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Abstract The study monitored the contamination of fish
muscle tissue by elements Al, As, Cd, Co, Cr, Cu, Fe, Hg,
Mn, Ni, Pb, and Zn at 17 sampling sites, in order to assess the
pollution status of the main rivers in Serbia. Of the six com-
mercially important fish species included in the study
(pikeperch Sander lucioperca, catfish Silurus glanis, bream
Abramis brama, barbel Barbus barbus, chub Squalius
cephalus, nase Chondrostoma nasus), the bioconcentration
factor (BCF) indicated that benthivore bream and barbel and
predatory catfish have the highest tendency toward the accu-
mulation of elements. This study achieved its primary objec-
tive and produced a contamination map of Serbia as a basis for
further research. The estimated metal pollution index (MPI)
showed the Tisa River to be unaffected by direct pollution
(with an MPI value of 0.31) and the West Morava and Pek
rivers to be affected (with MPI values of 1.92 and 0.73 for the
WM1 and WM2 sampling sites and 0.65 for the Pek sampling
site). Over the past two decades, Serbia has not expanded its
industrial activity, which has resulted in the barely noticeable
anthropogenic input of heavy metals in the rivers close to
industry, and the main rivers are mostly unaffected and

slightly affected. We assumed that pollution by heavy metals
in the 1990s was trapped in the sediment, thus showing an
increased concentration of elements in the species that live and
feed on the bottom. Hg concentrations exceeded the maxi-
mum permitted concentrations (MPCs) only in catfish sam-
ples (0.62 mg kg−1) from the Danube (D3 sampling site) and
barbel (0.78 mg kg−1) from the West Morava (WM1 sampling
site), while Cd concentrations exceeded the MPC in catfish
samples (0.09 mg kg−1) from the Danube (D1 sampling site)
and chub samples (0.1 mg kg−1) from the South Morava (SM2

sampling site). The average concentrations of Pb exceeded the
MPC in chub and barbel samples (0.32 and 0.82 mg kg−1,
respectively) from the West Morava (WM1 sampling site);
chub, barbel, and nase samples (0.35, 0.32, 0.31 mg kg−1,
respectively) from the West Morava (WM2 sampling site);
chub and barbel samples (0.35 and 0.3 mg kg−1, respectively)
from the Ibar; chub samples (0.39 mg kg−1) from the Drina;
chub and barbel samples (0.59 and 0.4 mg kg−1, respectively)
from the Great Timok; and nase samples (0.33 mg kg−1) from
the Pek. These results demonstrate that there is a need for
future studies that would involve similar analyses and focus
especially on smaller rivers that have been neglected so far.
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Introduction

Heavy metal pollution in rivers has become a matter of great
concern, not only because of the threat it poses to public water
supplies but also because of the hazard to the human consump-
tion of fishery resources (Terra et al. 2008). Water and/or sedi-
ment analysis may be inefficient at identifying the inherent
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variability of the flow and contaminant concentrations of metal
inputs to fluvial systems (Ricart et al. 2010). Traditional toxicity
tests and chemical-specific sensors cannot provide comprehen-
sive real-time information relating to toxic events in an aquatic
system. Aquatic organisms must be included as a major compo-
nent of the assessment processes (van der Schalie et al. 2001),
thereby providing a more effective diagnosis of environmental
conditions. Fish are susceptible to toxins present in the water and
are useful bioindicators for the determination of metal pollution
in aquatic ecosystems (Chovanec et al. 2003; Alibabić et al.
2007; Lamas et al. 2007) because they occupy various trophic
levels, they are the key species in trophic chains, they concentrate
large amounts of some metals, and some are widely consumed
by humans (Uysal et al. 2009; Burger et al. 2002). Since the
discovery of Minamata disease caused by severe mercury poi-
soning, human health concerns related to consumption of fish
polluted with heavy metals have long been recognized and stud-
ied (Uchida et al. 1961; FAO/WHO 1972; Hutton 1987).

Many biotic factors have been recognized to affect the bio-
accumulation of metals in fish, such as variability in age/size,
the size-specific metabolic rate of individuals (Phillips 1980),
life cycle, life history, and the diet differences of species
(Hardisty et al. 1974; Prosi 1981).

Dallinger and Kautzky (1985) stated that in low-level,
chronic diffuse pollution, metal uptake in fish is predominant-
ly from food. Studies from field and laboratory experiments
have shown that the accumulation of heavy metals in fish
tissue is mainly dependent upon concentrations of the metals
in the surrounding water, in addition to the exposure period
(Yi and Zhang 2012; Liu et al. 2011). The season of capture
can also be one of the factors influencing metal tissue concen-
trations (McCoy et al. 1995). Independently of the season and
how the exposure occurred, some fish organs have a greater
affinity for accumulating some specific metals than others.
The lipid content of tissues is an important variable affecting
the concentration of metals accumulated in fish (Braune et al.
1999), especially for the bioaccumulation of Hg since this
metal deposited mainly in the lipid fraction of fish (as meth-
ylmercury) has a very low elimination rate, and therefore,
even in slightly polluted environments, the Hg concentration
in fish continuously increases throughout the life span of the
fish. Since Hg can accumulate more easily in muscle than the
other organs (Čelechovská et al. 2007; Has-Schön et al. 2008)
and thus put biota and, according to the food chain, humans at
risk, edible muscle tissue should be analyzed.

