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Abstract. Freshwater ecosystems play a crucial role in maintaining
ecological balance and ensuring human well-being. However, these
ecosystems are increasingly threatened by anthropogenic activities. Pavlodar
region has undergone rapid industrialization and urbanization, impacting
its pristine lakes.

This article is part of a doctoral study on lakes located equidistant from
each other, aimed at determining the chlorophyll-A levels in the lakes of
Pavlodar region.

Seven lakes were purposefully selected from the numerous lakes in the
region, considering various anthropogenic impacts. Water samples were
collected in the spring of 2022.

A comparative assessment revealed significant differences in chlorophyll
levels observed in several water bodies. The study identified polluted water
basins in the region, highlighting critical areas that require urgent attention
for environmental conservation.

The conducted analyses indicate possible processes of vegetation
degradation and flooding, leading to a decrease in dissolved oxygen and
potential environmental consequences. The obtained results underscore the
importance of continuous monitoring and effective management strategies
to preserve the ecological integrity of the studied water bodies.

This study provides valuable information on the ecological status of
lakes in Pavlodar region and highlights the impact of both natural and
anthropogenic factors on water quality. The findings underscore the need for
targeted environmental efforts.
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Research on chlorophyll-a concentrations in freshwater lakes of Pavlodar region

Introduction

Currently, environmental issues have taken precedence in terms of importance [1].

The environment is subjected to significant anthropogenic impacts [2]. Gleick argues that
the most crucial water-related problem is its inability to meet basic human needs [3]. Human
activities, such as excessive groundwater extraction and widespread surface water pollution,
have outpaced nature's capacity to replenish water resources [4]. As a result, natural sources of
freshwater are experiencing immense strain, necessitating the monitoring of water quality [5].

Lakes are valuable resources that provide a wide range of environmental services. However,
their ecological functions are threatened by eutrophication [6,7,8]. While monitoring and
research on lake water are systematically conducted primarily in large reservoirs [9,10,11], the
study of shallow lakes has become a priority.

In freshwater ecosystems, algae serve as the foundational element of the trophic pyramid.
Their primary ecological function encompasses the generation of oxygen and the photosynthetic
production of autochthonous organic matter. This organic matter, constituting the energy
foundation, sustains organisms at higher trophic levels and plays a crucial role in all subsequent
stages of the production process within extensive lakes and reservoirs [12].

Chlorophyll-a is the primary pigment in green plants, including unicellular algae
(phytoplankton). Among the numerous pigments present in the photosynthetic apparatus of
algae, chlorophyll-a plays a pivotal role in the process of photosynthesis. Information regarding
the concentration of chlorophyll-aand its variability inaquaticenvironments serves as a criterion
for assessing the biomass reserves of phytoplankton and its production, as well as an indicator
of water pollution. Together with other measurements of active biomass, determining the
concentration of chlorophyll-a provides insights into the quantity and potential activity of algal
photosynthesis. The concentration of chlorophyll-a is indicative of the degree of trophication in
surface waters [13].

A central challenge in the management of lake eutrophication lies in the substantial variability
observed in the nutrient-chlorophyll a (Chl-a) relationship, stemming from diverse factors
such as lake depth, trophic status, and latitude. To address the variability arising from spatial
heterogeneity, a robust and comprehensive understanding of the nutrient Chl-a relationship
can be attained by employing probabilistic methods for the analysis of data aggregated across
an extensive spatial scale [14].

The elevated chlorophyll-a concentration in the lake foreshadows various consequences,
including eutrophication driven by an excess of phosphorus and nitrogen. This can lead to
the accelerated proliferation of algae and oxygen desorption, resulting in the degradation
of the aquatic ecosystem. This process significantly impacts the biomass and production
of phytoplankton and serves as an indicator of water quality challenges, underscoring the
imperative for systematic monitoring to comprehend and manage ecological changes in the
lake environment [15].

Aquatic contamination is another significant issue affecting the utilization of available water
reserves in Kazakhstan. Currently, 50-70 % of land water in the country is assessed as “polluted”
or “highly polluted” in relation to environmental standards [16].
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The data from the specialized scientific technical program “The assessment of resources
and forecast of the use of natural waters in Kazakhstan in conditions of anthropogenic and
climatically determined changes” developed by the Institute of Geography with the support
of the Secretariat of the Security Council and the Ministry of Education and Science, indicates
that the country faces a comprehensive range of hydrological threats associated with water
pollution and scarcity [17].

