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ABSTRACT
Establishment of regular river sediment monitoring, in addition to water monitoring, is very important, as geochemical data of sediments are very significant for environmental impact assessment. First scientific investigations of sediments in Croatia started in the Krka River estuary in 1989, while first systematic research of a river basin in Croatia was performed in the Kupa River drainage basin in 2005. In 2008, Croatian water authorities (Hrvatske Vode) started a preliminary sediment monitoring program. Since then, the number of monitored watercourses and of analyzed parameters has been increasing. The current plan is to establish a permanent monitoring network of river sediments throughout the state and the goal is to set up about 80 stations, which will cover all most important and most contaminated watercourses. Currently the second phase of the sediment monitoring program, which will cover sediment pollution assessment, is in progress. Unfortunately, at the moment in the Republic of Croatia, as well as at the level of the European Union, unique legislative for river sediments does not exist, as this question is very complex and the natural composition of sediments significantly varies between different regions. Therefore, public institution “Croatian Waters” decided to contribute to the development of legislative for sediments in the Republic of Croatia. A study was recently launched, in which proposals of threshold concentrations for 8 chemical elements (7 heavy metals and 1 metalloid) are given. They are as follows (in mg/kg): Cd (0.6); Pb (31); Ni (47); Hg (0.25); Cu (28); Cr (57); Zn (90) and As (10). These proposals of threshold values will serve to determine all critical locations on watercourses of Croatia and will lead to the improvement of the overall quality of sediments. Also, the proposed threshold concentrations are aimed to be the expert basis for Croatian National legislative on sediment quality. 
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INTRODUCTION
Geochemical composition of sediment is very informative, both in investigations of mineral resources of particular regions, as well as in determination of contamination. Sediment monitoring is extremely important in environmental research, as sediment acts as a hazardous substances sink. Namely, above certain level of contamination it leads to negative influences on the degree of biological diversity or human health. Stream sediment is most frequently used as a sampling medium, especially in moderate climate zone with a dense drainage network. Therefore, establishment of regular river sediment monitoring, in addition to water monitoring, is very important. Unlike water, which represents the current state of a particular watercourse, sediment represents a record of the state of long-term pollution. Sediment monitoring is crucial to establish a real perception into the pollution status of particular watercourses and to determine trends over a longer period of time. 

First scientific investigations of sediment geochemistry in the Republic of Croatia (RC) started in 1989 in the Krka River estuary [1], while first systematic research of a river basin in RC was performed in 2005 in the Kupa River drainage basin [2]. Up to now, several detailed studies of both toxic metals and organic pollutants have been conducted in this drainage basin and some other rivers and lakes in RC and the region (Slovenia, Austria, Hungary and Kosovo).

In 2008, Croatian water authorities (Hrvatske Vode) started a preliminary sediment monitoring program. In the first year of the preliminary program, only 14 sites were monitored, while in 2014 the number of sites increased to 21. The number of monitored watercourses and of analyzed parameters has also increased. The current plan is to establish a permanent monitoring network of river sediments throughout the state. The goal is to set up about 80 stations, which will cover all most important and most contaminated watercourses in all parts of the RC [3]. Until the end of the year 2016, regular monitoring was conducted at 31 sites.

Currently the second phase of the sediment monitoring program is in progress. It will cover sediment pollution assessment, i.e. “sediment quality” evaluation. At the moment in the Republic of Croatia, as well at the level of the European Union, legislative for river sediment does not exist. Legislative for sediment pollutants is established only on national levels in some countries. This question is very complex as the natural composition of sediments significantly varies between different regions. Particular countries have legislation for some of toxic substances and the United States of America and Canada are the leaders in this field. In the year 2000, MacDonald et al. [4] did the biggest step towards the development and evaluation of freshwater sediment quality criteria, which was based on consensus of large number of scientists. Public Institution “Croatian Waters” has decided to contribute to the development of national legislative for pollutants in sediments in the RC. So far a study with a proposal of threshold concentrations for some organic substances and 6 heavy metals (Cu, Zn, Cr, Hg, Cd, Pb) has been performed for transitional and coastal waters [5]. 
As river sediments significantly vary from transitional and coastal sediments, a new study was launched, in which proposals of threshold concentrations for 8 chemical elements (7 heavy metals and 1 metalloid: Cd, Pb, Ni, Hg, Cu, Cr, Zn and As) in river sediments are given. The proposed threshold concentration values will serve to point all critical locations in watercourses of the RC. The proposed threshold concentrations are aimed to be the basis for Croatian National legislative on river sediment quality. 

