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Abstract: Metal pollution of the aquatic environment is of global concern because metals are ubiquitous and can be accumulated
in natural habitats as well as in organisms through the food chain. Accumulated metals are capable of inducing toxicity in living
organisms, altering their reproductive success, behavior, immune response and biochemical processes. We examined the correla-
tion between the concentrations of 9 metals (As, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) in the whole body of the river snail Viviparus
acerosus, river water and sediment from three Serbian rivers with different levels of metal pollution, the Danube, Tisa and Velika
Morava. Data about water quality showed that the concentrations of As, Cr, Fe and Ni were highest in the water of the Danube
and of Cu, Mn and Zn in the water of the Velika Morava River. The concentrations of As and Mn were highest in the Danube
River sediment, of Cd, Cu, Fe, Pb and Zn in the Tisa and of Cr and Ni in the sediment of the Velika Morava. The concentrations
of all of the examined metals, except for Cu, were highest in snails from the Velika Morava. Correspondence analysis showed
stronger correlations between metal concentrations in snails and the river sediment than between snails and river water. Several
correlations between metal concentrations in snails and river sediment and water were established by Pearson’s correlation test.
The concentrations of metals in snail bodies were affected to a greater extent by the river sediment than by the river-water metal
content. We conclude that V. acerosus has great potential as a bioindicator species of metal pollution in freshwater basins.
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INTRODUCTION River sediments are suitable for monitoring metal
deposition because they concentrate metals. Also, the
concentrations of elements in river sediments are less
variable than in river water [15]. Heavy metals that
have low solubility in water are easily adsorbed and
accumulated in riverbed sediments that often represent
major repositories of discharged contaminants [16].
Heavy metals adsorbed in sediments can be desorbed
back into the overlying water under certain conditions,
causing secondary pollution and exerting toxic effects
on organisms [17]. Equilibrium partitioning of met-

Freshwater basins are exposed to considerable anthro-
pogenic pressure and their quality is deteriorating due to
intensive industrial and agricultural activities [1,2]. The
majority of pollutants, including heavy metals, are toxic
to aquatic organisms [3-5]. Among the pollutants in river
systems, metals are a special case because their origin can
be lithogenic and anthropogenic [6]. Metals have adverse
effects only after their uptake and accumulation, and the
determination of metal concentrations in organisms is

an essential part of assessment and monitoring programs
[7]. Certain metals, such as Cu, Zn, Mn and Cr, play
important roles in different physiological processes and
are essential for living organisms; however, these metals
become toxic at higher concentrations [8-10]. Other
metals, such as Hg, Cd, Pb and Nij, exert toxic effects
even when found in trace amounts [11-14].
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als at the sediment-water interface influences their
biogeochemical processes and bioavailability [18].

The assessment of environmental pollution in-
cludes monitoring the presence of certain pollutants
(including metals) by chemical analyses; however, it is
possible to observe the effects of pollutants on living
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organisms only in biomonitoring studies [19]. The
trophic position, age, body size and home range of a
species influence the metal bioaccumulation patterns.
The biological effects of metals are often linked to their
ability to induce oxidative stress, to inactivate proteins
by binding to their functional groups through metal-
induced steric effects [20,21,22]. Because metals do
not degrade, they display a tendency to bioaccumulate
along the food chain [23].

The largest river in Serbia is the Danube with its
tributaries, the Tisa and Velika Morava, and monitoring
their pollution levels is of great importance. The main
sources of pollution of these rivers are municipal and
industrial waste waters and the erosion of agricultural
areas [24,25].

Molluscs are useful bioindicators and biomoni-
toring subjects. Bivalvia and Gastropoda are the two
largest groups of molluscs. They are widespread and
abundant in all types of ecosystems and are one of the
most important components of macroinvertebrate
communities in Serbian rivers [26-31]. Their sedentary
lifestyle and reduced ability to excrete contaminants
causes higher bioaccumulation of many toxicants in
their bodies. They are very tolerant to many pollutants
and, in particular, have high capacities for bioaccumu-
lation of heavy metals. Molluscs are generally easy to
sample. These properties make molluscs suitable for
biomonitoring studies [32,33]. Mussels have served
as bioindicators of pollution in aquatic systems for
a wide range of different toxicants [34,35], but more
in biomonitoring programs of marine pollution [36]
than in freshwater ecosystems [23].