The primary objective of this study is to identify the chlorophyll-a concentration in lakes in
Pavlodar region of Kazakhstan to assess the extent of eutrophication impact on the freshwater
lake in Pavlodar region.

Methodology

One of the methods for assessing trophic levels is based on determining the concentration
of chlorophyll-a, which has been employed in comprehensive studies assessing the ecological
condition of water bodies in Pavlodar region.

The study was conducted in the Pavlodar region of Kazakhstan, which covers an area of
124,8 thousand km?2. This region is situated in the suture zone between the Central Kazakhstan
hillocky area and the West Siberian lowland, with the Irtysh River dividing it into two unequal
parts from southeast to northwest (Figure 1) [18].

The left bank of the region is predominantly occupied by the Central Kazakhstan hillocky
area, characterized by low-hill terrains with decreasing absolute elevations from south to north
and northeast, ranging from 1056 to 150 meters. The slopes of the hillocky area graduall y
flatten, and they are covered by sandy-clay deposits from the Mesozoic-Cenozoic Irtysh cavity in
the West Siberian lowland. The Irtysh plain is notable for its lack of drainage and the abundance
of saline and saltish lakes. Most of the lakes in this area are formed as a result of snowwater
filling various depressions [18].

In terms of precipitation, the Pavlodar region falls within an insufficient moisture zone.
Precipitation is highly uneven both spatially and throughout the year. There is a slight increase
in precipitation in the lowlands (280-300 mm/year), the extreme northeast and southeast
(300-360 mm/year), where birch-aspen groves and pine forests grow. In the vast territory
of the region, precipitation ranges from 200 to 250 mm. Winter receives the least amount of
precipitation, accounting for 24-32 % of the annual total. The snow cover height varies from 10-
20 cm in the open steppe to 30-40 cm in forested areas. By early spring snowmelt, the moisture
reserve in the snow ranges from 10 to 70 mm, with an average of 40 mm. The average long-term
evaporation from open water surfaces is 700-800 mm, and evaporation from the soil reaches
250-300 mm per year [18].

The region is home to approximately 1200 lakes [19]. Table 1 provides information on the
size and salinity classification of these lakes.

122 N22(147)/ 2024 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.
Bbuoroeusrvix eviavimoap cepusict
ISSN: 2616-7034. eISSN: 2663-130X



Research on chlorophyll-a concentrations in freshwater lakes of Pavlodar region

Number of lakes in Pavlodar region

Table 1

Lake surface area, km? Fresh Saline Total
Number | % oftotal | Number | % of total | Number | % of total
to1l 297 24,6 500 41,4 797 66,0
1,1-2,0 52 4,3 136 11,3 188 15,6
2,1-5,0 27 2,2 113 9,4 140 11,6
5,1-10,0 8 0,7 45 3,7 53 4,4
10,1-50,0 0 0 25 2,0 25 2,0
more than 50 0 0 5 0,4 5 0,4
total 384 31,8 824 68,2 1208 100

In addition to natural factors, anthropogenic activities play a significant role in the Pavlodar
region. The main industries in the region include mining, oil refining, chemical industry, ferrous
and non-ferrous metallurgy, and energy [20,21]. One of the primary sources of pollution in the
region is the thermal power plants that utilize the high-ash Ekibastuz coal technology [22]. The
majority of emissions originate from industrial enterprises located in Ekibastuz city (46 %),
Aksu city (26,5 %), and Pavlodar city (25,5 %), while other districts account for only about 2 %
of emissions [23].

Most lakes in the Pavlodar region exhibit variability in hydrological and hydrochemical
regimes, influenced by long-term changes in climate humidification and varying groundwater
inputs. Shallow lakes of suffusion origin, which have no connection with soil or confined aquifers,
are more susceptible to frequent drying and sharp increases in mineralization. Deep-cut lakes,
such as Zhalauly, Selety-Tengiz, Maraldy, Teke, Altybaysor, and others, represent remnants of the
ancient hydrographic network. These lakes serve as local discharge areas for confined aquifers
in Neogene, Paleogene, and partly Cretaceous deposits, which contributes to their relatively
stable hydrological regime [18].

