Potential of Lab-on-a-Valve Fluidic Systems for Automated Sample Processing Prior to
Chromatographic Separations

M. Mird

Department of Chemistry, Faculty of Sciences, University of the Balearic Islands, Carretera de
Valldemossa, km. 7.5, E-07122-Palma de Mallorca, llles Balears, Spain.
E-mail: manuel.miro@uib.es

The third generation of flow injection, the so-called Lab-on-a-Valve (LOV) [1], has been consolidated
as a microfluidic platform for downscaling and automation of sample pre-treatment in both the
environmental and bioanalytical field. Efforts in this direction have been primarily given so far to the
hyphenation of the miniaturised module to atomic or molecular absorption/emission spectrometers for
determination of trace elements and biomolecules.

The aim of this lecture is to draw the audience attention to the potential of LOV as a versatile front end
platform to liquid-phase column separation systems, namely, high performance liquid chromatography
[2], capillary electrophoresis [3] and miniaturised affinity chromatography [4], and most notably to
large-volume injection gas chromatography [5] as well, for appropriate presentation of real-life samples
to the separation system. This is nurtured on its intrinsic flexibility for either precolumn or post-column
microfluidic handling and analyte derivatization by means of user-friendly programmable flow and
accommodation of on-line sample pre-treatment schemes (e.g., sorbent extraction in a disposable
fashion, the so-called bead-injection solid-phase extraction, BI-SPE) aimed at matrix isolation and/or
analyte enrichment prior to chromatographic separations. The variety of interfaces devised so far for
appropriate injection of a minute, well-defined volume of processed sample in LOV into the column
set-up and for minimization of band broadening effects when coupling on-line BI-SPE with reversed-
phase chromatography are to be discussed in detail and illustrated via selected representative
examples in the (bio)analytical and environmental fields.

[1] J. Ruzicka, Analyst 125 (2000) 1053.

[2] J.B. Quintana, M. Miré, J.M. Estela, V. Cerda, Anal. Chem. 78 (2006) 2832

[3] C.-H. Wu, L. Scampavia,, J Ruzicka, Analyst 128 (2003) 1123

[4] H. Erxleben, J. Ruzicka, Analyst 130 (2005) 469

[5] J. B. Quintana, W. Boonjob, M. Mir6. V. Cerda, Anal. Chem. 81 (2009) in the press



S01: Microfluidics
Simplifying the Integration of Photometric Detectors in Microfluidic Devices

E.R.G.O. Rodrigues, R.A.S. Lapa

REQUIMTE, Servigo de Quimica-Fisica, Faculdade de Farmacia, Universidade do Porto, Rua Anibal
Cunha, 164, 4099-030 Porto, Portugal
eunice@ff.up.pt

The development of integrated microfluidic systems involves the incorporation of all the necessary
components in a small device [1]. The overall size of microfluidic devices with integrated optical
detection is sometimes limited by the dimensions of the detection components [2]. Therefore,
miniaturization of the detection system is very desirable, being one of the inevitable requirements of
truly portable devices. This, in addition with the increase need for develop integrated microdevices
less expensive, faster and simple than ever before, breaks through the development and integration of
new type of detectors, like CMOS (complementary metal-oxide-semiconductor) and CCDs (charge-
coupled devices). CMOS imagers have been used as photometric detectors [2], due to their simple
use, low cost, large market availability and simple signal processing.

In this work, microfluidic devices constructed by direct-milling on poly(methyl methacrylate) (PMMA)
substrates [3] were developed incorporating in to the same structure CMOS imagers as photometric
detectors. One key point of this type of detectors, when compared with more conventional ones, is that
the use of additional optical components can be avoided. Placing the CMOS directly on to the
microfluidic device was a simple way to eliminate the need of focusing lenses and, consecutively,
reduce the size and increase the simplicity of the overall microdevice.

Different CMOS detectors of different brands were individually characterized in order to determine
their intrinsic characteristics namely, signal stability, quantum efficiency in the visible zone of the
spectrum and dark current. Thereafter, CMOS detectors were integrated on the microfluidic devices,
as chemiluminescence detectors, in order to assess their characteristics for quantitative purposes,
namely sensitivity, linear range, reproducibility and base line drift, being the selection made in
accordance with the obtained results. The applicability of the developed microfluidic device was
assessed in the chemiluminemetric determination of nitrite in ground waters, through its reaction with
hydrogen peroxide, originating peroxynitrite, which reacts with luminol [4].

The proposed microfluidic device allowed the determination of nitrite with good precision as well as
with good recovery values in the analysis of ground water samples, showing that the use of CMOS
imagers is a truly alternative as chemiluminescence detector. The integration is easily achieved and
enables the development of an extremely simple and low cost alternative to conventional detectors.

References

[1]1 D. Erickson and D. Li, Anal. Chim. Acta, 507 (2004) 11.

[2] M.L. Adams, M. Enzelberger, S. Quake and A. Scherer, Sens. Actuators A, 104 (2003) 25.
[3] E.R.G.O. Rodrigues and R.A.S. Lapa, Anal. Sci., 25 (2009) 443.

[4] P. Mikuska, Z. Vecera, Z. Zdrahal, Anal. Chim. Acta, 316 (1995) 261.
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S01: Microfluidics

Flow-Through Chemiluminescence DNA Microarrays for Multiplexed Quantification of
Pathogenic Bacteria in Water

M. Seidel, S. Donhauser, A. Wolter, C. Peskoller, R. Niessner

Chair for Analytical Chemistry and Institute of Hydrochemistry, TU Mlinchen, Marchioninistral3e 17,
81377 Miinchen, Germany, Michael.Seidel@ch.tum.de

Pathogen detection is important for health and safety reasons. Several outbreaks all over the world
have shown the need for rapid, quantitative, and particularly multianalyte detection systems. Antibody
and DNA microarrays provide a powerful analytical tool for the simultaneous detection of multiple
analytes in a single experiment [1]. Therefore, we have developed flow-through chemiluminescence
(CL) DNA [2] and antibody [3] microarray chips. CL microarrays image the signal of each spot by a
CCD camera. CL is a very sensitive read-out principle for microarrays which images the light emision
by a chemical reaction with the assistance of an enzyme label.

For the quantification of multiple pathogenic bacteria especially molecular biological methods like PCR
are accepted for the quantification of pathogens in food or water samples. The restriction for analytical
DNA microarrays was that the usually applied end-point PCR results in a high amount of amplicons
which is not dependent on the pathogen concentration. Therefore, we have developed the stopped-
PCR method [2]. We terminate the amplification of the target sequence in the logarithmic phase. The
result is that the amplicon concentration is strongly dependent on the applied target DNA. For
analysing the amplified DNA on a flow-through microarray chip we generate single stranded DNA
labelled with dixogenin which is detected on each spot by flowing with an HRP-labelled anti-
digoxigenin antibodies. This strategy has increased the sensitivity and reduced the assay time. We
can simultaneously quantify Escherichia coli O157:H7, Salmonella typhimurium, and Legionella
pneumophila and Campylobacter jejuni by means of a multiplexed DNA hybridisation format in less
than 4 hours with a sensitivity between 10%and 10° cfu/mL. This type of analytical microarrays are
adaptable to our new developed automated microarray chip reader (MCR 3) [4].

Literature:

[1] M. Seidel, R. Niessner (2008): Analytical microarrays: a critical review. Analytical and Bioanalytical
Chemistry, 391, 1521-1544.

[2] S.C. Donhauser, R. Niessner, M. Seidel (2009) Quantification of E.coli DNA on a flow-through
chemiluminescence microarray read-out system after PCR Amplification. Analytical Sciences, 25, 669-
674.

[3] A. Wolter, R. Niessner, M. Seidel (2008): Detection of Escherichia coli O157:H7, Salmonella
typhimurium, and Legionella pneumophila in water using a flow-through chemiluminescence
microarray readout system. Analytical Chemistry, 80, 5854-5863.

[4] K. Kloth, R. Niessner, M. Seidel (2009) A open stand-alone platform for regenerable automated
microarrays. Biosensors & Bioelectronics, 24, 2106-2112.



S01: Microfluidics

Miniaturized Flow Injection System with Disposable Magnetic Detectors Based on Nickel
Nanowires: a Novel Tool for Fast Detection of Total Carbohydrates

M. Garcia, A. Escarpa
Departamento Quimica Analitica, Universidad de Alcala, Ctra. Madrid-Barcelona, Km. 33,600, E-

28871 Alcala de Henares (Madrid), Spain
E-mail address: alberto.escarpa@uah.es

In this work we propose a fast and accurate carbohydrate analysis employing a miniaturized FIA
system with electrochemical detection using nickel nanowires. Nickel nanowires were fabricated in our
lab using Anodic Alumina Oxide (AAO) template with electroplating methods and characterized by
SEM. Electrodes were simply modified just dropping a solution of previously characterized nanowires
in the SPE working electrode and then, active them electrochemically in order to improve the
sensitivity of the method. Due to their magnetic properties, we can avoid the leaching with a magnet
under the flow cell.

Analytical performance of different carbohydrates (glucose, fructose and sucrose) were systematically
studied with values of R*>0.99 for monosaccharide calibrations and R*>0.98 for sucrose.
Reproducibility was excellent with RSDs values less than 4% (n=12). Up 30 measurements were
sequentially performed with no fouling effect in the electrode.

In addition, we also propose a very simple and fast calibration during the analysis simplifying the
overall process and decreasing dramatically systematic error (below 2% in drug and food sample
analysis).

The results offered in this work, are going to open new expectative in the field of point care testing.
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S01: Microfluidics

Flow-Through Microdispenser for the Hyphenation of uLC-UV and IR Microscopy: Analysis of
Chlorinated Pesticides at ppb Levels

S. Armenta, B. Lendl

Institute of Chemical Technologies and Analytics,
Vienna University of Technology
Getreidemarkt 9/164, A-1060 Vienna, Austria

Problems associated with flow-cell LC-FTIR interfaces are caused by the presence of the mobile
phase, the obvious solution is to eliminate the solvent prior to measurement of the infrared spectrum.
A number of techniques for mobile phase elimination have been reported in the past, including
thermospray, concentric flow analyzer, particle beam, ultrasonic and pneumatic nebulizers. These
solvent elimination techniques generate a mist of tiny liquid droplets in an uncontrolled way, with the
mist being partially dried, condensed and deposited on a given target. The diameters of these deposits
measure a few hundreds of micrometers, depending of the technique, being far from the optimum
value, considering a reasonable sample spot of a mid IR microscope is 50 ym in diameter. Thus,
achievement of small analyte deposits is of utmost relevance for sensitive infrared detection. In this
study, a flow through microdispenser capable of producing 50 pl sized microdroplets is used to
achieve small deposits. The microdispenser is a high precession tool for delivering minute amounts of
liquid sample in a controlled and reproducible way [1].

The usefulness of the hyphenated uyLC-UV-IR technique for the trace analysis was demonstrated on
the determination of triazines and phenylureas in river water.

The working conditions for the microdispenser as the central element of the solvent elimination
interface on the droplet formation and deposition were studied. The chromatographic system consisted
of an Ultimate 3000 Dionex with a 1 pL injection loop and a C18 Acclaim PepMap (300 um ID x 15 cm,
3 um, 100 A) column. A linear gradient from 50:50 water:methanol to 100 % methanol for 21 min with
a3puL min™" at 40 °C was used, being transferred all the eluent to the microdispenser without flow
splitting.

For these conditions, the identification limit of the methodology is lower than 2 ng on the column, being
a really promising technique for environmental trace analysis.

References:
1. P. Onnerfjord, J. Nilsson, L. Wallman, T. Laurell, G. Marko-Varga, Anal. Chem. 70 (1998) 4755.



S01: Microfluidics

In-situ Depletion and HPTLC-Supported Resonance Raman Spectroscopy of Carotenoids in
Pollen

F. Schulte', J. Mader?, L.-W. Kroh?, U. Panne', J. Kneipp'

'BAM-Federal Institute for Materials Research and Testing and Humboldt-Universitét zu Berlin,
Chemistry Dept., Brook-Taylor-Str., D-12489 Berlin, Germany
TU Berlin, Institute of Food Technology and Food Chemistry, Department of Food Analysis, Berlin,
Germany

Understanding carotenoid composition of pollen has been of great interest to plant physiologists for
decades. In our effort to develop a fast, automated pollen detection based on Raman spectroscopy,
we found that carotenoids in pollen are the major source of misclassification of pollen spectral
fingerprints. An examination of carotenoids contained in tree pollen was accomplished by combining
High Performance Thin Layer Chromatography (HPTLC) and resonance Raman spectroscopy (RRS).
Extracts containing carotenoids derived from pollen were separated with HPTLC prior to analysis by
RRS. The carotenoid composition of six tree pollen species was analysed (horse chestnut, large-
leaved linden, european ash, sallow, prunus mahaleb, tree of heaven), and the concentrations of four
ubiquitous carotenoids (beta-carotene, cryptoxanthin, lutein, zeaxanthin) in these pollen species were
determined. For HPTLC separation, a new highly effective multiple development protocol was
established using a gradient of methylene chloride, tetrahydrofuran and n-hexane as mobile phase.
Raman spectra were measured directly on the HPTLC plates. The resulting data were compared to
Raman spectra generated in situ during photodecomposition of carotenoid molecules. The results
indicate that the Raman difference spectra obtained by in situ depletion of the carotenoid molecules
represent an average of the overall carotenoid constitution. They give the first in situ evidence of inter-
species variations in pollen carotenoid content, structure, and/or assembly without prior purification.
Regarding the application to complex in situ situations as in the case of single pollen grains, several
advantages of the in situ depletion method were identified compared to purification-based carotenoid
characterization, among them higher sensitivity and immediate applicability to in situ spectroscopic
characterization and detection.



S02: Bioanalysis |
Keynote lecture 2

Single Molecule Force Spectroscopy and Recognition Imaging
P. Hinterdorfer

Institute for Biophysics, Johannes Kepler University of Linz, Altenbergerstr. 69, A-4040 Linz, Austria

In molecular recognition force microscopy (MRFM), ligands are covalently attached to atomic force
microscopy tips for the molecular recognition of their cognitive receptors on probe surfaces. A ligand-
containing tip is approached towards the receptors on the probe surface, which possibly leads to
formation of a receptor-ligand bond. The tip is subsequently retracted until the bond breaks at a certain
force (unbinding force). In force spectroscopy (FS), the dynamics of the experiment is varied, which
reveals a characteristic dependence of the unbinding force from the loading rate. These studies give
insight into the molecular dynamics of the receptor-ligand recognition process and yield information
about the binding pocket, binding energy barriers, and kinetic reaction rates. Applications on isolated
proteins, native membranes, viruses, and cells will be presented. We have also developed a method
for the localization of specific binding sites and epitopes with nm positional accuracy. A magnetically
driven AFM tip containing a ligand covalently bound via a tether molecule is oscillated at a few nm
amplitude while scanning along the surface. In this way, topography and recognition images on
membranes and cell surfaces are obtained simultaneously.



S02: Bioanalysis |
Magnetic Nanoparticles - Living Cells Interaction and Application in Immunoanalysis
K. Brainina’, A. Kozitsina
"The Ural State University of Economics, 62, 8 th of March Str., 620219, Ekaterinburg, Russia,
Telephone: +7 (343) 257-24-15, e-mail: baz@usue.ru.

The Ural State Technical University, Mira st., 19, A-203, 620002, Ekaterinburg Russia,
Telephone: +7 (343) 375-48-95, e-mail: kozitsina@mail.ustu.ru

Transition from macro to micro and nanostructures cardinally changes sample interaction with
biological object, particularly with the living cell, and, being spread on the electrode surface, provides
unique sensor properties. In this work investigation results of magnetite nanoparticles interaction with
the cells of various nature and nanoparticle routes in immunoanalysis with magnetic separation are
presented. Nanoparticles were synthesized by coprecipitation of Fe?* n Fe* salts by water solution of
ammonium hydroxide.

Interaction of Fe;O, nanoparticles with the human embryonal lung cells (line WI-38), sarcoma cells,
sperm cells is investigated. It is stated that during the first hours nanoparticles are being localized
around membrane, and endocytosis to the cells occurs after 24 hours incubation.

Electron microscopic investigations of Fe;O, nanoparticles interaction with gram-positive salmonella
bacteria S. Typhi strain SL 7207 and E-coli strain ATCC2592. After one hour incubation Fe;O4
nanoparticle aggregates were fixed on bacteria surface. The results obtained were applied for the
development of the immunoanalysis method with magnetic separation.

The method is based on nanocomplex “pathogen microorganism marked with nanoparticles —
antibodies” formation on the surface of the sensor (thick film graphite electrode). Magnetic separation
and signal forming substance concentration on the sensor surface in magnetic field are applied in the
process of analysis. Linear dependence logarithm of iron reduction current amplitude time derivative
from cell concentration logarithm [1].

Immunoanalysis method proposed was tested by the determination of S. typhi strain SL 7207 agent in
the excrements of infected animals.

Excrements of clean animals were used for blank experiment.

Standard method of microbiological inoculation on selective medium was used for comparison of the
results obtained. S. Typhi concentration, determined by the proposed method, was 6,1 x10° cells/ml
and it was 6,1x10° cells/ml as determined by inoculation method. Divergence of results was 10%.

The work is carried out with financial support of the RFFI (Ne07-03-96068 ural_a) and Government of
Sverdlovsk Oblast (project “Nanotechnologies in Bio and Chemical Sensors for Environmental and
Human Health Monitoring”).

[1] N.Yu.Stozhko, O.V.Inzhevatova and L.1.Kolyadina, J. Anal. Chem. 60 (2005) Ne 7, 747.
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Tag-Free N-Teminal Specific Inmobilization of Lectin via the NEXT-A Reaction for Sugar
Detection

M. Taki, K. Ebisu, M. Sisido
Department of Bioscience and Biotechnology, Faculty of Engineering, Okayama University,3-1-1

Tsushimanaka, Okayama 700-8530, Japan
E-mail: taki@biotech.okayama-u.ac.jp, sisido@cc.okayama-u.ac.jp

We have recently invented that nonnatural amino acids possessing functional groups can be
enzymatically introduced only at the basic N-terminus of various proteins or peptides with no tags

We extended this L/F-transferase-mediated functionalization of proteins in combination with
aminoacyl-tRNA synthetase (ARS), namely NEXT-A (N-terminal Extension of protein by Transferase
and Aminoacyl-tRNA synthetase) reaction.* Combination of the NEXT-A reaction and non- catalytic
1,3-dipolar cycloadd|t|on enables us to immobilize any kind of active proteins onto supports with highly
ordered orientation.’ Lectin-immobilized gel, made by this novel system, was subjected to frontal
affinity chromatography to detect specific sugars.
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References:
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Hasegawa, and M. Sisido, Chembiochem 7, (11), 1676-1679 (2006).
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5 Manuscript in preparation.
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Optical Imaging of Surface Immobilized Oligonucleotide Probes on DNA Microarrays Using
Liquid Crystals

S.L. Lai, S. Huang, X. Bi, K.-L. Yang

Department of Chemical and Biomolecular Engineering, National University of Singapore, 4
Engineering Drive 4, Singapore 117576.

In this study, we report a new label-free method for the imaging of immobilized oligonucleotide probes
on DNA microarrays. The imaging principle is based on the disruption of the orientations of nematic
liquid crystals (LCs), 4-cyano-4’pentylbiphenyl (5CB), by the immobilized oligonucleotides on a
surface. Because LCs are birefringent materials, disruption of their orientations by the immobilized
oligonucleotides can manifest as optical signals visible to the naked eye. LC cells with two
homeotropic boundary conditions, which align 5CB perpendicularly to both surfaces, were developed
to deliver a distinct contrast between a dark background and a bright image caused by the immobilized
oligonucleotides. This design also allows the quantification of immobilized oligonucleotides
concentrations through the interference colors of LCs. The LC-based imaging method has a good
signal-to-noise ratio, clear distinction between positive and negative results and is non-destructive to
the immobilized oligonucleotides. These advantages make it a promising means of assessing the
quality of DNA microarrays.
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Holistic Analytical Technologies. Pragmatic or Utopic?
G. Theodoridis', H. Gika', I.D. Wilson?

! Laboratory of Analytical Chemistry, Department of Chemistry, Aristotle University Thessaloniki,
541 24 Thessaloniki, Greece.
2 Dept of Drug Metabolism and Pharmacokinetics, AstraZeneca, Mereside, Alderley Park,
Macclesfield, Cheshire SK10 4TG, UK.
Email: gtheodor@chem.auth.gr

Holistic analytical technologies represent an upcoming trend in contemporary science, especially in
the case of the "Omics”. Traditionally the task of Analytical Chemists was to determine a limited
number of target analytes in a variety of samples. Till recently our capability restricted our results to a
narrow focus of certain molecules or classes. Expected features and figures of merit of our work
include: specificity, selectivity and removal of interferences. But in many cases these interferences
emanate from molecules that play an important role in life sciences or in the quality of food or other
products. A decade ago the determination of the whole complement of a sample couldn’t appear in the
thoughts of any prudent scientist. However advances in analytical technology and computing power
now allow for the utopic: The holistic approach where the fingerprint of a specimen is generated and a
cartographic journey is then undertaken.

LC-MS, GC-MS and NMR are the major analytical tools (to obtain the fingerprint) and multivariate
statistical (Principal Component Analysis, Partial Least Squares-Discriminant Analysis) the statistical
tools used in cartography.

Our group’s work is in the area of biomarker discovery. We use information rich spectroscopic
technologies for the discovery of biomarkers diagnostic of a disease or a certain physiology state,
biomarkers of toxicity and biomarkers of drug efficacy. In the lecture technologies used for the
development of robust analytical protocols will be presented along with the unavoidable problems that
such non-targeted methods bear. Furthermore characteristic examples of the discovery of biomarkers
will be illustrated.
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Determination of Iron in Rat Model of Secondary Iron Overload by Atomic Absorption
Spectroscopy and High-Performance Liquid Chromatography

J. Novakovic'?, S. Razic®, A. Tesoro’, S. Djogo®, M. Spino'?, J. J. Thiessen*

1Facu/ty of Pharmacy, University of Toronto, Toronto, Ontario, Canada,
2Apotex Inc, Toronto, Ontario, Canada,
3Faculty of Pharmacy, University of Belgrade, Belgrade, Serbia,
*School of Pharmacy, University of Watreloo, Waterloo-Kitchener, Ontario, Canada

Introduction: Experimental rat model mimicking secondary cardiac and hepatic iron overload in
thalassemic patients is used in non-clinical testing to assess efficacy of iron chelators. The objective of
this study were to: (a) develop and optimize AAS method for iron determination in animal tissues, (b)
determine level of iron in rats’ heart and liver at various stages of iron overload by AAS and validated
HPLC, (c) provide comparative evaluation of these two methods.

Methods: Male Sprague Dawley rats (N=34), body weight 250 g, were divided into treated and control
groups. Treatment comprised inraperitoneal injections of iron dextran (100 mg/kg) twice weekly for 2
or 4 weeks followed by post-injection equilibration period from one to 24 weeks and euthanization. Iron
content in liophylized heart and liver tissues was determined by validated HPLC method based on
iron-complex formation with desferrioxamine (J Chromatogr.B.2005, 823(2):177-83) and by AAS
following microwave digestion. Certified reference materials (iron content from 184 t016907 [1g/g)
were employed to test recovery and accuracy of the AAP method.

Results: Both types of samples exhibited normal distribution of data (r = 0.9490 — 0.9837). However,
good recovery (77-119%) was achieved, by AAS, for iron concentrations from 184-3780 ([1g/g, while
for higher concentrations (i.e.~ 17 mg/g) the recovery was 53% only. Calculated correlation
coefficients for the data of iron content in liver and heart obtained by HPLC and AAS, were 0.835 and
0.870, respectively. A good correlation between the results obtained by HPLC and AAS was obtained
for control (low iron) and moderately iron-loaded tissues.

Discussion and Conclusions: Iron content in experimental rat model of iron-overload can vary
significantly, especially in the liver, depending on the extent and stage of iron-load. Analytical method,
covering a broad concentration range, such as HPLC, provides flexibility necessary for iron
determination in iron-loaded animal tissues.
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Chemical Causes of Typical Burnt Smell after Accidental Fires
K. Heitmann, H. Wichmann, M. Bahadir

Technische Universitaet Braunschweig, Institute of Ecological Chemistry and Waste Analysis,
Hagenring 30, 38106 Braunschweig, Germany

After accidental fire there is a typical burnt smell perceptible, especially at and around the fire ground.
So far, the compounds causing this long-lasting odour have not been sufficiently identified leading to
problems in two aspects. First, an objective assessment, concerning the odour, is not possible.
Second, the development of suitable methods of odour neutralisation has not been possible, yet.
Thus, one goal of this study is to determine the compounds responsible for burnt smell present at the
damaged spot.

Odourous sample materials were taken after real fire accidents. The volatile organic compounds were
trapped by solid phase microextraktion (SPME) fibres in the headspace of sample containing vials and
analysed by means of GC/MS. Different fibre types and chromatographic columns, mainly differing in
polarity, were used to cover a wide range of volatile compounds. The occurring substance classes
were mainly aromatic compounds, like arenes, phenols, PAH or aromatic carbonyls. Alkanes, alkenes,
aldehydes and N-heterocycles could be found as well.

Subsequently, olfactory experiments were conducted in order to identify the odourous compounds
among all detected analytes. A mid-polar SPME fibre, covering a broad range of different analytes,
was found to be most suitable. The loaded fibre was again transferred to the GC/MS additionally
coupled with an olfactory detection port (GC/MS-O). The column flow was split: Half was led to the MS
for instrumental detection and the other half to the olfactory detection port for sensory detection by five
test persons. The two detection methods took place simultaneously. By this, it was possible to
distinguish between the odour-active compounds and those which are volatile but odourless. Hence,
the odourous compounds present at many accidental fire sites were identified. They belong to the
class of substituted phenols, PAH and carbonyls.

At the moment a method to assess the degree of damage by odour based on a few indicator
compounds is developed. The results of this investigation will contribute to the design of new methods
for odour neutralisation and fire damage restoration in order to reduce the amount of materials and
goods to be disposed.
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Keynote lecture 3
Novel Strategies for Environmental and Process Monitoring Using mid-IR Spectrometry
B. Lendl

Institute of Chemical Technologies and Analytics
Vienna University of Technology
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A-1060 Vienna, Austria

Advances in technology for infrared spectrometry are of key importance in the development of
innovative analysis systems for use in applied environmental and process monitoring as well as in
basic (bio)chemical research. These advances can include novel optical components such as light
sources, detectors and fiber optics, but also supporting technologies for enabling new measurement
concepts. These are needed to meet the increasing demands for reliable chemical information in our
industrialized society. This presentation reports on recent developments which make use of such
technological advances.

Using powerful mid-IR quantum cascade lasers, a portable analyzer for measuring oil-in-water has
been developed. The new method is based on a liquid -liquid extraction step using cyclohexane
followed by the determination of the extracted hydrocarbons in the cyclic extraction solvent by
quantum cascade laser spectroscopy. This new method is a viable alternative to the former well
established IR-method for oil in water, which used Freon 113 as the extraction solvent which, due to
the ozone depleting potential of this CFC, has been banned and replaced by gas chromatography.

A standing MHz ultrasound field established between the plane ATR surface of a fiber optic probe and
a piezo-ceramic element placed at a distance of a few millimeters can be used to manipulate particles
in a suspension. Particles such as beads or microorganisms are captured in the nodes of the standing
pressure waves. By controlling the frequency of the standing waves the particles can either be kept
away from the ATR surface or pressed against it. In such a way a fiber optic in-line sensor system can
be envisioned which is capable to discriminate between particles (micro-organism) and solutes
(substrates and products) in a given suspension (fermentation).
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New Developments in FT-IR Imaging and FT-IR Miniaturization

H.W. Siesler

Department of Physical Chemistry, University of Duisburg-Essen
D 45117 Essen, Germany

Over the last decade FT-IR imaging with focal plane array detectors has proved a powerful technique
for the rapid chemical visualization of materials by a combination of spectroscopic and spatial
information. Thus, selected sample regions of interest can be analyzed with reference to the
identification and lateral distribution of chemical species by FT-IR spectroscopy in the transmission or
attenuated total reflection (ATR) mode. The applications cover a broad spectrum ranging from medical
diagnosis in human tissues to the analysis of phase separation in polymers. Depending on the field of
view and the measurement technique the achievable lateral resolution varies in the range from about
3-60um.

In the present communication it will be demonstrated that not only the phase composition but also the
phase orientation can be imaged by the novel application of polarized radiation in FT-IR transmission
measurements of incompatible, aniso- tropic biopolymer blends. Furthermore, for the same type of
samples the possibility of depth-profiling by FT-IR/ATR imaging will be addressed for the first time.

Finally, the performance of the presently smallest commercially available FT-IR/ATR spectrometer for
the quantitative analysis of additives in bitumen will be discussed in some detail. The possibility of
using the data of this hand-held FT-IR spectrometer in combination with chemometric evaluation
routines will demonstrate that in the near future this technique may significantly contribute towards the
quality improvement of road surfaces by in-situ control of bitumen before application in the process of
road construction.
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Electronic Tongue Technology and Fourier Transform Infrared Spectroscopy for Beer Analysis
—an Integrated Approach

E. Polshin’, A. Rudnitskaya?, D. Kirsanov?, A. Legin?, D. Saison®, F.R. Delvaux®, F. Delvaux®, B.M.
Nicolai’, J. Lammer‘[yn1

"Catholic University of Leuven, BIOSYST-MeBioS, W. de Croylaan 42, B-3001, Leuven, Belgium
2Saint—Petersburg University, Saint Petersburg, Russia
3Catholic University of Leuven, Leuven, Belgium

The present work deals with the results of the application of an electronic tongue (ET) and Attenuated
Total Reflection Fourier Transform Infrared Spectrometry (ATR-FTIR) as analytical tools for rapid
assessment of beer taste and quality attributes. Fifty Belgian and Dutch beers of different types,
characterized with respect to sensory properties and physicochemical parameters, were analyzed
using the ET, based on potentiometric chemical sensors, and ATR-FTIR with AMTIR crystal. Both
techniques have shown their ability to classify beers according to beer type and to predict taste
attributes and quality parameters of beer. Using advanced chemometric techniques the output of the
ET was successfully related to sensory attributes of beer such as sweetness, sourness, taste intensity,
bitterness as scored by a sensory panel and to the most important instrumental parameters like for
instance bitterness (concentration of iso-a-acids). In case of ATR-FTIR excellent correlations, typically
higher than 0.9 were observed between the predicted and measured physicochemical parameters —
original, apparent and real extracts, alcohol volume and energetic value. Two data analysis
approaches were followed in this study: first the data were analyzed separately for each instrumental
technique, subsequently, a data fusion approach was followed where data from both techniques were
merged together. The latter approach resulted in improved prediction model performance. The
obtained results have proven that both techniques are useful tools in the analysis of beer, since
quantitative determination of important physicochemical parameters and taste attributes as well as
discrimination between different beer samples is possible.
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PAT,; Flow- or Non Flow-Based, Unit Operations, Micro- or/and Nanosensors; “Microfluidics”,
Real-Time; Is a Marriage with PAT Always Possible? The Reality and the Future

J.K.F. Van Staden

PATLAB, National Institute of Research and Development for Electrochemistry and Condensed
Matter, Splaiul Independentei Street 202, Bucharest. 060021.
Website: www.patlab.ro, e-mail: koosvanstaden@yahoo.com

Sustainable development is a key objective of the European Union with primary concern about natural
resources (waste water management, water quality and quantity), food processing and distribution,
health issues, climate change, clean energy as some key issues. Microsystems technology with PAT,
MPAT and NPAT become increasingly important in various operations in real-time and new
innovations linking the different PAT systems successfully to microsystems technology may create
fruitful solutions to the problems above. It will be shown how the establishment of PATLAB in
Bucharest, Romania served as a catalyst for PAT, MPAT and NPAT. Different scenarios regarding the
innovation, development, implementation and application of flow-based systems will be outlined. This
will be compared with non-flow-based systems. Careful attention will be given to the reality of
microfluidics as marketable applications with flow-based PAT, MPAT and NPAT, the incorporations of
micro- or/and nanosensors as detection devices and if real-time is always possible. It will be discussed
if there is any improvement in the configuration and construction of downscaled chemically devices
and if the movement to remote sensing with innovation of high performance real-time intelligent
interactive multi-point multi-species process analytical technological microsystems show that a
marriage between these devices are possible. The reality of the current situation with possible future
solutions will be highlighted and outlined.
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In-Situ Depletion and HPTLC-Supported Resonance Raman Spectroscopy of Carotenoids in
Pollen

F. Schulte’, J. Mader?, L.-W. Kroh? U. Panne', J. Kneipp'

"BAM-Federal Institute for Materials Research and Testing and Humboldt-Universitét zu Berlin,
Chemistry Dept., Brook-Taylor-Str., D-12489 Berlin, Germany
2TU Berlin, Institute of Food Technology and Food Chemistry, Department of Food Analysis, Berlin,
Germany

Understanding carotenoid composition of pollen has been of great interest to plant physiologists for
decades. In our effort to develop a fast, automated pollen detection based on Raman spectroscopy,
we found that carotenoids in pollen are the major source of misclassification of pollen spectral
fingerprints. An examination of carotenoids contained in tree pollen was accomplished by combining
High Performance Thin Layer Chromatography (HPTLC) and resonance Raman spectroscopy (RRS).
Extracts containing carotenoids derived from pollen were separated with HPTLC prior to analysis by
RRS. The carotenoid composition of six tree pollen species was analysed (horse chestnut, large-
leaved linden, european ash, sallow, prunus mahaleb, tree of heaven), and the concentrations of four
ubiquitous carotenoids (beta-carotene, cryptoxanthin, lutein, zeaxanthin) in these pollen species were
determined. For HPTLC separation, a new highly effective multiple development protocol was
established using a gradient of methylene chloride, tetrahydrofuran and n-hexane as mobile phase.
Raman spectra were measured directly on the HPTLC plates. The resulting data were compared to
Raman spectra generated in situ during photodecomposition of carotenoid molecules. The results
indicate that the Raman difference spectra obtained by in situ depletion of the carotenoid molecules
represent an average of the overall carotenoid constitution. They give the first in situ evidence of inter-
species variations in pollen carotenoid content, structure, and/or assembly without prior purification.
Regarding the application to complex in situ situations as in the case of single pollen grains, several
advantages of the in situ depletion method were identified compared to purification-based carotenoid
characterization, among them higher sensitivity and immediate applicability to in situ spectroscopic
characterization and detection.
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LIF(t) : Fluorescence Spectroscopy for Inline Process Analysis
H. Hohmann', J. Bublitz®

'Systektum GmbH, Datteln, Germany
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The contribution gives an overview on the physical and technical bases of laser-induced and time-
integrated fluorescence spectroscopy, the LIF(t) technology, and will demonstrate its efficiency in
applications from the diverse areas of process analysis in chemical, pharmaceutical and polymer
industry. This unique procedure offers a potential solution to measurement problems, which were
considered insolvable before.