Each fish species has a particular way of accumulating and/
or eliminating metals when exposed to such contaminants.
Hence, more than one fish species should be analyzed in com-
parative environmental studies due to substantial variations in
pollution processes (Burger et al. 2002). Multispecies compar-
isons covering different feeding habits of fish and a wide
range of age categories have the potential to distinguish recent
exposure from long-term load (Dušek et al. 2005).

Some elements such as iron, copper, zinc, and manganese
are essential for biological systems such as enzymatic activi-
ties; others like nickel and aluminum are nonessential, where-
as arsenic, lead, and cadmium have no known important role
in living organs and are toxic even in trace amounts
(Fernandes et al. 2008). Accordingly, screening all elements
which could possibly occur in food is important because they
simultaneously play biological and toxicological roles.

Many studies have been carried out into the trace metal accu-
mulation patterns in aquatic biota, along with the
bioconcentration and biomagnification processes. In Serbia, var-
ious fish species have been effectively used for the bioindication
of contamination (Visnjic-Jeftic et al. 2010; Poleksić et al. 2010;
Jarić et al. 2011; Lenhardt et al. 2012; Subotić et al. 2013a, b;
Jovičić et al. 2015). The cited references reveal diverse ap-
proaches to choosing the most appropriate fish group, species,
and tissue for these kinds of monitoring studies. The main objec-
tive of any biomonitoring program is to assess the health of the
aquatic ecosystem, so there is a need to establish standardized
methods. The abovementioned studies were generally limited to
various tissues of individual species in particular sections of riv-
ers (mainly the Danube and Sava), so there is still no study that
would give a comprehensive picture of the spatial pollution of the
inlandwaters in Serbia. In this study, we recorded the Al, As, Cd,
Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, and Zn concentrations in the
muscle tissue of six commercial fish species chosen as potentially
sensitive species for monitoring studies and estimated the pollu-
tion status of the main rivers in Serbia. Based on this, the main
objectives of this study were to highlight the importance of a
multispecies approach in contaminant studies and to present a
preliminary contamination map as a baseline for Serbia. Since in
recent years fish consumption in Serbia has increased due to a
public campaign on its health benefits through popular media,
studying the potential impact of contaminated fish consumption
on human health was also one of the study goals.

Materials and methods

Study area and sampling locations

The largest and the most important rivers that flow through
Serbia are the Danube, Sava, Tisa, Great Morava, West
Morava, South Morava, Ibar, Drina, and Timok. The Danube
River is the second largest river in Europe, and as such, it is
subjected to large amounts of wastewater input (Pawellek et al.
2002; Teodorović et al. 2000).Metals are considered to be among
the major pollutants in the Danube in Serbia, especially in the
area of the cities of Belgrade and Novi Sad (Teodorović 2009).
The Sava River, as a typical lowland and the Danube’s largest
tributary, was affected until the 1990s by heavy pollution from
the metallurgical, chemical, leather, textile, food, cellulose, and
paper industries, as well as agricultural activities. Also, the Sava
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is the main recipient of wastewater from many cities, and it is
impacted by the polluted water from its tributaries. The largest
tributary of the Sava, the Drina, as a mainly mountainous river
with great power purification, used to be of high quality.
However, in recent years, heavy metals (mainly iron, arsenic,
manganese, nickel, and lead) have arrived in the Drina River
from damaged tailings. The Kolubara, the right tributary of the
Sava, is one of the flows with a higher degree of degradation of
water as it flows through towns and villages, where it receives
effluent and sewage from industry such as surface mines and a
thermal power plant. The Tisa River, the second largest Danube
tributary, is also contaminated through numerous industrial acci-
dents from the Carpathian mountain region in Romania, which
has a long tradition of mining, especially of gold (Au), silver
(Ag), lead (Pb), zinc (Zn), copper (Cu), cadmium (Cd), and man-
ganese (Mn) (Triebskorn et al. 2008). The Great Morava River,
the largest Serbian river and also a significant right tributary of the
Danube River, is created by the confluence of the South Morava
and theWest Morava rivers. As a typical lowland river, the Great
Morava River flows through the most densely populated area of
Central Serbia, the Morava River valley, receiving untreated or
incompletely treated wastewater from urban areas and animal
farms, which leads to serious degradation of the water quality.
As the greatest right tributary of the West Morava, the Ibar River
is affected with lead and zinc pollution, since in this area are a
vast number of production and manufacturing plants of the
mining-metallurgical system, Trepča-nine lead and zinc mines,
three flotations, two of metallurgy, the chemical industry, and a
battery factory. The right Danube tributaries, the Great Timok,
Mlava, and Pek are the most important in East Serbia. The Great
Timok and the Pek rivers partly drain the Bor and Majdanpek
copper ore districts, respectively. Large average concentrations of
calcium, manganese, and arsenic have been found in the Mlava
river water (Djinovic and Popovic 2007).

The study region includes the main and the most important
rivers in Serbia. The sampling locations are given in Fig. 1 for
the Danube: Novi Sad (D1), Zemun (D2), and Radujevac (D3);
the Sava: Ostružnica (S); the Tisa: Novi Bečej (T); the Great
Morava: Ljubičevski most (GM1) and the Bagrdan (GM2); the
West Morava: Kraljevo (WM1) and Jasika (WM2); the South
Morava: Niš (SM1) and Ristovac (SM2); the Ibar: Kraljevo (I);
the Drina: Badovinci (DR); the Kolubara: Mislođin (K); the
Great Timok: Vražogrnac (GT); the Mlava: Bratinac (M); and
the Pek: Neresnica (P).