From a hydrogeological perspective, the Pavlodar region is situated within the second-order
Irtysh artesian basin. The Irtysh artesian basin is part of the extensive first-order West Siberian
basin. The remaining territory of the region falls within the hillocky area (Kokshetau-Ekibastuz
hydrogeological region of the second order) [18] (Figure 1).

In the low-rise areas, a significant number of lakes are formed, although only a few have a
long-standing existence. In the Bayan-Aul mountains, for instance, there are freshwater lakes
that persistently occupy the deepest intermountain depressions of tectonic origin. The Bayan-
Aul group of lakes comprises mountain or semi-mountain reservoirs with relatively deep waters
(up to 13 meters) and clear freshwater. These lakes exhibit poor growth of aquatic vegetation
within them [24].
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- Irtysh artesian basin. The Il order hydrological region

- Kokchetau-Ekibastuz basin. The I order hydrological region
Figure 1. Hydrogeological zoning of Pavlodar region territory

Limnological studies have revealed that several lakes in Northeast Kazakhstan, characterized
by pronounced seasonal and long-term fluctuations in water levels, are subject to significant
anthropogenic influence. This influence has resulted in numerous alterations to the natural
landscapes, including a general decrease in the water surface level. The lakes in the region vary
in size and shape, ranging from small reservoirs with diameters of a few meters to large ones.

The collection of data on the current geo-ecological state of lake geosystems in Northeast
Kazakhstan covers the period from 2006 to 2013. The research was conducted using various
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methods, including literary and cartographic analysis, comparative and historical approaches,
route surveys, and the application of zoning and GIS (geographic information system)
technologies. During the field study, distinct typological units of natural limnocomplexes were
identified [25].

The lakes in the region are generally shallow, with depths rarely exceeding 1-1,5 meters. In
most cases, their depth ranges from 40-50 centimeters. Many lakes experience complete drying
up during the summer, transforming into sors and salt marshes [25,26].

The central floodplain of the region is characterized by a flattened topography and optimal
moisture conditions. It features a multitude of saucer-like depressions, small ravines, and
elongated depressions (former channels). These depressions, filled with meltwater and runoff,
give rise to small reservoirs, many of which dry up in the summer [25].

Golubovka lake is located in Pavlodar region’s Irtysh district of the Irtysh artesian basin of
the II order hydrological region. (53°8'30"N, 74°9'18"E). Maximum distance between lake
endpoints - 4,43 miles. Reservoir was formed by deflation as basin of arid zones [27]. Degree of
mineralization - fresh (Fig. 2) .

Karakoz lake is located in Pavlodar region’s Terenkol district of the Irtysh artesian basin of
the II order hydrological region. (53°1'48"N, 76°14'22"E) Maximum distance between lake
endpoints - 1,08 miles. Rhithral basin was shaped by the river [27], degree of mineralization -
fresh.

Kezentalislocated in Pavlodar region’s Shcherbakty district of the Il order hydrological region
Irtysh artesian basin. (52°13'31"N, 78°33'54"E). Maximum distance between lake endpoints -
0,20 miles. It is artificial type of lake [27], degree of mineralization - fresh (Fig.3) .

Sasykkol is located in Pavlodar region’s Ekibastuz district of the I order Kokshetau-Ekibastuz
basin hydrological district. (51°47'24"N, 75°16'17"E). Maximum distance between lake
endpoints - 2,07 miles. Shallow lake formed by deflation as basins of arid zones [27], degree of
mineralization is fresh.

Schuchye lake is located in Pavlodar region’s Pavlodar district of the II order Irtysh artesian
basin hydrological district. (52°9'36"N, 76°57'52"E). Maximum distance between lake endpoints
- 0,98 miles. A basin was shaped by river - rhithral [27], degree of mineralization - fresh.