Several studies have shown that snails can ac-
cumulate a considerable amount of metals [37]. The
river snail Viviparus acerosus (Bourguignat, 1862) is
a central European species originally inhabiting the
Danube drainage system. It has a dextrose shell that
grows to 30-57 mm in length. The shell is grayish-
yellow to yellowish-green and it has three red-brown
bands of varying width. Its reproductive pattern is
characterized by viviparity associated with iteroparity
and parental care [38].

The aim of this study was to determine whether the
concentrations of different metals in the whole body of
the river snail V. acerosus can be a reflection of the metal
concentrations in their habitat and if these organisms
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can serve as a bioindicator species for the monitoring
of freshwater metal pollution. For this purpose, we esti-
mated the concentrations of 9 metals (As, Cd, Cr, Cu, Fe,
Mn, Ni, Pb and Zn) in whole bodies of snails collected
from three Serbian rivers, the Danube, Tisa and Velika
Morava, that exhibit different levels of metal pollution.
We compared these data with the river water and river
sediment metal concentrations presented in the Water
Quality Yearbook of the Republic Hydrometeorological
Service of Serbia (2010) using statistical procedures.

MATERIALS AND METHODS

Sampling sites and snail collection

Specimens of the river snail Viviparus acerosus
(Bourguignat, 1862) were collected in April 2010
at three different localities: Stari Slankamen (Dan-
ube: N45°09'1.56"’; E20°14'55.47""), Ada (Tisa:
N45°47'53.97"; E20°08'52.66"") and Bagrdan (Velika
Morava: N44°05'6.06"; E21°11"22.86") (Fig. S1). The
principle features of the samples were as follows: Stari
Slankamen site: 12 specimens with an average length
0f 2.21+0.04 cm and an average weight of 2.91+0.15 g;
Ada site: 12 specimens; average length 2.17+0.04 cm,
average weight 2.69+0.13 g; Bagrdan site: 10 specimens;
average length 2.28+0.11 cm, average weight 2.91+0.22
g. Live snails were brought to the laboratory, measured,
weighed, and the soft tissue was separated from the
shell and washed with distilled water.

Sample preparation and analysis

All chemicals were obtained from Merck (Whitehouse
Station, N.J., USA). Samples (about 1 g wet weight) of
whole snail bodies were freeze-dried in a rotational
vacuum concentrator (GAMMA 1-16 LSC, Germany).
Sample portions (0.2-0.4 g dry weight) were processed
in a microwave digester (speedwave™ MWS-3+; Berg-
hof Products+Instruments GmbH, Eningem, Germany)
in 6 mL of 65% HNO, and 4 mL of 30% H,O, (EPA
Method 3051). Digestion was performed at a food
temperature program of 100-190°C. Several blanks
were employed. The purpose of the blank values was
to compensate for the potential presence of metals in
the used chemicals. After the digestion, the samples
were cooled to room temperature and diluted with
distilled water to a total volume of 25 mL.
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Table 1. Concentrations of metals in the river waters (ug/L) of the Danube, Tisa and Velika Morava.

41

Element As Cd Cr Cu Fe Mn Ni Pb Zn

Danube 4.30 0.0025 3.90 11.80 150.00 10.00 25.8 0.50 10.20
Tisa 1.00 0.20 1.00 6.00 140.00 20.00 1.00 1.00 23.00
Velika Morava 3.00 0.20 1.00 21.00 140.00 70.00 2.00 1.00 24.00

Table 2. Concentrations of metals in the river sediments (mg/kg) of the Danube, Tisa and Velika Morava.

