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THE STUDY OF SALINE AND SODA LAKES OF KAZAKHSTAN
(REVIEW)

Abstract. This article provides information about the degree of study of soda and salt lakes in Kazakhstan. Salt
lakes are unique natural ecosystems that contain a significant amount of mineral salts. Soda lakes are considered a
special type of such reservoirs.

Currently, the use of natural resources is inhibited due to poor knowledge of soda and salt lakes. Biomonitoring
will allow us to assess the ecological state and solve some scientific and practical problems on topical issues of salt
and soda lakes in Kazakhstan.

Keywords: environment, ecology, salt lakes, soda lakes, biodiversity.

Introduction. There are more than 48 thousand lakes on the territory of the Republic of Kazakhstan,
and only 21 large ones, reaching an area of 100 km?. Most of the lakes are concentrated in the North of
Kazakhstan (about 45% of all lakes), in the Central and southern — 36%, in other regions there are only
19% of lakes [1].

The study of lakes located on the territory of Kazakhstan includes three stages. The first lasted until
the early 90-ies of the XIX century. During this period, the lakes were considered only as a source of
fishing, water transport, and salt fishing; facts about the physical properties of the lakes were collected.
The second period covers the 90th year of the XIX century. At this time, the theoretical and methodo-
logical foundations of lake science were accumulated and approved. The third period lasts from the
beginning of the XX century to the present. At this time, we began to consider other issues that were
directly related to the problem of using new resources, a sufficient number of fresh water bodies, etc.
Research was conducted in the interests of economic use of their natural resources.

However, most of the lakes are still not fully explored. This is due to the lack of research and the lack
of reliable data, low efficiency in collecting and processing information, as well as analysis of the use of
available lake resources.

Taking into account the tasks of the State water resources management program of Kazakhstan
(decree Of the President of the Republic of Kazakhstan dated 04.04.2014 N 786), it is relevant to analyze
the distribution and specify the estimates of quantitative and qualitative characteristics of lakes in
Kazakhstan, whose resources can be used efficiently and effectively in various sectors of the state
economy [2].

On the territory of Kazakhstan, most of the lakes (about 90% of the total number) have an area of no
more than 1 km?2. Moreover, a significant part of them is occupied by so-called temporary lakes: in the
spring, they are overflowing with water, and by autumn, they dry up and turn into litter and salt marshes.
In recent years, there has been an increase in the tendency to instability of the arca and regime of lakes, as
well as the overall salinity and salt composition of waters. This is due to the variability of climatic
conditions. The water and salt balances of lakes are directly related to zonal features [3, 4].
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The main reason for the mineralization of lakes is the lack of runoff and high evaporation. Therefore,
there are quite a lot of lakes with brackish and salty water on the flat territory of Kazakhstan. In the most
arid areas, self-seeding lakes are found, which contain a significantamount of various salts.

Currently, the study of salt and soda lakes is given increased attention, since the unique chemical
composition of water and the diversity of life gave reason to believe that such reservoirs existed at the
early stages of the origin of the global ecosystem ofthe Earth, moreover, they serve as important natural
resources with significant aesthetic, cultural, economic, recreational, scientific, environmental and
environmental values [5].

Salt lakes are unique natural ecosystems that contain a significant amount of mineral salts. Soda lakes
are considered a special type of such reservoirs. They are characterized by fractions of alkaline carbonates
Na and K, which cause a consistently high pH level in these reservoirs. The ecosystems ofthe world's salt
lakes are important natural resources that have significant aesthetic, cultural, economic, recreational,
scientific, environmental and environmental value [6]. This is especially true for the unique accumulation
oftrace elements [7, 8] and biodiversity [9-11] of soda lakes and basins.

Soda lakes are a unique permanently haloalkaline system. Despite the harsh conditions, they are
inhabited by abundant, mostly prokaryotic, microbial communities. Soda lakes differ greatly from other
high-salt systems in terms of microbial richness and activity. The main physical and chemical features of
the two dominant salts - NaCl determine the reason for this difference in neutral salt systems and sodium
carbonates in soda lakes, which affect the amount of energy required for osmotic adaptation [12].

Soda and salt lakes are common around the globe, but are most commonly found in terrestrial biomes
such as deserts and steppes.

Many studies on salt and soda lakes have been conducted at the microbiological level.

According to research by Russian scientists, Namsaraev B. B. and Barkhutova D. D., the distinctive
characteristics of soda lakes is high salinity and extreme alkaline pH values. The main role in the
production of organic matter in these ecosystems is played by cyanobacteria, which are the structural basis
ofthe local population. Since many studies have traditionally relied on microscopy, identification has been
hampered by the fact that many soda lakes contain poorly studied species that are unique to these
relatively unusual habitats and in many cases considered endemic [13].

Scientists E. Y. Zarubina and D. A. Durnikin were engaged in taxonomic, ecological-biological and
arealogical analysis of the flora of 18 salt lakes of the Kulundy plain (Russia), located in the South of
Western Siberia. They proved that the degree of mineralization directly affects the composition and
structure ofthe flora [14, 15].