SAMPLING, MATERIALS AND METHODS
Within their routine monitoring, Croatian water authorities (Hrvatske Vode) currently sample river sediments at 31 locations throughout the country on all important watercourses. After sampling, sediment samples were sieved with a 63 μm sieve, model Retsch AS200, to obtain silt+clay fraction, and then dried in thermostat at a temperature of 40 °C. 

Aliquots of approximately 0.1 g of the powder sludge sample were degenerated with 2.5 mL of Suprapur® nitric acid and 7.5 mL of Puriss® hydrochloric acid and heated for half an hour at 1000 W in an Anton Paar Multiwave 3000 oven (Graz, Austria). ISO 11466 (Soil quality-Extraction of trace elements soluble in aqua regia) is followed. Digested samples were quantitatively transferred to volumetric flasks and diluted to 50 mL with deionized water. All laboratory glassware was submerged for 24 h in 1% HNO3 solution and rinsed three times with deionized water prior to use. 

The following elements: Cd, Pb, Ni, Cu, Cr, Zn and As in sediment were detected by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) method, using an ICP MS Elan 9000 (Perkin Elmer) and a standard reference material (RTC, Trace elements on fresh water sediment).
Mercury (Hg) was detected by Cold Vapor Atomic Absorption Spectrophotometry (CVAAS) method, in the same solution using a Cetac Quik Trace m-8000 Mercury Analyzer.  

RESULTS AND DISCUSSION

Estimation of natural concentrations of selected elements (Cd, Pb, Ni, Hg, Cu, Cr, Zn and As) in sediments of Croatian rivers
To propose threshold concentrations for particular elements, one of the first steps of our work was to estimate the natural concentrations of elements in Croatian rivers. For estimation of the natural concentrations of selected elements in sediments of Croatian rivers, several data sources were used: FOREGS atlas [6], mean values from the Kupa River drainage basin [2], mean values for Istrian rivers [7] and monitoring data of Croatian Waters. Overview of those data is given in Table 1. 
Table 1. Overview of natural concentrations of selected elements in river sediments in RC. All concentrations are in mg kg-1.

	Data source
	Cd
	Pb
	Ni
	Hg
	Cu
	Cr
	Zn
	As

	FOREGS means 
	0.527*
	29.8
	28.6
	0.081*
	19.0
	31.0
	98.0
	9.50

	Kupa River basin
	0.319
	16.28
	26.47
	0.087
	16.21
	22.41
	53.37
	5.04

	Istrian rivers
	0.262
	21.18
	85.58
	2.495
	28.88
	44.90
	70.43
	6.54

	Monitoring means
	0.335
	21.20
	62.26
	1.604
	23.13
	85.88
	60.72
	8.83


* Total digestion, all other results were obtained using aqua regia digestion
FOREGS (Forum of European Geological Surveys, now EuroGeoSurveys) means in Table 1 are mean values of those elements for the whole Europe, and they are not suitable to describe natural background data for Croatian river sediments. The Kupa River watershed is an ideal dataset to serve as background natural concentrations. This watershed is the biggest in central Croatia and is situated in a transitional area between coastal and continental Croatia. The presented data are from the largest cluster from this watershed which does not contain significant ore occurrences, anomalous elemental concentrations and anthropogenic pollution sources [2]. Concentrations of some elements in river sediments in the Istrian peninsula (western part of Croatia) vary from concentrations in other parts of the country due to the local geological environment (e.g. flysch). Ni, Hg, Cu and Cr are significantly higher in this region than in rest of the RC and higher than FOREGS means. Hence, data for this region [7] are included in our database and served for threshold proposal. 
Determination of threshold values for selected elements (Cd, Pb, Ni, Hg, Cu, Cr, Zn and As)

