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Abstract The sequential extraction procedure of the

European Community Bureau of Reference (BCR)

was applied for the fractionation of Cd, Cr, Cu, Ni, Pb,

Zn, Fe, Mn, and V in the Serbian river sediments. The

aim of this paper was to describe a new approach in

detection of anthropogenic elements in sediments,

related to the Serbian river courses in order to assess

their metal contamination. For sediment pollution

evaluation, the risk assessment code (RAC) and the

secondary phase enrichment factor (KSPEF) were used.

Metal fractionation showed more easily mobilized

forms predominant for copper, zinc, cadmium, man-

ganese, and lead, which can be one of the indicators for

anthropogenic source input. Chromium, nickel, iron,

and vanadium found in the residual fraction indicate

these metals may be an indicator for natural sources

input. Based on RAC classification, results of sedi-

ments show no risk (Cr and V), low risk (Ni, Pb, and

Fe), medium risk (Cu), high risk (Cd and Zn), and

veryhigh risk (Mn). The mean values of KSPEF

were Cd[Cu[Zn[Ni[Mn[ Pb[ Fe[Cr[
V, decreasing scale of no to moderately severe

enrichment. The sediments were found to be contam-

inated by heavy metals to various extents, mostly Cd,

Cu, and Zn. Research has shown the importance of

KSPEF in quantifying degree of metal enrichment in

sediments using results of sequential extraction. With

the application of this factor, which is not frequently

used in the scientific literature, the results obtained

with sequential extraction can be used not only for

assessment of mobility but also to quantify the metal

pollution.

Keywords Heavy metals � Aquatic sediments �
Secondary phase enrichment factor � Risk assessment

code � Statistical methods

Introduction

Heavy metal contamination is a worldwide spread

environmental problem for many years now. The

importance of the heavy metals studying is due to their

toxicity, durability, non-degradability in the environ-

ment (Davutluoglu et al. 2011) and rapid accumulation
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by living organisms (Copaja et al. 2014). The aquatic

sediments are characterized by their extreme com-

plexity and diversity. Their capacities for bonding

with heavy metals can be related to the parent

materials and climatic conditions. After being trans-

ported into aquatic ecosystems, heavy metals can be

absorbed by suspended solids and accumulated in

sediments.

The reactivity or mobility of heavy metals in

sediments, and thus their potential toxicity, depends

on phase in which they occur in, and to which

chemical and physical processes these phases are

subjected to (Rao et al. 2010). Said phases are also

referred to as fractions, and they include the following

wide-range categories: water-soluble, exchangeable,

specifically adsorbed, carbonate, Fe and Mn oxides,

organic matter, sulfides, and silicates. All of these

fractions may occur in a variety of structural forms

(Favas et al. 2014).

From an environmental standpoint, it is important

to determine under which conditions heavy metals

could be released from sediments. A variety of

sorption- and desorption-based procedures have been

reported, using various extractants and experimental

conditions (Davutluoglu et al. 2011). Sequential

extraction is an important and widely applied tool

that has provided considerable insights into the

environmental behavior of potentially toxic elements

(Sutherland 2010; Canuto et al. 2013). This was

originally designed for the selective removal of trace

elements bound to operationally defined sediment

fractions. Although sequential extractions procedures

are not specific to the fullest extent, they may provide

comparative information on trace metal mobility in

soils with changing environmental conditions, such as

pH or redox potential, and may help to evaluate the

relative contribution of mixed pollution sources to said

mobility (Pueyo et al. 2008).

A few studies have determined metals in sediments

using different sequential extraction procedures (Kar-

tal et al. 2006; de Andrade Passos et al. 2010; Wang

et al. 2010; Davutluoglu et al. 2011; Sakan and

Ðordevic 2012, 2013; Alvarez et al. 2014; Fathol-

lahzadeh et al. 2014; Favas et al. 2014). The three-

stage sequential extraction procedure of the European

Community Bureau of Reference (BCR) was devel-

oped in an attempt to standardize the various schemes

(de Andrade Passos et al. 2010). This method has also

been widely accepted and applied to metal

fractionation in different environmental samples (Kar-

tal et al. 2006; de Andrade Passos et al. 2010;

Davutluoglu et al. 2011; Fathollahzadeh et al. 2014).

Based on the results obtained from sequential extrac-

tion, in some studies, metal pollution assessment was

made by using risk assessment codes (RAC) (de

Andrade Passos et al. 2010; Wang et al. 2010; Favas

et al. 2014) and secondary phase enrichment factor

(KSPEF) (Cai et al. 2011; Yang et al. 2012). These

indices provide useful information for identification of

the most severe pollutant and level of sediment

contamination.

