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At the present stage, there is no water body in Ukraine that has not been altered by
human activity or its consequences. In most cases, such interventions lead to the “aging”
of lakes. Along with the disturbance of aquatic ecosystem stability, the condition of
adjacent terrestrial biocenoses such as wetlands, forests, and meadows also deteriorates,
resulting in not only local but also regional impoverishment of the gene pool of flora
and fauna.

Moreover, the impact of hydraulic engineering and land reclamation activities
on lake ecosystems has not yet been quantitatively assessed, although the external
manifestations are evident — disruption of water exchange, alteration of the water
surface area and feeding conditions, as well as deterioration in fish productivity and
overall water quality.

The article is devoted to the assessment of the ecosystem state of the Bile Lake
based on a set of ecologically formed indicators. During recent years, the environmental
situation in both natural and artificial aquatic ecosystems has been deteriorating due
to increasing anthropogenic pressure, which has resulted in significant qualitative
and quantitative changes in their ecological state. According to scientific research,
many inland water bodies have become so heavily polluted that their ecosystems are
undergoing complete degradation, leading to the loss of their economic and landscape
value [4].

Of particular concern is the process of anthropogenic eutrophication of lakes and
reservoirs, caused by the excessive inflow of biogenic elements. This process disrupts
the balance between the formation of primary organic matter and its decomposition. The
slowdown of decomposition processes leads to a deterioration of the sanitary condition
of water bodies and a decline in water quality. Consequently, this complicates water
treatment for both drinking and industrial use, as well as hinders the development of
recreation, aquaculture, and fisheries.

The factors influencing the water quality of a Bile Lake were investigated,
an integral assessment of the ecological state of the water body was carried out, the
concentrations of heavy metals within the aquatic ecosystem were determined, and the
levels of radionuclides present in the ecosystem were analyzed [8].

Key words: hydroecosystem, water quality, abiotic indicators, biotic parameters,
ecological assessment, fish productivity.
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Statement of the task. The aim of an article is comprehensive study and
analyzes of the state of the aquatic ecosystem of a Bile Lake in the Rivne Region
based on a set of ecological indicators.

Analysis of recent research and publications. The issue of comprehen-
sive water quality assessment in Ukraine has been studied by many researchers,
who have proposed a new approach to evaluating the ecological risk of aquatic
ecosystem degradation under persistent anthropogenic pressure. This approach
aims to determine the degree of environmental hazard associated with various
types of natural resource use [9].

The assessment of aquatic ecosystem conditions and the identification of
patterns in their functioning taking into account the hydrochemical and hydrobi-
ological characteristics of water bodies under conditions of economic exploita-
tion — are becoming increasingly relevant. Such studies provide a scientific basis
for predicting future changes induced by anthropogenic factors and for develop-
ing appropriate compensatory and protective environmental measures.

It has been established that at the present stage there is no water body in
Ukraine that remains unaffected by human activity or its consequences. In most
cases, anthropogenic interference accelerates the “aging” of lakes. Alongside
the degradation of aquatic ecosystems, the condition of adjacent terrestrial bio-
cenoses, such as wetlands, forests, and meadows, also deteriorates. This leads
not only to local but also to regional losses in the genetic diversity of flora and
fauna. Furthermore, the impact of hydraulic engineering and land reclamation
projects on lake ecosystems has not yet been quantitatively evaluated, although
their external manifestations are evident: disruption of water exchange, reduc-
tion of the water surface area, alteration of hydrological and nutrient conditions,
and declines in fish productivity and overall water quality [3].

Materials and methods. In the course of the study, a comprehensive
methodological approach was applied, combining both field and laboratory
investigations with analytical and statistical techniques. The research was con-
ducted in several stages to ensure the reliability and representativeness of the
obtained results.

At the initial stage, the collection and systematization of existing sta-
tistical and cartographic data were carried out. This included the analysis of
long-term hydrological, meteorological, and environmental monitoring records
related to a Bile Lake and its catchment area. Such data provided the baseline
for identifying trends in anthropogenic pressure and natural dynamics affecting
the aquatic ecosystem [10].

At the field research stage, on-site sampling of water and sediment was
performed at various points across the lake to capture spatial variability. Sam-
ples were collected in accordance with national and international standards for
environmental monitoring. Field measurements included determination of water
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temperature, pH, electrical conductivity, transparency, and dissolved oxygen
concentration using portable multiparameter probes. Visual assessments of the
shoreline condition, aquatic vegetation, and signs of eutrophication or pollution
were also conducted [6].

The laboratory analysis phase focused on determining the physicochemical
and hydrobiological parameters of the collected samples. Standard analytical pro-
cedures were used to assess concentrations of biogenic elements (nitrogen, phos-
phorus compounds), organic matter content, and key ions. Heavy metals such as
lead (Pb), cadmium (Cd), copper (Cu), zinc (Zn), and iron (Fe) were quantified
using spectrophotometry. To assess the radiological condition of the lake, the activ-
ity concentrations of radionuclides (in particular, '*’Cs and *°Sr) were measured [2].