For the determination of threshold values for selected elements, several data sources were used. The first group of datasets contained existing data sources for Croatian river sediments, which are summarized in Table 1, while the second group contains available legislative from Canada [8] and USA (EPA – Environmental Protection Agency) [9] and a paper by MacDonald et al. [10], who proposed “consensus-based” TEC (threshold effect concentration). They are called “consensus-based”, as they are calculated from large number of available scientific and monitoring studies throughout the USA. For each studied element proposal of threshold value will be explained and data are presented in Table 2.
Table 2. Proposed threshold values of selected elements for river sediments in Croatia

	Element
	Cd
	Pb
	Ni
	Hg
	Cu
	Cr
	Zn
	As

	mg kg-1
	0.6
	31
	47
	0.25
	28
	57
	90
	10


Cadmium: TEC value for Cd is 0.99 mg kg-1, while threshold value under which there are no toxic effects for provinces Ontario and British Columbia, Canada is 0.6 mg kg-1. Because Cd concentrations in Croatian rivers are generally very low, with several exceptions in the south of the country, for the whole Republic of Croatia we propose threshold value of 0.6 mg kg-1. When using this value as threshold, only 4 locations from the monitoring program would have values above it and they present statistical anomalies. All those exceptions with some anthropogenic influence are located in Dalmatia (southern part of Croatia).
Lead: TEC value for Pb is 35.8 mg kg-1. Threshold for toxic effects according to legislative of British Columbia, Canada is 31 mg kg-1, while threshold for significant toxic effects is 250 mg kg-1. According to the EPA, unpolluted sediments are considered those with Pb concentrations under 40 mg kg-1. When Pb concentrations in sediments of Croatian rivers and those threshold values are considered, we propose threshold value of 31 mg kg-1 for the whole Croatia. When using this value as threshold, 20% of the sampling sites would have values above it. Those locations present “hot spots” and they should be monitored more carefully. All those locations with anthropogenic influence are located on the Drava and Sava rivers, while on all other studied watercourses there is no anthropogenic influence.
Nickel: TEC value for Ni is 22.7 mg kg-1. Threshold for toxic effects according to legislative of Ontario, Canada is 35 mg kg-1, while threshold for significant toxic effects is 75 mg kg-1. According to the EPA, threshold value for unpolluted sediments is very low, only 20 mg kg-1. Application of those criteria would not be realistic for sediments of Croatian rivers, as Ni concentrations are naturally higher in Croatia. However, the Canadian threshold proposal contains the so called OEL criterion (occasional effect level). For Ni, the OEL is set at 47 mg kg-1. This value is approximately double TEC value under which no harmful effects are expected. Due to the specific composition of Croatian river sediments (e.g. flysch) [7], we propose value of 47 mg kg-1 as threshold value. Even in the case of using so mild criteria for evaluation of river sediment quality considering Ni, in 45% of the sampling sites Ni concentrations would be above the threshold concentration. Four of monitoring sites (located on the Sava, Danube, Česma and Jadro rivers) present statistical anomalies and on those sites anthropogenic influence is very high. Three of those locations are in the continental part of Croatia (the Sava River near Županja, the Česma River near Obedišće and the Danube River at the Batina border profile), while one location (Jadro River) is in the coastal part of the country. Ni contamination in the Danube River originates from some contamination source in Hungary. Special care should be devoted to Ni contamination in sediments of Croatian rivers and monitoring of Ni should be intensified on the mentioned “hot spots”. We propose a new evaluation of the situation after 5 years. In case that a decreasing trend of Ni concentrations on the polluted sites will be observed, it would be good to decrease the threshold value at least to 35 mg kg-1, which value in the current situation would not be realistic. 
Mercury: TEC value for Hg is 0.18 mg kg-1. Threshold value according to legislative of British Columbia, Canada is similar (0.2 mg kg-1). According to legislative of Ontario, Canada, threshold is as high as 1 mg kg-1, while OEL criterion of Quebec, Canada for Hg is 0.25 mg kg-1. The same as for Ni, this OEL criterion appeared to be the most appropriate one to apply for Croatian river sediments. Therefore, we propose threshold value for Hg of 0.25 mg kg-1. When using this value as threshold, 15% of monitoring sites would be above it and there will be only few “hot spots” on which anthropogenic influence is very high and which should be monitored more frequently. Three of those locations are in the continental part of Croatia (the Sava River near Jasenovac, the Sava River near Županja and the Danube River at the Batina border profile), while two locations (the left bank of the Neretva River in Metković and the Jadro River) are in the coastal part of the country. High Hg concentration at the Jadro River source is troubling, as it is used as water supply. This “hot spot” is assumed to be the result of pollution from an abandoned pvc-factory in nearby Kaštela Bay. 
Copper: TEC value for Cu is 31.6 mg kg-1. According to the EPA, threshold value for unpolluted sediments is 25 mg kg-1, while according to legislative of Ontario, Canada it is a bit higher (28 mg kg-1). The OEL criterion of Quebec, Canada is much higher (63 mg kg-1). When all those criteria and recommendations were compared with data from Croatian river sediments, the proposed value for Cu should be 28 mg kg-1. When using this value as threshold, 25% of monitoring sites are above it. There are no locations with very high anthropogenic influence, while on five locations moderate to significant anthropogenic influence is present and these locations are considered as “hot spots”. Three of those locations are in the continental part of Croatia on the Sava and Drava rivers, while two are present on the Neretva and Norin rivers in Dalmatia.
Chromium: TEC value for Cr is 43.4 mg kg-1. According to legislative of British Columbia, Canada, threshold value for Cr is 26 mg kg-1, while threshold for significant toxic effects is above 110 mg kg-1. The OEL criterion of Quebec, Canada for Cr is 57 mg kg-1. Concentrations of Cr in Croatian rivers sediments are mostly very high and several “hot spots” exist with extreme Cr concentrations. Most representative criteria appeared to be OEL criteria from Quebec, Canada and we propose threshold value of 57 mg kg-1. When using this value as threshold, 55% of monitoring sites would have Cr concentrations above it. On six locations, anthropogenic influence is very high. An extremely high concentration of Cr is present in the Danube River sediment at the Batina border profile, which is caused from industrial contamination from Hungary. It is interesting that at the exit profile of the Danube River from Croatia at Ilok, Cr concentration is much lower, which could be explained with existing self-purification processes. On all other locations (the Sava River near Županja, the Sava near Jasenovac, the Česma in Obedišće, the Jadro River and the Norin River), Cr concentrations are significantly lower, but still they are very high. It is very distressing that even when mild criteria are applied, more than half of monitoring sites in Croatia contain Cr concentrations above the proposed threshold value. Therefore, special attention in further monitoring should be given to Cr and measures for improvement should be applied. Also, collaboration with Hungarian authorities would be very important to solve the obvious contamination problem in the Danube River originating from Hungary. 