In order to assess the general pollution of Serbian

river sediment, the heavy metal contamination and the

associated ecological risk in this region were deter-

mined by using: (1) the BCR sequential extraction

procedure, (2) the sediment quality guidelines, (3)

determination by the risk assessment code, (4) calcu-

lation of the secondary phase enrichment factor, and

(5) appliance statistical analysis (Q-mode and R-mode

of cluster analysis). The investigations that were the

subject of this study include sediments from the

international rivers the Tisa, the Sava, and the Danube,

and their tributaries. As shown in paper Teodorovic

(2009), as a signatory party of The Danube River

Protection Convention and a contracting party of

International Commission for the Protection of the

Danube River (ICPDR) since August 2003, Serbia has

been committed to implementation of the Danube

Convention, the objective of which, among others,

includes the control of accidental hazards involving

hazardous substances and implementation of measures

for reduction in the Danube River Basin pollution

shares entering the Black Sea. Since ICPDR (2005)

assuming the mandate for implementation of the

European Union (EU) Water Framework Directive

(WFD), although still not an EUMember State, Serbia

has been undertaking measures to contribute to

fulfillment of the WFD main objective—good eco-

logical status of all European rivers by 2015. Cd, Pb,

Ni, Cu, Zn, and Cr, quoted in the List of Priority

Substances for the Danube River basin, are included in

this research. In the previous surveys of the river

sediments in Serbia, only the total content of heavy

metal pollution was determined (Sakan et al. 2011,

2014). Although the determination of metal fraction

that might be bioavailable was recommended for the

identification of state of the sediments and river

pollution (Sakan et al. 2014), until now there was no
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adequate research conducted. In this paper, the

chemical fractionation is applied on studied sedi-

ments, and for the first time, RAC and KSPEF in this

system are used for the determination of the sediment

pollution.

Materials and methods

Study area and sampling localities

For this survey, sediments were selected from themain

rivers in Serbia. Thirty-five river sediment samples

from 14 rivers and one canal in Serbia were taken

during the year 2008: the Danube, the Sava, the Tisa,

the Ibar, the Great Morava, the West Morava, the

South Morava, the Nišava, the Tamiš, the DTD canal,

the Topčiderska River, the Porečka River, the Kol-

ubara, the Pek, and the Toplica. On larger rivers,

sampling was conducted at several locations (Fig. 1).

The contents of the elements were determined in the

granulometric fraction \63 lm of the bottom sedi-

ment samples (Sakan et al. 2014). Many studies have

been carried out using this sediment fraction. A major

advantage in using the \63 lm size fraction is the

greater concentrations of trace elements bonded with

silt/clay particles.

The sediment samples were collected by using a

grab sampler from the specified sampling stations. The

sampling was conducted using Van Veen grab sam-

pler, designed to collect an accurate representative

sample of the sediment. Equal volumes of sediment

from nearby locations (five subsamples) were mixed

for each site in order to make a composite sample to

expand the area of each site represented by the sample.

Immediately after sampling, the sediment was trans-

ported to the laboratory in a portable cooler. Samples

were stored at 4 �C in order to prevent changes in the

chemical composition of the sediments. The contents

of the micro- and macro-elements in sediments were

determined after air-drying for 8 days.

Sequential extraction of heavy metals

Sequential extraction was performed using the opti-

mized BCR procedure (de Andrade Passos et al. 2010;

Sutherland 2010). A description of this procedure is

given below, and it is as follows:

Step 1 (fraction soluble in acid—metals exchange-

able or associated with carbonates): Each 1 g of

sample was added 40 mL of a 0.11 mol L-1 acetic

acid solution, with agitation for 16 h at 22 �C. The
extract was separated from the solid phase by

centrifugation at 3000 rpm for 20 min, and the

supernatant stored for later analysis.

Step 2 (reducible fraction—metals associated with

oxides of Fe and Mn): Residue from stage 1 was added

40 mL of a 0.5 mol L-1 acid hydroxyl ammonium

chloride solution (pH 1.5). The suspension was then

agitated for 16 h at 22 �C. The extract was separated

from the solid phase by centrifugation, as described for

stage 1.

Step 3 (oxidizable fraction—metals associated with

organic matter and sulfides): Residue from stage 2 was

added 10 mL of 8.8 mol L-1 H2O2 solution (pH 2–3),

and the mixture left at room temperature for 1 h. It was

then heated to 85 �C for 1 h in a water bath, and then

the volume was reduced to 2–3 mL by the further

heating in a water bath. Another 10 mL portion of

8.8 mol L-1 H2O2 solution was added, and the mixture

heated to dryness at 85 �C for 1 h. After cooling,

50 mL of a 1.0 mol L-1 solution of ammonium acetate

(pH 2) was added to the residue, followed by agitation

for 16 h at 22 �C. The extract was separated from the

solid phase by centrifugation, as above.

