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SUMMARY

Lakes located within the boundaries of Shatsk National Natural Park are considered
exemplary by many experts. The totality of the main physical and physico-chemical
properties of bottom sediments of the Shatsk Lakes considered in the publication indicates
their high functional significance in the processes of transformation and transfer of matter
and energy in the "catchment-lake" system. Compared to other aquatic complexes, lakes play
a unique barrier role in the movement of suspended particles and chemical elements. Bottom
sediments integrate the geochemical characteristics of the soil cover and the landscape
structure of the catchment, thus accumulating various pollutants. The absence of
anthropogenic load on some studied aquatic ecosystems allows for the use of quantitative
indicators of the composition and properties of lake bottom sediments as background data in
various environmental assessments and expertise.
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Introduction

The lakes deserve special attention from many researchers. The use of modern methods of indicating
lake bottom sediments allows for a comprehensive study of the nature of the geochemical
specialization of the lakes, the mechanisms of their formation, the identification of sources of
chemical elements (Mueller et al., 2016; Shuhang et al., 2019; Mingke et al., 2022; Mohammad et al.,
2022), a deeper understanding of lake sedimentation processes (Eugster, 1984), a multifaceted study
of the distribution of trace elements (Lyons et al., 1992), and the tracking of the role of various factors
in shaping the composition of substances (Canovas et al., 2010). An important aspect of studying the
substance composition of lakes is understanding their ecological status and the possibilities of using
their resources (water, organic-mineral, biological). In this regard, particular interest is represented by
lakes characterized by ecological cleanliness and diversity.

The Shatsk freshwater lakes, located in the Western Bug River basin near the Atlantic-Black Sea
watershed, have a karst origin and are a unique natural complex in Volyn Polesia, Ukraine (Figure 1).
Most of the lakes are located within the territory of Shatsk National Natural Park, which is part of the
transboundary biosphere reserve « Western Polesie» (Khilchevskyi et al., 2022).

According to previous research results (Kurzel et al., 1982; Khmelivskyi et al., 2008; Ilyin et al.,
2022; Khilchevskyi et al., 2021, 2022), it has been found that in some lakes, there are intensive
processes of accumulation of autochthonous and allochthonous bottom sediments. The high intensity
of their accumulation is increasing due to the expansion of cultivated land areas in the watersheds.
Autochthonous sediments are mainly formed as a result of the strong development of algal flora, the
remnants of which accumulate at the bottom of water bodies. The sedimentation rate of bottom
sediments in Volyn region ranges from 1.0 to 6.6 mm/year. Accumulation of bottom sediments is the
final phase of complex processes of transformation and transfer of matter and energy in the
«catchment — lake» system.
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Figure 1 Map of the Shatsk Lakes (Volyn region, Ukraine), source: own elaboration
Methods of investigation

Data collection and material analysis were conducted using both theoretical methods (analysis and
synthesis of literature and stocks materials) and empirical methods (expeditionary research, laboratory
analyses, geoinformation, and cartographic analysis).

In the research, we utilized fund’s materials from the State Geological Information Fund of Ukraine
(2014) and Shatsk National Natural Park (2021). Additionally, we incorporated the results of our own
expeditionary studies on the Shatsk Lakes conducted from 2016 to 2023 (Photo 1). Physical-chemical
and sanitary-epidemiological analyses of bottom sediments in the samples we collected were carried
out in the soil microbiology laboratory of the Volyn Department of the Institute for Soil Protection of
Ukraine, located in Lutsk.
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Results

The ash content (A°) of the bottom sediments of the Shatsk Lakes varies widely, from 15.04% to
31.67% (Luky, Ostrivyanske, Pisochne, Karasynets, Peremut) in organic types of bottom sediments to
52.6% to 83.5% in highly mineralized sediments (Somynets, Pulemetske). The main components of
the mineral (ash) portion of the lake bottom sediments include silica, aluminum, iron, sulfur,
phosphorus, calcium, magnesium, potassium, alkali metals, and others. For convenience, they are
expressed in oxide forms (SiO0,, ALLOs, Fe;Os, SOs, P,0Os, CaO, MgO, K,0), the quantities of which
are expressed as a percentage of dry matter (Table 1).