Shyldauyk is located in Pavlodar region’s Zhelezinsky distric of Irtysh artesian basin of
the II order hydrological region. (53°45'25"N, 76°47'3"E). Maximum distance between lake
endpoints - 0,64 miles. Shallow Lake is formed by deflation as basins of arid zones [27], degree
of mineralization - fresh.

Toleuberdy is located in Pavlodar region’s Akku district of the II order hydrological region
of Irtysh artesian basin. Maximum distance between lake endpoints - 1,52 miles. (51°22'5"N,
78°12'28"E). BogoeM npuposaHoro npoucxoxaeHus. This lake refers to potamal type as the
river carries sand and mud only [27], degree of mineralization - fresh.
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Figure 2. A snippet from Google maps - Golubovka lake

Figure 3. A snippet from Google maps - Kezental lake

The method of assessing trophic status through the determination of chlorophyll-a content
was employed in comprehensive studies of the ecological condition and trophic status of water
bodies in the Pavlodar region, conducted from April 15 to April 20, 2022.

Seven samples from different regions of Pavlodar region were analyzed to determine the
content of chlorophylle substances. The lakes included in the study are Karakoz, Schuchye,
Kezental, Toleuberdy, Golubovka, and Shyldauyk. The selection of these lakes corresponds
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to the hydrological regions of the first and second order. The sampling process followed
recommendations and built upon the experience gained from previous studies [26,28]. To
collect the samples, a bathometer was utilized.

The samples were collected from the studied reservoirs in spring of 2022. For the monitoring,
the determination of chlorophyll-a indicators was conducted within 2-3 days after sampling.
Spectrophotometric method was utilized for the analysis.

The monitoring was carried out within 5-7 days using analyzers that comply with international
standards such as ISO-IEC (International Organization for Standardization - International
Electrotechnical Commission) and EPA (Environmental Protection Agency).

Lake samples were testing through external monitoring at the Helmholtz Research Center,
Chemical Laboratory, Germany (Table 2).

Discussion

The trophic status assessment of water bodies in Pavlodar region was conducted utilizing
the chlorophyll-a determination method. The results are comprehensively presented in the
table, encompassing absorption values for various water bodies, as well as concentrations of
chlorophyll-a and its degree of coloring (DIN). The data were collected from April 15 to April
20,2022.

Evidently, the majority of water bodies exhibit diverse levels of chlorophyll-a content,
indicating fluctuations in trophic status. For instance, Shydauyk water body demonstrates a
high chlorophyll-a level (29.8 mg/1), suggesting the presence of eutrophication and biological
activity. In contrast, Golubovka and Schuchie exhibit more moderate values (1.9 mg/l and 25.5
mg/l, respectively).

Comparing these findings with established standards and norms for chlorophyll-a allows for
the identification of potential exceedances. Values surpassing established norms, such as those
in Sasykkol (72.2 mg/1) and Karakoz (82.7 mg/l), may indicate high phytoplankton activity and
eutrophication.

Consequently, the research results provide crucial insights into the trophic status of water
bodies and form the basis for further analyses of the impact of various factors on aquatic
ecosystems in this region.

Results

Microsoft Excel 2013 software methods were used for data processing and creating a graph-
association (Fig.4). The processed analytical data are presented in table 2.

Table 2
Analytical data
Object Absor- Absor- Absorp- Absorp- Filtra- Extrac- Vali-dity Chlo- Cholop-
(Lake) ption ption tion tion tion tion crite- rophylle- hylle’s degree
(spectral) (spectral) volume volume rion a (DIN)
Acidity Acidity ml ml R 1-1,7 mg/1 mg/1
ChlA
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665 nm 750 nm 665 nm 750 nm

STD 0,1779 0,0012 0,1080 0,0010 1 1 1,65 1,65 2063,1 2063,12
200 mg/1
(from
8.07.21)
in pro-
portion
1:100.
2100 mg/1
of Chloro-
phylle

