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Abstract The aim of this study was to investigate the presence
of heavy metals/metalloids (Pb, Cd, Hg, Cu, Fe, Zn, As) in the
muscle tissue of fish from the Danube River (two locations:
Zemun and Grocka). For the purpose of heavy metal determi-
nation in fish muscle, 120 samples of six different fish species,
Prussian carp, barbel, bream, carp, pike perch, and catfish were
collected. For determining heavy metals, we used microwave
oven digestion and atomic absorption spectrometer methods.
The highest average content of Pb (0.084 ± 0.004 mg kg−1), Cd
(0.082 ± 0.003 mg kg−1), Hg (0.466 ± 0.006 mg kg−1), and As
(0.333 ± 0.007 mg kg−1) was found in the muscle of carp (an
omnivorous fish) from Grocka, while the highest average level
of Fe (13.60 ± 0.03 mg kg−1) was deposited in bream (also
omnivorous) from Zemun. Also, the average Cu level
(1.62 ± 0.13 mg kg−1) was the highest in catfish muscle (a
carnivorous fish) from Grocka, while the highest Zn content
(11.16 ± 0.17 mg kg−1) was determined in muscle of Prussian
carp (an omnivorous fish) from Zemun. The highest content of
heavy metals (Cu, Fe, and Zn, respectively) in muscle of the six
different types of fish from both locations was symmetrically
arranged by species (catfish, barbel, and Prussian carp, respec-
tively). Concentrations of Pb, Hg, and As in the Danube River
fishmuscle were under themaximum residual levels prescribed
by the European Union (EU) and the maximum allowed con-
centrations (MAC) for Serbia. On the other hand, in all fish
muscle from both locations (Zemun and Grocka), higher

concentrations of Cd than prescribed (MAC) were found, with
the exception of bream and pike perch.
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Introduction

The water pollution sources (atmospheric deposition, geologic
weathering and the discharge of agricultural waste products,
industrial and urban sewage discharges) of heavy metals are
one of the greatest threats to biota because of their persistence,
and possible bioaccumulation and biomagnification in food
chains (Maceda-Veiga et al. 2012). Many studies have de-
scribed the bioaccumulative capacity of heavy metals in a va-
riety of aquatic organisms, and therefore, in fish, because they
are located at the top of the food chain in aquatic systems
(Janjić et al. 2015; Verep et al. 2012; Jovičić et al. 2015).
Direct transfer of heavy metals from sediment in aquatic organ-
isms is considered the main route or mode of transition in many
aquatic species (metals accumulate in bottom feeders and also
penetrate upwards in the food chain via biomagnification)
(Colin et al. 2016a, 2016b; Cole et al. 2009; Vallod and
Sarrazin 2010; Subotić et al. 2013), while the further consump-
tion of fish can cause disease in humans. Because of this, the
consumption of fish is considered one of the most important
sources of human exposure to heavy metals (Milanov et al.
2016; Squadrone et al. 2013). The level of bioaccumulation
and bioavailability of heavy metals in fish tissues is under the
influence of biotic and abiotic factors, such as biological hab-
itats of fish, different organic and inorganic chemical forms of
metals in water, water temperature and pH, the concentration of
oxygen in the water, as well as gender, age, body weight, and
physiological condition of the fish (Kehrig et al. 2013; Has-
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Schön et al. 2006). Eating habits can have a big influence on
the accumulation of toxic elements in various fish tissues
(Milanov et al. 2016; Kehrig et al. 2013; Lenhardt et al.
2012; Zrnčić et al. 2013). Carnivorous fish accumulate higher
levels of metals due to their biomagnification ability compared
to species that are at a lower trophic level. (Subotić et al. 2013).
On the other hand, the elements cadmium (Cd) and arsenic (As)
are related to sediments, which can be indirect and long-term
sources of contamination of fish that feed on benthic organisms
(Noël et al. 2013).