Hydrobiological investigations included the study of phytoplankton, zoo-
plankton, and benthic invertebrates as bioindicators of the ecological state of
the aquatic environment. The composition, abundance, and diversity indices of
these biotic components were analyzed to evaluate the level of eutrophication
and the overall biological productivity of the ecosystem [11].

At the analytical stage, all experimental data were subjected to statistical
processing using modern software tools. Methods of variation statistics, correla-
tion, and regression analysis were employed to determine the interrelationships
among environmental variables and to identify the dominant factors influencing
water quality. An integral ecological index was calculated to provide a general-
ized quantitative assessment of the ecological state of a Bile Lake [1].

Based on the obtained results, recommendations were developed aimed
at improving the ecological condition of the lake. These include measures for
reducing external pollutant inflow, enhancing the self-purification capacity of
the aquatic system, maintaining optimal hydrobiological balance, and restoring
the populations of native fish species through ecologically safe and sustainable
management practices [12].

Result and discussion. The Bile Lake is located within the territory of
the Rivne Region, which, in terms of its physical and geographical position, lies
within the forest-steppe zone of Ukraine. Geographically, the region occupies
the central and western parts of the Volyn-Podillia Upland, the western slope of
the Ukrainian Crystalline Shield, and a small area in the northeastern part of the
region that extends into the Prypiat Depression.

The Bile Lake is of karstic origin and is situated in the Volodymyrets
District of the Rivne Region, within the basin of the Styr River, a tributary of
the Prypiat River. A lake is located near the village of Bilska Volia. It has a
total water surface area of 453 hectares, making it the second-largest lake in the
Rivne Region, following Lake Nobel (figure 1). Morphologically, a Bile Lake
consists of two funnel-shaped karst depressions with maximum depths of 22
meters and 26 meters, respectively [5].
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The Bile Lake is considered a unique natural feature of the region. It
represents an exceptional combination of wetland, lacustrine, and forest ecosys-
tems characteristic of Western Polissia. Due to its high ecological, hydrological,
and landscape significance, the lake is included in the system of protected water
bodies of the Rivne Nature Reserve, which ensures the conservation of its natu-
ral complexes, rare species, and overall ecological balance.

Figure 1. The Bile Lake on the map

The water quality indicators of a Bile Lake, obtained as a result of the
conducted research, are presented in Table 1. Based on the tabulated data, the
indicators were classified into three main groups: those characterizing the
salt composition, tropho-saprobiological condition, and specific state of the
water body.

An analysis of the sanitary-chemical and microbiological parameters of a
Bile Lake allows for the following conclusions. The transparency of the water
has slightly increased but remains within acceptable limits according to fishery
and biological standards. The pH level is within the normal range, and the con-
centration of dissolved oxygen averages around 8.4 mg/dm?, which indicates that
the self-purification processes in the lake are occurring at a satisfactory level.

Indicators of organic pollution include the biochemical oxygen demand
(BOD), which varied between 4.3 and 5.8 mgO/dm?. These values classify
the water body from moderately polluted to polluted. Additional indicators of
organic contamination and the degree of mineralization are the various nitrogen
forms, the excess of which reflects the degree of water toxicity.
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Table 1. Water analysis data of a Bile Lake (average 2020-2021)

Sampling site
Ne Indicator Near the On the opposite
recreation center shore .fmm the
recreation center
1 |pH 7.8 7.1
2 | Color, degrees 28 26
3 | Odor, points 0 0
4 | Transparency, cm More 20 More 20
5 | Suspended solids, mg/dm? 5.9 4.6
6 | Dry residue, mg/dm® 78.2 84.1
7 | Total alkalinity, mg-eq/dm? 0.9 0.7
8 | Total hardness, mg-eq/dm? 1.1 2.3
9 | Calcium, mg/dm? 18.1 1.9
10 |Magnesium, mg/dm? 0.62 0.7
11 |Dissolved oxygen, mgO,/dm’ 8.4 8.2
12 | Chemical oxygen demand (COD), mgO./dm? 45.0 42.0
13 | Biochemical oxygen demand (BODs), mgO./dm? 5.8 7.13
14 | Ammonium nitrogen, mg/dm? 0.28 0.36
15 | Nitrate nitrogen, mg/dm? 0.37 0.35
16 | Nitrite nitrogen, mg/dm? 0.004 0.001
17 |Sulfates, mg/dm® 15.5 12.05
18 |Chlorides, mg/dm? 4.72 2.7
19 |Phosphates, mg/dm? 0.05 0.13
20 |Fluorides, mg/dm? 0.18 0.18
21 |Iron, mg/dm’ 0.20 0.19
22 | Nickel, mg/dm? Not detected Not detected
23 | Zinc, mg/dm? 0.06 Not detected
24 | Copper, mg/dm? 0.12 0.07
25 | Total chromium, mg/dm? Not detected Not detected
26 |Manganese, mg/dm? 0.053 0.014

No exceedances were recorded for nitrite, nitrate, or sulfate concentra-
tions. However, significant exceedances were observed among parameters of
specific action — particularly for iron, copper, and zinc content. Although the
primary sources of these elements have not yet been definitively identified, it is
assumed that one of the main factors may be the geographical proximity of the
water body to the 30-km impact zone of the Rivne Nuclear Power Plant, as well
as residual consequences of the Chornobyl nuclear disaster [7].