In Russia, E. G. Rachenkova has been studying aquatic and coastal vegetation since 1995, which is
one of the most important components of aquatic ecosystems, so its study is of great interest and has a
significant practical significance. Aquatic and coastal plants act as a mechanical filter and participate in
the detoxification of harmful substances of various chemical nature. It was found that aquatic and coastal
plants are able to secrete phytoncides that affect the surrounding plant and animal organisms. It was also
found that in thickets that are submerged in aquatic plants, the content of pathogenic bacteria is
significantly lower than in open areas. With intensive overgrowth of reservoirs with higher plants, the
amount of phytoplankton decreases sharply. Among higher aquatic and coastal aquatic plants, many
species have a variety of practical significance as raw materials for the pulp and paper, medical, perfume
industry, construction materials, fertilizers for fields, food for people and pet food [16-18].

Kazakhstan is located in the very center of Central Asia, and therefore, in addition to environmental
problems associated with unstable weather conditions, it faces the problem oflack of access to the World's
oceans. Previously, there was no comprehensive study of salt and soda lakes on the territory of
Kazakhstan. For a long time, the practical significance of studying such lakes was limited to the study of
their mineral content.

For many years, one of the authors of the article, Hungarian scientist Emil Boros, has been studying
the internal salty surface waters of Eurasia on a large geographical scale [19, 20]. He also carried out a
number of studies on the chemical composition and trophic state of small salt steppe lakes in Northern
Kazakhstan, taking into account the potential consequences of anthropogenic disturbances. Water depth,
temperature, pH, electrical conductivity, basic ions, total dissolved solids, total organic carbon, total
nitrogen and phosphorus, nitrates, soluble reactive phosphorus, and chlorophyll a were measured. The
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trophic state of these lakes in most cases exceeded the hypertrophic level. The increase in salinity causes
changes in the chemical composition and affects the development of phytoplankton regardless of the size
of the water surface, and anthropogenic interventions have slightly affected the trophic state of shallow
salt lakes in this region of Kazakhstan [21].

However, including this kind of limited aspect of the study of soda and salt lakes at the present time
does not limit all the possibilities of using such a wide range of their natural resources. For example, it can
be mineral (various salts, zeolites, uranium, lithium, bromine, iodine, etc.), energy (conversion of thermal
energy into clectrical energy), biological (cultivation and extraction of individual algae Spirulina,
Dunaliella, and one of the main forage aquacultures — crustacean Artemia salina) and recreational [22].

Kazakhstan has a variety of habitats that are also associated with a unique and diverse flora and
fauna. They differ in location, properties, ecosystems, and other relevant factors. Each area is
characterized by its own biodiversity, and currently the study of each system is in demand.

In the coastal arcas of lakes, you can observe a greater variety of animals and plants. Higher aquatic
plants, mollusks, represent benthic species diversity etc. Their number is directly proportional to the
increase in depth increase.

In temperate climates, there is a certain pattern of vegetation distribution that depends on depth:
Carex sp. it grows in the coastal zone and at a depth of no more than 8-12 cm, Phragmites sp. it occurs at
a depth of up to 1 m, Scirpus — 2 m, Nymphaea — 2.5 m, Potamogeton — about 3 m [23]. Towards the
center of the lake, the amount of plankton is noticeably reduced.

The unusual Geochemistry of soda lakes contributes to an increase in an impressive number of
microorganisms of ecological and economic importance. Comprehensive studies of phytoplankton
communities of cyanobacteria in fresh and soda lakes have shown that the type of reservoir has a
significant impact on the species composition of this group of organisms. It was found that in fresh lakes,
the species diversity of cyanobacteria is on average greater than in soda lakes, where filamentous forms of
cyanobacteria predominate. The contribution of cyanobacteria to the production of organic matter is
determined. It is shown that the development of cyanobacteria in the studied fresh and soda lakes depends
on temperature, pH, and the content of sodium chloride and carbonate [24].

Soda lakes belong to extreme ecosystems where high salinity, high alkalinity and pH of water cause
the development of alkalophilic microorganisms [25]. Due to the high pH of the environment, soda lakes
are unique habitats of extremophilic fauna and flora, for example, some autochthonous microorganisms
that are not found in other ecosystems [26]. this indicates the need and importance of studying the
biodiversity of hypersalted and hyperalkaline habitats, mechanisms of adaptation of organisms to extreme
environmental conditions [27].

The number of studies on soda and salt lakes, in comparison with other ecosystems, is very small.
Therefore, biomonitoring will allow solving some scientific and practical problems on topical issues of
salt and soda lakes of the Republic of Kazakhstan. Biomonitoring, in other words, studies of soda lakes,
can allow scientists to look at soda lakes from the outside, understand the similaritics and differences with
other ecosystems, and analyze and predict the state of lakes in more depth.