Research suggests that high mercury content in fish may
reduce the cardioprotective effect of fish intake (Guallar et al.
2002; Castro-Gonzalez and Mendez-Armenta 2008).
Cadmium, lead, and arsenic (Cd, Pb, and As) are also associ-
ated with serious adverse effects on the health of children and
adults (Velev et al. 2009; Janković et al. 2013). Many studies
showed that bioaccumulation causes significant impacts on
the ecosystem worldwide (Burger and Gochfeld 2005;
Andreji et al. 2006; Falco et al. 2006). The heavy metals iron,
copper, and zinc (Fe, Cu, and Zn) belong to the group of
microelements, nutritive substances that are essential for impor-
tant biochemical processes in all living organisms (Wei et al.
2014; Monroy et al. 2014). However, if present in high concen-
trations, these elements can lead to undesirable effects on hu-
man and animal health (Storelli et al. 2007; Mitic et al. 2015).

Rivers are dynamic ecosystems and it may be difficult to
detect metals in the environment, which often carries concen-
trations under detection limits when compared to the levels
stored in biota. This further highlights the importance of fish
in studies monitoring metal pollution, along with the fact that
fish seem to be one of the most sensitive taxa to the long-term
effects of pollution (Colin et al. 2016a). The Danube is an
international river and the second largest in Europe, and there-
fore, is important for commercial fisheries. Grocka is down-
stream from Belgrade and Pančevo (a small town with devel-
oped chemical industries: fertilizer factory, refinery, and pet-
rochemistry). It is known that the majority of industrial waste
water is discharged in Serbia without any previously conduct-
ed purification treatment (Milanović et al. 2010).

Fish absorb heavy metals/metalloids from the surrounding
environment depending on a variety of factors such as the
characteristics of the species under consideration, the expo-
sure period, the concentration of the element, temperature,
salinity, pH, etc. Heavy metals released by anthropogenic ac-
tivities will be accumulated in aquatic organisms through the
food chain; as a result, human health can be at risk because of
consumption of fish contaminated by toxic chemicals
(Ginsberg and Toal 2009). For this reason, fish muscle is com-
monly analyzed to determine contaminant concentrations.
The aim of this study was to assess the bioaccumulation of
heavy metals/metalloid (Pb, Cd, Hg, Cu, Fe, Zn, As) in the
most abundant fish species of commercial interest: omnivo-
rous fish (Prussian carp—Carassius auratius gibelio,

barbel—Barbus barbus, bream—Abramis brama, carp—
Cyprinus carpio) and carnivorous fish (pike perch—
Stizostedion lucioperca and catfish—Silurus glanis) from the
Danube River.

Materials and methods

Study area

For this study, the fish sampled were landed from the River
Danube from two different locations. The first site is located
upstream from Belgrade, in the territory of Zemun (44° 50 ‘35
BN; 20 ° 23′ 40″ E) and the other is downstream from
Belgrade in Grocka (44° 40’ 19 BN, 20 ° 43′ 11″ E) (Fig. 1).

Reagents

In order to determine the content of heavy metals, all
chemicals used were analytical grade purity. Deionized water
(resistivity of 18.2 MΩcm−1 at 25 °C) obtained from a deion-
ized water system (Heming manufacturer, model PO2a
LD3M) was used for all dilutions. The reagents used for mi-
crowave digestion, nitric acid, HNO3 (65%), and hydrogen
peroxide, H2O2 (30%) were high pure quality (J.T. Baker).
The element standard solutions (J.T. Baker) used for the cali-
bration, were prepared by diluting stock solutions of
1000 mg L−1.

Apparatus

Digestion of fish muscle was performed using a microwave
closed system MW 3000 (Anton Paar GmbH, Graz, Austria),
with the cuvette model MF 100. Digestion was carried out
with programs suitable for preparing samples of fish meat,
with a range of 250 to 630 W.

