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Abstract

The main objectives of study were to determine the concentrations of As and other trace elements (Al,
Co, Fe, Ni, Sn, Se) in the muscle, liver, and gills of pikeperch (Sander lucioperca), catfish (Silurus glanis),
and pike (Esox lucius), and in the muscle of Prussian carp (Carassius gibelio) and freshwater bream (4bramis
brama), to identify relationships between element concentrations and total length and weight of the exam-
ined fish and studies of potential impact of contaminated fish consumption on human health. In the present
study, the highest concentrations of As (0.004 mgkg"'), Sn (0.154 mg'kg'), and Co (0.053 mgkg') were
observed in the liver of pikeperch. The highest concentrations of Ni (0.051 mg-kg") and Fe (162.17 mg-kg")
were observed in gills and liver of pike, respectively, while the highest concentrations of Al (22.65 mg-kg")
and Se (0.509 mg-kg"') were observed in gills and liver of catfish, respectively. Freshwater bream diverged
from the other four species based on element concentrations in muscle, while catfish diverged from the other
predator species based on element concentrations in gills. This indicates that the element levels detected in
organs seem to reflect the pollution level of sediment and its biota, rather than the prevailing pollution state of
the water. We recorded the most correlations between element accumulation and fish size and weight in the
tissues of pike, which could probably be explained by life histories, as well as by habitat of this species. Meat

of studied species should be safe for utilization in human diet.
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Introduction

The rapid development of industry and agriculture has
resulted in an increase in pollution and, therefore, contami-
nation of aquatic ecosystems (e.g. lakes, reservoirs, rivers,
streams, etc.) has been receiving increased worldwide
attention over the last few decades. Metals are considered
to be the most important form of aquatic pollution because
of their toxicity, long persistence, and accumulation by
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aquatic organisms [1-3]. In addition to toxic elements
(arsenic, As), essential trace elements (aluminum, Al;
cobalt, Co; iron, Fe; nickel, Ni; tin, Sn; and selenium, Se)
become toxic to living organisms when subjected to high
concentrations [4].

Fish are constantly exposed to chemicals in polluted
waters, so they could be used as excellent biological mark-
ers of elements in aquatic ecosystem [5]. Elements differ in
their accumulation levels and patterns depending on fish
species, as well as fish tissue [6, 7]. Gills are the primary
site of element uptake from water, especially if elements are
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bound to particulate matters [8], while the liver as meta-
bolically active tissue (due to the presence of metal-bind-
ing proteins) is the accumulation location for elements [9,
10]. Muscles are not important tissue in metals agglomer-
ation, except mercury, and the study of potential metals
accumulations in this tissue of fish is justified because of
human consumption [11]. However, since they are not
always the best indicators of element contamination pre-
sent in fish, the analysis of other tissues is recommended
as well [12]. Also, element distribution between different
tissues is determined mainly by their content in water and
food, and therefore can serve as a pollution indicator of the
environment [13].

Contaminated fish represent a potential risk for preda-
tory fish, birds, and mammals that feed on them [14]. The
pollutants accumulated by aquatic inhabitants (especially
fish) subsequently transferred to humans through the food
chain [15, 16] and it is generally accepted that consumption
of fish and seafood is a major source of arsenic exposure for
humans [17]. Because of high protein content and low sat-
urated fats containing omega fatty acids and supporting
good health and protecting the body against cardiovascular
diseases, contaminated fish represent a serious food safety
concern across the globe [18]. In recent years fish con-
sumption has increased in Serbia primarily due to a public
campaign on health benefits through popular media [19].

Bavan
(Bopan) [/

In general, health benefits and fish consumption are
informed through different organizations but rarely is there
insight into potential health risks [20-22]. Consequently,
knowledge of element concentrations in fish is important
both with respect to human consumption of fish and nature

management [23].

Data and publications on element pollution in Serbia are
still limited. Only a few studies on element content in
organisms living in waters of Serbia have been carried out
[6, 7, 24-27].