Laser induced fluorescence spectroscopy, which is one of the most sensitive techniques based on the
interaction between light and matter, is particularly dedicated for inline/online process analytics.
Beyond the standard spectral-resolved intensity detection, an optical excitation with short UV-laser
pulses of typically 10 s duration followed by an accurate single photon counting leads in most cases
to significant time-resolved LIF(t) fluorescence signals. In this way, an efficient discrimination between
target species (mainly of organic nature), which should be analyzed in a process matrix and the
background signal is achieved.

LIF(t) is applicable in liquids process streams, on metallic and polymer surfaces as well as solids and
powders. Inline analysis data will be collected continuously and processed for plant/process control,
process efficiency monitoring, product quality or environmental protection reasons.

Application examples with field data will be presented shortly during the lecture:

-concentration measurement of oil, solvents or auxiliary materials in process water, cooling water and
waste water (oil on water)

-concentration measurement in insulin preparations

-solvent residue determination on pesticide powder

-efficiency of lubrication, antiseize compounds and functional coatings on surfaces ( flim thickness )
-surface cleanliness examination

-status of perspective application: deduction of material properties from LIF(t)-data: ( polymer viscosity
determination on granules and polymer films and inline extrusion control )
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Multi-Analyte in-situ Process Control of Industrial Biopharmaceutical Microorganism
Fermentations

M. Kraft', J. Diewok? M. Folkers', W. Buchinger?

" CTR Carinthian Tech Research AG, Europastr. 4, 9524 Villach, Austria
2 Boehringer Ingelheim RCV GmbH & Co KG, Dr. Boehringer-Gasse 5-11, 1121 Wien, Austria

An ever increasing number of highly effective pharmaceuticals are nowadays being produced by
genetically modified microorganisms in advanced biotechnological fermentations. Although such
fermentations are being closely controlled by a range of sensors, GMP- and FDA-compliant in-situ
real-time process analytics for substrate and metabolite concentrations are still hard to find.
Nevertheless, such systems would be of high practical interest for both process development and
optimisation and production process control.

For this work, mid-IR attenuated total reflection (ATR) spectroscopy was chosen as the method with
the best potential for in-situ real-time analysis of multiple analytes in fermentation broths. A Mettler
Toledo ReactIR system equipped with a suitable ATR probe was used to monitor high cell density
E.Coli fermentations under industrial conditions. Unlike most other probes reported by literature, this
system proved to be largely immune to variations in standard process parameters, i.e. aeration,
pressure, agitation and temperature. The only critical variability observed could be linked to
pronounced pH changes. These have a strong influence on the vibrational spectroscopic fingerprints
and hence the prediction accuracy of certain analytes.

In addition to classical multivariate calibration approaches involving reference-analysed samples, a
new, fast and flexible method for generating “virtual” chemometric models was developed and tested.
This method uses scaled spectra of the relevant pure substances, i.e. analytes and interferents, which
are co-added mathematically. This has a number of practical advantages: First, chemometric models
can be generated with minimal effort; adding additional components to even a complex model is now a
matter of just a few hours. Second, cross-correlations can be effectively excluded, which greatly
enhances the applicability to living biochemical systems. Finally, the — traditionally problematic -
transferability of such models between different instruments is significantly improved.

With both types of models it was possible to reliably and selectively detect all the classically relevant
analytes, i.e. glucose, acetate, ammonia and phosphate, with prediction errors < 0.5 g/L at time
resolutions < 60 s over the full duration of industrial fermentation production processes. These
advances now allow fermentations to be both monitored and actively controlled in real-time, without
affecting the actual biochemical processes, stressing the microorganisms, or adding a contamination
hazard.
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The Analytical Sciences Digital Library (ASDL —www.asdlib.orq)

T.J. Wenzel

Department of Chemistry, Bates College, Lewiston, Maine, U.S.A.

The utility of the Analytical Sciences Digital Library will be described. ASDL (www.asdlib.org) is a
web-based resource intended for educators, practitioners, students, and lay persons who have a need
for information about analytical measurements or innovative ways to learn more about them. Funded
by the National Science Foundation of the United States, ASDL is a venue that collects, catalogs, links
and publishes peer reviewed web-based discovery materials pertinent to innovations in curricular
development and supporting technical resources in the analytical sciences. ASDL has recently formed
a partnership with the Analytical Chemistry Division of the American Chemical Society.

ASDL materials are selected for their educational value through a peer review process by experts in
the field of analytical science and in the various fields of its application. Each web resource includes a
detailed annotation describing the site and its useful attributes. In addition, JASDL, the online journal
of ASDL, publishes peer-reviewed online articles in the categories of courseware, labware,
educational practices, and undergraduate research. Because JASDL is an ungated, open source site,
all publication is under the Creative Commons License (http//creativecommons.org) in which the
author retains copyright but the licensee has the right to distribute without limit and web users can
read, download, and hotlink without limit. Copies can be made, as long as the original author is cited
as the creator of the material, and the copies are distributed at cost. All economic benefit, if any, from
the material remains with the author.

Anyone interested in the field of Analytical Science and its applications can join the ASDL community.
You can help build the collection by suggesting new sites, joining the ASDL Professionals Directory, or
writing a JASDL article. Submit a poster for the ASDL poster session or volunteer to review ASDL
content materials.


http://www.asdlib.org/�
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Fostering Analytical Chemistry Education in Europe —the Measurement Science in Chemistry
Consortium

l. Leito

University of Tartu
www.msc-euromaster.eu

In response to the huge need for people educated in analytical chemistry nine European universities
have recently joined forces and have formed a consortium, which offers a jointly delivered Master's
degree program Measurement Science in Chemistry (MSC). The jointly delivered study program is a
fully Bologna-compliant master's level program with the volume of 120 ECTS points. The program is
open to students worldwide with bachelor's degrees in chemistry (or related).

The intention of this consortium is to offer master-level education in analytical chemistry adapted to
today’s job market requirements for analytical chemists, especially focusing on the quality assurance
of analytical measurement results. The key concepts of analytical quality — traceability, validation,
measurement uncertainty, etc — are not new, but are rarely taught routinely at universities. An
important part of the program is an intensive summer school course. This course covers the most
advanced topics of MSC and is one of the main added value components of the JDP: no single
member university of the consortium is able to cover the topics taught at the intensive course.

The consortium sets as its aim to contribute to radical improvement and harmonization of analytical
chemistry higher education Europe-wide. In recognition of the academic quality of the program,
ECTNA (the European Chemistry Thematic Network Association) awarded the MSC consortium the
Chemistry Euromaster ® quality label in spring 2008.

These universities were initially brought together via the EC JRC-IRMM AcadeMiC initiative, thus
deploying its mission to promote a common and reliable European measurement system in support of
EU policies. IRMM now acts as the mentoring organization of the consortium with the main task to
ensure that the program addresses the present and emerging needs originating from the European
regulatory context and to foster the accessibility of European students to this program.

Detailed information on the consortium and on the study program is available from the consortium
website www.msc-euromaster.eu and from the consortium coordinator Ivo Leito (ivo.leito@ut.ee).
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Conditions for Euromaster Programmes in Analytical Chemistry
R. Salzer

Dept. Chemistry, Dresden University oft Technology
01062 Dresden, Germany

In the past symposia of this series we focused our attentions on the Bachelor level. At the Bologna
Follow-up Conference in Bergen/Norway in 2005 a three-cycle system for education was adopted. As
a consequence we have to progress and should start to discuss the second cycle - the master level.
Only an attractive second cycle will keep potential Ph.D. students for the third cycle in analytical
chemistry.

Master programs can be broad or they can be dedicated to a subdiscipline like analytical chemistry.
Before we shall discuss the scope of a dedicated program, we must assess two fundamental
questions: (i) is there a need for graduates from specialized master programs in analytical chemistry,
and; (ii) which institutions have the human resources and the sophisticated equipment needed to run
such a program?

The “Budapest Descriptors” provide a global description of the aims of a master program in chemistry.
This descriptor provides the basis for planning the program, defining the aims and profile of the
program, describing the various skills and competences that the graduate will have acquired by the
end of the program, as well as defining the purpose of the program.

Analytical chemistry research groups at universities are usually too small to offer a master program in
analytical chemistry that will fulfil all of the requirements. A well-assembled consortium could be
sufficiently strong to provide the necessary human and material resources. However, common
accreditation schemes may not deal with programs offered by a consortium. The European Chemistry
Thematic Network Association (ECTNA) identified this problem and included consortia programs in
their label system—Chemistry Eurobachelor and Chemistry Euromaster. ECTNA cooperates with four
national accreditation agencies in Europe. Applications for the Euromaster label are not restricted to
the European Union, as the label is an indication of quality and not region. Particularly for smaller
subdisciplines like analytical chemistry, a consortium program opens up new opportunities.
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Model Case Study: Basic Chemometric Approach to the Determination of Metal Content in
Some Environmental Samples

S. Razi¢

Institute of Analytical Chemistry, Faculty of Pharmacy, University of Belgrade,
Vojvode Stepe 450, P.O.Box 146, 11211 Belgrade, Serbia

Environment is generally very dynamic system with numerous chemical equilibria occurring constantly
between different compartments such as soil, air, water and vegetation. Those changes cause a high
degree of environmental data variability (natural, anthropogenic, spatial and/or temporal) and logical
need for extensive studies with lots of measurements. Determination of fourteen elements (variables)
in thirty plant and soil samples (objects), by atomic spectroscopy resulted in large data sets. Specific
elements’ bioavailability is dependant on the soil geochemical properties causing a diverse mobility of
elements through soil substrates and different plant tissues. We need to know if there are any
relationships between variables and between the objects, to detect grouping of the objects in respect
of their origin as well as of the impact potential sources of influence on significant loadings and
correlations. It is rather difficult to extract any latent information by simple visual inspection of obtained
results.

Starting from a priori knowledge and multivariate nature of conducted research, chemometrics
appeared as a powerful tool in providing information needed for making conclusions and decisions
concerning the reality. In that course, unsupervised learning methods, such as correlation analysis,
principal component and factor analysis were applied. After the compression of large datasets and
elimination of redundancies, the transformation of high-dimensional feature space to the space
defined by a few factors was used for multidimensional data graphical presentation. Influences of the
features (variables) were discussed through their significant loadings on extracted factors. These
factors are related to the sources of the elements in the studied plants and soil samples. Additionally,
as pattern cognition method, cluster analysis was also applied. It appeared as primarily useful for
finding and making visible structures within the observed dataset. The selection of clustering
algorithms made possible fitting the data to the problem that has to be solved.
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E-Learning in Applied Instrumental Analysis — The Example of Cultural Heritage Preservation
E.A. Varella

Aristotle University of Thessaloniki, Deptartment of Chemistry University
Campus, Thessaloniki. Greece
varella@chem.auth.gr

Videoconferencing for educational purposes is an innovative scheme using at wide range state-of-the-
art equipment and supports for synchronous teaching activities. In a parallel scheme, asynchronously
delivered e-learning material allows attendees to follow self-paced study in evaluated preliminary e-
lectures or laboratories, and take part in assessment sessions and interactive virtual meetings through
web conference technologies.

Being at the boundary of natural sciences and humanities, cultural heritage preservation —
conservation science — is not easily covered in all its aspects in one institution, while harmonizing the
different educational backgrounds of learners requires careful leveling of course contents. In order to
permit students acquiring the necessary minimum of competences for entering the trans-national
scientific community, a multidimensional e-learning system using both synchronous and asynchronous
techniques has been designed and set up, by putting into operation unified virtual classrooms in
dispersed areas, and establishing educational activities in both lecturing and practicing laboratory
work.

The e-learning platform consists of an open-source course management system, combined to a direct
dialogue tool, and an open video learning system sustaining extended self-study. Live participation
ensures interacting more or less the same way, as when physically sharing the same site.

In this frame, several virtual mobility types have been interconnected, e.g. unified third cycle
theoretical or practical classes, and vocational seminars; as well as “first aid line” meetings, usually
founded on the shared concern about problems or the simple need for argumentation, and adopted to
the requests presented by the persons involved. Laboratory training is simultaneously followed at all
nodes, and is primarily focused on reviewing ambivalent results and adopting best practice examples
in both physicochemical and safeguarding issues.

The educational environment is designed as a three-fold pattern — before, during and after each
course unit. In the first phase learners are prepared by having available all didactic material needed.
During the frontal hours they use videoconferencing, and webcasting/archiving; and afterwards they
may benefit from study material, self-assessment opportunities and a meeting point with the instructor.
Linguistic issues are attended to at all instances through specially designed courses on language and
terminology.
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Platforms for E-Learning
[.A. Kozaris
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ikozaris@chem.auth.gr

E-learning utilizes computers and computer networks as a channel of communication additional and
complementary to conventional ones, which is connecting learners with learning media, with other
people (fellow learners, sources, facilitators), with data (on learning, media, people), and with
processing power. Virtual Learning Environments are increasingly becoming an important part of the
strategy for delivering online and flexible learning. Many institutions already have VLE'’s in place,
though relatively few are using them with large numbers of students. Some institutions are still trying to
decide what type of VLE to implement.

Learning Platform (LP) is a generic term used to describe a range of integrated web-based
applications. These can include web pages, email, message boards, text and videoconference, shared
diaries, online social areas, and assessment tools.

In this article we describe the different types of e-learning tools, what a “platform for e-learning”
actually does, what problems is it solving, as well as the ways in which platforms for e-learning (or
elements of them) are being used, or are planned to be used. Finally, we are referring to the technical
specifications of the most important platform software and systems currently available; and are
comparing them by listing the relevant advantages and disadvantages of each software.
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Keynote lecture 5
What are the Analytical Needs for the REACH Regulation?

P. Garrigues
Institute for Molecular Sciences, UMR 5255 CNRS/Université de Bordeaux 1. France

Over the next decade thousands of chemicals manufactured in or imported into the European Union
will have to be tested, assessed and registered under the REACH regulation. Informations on health
and safety of these chemicals will be provided by commercial companies to the European Chemicals
Agency (ECHA) in Helsinki. In order to achieve a successful implementation of REACH, a
comprehensive effort of fundamental research is imperative.

This presentation will deal with the various aspects of the assessment of chemicals related to
toxicology, ecotoxicogy, QSAR, and with the role of advanced analytical chemistry. If analytical
chemistry is not per se mentioned in REACH, it may be part of it at every stage of the chemicals
policy.

Advances of analytical chemistry particulary in

- better analytical specificities of analysed compounds including degraded

and biotransformed compounds,

- low limits of detection linked to effects at low dose expoure,

- sustainable multi-component analyses to reduce human and environmental

impacts and costs

will be strongly involved into the implementation of REACH as demonstrated

through various examples in the presentation.
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Accelerated In-Needle Solid-Phase Dynamic Extraction as an Innovative Preconcentration
Method for the Analysis of Organic Volatiles at ppb, Concentration Levels

K. Demeestere, J. Dewulf, J. Van Durme, H. Van Langenhove

Research Group EnVOC, Department of Organic Chemistry, Faculty of Bioscience Engineering,
Ghent University, Ghent, Belgium.

Solid-phase dynamic extraction (SPDE) belongs to the most innovative sample preparation and
enrichment techniques based on the analyte partitioning between a fluidum and a coating phase. Main
advantages compared to the more traditional and widely used solid-phase microextraction (SPME)
technique include the 6 times larger sorbent volume and the reduced fragility of the device.

This presentation focuses on a recent systematic research bringing forward new information on both
the fundamentals and the applicability of SPDE towards VOCs analysis at ppb, levels. In contrast to
SPME where the mass transfer of analytes is governed mainly by molecular diffusion, mass transfer in
SPDE is enhanced by consecutive aspirating and dispensing steps creating also advective processes.
However, as an important outcome of our study, it is proven that every dispensing step leads to a
significant loss of retained analytes, leading to a rather low extraction yield and long sampling times
(62.5 min). Both experimental and modeling results reveal that up to 48% of the analytes retained on
the SPDE needle during aspiration are released again because of desorption during the dispensing
step.

Therefore, we have developed a new accelerated SPDE technique (ASPDE), characterized by a one-
step large volume aspiration through the needle and the elimination of the dispensing step. As a
result, equilibration times were reduced by a factor of 38 compared to the aspirating-dispensing SPDE
procedure. Next, equilibrium extraction with ASPDE is shown to be 5 times faster than with SPME.

Using ASPDE and subsequent GC-FID analysis, sensitivities being at least a factor of 37 and 6 times
higher than those obtained with gas syringe sampling and SPME, respectively, are obtained for
toluene as a model compound. LOD and LOQ values are calculated to be 56 ppb, and 173 ppb,,
respectively, proving the promising potential of ASPDE for ambient/indoor VOCs monitoring.



S05: Environmental Analysis 1
Novel Double Layer Coating System for Solid Phase Microextraction

A. Kloskowski, M. Pilarczyk, J. Namiesnik

Department of Physical Chemistry, Chemical Faculty, Gdansk University of Technology, G.
Narutowicza Str. 11/12, 80-233 Gdansk, Poland, e-mail: adamklos@wp.pl!

Sample pretreatment is a fundamental stage of any analytical procedure. Two aims are realized during
this step, namely analytes preconcentration and isolation. One of the main challenges within this area
is preconcentration of polar analytes from aqueous samples where high affinity of such analytes for
the sample matrix causes serious problems. Two procedures, differing in the physicochemical
mechanism, are the most often utilized: partition and adsorption. Increasing the polarity of the sorbent,
especially in the latter case, increases also its affinity for the sample matrix, which may lead to
competitive adsorption. Although adequate sample pretreatment is possible, very detailed and time-
consuming calibration procedures are needed to assess the influence of many factors upon the
extraction process, which complicate the whole technique. One of the ways to avoid such problems is
utilization of liquids or pseudo-liquids (e.g. polydimethylsiloxane — PDMS) as the retaining media.

Proposed solution for aforementioned problems is delivered from two, well known, techniques
used for isolation of polar analytes namely membrane extraction and solid phase microextraction. The
approach is an attempt to combine the advantages of the membrane techniques with those of
techniques which utilize solid materials as the retaining phase. Our new system was obtained by
substantial modification of the solid phase microextraction (SPME) probe. In this system, polar
sorbents are separated from the sample by a hydrophobic membrane. The issue of the partial mutual
solubility of the extracting agent and the sample matrix may be solved in this way, while the analytes
soluble in the membrane migrate across and are retained in the suitable extracting phase.
Consequently, the number of prospective extracting agents is significantly increased. Besides,
chemical modifications of both phases (the sample and the extracting agent) become possible. The
new membrane-SPME (M-SPME) probe was made utilizing polyethylene glycol (PEG) of 20 kDa
molecular weight and polydimethylsiloxane (PDMS) as the membrane material. In this probe PEG
behaves like a pseudo-liquid at the extraction stage, whereas up to date it has mainly been used as a
cross-linked solid adsorbent. It has been found that such M-SPME fiber may be successfully used at
the sample pretreatment stage. It is sufficiently robust and thermally stable, the latter feature
permitting the usage of thermal desorption for the liberation of analytes.
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Microwave Induced Combustion - High End Sample Decomposition for Trace Element Analysis
G. Knapp', E.M.M. Flores®

'Institute for Analytical Chemistry and Foodchemistry, Graz University of Technology,
Technikerstrasse 4, 8010 Graz, Austria
2Universidade Federal de Santa Maria, Santa Maria, Portugal

A recently developed technique, microwave assisted combustion (MIC), breaks new grounds in
solving difficult sample preparation problems. The suitability of this technique, that combines some
features of microwave-assisted wet digestion and combustion in the same system, was evaluated for
the subsequent determination of non metals and metals in many sample materials. Combustion is
carried out in a quartz vessel pressurized with oxygen using microwave irradiation to ignite the
sample. After combustion the analytes were absorbed in a suitable solution and a reflux step, if
necessary, was applied in order to obtain a complete recovery of analytes. In this system the achieved
temperature during the combustion was higher than 1350 °C assuring effective matrix decomposition.
Up to 500 mg of organic material can be completely combusted with residual carbon content typically
below 1% and eight samples can be simultaneously processed. Contrarily to combustion bomb and
oxygen flask systems, the reflux step of MIC improves the washing of vessel walls and quartz holder,
minimizing eventual losses due to analyte adsorption on internal parts of vessel.

Not only organic samples can be decomposed by MIC, but also volatile elements like mercury can be
separated from inorganic sample materials like rock and soil.

Recent applications of the new MIC technique will be discussed with main concern for tough organic
materials and the analysis of volatile elements in inorganic materials.
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Preconcentration of Organic Substances on Polyurethane Foams: Peculiarities and Analytical
Application

S.G. Dmitrienko, V.V. Apyari, Y.A. Zolotov

Division of Analytical Chemistry, Department of Chemistry, Lomonosov Moscow State University,
Moscow, Russia

Polyurethane foams (PUF) are of great interest in analytical chemistry of organic substances. The
main advantages of these sorbents are: high effectiveness, universality, chemical and mechanical
stability, sustainability in organic solvents, availability and relatively low cost. The unique sorption
properties of these synthetic polymeric materials are mainly due to the combination of different
hydrophilic and hydrophobic active centers and reactive terminal groups.

The paper summarizes the results of investigations of sorption and chemosorption on PUF of different
organic substances: polycyclic aromatic hydrocarbons, cationic and anionic surfactants, phenols,
hydroxybenzoic acids and their azo-derivatives, sulfophthalein and xanthene dyes. General factors
influencing on the sorption have been revealed; relations between the sorption parameters and
physicochemical properties of the sorbent and sorbate have been established. A classification of the
sorption systems with participation of PUF based on conception of different sorbent-sorbate
intermolecular interactions has been suggested.

The ways of preconcentration of organic substances have been developed. They have given rise to
the hybrid and combined analytical techniques. It has been shown that due to rational choice of
volume of the sample, mass of the sorbent, using sequential sorption, one can achieve enrichment
factors up to 10*. The substances can be determined directly in matrix of the sorbent by diffuse
reflectance spectroscopy, luminescence and colorimetry. The examples showing advantages of such
sorption-spectroscopy analytical techniques have been given for polyaromatic hydrocarbons, phenols
and ionogenic surfactants.

This work was financially supported by the Russian Foundation for Basic Research, grant N 08-03-
00289
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Enrichment of Trace Constituents in Environmental Samples with Thermoresponsive Polymers
M. Hiraide, T. Saitoh

Graduate School of Engineering, Nagoya University, Chikusa-ku, Nagoya, Japan

Enrichment techniques are often indispensable in trace analysis for obtaining sufficient precision and
accuracy of analytical results. Thermoresponsive polymers are soluble in water, but become insoluble
above the critical solution temperature to form gum-like aggregates. During the aggregation, different
hydrophobic compounds are easily incorporated into the polymers. This process facilitates the
effective enrichment and sensitive detection of trace constituents. After briefly reviewing the
background of the polymer-based enrichment, up-to-date applications will be mentioned in this
presentation.

Poly(N-isopropylacrylamide) or poly(vinyl methyl ether) was used as a thermoresponsive polymer.
The polymer was added to an aqueous sample solution and heated to about 50 degrees. The turbid
solution was shaken vigorously and the resulting aggregates were collected with the aid of a Teflon-
coated spatula. After dissolving in a small amount of organic solvent (e.g., N,N-dimethylformamide or
acetonitrile), the solution was analyzed by HPLC, graphite-furnace AAS or ICP-MS.

Hydrophobic organic compounds in water samples were directly collected in the polymer aggregates.
By this procedure, the concentration of the analytes was increased hundredfold, which allowed the
highly sensitive detection by HPLC. For the enrichment of trace heavy metals, they were converted
into the hydrophobic complexes with chelating agents (e.g., ammonium pyrrolidinedithiocarbamate or
8-quinolinol) and trapped in the polymer aggregates. The modified polymer having functional groups
such as iminodiacetic acid was also useful for the collection of trace metals. The metals were
determined by graphite-furnace AAS or ICP-MS. Because the aggregates of polymer were easily
attached to bubbles, the combination with a flotation technique becomes an effective separation
technique for the treatment of large volume samples. The simple and convenient polymer-based
enrichment can also attract considerable attention in the field of decontamination of polluted water.
The study on this area is now in progress in our laboratory.
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Developing Selective Electrochemical Sensors: from Self-Assembled Monolayers to Thin
Polymeric Films

D. Mandler

Department of Inorganic and Analytical Chemistry, The Hebrew University of Jerusalem,
Jerusalem lIsrael

Two principal properties are essential in sensing devices, namely, sensitivity and selectivity towards
the analyte. Electrochemistry is an inherently sensitive method which if coupled with high selectivity
can pave the way to designing a wide spectrum of sensors. During the last years we have developed
different approaches introducing selectivity elements in thin films. We have used films, ranging from a
monolayer to sub-micrometer thick polymeric layers. These were made of organic and inorganic
materials and used for different applications and in particular for assembling highly sensitive and
selective sensors [for example: 1-4].

In this contribution, we will review our recent approaches for introducing selectivity in electrochemical
sensors based on both self-assembled monolayers (SAMs) and thin polymeric films. This will include
two major approaches: the formation of selective electrodes for metals, e.g., Fe** and UO,** based on
SAMs and the development of electrochemical sensors for organic compounds based on molecularly
imprinted sol-gel films. We will also present an approach which aims to benefit from both SAMs and
polymers and is based on assembling mono and multilayers of polymeric films using the Langmuir-
Blodgett method.

Another interesting issue is whether the binding of, for example, heavy metals by surface bound
ligands is identical to that found in homogeneous solutions. Different approaches for estimating the
binding of heavy metals by functionalized SAMs will be discussed [5-6].

Turyan and D. Mandler, Anal. Chem., 1997, 69, 894.

Shustak, S. Marx, I. Turyan and D. Mandler, Electroanal., 2003, 15, 398.

Malel, J. K. Sinha, I. Zawisza, G. Wittstock and D. Mandler, Electrochim. Acta, 2008, 53, 6753.
Marx, A. Zaltsman, |. Turyan and D. Mandler, Anal. Chem., 2004, 76, 120.

Burshtain and D. Mandler, Chem. Phys. Chem., 2004, 5, 1532.
B
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4. S.
5.D.
6. D. Burshtain and D. Mandler, Phys. Chem. Chem. Phys. 2005, 8, 158.
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Glucose Oxidase Entrapment in a Sulfobutylether-Cyclodextrin-Doped-Polytyramine Film on a
Platinum Nanoparticle Modified Boron-Doped Diamond Electrode

F. Shang', J.D. Glennon', J.H.T. Luong?

7Analytical and Biological Chemistry Research Facility (ABCRF), Department of Chemistry, University
College Cork, Cork, Ireland
“Biotechnology Research Institute, National Research Council Canada, Montreal, Quebec, Canada
H4P2R2

Immobilization of a biosensing probe in an electropolymerized polymer matrix allows for precise
deposition of the biomolecule on any conducting surface regardless of dimension and geometry. The
amount of the immobilized probe can be easily manipulated by changing its concentration or by
adjusting the film thickness. In this study, glucose oxidase (GOx) was entrapped in an
electrodeposited polytyramine (PTy) film together with negatively charged sulfobutylether-g-
cyclodextrin (SBCD) on the active area of a platinum nanoparticle modified boron-doped diamond
(BDD) electrode. Atomic force microscopy (AFM) imaging revealed the presence of semicircular
nanofibers with a height of 40 nm and an averaged length of 795 nm throughout the
electropolymerized film surface. The combined permselective film served as an excellent matrix for the
GOx immobilization with high stability and reproducibility. The glucose biosensor exhibited a
remarkably selective and rapid response (2s) to glucose with a detection limit of 10 uM and linearity up
to 110 mM. Glutaraldehyde cross-linking of the film with entrapped GOx completely eliminated
electroactive interference caused by uric and ascorbic acids. This attractive procedure is
advantageous for the fabrication of microelectrodes and microarrays.
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New Electrode Materials and Arrangements for Voltammetric and Amperometric Determination
of Organic Environmental Pollutants

J. Barek, J. Zima, K. Peckova, V. Vyskocil, A. Danhel

Charles University in Prague, Faculty of Science, Department of Analytical Chemistry, UNESCO
Laboratory of Environmental Electrochemistry, Albertov 8, CZ -128 43 Prague 2, Czech Republic, e-
mail Barek@natur.cuni.cz

There is an ever increasing demand for inexpensive analytical methods for determination of
submicromolar and nanomolar concentrations of various ecotoxic and genotoxic organic pollutants,
modern voltammetric and amperometric methods being quite competitive in this field (1). For detection
of electrochemically reducible compounds mercury is the best available electrode material (2).
However, because of its toxicity, there is a tendency to substitute it by mechanically stable,
environmentally friendly and easily mechanically and/or electrochemically renewable solid amalgam
electrodes and paste amalgam electrodes (3) or boron doped diamond film electrodes (4). For
electrochemically oxidizable substances carbon film electrodes, carbon paste electrodes (5), and
metallic tubular and microcylinder electrodes are successfully applied in our laboratory. It will be
demonstrated on newly developed methods for determination of micro and submicromolar
concentrations of environmentally important organic pollutants, environmental carcinogens, various
drugs and agrochemicals using both voltammetry in batch systems and amperometry in flowing
systems (combination of HPLC and CZE with electrochemical detection).
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Voltammetric Sensors for Aromatic Nitroderivatives Based on Molecularly Imprinted Polymer
Membrane on Conducting Surfaces

M. Pesavento, G. D’Agostino, R. Biesuz, G. Alberti, V. Vacchelli

Dipartimento di Chimica Generale, Universita di Pavia,Via Taramelli 12. 27100-Pavi,-ltaly

Molecular Imprinted Polymers (MIP) are synthetic polymers containing recognition sites that mimic the
molecular recognition properties of natural receptors with binding affinities approaching those
demonstrated by natural receptors as for instance antibody [1, 2]. For these reasons they are widely
used as recognition elements in sensors. In particular electrochemical transduction is convenient
because of the robustness, the possibility of miniaturization, and the easy integration of MIP films or
membranes with conducting surfaces [3, 4]. Here some sensors for aromatic nitroderivatives are
illustrated, based on the well known reduction of these substances at potentials between -300 e -800
mV (vs Ag/AgCl). The MIP membrane gives a better selectivity and a lower detection limit, at about 10
ppb, due to the specific sorption of the substrate. The specific MIP membrane was obtained by
polymerization of methacrylic acid with ethylene glycol methacrylate, in the presence of TNT. A similar
membrane, but without TNT, was synthesized for comparison (NIP: non imprinted polymer
membrane). The polymerization was carried out directly on the conducting surface, carbon or metal.
The first one was a screen printed graphite electrode, obtained on the market, and the second one a
copper electrode, prepared by photoengraving. Despite of the thickness of the membrane, tens of um,
an electrochemical signal was obtained by DPV. The height of the peak being directly proportional to
the concentration of the template, much lower in the case of other nitroderivatives. The effect of the
conditions, in particular the acidity and the preconcentration time, on the peak position and height was
investigated. The detection was possible down to 10 ppb, in the case of graphite electrodes. For
comparison and for elucidating the mechanism of DPV signal, a non imprinted polymer (NIP)
membrane, and a membrane obtained by polymerization of the cross-linker, were examined too.