After digestion, the content of heavy metals was de-
termined by the atomic absorption spectrometer Perkin
Elmer Analyst 700 with the MHS system (Shelton, the
USA). Concentrations of Fe, Cu, and Zn were detected
by flame atomic absorption spectrometry (FAAS), while
analyses of Cd and Pb were performed by graphite fur-
nace (GFAAS). Arsenic was analyzed by hydride gener-
ation (HGAAS), and content of mercury was determined
by cold vapor atomic absorption spectrometry (CVAAS)
with a discontinuous system (MHS 15). Operating param-
eters for the determination of heavy metals are shown for
each element in Tables 1, 2, and 3. The content of each
element was measured in peak area mode against a cali-
bration curve.
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Sampling

Fishes were caught at two locations (Zemun and Grocka) with
similar levels of pollution in the Belgrade section of the Danube
River. These locations were chosen because of their proximity to
the confluence of the Sava River (which carries additional
amounts of waste water) with the Danube River, as well as their
proximity to the urban area of Belgrade on one side, and to
agricultural areas on the other side of the river (Grocka is an
agricultural area). The samples of each fish species were

collected from professional fishermen during October 2013.
Each fish from each catch was identified to species level, and a
random subsample of ten individuals per species was used for
metal analysis. Determination of heavy metals and arsenic was
carried out on different types of fish, omnivorous (Prussian
carp—Carassius auratius gibelio, barbel—Barbus barbus,
bream—Abramis brama, carp—Cyprinus carpio) (Balık et al.
2003) and carnivorous (pike perch—Stizostedion lucioperca and
catfish—Silurus glanis). As the juveniles of these species
(<90 mm total length, TL) could not be reliably identified, they
were excluded from the analysis. The fish species (Prussian carp,
barbel, bream, carp, pike perch, and catfish) were caught with
average lengths of 24.80 ± 3.2 cm, 54.90 ± 5.8 cm,
61.03 ± 9.6 cm, 55.1 ± 15.6 cm, 45.3 ± 6.1 cm, and
69.3 ± 11.8 cm, respectively. Also, Prussian carp, barbel, bream,
carp, pike perch, and catfish were caught with average weights
of 938 ± 226.3 g, 3842 ± 1379.5 g, 3028.4 ± 1985 g,
3906 ± 1292.5 g, 851 ± 300.6 g, and 2124.5 ± 1126.5 g, respec-
tively. We opted to determine heavy metals in muscle, since this
tissue is of the greatest interest as it is used in human nutrition.

Fig. 1 Map of sampling area

Table 1 Instrumental parameters for flame atomization (FAAS) using
Analyst 700

Metals Wavelength
(nm)

Acetylene
flow (L min−1)

Air flow
(L min−1)

Slit
(nm)

Fe 248.3 2.0 17.0 0.2

Cu 324.8 2.0 17.0 0.2

Zn 213.8 2.0 17.0 0.2
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We tested 120 muscle samples of the six fish species; ten sam-
ples of each species from the Danube River at the two locations.

Fish were euthanized with an overdose of MS 222 (ethyl
ester of p-amino benzoic acid, Sigma Aldrich), and then
transported to the laboratory in refrigerated truck. Fish were
dissected in a laboratory, and muscle samples were excised
from below the dorsal fin and dispensed in polypropylene
bottles (which were pre-treated (10%) nitric acid and washed
three times with deionized water), and then quickly frozen and
stored at −20 °C.

Heavy metal analyses

Samples of fish muscle were thawed at room temperature and
mechanically homogenized. For the determination of heavy
metals, fish muscle portions weighing about 1 ± 0.001 g were
prepared in a mixture of nitric acid and hydrogen peroxide and
subjected to microwave digestion for 30 min. After cooling to
room temperature, the digested samples were quantitatively
transferred to volumetric flasks. For the determination of iron,
copper, zinc, cadmium, lead, and mercury, digested samples
were diluted with deionized water. For determination of the
arsenic content, the digested samples were quantitatively
transferred with the appropriate addition of hydrochloric acid
(HCl) and potassium iodide (KI), and then diluted with deion-
ized water. Metal concentrations are expressed in milligram
per kilogram fresh fish. The limits of detection were 0.015,
0.005, 0.02, 0.01, 1.0, 0.5, and 1.0 mg kg−1 for Pb, Cd, Hg,
As, Fe, Cu, and Zn, respectively. Quality of analyses was
controlled using the certified reference material (ERMBB
422) fish muscle. The concentrations determined in the refer-
ence material were within the tolerances specified in the de-
livered certificate.

