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4
ABSRACT

Report 131 p., 53 resources, 3 app.
SURFACE WATER, MUTAGENICITY, GENOTOXICITY, CYTOTOXICITY, EMBRYOTOXICITY, CHROMOSOMAL ABERRATIONS
The research objects were surface natural waters of Almaty and Almaty region, microbiological, plant and animal test objects.
The research aim is to study mutagenicity, genotoxicity and toxicity of natural surface waters in Almaty and Almaty region.
The following methods were used: determination of the physical parameters of water, atomic absorption spectrometry, bioluminescence bacteria test-system (lux-test), phytotoxicity test (Allium cepa), chromosome aberrations test (Hordeum vulgare, Mus musculus), determination of the mitotic index (Allium cepa, Hordeum vulgare), an embryotoxicity test (Danio rerio, Drosophila melanogaster), sex-linked recessive lethal test (Drosophila melanogaster), DNA comet assay.
Screening of natural surface waters of 53 water bodies was carried out in Ili, Balkash, Talgar, Enbekshikazakh, Zhambyl, Karasay, Koksu, Eskeldinsky, Aksu, Sarkand, Raiymbek, Uygur, Panfilov districts of Almaty region and Almaty city. Physicochemical analysis revealed in the water of all studied sources the excess of MPC for heavy metals. The bioluminescence test has identified water sources with DNA tropic effects or oxidative stress. Most of the studied water samples (80%) were highly toxic, significantly reducing the bioluminescent response of the pRecA, pColD, pKatG, pSoxS, pXen7 biosensors. The toxicity and mutagenicity of water in most water bodies was revealed on plant test objects Allium cepa and Hordeum vulgare. The cytotoxic (decrease in MI) and mutagenic (statistically significant level of structural and genomic mutations) water activity in most of the studied water bodies was established. Biotesting of natural water using Drosophila melanogaster, Danio rerio, and Mus musculus revealed its toxic, embryotoxic, teratogenic, mutagenic and genotoxic activity.

РЕФЕРАТ

Есеп 131 бет, 53 әдибиеттер, 3 қосымша.
ЖЕР ҮСТІ СУЛАРЫ, МУТАГЕНДІК, ГЕНОТОКСИКАЛЫЛЫҚ, ЦИТОТОКСИКАЛЫҚ, ЭМБРИОТОКСИКАЛЫҚ, ХРОМОСОМАЛЫҚ АБЕРРАЦИЯЛАР
Зерттеу нысандары болып Алматы қаласы және Алматы облысының жер бетіндегі табиғи сулары, микробиологиялық, өсімдік және жануар текті тест-объектілері табылды.
Зерттеу мақсаты - Алматы қаласы және Алматы облысының табиғи жер үсті суларының мутагендік, генотоксикалық және токсикалық әсерін зерттеу.
Жұмыс барысында қолданылған әдістер: судың физикалық параметрлерін анықтау, атомды-абсорбциялық спектрометрия, биолюминесцентті тест (lux-тест), фитотоксикалылықты тестілеу (Allium cepa), хромосомалық аберрацияларды есепке алу тесті (Hordeum vulgare, Mus musculus), митоздық индексті анықтау (Allium cepa, Hordeum vulgare), эмбриотоксикалылық тест (Danio rerio, Drosophila melanogaster), рецессивті, жыныспен тіркесетін летальды мутацияларды есепке алу әдістері (Drosophila melanogaster), ДНҚ-кометалар әдісі арқылы биотестілеу. 
Алматы қаласы мен Алматы облысының Іле, Балқаш, Талғар, Еңбекшіқазақ, Жамбыл, Қарасай, Көксу, Ескелді, Ақсу, Сарқанд, Райымбек, Ұйғыр, Панфилов аудандарындағы 53 су объектінің табиғи жер үсті суларының скринингі жүргізілді. Физико-химиялық талдау барлық зерттелген көздердің суларынан ауыр металлдардың шеткі рұқсат етілген концентрацияның (ШРК) асуын анықтады. Биолюминисцентті тест ДНҚ-тропты әсер мен тотықтандыру стрессін тудыратын су көздерін анықтады. Зерттелген су үлгілерінің көпшілігі (80%) жоғары уытты болып, pRecA, pColD, pKatG, pSoxS, pXen7 биосенсорларының биолюминесцентті жауабын едәуір төмендетті. Allium cepa және Hordeum vulgare өсімдік текті тест-объектілерінде көптеген су объектілердің суының токсикалығы және мутагендігі анықталды. Көптеген зерттелген су қоймаларында цитотоксикалық (митоздық индекстің төмендеуі) және мутагендік (құрылымдық және геномдық мутациялардыың статистикалық маңызды деңгейі) белсенділігі байқалды. Drosophila melanogaster, Danio rerio және Mus musculus көмегімен табиғи суларды биотестілеу олардың токсикалық, эмбриотоксикалық, тератогенді, мутагенді және генотоксикалық белсенділігін көрсетті.
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LIST OF ABBREVIATIONS AND SYMBOLS

In this research report, the following abbreviations and symbols are used
	CA
	– chromosomal aberrations

	hpf
	– hours post fertilization

	IIGR
	– integral indicator of genetic risk

	TI 
	– toxicity index 

	LOOH
	– lipid hydroperoxides

	LPO
	– lipid peroxidation

	MDA
	– malonic dialdehyde

	MI
	– mitotic index

	MMS
	– methyl methanesulfonate

	MPC
	– maximum permissible concentration

	MPCdw
	– maximum permissible concentration for drinking water

	MPCfr
	– the maximum permissible concentration of water for fishery reservoirs

	MPCdom
	– the maximum permissible concentration of water for water bodies of household, 
   drinking and cultural and household water use

	SRW
	– scientific research work




INTRODUCTION

The ecological crisis that has developed in many countries of the world has not bypassed the rapidly developing Kazakhstan. This is evidenced by the large-scale pollution of the republic's environment by chemical compounds, the sources of which are various industries and agriculture. The rapid accumulation in the environment and in the biosphere as a whole of such common pollutants as heavy metals, pesticides, oil and oil products, surfactants, rocket fuel and its derivatives, medicines, dyes and other substances leads to an increase in the incidence of the population, a decrease in biological diversity and destabilization of natural ecosystems.
Natural aquatic ecosystems, being a habitat for many organisms, a source of drinking water and a resource for human economic activity, are currently undergoing a powerful anthropogenic pressure. Interest in the study of genotoxicity and mutagenicity of surface waters has increased significantly in many countries of the world [1-8]. Thus, some authors have established the mutagenic potential of both natural and drinking water, in particular chlorinated tap water [6-8].
Kazakhstan belongs to the category of countries with a large deficit of water resources. In terms of water supply, Kazakhstan ranks last among the CIS countries. The specific water supply is 37 thousand m3 per 1 km2 and 6.0 thousand m3 per person per year. On the territory of Kazakhstan there are about 39 thousand rivers and temporary streams, more than 48 thousand lakes, about 4 thousand ponds and 204 reservoirs.
According to the RSE "Kazhydromet" of the Ministry of Ecology, Geology and Natural Resources of the Republic of Kazakhstan for the first half of 2020, out of 143 surveyed water bodies (93 rivers, 15 reservoirs, 31 lakes, 3 canals, 1 sea), 12 belong to the 1st class in terms of water quality , 9 - to the 2nd class (normatively clean), and the rest - to the 3-5 classes according to the “Unified system of classification of water quality in water bodies” [9]. However, on the territory of Kazakhstan, genotoxicological studies of water have practically not been carried out and are not being carried out. In the available scientific literature, there is only information about the analysis of genotoxicity of drinking water in regional centers can lead to cytogenetic disorders. They identified correlations between the genotoxic properties of drinking water and the incidence of congenital anomalies in the local population, and the incidence of malignant neoplasms [10].
In the complex of the influence of pollutants, genetic consequences are important. There is no doubt that an increase in mutagenic factors is undesirable for the human population, because creates a real basis for increasing the genetic load and changing the rate of the mutational process. In medico-genetic terms, this can be expressed in increased intrauterine death of individuals, the emergence and spread of congenital malformations, hereditary diseases, a genetically determined predisposition to diseases of various natures [11]. Assessment of the genetic hazard of a particular substance for a person is a complex process: mutagenic activity is a test-specific feature, that is, mutagens in one test system may turn out to be non-mutagens in another.
It should be noted that monitoring of water resources is the most important link in the system of measures for the protection and rational use of the natural environment. In the study of water bodies, the assessment of its genotoxicity and mutagenicity becomes an important component, as noted above. However, at present, the features of the dynamics of the genotoxic situation in rivers and water bodies exposed to the influence of pollutants have not been studied, and the methodology for assessing the genotoxic situation of such water bodies has not been fully developed. Nevertheless, carrying out genotoxicological studies of surface natural waters in the Republic of Kazakhstan is extremely urgent and necessary.
The project aim is to study mutagenicity, genotoxicity and toxicity of natural surface waters in Almaty and Almaty region.
Research objectives:
· study of physical and chemical parameters of surface waters in Almaty and Almaty region;
· study of the toxicity of surface waters using microbiological, plant and animal test objects;
· study of mutagenic and genotoxic effects of surface waters using microbiological, plant and animal test objects and test systems.

 
MAIN PART OF REPORT ON SRW

1 Literature Review
Large-scale pollution of the environment with various chemical compounds of anthropogenic nature aggravates the crisis ecological situation in the world, including in Kazakhstan. The accumulation in various environments (atmosphere, hydrosphere, pedosphere) of such common pollutants as heavy metals, pesticides, oil and oil products, surfactants, rocket fuel and its derivatives, drugs, dyes and other substances leads to an increase in the incidence of diseases in the population, decrease in biological diversity and destabilization of natural ecosystems [1, 12, 13].
According to the CAS (Chemical Abstracts Service, USA), 10 million chemical compounds were registered in the period from 1957 to 1990, in 2008 the total list was 40 million, and as of September 2018 - 144 million [14]. All of them can end up in the air, water, soil and food. As a result, several dozen compounds can enter the body simultaneously, which can be found in the tissues of humans and other organisms. For example, when examining pregnant women, it was found that the number of pollutants entering their body every day is 515 [15]. An average of 200 anthropogenic chemicals, including pesticides, dioxins, industrial chemicals, perfluorooxyalkylvinyl compounds, and brominated flame retardants, were found when examining the umbilical cord blood of newborns [16]. The data presented indicate an increasing number and expansion of the spectrum of xenobiotics in the biosphere, which undoubtedly leads to an increase in the genetic load and, as a consequence, increases the likelihood of extinction of one or another species.
[bookmark: _Hlk54461641]According to the RSE "Kazhydromet" of the Ministry of Ecology, Geology and Natural Resources of the Republic of Kazakhstan for the first half of 2020, water bodies belonging to class 2-5 according to the "Unified system of classification of water quality in water bodies" include the rivers Esentai, Ulken Almaty, Ile, Korgas, Lepsy, Karatal, Kishi Almaty, Kaskelen, Esik, Shilik, Kurty reservoir [9].
The rivers Aksai, Ulken Almaty, Boraldai, Esentai, Kargalinka, Kishi Almaty, the Ulken Almaty canal, the Sairan reservoir are located on the territory of Almaty. In the valley of the River Ulken Almaty, a 40-meter reinforced concrete mudflow protection dam with a mudflow storage, a cascade of hydroelectric power plants, a water supply system in Almaty, a recreation area and a Sairan reservoir have been built. The water resources of the River Boraldai are used for irrigation of suburban farms. On the territory of Almaty, along the Esentai riverbed, an embankment and recreation areas have been created, including the park of the KazNUgrad University complex, the amusement park and attractions "Fantasy World", the park near the Auezov theater. Water of the River Esentai are used for household needs and irrigation. Water of the River Kargalinka, a right tributary of the River Kaskelen, is used for irrigation and water supply. Today, the sanitary condition of the Kargalinka River is assessed as unsatisfactory. Water of River Kishi Almaty is used for water supply to industrial enterprises and irrigation. The route of the Big Almaty Canal crosses the territories of three districts of the Almaty region: Enbekshikazakhsky, Talgar, Karasay and Almaty itself. The starting point of the channel is the Bartogay reservoir on Shilik river. Within Almaty, on the canal, there are three beach-park zones for the recreation of citizens, and the corresponding infrastructure has been created. The canal waters are used for irrigation, various technical needs, private needs of the population (washing carpets) and recreational needs (rest, bathing). The Kaskelen River is used for water supply and irrigation of the cities of Almaty, Kaskelen, and suburban farms.
The Ile River, which is the main waterway of southeastern Kazakhstan, flows into the western part of Lake Balkash, giving 73-80% of the total inflow of water into Lake Balkhash. On the bank of the river Ile is located the Kapshagay reservoir. The large settlements are the Bakanas village and the Kapshagay town. Near the Bakanas village begins the world's northernmost rice growing massif - Akdalinsky. The Kapshagay reservoir is one of the largest reservoirs in Kazakhstan and is used for the needs of irrigation, fish farming, and recreation. In addition to the rivers Ile, Turgen, Shilik, Esik, Talgar, and Kaskelen also flow into the Kapshagay reservoir. The Shilik River is the largest river in the Trans-Ile Alatau, one of the largest left tributaries of the Ile river. The water of the Shilik River is used for irrigation. The Bartogay reservoir was created on the river, from where the Ulken Almaty canal begins. The waters of the Talgar River are used for irrigation and water supply, and are operated by energy enterprises. The Talgar city and other settlements are located on the river.
The Karatal River is the second tributary of Lake Balkash in terms of water flow and economic importance after the Ile River, providing about 20% of the river flow into the lake and about 10-12% of its annual volume. On the river are Taldy-Kurgan, Tekeli and Ushtobe cities. There is a cascade of small hydroelectric power plants on the river. The river water is actively used for large-scale irrigation and other economic needs. Water of Koksu River, which is a left tributary of the Karatal River, is used for water supply to the population.
The Lepsy River, which belongs to the basin of Lake Balkash, ranks third in terms of water content after the Ile and Karatal rivers. The river's water is used for water supply to the population, irrigation, and molten timber rafting [8].
One of the priority tasks of environmental health is the assessment of mutagenic and carcinogenic properties of environmental factors of anthropogenic nature [1, 17, 18] Pollution of the aquatic environment is a global problem. Water bodies exposed to anthropogenic pressure and containing a wide range of pollutants are capable of moving them long distances from the source of pollution. Many pollutants can cause cytotoxic, genotoxic and mutagenic effects, as well as cause sterility, metabolic disorders and various body functions [1, 2].
Chemicals are the main cause of oncological diseases in 80% of cases [19]. According to a number of authors, genotoxic effects underlie the development of most tumors. The correlation dependence of mutagenic and carcinogenic properties of chemical compounds has been established [17]. It is believed that the onset and development of malignant growth is preceded by the accumulation of mutations in certain genes [20]. However, the role of mutagens is much broader, as mutational damage to germ cells leads to spontaneous abortions and congenital malformations. Mutations in germ cells can lead to hereditary diseases in the population, and in somatic cells - to oncological diseases and premature aging of the body. To find out the reasons for the increase in the number of certain diseases and take measures to eliminate them, it is extremely important to timely conduct toxicological and genotoxicological studies of the state of the environment.
Natural waters exposed to anthropogenic pollution, as a rule, can contain a complex mixture of chemicals, the physicochemical analysis of which cannot always give accurate knowledge of the composition and concentrations of various components. In addition, certain chemicals can be in very low concentrations and not be detected by analytical methods. However, the combined effect of the chemicals present, even at low concentrations, can have a negative effect on the body [3].
Unlike physicochemical analysis of water, studies of biological effects reveal the effects of all harmful agents, including synergistic or antagonistic effects. At the same time, it is necessary to apply chemical and biological control methods, which makes it possible to identify the relationship between the concentrations of pollutants and the biological effects that they cause. In turn, this combination of methods can help in determining the contribution of specific pollutants to the observed overall biological effect [3]. The simultaneous use of conventional physicochemical analysis and analysis for mutagenicity / genotoxicity should be implemented in water quality monitoring programs [2-4].
It is very important to assess the genotoxicity of polluted water as a whole, and not of each component [5], since, as noted above, biological effects may be mainly due to the effect of a mixture of pollutants. It is the simultaneous use of a battery of test objects (microorganisms S. typhimurium, E. coli; plants A. cepa, H. vulgare; animals D. melanogaster, D. rerio, M. musculus) and test systems (Ames test, lux-biosensors, test for embryotoxicity, sex-linked recessive lethal test in D. melanogaster, chromosome aberration test, micronucleus test, single cell gel electrophoresis (Comet assay), methods for determining biochemical indicators, heritable translocations test) can make it possible to assess the potential risk of water pollution for various forms of organisms.
Currently, scientific and regulatory efforts are focused on identifying and quantifying specific chemicals that are considered harmful to humans or the environment. In practice, conventional monitoring programs measure almost exclusively chemical / physical parameters. Measurements of pollutant concentrations can provide detailed descriptions of pollution levels, but only indirectly indicate the potential biological effects of mixed environmental pollution. Biological assays, in turn, provide a mechanism by which the biological effects of mixtures can be quantified. The combination of these two approaches makes it possible to identify the main sources of risk that require constant monitoring. Therefore, an adequate assessment of the risk to the environment caused by any pollution should be based on the simultaneous use of chemical methods for the control of pollutants, followed by biological tests [3, 4].
All of the above indicates the importance and necessity of conducting a comprehensive genotoxicological study of surface and ground waters in the Republic of Kazakhstan, which has a shortage of water resources.