After the first three extraction steps, extract was

separated from solid residue by centrifugation at

30009g for 10 min, decant supernatant, diluted to

50 mL with 1 M HNO3, and stored in a polyethylene

bottle at 4 �C until metal analysis. The residue was

washed with 20 mL deionized water and shaken

15 min, followed by centrifugation for 10 min at

30009g. The supernatant was decanted and discarded,

acting cautiously not to discard any solid residues. In

this way, the residue was prepared for the next BCR

step (Sutherland 2010; Relić et al. 2013).

Step 4 (residual fraction–metals strongly associated

with the crystalline structure of minerals): The stage 3

residue was digested using a mixture of the acids

(8 mL aqua regia, 3:1, v/v, HCl–HNO3) on water bath

for 1 h at 85 �C, until the volume was reduced to

2–3 mL. Another 8 mL portion of aqua regia was

added, and the mixture heated to dryness at 85 �C for

1 h. The final residue was dissolved in 1 M HNO3 and

diluted to 50 mL and stored in a polyethylene bottle at

4 �C until metal analysis. Digestion of the residual

material is not specified in the BCR protocol.
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Fig. 1 Map of Serbia and sampling locations. Explanation: D

(Danube), S (Sava), T (Tisa), V (Great Morava), Z (West

Morava), I (Ibar), N (Nišava), DT (DTD canal), Ta (Tamiš), Tr

(Topčiderska River), Ko (Kolubara), JM (South Morava), To

(Toplica), Pe (Pek), Pr (Porečka River)
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Determination of element concentrations

and quality control

Element concentrations in solutions obtained at each step

were determined using an atomic emission spectrometer

with an inductively coupled plasma iCAP-6500 Duo

(Thermo Scientific, United Kingdom). The analytical

data quality was controlled by using laboratory quality

assurance and quality control methods, including the use

of standard operating procedures, calibration with stan-

dards, and analysis of both reagent blanks and replicates

(Sakan et al. 2015). The blank solutions were prepared in

the sameway as samples during the extraction procedure.

Used wavelengths (nm) were as follows: Cd 214.4, Cr

266.6, Pb 220.3,Mn257.6,Ni 231.6, Zn 213.8, Cu 217.8,

V 290.8, and Fe 261.1. Sediment data in this study are

reported on a dry weight mg kg-1 basis.

Acceptable accuracy and precision of metals were

achieved for all steps of sequential extraction. The

accuracy of the obtained results was checked by

analyzing sediment reference material (BCR-701) for

three-step sequential extraction. Accuracy was deter-

mined by comparing the measured concentration with

the certified value and then expressed in percentage.

The percentage recovery of each element was deter-

mined as:

ðmeasured concentration in mg kg�1=

mean certified value for BCR 701 in mg kg�1Þ
� 100:

Table 1 shows the recovery rates for the heavy

metals in the standard reference material BCR-701.

The average recovery values for heavy metals in the

standard reference material were in the range of

87.7–107.5 %.

Duplicate samples were used to measure the

precision of the method. In this research, duplicate

analysis was performed for seven sediment samples

for three-step sequential extraction. The precision is

expressed as the relative standard deviations. The

relative standard deviations of the means of duplicate

measurement were less than 10 % (from 0.4 to 6.9 %).

Risk assessment code (RAC)

To estimate the environmental hazard due to metal

concentrations in sampling areas, the sediment sam-

ples were classified according to a risk assessment

code (RAC), based on the strength of the bond

between the metals and the different geochemical

fractions in the sediments. The RAC is defined by

taking the ratio of the sum of exchangeable and

carbonic fractions (fraction 1) to the total concentra-

tion of elements in sediments and is expressed as a

percentage (Favas et al. 2014). The RAC (Table 2)

was determined based on the metal content that was

found in the first fraction where binding is weak and

the metals pose greater risk to the environment (de

Andrade Passos et al. 2010).