Based on the obtained data, it can be stated that for the majority of water
quality indicators of a Bile Lake, increased concentrations are observed in the
area near the recreation base, which serves as evidence of anthropogenic impact
on the ecosystem.
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For the integrated assessment of water quality in aquatic ecosystems, the
calculation of so-called water pollution indices is applied. These indices com-
prehensively characterize the sanitary condition and hydrochemical status of a
water body (Table 2).

Table 2. Distribution of the Bile Lake water quality indicators
by three blocks of water quality categories

First block Second block Third block
(salt composition indicators) (tropho-saprobiological indicators) (toxic effect indicators)
Indicator | Value | Category Indicator Value | Category Indicator | Value | Category
Dry residue, Fluorides,
mg/dm’ 78.2 1 pH 7.8 1 mg/dm’ 0.18 4
Sulfates More
Y 15.5 1 Transparency,cm | 20 1 Iron, mg/dm® | 0.20 4
mg/dm o
Chlorides, Suspended solids, . 5
mg/dm’ 4.72 1 mg/dm? 59 1 Nickel, mg/dm® | none 1
Dissolved oxygen, . 5
mgOy/dm’ 84 2 Zinc, mg/dm® | 0.06 5
Copper,
3 s
COD, mgO,/dm’ | 45.0 6 mg/dm’ 0.030 4
Chromium,
BOD, mgO,/dm’ | 5.81 2 mg/dm’ none 1
Ammonium Manganese,
nitrogen, mg/dm’ 0.28 3 mg/dm’ 0.053 4
Nitrite nitrogen,
mg/dm’® 0.004 2
Nitrate nitrogen,
mg/dm? 0.36
Phosphates,
mg/dm’ 0.05
Blocked 11 Blocked index 122 Blocked index 133
index

According to the obtained results, the waters of a Bile Lake can be clas-
sified as follows:

* By the salt composition block — Class I, Category I, freshwater, hypo-
haline, excellent quality (I = 1);

* By the tropho-saprobiological block — Class II, Category II, very good,
clean, mesotrophic, alpha-oligosaprobic waters (I, = 2.2);

* By the block of toxic effect indicators — Class II, Category III, good,
clean, mesoeutrophic, and beta-mesosaprobic waters (I, = 3.3).

The overall ecological index of a Bile’s Lake water quality is I = 2.2.

Thus, the hydrological regime of the studied lake is determined by the
geological and geomorphological features of the area, the state of specific envi-
ronmental factors, and the direction of the processes occurring within them.
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The general water quality assessment of a Bile Lake corresponds to Class
II. However, within the block of specific toxic substances, elevated concentra-
tions were recorded: Category IV for copper content, Category V for zinc, and
Category IV for iron.

Thus, the block of specific effect indicators causes the greatest concern in
the water body and requires additional research.

The results of the study on the content of heavy metals in the water of a
Bile Lake are presented in Table 3. An increased concentration of copper (Cu)
was detected — approximately one and a half times higher than the maximum
allowable concentration (MAC). The levels of iron (Fe) and zinc (Zn) do not
significantly exceed fishery-related MAC standards. It should be emphasized
that the research results indicate an overall increase in the content of heavy
metals, particularly lead (Pb), which is associated with the intensification of
anthropogenic pressure on the aquatic ecosystem of the lake.

Table 3 — Content of heavy metals in the water of the Bile Lake

Year Heavy metals content, mg/dm

Cu Mn Cd Pb Zn Fe
2020 8.3 12.4 0.1 6.0 0.20 1.3
2021 6.7 12.2 0.3 4.2 0.25 2.4

The total content of heavy metals in water, even at relatively high concen-
trations, may not necessarily be harmful to fish and aquatic organisms. It is well
known that in low-flow or closed water bodies with low turbidity, more than
90% of heavy metals migrate in a dissolved state.

The Bile Lake is not characterized by intensive overgrowth of higher
aquatic vegetation; however, it demonstrates low fish productivity and slow fish
growth rates. These features indicate significant changes in the ecological state
of the lake, which, in turn, influence the solubility and mobility of heavy metals
in the aquatic environment.

The next stage of the trophic chain study in the aquatic ecosystem of
a Bile Lake involved the analysis of heavy metal content in higher aquatic
plants. The research covered both submerged and emergent species. Sub-
merged plants included sago pondweed (Potamogeton pectinatus L.), shining
pondweed (Potamogeton lucens L.), and common hornwort (Ceratophyllum
demersum L.). Emergent plants included broadleaf cattail (7ypha latifolia L.),
narrowleaf cattail (Typha angustifolia L.), and common bulrush (Scirpus
palustris L.).