2 Research materials and methods
0. Research objects
The research objects were the surface waters of the Almaty region. The test objects were biosensor strains of Escherichia coli (MG 1655 (pSoxS-lux), MG1655 (pKatG-lux), MG1655 (pColD-lux)), MG1655 (pXen7-lux), barley (Hordeum vulgare L.) grade Baisheshek, onion (Allium cepa), fruit fly (Drosophila melanogaster), zebrafish (Danio rerio) used as a developmental biology model organism. 4-nitroquinoline 1-oxide (4-NQO, C9H6N2O3), methyl methanesulfonate (MMS, C2H6O3S) were used as mutagens (positive control); paraquat (C12H14Cl2N2) and hydrogen peroxide (Н2О2) were used as oxidants, zinc sulfate (ZnSO4) was used as toxicant.
Samples of natural surface waters were taken in Zhambyl, Karasay, Ile, Balkash, Talgar, Enbekshikazakh, Koksu, Eskeldi, Aksu, Sarkand, Raiymbek, Uygur, Panfilov districts of Almaty region, as well as in water bodies of Almaty city. Water samples were taken from 53 water bodies at 72 points. Water samples from the Zhambyl district were taken at 4 points: the rivers Kopa, Targap, Aksengir, Uzyn Kargaly. In the Karasay district, water samples were taken at 2 points: the Kaskelen and Shamalgan rivers. In the Ile district, water samples were taken at 4 points: Kurty river, Kurty reservoir, Pervomayskie ponds (2 points). Water samples from the Talgar district were taken at 7 points: the rivers Talgar (3 points), Tsyganka, Kapshagay reservoir (2 points). In the Enbekshikazakh region, water samples were taken at 13 points: the rivers Esik (3 points), Turgen (2 points), Shilik, Lake Esik (4 points), the Nurly-Arasan hot spring and an unnamed river and an artesian well located nearby. 
In the Raiymbek district, water samples were taken at 4 points: the Kaindy river, Kaindy, Kolsay lakes, a spring near the village Saty. Water samples from the Koksu district were taken at 2 points: the Kishi Byzhy and Byzhy rivers. In the Eskeldi district, water samples were taken at 8 points: the rivers Koksu (2 points), Balykty, Karatal (2 points), Kora, Chuzha, the Korinskiye klyuchi spring. In the Aksu district, water samples were collected from 2 points: the Akeshki and Koldenen rivers, in the Sarkand district - at 2 points: the Aksu and Lepsy rivers. In the Uygur district, water samples were taken at 3 points: the Charyn river, hot springs Bakhus, Khoshelik. Water samples from the Panfilov district were taken at 4 points: the Ile, Chizhin, Osek rivers, and a spring. In the Balkhash district, water samples were collected from the Ile River at 3 points. In Almaty, water samples were taken at 15 points: Prokhodnaya, Ulken Almaty (2 points), Kumbel, Kishi Almaty (2 collection points), Esentai, Butak (3 points), Kimasar, springs (4 points). The locations of the sampling points are shown in Figures A.1 – A.16.

0. Experimental design and methods for studying toxicity, genotoxicity and mutagenicity of surface waters 
Determination of physicochemical parameters of water samples. The collection, filtration, and conservation of water samples were carried out in accordance with GOST 31861-2012 [21]. At the site of sampling of surface water, measurements of the physical parameters of water were carried out: temperature, hydrogen index (pH), total dissolved solids, oxidation-reduction potential, water-dissolved oxygen, electrical conductivity (Figure A.17). Temperature, total mineralization (total dissolved solids) and electrical conductivity were measured using a portable analyzer TDS & EC-meter (Barry Century, China), pH values were measured using a portable analyzer pH-meter PH-009 (I) (Barry Century, China), oxidation reduction potential were measured using portable analyzer ORP-meter ORP169E (Barry Century, China), the level of dissolved oxygen was measured using portable analyzer DO-meter DO-pen type (Alvin Instrument, China). Determination of heavy metals was carried out by atomic absorption on an MGA-915MD atomic absorption spectrophotometer (Lumex, Russia) according to PND F 14.1:2.214-06 [22]. 
Determination of toxic, genotoxic and oxidative activity of water using a bioluminescence test. Five genetically modified strains of E. coli were used in this study: MG1655 pColD-lux, MG1655 (pRecA-lux),MG 1655 (pSoxS-lux), MG1655 (pKatG-lux), MG1655 (pXen7-lux) [23-25]. The promoters pCoD and pRecA were used to detect substances that induce DNA damage. 4-nitroquinoline 1-oxide (4-NQO) at a concentration of 75.0 μg/mL was used as a positive control to activate these promoters. Induction of oxidative stress was detected using the PKatG (protein-activator OxyR) and PSoxS (protein-activator SoxR) promoters. PKatG produces a response to hydrogen peroxide and organic peroxides, while PSoxS responds to superoxide ion radicals [25, 26]. Hydrogen peroxide at a concentration of 0.01 μg/mL was used as a positive control to activate KatG and 10.0 μg/mL paraquat was used to activate PSoxS. The E. coli MG1655 biosensor (pXen7-lux) responds by inhibiting the level of bioluminescence for the presence of toxic substances in the medium; ZnSO4 at a concentration of 50 μg/mL was used as a positive control. Distilled water was used as a negative control. Bacteria were grown in Luria-Bertani broth containing 100 μg/mL of ampicillin. Overnight cultures were diluted to a concentration of 107 cell/mL in fresh broth and grown at 37 °C for 2–3 h. Aliquots of the culture (160 μL) were transferred to sterile wells (in plate strips) and 40 μL of each water sample was added. 40.0 μL of distilled water or control mutagen/oxidant was added to control cells. Incubations were performed for specific durations depending on the promoter: pColD for 90 min, рRecА and pSoxS for 60 min, and pKatG and pXen7 for 45 min. The level of bacterial luminescence was measured with a Lu Mate 4400 microplate luminimeter (Awareness Technology, USA) and expressed as relative light units (RLU). The criterion for the toxic effect is the change in the intensity of the bioluminescence of the test object in the test sample compared to that for the sample with a solution that does not contain toxic substances. The change in the intensity of bioluminescence is proportional to the toxic effect. The quantitative assessment of the parameter of the test reaction is expressed as a dimensionless value of the toxicity index "TI". The method allows three threshold levels of the toxicity index: TI <20% was defined as the permissible degree of toxicity; TI = 15-20% with a statistically significant difference between the experience and control and TI = 20-50% was defined as toxic; TI> 50 was defined as highly toxic. The level of genotoxicity was defined as the induction factor (I), the ratio of luminescence from the lux-biosensor suspension with the tested compound (Lc), to the luminescence of the control suspension (Lk). I < 2 was considered a weak genetoxic effect, while, 2 ≤ I ≤ 10 was defined as moderate and I > 10 was defined as a strong effect. All experiments were carried out in 4 - 5 independent replicates [26]. 
Determination of phytotoxicity and cytotoxicity of water on onions. Common onion (Allium cepa L.) was used as the test object. Methyl methanesulfonate (MMS, C2H6O3S) was used as the standard mutagen at a concentration of 10.0 mg/L [27, 28], while distilled water containing a residual quantity of nitric acid was used as the negative control. Onions of almost equal size (4 cm in diameter) were placed in the experimental and control water samples (5 replicates) and grown at room temperature. Phytotoxicity was assessed by the growth of the rooting tufts after 7 and 14 days [29]. To determine the cytotoxicity of the studied water samples, the mitotic index was determined in the cells of onion roots, germinated for 96 hours, according to the generally accepted method [30]. Staining was performed with acetocarmine. Cytological preparations were analyzed using an Olympus BX 43F microscope (Olympus, Japan).
Determination of cytotoxicity and mutagenicity of water on barley seeds. Seeds of the spring-crop two-raw barley (Hordeum vulgare L.) of grade Baisheshek were used as the test object for these experiments. MMS was used as the standard mutagen at a concentration of 5.0 mg/L [27], while distilled water containing residual nitric acid was used as the negative control. Treatment was conducted for 4 h before seeds were grown and fixed in an alcohol-vinegar mixture [30]. Metaphase methods were used to determine the mutagenicity of the samples and mitotic index was used to determine cytotoxicity [30, 31]. Staining was done with fuchsin-sulfuric acid. Cytological preparations were analyzed with an Olympus BX 43F microscope (Olympus, Japan). 
Determination of toxicity and mutagenicity of water on the fruit fly D. melanogaster. Oregon strain of Drosophila melanogaster females of the same age were used in the experiment and control to determine the toxicity of aquatic samples. On the basis of the water samples under study, a 2% sucrose solution was prepared, in which filter paper was soaked. The walls of a sterilized flask were pasted over with this paper, into which 100 females were placed, and after 72 hours the number of live and dead individuals was counted. Distilled water was used in the control [32].
The Meller-5 (Basc) method was used to determine the mutagenicity of water, which makes it possible to detect lethal and morphological mutations in the X chromosome of the fruit fly D. melanogaster in the second generation. Females of the Möller-5 (M-5) line carry two inversions in both X chromosomes: sc8 and δ49. The sс8 inversion covers almost the entire X chromosome, and within its limits there is another inversion - δ49. The order of genes in the sс8 δ49 chromosome is violated twice, as a result of which the cross in it is completely excluded. As a result, both inversions are not associated with a recessive lethal effect, and females homozygous for the Möller-5 chromosome and the same hemizygous males are viable. Phenotypic markers were the recessive mutation wа - apricot eyes and the dominant mutation Bаr - stripe eyes [33]. To determine the genotoxicity of water samples, we used males and females of the M-5 line at the age of 3-5 days, in young individuals (1-2 days), germ cells are at different stages of development, therefore, they have different sensitivity to xenobiotics. The males of the first generation had the phenotype of the Möller-5 line. Females have red eyes, narrower than those of wild-type flies (the action of an incomplete dominant gene B), each of them had one X-chromosome, which came from the male. In this X chromosome, in some F1 females a newly arisen recessive lethal mutation could be localized; in most females lethality is absent. Crossing was carried out according to the crossing scheme according to the Möller-5 method to detect letals and sterility mutations in the X chromosome of D. melanogaster [34].
Determination of water embryotoxicity on zebrafish. Experiments were started with stage 50%–75% of epiboly. Embryo exposition was conducted in sterile Petri dishes with 25 mL of incubation medium for 72 h at 27 °C in a Binder В28 incubator (Binder, Germany). Embryos that survived after hatching of the chorion were fixed in 10% neutral buffered formalin. Embryos were analyzed at 24, 48, and 72 h post fertilization (hpf) in vitro. Stages of development were determined according to the atlas of D. rerio normal embryonic development [35]. Alive and fixed embryos were analyzed and photographed using a MoticDM 143 digital stereo microscope. Acute embryotoxic effects of the water samples were assessed according to recommendations of OECD [36]. Morphological analyses of embryos were performed at 72 hpf. Damage to more than 50% of embryos in the exposure group was considered typical. Deviation from normal development of D. rerio was assessed by malformation of development of head, tail, tail tip, otic capsules, pericardial oedema, body bending, deformation of yolk, and growth retardation [37].
Determination of mutagenic, genotoxic and toxic activity of water in animal test systems (Mus musculus). Male mice of the BALB/cYwal line aged 2-3 months with a body weight of 25-30 g were used as the test object for these experiments. Intact and experimental animals were kept in a vivarium on a standard diet. Laboratory animals were cared for in accordance with national and international principles [38, 39]. The animals were slaughtered by cervical dislocation. Bone marrow samples were taken for cytogenetic analysis, internal organs (liver, kidneys, spleen, bone marrow) were taken for study DNA breaks using the DNA comet assay, liver was taken for study the content of lipid peroxidation (LPO) products. 
Mammalian chromosome aberration test was used to assess the mutagenic properties [31, 40]. Water samples were administered orally for 7 days. Mutagen methyl methanesulfonate (MMS, positive control) at a dose of 40.0 mg / kg was injected intraperitoneally in the form of aqueous solutions. Cytogenetic preparations were prepared 24 hours after the last injection of the preparation. The staining was carried out with Romanovsky-Giemsa stain. For cytogenetic analysis, a resolution of x1000 was used. We took into account cells with chromosomal and chromatid disorders (single and paired chromosome fragments, acentric and centric rings, point fragments), as well as aneuploid and polyploid metaphases. DNA comet assay was used to assess the genotoxic properties of water [41]. The staining was performed with Romanovsky-Giemsa stain [42]. The analysis of the preparations was carried out using an Olympus microscope (Olympus Corporation, Japan) with increasing the resolution 40x. The parameter “Percentage of DNA in tail comet“ (%TDNA) was counted using the Casp 1.2.2 software (CASPlab, Vroclaw, Poland).
To assess the toxic properties of water in the hepatic tissue homogenate of laboratory mice, the content of primary (LOOH - lipid hydroperoxide) and secondary (MDA - malonic dialdehyde) lipid peroxidation products was determined [43].
Statistical analyses of results. Statistical processing was conducted using the “Data analysis” add-in of Microsoft Excel, StatPlus, and WINPIPI. In all cases the average values and the standard errors of means were calculated. Mean statistical significance was assessed using Student’s t-test, χ2 test with Yates correction (biotesting for D. melanogaster). Differences were considered significant at the level of confidence 0.95 (p<0.05). 
The integral indicator of genetic risk (IIGR) is the arithmetic mean of indicators of genetic, chromosomal and functional disorders of all test objects [44].


3 Research results and discussion
3.1 Study of genotoxicity, mutagenicity and toxicity of surface waters in Almaty and Almaty region 
Natural aquatic ecosystems, being a habitat for many organisms, a source of drinking water and a resource for human economic activity, are currently undergoing powerful anthropogenic pressure. Most of the environmentally hazardous factors are not only toxic, but also mutagenic and carcinogenic. Identification of potential mutagens and carcinogens for humans is the main task of testing. In the complex of the influence of pollutants, genetic consequences are important. An increase in the spectrum and amount of environmental pollutants with mutagenic activity creates a real basis for an increase in the genetic load and a change in the rate of the mutation process. In medico-genetic terms, this can be expressed in increased intrauterine fetal death, the emergence and spread of congenital malformations, hereditary diseases, a genetically determined predisposition to diseases of a different nature [11]. Testing for genotoxicity and mutagenicity of various pollutants on model objects under laboratory conditions is aimed at finding ways to prevent adverse genetic consequences if they are introduced into the environment. However, not a single model object and not a single test system separately provide data on the basis of which it would be possible to conclude about the degree of genetic danger of the tested substance for humans. The specificity of the biological object on which the action of the mutagen is studied, as well as the specificity of mutational events, dictate the need to use several biological models and testing methods [44-46].
The toxicological and genotoxicological study of natural waters in the territory of Almaty region and Almaty city were carried out. Samples of natural surface waters were taken in Zhambyl, Karasay, Ile, Balkash, Talgar, Enbekshikazakh, Koksu, Eskeldi, Aksu, Sarkand, Raiymbek, Uygur, Panfilov districts of Almaty region, as well as in water bodies of Almaty city. Water samples were taken from 53 water bodies at 72 points. Water samples from the Zhambyl district were taken at 4 points: the rivers Kopa, Targap, Aksengir, Uzyn Kargaly. In the Karasay district, water samples were taken at 2 points: the Kaskelen and Shamalgan rivers. In the Ile district, water samples were taken at 4 points: Kurty river, Kurty reservoir, Pervomayskie ponds (2 points). Water samples from the Talgar district were taken at 7 points: the rivers Talgar (3 points), Tsyganka, Kapshagay reservoir (2 points). In the Enbekshikazakh region, water samples were taken at 13 points: the rivers Esik (3 points), Turgen (2 points), Shilik, Lake Esik (4 points), the Nurly-Arasan hot spring and an unnamed river and an artesian well located nearby. In the Raiymbek district, water samples were taken at 4 points: the Kaindy river, Kaindy, Kolsay lakes, a spring near the village Saty. Water samples from the Koksu district were taken at 2 points: the Kishi Byzhy and Byzhy rivers. In the Eskeldi district, water samples were taken at 8 points: the rivers Koksu (2 points), Balykty, Karatal (2 points), Kora, Chuzha, the Korinskie klyuchi spring. In the Aksu district, water samples were collected from 2 points: the Akeshki and Koldenen rivers, in the Sarkand district - at 2 points: the Aksu and Lepsy rivers. In the Uygur district, water samples were taken at 3 points: the Charyn river, hot springs Bakhus, Khoshelik. Water samples from the Panfilov district were taken at 4 points: the Ile, Chizhin, Osek rivers, and a spring. In the Balkash district, water samples were collected from the Ile River at 3 points. In Almaty, water samples were taken at 15 points: Prokhodnaya, Ulken Almaty (2 points), Kumbel, Kishi Almaty (2 collection points), Esentai, Butak (3 points), Kimasar, springs (4 points).