[1] G. Vlatakis, L.I. Andersson, R. Miiller, K. Mosbach, Nature (London), 1993, 361, 645

[2] S.A. Piletsky, A.P.F. Turner, Electroanalysis, 2002, 14, 317.

[3] .C. Blanco-Lopez, M.J. Lobo-Castanon, A.J. Miranda-Ordieres, P.Tunon-Blanco, Trends Anal.
Chem., 2004, 23, 36.
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lon Selective Electrodes Based on PVC Membrane for Enantiomers Analysis
A.l. Stoica', F. Teixidor?, C. Vifias®

1Department of Analytical Chemistry, Faculty of Chemistry, University of Bucharest,
Bucharest, Romania
?Institut de Ciéncia de Materials de Barcelona (CSIC), Spain

lon selective electrodes have found many applications in pharmaceutical, clinical and environmental
laboratories and are being explored for numerous other applications due to low cost and short time of
analysis. Most of amino acids have two optical isomers, D and L. While L-amino acids represent the
majority of amino acids found in proteins, most of D-amino acids have microbial origin, not
participating in protein synthesis and sometimes exhibiting toxic properties on organisms. In this paper
we report pioneering work on the potentiometric detection of aminoacid enantiomers, Tryptophan (Try)
and Histidine (His) without to use chiral macrocycles receptors. By combining [([3,3"-Co(1,2-
C,BgH11)2]) and the protonated form of the targeted amino acid enantiomer, an ion-pair complex is
obtained, which is used to prepare the ion selective PVC membrane electrodes. The chemical
compositions of the compounds obtained were established by 'H-, ''B-, *C-NMR, FTIR and MALDI-
TOF. The properties of the prepared electrodes were studied, namely slope, concentration range,
detection limit, lifetime, and selectivity. The experimental results obtained for D-Try showed that the
best electrode was based on di-butyl phthalate (DBP) as plasticizer (63%), displaying a linear range
from 5.00 x 107" M to 1.00 x 10" M with a Nernstian slope of 60.54 mV/decade and correlation
coefficient of 0.9926. The detection limit was 2.00 x 107 M and the lifetime was over one month. The
selectivity of the electrodes is also reported.

References
C. Wolf, Chem. Soc. Rev., 2005, 34, 595.
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Novel Poly(Hexylmethacrylate) Composite Carbon Electrodes Modified with Keggin-Type
Tungstophosphate Salts

D.M. Fernandes', S.M.N. Simées', H.M. Carapuca', C.M.A. Brett?, A.M.V. Cavaleiro’
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The demand for stable and robust chemically modified electrodes incorporating the properties of the
modifier is a continuous area of interest, namely for the production of devices for diverse applications.
Keggin polyoxotungstates have been widely studied for the past 20 years, due to their chemical
versatility, ease of preparation, rich redox chemistry and structural propert|es ' As a result, they have
found numerous applications in catalysis, medicine and materials chemlstry * Studies on the
electrochemical properties of these compounds are becoming more important, due to their use as
sensors and in electrocatalysis.’

We have previously prepared polyoxometalate functionalized electrodes via a one-step deposition of
micrometer thick coatings by the droplet evaporation method.>® In the present study, novel
poly(hexylmethacrylate) composite carbon electrodes modified with polyoxotungstophosphates, in the
form of tetra-n-butylammonium (TBA) hybrid salts, were prepared and characterlzed The
polyoxoanion salts used were [(C4Hg)4N]4H3[PW41030], and [(C4H9)4N]4H[PW11C0 (H20)039] H,0,
which have a lacunary and a metal substituted anion, respectively. Experimental results showed that
the electrochemical features of the polyanion immobilized by this methodology were maintained. Also,
it was demonstrated that the use of poly(hexylmethacrylate) improved the peak currents in the cyclic
voltammograms. The chemically modified electrodes were stable and their preparation was easy to
perform. Another remarkable advantage of these type of CPEs is its good stability due to the
insolubility of hybrid salts in aqueous solutions and the affinity of the organic part toward the paste.

The scan rate and pH effects on the voltammetric features for the first tungsten reduction process of
the immobilized POMs led to the conclusion that this process was diffusion controlled and
accompanied by uptake of protons. Additionally, studies with [Fe(CN)G]3/ as electrochemical probe
showed that the permeability of these molecules is significantly improved when
poly(hexylmethacrylate) is used.

1. M.T. Pope, Heteropoly and Isopoly Oxometalates, Springer Verlag, 1983.
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lonics. A New Paradigm in lon Detection in Solution
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We show an ionic diode composed of a closely spaced cation exchanger (CE) bead/membrane and an
anion exchange (AE) bead /membrane with a flow channel in between through which normally high
purity water is pumped. On the other side of each ion exchanger, water/electrolyte solution can be
put, either in a stationary or flow-through configuration. Electrodes are put in each of these. When the
CE side is held negative and the AE side is held positive, any electrolyte present in the central channel
is efficiently removed: cations pass through the CE bead to the negative electrode and anions pass
through the AE bead to the positive electrode. With water flowing through the central channel, the
background current is very low. If an electrolyte is injected into this stream given sufficient residence
time and electric field, the electrolyte is completely removed and the resulting integrated current pulse
generated is directly reflective of the total charge injected, i.e., the device behaves as a “charge
detector” (CD) regardless of the electrical mobility of the ions involved and unlike coulometry whether
they can be oxidized or reduced in an aqueous solution. The CD thus behaves as the equivalent of a
Faraday cup in solution where cations and anions are collected in separate compartments.

Conversely, when the CE side is held positive and the AE side is held negative, cations in the
electrolyte behind CE and anions in the electrolyte behind AE emerge in the central channel to form
an electrolyte in a manner that represents quantitative current efficiency; this thus constitutes an
electrolyte generator (EG). Putting a CD electrically in series with an EG allows one to translate any
electrolyte impulse injected into the CD to the impulse of the same or an altogether different electrolyte
generated by the EG. This allows for example to translate an optically undetectable electrolyte to an
optically detectable one. Operating the CD with a larger injection volume/flow rate compared to the
central channel flow rate results in concentration amplification, as the same Faradaic equivalent of an
electrolyte is generated in a much lower solution volume.

Weak electrolytes behave in another interesting manner. It is intuitive that the ionized portion
will be readily transported. However, removal of ions result in further ionization and thus the overall
signal becomes much more acutely dependent on the flow rate than that of a strong electrolyte,
permitting ready differentiation.

As stated above these devices behave as ionic diodes, the CD and the EG respectively being
comparable to a reverse biased photodiode and a forward-biased light emitting diode, respectively
with the individual ion exchangers behaving as charge selective gates like p- and n-doped
semiconductors.
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Community Reference Laboratories — a Measurement Infrastructure to Ensure the Harmonised
Implementation of EU Food Safety Legislation

F. Ulberth
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The free movement of safe and wholesome food is an essential aspect of the internal market and
contributes significantly to the health and well-being of EU citizens and to their social and economic
interests. Due to globalisation and the availability of new technological processes the European food
and feed sector is becoming more and more complex. In the past several food scares have shattered
the trust consumers have in their food supply. To restore confidence a complex regulatory framework
has been set up in the EU. Maximum limits for a diverse array of undesirable substances in the food
chain have been laid down, appropriate sampling and analysis methods for official control purposes
have been described, and a rapid warning and response system has been introduced. The
effectiveness of this integrated system depends to a large degree on the harmonised implementation
of control, monitoring and enforcement mechanisms across the EU Member States. Community law
(Regulation (EC) No 882/2004) created networks of Community and national reference laboratories
that should contribute to a high quality and uniformity of analytical data produced by official food and
feed control laboratories. The activities of reference laboratories should cover all the areas of feed and
food law and animal health, in particular those areas where there is a need for precise analytical and
diagnostic results. This objective can be achieved by activities such as the application of validated
analytical methods, ensuring that appropriate reference materials and methods are available, the
benchmarking of testing capabilities, and the training of laboratory staff. In the field of feed and food
safety 27 laboratories were designated as Community reference laboratories (CRLs), and for animal
health related matters 13 laboratories, e.g. for avian influenza, foot-and-mouth disease, bluetongue,
etc. The food safety related areas include chemicals such as veterinary drug residues, pesticides,
dioxins, marine biotoxins, mycotoxins, heavy metals, and biological agents such as pathogenic
bacteria, parasites and viruses; it covers also issues such as food contact materials, feed additives,
genetically modified organisms, and transmissible spongiform encephalopathies. Each CRL
collaborates with its own network of national reference laboratories in the Member States, thus
creating an EU wide system of more than 1000 laboratories highly specialised in nearly every aspect
of the safety of the food supply chain. The unique set-up of this system fosters exchange of best
practice among food safety professionals, has created an enormous reservoir of knowledge and
experience that can be deployed rapidly in response to a food incident, and offers training to food
scientists from third countries to familiarise and keep them up-to-date with analytical practices as
currently applied for the implementation of the EU food policy.
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Ultra High Resolution Mass Spectrometric Fingerprinting as a Powerful Tool in Food
Traceability

J. Hajslova’, T. Cajka’, L. Vaclavik', J. Poustka', M. Godula?
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A lot of scientific effort has been spent to develop rapid, reliable, and cost effective analytical
approaches applicable for the authentication of various food commodities. Besides of spectroscopic
techniques employing nuclear magnetic resonance (NMR), Raman, or infrared spectra, a wide range
of methods employing gas chromatography—mass spectrometry (GC-MS), and/or high performance
liquid chromatography (HPLC) hyphenated to MS has been implemented for this purpose. Some
procedures, such as matrix assisted laser desorption/ionization mass spectrometry (MALDI), direct
head-space mass spectrometry (HS-MS), and/or direct infusion MS allow reduction of analysis time
thanks to elimination of chromatographic separation step. Over the few recent years, a large number
of novel ambient desorption ionization techniques, such as desorption electrospray ionization (DESI),
atmospheric-pressure solids analysis probe (ASAP), direct analysis in real time (DART) and some
others, have become available providing further improvements. Their main advantages compared to
conventional techniques, involve the possibility of direct sample examination in the open atmosphere,
minimal, or no sample preparation requirements, and, remarkably high sample throughput.
Nowadays, screening approaches are performed using high performance ToF instruments, with mass
accuracies of < 5ppm and resolutions not exceeding 15,000. However, most of the techniques and
instruments currently available suffer from either poor mass accuracy and its variability in time and
more significantly from resolution not sufficient to separate analytes of interest from coeluting species.
Namely the mass resolution achieved plays a key role in the unambiguous identification of the most
analyzed compounds in samples containing high amounts of matrix.

This presentation will demonstrate the potential of ultra high resolution mass spectrometer based on
the OrbitrapT'\’I analyzer to distinguish geographical and/or species origin as well as processing
practice employed for production of some popular food commaodities such as olive oil, wines etc. on
the basis of metabolomic profiles (MS fingerprints). Since a large volume of data is typically generated
during the measurements of positive /negative mass spectra, smart chemometric tools have to be
used to establish mathematical model for classification of samples. In our study, linear discriminant
analysis (LDA) and artificial neural networks (ANN) have been employed for examination of selected
matrices.

References:

(1) Venter A, Nefliu M., R. and Cooks G. (2008) Trends Anal. Chem. 27, Issue 4: 284-290
(2) Cody R.B., Laramee J.A. and Durst H.D. (2005) Anal. Chem. 77: 2297-2302

(3) M.J. Lerma-Garcia et al, (2008), Food Chemistry, Volume 107, Issue 3: 1307-1313

Acknowledgement: This work has been carried out with support from the European Commission
through the Sixth Framework Programme under the Food Quality and Safety Priority (Contract no. CT-
2005-006942, TRACE).
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Chemometric Techniques for Tracing the Origin of Foodstuff
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The increased information available to the consumers together with the competition following the
institution of the Common Market (EU countries) has led safety, nutritional value, eating
characteristics, ethical, environmental, economic and social aspects to be more and more important
and essential topics for the food industry. In a single word, there is an increasing demand for “quality”,
as a primary criterion to access the market. “Quality” is defined as “the totality of characteristics of an
entity (product or service) that bear on its ability to satisfy stated and implicit needs”. It is at a glance
apparent that such a generic definition results in the concept of quality encompassing a wide range of
meanings. In fact, it not only refers to the characteristics or the performances of a product, but also to
the consumer and to the whole manufacturing system: consumers are not merely demanding quality,
they also want to know everything about the product in terms of its “life” and origin (raw materials,
production methods, harvesting location).

Accordingly, a particular aspect of quality which has been gathering more and more attention during
the recent years is that of the typicalness of the product. In fact, it has been widely reported in the
literature that the geographical and botanical origin of a vegetable foodstuff are important variables
regulating the overall quality of the product. This issue has been recognized by the European Union
which has been introducing since 1992 a series of norms aimed at protecting these high quality
productive identities, by the introduction of the Denominations of Origin (Protected Denomination of
Origin, PDO, and Protected Geographical Indication, PGI). The products which are labeled by this
Denomination must be produced in a well defined geographic area and manufactured using only one
or few specified botanical or animal varieties. Consequently, to prevent the frauds in these field, the
quality control laboratories would need an analytical method to determine the origin of the sample.
Unfortunately, even if a great host of instrumental analytical techniques are at present under
investigation, no one of those can be listed whose results can be directly related to the origin of the
samples.

An alternative way to cope with this problem is to use mathematical and statistical methods
(chemometrics) to process the results of a set of determination performed on the samples in order to
obtain the desired classification. In this communication, the successful use of different chemometric
pattern recognition methods for the discrimination of food products according to their origin will be
discussed, based on several examples taken from the authors’ experience (e.g. oils, wines, honey,
wheat, rice).
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Sample Preparation Techniques for the Detection of Odour Active Compounds
E. Leitner

Institute of Analytical Chemistry of Food Chemistry, Graz University of Technology,
Research Group “Food Chemistry and Human Sensory Analysis”
Petersgasse 12/2, A-8010 Graz, Austria

The phenomenon of odour activity of an organic molecule is strictly related to volatility and the
molecular weight of the substance. The upper limit of the molecular weight for odour activity is around
300-350 atomic mass units.

So the ideal analytical method for the determination is high resolution capillary gas chromatography.
But there are several limitations and things to consider.

First the aroma fraction of a smelly product is normally the smallest part of the whole product, being
normally in the milligram per kilogram range or less. Nevertheless it very often consists of up to
several hundred compounds over quite a large concentration, polarity and boiling point range, so
interferences on the analytical column are quite likely.

In addition the perception of odour activity by the human smell system can be very sensitive to some
specific molecules, so the analytical method must be in the concentration range of the human
threshold values.

Finally the odour of a product is very seldom driven by just one or a few compounds but is a complex
mix of several compounds which finally contribute to the odour property of the product. Therefore the
use of gas chromatography (GC-O) where the human nose is used as a sensitive and selective
detector for odour activity is an essential part for the identification.

One of the most crucial points for the analysis of these target compounds is of course the sample
preparation technique, where losses of the target compounds during evaporation steps or
interferences with solvents due to their low molecular weight can occur. Several solvent using and
solvent free methods like simultaneous distillation extraction (SDE), solid phase microextraction
(SPME), stir bar sorptive extraction (SBSE) and their applicability for certain target compounds as well
as their pros and cons will be discussed.
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Volatile Organic Sulphur and Selenium Compounds in Beers, Wines and Spirits by Solid-Phase
Microextraction and Gas Chromatography with Atomic Emission Detection

N. Campillo, R. Pefalver, |. Lopez-Garcia, M. Hernandez-Cérdoba

Department of Analytical Chemistry, Faculty of Chemistry, University of Murcia, E-30071 Murcia,
Spain

The beverages industry considers aroma to be of a great importance as it contributes to the product
quality. The effect of volatile organic sulphur compounds on beverages flavour has been well
documented, whereas this effect produced by volatile organic selenium compounds has not been
described. Nevertheless the use of organoselenium compounds as herbicides, fungicides and
bactericides in agriculture, and the fact of dimethylselenide (DMSe) and dimethyldiselenide (DMDSe)
of being produced by phytovolatilization or by biomethylation, makes it possible to found these
compounds in beverages.

A solvent-free method for the determination of several volatile organic sulphur [dimethylsulphide
(DMS), diethylsulphide (DES), methylpropylsulphide (MPS), dimethyldisulphide (DMDS),
dipropylsulphide (DPS), dimethyltrisulphide (DMTS), methionol and dipropyldisulphide (DPDS)] and
selenium [dimethylselenide (DMSe) and dimethyldiselenide (DMDSe)] compounds in different
beverages using solid-phase microextraction and gas chromatography with atomic emission detection
is presented. The Carboxen/polidimethylsiloxane fiber was the most suitable for preconcentrating the
analytes from the headspace of the sample solution at 25 °C for 20 min. Volumes of 20 mL of
undiluted beer were used while, in the case of wines and spirits, sample:water ratios of 5:15 and 2:18,
respectively, were used. Quantitation was carried out by using synthetic matrices of beer and wine,
and a spiked sample for spirits, and using two volatile organic sulphur compounds as internal
standards. Detection limits ranged from 8 ppt to 40 ppb, depending on the compound and the sample
analyzed. The proposed procedure was applied to a total of forty different samples. DMS and MPS
were detected in all the alcoholic beer samples, while DMDS was found in three of the samples and
DMTS only in one alcoholic beer. DMSe and DMDSe were not detected in any of the samples
analyzed. On the other hand, twenty of the samples analyzed appeared to be absolutely free of the
studied compounds.
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Short Peptide Sequences as Analytical Tool in Food Analysis

D. Compagnone, M. Del Carlo, M. Mascini, M. Sergi

Department of Food Sciences, University of Teramo, via C. Lerici 1, 64023 Mosciano S.A., Italy,
dcompagnone@unite.it

The search for new bioreceptor has led to the production of biological recognition elements (mainly
antibodies and aptamers) having high affinity and selectivity for the target analytes (i.e toxins,
antibiotics). These can be implemented for multiplexing in optical or electrochemical array formats.
The major drawback of this sensing approach is the effect of complex matrices as food on the
biological molecule; pre-treatment of the sample for purification and pre-concentration is often required
and a careful calibration for accurate quantitative data output is needed. In this work data on the
exploitation of the use of short aminoacidic sequences as analytical tool will be presented. These
bioreceptors possess intermediate behaviour in terms of affinity and selectivity presenting advantages
in terms of cost, ease of preparation, robustness and regeneration of the bioreceptor. For example,
tetrapeptides obtained mimicking the active site of the enzyme acetylcholinsterase have been studied
in solution for the binding and successfully used in solid phase extraction for organophosphate and
carbamate pesticides. A procedure has been optimised for the extraction of paraoxon from durum
wheat and used for the detection of the organophosphate via HPLC or via a biosensing procedure
based on the inhibition of acetylcholinesterase and a choline oxidase sensor.

Different procedures for the extraction of Ochratoxin A from wine, grapes, wheat and coffee have
been developed using an exapeptide obtained combinatorially by the group of Giraudi (University of
Turin). Analysis was carried out in HPLC with fluorimetric detector. This SPE supports can be easily
regenerated for 50-80 assays and are cost effective and more robust then the conventional
immunoaffinity approach..
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Selected Issues of Residue Analysis in Food Quality Monitoring

H.Unterluggauer’, C.Czerwenka?, G.Mayerhofer®, R.J.Fischer', T.Kuhn®, F.Fila®, S.Masselter’

"AGES GmbH, Austrian Agency for Health and Food Safety, Business Area Analytical Competence
Center (CC), CC for Residues of Plant Protection Products (PSMR), Innsbruck, Austria
2AGES GmbH, Austrian Agency for Health and Food Safety, Business Area Analytical Competence
Center (CC), CC for Residue analysis (RANA), Vienna, Austria
SAGES GmbH, Austrian Agency for Health and Food Safety, Business Area Analytical Competence
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Nowadays, food safety is one of the top priorities of many countries world-wide and meanwhile deeply
routed in nearly everyones mind. Food monitoring is a suitable tool that serves preventive health
protection of consumers. It helps to early recognise and possibly prevent potential risks to consumers’
health caused by harmful environmental contaminants, residues of plant protection products, residues
of veterinary drugs or other unwanted substances detected in foodstuffs. However, the approach of
targeted measures demands high standards of instrumental analytics — mostly dealing with amounts in
trace analysis. As a consequence of the consistent progress in science and technology and the
resultant rigorous legislation today’s agri-foodstuffs branch has to face ever stricter standards and
regulations. Nevertheless, the importance of food quality control cannot be overestimated and this has
been emphasized by the occurrence of several mayor food alerts over the past decade, creating a
certain loss of confidence among consumers. Some of the more recent affairs are presented here in
more detail with the examples of streptomycin in apples as well as melamine and pesticides in
foodstuff. It is not least the quick and thorough analysis of the official authorities in many countries as
well as their interactive collaboration which have proven that the rapid alert system is a very important
tool for health protection in the course of globalization.
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Keynote lecture 8
Separation, Investigation, and Analysis of Nano and Microparticles in Liquid Media
P.S. Fedotov, V.M. Shkinev, N.G. Vanifatova, B.Y. Spivakov

Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of Sciences,
Moscow, Russia

The separation (fractionation) of particles is needed in biochemistry, macromolecular chemistry,
nanotechnology, environmental studies, and other fields of science and technology. Particles bigger
than about 100 um can be fractionated using conventional wet (or dry) sieving. Multistage membrane
filtration (MMF), field-flow fractionation (FFF), and thin-cell split flow fractionation can be used to
fractionate particles in a size range of 1-100 um. Gel permeation chromatography, MMF, FFF, and
capillary electrophoresis (CE) can be used to fractionate solid and colloidal particles smaller than 1 um
into classes based on their size, density, or charge.

MMF employing semipermeable nano, ultra and microfilters is a rather versatile method that enables
the separation of particles according to their effective size to be achieved. Membrane-based
fractionation is useful for determination of the distribution patterns of trace elements bound to
particulate matter in natural waters and other fluids. CE is a powerful tool for separating and
investigating nanoparticles. The migration of particles in the capillary is governed by their
electrophoretic mobility. The main limitation of the method is the sample volume that should not
exceed 10 nL. FFF is a unique chromatography-like elution method that is applicable to the separation
and characterization of a broad spectrum of solid and colloidal particles, polymers, and biological
macromolecules in the size range from 1 nm to 100 um. FFF is divided into several subtechniques
according to the type of external cross-field used (gravitational, electrical, cross-flow, etc.). FFF
separations occur in thin channels and the test sample weight is limited to 1 mg. A new coiled tube
sedimentation FFF technique employing a long rotating column of 1.5-mm tubing bore enables this
limitation to be avoided.

Investigation of particles requires the application of different instrumental techniques such as electron
microscopy, photon correlation spectroscopy, laser Doppler velocimetry, etc. Chemical analysis of
separated fractions of particles can be performed by various analytical techniques: atomic and mass
spectrometries, chromatography, etc.

It looks to be rather perspective to develop combined fractionation methods based on the sequential
separation of complex mixtures of particulate species using various approaches. Choosing the
fractionation technique at each step is dependent on research tasks as well as on particles size,
density, shape, and surface properties.

Authors are grateful to RFBR (projects 07-03-00539, 07-03-00743) for financial support.
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Utilization of Functionalized Magnetic Nanoparticles for High Throughput DNA Separation

J.H. Chang

Korea Institute of Ceramic Engineering and Technology (KICET)

The work describes an optimized process to highly efficient and convenient preparation in high
throughput magnetic human DNA separation with chemically functionalized silica-coated magnetic
nanoparticles. The effect of nanoparticle’s size and the surface’s hydrophilicity change were studied
for magnetic DNA separation process, in which the optimum efficiency was explored via the function of
the amino-group numbers, particle size, the amount of the nanoparticles used, and the concentration
of NaCl salt. The DNA adsorption yields were high in terms of the amount of triamino-functionalized
nanoparticles used, and the average particle size was 25 nm. The adsorption efficiency of
aminofunctionalized nanoparticles was the 4-5 times (80-100%) higher compared to silica-coated
nanoparticles only (10-20%). DNA desorption efficiency showed an optimum level of over 0.7 M of the
NaCl concentration. To elucidate the agglomeration of nanoparticles after electrostatic interaction, the
Guinier plots were calculated from small angle X-ray diffractions in a comparison of the results of
electron diffraction TEM, and confocal laser scanning microscopy. Additionally, the direct separation of
human genomic DNA was achieved from human saliva and whole blood with high efficiency.
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Continuous Photophoretic Separation of Hydrocolloids
C. Helmbrecht, R. Niessner

Institute of Hydrochemistry
Technische Universitat Miinchen
Lehrstuhl fiir Analytische Chemie

MarchioninistralBe 17
D-81377 Miinchen

Common techniques for the analysis of particle mixtures mainly focus on the parameter particle size.
The need for a precise determination of discrete particle properties arises from numerous problems in
chemistry, pharmacy, life science or biology. The application of light-induced forces on particles
suspended in a liquid, e. g. hydrocolloids, offers the possibility of characterization and separation due
to optical properties such as refractive index or absorption [1].

At dimensions at the um-scale, optical forces become capable of manipulating or trapping of
microparticles. The migration induced by light is termed photophoresis (PP) and depends on the
properties of the particle/fluid system. Due to the difference in refractive index of liquid and particle,
photons impinging on the particle exchange momentum and induce migration. As friction force and
optical force balance at equilibrium, the particle migrates with constant velocity, the photophoretic
velocity. Based on the measurement of PP velocity distributions, the radius and the refractive index of
single transparent spherical particles can be calculated.

For the separation of colloid mixtures, a cross-flow setup was developed. The sample flow was applied
perpendicular to the laser beam, resulting in a retention distance of the particles. The retention
distance is a function of size and chemical composition (refractive index) of the particles. By variation
of the laser power or the cross-flow rate the resolution of the setup can be adjusted. In case of
irregular or absorbing particles a stable pathway in the laser beam must be guaranteed by matching of
the laser beam profile.

The gentle and contact-free manipulation of particles provides label-free discrimination of delicate
samples and does not need any further sample preparation. Potential applications are the separation
of irregular shaped inorganic particles or suspensions of cells and bacteria.

[1] C. Helmbrecht, R. Niessner and C. Haisch (2007): Photophoretic velocimetry for colloid
characterization and separation in a cross-flow setup. Analytical Chemistry, 79, 7097-7103.
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Today, Analytical Nanoscience & Nanotechnology is an area of increasing challenge in Analytical
Chemistry. From the analytical point of view, nanoparticles and nanostructured materials can be
objects (analytes) or they can be used to develop new analytical tools. In this communication, an
overview of the use or carbon nanostructures (fullerenes(1), carbon nanotubes(2), nanodiamonds,
hybridized composites) is presented and discussed with some emphasis in the developments
implemented by our research team.

To deal with the selected topic, several classifications can be considered according to complementary
criteria. The most relevant of them are two, namely : A) Step of the analytical process where the
carbon nanoparticles are involved : sample treatment, chromatographic and electrophoretic
techniques and sensing/detection ; and B) Exceptional physico-chemical property of the nanomaterial
exploited that can be : chemical, optical, electrical, thermal, mass and magnetic.

Sample treatment of complex matrices can be clearly improved in terms of analytical properties (i.e.
recovery and selectivity) by using carbon nanoparticles. In this context, carbon nanoparticles have
been used in liquid and solid phase extraction. Recent developments in carbon nanotubes based
filtration membranes is also presented. Resolution of chromatografic (GC, LC), electrophoretic (CE)
and electrokinetic (EKC) techniques can be also enhanced by using carbon nanostructures as
stationary or pseudostationary phase. Finally, the promising role of carbon nanoparticles in optical and
electrochemical sensing/detection systems is briefly outlined.

The final part of the presentation will be devoted to the prospects of the topic, by describing the most
promising “niches”.

(1) J.R. Baena, M. Gallego, M. Valcarcel “Fullerenes in analytical sciences” Trends Anal. Chem. 21,
2002, 187-198

(2) M. Valcarcel, S. Cardenas, B.M. Simonet “Role of Carbon Nanotubes in Analytical Science”
Anal.Chem. 79, 2007, 4788-4797
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Nanostructured Electrochemical Aptasensor for Ochratoxin A (OTA) Determination
L. Bonel, P. Duato, J.C. Vidal, J.R. Castillo
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Ochratoxin A is a naturally occurring mycotoxin produced primarily by Aspergillus ochraceus and
Penicillium verrucosum usually present in a variety of foods. Previously (1) we have developed a
sensor device based on Quartz Crystal Microbalance nanofunctionalized.

The interesting approach of this work is related to the using of a selective aptamer to OTA. Aptamers
are nucleic acids (DNA or RNA) that selectively bind to low molecular weight organic or inorganic
substrates or to macromolecules such as proteins. Anyway, this work is the first step in the realization
of a sensor for OTA based on the use of the specific aptamer exploiting the known advantages of
these biomimetic receptors. In literature only two papers report the development of an assay for OTA
detection using this specific aptamer.

The assay developed for OTA detection was based on a direct or indierect format. All steps of the
assay were carried out onto AuNPs or MBs; only the electrochemical detection was performed
transferring the functionalized nanoparticles onto SPCEs. The immobilisation of the biotinylated
aptamer was based on streptavidin-biotin interaction. Finally, the enzymatic product, was determined
by differential pulse voltammetry (DPV).

Finally, this approach will be applied to the analysis of some OTA samples to determine the
concentration of OTA and predict the risk of a possible contamination with OTA.

References:

[1] Vidal, J.C; Duato, P; Bonel, L; Castillo, JR; Anal. Bioanal. Chem (2009) 394, 575-582
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Liguid Crystal Multiplexed Protease Assays Reporting Enzymatic Activities as Optical Bar
Charts

X. Bi, K.-L. Yang

Department of Chemical and Biomolecular Engineering, National University of Singapore,
4 Engineering Drive 4, Singapore, 117576

We describe a highly sensitive, substrate-specific, label-free, and multiplexed protease assay which
reports proteases activities as an optical bar chart, allowing test results to be easily assessed by
laymen with the naked eye. First, an oligopeptide microarray having six rows of immobilized
oligopeptides, with well-controlled orientations and concentration gradients, is immersed in a buffer
solution containing proteases. Then, a thin layer liquid crystal is supported on the microarray to
transduce the oligopeptide cleavage event into an optical bar chart of different colors and lengths. This
type of optical bar chart provides very rich information such as protease concentration, incubation
time, surface densities of oligopeptides, etc. Both trypsin and chymotrypsin can be detected by using
this assay within 3 h. The capability of the multiplexed protease assay opens up possibilities for
detecting toxins such as botulinum neurotoxins which are known to cleave proteins and affect the
docking and fusing synaptic vesicles.



S08: Nanoanalytics |

Application of Capillary Zone Electrophoresis (CZE) and Molecular Biology Methods to the
Determination of Pathogenic Bacteria for Medical Diagnosis

E. Klodzinska', K. Hrynkiewicz?, B. Buszewski'

"Chair of Environmental Chemistry and Bioanalytics, Faculty of Chemistry,
Gagarin 7 str, PL-87-100 Torun, Poland
2Depan‘ment of Microbiology, Institute of General and Molecular Biology,
Nicolaus Copernicus University, PL-87-100 Torun, Poland

The term “microbiological diagnostics” refers to a search for and identification of an etiological factor of
an infectious disease. ldentifying a microorganism that causes a given pathological state followed by
defining this organism’s sensitivity to drugs serves as the first and necessary condition for controlling a
disease and treating a patient. The identification of a pathogen that induces an infectious disease is
the prerequisite of beginning a successful treatment.

The bacterial pathogen Staphylococcus aureus is responsible for a significant amount of human
morbidity and mortality. Novel methods, based on capillary zone electrophoresis (CZE) and molecular
analysis of a part of the coag gene were designed for the identification and the differentiation of three
S. aureus strains. The electrophoretic measurements rely on the differential mobility of bacteria in the
fused silica capillary under the direct current electric field. To perform coagulase gene typing, the
repeated units encoding hypervariable regions of the S. aureus gene were amplified by polymerase
chain reaction (PCR) technique followed by restriction enzymes digestion and analysis of restriction
fragment length polymorphism (RFLP) patterns as well as sequencing. Proposed procedures,
specially fast and cheap CZE, with molecular analyses as the confirmation of these results, could
become an effective tool for diagnosis of certain diseases caused by different strains of S. aureus.
Finally, the results of electrophoretic measurements with molecular analysis were compared. The
results presented in this report give a sufficient and real grounds to conclude that capillary zone
electrophoresis (CZE) could be a novel, fast and cheap method of identification and typing of bacterial
strains. However, future investigation are necessary to improve this method and create database.