Funding. This work was carried out within the framework grant funding of scientific and
technological research: IRN AP08856160 “Assessment of the ecological state of unique soda-saline
ecosystems in Kazakhstan™.
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3. A. Henosal, b. 3asgaH2 M. Y. AiiTxaH3 E. . 3anapunHa4 A. Epunnosasl

1Bnonoruns relibiMAapbliHblH KAHAMAATBI, KayblMAacTblpblnraH npogeccop, 3konorua macenepi F3H, bBFK
(3n-dapabu aTbiHAarsl Kasak “riblk yHuBepcuTeTi, AnMatbl, KasakcTaH)
2Bbnonorus relnbiMAapbliHbIH JOKTOPbLI, Npodeccop, dkonorus macenepi F3H, BFK
(3n-dapabu atbiHAarbl Kasak "rtelk yHuBepcuteT Anmatsbl, KasaxcTaH)
3PhD-cTypgeHT, 9konormsa macenepi F3H, KFK
(3n-dapabu aTbiHAarsl Kasak “nTTbiK yHUBepcuTeTi, AnMatbl, KasakcTaH)
4)XapaTbl/IbICTaHY TbiNbIMAAPbIHBIH MarncTpi, dkonorus macenepi F3H, KFK
(3n-dapabu aTbiHAarsl Kasak “nTTbiK yHUBepcuTeTi, AnMatbl, KasakcTaH)

LA3SALUCTAHHbLW, COAANDBI XOHE T¥34bl KeNAEPLU 3EPTTEY (LLONY)

AHHOTaLMA. KasaKCTaHHbIH TA3flbl X3HEe cofanbl KengepiHiH 3epTTeny Aapexea Typanbl aknapaTt GepinreH.

TA34bl Kengep MuHepandbl Ty3gapAblH efayip Menwepi 6aiikanaTolH 6ipereii Taburu akoxyienepre xartafbl.
MA7Hpaii cy KoiiMmanapblHbIH epeklie TYpi-cofa kengepi 60bin Kenegi.

Kasipri yakbiTTa Taburn pecypctapabl najanaHy coga MeH T/34bl Kengephi Hawap 6ineTiHAIKTEH Texenyge.

BuomoHuTOpUHT XYprisy KasakcTaHHbIH T[OAbl XX3He cofanbl KengepiHiH e3ekTi macenenepi 60MbiHWA 3KONOrNA-
NblK XargablH 6aranayra aHe Kei6ip rbiibiIMy X3He NpakTUKanblK MiHAETTepAI Wwelyre MY MKiHAiK 6epegi.

TYWiH cesaep: kopiaraH opTa, 3KONOTWA, TA3Abl agnaep, coaansl Kengep, 61oanyaHTY prinik.

3. A. lHenoBal b. K. 3aagaH2 M. Y. AiiTxaH3 E. I'. 3anapuHa4 A. K. EgunoBa3

1 K.6.H., accouuunpoBaHHsbIii npodeccop, THC, HUW Mpo6nem akonorum

(Kasaxckuii HauMoHanbHbIN yHUBEPCUTET UM. anb-Papabu, Anmartbl, KasaxcTtaH)

2 [.6.H., npodeccop, THC, HAW Mpobnem sakonoruu

(Kasaxckuii HauMOoHanbHbIN yHUBEPCUTET UM. anb-Papabu, Anmatbl, KaszaxcTtaH)
3PhD-ctygeHT, MHC, HW Mpo6nem akonorum

(Kasaxckuii HauMoHanbHbIN yHUBEPCUTET UM. anb-Papabu, Anmartbl, KasaxcTtaH)

4 MaruncTtp ecTecTBeHHbIX Hayk, MHC, H/W Mpo6nem akonorun

(Kasaxckuii HauMOHanbHbIN yHUBEPCUTET UM. anb-Papabu, Anmarbl, KasaxcTtaH)

NCCNEAOBAHWNA CONEHbBIX N COAOBbLIX O3EP KABAXCTAHA (OB30P)

AHHOTauna. lNpeacraeneHa MH(pOpMaLLMH 0 CTEeMeHu WM3Yy4YeHHOCTU COAOBbLIX W CO/EHbIX 03ep KasaxcTaHa.

ConéHble 03épa OTHOCATCA K YHUKANbHbLIM NMPUPOAHLIM 3KOCUCTEMAM, B KOTOPbIX OTMeYaeTca 3HauYuTeNlbHOe KO-
4eCTBO MUHEPA/IbHbIX coneii. Ocobbim BUAOM TaKMX BOL0EMOB CHUMTAKOTCA COA0BbLIE 03épa.

B HacToAllee Bpems n3-3a cnab6oii N3Yy4YEHHOCTN COA0BbLIX N COJIEHbLIX 03€p TOPMO3NTCA UCNOIb30OBaHUE €CTE -

CTBEHHbIX 60raTcTB. MpoBegeHne 6VIOMOHI/ITOpVIHFa MNO3BO/INUT AaTb OUEHKY 3KONOITM4YeCKOro COCToAHUA U pPeEWNTb
HEKOTOpbIE HayYHble U MpaKTUYecKune 3a4ayum no akTyaabHbIM BOMPOCaM COJ/IEHbIX U COA0BbLIX 03ep Ka3axcTaHa.

KnroyeBble C/10Ba: OKpyXawLas cpefa, 3Kon0rus, cofieHble 03epa, COA40BbIE 03epa, 6V|0pa3Hoo6pa3|/|e.
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