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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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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-a and its variability in aquatic environments 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-а 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 km². 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.
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Таble 1
Number of lakes in Pavlodar region

Lake surface area, кm2 Fresh Saline Total
Number % of total Number % of total Number % of total

to 1 297 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 ӀӀ order hydrological region
                           
                           
                           – Kokchetau-Ekibastuz basin. The Ӏ 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 ӀӀ 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 ӀӀ 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. 

Kezental is located in Pavlodar region’s Shcherbakty district of the ӀӀ 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 Ӏ 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 ӀӀ 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 ӀӀ 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 ӀӀ order hydrological region 
of Irtysh artesian basin. Maximum distance between lake endpoints – 1,52 miles. (51°22′5″N, 
78°12′28″E). Водоем природного происхождения. This lake refers to potamal type as the 
river carries sand and mud only [27], degree of mineralization – fresh. 



Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ.
Биологиялық ғылымдар сериясы

ISSN: 2616-7034. eISSN: 2663-130Х

126 №2(147)/ 2024

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

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 (Таble 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/l), 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/l) 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.

Таble 2
Analytical data

Object 
(Lake)

Absor-
ption

Absor-
ption

Absorp-
tion 

(spectral)

Absorp-
tion 

(spectral)

Filtra-
tion 

volume

Extrac-
tion 

volume

Vali-dity 
crite-
rion

Chlo-
rophylle-

а

Cholop-
hylle’s degree              

(DIN)

Acidity Acidity ml ml R 
ChlA

 1 -1,7 mg/l mg/l



Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ.
Биологиялық ғылымдар сериясы

ISSN: 2616-7034. eISSN: 2663-130Х

128 №2(147)/ 2024

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

665 nm 750 nm 665 nm 750 nm

STD  
200 mg/l 

(from 
8.07.21) 
in pro-
portion 
1:100. 

2100 mg/l 
of Chloro-

phylle

0,1779 0,0012 0,1080 0,0010 1 1 1,65 1,65 2063,1 2063,12

Shyda-
uyk

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

Golu-
bovka

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

Schu-
chie

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

Sasyk-
kol

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

Kara-
koz

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

Toleu-
berdy

0,0224 0,0031 0,0180 0,0035 200 7 1,24 1,33 5,0 4,97

Kezen-
tal

0,0380 0,0038 0,0364 0,0038 200 7 1,04 1,05 1,7 1,66

STD  
200 mg/l
(8.07.21) 
in propo-

rtion 
1:200. 

1050 mg/l 
of 

CHLA

0,0841 0,0000 0,0490 0,0000 1 1 1,72 1,72 1039,0 1038,96

STD 
200 mg/l

(8.07.21) in 
propo-
rtion

 1:200. 
1050 mg/l 

CHLA

0,0834 0,0000 0,0478 0,0000 1 1 1,74 1,74 1053,8 1053,76

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/l), suggesting the presence of eutrophication and biological activity. 
Meanwhile, Golubovka and Schuchie display 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 
identification of potential exceedances. For instance, values surpassing set norms, such as in 
Sasykkol (72,2 mg/l) 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.
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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/l, 
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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Павлодар облысының тұщы су көлдеріндегі хлорофилл-а деңгейін зерттеу

Аңдатпа. Тұщы судың экожүйелері экологиялық тепе-теңдік пен адамның әл-ауқатын 
сақтауда шешуші рөл атқарады. Дегенмен, бұл экожүйелерге әртүрлі антропогендік әрекеттердің 
қаупі артып келеді. Қазақстанның Павлодар облысы қарқынды индустрияландыру мен 
урбанизацияны бастан өткерді, бұл оның таза көлдеріне тікелей әсер етті. 

Бұл мақала Павлодар облысындағы бір-бірінен бірдей қашықтықта орналасқан кейбір 
көлдердегі хлорофилл-а деңгейін анықтау мақсатында докторлық зерттеу аясында жазылған.

Әртүрлі антропогендік әсерлерді ескере отырып, Павлодар облысындағы көптеген көлдердің 
ішінен зерттеу үшін мақсатты түрде жеті көл таңдалды. Су үлгілері 2022 жылдың көктемінде 
алынды.
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Салыстырмалы бағалау бірнеше көлдерде байқалған хлорофилл деңгейінде айтарлықтай 
айырмашылықтарды анықтады. Зерттеу нәтижелері аймақтағы ластанған су бассейндерін 
анықтап, қоршаған ортаны сақтау үшін шұғыл назар аударуды қажет ететін маңызды аймақтарды 
атап өтті.

Жүргізілген талдаулар еріген оттегінің төмендеуіне және экологиялық зардаптарға әкелетін 
ықтимал өсімдіктердің деградациясын және су басу процестерін көрсетті. Алынған нәтижелер 
зерттелетін су объектілерінің экологиялық тұтастығын сақтау үшін тұрақты мониторинг пен 
тиімді басқару стратегияларының маңыздылығын көрсетеді.

Бұл зерттеу Қазақстандағы Павлодар облысы көлдерінің экологиялық жағдайы туралы құнды 
мәліметтер береді және су сапасына табиғи және антропогендік факторлардың әсерін көрсетеді. 
Зерттеу қорытындылары мақсатты экологиялық әрекеттердің қажеттілігін көрсетеді.

Түйін сөздер: тұщы, шығу тегі, көл, судың ластануы, хлорофилл-а.
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Исследование уровня хлорофилла-а в пресноводных озерах на территории 
Павлодарской области

Аннотация. Пресноводные экосистемы играют ключевую роль в поддержании экологи-
ческого баланса и обеспечении благополучия человека. Однако экосистемы все более подвер-
гаются угрозам антропогенной деятельности. Павлодарская область пережила быструю 
индустриализацию и урбанизацию, что повлияло на его первозданные озера. 

Данная статья была написана в рамках докторского исследования озер, расположенных 
на одинаковом расстоянии друг от друга, с целью определения уровня хлорофилла А в озерах 
региона Павлодар.

Для исследования было целенаправленно выбрано семь озер из большого числа озер региона с 
учетом различных антропогенных воздействий. Образцы воды были собраны весной 2022 года.

Сравнительная оценка выявила значительные различия в уровнях хлорофилла, наблюдаемых 
в нескольких водоемах. Исследование выявило загрязненные водные бассейны в регионе, что 
подчеркивает критические зоны, требующие срочного внимания для сохранения окружающей 
среды.

Проведенные анализы указывают на возможные процессы деградации растительности 
и затопления, приводящие к уменьшению растворенного кислорода и потенциальным 
последствиям для окружающей среды. Полученные результаты подчеркивают важность 
непрерывного мониторинга и эффективных стратегий управления для сохранения 
экологической целостности изученных водоемов.

Данное исследование предоставляет ценную информацию о экологическом состоянии озер 
в регионе Павлодарской области и выделяет влияние как естественных, так и антропогенных 
факторов на качество воды. Полученные результаты подчеркивают необходимость целевых 
экологических усилий.

Ключевые слова: пресный, происхождение, озеро, загрязнение воды, хлорофилл-а.
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