Sample collection, preparation, and determination
of element concentrations by inductively coupled plasma
optical emission spectrometry

A total of 361 fish belonging to six species were analyzed for
the content of Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, and
Zn in their muscle tissue. The most important commercial fish
species were studied, namely pikeperch Sander lucioperca

(Linnaeus 1758), catfish Silurus glanis (Linnaeus 1758),
bream Abramis brama (Linnaeus 1758), barbel Barbus
barbus (Linnaeus 1758), nase Chondrostoma nasus
(Linnaeus 1758), and chub Squalius cephalus (Linnaeus
1758). In the Danube, Sava, and Tisa rivers, pikeperch, cat-
fish, and bream were sampled because the majority of first-
grade quality fish species (e.g., catfish, pikeperch) and
second-grade quality fish species (bream species Abramis
spp.) are harvested by commercial fishermen in these rivers
(Smederevac-Lalić et al. 2012). The number of commercial
fishermen has decreased over recent years, while the number
of recreational fisherman has increased (Smederevac-Lalić
et al. 2011). Therefore, barbel, nase, and chub were included
in this study and sampled in the Great Morava, West Morava,
South Morava, Drina, Ibar, Great Timok, Kolubara, Mlava,
and Pek, as fish caught substantially for recreational purposes.
Thus, the term commercial fish species, in this study, applies
not only to species harvested for profit purposes but also to
species significant for recreational fishing.

Our field surveys were carried out between 2011 and 2013,
during the same season (June–October). The electrofishing
procedure was conducted at nine sampling stations: GM1,
GM2, SM1, SM2, WM1, WM2, I, M, and P using the
Aquatech DC electrofisher IG 1300 (2.6 kW, 80–470 V).
Professional fishing nets of different lengths, widths, and
mesh diameters were used for sampling at four sampling sta-
tions: D2, D3, S, and T, while at the other four sampling sta-
tions: D1, DR, K, and GT, fish were collected from local
fishermen. Fish were randomly selected for analysis in rela-
tion to their commercial consumption sizes, killed with a
quick blow to the head, washed with distilled water, and
transported on ice (in individual zipper bags) to the laboratory.

In the laboratory, the fish were measured for their total
body length (to the nearest cm), weighed (to the nearest g),
and subsequently dissected. The right dorsal muscle, below
the dorsal fin (±5 g), of each specimen was dissected with a
decontaminated ceramic knife. After dissection, the muscle
tissue was weighed using an electronic balance (±0.1 g) and
stored at −20 °C prior to analysis.

Muscle samples were submitted to the Analytical
Chemistry Laboratory within the Institute of Chemistry at
the Faculty of Chemistry, University of Belgrade, Serbia, for
chemical analysis. The element concentrations (Al, As, Cd,
Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, and Zn) were determined by
inductively coupled plasma optical emission spectrometry
(ICP-OES), using a Thermo Fisher Scientific iCAP 6500
Duo ICP (Cambridge, UK) equipped with a RACID86
Charge Injector Device (CID) detector, concentric type nebu-
lizer, quartz torch, and alumina injector.

At first, the fish samples (∼1.5 g) were dried in a lyophilizer
(Christ Alpha 2-4 LD, Harz, Germany) and then digested in an
Advanced Microwave Digestion System (ETHOS 1,
Milestone, Italy) using a mixture of 65 % nitric acid and
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30 % hydrogen peroxide (Suprapur®, Merck, Darmstadt,
Germany, 10:2, v/v) at 200 °C for 20 min. After cooling to
room temperature and without filtration, the solution was di-
luted to a fixed volume (volumetric flask, 25 mL) with ultra-
pure water with a conductivity of 0.055μS cm−1 (Barnstead™
GenPure™ Pro, Thermo Scientific, Germany), before being
analyzed by ICP-OES.

Blanks with no fish tissue were run with each batch of
samples to monitor contamination by the reagents used. The
standards for the instrument calibration were prepared on the
basis of the multielement (SS-Low Level Elements ICV
Stock, 10 mg L−1) and mono-element (Hg Calibration Stock,
10 mg L−1 Hg) certified reference solutions ICP Standard
(VHG Labs, Inc-Part of LGC Standards, Manchester, NH
03103, USA) and analyzed to support quality assurance and
control. The muscle standard reference material (DORM-4;
National Research Council of Canada) was digested in tripli-
cate and analyzed to support quality assurance and control.

The results of analyzing the elements in the water were
provided by the Agency for Environmental Protection of
Serbia and were measured in the same months as our study
during routine monitoring at the selected sampling sites.

The bioconcentration factor and metal pollution index

The bioconcentration factor is defined as the net result of the
absorption, distribution, and elimination of a substance in any
organism after exposure via water (Lau et al. 1998). It was
calculated as the ratio of the mean element level in the muscle
tissue (C fish), expressed as mg kg−1 wet weight (ww), and the
element concentration in water (C water), expressed as
mg L−1:

BCF ¼ Cfish=Cwater ð1Þ

Fig. 1 Sampling locations: the
Danube: Novi Sad (D1), Zemun
(D2), and Radujevac (D3); the
Sava: Ostružnica (S); the Tisa:
Novi Bečej (T); the Great
Morava: Ljubičevski most (GM1)
and the Bagrdan (GM2); the West
Morava: Kraljevo (WM1) and
Jasika (WM2); the South Morava:
Niš (SM1) and Ristovac (SM2);
the Ibar: Kraljevo (I); the Drina:
Badovinci (DR); the Kolubara:
Mislođin (K); the Great Timok:
Vražogrnac (GT); the Mlava:
Bratinac (M); and the Pek:
Neresnica (P)
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Themetal pollution index (MPI) was calculated to compare
the total metal content in the different fish species, as well as in
the sampling sites using the following equation (Usero et al.
1997):