Determined concentrations of heavy metals in fish muscle
tissue were compared to the maximum allowed concentrations
(MAC) in fish meat used for human diets, established by the
Europe Union (European Commission Regulation 2006) and
the Official Gazette of the Republic of Serbia (2014).
According to EU legislation (European Commission
Regulation 2006), MACs for Pb, Cd, and Hg are 0.30, 0.05,
and 0.5 mg kg−1, respectively, while the As MAC is not de-
termined by this regulation. The national legislation (Official
Gazette of RS 2014) is in accordancewith the regulation of the
European Commission (2006), and the amounts of Pb, Cd,
Hg, and As are 0.30, 0.05, 0.5, and 2.0 mg kg−1, respectively.

Statistical analysis

All samples were collected and analyzed in duplicate, and the
results are expressed as mean ± standard deviation. Statistical
analysis was elaborated using GraphPad Prisma version 6.00
software. Statistical analysis was performed using Student’s t
test to determine the significance of differences between
means. A level of p < 0.01 was considered significant.

Results and discussion

The presence of heavy metals/metalloids in the edible parts of
fish (meat) is an indicator of environmental pollution and also
a health hazard due to their consumption. In many previous
studies (Ivanović et al. 2016; Trbović et al. 2011; Pantelica
et al. 2012), the contents of heavy metals in the muscle of fish
with different dietary habits were examined; the fish were
caught from similar sites in the Danube River.

Table 2 Instrumental parameters
for graphite furnace (GFAAS)
using Analyst 700

Metals Wavelength (nm) Parameters Step 1 Step 2 Step 3 Step 4

Pb 283.3 Temp. (°C) 130 450 1900 2500

Ramp time (s) 10 15 0 0

Hold time (s) 30 10 4 5

Cd 228.8 Temp. (°C) 130 350 1200 2500

Ramp time (s) 10 15 0 0

Hold time (s) 30 10 4 5

Table 3 Instrumental parameters
for cold vapor (CVAAS) and hy-
dride generation (HGAAS) using
Analyst 700

Elements Wavelength
(nm)

Acetylene flow
(L min−1)

Air flow
(L min−1)

Slit
(nm)

N2 pressure
(bar)

Hg 253.7 / 12.0 0.2 4.0–5.0

As 193.6 1.0 12.0 0.2 4.0–5.0
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Concentrations of heavy metals (Pb, Cd, Hg, As) in the
muscle tissue of the examined fish species are given in
Table 4.

In Zemun, concentrations of lead (Pb) in themuscle tissues of
the six fish species were in the range of 0.019 ± 0.002 mg kg−1

(bream) to 0.059 ± 0.002 mg kg−1 (carp), and in Grocka, levels
ranged from 0.028 ± 0.002 mg kg−1 (bream) to
0.084 ± 0.004 mg kg−1 (carp). Extreme levels of heavy metals
in both locations were found in omnivorous fish (bream, carp).

The lowest concentrations of lead (Pb) were observed in
muscle tissue of omnivorous fish (bream) in Zemun, while
significantly higher concentrations of lead (Pb) were identi-
fied in the muscle tissue of carp (omnivore) from Grocka.
These results are in agreement with another study (Ivanović
et al. 2016), which found the muscle tissue of carp harvested
from the Danube in the region of Belgrade harbored lead
concentrations from 0.05 to 0.06 mg kg−1. In contrast, another
study (Andreji et al. 2005) reported higher levels of lead (Pb)
(0.40 to 5.81 mg kg−1 and 0.24 to 0.89 mg kg−1) in muscle
tissue of carnivorous (perch) and omnivorous (barbel) fish
species in relation to the our results. The lead (Pb) concentra-
tion in river fish muscle tissue was similar to ours in another
study, with the proviso that carp showed a tendency to accu-
mulate the heavy metal in all tissues except in the gonads
(Has-Schön et al. 2006). The highest content of lead (Pb) in
muscle tissue of carp, an omnivorous fish species, could be
related to the type of feeding, as this fish resides at the bottom
and feeds on benthic organisms (Wei et al. 2014). Therefore,
the fish is in contact with sediment and accumulates relatively