Zinc: TEC value for Zn is 121 mg kg-1, while according to the EPA threshold value is 90 mg kg-1. Zinc concentrations are rather low throughout Croatia, with several exceptions on the Drava and Sava rivers. Therefore, we propose threshold value of 90 mg kg-1, which is the value recommended by the EPA. When using this value as threshold, 25% of monitoring sites would be above it. Only on two locations, both on the Drava River (Botovo-Ortilos and Donji Miholjac-Dravasabolc profiles), moderate to high anthropogenic influence is present and they could be considered as “hot spots”. It could be assumed that this pollution originates from Hungary. On all other locations throughout Croatia anthropogenic influence is very low, or locations are completely unpolluted with Zn. Because of those reasons, it was possible to establish a rather strict criterion for Zn for sediments of Croatian rivers.
Arsenic: TEC value for As is 9.79 mg kg-1. According to legislative of Ontario, Canada, threshold value is 6 mg kg-1, while threshold for significant toxic effects is 33 mg kg-1. The OEL criterion from Quebec, Canada is 7.6 mg kg-1. In some parts of Croatia, especially in its northwestern and eastern parts, increased concentrations of As are of natural origin. From the literature [11] it is known that the groundwaters in eastern Croatia are generally under anoxic and reducing conditions. Depending on local geomorphological and hydrogeochemical conditions, in the zones with a longer groundwater retention time, pH dependent As desorption from iron (hydr)oxides can occur, which causes increased As concentrations in water. When threshold value of Ontario would be used, most of monitoring stations would be above it. Taking into account all available data of sediment monitoring as all available recommended and legislative values worldwide, we propose threshold value for river sediments in whole Croatia to be 10 mg kg-1. This is a TEC value rounded to a whole number, which is most suitable to be threshold value for Croatian river sediments. When using this value as threshold, 25% of monitoring stations would have As concentrations above it, among which only two stations on the Drava River (Botovo-Ortilos profile and before inflow into the Danube River) present statistical anomalies. On all other sites As concentrations are low. 
Figure 1 presents histograms for 8 studied elements on monitoring stations on Croatian rivers. The proposed threshold value in the current study is marked as a red line. 
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Figure 1. Histograms of concentrations of 8 studied elements in sediments of Croatian rivers, with proposed threshold value (in red).
Evaluation of proposed threshold values on example of the Kupa River watershed