The main objectives of this study were:

(1) To determine the concentrations of As and other trace
elements (Al, Co, Fe, Ni, Sn, Se) in the muscle, liver
and gills of pikeperch (Sander lucioperca), catfish
(Silurus glanis), and pike (Esox lucius), and in the mus-
cle of Prussian carp (Carassius gibelio) and freshwater
bream (Abramis brama)

(2) To examine if there were differences in tissue accumu-
lation in three predatory fish species

(3) To examine if there were differences in fish accumula-
tion

(4) To assess the relationships between element concentra-
tions and total length and weight of the fish

(5) To determine whether specific elements exceeded max-
imum permitted concentrations (MPC) for human con-
sumption

Fig. 1. Location map of the Bovan Reservoir near the city of Aleksinac, southeastern Serbia.
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Material and Methods

Bovan is an artificial reservoir situated in the middle
flow of the Sokobanjska Moravica River near the city of
Aleksinac (Fig. 1) in southeast Serbia. The Bovan
Reservoir was planned as a multi-functional system, with
the primary aim of regulating the basin of the Morava River
and protecting the Derdap I Reservoir [28].

This reservoir has been under a strong anthropogenic
influence. Bovan Reservoir continuously receives signifi-
cant amounts of nutrient-rich water from the Sokobanjska
Moravica River due to the direct discharge of untreated
domestic wastewater into the river. The land around the
reservoir is intensively processed with the use of invasive
agricultural measures (excessive use of pesticides, herbi-
cides, and fungicides). Also, constantly expanding cottage
settlements on the coastal area of the reservoir, which gen-
erally have no prescribed way to regulate the storage and
discharge of wastewater, contribute to the pollution of the
reservoir.

The field work was conducted during May 2012. Five
fish species: pikeperch (S. lucioperca, N = 13), catfish (S.
glanis, N = 10), pike (E. lucius, N = 10), Prussian carp
(Carassius gibelio, N = 10), and freshwater bream
(Abramis brama, N = 10) were collected with portable lift
nets of different lengths, widths, and mesh diameters. The
select species were regular catches of fishermen in this area
of Serbia. Pikeperch, catfish, pike, and freshwater bream
are among the economically most valuable fish species and
form the core of commercial fishing in reservoirs and rivers
in Serbia (as well as Prussian carp, although it is a non-
native species [29]).

Specimens were sacrificed with a quick blow to the
head, measured for their total body length (cm) and weight
(g), and subsequently dissected. Mean values (£SD) for
total length and weight determined for species are
pikeperch 44.6+7.5 cm and 722.7+348.8 g; catfish §2.2+22
cm and 4,650+3,934 g; pike 55.2+8.5 cm and 779.6+179.3
g; Prussian carp 44.33+10.25 cm and 883.66+534.42 g; and
freshwater bream 33+3.04 cm and 585.33+213.71 g.
Samples of pikeperch, catfish, and pike were removed from
gills, liver, and the right dorsal muscle, while samples of
Prussian carp and freshwater bream were removed only
from the right dorsal muscle. All samples were washed with
distilled water, transferred to the laboratory, and stored at
-20°C prior to analysis.

In the laboratory 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 30% hydrogen peroxide (Merck, Darmstadt,
Germany, 10:2 v/v) at 220°C for 20 min. After cooling to
room temperature and without filtration, the solution was
diluted to a fixed volume (volumetric flask, 25 ml) with
ultra-pure water (Milli-Q system, Millipore, Bedford, MA,
USA). Concentrations of Al and Fe were measured in fish
tissues in triplicate using a Thermo Scientific iCAP 6500
Duo ICP-OES instrument (Thermo Fisher Scientific,
Cambridge, United Kingdom). Co, Ni, Sn, As, and Se deter-