high levels of heavy metals, and thus, reliably reflects the
ecological state of the (aquatic) environment. According to
Serbian Regulations, the MAC prescribed for Pb in fish flesh
is 0.3 mg kg−1 (Official Gazette of RS 2014). In all examined
samples of fish from both Danube River locations, the deter-
mined concentrations of lead (Pb) (0.019 to 0.084 mg kg−1)
did not exceed this prescribed value.

Cadmium (Cd) levels observed in muscle tissue of carp
(0.082 ± 0.003 mg kg−1) from Grocka were significantly higher
(p < 0.01) than in other fish muscle tissues. This heavy metal, at
both locations (Zemun, Grocka), was deposited in the lowest
levels in the muscle tissue of bream (omnivore) (0.021 to
0.027 mg kg−1). In aquatic ecosystems, cadmium (Cd) easily
bioaccumulates in all fish tissues, although the target organ for
deposition is the kidneys (Squadrone et al. 2013). Cadmium
(Cd) in f i sh musc l e f rom Zemun ranged f rom
0.021 ± 0.002 mg kg−1 in omnivorous species (bream) to
0.068 ± 0.002 mg kg−1 in carnivorous species (catfish). A sig-
nificantly higher cadmium (Cd) content (0.082 ± 0.003mg kg−1)
in relation to all other fish species was recorded in the muscle
tissue of omnivorous fish (carp) from Grocka. Similar results
were reported by others (Has-Schön et al. 2006), who deter-
mined higher content of cadmium (Cd) (0.016 to 0.155mg kg−1)
in carp muscle in comparison to other tested fish species. In the
current study, fish muscle from both locations contained a higher
amount of cadmium than is specified in the Official Gazette of
the Republic of Serbia (2014) and in the European Union
Regulation (0.05mg kg−1), with the exception of bream and pike
perch muscle. Increased cadmium (Cd) content in muscle tissue

Table 4 The content of heavy
metals and arsenic (Pb, Cd, Hg,
and As) in the muscle tissue of the
examined fish species
(means ± standard deviation)

Zemun

Fish species Heavy metals or metalloid, mg kg−1

Pb Cd Hg As

Prussian carp 0.030AX ± 0.003 0.057AX ± 0.003 0.094A ± 0.006 0.139A ± 0.006

Barbel 0.048A ± 0.004 0.052A ± 0.002 0.222A ± 0.003 0.189A ± 0.0003

Bream 0.019A ± 0.002 0.021AY ± 0.002 0.110AX ± 0.005 0.109AX ± 0.003

Carp 0.059AY ± 0.002 0.059AX ± 0.002 0.393A ± 0.004 0.258A ± 0.003

Pike perch 0.032AX ± 0.002 0.023AY ± 0.002 0.106AX ± 0.004 0.105AX ± 0.003

Catfish 0.058AY ± 0.003 0.068 ± 0.002 0.208A ± 0.003 0.160A ± 0.003

Grocka

Fish species Heavy metals or metalloid, mg kg−1

Pb Cd Hg As

Prussian carp 0.040AX ± 0.002 0.051A ± 0.003 0.139A ± 0.005 0.172A ± 0.003

Barbel 0.062A ± 0.003 0.062A ± 0.003 0.325A ± 0.007 0.239A ± 0.005

Bream 0.028A ± 0.003 0.027A ± 0.002 0.161AX ± 0.004 0.154AX ± 0.004

Carp 0.084A ± 0.004 0.082A ± 0.003 0.466A ± 0.006 0.333A ± 0.007

Pike perch 0.037AX ± 0.003 0.036A ± 0.003 0.162AX ± 0.005 0.153AX ± 0.005

Catfish 0.069A ± 0.002 0.069 ± 0.003 0.260A ± 0.007 0.211A ± 0.010

The same letters indicate statistically significant differences in heavy metal content of the same species of fish in
different locations (A = p < 0.01); X, Y indicate different fish species in one location where no statistically
significant differences were seen in heavy metal content (p > 0.01)
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can be derived from fertilizer (especially phosphate) and fungi-
cides used in agriculture, which are washed by rain into water-
ways. Such intensive agricultural activities (use of fertilizer in
spring) near the Danube River occur especially at Grocka, where
we verified a higher concentration of cadmium (Cd). Also, this
heavymetal can accumulate via sewage sludge fromurbanwaste
water (Velev et al. 2009).