This work was supported by European Union (BaMod project no. 19031), Ministry of Higher
Education’s and Science (grant no. N204 165 31/3730), NCU grant no. 369Ch and Foundation for
Polish Science (FNP).
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Some People and Places Important in the History of Analytical Chemistry in Austria
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Kinetic Optimization of External Contributions to Speed and Efficiency in Fast Ultra-High
Resolution HPLC — Theoretical and Experimental Considerations

G. Rozing', M. Dittmann’, K. Choikhet', G. Desmet?
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Fast, high-resolution separations in HPLC can be achieved by the use by the use of small particles
(1.5 = 3 ym in diameter) usually packed in columns of 2.1 mm id with modern HPLC instrumentation
supplying backpressures on the order of 1000 bar.

In order to fully utilize the performance of such a system, the external contributions that compromise
separation efficiency have to be carefully taken into consideration.

To experimentally assess the contributions to external variance, a “zero-dispersion” system was
designed that allows to individually measure the dispersion of different system components such as
injector, capillaries and detection cells as a function of flow rate. Peak variances resulting from a
range of system components were determined and compared to theoretical predictions.

The kinetic plot model including external contributions (1, 2) was extended to allow estimation of
optimum capillary dimensions as a function of particle size and morphology, column dimensions and
maximum system pressure.

Application examples in isocratic and gradient mode will be shown to demonstrate the importance of

optimized system components.

(1) G. Desmet, oral presentation, HPLC 2008, Baltimore
(2) Heinisch, S., Rocca, J.L., Desmet, G., Journal of Chromatography A, 1203, (2008), 124-136.
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Thermo-Responsive Stationary Phases — Synthesis, Application and Chromatographic
Evaluation
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Polymers which are sensitive towards external physical, chemical and electrical stimuli are termed as
“intelligent materials” and are presently widely used in medical and engineering applications. Among
these factors, it seems that temperature is one of the most attractive tools as a stimulus.

One of the most commonly used thermo-responsive polymers is Poly(N-isopropylacrylamide)
(PNIPAAM). PNIPAAM exhibits thermally reversible soluble-insoluble changes in aqueous solution in
response to temperature changes across a lower critical solution temperature (LCST) at 32°C.
Alternative co-polymers exhibiting similar LCST behaviour are Poly(isopropyloxazoline-co-N-
propyloxazoline) P(IPOX-co-NPOX) and Poly(2-(2-methoxyethoxy)ethyl methacrylate-co-
oligo(ethylene glycol) methacrylate) P(MEO,MA-co-OEGMA). A huge advantage of co-polymerization
is the possibility of tuning LCST in water over a wide temperature range based on varying
hydrophobic-hydrophilic monomer composition via a well-defined gradient.

Here, we compare the properties of the above mentioned co-polymers to the ‘golden standard’
PNIPAAM. Thus, we report on the synthesis of thermo-responsive stationary phases by grafting these
polymers onto bimodal pore size distribution silica surface and their application for the selective
separation of steroids and peptides in pure aqueous environments using HPLC with temperature
control. This serves as a good alternative to conventional reversed-phase chromatography, in which
the denaturation of proteins in organic solvents can be avoided.

Characterization of the stationary phases with respect to grafting density, temperature and molecular
weight are reported. Furthermore, chromatographic characterization regarding the separation of a
mixture of steroids and peptides below and above the LCST in pure aqueous phase and under
isocratic conditions is also presented.

Macromolecular engineering can also be done on the stationary phase to optimize its response
towards different kinds of external stimuli. We also show possibilities of other polymeric monolithic
materials synthesized for proteomics.
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Stationary Phase Design for lon-Exchange Chromatography
— From Standard Inorganic Anions and Cations to Amino Acids and Proteins

J. Weiss
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Jjoachim.weiss@dionex.com

In the more than twenty years that encompass its birth and development, ion chromatography (IC) has
undergone enormous changes. While in its earliest embodiments IC was focused primarily on the
analysis of inorganic anions and cations, today IC has an important role in the analysis of organic ions
as well.

One of the trends in stationary phase design is the development of hydoxide-selective ion exchangers
for isocratic and gradient separations. Based on ethylvinylbenzene/divinylbenzene, the resulting resins
can either be surface-functionalized and agglomerated with micro-beads carrying the actual ion-
exchange groups or grafted with an anion exchange polymer layer. Other trends include the use of
high-capacity columns which allow the injection of more concentrated samples without overloading
and peak broadening. High-capacity anion exchangers are developed for isocratic separations of
inorganic anions and oxyhalides in drinking water and other sample matrices as well as for gradient
separations of inorganic and organic anions improving the separation of monovalent carboxylic acids.
Lately, particle diameters of the support materials and column dimensions have been scaled down
resulting in significantly shorter analysis times without compromising resolution and chromatographic
efficiency.

By now, the merits of hydroxide eluants in anion exchange chromatography are well understood.
However, hydroxide-selective stationary phases have been prepared by using vinyl aromatic
polymers. Such polymers are advantageous because they are compatible with highly alkaline eluants.
While hydroxide-selective anion exchangers prepared in this way show good selectivity for common
anions, the interaction of analytes such as bromate, chlorite, chlorate, and perchlorate with the
electrons of the aromatic backbone is an impediment to obtaining the proper selectivity in the
presence of common anions. Consequently, search was undertaken for a suitable means of preparing
hydroxide-selective stationary phases from entirely aliphatic components.

Ultimately, a novel electrostatic step-growth condensation polymerization method was developed
using aliphatic epoxy monomers and amines. Unlike commonly employed grafting methods, where the
attachment of the graft polymer is via covalent bonds, the attachment of the graft polymer in this case
is the result of strong electrostatic adhesion between the cationic condensation polymer grown directly
off the substrate surface and anionic surface groups introduced through sulfonation of the substrate
prior to the graft step. The resulting graft composite exhibits a high degree of hydroxide selectivity,
good stability under alkaline conditions, high hydrophilicity, and excellent chromatographic properties.
By tailoring the reagents used in preparation of the step-growth polymer as well as the reaction
conditions, a wide variety of different selectivities are obtained.

The latest trend in stationary phase design for ion chromatography is leading towards monolithic ion
exchangers. Originally developed for the separation of large biomolecules such as peptides and
proteins, a breakthrough is made in the development of polymer-based monoliths for the separation of
small molecular weight anions, which opens the door for high throughput anion analysis.
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Evaluation of lon Pairing Chromatography versus Hydrophilic Interaction Chromatography for
the Determination of Neurotransmitters in Brain Extract by LC — MS/MS

R. Chirira'?, C. Lebert', P. Chaimbault', A. Finaru?, C. Elfakir’

" Institut de Chimie Organique et Analytique (ICOA), UMR CNRS 6005, University of Orléans,
Orléans, France
2 University of Bacau, Bacau, Romania

As neurotransmitters, catecholamines play an important role in the control and regulation of numerous
brain functions. They are also believed to be involved in different neurodegenerative disorders. Due to
their high interest and their low level in biological samples, many efforts have been devoted to devise
simple and sensitive analytical methods for their determination.

In this communication two new complementary LC-MS/MS methods using IP-RPLC and hydrophilic
interaction chromatography (HILIC) are proposed as alternatives to traditional LC methods for the
analysis of catecholamines (adrenalin, noradrenalin, dopamin), indolamines (serotonin and 5 hydroxy
tryptophan) and their precursors and metabolites (3,4-dihydroxy-phenylalanin, 3-methoxytyramin,
tryptophan, homovanillic acid, tyrosin and 5-hydroxyindole-3-acetic acid) in brain tissues.

First, IP-RPLC method is developed by using nonafluoropentanoic acid as volatile ion-pairing reagent
and C18 monolith and C18 fused core as stationary phase.

Secondly, a HILIC method is optimized using different commercially available columns, which can be
classified in relation with their functional group as neutral (diol, amide, and cyano), positively charged
(amino, triazole), negatively charged (bare silica as wholly porous particles or fused core particles) and
zwitterionic (sulfobetaine). Our studies lead us to a better understanding of the HILIC retention
mechanism and also to the selection of the most appropriate column for catecholamine analysis.

The two complementary chromatographic systems are then compared in terms of resolution,
efficiency, limits of detection and quantification limits (LOD/LOQ), advantages and disadvantages.
Only the HILIC system was compatible with both positive and negative ionization modes.

As the LODs obtained are in the range of 1-100 ng.mL™" for the two systems, a pre-concentration
method using Oasis MCX and Oasis HLB solid phase extraction cartridges was optimized in order to
enhance the LODs.

Finally the applicability of the SPE-LC-MS/MS method has been evaluated for the identification of
these compounds in brain extracts.
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Application of Rotating Coil Column in Analysis of Different Samples from Environmental to
Crude Oil

T. Maryutina

Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Acadeny of Sciences,
Moscow, Russia

Rotating coil columns (RCC) mainly used in counter-current chromatography can be successfully
applied as a pretreatment technique in analysis of different samples (liquid and soil).

A particulate solid sample is retained in the column as the stationary phase under the action of
centrifugal forces while organic solvents are continuously pumped through. The dynamic extraction of
hydrocarbons impurities from soil samples is performed in RCC at room temperature and normal
pressure. Recovery of hydrocarbons from soil samples with different organic solvents has been
investigated.

Firstly application of RCC for elemental oil analysis has been suggested. Nowadays international
standard methods of elemental oil analysis (ASTM D, IP, EN ISO, UOP) could be characterized by
complex sample preparation procedures, insufficient detection limits and confined number of defined
elements. The possibility of pre-concentration of the trace elements from oils by RCC has been
investigated. Aqueous solutions of different compositions were suggested to use as a stationary
phase. Analyzed oil samples were used as a mobile phase that gives a possibility to pre-concentrate
trace amount of inorganic compounds in fixing volume of the stationary phase from large volume of oil.
Retention volume of the stationary phase in rotating coil columns could reach to 90% of its total
volume. It has been shown that the concentrating factor of elements from oils is dependent on the
properties of the sample used, partition coefficients of inorganic elements to be pre-concentrated and
parameters of the planetary centrifuge operation. The combination of intense extraction trace elements
by RCC and high sensitivity determination method (ICP-MS) for quantitative detection of the trace
elements in oil (without any additional sample preparation) has been suggested. Examples of trace
elements determination in different oils using new approach have been shown.

The work was supported by Russian Foundation for Basic Research (grant 06-03-33075).
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Organic Metabolites in Paper —an Approach for Identification of Biomarkers in Aged Books
J.C. Santana', E.M.Gaspar', J.F. Lopes', M.B. Diniz?, H. Chave das Neves®

7CQFB-Requinte, Chemistry Departement, Faculty of Science and Technology, New University of
Lisbon, Quinta da Torre. 2825-114 Monte da Caparica. Portugal
2Conservator-Restorator, Rua Alegre n°30 R/c d®. 1495-003 Algés. Portugal
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In order to contribute to preserve and save portuguese paper-based cultural heritage, teh
ageing of paper and cellulose is being studied to better understand the mechanisms behind the
degradation. The study has additional importance because, as a result of cultural tradition in
portuguese families, almost everyone has paper documents (old school books and drawings, photos,
old patrimony documents (deeds) , old books, yellowed newspaper, bank notes, etc.) they want to
keep as mementos.

Old paper used to be made from cotton rag. Early paper is made from wood pulp. Cotton, pure
cellulose is comprised of a inner network of microfibers randomly organized within a mixture of waxes,
pectins, proteins and other non-cellulosic materials. Wood pulp is made from cellulose (~50%) but it
also contains other polymers (hemi celluloses and lignin) and a number of substances, such as rosin,
starch, gelatine, alum that are added in the paper making process[1].

Paper and books undergo degradations upon their ageing. Recent investigations have shown
that volatile organic compounds (VOC's) emitted upon ageing may be used to follow and evaluate the
process|[2].

Using SPME-GC-MS to the study of VOC's emitted from paper and books, profiles of
biomarkers were identified. The methodology allows to determine the ageing of paper, its origin (cotton
or wood) and its storage conditions.

In order to preserve and recognise cultural heritage, an innovative non-destructive
methodology was developed using profiles of biomarkers.

[1]1— A. Dupont, C. Egasse, A. Morin, F. Vasseur, Carbohydrate Polymers, 68 (2007) 1.
[2] — A. Lattuati-Derieux, S. Bonnassies-Termes, B. Lavédrine, J. Chromatogr. A 1026 (2004) 9.
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Comparison of lon Chromatography and Portable Capillary Electrophoresis for Identification of
Improvised Inorganic Explosives Used in Terrorist Attacks

P. Haddad, G. Dicinoski, E. Hilder, M. Breadmore, R. Shellie, R. Guijt, J. Hutchinson, C. Johns, E.
Tyrrell

Australian Centre for Research on Separation Science, University of Tasmania, Private Bag 75,
Hobart 7001, Australia. paul.haddad@utas.edu.au

lon chromatography (IC) and capillary electrophoresis (CE) are used routinely for the determination of
inorganic anions and cations. Both techniques have their inherent strengths and weaknesses. In this
presentation, IC and CE are compared in terms of their stage of development, separation efficiency,
separation selectivity, analytical performance parameters, method development procedures,
applications, and adoption into regulatory methods.

Throughout this comparison, the techniques will be evaluated in the context of their use for the
determination of inorganic anions and cations in the identification of inorganic improvised explosives.
These explosives are formed from commonly available ingredients, such as fertilizers, and have been
used extensively in acts of terrorism. Current counter-terrorism measures require rapid and reliable
detection of these improvised explosives both prior to detonation (pre-blast) and after detonation (post-
blast). The primary aim of pre-blast identification is to detect the explosive in situations such as airport
screening, while the primary aim of post-blast identification is to determine the identity of the particular
explosive used in order to assist in apprehension of the perpetrators. Both situations require reliable
and rapid means of analysis using methods which can be operated by relatively unskilled personnel
and in field-based locations.

A detailed survey of improvised explosives has been undertaken and a suite of 15 candidate
inorganic anions and 13 candidate cations has been established for post-blast fingerprinting. The
separations of each of these groups of ions has been developed using IC and CE, with an emphasis
on the use of instrumentation which is field-deployable or portable. To this end, miniaturised columns
and robust detection methods, such as indirect spectrophotometric detection using light-emitting diode
detectors have been employed. These separations have been applied to traces of the explosives and
also to post-blast explosive residues and have been evaluated for their capacity to unequivocally
identify the particular explosive used.


mailto:paul.haddad@utas.edu.au�
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Characterization of Recombinant Allergen Products with Capillary Electrophoresis
H. Stutz

University of Salzburg, Department of Molecular Biology, Division of Chemistry,
Hellbrunner Str. 34, A-5020 Salzburg, Austria

Currently more than 80 million patients are affected by allergies in Europe. Air-borne allergens are a
prominent source of allergic disorders with the proteinaceous major birch pollen allergen Bet v 1
representing one of the major triggers. High-quality products of target allergens are indispensable for
an unambiguous diagnosis of the disease eliciting allergen isoform as well as for a specific immune-
therapy. Previously used ill-defined allergen extracts have been replaced by recombinant products
meanwhile, but the latter might still contain process- and product related impurities introduced during
the manufacturing. Therefore, products have to be subjected to a stringent quality assessment
according to the ICH-guideline Q6B, which recommends a portfolio of complementary methods for the
characterization. However, separation systems combining exceptional selectivity and minute sample
consumption, such as capillary electrophoresis, have rarely been implemented in this context.

Beside several CZE and CIEF methods, a novel affinity-CIEF approach, which applied in-lab produced
monoclonal antibodies (mAbs) against Bet v 1a, has been developed to tackle both physico- and
immunochemical characterization of recombinant Bet v 1a products. To overcome allergen adhesion
to the silica surface tetraethylenepentamine was applied in CZE for a dynamic capillary coating and a
simultaneous improvement in the separation of the target isoform and coexisting impurities, this way
revealing a complex constituent profile. In addition, a novel successive multiple ionic polymer layer
(SMIL) coating was developed which possesses semi-permanent character and allows for exceptional
separation stability. Furthermore, CIEF has been tailored to the allergen product by employing a
complex mixture of carrier ampholytes. The final immunochemical characterization addressed the
confirmation of the epitope integrity by affinity-CIEF. Characterization of mAbs was by MALDI-TOF-
MS, SDS-PAGE and CIEF. Incubation of allergen products with mAbs was either prior to sample
injection or performed directly in the separation capillary by partial filling.
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Capacitively coupled contactless conductivity detection (C4D) has gained considerable popularity for
miniaturized analytical systems over the last few years. The method generally allows the facile
detection of all charged analytes with good sensitivity, including in particular those species which
cannot be quantified with optical means. The detector has been thoroughly investigated and a
comprehensive understanding of the fundamental properties has been reached. Commercial devices
which have been optimized in accordance to these findings are now available and can be retrofitted to
existing instruments.

A range of projects based on C*D are presently carried out in our laboratory.

Applications of contactless conductivity detection in capillary electrophoresis (CE) are further explored.
These include the separation of cationic and anionic enantiomers, the determination of native
inorganic and organic blood electrolytes, the clinical analysis of illicit drugs as well as therapeutic drug
monitoring (TDM). The monitoring of enzmatic reactions is also investigated, including the study of
acetylcholinesterase inhibitors, and the electrophoretically mediated microanalysis (EMMA) approach.

A field portable CE-instrument has been designed and tested, and an automated system based on a
sequential injection analysis (SIA) mainfold is investigated for unattended monitoring operations in
environmental or process analysis.

Contactless conductivity detection is furthermore suitable for detection in chromatographic
separations. The combination with capillary electrochromatography (CEC) using miniature monolithic
columns is investigated as well as the detection in miniaturized pumped HPLC and ion-
chromatography.
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Capillary Electrophoresis: Important Tool for Clinical, Toxicological and Pharmacological
Applications

C. Kapnissi-Christodoulou, I. Nicolaou, A. Constantinou

Department of Chemistry, University of Cyprus
75 Kallipoleos St., P.O.Box 20537, 1678 Nicosia, Cyprus

The main objective of this research is the separation of nine cholinesterase inhibitors by use of
capillary electrochromatography (CEC) and micellar electrokinetic chromatography (MEKC).
Cholinesterase inhibitors [rivastigmine, edrophonium chloride, pyridostigmine bromide, neostigmine
bromide, galanthamine, eserine or physostigmine, methylphysostigmine, eseroline fumarate, and 1,5-
Bis(4-allyldimethylammoniumphenyl)pentan-3-one dibromide] are a class of drugs approved by the
U.S. Food and Drug Administration to treat Alzheimer’s disease (AD) and Myasthenia Gravis (MG). In
both CEC and MEKC, different polymers and polymeric surfactants are used for optimizing the
separation conditions. Additionally, in this study, the open-tubular (OT) mode of CEC is used, in which
fused-silica capillaries coated with thin films of physically adsorbed charged polymers are developed
by use of a polyelectrolyte multilayer (PEM) coating procedure. The PEM coating is constructed in situ
by alternating rinses of positively and negatively charged polymers. In addition, MEKC is used for the
chiral separation of huperzine A. Huperzine A is an important compound used to treat AD. However,
only the (-) form of this compound is biologically active, while the (+) form can inhibit the activity of the
(-) form. Therefore, the separation of the (-) form from the (+) form of huperzine A is of greatest
importance, particularly in the pharmaceutical industry. Finally, optimum conditions are applied to
blood samples in order to establish the ability of the methods to separate the drug compound
rivastigmine from all the other components that might exist in the blood sample.
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Scanning Contactless Conductivity Detection: Applications in the Characterisation of
Modifications to Stationary Phases in Capillary Formats

E. Gillespie', D. Connolly’, P.N. Nesterenko?, M. Macka', B. Paull’
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In the creation of novel stationary phases the ability to characterise these phases has generally fallen
into two areas, destructive and indirect. Destructive characterisation involving techniques such as
scanning electron microscopy and electron probe analysis gives detailed information about the
stationary phase, however the particular column analysed is lost. Indirect characterisation, involving
chromatographic evaluation of the column, leads to only information about the column as a whole.

Capacitively coupled contactless conductivity detection (C4D) affords the ability to both spatial and
temporally characterise the column under evaluation. With the ability to place the detector directly on-
column and vary the position along the length of the column, i.e. scanning the column, an |nS|ght into
the column environment can be achieved. In the work presented here, the use of scanning cD

(SC D) in the characterisation of surfactant modified capillary silica monoliths will be shown. This use
of SC*D on-column allows the analyst to visualise the changes in stationary phase chemistry in a non-
contact, non-destructive and non-invasive manner. The coatlng and subsequent washing of non-
specifically bound surfactant can be easily profiled using SC*D, showing the eqU|I|brat|on process
involved. In the production of polymeric capillary monolithic columns, the use of SC*D to interrogate
the photografting of a series of monomers will be shown. The ability to spatially locate and evaluate
the photografted zones allows for a deeper understanding of the processes involved and the effect of
photografting on the chemistry of the stationary phase. The effect of varying the photografting energy
can be easily interrogated by SC*D, with a direct correlation of SC*D signal to capacity of the column.
The ability to scan the column repeatedly allows for the stationary phase chemistry to be profiled
under changing conditions, such as pH. This process was utilised to perform on-column titrations of
immobilised functional groups directly (e.g. IDA).
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Capillary Electrophoresis Coupled with Mass Spectrometry for Melamine and Cyanuric Acid
Detection in Food

C. Merusi, C. Corradini, A. Cavazza

University of Parma, Department of General and Inorganic Chemistry, Analytical Chemistry, Physical
Chemistry, Viale G. Usberti, 17/A, 43100 - Parma, Italy

Melamine is a toxic compound that has been found in several kinds of food. Its addition is a fraudulent
way to enhance food protein content. Many cases of renal complications in infants, due to the
ingestion of contaminated food have been reported in 2008. Since then, the need for new analytical
methods able to detect very low amounts of melamine in foodstuff gave rise to several applications
involving different techniques.

Melamine toxicity seems to increase in combination with cyanuric acid. Therefore, our work has been
focused on the development of a new rapid method for the evaluation of both melamine and cyanuric
acid in food products by capillary electrophoresis coupled with mass spectrometry.

Since melamine is a positively charged molecule in a wide pH range, a choice of employing an acidic
buffer has been made to avoid its interaction with the inner capillary surface, while cyanuric acid at
acidic pH is a neutral molecule which migrates with the electroosmotic flow. The dependence of
analyte mobilities on the pH of running buffer and electroosmotic flow has also been evaluated and will
be discussed. Mass spectrometry detection has been realized by lon Trap after electrospray ionization
in both the positive ion mode (for melamine) and negative ion mode (for cyanuric acid).

A calibration curve has been built for quantitative determination of the analytes in the range between
0.1 and 10 ug/g, by monitoring a selected transition for each compound. Evaluation of method
performance, in terms of LOD, LOQ, linearity and recovery has been carried out. Analyses on real
samples have been performed and demonstrated the suitability of the methods to evaluate little
amounts of melamine added to food products, in short analysis time; therefore, our method could be
proposed as a quality control test for food safety.
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Certified Reference Materials (CRMs) for Environmental, Clinical, Food, and Nutritional
Assessment Measurements

S.A. Wise
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Reliable healthcare, a clean environment, and safe and nutritious foods significantly affect the quality
of our lives. The quality (accuracy) of chemical measurements that underpin these three domains and
ensure their integrity is critical to our health and well-being. Certified Reference Materials (CRMs) play
an essential role in the validation of analytical methods, as control materials to assure measurement
quality, and as tools to provide metrological traceability to national and international standards. For
nearly four decades the National Institute of Standards and Technology (NIST) has provided natural
matrix Standard Reference Materials (SRMs), which are CRMs produced by NIST, to assist in
assessing and improving the quality of environmental, clinical diagnostic, nutritional assessment, and
food composition measurements. Recent SRMs have been developed to address measurement
quality needs associated with food and dietary supplement labeling and safety requirements, clinical
diagnostic testing, and national human environmental exposure and nutritional assessment studies.

To address measurement needs related to food safety and nutritional labeling, NIST has developed
food matrix SRMs with values assigned for nutrient and toxic elements, vitamins, cholesterol, fatty
acids, and total fat content. For the expanding dietary supplement market, dietary supplement matrix
SRMs have been developed, or are in progress, including ephedra, ginkgo biloba, saw palmetto,
carrot extract, bitter orange, plant oils, multivitamin/multielement tablets, green tea, berries, soy,
kudzu, and clover. In the area of clinical diagnostic testing, serum-based SRMs have been provided
for the past 30 years for health status markers such as serum electrolytes, cholesterol, glucose, urea,
uric acid, and creatinine. Recent SRMs for clinical diagnostic testing include troponin I, homocysteine,
folate, and steroid hormones. Recent interest in clinical nutritional assessment has driven the
development of SRM for vitamins D, Bg, and By, in serum. SRMs to support measurements of human
exposure to environmental contaminants include human serum and milk for over 100 organic
contaminants, air particulate matter for organic and inorganic contaminants, and urine for trace
elements including speciated arsenic. The analytical challenges in the development of these SRMs to
support chemical measurements in these critical “quality of life” areas and the potential impact of these
SRMs will be discussed.
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From Genetic Testing to Protein Quantification — Reference Materials in Clinical Analysis
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Results of clinical analysis are providing crucial information for the diagnosis and treatment monitoring
of patients. Therefore, they should be as reliable as possible. But many of the targeted analytes are
complex molecules or parts thereof and the clinical relevance of them is primarily related to their
functionality rather than to a total amount of molecules or their mass. Consequently the parameters of
interest are large operationally defined. Therefore, international efforts driven, for instance, by the
International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) are focused on the
establishment of globally accepted Reference Measurement Systems consisting of a combination of
reference methods, reference laboratories and reference materials. The latter will be the focus of this
presentation. IRMM has developed together with IFCC a number of reference materials which are
serving either as primary calibrants or as crucial quality control materials for the analysis of proteins,
enzymes and other clinical parameters. Moreover, the needs for an appropriate level of quality
assurance in the emerging area of human genetic testing require new approaches for the design and
certification of reference materials. In that case the emphasis has to be on a qualitative rather than a
quantitative analysis. An update on metrological principles and the state-of-the-art of reference
materials for these application areas will be presented.
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Investigation of Out-of-Specification Results
|. Kuselman
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Out-of-specification (OOS) test results in pharmaceutical industry are results that fall outside the
specifications or established acceptance criteria. Identifying OOS test results is described in FDA
Guidance for Industry "Investigating OOS Test Results for Pharmaceutical Production” (2006).
Measurement/analysis/test results obtained in other industries and such fields as environmental
analysis, which do not comply with regulatory or specification limits, can be named also as OOS test
results. When the compliance assessment is made on the basis of a measurement result
accompanied by information on the uncertainty associated with the result, the rules developed in the
EURACHEM/CITAC Guide "Use of Uncertainty Information in Compliance Assessment" (2007) are
applicable.

When an OOS test result is identified, important is to determine its root causes: to avoid any repetition
of the situation when appearance of a next OOS test result is possible or even inevitable. Such
investigation based on metrological concepts could be helpful. It should include: 1) assessment of
validation data of the measurement/analysis/testing process; 2) evaluation of the measurement
uncertainty components; and 3) assessment of traceability chains important for measurement
parameters and environmental conditions influencing the test results. Guidelines for this investigation
are under development by a CITAC and IUPAC joint project.
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Analytical Chemistry and Quality Assurance for Decision Making

J.E.T. Andersen, A.C. Raffalt

Department of Chemistry, Technical University of Denmark, Kemitorvet building 207,
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An uncomplicated method to estimate uncertainty and quality of measurement is presented. In
the search for the origin of discrepancies between results of interlaboratory testing published by the
IRMM of the European Commission, several series of experiments were performed including many
repetitions. The search for the origin of contradictory results and incompatible uncertainties is
important because results of analytical chemistry founds the basis for decision making in research and
in routine tasks of health care, forensics, food safety, energy, resources and environmental monitoring.

Surprisingly large variations were observed among results on samples and methodologies that
are considered uncomplicated. The experiments include measurements by ICP-MS, flame-AAS
(FAAS) and graphite furnace-AAS (GF-AAS). It was thus found that expected results on certified
reference materials were reproduced at appreciable frequencies. However, it was also found that
significant deviations with respect to the certified values were abundant and an estimate of reliable
uncertainties was obtained only after a high number of repetitions. Results of intralaboratory testing
was evaluated as a method to estimate uncertainties that are comparable to uncertainties obtained by
interlaboratory testing and to uncertainties predicted by the Horwitz curve. To a large extent, the
uncertainty of measurement predicted by numerous results of calibrations corresponded to the
uncertainties on multiple determinations of unknowns. These investigations showed that a profound
deviation between the concepts of precision and accuracy prevails in instrumental analysis. It was thus
proposed that a large proportion of the difference in uncertainty of measurement between laboratories
may be explained by properties of the appropriate detectors. In conclusion, it is suggested that a
generally higher level of uncertainty ought to be accepted in the laboratory. The importance of the law
of great numbers to reliability and to the law of propagation of errors is discussed.
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Certified Reference Materials to Support European Air Quality Legislation — Current Status
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The EU Air Quality Framework Directive 96/62/EC and its Daughter Directives, specifically
1999/30/EC and 2004/107/EC, regulate aspects of PM,, (a particulate matter of 10 ym and less
aerodynamic diameter) in ambient air. Laboratories in the EU Member States are required to monitor
concentrations of arsenic, cadmium, nickel, lead and several polycyclic aromatic hydrocarbons (PAHSs)
in PM4q to verify compliance with target and limit values set in the directives. Therefore, appropriate
quality control tools are needed to ensure the quality of measurement data. Certified Reference
Materials (CRMs) and proficiency testing schemes are such essential tools for analytical quality control
and are required for checking of laboratory proficiency and data comparability.

Currently, no suitable CRM with certified contents of the aforementioned analytes in a matrix that
would sufficiently resemble airborne particulate matter (PM,) is available. Therefore, a feasibility study
on such CRM production was carried out at the Institute for Reference Materials and Measurements
(IRMM) with support of the European Commission Directorate General for the Environment and the
European Network of National Reference Laboratories, AQUILA in 2005 — 2007. The positive outcome
from that study enabled IRMM to start the preparation and certification of two CRMs, Fine Dust
(PM10-like), to be certified for the content of selected PAHs and elements, respectively.

During these projects a number of challenges had to be tackled. One difficulty was the collection of a
large quantity (~ a few kilograms) of the material in a short time. Moreover, such a material should
have particle size distribution close to PM,,, be homogeneous and with realistic analyte content. Some
of the approaches studied to solve the problems, selected results and the current status of the projects
will be presented.
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Mass Spectrometry Screening Based Method for the Determination of Pesticide Residues in
Food. Experience Gained through European Proficiency Test
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The international trade in fresh fruits and vegetables is an important issue within the European Union.
For this reason, a large number of well known and frequently applied pesticides have been banned in
the European Union as a consequence of Directive 91/414/EEC (Council Directive, 1991) and
(Regulation EC, 2005). However, as a consequence of the lack of international harmonization due to
diverse Good Agricultural Practices (GAPs) applied by countries around the world - as well as different
additional EU limitations on the use of pesticides - a great number of pesticides which are banned in
Europe, are still allowed in third countries. Moreover, the misuse of pesticides under EU regulations is
not only related to third countries but also to bad application of the EU GAPs established within
Europe itself. Recent alerts reported by European countries have pointed out serious problems related
to the presence of illegal or misused pesticides in fresh crops.

Current analytical methodologies applied to pesticide residue food control are based on the concept of
“target analysis”, where liquid or gas chromatography-tandem mass spectrometry (GC-MS/MS, LC-
MS/MS) in the selected reaction monitoring mode (SRM) are very powerful techniques and currently
the primary choice in food control laboratories.

However, this approach, taking into consideration that there are around 800 compounds present on
the market, can overload the capabilities of many food control laboratories. Therefore, other
possibilities become necessary in many cases. One efficient strategy is to apply mass screening
procedures based on the new mass technologies available.

In this work, we present the results obtained by the application of such screening methods as well as
the results of the first European Proficiency Test to evaluate the effectiveness of that procedure.
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Modern analytical chemistry is playing an increasing role in many fields, e.g., in clinical diagnostics,
toxicology, pharmaceutical analysis, and environmental and food monitoring. There are continuous
ongoing efforts to develop rapid, low-cost, simple and reliable tests, that could also be automated, or
carried out on-site or in the field. Amongst currently emerging techniques, significant attention has
been given to bioanalytics, and especially to the development of new rafts of immunological
techniques.