Element As Cd Cr Cu Fe Mn Ni Pb Zn

Danube 21.00 0.60 72.00 152.00 48112.00 2352.00 82.00 102.00 222.00
Tisa 15.00 3.00 92.00 356.00 56000.00 1712.00 55.00 105.00 510.00
Velika Morava 15.00 1.00 108.00 119.00 42788.00 1091.00 128.00 85.00 230.00

Table 3. Concentrations of metals (ug/g dry weight) in the whole body of the river snail Viviparus acerosus from the Danube, Tisa and

Velika Morava.
Element Danube Tisa Velika Morava
As 4.495+0.531 8.075%0.890 13.158+1.855
Cd n.d. n.d. n.d.
Cr 123.650+26.802 551.028+91.793 1061.078+179.314
Cu 145.289+15.056 222.024+33.768 100.351+6.780
Fe 2272.164+596.064 8552.848+1375.986 10427.277+1746.709
Mn 66.426+£19.704 328.839+59.189 381.059+70.237
Ni 2.062+0.587 9.349+1.645 36.162+6.095
Pb 1.412+0.536 16.903+3.758 28.790+5.844
Zn 256.469+71.461 320.450+60.005 424.452+77.127

n.d. - values below the detection threshold

Metal analysis was performed by inductively-
coupled plasma optical spectrometry (ICP-OES) (Spec-
tro Genesis EOP II, Spectro Analytical Instruments
GmbH, Kleve, Germany). The concentrations of the
9 metals (As, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) were
determined. The wavelength lines of the ICP-OES
analysis used for the metals were: As — 189.042 nm;
Cd - 228.802 nm; Cr - 205.552 nm; Cu - 324.754 nmy;
Fe —259.941 nm; Mn - 259.373 nm; Ni - 231.604 nm;
Pb - 220.353 nm and Zn - 206.191 nm. The quality
of the analytical process was controlled by analysis of
the TAEA-336 lichen reference material. The obtained
concentrations were within 90-115% of the respective
certified values for the elements. Concentrations were
expressed as ug/g dry weight.

Statistical analyses
The metal concentrations in snail bodies are expressed

as the meantstandard error. One-way ANOVA was
used to determine significant differences between the

samples from the different rivers. A minimum signifi-
cance level of p<0.05 was accepted. Correspondence
analysis, a multivariate statistical technique, was em-
ployed to detect associations between the metals in the
bodies of snails and their concentrations in the river
water and river sediment [39]. Pearson’s test was used
to analyze correlations between the concentrations of
different metals in snails and sediment and in snails
and water. All statistical analyses were performed using
STATISTICA 8.0 (StatSoft, Inc., 2007).

RESULTS

The data available in the Water Quality Yearbook of
the Republic Hydrometeorological Service of Serbia
(RHMZ, 2010) show that in April 2010, the concen-
trations of As, Cr, Fe and Ni were highest in Danube
River water. The water from the Velika Morava had
the highest concentrations of Cu, Mn and Zn (Table
1). The concentrations of As and Mn were highest in
Danube River sediments; the Tisa River sediment had
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Table 4. Correlation matrixes of the metal concentrations in the river snail Viviparus acerosus and river sediment from the Danube, Tisa

and Velika Morava.
As(V) Cr(V) Cu(V) Fe(V) Mn(V) Ni(V) Pb(V) Zn(V) As(S) Cr(S) Cu(S) Fe(S) Mn(S) Ni(S) Pb(S) Zn(S)
As (V) 1.00 1.00* -0.46 0.92 0.89 0.98 0.98 1.00* -0.81 0.99 -0.23 -0.49 -0.99 0.70 -0.85 -0.07
Cr (V) 1.00 -0.41 0.94 091 0.96 0.99 1.00 -0.84 0.99 -0.18 -0.45 -1.00* 0.66 -0.82 -0.03
Cu(V) 1.00 -0.07 -0.01 -0.64 -0.29 -0.49 -0.15 -0.30 0.97 1.00* 0.36 -0.96 0.86 0.92
Fe (V) 1.00 1.00* 0.81 0.97 0.91 -0.98 0.97 0.17 -0.11 -0.96 0.36 -0.57 0.32
Mn(V) 1.00 0.77 0.96 0.88 -0.99 0.95 0.24 -0.04 -0.94 0.30 -0.51 0.38
Ni (V) 1.00 0.92 0.98 -0.67 0.93 -0.43 -0.67 -0.95 0.84 -0.94 -0.29
Pb (V) 1.00 0.98 -0.90 1.00*  -0.05 -0.33  -1.00* 0.56 -0.74 0.10
Zn (V) 1.00 -0.79 0.98 -0.26 -0.52 -0.99 0.72 -0.86 -0.11
As (S) 1.00 -0.90 -0.38 -0.11 0.87 -0.15 0.37 -0.52
Cr(S) 1.00 -0.06 -0.34  -1.00* 0.57 -0.75 0.09
Cu (S) 1.00 0.96 0.12 -0.86 0.71 0.99
Fe (S) 1.00 0.39 -0.97 0.88 0.91
Mn(S) 1.00 -0.62 0.78 -0.03
Ni (S) .00 097 077
Pb (S) 1.00 0.60
Zn () 1.00