Shyda- 0,0995 0,0060 0,0726 0,0079 200 7 1,37 1,45 29,8 29,84
uyk

Golu- 0,1289 0,0111 0,1270 0,0110 200 7 1,01 1,02 1,9 1,86
bovka

Schu- 0,1030 0,0039 0,0789 0,0044 200 7 1,31 1,33 25,5 25,49
chie

Sasyk- 0,0770 0,0055 0,0071 0,0053 200 7 10,85 39,72 72,2 72,21
kol

Kara- 0,0890 0,0046 0,0091 0,0045 200 7 9,78 18,35 82,7 82,67
koz

Toleu- 0,0224 0,0031 0,0180 0,0035 200 7 1,24 1,33 5,0 497
berdy

Kezen- 0,0380 0,0038 0,0364 0,0038 200 7 1,04 1,05 1,7 1,66
tal

STD 0,0841 0,0000 0,0490 0,0000 1 1 1,72 1,72 1039,0 1038,96
200 mg/1
(8.07.21)
in propo-

rtion

1:200.
1050 mg/1
of
CHLA

STD 0,0834 0,0000 0,0478 0,0000 1 1 1,74 1,74 1053,8 1053,76
200 mg/1
(8.07.21) in
propo-
rtion
1:200.
1050 mg/1
CHLA

500
ml/
7ml
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Figure 4. The graph-association of degree chlorophyll-a in lakes

The assessment of trophic status in water bodies of the Pavlodar region was conducted using
the method of chlorophyll-a determination. The results are presented in the table, which includes
values of absorption for various water bodies, as well as concentrations of chlorophyll-a and its
degree of coloring (DIN). The data were obtained from April 15 to April 20, 2022.

It is evident that most water bodies exhibit diverse levels of chlorophyll-a content, indicating
variations in trophic status. For instance, the Shydauyk water body demonstrates a high level
of chlorophyll-a (29,8 mg/1), suggesting the presence of eutrophication and biological activity.
Meanwhile, Golubovka and Schuchie display more moderate values (1,9 mg/l and 25,5 mg/],
respectively).

Comparing these findings with established standards and norms for chlorophyll-a allows
identification of potential exceedances. For instance, values surpassing set norms, such as in
Sasykkol (72,2 mg/1) and Karakoz (82,7 mg/l), may indicate high phytoplankton activity and
eutrophication.

Thus, the research results provide crucial insights into the trophic status of water bodies and
form the basis for further analyses of the impact of various factors on the aquatic ecosystems
in this region.

A.H. T'ymunres amwindazor Eypasus yammorx ynusepcumeminityy XABAPIIBICBI. N22(147)/ 2024 129
Bu0A0ZUAABIK 2UIALIMOAP CepusiCt
ISSN: 2616-7034. eISSN: 2663-130X



Zh.K. Samenova, N.T. Yerzhanov, M.B. Uruzalinova, M. Kravka

Conclusion

Based on the findings of the conducted study, several pivotal observations can be delineated
concerning the trophic status of fishery water bodies within the Pavlodar region:

Variability in Chlorophyll-a Concentrations: The analysis outcomes unveil substantial
fluctuations in the levels of chlorophyll-a across diverse water bodies. This signifies distinctions
in trophic status and biological activity within the scrutinized aquatic entities.

Potential Indicators of Eutrophication: Specific water bodies, exemplified by Sasykkol
and Karakoz, manifest elevated concentrations of chlorophyll-a (72,2 mg/l and 82,7 mg/],
respectively), implying plausible eutrophication and heightened phytoplankton activity.

Divergence in Responses Among Water Bodies: Discrepancies in chlorophyll-a content
observed among water bodies like Shydauyk, Golubovka, and Schuchie suggest a spectrum of
conditions and influences to which these aquatic systems are subjected.

Imperative for Further Inquiry: The acquired results underscore the imperative of conducting
supplementary research to attain a more profound comprehension of the factors impacting
the trophic status of fishery water bodies in the region. This is indispensable for formulating
targeted measures conducive to the management of aquatic ecosystems.