This presentation will cover the techniques used to produce highly specific and affine
antibodies against a range of differing target analytes. Whilst polyclonal (pab) and monoclonal
antibodies (mab) remain the dominant binders used for many applications, new recombinant antibody
(rab) techniques now provide exciting possibilities, allowing for example, more efficient manipulation of
antibody binding sites. Moreover, artificial nucleic acid ligands — the aptamers — are gaining increasing
interest as new recognition reagents, Immunoassays come in a diverse range of formats, and ELISAs
are currently the most popular. However, as demand grows for even shorter analysis times and more
user-friendly assays, other formats are also being explored. A major disadvantage of many current
immunoassays (compared with separative techniques) is that they commonly have limited multianalyte
capabilities. This is being addressed using multiplexed assays with immuno biochips (microarrays) or
encoded microspheres (bead-based microfluidic assays). Despite historic achievements in the field of
label-free assays (both optical and non-optical), labelling techniques will continue to play a leading role
in bioanalytics. In addition to enzyme and fluorescence based labels, improved performance
immunoassays using artificial particulate marker systems (organic and inorganic), are of increasing
interest since they may permit, for example, reduced detection limits and signal amplification. Further,
recent research is also increasingly looking to develop innovative and powerful novel biofunctionalized
nanometer-sized silica particles, the properties of which can be tightly controlled and tailored in a very
predictable manner to meet the needs of specific applications.
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New Format of Non-Instrumental Tests: Immunoaffinity Pre-Concentration and
Immunochemical Detection

L.Y. Goryacheva', S. De Saeger?
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Astrakhanskaya 83, 410012 Saratov, Russia, goryachevaiy@mail.ru
Ghent University, Faculty of Pharmaceutical Sciences, Laboratory of Food Analysis, Harelbekestraat
72, 9000 Ghent, Belgium

An increasing of quantity and variety of food and environment toxicants demands development of
rapid screening techniques which could be used outside the laboratory environment, at the place of
sampling. The main group of non-instrumental rapid tests is immunoassay based: these methods use
high specificity and affinity of antibody as the main “driving force”. The common formats of immune-
tests use membranes as solid supports (e.g. dipsticks, lateral flow and flow-through tests). However
membrane application has limitations for volume of extracts or samples, hence restricting sensitivity.
Also in the case of high-coloured extracts visual evaluation of results could be impeded.

Gel-based immunoassay in column format was developed as an alternative approach to eliminate the
above-mentioned constraints by combination of clean-up, pre-concentration and visual detection in
one simple set up. The assay was performed in transparent columns with detection layer with specific
antibody. The duration of the procedure was about 20 min for 6 samples. The assay was combined
with a simple rapid extraction procedure and validated in accordance with EU maximum levels (for
mycotoxins in food and feed, polycyclic aromatic hydrocarbons in water).

Advantages of the tests are combination of pre-concentration and detection in one column. This
allowed to reach very low (for non-instrumental methods) cut-off level of assay. For example,
combination of the pre-concentrating function of the IAC this competitive direct ELISA determination
enables to detect benzo[a]pyrene in water samples with cut-off level at 5 ng/l. An application of the
additional columns with the clean-up layer allowed us to detect mycotoxins in high-coloured samples
like wine, beer, spices, coffee, etc.
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New Stochastic Microsensors Based on Nanostructured Materials for Molecular Diagnhosis

R.l. Van Staden

Laboratory of Electrochemistry PATLAB Bucharest, National Institute of Research for Electrochemistry

and Condensed Matter, 202 Splaiul Independentei Str., 060021, Bucharest, Romania;
e-mail: iustinavanstaden@yahoo.com

The material mostly used for the design of stochastic sensors is hemolysin which is a very expensive
biological material. Therefore, we proposed for the design of the microsensors nanostructured
porphyrins which successfully substituted hemolysin. The porphyrins were physically immobilized in
either diamond or carbon paste. Chronoamperometry was used for all measurements. The behaviour
of the proposed sensors proved the nanostructured quality of the porphyrins. The sensitivity and
reliability of the stochastic microsensors based on diamond paste was compared with those of the
stochastic microsensors based on carbon paste. The linear concentration ranges of the proposed
microsensors are between 10™'? and 10 mol/L; the regression coefficients for the calibration graphs
are higher than 0.9000. The new microsensors can be reliable used for qualitative and quantitative
assay of different biomarkers at molecular level.
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Automatic Determination of Antioxidant Capacity against Biologically Relevant Species Using
Flow Injection Systems

M.A. Segundo, J. Ribeiro, L.M. Magalhaes, S. Reis, J.L.F.C. Lima

REQUIMTE, Faculty of Pharmacy, University of Porto, R.Anibal Cunha, 164, 4099-030 Porto,
Portugal, msegundo@ff.up.pt

The formation of reactive oxygen species (ROS) and reactive nitrogen species (RNS) has been clearly
implicated in the oxidative deterioration of food products as well as in the pathogenesis of several
human diseases such as atherosclerosis, diabetes mellitus, chronic inflammation, neurodegenerative
disorders and certain types of cancer [1]. Considering the protective effects of antioxidants against the
deleterious oxidative induced reactions involved in these pathologies, interest in antioxidant research
has become a topic of increasing attention in the last few years. Hence, the existence of simple,
convenient, and reliable in vitro analytical methodologies for the fast determination of antioxidant
capacity of pure compounds or in complex matrices, such as foods and biological samples, is
essential to this research field. In this context, flow injection techniques are an excellent tool to
automate these analyses [2, 3].

Flow Injection Analysis (FIA) was proposed in 1975 by Ruzicka and Hansen as an automation tool for
chemical analysis. After 34 years, this technique is well-known and accepted by the scientific
community, and it also allows the performance of assays that are not feasible when carried out
manually, by taking advantage of the reproducible timing attained in these systems. In the present
communication, the state of the art about automatic flow-based methods for antioxidant assessment
will be highlighted. Special emphasis will be given to the specific features of existing flow injection
based systems for determination of scavenging capacity against biologically relevant reactive species
of oxygen and nitrogen. Several features will be compared, including the analytical figures of merit, the
application to real samples and the “chemistry” behind the assays. Perspectives about novel assays
and current lab work will also be discussed.
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Characterization of Solid Nanoparticles by Capillary Electrophoresis: a Step in the
Development of a New Method for Immunodiagnostics
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The use of nanoparticles (NPs) in immunodiagnostics is a challenging task for many reasons, among
which the need for miniaturization. In view of the development of a microsystem dedicated to an
original, miniaturized and fully automated immunodiagnostics which aims to mimic in vivo interactions,
magnetic zwitterionic bifunctional aminated / polyethyleneoxide maghemite core / silica shell NPs of
adequate diameter (15 to 50 nm), functionalized with allergenic a-lactoglobulin, were synthesized.
Capillary electrophoresis (CE), which has been recognized as a valuable technique for the
physicochemical characterization of colloidal particles, was used for their characterization. Proper
analytical performances were obtained through semi-permanent capillary coating with
didodecyldimethyl-ammonium bromide (DDAB) or permanent capillary wall modification by
hydroxypropylcellulose (HPC). First, the bifunctional NPs (non-grafted NPs) were characterized by CE,
enabling to establish a direct correlation between particle electrophoretic mobility and surface amino
group density. The influence of experimental conditions (e.g. buffer component nature, pH, ionic
strength, and electric field strength) on sample stability, electrophoretic mobility and dispersion, was
investigated using either DDAB- or HPC-coated capillaries. Adsorption to the capillary wall and
aggregation phenomena were evaluated according to the CE conditions. The proper choice of
experimental conditions finally allowed the separation of the grafted and the non-grafted NPs.

The financial support for this project by Agence Nationale pour la Recherche (ANR) is gratefully
acknowledged.
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Is there a Significant Effect of Type of Weight-Loss Strategy on Changes in Trace Mineral
Serum Concentration? A Randomized Control Trial
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I. Shai?, D. Schwarzfuchs', E. K. Sheiner'
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®International Center for Health and Nutrition, Department of Epidemiology and Health system
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Background: Trace elements are essential to living organisms in very small quantities. Appropriate
intake levels of each dietary mineral must be sustained to maintain health. We aimed to investigate the
effect of weight loss on levels of Magnesium, Zinc and Copper in the serum of the participants of 3 diet
types.

Methods: Two-year changes in the concentration of the trace elements in blood serum were followed
in a dietary intervention randomized control trial (DIRECT), that was conducted in the Nuclear
Research Center-Negev (NRCN) in Israel, among a sub-group of 150 participants that were randomly
assigned to low-fat, Mediterranean or low-carbohydrate diet. Inductively coupled plasma mass
spectrometry (ICPMS) was used for the determination of 7 trace and ultra-trace elements in normal
human serum. To avoid contamination, sample preparation was minimally treated: serum samples
were diluted 10-fold with 0.1N HNO3 and suitable internal standard (Rh) was added to correct for
matrix effects (serum) and for ion signal instability. To check the accuracy of the method aqueous
standard solutions and comparison samples of biological fluids, obtained from the Centre de
Toxicologie du Quebec (CTQ), (blood, serum, urine and hair) were analyzed.

Results: Significant changes of Copper concentrations in the serum were found after one year of
dieting: from 5271117 ug/liter of Copper at baseline t01240+370, p<0.05 at 1 year and to 1101+345
after 2 years (recommended values for Copper are 800-1750 ug/liter). All 3 diet programs brought the
average concentrations of Zinc and Magnesium to the recommended levels: from 9161177 pg/liter of
Zinc at baseline to 9844282 at 1 year and to 9301224 at 2 years (recommended values for Zinc are
700-1200 pg/liter). Magnesium levels were not changed throughout the intervention period: from
1.54£0.2 mg/dl at baseline t01.5+£0.6 at 1 year and to 1.4£0.5 at 2 years of intervention for all three diet
participants. Magnesium values in the serum were a bit lower than the recommended values of 1.7-2.3
mg/dl.

Conclusions: During a two years intervention period, no advantage was noted to any type of diet over
the other, regarding the serum concentrations of trace elements. It might be the result of a universal
recommendation to increase vegetable intake, given to all three diet types.
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Optical chemical sensors operating in the spectral range of 3-20 ym (mid-infrared) are gaining
importance in a diversity of application areas ranging from process analysis, environmental monitoring,
and security/surveillance applications, to the biomedical and diagnostic field. The perspective of robust
optical sensors providing inherent molecular specificity renders mid-infrared technology among the
most promising sensor platforms for addressing complex samples in demanding measurement
environments. Given the current advancements in light source technology (e.g., room-temperature
operated broadly tunable quantum cascade lasers) and detectors, it appears of paramount importance
developing mid-infrared transducers to the same level of maturity for facilitating continuous and highly
sensitive direct molecular analysis in the gas and liquid phase [1-5].

Consequently, the advent of appropriate waveguide technology including mid-infrared transparent
optical fibers, planar semiconductor waveguides, and novel hollow waveguide structures in
combination with either protective or molecularly responsive surface coatings (e.g., diamond-like
carbon, sol-gels, polymers, etc.) promises advanced infrared diagnostics applicable at extreme
conditions (e.g., deep sea), for label-free biomedical analysis (e.g., in-vivo surgical monitoring), and for
next-generation multi-functional analytical platforms (e.g., in combination with atomic force
microscopy) enhancing cell physiological studies.

[11 B. Mizaikoff, Mid-Infrared Fiberoptic Sensors, Analytical Chemistry, 75, 258A-267A (2003).

[2] C. Charlton, B. Temelkuran, G. Dellemann, B. Mizaikoff, Mid-Infrared Sensors meet
Nanotechnology: Trace Gas Sensing with Quantum Cascade Lasers inside Photonic Bandgap
Hollow Waveguides, Applied Physics Letters, 86, 194102/1-3 (2005).

[3] C. Charlton, M. Giovannini J. Faist, B. Mizaikoff, Fabrication and Characterization of MBE Grown
Thin Film GaAs Waveguides for Mid-Infrared Evanescent Field Chemical Sensing, Analytical
Chemistry, 78, 4224-4227 (2006).

[4] M. Brucherseifer, C. Kranz, B. Mizaikoff, Combined In-Situ AFM-IR-ATR Spectroscopy, Analytical
Chemistry, 79, 8803-8806 (2007).

[5] C. Young, S.-S. Kim, Y. Luzinova, M. Weida, D. Arnone, E. Takeuchi, T. Day, B. Mizaikoff,
External Cavity Widely Tunable Quantum Cascade Laser Based Hollow Waveguide Gas Sensors
for Multianalyte Detection, Sensors and Actuators B, 140, 24-28 (2009).
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Optical methods have demonstrated increasing quality in High Throughput Screening during the last
decade. In the meanwhile direct optical detection techniques gained necessary technical improvement
to compete with the well established methods based on fluorescence labeled assays. However, all
these methods lack an essential information giving not only hits on interacting species (sequence
specific) but rather identifying interaction partners within the screening run or even supply effect based
information. Thus, recent approaches aim at High Content Screening. Hyphenated techniques as well
as methods for functional screening will be discussed. Both approaches aim at increasing the
information content of the measurements:

A combination of Reflectrometric Interference Spectroscopy (RIfS) with MALDI-TOF provides
information on biding events and identifies the bound species from complex mixtures at the same time.
New interaction partners of virtually any molecule can be discovered and characterized with such a
system. A different approach takes advantage of physiological target structures. An example is an
assay for screening for kinase inhibitors, which uses antibodies to detect the reaction product.

Recent developments have led to systems that measure the effect on natural receptors directly.
Estrogenic activity in river water was assessed by using fluorescence labeled estrogen receptor ain a
Total Internal Reflection Fluorescence (TIRF) based binding inhibition assay. This allows to quantify
the total effect on the receptor without the need to quantify a large set of different compounds. The
assay will consider high affinity ligands at lower concentrations and even compounds with currently
unknown estrogenic activity are found. In addition a RifS based assay that discriminates between
activated and inhibited conformations of estrogen receptor a has been established to complete the
information.

Such a combination of assays is therefore a valuable tool in environmental analytics as well as
pharmaceutical research.
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Kinetic Biosensors with Intelligent Visible Motions for Chemical Analytes
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INTRUDUCTION

In living organism, protein molecule such as muscle molecule actin/myosin and ATP synthetase
functioned directly as the devices for energy conversion and transfer with high efficiency. Since some
biocatalyst could be catalyze chemical reaction with volume change at room temperature and
pressure, mechanical force would be expected to be provided directly from chemical energy. In this
paper, an active pressure system was achieved using asymmetric enzyme immobilized membrane,
thus obtaining novel kinetic biosensors with intelligent analytical functions. Hydrogen peroxide and
glucose were selected as model analytes.

EXPERIMENTAL

The active pressure system was constructed by using two funnel type glass tubes separated by an
enzyme membrane as diaphragm, in which catalase was immobilized onto the single side of the
dialysis membrane. By applying hydrogen peroxide (H,O,) solution into the non-enzyme side of the
glass tube, the active pressure at the enzyme side was measured continuously, thus obtaining the
characteristics of the active pressure system for hydrogen peroxide. And the intelligent kinetic
biosensors were also constructed using the active pressure system.

RESULTS & DISCUSSION
The active pressure increased following the application of hydrogen peroxide solution into the non-
enzyme side of the glass tube. The output pressure was linearly related to the concentration of
hydrogen peroxide over a range of 11.8 to 123.6 mmol/l, with a correlation coefficient of 0.994
deduced by regression analysis as shown by the following equation:

pressure (Pa) =-15.56 + 4.35 [H,O, (mmol/l)]
The novel kinetic biosensors with the active pressure system also performed the intelligent and
amazing chemo-mechanical sensible behaviors with not only hydrogen peroxide but also glucose
solution. We will show some movies of the intelligent behaviors of the kinetic biosensors as the novel
analytical devices.
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Magnetic Sensor Spheres as Versatile Tools in Optical Sensing
K. Koren, G. Mistlberger, I. Klimant
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8010 Graz; Austria

Sensors based on luminescence constantly gain importance in research labs and industry. Such
sensors are mainly used for measuring physiological parameters such as oxygen, pH and ions.
Although a variety of sensors are commercially available, there are still problems that have not been
solved yet.

The wide spread fiber-optic sensors (Optrodes) for example have to be dipped into the sample and
therefore they are a contamination risk. Furthermore, quartz based fibers may cause problems due to
insufficient robustness.

Sensor patches enable an external readout (through glass or transparent plastics). By utilizing single
sensor patches, which are immobilized on the vessel’s sidewall, analytical information can only be
gathered at the position of the sensor spot.

Here we present an optical sensor platform combining the advantages of existing technologies without
the known drawbacks. While nowadays mainly planar substrates are used for optical sensors, this
work demonstrates the benefits of using ferromagnetic spheres as substrate. Due to their properties
they can easily be captured by a magnet. This enables magnetic targeting of the sensor and therefore
measurements without spatial limitations. Technology transfer between sensor patches and sensor
spheres for both signal readout and sensor manufacturing is possible and allows the production of a
variety of sensors (e.g.: temperature; oxygen; pH,...).

Specially designed separators can be used to generate disposable sensors for fiber-optic and planar
readout units. Finally, magnetic removal of the sensor sphere avoids sample contamination after the
analysis.
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Figure 1: With the help of special separators sensor spheres can be positioned in front of an optical
fiber (A) or on top of the optics of a 24-channel commercial plate reader (B).
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Figure 2: A: From 0% to 100% airsaturation (0 — 213 hPa) a nearly linear calibration curve (Stern
Volmer plot) was obtained (left). The innovative coating technique enables the production of fast
responding sensor spheres (right).
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A Novel Biosensing Device Based on Modified Quartz Tuning Fork Resonator
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We present a novel approach in creating potential biosensing device using modified quartz tuning fork
(QTF) resonator and sensing element made of carbon nanotubes (CNTs). QTFs have previously been
proposed as cheap and simple alternatives (1) to conventional labeling-free mass-sensing quartz
crystal microbalance (QCM) based biosensing devices. No method for using the tuning fork in self-
excited mode for biological sensing in liquids with high dielectric permeability (like e.g. water) has been
published.

Carbon nanotubes have high biomedical potential (2) and they can easily be modified with different
bio-recognition capable molecules (proteins, nucleic acids) either by using covalent bonding or non-
covalent adsorption (3).

We propose a solution for the tuning fork concept by introducing the unique structure of carbon
nanotubes to create a bio-recognition surface for the QTF-based sensor. Main advantage of our
device is its capability of biological measurements both in gaseous and high dielectric permeability
liquid environment. Performance capability of the novel method was confirmed experimentally by
investigating the adsorption kinetics of BSA on CNTs in aqueous environment.

BSA adsorption rate on CNTs strongly depends on pH, having the highest rate at pH 4.8 (isoelectric
point of BSA) and the lower at other pH values. In our case the modified QTF sensor was dipped into
the 5mM phosphate buffer solution at pH 4.8 (blue line). BSA was introduced into solution at final
concentration of 0.1 mg/ml causing the adsorption of the respective protein onto the nanotubes,
resulting in rapid resonance frequency shift. In 20 minutes the resonance frequency was shifted by 19
Hz and then stabilized indicating the saturation of the surface with BSA. Experiment was repeated in
pH 7 solution (pink line). In this case the same amount of BSA resulted in much slower resonance
frequency shift giving the total shift of only 4.5 Hz.
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An Optical Biosensor for on Line Heavy Metals Detection: Bioluminescent Bacteria,
Technological Design and Computational Fluid Dynamics Modelling inside the Macroarray
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In 2001, the European community published a list of priority substances in the field of water policy. In
this list, heavy metals (Cd, Ni, Pb, Hg) are classified as “dangerous priority substances” the detection
of which in the environment is a necessary part of European policy. In this context, we developed a
biosensor with several bioluminescent bacteria for the on line detection of heavy metals.

Bacterial bioluminescence is the light produced by some bacteria mediated by the enzyme luciferase.
Such biochemical reaction is coded by the complete luxCDABE genes (luciferase and aldehyde
synthesis). Combined with appropriate promoters, the bioluminescence can be selectively targeted by
several pollutants.

For heavy metals detection, three recombinant Escherichia coli strains were constructed with the
Vibrio fischeri luxCDABE reporter genes cloned downstream of several metal resistance systems
leading to the detection of a wide range of heavy metals after 1-hour of contact time and a detection
limit under or near the pollution standards.

In a second stage, we designed a multi-channel biosensor in immobilized phase: Lumisens3. This
new device, designed for the non-stop analysis of water pollution, allowed the insertion of the three
above bioluminescent strains and two bioluminescent constitutive strains immobilized in a multi-well
removable card (macroarray). The validation of this biosensor allowed us to demonstrate the
simultaneous on-line crossed detection of one or several metals as well as the measure of the global
sample toxicity.

In a third stage, we addressed the problem of the diffusion of pollutants and substrate for the bacteria
since the induction time in the agarose matrix was important and the response from wells to wells was
heterogeneous. We decided to use the multiphysics software COMSOL, which is capable of
combining several differential equations (hydrodynamics, heat and mass transfer) in order to optimize
hydrodynamics and transfer phenomena when bioluminescence occurs. Thanks to these simulations,
a new card was designed lowering the induction time and increasing the homogeneity. Moreover, it
was demonstrated that the inducer, Cadmium, does not restrict the bioluminescence that was limited
by the oxygen at the bottom of the wells.

This new multichannel biosensor combined to a better understanding of the limiting factors influencing
the detection process should contribute to propose reliable biosensor for the on line analysis of
pollutants.
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Porphyrins as Sensing Materials in Fiber-Optic Chemical Gas Sensors
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Optical fiber chemical sensors have attracted interest in recent years due to their remote analysis
capability, high sensitivity, and almost complete immunity to magnetic interference.

Several fiber-optic humidity sensors have been reported based for example on hydration of CoCl,,
hydration of trifuoroacetophenones, and dyes which change their color upon exposure to humidity.

A new sensor which we have developed is based on a Nafion polymeric film of N-confused porphyrin
applied on an optical fiber. In contrast to regular porphyrins which are macrocyclic compounds with
four pyrrole groups connected by methine bridges, N-confused porphyrins (NCP) are isomers where
one of the pyrrole rings is inverted. It was found that when the Nafion/NCP films were exposed to dry
air (RH = 1%), they exhibited Soret bands at 406 and 459 nm (small shoulder and main peak,
respectively). However, when exposed to humid air (RH = 77%), only one Soret band was observed
and was blue shifted compared to the dry film main band. The two spectra also intercepted, indicating
equilibrium between two isomers of the NCP. Tautomerism of NCP, reported in the literature for this
compound when dissolved in different solvents, is suggested to be responsible for the optical changes
in Nafion/NCP films. High water content decreases the acidity of the Nafion films, causing the more
hydrophobic tautomer to predominate and populate the hydrophobic fluorocarbon phase in Nafion.

Upon irradiation at 470 nm, the output optical signal of the sensor was found to linearly depend on
humidity over the range 0 to 4000 ppm (v/v). The response time, depending on humidity, was in the 2-
6 minutes range. Good repeatability of the signals (+ 2%) was obtained during 100 dry/humid cycles.

A brief description of a metalloporphyrin-based fiber-optic sensor for the detection of hydrogen which
is recently being developed in our laboratory will also be presented.
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Novel Double-Armed Calix[4]arene Compounds as Selective Extractants for the Determination
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A number of spirocyclic double-armed calix[4]Jrene compounds ( Figure 1) with amide and ester
ligating groups on the lower rim have been synthesized and investigated as extractants of toxic heavy
metal ions from aqueous waste water.
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Figure 1. Structure of 2-144, 3-201, 2-145, 3-204, 3-176, 3-203, 3-175 and 3-202.

In order to study the binding ability of these double-armd calix[4]rene compounds with metal ions, such
as Na |, K1, Call, Mg, Pb II, Ni Il and Cd Il, the solvent extraction of metal ions picrates from aquoues
solution into dichloromethane was performed at room temperature. It was found that these ligands can
be used as extractants for most of the metal ions, particularly; 2-144 obtained a good selectivity to Pb
Il over other alkali metal ions, alkaline and heavy metal ions. And the initial study also showed that the
plasticized PVC membrane based on these lipophilic tweezers-like double-arm comounds as
ionophore exhibit good optical response and significantly highly selectivity for Pb Il over other tested
metal ions. This has wide applications for developing selective and sensitive optical sensors for lead
for water monitoring.
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Advances in SPE-LC-MS/MS Analysis of Drugs and Endogenous Compounds in Biofluids
K.-S. Boos

Laboratory of BioSeparation
Institute of Clinical Chemistry
Medical Center of the University of Munich
81366 Munich, Germany

In bioanalytical LC-MS/MS of drugs and endogenous compounds the main drawback of many
protocols either is a time-consuming and/or labor-intensive sample pretreatment step or it is an
instable ionization yield due to an inadequate clean-up procedure. Matrix components co-eluting with
the analyte(s) often suppress the ionization of the target compound(s) and therefore strongly diminish
the accuracy of quantitation. In addition, the biological variability, i.e. the varying composition of the
same biological sample matrix also affects the reproducibility of a LC-MS method. This holds
especially for the abundant low MW components in a complex biofluid. Therefore, not only high MW
components (e.g. proteins) should be removed prior to LC-MS but also low MW compounds which
potentially interfere with the ionization process.

In this context, Solid Phase Extraction (SPE) is the clean-up technique of choice. SPE can be easily
hyphenated with LC via a six-port valve, i.e. column-switching (on-line SPE-LC). For that purpose a
small SPE-column is filled with tailor-made packing, i.e. Restricted Access Material (RAM) allowing a
size-selective fractionation of complex (bio)fluids and a simultaneous extraction of the target analyte(s)
by reversed phase, ion-exchange or affinity chromatography []. Such a SPE-column can be operated
at flow-rates up to 4 mL/min thereby reducing the clean-up time of e.g. a 50 uL sample of human
plasma to less than 60 sec. With regard to the elimination of matrix effects in LC-ESI-MS/MS, one can
extend such an on-line SPE-LC platform by a second SPE-column (multidimensional SPE) which
possesses orthogonal chromatographic properties [']. Another approach is to apply the newly
developed Phase Optimized Liquid Chromatography (POPLC™) kit [3]. In POPLC LC-column
segments with different length and packed with different stationary phases are combined and coupled
together, respectively, to create a tailor-made analytical LC-column for a given separation and MS
detection problem.

Finally, for the direct injection and on-line SPE-LC-MS/MS analysis of whole blood one can apply a
unique in-line processing procedure, i.e. heat-shock treatment of anticoagulated blood, which yields a
novel biological fluid named cell-disintegrated blood [4].
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Beyond Continuous Glucose Monitoring — Detection of Bioanalytes with Boronic Acid-
Appended Bipyridinium Salts

A. Schiller', B. Vilozny?, R.A. Wessling?, B. Singaram?

' Friedrich-Schiller-Universitat, Institut fiir Anorganische und Analytische Chemie,
August-Bebel Stralle 2, 07743 Jena (Germany)

% Department of Chemistry and Biochemistry, University of California, Santa Cruz,
1156 High Street, Santa Cruz, CA 95064 (USA)

The detection of bioanalytes, such as carbohydrates and nucleotides, is singularly important to the
biomedical field, impacting areas like diagnostics, drug design, and clinical studies.

A two-component carbohydrate sensing concept based on anionic fluorescent dyes as reporters and
boronic acid-appended bipyridinium salts as receptors was originally formulated.!” A glucose sensor,
based on this concept, was produced by immobilization of the sensing components.[2 This device
allowed for continuous monitoring of glucose concentrations in the Physiological range and is currently
being commercialized for clinical use in blood glucose monitoring.?

To further demonstrate the analytical power of the probes, several receptors with the commercially
available fluorescent reporter dye HPTS were combined in an aqueous solution-phase sensor array to
differentiate between neutral saccharides and anionic phosphosugars and nucleotides.™*!

The “static” discrimination results were used to assay “dynamic” carbohydrate transforming enzyme
reactions. Real-time fluorescent enzyme assays have been developed for sucrose phosphorylase and
phosphoglucomutase.[G] These assays make use of the selective carbohydrate sensing system that
detects the unlabeled enzymatic products fructose and glucose-6-phosphate. The real-time
fluorescence intensity of the reporter dye was converted into product concentration, allowing initial
reaction velocities and Michaelis-Menten kinetics to be calculated. The assays were also carried out in
multiwell plate formats, making them suitable for high-throughput screening of enzyme inhibitors.

[11 Gamsey, S.; Miller, A.; Olmstead, M. M.; Beavers, C. M.; Hirayama, L. C.; Pradhan, S.; Wessling,
R. A.; Singaram, B. J. Am. Chem. Soc. 2007, 129, 1278-1286.

[2] Suri, J. T.; Cordes, D. B.; Cappuccio, F. E.; Wessling, R. A.; Singaram, B. Angew. Chem., Int. Ed.
2003, 42, 5857-5859.

[3] www.glumetrics.com

[4] Schiller, A.; Wessling, R. A.; Singaram, B. Angew. Chem., Int. Ed. 2007, 46, 6457—-6459.

[5] Schiller, A.; Vilozny, B.; Wessling, R. A.; Singaram, B. Anal. Chim. Acta. 2008, 627, 203-211.

[6] Vilozny, B.; Schiller, A.; Wessling, R. A.; Singaram, B. submitted 2009.
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Novel Approaches to the Enzymatic Determination of Organic Substrates of Oxidoreductases

T. Shekhovtsova, S. Muginova, I. Veselova

M.V. Lomonosov Moscow State University, Chemistry Department, Leninskie Gory, 119991 Moscow,
Russia

The sensitivity and selectivity of the enzymatic methods for the determination of biologically active
compounds and the possibility of their application to the analysis of water insoluble samples depend
mainly on the catalytic activity, stability, and substrate specificity of enzymes in aqueous and water-
organic media. To improve these properties of the enzymes and widen the area of the enzymatic
methods application, we have proposed a number of novel approaches, such as: varying a source of
an enzyme isolation and the nature of a buffer solution for carrying out an indicator reaction; forming
the self-assembling systems of enzymes with amphiphilic molecules — polyelectrolytes and
surfactants, and using hydrophilic ionic liquids as a component of the medium for the indicator system.
Besides, the application of the effect of “substrate-substrate” activation and conjugated reactions was
shown to be extremely useful to solve the problem of the selective and sensitive determination of
biologically active compounds in different media.

The expediency and prospects of the application of the above mentioned approaches for the
determination of organic substrates of oxidoreductases, such as plant peroxidases (isolated from
horseradish, soy-beans, peanut, alfalfa, fungi), bovine serum amine oxidase, and alcohol oxidase from
Pichia pinus, have been shown in our investigations. Numerous examples demonstrating the
possibilities of the proposed approaches to improve the analytical characteristics of the enzymatic
procedures for the determination of environmental toxicants, pharmaceuticals, and markers of food
quality: phenolic compounds (such as hydroquinone, pyrogallol, aminophenols, chlorophenols, etc.),
biogenic amines (e.g. benzylamine, histamine, and spermine), aliphatic alcohols (ethanol, methanol),
phenotiazines (promazine, chlorpromazine, etc.), catecholamines (e.g. dopamine, adrenaline), and
organic peroxides not only in aqueous solutions, but also in water-organic media and ionic liquids, will
be discussed.

The investigation was supported by Russian Foundation for Basic Research
(projects N 07-03-00556-a and 09-03-00823-a).
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Chromatographic Determination of Water-Extractable Non-Structural Carbohydrates (NSC),
Including Inulin and Starch, in Different Plant Samples

M. Raessler

Max-Planck-Institut fuer Biogeochemie, SpecLab, Jena, Germany

Carbohydrates are major constituents of plants. Their composition may vary with season, light
availability and vegetative stage. Additionally, composition of non-structural carbohydrates (NSC) will
reflect growth and variations in photosynthesis as well as abiotic stress phenomena, like
hyperosmosis. Besides the importance of studying these biological properties of carbohydrates, their
exact identification and quantification in plant material is also of vital importance to establish more
precise and reliable carbon balances to study biogeochemical cycles and evaluate appropriate
models.

For this reason, a rugged method for the reliable determination of non-structural carbohydrates (NSC),
based on 12 sugar alcohols and carbohydrates, including the trisaccharide raffinose, will be
presented. Moreover, the polysaccharides inulin and starch, used for storage purposes by plants, are
amenable to the procedure after appropriate hydrolysis. The method is based on High Performance
Anion Exchange Chromatography coupled with Pulsed Amperometric Detection (HPAEC-PAD).
Overall analysis time is 30 min. The method allows the determination of the relevant sugar alcohols,
mono-, di- and oligosaccharides within a single analytical run. Inulin and starch are determined in a
second run.

The method was successfully applied to a variety of plant samples: pine needles, tomato leaves and
grass of the species “Lolium perenne”. Identification of peaks is carried out by comparison of retention
times with known compounds (mixture of standards) and, in case where peak assignment is obscure,
by spiking the extract. Repartition and quantification of carbohydrates in the different plant samples will
be reported. Besides “common” carbohydrates, like glucose and fructose, several other mono- and
oligosaccharides were detected, indicating that composition of non-structural carbohydrates in plant
samples is complex. Particular emphasis is given to the determination of both the polysaccharides
inulin and starch which make up a considerable part of non-structural carbohydrates in plants.
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Determination of Human B-defensin Antimicrobial Peptides in Saliva of Patients with Oral
Mucosal Diseases

H. Kiiciikkolbasi', S. Kiiclikkolbasi®, R. Dursun®, F. Ayyildiz, H. Kara?

"Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Selcuk University, Konya, Turkey
2Depan‘ment of Chemistry, Faculty of Arts and Science, Selcuk University, Konya, Turkey
3Depan‘ment of Dermatology, Medical Faculty, Baskent University, Konya, Turkey
e-mail: hkolbasi@gmail.com

Saliva contains several types of antimicrobial peptides that play a role in innate immunity. The Beta-
defensins, human Beta-defensins (HBD)-1 and -2, have also been detected in saliva[1].