Public company Hrvatske vode [Croatian waters] targeted the majority of monitoring stations downstream of the known pollution sources. Therefore, the majority of monitoring sites have at least one and many of them more elements in concentrations above the proposed threshold values. Due to the above-mentioned reasons, this dataset is not suitable to evaluate fitting of the proposed threshold values to existent conditions in Croatian watercourses. Therefore, the proposed threshold values will be tested on the Kupa River watershed, which is the central watershed of Croatia and has the largest geochemical dataset on river sediments [2]. The position of the Kupa River drainage basin within Croatia and the location of sampling sites from the quoted dataset are presented in Figure 2. 
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Figure 2. Position of Kupa River watershed within Croatia and location of 63 sampling sites from quoted literature [2].
From the quoted literature data were taken for 8 elements on 63 sites, from which 61 are in the Kupa River watershed itself, while 2 (used for comparison) are located on the Sava River, one upstream and one downstream of the Kupa River inflow.
40 of 63 monitoring sites (63.49%) don’t have concentration above the threshold values, i.e. in these sites mentioned 8 elements concentrations are below threshold values. Evaluation of data from the Kupa River watershed is presented in Table 3. When we look separately for each of studied elements, the situation is the following:
Cadmium (Cd) - 4 of 63 monitoring sites (6.35%) concentrations are above threshold value;

Lead (Pb) - 6 of 63 monitoring sites (9.52%) concentrations are above threshold value;

Nickel (Ni) - 4 of 63 monitoring sites (6.35%) concentrations are above threshold value; 

Mercury (Hg) - 1 of 63 monitoring sites (1.59%) concentrations are above threshold value;

Copper (Cu) - 9 of 63 monitoring sites (14.29%) concentrations are above threshold value;

Chromium (Cr) - 1 of 63 monitoring sites (1.59%) concentrations are above threshold value;

Zinc (Zn) - 8 of 63 monitoring sites (12.70%) concentrations are above threshold value;

Arsenic - 3 of 63 monitoring sites (4.76%) concentrations are above threshold value.
Table 3. Evaluation of data from the Kupa River watershed from quoted literature [2] according to threshold value proposed by current research. Locations of sampling sites are presented in Figure 2. 