mination in fish tissues was achieved with a Thermo
Scientific iCAP Qc ICP-MS (Thermo Scientific, Bremen,
Germany), with operational software Qtegra. Instrumental
conditions were optimized to obtain sufficient sensitivity
and precision. The potential presence of trace elements in
chemicals used in sample preparation was resolved by using
a number of blank samples. Standards for instrument cali-
bration were prepared on the basis of multi element (SS-
Low Level Elements ICV Stock, 10 mg/L) and mono ele-
ment (Sn LSNH-100, 10 mg/L Sn) certified reference solu-
tion ICP Standard (VHG Labs, Inc- Part of LGC Standards,
Manchester, NH 03103 USA). DORM 4 (NRCC, Canada)
standard reference material was analyzed for elements. The
detection limits for Al and Fe, analyzed by ICP-OES, were
0.1, 0.05 mg'kg", respectively and detection limits for Co,
Ni, Sn, As, and Se, analyzed by ICP-MS, were 0.00005,
0.007, 0.00027, 0.013, 0.00001 mg-kg", respectively.

All concentrations were expressed as mgkg' wet
weight (ww).

In order to assess significant differences between
species and tissues, the non-parametric Kruskal-Wallis test
was applied. Post hoc inter-group comparisons of element
levels were performed by the non-parametric Mann-
Whitney test for two independent samples. Correlations
between the biological variables size and weight in relation
to concentration of elements in species were evaluated by
Spearman correlation. The level of significance was set at a
probability lower than 0.05 (p<0.05). All statistical analysis
of data was carried out using SPSS 16.0 statistical package
programs for Windows (SPSS Inc., Chicago, IL, USA).

All obtained element levels in the studied fish were
compared with maximum permitted concentrations (MPC)
in fish meat intended for human consumption, as estab-
lished by Serbian national legislation [30], and the
European Union [31].

Results and Discussion

In order to check the validity of the measurements,
DORM 4 reference material was used and certified, and
observed values are given in Table 1. The recovery was
between 93.25%-108.82%. Arsenic and trace element con-

Table 1. Certified element concentration in reference material
DORM 4.

Element Certified Observed Recovery
(mgkg") (mgkg") (%)

As 6.80+0.64 6.52+0.33 95.88
Sn 0.056+0.010 0.06+0.064 107.14
Ni 1.36+0.22 1.48+0.17 108.82
Co - - -

Al - - -

Se 3.56+0.34 3.32+0.35 93.25
Fe 341£27 333.96+25.87 97.93
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Table 2. Mean concentrations (mg-kg") and associated standard deviations (means+SD) of arsenic and other trace elements in the mus-
cle (M), liver (L), and gills (G) of pikeperch, catfish, and pike, and in the muscle of Prussian carp and freshwater bream from Bovan

Reservoir.
Elements Tissues (E:ESSCS) Catfish (meantSD) | Pike (mean+=SD) I;Ei:ﬁiggr)p Fre?i‘::;i;giam

M 0.003+0.006" * 0.002+0.002** 0.001+0.000* 0.003+0.001* 0.002+0.000*
As L 0.004+0.003* 0.001:0.000* 0.002+0.001** - -

G 0.002+0.002*4 0.002+0.001** 0.002+0.000* - -

M 0.027+0.006* 0.032+0.008" 0.032+0.002* * 0.026+0.001* 0.028+0.015*
Sn L 0.154+0.282" 0.041+0.008" 0.079+£0.057* - -

G 0.039+0.053" 0.008+0.006" 0.027+0.010™ - -

M 0.049+0.033** 0.039+0.018* 0.026+0.005* 0.038+0.010* 0.050+0.0374
Ni L 0.036+0.013** 0.026:+0.004* 0.037+0.017* - -

G 0.042+0.014* 0.043+0.022** 0.051+0.017* - -

M 0.004+0.009** 0.001+0.000** 0.0010.000* 0.003+0.004* 0.0140.000*
Co L 0.053+0.027" 0.045+0.025™ 0.007+0.003* * - -