*and bold - Correlation is significant at p<0.05 (two-tailed); V - Viviparus acerosus; S — sediment.
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Fig. 1. Correspondence analysis of metal concentrations in river
water and sediment and whole bodies of the river snail Viviparus
acerosus (VA) from the Danube River.

the highest concentrations of Cd, Cu, Fe, Pb and Zn;
the Velika Morava River sediment had the highest
concentrations of Cr and Ni (Table 2). River snails from
the Velika Morava had the highest concentrations of
all the examined metals, except for Cu, followed by
snails from the Tisa and Danube (Table 3). According
to one-way ANOVA (not shown), there were signifi-
cant differences between the concentrations of Fe, Mn
and Pb in snails from the Danube when compared to
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Fig. 2. Correspondence analysis of metal concentrations in river
water and sediment and whole bodies of the river snail Viviparus
acerosus (VA) from the Tisa River.

snails from its two tributaries. Significant differences
in the concentrations of Cr in all three groups of snails
were observed. The concentration of Cu was highest
in snails from the Tisa, followed by snails from the
Danube and Velika Morava; it was significantly higher
in snails from the Tisa as compared to snails from the
Velika Morava. Concentrations of As and Ni were
significantly lower in snails from the Danube and Tisa
compared to snails from the Velika Morava.
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Table 5. Correlation matrixes of the metal concentrations in the river snail Viviparus acerosus and river water from the Danube, Tisa

and Velika Morava.
As(V) Cr(V) Cu(V) Fe(V) Mn(V) Ni(V) Pb(V) Zn(V) As(W) Cr(W) Cu(W) Fe(W) Mn(W) Ni(W) Pb(W) Zn(W)
As (V) 1.00 1.00* -0.46 0.92 0.89 0.98 0.98 1.00* -0.30 -0.80 0.68 -0.80 0.96 -0.79 0.80 0.85
Cr (V) 1.00 -0.41 0.94 0.91 0.96 0.99 1.00 -0.34 -0.80 0.65 -0.80 0.95 -0.82 0.80 0.87
Cu (V) 1.00 -0.07 -0.01 -0.64 -0.29 -0.49 -0.71 -0.10 -0.96 -0.10 -0.68 -0.18 0.10 0.08
Fe (V) 1.00 1.00*  0.81 0.97 0.91 -0.65 -1.00 0.34 -1.00 0.78 -0.97 1.00 0.99
Mn V) 1.00 0.77 0.96 0.88 -0.70 -1.00 0.28 -1.00 0.74 -0.98 1.00 1.00
Ni (V) 1.00 0.92 0.98 -0.08 -0.70 0.83 -0.70 1.00* -0.64 0.70 0.71
Pb (V) 1.00 0.98 -0.46 -0.90 0.55 -0.90 0.90 -0.89 0.90 0.93
Zn (V) 1.00 -0.26 -0.80 0.71 -0.80 0.97 -0.77 0.80 0.83
As (W) 1.00 0.80 0.49 0.80 -0.03 0.82 -0.80 -0.76
Cr (W) 1.00 -0.13 1.00*  -0.63 1.00*  -1.00*  -1.00*
CuW) 1.00 -0.10 0.85 -0.09 0.10 0.19
Fe (W) 1.00 -0.63 1.00*  -1.00* -1.00*
Mn(W) 100 060 060 0.8
Ni (W) 100 -100  -0.99
Pb (W) 100 1.00%
Zn (W) 1.00

*and bold - Correlation is significant at p<0.05 (two-tailed); V - Viviparus acerosus; W — water.
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Fig. 3. Correspondence analysis of metal concentrations in river
water and sediment and whole bodies of the river snail Viviparus
acerosus (VA) from the Velika Morava River.