	Postaja
	Cd
	Pb
	Ni
	Hg (ppb)
	Cu
	Cr
	Zn
	As

	1
	0.8
	16.7
	19.2
	141
	14.2
	22.3
	58.9
	3.7

	2
	0.3
	33.5
	25.2
	104
	14.7
	20.0
	58.6
	4.8

	3
	0.5
	21.5
	36.2
	105
	20.4
	41.4
	102
	6.4

	4
	0.3
	20.1
	38.7
	101
	21.4
	26.4
	65.3
	4.0

	5
	-0.4
	11.9
	23.6
	22
	14.1
	18.3
	47.3
	-0.4

	6
	0.3
	9.64
	17.8
	84
	8.49
	13.5
	35.8
	0.5

	6L
	0.5
	7.05
	13.1
	29
	4.24
	8.0
	22.0
	3.0

	7
	0.4
	13.6
	23.6
	56
	12.3
	19.7
	45.0
	2.7

	8
	0.6
	23.3
	36.6
	93
	18.0
	32.5
	69.4
	5.7

	9
	0.3
	16.3
	26.6
	130
	17.6
	21.7
	67.9
	3.2

	10
	0.3
	4.99
	13.4
	26
	5.89
	7.2
	14.8
	6.2

	11
	0.5
	23.8
	57.4
	134
	31.2
	35.5
	59.5
	8.8

	12
	0.4
	13.4
	42.4
	88
	19.3
	28.7
	92.6
	7.2

	13
	0.6
	17.3
	38.1
	44
	14.0
	23.9
	45.7
	11.6

	13K
	-1.0
	37.7
	29.4
	23
	32.9
	62.8
	96.2
	-1.0

	14
	0.3
	8.61
	23.2
	38
	8.30
	14.0
	27.2
	4.2

	14R
	0.4
	51.5
	25.3
	120
	17.6
	23.3
	134
	9.4

	14BR
	0.3
	32.4
	19.6
	104
	13.9
	22.7
	74.1
	2.7

	15
	0.6
	14.9
	23.3
	42
	11.4
	16.3
	32.7
	6.1

	16
	0.3
	11.5
	34.9
	60
	14.6
	26.0
	42.4
	3.4

	17
	0.3
	17.9
	105
	97
	25.7
	55.7
	74.9
	4.2

	18
	0.4
	7.55
	25.1
	26
	10.1
	15.8
	26.3
	4.3

	19
	0.3
	9.16
	16.6
	25
	6.89
	11.0
	25.0
	8.1

	19KO
	0.2
	9.16
	10.3
	15
	4.65
	2.5
	11.8
	6.1

	20
	1.2
	18.7
	25.8
	60
	16.2
	23.1
	54.2
	5.5

	21
	0.6
	24.5
	14.4
	99
	19.9
	15.6
	42.9
	5.2

	22
	0.4
	32.0
	43.8
	109
	37.5
	35.0
	116
	4.9

	23
	0.3
	18.6
	47.6
	58
	29.9
	40.5
	77.2
	5.4

	24
	-0.5
	15.3
	39.8
	21
	50.0
	44.1
	72.5
	1.0

	25
	0.2
	22.9
	34.3
	89
	14.4
	32.9
	44.0
	1.0

	26
	0.4
	13.5
	78.7
	132
	23.4
	48.6
	58.0
	4.2

	27
	0.1
	12.3
	20.5
	83
	8.91
	20.7
	38.1
	6.2

	28
	0.4
	18.6
	24.1
	164
	14.6
	36.6
	71.8
	3.3

	29
	0.3
	14.5
	22.7
	112
	11.1
	28.4
	57.6
	4.0

	30
	0.7
	20.5
	30.3
	143
	23.7
	28.4
	89.1
	4.8

	31
	0.3
	15.5
	21.7
	67
	17.6
	21.1
	50.6
	4.8

	32
	0.3
	15.0
	21.9
	162
	30.7
	20.7
	67.1
	2.7

	33
	0.3
	16.6
	29.3
	108
	19.0
	23.1
	50.5
	6.6

	34
	0.2
	18.1
	31.0
	86
	21.0
	24.0
	47.1
	5.2

	35
	0.2
	15.3
	22.2
	89
	12.3
	21.2
	46.4
	6.1

	36
	0.2
	17.0
	33.5
	127
	28.3
	32.4
	90.9
	4.8

	37
	0.3
	19.1
	37.9
	13
	16.7
	29.9
	45.1
	1.5

	38
	0.2
	8.43
	16.3
	61
	7.49
	17.0
	33.3
	1.8

	39
	0.3
	15.7
	29.4
	98
	20.2
	27.5
	59.7
	6.9

	40
	0.4
	10.4
	36.1
	45
	22.0
	25.5
	49.3
	4.5

	41
	0.2
	9.07
	20.9
	67
	8.88
	19.3
	42.2
	2.0

	42
	-1.6
	22.0
	23.4
	17
	23.1
	27.2
	116
	1.9

	43
	0.8
	65.1
	37.7
	697
	54.5
	52.0
	229
	6.1

	44
	0.4
	17.6
	36.6
	145
	14.6
	29.5
	57.6
	13.0

	45
	0.3
	14.2
	32.9
	59
	12.4
	27.8
	50.5
	6.0

	46
	0.5
	19.0
	21.4
	41
	13.2
	16.8
	46.2
	3.8

	47
	0.4
	19.9
	28.7
	86
	18.3
	22.4
	68.8
	5.4

	48
	0.4
	25.3
	30.0
	152
	32.0
	21.7
	79.2
	6.6

	49
	0.2
	13.1
	19.1
	75
	11.9
	13.4
	51.4
	4.8

	50
	0.2
	17.6
	29.5
	130
	21.4
	20.9
	73.0
	8.6

	51
	-0.7
	24.5
	30.7
	20
	25.0
	29.1
	71.7
	9.5

	52
	0.3
	20.6
	31.3
	154
	23.1
	22.6
	70.9
	8.0

	53
	0.4
	16.5
	29.9
	73
	18.1
	21.0
	60.7