Table 1 Chemical composition of bottom sediments ash, in % on dry matter

Lake W, % AC, % SiOz A1203 Fe203 CaO MgO P205 SO3
Chorne Velyke | 90.38 | 37.74 | 2.83 | 0.71 1.06 | 31.58 | 0.23 | 0.08 -
Pisochne 94.27 | 20.69 | 15.14 | 0.37 | 099 | 1.53 | 0.20 | 0.31 | 0.07
Ostrivyanske 96.01 | 1539 | 9.37 | 0.50 | 237 | 1.76 | 0.20 | 0.58 | 0.15
Somynets 88.52 | 49.96 | 39.55 | 1.14 1.06 | 5.51 - 0.47 -
Pulemetske 89.38 | 39.92 | 22.02 | 293 | 2.18 | 942 | 0.56 | 0.19 -
Luky 92.55 | 15.04 | 491 — 222 | 432 | 041 | 0.25 -
Karasynets 92.42 | 29.45 | 3.21 | 0.50 1.39 | 21.85 ] 0.70 | 0.17 | 0.07
Peremut 91.55 | 31.67 | 1849 | 1.26 | 236 | 595 | 0.20 | 0.45 | 0.10
Krymne 89.90 | 41.86 | 31.86 | 3.14 | 342 | 1.70 | 0.20 | 0.36 -
Moshne 92.03 | 35.45 | 2250 | 3.66 | 3.82 | 3.11 | 0.56 | 0.31 -

Source: own elaboration based on fund materials from the Shatsk National Natural Park

Silicon (Si) is present in all bottom sediments of the Shatsk Lakes without exception. In silicate lake
bottom sediments, its concentrations can reach 80.0%. Minimal contents of silicon oxide (SiO») are
found in highly organic coarse detrital (2.0-5.0%) and fine detrital (around 10.0% on dry matter) lake
bottom sediments. In carbonate bottom sediments, the silicon content is also relatively low, ranging
from 5.0% to 7.0%. For most samples, the silicon oxide content does not exceed 30.0% on dry matter.
The accumulation of aluminum associated with the silicate portion of the sediments is influenced by
surface and groundwater inputs. High concentrations of aluminum oxide (Al,O3) are observed in
clayey deposits and siliceous bottom sediments, reaching 2.0-3.0%. The highest A, O; values (on dry
matter) are recorded in the sediments of Lake Moshne (3.66%), Lake Krymne (3.14%), and Lake
Pulemetske (2.93%). Low values are characteristic of organic types of sediments in Lake Pisochne
(0.37%), Chorne Velyke, and Karasynets (0.50%).
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Among the most important components of the ash content of lake bottom sediments are carbonates,
primarily calcium carbonate. In lakes with widespread limestone rocks in their watersheds, they
constitute the main fraction. Maximum CaO contents are recorded in the carbonate sediments of Lake
Chorne Velyke (31.58%) and Karasynets (21.85%), while the lowest are found in the organic
sediments of Lake Pisochne (1.53%).

Iron (Fe;03) is found in lake bottom sediments in small quantities, rarely exceeding 3.0%. The other
elements (Mg, S, Na, K, P, and trace elements) occur in lesser amounts, mainly increasing in clayey
sediments and silica sediments.

As a result of processes occurring within and outside the water body, including anthropogenic
influences, heavy metals accumulate in lake bottom sediments with varying intensities. Resistant to
biodegradation and gradually accumulating in various components of limnosystems, they play a role
in the biogeochemical cycling of chemical substances. Almost all heavy metals are toxic.