Table 1 Comparison of analyzed and certified values of BCR-701

Cd Cr Cu Ni Pb Zn

Step 1

Analyzed 7.22 ± 0.39 1.90 ± 0.11 47.6 ± 1.3 13.5 ± 0.7 2.99 ± 0.26 195 ± 4

Certified 7.34 ± 0.35 2.26 ± 0.16 49.3 ± 1.7 15.4 ± 0.9 3.18 ± 0.21 205 ± 6

% Recovery 98.4 84.1 96.6 87.7 94.0 95.1

Step 2

Analyzed 3.55 ± 0.35 44.0 ± 3.7 126 ± 7 27.1 ± 1.5 124 ± 5 117 ± 6

Certified 3.77 ± 0.28 45.7 ± 2.0 124 ± 3 26.6 ± 1.3 126 ± 3 114 ± 5

% Recovery 94.2 96.3 101.6 101.9 98.4 102.6

Step 3

Analyzed 0.24 ± 0.09 139 ± 7 56.3 ± 3.8 16.4 ± 1.2 8.6 ± 2.2 47.3 ± 4.2

Certified 0.27 ± 0.06 143 ± 7 55.2 ± 4.0 15.3 ± 0.9 9.3 ± 2.0 45.7 ± 4.0

% Recovery 88.9 97.2 102.0 107.2 92.5 103.5
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Secondary phase enrichment factor (KSPEF)

The KSPEF was developed to evaluate the heavy metal

contamination using chemical form data usually

obtained by sequential extraction analysis (Cai et al.

2011; Yang et al. 2012). The KSPEF is calculated

according to the following equation:

KSPEF ¼ (Labile=Residual)sample=

(Labile=Residual)reference;

where labile fraction is the sum of concentrations for a

given element for fractions 1–3 extracted using BCR

sequential extraction procedure, and the residual

component, environmentally inert (fraction 4). The

enrichment degree of heavy metals can be classified

into the following categories: no enrichment: KSPEF

B 1; minor enrichment: 1\KSPEF B 3; moderate

enrichment: 3\KSPEF B 5; moderately severe

enrichment: 5\KSPEF B 10; and severe enrichment:

KSPEF[ 10. The labile/residual ratio for elements

content in the DTD canal (station in Vrbas) was

chosen as the reference values in this research. The

element contents in the DTD canal (station in Vrbas)

were chosen as the background values for elements in

this research because there are no significant anthro-

pogenic sources of toxic elements at this locality and

the sediment samples are similar to the other inves-

tigated river sediments in geochemical characteristics

and composition (Sakan et al. 2014).

Statistical analysis

The statistical analyses performed in this study include

cluster analysis (CA) and correlation analysis (CrA).

The purpose of cluster analysis is to identify groups or

clusters of similar sites on the basis of similarities

within a class and dissimilarities between different

classes (Chabuhdhara and Nema 2012). Cluster anal-

ysis can be run in the Q-mode, when clusters of

samples are sought, or in the R-mode, when clusters of

variables are desired. The hierarchical clustering

joining of the most similar observations, and succes-

sively of the next most similar observations, was

employed in the presented research. Pearson’s corre-

lation coefficient was used to determine the interrela-

tionship between heavy metals and their KSPEF values.

The statistical analyses were performed using IBM

SPSS Statistics—Statistical Package for the Social

Sciences (SPSS) (version 21.0).

Results and discussion

Total content and fractionation of studied elements

Distributions of element contents by fractions are

given in Table 3. The results are presented in the form

of arithmetic mean ± standard deviation and range

for each extraction fraction. The percentage of

extracted metal was calculated from the ratio between

the element concentration in each fraction and the sum

of concentrations in all fractions. The results are

shown in Fig. 2.

The results of the fractionation suggest the follow-

ing ranking in order of decreasing metal mobility in

the exchangeable/acid-soluble fraction: Mn[Cd[
Zn[Cu[Ni[ Pb[Fe = Cr[V. This fraction is

the most labile and generally considered as represen-

tative of the bioavailable portion of the metals. The

exchangeable fraction of Mn, Cd, and Zn was rather

high, implying that these metals were mobile in the

environment. There was possibility that significant

part of Mn2? in sediments precipitates as MnCO3

(Gharibreza et al. 2013). The high percentage of Mn,

Cd, and Zn in weakly bound fractions indicate that the

considerable amounts of these elements may be

released into water following non-exchange process

and dissociation of Mn carbonate phase if basins are to

become more acid (Copaja et al. 2014). Similar

distribution of Cd and Zn was observed in urban river

Table 2 Risk assessment

code

a Relić et al. (2013)

Risk Metal in carbonate and exchangeable fractions (%)

No riska \1

Low risk 1–10

Medium risk 11–30

High risk 31–50

Very high risk [50
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Table 3 Element contents in sediments extracted with BCR protocol (mg kg-1)

Step 1 Step 2 Step 3 Step 4 R (1–3) R (1–4)

Cd 1.20 ± 1.12

(0.04–5.62)

0.61 ± 0.41

(\DL -1.67)

0.14 ± 0.07

(0.04–0.41)

