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Lakes are accumulators and transformers of substances in the lithosphere and reflect the state
and dynamics of the basin geosystem. Therefore, an important scientific task is to identify
indicators of changes in the state of limnosystems (lake geosystems): their stationary regimes,
dynamics, and directions of possible changes. The most informative component of the
limnosystem is the bottom sediments — the final result of complex processes of substance
transformation that occur over time within the watershed. One of the important indicators of
these processes is the content of biogenic elements in lake sediments. In this regard, bottom
sediments are insufficiently studied, which explains the lack of geochemical criteria that
allow tracking various aspects of lake sedimentogenesis. The identification of geochemical
indicators of lake accumulation conditions is necessary for solving the problems of lake
geosystem monitoring, as the use of bottom sediments for this purpose eliminates the need
for long-term observations to obtain the necessary information. The features of the
distribution of biogenic chemical elements (Fe, S, N, K, P) in bottom sediments of various
types of lakes in the Rivne region (a physiogeographical area of the Western (Volyn) Polissia
of Ukraine) were considered. Changes in the conditions of biogenic sedimentation are
observed in the dynamics of their concentrations in the sections and are significant for
understanding the processes of forming the composition of bottom sediments under the
influence of natural and anthropogenic factors.
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Introduction

Anthropogenic impact on the environment continues to intensify under modern conditions. Water
bodies, particularly lakes, are most impacted by human activity and economic development. Due to
their relatively small size, most lakes are undergoing intensive degradation at the current level of
anthropogenic influence. As a result of various types of human impact (drainage, industrial and
domestic water use, chemical and thermal pollution, etc.), the transformation of lake ecosystems
occurs in a relatively short period, over decades, and sometimes even just a few years.

The most sensitive indicators of these natural and anthropogenic processes are the chemical elements
in the bottom sediment material. Despite the importance of the issue, lake sediments in this regard are
practically unexplored. This explains the lack of geochemical criteria that could help identify the
various aspects of lake sedimentogenesis.

Clarifying the geochemical indicators of conditions for lake sediment accumulation is essential for
addressing monitoring issues in lake geosystems, as using such an informative component of the
system as bottom sediments does not require a long period of observations to obtain the necessary
information. Therefore, it is quite evident that the development of geochemical methods for studying
lake sediments provides meaningful data on the condition of lake geosystems, making it a relevant
task both in theoretical and practical terms.

Method and Theory

During the study, the archival materials of the State Scientific and Production Enterprise "Geoinform
Ukraine" were processed. The analysis of lake deposits is based on the theoretical and methodological
foundations of modern limnology (Argillier et al., 2022; Cole et al., 2016; Oakenfold, 2017), organic
geochemistry of lake sediments (Bertran et al., 2024), analytical methods of chemical research of
lakes and their interpretation (Franciskovié-Bilinski et al., 2021). The study of lake sediments is an
important direction in geochemistry, aquatic toxicology, and is even considered a mandatory
component in programs for monitoring natural water pollution (Fluet-Chouinard et al., 2018., Han et
al., 2021; Hoffman, 1988, Ran et al., 2023; Zhezherya et al., 2022).

Sediments play a significant role in the self-purification processes of water bodies. At the same time,
by accumulating pollutants, lake sediments can be sources of secondary water pollution. The studies
of the lake ecosystems in the region are usually limited to morphometric, hydrological indicators, and
resource assessments (Ilyina et al, 2023-2024). The components of the lake ecosystem in the Western
(Volyn) Polissya, such as bottom sediments, remain practically unexplored, even though they
objectively reflect the combined chemical, physical, and biological processes occurring in the water
body and its watershed, allowing for the clarification of the overall state of aquatic ecosystems. The
study of lake sediments will allow obtaining integrated average values of biogenic substances over
time, reconstructing the conditions of their formation in historical intervals, determining background
values, and tracking changes over an extended period. The information obtained about lake sediments
can form the basis for constructing a typological classification of lakes and developing a limnological
zoning scheme for Ukraine.