G 0.002+0.003** 0.007+0.005* ND - -

M 2.49+3.41¢ 1.93+1.64" 0.361+0.188* 2.68+1.50¢ 7.37+7.71°
Al L 3.73+5.923* 2.66+5.54 12.38+13.22® - -

G 7.8146.66"* 22.65+21.30™ 7.3442.60** - -

M 0.091+0.052* 0.142+0.049"® 0.170+0.022"® 0.237+0.081°¢ 0.258+0.050°
Se L 0.306+0.112** 0.509+0.143°" 0.348+0.090" - -

G 0.143+0.038** 0.142+0.037** 0.158+0.033* - -

M 42.90+145.37"° 5.2942.14* 3.22+0.39* 18.88+5.26¢ 9.86+5.47°
Fe L 66.47+20.63 57. 84+16.28 162.17+117.62® - -

G 21.8246.84* 32.76+12.63% 28.4942.92% - -

Mean values in the same column with different superscripts (a, b, ¢) significantly differed (p<0.05) between tissues.

Mean values in the same row (A, B, C) with different superscripts significantly differed (p<0.05) between species.

centrations in three analyzed tissues (muscle, liver, gills) of
three predatory fish species (pikeperch, catfish, and pike)
and in muscle tissue of Prussian carp and freshwater bream
are presented in Table 2. There was no unique pattern of
distribution of elements in the tissues of the three predato-
ry fish species (pikeperch, catfish, and pike). The distribu-
tion pattern of As concentrations in tissues of three preda-
tory fish species were liver > muscle > gills, muscle > gills
> liver, and liver > gills > muscle for pikeperch, catfish, and
pike, respectively. Sn levels of pikeperch follows the order
liver > gills > muscle, whereas for catfish and pike the order
was liver > muscle > gills. The distribution pattern of Ni
was different with all three species: muscle > gills > liver;
gills > muscle > liver; gills > liver > muscle for pikeperch,
catfish and pike, respectively. In the study, Co accumulation
was found to be liver > muscle > gills for pikeperch and
pike, and liver > gills > muscle for catfish. The order of Cr
accumulation was determined for pikeperch and catfish as
gills > liver > muscle, whereas for pike the order was liver

> gills > muscle. In pikeperch Se had the order accumula-
tion muscle > liver > gills, whereas distribution order in cat-
fish and pike was liver > muscle > gills. Fe level of
pikeperchs follow the order liver > muscle > gills, whereas
for catfish and pike the order was liver > gills > muscle. As
shown on Table 2, with the exception of Co, all the other
elements have been accumulated in all three tissues that are
studied in three predatory fish species. However, Co was
absent in gills of pike. Concentrations of elements exam-
ined in muscle tissue (Table 2) showed that freshwater
bream had the highest tendency for Ni, Co, Al, and Se accu-
mulation, pikeperch had the highest tendency for As and
Fe, while catfish and pike had the highest tendency for Sn
accumulation.

The element concentrations in fish varied considerably
among tissues in all three predatory species (p<0.05) (Table
2). Al, Co, Fe, Sn, and Se varied among tissues in pikeperch
and catfish, while Al, Se, and Fe varied among tissues of
pike. However, element concentrations in muscle tissue



Arsenic and Other Trace Elements...

203

were generally lower than in the liver and gills. In the pre-
sent study, the highest concentrations of As (0.004 mg-kg"),
Sn (0.154 mg'kg"), and Co (0.053 mg-kg") were observed
in the liver of pikeperch. The highest concentrations of Ni
(0.051 mgkg") and Fe (162.17 mg-kg"') were observed in
gills and liver of pike, respectively, while the highest con-
centrations of Al (22.65 mg-kg') and Se (0.509 mg-kg")
were observed in gills and liver of catfish, respectively. The
highest element concentrations are accumulated in meta-
bolically active tissues such as liver and gills, while mus-
cles commonly have lower element concentrations. Such a
pattern has been observed in a number of other studies cov-
ering a wide spectrum of fish species [3, 7, 25, 32-40].