0.79 ± 0.17

(0.39–1.06)

1.94 ± 1.53

(0.18–7.70)

2.73 ± 1.59

(0.57–8.76)

Cr 0.16 ± 0.12

(\DLa -0.46)

3.15 ± 1.68

(\DL -7.03)

7.87 ± 4.18

(2.36–18.27)

18.6 ± 10.4

(6.20–47.6)

11.2 ± 5.58

(3.26–25.6)

29.7 ± 15.4

(9.70–70.5)

Cu 10.4 ± 28.1

(0.18–166)

23.3 ± 39.2

(\DL -236)

17.8 ± 47.3

(3.20–283)

21.6 ± 9.34

(8.90–66.9)

51.5 ± 113

(5.19–685)

73.0 ± 122

(19.0–752)

Fe 353 ± 456

(5.40–2108)

8470 ± 2613

(2844–12,408)

2367 ± 649

(1080–4307)

19,869 ± 3513

(10,980–25,440)

11,190 ± 3103

(3946–18,603)

31,059 ± 5659

(14,926–39,667)

Mn 616 ± 319

(129–1651)

305 ± 183

(57–908)

34.0 ± 13.4

(9.30–86.8)

108 ± 23.9

(55.0–163)

955 ± 461

(195–2618)

1064 ± 466

(259–2754)

Ni 4.43 ± 5.14

(\DL -26.1)

10.5 ± 10.5

(\DL -43.8)

11.9 ± 9.85

(2.15–39.8)

23.0 ± 24.8

(1.36–91.4)

26.8 ± 24.7

(3.36–110)

49.8 ± 48.6

(9.10–201)

Pb 2.83 ± 6.03

(\DL -34.6)

49.3 ± 10.2

(\DL -212)

5.19 ± 4.22

(1.83–22.9)

6.18 ± 2.93

(2.68–15.5)

57.3 ± 48.7

(10.4–270)

64.1 ± 52.7

(13.3–285)

V 0.11 ± 0.30

(\DL -1.64)

8.50 ± 3.17

(2.23–16.2)

5.15 ± 1.68

(2.46–10.8)

23.8 ± 6.43

(9.70–37.3)

13.8 ± 4.70

(5.35–28.7)

37.5 ± 10.8

(16.0–66.0)

Zn 88.6 ± 118

(5.80–544)

110.6 ± 78.2

(\DL -307)

28.9 ± 25.1

(2.10–145)

54.7 ± 16.9

(21.1–108)

228 ± 204

(21.9–920)

283 ± 213

(43.0–1007)

With bold are marked element contents that exceed prescribed limits that are quoted in the freshwater sediments guidelines
a \DL = below detection limit, Cd DL = 0.03 mg/kg, Cr DL = 0.1 mg/kg, Cu DL = 0.1 mg/kg, Ni DL = 0.1 mg/kg, Pb

DL = 0.5 mg/kg, V DL = 0.3 mg/kg, Zn DL = 0.05 mg/kg

Fig. 2 Distribution of element content by fractions (percentage

distribution, calculated as the average content of the extracted

element in each fraction with respect to the total content of the

extracted element). Explanation: step 1 fraction soluble in

acid—metals exchangeable or associated with carbonates, step 2

reducible fraction—metals associated with oxides of Fe andMn,

step 3 oxidizable fraction—metals associated with organic

matter and sulfides, and step 4 residual fraction

Environ Geochem Health (2016) 38:855–867 861
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sediments (Pearl River Delta) (Cai et al.2011). Lead,

zinc, and copper were primarily associated with Fe–

Mn oxides, and this is conformance with findings of

several studies (Copaja et al. 2014; Favas et al. 2014).

These elements may be released from sediment, if

there is a change of oxidation state of Fe and Mn and

thus may pose a long-term source of contamination.

Fractionation of Cr, Fe, V, and Ni showed that the

major portion of these elements was in the residual

fraction. The elements are retained within the crystal

lattice of minerals and in well-crystallized oxides, and

could be used as an indicator of natural sources input

(Favas et al. 2014).

Supplementary Figure 1 displays the chemical

fractionation of studied elements in different river

sediments. In most rivers, the elements showed similar

fraction distribution.