3.2 Physicochemical analysis of water samples 
At the sampling site, measurements were made of the physical parameters of water: temperature, hydrogen index (pH), total dissolved solids, oxidation-reduction potential, water-dissolved oxygen, electrical conductivity. After the water samples were delivered to the laboratory, they were filtered and preserved by adding a few drops of nitric acid to the water. The samples were placed in a freezer, where they were constantly stored until testing for various types of activity. The results of measurements of the physical parameters of the studied water bodies are shown in Table A.1. 
The pH value in most of the studied water sources (64%) was in the range of standard values (pH = 6.0-9.0). pH value of water from the Kurty reservoir, rivers Prohodnaya, Kumbel, Tsyganka, Talgar (p. No. 23-2), Esik (p. No. 24-1, 24-2), Turgen, Shilik, Koksu, Karatal, Chuzha, Koldenen, Ile (p. No. 53-3, 53-4), a river nameless (p. No. 29), hot springs Bakhus and Khoshalik, lake Esik (p. No. 25-1, 25-2, 25-4), spring-1, spring-7, artesian well (p. No. 30) varied from 4.6 to 5.9. Acidic waters (pH 3.0-4.9) include water from the river Tsyganka. The lowered pH value can be associated with the ingress of carbonic acid, fulvic acids and other organic acids into the water as a result of the decomposition of organic substances. Most of the water sources (80.6%) can be attributed to weakly acidic waters (pH 5.0-6.5). Neutral waters (pH 6.6-7.5) include water from the rivers Kurty, Esentai, Kishi Almaty, Kimasar, Butak (p. No. 26-2), Talgar (p. No. 23-3), Esik (p. No. 24-3), Ile (p. No. 53-2), Pervomayskie ponds (p. No. 9-1), Kapshagay reservoir (p. No. 21-2). Water from the Kapshagay reservoir (t. No. 21-1), the Nurly-Arasan hot spring can be classified as weakly alkaline waters.
In terms of oxidation-reduction potential, all waters had values within the normative values, with the exception of the Kaskelen (345.0 mv) and Turgen (p. No. 26-2, 79.0 mv) rivers. The total mineralization (total dissolved solids) of water in the studied waters varied widely from 27 to 2015. At the same time, 62.5% of the studied water samples did not meet the standard indicators: the total mineralization of 35 samples exceeded the standard, and 10 samples - less than the standard. The electrical conductivity of water also varied over a wide range - from 54 to 4030 μS/cm. At the same time, 25% of water samples did not meet the standards, 8 water samples exceeded the standard, and 10 - less than the standard. Increased values of total mineralization and electrical conductivity can be associated with a high concentration of dissolved mineral salts and ions of Na+, K+, Ca2+, Cl-, SO42-, HCO3-.
The level of dissolved oxygen in the water of the studied sources was 0.9-8.9 mg/L. Low levels of dissolved oxygen (<7.0 mg/L) indirectly show that the rivers River Kishi Byzhy, artesian well (p. No. 30) are moderately polluted, rivers Targap, Kishi Almaty (p. No. 18-2), Talgar (p. No. 23-1, 23-2), Esik (p. No. 24-2), Turgen (p. No. 26-2), Akeshki, Koldenen, Charyn, Ile (p. No. 53-1), river nameless (p. No. 29), Pervomayskie ponds (t. No. 9-2), Lake Esik, spring-7 are polluted; the rivers Kopa, Uzyn Kargaly, Shamalgan, Prokhodnaya, Ulken Almaty, Kishi Almaty (p. No. 18-1), Kimasar, Butak, Tsyganka, Esik (p. No. 24-3), Turgen (p. No. 26-1), Shilik, Kaindy, Byzhy, Koksu, Balykty, Kora, Aksu, Lepsy, Osek, Chizhin, springs 1-5, lakes Kolsay, Kaindy, hot springs Bakhus and Khoshalik are dirty; the rivers Kumbel, Esentai, Talgar (p. No. 23-3), Karatal, Chuzha, the Nurly-Arasan hot spring, spring-6 "Korinskiye Kluchi" are very dirty. However, a decrease in thedissolved oxygen level in water can be associated with an increase in ambient temperature, as well as with increased microbial activity [42].
In the samples of the studied waters, the content of the following heavy metals was determined: Ni, Mn, Co, Pb, Cr, Fe, Zn, Cu, Cd. The measurement results are shown in Table A.2. In the river Kurty, the content of Co, Zn and Cu exceeded 1.1, respectively; 1.6 and 2.3-fold the MPC for water in fishery reservoirs (MPCfr). Pb exceeded by 1.6-fold the MPC for water bodies of domestic drinking and cultural and domestic water use (MPCdom) and 2.7-fold - MPCfr. The Cd content was 2.4 times higher than the MPC for drinking water (MPCdw) and MPCdom. In the reservoir Kurty, the content of Ni, Zn, Cu exceeded MPCfr by 1.34, 1.6 and 1.5-folds, respectively. The Mn content was at the MPCfr level, and the Cd content exceeded the MPCdw and MPCdom by 1.2-folds. In river Aksengir only the Mn content exceeded the MPCfr by 1.4-fold; copper was at the MPCfr level, and Cd - at the MPCdw and MPCdom levels. In the Pervomayskie ponds, Mn, Pb, Zn exceeded MPCfr by 5.0; 1.3 and 1.3-folds, respectively, and Cu - at the MPCfr level. In the reservoir Kapshagay, the content of Mn, Zn, and Cu exceeded the MPCfr by 1.1-fold, and Pb - 1.5-fold. In river Tsyganka, the Mn content exceeded the MPCfr of 4.8; Cu 3.2; Zn 1.8; Pb - 1.5-fold. The cadmium content was 3.0-fold higher than the MPCdw and MPCdom. In river Talgar, the content of Mn, Zn, Cu and Pb exceeded the MPCfr by 3.6, respectively; 6.2; 2.8 and 1.7-folds. In river Esik, the content of Mn, Pb and Zn exceeded the MPCfr by 1.5, respectively; 1.4 and 3.7-folds. In the lake Esik, the content of Zn, Pb and Mn exceeded the maximum permissible concentration of 1.1; 1.3 and 2.9-folds respectively. The cadmium content was 1.3-fold higher than the MPCdw and MPCdom. 
In river Turgen, the content of Pb was at the level of MPCfr, and the content of Mn and Zn exceeded the MPCfr by 7.0 and 1.5-folds, respectively. In river Shilik, the content of Mn exceeded the MPCfr by 1.4-fold, and Cd - by 4.1-fold the MPCdw and MPCdom. In the water of river nameless (p. No. 29) near the Nurly-Arasan hot spring, the Mn content exceeded the MPCfr by 3.7-fold. The Pb content exceeded the MPCfr by 2.0-fold, and the MPCdw and MPCdom, respectively, by 1.2-folds. Cd exceeded MPCdw and MPCdom by 1.1-fold. In the water of an artesian well, the content of Ni, Co, Cr, Fe, Pb, Cu, Cd was lower than the MPC, and Mn and Zn were 1.2 and 1.4-folds higher than the MPC. In the Nurly Arasan hot spring, Ni exceeded MPCfr and MPCdom by 9.2 and 4.5-folds, respectively. The excess of MPCfr was 8.3; 3.8; 3.4; 5.9-folds  for Mn, Co, Zn, Cu, respectively. The Pb content exceeded the MPCdw, MPCfr, MPCdom by 3.6; 5.9 and 3.6-folds respectively. The Cr content exceeded the MPCdw and MPCdom by 1.7-fold, and the MPCfr - by 4.3-fold. The content of Cd exceeded the MPCdw and MPCdom by 9.1-folds, and the MPCfr - 1.8-fold. In river Ile, the content of Mn and Pb exceeded the MPCfr by 1.1 and 1.3-fold, Cr - 1.5-fold; Cu - 3.1-fold.
In the waters of Almaty from the rivers Prokhodnaya, Ulken Almaty, Kumbel, Esentai, Kishi Almaty, Butak, Kimasar, the content of Ni, Co, Pb, Cr, Fe, Cu, Cd did not exceed the MPC. The excess of MPCfr was observed for Mn and Zn in the Prokhodnaya, Ulken Almaty, Kumbel, Esentai, Kishi Almaty, Butak rivers by 1.4 and 1.3, respectively; 2.1 and 8.3; 1.9 and 1.5; 2.1 and 1.1; 3.1 and 1.9; 1.6 and 3.2-fold. The Mn content in the river Kimasar exceeded the MPCfr by 20.5-fold, and the Zn content was at the level of MPCfr. In river Kishi Almaty, the maximum permissible concentration of Pb was also exceeded by 1.5-fold. In the water of spring-1 and spring-3, Pb exceeded MPCfr by 1.6 and 1.3-fold, respectively. In the water of spring-2, no excess of MPC was found for any of the determined heavy metals. In the water of spring-4, an excess of MPCfr for Pb was established by 1.8-fold and MPCdom - by 1.1-fold, and the Zn content exceeded MPCfr by 2.6-fold.
In p. Kopa, the excess of MPCfr for Mn, Co, Zn, Cu was respectively 1.3; 2.7; 2.0 and 4.7-folds, and Ni and Pb, respectively, exceeded 1.3 and 2.9-fold the MPCdom and 2.5 and 4.8-folds the MPCfr. Cr exceeded MPCdw 1.6-fods, MPCfr - 4.0-fold, MPCdom - 1.6-fold. The content of Cd exceeded the MPCdw and MPCdom by 3.6-fold. In river Targap the content of Cr, Zn and Cu exceeded the MPCfr by 1.9; 1.6 and 2.9 -folds, respectively, Pb was at the MPCdom level, but exceeded the MPCfr by 1.7-fold. In river Uzyn Kargaly, the content of Mn, Zn, Cu exceeded the MPCfr by 1.4, 1.2 and 1.8-folds, respectively.
The contents of Ni, Co, Pb, Cr, Fe, and Cd in the water of the studied rivers of the Karasay district of the Almaty region did not exceed the MPC. Also in river Kaskelen did not exceed the MPC for Mn and Zn, but Cu was 1.6-fold the MPCfr. In river Shamalgan Mn, Zn and Cu exceeded the MPCfr by 1.4; 2.1 and 1.3-folds respectively. In river Kishi Byzhy, the content of Ni, Mn, Co, Fe does not exceed the MPC. The content of Pb, Cr, Cu exceeds 1.2; 1.9 and 3.3-folds MPCfr, respectively. Zn content at the MPCfr level. The content of Cd exceeds the MPCdw and MPCdom by 1.3-fold. In river Byzhy, the excess of the MPCfr values was noted for Cr and Cu, amounting to 1.1 and 1.8-folds, respectively. In the rivers Koksu and Balykty, an excess of MPCfr for copper of 1.7 was observed in the river Koksu and 1.1-fold in the river Balykty. In river Karatal content of Cr was at the level of MPCfr, while Zn and Cu were 1.7-fold higher. In river Chucha, the excess of MPCfr was observed for Zn and Cu (1.8 and 1.5-fold, respectively), and in the river Kora - for Cr and Cu. For the rest of the studied heavy metals, the excess of the MPC was not revealed. In the spring-6 "Korinskiye Klyuchi", the excess of MPCfr by 1.2 and 1.3-folds was noted for lead and chromium, respectively.
In river Akeshki from Aksu district, the content of Zn and Cu exceeded the MPCfr by 1.5 and 2.7-fold, respectively, and in river Koldenen, the content of Cr and Cu, respectively, exceeded 1.4 and 3.8-fold, and zinc - at the MPCfr level. In the studied rivers Aksu and Lepsy rivers from the Sarkand district, the Cr content exceeded the MPCfr, respectively, by 1.3 and 1.1-fold, and copper - by 2.8 and 2.2-fold.
In water bodies located on the territory of the State National Natural Park "Kolsay Lakes" of the Raiymbek District of the Almaty Region, an excess of MPC was also observed for a number of heavy metals. In the lake Kolsay, the excess of MPCfr was observed only for copper in 1.1-fold, and in the river Kaindy - 1.7-fold only on chromium. In the lake Kaindy, the Pb content exceeded the MPCfr by 1.1-fold; Cr - 1.2-fold; Cu - 1.3-fold. In the water from spring-5, the Cr content exceeded the MPCfr of 1.1; Zn - 1.2; Cu - 1.3-fold. In river Charyn, the maximum concentration limit for Pb was exceeded by 1.4-fold; Cr - 2.1-fold, Cu - 1.8-fold. The content of Cd was at the level of MPCdw and MPCdom.
In the hot springs of the Uygur region, the content of manganese and iron did not exceed the MPC. In the hot spring Bacchus, the content of Ni, Zn and Cu exceeded the MPCfr of 1.1; 1.8; 2.4-fold, respectively. The Pb content exceeded the MPCfr and MPCdom by 2.0 and 1.2-fold, respectively. The Cr content exceeded the MPCfr and MPCdom by 1.1-fold, and the MPCfr - by 2.7-fold. The content of Cd exceeds the MPCdw and MPCdom by 1.6-fold. In the hot spring Khoshalik, the content of Ni, Zn and Cu exceeded the MPCfr by 1.2; 1.8 and 2.7-fold, respectively. Co content exceeds MPCdw and MPCdom by 1.2-fold, and MPCfr - 12.3-fold. The Pb content exceeded the MPCfr by 2.0-fold, the MPCdom - by 1.2-fold. The Cr content exceeded the MPCfr and MPCdom by 1.2-fold, and the MPCfr - by 3.1-fold. The content of Cd exceeded the MPCdw and MPCdom by 1.8-fold.
In river Osek, Pb, Cr content exceeded the MPCfr by 1.6; Zn - 1.3; Cu - 1.9-fold. In the water from the river Chizhin, the Cr content exceeded the MPCfr by 2.1; Zn - 2.3; Cu - 3.0-fold. The Pb content exceeded the MPCfr by 1.6-fold, and the Cd content exceeded the MPCdw and MPCdom by 1.1-fold. In the water from spring-7, the source of which is located near the river Chizhin, the Cr content exceeded the MPCfr of 1.1; Zn - at 1.1; Cu - 1.4-fold. There was no excess for the rest of the studied heavy metals.
Thus, according to the content of heavy metals, the water from spring-2 is suitable for all types of water use: for drinking water, fishery purposes, drinking water and cultural and domestic water use. Waters from the rivers Kurty, Aksengir, Tsyganka, Shilik, Kopa, Kishi Byzhy, Charyn, Chizhin, river nameless, hot springs Nurly-Arasan, Bakhus, Khoshalik, Kurty reservoir, lake Esik are not suitable for all types of water use. Waters from the rivers Ile, Talgar, Esik, Turgen, Prokhodnaya, Ulken Almaty, Esentai, Kishi Almaty, Kimasar, Butak, Kaskelen, Shamalgan, Uzyn Kargaly, Byzhy, Koksu, Balykty, Karatal, Chuzha, Kora, Akeshki, Koldenen, Aksu, Lepsy, Kaindy, Osek, Pervomaisky ponds, Kapshagay reservoir, artesian well, spring-1, spring-3, lakes Kolsai and Kaindy, as well as all the studied springs are not suitable for fishery water use purposes, but can be used for drinking water, drinking water and cultural and domestic water use. Water from spring-4 and r. Targap is not suitable for fishery water use, domestic drinking and cultural and domestic water use, but it is suitable for drinking.