MPI ¼ cf 1 � cf 2 � cf 3 �…cf nð Þ1=n ð2Þ
where Cfn is the concentration of the metal n in the sample

Statistics

The mean values and standard deviations were calculated for
each element in each species. Prior to interpreting the heavy
metal measurement data, the analysis of covariance
(ANCOVA) was used separately for each element to deter-
mine if the element concentrations differed between species,
with element concentrations as the dependent variable, species
as the independent variable, and sampling sites as the covari-
ate (interaction was significant at p≤0.05). The homogeneity
of regression slopes for metal concentrations-fish species and
sampling sites was tested before ANCOVA. The least signif-
icant difference (LSD) post hoc tests were conducted to pair-
wise comparisons. In order to assess any significant differ-
ences between the BCF and MPI values of fish species, the
nonparametric Kruskal-Wallis test was applied. Post hoc inter-
group comparisons of BCF and MPI (between pairs of spe-
cies) were performed by the nonparametric Mann-Whitney
test for two independent values. The statistical analyses were
processed by the SPSS version 16.0 software (SPSS, Inc.,
Chicago, Illinois).

The concentrations in the fish muscle samples were also
compared with the maximum permitted concentrations
(MPCs) in fish meat for utilization in the human diet,
established by the European Union (EU) and national legisla-
tion. According to EU legislation (European Commission
Regulation 2006), the MPCs for Cd, Hg, and Pb are 0.05,
0.50, and 0.30 mg kg−1 ww, respectively. The MPCs for As,
Cd, Hg, Pb, Cu, Fe, and Zn in fish meat are 2.0, 0.1, 0.5, 1.0,
30.0, 30.0, and 100.0 mg kg−1 ww, respectively, as prescribed
by national legislation (Official Gazzette of RS 2011).

Results

A replicate analysis of the reference material showed good
accuracy during analysis, with recovery ranging from 85.80
to 106.48 %. All of the fish species examined were above the
minimum length permitted for fishing prescribed by Fisheries
law (Official Gazette of RS 2005). The biological data for the
specimens per sampling site (number of examined fish samples,
average length, and weight) are shown in Table 1. The element
concentrations in water and the muscle samples for each exam-
ined fish species are presented in Table 2. The element

concentrations in the water were different at each sampling site,
and there was no unique pattern of distribution of the elements
in the fish species observed, but the average element concen-
tration generally displayed a similar order at all sampling sites
for each of fish species. In the muscles of all fish species, Zn,
Fe, and Al concentrations were the highest, while Cd, Co, and
Ni concentrations were the lowest.

The ANCOVA results revealed that pikeperch, bream, and
catfish significantly differed in terms of the As (F=9.599,
p=0.00, 2=0.319), Cd (F=4.011, p=0.026, 2=0.164), Hg
(F=7.645, p=0.002, 2=0.272), Mn (F=7.657, p=0.001,
2 = 0.272), and Zn (F = 3.803, p = 0.031, 2 = 0.156)
(Fig. 2a). In addition, Hg (F=11.194, p=0.000, 2=0.177)
and Mn (F = 4.267, p = 0.017, 2 = 0.076) as well as Pb
(F=3.286, p=0.041, 2=0.059) concentrations significantly
varied between chub, barbel, and nase (Fig. 2b). The spatial
variability of element concentrations had a significant effect
(sampling sites as a covariate in ANCOVA) on the elements
Cd, Co, and Ni (Fig. 3a, b). According to adjusted means from
ANCOVA, with no spatial variability, the highest concentra-
tion of As, Cr, Cu, Mn, and Pb and concentrations of Cu, Fe,
Hg, Mn, Pb, and Zn were recorded for bream and barbel,
respectively.

The BCF results are given in Table 3. The estimated BCF
values in the first group of fish species examined (pikeperch,
bream, and catfish) confirmed that bream and catfish have a
similar affinity for the elements Cd, Co, Ni, and Zn, which is
distinctly higher than that observed for pikeperch. On the oth-
er hand, in the second group of species examined (chub, bar-
bel, and nase), the dominant species for the bioconcentration
of elements was barbel.

Since the ANCOVA showed that only the concentrations of
Cd, Co, and Ni showed significant spatial variation, we decided
to exclude those metals from any further calculations of MPI.
The MPI values observed in this study were different between
fish species (Fig. 4). The Kruskal-Wallis test revealed no sig-
nificant differences between the MPI values calculated for
pikeperch, bream, and catfish (p<0.05). On the other hand,
the MPI calculated for chub, barbel, and nase significantly dif-
fered (p<0.05). The post hoc Mann-Whitney test showed that
the level of MPI calculated for barbel was significantly higher
at all sites (p<0.05), except for site P. Having all of this in
mind, since there were no statistically significant differences
in the MPIs in the first group of fish species examined,
the highest MPIs can be considered as relevant for com-
parison of the sampling sites. In the second group, ac-
cording to the MPIs, barbel proved to have significantly
higher MPI values for almost all of the sampling sites
(except sampling site P), so the values for this fish
species were used for comparison.