	7.9

	54
	0.3
	20.3
	32.1
	171
	24.9
	22.3
	76.3
	9.9

	55
	0.3
	6.68
	20.3
	128
	8.31
	10.3
	19.8
	6.8

	56
	0.2
	20.3
	39.9
	206
	28.0
	32.9
	85.1
	12.6

	57
	0.3
	5.49
	15.7
	14
	6.17
	6.6
	15.8
	6.2

	58
	0.2
	5.48
	14.1
	23
	5.19
	11.5
	15.9
	1.5


LEGEND:

	
	Under threshold value

	
	Above threshold value


All sampling sites in the Kupa River watershed with concentrations of some of the studied elements above the threshold value are situated where the known pollution sources exist. In the Kupa River clean drainage basin, only a small number of sites with concentrations of particular element in sediments above the threshold value exist. Therefore, it could be presumed that the proposed threshold values for river sediments in the RC are well assessed.
CONCLUSION
Measure of the quality of river sediments derives from analytical measurements, toxicity tests and monitoring results. It is recommended to determine the limit values ​​for dangerous substances based on a combination of the above measurements and evaluation of the results of monitoring of river sediments in the Republic of Croatia. Usually two criteria are defined: background value (background assessment concentration or BAC) that defines the boundary between natural concentrations and the concentrations that result from anthropogenic activity and on which basis for a particular system it can be said whether it is contaminated by anthropogenic influence or not. The pollution that results in adverse effects on aquatic organisms is evaluated on the defined ecotoxicological criteria (TEC - threshold effect concentrations and PEC - probable effect concentrations). Ecotoxicological criteria for specific contaminants are unique and defined for certain aquatic organisms (demersal populations); however background values ​​for certain pollutants in sediments have to be defined for each water system as they depend on its geological characteristics, as well. Geological characteristics of the drainage basin determine its composition and consequently the composition and concentration of natural metal concentrations. 
The proposed threshold values are an expert basis and proposal to impose restrictions for sediment quality criteria in the Croatian legislation. However, it would be required within the following five years to monitor trends in concentrations of elements in Croatian river sediments on all monitored sites that do not meet the proposed criteria. It was found that worse situation in Croatian rivers is with Ni, Hg and Cr, which have significant anthropogenic concentrations in sediments of several locations. Over time, the network of monitored sites should be expanded based on scientific geochemical data. Consequently, it should be necessary to evaluate data in more detail and eventually correct some of the proposed threshold values. 
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