Anthropogenic changes in one way or another are reflected in the change in the structure of lake
ecosystems: the level of bioproductivity increases, the species composition of biotic groups changes,
and the stability of trophic connections is disrupted. However, the question of the transformation of
biogenic elements in water bodies, their impact on the level and rate of lake eutrophication, remains
unresolved for now. Lake deposits are among the most complex objects of study, as their composition
and properties depend on various qualitative and quantitative combinations of substances.

Results

The biogenic elements we studied include: iron (Fe), sulfur (S), nitrogen (N), potassium (K),
phosphorus (P), and their compounds (Fe;Os;, K;O, P>Os). Iron is among the most dynamic
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components of bottom sediments, and its sedimentation is closely related to the physicochemical
conditions and trophic status of lake water bodies. Due to its ability to form various compounds, iron
clearly reacts to changes in reduction-oxidation (redox) conditions of the water mass. In lakes with a
stable reducing environment, iron accumulation occurs through organic and mineral complex
compounds. Iron ionic compounds quickly hydrolyze, oxidize, and precipitate. The bottom sediments
of the studied lakes contain significant amounts of Fe,O3, which vary considerably: from 0.72% (lake
Velyke Druhe, 7,5-8,0 m ) to 18.0% (lake Male 12,5-13,0 m). The most common iron compound in
bottom sediments is limonite (Fe,O3 - nH>O) (Table 1).

Table 1 Biogenic Elements and Their Oxides in Lake Sediments of the Western (Volyn) Polissya of
Ukraine, % (summarized from the archival materials of the State Scientific and Production Enterprise
"Geoinform Ukraine").

Lake Velyke Druhe Lake Male Lake Orikhove
Depth, m
Neen. P,0s FexO3 K20 Sgen. Neen. P>0s Fe 05 K0 Sgen Ngen. P20s Fe 05 K20 Sgen.
2.0 1.98 0.16 1.04 1.04 1,28 2.88 0.42 1.65 0.30 1.49 341 032 3.1 0.13 1.19
2.0-2.5 1.80 0.09 0.89 0.89 1,23 — 0.25 2.64 0.21 - 3.05 0.70 3.24 0.18 1.22
2.5-3.0 3.18 0.20 0.95 0.95 1,72 3.29 0.40 1.75 0.25 1.47 3.43 0.22 2.77 0.15 1.24
3.03.5 231 0.15 0.96 0.96 1,25 - 0.71 2.01 0.17 - 2.55 1.05 4.78 0.24 175
3.54.0 338 0.15 0.95 0.95 1,39 3.02 0.38 2.69 0.18 1.29 2.87 1.05 3.60 0.18 2.33
4.0-4.5 3.17 0.11 0.87 0.87 1,18 - 0.84 1.54 0.24 — 3.01 0.86 4.93 0.23 1.50
4.5-5.0 3.80 0.15 091 091 1,24 2.66 0.19 1.76 0.25 1.35 3.35 1.60 4.34 0.17 1.72
5.0-5.5 2.45 0.05 0.75 0.75 1,07 — 147 422 0.13 - 3.13 1.53 6.21 0.24 1.60
5.5-6.0 4.00 0.08 1.14 1.14 1,04 3.34 031 3.12 0.12 1.49 3.05 1.01 5.70 0.25 1.62
6.0-6.5 2.89 0.08 L.15 115 1,62 - 0.71 3.22 0.12 - 2.94 1.16 4.97 0.27 1.89
6.5-7.0 337 0.11 1.05 1.05 1,09 3.26 0.51 2.49 0.12 1.53 2.95 5.03 4.35 0.25 1.39
7.0-7.5 3.80 0.11 0.85 0.85 1,44 - 2.94 4.56 0.12 — 3.17 1.23 4.50 023 1.77
7.58.0 3.97 0.10 0.72 0.72 1,10 3.14 0.75 3.24 0.18 1.32 3.54 0.67 4.43 033 2.03
8.0-8.5 3.62 0.10 0.80 0.80 1,40 — 222 4.69 0.09 - 245 1.80 4.14 0.47 222
8.59.0 3.10 0.10 0.84 0.84 1,22 3.1 1.04 5.27 0.14 1.54 245 0.23 3.97 0.61 2.29
9.0-9.5 3.80 0.09 0.90 0.90 141 - 2.26 332 0.16 - 2.29 0.64 2.86 0.17 171
9.5-10.0 2.50 0.11 1.22 1.22 1,52 3.24 1.16 3.78 0.16 1.64 - - 5.99 0.16 -
10.0-10.5 3.80 0.08 1.50 1.50 141 - 330 4.78 0.15 — 2.81 0.94 5.89 0.15 1.64
10.5-11.0 1.93 0.13 1.99 1.99 1,80 2.72 091 5.61 0.15 1.87 - - 6.79 0.16 -
11.0-11.5 4.46 0.06 1.57 1.57 1,52 — 2.93 6.71 0.16 - 2.92 1.82 7.15 0.26 1.37
11.5-12.0 - - 0.87 0.87 - 2.81 0.78 6.39 0.17 1.60 - - 6.82 0.17 -
12.0-12.5 3.45 0.06 0.87 0.87 1,65 - 7.41 10.69 0.12 - 3.05 0.99 6.65 0.20 1.95
12.5-13.0 - - 0.88 0.88 2,00 3.00 - 18.00 0.08 1.97 - - 5.60 0.14 -
13.0-13.5 3.02 0.10 1.10 1.10 1,62 - 5.02 16.52 0.09 — 3.30 1.90 5.44 0.10 2.16
13.5-14.0 - - 1.49 1.49 — - - 10.62 0.13 - - - 4.92 0.26 -
14.0-14.5 1.99 0.15 2.56 2.56 1,82 - - - - - - - - - -
14.5-15.0 - - 1.49 1.49 - - - - - - - - - - -