According to the computed MPI data, one site on the
Morava River is highly polluted (WM1, MPI=1.92), the ma-
jority of sites reveal intermediate pollution status (MPI 0.36–
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Table 1 Number of species, total
length, and weight (mean ± SD)
of sampled fish per sampling site

Sampling site Species Number of
individuals (n)

Total body length (cm)
(mean± SD)

Body weight (g)
(mean ± SD)

Danube (D1) Pikeperch 10 41.66 ± 1.041 506.67± 121

Bream 10 26.33 ± 5.48 241.33± 115.90

Catfish 10 60.40 ± 5.70 1548 ± 333

Danube (D2) Pikeperch 10 42.50 ± 2.62 642 ± 58

Bream 10 42.50 ± 6.50 953 ± 178

Catfish 10 69.80 ± 6.30 1777 ± 296

Danube (D3) Pikeperch 10 40.50 ± 1 570.33± 26.65

Bream 10 26.66 ± 0.58 221.66± 25.65

Catfish 10 62.20 ± 9.62 1355 ± 176.78

Sava (S) Pikeperch 10 42.80 ± 2.52 603.40± 25.90

Bream 10 25.40 ± 2.80 212.35± 16.84

Catfish 10 65.20 ± 5.25 1796.50 ± 113.5

Tisa (T) Pikeperch 10 50.167 ± 5.48 1085 ± 493.87

Bream 10 37.50 ± 3.75 640 ± 234.7

Catfish 10 66 ± 3.50 1483.33 ± 28.87

Great Morava (GM1) Chub 7 23.83 ± 1.04 128. 66± 26.54

Barbel 9 37.83 ± 1.44 373.66± 72.42

Nase 9 30 ± 2.14 238 ± 10.31

Great Morava (GM2) Chub 6 23.83 ± 1.04 128.66± 26.54

Barbel 8 45.73 ± 3.11 743.33± 50.33

Nase 8 29.50 ± 1.56 265.80± 13.90

West Morava (WM1) Chub 6 28 ± 1.45 95 ± 4.33

Barbel 5 31.66 ± 3.82 188 ± 47.57

Nase 7 35.83 ± 5.53 476.33± 239.54

West Morava (WM2) Chub 7 26.83 ± 1.26 230 ± 26.45

Barbel 8 28 ± 1.41 202.50± 53.03

Nase 10 34.50 ± 10.83 331.66± 171.78

South Morava (SM1) Chub 6 29.23 ± 1.61 268 ± 48.13

Barbel 5 34.66 ± 8.52 361.33± 258.75

Nase 7 30.83 ± 6.30 312.66± 153.96

South Morava (SM2) Chub 7 21.50 ± 0.50 89.50 ± 2.10

Barbel 7 25.50 ± 0.50 174 ± 5.90

Nase 7 25 ± 1.30 137 ± 3.50

Ibar (I) Chub 5 25.30 ± 3.72 181.66± 90.40

Barbel 5 39 ± 3.40 519 ± 58

Nase 5 37 ± 6.80 484 ± 23.70

Drina (DR) Chub 7 26 ± 3 186.66± 61.61

Barbel 7 39.60 ± 3.30 753 ± 151.43

Nase 7 25.50 ± 1.80 145.66± 34.27

Kolubara (K) Chub 5 23.57 ± 4.07 168.33± 66.01

Barbel 3 25.56 ± 4.07 163.33± 9.24

Nase 5 23 ± 3.30 107 ± 2.58

Great Timok (GT) Chub 3 20.80 ± 0.70 75 ± 2.40

Barbel 5 26.50 ± 0.35 176. 20± 5.80

Nase 7 22.60 ± 3.90 101.40± 3.45

Mlava (M) Chub 3 28.73 ± 2.80 307.33± 86.20

Barbel 3 25.40 ± 3.80 228.70± 53.40

Nase 3 25.10 ± 2.80 143.30± 63.41

Pek (P) Chub 3 23.50 ± 1.84 118.70± 6.31

Barbel 3 25.60 ± 2.32 222.30± 7.99

Nase 3 20.80 ± 1.74 156.33± 12.04
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0.73), and the section designated on the Tisa River is mini-
mally affected by metal pollution (MPI=0.31).

The As, Fe, Cu, and Zn concentrations detected in all of the
fish muscle were below the MPC established by both the EU
(EC 2006) and the Republic of Serbia (Official Gazette of RS
2011). Hg concentrations exceeded the MPC only in catfish
samples (0.62 mg kg−1) from D3 and barbel (0.78 mg kg−1)
from WM1 sampling sites, while Cd concentrations exceeded
the MPC in catfish samples (0.09 mg kg−1) from D1 and chub
samples (0.1 mg kg−1) from SM2 sampling sites. We would
emphasize that the Pb level exceeded the MPC at most sam-
pling sites (WM1, WM2, I, DR, and GT) with the highest
concentration of Pb in barbel from WM1 sampling site
(0.82 mg kg−1).

Discussion

The chosen species—pikeperch, bream, and catfish—are key-
stone populations of commercial fish species from large low-
land rivers, the Danube, Sava, and Tisa, while chub, barbel,
and nase are keystone populations from other rivers
researched in Serbia (Simić et al. 2014). In our study, muscle
was chosen as a target tissue since EU limits are fixed to heavy
metal concentrations in fish muscle, which are most relevant
in the context of fish consumption. Another reasonwe focused
on muscle concentrations was to make the results relevant for
comparable and sustainable management.