This study was designed to investigate the presence of HBD-1and HBD-2 in the saliva of patients with
various types of oral inflammation, with oral lichen planus (OLP), Behcet’'s disease (BH) and
recurrent apthous stomatitis (RAS) in saliva and to determine whether the salivary HNP-1
concentration can be used as a marker of inflammation in patients with inflammatory diseases
affecting the oral cavity and to compare with healthy volunteers. Whole saliva samples were taken
from the patients and a saliva sample was similarly obtained from each control subject a single time.
Each saliva sample was immediately adjusted with citric acid to a pH of 3.0 and stored at —20°C until
assay. HPLC system was used in order to isolation and determination of the Beta-defensins. The
molecular weight of the HBD-1 and HBD-2 were measured by means of a triple-stage quadruple mass
spectrometer with an electrospray interface. The calibration curves for defensin HBD-1 and HBD-2
indicated a linear range at the detector with R? 0.99.

Our study showed a significant positive correlation the concentration of human Beta-defensins in
saliva patients with especially BH and RAS as well as OLP. So, the salivary human Beta-defensins
concentration can be used clinically as a marker of inflammation between these patients.

Referances
[1TYoshihiro A, Michiko N, Tohru K. Defensins in saliva and the salivary glands. Review. Med Electron
Microsc 2003; 36:247-252.
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Affinity Capillary Electrophoresis Determination of the Interactions between a lysozyme-
Binding Aptamer and Mono- and Divalent Cations

M. Girardot, P. Gareil, A. Varenne
Laboratory of Physicochemistry of Electrolytes, Colloids and Analytical Sciences, UMR CNRS 7195,

Ecole Nationale Supérieure de Chimie de Paris (Chimie ParisTech), 11, rue Pierre et Marie Curie,
75231 Paris cedex 05, France, e-mail: marie-girardot@enscp.fr, anne-varenne@enscp.fr

Aptamers are synthetic single-stranded oligonucleotide sequences which can have specific binding
affinity to various targets ranging from small molecules to proteins, and even cells. They are isolated
from random-sequence pools by an in vitro selection technique known as SELEX (systematic
evolution of ligands by exponential enrichment). Due to their distinctive properties, aptamers can be
employed as sensitive diagnosis agents, biomedical research tools and even therapeutics.

Binding between an aptamer and its target is highly dependent on the conformation of the aptamer
molecule, this latter seeming to be affected by a variety of cations. As only a few studies have reported
on the interactions of monovalent or divalent cations with aptamers, we describe herein the use of
affinity capillary electrophoresis (ACE) in its mobility shift format for investigating interactions between
various monovalent (Na*, K*, Cs") or divalent (Mg, Ca®*, Ba®") cations and a 30-mer DNA lysozyme-
binding aptamer. This study was performed in background electrolytes of different natures (phosphate
and MOPS buffers) and ionic strengths.

First, ionic strength and counterion condensation were evaluated, according to Friedl’s and Manning’s
models, respectively, and the experimental mobilities were corrected for these two effects in view of
understanding the phenomena involved in the aptamer/cation interaction. In the case of monocations,
ionic strength was evidenced as the main effect modifying the effective mobility of the aptamer, but a
possible interaction between the buffer components, the aptamer and the monocations was
highlighted. For divalent cations, the effective mobility shift during ACE study was not only attributed to
ionic strength and condensation effects, but also to a possible interaction with the buffer anions (binary
or ternary complexes) and/or conformational change of the aptamer induced by the divalent cation
binding. Finally, apparent binding constants were calculated for divalent cations from mathematical
linearization methods, highlighting a possible conformational change.
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Quantification of Peptides in Biological Fluids
H.J. Mascher

pharm-analyt, 2500 Baden, Ferdinand Pichler Gasse 2, Austria

Only 8 or 10 years ago, when it came to quantitation of peptides with molecular weights of between
1000 and 5000 Da from serum or plasma, there were only a very few specialists taking the first
tentative steps in this field. We know from reliable sources that we were among the very first bold
pioneers in this field. Since then we have developed quantitative determination methods for a large
number of peptides in serum/plasma, down to 1 ng/mL and — in the case of urine — even as far as

0.1 ng/mL. Our latest preliminary trials indicate that for three peptides (5, 7 and 9 amino acids) we got
down to 20 pg/mL in plasma. The following examples aim to show that flexible solutions for this difficult
topic are indeed perfectly feasible.

Rough estimates suggest that as many as 5 to 20 million different peptides and proteins may be
present in the human and animal organism. There follow 4 representative examples, each of which
touches on a specific problem:

In the first example, small peptides with molecular weights of 217 and 199 were detected down to
limits of 1 ng/mL. With such small molecular weights and such hydrophilic molecules, which thus
practically rule out sample preparation, the major challenge that we addressed here was that of
selectivity.

Another peptide, with a molecular weight of 2013, has a recovery rate of between 10 and 20 %
following standard acetonitrile precipitation in plasma. Thanks to some bold choices of additives, we
have been able to achieve both high recovery and a detection limit of 1 ng/mL in plasma and 0.1
ng/mL in urine.

The next peptide, with a molecular weight of 3039 (28 amino acids) had a serious stability problem in
whole blood and plasma (with a half-life of approx. 10 - 15 minutes). Protease inhibitors were no help
here, but a certain type of acidification solved the problem. The detection limit for this medium-sized
peptide is 25 ng/mL in plasma.

The last peptide described here has a molecular weight of 3618 and is so strongly lipophilic that it
could only be isolated from plasma by the Folch extraction procedure. These extreme lipophilic
properties also entailed numerous other problems, all of which we have solved satisfactorily.

Publications: Naunyn-Schmiedeberg’s Arch. Pharmacol., 378, 323-333 (2008)
Crit. Care Med., 35, 1730-1735 (2007)
LC-GC AdS, March 2008



S15: Safety issues

Keynote lecture 15

Impact of Innovative Mass Spectrometric Instrumentation on the Analytical Determinations
with Legal Implications

M. Vincenti, V. Pirro, E. Gerace, A. Salomone
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An increasing number of analytical determinations are currently executed to comply with law
enforcements, regarding various aspects of both industrial production and social behavior. These
issues include prevention of environmental pollution, food safety, antidoping controls, safe-driving
policies, and many others. For such determinations, innovation in analytical procedures offers
substantial opportunities to improve the control effectiveness, but in the same time raises questions
about the reliability of results. In general, official analytical methods are rather conservative, as they
should satisfy a widespread and standardized applicability.

In particular, prompt acceptance of novel mass spectrometric (MS) techniques, in the analytical
methods involving legal implications, depends on the nature of the advantages that innovation will
offer. New technologies that improve measurable properties (i.e. resolution, sensitivity, repeatability)
are rapidly acknowledged and applied, whereas those implying a new approach to conventional
inquiries (for example, new ionization or desorption methods) or providing more sophisticated
information are likely to be accepted with a delay.

The presentation will provide a survey on the major instrumental advancements occurred in mass
spectrometry during the last years and the effects that such innovations have produced in a variety of
analytical determinations involving legal implications. Typical examples, useful to illustrate these
effects, will be taken from toxicology, forensic science, antidoping activity, drug abuse in animal
breeding, environmental and food-safety control. Some MS advancements have created the premises
for a revolution, still in progress, within the system of accredited analytical method, while others have
opened entirely new branches of forensic investigation. Recent results from the author's research
activity will also be presented.
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Multiparallel Microchip with Fluorescent Yeast for Rapid Toxicity Screening
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Toxicity screening using yeast is widely used for different targets compounds, such as genotoxicity,
endocrine disrupters chemicals (EDCs), oxidative stress factors, etc. The aim of this work was to
develop a simple low cost toxicity screening test that does not require animal testing. These tests
would help chemical industries screen new chemicals for environmental effects so as to comply with
the new EU REACH regulations, as well as allowing the aquatic environments to be monitored for a
wide range of toxic behaviour. Recombinant budding yeasts Saccharomyces cerevisiae containing
fluorescent markers such as green or yellow fluorescent protein (GFP or YFP) are ideal candidates
because they release the fluorescence without the necessity of adding any substrates.

A system has been demonstrated with multiparallel capillaries to retain different recombinant yeasts,
inside the chip and expose them to potential toxic compounds. The recombinant yeast (supplied by
Gentronix Ltd., Manchester, UK) contained a vector expressing GFP under genotoxic (DNA damage)
conditions. After exposure of the yeast to different target compounds (dissolved in DMSO at a final
volume of 1 %), they were excited at 485 nm and the fluorescence emission was detected at 520 nm
under an inverted microscope. Quantification of fluorescent and comparison of the emission was
performed and ANOVA analysis used to demonstrate significant differences when comparing to the
control yeasts.

Retention of the small yeast particles under flow conditions was difficult in the initial design and in the
most recent version magnetised yeast particles are been utilised to improve retention. Our system is
demonstrated to be an excellent tool for a rapid screening test to detect different toxic effects. This
method would help to avoid the production and discharge of toxic compounds by the manufacturers as
well as to detect already polluted environments.

Keywords: glass-microchip, GFP, toxicity screening, recombinant yeasts
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Investigation into the nature of metal threads from historical textiles enables proper decisions about
further cleaning, conservation and restoration treatment steps. Metal threads applied on historical
textiles were usually strips made from metals wounded around the core fiber yarn. The fiber inside the
thread was made of cellulose or protein polymer (cotton, silk, wool and flax), while the metals most
commonly used were gold, silver, zinc and copper. The average width of the metal strips used was in
between 0.15 and 0.35 mm, and the average thickness varied between 0.005 and 0.030 mm. The
most important step during textile conservation is identification of all the materials originally applied in
order to understand the nature of chemical and physical degradation that may occur within the various
components of the system. Methods applied should be non-destructive and sensitive enough to detect
trace elements in small available sample amounts. The goal of this research was to describe the most
useful procedures needed for fast and easy determination of specific metals of interest which are
important for textile conservation. Therefore we propose application of the scanning electron
microscopy equipped with the EDS detector and inductively coupled plasma — optical emission
spectroscopy for detection of metals in solid and liquid historical samples, respectively. Examples of
nine different metal threads collected from Croatian historical textile materials, in which metals were
identified, will be presented.

Keywords: ICP-OES, SEM-EDX, historical textile, metal threads, conservation restoration
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Comparison of Different Aapproaches to Estimate the Limit of Detection and Limit of
Quantification of the 15+1 EU Priority Polycyclic Aromatic Hydrocarbons (PAHSs) in Meat
Products

P. Lopez, S. Szilagyi, D. Lerda, T. Wenzl

European Commission, DG Joint Research Centre, IRMM (Geel, Belgium)

European Regulation (EC) 882/2007 defines the limit of detection (LOD) and the limit of quantification
(LOQ) as two mandatory performance criteria to characterize any food and feed analysis method.
Commission Regulation (EC) No 333/2007 specifies that LOD and LOQ for benzo[a]pyrene must not
exceed 0.3 and 0.9 TJg/kg respectively.

Despite the number of official guidelines and standards, the determination of these limits is still
confusing in terms of the underlying concepts, terminology and calculations. The aim of this work is to
show the effect of different approaches based on instrument calibration (ISO 118432-2 or DIN 32645),
blank procedures (IUPAC recommendations and the Commission Regulation (EC) No 333/2007) or
signal-to-noise ratios (European Pharmacopeia) on the level of LOD and LOQ in the analysis of the 16
EU Priority PAHs in meat samples by gas chromatography-mass spectrometry.

Different issues such as the significance of matrix, the variability of the blank signal and the
dependence on time are also addressed.

[1] Regulation (EC) No. 882/2004 of the European Parliament and of the Council of 29 April 2004 on
official controls performed to ensure the verification of compliance with feed and food law, animal
health and animal welfare rules. Official Journal of the European Union, L165 (2004) 1-165.

[2] ISO 11843-2:2000. Capability of detection — Part 2: Methodology in the linear calibration, Geneva,
Switzerland, 2000.

[3] DIN 32645:1994-05, Chemical analysis; decision limit; detection limit and determination limit;
estimation in case of repeatability; terms, methods, evaluation, Beuth Verlag GmbH, Berlin, 1994.

[4] Commission Regulation (EC) No. 333/2007 of 28 March 2007 laying down the methods of
sampling and analysis for the official control of the levels of lead, cadmium, mercury, inorganic tin, 3-
MCPD and benzo(a)pyrene in foodstuffs. Official Journal of the European Union, L88 (2007) 29-38.
[5] European Pharmacopeia 6.2, Council of Europe, Strasbourg, France, 2008.
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A survey focused on mass spectrometric analysis of selected tertiary amines, which may serve as
precursors of chemical warfare agents and/or side products of their synthesis, is presented.
Development of fast and reliable methods for their detection and identification is an important part of
Chemical Weapon Convention (OPCW, 1997). Tandem mass spectrometry as a highly sophisticated
technique allows identification of ions on the basis of their masses and fragmentations. Proposed
structures of fragments of studied compounds (namely N, N-dialkylaminoethane-2-ols, N,N-
dialkylaminoethyl-2-chlorides an d N,N-dialkylaminoethane-2-thiols) were confirmed with deuterated
standards and accurate mass measurement. Interesting minor fragmentation processes (such as
elimination of ethene from propyl chain or rearrangement of sulfhydryl group) were revealed as well.
A simple direct infusion of standard solutions into the ion source to perform MS" experiments have a
limited potency to differentiate among positional isomers. [ILC/MS/MS method was designed for the
cases where the resolution based solely on differences in fragmentation is unsatisfactory. Increase in
retention of the polar derivatives on reversed phase was achieved by ion-pairing chromatography.
Trifluoracetic acid, heptafluorbutyric acid and less typical 3,5-dinitrobenzoic acid were tested as ion-
pairing agents to gain a sufficient selectivity.

Furthermore metabolism of the precursors was studied in vitro. The compounds of interest were
incubated with rat hepatocytes and analyzed using JLC/MS/MS. The samples and corresponding
controls showed that chloroderivatives alkylate peptides on sulfhydryl group of cysteine while
thioderivatives form a disulfidic bond under physiological conditions. Model experiments with N-
acetylcysteine, glutathione and [J-lactoglobulin confirmed formation of these products. This work
contributes to a wider research aimed at finding of biomarkers of exposure to controlled substances.

The authors gratefully acknowledge financial support of Ministry of Education, Youth and Sports,
Czech Republic (MSM6198959216).



S15: Safety issues
Chromatographic Method Portfolio Fort the Purity Control of lonic Liquids

K. Feige
Merck KGaA, Frankfurterstr. 250, D-64293 Darmstadt, Germany, klaus.feige@merck.de

As a new generation of solvents with outstanding properties ionic liquids open a large variety of
interesting applications in different “high-tech” fields.

For the analysis of these zwitterionic components a broad analytical method portfolio is used.

Beside classical reversed phase Chromatography, used for the analysis of UV active imidazolium-and
pyridinium-type ionic liquids. lon-Chromatography in different modes is used successfully for the purity
control of amine-or phosphonium-type ionic liquids. The most versatile detection principle in this case
is suppressed conductivity detection for the latter molecule classes without an UV-Chromophor.

On the other hand Capillary Electrophoresis and Isotachophoresis with different detection

principials like contactless capacitively coupled conductivity detection or “indirect” UV detection, using
buffer-electrolyte systems with high background absorption are applied for quality control of ionic
liquids as well as for the reaction monitoring of organic synthetic routes.

For each of the above mentioned classes of ionic liquids several separation application examples will
be presented.

Beside the analytical methods described above a set of application examples were ionic liquids might
play an important role in the future in different “high tech” fields like electrochemical applications,
analytical applications, Lewis acid catalysis or organic solar cells are presentedalso.
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The anesthesia gases that are released to the hospital operating rooms are called as waste
anesthesia gases and create environmental problems for the hospitals. Starting with the
anesthesiologist and the surgeon all operating room staff members are affected from this low dose
waste gases. In their professional routine, this exposure is continued until the weekend and the cycle
is repeated, on weekly basis. The effects of exposure to anesthesia gases are reported in the
literature; even cell level impact is observed in recent years. There is not much information on the long
term effects for the anesthesia gases that are used most recently, such as Sevoflurane, Desflurane,
Isoflurane and Nitrous Oxide in Turkey. Samples were collected between January 2005 and
December 2006, from several hospitals and especially from the one which is the largest research and
teaching hospitals of Turkey. A rapid and selective method for the determination of these anesthesia
gases accumulated in the hospital operating rooms was developed and validated.

Samples collected from the operating rooms and their nearby halls, via handy pump and adsorbed on
activated carbon then desorbed with carbon disulphide and toluene. The mean recovery was found to
be 79.2 and 71.8 %, respectively. Analysis was carried out by HS-GC-FID and TCD. Methylene
chloride was one of the internal standards used. Linearity was obtained (R2= 0.9968 - 0.9992) and
intra-day and inter-day precision studies were also realized with RSD below 5% in both cases.
Besides, SPME-GC-FID results were also compared. Method we have used is easily applicable to
other anesthesia gases of interest.

KEYWORDS: Anesthesia gases, sevoflurane/desflurane/isoflurane, HS-GC/FID, SPME
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methods for the determination of halothane Concentration in surgery rooms
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In the recent years, much effort has been made to develop fast, high efficiency separation techniques
and detection methods for determination of biologically important molecules. The rapid diagnosis of
microbe-based diseases without the need of isolation of pure cultures is an obvious need and the
future effective treatment can prevent the recurrence of infection and perhaps the development of
cancer. There are many types of diagnostic methods used to identification of bacteria (invasive, non-
invasive) but these methods usually require time-consuming and laborious procedures and therefore
are not capable for fast diagnosis in case of emergency. The new approach is possible thanks to
capillary zone electrophoresis (CZE), which is characterized by high efficiency of separation, high
resolution, short analysis time and simplicity of automatization. Using selective modification of capillary
we are able to resolve and identify different species of bacteria for example: E. coli, H. pylori, S.
aureus, ect. These microorganisms are responsible for most common infections found in humans
worldwide.

In current practice, also breath testing for volatile organic compounds (VOCs) can provides safe and
non-invasive method for the investigation of human metabolism and diseases. Therefore, exhaled air
gives unique possibility of fast diagnosis or evaluation of several disorders including lung cancer, heart
diseases, schizophrenia, etc. Alveolar breath contains large number of VOCs analysis but most of
these compounds are on trace levels (ppb or/and ppt). These concentrations are usually too low for
analytical instrumentations and the sample preconcentration methods are required. The most
important methods such as: thermal desorption (TD) and solid phase microextraction (SPME) are
widely utilized. TD is an alternative to gas chromatograph with mass spectrometry (GC-MS) inlet
system and sample injection mode. In order to increase time of sampling and reconditioning of sorbent
tubes, has led to the development of SPME for the breath analysis. This technique utilized fused silica
fibers coated with sorbent which extracts samples. However, progress in the breath analysis is rather
limited due to lack of generally accepted and standardized methodologies of sampling, normalization
and standardization of results. Probably, this is a primary reason why breath analysis could not yet
been introduced into wide medical practice. Because of the high efficiencies of proposed methods,
both for rapid identification of bacteria and VOCs analysis, these techniques seem to be very
promising in modern clinical laboratories.

Acknowledgment: This work was supported by European Commission (BaMod project no. 19031).
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Using Chemical Cross-Linking and LC-MS/MS for the Structural Analysis of Proteins and
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Mass spectrometry has driven many advances in the field of proteomics, making the identification and
quantification of thousands of proteins increasingly routine. MS has also facilitated the analysis of
protein structures, involving, for example, top-down approaches or hydrogen/deuterium exchange.
Chemical cross-linking of reactive side chains in proteins and protein complexes has been used for
some time, but its wider application has been compromised by low reaction yields as well as
limitations in instrumentation and dedicated software. In order to improve cross-linking technology in
combination with MS, we have designed an improved workflow for the study of proteins and their
interaction networks.

Our analytical platform relies on three core “modules”: (i) The use of isotope-coded cross-linking
reagents that impart a characteristic signature on modified peptides, (ii) the use of mass
spectrometers providing high mass accuracy data (e.g. FT-ICR), and (iii) powerful software developed
in house that allows to identify cross-linked peptides even from complex samples using large protein
databases.

For samples of moderate complexity (several to tens of proteins), state-of-the-art instrumentation
provides sufficient sequencing speed, sensitivity and dynamic range to directly identify cross-linked
peptides in a single LC-MS run. This is achieved by taking advantage of charge state preselection in
real time, so that the more highly charged cross-linked peptides are preferentially selected for
sequencing. Advanced workflows for the analysis of more complex samples include additional
chromatographic and/or electrophoretic separation steps for general or cross-link specific fractionation.
For example, strong cation exchange chromatography may be employed for the enrichment of cross-
linked peptides that carry more basic groups than linear peptides. A more generic, high resolution
approach for fractionation is off-gel electrophoresis that separates peptides based on their isoelectric
point.

We will present results that demonstrate that recent advances in separation science, mass
spectrometry and bioinformatics can be combined to advance the field of protein cross-linking and
make it a valuable tool for the analysis of protein structures and protein-protein interactions.
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Liquids with complex chemical compositions and high viscosities such as honey, olive olil, ionic liquids
and toothpaste etc play important roles in our life and in numerous biological, physical, chemical and
industrial processes. Direct characterization of these liquid samples, without extensive sample pre-
treatment, remains a significant challenge to modern analytical science and technology. By initializing
neutral desorption inside viscous liquids with a nitrogen gas beam, an aerosol sample containing the
molecular composition of the bulk liquid is formed through a microjetting mechanism. This aerosol is
directed into an extractive electrospray ionization (EESI) source via a heated Teflon tube for detection
by Mass Spectrometry (MS). Unlike previously reported techniques (e.g., headspace analysis, surface
desorption sampling, solvent extraction, etc.), direct characterization at the molecular level of viscous
samples such as honey and olive oil samples was achieved without the need for any sample
pretreatment or extraction steps. The results demonstrate that no loss of significant molecular
information occurs when analyzing viscous liquid sample by EESI, in contrast to a situation where
extraction is performed. Trace levels of diethylene glycol (DEG) in toothpaste was selectively detected
and quantified, demonstrating the power of this methodology for rapidly analyzing heterogeneous
liquid mixtures of extremely high viscosity (150,000~300,000 cP). To conclude, EESI-MS is a simple
and rapid, yet powerful method to obtain molecular information of viscous liquid sample without
requiring complicated sample pretreatment steps.
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Proton transfer reaction mass spectrometry (PTR-MS) is a well-established, chemical ionization, MS
method for detection and quantification of volatile organic compounds (VOCs) down to parts per trillion
by volume (pptv) levels with a time resolution of <1 s per compound. Common constituents of air (N,
O, Ar, CO,) do not react in PTR-MS, and sample gas humidity does not interfere with VOC
measurements. Hence direct analysis without the need for prior pre-concentration or sample treatment
can be performed. These characteristics make the PTR-MS method ideally suited for the real-time
determination of the gas-phase composition of VOCs in the exhaust gas of a fermenter for obtaning
more in-depth information on the present fermentation status. The development of such real-time
monitoring technologies is one of the major objectives of the process analytical technology (PAT)
initiative which was initiated by the FDA for manufacturing of biopharmaceuticals. We have developed
a sampling system that enables PTR-MS to be coupled to a bioreactor. This enables cultivation
phases to be monitored for microbiological activity, thereby providing specific information of the status
and development of a production batch. We report on measurements which have demonstrated that
the PTR-MS technology is optimally suited for the real-time monitoring of bioprocesses and can
contribute to the implementation of PAT compliant process development. Our long-term goal is to
utilize the VOCs as control parameters for biotechnological processes such as pharmaceutical
fermentations.
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Resonance enhanced multi photon ionisation—time-of-flight mass spectrometry (REMPI-TOFMS) using
UV-photons is a sound method for selective analysis of aromatic species in complex matrices.
Recently, improved electron-beam pumped excimer lamps (EBEL) are used for the generation of
VUV-light for single photon ionisation (SPI), which combined with TOFMS can additionally detect
aliphatic species. These techniques allow direct monitoring of thermally evolved gases from
combustion and pyrolysis without fragmentation, masking out small matrix molecules such as nitrogen.
Transfer of evolved gases to the TOFMS is carried out via heated sampling lines containing filters to
account for the particle load and a deactivated quartz capillary.

With these detection methods, primary organic products of biomass flash pyrolysis in a technical
reactor at Forschungszentrum Karlsruhe (as part of the Biomass to Liquid process chain) were
monitored in real time. The miscellaneous biomass feedstock (soft- and hardwood, wheat straw,
coarse colza, miscanthus) showed distinguishable mass spectra with specific patterns. For example,
with soft wood retene (degradation product of abietic acid) appears, whereas with hardwood syringol
derivatives are evolving, and with coarse colza indole arises. The main detectable components
consisted of furan and phenol derivatives (cellulose and lignin decomposition products).

A second application dealt with the effects of sulphur addition on the emissions of Polycyclic Aromatic
Hydrocarbons (PAH) in the flue gas of a grate-fired bark boiler in Sweden. Flue gas was consistently
monitored for up to eight hours. Sulphur was added either as an aqueous solution of ammonium
sulphate or as pellets of elemental sulphur. Quantification of selected PAH was carried out by
determining relative ionisation cross sections with respect to benzene, yielding detectable
concentrations down to the ppt range. Overall, the addition of sulphur led to a significant reduction of
PAH concentration and emission peaks independent of the means of sulphur dosage.
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Over the last decades the importance of polyolefines has constantly increased. This is due to their
excellent material properties and their cost-performance ratio. However, as the structure of
polyproylene includes tertiary carbon atoms, stabilization is compulsory to avoid oxidation. Commonly
appropriate stabilizing agents are added during the compounding procedure. Unfortunately, due to the
rather harsh compounding conditions (temperature, oxygen atmosphere...) a decomposition of the
stabilizers might occur during this procedure. Therefore, analytical investigations proving the level of
stabilization before and after the compounding process are needed. This is also the case if a
commercially available polymer granule (with an unknown degree of stabilitzation) of even recycled
base material is employed as starting point for the fabrication of plastic products.

For this purpose a range of analytical methods exists, most affected with the need for extensive
sample pretreatment. A much more straightforward approach for analyzing plastic samples is direct
analysis in real time mass spectrometry (DART-MS). To demonstrate the suitability of DART-MS for
the determination of a wide range of commonly employed stabilizing agents, a test set of 21 stabilizers
was defined and subsequently polymer samples including these stabilizers were prepared using a lab-
scale compounder. To investigate the influence of parameters such as temperature, cycling-time and
speed of the extruder screw during compounding on the stability of the included stabilizers a series of
experiments were performed. The produced polymer samples were subsequently analyzed using
DART-MS. lon-source parameters like discharge needle potential, potential of the grid electrode and
the discharge electrode, the heater temperature and the gas flow were optimized. Both modes of
ionization were tested, whereby the positive ion mode resulted in higher signal intensities for all
analytes. To allow the determination of accurate masses, the instrument was calibrated with Agilent
APCI Tuning Mix as mass reference. However, mass to compensate for any mass drift occurring
during measurement, an internal standard (bis(ethylhexyl)phthalate) was used. The developed method
allowed the unambiguous determination of all selected stabilizing agents in polymer samples. For
Irgafos126 degradation of this stabilizer resulting from more harsh compounding conditions was
monitored and degradation products could be identified.
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Arsenic and selenium are two elements that occur naturally in the environment, and in organisms, in a
range of inorganic and organic forms. As a consequence, these two elements also appear in different
forms in many human foodstuffs. Depending on the element and chemical form, these selenium and
arsenic species can be essential, innocuous, or highly toxic. Speciation analysis is a relatively new
field of analytical chemistry that can provide quantitative data on the various forms of an element in a
sample. Such data for arsenic and selenium are essential for a realistic assessment of the relevance
to human health of the presence of these two elements in foodstuffs. The importance of this analytical
field in the food sciences in regard to setting maximum permissible levels for arsenic and selenium will
be illustrated.
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Mercury (Hg) is ubiquitous in the environment and requires analytical monitoring in all environmental
compartments due to its high mobility and toxicity. In the hydrosphere mercury is bioaccumulated up to
10° times in fish and sea food. In the European Union Water Framework Directive mercury is classified
as one of the 33 most dangerous pollutants. Total dissolved Hg in natural waters is normally in the pg
to low ng L’ range and an extremely sensitive detection technique, e.g. cold vapor - atomic
fluorescence spectrometry, is required to obtain robust analytical data. However, efficient and
contamination free sampling and sample storage procedures are equally important and pose a
significant challenge. Contamination from stabilizing reagents, storage containers and the ambient
environment is likely due to the ubiquity of mercury. Analyte losses can also occur because of the high
volatility of Hg species and adsorption to surfaces. One strategy to minimize analyte losses and
contamination is to use in situ solid phase preconcentration which stabilizes mercury species at the
point of collection and lowers the detection limit. A novel solid phase preconcentration method using
catalytically active gold surfaces for the determination of total dissolved mercury in natural waters by
atomic fluorescence spectrometry will therefore be presented. The method benefits from minimal use
of reagents, since acidification is the only necessary sample pre-treatment. Preparation and
characterization of the adsorbent material and preconcentration efficiency for mercury species from
natural waters will be discussed. The method was automated using flow injection system coupled to
atomic fluorescence spectrometry. Validation was performed by investigation of certified river and sea
water reference materials. The limit of detection achieved was 80 pg Hg L’ (sample volume 2.5 mL).
The experimental set-up, optimal parameters and analytical figures of merit as well as application to
different water matrices (river water, lake water, seawater, wastewater) will be shown.
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The current interest in atmospheric particulate matter (PM) is mainly due to its effect on human health.
A fraction that is associated with several adverse health effects — including cancer — is the metallic
portion. For this reason, a great deal of research has focused on the metal composition of airborne
particulate matter. Until now in most studies total elemental concentrations were determined.
However, toxic effects of trace metals in airborne PM are only expected if the metals are biologically
available. Thus for risk assessment detailed knowledge about the solubility of the investigated metals
is required since bioavailability depends thereon.

In the last decades, batch-wise equilibrium-based single or sequential extraction schemes have been
established as analytical tools for fractionation analyses to assess the ecotoxicological significance of
trace metals in ambient PM samples. Although these batch-wise liquid/solid extraction methods have
gained widespread acceptance in literature, there is still a need for further improvement since these
batch procedures suffer from several shortcomings, such as being tedious, time consuming and being
prone to risk of contamination and to metal adsorption/re-distribution phenomena, and, more
importantly, they provide no information about the kinetics of the leaching process.

In this study a procedure for the sequential extraction of airborne particulate matter with various
leaching solutions and subsequent on-line ICP-AES measurement of selected trace metals in the
derived extracts is presented. Analysis was performed using indigenously developed micro-cartridges,
which were packed with aliquots of the investigated PM10 filter samples, and continuously treated with
leaching agent. Extracts were directly introduced into the nebulizer unit of the detecting ICP-AES.
Evaluation of the derived elution profiles provided information about the kinetics of the extraction
process and allowed differentiation between individual soluble fractions.


mailto:A.Limbeck@tuwien.ac.at�

S17: Elemental Analysis
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lomeprol belongs to the compound class of iodinated X-ray contrast media (XCMs), a class of
diagnostics for radiographic contrast which is pharmaceutically inactive. The total amount of XCMs
used worldwide is estimated to 3,500 t per year. After their application XCMs are rapidly eliminated via
urine and faeces in their original — non-metabolized — form and transported via sewage to sewage
treatment plants (STPs). They are not significantly removed during conventional and advanced
sewage treatment processes and therefore enter receiving waters and have been found also in
drinking water. According to the precautionary principle the environmental input of such persistent and
hence long-living, mobile compounds like XCMs should be limited. Therefore new approaches for
water treatment are of interest to eliminate XCMs before they can enter the aquatic environment. The
identification of transformation products is essential to asses treatment processes, since for example
the removal of organically bound iodine is considered as a key process to render the transformation
products more biodegradable and less bioaccumulative.