Background indicators of heavy metal content were determined using soil samples from the areas
adjacent to the lakes. According to the analysis results, the Cu content in the bottom sediments of all
lakes exceeds background values by 6-20 times (Table 2). Nickel (Ni) concentrations are higher by
2-3 times. The total Zinc (Zn) content in the bottom sediments exceeds the background by 2—5 times.
In the bottom sediments of Lake Oleshne, the Zn content reaches 174.0 mg/kg, which is 4.5 times
higher than the background value and may indicate anthropogenic origin. Lead is present in all
sediment samples without exception. The highest concentrations of lead were recorded in lakes Luky,
Somynets, Karasynets, and Ostrivianske. The contents of Mo, Cr, and in most samples, Co, do not
exceed background values.

Table 2 Average content of heavy metals in bottom sediments

Elements and their clarkes for soils of Western Polesia of Ukraine, mg/kg
Lake Ni Cu Zn Pb Mo Co Cr Cd | Hg
13 6 38 11 2.2 9 48 — -
Karasynets 19.21 | 69.70 | 46.87 | 25.64 | <0.005 | 4.0 3.7 | 1.4 ] 0.061
Lynovets <40.0 | 74.0 | 1440 | 15.0 <2.0 15.0 | 13.0 | 1.0 | 0.02
Male Pishchanske | <40.0 | 56.0 | 69.0 | 11.0 <2.0 3.0 7.0 [ 1.0 ] 0.01
Luky <40.0 | 125.0 | 152.0 | 57.0 <2.0 5.0 71.0 | 2.0 | 0.02
Ozerce <40.0 | 39.0 | 86.0 | 20.0 <2.0 3.0 50 [20] 0.02
Ostrivyanske 14.86 | 58.38 | 71.31 | 24.79 | <0.005 | 13.14 | 12.71 | 1.0 | 0.079
Oleshne <40.0 | 76.0 | 1740 | 6.0 <2.0 16.0 | 140 | 1.0 | 0.02
Somynets 16.10 | 73.80 | 62.45 | 29.25 | <0.005 | 6.4 9.3 1.3 | 0.080
Chorne Male <40.0 | 44.0 64 14.0 <2.0 6.0 80 | 1.0] 0.02

Source: own elaboration based on fund materials from the State Geological Information Fund of
Ukraine

In their natural state, bottom sediments have high moisture content (W), exceeding 90%. The specific
gravity of bottom sediments varies with increasing ash content (A°) from 1.03 kg/dm? (Somynets) to
1.08 kg/dm?® (Pisochne). The shear strength ranges from 117 to 776 Pa (Chorne Velyke). Bottom
sediments are characterized by a wide range of pH values from alkaline (Chorne Velyke, pH — 7.46)
to acidic (Moshne, pH — 5.43). The specific heat capacity ranges from 3.72 kJ-K™''kg™ (Chorne
Velyke) to 4.08 kJ-K™'kg™ (Pisochne).

Microbiological indicators of bottom sediments are within normal limits. Samples collected from
Lake Prybych, Chorne Velyke, Krymne, Pisochne, Moshne, Somynets, and Peremut from October
2018 to March 2023 have a satisfactory sanitary-epidemiological condition. The total microbial count
ranged from 2000 CFU/g"! (Pisochne Lake, Peremut Lake) to 17000 CFU/g"!' (Chorne Velyke Lake).
No pathogenic microorganisms were detected. The radiation background at the sampling sites and the
areas adjacent to the lakes ranged from 0.07 to 0.11 pSv/hour (or 7-11 pR/hour).
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Conclusions

1. The group of Shatsk Lakes exhibits diverse characteristics typical of karstic water bodies in the
region, making them suitable model water bodies for research within the framework of monitoring in
the Ukrainian Polesia territory. Studying the accumulation and composition of lake sediments, taking
into account a wide range of limnological and other natural factors, allows us to establish patterns in
the formation of sediment composition and properties in different types of lake systems.

2. Several trace elements show an exceeding of their content in bottom sediments over background
values, most likely due to their technogenic origin. This research demonstrates that even with their
nature protected status, lakes are not immune to potential contamination and can still be adversely
affected by anthropogenic impacts.

3. The sanitary-epidemiological condition of the bottom sediments is satisfactory, and the radiation
levels do not exceed background values for the region.
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