We hypothesized that the concentrations of heavy metals in
the water would affect the heavy metal concentrations in the
fish muscle. Poleksić et al. (2010) pointed out that elemental
concentrations in fish organs depend on the actual level of
pollution in the water body they inhabit, and studies of
elemental accumulation in fish tissues are able to indicate
the actual elemental levels in their environment. On the
other hand, Andres et al. (2000) and Yi and Zhang (2012)
stated that direct proportionality does not necessarily exist
between water concentrations and bioaccumulation levels in
aquatic organisms. The results of ANCOVA in our study
showed that the concentrations of several elements varied
markedly for the fish species examined. According to Dušek
et al. (2005) and Zrnčić et al. (2013), predator species revealed
important indicator potential even when young for the maxi-
mum content of Hg accumulated in muscle tissue, which is
also seen in this study. Subotić et al. (2013b) stated that there
was no difference in the concentration of any element exam-
ined (As, Cu, Fe, Hg, Mn, and Zn) between the pikeperch and
catfish muscle for the fish of the same length as in our study,
which was not the case here. Our study showed that, as a
predatory fish, situated at the top of the food chain, catfish
(S. glanis) can adequately reflect ambient metal concentra-
tions as seen in the research of Squadrone et al. (2013). In
biomonitoring studies of variations in heavy metal pollution,

bream (A. brama) proved to be a useful bioindicator species
(Farkas et al. 2003). Generally, our findings support the thesis
of Zrnčić et al. (2013) that it is not necessarily the case that
predatory fish are the best indicator species. Poleksić et al.
(2010) and Sunjog et al. (2012) confirmed the value of barbel
as an indicator species for the status of water bodies. The best
sentinel species should be the most abundant and ubiquitous
ones, such as the species studied here. Additionally, our results
concerning the bioaccumulation of elements and the MPI in-
dex pointed toward bream and barbel as good candidates for
the further establishment of pollution monitoring. Since the
element load of the water column from the sampling sites
proved to be relatively low, the results for metal concentra-
tions in bream and barbel are another confirmation that metal
uptake from food is predominant (Dallinger and Kautzky
1985). It can be seen from the results that fish that feed on
invertebrates which have absorbed elements from the water,
and additionally from the sediment, have the highest tendency
for the uptake of those elements.

A survey of the existing published data focusing on ele-
ment concentrations in fish species in Serbia indicated that
many fish species, tissues, and organs have been studied, so
far. Visnjic-Jeftic et al. (2010) assessed Al, Cd, Cu, B, Ba, Fe,
Mg, Sr, Zn, Li, Co, Cr, Mn, Mo, Ni, and P in the muscle, liver,
and gills of pontic shad (Alosa immaculata Benet 1835) and
found the highest As concentration in the muscle, and Cd and
As above the MPC. Sterlet (Acipenser ruthenus) tissue liver,
gills, intestines, and muscle were used in a study by Jarić et al.
(2011), in which Ag, Al, As, B, Ba, Cd, Co, Cr, Cu, Fe, Mn,
Mo, Ni, Pb, Se, Sr, Zn, and Li were analyzed, and the muscle
showed the lowest tendency for element accumulation, al-
though the level of Cd partly exceeded the MPC. According
to Subotić et al. (2013a, b), only Hg and Zn concentrations
were above the MPC in the muscle tissue of pikeperch
(S. lucioperca), catfish (S. glanis), burbot (Lota lota), common
carp (Cyprinus carpio ) , and gobies (Neogobius
gymnotrachelus and Neogobius melanostomus). Compared
with the same species in our study, those authors found higher
concentrations for almost all of the elements (Al, As, Cd, Fe,
Hg, Mn, Zn in pikeperch samples and Al, As, Cd, Fe, Hg, Mn,
Zn in catfish samples). Jovičić et al. (2015) also used 14 tis-
sues from catfish (S. glanis) of the same lengths as in our study
for element estimations (As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni,
Pb, Se, and Zn), but all of the element concentrations were
below the MPC. The concentrations of As, Co, Cu, Fe, Hg,
Mn, Ni, and Zn were higher; the concentrations of Cd and Pb
were lower, while the concentration of Cr was approximate to
the concentration in our study. The widest range of fish spe-
cies, silver carp (Hypophtalmichtys molitrix), freshwater
bream (A. brama), white bream (Blicca bjoerkna), common
carp (C. carpio), and catfish (S. glanis), were used in a study
by Lenhardt et al. (2012) in which the accumulation of Al, As,
B, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Se, Sr, and Zn
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was analyzed in the liver, muscle, gills, and gonads, and only
Fe and Zn concentrations were above the MPC. The levels of
Al, Fe, Mn, and Zn in bream muscle and Cu, Fe, Mn, and Zn
in catfish muscle were higher than in our study. This is very
important since the length of the fish examined in the
abovementioned study was lower than in our study. All of
the studies mentioned here were conducted in the Danube
River, mostly near the capital city of Belgrade.

The type of chemical, metabolic properties of the tissues
and the degree of environmental pollution affect the bioaccu-
mulation levels of fish (Prosi 1981). As expected, this study
indicates the highest BCFs for Hg (Table 3), which was also
confirmed in the studies by Subotić et al. (2013a, b), Dušek
et al. (2005), Has-Schön et al. (2008), and Nabavi et al.
(2012), who also stated that Hg is accumulated in the highest
concentrations in muscle tissue. The research presented here
has also shown that water was a good source of Fe in the West
Morava River and Zn in the South Morava and rivers from
East Serbia such as the Great Timok, Mlava, and Pek.
Generally, predatory species had the highest BCF for Fe, as
can be seen in a study by Subotić et al. (2013a).