3.3 Assessment of mutagenicity of water samples using microbiological test systems 
Before determining the toxicity and genotoxicity of water samples using microbiological test systems, sterility testing was carried out. All water samples, except for the river Tsyganka, were sterile. The turbidity of the resulting suspension in the nutrient medium with the addition of water from the river Tsyganka was 3.6 units McFarland (10.8x10-8 CFU/mL), which is 4.5 times more than with the addition of sterile water. This may indicate bacteriological contamination of this source.
Using a bioluminescence test (lux-biosensors), 72 water samples were studied for detecting responses to DNA tropic agents and oxidative stress, and 30 water samples for general (integral) toxicity. The genotoxic activity of water samples was studied on E. coli MG1655 (pRecA-lux) and E. coli MG1655 (pColD-lux) strains, and the prooxidant activity - on E. coli MG 1655 (pSoxS-lux) and E. coli MG1655 (pKatG-lux). The pRecA-lux and pColD-lux biosensors respond by increasing the bioluminescence level to DNA-damaging substances, the pKatG-lux biosensor to oxidative stress caused by the appearance of hydrogen peroxide, and the pSoxS-lux biosensor, caused by the superoxide anion. The biosensor E. coli MG1655 (pXen7-lux) responds by inhibiting the level of bioluminescence for the presence of toxic substances.
When using the RecA biosensor, an increase in the bioluminescent response was recorded in 9 water samples: the rivers Aksengir, Ile (p. No. 53-2), Tsyganka, Talgar (p. No. 23-3), Esik (p. No. 24-3), Kopa, Targap, Pervomayskie ponds. However, there was no statistically significant difference in the level of bioluminescence in these samples compared to the control. In all other studied water samples, low values of the induction factor were recorded. At the same time, high values of the toxicity index were recorded in these samples (Tables A.3 and A.4). Perhaps this is due to the high toxicity of the samples, which suppresses the growth of the culture and reduces the bioluminescence level. The highest toxicity was noted in 15 water samples - the Nurly-Arasan hot spring (20.99%), the Prokhodnaya River (21.07%), rivers Ulken Almaty (p. No. 11-1 (22.44%), p. No. 11-2 (17.43%)), Kumbel (22.32%), Esentai (20.49%), Kishi Byzhy (16.45%), Byzhy (18.45%), Koksu (p. No. 37- 1 - 23.05%, p. No. 37-2 - 21.48%), Balykty (20.30%), Kora (18.72%), Akeshki (18.66%), Koldenen (17.86 %), Charyn (17.09%). spring-1 (19.73%), spring-2 (21.03%). The decrease in the level of bioluminescence in all the listed water samples was statistically significant (p <0.05-0.001) compared to the control, with the exception of the Nurly-Arasan hot spring.
When using the ColD biosensor, a similar picture was observed with low induction factor values with simultaneous high toxicity values (Tables A.3, A.4). The most toxic waters were 36 water samples: Kapshagay reservoir, rivers Prokhodnaya, Ulken Almaty, Kumbel, Kishi Almaty, Kimasar, Butak (p. No. 20-3), Turgen (p. No. 26-2), Shamalgan, Kishi Byzhy, Koksu, Karatal (p. No. 38-1 ), Balykty, Chuzha, Kora, Kaindy, Charyn, Ile, Osek (p. No. 53-1, 53-2), hot springs Nurly-Arasan, Bakhus, Khoshalik, artesian well, springs 1-4, 6, 7, lakes Kolsay and Kaindy. The toxicity index in these samples varied from 18.84% (Ulken Almaty river, p. No. 11-2) to 33.31% (Chuzha river). It should be noted that in Almaty, 80% of the studied water samples (12 out of 15) showed toxic activity. An increase in the bioluminescent response was recorded in 5 water samples; however, this excess compared to the control was not statistically significant.
An increase in the bioluminescent response of the KatG biosensor was recorded in 10 water samples: Kurty reservoir, Pervomayskie ponds, rivers Aksengir, Tsyganka, Butak (p. No. 20-1, 20-2), Talgar (p. No. 23-3), Esik (p. No. 24-3), Chizhin (tables A.5, A. 6). However, this increase was at the control level, with the exception of a water sample from the river Esik (p. No. 24-3) (p <0.05). This indicates the presence in the water of the river Esik substances that cause oxidative stress. The highest toxicity of water, in which the growth of the culture was suppressed and the bioluminescence level of the KatG biosensor decreased, was revealed in 22 samples: Kapshagay reservoir, rivers Shamalgan, Kaskelen, Talgar (p. No. 23-1, 23-2), Esik (p. No. 24-2), Turgen (p. No. 26-2), Kishi Byzhy, Byzhy, Koksu, Karatal (p. No. 38-1), Balykty, Chuzha, Kora, Akeshki, Koldenen, Aksu, Lepsy, Kaindy, Ile (p. No. 53-3, No. 53-4), river nameless (p. No. 29) and an artesian well near it, lakes Esik (p. No. 25-1 - No. 25-3), Kolsay and Kaindy, the Nurly-Arasan hot spring, springs 5, 6. The toxicity index in these samples varied from 14.12% (lake Esik, p. No. 10-3) to 30.46% (Nurly-Arasan hot spring).
An increase in the bioluminescence response of the SoxS biosensor was recorded in 26 water samples from 23 water bodies, but this increase did not differ statistically significantly from the control (Tables A.5, A.6). The highest toxicity was observed in 5 water samples: rivers Koksu (p. No. 37-1 - 20.45%, p. No. 37-2 - 18.61%), Akeshki (17.19%), Koldenen (20, 66%), Aksu (15.96%). The toxicity index in all the listed water samples was statistically significant (p<0.05-0.01) compared to the control.
In the study of general (integral) toxicity using the pXen7-lux biosensor, it was found that most of the studied water samples have moderate toxic activity - 22 samples (Table A.7). The toxicity index varied from 16.41% (spring-5) to 33.60% (Koksu river, p. No. 37-2) and was statistically significant (p <0.05-0.01) compared with control. Correlation analysis between the toxicity indices detected on the pRecA-lux, pColD-lux, pSoxS-lux, pKatG-lux, and pXen7-lux biosensors showed that the level of inhibition of bioluminescence level on non-target strains statistically significantly correlates with the data obtained on the pXen7-lux strain. Thus, there is a high correlation between strains pRecA-lux and pSoxS-lux with pXen7-lux, the correlation coefficient was 0.88 (p<0.001) and 0.73 (p<0.001), respectively, and a weak correlation between strains pColD-lux and pKatG-lux with pXen7-lux, the correlation coefficient of which was 0.37 (p<0.05) and 0.49 (p <0.01), respectively.
Thus, using a bioluminescence test, surface waters were identified that have DNA tropic effects or cause oxidative stress. The prooxidant activity, revealed using the KatG biosensor, was exhibited only by water from the river Esik (p. No. 24-3). Most of the studied water samples (84.9%) were highly toxic, significantly reducing the bioluminescent response of biosensors. These include samples from river Esentai for the pRecA-lux strain; rivers Turgen, Kishi Almaty, Kimasar, Butak, Osek, spring-3, spring-4 by pColD-lux strain; rivers Talgar, Esik, Kaskelen, river nameless (p. No.29), lake Esik for the pKatG-lux strain; spring-7, river Chizhin for the pXen7-lux strain; rivers Prokhodnaya, Ulken Almaty, Kumbel, spring-1, spring-2 for strains рRecA-lux, pColD-lux; rivers Shamalgan, Kaindy, Kapshagay reservoir, artesian well, lake Kolsay on biosensors pColD-lux, pKatG-lux; hot springs Bakhus, Khoshalik, river Ile for strains pColD-lux, pXen7-lux; river Lepsy by strains pKatG-lux, pXen7-lux; Nurly-Arasan hot spring for pRecA-lux, pColD-lux, pKatG-lux strains; river Charyn for strains pRecA-lux, pColD-lux, pXen7-lux; river Byzhy for strains pRecA-lux, pKatG-lux, pXen7-lux; rivers Karatal, Chuzha, spring-5, spring-6, lake Kaindy for strains pColD-lux, pKatG-lux, pXen7-lux; river Aksu for strains pKatG-lux, pSoxS-lux, pXen7-lux; rivers Kishi Byzhy, Balykty, Kora for strains pRecA-lux, pColD-lux, pKatG-lux, pXen7-lux; rivers Ak eshki, Koldenen for strains pRecA-lux, pKatG-lux, pSoxS-lux, pXen7-lux; river Koksu for strains pRecA-lux, pColD-lux, pKatG-lux, pSoxS-lux, pXen7-lux.

3.3 Assessment of mutagenicity, genotoxicity and toxicity of water samples using plant test systems 
We have studied 53 water bodies (72 sampling points) for mutagenicity, genotoxicity and toxicity on onions (Allium cepa) and barley (Hordeum vulgare L.), meeting the criteria for test objects, and recommended by the World Health Organization for research on genetic and toxic activity of xenobiotics of the environment.
The phytotoxicity of water was assessed by measuring the length of the root system of onion (Allium cepa) when germinated in various water samples. An effect is considered phytotoxic if not only an inhibitory effect, but also a eutrophying (stimulating) effect is detected. The results of measuring the length of the root system are presented in Figures A.18, A.19.
The inhibitory effect of the positive control (MMS; 10.0 mg/L) during onion germination on days 7 and 14 was 83.99 and 60.80%. The minimum average length of onions germinated on water samples for 7 days was 0.31 cm (river Esik, p. No. 24-3), within 14 days - 1.19 cm (Nurly-Arasan hot spring). The maximum average length of onions germinated on water samples for 7 days was 5.67 cm (artesian well), within 14 days - 11.28 cm (Kurty reservoir).
Most of the studied water samples had an inhibitory effect after 7 days of onion germination, however, a statistically significant decrease in the growth of the root system during germination was shown by water samples from the rivers Kopa (57.55%, p<0.05), Shamalgan (54.75%, p<0.01), Karatal (p. No. 38-1, 71.55%, p<0.05), Chuzha (66.29%, p<0.05), Kaindy (57.17%, p<0.05), Charyn (70.95%, p <0.05), Ile (p. No. 53-1, 64.46%, p <0.05), Chizhin (62.70%, p <0, 05), Esik (p. No. 24-3, 88.92%, p <0.05), Nurly-Arasan hot spring (73.42%, p <0.05), spring-5 (66.22% , p <0.01). A stimulating effect after 7 days of onion germination was provided by water samples from the rivers Aksengir (149.80%, p<0.01), Ile (130.22% - 161.29%, p <0.05-0.01), Esentai (140.03%, p <0.05), Butak (p. No. 20-1 and p. No. 20-2, respectively, 173.12% and 157.24%, p <0.05 ), Kapshagay reservoir (p. No. 21-1, 180.25%, p <0.01), artesian well (200.28%, p <0.01), spring-2 (181.99%, p <0.05).
The inhibitory effect after 14 days of onion germination was observed in water samples from Pervomayskie ponds, the rivers Tsyganka, Talgar, Esik (p. No. 24-3), Butak (p. No. 20-3), Turgen, Lake Esik (p. No. 25-2, 25-4), Nurly-Arasan hot spring. The stimulating effect after 14 days of germination was observed on water samples from the reservoirs Kurty, Kapshagay (p. No. 21-2), rivers Aksengir, Prokhodnaya, Ulken Almaty (p. No. 11-2), Kumbel, Esentai, Kishi Almaty, Kimasar, Butak (p. No. 20-1, 20-2), Esik (p. No. 24-1), Ile (p. No. 53-2, 53-3, 53-4), Uzyn-Kargaly, Shamalgan, Byzhy, Balykty, Kora, Ak eshki, Koldenen, Aksu, Lepsy, Osek, springs-1-4, artesian well, hot spring Khoshalik.
On onion roots germinated on water from the rivers Kurty, Aksengir, Ile (p. No. 53-4), Shilik, Prokhodnaya, Ulken Almaty, Kumbel, Kishi Almaty, Kimasar, Butak, Targap, Uzyn Kargaly, Shamalgan, Kaskelen, Kishi Byzhy, Koksu (p. No. 37-2), Karatal (p. No. 38-1), Chuzha, Ak eshki, Koldenen, Charyn, Osek, Chizhin, Kapshagay reservoir, lake Kaindy, springs 1, 3, 5-7 on the 14th day of germination, such a morphological change as branching was observed (Figure A.20). The percentage of branched roots to the total number of all sprouted roots at the end of the experiment is shown in Figure A.21. Some authors have established that increasing doses of mutagenic substances in plants primarily cause morphological changes in roots [29, 50].
Thus, as a result of the studies carried out, a phytotoxic effect was established for 54.7% of all studied sources of natural waters. These include water from the reservoirs Kurty, Kapshagay, Lake Esik, Pervomaisky ponds, rivers Kopa, Aksengir, Shamalgan, Tsyganka, Talgar, Esik, Turgen, Prokhodnaya, Ulken Almaty, Kumbel, Kishi Almaty, Butak, Karatal, Chuzha, Kaindy, Charyn, Chizhin, Ile, hot Nurly-Arasan spring, artesian well, springs 1-5. A possible mutagenic effect was possessed by 56.6% of the studied sources of natural waters. These include waters from the rivers Kurty, Aksengir, Ile, Shilik, Prokhodnaya, Ulken Almaty, Kumbel, Kishi Almaty, Kimasar, Butak, Targap, Uzyn Kargaly, Shamalgan, Kaskelen, Kishi Byzhy, Koksu, Karatal, Chuzha, Ak eshki, Koldenen, Charyn, Osek, Chizhin, reservoir Kapshagay, lake Kaindy, springs 1, 3, 5-7. The conducted research shows that the waters of the Almaty region and Almaty city are subject to toxic and mutagenic pollution.
The results of cytogenetic analysis of barley seeds treated with water from natural sources studied in 2018 are presented in Table A.8. From 26 water sources from 13 water objects showed mutagenic activity, statistically significantly increasing the frequency of chromosomal aberrations in the root meristem of barley as compared with the negative control. The frequency of aberrant cells and the number of structural mutations per 100 metaphases in barley seeds treated with water from natural objects of the Balkhash region were statistically significantly higher compared to the control only in variant p. Ile (p. No. 53-2). At lower sampling points, the mutagenic activity of the water of the river Ile has not been identified. In water samples Kapshagay, rivers Tsyganka and Talgar was not revealed mutagenic activity. On the territory of the Enbekshikazakh region, mutagenic activity was revealed for the water from the lake Esik (p. No. 25-1). In barley seeds treated with water from the river Shilik and the Nurly-Arasan hot spring, the frequency of aberrant cells and the number of chromosomal aberrations per 100 metaphases exceeded those in the negative control. No mutagenic activity of water from rivers Esik, Turgen, lake Esik (p. No. 25-2 - 25-4) and an artesian well. In Almaty, water from 15 sources was studied for mutagenic activity, including rivers and springs. Cytogenetic analysis showed that water from rivers Kumbel, Esentai, Butak (p. No. 20-2, 20-3), as well as spring-3, has mutagenic activity. No mutagenic activity was revealed in natural waters of the rivers Prokhodnaya, Ulken Almaty, Kishi Almaty, Kimasar, Butak (p. No. 20-1), springs 1, 2, 4. In all variants of the experiment, where the mutagenic activity of the studied water samples was detected, the spectrum of structural mutations was represented by violations of both chromosomal (paired terminal and interstitial deletions, centric rings, paired dot fragments) and chromatid (single terminal and interstitial deletions, single acentric rings, dot fragments) types (Figure A.22). The revealed spectrum of chromosomal aberrations indicates the presence of mutagenic factors of a wide range of action in the waters that have shown genotoxic activity.
In almost all variants of the experiment, where germination of barley seeds was carried out on samples of natural waters, anaphases with structural chromosomal abnormalities (bridges, chromosome lagging, single and paired fragments, multipolar anaphases) were observed, which were absent in the negative control. Cells with a polyploidy are also marked (Figure A.23). Polyploid cells were found with a high frequency in variants with water from rivers Kurty, Aksengir, Tsyganka, Talgar, Esik, Shilik, river nameless (p. No. 29), Kishi Almaty, Kimasar, Butak, reservoir Kapshagay, lake Esik, hot spring Nurly-Arasan, springs 1 and 3. The mutagenicity of water in the studied surface waters was at the level of positive control (MMS). The results obtained indicate the presence of mutagenic factors in these waters. Analysis of the mitotic index (MI) revealed a decrease in the proliferative activity of barley treated with the studied waters, compared with the negative control, which indicates the cytotoxic activity of the studied waters.
The results of the cytogenetic analysis of barley seeds treated with water from the natural sources studied in 2019 are presented in Table A.9. Of the 28 studied sources, water from 18 water bodies showed pronounced mutagenic activity, statistically significantly increasing the level of structural mutations in the cells of the barley root meristem as compared to the negative control. Thus, the water of the Kopa, Targap, Uzyn-Kargaly rivers in the Zhambyl district induced chromosome rearrangements, the level of which was statistically significantly higher than the control. Mutagenic activity was also revealed in water samples from the Shamalgan and Kaskelen rivers in the Karasay district. A statistically significant excess of the spontaneous level of mutation was observed in the number of chromosomal aberrations per 100 cells. A similar picture was revealed in the study of the genotoxic activity of water from the Kishi Byzhy and Byzha rivers flowing through the territory of the Koksu district. The water under study statistically significantly increased the total number of chromosomal aberrations and the chromatid-type rearrangements, which may indicate water pollution by chemical factors with mutagenic activity. In water samples taken from 8 points of 6 different water natural sources on the territory of the Eskeldinsky district, no mutagenic activity of water was detected from the spring-6 "Korinskie Kluchi" and river Kora. Water from the rivers Koksu and Karatal, sampled at points No. 1, was genetically inactive, that is, the studied mutagenicity indicators of the studied factors were at the control level. At the same time, water samples from points No. 2, taken on the opposite bank of the river Koksu and in the lower reaches of the river Karatal exhibited mutagenic activity, statistically significantly increasing the natural mutation rate. Water from the Balykty and Chuzha rivers also statistically significantly enhanced the induction of natural mutagenesis. When seeds were germinated in water from the Karatal and Balykty rivers, the level of structural rearrangements of the chromatid type significantly increased. Based on the results obtained, it can be concluded that out of 6 studied water bodies, 4 have genetic activity and induce structural mutations. In the Aksu district, the waters of two rivers – Ak eshki and Koldenen were studied for mutagenicity. Water from the first river did not show mutagenic activity, and when germinating seeds on the water of the river Koldenen revealed a weak mutagenic effect. In the Sarkand district, the water of the Aksu and Lepsy rivers was studied. Water from the river Aksu did not give a mutagenic effect, while the waters of the river Lepsy have a mutagenic effect on barley seeds significantly increased both the frequency of aberrant cells and the number of chromosomal aberrations per 100 cells. In the Raiymbek district, the mutagenic activity of water from 4 natural sources - Lake Kolsay, spring-5, river Kaindy and lake Kaindy. The cytogenetic study did not reveal any mutagenic activity of water in any of the sources. From three water sources in the Uygur region, water from the river Charyn and the hot spring Bachus showed mutagenic properties. In the Panfilov district, 4 natural sources were tested for the genetic activity of water. Mutagenic activity was detected in water from the Ile, Osek, and Chizhin rivers, which statistically significantly increased the spontaneous level of mutation in barley seeds.
The spectrum of structural mutations induced by the studied waters with mutagenic activity contained chromosomal and chromatid type aberrations. Aberrations of the chromosomal type were represented by paired terminal and interstitial deletions, centric rings, paired dot fragments, and the chromatid type - single terminal and interstitial deletions, single acentric rings, and dot fragments. The revealed spectrum of chromosomal aberrations indicates the presence of mutagenic factors of a wide spectrum of action in the waters that have shown genotoxic activity.
Anaphases with chromosomal rearrangements were also identified, including bridges, chromosome lagging, single and paired fragments, and multipolar anaphases. In addition, in many variants, cells with a polyploidy are noted. The mutagenicity of water in most of the studied natural waters was statistically significantly higher than the negative control, but lower than the positive control (MMS). Comparative analysis of cytogenetic parameters in variants with MMS and water from natural sources that showed genotoxic activity did not reveal statistically significant differences. When germinating barley seeds in water, which gave a mutagenic effect, a decrease in the proliferative activity of the root meristem was noted in comparison with the negative control. Apparently, natural water contains pollutants that have not only mutagenic, but cytotoxic effects and are capable of suppressing mitotic activity.
Thus, the carried out cytogenetic studies of surface waters from 53 natural water bodies showed that the water of 36 sources exhibits genetic activity and induces structural and genomic mutations, the level of which is statistically significantly higher than the natural level of mutation. The results obtained indicate the presence of potential mutagens in the water of the studied objects, which can have a negative effect on the genetic material of living organisms.