An assessment of metal pollution levels in studied

sediments is made by comparing obtained values of

metal contents with the freshwater sediment’s Quality

Guidelines published by Republic of Serbia (1994),

Environment Canada (2002), and Ingersoll and

MacDonald (2002). The results of a comparison of

the total metal contents (defined as the sum of the four

steps, Table 3) in the studied river sediments with the

Quality Guidelines for freshwater sediments (Table 4)

published by CSST—Consensus-based sediment qual-

ity guidelines recommendations for use and applica-

tion developed (Ingersoll and MacDonald 2002) and

Environment Canada (2002), show that at some

localities, contents of Cd, Cu, Pb, Ni, Zn, and Mn

exceeded the criteria PEL (probable effect level) and

PECs (probable effect concentrations), above which

harmful effects are likely to be observed. The probable

effect level (PEL) represents the lowest limit range of

chemical concentrations that are usually or always

associated with adverse biological effects. The PECs

are SQGs (Summary of existing Canadian Sediment

Quality Guidelines—freshwater sediment; Environ-

ment Canada 2002) were established as concentrations

of chemicals in sediment above which adverse

biological effects are likely to occur (Ingersoll and

MacDonald 2002). Content of Cd, Cu, Ni, Pb, and Zn

exceeds theMAQ values (maximum allowed quantity)

proposed by soil standards for Serbia (Republic of

Serbia 1994), which indicated that the most of the

sediments were with heavy metal contamination.

The observation that the content of heavy metals

varies depending on location (Supplementary Fig-

ure 1) can be attributed to the variability in terrestrial

inputs, hydrodynamic process, and deposition condi-

tions (Yang et al. 2012). These results indicate the

existence of anthropogenic sources of these elements

in the studied area. In relation to total element content,

Supplementary Figure 1 shows similar levels through

the basins for Fe and V only, indicating lithogenic

characteristics for these elements.

Risk assessment code

In the presented investigation, the risk assessment

code has been used to evaluate the risk of heavy metals

content in surface river sediments. The results of the

risk assessment codes, with values given as

Table 4 Quality Guidelines for sediments (mg kg-1)

Cd Cr Cu Fe Mn Ni Pb Zn

SQG/ISQGa 0.6 37.3 35.7 ndc nd nd 35.0 123

SQG/PEL 3.5 90.0 197 nd nd nd 91.3 315

CSST/TECb 0.99 43 32 20,000 460 23 36 120

CSST/PEC 5.0 110 150 40,000 1100 49 130 460

MAQd 3 100 100 – – 50 100 300

a Summary of existing Canadian Sediment Quality Guidelines (freshwater sediment). ISQG interim sediment quality guideline—

below which harmful effects are unlikely to be observed, PEL probable effect level—above which harmful effects are likely to be

observed (Environment Canada 2002)
b Consensus-based sediment quality guidelines recommendations for use & application developed. TEC threshold effect

concentrations, PEC probable effect concentrations (Ingersoll and MacDonald (2002))
c nd no data
d MAQ—Serbia (Republic of Serbia 1994)

862 Environ Geochem Health (2016) 38:855–867

123



percentages of the F1 fraction are illustrated in

Table 5. In general, the sediments showed no to very

high risk for all metals. The code as applied to the

present study revealed that 7–70 % of Cd, 0–3 % Cr,

1–40 % Cu, 0–5 % Fe, 30–81 % Mn, 0–31 % Ni,

0–12 % Pb, 0–3 % V, and 8–54 % Zn were present in

exchangeable fractions. Cd showed low–very high

risk; Cr, no–low risk; Cu, no–high risk; Fe, no–low

risk; Mn, medium–very high risk; Ni, no–medium

risk; Pb, no–medium risk; V, no–low risk; and Zn,

low–very high risk to local environment. The more

easily mobile and bioavailable forms were predomi-

nant for copper, zinc, cadmium, manganese, and lead.