Samples of higher aquatic vegetation were collected along the perimeter
of the lake at three sampling points. The results of the analysis of heavy metal
content in higher aquatic plants of a Bile Lake are presented in Table 4.
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According to the research results, the dominant concentrations of heavy
metals in the phytomass were zinc, manganes, copper, cadmium, and lead. The
accumulation pattern of heavy metals in macrophytes was as follows:

Zn>Mn > Cu>Cd > Pb (D)
Table 4. Content of heavy metals in higher aquatic vegetation
of the Bile Lake
Heavy metals content, mg/kg dry matter
Ha3zsa pociunn Mn Cu Zn cd ’h
Potamogeton 12.4+1.2 4.8+0.2 484126 | 0.09£0.002 | 0.17+0.006

pectinatus L.

Potamogeton 13.241.02 3.240.12 36.2+1.27 0.13+£0.08 | 0.004:0.005
lucens L.

Ceratophyllum | 15 c.086 | 6174044 | 174+1.14 | 0.2120.004 | 0.005£0.006
demersum L.

TBypha latifolia L. | 26.3+1.05 8.02+0.32 22.7+1.21 0.08+0.007 | 0.003+0.004

Typha 33.5+1.12 10.3x1.2 39.4+1.32 0.3+0.012 | 0.007+0.002
angustifolia L.

Scjrpmf‘””“”” 27.440.94 8.6+0.47 17.4+0.57 | 0.11£0.006 | 0.009:0.004

Regarding the species distribution among macrophytes, the highest con-
centrations of heavy metals, in decreasing order, were observed as follows:
Potamogeton pectinatus > Potamogeton lucens > Ceratophyllum demersum >
Typha angustifolia > Typha latifolia > Scirpus palustris. The greatest sensitiv-
ity to water quality was found in submerged plants, as they maintain the most
extensive contact with the aquatic environment.

The accumulation chains of heavy metals and organic pollutants often
culminate at the top of the trophic pyramid of aquatic ecosystems, where fish
typically occupy the highest level. Both predatory and non-predatory fish spe-
cies actively accumulate heavy metals, which ultimately reduces their nutri-
tional value and poses potential health risks to consumers.

The results of the analysis of heavy metal content in fish muscle tissue
from Lake Bile are presented in Table 5.

Among all the studied organs of the European eel (Anguilla anguilla
L.), the highest concentrations of heavy metals were found in the vertebral
bones. The maximum levels were recorded for Cu (7.214+0.02 mg/kg), Zn
(9.02+£0.10 mg/kg), and Mn (4.3+£0.03 mg/kg). The scales ranked second in
terms of heavy metal contamination, followed by the gills.

The roach (Rutilus rutilus) ranked second in heavy metal accumula-
tion, with the distribution pattern as follows: scales > skin > vertebral bone
> gills > liver > muscles. The highest concentrations were observed for Zn
(30.194£0.31 mg/kg) and Cu (2.73+£0.03 mg/kg).
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Table 5. Content of heavy metals in fish body tissues
from Lake Bile (n = 3-6; M+ m)

Fish Heavy metals content, mg/kg dry matter
tissues Zn | cu | P Cd | Mn | Co
European eel (Anguilla anguilla), three-year-old
Scales 8.12+0.12 | 4.51+0.06 0.58+0.07 | 0.58+0.06 | 4.03+0.1 0.01+0.1
Skin 6.12£0.22 | 6.61+0.04 0.34+0.04 | 0.53+0.03 | 5.64+0.22 | 0.003+0.2
Muscles | 3.4240.11 3.20+0.03 0.43+0.01 | 0.43+0.01 | 2.1+0.11 | 0.001+0.05
Gills 7.26+0.31 8.92+0.04 0.67+£0.022 | 0.13+0.03 3.1+0.4 0.03+0.02
Liver 6.12+0.09 | 6.51+0.11 0.31+£0.06 | 0.21+0.04 | 2.3+0.03 | insignificant
Vertebral | 9.0240.01 | 7.2120.02 | 0.83:043 | 0.94+0.04 | 4.3+0.03 | 0.02:+0.006
Roach (Rutilus rutilus). one-year-old
Scales 30. 19+0.31 1.98+0.30 0.63+0.09 | 0.040+0.09 | 1.20+0.30 | 0.031+0.17
Skin 18.53+0.13 | 2.51+0.03 0.53+0.03 | 00.53+0.03 | 0.90+0.32 | 0.028+0.17
Muscles 6.53+0.3 2.42+0.05 0.23+0.05 | 0.023+0.01 | 0.54+0.39 -
Gills 14.67+0.23 | 2.53+0.01 0.13+0.01 |0.063+0.05| 1.04+0.70 | 0.012+0.17
Liver 17.2+0.20 1.33+0.03 0.43+0.02 | 0.037+0.03 | 0.80+0.30 -
Vertebral | 90,140.12 | 2.73£0.03 | 0.65:0.03 | 0.087:0.03 | 2.04£0.40 | 0.058+0.17
Pike (Esox lucius), two-year-old
Scales 1565+034 0.95+0.06 0.27+0.08 0.27+0.03 - 0.072+0.08
Skin 18.15+0.14 | 1.21+0.05 0.17+0.08 | 0.58+0.07 - 0.028+0.1
Muscles | 10.35+0.38 | 0.86+0.01 0.20+0.06 | 0.34+0.04 - -
Gills 12.55+0.51 | 1.25+0.03 0.15+0.04 | 0.43+0.01 - 0.02+0.06
Liver 11.65+0.34 | 0.76+0.062 | 0.29+0.02 |0.27+0.022 - -
Vertebral | 51674034 | 1.95+0.16 | 0.28+0.05 | 0.61+0.06 - 0.058+0.07
Rudd (Scardinius erythrophthalmus). one-year-old
Scales 4.6+0.2 0.68+0.15 0.19+0.06 | 0.09+0.01 | 2.23+0.24 | 0.067+0.03
Skin 5.074+0.59 1.4+0.11 0.24+0.04 | 0.06+0.04 | 2.19+0.05 | 0.05+0.02
Muscles 6.03+0.1 2.9+0.2 0.06£0.01 0.03+£0.03 | 2.14+0.02 | 0.06+0.04
Gills 4.7+0.12 1.6+0.12 0.1£0.01 [ 0.012+0.02 | 2.17+0.01 | 0.02+0.01
Liver 5.7+0.8 3.2+0.22 0.5+0.08 0.011+£0.01 | 2.21+0.01 | 0.08+0.03
Vertebral | 64540.6 | 1.90.1 | 0.650.07 |0.017:0.03 | 119+0.04 | 0.042£0.02