In summation, the scrutiny of chlorophyll-a content imparts invaluable insights for the
assessment of ecological conditions and the efficacious administration of fishery water bodies.
The identified trends furnish a basis for the formulation of ecologically sustainable strategies
in fisheries.
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7K.K. Camenosal, H.T. EpxanoB?, M.B. Ypy3aiuHogBa?, M. KpaBka?
Topatirvip yHusepcumemi, [lagaodap, Kazakcman
2Yex mexHUKa.1blK FolabiMdap yHusepcumemi, lIpaza, Yexus

IlaB/10Aap 06/IBICHIHBIH, TYLIBI CY KOJ1AepiHaeri x1opoduiii-a JeHreiiH 3epTrey

AngaTtna. Tyuibl cyAblH 3KOXKyHeJsiepi 3KOJIOTUSJBIK, Temle-TeHJIK IMeH aJaMHbIH dJ-ayKaTbIH
caKTay/a lielyii pej aTkapa/bl. JlereHMeH, 6yJ1 sKoxKylesepre apTypJ/li aHTPONOTreH/iK 9peKeTTeP/iH
Kayni apTein Keseni. KazakctanHbiH, [laBjiofap 0G6JIBICEI KAapKbIHABI HHAYCTPUSJIAHABIPY MeEH
ypbaHu3alMsaHbI 6acTaH eTKepZi, OyJ1 OHbIH Ta3a KeJJepiHe TiKkesel acep eTTi.

Byn makana IlaBiogap oO6GJ/bICBIHAAFbI Gip-6ipiHeH 6ip/lell KAIIBIKTBIKTA OpPHAJIACKAH KeHb6ip
KeJiiep/eri xjiopoduii-a JeHreid aHbIKTay MaKcaTbIH/A JOKTOPJIbIK 3epPTTeY asiChblH/A Ka3blJIFaH.

OpPTYpJii aHTponoreHAik acepsiepAi eckepe oThIphlI, [1aBioap 06J1bICEIHAAFbI KOIITEreH KeJIepAiH
ilniHeH 3epTTey YLIiH MaKcaTThl TypAe xeTi Kes Ta”HganAbl. Cy yariiepi 2022 xKbl1blH KOKTeMiH/e
AJIbIH/IbI.
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CanbicThipMasibl 6aFasiay GipHellle KeJijiepAe GalKajifaH XJopoduI JieHreiHae alTap/blKTan
albIpMallbLIBIKTap/Abl aHbIKTaAbl. 3epTTey HOTHKeJepi alMaKTaFbl JlacCTaHFaH cy 6GaccelHJepiH
aHBIKTaIl, KOpIIaFaH OpTaHbl CaKTay YIUiH IIYFbIJI Ha3ap ayAapy/bl KaXKeT eTeTiH MaHbI3/ibl alMaKTapbl
aTarll eTTi.

JKyprisiires Tasngaysap epireH oTTeriHiH ToMeH/eyiHe KoHe 3KOJIOTUSJIBIK 3apJanTapra oKeJleTiH
BIKTHMaJl 6CIMIIKTep/IiH JerpaJaliusiCbiH JKoHe Cy 6acy NpouecTepiH KepceTTi. AJIbIHFaH HOTHXKeJIep
3epTTeJeTiH Cy 00 bEKTIJIEPiHIH 5KOJOTUS/IBIK, TYTACTBIFbIH CAaKTay YIUiH TYpPaKTbhl MOHUTOPHUHT IEH
THIM/i 6acKapy CTpaTerusilapblHbIH MaHbI3/IbLIBIFBIH KOPCETE/I.

Byn 3eprTey Kasakcrangarb! [1aBiogap 06J1bIchl KeJZiePiHiH IKOJIOTUAJIBIK, XKaFAaiibl Typasbl KyH/ bl
MaJliMeTTep 6epe/ii )koHe Cy canacblHa TAOUFHU XKoHe aHTPONOTeH/JiK GaKTopJIapAblH dCepiH KepceTe/|.
3epTTey KOpPbIThIH/bLIAPhl MaKCaTThl 9KOJOTHUANBIK 9peKeTTePAiH KaXKeTTIJIIrH KepceTei.

Ty#iH ce3aep: Tyulbl, IUBIFY TETi, K6JI, CYZbIH JacTaHybl, XJIOpOdHUILI-a.