However, the hazard assessment based on those

elements suggested that a potentially dangerous situ-

ation in this area can derive mainly from Cd, Zn, and

Cu, due to their toxicity. Therefore, a significant

remediation must be applied for Cd, Zn, and Cu

Table 5 Values of RAC

a Number of sample
b Sample

NSa Sb Cd Cr Cu Fe Mn Ni Pb V Zn

1 T1 51.35 2.00 13.11 1.89 71.17 5.90 3.84 0.00 24.62

2 T2 48.68 1.40 13.38 1.50 64.22 9.41 4.25 0.03 27.49

3 T3 53.59 2.21 17.79 3.11 67.36 8.38 4.86 0.05 28.09

4 T4 48.86 1.66 16.88 2.33 67.63 10.17 4.96 0.10 31.11

5 T5 49.38 1.39 11.41 0.12 49.83 6.55 2.55 0.00 15.73

6 T6 47.91 1.08 12.43 0.13 54.72 9.11 2.16 0.00 25.97

7 T7 55.46 1.46 12.54 1.55 67.48 5.06 4.03 0.00 27.81

8 T8 57.49 2.04 18.73 2.47 68.19 7.14 5.76 0.03 30.87

9 T9 70.45 3.00 26.43 2.51 81.17 17.61 6.84 0.00 46.45

10 D1 28.05 0.52 6.46 0.73 69.59 27.51 0.29 0.00 36.25

11 D2 21.26 0.00 3.50 0.04 51.60 0.00 0.12 0.14 10.08

12 D3 13.79 0.06 1.01 0.03 29.94 6.71 0.00 0.00 7.54

13 D4 22.12 0.00 2.56 0.07 51.74 1.55 0.30 0.12 17.22

14 D5 38.74 0.32 5.26 0.21 54.32 5.20 3.87 0.12 14.85

15 S1 40.08 0.37 4.25 0.07 55.69 6.38 1.47 0.00 22.31

16 S2 16.20 0.19 1.97 0.05 49.08 5.27 0.58 0.00 9.79

17 S3 36.70 0.27 3.21 0.04 46.76 6.34 1.19 0.00 17.02

18 S4 22.00 0.29 2.58 0.04 50.14 3.77 0.94 0.00 11.09

19 I1 64.16 0.27 4.80 5.31 46.35 13.10 12.14 0.59 54.03

20 I2 54.58 0.26 2.17 2.14 52.09 12.99 6.25 0.35 51.54

21 V1 43.43 0.37 5.56 0.42 42.15 7.46 3.76 0.23 29.54

22 V2 46.70 0.28 5.34 0.42 56.35 8.11 3.62 0.18 29.28

23 Z1 18.18 0.73 17.40 0.75 68.48 11.33 1.73 0.00 41.26

24 Z2 48.08 0.43 40.43 1.34 55.79 8.30 5.42 0.19 35.11

25 J1 25.66 0.22 3.72 0.09 59.94 11.97 1.08 0.00 21.81

26 J2 35.36 0.56 6.58 0.49 61.03 17.34 3.98 0.16 31.22

27 N1 8.57 0.11 1.42 0.30 42.23 8.16 0.63 0.27 27.53

28 N2 27.45 0.13 1.03 0.43 53.90 4.73 0.00 0.31 7.59

29 Ta 19.74 0.35 11.65 1.78 47.70 12.32 3.17 0.20 14.31

30 DT 7.02 0.26 0.95 0.15 49.75 20.83 0.00 0.19 13.49

31 Tr 27.27 0.12 2.15 0.02 48.50 4.35 1.52 0.00 7.74

32 Pr 17.75 0.30 10.02 3.79 45.58 16.71 1.53 2.48 22.12

33 Ko 42.78 0.22 3.51 0.07 57.66 3.94 1.95 0.00 14.23

34 Pe 52.61 0.05 22.03 1.73 69.78 31.90 2.91 0.00 43.89

35 To 14.57 0.38 5.85 1.90 65.66 12.46 3.88 1.28 23.73
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mobilization at the earliest as they might enter in the

food chain and pose threat in the study area. This is

important because these weakly bonded elements

could equilibrate with the aqueous phase and thus

become more rapidly bioavailable.

Secondary phase enrichment factor (KSPEF)

The secondary phase enrichment factor could reveal

more information about the identification of the most

common pollutant and degree of contamination. The

KSPEF values for studied elements are presented in

Supplementary Figure 2. The obtained results

revealed significant differences in distribution among

different metals and rivers. The maximum value was

in the river Pek (for Cu, 27.0), and theminimumwas in

sediment from the Danube (for V, 0.5). The KSPEF

values for elements were in the order: Cd (no–severe

enrichment)[Cu (minor–severe enrichment)[Zn

(no–severe enrichment)[Ni (no–severe enrich-

ment)[Mn (no–moderately severe)[ Pb (no–mod-

erate enrichment)[ Fe (no–minor enrichment)[Cr

(no–minor enrichment)[V (no–minor enrichment).

Correlation analysis is performed between heavy

metals and their KSPEF values. Based on results, the

significantly high positive correlationwas observed for

Cd (r = 0.63), Cu (r = 0.92), Mn (r = 0.73), Pb

(r = 0.68), and Zn (r = 0.91) (correlation is signifi-

cant at p\ 0.01 level). Positive correlation was also

observed for Fe (r = 0.36) and V (r = 0.42), but

values of Pearson correlation coefficients are lower and

correlation is significant at p\ 0.05 level for these

elements. These positive correlations point to fact that

Fe and V may have mixed origin (anthropogenic and

natural); i.e., its contribution can be from industrial or

urban wastewater discharges or from parent rocks.