The third highest concentrations of heavy metals were recorded in the
pike (Esox lucius), where, similar to the two previously mentioned species, the
highest levels were observed for Zn (21.67£0.34 mg/kg) and Cu (1.95+0.16
mg/kg) in the vertebral bone.

The lowest concentrations among all studied species were found in the
rudd (Scardinius erythrophthalmus). The dominant elements were Zn (6.45+0.6
mg/kg) in the vertebral bone, Cu (3.2+0.22 mg/kg) in the liver, and Pb (2.23+0.24
mg/kg) in the scales.
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For radiological studies of the lake, samples of water, bottom sediments of
various types, higher aquatic plants, and fish were collected. Among the plants,
both submerged species — Potamogeton pectinatus L. (sago pondweed), Pota-
mogeton lucens L. (shining pondweed), Ceratophyllum demersum L. (common
hornwort) and emergent species — Typha latifolia L. (broadleaf cattail), Typha
angustifolia L. (narrowleaf cattail), and Scirpus palustris L. (common bulrush)
were sampled. Higher aquatic vegetation was collected along the lake perimeter
at three sampling points.

Among mollusks, great pond snail (Lymnaea stagnalis L..) and oval pond
snail (Radix ovata L.) were identified in the samples. Fish species included in
the radiological study were common carp (Cyprinus carpio L.), silver crucian
carp (Carassius auratus), roach (Rutilus rutilus L.), European eel (Anguilla
anguilla S.), and perch (Perca fluviatilis L.).

The content of radionuclides in the water of Lake Bile reached '*’Cs —
0.36 Bg/L and *°Sr — 0.032 Bq/L, which does not exceed the permissible levels
for radionuclides in water. It is well known that bottom sediments act as the
most active accumulators of radionuclides, particularly cesium-137. The degree
of their radioactive contamination depends on numerous factors, including
sediment type, bottom relief, water currents, and the degree of higher aquatic
vegetation development. The highest concentration of ¥’Cs (16.2 Bg/kg) was
recorded in the 0-5 cm layer of silt sampled at a depth of 9.0 m. The concentra-
tion of *°Sr in bottom sediments ranged from 0.2 to 1.6 Bg/kg.

To evaluate the processes governing radionuclide exchange within the
“water-bottom sediment” system, it is important to consider their state and
chemical forms in the sediments. The highest average concentrations of *’Cs
were observed in plants such as narrowleaf cattail (Typha angustifolia) — 2700
Bg/kg and sago pondweed (Potamogeton pectinatus) — 1600 Bg/kg. The study
revealed that submerged plant species contained radionuclides at levels 2.5
times lower than emergent plants. Under global fallout conditions, submerged
species are generally characterized by a high capacity for radioactive substance
accumulation due to their physiological properties.

The number of mollusks in the studied lake is relatively small, and these
hydrobionts do not significantly influence the overall radioecological condition
of Lake Bile. Therefore, they were examined primarily as one of the compo-
nents of the aquatic ecosystem to assess radionuclide migration patterns. The
most common mollusks showed the following contamination levels: ¥7Cs —
21.6 Bg/kg, *°Sr — 13.6 Bg/kg in Lymnaea stagnalis.

The study of radioactive contamination in fish was carried out in two
aspects. On one hand, fish represent an important component of the aquatic eco-
system that quickly responds to changes in radioecological conditions and occu-
pies a terminal position in the trophic chain. On the other hand, fish are an essen-
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tial element of both commercial and recreational fisheries and a key component of
the human diet. Therefore, it was necessary to determine the dependence of radi-
onuclide accumulation in fish on the overall radioecological situation in the lake.