3.5 Assessment of mutagenicity, genotoxicity and toxicity of water samples using animal test systems (Drosophila melanogaster, Danio rerio)
Drosophila melanogaster test system: Basc (Meller-5) and fused X chromosomes. The advantage of the Drosorhila melanogaster in testing the genetic effects of xenobiotics is well-studied genetics, in contrast to most higher organisms. Tests using Drosorhila melanogaster are recommended by the WHO for studying the mutagenic and toxic activity of anthropogenic xenobiotics and pharmacological agents [40]. Before determining the mutagenicity of water samples using test systems on Drosophila, 29 water samples from sources were tested for toxicity: Kapshagay reservoir (p. No. 21-1); spring-4; the rivers Ulken Almaty, Aksengir, Kishi Almaty (p. No. 18-1), Kimasar, Butak (p. No. 20-3), Esik (p. No. 24-3), Kopa, Targap, Uzyn-Kargaly, Shamalgan, Kaskelen, Kishi Byzhy, Byzhy, Koksu (p. No. 37-2), Karatal (p. No. 38-2), Balykty, Chuzha, Kora, Koldenen, Aksu, Lepsy, Charyn, Osek, Chizhin, Ile (p. No. 53-3); hot spring Bakhus. In the experiment, females Oregon wild-type of Drosophila melanogaster adults were orally injected with the test water, and distilled water was used in the control. Out of 29 water samples, 20 adults were dead (Table A.10). However, there was no statistically significant difference in the level of death of individuals in these samples compared to the control (p <0.05). Only water from the river Osek showed toxicity at a probability level of p<0.05. Consequently, the water from 28 samples taken from various sources of the Almaty region turned out to be non-toxic for the adults of Drosophila.
We studied two water samples for mutagenicity on Drosorhila melanogaster in the Möller-5 test system (Basc). The results of genetic analysis for mutagenic activity of 4 water samples taken from the sources of the rivers Koksu (p. No. 37-2), Osek, Ile (p. No. 53-3) and the Nurly-Arasan hot spring are presented in Table A.11. The excess of the spontaneous level of mutation for the water sample from the river Ile (p. No. 53-3) was not detected (p <0.05). The results of the analysis of the mutation level in the experiment with water from the Nurly-Arasan spring are not unambiguous. Statistically significant differences (p<0.05) were found in the level of induction of sterility mutations in the experiment as compared with the control. The induction of lethal mutations in the experiment did not exceed the spontaneous level (p<0.05). However, genotoxic activity was determined by the total effect or the total number of induced lethal and sterility mutations. In this case, we can state that the water from the Nurly-Arasan hot spring has mutagenic activity (p <0.001). In all other variants of the experiment in the second generation, the frequency of revealed lethal mutations and mutations leading to sterility did not differ statistically significantly from the control.
Danio rerio test system. The study of various types of biological activity of natural waters of the Almaty region and Almaty city from 24 sources (28 sampling points) was carried out using the Danio rerio test object: resrvoirs Kurty, Kapshagay (p. No. 21-1), Aksengir, Tsyganka, Talgar (p. No. 23-1, No. 23-2), Esik (p. No. 24-2, 24-3), Turgen (p. No. 26-2), Shilik, Ulken Almaty (p. No. 11-2), river nameless (p. No. 29), Kopa, Shamalgan, Kaskelen, Byzhy, Koksu (p. No. 37-2), Karatal (p. No. 38- 2), Lepsy, Osek, Ile (p. No. 53-1, 53-2, 53-4), Pervomayskie ponds (p. No. 9-1), Lake Esik (p. No. 25-2, No. 25-3 ), hot spring Nurly-Arasan, artesian well. The FET (Fish Embryo Toxicity) test is now a mandatory component of routine wastewater testing in many countries and is internationally standardized. The results of studies of embryotoxicity of 140 xenobiotics confirm the effectiveness of using fish embryos to assess toxicity and prove the possibility of extrapolating FET data to mammals [51-53].
In our experiments, MMS (positive control) promoted a significant accumulation of dye by the structures of the developing embryo. The accumulation of dye was also observed in zebrafish embryos that developed from eggs cultured in water samples from Pervomayskie ponds, the Tsyganka, Ile rivers, and Kapshagay resrvoir. Violation of the chorionic permeability can facilitate the penetration of other xenobiotics into the perivitelline space and tissues of the embryo, thus increasing their toxic effect. In our experiments, the acute toxicity of water samples for zebrafish eggs was assessed by counting coagulated embryos at 24, 48 and 72 hpf and expressed as a percentage of the sum of dead embryos from the total number of embryos at the beginning of the experiment (Figure A.24). The embryo mortality in the control was slightly more than 2%, which meets the criteria of validity. The highest survival rate of embryos was observed in the water of the reservoir Kurty, rivers Ile, Shamalgan, Karatal. Mortality and toxicity, statistically significantly higher than control, were noted during the cultivation of embryos in the water of Lake Esik, the rivers Esik, Talgar, Shilik, Aksengir, Turgen, Ulken Almaty, Tsyganka, Osek, Byzhy, Koksu, Kopa, the Nurly-Arasan hot spring and an artesian well, Pervomayskie ponds.
The teratogenic effect of water samples from the studied water bodies was assessed as the percentage of all D. rerio embryos with abnormal development from the number of living embryos by 72 hours post fertilization (Figure A.25). MMS at a concentration of 3.4 mg/L caused developmental disorders in 89.3% of embryos (p≤0.01). MMS in the concentration used makes it possible to evaluate the response of the test system with embryos to the introduction of a direct mutagen into the incubation medium. A number of water samples contain biologically hazardous substances or their complex mixtures that have the ability to cause deviations from normal development in fish embryos. Water of the rivers Ile, Esik, Talgar, Aksengir, Ulken Almaty, Tsyganka, Osek, Byzhy, Karatal, Kopa, Shamalgan, Lepsy, reservoirs Kapshagay, Kurty and Pervomaysky ponds, significantly increased the number of embryos with deviations from normal development.
In addition to the total number of embryos with abnormalities, we also took into account various violations of the normal development of zebrafish embryos: scoliosis (curvature of the dorsal cord), curvature of the tail and tip of the tail, oedema of the pericardium and yolk sac, and developmental delay. The results of the study are shown in Figure A.26. In our experiments, MMS caused all types of observable developmental anomalies. A disorder characteristic of substances with a pronounced mutagenic / disruptive effect was noted - underdevelopment of the tip of the tail (Figure A.27) as a result of a violation of normal cell division and differentiation. Such anomalies as oedema of the pericardial sac (Figures A.28, A.29) and the yolk sac were observed in embryos incubated in water from the Talgar (vol. 23-2), Tsyganka, Ulken Almaty, Kopa, Karatal, Shamalgan, Osek rivers, Pervomaisky ponds, reservoirs Kapshagay and Kurty. Tail tip curvatures were found in the following groups: rivers Talgar, Shilik, Esik, Ulken Almaty, Tsyganka, Ile, Kopa, Byzhy, Lepsy, Shamalgan, Karatal, Kaskelen, Pervomayskie ponds, resrvoir Kurty. Anomalies in the development of the tail region may be accompanied by morphological changes in the fin border in the form of proliferation of epithelial tissue, vacuolization of cells, deformation and adhesion of the fin border, its thinning (Figure A.29). The underdevelopment of the tip of the tail section, characteristic of the direct mutagen MMS, was noted in three studied points - the Ulken Almaty, Tsyganka rivers and Pervomayskie ponds. The underdevelopment of the tip of the tail is characteristic of the presence in water of substances that affect the cell cycle and cell differentiation.
During the development of embryos in the water of the Talgar, Shilik, Ile, Aksengir, Shamalgan, Osek, Karatal, Lepsy rivers, the Nurly-Arasan hot spring, Lake Esik, reservoir Kurty scoliosis accounted for from 57.5% to 100% among all studied anomalies. Scoliosis also occurred during incubation of eibryos in water rivers Turgen, Tsyganka, Kopa, Kaskelen, Byzhy, reservoir Kapshagay and Pervomaiskiye ponds. Spinal deformities lead to a decrease in the survival rate of larvae during hatching, impaired motor activity and balance.
Delay in normal development is one of the most serious disorders of normal development, since, unlike other dysmorphologies, it cannot be the result of changes in water-salt, gas or ionic balance, but always indicates a violation of cell division and differentiation. That is, as a rule, it indicates the presence of a toxicant of an alkylating effect in the sample - during incubation with the MMS mutagen, developmental delay is 86.6% of all anomalies. Delays in growth and development were noted in the water of the Talgar, Esik, Shilik, Ulken Almaty, Tsyganka, Ile, Karatal and Kopa rivers, the Nurly-Arasan hot spring and the nearby artesian well, Pervomayskie ponds, Kurty and Kapshagay reservoir, which indicates the presence in these samples of compounds that cause disruption of cell division and arrest of the cell cycle. With some caution, one can declare the presence of direct-acting mutagens in the water of these rivers.
The results of biotesting of the waters of the Almaty region indicate the presence in the aquatic environment (in particular, of the reservoirs located in the territory of Almaty city) of biologically hazardous substances with embryotoxic and mutagenic effects

3.6 Assessment of mutagenicity, genotoxicity and toxicity of water samples using animal test systems (Mus musculus)
Based on the results obtained on the level of pollution, toxicity, genotoxicity and mutagenicity of natural waters using microbiological and plant test systems, the 12 most contaminated sources were selected for laboratory experiments on mice.
The results of cytogenetic testing for mutagenic activity of water in mice are presented in Table A.12. As a result of water due in experimental animals of all experimental groups, the frequency of aberrant cells, as well as the number of aberrations per 100 metaphases and the level of genomic mutations, increased statistically significantly in comparison with intact animals. Thus, in the variant of the experiment, where the mice took water from the Nurly-Arasan hot spring, the frequency of aberrant bone marrow cells and the level of chromosomal aberrations per 100 metaphases were statistically significantly increased by 2.0 and 4.0-fold compared with intact mice. As a result of water due from the rivers Shilik, Tsyganka, Kurty, Esik, Ile, Karatal and Shamalgan, the frequency of aberrant cells in experimental animals increased statistically significantly (p <0.001) compared to the negative control by 3.35; 3.39; 2.97; 3.33; 3.17; 2.58 and 2.52 times, respectively. Water from the lake. Esik, Pervomaisky ponds, Kurty and Kapshagai reservoirs induced structural chromosome abnormalities in bone marrow cells, statistically significantly higher than the frequency of aberrant cells and the number of rearrangements per 100 metaphases, respectively, in 3.33 and 3.88 (p <0.001); 2.65 and 2.98 (p <0.001); 2.60 and 2.89 (p <0.001); 3.27 (p <0.05) and 3.62-fold (p <0.01) compared with negative controls. In almost all variants of the experiment, mutagenesis induced by the natural water of the studied sources was at the level of a positive control, where methyl methanesulfonate (MMS) was injected intraperitoneally into laboratory animals.
Structural aberrations of chromosomes in all variants of the experiment were represented by rearrangements of chromosomal and chromatid types. Among chromosomal disorders, paired terminal deletions, centric rings, paired acentric rings are noted. Aberraions of the chromatid type were represented mainly by single terminal fragments, single acentric rings. There were also dot fragments that statistically significantly exceeded this indicator in the control variant with water. The water of all the studied sources with a high reliability induced chromatid-type disturbances characteristic of chemical mutagens. A statistically significant increase in structural mutations of the chromosomal type was observed in animals that took water from the Nurly-Arasan hot spring, the Tsyganka and Kurty rivers and the Kurty reservoir. A statistically significant increase in dot fragments was observed in animals that consumed water from the Nurly-Arasan spring, rivers Tsyganka, Esik, Ile, lake Esik, and Kapshagaysky reservoir.
Along with an increase in the frequency of chromosomal aberrations, water in most of the studied water bodies also induced genomic mutations in mice. Thus, in animals that took water from the Nurly-Arasan hot spring, the frequency of aneuploid and polyploid cells increased significantly, respectively, by 3.2 (p <0.05) and 4.1-fold (p <0.001); from river Shilik - 2.1 (p<0.001) and 2.5-fold (p <0.05); from river Tsyganka - 3.4 (p <0.001) and 3.9-fold (p <0.001); from river Kurty - 3.2 (p <0.001) and 2.9-fold (p <0.01); from the lake Esik - 2.5 (p <0.05) and 2.4-fold (p <0.05); from Pervomayskie ponds - 2.5 (p <0.05) and 2.8-fold (p <0.01); from the Kurty reservoir - 2.2 (p <0.05) and 2.5-fold (p <0.05). Water from the Esik and Ile rivers, as well as from the Kapshagai reservoir, caused a statistically significant increase in the frequency of polyploid cells, respectively by 2.3 (p <0.05), 3.4 (p <0.01) and 2.6-fold (p <0.01) compared to the negative control. In these variants, the frequency of aneuploid cells was at the control level. Water from the river Karatal significantly increased the frequency of aneuploid cells (p<0.05), while the frequency of polyploid cells was at the control level. Although the water from the Shamalgan river increased the level of genomic mutations, this increase was not statistically significant. It should be noted that the water from the rivers Shilik and Kurty induced aneuploidy in the bone marrow cells of mice with a frequency statistically significantly higher than the level induced by MMS (p<0.05). And in mice that took water from the river Tsyganka, there was an increase in both the frequency of aneuploid (p<0.05) and polyploid bone marrow cells (p<0.05) compared with the positive control.
The genotoxic activity of 12 most contaminated sources was also studied using the DNA comet assay. The cells of the liver, kidneys, spleen and bone marrow were examined. In all the cells of the studied organs of mice, which received water from various natural sources, a statistically significant increase in DNA single-strand breaks was observed compared to intact animals (Table A.13). As a result of daily intake of water for 7 days, a statistically significant increase (p<0.001) in the frequency of DNA breaks in liver cells varied from 4.61 (Pervomayskie ponds) to 5.68-fold (Nurly-Arasan hot spring) compared with intact animals, in kidney cells - from 5.27 (Pervomayskie ponds) to 6.48-fold (Tsyganka river), in spleen cells - from 4.86 (Shamalgan river) to 5.77-fold (Nurly-Arasan hot spring), in bone marrow cells - from 5.89 (Pervomayskie ponds) to 6.98-fold (Tsyganka river). There is a high correlation between the frequency of DNA breaks in bone marrow cells and the number of chromosomal aberrations per 100 metaphases, the correlation coefficient was 0.87 (p<0.001).
In mice that received daily water from different sources for 7 days, the content of lipid peroxidation products was statistically significantly higher than the control values (Table A.14). As a result of the intake of water from various sources in the experimental animals, the LOOH content in the liver increased statistically significantly (p <0.05-0.001) compared to the negative control: from the Nurly-Arasan hot spring - by 5.24-fold (p <0.001), rivers Shilik - 2.10-fold (p<0.05), Tsyganka - 4.40-fold (p<0.05), Kurty - 2.69-fold (p<0.05), Lake Esik - 4.59-fold (p<0.001), Pervomayskie ponds - 5.85-fold (p<0.001), Kurty reservoir - 3.47-fold (p<0.01), rivers Esik - 4.09-fold (p<0.01), Ile - 6.09-fold (p<0.01), Karatal - 3.71-fold (p<0.05), Shamalgan - 2.36-fold (p<0.05), Kapshagay reservoir - 2.51-fold (p<0.05). 
The content of the secondary product of malondialdehyde also increased in intoxicated mice: when drinking water from the Nurly-Arasan hot spring - 6.33-fold (p<0.01), rivers Shilik - 4.02-fold (p<0.01), Tsyganka - 4.71-fold (p<0.01),  Kurty - 4.17-fold (p<0.01), Esik - 5.27-fold (p<0.01), Ile - 5.36-fold (p<0,01), Karatal - 3.85-fold (p<0.01), Shamalgan - 4.49-fold (p<0.01), lake Esik - by 4.69-fold (p<0.001), Pervomayskie ponds - by 4.37-fold (p <0.01), reservoirs Kurty - 4.12-fold (p<0.001), Kapshagay - 3.86-fold (p<0.01).
Thus, as a result of the carried out cytogenetic and biochemical studies, it was found that water from 12 studied water sources has pronounced toxic, mutagenic and genotoxic activity. In laboratory animals that received oral natural water, there was a statistically significant increase in the frequency of aberrant cells, the number of chromosomal aberrations per 100 metaphases, and the frequency of aneu- and polyploid cells, DNA breaks. There was also a statistically significant increase in lipid peroxidation products. The results obtained indicate the presence in the investigated natural waters of chemical substances with mutagenic, genotoxic and toxic activity.