In omnivorous fish muscle (carp), significantly higher con-
centrations of mercury (Hg) (0.393 to 0.466 mg kg−1) were
found in relation to all other types of fish from both examined
locations. On the other hand, concentrations of mercury (Hg)
in the muscle tissue of an omnivorous species (Prussian carp)
were significantly lower (p < 0.01) in relation to all other types
and were in the range of 0.094 to 0.139 mg kg−1. The results
are in accordance with other studies (Trbović et al. 2011), and
a higher mercury content was determined in carnivorous fish
muscle (pike, 0.484 mg kg−1) in relation to omnivorous fish
muscle (bream, 0.288 mg kg−1, barbel 0.218 mg kg−1, stur-
geon, 0.146mg kg−1, carp 0.099mg kg−1, respectively). Some
higher concentrations of mercury (0.327 ± 0.110 mg kg−1)
were observed in carnivorous fish muscle (catfish) caught in
a similar location in the Danube River near Belgrade (Milanov
et al. 2016). Mercury (Hg) easily attaches to the thiol groups
of proteins in muscle tissue, which may explain its increased
concentration in carp (Castro-Gonzalez and Mendez-Armenta
2008). Some studies have emphasized that fish age, size, and
diet are the main reasons for the increased content of mercury
in fish muscle (Zrnčić et al. 2013). In the present study, three
specimens weighted more than 4.500 g, of which two were
carp, with a mercury concentration of 0.486 and
0.476 mg kg−1, and one was barbel with a mercury concen-
tration of 0.365 mg kg−1. Importantly, highmercury levels can
also be caused by migration of mercury from sludge to fish,
because carp dive into river sediment mud in search of food.
According to Serbian and European Union Regulation, the
permitted amount of mercury in fish flesh is 0.5 mg kg−1. In
all tested fish from both locations, the average mercury con-
tent did not exceed the MAC prescribed, although determined
concentrations in carp muscle (0.466 ± 0.006 mg kg−1) from
Grocka were very close to the MAC. These values can be
explained by the influence of industry as well as waste water,
because Grocka is downstream from Belgrade.

Significantly higher concentrations of arsenic (As) (0.258
to 0.333 mg kg−1) were found in omnivorous fish (carp) mus-
cle in relation to other fish species, at both river locations.
Smaller quantities of arsenic (As) were found in another om-
nivorous species (Prussian carp) while the lowest
(0.105 ± 0.003 mg kg−1) were observed in carnivorous fish
(pike perch) muscle from both locations (Zemun, Grocka).
Studying the levels of arsenic in the examined fish muscles,
an equal distribution of this heavy metal was observed in all
fish types at both locations. Comparing omnivorous fish, ar-
senic (As) concentrations decreased in the order carp > barbel

> bream, meaning distribution of this element is obviously not
the result of diet. The results are consistent with previous
studies (Lenhardt et al. 2012; Zrnčić et al. 2013), which ex-
amined the content of arsenic (As) in Danube River fish mus-
cle, and found higher levels in omnivorous fish (carp) muscle
in relation to muscle of carnivorous (pike, catfish) and herbiv-
orous fish (silver carp). Similar results were reported by other
authors (Subotić et al. 2013), which emphasized higher levels
of arsenic in omnivorous fish (carp) in relation to carnivorous
fish (catfish, pike perch). The amount of arsenic (As) pre-
scribed in Serbia for freshwater fish is 2.0 mg kg−1 (Official
Gazette of the Republic of Serbia 2014), so the arsenic con-
centrations in the muscle tissue of all investigated fish species
did not exceed the MAC prescribed by national legislation.