The highest levels of contamination were recorded in roach (Rutilus ruti-
lus L.) and European eel (Anguilla anguilla S.), with '¥’Cs concentrations of
1181 Bg/kg and 1064 Bg/kg respectively, values exceeding the permissible limit
for cesium-137. The concentration of °°Sr in the studied fish species ranged from
1.24 to 12.7 Bq/kg, which did not exceed the allowable level of 35 Bg/kg.

Thus, the radioactivity of most components of Lake Bile is largely deter-
mined by '¥’Cs. Water, whose total radioactivity is approximately 95 % attrib-
utable to cesium-137, serves as the main source of contamination for ichthyo-
fauna. The obtained results indicate that radioactive contamination in Lake Bile
is primarily caused by '*’Cs, with a noticeable trend toward increasing concen-
trations. Consequently, there are conditions that favor radionuclide accumula-
tion within the lake ecosystem.

In particular, the distribution of strontium-90 within the trophic chain of
the water body follows the pattern: ichthyofauna > vegetation > water > bottom
sediments.

The analysis of radionuclide content in fish organisms revealed no
exceedances of permissible levels in fish products. The radiological data for
a Bile Lake confirm the presence of radionuclides within the aquatic ecosys-
tem. Although the current situation remains within ecological safety limits, the
observed accumulation of radionuclides in macrophytes which form part of the
diet of herbivorous fish raises concern, as it may ultimately lead to the transfer
of radioactive elements into the human food chain.

Conclusions. During the study period, the highest concentrations of heavy
metals were detected in the silty bottom sediments. The overall distribution of
elements among the components of the aquatic ecosystem was as follows: silt
> macrophytes > zoobenthos > ichthyofauna > zooplankton > phytoplankton >
water. The highest heavy metal content within the ichthyofauna of the Bile Lake
was observed in the European eel, particularly in the vertebral bone. According
to the block of specific toxic substances, the studied water body belongs to Class
II of water quality, both in terms of heavy metal content and the concentration
of radioactive elements. The toxicological and radiological assessment of fish
products from the analyzed water bodies, based on the content of heavy metal
ions and radionuclides, meets the sanitary and veterinary standards for food
raw materials and products. The lowest capacity for biological accumulation
of heavy metals and radioactive elements was observed in planktophagous spe-
cies, while the highest was found in benthophagous and detritophagous species.
The gills, skin, scales, and fatty tissues exhibited the greatest cumulative effect,
whereas the muscle tissues demonstrated the lowest level of accumulation.
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Ha cyuacHomy erami B YkpaiHi HeMae KOIHOTO BOIHOTO 00’€KTa, SIKM He OyB
Om 3MiHEHHIA TOCTIONAPCHKOIO AiSUTBHICTIO a00 1i Hacmigkamu. Y OUTBIIOCT] BUMIAKIB I
BTPYYaHHS BEIYTh J0 «CTapiHHS» 03ep. Pa3oM 3 MOpYyIICHHSAM CTaHy €KOCHCTEM BOJ-
HOTO CEpe/IOBHIIIA MOTIPIIYETHCS CTAH CYXOAUIbLHUX 0101I€HO31B OOJIIT, JIiciB, IYKIB, 110
MPUWISTAIOTh J0 03ep, i Mae MiCIle He TUIBKH JIOKAIIbHE, ajie i perioHajJbHe 301 HCHHS
reHooHay ¢opu Ta payHu. KpiM nporo BIUTHB TiAPOTEXHIYHOTO Ta METiOPaTUBHOTO
OyIiBHHIITBA HA EKOCHCTEMH 03¢ HE Ma€ KiIbKiCHOI OLIIHKHM, X04Ya 30BHIITHI 03HAKH Ha-
SIBHI — TTOPYIIEHHS BOJOOOMiHY, 3MiHa IOBEPXHI BOJHOTO J3epKajia i yMOB JKHUBICHHS,
MOTipIICHHS PUOOTIPOTYKTUBHOCTI 1 IKOCTi BOJIH.

CrarTio NPUCBSIUEHO OLHIII €eKOCHCTEMHOT0 CTaHy o3epa bile Ha 0cHOBI KoMII-
JIEKCY eKOJIOTTYHO OOIPYHTOBAHMX ITOKa3HMKIB. B OCTaHHI POKH €KOJIOT1YHA CHTYallis
SIK y TIPUPOJIHUX, TaK 1 B INTYYHUX BOJHUX €KOCHCTEMAX IOTIPIIy€EThCS Yepe3 MOCHIICH-
HS aHTPOIIOT'€HHOTO HABAaHTA)KEHHSI, 1110 IPU3BOANTH /10 CYTTEBHX SKICHHUX 1 KUTBKICHUX
3MiH XHBOTO €KOJIOTiYHOTO CTaHy. 3TiHO 3 HAYKOBHUMH IOCIHiIKEHHSIMH, 0araro BHY-
TPIIIHIX BOXOWM 3a3HAJIH HACTLIBKHM IHTCHCHBHOTO 3a0pyIHEHHS, IO iXHI €KOCHCTEMH
nepeOyBaroTh y CTaHi MMOBHOI Aierpaallii, BHACJiJIOK YOr0 BOHU BTPaYaloTh CBOE IOCIIO-
JlapcbKe Ta aHmadTHE 3HaUeHHs [4].