3.7 Assessment of genetic risk for organisms, including humans 
The toxic, teratogenic, genotoxic and mutagenic activity of a number of water bodies of the Almaty region and Almaty city was shown with the help of various biological methods of analysis, test systems and test objects. With the help of the WinPepi program, the possible genetic risk of the manifestation of disorders caused by the influence of contaminated surface water in a number of natural water bodies was calculated in experiments on various test systems and test objects.
When receiving water from the Nurly-Arasan hot spring, the rivers Shilik, Tsyganka, Kurty, lake Esik, Pervomayskie ponds, reservoir Kurty, rivers Esik, Ile, reservoir Kapshagay, the rivers Karatal and Shamalgan, the risk of toxic, mutagenic, genotoxic, teratogenic effects of water in the human population and the percentage of the population exposed to the risk factor were, respectively (in %): 3.91 and 49.13; 3.55 and 46.97; 4.09 and 47.87; 3.37 and 47.10; 3.82 and 48.05; 3.09 and 47.47; 3.10 and 48.66; 3.81 and 48.18; 3.85 and 49.92; 3.60 and 48.83; 3.14 and 49.38; 3.03 and 48.44.
Table A.15 shows the positive and negative responses of the test systems and test objects used in the study for toxicity, genotoxicity and mutagenicity of natural surface waters of the Almaty region and Almaty city. Comparative analysis of the level of toxic, mutagenic and genotoxic activity makes it possible to rank the studied water bodies in the following order: Nurly-Arasan hot spring> Pervomayskie ponds> river Shilik> river Kurty> river Ile> reservoir Kurty, river Tsyganka> river Osek> river Shamalgan> river Byzhy> river Aksengir> lake Esik> resrvoir Kapshagay > river Kumbel> river Karatal, spring-5> rivers Koksu, Kaskelen> river Kopa, spring-3 > river Ulken Almaty> spring-6 "Korinsky Kluchi", river Ak eshki> artesian well> river Chuzha > rivers Koldenen, Talgar> river Prokhodnaya> river Kishi Byzhy> rivers Turgen, Esik> river Balykty > river Chizhin> river Charyn> river Butak, lake Kaindy> hot spring Bakhus> river Kora> spring-1> rivers Lepsy, Kaindy> river Aksu, hot spring Khoshalik> river Targap> spring-2, river Esentai> spring-7> river Uzyn Kargaly> rivers Kishi Almaty, Kimasar> Lake Kolsay> river nameless (No.29)> spring-4.
As noted earlier, genotoxic and mutagenic factors present in the environment can increase the evolutionary level of mutation for each species and increase the genetic load in the population of living organisms, including humans. Therefore, it is very important to carry out genetic monitoring to identify the mutagenic activity of the environment.

CONCLUSION

In relation to the increase in the number and rate of entry into the environment of ecologically hazardous factors, including various chemical substances with mutagenic and genotoxic activity, the conduct of ecological and genetic monitoring of the natural environment is of particular relevance and importance. Identification of potential mutagens and carcinogens for humans is the main task of testing. In the late 60s - early 70s, the methods of studying mutagenic and carcinogenic activities did not overlap and were based on different principles. The tasks of controlling environmental pollution and developing scientific directions that would make it possible to give a comprehensive assessment of the impact of these processes on humans have become priorities.
Natural aquatic ecosystems, being a habitat for many organisms, a source of drinking water and a resource for human economic activity, are currently undergoing a powerful anthropogenic pressure. In this regard, the study of the level of pollution and the effect on genetic material is extremely relevant.
Testing for the mutagenicity of various pollutants on model objects in laboratory conditions is aimed at finding ways to reduce human contact with mutagenic factors, to prevent adverse genetic consequences if they are introduced into the environment. However, none of them separately allows obtaining data on the basis of which it would be possible to conclude about the degree of genetic danger to humans of the tested substance. The specificity of the biological object on which the action of the mutagen is studied, as well as the specificity of mutational events, dictate the need to use several biological models and testing methods [40].
In this regard, conducting toxicological and genotoxicological studies of natural waters exposed to environmental pollutants, especially in areas where humans live, is extremely important.
Samples of natural surface waters from 53 water bodies at 72 points in Ili (rivers Kurty, Aksengir, reservoir Kurty, Pervomayskie ponds), Balkash (Ile river), Talgar (rivers Talgar, Tsyganka, reservoir Kapshagay), Enbekshikazakh (the rivers Esik, Turgen, Shilik, Lake Esik, the Nurly-Arasan hot spring and river nameless and artesian well located nearby), Zhambyl (rivers Uzyn Kargaly, Targap, Kopa), Karasay (rivers Kaskelen, Shamalgan), Koksu (rivers Kishi Byzhy, Byzhy), Yeskeldinsky (the rivers Koksu, Balykty, Karatal, Kora, Chuzha, the spring "Korinsky Klyuchi"), Aksu (rivers Akeshki, Koldenen), Sarkandsky (rivers Aksu, Lepsy), Raiymbeksky (rivers Kaindy, Lake Kaindy, Kolsay, spring), Uygur (Charyn river, hot springs Bakhus and Khoshelik), Panfilovsky (rivers Ile, Osek, Chizhin, spring) districts of Almaty region and Almaty city (Kishi and Ulken rivers Almaty, Butak, Prokhodnaya, Esentai, Kumbel, Kimasar, springs).
The physicochemical parameters of natural waters, their toxic, genotoxic and mutagenic activity were studied using various physicochemical and biological methods of analysis, test systems and test objects,. The results obtained led to the following conclusions:
· the content of heavy metals in the water of the studied water bodies was determined. It is shown that, in accordance with the established MPCs, water from spring-2 is suitable for all types of water use: for drinking water, fishery purposes, household and drinking and cultural and household purposes of water use; water from the rivers Kurty, Aksengir, Tsyganka, Shilik, Kopa, Kishi Byzhy, Charyn, Chizhin, river nameless (p. No. 29), lake Esik, reservoir Kurty and hot springs Nurly-Arasan, Bakhus and Khoshalik are not suitable for all types of water use; water from the Pervomaiskiye ponds, water reservoir Kapshagay, rivers Ile, Talgar, Esik, Turgen, Prokhodnaya, Ulken Almaty, Esentai, Kishi Almaty, Kumbel, Kimasar, Butak, Kaskelen, Shamalgan, Uzyn Kargaly, Byzhy, Koksu, Balykty, Karatal, Chuzha, Kora, Ak eshki, Koldenen, Aksu, Lepsy, Kaindy, Osek, artesian well, spring-1, spring-3, spring 5-7, lakes Kolsay, Kaindy are not suitable for fishery water use, but can be used for drinking water, household and drinking water and cultural and household purposes of water use; water from the river Targap, spring-4 is only suitable for drinking water;
· water from the rivers Ile, Talgar, Esik, Turgen, Prokhodnaya, Ulken Almaty, Kumbel, Esentai, Kishi Almaty, Kimasar, Butak, Shamalgan, Kaskelen, Kishi Byzhy, Byzhy, Koksu, Karatal, Balykty, Chuzha, Kora, Ak eshki, Koldenen, Aksu, Lepsy, Kaindy, Charyn, Osek, Chizhin, river nameless (p. No. 29), lakes Esik, Kaindy, Kolsai, hot springs Nurly-Arasan, Bakhus and Khoshalik, reservoir Kapshagay, artesian well, springs significantly reduced the bioluminescent response of biosensors (pRecA, pColD, pKatG, pSoxS, pXen7), which indicates its toxicity. Shown prooxidant activity of water from the river Esik using bioluminescence test (KatG);
· In A. cepa test, the phytotoxic activity of water from the water bodies was established. Reservoirs Kurty, Kapshagay, Pervomaiskiye ponds, rivers Aksengir, Ile, Tsyganka, Talgar, Esik, Turgen, Prokhodnaya, Ulken Almaty, Kumbel, Kishi Almaty, Butak, Kopa, Shamalgan, Karatal, Chuzha, Kaindy, Charyn, Chizhin, and springs-1-5, lake Esik, hot spring Nurly-Arasan, artesian well. The genotoxic effect of water from rivers Kurty, Aksengir, Ile, Shilik, Prokhodnaya, Ulken Almaty, Kumbel, Kishi Almaty, Kimasar, Butak, Targap, Uzyn Kargaly, Shamalgan, Kaskelen, Kishi Byzhy, Koksu, Karatal, Ak eshki, Koldenen, Charyn, Osek, Chizhin, springs 1, 3, 5-7, lake Kaindy, reservoir Kapshagay;
· water of the rivers Kurty, Aksengir, Ile, Shilik, Kumbel, Esentai, Butak, Kopa, Targap, Uzyn Kargaly, Shamalgan, Kaskelen, Kishi Byzhy, Byzhy, Koksu, Karatal, Balykty, Chuzha, Koldenen, Lepsy, Charyn, Osek, Chizhin, reservoir Kurty, Pervomaiskie ponds, lake Esik, hot springs Nurly-Arasan, Bakhus, as well as spring-3 showed mutagenic activity on barley seeds, statistically significantly increasing the frequency of chromosomal aberrations in the root meristem; 
· water from the rivers Kurty, Aksengir, Tsyganka, Talgar, Esik, Shilik, Kishi Almaty, Kimasar, Butak, river nameless, reservoir Kapshagay, lake Esik, Nurly-Arasan hot spring, spring-1, spring-3 induced polyploid cells in barley seeds, the frequency of which was statistically significantly higher than the control level (Н2О), and reduced mitotic activity in seeds treated with these waters; 
· it was found that water from the rivers Shilik, Ile, Kurty, Butak, Kumbel, Tsyganka, Esentai, reservoir Kurty, spring-1, Pervomayskie Ponds decreased the proliferative activity of the cell population of the root meristem of plant test objects as compared to the negative control (water). If in the control variant the MI was 5.3%, then in the variants with the test water it was 2.1-2.4%. Apparently, in the natural water of the above sources there are pollutants that have not only genotoxic, but cytotoxic effects and are capable of suppressing mitotic activity; 
· the D. melanogaster test revealed the toxic activity of water from the river Osek, mutagenic activity (Möller-5 (Basc) test system) determined for the water of the Nurly-Arasan hot spring; 
- it was found that the survival rate of D. rerio embryos in water from the river Ile, reservoirs Kapshagay and Kurty were at the control level, which can be explained by the high volumes of flowing water. However, the surviving embryos showed a teratogenic effect, manifested in the accumulation of developmental abnormalities (28–36%). A significant embryotoxic effect (death of more 50% of embryos) was established for water from the Kopa, Koksu, Byzhy and Osek rivers, which indicates the presence of substances with an acute lethal effect in the water. Waters from rivers Talgar, Turgen, Shilik, Esik, Ulken Almaty, Tsyganka, Lepsy, Shamalgan, Karatal and Kopa, Nurly-Arasan hot spring, artesian well, lake Esik, Pervomayskie ponds showed high toxicity and teratogenicity for fish embryos at all stages of development. The most common disorder, characteristic of all the studied points, was the curvature of the spinal cord (scoliosis). A developmental anomaly, characteristic of the direct mutagen MMS, was revealed, underdevelopment of the tip of the tail section in embryos grown in the waters of the rivers Ulken Almaty, Tsyganka and Pervomaiskiye ponds;
- it was found that water from the Nurly-Arasan hot spring, the Shilik, Tsyganka, Kurty, Esik, Ile, Karatal and Shamalgan rivers, lake Esik, Pervomaiskiye ponds, Kurty and Kapshagay reservoirs caused a statistically significant increase in the frequency of aberrant cells, the number of chromosomal aberrations per 100 metaphases, and the frequency of aneu- and polyploid cells in the bone marrow of laboratory mice, as well as lipid peroxidation products (LOOH and MDA);
· it is shown that the water from the Nurly-Arasan hot spring, the Shilik, Tsyganka, Kurty, Esik, Ile, Karatal and Shamalgan rivers, Lake Esik, Pervomayskie ponds, Kurty and Kapshagay reservoirs in the cells of the liver, kidneys, spleen and bone marrow of laboratory animals statistically significantly increased single-strand DNA breaks compared to intact animals, which indicates the genotoxic activity of the water from the above water sources; 
· the results of physicochemical, microbiological, cytogenetic, molecular genetic, biochemical analysis of water on plant and animal test objects indicate the presence in the investigated natural surface waters of chemicals with mutagenic, genotoxic and toxic activity.
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Figure 1 - Studied rivers and reservoirs of Almaty region and Almaty city
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No.1 – Kopa River: coordinates: 43030'51.57'' N, 75048'40.37'' E; No.2 – Targap River: coordinates: 43019'56.91'' N, 75050'38.74'' E; 
No.3 - Aksengir River: coordinates: 43029’50.82’’ N, 76016’2.04’’ E; No.4 - Uzyn Kargaly River: coordinates: 43013'24.02'' N, 76024'5.90'' E; 
No.5 - Shamalgan River: coordinates: 43013'13.75'' N, 76031'25.69'' E; No.6 - Kaskelen River: coordinates: 43013'10.22'' N, 76038'25.49'' E; 
No.7 - Kurty River: coordinates: 43053’11.07’’ N, 76019’44.15’’ E; No.8 - Kurty Reservoir: coordinates: 43051’27.11’’ N, 76020’9.84’’ E; 
No. – Pervomayskie ponds: No.9-1, coordinates:  43023’51.86’’ N, 76054’14.92’’ E; No.9-2, coordinates:  43023’34.05’’N, 76054’4.66’’E 
Figure 2 – The location of water sampling points in the Zhambyl (No. 1 - 4), Karasay (No. 5, 6), Ile districts (No. 7-9) of Almaty region 
[image: ]

No.10 – Prokhodnaya River: coordinates: 4306’48.48’’ N, 76054’48.76’’E; No.11 – Ulken Almaty River: No.11-1 - coordinates: 4305’2.28’’ N, 76058’32.16’’ E; No.11-2 - coordinates: 43014’14.96’’ N, 76052’11.28’’E, estuary of Sairan Reservoir; No.12 - Kumbel River: coordinates: 4304’49.58’’ N, 76059’33.15’’ E; No. 13 – spring-1: coordinates:  4306’47.79’’ N, 76054’49.70’’ E, near the Prokhodnaya River; 
No.14 – spring-2: coordinates: 4305’45.13’’ N, 76057’51.65’’ E; No.15 – spring-3: coordinates:  4309’33.96’’ N, 7702’8.95’’ E, near the Batareika River; No. 16 – spring-4: coordinates:  4309’43.79’’ N, 7702’27.47’’ E, at the bus-stop Prosveschenets on the road to Medeo; 
No. 17 – Esentai River: coordinates: 43013’35.66’’ N, 76055’29.47’’ E, No.18 – Kishi Almaty River: No.18-1 - coordinates:  4309’43.22’’ N, 7703’3.02’’ E; No.18-2 - coordinates: 43010’23.91’’ N, 7701’23.98’’ E; No. 19 – Kimasar River: coordinates:  4309’43.43’’ N, 7703’54.25’’ E; 
No.20 – Butak River: No.20-1, coordinates:  43010’42.86’’ N, 7705’41.90’’ E, in the Butak Valley; No.20-2 - coordinates:  43010’59.69’’ N, 7702’25.16’’ E; No.20-3 - coordinates:  43011’21.42’’ N, 7700’1.52’’ E
Figure 3 – The location of water sampling points in Almaty city (No.10-20)
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No.21 - Kapshagay Reservoir: No.21-1 - coordinates: 43054’45.90’’ N, 7705’41.79’’ E; No.21-2, coordinates: 43053’26.72’’ N, 7706’44.61’’ E 
Figure 4 – The location of water sampling points in the Talgar (No. 21) districts of Almaty region 
[image: ]