In this work we therefore show the identification of transformation products during the potentiostatic
controlled electrochemical reduction of iomeprol. The reduction process was followed by product
analysis with LC-ESI-MS-MS and IC-ICP-MS. The identification is mainly based on the interpretation
of the mass fragmentation and supported by a iodine mass balance. The product analysis showed a
rather selective deiodination process with the successive occurrence of IMP-I, IMP-2I, IMP-3I, and a
final product, respectively. The iodine mass balance based only on IMP and iodide showed a gap of
about 26 % in the beginning of the electrolysis process and could be completely closed by taking the
intermediates IMP-I and IMP-2I| into consideration. This means that the major intermediates and final
products were measured and that the reduction process is a rather selective one to remove organically
bound iodine from XCM. An attractive application area would be the electrochemical deiodination of
XCMs in urine of patients or hospital effluents.
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Size Exclusion Chromatography Coupled to Electrospray lonization Mass Spectrometry for
Qualitative and Quantitative Analysis of Arsenic Interactions with Peptides and Proteins
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Arsenic-binding proteins are of toxicological importance since enzymatic activities can be blocked by
arsenic interactions. In the present work, a novel methodology based on size exclusion
chromatography coupled to electrospray ionization mass spectrometry (SEC-ESI-MS) was developed
with special emphasis to preserve the intact proteins and their arsenic-bindings [1]. The eluent
composition of 25 mM tris/HCI, pH 7.5, with the addition of 100 mM NaCl optimized for SEC with UV
detection provided the highest SEC separation efficiency, but was not compatible with the ESI-MS
because of the non-volatility of the buffer substance and of the salt additive. In order to find the best
compromise between chromatographic separation and ionization of the arsenic-binding proteins,
buffer type and concentration, pH value, portion of organic solvent in the SEC eluent as well as the
flow rate were varied. Two different SEC columns providing a wide and a narrow mass fractionation
range (1-300 kDa and 0.1-0.7 kDa, resp.) were involved. In the optimized procedure five different
arsenic-binding peptides and proteins (glutathione, oxytocin, aprotinin, alpha-lactalbumin, thioredoxin)
covering a molar mass range of 0.3 to 14 kDa could be analyzed using 75% 10 mM ammonium
formate, pH 5.0 / 25% acetonitrile (v:v) as eluent and a turbo ion spray source operated at 300 °C and
5.5 kV. A complete differentiation of all peptides and proteins involved in the arsenic-binding studies
as well as of their arsenic-bound forms has become feasible by means of the extracted ion
chromatograms (XIC) of the mass spectrometric detection. Limits of detection in the range of 2 to 10
MM were obtained by SEC-ESI-MS for the individual proteins. The arsenic bindings of the redox-active
biomolecules thioredoxin and glutathione result in a loss of their fundamental capability to regulate the
cellular redox state over the dithiol-disulfide cycle. Moreover, the spatial properties of the other
proteins can be altered by reduction of structure-determining disulfide bridges and subsequent
prevention of reconstitution by arsenic binding.

The degree of toxicity is mainly ascribed to the quantitative extent of thiol blocking. The new method
offered the possibility to estimate equilibrium constants for the reaction of phenylarsine oxide with
different thiol-containing biomolecules by means of the XIC peak areas of reactants and products. The
apparent constants obtained by SEC-MS were compared with ESI-MS binding studies without
preceding chromatographic separation [2].

[1]1 A.C. Schmidt, B. Fahlbusch, M. Otto, J. Mass Spectrom., in press
[2] A.C. Schmidt, M. Neustadt, M. Otto, J. Mass Spectrom. 2007, 42, 771
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Eight organo-silicas with covalently immobilized derivatives of ligands having high complexing
potential, namely (see table): diethylenetriamine (Dien-SiO,); 1,10-phenantroline (Phen-SiO.); amino

dicarboxylic (IDC-SiO,), aminodiphosphonic (ADPA-
SiO,) and ethylenediamine tricarboxylic (EDTA-SIO5)
acids; pyridinedicarbonic acid (PyDCA-SiO,), N-Ben-
zoyl-N-phenylhydroxylamine (BPHA-SIO,) and
bis(diethylamino)phosphine sulfide (DEPS-SiO;), were
studied as adsorbents for dynamic pre-concentration
of Zn, Cd, Hg, Pb, Ni, Cu ions from mineral and
artesian water for their further determination in eluate.
Optimisation of the adsorbents utilisation was
performed for next parameters: capacity, selectivity,
adsorption kinetics and efficiency, metal recovery and
simplicity of the adsorbents preparation. It was
demonstrated that all studied adsorbents have
acceptable adsorption kinetics, sufficient capacity and
efficiency for their application as adsorbent in dynamic
SPE pre-concentration of toxic metals. EDTA-SIO, has
very high capacity (up to 0.1 g of Hg per 1 g of
adsorbent) but slowest adsorption kinetics and
insufficient affinity to Pb ions. Dien-SiO, and ADPA-
SiO, are not selective towards target group of ions.

Immobilized group abbreviation
_CH,COOH
_S'_(CH”)VN\CPLCOOH IDC-SIO;
Esﬁ—(CHl)zﬂN__(CHz)v_N/CHQCOOH EDTA-Si
- - |02
HOOCH,C CH,COOH
CH,PO;H,
==Si(CH;)5N_ ADPA-SiO,
CH,PO;3H,
/ \ COOH
i, - PyDCA-SIiO,
O OH
_QH Lo |
BPHA-SIO,
N(CHs),
=Si—(CHy);—NH—P=S$ DEPS-SIiO,

N(CHs)y

Difficulties of Phen-SiO, and BPHA-SIO, synthesis are not rewarded by their efficiency or selectivity.
The best result was obtained with PyDCA-SiO, and EDTA-SiO, where recovery is reached 99% and

detection limit were lowed up to 500 times.
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Recent years a large number of hybrid nanomaterials have been described in literature. However, they
have been scarcely used in analytical sciences. In general, nanomaterials are characterized to present
characteristic properties which are different from their components. Hybrid nanomaterials can be
classified according its nature. In fact they can result from the combination of different carbon
nanoparticles, different metallic nanoparticles or from the combination on carbon nanoparticles with
metallic nanoparticles. A general overview of the synthesis of these nanoparticles and purification will
be also presented.

Is this communication several hybrid nanomaterials are described with special emphasis in their
properties. From this point of view two types of nanomaterials can be distinguished: i- hybrid
nanomaterials which properties can be described as the contribution of the properties of individual
nanoparticles, and ii- hybrid nanomaterials which present enhanced properties.

New analytical applications and uses of these hybrid nanomaterials will be presented and compared
with analytical applications based on simple nanoparticles. In this context, examples such as the use
of Ag-Au nanoparticles and CdSe-Ag nanoparticles in SERS, CNT-magnetita and CNT-nanodiamond
nanoparticles for sample preconcentration, CdSe-polystyrene and InP-CdS in fluorescence sensing
and Au-polymer nanoparticles in electrochemistry will be presented.

From the comparison will be deduced that hybrid nanomaterials present important advantages over
simple nanoparticles to perform sample clean-up and preconcentration and biosensing. In general
from the examples reported can be affirmed that hybrid carbon nanostructures are usefulness in
sample treatment, hybrid metal-carbon nanostructures are useful in sample treatment and also
(bio)sensing and hybrid metal-metal nanostructures are mainly useful in (bio)sensing.
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Flow Field-Flow Fractionation (FI-FFF)-Multidetection: a Promising Tool for Multi-Dimensional
Characterization of Nanoparticles
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des Pays de I'’Adour/ CNRS- IPREM, Hélioparc, 2, avenue P. Angot, 64053 PAU cedex 09, France

Because of their sub-micrometer size, specific surface sometimes very important and ubiquity,
nanoparticles (NP) play a major role in environmental quality and elemental biogeochemical cycles. Since
nanotechnologies advent and the increasing of nanomaterial-based products, NP environmental impact
must be considered, all the more because few data are available about. At the same time, characterization
of manufactured nanoparticle from various industrial and health sectors such as energy, electronics or
biopharmacy is needed in order to better control their synthesis, properties and to increase their
performances.

Accordingly, the hyphenation between Flow Field-Flow Fractionation (FI-FFF) and multi- detection including
UltraViolet (UV) and Multi-Angle Laser Light Scattering (MALLS) detectors, and Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS) appears as a powerful analytical tool. However, relatively few
studies have been dedicated to the potentiality of such coupling. The fractionation power of FI-FFF
associated to the size-based MALLS detection, sensitivity and selectivity of ICP-MS are major advantages
offering resolution and precision well adapted to nanometric-scale investigation. Thus, this coupling is able
to reach a “virtual 3D-image” describing size, shape, chemical composition and elemental distribution on
the surface/ in the volume of the nanoparticles.

Different examples will be then presented in a comparative approach, in order to illustrate the analytical
potentialities of FI-FFF- ICP-MS-based coupling. Its interest for evaluating nanoparticle contribution to
environmental quality and industrial control, as well as evolution perspectives will be also considered.
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—a Closer Look by Electron Probe Microanalysis (EPMA)
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LA-ICPMS is a widely used solid sampling technique especially applied in geochemistry and material
sciences. The number of publications in this field has been increasing over the last decade. LA-ICPMS
has many advantages compared to conventional nebulization of mineralized samples. The spatial
resolution and the possibility of element profiling are outstanding advantages of the method. LA-
ICPMS is more or less non-destructive, which makes it attractive when only limited amount of sample
is available. Quantification however is still afflicted with several problems like inhomogeneity of the
standards and a lack of appropriate matrix-matched standards.

In the present work we evaluated the applicability of LA-ICPMS (New Wave UP-213 LA system
coupled to Agilent 7500ce ICPMS) for determination of major, minor and trace constituents in steel
samples in order to apply the method for process and quality control. Working at laser spot sizes of
20-100 pm resulted in high standard deviations of individual elements when performing scans on
polished steel samples. Possible reasons for these results could either be variations in the laser-
sample interaction or inhomogeneities in the steel sample. Therefore, we had a closer look on the
sample surface with EPMA (JEOL JXA-8200). The spatial resolution of EPMA is at least tenfold better
than obtainable with LA. A clear segregation for most elements and zoning could be detected by
means of EPMA.
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Immunoassay is widely used for medical diagnostics, drug discovery, biological studies, etc. and they
represent some of the most vigorous activities in the field of u-TAS and Lab-on-a-Chip. The reduction
of sample and reagents consumption and provision of rapid analyses are basically possible by
miniaturizing immunoassay systems. However, multiplex detection in a microchannel is not easy. To
detect multiple targets, multi-channels or multiple chips with complex procedures are usually
necessary. From viewpoint of practical use, the development of multiplex detection in single
microchannel is required. In this paper, we describe a rapid and easy multiplex detection of disease
markers (a-fetoprotein (AFP), C-reactive protein (CRP) and prostate-specific antigen (PSA)) in serum.
The fabrication procedure for the immuno-pillar chip was described elsewhere. First, a mixture of anti-
targets antibodies immobilized polystyrene beads (1um diameter) and photopolymer (poly(ethylene
glycol)-based polymer) containing a photo initiator was introduced into the inlet by capillary force.
Second, UV light (365 nm) was irradiated through a photomask on the microchannel. The
photopolymer was polymerized only in the exposed parts, and the exposed parts became hydrogel
pillars including many anti-targets antibodies immobilized beads. We call this microchip the “immuno-
pillar chip”. Assay required only a pipette for the introduction of the sample and reagents except for a
fluorescence microscope for fluorescence measurement. The secondary antibodies for the targets
were labeled with fluorophores which emit fluorescence at different wavelength.

We assayed human sera spiked with AFP, CRP and PSA by using the immuno-pillar chip. The spiked
sera were introduced directly into the microchannel. The calibration curves of AFP, CRP and PSA are
quite good. The total assay time was only 12 min. The limits of detection (LODs) were about 10
pg/mL for three biomarkers.

From these results, we judged the immuno-pillar chip had great potential for rapid point-of-care
diagnosis.
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Quality Control with Multivariate Near Infrared Spectroscopic (NIRS) Methods in Different
Production Steps of a Pharmaceutical Intermediate
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Innsbruck, Austria

Near infrared spectroscopy was used to develop an effective quality control and monitoring system in
the manufacturing process of the B-lactam antibiotic intermediate 7-aminocephalosporanic acid (7-
ACA). This application compasses the online control of the drying process of the respective precursor
substance and the multivariate characterization of the final product as part of a process analytical
technology (PAT) process control practice.

A simple functional sampling system with a NIR measuring setup was developed, which enables
monitoring and control of the three relevant product parameters. The values for product assay, water
content and residual solvent predicted with NIR calibrations are in good agreement with the respective
reference values. Using the online monitoring system the drying process could be efficiently optimized.
For the quality control of the final intermediate quantitative and qualitative NIR models can serve as
alternative and extension of conventional chemical analysis methods. An over-all quality control test
based on NIR spectroscopy was introduced using a multivariate model reflecting the allowed chemical
quality range of the pharmaceutical substance. The composition of the calibration set had to be
precisely selected and spectra acquisition, evaluation and analysis had to be extensively optimized to
achieve the required sensitivity of the model. For each batch a simple chemometric summary
parameter is calculated from the routinely recorded NIR spectrum according to the model to support
the PAT quality control system that supervises the whole production process.

On the basis of the presented NIR applications the potential of the method could be demonstrated and
the advantages of the technique could directly be capitalized on improved production and quality
control.
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Surface Characterization of Nanomaterials: Reinforcing Fillers and Fuel Cell Catalysts
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For an adequate characterization of highly dispersed materials which also may show a high degree of
structural complexity the combination of quite different analytical techniques is essential. This includes
standard methods of classical analytical chemistry and instumental analysis as well as the
development and adaptation of dedicated methods of materials research for the individual case. This
shall be illustrated by presenting typical applications from the chemical industry. On focus is the
surface analytical characterization of carbon blacks which are used at the large scale as reinforcing
fillers for tyres or as highly efficient pigment blacks and, furthermore, the characterization of Pt/C fuel
cell catalysts under realistic gas pressure. After short discussion of the techniques which are usually
applied (electron microscopy, chemical analysis, surface spectroscopy) the benefits of combining such
data with results on the hydrogen-related surface chemistry which is accessible by inelastic incoherent
neutron scattering (IINS) will be addressed. [INS is highly complementary to Infrared-, Raman- and
NMR-spectroscopy especially if materials properties such as a strong absorption of electromagnetic
radiation or electrical conductivity seriously impair the use of their full potentials. IINS measurements
of the proton dynamics of certain surface structures allows spectroscopical characterization down to
hydrogen concentrations in the ppm-range. Furthermore, the dissociatively adsorbed, atomic hydrogen
at the surface of nanometre-sized supported precious metal particles can be utilized as a selective
local probe for catalytically relevant adsorption sites. Surface science measurements under hydrogen
pressures such as 1000 mbar and more are possible. This allows new insights in the search for the
real active sites of technical catalysts. Also the IR- and Raman-forbidden J=0 - J=1 rotational
transition of the hydrogen molecule can be used as a probe for directed, selective H2/surface
interactions. This will be exemplified by IINS results on activated carbons which are used for the
manufacture of supported precious metal catalysts for chemical syntheses.
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132.
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Unsymmetrical dimethylhydrazine (UDMH) became one of the most toxic xenobiotic compounds since
it happened to be used for rocket launching. Large areas of landscapes were contaminated by UDMH
when its residues spilled out on soil surface from landing rocket tanks. The environmental chemistry of
UDMH is a complex problem being under discussion for last several years. The identification of
numerous products of UDMH decomposition is not comprehensive yet. The other problem is
connected with the explanation of high stability of UDMH in soils despite of its high reduction ability.

In this research such modern methods as LC-MS, GC-MS and preparative high performance liquid
chromatography followed by NMR studies were applied for the investigation of the decomposition
products of UDMH in model suspensions of various types of soil samples contaminated by this
toxicant. Dimethylamine (1), 1-methyl-1,2,4-triazole (2), 1,1-dimethylguanidine (3), 1-formyl-2,2-
dimethylhydrazine (4), methyl- and trimethyl- hydrazines, 1,5,5-trimethylformazane, 1-methyl-1,6-
dihydro-1,2,4,5-tetrazine, dimethylhydrazones of acetaldehyde, formaldehyde and glyoxal were found
as to be the decomposition products of UDMH. The coincidence of chromatographic and spectral
properties of synthetic standards with supposed structure provided unequivocal identification of each
substance. The products of decomposition (1)-(4) were found in real soil samples taken from polluted
areas.

The explanation of high stability of UDMH in soils was given by analyzing of aqueous extracts before
and after its alkaline distillation. The initial extract of soil after 90 days of UDMH spillage did not
contain this compound, but 1-formyl-2,2-dimethylhydrazine was found in it. On the contrary, after the
distillation considerable concentration of UDMH in the absence of 1-formyl-2,2-dimethylhydrazine was
found. Therefore, the appearance of UDMH in final solution could be explained by hydrolysis of 1-
formyl-2,2-dimethylhydrazine during samples preparation in alkaline conditions. That is why more
stable 1-formyl-2,2-dimethylhydrazine erroneously identified as UDMH in soils, especially in those
which are analysed after several months of UDMH spillage.

This work was supported by Russian Foundation for Basic Research (grant

Ne 08-03-13500).
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Volatile organic components (VOC) of the atmospheric aerosols undergo various oxidation reactions
and becoming more and more polar compounds. Beside the oxidation processes, however, even less
well understood polymerization reactions may also take place leading to the formation of a large
number of secondary organic compounds of which many are polar, water soluble (WSOC). The
WSOC usually amounts to 20 — 70% of the fine (0,1-1 um) fraction of the tropospheric aerosol
collected by the usual sampling impactors. A further treatment of the WSOC fractions with solid phase
extraction proved that 20 — 50% of these compounds are humic-like substances often referred to as
HULIS in the literature.

In connection with the chemical characterization of the aerosols our current work is concerned with the
ICP-MS determination of the transition metal ion content of the aerosols and with the stability constant
as well as the copper(ll) ion binding capacity of the WSOC components. According to our best
knowledge no similar studies were reported earlier in the aerosol literature. Electroanalytical studies
were performed by using the competing ligand exchange technique of the adsorption stripping
voltammetry (CLE — AdSV). Competing ligand exchange is used here to avoid the problem caused by
the poorly characterized complex forming ligands of the WSOC. As a competing ligand salicylaldoxime
was used. Our results indicated that the WSOC components of the fine aerosol (typically the HULIS)
forms stable complexes with Cu(ll)-ions. Stability constants of the various aerosol samples (logK =
16.0 — 16.5) were calculated from the data of the CLE — AdSV experiments by using the van den Berg
— Ruzic equation. The applied method of calculation yields also an estimate for the metal ion binding
capacity of the WSOC. The obtained capacity values were in between 6.6 — 39 nM Cu(ll) / mgC for the
aerosols collected in various seasons.



S19: Environmental Analysis 2

Determination of Trace Veterinary Fluoroquinolones in Soils and Waters and Role of
Photochemistry in their Degradation
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Fluoroquinolones (FQs) are highly useful antibacterial agents, largely employed for human and
veterinary use. They have been detected worldwide in surface waters and soils because of their
environmental persistence and photo-induced by-products formation, potentially dangerous for
organisms. In this study the determination in surface waters, sandy and loamy soil samples of two
veterinary FQs, Enrofloxacin (ENR) and Marbofloxacin (MAR), widely used in farming between Pavia
and Milan (ltaly) was investigated. Soil samples were collected from manured fields, dried at room
temperature in the dark, sieved (2 mm). The FQs extracted [1] were filtered on nylon membrane (0.45
pum), preconcentrated by SPE on a hydrophilic-lipophilic and weak anion exchanger cartridges and
analyzed by HPLC with fluorescent detector (FD). The great chemical stability of FQs makes these
highly persistent contaminants. A possible mechanism of degradation is photochemistry [2,3]. At this
purpose photo-induced degradation by-products were studied both on soils samples and spiked
natural waters. The influence of matrix composition on the rate of degradation, i.e. natural organic
matter but also chloride, phosphate, magnesium and calcium ions concentration, was investigated.
The irradiation was carried out by using a solar light simulator and by exposing the samples under
natural solar light.

[1] Turiel, E., Martin-Esteban, A., & Tadeo, J. L. (2006), Analytica Chimica Acta, 562, 30—35
[2] Albini A., Monti S. (2003), Chem. Soc. Rev., 32, 238-250.
[3] Freccero M., Fasani E., Mella M., Manet I., Albini A. (2008), Chem. Eur. J., 14, 653-663.
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Growing public concern over protecting our environment is obliging all chemists to modify their
chemical activities in such a way that they will be conducted in an environmentally friendly manner.
This can be realized within the framework of the principles of green chemistry.

The irony is that the methods used in laboratories to analyze the state of environmental pollution, as
well as the analytical chemists applying them, through the uncontrolled disposal of reagents, solvents,
and other chemical wastes, may themselves be the source of large amounts of pollutants entering the
environment. Traditional analytical procedures require considerable quantities of chemical
compounds; sampling, and especially the preparation of samples for their final determination,
frequently involves the formation of large amounts of pollutants (vapors, liquid effluents—waste
reagents and solvents, and solid waste). If environmental pollution by analytical reagents and so on is
to be avoided, the rules of green chemistry must be introduced into chemical laboratories on a large
scale. Analytical chemists strive for the traditional goals of accuracy, precision, sensitivity, and low
detection limits; but by implementing green chemistry rules in laboratory practice, they are
demonstrating their awareness of the impact of their work on the environment.

The main objective of green analytical chemistry is to apply analytical procedures and devices that
generate less hazardous waste, are safer to use, and kinder to the environment. This objective can be
achieved through the development of entirely new analytical methodologies or the modification of old
ones to incorporate procedures using either fewer hazardous chemicals or at least smaller quantities
of them. The general strategy toward making analytical methodologies greener involves not only
changing or modifying reagents and solvents, or reducing the amounts of chemicals used, but also the
miniaturization and even the elimination of sampling by measuring the analytes of interest in situ in
real time and on-line.

The paper presents recent advances in green analytical chemistry in the context of the whole
analytical process, that is, from sample collection, sample preparation, to sample analysis, as well as
the characteristics of some traditional methodologies that have always been environmentally benign
but were never described as “green.”
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Heavy metals are important and frequently investigated due to their wide exposure in the environment
as well as to the evidence of their specific biological and toxicological effects. Heavy metals are often
found in our environment due to their to frequent industrial usage and presence in industrial
wastewaters which are released into streams and rivers without adequate treatment for their removal.
In wastewater treatment various bioreactors with microbial biofilms are often used, but the special
design of a horizontal rotating tubular bioreactor (HRTB) has shown promising removal rates in a pilot
study. Thus its applicability for the removal of metals commonly present in textile wastewaters, such
as chromium, manganese and cobalt, was studied. In order to optimize the removal efficiency different
process parameters (inflow rate, rotation speed) were used and water samples were drawn along the
bioreactor for monitoring the metal contents. The concentrations of the elements were quantified on
site by UV-VIS spectrometry. Furthermore the metal uptake of the biomass was determined by ICP-
MS after microwave assisted digestion of the organic matter.

The maximum removal rates obtained are 100%, 94% and 69% for chromium, manganese and cobalt,
respectively. Due to these high efficiencies HRTB seems to be an appropriate tool for the treatment of
heavy metal loaded textile wastewaters.
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Among the organometallic species with relevant toxicological effects on the whole environment,
organotin compounds are one of the most widespread molecules owing to their past intensive use in
agriculture and paint and polymer industry. The toxicity of these persistent pollutants, namely
dimethyltin (DMT), dibutyltin (DBT), and tributyltin (TBT) has been demonstrated even at the ng/l and
the EU included them in the list of priority poIIutants1.

In this work a rapid and very sensitive method based on solid-phase microextraction (SPME) followed
by gas chromatography-inductively coupled plasma-mass spectrometry (GC-ICP-MS) was developed
and validated aimed at the determination of DMT, DBT and TBT in water samples. A
divinylbenzene/carboxen/polidimethylsiloxane fiber was used for the SPME sample treatment.
Coupling of the ICP-MS with GC was accomplished optimizing an easy-to-fit in-house interface?.
Optimal conditions were found by using the enhanced “hot plasma/protective ion extraction”
introduction system.

GC-ICPMS made possible the determination of the organotin compounds at ultratrace levels,
quantitation limits ranging from 0.04 to 5 ng/l. The method was also proved precise and rapid, GC-
ICPMS allowing for the separation of organotin species in less than 7 minutes.

The device is technically simple, flexible, low cost and its home-made assembly is trouble free.

The method was used in routine analysis of fresh and marine water samples.

1European Union, European Directive 76/464, Office of EU Commission, Bruxelles
“Bianchi F.; Careri M.; Maffini M.; Mangia A.; Mucchino C. J. Anal. At. Spectrom., 2006, 21, 970-973
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Microarrays represent currently one of the most powerful analytical tools for the simultaneous
detection of multiple parameters within one analysis step. Usually, the specific affinity reaction of
nucleic acids and/or antibodies towards antigens is the most common bioanalytical method for
generating multiplexed quantitative results.

Diverse fluorescence, chemiluminescence and other label-free microarray readout systems have been
developed in the last decade. Especially the label-free techniques are wanted, but still need further
research.

The lecture will exemplarily show the achieved development status connected with a critical evaluation
of the current achievements.

Literature:
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During the last few years liquid chromatography (LC) has experienced a great deal of progress. The
performance of the technique is being improved by the introduction of novel types of columns, such as
monoliths, and by increasing the maximum permissible pressure on high-pressure LC systems. These
advances make it possible for LC users to perform a given separation more rapidly or more efficiently
(i.e. narrower peaks).

There is a strong demand from various areas of science (e.g. life science, food science) to separate
ever more complex samples into as many individual components as possible. For such challenging
problems a better measure for the performance of a chromatographic system is the peak capacity,
which can be defined as the number of peaks that may possibly be separated on a given system.

The peak capacity of LC systems has been increased significantly by the advances listed above. Many
hundreds of peaks can be accommodated in a single LC run. Patient researchers may even reach a
peak capacity of 1000 (in about a day). While impressive, these results are still well short of the most
ambitious targets. For example, the human proteome is assumed to contain some 50,000 proteins.
Comprehensive two-dimensional liquid chromatography (LCxLC) constitutes a significant step in the
right direction. Using this technique a peak capacity of several thousand can be achieved within a
reasonable time (one or two hours).

In this lecture the potential and practical performance of one-dimensional LC and LCxLC will be
compared. Different ways of performing LCxLC will be discussed and we will take a peek into the
future. Is LCxLCxLC a realistic option?
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New Stationary Phases for Enrichment and Separation Technologies in the ‘-omics' Area—a
Challenge in Analytical Separation Science

G.K. Bonn

Institute of Analytical Chemistry and Radiochemistry, Leopold-Franzens University, 6020 Innsbruck,
Austria

“Omics” is a general term for a broad discipline of science and engineering for analyzing the
interactions of biological molecular components in various “omes”. These include genome, proteome,
metabolome, expressome, and interactome. “Ome” and “omics” are very convenient handles for
describing the holistic approach for looking at complex systems. “Omics” will not only have an impact
on our understanding of biological processes, but also on the prospect of more accurately diagnosing
and treating disease. The development of these ‘omics’ has depended on, and has also driven
advances in bioanalytical approaches including liquid chromatography, electrophoresis and mass
spectrometry to permit the handling of large numbers of biological samples at high selectivity and
sensitivity. Thus the design of novel stationary phases for selective enrichment and separation is one
of the key points for establishing a successfully running “omics” platform. There is a need for highly
efficient approaches to handle the problems associated with sample preparation, separation and
identification of biological species. Many newly emerged technologies meet the basic requirements. In
particular, nano-materials have a great impact on future sample preparation due to their unique
physical and chemical characteristics. Novel enrichment and desalting methods based on modern
SPE technologies are applied to reduce the complexity of biological samples while y-HPLC is used for
separation, preconcentration and fractionation. Considerable progress has been made in the
development of stationary phases for separation and sample preparation. Several chemistries are
available for a wide range of applications which can be tailored to a specific application allowing
endless possibilities in terms of selectivity tuning.

Literature:
Rania Bakry, Matthias Rainer, Christian W. Huck & Glinther K. Bonn. New stationary phases for
enrichment and separation in the ‘omics’ era. Bioanalysis, April 2009, Vol. 1, No. 1, Pages 151-169.
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Determination of Mitomycin C in Urinary Bladder Tissues by HPLC-MS Technique
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Mitomycin C (MMC) is a widely used chemotherapeutic agent, applied as a single drug or in
combination with other chemotherapeutic drugs. The most significant MMC toxicity in humans is
myelosuppression, widely confirmed to be a delayed and dose-related effect. The determination of this
antibiotic in aqueous solutions and in biological fluids, mainly plasma and urine, has been a subject of
special interest in several papers, but no attention has been given to determination of mitomycin in
tissues. Recently a new scheme for urinary bladder cancer was suggested. It combines mitomycin
administration followed by laser exposure. Due to local character of such influence and small amount
of accessible tissue, the method for the determination of mitomycin in samples of this kind should be
precise and sensitive.

In current work, a new simple and sensitive technique of determination of mitomycin C in biological
tissues was developed and validated. After a one-step extraction procedure the sample was analyzed
on a reversed-phase column Zorbax SB-C18 using water-acetonitrile mixture as a mobile phase. The
detection was performed in ESI-SIM mode (ion with m/z 357 was used for quantitative analysis and
m/z 355 as a qualifier). The detection limit was 0.2 ng/g. The suggested method was successfully
applied in clinical trials.
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Anti-Asthmatic Drugs in Plasma/Serum — a Major Analytical Challenge
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Introduction

Asthma therapy is frequently effected by way of topical application to the airways. As the quantity of
substance applied is in the 10 — 500 pg range, detection from plasma or serum is extremely difficult,
with concentrations of between 1 — 1000 pg/mL plasma or serum. The only really viable analysing
technique in this case is HPLC tandem MS. As the various drugs deployed (anti-inflammatory and
bronchodilatory substances) each have very different lipophilic properties, sample preparation is also a
major challenge.

Experiments

Bronchodilators:

A: Formoterol in serum (calibration range 0.4 — 100 pg/mL)

B: Salbutamol (=albuterol) in plasma (calibration range 10 — 3900 pg/mL)
C: Salmeterol in plasma (calibration range 5 — 1000 pg/mL) and

Anti-inflammatory substances:

D: Budesonide in serum (calibration range 5 — 1000 pg/mL)

E: Fluticasone propionate in serum (calibration range 3 — 1000 pg/mL) and
F: Ciclesonide and major metabolite M1 in serum (10 — 1000 pg/mL).

Apparatus

All work was conducted using only Sciex tandem mass spectrometers with Agilent or Perkin Elmer
pumps and autosamplers. For B, E and F, an APl 3000 was used; and for A, C and D, an API 4000.
Methods A, B and C use ESI for ionisation, while methods D, E and F use APPI.

Sample preparation
Methods D, E and F (anti-inflammatory substances) use 0.5 — 1 mL of serum. The substances are
extracted from the plasma (by liquid-liquid distribution).

In methods A, B and C (bronchodilators), offline solid-phase extraction, mostly with reversed-phase
(C18) or ion exchange material, is used under very varied conditions.

HPLC-MS/MS conditions
The conditions for D, E and F are chosen so that for APPI, 10 % (API 3000) or 20 % acetone
(API 4000) serves as the charge carrier (dopant) in the mobile phase.

A gradient is used from e.g. 10 mM acetic acid in 20 % acetone / 80 % water to 20 % acetone /
80 % methanol, through a C18 reversed phase column. Measurement is carried out as adduct ions in
the negative mode.

Substances A, B and C are measured with ESI positive ionisation. The chromatography is with C18
columns. The mobile phases are formic acid in water or methanol.

Summary

Recent trials on the even more sensitive APl 5000 have demonstrated that detection of fluticasone
propionate is possible down to approx. 0.5 - 1 pg/mL of serum, and of formoterol down to 0.1 pg/mL of
serum.

Our publications

D.G. Mascher et al., J. Chromatogr. B, 830, 25-34 (2006).
H.J. Mascher et al., J.Chromatogr. B, 869, 84-92 (2008).
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Tetracycline is a “broad-spectrum” antibiotic which is used to treat bacterial infections. It is often
an alternative drug for people who are allergic to penicillin. Its plasma concentration is high, and
excretes unchanged in the urine. For therapeutic and pharmacokinetic studies it is necessary to
quantify tetracycline in physiological samples such as serum and urine.

Tetracycline is an amphoteric molecule soluble in polar and moderately polar organic solvents. It
has ability to form stable complexes with divalent cations. In use is in the form of tetracycline-HCI
which is very soluble in water. Because the complex urine and serum composition, it is necessary to
carry out sample cleanup and appropriate extraction procedure prior to analysis.

In this study we developed SPE method for tetracycline extraction from human urine and control
serum before HPLC determination.

Human control serum and urine samples were spiked with standard tetracycline solution and
diluted with deionized water. The concentration range of tetracycline was from 4.0-8.0 pg/ml for serum
and 3.0-7.0 pg/ml for urine. Solutions of EDTA and H3PO, were added in the samples to obtain pH 4
and to achieve precipitation of proteins and removal of metal ions.