The MPI is more reliable for expressing the contamination
status of fish than the accumulation patterns since it considers
all metals synchronously, unlike the BCF. The estimated MPI
values for the muscle of pikeperch and catfish in the present
study (Fig. 4) were lower than those reported by Subotić et al.
(2013b) for the same species of the same length as in our study
(0.840 and 0.907, respectively), which were estimated based
on the analysis of six elements (As, Cu, Fe, Hg, Mn, and Zn).
In a study by Jovičić et al. (2015), the MPI values for the
muscle of catfish, of the same length as in our study, calculated
for 11 elements (As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn),
were lower than 0.1. Considering that the MPI is influenced
by the elements that are used for its calculation, this might
explain the differences between ours and the two studies men-
tioned above. One more of the factor affecting the MPI of fish
is weight (Subotić et al. 2013a, b).

Using the MPI index, we proposed a water quality classi-
fication for the main rivers in Serbia (Table 4). The classifica-
tion showed spatial patterns of the elements, which led to the
identification of Bsite unaffected by direct pollution,^ Bslightly
affected,^ or Baffected^ sites among the main rivers in Serbia.
According to this classification, the Tisa River can be catego-
rized as site unaffected by direct pollution while the West
Morava and Pek can be categorized as affected. Other rivers
are slightly affected. As a result of this water quality classifi-
cation, a contamination map of Serbia was formed (Fig. 5).
Based on previous studies by Teodorović (2009) who stated
that heavy metals are considered to be among the major pol-
lutants in the Danube River in Serbia, especially pronounced
between Novi Sad and Belgrade (the two largest cities), and
Sakan et al. (2013) who demonstrated the high ecological risk
and need for environmental monitoring in the Tisa River,T
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supporting the development of an efficient strategy to reduce
local pollution and contamination, we expected a high level of
fish contamination in our study. Surprisingly, this was not the
case, and those sites were slightly or moderately affected with
metal pollution. Sakan et al. (2015) found that the most pol-
luted sediment samples from the West Morava which origi-
nated from industrial plants and mines, and agricultural prod-
ucts, were mainly due to the use of manganese-containing
products, such as fertilizer and fungicide. This has probably

led to the high MPI values of the barbel studied in this river,
and it is another proof that the accumulation of elements in
fish is mainly derived from sediment acting as an adsorptive
sink with metal concentrations often being many times greater
than in the water column (Salomons and Förstner 1980) and
sediment-dwelling organisms, because they can scavenge
some elements from sediment.

Our study showed that Hg concentrations exceeded the pre-
scribed MPC in the Danube (sampling site D3), which is in

* difference is at 0.05 level

  ba 

Fig. 2 Mean concentrations of elements which significantly differed between a pikeperch, bream, and catfish and b chub, barbel, and nase

a b 

Fig. 3 Mean concentrations of elements which significantly differed between sampling sites for a pikeperch, bream, and catfish and b chub, barbel, and
nase
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Table 3 The BCF as ratio of mean element level (in mg kg−1 ww) in muscle tissue to its mean concentration (in mg L−1) in water, per sampling site

Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn

D1

Pikeperch 1.5 110 75 – 90 15 3.2 1500 3 7.1 416.7 137

Bream 5.6 160 100 8 115 33.3 8.9 1600 8.5 14.33 350 154.5

Catfish 2 100 2250 – 72.5 11.7 3.65 3300 4.5 52.9 283.3 381

D2

Pikeperch 4 330 2000 – 20 18.3 11.2 3000 3.7 5.3 460 188

Bream 0.9 350 200 10 22.2 23.3 11.05 800 5.7 6.7 500 195

Catfish 1.2 150 50 6 14.4 11.7 6.3 2000 3 5.3 360 148.5

D3

Pikeperch 24.1 75 100 6 15.7 18.3 57.9 28,000 19 88.9 360 341.1

Bream 8.5 75 200 10 37.1 28.3 20.8 15,000 16 55.6 460 515.6

Catfish 1.4 55 200 16 320 11.7 6.9 62,000 8 33.3 320 333.3

S

Pikeperch 1.4 316.7 200 4.3 200 10 3.5 1700 4.5 50 325 123.3

Bream 3 300 200 7.1 220 11 3.8 600 8 80 262.5 125.3

Catfish 1.7 166 233.3 12.9 300 16 6.1 1800 12 100 225 160.7

T

Pikeperch 0.9 75 80 8 35 1.6 9000 2600 1.4 1.5 100 9.5

Bream 0.8 80 100 10 45 2 13,200 1400 3.4 3 110 11.7

Catfish 0.2 55 120 12 55 1.7 13,400 2800 2 2.5 145 12.5

GM1

Chub 2.4 23.3 120 1 93.3 25 3.7 1000 1.1 7 30 233.5

Barbel 1.0 18.3 80 1 96.7 30 3.74 3200 1.6 4 44 176.5

Nase 0.15 50 120 – 113.3 33.8 1.6 500 1.2 4 22 216

GM2

Chub 0.08 37.5 250 2 220 54 6.03 1900 1.33 23.1 312.5 501

Barbel 0.16 20 250 – 350 56 9.86 2400 6.7 30.1 287.5 415

Nase 2.31 47.5 250 1.3 140 52 7.7 500 5.8 30.1 212.5 458

SM1

Chub 0.08 37.5 250 2 220 50 10.5 300 6.3 30.8 262.5 552.3

Barbel 1.2 20 250 – 350 66 9.2 1100 8.7 30.8 325 590

Nase 2.3 47.5 250 1.6 140 52 14.6 40 12.7 30.8 300 471

SM2

Chub 1.0 11.1 500 5 0.25 50 2.3 300 1.3 100 21 184.1

Barbel 0.8 13.3 30 – 42.5 66 2.0 100 1.8 100 26 196.7

Nase 1.5 17.8 25 0.6 25 52 3.2 40 2.6 100 24 157

WM1

Chub 1.07 75 233.3 2.22 42 42 2.7 700 2.2 0.9 400 360

Barbel 1.06 200 800 – 282 556 45.5 7800 37.2 22.7 1025 2289

Nase 2.4 48 166.7 2.22 30 52 3.9 500 6.4 9.3 337.5 522

WM2

Chub 1.5 0.24 0.12 0.6 145 35 17,500 1100 120 0.11 1167 685

Barbel 1.0 1.0 0.14 1.8 160 90 40,700 1700 133 0.2 1067 1223

Nase 0.7 0.3 0.12 0.4 135 16 8500 800 43.3 0.09 1033 830

I

Chub 4.6 7.5 90 1.4 28.8 70 7.9 700 3 11.7 58.3 219.5

Barbel 1.4 16.2 50 – 22.5 140 4.9 1300 5.5 51.7 50 219

Nase 1.9 10 60 0.7 36.3 40 2.7 400 3.3 5 36.7 152

DR
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accordance with Subotić et al. (2013b) who stated the same for
catfish of a similar size to those in our study. Elevated concen-
trations of Cd were also found in the Danube (sampling site D1).
Jovičić et al. (2014) stated that fish with excess concentrations of
Hg and Cd from the Danube can be utilized in the human diet
only in limited quantities and that it is necessary to establish
permanent monitoring of heavymetal concentrations in this area.
Since Hg and Cd concentrations were above the MPC in West
Morava (sampling site WM1) and South Morava (sampling site
SM2), respectively, as were Pb concentrations in the West
Morava (sampling sites WM1 and WM2), Ibar, Drina, and
Great Timok, we suggest that fishing in these rivers should be
limited, because of the potential health risk. Our findings also
suggest that the current lack of legal limits for a number ofmetals

in European and Serbian legislation should be tackled as soon as
possible, in order to enable more efficient control of contami-
nants in fish products. In the future, it will be important to focus
efforts on defining the appropriate quantities of fish meat to be
used in the human diet.

To conclude, this study clearly indicates that the MPI is a
reliable index for expressing the contamination status of fish,
giving a clear picture of pollution. Therefore, our opinion is
that it is possible for MPI to be included in complex freshwa-
ter monitoring programs. Also, more than one fish species
should be analyzed in comparative environmental studies
due to substantial variations in pollution loads. The
benthophagous species bream and barbel, preying close to
the bottom, were recognized as susceptible indicators of the
environmental gradient of element pollution. The predator
species catfish revealed important indicator potential because
it resides in muddy littoral. This study achieved its primary
objective and produced a contamination map of Serbia as a

Table 3 (continued)

Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn

Chub 11 240 250 1 105 60 17.4 800 16 40 557.1 286.5

Barbel 8.9 200 250 0.6 120 45 16.4 3400 28 20 385.7 200

Nase 4.4 282 300 8 105 125 21.7 400 20 80 342.9 259

K

Chub 0.03 4 12 2 42 82.5 4.1 1800 0.4 15 30 501

Barbel 1.03 4.7 12 – 62 102.5 5.6 4800 2.1 10 200 399

Nase 1 3.3 10 – 44 97.5 4.4 400 1.1 16.7 190 715

GT

Chub 11.7 50 1000 6 98 190 35.4 100 5.9 60 1180 2625

Barbel 19.1 41.7 350 4 80 230 35.4 700 9.1 120 800 2053

Nase 8 25 250 6 50 105 27.9 100 5.4 40 420 1121

M

Chub 1.2 – 62.5 5 30 50 2.4 600 10 26.7 300 570

Barbel 0.9 – 37.5 2 21.4 82 4.7 1300 19 26.7 300 931.4

Nase 1.1 41.7 50 6 25.7 48 2.6 300 13 113.3 185.7 675.7

P

Chub – 200 83.3 3 72.2 38.1 254 – 5.7 1100 400 286.3

Barbel 17.4 260 133.3 5 86.1 76.2 577 70 19.3 500 440 5354.4

Nase 19.6 460 66.7 – 105.5 42.9 341.3 – 12.7 280 660 337.5

0.31

1.92

0.73 0.65

0

0.5

1

1.5

2

2.5

MPI

pike-perch

bream

catfish

chub

barbel

nase

Fig. 4 Metal pollution index (MPI) values of the total metal
accumulation levels in the fish species examined per sampling site

Table 4 Quality classification of Serbian rivers according to the metal
pollution index

Class of contamination Characteristics MPI

I Site unaffected by direct pollution <0.3

II Slightly affected site 0.3–0.6

III Affected site 0.6
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basis for further research. Over the past two decades, Serbia
has not expanded its industrial activity, which has resulted in
the barely noticeable anthropogenic input of heavy metals in
the rivers close to industry, and the main rivers are mostly
slightly affected. On the other hand, the West Morava River
and Pek can be marked as polluted when it comes to heavy
metals and elements. Also, we assumed that pollution by
heavy metals in the 1990s was trapped in the sediment,
resulting in an increased concentration of elements in the spe-
cies that live and feed on the bottom. Therefore, the proposed
contamination map presents the current state of the entire eco-
system. Future studies should involve similar analyses that
would include more fish species and focus especially on
smaller rivers that have been neglected so far.
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