No.22 - Tsyganka River: coordinates: 43028’9.88’’ N, 7703’13.40’’ E; No.23 - Talgar River: No.23-1, coordinates: 43017’32.89’’ N, 77013’39.70’’ E, in Talgar city; No.23-2, coordinates: 43018’15.43’’ N, 77014’13.90’’ E, in Talgar city; No.23-3, coordinates: 43024’37.05’’ N, 77015’38.72’’ E, near the Kulja highway
Figure 5 – The location of water sampling points in the Talgar (No. 22-23) districts of Almaty region 
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No.24 - Esik River: No.24-1, coordinates: 43015’5.90’’ N, 77028’48.51’’E, near Esik Lake; No.24-2, coordinates: 43022’2.16’’ N, 77026’20.07’’ E, in Esik city; No.24-3, coordinates: 43025’18.87’’ N, 77021’46.70’’ E, near the Kulja highway;  
No.25 - Esik Lake: coordinates: 43015’17.74’’ N, 77028’59.19’’ E; No.26 - Turgen River: No.26-1 - coordinates: 43016’14.98’’ N, 77044’21.39’’E; No.26-2 - coordinates: 43031’44.31’’ N, 77034’7.46’’ E, near the Almaty-Khorgos highway
Figure 6 – The location of water sampling points in the Enbekshikazakh districts (No. 24-26) of Almaty region 
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No.24 - Esik River: No.24-1, coordinates: 43015’5.90’’ N, 77028’48.51’’E; 
No.25 - Esik Lake: No.25-1 - coordinates: 43015’17.74’’ N, 77028’59.19’’ E; No.25-2 - coordinates: 43015’17.56’’ N, 77028’51.00’’ E; 
No.25-3 - coordinates: 43015’15.57’’ N, 77028’44.14’’ E; No.25-4, coordinates: 43015’12.33’’ N, 77028’49.18’’ E
Figure 7 – The location of water sampling points in the Enbekshikazakh districts (No. 24-25) of Almaty region 
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No.27 - Shilik River: coordinates: 43029’7.02’’N, 78023’24.35’’E; No.28 - Nurly-Arasan hot spring: coordinates: 43044’41.51’’ N, 78029’0.43’’E; No.29 – River nameless: coordinates: 43042’43.00’’ N, 78030’6.77’’ E, near Nurly-Arasan hot spring; 
No.30 – artesian well: coordinates: 43041’58.40’’ N, 78030’25.31’’E, near Nurly-Arasan hot spring
Figure 8 – The location of water sampling points in the Enbekshikazakh districts (No. 27-30) of Almaty region 
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No.31 - Kolsay Lake: coordinates: 42059'23.03'' N, 78019'32.15'' E; No.32 – spring-5: coordinates: 4303'7.31'' N, 78020'29.93'' E, near Saty village; No.33 – Kaindy River: coordinates: 4302'38.43'' N, 78026'14.24'' E; No.34 – Kaindy Lake: coordinates: 42059'5.96'' N, 78027'55.05''E
Figure 9 – The location of water sampling points in the Raiymbek districts (No. 31-34) of Almaty region 
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No.35 - Kishi Byzhy River: coordinates: 44036'48.48'' N, 77059'54.21'' E; No.36 - Byzhy River: coordinates: 44039'46.56''N, 7802'21.64'' E
Figure 10 – The location of water sampling points in the Koksu districts (No. 35, 36) of Almaty region 
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No.37 - Koksu River: No.37-1: coordinates: 44054'30.36'' N, 78014'18.28'' E; No.37-2: coordinates: 44054'56.30'' N, 78014'44.98'' E;
No.38 – Karatal River: No.38-1: coordinates: 44055'43.80'' N, 78028'6.23'' E; No.38-2: coordinates: 4501'0.61'' N, 78024'17.59'' E, in Taldykorgan city; No.39 - Balykty River: coordinates: 4503'26.31'' N, 78◦25'10.78'' E
Figure 11 – The location of water sampling points in the Eskeldi district (No. 37-39) of Almaty region 
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No.40 - Chuzha River: coordinates: 44051'31.52'' N, 78046'44.62'' E; No.41 – spring-6 "Korinsky klyuchi": coordinates: 44051'58.62'' N, 78047'12.87''E; No.42- Kora River: coordinates: 44051'59.87'' N, 78047'17.56'' E
Figure 12 – The location of water sampling points in the Eskeldi district (No. 40-42) of Almaty region 
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No.43 - Ak eshki River: coordinates: 45021'56.25'' N, 78037'40.51'' E; No.44 – Koldenen River: координаты 45035'37.44''N, 78034'43.91'' E; 
No.45 – Aksu River: coordinates: 45052'42.64'' N, 78043'44.06'' E; No.46 – Lepsy River: coordinates: 46013'38.65'' N, 78057'39.33'' E
Figure 13 – The location of water sampling points in the Aksu (No. 43, 44) and Sarkand districts (No. 45, 46) of Almaty region 
[image: ]

No.47 - Charyn River: coordinates: 43042'52.08'' N, 79024'53.38'' E; No.48 – Bakhus hot spring: coordinates: 43037'45.02'' N, 8002'35.58'' E; 
No.49 – Khoshalik hot spring: coordinates: 43038'14.51"N, 8004'25.99"E
Figure 14 – The location of water sampling points in the Uygur district (No. 47, 49) of Almaty region 
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No.50 – Osek River: coordinates: 4409'56.82'' N, 79058'44.31'' E; No.51 – spring-7: coordinates: 4407'34.65"N, 8007'15.16" E; 
No.52 – Chizhin River: coordinates: 4407'36.69''N, 8007'16.06'' E; No.53 - Ile River: No.53-1: coordinates: 43057'58.30'' N, 79036'28.11'' E;
Figure 15 – The location of water sampling points in the Panfilov district (No. 50-53) of Almaty region
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No.53 - Ile River: No.53-2 - coordinates: 43055’7.38’’N, 7705’49.99’’E; No.53-3, coordinates: 44034’34.34’’N, 76038’4.49’’E; 
No.53-4, coordinates: 44047’43.95’’N, 76016’34.89’’E, near Bakanas village 
Figure 16 – The location of water sampling points in the Balkash district (No. 53) of Almaty region 
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Figure 17 - Sampling and measurement of physical parameters of natural waters of Almaty region and Almaty city 


Table 1 - Physical parameters of water samples from water bodies of Almaty region and Almaty city
	Water samples
	t (0С)
	рН
	ORP (mv)
	TDS (ppm)
	EC (μSм/sm)
	DO (mg/L)

	1
	2
	3
	4
	5
	6
	7

	Zhambyl district

	Kopa River, No.1
	17.0
	6.3
	165
	2015
	4030
	3.5

	Targap River, No.2
	15.0
	6.4
	183
	584
	1150
	4.3

	Aksengir River, No.3
	15.0
	6.5
	129
	340
	680
	8.9

	Uzyn Kargaly River, No.4
	15.0
	6.3
	193
	117
	240
	2.6

	Karasay district

	Shamalgan River, No.5
	11.0
	6.3
	208
	101
	206
	2.9

	Kaskelen River, No.6
	10.0
	6.3
	345
	142
	284
	3.8

	Ile district

	Kurty River, No.7
	9.2
	6.6
	140
	910
	1820
	8.9

	Kurty Reservoir, No.8
	15.4
	5.8
	144
	675
	1350
	8.9

	Pervomayskie ponds, No. 9-1
	17.0
	6.6
	234
	255
	532
	8.8

	Pervomayskie ponds, No. 9-2
	17.8
	6.0
	193
	265
	530
	4.5

	Almaty city

	Prokhodnaya River, No.10
	10.8
	5.5
	148
	45
	90
	3.0

	Ulken Almaty River, No.11-1
	8.4
	6.5
	142
	37
	74
	2.2

	Ulken Almaty River, No.11-2
	12.8
	6.4
	145
	47
	94
	2.2

	Kumbel River, No.12
	3.4
	5.8
	148
	27
	54
	1.3

	spring-1, No.13
	9.8
	5.8
	155
	365
	580
	2.6

	spring-2, No.14
	4.2
	6.4
	153
	45
	90
	2.3

	spring-3, No.15
	4.4
	6.5
	158
	181
	362
	2.8

	spring-4, No.16
	2.8
	6.0
	167
	191
	398
	2.7

	Esentai River, No.17
	11.0
	6.6
	208
	127
	246
	1.8

	Kishi Almaty River, No.18-1
	2.8
	6.6
	116
	38
	74
	2.0

	Kishi Almaty River, No.18-2
	5.4
	6.7
	149
	118
	246
	4.3

	Kimasar River, No.19
	3.8
	6.6
	160
	36
	70
	2.6

	Butak River, No.20-1
	2.4
	6.5
	143
	27
	54
	2.8

	Butak River, No.20-2
	5.4
	7.3
	136
	45
	90
	2.7

	Butak River, No.20-3
	6.8
	6.5
	136
	120
	228
	2.8

	Talgar district

	

	

	Continuation of Table 1

	1
	2
	3
	4
	5
	6
	7

	Kapshagay Reservoir, No.21-1
	9.6
	7.9
	120
	290
	598
	8.9

	Kapshagay Reservoir, No.21-2
	9.6
	6.7
	136
	280
	560
	8.8

	Tsyganka River, No.22
	13.8
	4.6
	158
	416
	832
	2.2

	Talgar River, No.23-1
	4.0
	6.1
	121
	94
	192
	5.4

	Talgar River, No.23-2
	4.0
	5.6
	119
	90
	186
	4.1

	Talgar River, No.23-3
	15.0
	6.6
	116
	85
	170
	1.7

	Enbekshikazakh district

	Esik River, No.24-1
	6.0
	5.5
	93.0
	91
	178
	7.9

	Esik River, No.24-2
	4.0
	5.0
	96.0
	85
	163
	5.7

	Esik River, No.24-3
	22.4
	6.7
	80.0
	79
	158
	2.7

	Esik Lake, No.25-1 
	5.0
	5.0
	101.0
	132
	278
	5.8

	Esik Lake, No.25-2
	5.0
	5.0
	110.0
	130
	268
	5.5

	Esik Lake, No.25-3
	3.0
	6.0
	119.0
	129
	375
	5.7

	Esik Lake, No.25-4
	4.0
	5.5
	98.0
	105
	295
	5.7

	Turgen River, No.26-1
	4.0
	5.6
	89.0
	111
	132
	3.2

	Turgen River, No.26-2
	7.0
	5.7
	79.0
	87
	143
	5.4

	Shilik River, No.27
	16.0
	5.0
	90.0
	81
	158
	2.7

	Nurly-Arasan hot spring, No.28
	40.0
	7.6
	140
	680
	1550
	1.9

	River nameless, No.29
	6.0
	5.5
	90.0
	81
	158
	5.7

	artesian well, No.30
	5.0
	5.7
	150
	161
	352
	6.8

	Raiymbek district

	Kolsay Lake, No.31
	10.0
	6.4
	146
	98
	210
	2.0

	spring-5, No.32
	10.0
	6.4
	151
	139
	318
	2.0

	Kaindy River, No.33
	10.0
	6.4
	206
	213
	426
	2.5

	Kaindy Lake, No.34
	10.0
	6.3
	156
	196
	392
	2.3

	Koksu district

	Kishi Byzhy River, No.35
	12.2
	6.5
	210
	1038
	2170
	6.0

	Byzhy River, No.36
	11.8
	6.2
	144
	332
	642
	3.7

	Eskeldi district

	Koksu River, No.37-1
	11.8
	6.2
	153
	95
	196
	2.1

	Koksu River, No.37-2
	11.8
	5.9
	157
	98
	184
	2.1

	Karatal River, No.38-1
	5.0
	5.9
	145
	76
	152
	1.7

	
	
	
	
	
	
	

	Continuation of Table 1

	1
	2
	3
	4
	5
	6
	7

	Karatal River, No.38-2
	10.6
	5.9
	163
	92
	184
	1.8

	Balykty River, No.39
	5.8
	6.0
	158
	197
	370
	2.4

	Chuzha River, No.40
	7.6
	5.0
	139
	48
	96
	0.9

	spring-6 "Korinskie klyuchi", No.41
	9.6
	6.0
	149
	84
	170
	0.9

	Kora River, No.42
	6.6
	6.3
	137
	71
	154
	0.95

	Aksu district

	Ak eshki River, No.43
	11.8
	6.5
	129
	260
	554
	5.0

	Koldenen River, No.44
	21
	5.9
	164
	475
	960
	5.1

	Sarkand district

	Aksu River, No.45
	20.8
	6.0
	147
	220
	440
	2.8

	Lepsy River, No.46
	20.2
	6.0
	160
	190
	378
	3.1

	Uygur district

	Charyn River, No.47
	16.7
	6.4
	226
	507
	1014
	4.4

	Bakhus hot spring, No.48
	31.7
	5.8
	178
	974
	2022
	3.7

	Khoshalik hot spring, No.49
	33.8
	5.9
	168
	711
	1422
	3.9

	Panfilov district

	Osek River, No.50
	17.7
	6.3
	130
	193
	388
	3.1

	spring-7, No.51
	18
	5.8
	174
	215
	430
	4.3

	Chizhin River, No.52
	24.7
	6.0
	155
	740
	1480
	3.9

	Ile River, No. 53-1
	18.8
	6.0
	169
	261
	526
	5.2

	Balkash district

	Ile River, No.53-2
	8.0
	7.0
	130
	297
	560
	8.8

	Ile River, No.53-3
	8.6
	5.9
	143
	298
	596
	8.9

	Ile River, No.53-4
	10.2
	5.8
	146
	281
	562
	8.9

	Standard
	-
	6.0-9.0
	+80.0-300.0 
	50.0-150.0 
	100.0- 1200.0 
	7.0-9.0 

	Note: t - temperature, ORP – oxidation-redox potential, TDS - total dissolved solids, EC - electrical conductivity, DO - dissolved oxygen in water





Таблица 2 – Content of heavy metals (mg/dm3) in water samples of Almaty region and Almaty city
	Water samples
	Ni
	Mn
	Co
	Pb
	Cr
	Fe
	Zn
	Cu
	Cd

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Zhambyl district

	Kopa River, No.1
	0.0253±
0.0002*◊
	0.0127± 0.0001*
	0.0273±
0.0004*
	0.0290±
0.0002*◊
	0.0804±
0.0007•*◊
	0.0322±
0.0006 
	0.0203±
0.0004*
	0.0047±
0.0001*
	0.0036±
0.0001•◊

	Targap River, No.2
	0.0050±
0.0006
	0.0091±
0.0004 
	0.0044±
0.0001 
	0.0101±
0.0009*◊
	0.0381±
0.0007*
	0.0455±
0.0010 
	0.0155±
0.0008*
	0.0029±
0.0009*
	0.0008±
0.0001

	Aksengir River, No.3
	0.0022± 0.0001
	0.0137± 0.0001*
	0.0071± 0.0002
	0.0059± 0.0001
	0.0054± 0.0001
	0.0193± 0.0002
	0.0085± 0.0001
	0.0011± 0.0001*
	0.0010± 0.0001•◊

	Uzyn Kargaly River, No.4
	0.0011±
0.0001 
	0.0136±
0.0008* 
	0.0016±
0.0001 
	0.0025±
0.0002
	0.0172±
0.0007
	0.0689±
0.0014
	0.0122±
0.0011*
	0.0018±
0.0005*
	0.0001±
0.0000

	Karasay district

	Shamalgan River, No.5
	0.0017± 
0.0001
	0.0136±
0.0005*
	0.0074±
0.0004 
	0.0036±
0.0007
	0.0114±
0.0012
	0.0933±
0.0014
	0.0209±
0.0011*
	0.0013±
0.0001*
	0.0004±
0.0001

	Kaskelen River, No.6
	0.0014±
0.0003
	0.0004±
0.0001 
	0.0053± 
0.0006
	0.0006±
0.0001 
	0.0127± 
0.0011
	0.0623±
0.0015 
	0.0010± 
0.0001
	0.0016± 
0.0003*
	0.0001±
0.0000

	Ile district

	Kurty River, No.7
	0.0070± 0.0001
	0.0091± 0.0001
	0.0108± 0.0002*
	0.0160± 0.0002*◊
	0.0168± 0.0002
	0.0103± 0.0002
	0.0168± 0.0002*
	0.0023± 0.0001*
	0.0024± 0.0002•◊