The contents of copper, iron, and zinc in the muscle tissue
of the six fish species (Prussian carp, barbel, bream, carp,
catfish, and pike perch) are shown in Table 5.

The highest copper (Cu) content (1.55 to 1.62 mg kg−1)
was found in carnivorous fish muscle (catfish), while the low-
est content of this heavy metal (0.548 to 0.574 mg kg−1) was
also found in carnivorous fish muscle of another species (pike
perch). At both locations, in all cases, comparison of copper
content in muscle tissue of examined different fish species
showed statistically significant differences.

In a previous study, Subotić et al. (2013) observed that the
distribution of copper in the muscle of fish of different dietary

Table 5 The content of heavy metals (Cu, Fe, and Zn) in the muscle
tissue of the examined fish species (means ± standard deviation)

Zemun

Fish species Heavy metals, mg kg−1

Cu Fe Zn

Prussian carp 0.809A ± 0.008 8.05A ± 0.07 11.16A ± 0.17

Barbel 0.826A ± 0.005 12.22A ± 0.22 5.20AX ± 0.24

Bream 0.707 ± 0.008 13.60 ± 0.32 9.06 ± 0.14

Carp 0.688A ± 0.006 9.38 ± 0.20 6.16 ± 0.16

Pike perch 0.548A ± 0.011 10.10 ± 0.09 5.10X ± 0.17

Catfish 1.55A ± 0.02 8.32 ± 0.18 7.06 ± 0.08

Grocka

Fish species Heavy metals, mg kg−1

Cu Fe Zn

Prussian carp 0.824A ± 0.010 7.25A ± 0.12 10.26A ± 0.13

Barbel 0.839A ± 0.005 11.91A ± 0.17 6.02AX ± 0.16

Bream 0.717 ± 0.013 13.54 ± 0.15 9.02 ± 0.18

Carp 0.757A ± 0.006 9.68 ± 0.33 6.17X ± 0.15

Pike perch 0.574A ± 0.007 9.97 ± 0.32 5.17 ± 0.23

Catfish 1.62A ± 0.013 8.17 ± 0.24 6.68 ± 0.11

The same letters indicate statistically significant differences in heavy
metal content of the same species of fish in different locations
(A = p < 0.01); X, Y indicate different fish species in one location where
no statistically significant differences were seen in heavy metal content
(p > 0.01)
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habits increased in the order pike perch < carp < catfish (the
fish were caught in the same location of the Danube River).
Barbel, bream, Prussian carp, and carp are all omnivorous and
have a similar diet so it is expected that uniform accumulation
of copper should be observed. The verified content of heavy
metals in the tissues of carnivorous catfish, which in the eco-
system are at the top of the food chain, may well reflect the
ambient concentration of the metal (Subotić et al. 2013), al-
though there are other observations. Thus, in another study,
(Zrnčić et al. 2013) pointed out that omnivorous fish (carp) are
better biological indicators of environmental contamination,
and provide a safer assessment of the state of the environment.

A significantly higher iron (Fe) concentration was ob-
served in the muscle of bream and barbel (omnivorous spe-
cies) compared to the carnivorous species (pike perch, catfish)
and the omnivorous Prussian carp, which contained the min-
imum level detected (Table 5). A previous study (Lenhardt
et al. 2012) identified an approximate iron content of
7.42 mg kg−1 in omnivorous fish (carp) from the Danube
River in the Belgrade region, compared to results obtained at
the two test locations (9.38 to 9.68 mg kg−1). On the other
hand, lower iron concentrations were found in pooled samples
of muscle and skin of carnivorous fish (4.98 and 6.77 mg kg−1

in pike and catfish, respectively) (Matasin et al. 2011) com-
pared to the current results obtained for catfish muscle (8.17
and 8.32 mg kg−1 from Zemun and Grocka, respectively).

