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Abstract—A study of the accumulation of trace elements in the marsh frog Pelophylax ridibundus Pall., 1771
in the heating zones of the cooling ponds of the Beloyarsk nuclear power plant and Reftinsk heating electric
power plant has been carried out. For the entire set of data on the concentrations of elements in frogs, no sta-
tistically significant differences are found between the studied water bodies. Using the example of both water
bodies, no differences in the accumulation of elements by males and females of amphibians are revealed.
A significant correlation between the concentration of elements in adult frogs with their content in water and
plankton is found. An excess of the maximum permissible concentrations of some elements in the water of
both reservoirs, as well as an excess of the concentrations of a number of elements in frogs, compared with
background values, are revealed.
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INTRODUCTION
The problem of environmental pollution with trace

elements (heavy metals and rare and dispersed ele-
ments) is considered one of the key issues in ecological
studies (Vinogradov, 1957; Koval’skii, 1974; Saet et
al., 1990). One important feature of trace elements
when they enter a body is the existence of threshold
concentrations, within which the body is able to regu-
late metabolic processes. Exceeding the limits of these
concentrations in the direction of their decrease or
increase in the environment may cause the dysfunc-
tion of metabolic processes and lead to various types of
diseases and even death (Koval’skii, 1974).

In the Ural region, mining and metallurgical
industries are the main sources of heavy metal pollu-
tion for water and land ecosystems. The migration of
elements and their dispersion from emission sources
caused a high level of pollution of soils, rivers, air,
groundwater, wild plants, and agricultural products
(Mahonina, 1987; Gosudarstvennyi…, 1999, 2000,
2008, 2009, 2012). Animals zoned in contaminated
areas exhibit a disturbance in their immune systems
and the development of pathological processes (Don-
nik and Smirnov, 2002; Donnik and Khaibullin,
2002).

The high load on the natural ecosystems of the Ural
region caused by the presence of heavy metals and
other technogenic emissions is exacerbated by an
increased radiation background. This background
originates from the operation of nuclear industry
enterprises in the region and the consequences of
radioactive contamination of territories as a result of
radiation accidents and human production activities
(the use of materials with an increased content of nat-
ural radionuclides, medical procedures, etc.)
(Vostochno-Ural’skii…, 2000; Klimshin et al., 2011;
Chebotina et al., 2017).

In a number of papers, frogs are considered indica-
tors of pollution of freshwater ecosystems by various
pollutants, including heavy metals (Sharygin, 1980;
Pyastolova et al., 1996; Misyura, 2006; Stark, 2006;
Zaripova et al., 2009; Smalling et al., 2019; Berzin
et al., 2020; Beresford et al, 2020). However, at pres-
ent, despite the wide distribution of these amphibians
in the aquatic ecosystems of various regions of the
country and their resistance to negative environmental
factors, they are insufficiently studied.

The goal of the present paper is to study the content
of trace elements in marsh frogs Pelophylax ridibundus
Pall. inhabiting cooling ponds of the Middle Urals. To
achieve the goal, the following tasks are necessary:
study the concentrations of trace elements in waterAbbreviations: MPC, maximal permissible concentration.
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and frogs of the Beloyarsk and Reftinsk reservoirs;
comparatively assess the concentrations of trace ele-
ments in female and male frogs from the studied water
bodies; and study the relationship between the content
of trace elements in frogs, water, and plankton.

MATERIALS AND METHODS
The marsh frogs and water from the Beloyarsk and

Reftinsk reservoirs were studied. Beloyarsk Reservoir,
impounded in 1959–1963 by damming the Pyshma
River, serves as cooling pond of the Beloyarsk Kurch-
atov nuclear power plant (NPP). The ecological and
geographical characteristics of the reservoir are given
in (Trapeznikov et al., 2008). During its existence, the
ecosystem of the Beloyarsk reservoir was affected by
four nuclear power units, two of which were decom-
missioned in 1981 and 1989; the third and fourth have
been operating since 1980 and 2014, respectively. The
Reftinsk Reservoir is a cooling reservoir of one of the
largest power plants in Russia; it was formed in 1968
on the Reft River, the left tributary to the Pyshma
River. The station runs on coal, which is why ~6 mil-
lion t of ash and slag are thrown into ash dumps every
year. The Reftinsk Poultry Farm, the largest enterprise
in the Urals for the production and processing of
broiler meat, is located on the shore of the reservoir.
Both reservoirs are subject to thermal pollution due to
the discharge of heated water.