With increased iron content, there is often an increased phosphorus content, which varies widely from
0.05% (5.5-5.5 m, Lake Velyke Druhe) to 7.41% (12.0-12.5 m, Lake Male), depending on the type of
sediment (see Table 1). Phosphorus enters the lake in the form of suspensions, where it is later
adsorbed, precipitates as sediment, and is mineralized by bacteria.

Both organic and inorganic phosphorus compounds are present in the sediments (compounds with
aluminum, calcium, and iron). Inorganic forms of phosphorus dominate in eutrophic lakes, which are
widespread in the study region, due to their rapid mineralization. Organic forms of phosphorus
accumulate in the sediments of dystrophic lakes, where they are associated with humic acids; these
forms are characterized by low mineralization rates, resulting in a significant portion of phosphorus
not participating in the biotic cycle and being deposited as sediment.

In modern lake sediments (sapropels), there is an increased amount of phosphorus. This is explained
by excessive anthropogenic impact, caused by human economic activities. The main sources of
phosphorus entering lake ecosystems include: municipal and industrial wastewater, agricultural raw
material processing enterprises, recreation, etc. Lakes located within settlements with many pollution
sources, whose differentiation is not always possible, are in a critical situation. Recreation, along with
other types of economic activities, has become a significant source of phosphorus, contributing up to
50% of the total phosphorus input in certain water bodies.

In the sapropels of studied lakes, there is usually a small amount of sulfur — 1-1.8%, and only in a few
cases does it exceed 2%. The sulfur input into the bottom sediments depends on the characteristics of
the catchment area and the redox conditions of the lake. The main forms of sulfur in sapropels are:
organic, sulfate, and sulfide.
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The bottom sediments of the studied lakes have a high content of total nitrogen — up to 4.46% (11.0—
11.5 m, Lake Velyke Druhe). The nitrogen in the sediments is mainly of organic origin. The chemical
composition of nitrogenous compounds is determined by the types of nitrogen compounds (proteins,
sugars) that enter the sediments from plant and animal remains, which form the organic matter and
influence the totality of physicochemical and microbiological transformations during sapropel
formation.