In the muscle tissue of all tested fish species, the low-
est zinc levels were verified in pike perch muscle (carniv-
orous species), while the highest concentration of Zn in
both locations were recorded in Prussian carp muscle
(omnivorous species). Other studies (Pantelica et al.
2012; Lenhardt et al. 2012) confirmed a similar trend,
namely that the greatest concentrations of zinc formed in
the muscle tissue of omnivorous, and then herbivorous
fish, and by far the lowest zinc levels were found in car-
nivorous fish. The Official Gazette of the Republic of
Serbia (2014) does not define the MAC for Cu, Fe, or
Zn in fresh fish, so the results obtained quantifying these
metals can be interpreted freely. Among the same fish
species, in the two different locations, similar levels of
Cu, Fe, and Zn were found, which indicates the important
physiological role that these metals have in the body.

In muscle tissue of omnivorous fish (bream, barbel, carp,
except Prussian carp) caught downstream from Belgrade
(Grocka), the contents of lead, cadmium, mercury, and arsenic
were statistically significantly higher (p < 0.01) than the con-
tents of these elements in omnivorous fish muscle (bream,
barbel, carp) harvested in Zemun.

The average contents of heavymetals (lead, cadmium,mer-
cury, copper, and arsenic) in the muscle tissue of carnivorous
fish (pike perch, catfish) from Grocka were significantly
higher (p < 0.01) than the average contents of these elements
in muscle tissue of carnivorous fish (pike perch, catfish)

harvested from Zemun, with the exception of the average cad-
mium content (catfish) where there was no statistical
difference.

Heavy metals are serious pollutants in our natural environ-
ment due to their toxicity. When organisms are exposed to
high metal levels in an aquatic environment, they can absorb
the available metals directly from the environment, contami-
nated water and food, and thus, accumulate them in their tis-
sues, and they can then enter the food chain and extend the
problem to humans. The six fish species studied are most
abundant fish of commercial interest in Serbia. For that rea-
son, determination of heavy metals in muscle tissue is very
important in terms of food safety for consumers. Also, the
increasing demands of food safety have accelerated research
regarding the risk associated with consumption of fish con-
taminated by heavy metals. Clearly, heavy metals cause unde-
sirable effects, impairing the welfare of the environment (air,
water, and soil), reducing the quality of life and may eventu-
ally cause death. Higher concentrations of non-essential heavy
metals (lead, cadmium, mercury, and arsenic) found in fish
from Grocka (located downstream from Belgrade and
Pančevo) can be explained by anthropological influence, the
development of industry, the discharge of wastewater, and the
subsequent increased heavy metal content in sewage sludge.
Fish and other aquatic species are good indicators of environ-
mental conditions, so higher concentrations of heavy metals
accumulated in the muscle tissue of fish directly reflects the
metals’ presence in the environment. Also, future studies
should examine the health consequences of metal pollution
for fish and humans using biomarkers (Colin et al. 2016b).

Conclusion

The study of heavy metals in the muscle tissue of six fish
species of different feeding habits from the Danube River
revealed statistically significant differences in their contents
in fish from two locations (Zemun and Grocka). Muscle tissue
of carp, barbel, bream, and catfish from both locations had a
higher quantity of cadmium than allowed in the Serbian and
European regulations. On the other hand, the contents of lead,
mercury, and arsenic in fish muscle were below the maximum
allowable concentrations in the Republic of Serbia. The
highest content of all investigated toxic elements (lead, cad-
mium, mercury, and arsenic) in both locations was observed in
carp muscle (an omnivorous species), with exception of cad-
mium content in muscle of catfish from Grocka. On the other
hand the highest content of microelements (copper, iron, and
zinc, respectively) in fish from both locations was symmetri-
cally arranged by species (catfish, barbel, and Prussian carp,
respectively).

The results of this study show that continuous monitoring
of the state of aquatic ecosystems is required, along with the
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introduction of efficient wastewater treatment and control of
potential industrial polluters. On the territory of Belgrade and
throughout Serbia, these environmental protections are mini-
mal but are basic measures to improve the existing situation in
the aquatic ecosystem of the Danube River, which is of inter-
national importance for fishing and sailing.
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