Oco0nrBe 3aHENOKOEHHS! BHUKJIMKAE MPOLEC AHTPOIOTEHHOTO €BTPO(QYBaHHS
03€ep 1 BOMOCXOBHIN, CIPUIMHECHUH HAIMIPHAM HAIXOMKCHHSAM OiOTCHHUX CIIEMCHTIB.
Leit mporiec mopyImrye piBHOBary Mixk yTBOPEHHSIM IIEPBUHHOI OPTraHigHOI pEYOBHHH Ta
il po3kiagoM. YIIOBIUTBHEHHS MTPOIICCIB PO3KIIAAY MPU3BOIUTD 10 MOTIPIICHHS CaHiTap-
HOTO CTaHy BOJOWMM 1 3HW)KEHHS SIKOCTI BOJHU. Y Pe3yNbTaTi Iie yCKIaJHIOE 11 OunIIeHHs
JUISl MTUTHUX 1 IPOMUCIIOBUX NOTPeO, a TAKOXK rajibMy€e PO3BUTOK PEKpeallii, akBaKyJib-
TYpH Ta pUOHOTO TOCHOAPCTBA.

Byno mocnimkeHo YMHHUKY, 10 BIUTMBAIOTH HA AKICTh BOAM o3epa bine, 3xiiic-
HEHO IHTeTpalibHy OI[IHKY EKOJIOTIYHOTO CTaHy BOAONMH, BH3HAYEHO KOHIICHTpAMii
B)XKHX METAJIIB Y MeXaX BOJIHOI €eKOCHCTEMH Ta MPOaHAIII30BaHO PiBHI PaaiOHYKIIIIB,
NPHUCYTHIX y Hil [8].

KitrouoBi cl10Ba: TiIpoeKOCUCTEMA, SIKICTh BOJIH, a0i0THYHI TOKA3HUKH, 010THYHI
rapaMeTpH, EKOJIOTUHa OIliHKa, pUOONIPOYKTHBHICTb.

BIBLIOGRAPHY
1. Ashok A., Rani H.P., Jayakumar K.V. Monitoring of dynamic wetland
changes using NDVI and NDWI based landsat imagery. Remote Sensing
Applications: Society and Environment, Vol. 23, 2021. 100547. DOI:
10.1016/j.rsase.2021.100547.

176



BodHi Giopecypcu ma akeakynomypa, 2(18) /2025

10.

11.

12.

BenynkoBa O.0. Mirpamisi BaXXKUX MeTaJiB y BOIHUX €KOCHCTeMax (Ha
MOpUKIaai piuke 3aM4KCBKO) : aBroped. muc. kaun. c.-r. Hayk: 03.00.16,
JepxxaBHUil BUINMN HaBYaNbHUN 3akiaj «JlepaBHUI arpoeKoiIOriuHUN
yHiBepcuteT». Kuromup, 2006. 18 c.

Breus D., Yevtushenko O. Modeling of trace elements and heavy metals
content in the steppe soils of Ukraine. Journal of Ecological Engineering,
23(2), 2022. 159-165.

Breus D., Yevtushenko O. Agroecological Assessment of Suitability of
the Steppe Soils of Ukraine for Ecological Farming. Journal of Ecological
Engineering, 24(5), 2023. 229-236.

Kmumenko M.O. benynkoa O.0. Hakonmu4eHHsT BaXKKUX METAJIB Yy Mpej-
CTaBHUKaX ixTioayHu BOAHUX ekocucTeM : BicHuk HamionamsHOro yHi-
BEPCUTETY BOJIHOTO TOCIOAAPCTBA Ta MPUPOAOKOpHUCTyBaHHA. Bum. 4(32),
2005. C. 192-197.

Kutishchev P., Heina K., Honcharova O., Korzhov Y. Zooplankton Spatial
Distribution in the Dnieper-Bug Estuary. Hydrobiological Journal, 57(6),
2021. 17-32.

Pichura V., Potravka L., Barulina I. Agricultural Dependence of the
Formation of Water Balance Stability of the Sluch River Basin Under
Conditions of Climate Change. Ecological Engineering & Environmental
Technology, 24(9), 2023. 300-325.

Pichura V., Potravka L., Ushkarenko V., Chaban V., Mynkin M. The Use
of Hydrophytes for Additional Treatmnet of Municipal Sewage. Journal of
Ecological Engineering, 23 (5), 2022. 54-63.