This study was carried out in 2019. The frog sam-
pling sites were located in the sites of water bodies
adjacent to areas of heated water discharge. Five male
and five female frogs were caught in each reservoir and
put down with ether. In the laboratory, the frogs were
weighed, dried, and ashed at 500°C. Water was sam-
pled in triplicate, 5 L per repetition, filtered through a
blue ribbon filter to remove mechanical impurities,
and dried at 105°C to a dry residue. The samples of
amphibians and water prepared in this way were dis-
solved in a mixture of nitric, hydrochloric, and hydro-
fluoric acids of chemical purity grade in a ratio of 2 : 1 : 1
and kept in an autoclave for 15–30 min at a tempera-
ture of 150–160°C, followed by calcination. The ele-
ments were quantitatively determined on an ELAN
9000 quadrupole mass spectrometer (PerkinElmer
SCIEX, United States–Canada) using a calibration
standard solution with the required range of concen-
trations of the studied elements. The relative standard
error of determinations did not exceed 10–20%. All
data given in the figures are calculated on the dry
weight of the substance.

The data were processed statistically applying STA-
TISTICA software package (Mann–Whitney, Stu-
dent, and Pearson tests).

RESULTS
The concentrations of various elements in amphib-

ians varied within five orders of magnitude (Fig. 1).
The content of Fe in the frogs of both reservoirs was
the highest: (6−10) × 103 μg/g. Along the decrease in
concentrations, there are rows of elements character-
istic of both reservoirs: Ti, V, Мn, Cu, Zn, Br, and Sr
(102−101 μg/g); Li, B, Cr, As, Rb, Ba, and Th (101–
100 μg/g); and Sc, Ga, Y, Zr, Ce, Pb, and U (100–
10–1 μg/g and less). Co and Ni in detectable amounts
were found only in the frogs from the Reftinsk Reser-
voir; Mo, Cd, and Cs were found only in the Beloyarsk
Reservoir. The concentrations of these trace elements
are below the detection limits of this method. For the
rest of the elements, the differences between the frogs
of both water bodies turned out to be statistically insig-
nificant (p > 0.05).

The mean values of the concentrations of the stud-
ied elements in the frogs of the Beloyarsk and Reftinsk
reservoirs depending on the sex of the animals are
given in Figs. 2 and 3. The male and female amphibi-
ans accumulate trace elements in approximately the
same amounts. This is confirmed by the results of sta-
tistical processing of the totality of data for all the stud-
ied elements for both the Beloyarsk and the Reftinsk
reservoirs (p < 0.001).

The water is an important source of elements in the
body of frogs. This is why the relationship between the
concentrations of trace elements in the bodies of the
animals and the water of the Beloyarsk and Reftinsk
reservoirs was studied (Fig. 4). For both reservoirs, a
highly significant correlation between their concentra-
tion in frogs and in water was revealed for the totality
of the studied elements (correlation coefficient 0.78;
p < 0.001). For the Beloyarsk Reservoir, a significant
correlation was also found between the concentrations
of trace elements in frogs and plankton (correlation
coefficient 0.78; р = 0.001) (Fig. 5). In the latter case,
we used the data on plankton given in (Polyakov et al.,
2012) for analysis.

DISCUSSION

The Beloyarsk and Reftinsk reservoirs in the Mid-
dle Urals are water bodies subject to constant anthro-
pogenic pressure. Weakly radioactive and chemical
eff luents from two nuclear industry enterprises (Belo-
yarsk NPP and the Institute of Reactor Materials)
enter the Beloyarsk Reservoir. The Reftinsk Reservoir
receives the washouts of chemicals from ash dumps
and a poultry farm. The reservoirs serve as recreation
areas for the population and are used for fishing and
the industrial farming of caged fish. They are also
exposed to thermal pollution due to the discharge of
heated water. An analysis of water quality showed an
excess of the content of a number of trace elements in
the heated area of the sanitary protection zone of res-
ervoirs in comparison with the MPCs established for
water bodies of fishery importance (Perechen’…,
1999). At the time of the study, the MPCs in the Belo-
yarsk and Reftinsk reservoirs were exceeded 12 and 14
INLAND WATER BIOLOGY  Vol. 15  No. 2  2022
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Fig. 1. Mean concentration of trace elements in the marsh frogs of the Beloyarsk and Reftinsk reservoirs. *Concentrations below
the detection limit.
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Fig. 2. Concentrations of trace elements in female and male marsh frogs of the Beloyarsk Reservoir.

Concentration, μg/g

Li B Sc Ti V Cr Mn Fe Cu Zn Ga As Br Rob Sr Y Zr Mo Cd Cs Ba Ce Pb Th U

Females

10−2

10−1

100

101

102

103

104

Males
times for V, 9 and 17 times for Mn, 5 and 12 times for
Fe, and 5 and 22 times for Cu, respectively. In addi-
tion, the MPCs were exceeded 4 times for Ni and 1.6
times for Zn in the Reftinsk Reservoir.