In our study the highest concentration of As was deter-
mined in liver (only in pikeperch samples) which is in
accordance with results of Lenhardt et al. [25] and Al
Sayegh Petkovsek et al. [41], who found the highest con-
centrations of As in liver and gills. For other examined
species As is uniformly distributed among tissues, as seen
in study of Has-Shon et al. [42]. The detected concentra-
tions of As in pikeperch muscle samples (0.003 mg-kg"
ww) were higher than in samples from Gruza Reservoir
(ND — not detected) [26], but lower than in samples from
the Danube River (0.17 pg-g"' dw) [27] and (0.032 pg-g’
dw) [43]. As concentrations in catfish muscle samples
(0.002 mg-kg' ww) were lower than in samples from Gruza
Reservoir (0.095 mgkg' ww) [26] and from the Danube
(0.22 pgrg' dw) [27] and (0.22 pg-g* dw) [43]. Muscle sam-
ples from Prussian carp (0.003 mg-kg' ww) had lower As
concentrations than samples from Gruza Reservoir (0.106
mg-kg' ww) [26] and from the Danube (0.031 pg-g' dw)
[43]. As concentrations in freshwater bream muscle sam-
ples (0.002 mg-kg' ww) were higher than in samples from
Gruza Reservoir (ND — not detected) [26], but lower than
in samples from Salek lakes (0.04 mg-kg' ww) [41] and
from the Danube (0.035 pg-g* dw) [43].

Ni is essential for normal growth and reproduction in
animals and humans, but shows a carcinogenic effect when
consumed in high amounts. Ni concentrations were the
highest in liver samples as in the studies of Jari¢ et al. [7],
Nabavi et al. [44], and Yilmaz et al. [45]. The detected con-
centrations of Ni in pikeperch muscle samples (0.049
mg-kg' ww) were lower than in samples from the Caspian
Sea (1.77 pg-g' ww) [44]. The detected concentrations of
Ni in Prussian carp muscle samples (0.038 mg-kg' ww)
were lower than in samples from Isikli Dam Lake and
Karacadren Dam Lake (1.57 pg-g' dw) [46], but higher
than in samples from Enne Dame Lake (ND — not detected)
[10].

Yilmaz et al. [45] found the highest concentrations of
Co in liver samples, as seen in our study. We observed that
catfish had the highest concentrations of Co in gills com-
pared to other species, which is in accordance with the
findings of Suboti¢ et al. [27]. Co concentrations in
Prussian carp muscle samples (0.003 mg-kg") were lower
than in samples from Isikli Dam Lake and Karacadren
Dam Lake (2.80 mg pg-g' dw) [46], but higher than in
samples from Enne Dame Lake (ND — not detected) [10].
Muscle samples from pikeperch (0.004 mg-kg' ww) and

catfish (0.003 mg-kg" ww) had higher concentrations of
Co than samples from the Danube (0.001 pg-g' dw for
both species) [27].

The highest Al concentrations were found in gills,
which are in line with previous studies of Visnji¢-Jefti¢ et
al. [6], Jari¢ et al. [7], Lenhardt et al. [25], and Sunjog et
al. [47], but not in line with Saygi et al. [48], who found
the highest concentrations of Al in liver. Muscle samples
from catfish (1.93 mg-kg"' ww) had higher concentrations
of Al than Danube samples (ND — not detected) [25], but
lower than other samples from the Danube (7.50 pg-g'
dw) [27]. Al concentrations in freshwater bream (7.37
mg-kg' ww) were higher than in from Danube samples
(ND — not detected) [25], while concentrations of Al in
pikeperch muscle samples (2.49 mg-kg' ww) were lower
than in Danube samples (7.50 pg-g* dw) [27].