Pichura V.., Malchykova D.S., Ukrainskij P.A., Shakhman LA.,
Bystriantseva A.N. Anthropogenic Transformation of Hydrological Regime
of The Dnieper River. Indian Journal of Ecology, 45 (3), 2018. 445-453.
[Mununenko 10.B., benynkora O.0., [Tunmunenko €.10. Mirpariiiai nuisixu
PO3MOBCIOIKEHHS 10HIB Ba)KKMX METajJiB B OpraHax 1 TKaHHHax pub 0Oio-
MenioparopiB B ymMoOBax Manux Bogocxoswil : BicHuk HamionambHOTO
YHIBEPCUTETY BOAHOTO TOCHOAApCTBA Ta NpupoiokopuctyBaHHA. 2007.
Bum. 2 (38). C. 313-318.

Skok S., Breus D., Almashova V. Assessment of the Effect of Biological
Growth-Regulating Preparations on the Yield of Agricultural Crops under
the Conditions of Steppe Zone. Journal of Ecological Engineering, 24(7),
2023. 135-144.

Vyshnevskyi V., Shevchuk S., Komorin V., Oleynik Yu., Gleick, P. The
destruction of the Kakhovka dam and its consequences. Water International.
2023 DOI: 10.1080/02508060.2023.2247679.

177



BodHi 6iopecypcu ma akeakynomypa, 2(18) /2025

10.

REFERENCES
Ashok A., Rani H.P., Jayakumar K.V. (2021). Monitoring of dynamic
wetland changes using NDVI and NDWI based landsat imagery. Remote
Sensing Applications: Society and Environment, Vol. 23. 100547. DOI:
10.1016/j.rsase.2021.100547.
Biedunkova O.0. (2006). Mihratsiia vazhkykh metaliv u vodnykh
ekosystemakh (na prykladi richky Zamchysko) : avtoref. dys. kand. s.-h.
nauk. [Migration of heavy metals in aquatic ecosystems: Author’s abstract
of the dissertation for the degree of candidate of agricultural sciences].
Zhytomyr, 19 p.
Breus D., Yevtushenko O. (2022). Modeling of trace elements and heavy
metals content in the steppe soils of Ukraine. Journal of Ecological
Engineering, 23(2), 159-165.
Breus D., Yevtushenko O. (2023). Agroecological Assessment of Suitability
ofthe Steppe Soils of Ukraine for Ecological Farming. Journal of Ecological
Engineering, 24(5), 229-236.
Klymenko M.O., Biedunkova O.0. (2005). Nakopychennia vazhkykh
metaliv u predstavnykakh ikhtiofauny vodnykh ekosystem. Visnyk
Natsionalnoho universytetu vodnoho hospodarstva ta pryrodokorystuvannia.
[Accumulation of heavy metals in representatives of ichthyofauna of aquatic
ecosystems : Bulletin of the National University of Water and Environmental
Engineering]. Issue 4(32). P. 192-197.
Kutishchev P., Heina K., Honcharova O., Korzhov Y. (2021). Zooplankton
Spatial Distribution in the Dnieper-Bug Estuary. Hydrobiological Journal,
57(6), 17-32.
Pichura V., Potravka L., Barulina 1. (2023). Agricultural Dependence of
the Formation of Water Balance Stability of the Sluch River Basin Under
Conditions of Climate Change. Ecological Engineering & Environmental
Technology, 24(9), 300-325.
Pichura V., Potravka L., Ushkarenko V., Chaban V., Mynkin M. (2022). The
Use of Hydrophytes for Additional Treatmnet of Municipal Sewage. Journal
of Ecological Engineering, 23 (5), 54-63.
Pichura V.1, Malchykova D.S., Ukrainskij P.A., Shakhman IL.A.,
Bystriantseva A.N. (2018). Anthropogenic Transformation of Hydrological
Regime of The Dnieper River. Indian Journal of Ecology, 45 (3), 445-453.
Pylypenko Yu.V., Biedunkova O.0., Pylypenko Ye.Yu. (2007). Mihratsiini
shliakhy rozpovsiudzhennia ioniv vazhkykh metaliv v orhanakh i tkanynakh
ryb-biomelioratoriv. v umovakh malykh vodoskhovyshch. Visnyk
Natsionalnoho universytetu vodnoho hospodarstva ta pryrodokorystuvannia.
[Migration pathways of heavy metal ions distribution in organs and tissues
of bioremediator fish under conditions of small reservoirs. Bulletin of the

178



BodHi Giopecypcu ma akeakynomypa, 2(18) /2025

National University of Water and Environmental Engineering]. Issue 2 (38).
Rivne, P. 313-318.

11. Skok S., Breus D., Almashova V. (2023). Assessment of the Effect of
Biological Growth-Regulating Preparations on the Yield of Agricultural
Crops under the Conditions of Steppe Zone. Journal of Ecological
Engineering, 24(7), 135-144.

12. Vyshnevskyi V., Shevchuk S., Komorin V., Oleynik Yu., Gleick, P. (2023).
The destruction of the Kakhovka dam and its consequences. Water
International. DOI: 10.1080/02508060.2023.2247679.

Jara neprioro HaJIXo[PKeHHS pyKonucy 1o BuaanHs: 23.10.2025
Jara npuiiHATOTO 10 APYKY PYKOMHCY Micis periensyBanHs: 28.11.2025
Hara nyomnikarii: 31.12.2025

179