The results of correspondence analysis are presented
in Figs. 1-3 that contain row and column sets of data
points. Row data points refer to the metal concentra-
tions in the river water, river sediment and whole snail
body. The column data points refer to the examined
metals. Data points for the metal concentrations in
snail bodies are grouped near the point that is related
to the concentration of elements in the sediment,

while the point for the concentration of elements in
the water stands out. This mode of grouping is slightly
less pronounced in the Tisa (Fig. 2) than in the Danube
(Fig. 1) and the Velika Morava (Fig. 3). The metals are
also grouped according to their concentrations in the
three compartments. Correspondence analysis points
to a greater influence of the metal concentration in the
sediment than of the metal concentration in the water
on snail metal concentration.

Pearson’s rank-order correlation coefficients among
metal concentrations in snail bodies and river sediment,
and in snail bodies and river water are given in Tables 4
and 5, respectively. The data demonstrate two positive
(Cu(V)-Mn(S); Pb(V)-Cr(S)) and two negative (Cr(V)-
Mn(S); Pb(V)-Mn(S)) correlations among metals in
snails and sediment, but only one positive correlation
between metals in snails and water (Ni(V)-Mn(W)).
Metal-metal pairs showed significant correlations in
a greater number in water than in sediment.

DISCUSSION

Determinations of metal concentrations in water and
sediment are insufficient for evaluating environmental
pollution because the biological effects of metals depend
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on the chemical state of the metal, its bioavailability and
the degree of resorption. Metals in aquatic ecosystems
enter aquatic organisms through different routes [40].
The level of accumulation of metals depends on the
duration of exposure of an organism to the metal, the
organisms feeding habits, growth rates and its age. The
bioavailability of metals depends on water hardness,
pH, concentration and composition of particulate mat-
ter, the concentrations of acid-volatile sulfides in the
water and other factors [41,42]. Our results agree with
this and they show different levels of accumulation of
metals in individuals of the Viviparus acerosus from
different rivers. Thus, the highest metal concentra-
tions were measured in snails from the Velika Morava
and the lowest metal concentrations were observed in
snails from the Danube. It can be concluded that the
Velika Morava River was the most polluted; however,
the concentrations of metals in the sediment and water
did not follow the same trend as in the snail. It is well
known that larger rivers have higher capacities for au-
topurification. Also, because there is a proportionality
between the concentrations of Cu and Cr in the bodies
of snails and the concentrations of these metals in the
sediments of the three rivers, and proportionality of
the concentrations of Mn and Zn in snails and water,
particular attention should be devoted to these metals
if V. acerosus is used in biomonitoring.

The metal concentrations reported in this study
indicate that V. acerosus accumulates metals in higher
concentrations in relation to the concentrations re-
ported by other authors for some freshwater snail
species. Thus, authors [43] showed that the concentra-
tion of Cu was in the range of 58.33 to 83.33 mg/kg
dry weight in the body of Brotia costula, from 85.00 to
115.00 mg/kg in the body of Melanoides tuberculata,
and from 29.50 to 37.00 mg/kg in the body of Clithon
sp. In the body of V. acerosus, the concentration of Cu
was in the range of 100.35 to 222.02 pg/g. According to
available literature data, similar ratios of investigated
metal concentrations were observed in V. acerosus
and other species of the same genus, for example V.
viviparus [41] and V. bengalensis [44].