K.K. Camenona’, H.T. EpkanoB?, M.B. Ypy3aiunHoBa', M. KpaBka?
Topatiebipos yHusepcumem, [lasnodap, KasaxcmaH
2Yewckull yHusepcumem mexHu4eckux Hayk, [Ipaza, Yexus

HccnepoBaHue ypoBHS XJI0poduUI/Ia-a B IPECHOBOAHBIX 03epaxX HA TEPPUTOPHUH
IlaBs10AapcKo# 06/1acTH

AHHoTanus. [IpecHOBO/JHbIE 3KOCHUCTEMbI WTPAIOT KJIIOUEBYIO pPOJib B MOAJEPKAHUMU 3KOJIOTHU-
yeckoro 6asaHca ¥ obecrieyeHUH 6J1aronosy4us dejsoBeka. OZHAKO 3KOCUCTEMBbI BCe GoJiee MOoJBeEp-
ralTCs yrpo3aM aHTPOIOreHHOW AesaTesbHOCTH. [laBiogapckasi 06/1acTh MepeXxusaa ObICTPYIO
WH/AYCTPUANTU3ALMIO U ypOaHU3AIMI0, YTO MOBJIMSJIO HA €ro epBo3/jaHHbIe 03epa.

JaHHag cTtaThs OblIa HalmMcaHa B paMKax JOKTOPCKOTO MCCIeJ0BAaHHUS 03€p, PacCloJOKeHHbIX
Ha OJJMHAKOBOM PACCTOSIHUH JAPYT OT JIPyra, C LeJbl0 ONpeeseHUsI YPOBHS Xjopoduia A B o3epax
peruvoHa [laBiogap.

Jlns viccnetoBaHus GbLIO 1ieJieHANPaBIeHHO BBIGPAHO CeMb 03ep U3 GOJIBLIOrO YKCJIA 03ep PETHOHA C
Y4EeTOM pPas/IMYHbIX aHTPOIIOTeHHbIX BO3AeHcTBHUM. O6pasiibl Bo/bl ObLIU cOGpaHbl BecHoM 2022 roja.

CpaBHMTe/IbHASA OlleHKAa BbISIBWIA 3HAYHTE/bHbIE PA3/IMYHA B YPOBHAX XJI0PODHUILIA, HABGJIOZAaeMbIX
B HECKOJIBKHX BoJloeMax. MccieloBaHHe BBISIBUJIO 3arpsi3HeHHbIE BOJIHbIE 6ACCENHBI B PETHOHE, YTO
NO/IYePKUBAET KPUTHUYECKHE 30HbI, TPeGYIOIIMe CPOUHOTO BHUMAaHUA JIJIsl COXpaHeHHUs OKpy Kalolien
cpeapl.

[IpoBeseHHbIE aHANM3bl YKA3bIBAIOT HAa BO3MOXKHBbIE IPOLECCHl AEerpaZallid pPacTHUTEJbHOCTH
YU 3aTOIIEHMs, NPUBOAALIME K YMEHbIIEHHWI0 PAacTBOPEHHOrO KHCJOpPOJAa M MOTeHI[HaJbHbIM
NOCJEeACTBUAM [J51 OKpyKawolied cpefpl. [lonydeHHbIe pe3yabTaThl MOJAYEPKUBAIT BAXKHOCTH
HENPEepPbIBHOTO MOHHUTOPUHTAa HW 3POPEKTUBHBIX CTPATETHH yHpaBJeHUS /[Jisd COXpPaHEHHUS
3KO0JIOTUYECKOH 11eJIOCTHOCTU U3yYeHHbIX BOJIOEMOB.

JlaHHOe uccieno0BaHue NPEeSOCTAB/SET LEHHYI0 HHPOPMALUI0 O 3KOJIOTUYECKOM COCTOSIHUU O3€ep
B peruoHe [laBjojapckoi 06J1aCTH U BblJIeJISIET BJUSHUE KAK €CTeCTBEHHBIX, TAK U aHTPONOreHHbIX
$aKTOpOB Ha KayecTBO BOAbI. [losiydeHHBbIe pe3y/bTaThl MOAYEPKHUBAIOT HEOOXOAMMOCTD IieJIeBbIX
3KOJIOTUYECKUX YCUTUH.

Kio4deBble C/10Ba: IPeCHBIN, IPOUCXOXK/IEHHE, 03EPO, 3arpsi3HEHHE BO/bl, XJI0pOdHILI-a.
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