It has been found that the concentrations of various
trace elements in frogs from the heating zones of these
reservoirs vary within five orders of magnitude (from
10–2 to 104 μg/g dry body weight). Frogs of both habi-
tats accumulate iron in the greatest amounts, which is
consistent with the data of (Misyura et al., 2004). With
small f luctuations in the content of microelements in
the frogs of the Beloyarsk and Reftinsk reservoirs, no
significant differences were found between animals
from different habitats. Similar data on the variability
of trace element concentrations in amphibians from
different habitats are given in (Sharygin, 1980;
Misyura, 2006).
INLAND WATER BIOLOGY  Vol. 15  No. 2  2022
Because frogs are consumed by humans as food in
a number of countries around the world (Mirzaj, 2003;
Ding, 2015), it was interesting to compare the levels of
accumulation of trace elements by amphibians in our
studies with background indicators. Due to the
absence of MPCs for freshwater animals, for frogs in
particular, we used the results of a paper by Nikanorov
and Zhulidov (1991), which shows the concentrations
of chemical elements in freshwater organisms conven-
tionally taken as background. The excess of these val-
ues for some elements reached from 2 to 21 times. The
frogs of the Beloyarsk Reservoir contain 2–4 times
more Li, Sc, Ti, Ga, and Br, while those of the Ref-
tinsk Reservoir contain Li, Ti, and V. In the Beloyarsk
Reservoir, the concentration of V in amphibians from
the heating zone exceeded the background values by
18 times, and that of As exceeded it 17 and 7 times for
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Fig. 3. Concentrations of trace elements in female and male marsh frogs of the Reftinsk Reservoir.
*Concentrations below the detection limit.
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the Beloyarsk and Reftinsk reservoirs, respectively.
Cooling systems at nuclear and thermal power plants,
as well as ash dumps at Reftinskaya GRES (Mahon-
ina, 1987; Trapeznikov et al., 2008), may be sources of
increased concentrations of trace elements in cooling
ponds.

The present study revealed that the accumulation
of the totality of the studied elements by the marsh
frog does not depend on the sex of the animals. Earlier,
we revealed the absence of differences in the accumu-
Fig. 4. Correlation between concentrations of trace ele-
ments in the marsh frogs (ordinate) and in water (abscissa)
of the Beloyarsk (1) and Reftinsk (2) reservoirs.
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lation of 90Sr and 137Cs radionuclides by frog males and
females of the Beloyarsk Reservoir (Berzin et al.,
2020).

Water serves as a necessary habitat for marsh frogs,
providing their vital activity. The absorption of trace
elements from water is possible through the skin and
with food. Together with water, frogs swallow food
(zoobenthos, juvenile fish, spiders, caddisflies, drag-
onflies and their larvae, beetles, and others) contain-
ing various trace elements (Vershinin, 2007). In addi-
tion, the aquatic environment is inhabited by a huge
number of plankton species of plant and animal origin.
As a rule, marsh frogs feed on consumers of two or
INLAND WATER BIOLOGY  Vol. 15  No. 2  2022

Fig. 5. Correlation between concentrations of trace ele-
ments in the marsh frogs (ordinate) and in the plankton
(abscissa) of the Beloyarsk Reservoir.
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three orders, which are directly part of the plankton or
its consumers. Plankton, which has a huge biosorption
activity, contains a wide variety of heavy metals and
rare and trace elements (Polyakov et al., 2012). This
explains the significant correlation we found between
the content of trace elements in marsh frogs and water,
on the one hand, and between frogs and plankton, on
the other.

These results may be used for a comparative assess-
ment of the content of trace elements in marsh frogs of
other water bodies around the country and the devel-
opment of appropriate standards for them.

CONCLUSIONS

Marsh frogs inhabiting the heated zone of the
Beloyarsk and Reftinsk reservoirs accumulate various
trace elements in concentrations within the limits of
five orders of magnitude. For the entire set of trace
elements found in frogs, significant differences
between the studied water bodies have not been
revealed. It has been shown that the accumulation of
trace elements by the amphibians as a whole does not
depend on the sex of the animals. A significant cor-
relation was revealed between the concentration of
trace elements in adult frogs and their content in water
and plankton. An excess of MPCs of some trace ele-
ments in the water of the heating zone of both reser-
voirs, as well as the concentrations of a number of
trace elements in frogs of the studied habitats in com-
parison with their background values, was revealed.
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