An essential trace element, selenium, is important for
mammals, birds, and fish. Selenium compounds also are
capable of protecting from the toxicity of heavy metals
such as cadmium and mercury. Se reached the maximum
concentrations in liver, which is in accordance with finding
of Jari¢ et al. [7]. Our results for Se (observing the highest
concentrations in liver of catfish compared to other
species) contradict the findings of Suboti¢ et al. [27], who
found that pikeperch had the highest concentrations of Se
of all analyzed species (pikeperch, catfish, common carp,
gobies). We also detected concentrations of Se in
pikeperch muscle samples (0.091 mg-kg"' ww) and in cat-
fish muscle samples (0.142 mgkg' ww), which were
lower than in pikeperch and catfish muscle samples from
the Danube (0.83 and 0.68 pg-g' dw, respectively) [27].
Kensova et al. [33] pointed to piscivorius fish species
accumulating the highest concentrations of Se, which is
not the case in our study. In contrast, in our study freshwa-
ter bream had the highest concentrations of Se in muscle
(0.258 mg-kg! ww) compared to other fish.

Rajkowska et al. [37], Yilmaz et al. [45], and Szarek-
Gwiazda and Amirowicz [49] pointed to the liver as a stor-
age organ for Fe, and such is the case in our study. The
detected concentrations of Fe in pikeperch muscle samples
(42.90 mgkg' ww) were higher than in samples from
Gruza Reservoir (3.12 mgkg' ww) [26], and from the
Caspian Sea (2.79 pg-g' ww) [44]. Fe concentrations in cat-
fish muscle samples (5.29 mg-kg' ww) were lower than in
samples from the Gruza Reservoir (7.4 mg-kg' ww) [26],
but higher than in Danube samples (ND — not detected)
[25]. The detected concentrations of Fe in freshwater bream
muscle samples (9.86 mg-kg' ww) were higher than in
samples from Gruza Reservoir (2.8 mgkg' ww) [26], and
from Lake Insko and Wisola (1.5 and 1.3 pg-g"' ww, respec-
tively) [37]. Muscle samples from pike had higher concen-
trations of Fe (3.22 mg'kg"') than samples from Lake Insko
and Wisola (1.4 and 0.8 pg-g"' ww, respectively) [37].

The Kruskal-Wallis test revealed significant differences
between fish species with regard to element levels in mus-
cle for Al, Se, and Fe (p<0.05), in gills for Al, Sn, and Fe
(p<0.05), and in liver for As, Sn, Co, Al, Fe, and Se
(p<0.05) (Table 2). Post hoc inter-group comparisons
between pairs of species for levels of elements in specific
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tissues, performed by the non-parametric Mann-Whitney
test, for muscle showed that freshwater bream had signifi-
cantly higher levels of Al and Se, while pikeperch had sig-
nificantly higher levels of Fe compared to other species.
Gills showed the least differences for all tested elements.
Catfish was different by the lowest levels of Sn and the
highest levels of Al and Fe. For the liver, this test showed
that pikeperch had significantly higher levels of As and Sn
compared to other species. Pike had significantly higher
levels of Al and Fe, but significantly lower levels of Co,
while catfish had significantly higher levels of Se compared
to other species. The accumulation patterns tend to vary
among species based on their behavior and feeding habits
[38], which are in accordance with the results in this study.
Freshwater bream diverged from the other four species
based on element concentrations in muscle, which could be
a result of its diet (chironomid larvae and other benthic
organisms). On the other hand, catfish diverged from the
other predator species based on element concentrations in
gills, which might be explained with its different behavioral
patterns (situated in a littoral zone, in mud). This indicates
that the element levels detected in organs seem to reflect the
pollution levels of sediment and its biota, rather than the
prevailing pollution state of the water.