The input of potassium and its compounds into water bodies, as well as its sedimentation in bottom
deposits, is determined by the size of the terrigenous material. Potassium is part of the aluminosilicate
clay minerals and is associated with the fine-grained fraction of the sediments. The presence of
potassium in the bottom sediments of lakes is insignificant, with its content varying from 0.08% (12.5
m, Lake Male) to 2.56% of K,O (14.0-14.5 m, Lake Velyke Druhe) (see Table 1).

The vertical distribution of biogenic elements in sediments is presented in Table 1, while the average
content indicators in various types of lakes in the region are shown in Figure 1. Different types of
water bodies have different average content levels of KO (from 0.13% in lake Bukhove to 0.80% in
lake Ozero), P,Os (from 0.13% in lake Bilske to 1.45% in lake Omyt), S (from 1.05% in Lake
Verkhnie to 1.47% in Lake Vezhytsia), Fe;Os (from 1.42% in Lake Ozero to 7.41% in Lake Omyt).

Ldddallalil.,

Bilske Vezhytsia Bukhove Omyt Sosno Verkhnie Myliach Ozerske Somyne Karasyn Marianivske Ozero
mK20 0,39 0,22 0,13 0,41 0,54 0,52 0,33 0,42 0,28 0,18 0,28
m P205 013 1,23 0,47 1,45 0,72 04 1,09 0,34 083 0,33 0,45 025
ms 1,25 1,47 1,32 1,46 1,27 1,06 13 1,13 1,41 1,24 1,14 1,45
mFe203 1,68 4,04 4,96 7,41 4,13 6,13 6,32 3,85 6,2 3,95 4,25 1,42

mK20 mP205 mS mFe203
Figure 1 Average content indicators of biogenic elements in various types of lakes of the Western
(Volyn) Polissya of Ukraine, %.

Regarding the studied lake complexes, in addition to the geological and geomorphological conditions,
an important role in the sedimentation processes is played by hydrological factors (flow and its type,
water depth in the lake and its distribution), erosion factors (lake shore slopes, their forestation and
swampiness), which regulate the redistribution of soil masses within the lake basins, as well as form
the main geological parameters of the bottom sediments.

Lake sediments are formed as a result of the complex interaction of various processes: climatic,
hydrological, mechanical, physical, chemical, biological, and others, which constantly occur both in
the watershed area and in the lake itself.

Conclusions

The influence of natural and anthropogenic processes on lake complexes is recorded in modern
bottom sediments. Research on the patterns of spatial-temporal distribution of biogenic elements
allows for the identification of changes in aquatic ecosystems related to both natural factors and
human activity. Changes in the conditions of biogenic element sedimentation are also observed in the
dynamics of their variation in bottom sediment profiles. The presence of biogenic elements in lakes
makes bottom sediments an important raw material resource, which can be used in various sectors of
economic activity (agriculture, medicine, balneology, etc.).

During the period of sediment formation, significant changes occurred in the nature and rate of lake
sedimentation and the associated accumulation of organic matter. These changes, in our opinion, are
due to the radical transformation of land use structure: a reduction in forested areas and an increase in
agricultural land, as well as the intensification of erosion processes in the catchments.

XVIII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

14-17 April 2025, Kyiv, Ukraine




EAGE

The next step in the analysis of biogenic elements is to identify the thresholds at which anthropogenic
changes are observed, and the transition of lakes to another trophic stage. Understanding the processes
of sediment composition formation and the factors controlling it is essential for scientifically based
forecasting of lake development, determining the impact of technogenic loads on them, and
developing schemes for the rational use of their resources.

Thus, regional studies of sedimentogenesis are not only an important characteristic of lake bottom
sediments but also a reliable criterion for comparing the degree of their anthropogenic pollution.
Research based on the study of geochemical and other characteristics of sediment accumulation in
lakes provides the opportunity to examine, through indirect indicators, the material side of interaction,
the patterns of functioning, and the dynamics of lake geosystems. Establishing the rhythms and
directions in the change of geochemical indicators opens opportunities for forecasting, which is
necessary for substantiating the principles of combating anthropogenic eutrophication of lakes and
developing optimal measures in catchments.
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