In the assessment of water quality, implementation
of the regulations of the Republic of Serbia waterways
are classified into four classes based on the concentra-
tions of As and heavy metals (Cd, Cu, Hg, Ni, Pb, Zn).
According to these regulations, the waterways of the
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Danube and its tributaries are classified as first and
second class [45]; however, according to the Water
Framework Directive [46] and the Trans National
Monitoring Network (TNMN) that are in accordance
with European regulations, the Danube is a class I
waterway in terms of Cd and Pb concentrations and
a class II waterway in terms of As, Cr, Ni and Zn con-
centrations. The concentrations of dissolved Ni were
extremely high at Stari Slankamen (Danube) in April
2010. According to earlier data, the concentrations
of As, Hg, Cd and Ni were within the limits of a class
I waterway, the concentration of Pb was as proposed
for class II, and the concentrations of Zn and Cu were
somewhere between classes III and IV [25].

The concentrations of Cr in the river sediments
of the Velika Morava, of Pb in the Danube and the
Tisa, of Zn in the Tisa, and of Cu and Ni in all three
rivers, exceeded the maximum allowable concentra-
tions (MAC) of heavy metals in soil [47], and Cd
concentration in the Danube River sediment was at the
threshold. Applying global sediment quality criteria on
the data presented in this study, it can be observed that
the concentrations of As, Niand Pb in the Danube, of
Cr, Cu, Ni, Pb and Zn in the Tisa, and of Cr and Ni in
the Velika Morava exceeded the probable effect levels
(PEL) that represent the values above which harmful
effects are likely to be observed [48,49].

To our knowledge, V. acerosus has not been used as
a bioindicator species. Before a species can obtain the
status of a reliable tool in bioindicator-based studies, it is
necessary to perform laboratory research. To determine
the kinetics of specific metals in the body of V. acerosus,
in addition to field studies, laboratory studies under
controlled conditions need to be undertaken in order to
explore the rates of uptake and excretion of metals by this
organism, as has been suggested for species Crassostrea
virginica [50] and Bellamya aeruginosa [51]. Toxicity
tests serve to determine the LT, and LC, values for
every metal in a species. It was shown that for the species
Melanoides tuberculata, Cu is the most toxic metal [42].
The authors calculated the concentration factor (CF)
for 8 elements and obtained the highest CF values for
Cu, Pb and Zn, and for Al the lowest CF value. Similar
to this study, our results showed that individuals of the
species V. acerosus from three Serbian rivers contained
elevated concentrations of accumulated Zn, Mn and
Fe, while Cd was not detected, despite its presence in
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river sediments. Interestingly, Cd was detected in the
liver, muscle and gills of several species of freshwater
fish from the Danube [52,53].

Comparison of metal concentrations in snails with
their concentrations in river water and sediment by
correspondence analysis revealed the grouping of data
points for snails and sediments, and the separation of
the river water metal content. As a deposit-feeding
organism, V. acerosus is in direct contact with the
river sediment. Extensive literature data support the
positive correlation between metal concentrations in
the sediment and bodies of deposit-feeding organisms
[54,7,3]. It has been shown that organisms reared in
the laboratory accumulate higher concentrations of
metals in the treatment that includes the presence of
water and sediment compared to the treatment with
the water only [55].

Results obtained by Pearson’s correlation test indi-
cate that V. acerosus can potentially serve as a bioindica-
tor for several metals (Cr, Fe, Mn, Pb). However, it is
necessary to continuously monitor the concentrations
of metals in river sediment, river water, as well as in
snails over a longer period of time in order to extract
individual elements that would reveal V. acerosus as
the best bioindicator.

CONCLUSIONS

The investigation of heavy metal contamination in
aquatic organisms is very important because it could
more directly reflect hazards to human health. The
results of our study show that the concentrations of
different metals in Viviparus acerosus are influenced
to a greater extent by the metal content of the river
sediment than by the metal content of river water. In
light of our data, we conclude that V. acerosus has the
potential to serve as a bioindicator species of metal
pollution in freshwater basins. Since Serbia does not
have established water-quality criteria for metal con-
centrations in river sediments, results obtained from
field studies conducted throughout the year would
contribute towards the establishment of these values.
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