Although Al-Yousuf et al. [50] reported that the con-
centrations of elements in fish tissues are generally related
to the age of a fish and consequently its size and length,
there were only a few significant correlations between ele-
ment accumulation and fish size and weight in our study.
In the muscle of pikeperch, Se had strong negative corre-
lation with fish weight (correlation coeff. -0.648, p<0.05).
There were recorded the most correlations between the ele-
ment accumulation and fish size and weight in the tissues
of pike. As, Al, Ni in muscle, and As in liver of pike had a
positive correlation with fish size and weight (correlation
coeft. 1.00, p<0.05), since Se, and Sn in liver, and Al in
gills of pike had significantly negative correlation with fish
size and weight (correlation coeff. -1.00, p<0.05). In the
muscle of catfish Ni had strong negative correlation with
fish size (correlation coeff. -0.943, p<0.05). Ni had a
strong positive correlation with fish size and weight (cor-
relation coeff. 1.00 and 1.00, respectively, p<0.05), while
Se had a strong negative correlation with fish size and
weight (correlation coeff. -1.00 and -1.00, respectively,
p<0.05) in the muscle of freshwater bream. Fe and As were
positively correlated with fish size and weight (correlation
coeff. 1.00 and 1.00, respectively, p<0.05) in the muscle of
Prussian carp. Such differences in results could probably
be explained by differences in life histories of assessed fish
species, as well as by differences in their habitats. Canli
and Atli [51] indicated that the negative relationships
between fish size and element levels could be due to dif-
ferences in metabolic activity between younger and older
fish. Our findings were similar to previous studies on the
same and other fish species. For instance, Rajkowska et al.
[37] observed positive fish size dependent relationship for
Fe in gills of pike (Esox lucius), whereas in the case of
freshwater bream (4bramis brama) such dependence was
observed in liver. According to Tekin-Ozan et al. [52] sig-

nificant negative relationships were found between fish
length and weight related to As and Fe concentrations in
muscle, liver, and gills of carp (Cyprinus carpio). In a
study by Lenhardt et al. [25], concentrations of Al in liver
of silver carp (Hypophthalmichthys molitrix) increased
with fish size and weight.

For most examined elements there are no national [30]
and European [31] prescribed maximum permitted concen-
trations (MPC). The levels of As did not exceed the MPC
prescribed by the National Regulation of the Republic of
Serbia [30], which is 2 mg-kg' ww. However, comparison
of the national prescribed MPC for Fe (30 mgkg' ww)
indicated that one sample of pikeperch muscle, all
pikeperch, catfish, and pike liver samples, and two catfish,
and pike gills samples had elevated concentrations. This
indicates that the meat of studied species should be safe for
utilization in human diet. However, other tissues, which are
sometimes also utilized in human diet, should therefore be
omitted.

Conclusions

The element concentrations in fish varied considerably
among tissues in all three predatory species. However, ele-
ment concentrations in muscle tissue were generally lower
than in the liver and gills. Concentrations of elements
examined in muscle tissue showed that freshwater bream
had the highest tendency for Ni, Co, Al, and Se accumula-
tion, pikeperch had the highest tendency for As, and Fe,
while catfish and pike had the highest tendency for Sn accu-
mulation. Freshwater bream diverged from the other four
species based on element concentrations in muscle, which
could be a result of its diet (chironomid larvae and other
benthic organisms). On the other hand, catfish diverged
from the other predatory species based on element concen-
trations in gills, which might be explained with its different
behavioral patterns (situated in a littoral zone, in mud). This
indicates that the element levels detected in organs seems to
reflect the pollution level of sediment and its biota, rather
than the prevailing pollution state of the water.

There were a few significant correlations between the
element accumulation and fish size and weight in our study,
with the most recorded correlations in the tissues of pike,
which could probably be explained by life histories as well
as by habitat of this species.

To conclude, the obtained results indicate that the
Bovan Reservoir is polluted with Fe, accordingly posing a
risk for the human consumption of these fish species.
Regular analysis of fish meat quality is considered a very
important measure because of the distribution of fish from
this reservoir directly to consumers.
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