For the solid phase extraction procedure silica phase C18 cartridges with special modification
(Macherey-Nagel CHROMABOND Tetracycline, 6 ml/500 mg) were used. Sample application was
performed with a flow rate of ~ 1 ml/min. After sample loading there was no need to wash column.
Moreover, low recoveries were observed when the column was washed with 5% methanol solution.

As the elution solvent methanol and mobile HPLC phase (tert-butyl alcohol /phosphate buffer pH
9.0) were tested. The recovery values were poor when methanol was used. Better results are
achieved when tetracycline was removed by elution with mobile HPLC phase.

The eluates were analyzed directly by HPLC-DAD on Zorbax Extend C18 analytical column
without previously evaporation and reconstitution. Recovery rates of the spiked samples were 95-98%
for serum and 87-94% for urine when mobile HPLC phase was used for elution.
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We present a novel microbial diagnostic method that combines the sensitivity of NASBA with the high
information content of microarray technology for the detection of bacterial tmRNA molecules. NASBA
is a sensitive isothermal RNA ampilification technology that has routinely being used in various fields of
microbiology and microbial diagnostics. As DNA microarrays have recently shown great potential in
investigation of microbial diversity, composition and species identification from environmental and
medical samples, combination of these two powerful methods looks very promising. In our case, the
NASBA protocol was modified to include aminoallyl-UTP (aaUTP) molecules that were incorporated
into nascent RNA during the NASBA reaction. Post-amplification labeling with fluorescent dye was
carried out subsequently and tmRNA hybridization signal intensities were measured using microarray
technology.

The most favorable concentration of aaUTP was identified (1) and used in following NASBA
amplifications of tmRNA from series of dilutions of Streptococcus pneumoniae total RNA (1x102 to
1x10™ CFU/ml). Developed method was sensitive enough to detect and identify tmRNA molecules
from common respiratory diseases causing pathogen S. pneumoniae at a concentration of less than
one CFU per ml of culture. If we take the actual count of tmRNA in reaction into consideration, we
achieved the detection limit as high as 5 molecules of RNA per NASBA amplification. Altogether, we
have successfully demonstrated efficient combination of NASBA amplification technology with
microarray based hybridization detection. Method is applicative for many different areas of microbial
diagnostics including environmental monitoring and clinical microbiology.
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Appearance and development of many diseases is accompanied by activation of free-radical
processes. It relates to cardiovascular diseases, reproductive system pathology, diabetes mellitus,
carcinogenesis and other. Antioxidant activity (AOA) of blood is a parameter of antioxidant system of
an organism. Diagnostics of this parameter is necessary for definition of risk of occurrence of the
diseases connected with deficiency of antioxidants in an organism and for their therapy.

The electrochemical method of integrated antioxidant activity of blood and blood fractions
estimation, based on interaction of chosen mediator system with antioxidants of the investigated
sample, was proposed. In case of whole blood and erythrocytic mass analysis the interpretation of
received results is complicated with the contribution of hemoglobin to the blood total reducing activity
(TRA). The calculation of cellular component of antioxidant activity in TRA of whole blood and
erythrocytic mass, taking into account the stoichiometric relationships of interaction between
hemoglobin standard solutions and mediator system, and also hemoglobin and hematocrit
parameters.

Considering that the majority of existing methods of AOA definition is based on of radical
interactions use, the phase of spontaneous thermal disintegration of 2,2"-azobis(2-amidinopropane)
dihydrochloride (AAPH) initiator with peroxide radicals formation has been included in electrochemical
method. The latent period of reaction is determined. By analogy to known methods, data about AOA of
whole blood and erythrocytic mass are expressed in trolox equivalents. The obtained data correlates
with the data received by electrometric method without the use of radical reaction. It confirms the
results reliability of the electrometric method in a variant we offer.

Authors express gratitude of the RFBR (07-03-96071-p_ural_a), to the Government of
Sverdlovsk region (the project «Nanotechnologies in bio- and chemical sensor controls for monitoring
an environment and health of the person») for financial support.
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Tobacco smoking constitutes a significant source of indoor air pollution in many types of closed
spaces. Some research centers conduct studies on the tobacco burning process, the composition of
tobacco smoke and on how it affects the bodies of active and passive smokers. The analysis of human
biological fluids (human semen samples) can be a valuable source of information about the risk level
for humans from environmental tobacco smoke.

One of the biomarkers of environmental tobacco smoke exposure are thiocyanate ions. Low
concentrations of thiocyanate are usually present in biological fluids mainly due to the subject’s diet.
This may be through digestion of cassava foods (mostly in the tropical countries in Africa, Asia, Latin
America), some vegetables of the genus Brassica containing glucosinolates (cabbage, turnip, kale) or
by intake of thiocyanate-containing foods such as milk and cheese. Higher concentration of this ion,
which is a metabolic product of cyanide, arises from environmental tobacco smoke. The level of
thiocyanate is thus considered a good probe for distinguishing between smokers and non-smokers
and its determination has been used for the evaluation of smoking behaviour.

The aim of this scientific study was to present the effectiveness of the proposed sample
preparation procedure coupled with ion chromatography technique for the determination of inorganic
ions, especially thiocyanates (as biomarkers of environmental tobacco smoke exposure) in human
semen samples collected from passive, moderate and heavy smokers. The experimental results were
put to the data handling in order to obtain maximum possible information concerning the impact of the
intensity of smoking on the chemical composition of human semen samples.
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Vitamins are a broad group of organic compounds that are minor, but essential, constituents of food
required for the normal growth, self-maintenance and functioning of human and animal bodies[1].
These compounds can be classified in two main groups: water-soluble and fat-soluble vitamins.
Among water-soluble vitamins, the B group including B4, B,, Bg and B4, are the most important. They
play different specific and vital functions in metabolism, and their lack or excess produces specific
diseases.

In the present work, a simultaneous determination of water-soluble vitamins [nicotinamide (PP), cyano
cobalamine (B1,), riboflavin phosphate (B.), pyridoxine hydrochloride (Bg), thiamine hydrochloride (B
)], and fat-soluble vitamins [retinyl palmitate (A), a-tocopherol acetate (E), cholecalciferol (D3)] is
investigated[2]. The appropriate conditions of sorbent, adsorption, washing and elunation are
investigated. Afterwards, high-performance liquid chromatography with solvent programming has been
the appropriate tool in overcoming the

overlapping of certain pairs of vitamins and also in adjusting the elution volumes of early and late
elution peaks. The experimental variables studied were: application volume, elution solvents and
cleaning solutions. The DAD detection of vitamins was made in real samples at different concentration
levels. The accuracy of the method was tested .

[1]1 AOAC, Official Methods of Analysis,Washington, DC, 15th ed. 1990.
[2] H. Cohen, M.R. LaPointe, J. Assoc. Off. Anal. Chem. 63 (1980) 1254—1257.
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Plasma catecholamines (CAs: norepinephrine, epinephrine and dopamine) are widely used as an
index of the sympathetic nerve system. However, until now, no analytical method of plasma CAs in
mouse was developed. Therefore, in the work, we established the sensitive determination method of
CAs in mouse plasma using high-performance liquid chromatography (HPLC)-peroxyoxalate
chemiluminescence reaction detection. Automated precolumn cation-exchange extraction of diluted
plasma was coupled with the separation on ODS column, fluorescence derivatization with
ethylenediamine, and finally peroxyoxalate chemiluminescence reaction detection. The detection
limits of the method were below 5 fmol. The methods developed needed only 10 ul of plasma, which
enabled the determination of CAs in single mouse plasma. The plasma CAs concentrations in
normotensive mouse (C57BL, male) were 6.63 £ 1.37, 0.49 £ 0.10 and 5.25 + 2.30 (pmol/ml, n=7), for
norepinephrine (NE), epinephrine and dopamine, respectively. When the blood pressure was reduced
in mouse, the increases of plasma CAs concentrations were observed. The developed method would
be useful to investigate the roles of sympathetic nervous system in mouse.
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Marine phytoplankton plays important roles in CO, withdrawal from the atmosphere, primary
production and biogeochemical fluxes of carbon, nitrogen, phosphorus and other micronutrients, and
the types of phytoplankton present varies its influence in ecosystem and in marine biogeochemical
cycles [1].

Traditionally the methodology for determining the phytoplankton biomass has been the
quantification of chlorophyll a [2]. But this method is limited, since it is not possible to distinguish
between different pigments or the type of phytoplankton communities present. For this reason, other
methods for the determination and quantification of phytoplankton pigments are being applied
nowadays.

The application of high performance liquid chromatography (HPLC) is one of the most used
methods [3]. HPLC is coupled with a UV-visible detector for the determination of phytoplankton
pigment individually which let determine the kind of phytoplankton communities that it is found in the
area.

The studied zone, in the southwestern Atlantic and over the Argentinian continental shelf
(between 36° and 50°S), represents a confluence zone located between the Malvinas and Brazil
currents [4]. This zone has a wide continental shelf with shallow and euphotic waters, very rich in
nutrients. For these reasons this shelf is characterized by the proliferation of phytoplanktonic blooms,
giving areas with high biomass concentration [5].

In this work it has been determined the types and concentration of phytoplankton pigments.
They were determined in several samples at different depths from surface down to 200 metres.
Sample stations were chosen according to satellite observation at the moment of the oceanographic
cruise (BLOOM 2008, March 2008).
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2) Neveux J. and Lantoine F. (1993) Deep-Sea Research | 40, 1747-1765.
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Caffeine has been in use for different purposes, from human therapeutics to insecticide in agriculture,
or as a marker of the liver function in clinical diagnostics, and lately even as a marker of environmental
waters contamination.

Searching for non-invasive and effortless sampling methods for human diagnostics has been an
intense field of research in clinical chemistry throughout the past ten years. Salivary samples
represent a major improvement vis-a-vis the classical invasive blood sampling procedure as well as
the analytical challenge, mainly due to fewer matrix interferences. Caffeine body-clearance can be
used to evaluate patients’ liver function/dysfunction no matter what kind of matrix is selected to do it:
blood, urine or saliva. Therefore salivary samples were selected and measured using the developed
immunoassay and the results compared to those obtained using LC-MS/MS in MRM mode. The anti-
caffeine monoclonal antibody used for this assay, the enzymatic tracer (a horseradish peroxidase
conjugate) and the buffers, are also suitable for caffeine monitoring in environmental waters, several
beverages (coffee, tee, soft-drinks, beer) and even shampoo and caffeine tablets. Apart from different
sample preparation steps and minor changes regarding the antibody and tracer concentrations, a
single analytical tool can be used for completely different applications.

The results obtained by LC-MS/MS and by ELISA are compared using different statistical tools, which
were selected to assay their equivalence for being indiscriminately used in clinical, food/beverages or
environmental analytical chemistry.

Acronyms used:
LC-MS/MS - Liquid Chromatography-Tandem Mass Spectrometry

ELISA - Enzyme-Linked ImmunoSorbent Assay
MRM - Multiple Reaction Monitoring mode
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Canola with low erucic acid is also one of the cultivars of Brassica napus. Canola has several
phytochemicals which lead to prevent cancer, cardivascular disease, aging by scavenging free
radicals in human metabolism [1]. Brassica species seeded in spring and winter have been bred as
two different forms adapted two different cultivation environments. These two forms have distinct gene
pools based on DNA markers. This distinct results in difference distrubition of fatty acids, flavonoid and
phenolic contents of canola gentoypes. Production of improved novel seed components by combining
genetic engineering and analytical methods with classical plant breeding new innovations as modern
biotechnology will result in functional seed with high quality.

In this study, the difference between winter and summer species of canola was studied by
molecular markers and analytical methods. First of all, genomic DNA from canola genotypes was
extracted with EZ1 automatic nucleic acid isolation system. DNA from each seed was amplified with
OPA primer series (OPA1-10) in thermal cycler by randomly amplified polymorphism DNA (RAPD-
PCR) technique. The difference between two genotypes of canola in molecular level was identified by
polymorfic or nonpolymorfic bands [2].

In analytical methods, fatty acid content of the methanolic extracts of both species was
identified by gas chromatography. Antioxidant activity of the extracts was determined by several
spectroscopic methods including DPPH, reducing power, metal chelating, $-caroten-linoleic acid
system and CUPRAC methods [3]. Several phenolic compounds of the extracts were analysed by
using high performance liquid chromatography. Obtained results from two genotypes of canola in
molecular and analytical level were compared.
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The health-promoting properties of xanthohumol (XN) have attracted attention in the brewing
community concerning the production of XN-enriched beers. However, in several studies it was found
that the fermentation process is a factor responsible for a large reduction in the level of XN during the
beer production [1].

It is well known that the yeast physiological status is a key factor affecting not only fermentation
consistency and performance but also key quality properties of the final beer [2]. In order to
understand how XN affects the metabolism of the yeast cells, in the present work the yeast viability
(live/dead status of cells) and vitality (activity of the live cells), were studied and evaluated during the
production of a XN-enriched beer. Three different brewing trials were performed: (A) control — wort
without XN, (B) wort with 1 mg/L of XN, and (C) wort with 10 mg/L of XN. Viability by citrate methylene
blue staining was performed according to the EBC Analytica method [3] whereas vitality was
determined by the “vitaltitration” method specifically developed by this research team [4]. The XN
content was determined by HPLC-ESI-MS/MS with a previously step of purification and concentration
of the sample by solid-phase extraction (Cys).

The results showed that the viability of the yeast was greater than 85% upon completion of
fermentation for all brewing trials. In respect to the yeast vitality, the XN-enriched beer (10 mg/L)
showed higher yeast vitality (good vitality) in the end of the fermentation. In opposite, the control trial
(A) and trial with 1 mg/L of XN (B) showed lower yeast vitality (bad vitality) compared to the beginning
of fermentation. These results suggest that XN has a positive effect on the physiological condition of
the yeast, by a mechanism that is now under investigation.

[1] Natural Product Communications (2009), 4, 591-610.

[2] Beer in Health and Disease Prevention (2009), Pitching yeast and beer flavour, Chapter 3.
[3] Institute of Brewing (1997), Methods of Analysis, Vol.2, Microbiological, method 21.33.

[4] Master Brewers Association of the Americas (2004), 41, 277-281.
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In this work, we reported the easy preparation of highly ordered mesoporous silica fine particles
(MSFPs) by the addition of transition metal salts such as Co2+, Ni2+, Cu2+, and Zn2+ in the
surfactant micellar solution. As far as a simple synthetic process is concerned without employing any
organic co-solvents, the addition of metal salts plays a key role in the self-assembly of surfactant
micelles and complexes of surfactant micelles and silicate species. Moreover, the obtained MSFPs
were demonstrated by high efficient DNA separation through the molecular assembly as a function of
the number of amino group tailored such as mono-, di-, and tri-amino-functionality. The DNA
separation efficiency was explored via the function of the amino-group number, particles size, used
amounts, and the NaCl concentration. The DNA adsorption yields were high in terms of the use of
triaminofunctionalized MSFPs and DNA desorption efficiency showed the optimum level at over 3.0 M
of NaCl concentration. Comparing with conventional micron-sized mesoporous silica based processes
for filters or membranes, this approach of the utilization of nano-sized materials to DNA separation
provides many immediate advantages, including higher surface-to-volume areas, enhanced binding
rates, higher efficiency, and higher specificity.

This preliminary study could enable the design and construction of an automatic system with high-
throughput biomolecular purification with functionalized MSFPs, and would be applied for clinical
diagnoses and proteins/enzymes recognition processes using the appropriate surface modification
technique.
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A specific ultraviolet detection system using an immobilized cholesterol oxidation enzyme reactor/
semi-micro high-performance liquid chromatography has been developed for the simultaneous
determination of pregnenolone (Pre) and 17-hydroxypregnenolone (170HPre). Pre and 170HPre
were converted to progesterone and 17-hydroxyprogesterone by the immobilized enzyme packed into
the reactor column, thus they were able to monitor by UV absorption at 240 nm. Pre is initially
synthesized from cholesterol by cytochrome P450scc cleavage. The simultaneous determination of
Pre and 170HPro, which are compounds of the early steps in steroid synthesis, is useful to investigate
steroidogenesis in the cells. The analytical system constructed here was good enough for the
simultaneous determination of Pre and 170HPre in the medium of bovine adrenal cortical cells. The
calibration curves for Pre and 17OHPre had a good linearity at the range of 0.3-10 and 0.4-10
microg/ml with a correlation coefficient of 0.9996 and 0.9989, respectively. The detection limit at a
signal-to-noise ratio of 3 was 0.12 and 0.08 microg/ml. The conversion rate of Pre to Pro and
170HPre to 170HPro was 90.3 and 99.6%, respectively. Addition of trilostane, an inhibitor of 3-beta-
hydroxysteroid dehydrogenase, permitted to determine Pre and 170OHPre as a result of stopping the
cascade of steroidogenesis. The contents in the medium of the bovine cells stimulated with ACTH
under the presence of trilostane for 1.5hr-cultivation, were 0.459 + 0.016 and 0.333 +0.009 microg/ml,
respectively. This method is convenient for the simultaneous determination of Pre and 170OHPre
secreted from the cells.
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Adrenal hormones are related to a variety of physiological responses. For example, cortisol is a key
stress-induced hormone secreted from adrenal cortex. To investigate the reguratory mechanism of
steroidogenesis, it is very important to isolate the steroid hormones and determine the amounts. Shen
et al. reported that sweeping-micellar electrokinetic capillary chromatography (MEKC) /UV-absorption
method was useful for the determination of six steroids (progesterone, 17-hydroxyprogesterone, 11-
deoxycortisol, corticosterone, cortisone and cortisol) using tetradecyltrimethylammonium bromide
(TTAB) as a surfactant [Electrophoresis, 27: 1255-1262, 2006]. In this study, we have tried to develop
the MEKC/UV-absorption method for determining four additional steroid hormones (aldosterone,
androstendione, estradiol and testosterone) simultaneously, and by using (R)-(+)-1, 1’-bi (2-naphthol)
as an internal standard. And then, we have applied to determine the contents of steroid hormones in
the medium secreted by bovine adrenal cortical cells. A sweeping-MEKC buffer consisted of tris-HCI
buffer (pH8.0) containing 10 mM TTAB. Steroid hormones in the medium secreted by bovine adrenal
cortical cells were extracted with ethyl acetate. Sample was injected 50 mbar at 50 sec. The linearity
for all analytes was ranged from 0.195 to 12.5 microg/mL with the correlation coefficients over 0.99.
When bovine adrenal cortical cells were stimulated with ACTH, the contents of cortisol and cortisone
in the medium were 0.869 and 0.239 microg/mL, respectively. A protopanaxatriol-type saponin,
metabolite of ginsenosides, significantly inhibited the production of cortisol and cortisone in bovine
cells stimulated by ACTH. The improved MEKC/UV-absorption method will be adapted for the
evaluation of substances responsible for steroidogenesis.
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The present paper describes the development and validation of a LC-MS/MS method for the
determination and confirmation of biomarkers of exposure to different types of xenobiotics in human
urine. The selected target compounds were pesticides or their metabolites (1-Naphthol, 2,4,5-T, 2,4,5-
TP, Chlortoluron, Diuron and 3-Chloro-4-tolylurea) and several compounds of industrial origin (2,4,5-
Trichlorophenol, Bisphenol-A and Bisphenol-F). The method combines the use of a restricted access
material (RAM) coupled On-Line to a LC-IT-MS system. In this way, a rapid and efficient matrix
cleanup was achieved, reducing the manual sample preparation to sample freezing and filtration. The
ion trap (IT) mass-spectrometry detector provided the selectivity, sensitivity and robustness needed for
confirmatory purposes. The on-line RAM-LC-IT-MS method developed here has been validated as a
quantitative confirmatory method according to the European Union (EU) Directive 2002/657/EC. The
validation steps included the verification of linearity, repeatability, specificity, trueness/recovery,
reproducibility, stability and ruggedness. Decision limits (CCa) and detection capabilities (CCR) were
also calculated, and ranged from 3.6 to 16.5 ng mL™ and from 6.0 to 28.1 ng mL™, respectively, in
fortified urine samples. Repeatability and reproducibility (intra- and inter-day) were evaluated at two
concentration levels, being 12.7 % or below at the concentration corresponding to the quantification
limits. Matrix effects and non-targeted qualitative analyses were also evaluated in fortified urine
samples. The results of the validation process revealed that the proposed method is suitable for
reliable quantification and confirmation of biomarkers of exposure to xenobiotics in human urine at low
ng mL™ levels. The method is therefore appropriate for application within the context of the biological
monitoring of these biomarkers and as a general screening method.
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A new, specific, sensitive and validated gas chromatography-mass spectrometry method was
developed for analysis of Ezetimibe (EZE), a novel, specific and synthetic hydoxymethylglutaryl
coenzyme A reductase inhibitor and used as antihypercholesterolemic drug. Ezetimibe was
derivatized using silylating agent, N-methyl-N-trimethylsilyl-trifluoroacetamide (MSTFA) for analysis by
GC-MS. The derivatization reaction was optimized. The separation was carried out on HP-5ms (5%—
phenyl methylpolysiloxane, 30 m x 0.25 mm i.d. with 0.25 um film thickness) capillary column. Injection
was performed in the splitless mode. EZE was extracted from human plasma with methyl tert-butyl
ether. Trimethylsilyl ether derivative of EZE was determined in selected ion monitoring mode.
Methyltestosterone used as internal standard. The method was validated with respect to limits of
detection and quantitation, precision, accuracy, linearity, specificity, stability, and recovery. The limits
of quantitation and detection were found as 15 and 10 ng mL™, respectively. The method was found
to be linear in the range from 15 to 250 ng mL™" The intra- and inter-day precisions (RSD) were less
than 6% and accuracies (bias) for intra- and inter-day accuracy were found between —4.04 and 9.71%
at four different concentration levels (15, 40, 100, 250 ng mL™"). The proposed method was
successfully applied to real human plasma samples collected from hypercholesterolemic patients for
determination of total EZE.

Keywords: Ezetimibe, gas chromatography-mass spectrometry (GC-MS), silylation, human plasma,
validation
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A new simple, fast, method of determination of kynurenine in plasma blood by HPLC,
ultraviolet light filter detection have elaborated on.

Kynurenine is the main metabolite in tryptophan metabolism. It takes part in the pathogenesis
of many disoders. The determination of kynurenine is important for diagnosis of the remission of
epilepsy.

We used a chromatograph made by Laboratorni Pristroje Praha which consists of isocratic
pump HPP 4001, photometric detector LCD 2563, line recorder TZ 4601, Rheodyne Model 7125
injection valve with sample loop 20 ul ( Rheodyne, Cotati, California, USA), glass columns (150
mmx3,3 mm i.d. packed with Separon SGX CN 7 um) in a sleel cartridge, Analog to Digital Converter
(NeoChrom, Research on Demand Lab Company, Ukraine, Zaporozhye). All previous scientists had
used C4g or Cg phases[1-3].

An ultraviolet light filter at 365 nm was used. The mobile phase consists of 10 mmol/L
ammonium acetate and acetic acid with a pH value 3.1. We studied dependence of retention time from
pH, the content of salt. During raise of the pH level, retention time increases. We tried to describe the
mechanism of separation. It was obtained satisfactory separation of kynurenine from matrix (Fig. 1).

[y
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Fig. 1. Chomatogram of kynurenine in plasma blood of patient with epilepsy.
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Performing a solid-phase extraction (SPE) manually can be a time consuming process, especially
when large numbers of samples must be processed. Hence, automating manual SPE methods can
afford various benefits such as high sample throughputs and reproducible results. Yet, performances
of the automated procedure need to be validated. In this study, we compare the performances
obtained under similar conditions with both a manual SPE system (Visprep, Supelco) and an
automated SPE apparatus (ASPEC, Gilson). The automated extraction system uses positive pressure
to process samples instead of vacuum for the classical manual SPE. Both SPE systems have been
applied to the extraction of selected coffee contaminants, including two polycyclic aromatic
hydrocarbons (benz[a]anthracene and benzo[a]pyrene) and two mycotoxins produced by some
species of fungi belonging to the genera Aspergillus and Penicillium (ochratoxins A and B).
Hydroxylated derivatives of benz[a]anthracene and benzo[a]pyrene have been also included in this
study, as they may be formed in vivo after coffee ingestion as possible metabolites. All the final
extracts were further analyzed by high-performance liquid chromatography coupled to a fluorescence
detector. The influence of several parameters has been investigated on both systems, and some
differences can be noted. Our results show that the SPE procedure optimised with a manual system
needs further optimisation of selected parameters for achieving quantitative recoveries for all the
targeted contaminants with an automated system. The advantages of the automated SPE procedure
over the traditional manual SPE method will be discussed in terms of overall throughput and
performance.
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Oxidative stress can be defined as the body imbalance between production of reactive oxygen
species (ROS) and biological system ability to readily detoxify the reactive intermediates or easily
repair the resulting damage. ROS generated close to cell membranes oxidize membrane
phospholipids (membrane lipid peroxidation), which can be further transformed in a chain reaction.
Endogenously generated aldehydic lipid peroxidation products are malondialdehyde, o,p-unsaturated
aldehydes (mainly 4-hydroxynonenal and 4-hydroxyhexenal) and saturated aldehydes (C6, C7 and
C9). Aldehydes are formed by lipid peroxidation of w-6 (arachidonic acid, linoleic acid) and -3 (oleic
acid) polyunsaturated fatty acids. The aldehyde biomarkers quantification in various body fluids
(exhaled breath condensate, plasma and urine) represent an interesting tool for oxidative stress
induced diseases diagnostics. The work presents a new method for the determination of aldehyde-
biomarkers in body fluids based on the LC-ESI/MS/MS. Malondialdehyde, 4-hydroxynonenal, and
saturated aldehydes (n-C6 to C13 aldehydes) were quantified after derivatisation with Girard’s reagent
T. LC-ESI-MS/MS operated in neutral loss (NL) mode was used for its exceptionally high degree of
selectivity and sensitivity. The developed method enabled unequivocal parallel determination of
several oxidative-stress biomarkers at the only one analysis run. The method was optimized and
validated. Finally, the method was tested on real clinical samples collected from patients with different
oxidative stress induced disorders (silicosis, asbestosis, pleural hyalinosis) and compared to the
control group of healthy subjects.

Acknowledgement The work was supported by the Ministry of Health of the Czech Republic (Grant
NR/9338-3), and Ministry of Education of the Czech Republic (Grant CEZ: MSM 223 100001).
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A major challenge in the area of DNA detection is the development of rapid and multiplexed methods
that do not require the labeling and the polymerase chain reaction (PCR) amplification of the DNA
sample. Both the above procedures entail additional steps in sample pre-treatment, are time
consuming and require expensive reagents. In this perspective, several label-free and PCR-free
approaches able to perform DNA analyses with high-throughput, low sample consumption and
ultrasensitivity (1 pM sensitivity must be reached for the detection of unamplified DNA) have been
proposed.

In this communication the results we obtained in the ultrasensitive detection of non-amplified DNA will
be presented. The method is based on the use of surface-immobilized peptide nucleic acids (PNA)
probes in combination with continuous-flow microfluidics and nanoparticle-enhanced surface plasmon
resonance imaging (SPRI) biosensing.

The sandwich hybridization strategy allowed the discrimination between fully matched and single base
mismatched sequences even at the 1 fM concentration. In addition, the microfluidic management of
the fluids allowed a multiplexed determination of the SPRI responses. The discrimination was obtained
by using 150 zeptomoles of the DNA target.
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Fluorescent-based DNA chips have been well-known as conventional large-scale gene analysis
tools. However, these chips are currently expensive since their manufacturing requires sophisticated
instruments such as hybridization equipments and fluorescent scanners, which has prevented their
clinical use and has confined their utilization to research fields. In this regard, we have developed a
novel label-free technique based on the change in the resistance of a gold nanoparticle (AuNP) array
due to a change in an open bridge structured by hybridization.

The resistance of the open bridge structured AuNP array immediately decreased and became
constant in 60 s. The (IR value, defined as the difference in the resistance before and after the
hybridization, was 100 m[J with an S/N ratio of over 30. The sensor showed response over a wide
concentration range (1 nM-100 [JM) with a detection limit of 5.0 fmol. To verify the effectiveness of this
system for the identification of DNA mismatches, we carried out experiments using the targeted DNA
along with complementary, 1-bp, 2-bp, and 24-bp mismatched (fully mismatched) DNA sequences.
The response was the highest for the cDNA and decreased with an increase in the number of
mismatched bases. Finally, AR hardly changed at the fully mis-matched sequence (AR < 10 mQ). It
implies that resistance change by hybridization can be directly detected with a resolution that is
sufficiently high for the detection of SNPs.

Reference
1) S. Tokonami, H. Shiigi, T. Nagaoka, Anal. Chem., 80, 8071-8075 (2008).
2) H. Shiigi, S. Tokonami, H. Yakabe, T. Nagaoka, J. Am. Chem. Soc., 127, 3280-3281 (2005).
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The emissions of gasoline and diesel engines contribute significantly to ever increasing pollution of
living environment. A specific part of exhaust gases is composed of nitrated polycyclic aromatic
hydrocarbons (NPAHSs). In the eighties and the nineties of the last century, L. Mdller studied influences
of NPAHSs and their in vivo metabolites on living organisms and their DNA [1]. In our work in vitro, an
electrochemical DNA biosensor based on the screen printed carbon paste electrode (SPCPE) has
been used for investigation of the interaction between nitro derivatives of fluorene (2-nitrofluorene and
2,7-dinitrofluorene were chosen as model representatives of NPAHs) and calf thymus DNA. Two types
of DNA damage have been investigated and electrochemically detected at the DNA/SPCPE
biosensor: the DNA damage caused by short-living radicals generated by the electrochemical
reduction of nitro group, previously described by Abreu [2], and the damage caused by the direct
interaction with the studied compounds [3]. The type of direct interaction between 2-nitrofluorene and
DNA has been characterized using previously tested DNA intercalators (metal complexes of 1,10-
phenanthroline) [4].

This work was financially supported by the Ministry of Education, Youth and Sports of the Czech
Republic (projects LC 06035, MSM 0021620857 and RP 14/63) and by the European Union Lifelong
Learning Programme (Erasmus). J. L. thanks to the Grant Agency VEGA (project 1/0852/08) of the
Ministry of Education of the Slovak Republic and Slovak Academy of Sciences for financial support.
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Food smoking is one of the oldest food technologies and has been in use for thousands of years not
only to give foods a particular organoleptic profile but also to inactivate the actions of enzymes and
microorganisms. Several studies have reported an extensive list of organic compounds found in
biomass smoke including acids, alcohols, carbonyls, esters, furans, lactones, polycyclic aromatic
hydrocarbons, phenols, and other miscellaneous compounds. Among these compounds, phenols and
methoxyphenols are components of great importance for the smoke flavor, preservation of foods, and
antioxidant effects. Phenols derivatives are characteristics for spicy odors, whereas the derivatives of
guaiacol (2-metoxifenol) present woods and medicines odors, and the derivatives of syringol (2,6-
dimethoxyphenol) present toasted flavors. Other volatile compounds, such as cresols, are toxic and
their presence is therefore non-desirable in smoked foods.

Many conventional methods have been used to sample and analyze volatile compounds present in
biomass smoke. Recent trends to minimize the organic solvent consumption in the extraction
procedures have lead to the development of several microextraction techniques.

Headspace single-drop microextraction (HSDME) is a relatively novel extraction technique which
presents many advantages such as low cost, speed, and little sample and solvent consumption.
Briefly, in the technique a drop of few micro-liters (typically 1-5) of a solvent (normally an organic
solvent) is suspended at the tip of a micro-syringe. The drop is exposed to the headspace of the
sample for a given time at a given temperature, then retracted into the syringe and directly transferred
to an appropriate chromatographic analytical system.

This work focuses on the utilization of HSDME combined with HPLC-UV for the quantitative
determination of a group of volatile compounds involved in flavor properties (vanillin, 3-metoxyphenol,
2,6-dimetoxyphenol, 2-ethylphenol and 3-ethylphenol) and toxicity (phenol, o-cresol, m-cresol and p-
cresol) in smoked foods. Several solvents have been tested in the extraction process, being the
organic solvent 1-decanol and the ionic liquid 1-buthyl-3-methylimidazolium tetrafluoroborate the most
adequate ones to work with. The extraction variables (drop size, extraction time, temperature, pH,
among others) have been optimized using an experimental design.
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Tequila is an alcoholic beverage made from the fermentation and distillation of agave juice. The
elaboration of tequila is restricted by Mexican law to the blue agave (Agave tequilana Weber var. azul)
produced in some geographic areas, namely, Jalisco, Nayarit, Michoacan, Guanajuato and
Tamaulipas. There are four different kinds of tequila according to the characteristics acquired during
the elaboration process of the distillate. These types are silver, gold, aged and extra-aged. Tequila
production reached in 2007 well over 162 million litters, and almost half of this production was for
exports. In food control, efficient methods are required for the identification of the geographical origin
and authenticity of the products. The metal content in these four varieties depends on the elaboration
process and the raw materials. The dilution water can be the main source of elements like Ca, Mg and
Na. The presence of S may be due to