Negative correlation is observed for Ni (r = -0.34, at

p\ 0.05 level), which indicates that Ni in studied

sediments mainly derived from natural sources. The

absence of correlation between Cr content and its

KSPEF suggested that the increased content of Cr at

some localitiesmay be due to geochemical enrichment,

but also may be due to the existence of anthropogenic

sources of this element at some localities.

Figure 3 shows variation of KSPEF in the studied

sediments using the box plot. For Cd, Cu, and Zn, the

mean value is slightly elevated and has a wide

distribution of coefficients, while for others had equal

distribution, which suggests a slight increase in Cd,

Cu, and Zn contamination. Outlier and extreme values

were observed in the Tisa (Cd, Mn, and Ni), the Ibar

(Cd and Zn), the West Morava (Cu), the Pek (Cu, Ni,

and Zn), and the Nišava (Ni), suggesting that these are

the most critical sites of metal contamination. Pollu-

tion of said rivers is mainly caused by permanent and

accidental pollution from industrial plants and mines

located in the basins of these rivers: Trepca mining

complex—Pb and Zn (Ibar), mining complex in

Majdanpek—Cu (Pek) and other basins, agricultural

products, mainly due to the use of manganese-

containing products, such as fertilizer and fungicide.

Cluster analysis (CA)

Cluster analysis (Pearson method) was performed to

group the stations based on similarity in the F1

fractions (environmentally risky fraction) of the heavy

metals (Figs. 4 and 5). Two different cluster analyses

were done: R-mode and Q-mode clustering.

R-mode cluster analysis revealed three distinct clus-

ters (Fig. 4). Cd, Zn, and Pb have good similarity and are

clustered in one group; Fe, Ni, Cu, Cr, and Mn are

clustered into another group, while V is individual.

Strong similarity between Cd, Zn, and Pb showed that

bond of these metals comes from the same origin. Since

these elements are mainly pollution indicators, strong

similarity of Cd, Zn, and Pb indicated strong anthro-

pogenic input. Fe, Ni, Cu, Cr, andMn aremainly derived

from lithogenous source. Iron and manganese oxides

have beenwell recognized for their abilities to adsorb and

enrich other metallic elements such as Cr, Cu, and Ni.

They play an important role to the extent that their

deposition occurred in the bed sediments (Gharibreza

et al. 2013). In general, these groupsmay be an indication

of common sources of these metals and their similar

geochemical characteristic. Explanation forV in the third

group may be its origin from different sources and its

chemical behavior in sediments. V is mainly associated

with Fe (hydr)oxides, clay minerals, and organic matter,

and it can also occur as discrete mineral phases such as

carnotite [K2(UO2)2(VO4)2�3H2O] and vanadinite [Pb5(-

VO4)3Cl] (Cappuyns and Slabbinck 2012). There was a

possibility that the role of clayminerals aswell as organic

acidsmaybemore significant for vanadiumbonding than

the V fraction adsorbed by Fe oxides.

Q-mode cluster analysis (Fig. 5) revealed three

different groups depending on the enrichment of

elements in the first fraction. The sites in groups have
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similar features and anthropogenic/natural back-

ground source types (Sundray et al. 2011). Group I

included the less contaminated sites, which represent

the regions with medium level pollutes. Group II and

III may be characterized by anthropogenic impacts.

The pollution in those stations arises from the effluent

discharge of the industrial facilities and factories, as

well as mining activities.

Conclusion

Heavy metal pollution impact on the quality of the river

sediments in Serbia was evaluated using the BCR

sequential extraction procedure, comparison of the

metal contents with the sediment quality guidelines,

determination by the risk assessment code, and calcu-

lation of the secondary phase enrichment factor. The

fractionation studies indicate that chromium, nickel,

vanadium, and iron were mainly present in the inert

fraction, and their concentration can be taken as a

measure of the contribution by natural sources. The high

mobility ofMn,Cu,Zn, Pb, andCd in sediments is based

on their origin from human activity. These elements

could be readily available to aquatic organisms andmay

be a potential threat to water environment safety. The

results of sequential extractionwere corroborated by the

results of risk assessment for selected elements and

suggest that highmobility of Cu, Zn, Pb, and Cd in river

sediments may be an indicator for the existence of

significant anthropogenic sources of these elements.

This study suggests that the metal contamination

cannot be simply evaluated by examining metal

concentrations alone. A complementary approach that

integrates sediment standard criteria and applies

Fig. 3 Box plot showing

the variation of KSPEF in the

studied sediments. Open

circle represents outlying

points, while asterisk

represents extreme points

Fig. 4 Dendrogram showing relationship between heavy met-

als (bioavailable), R-mode
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different methods for metal determination in sediment

should be considered in order to provide a more

accurate appraisal of the outcome and transport of

metals from anthropogenic sources.
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