	Kurty Reservoir, No.8
	0.0133± 0.0002*
	0.0105± 0.0003*
	0.0043± 0.0001
	0.0093± 0.0001*
	0.0147± 0.0002
	0.0133± 0.0001
	0.0400± 0.0002*
	0.0015± 0.0001*
	0.0012± 0.0001•◊

	
	
	
	
	
	
	
	
	
	

	Continuation of Table 2

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Pervomayskie ponds, No. 9-1
	0.0052± 0.0003
	0.0477± 0.0018*
	0.0035± 0.0003
	0.0074± 0.0001*
	0.0095± 0.0001
	0.0362± 0.0001
	0.0133± 0.0002*
	0.0010± 0.0000*
	0.0007± 0.0000

	Pervomayskie ponds, No. 9-2
	0.0038 ±0.0002
	0.0537± 0.0017*
	0.0017± 0.0003
	0.0077± 0.0001*
	0.0073± 0.0002
	0.0322± 0.0006
	0.0102± 0.0004*
	0.0011± 0.0001*
	0.0008± 0.0000

	Almaty city

	Prokhodnaya River, No.10
	0.0009±
0.0001
	0.0144± 0.0002*
	0.0016± 0.0003
	0.0043± 0.0003
	0.0032± 0.0001
	0.0097± 0.0001
	0.0126± 0.0001*
	0.0006± 0.0001
	0.0004± 0.0000

	Ulken Almaty River, No.11-1 
	0.0012±
0.0002
	0.0214± 0.0002*
	0.0038± 0.0002
	0.0018± 0.0001
	0.0035± 0.0002
	0.0316± 0.0001
	0.0830± 0.0001*
	0.0009± 0.0000
	0.0005± 0.0001

	Ulken Almaty River, No.11-2 
	0.0019±
0.0003
	0.0185± 0.0014*
	0.0025± 0.0004
	0.0040± 0.0001
	0.0052± 0.0001
	0.0337± 0.0002
	0.0767± 0.0001*
	0.0007± 0.0000
	0.0004± 0.0000

	Kumbel River, No.12
	0.0007±
0.0001
	0.0186± 0.0014*
	0.0046± 0.0002
	0.0047± 0.0001
	0.0038± 0.0001
	0.0424± 0.0001
	0.0153± 0.0002*
	0.0004± 0.0001
	0.0004± 0.0002

	Spring-1, No.13 
	0.0026±
0.0002
	0.0095± 0.0003
	0.0018± 0.0002
	0.0096± 0.0002*
	0.0093± 0.0001
	0.0106± 0.0003
	0.0083± 0.0003
	0.0006± 0.0000
	0.0009± 0.0001

	Spring-2, No.14 
	0.0009±
0.0001
	0.0096± 0.0001
	0.0014± 0.0001
	0.0050± 0.0001
	0.0037± 0.0001
	0.0040± 0.0001
	0.0025± 0.0002
	0.0004± 0.0001
	0.0004± 0.0001

	Spring-3, No.15 
	0.0030±
0.0001
	0.0094± 0.0001
	0.0005± 0.0001
	0.0078± 0.0002*
	0.0104± 0.003
	0.0034± 0.0001
	0.0065± 0.0001
	0.0006± 0.0001
	0.0006± 0.0001
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	2
	3
	4
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	Spring-4, No.16 
	0.0029±
0.0001
	0.0067± 0.0001
	0.0004± 0.0000
	0.0106± 0.0003*◊
	0.0077± 0.0002
	0.0125± 0.0001
	0.0257± 0.0002*
	0.0007± 0.0001
	0.0007± 0.0001

	Esentai River, No.17
	0.0013±
0.0002
	0.0212± 0.0011*
	0.0031± 0.0003
	0.0045± 0.0002
	0.0054± 0.0001
	0.0783± 0.0002
	0.0106± 0.0003*
	0.0006± 0.0001
	0.0004± 0.0000

	Kishi Almaty River, No.18-1
	0.0004± 0.0000
	0.0312± 0.0020*
	0.0006± 0.0001
	0.0054± 0.0004
	0.0052± 0.0001
	0.0754± 0.0003
	0.0168± 0.0003*
	0.0006± 0.0001
	0.0004± 0.0000

	Kishi Almaty River, No.18-2
	0.0007± 0.0001
	0.0111± 0.0002*
	0.0017± 0.0001
	0.0087± 0.0001*
	0.0012± 0.0001
	0.0459± 0.0002
	0.0198± 0.0002*
	0.0007± 0.0000
	0.0006± 0.0001

	Kimasar River, No.19
	0.0006± 0.0001
	0.0205± 0.0012*
	0.0044± 0.0003
	0.0046± 0.0002
	0.0046± 0.0002
	0.0765± 0.0002
	0.0104± 0.0004*
	0.0006± 0.0002
	0.0003± 0.0001

	Butak River, No.20-1 
	0.0016±
0.0002
	0.0137± 0.0002*
	0.0005± 0.0001
	0.0044± 0.0001
	0.0074± 0.0001
	0.0613± 0.0001
	0.0317± 0.0001*
	0.0006± 0.0000
	0.0003± 0.0001

	Butak River, No.20-2 
	0.0009± 0.0001
	0.0157± 0.0001*
	0.0016± 0.0004
	0.0054± 0.0001
	0.0077± 0.0001
	0.0423± 0.0002
	0.0234± 0.0003*
	0.0006± 0.0001
	0.0009± 0.0001

	Butak River, No.20-3 
	0.0017± 0.0002
	0.0149± 0.0001*
	0.0072± 0.0001
	0.0055± 0.0003
	0.0120± 0.0002
	0.0391± 0.0002
	0.0192± 0.0002*
	0.0008± 0.0000
	0.0002± 0.0001

	Talgar district

	Kapshagay Reservoir, No.21-1 
	0.0017±
0.0001
	0.0114± 0.0002*
	0.0031± 0.0001
	0.0088± 0.0002*
	0.0039± 0.0001
	0.0027± 0.0001
	0.0059± 0.0001
	0.0011± 0.0002*
	0.0006± 0.0001
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	2
	3
	4
	5
	6
	7
	8
	9
	

	Kapshagay Reservoir, No.21-2 
	0.0022±
0.0002
	0.0078± 0.0001
	0.0035± 0.0001
	0.0087± 0.0001*
	0.0035± 0.0002
	0.0024± 0.0001
	0.0107± 0.0002*
	0.0011± 0.0001*
	0.0008± 0.0001

	Tsyganka River, No.22 
	0.0033±
0.0002
	0.0476± 0.0028*
	0.0029± 0.0001
	0.0089± 0.0002*
	0.0092± 0.0001
	0.0342± 0.0003
	0.0178± 0.0003*
	0.0032± 0.0002*
	0.0035± 0.0003•◊

	Talgar River, No.23-1
	0.0007±
0.0001
	0.0098± 0.0002
	0.0011± 0.0001
	0.0103± 0.0004*◊
	0.0018± 0.0001
	0.0075± 0.0002
	0.0028± 0.0001
	0.0010±
0.0002*
	0.0002± 0.0000

	Talgar River, No.23-2 
	0.0010±
0.0002
	0.0144± 0.0019*
	0.0036± 0.0002
	0.0080± 0.0004*
	0.0017± 0.0002
	0.0123± 0.0002
	0.0019± 0.0001
	0.0006±
0.0001
	0.0004± 0.0001

	Talgar River, No.23-3 
	0.0030±
0.0004
	0.0369± 0.0004*
	0.0035± 0.0002
	0.0096± 0.0001*
	0.0048± 0.0002
	0.0634± 0.0002
	0.0623± 0.0003*
	0.0028± 0.0003*
	0.0006± 0.0001

	Enbekshikazakh district

	Esik River, No.24-1
	0.0071±
0.0004
	0.0096± 0.0002
	0.0017± 0.0002
	0.0040± 0.0002
	0.0034± 0.0002
	0.0046± 0.0001
	0.0102± 0.0001*
	0.0003±
0.0001
	0.0002± 0.0000

	Esik River, No.24-2
	0.0024±
0.0002
	0.0132± 0.0002*
	0.0020± 0.0002
	0.0059± 0.0002
	0.0082± 0.0002
	0.0338± 0.0002
	0.0350± 0.0001*
	0.0006± 0.0001
	0.0006± 0.0001

	Esik River, No.24-3
	0.0014±
0.0003
	0.0152± 0.0003*
	0.0035± 0.0003
	0.0084± 0.0001*
	0.0034± 0.0002
	0.0263± 0.0002
	0.0371± 0.0003*
	0.0006± 0.0001
	0.0004± 0.0000

	Esik Lake, No.25-1
	0.0003±
0.0001
	0.0195± 0.0013*
	0.0037± 0.0001
	0.0025± 0.0002
	0.0026± 0.0002
	0.0064± 0.0001
	0.0058± 0.0001
	0.0003± 0.0001
	0.0003± 0.0001
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	Esik Lake, No.25-2
	0.0006±
0.0001
	0.0188± 0.0002*
	0.0015± 0.0002
	0.0047± 0.0001
	0.0021± 0.0001
	0.0056± 0.0001
	0.0063± 0.0001
	0.0009± 0.0001
	0.0003± 0.0001

	Esik Lake, No.25-3 
	0.0012±
0.0002
	0.0296± 0.0003*
	0.0021± 0.0002
	0.0069± 0.0003*
	0.0020± 0.0001
	0.0058± 0.0001
	0.0106± 0.0001*
	0.0008± 0.0001
	0.0004± 0.0000

	Esik Lake, No.25-4 
	0.0020±
0.0004
	0.0187± 0.0002
	0.0019± 0.0001
	0.0055± 0.0001
	0.0030± 0.0001
	0.0051± 0.0001
	0.0070± 0.0001
	0.0006± 0.0001
	0.0013± 0.0001•*◊

	Turgen River, No.26-1
	0.0008±
0.0000
	0.0728±
0.0002*
	0.0030± 0.0002
	0.0060± 0.0003*
	0.0050± 0.0002
	0.0134± 0.0001
	0.0051± 0.0003
	0.0004± 0.0000
	0.0004± 0.0001

	Turgen River, No.26-2
	0.0014±
0.0001
	0.0336± 0.0003*
	0.0022± 0.0001
	0.0064± 0.0001*
	0.0045± 0.0002
	0.0176± 0.0001
	0.0153± 0.0002*
	0.0007± 0.0001
	0.0004± 0.0001

	Shilik River, No.27 
	0.0007±
0.0002
	0.0141± 0.0003*
	0.0040± 0.0001
	0.0051± 0.0004
	0.0118± 0.0001
	0.0091± 0.0001
	0.0036± 0.0002
	0.0004± 0.0001
	0.0041± 0.0001•*◊

	Nurly-Arasan hot spring, No.28 
	0.0918±
0.0025*
	0.0834± 0.0006*
	0.0381± 0.0034*
	0.0355± 0.0002•*◊
	0.0854± 0.0003•*◊
	0.0371± 0.0001
	0.0339± 0.0002*
	0.0059± 0.0002*
	0.0091± 0.0012•*◊

	River nameless, No.29 
	0.0073±
0.0004
	0.0366± 0.0004*
	0.0028± 0.0001
	0.0121± 0.0002*◊
	0.0110± 0.0002
	0.0218± 0.0001
	0.0093± 0.0001
	0.0007± 0.0001
	0.0011± 0.0002•*◊

	Artesian well, No.30 
	0.0011±
0.0001
	0.0120± 0.0004*
	0.0018± 0.0003
	0.0057± 0.0001
	0.0082± 0.0001
	0.0222± 0.0002
	0.0136± 0.0001*
	0.0007± 0.0001
	0.0005± 0.0000

	Raiymbek district
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	Kolsay Lake, No.31 
	0.0014± 
0.0003
	0.0065±
0.0008  
	0.0014±
0.0004 
	0.0037± 
0.0008
	0.0146± 
0.0005
	0.0011± 0.0002  
	0.0083± 
0.0004
	0.0011± 
0.0004*
	0.0001± 0.0000

	spring-5, No.32 
	0.0018±
0.0005  
	0.0064± 
0.0004
	0.0018± 0.0001 
	0.0058± 
0.0001
	0.0215± 
0.0003*
	0.0371±
0.0011
	0.0116±
0.0004*
	0.0013± 
0.0003*
	0.0004± 
0.0001

	Kaindy River, No.33 
	0.0019±
0.0004  
	0.0040± 
0.0008
	0.0041±
0.0005  
	0.0050± 
0.0008
	0.0343± 
0.0003*
	0.0042±
0.0004  
	0.0087± 
0.0008
	0.0009± 
0.0001
	0.0000± 
0.0000

	Kaindy Lake, No.34
	0.0025±
0.0003 
	0.0050±
0.0009 
	0.0028±
0.0002  
	0.0063±
0.0004*
	0.0249± 
0.0011*
	0.0018±
0.0002  
	0.0071± 
0.0009
	0.0013±
0.0002*
	0.0005± 
0.0000

	Koksu district

	Kishi Byzhy River, No.35 
	0.0099± 
0.0005
	0.0048±
0.0004 
	0.0070±
0.0003 
	0.0073± 
0.0004*
	0.0371±
0.0009*
	0.0107±
0.0005 
	0.0100±
0.0010*
	0.0033± 
0.0005*
	0.0013± 
0.0002•◊

	Byzhy River, No.36 
	0.0031± 
0.0006
	0.0031±
0.0004 
	0.0025±
0.0002 
	0.0054±
0.0008
	0.0215±
0.0009*
	0.0148±
0.0007 
	0.0093± 
0.0005
	0.0018±
0.0002* 
	0.0005±
0.0001

	Eskeldi district

	Koksu River, No.37-1
	0.0018± 
0.0005
	0.0037±
0.0003 
	0.0015±
0.0004 
	0.0019±
0.0005 
	0.0015± 
0.0002
	0.0607±
0.0015 
	0.0037±
0.0005 
	0.0017±
0.0002*
	0.0002± 
0.0000

	Koksu River, No.37-2
	0.0026±
0.0001
	0.0083±
0.0005 
	0.0012±
0.0002 
	0.0048± 
0.0005
	0.0192± 
0.0015
	0.2841±
0.0012 
	0.0093±
0.0011 
	0.0020± 
0.0005*
	0.0004± 
0.0001

	Karatal River, No.38-1
	0.0017±
0.0005 
	0.0112±
0.0014 
	0.0014±
0.0005 
	0.0028±
0.0002 
	0.0198± 
0.0012
	0.0996±
0.0018 
	0.0170± 
0.0002*
	0.0017± 
0.0002*
	0.0002± 
0.0000
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	Karatal River, No.38-2
	0.0007±
0.0001 
	0.0157±
0.0013 
	0.0016±
0.0002 
	0.0058± 
0.0005
	0.0204±
0.0004*
	0.1283±
0.0013 
	0.0124± 
0.0005*
	0.0014± 
0.0001*
	0.0003± 
0.0000

	Balykty River, No.39 
	0.0014±
0.0004 
	0.0035± 
0.0005
	0.0014± 
0.0005
	0.0007±
0.0001 
	0.0186±
0.0014
	0.0297± 
0.0018
	0.0029± 
0.0004
	0.0011± 
0.0002*
	0.0002± 
0.0001

	Chuzha River, No.40
	0.0014±
0.0005
	0.0044±
0.0002 
	0.0009±
0.0004 
	0.0025± 
0.0003
	0.0072± 
0.0004
	0.1590±
0.0003 
	0.0180± 
0.0009*
	0.0015±
0.0003*
	0.0002± 
0.0001

	spring-6 "Korinskie klyuchi", No.41
	0.0018±
0.0005 
	0.0070±
0.0003 
	0.0015±
0.0003 
	0.0069± 
0.0004*
	0.0252± 
0.0003*
	0.0051±
0.0009 
	0.0046± 
0.0004
	0.0008± 
0.0001
	0.0003±
0.0000 

	Kora River, No.42
	0.0020±
0.0003 
	0.0029±
0.0001 
	0.0012±
0.0003 
	0.0022± 0.0009
	0.0229± 
0.0009*
	0.0572± 0.0012 
	0.0058± 
0.0009
	0.0011± 
0.0001*
	0.0001± 
0.0000

	Aksu district

	Ak eshki River, No.43
	0.0018±
0.0004  
	0.0064±
0.0008 
	0.0023±
0.0003 
	0.0043± 
0.0001
	0.0086±
0.0004
	0.0191±
0.0009 
	0.0151± 
0.0003*
	0.0027± 
0.0004*
	0.0004± 
0.0001

	Koldenen River, No.44
	0.0046±
0.0008  
	0.0030±
0.0003 
	0.0041±
0.0009 
	0.0034±
0.0004
	0.0272± 
0.0003*
	0.0202±
0.0012  
	0.0103±
0.0009*
	0.0038± 
0.0008*
	0.0007± 
0.0000

	Sarkand district

	Aksu River, No.45
	0.0027±
0.0001  
	0.0068±
0.0008  
	0.0028± 0.0003 
	0.0047± 
0.0009
	0.0257± 
0.0012*
	0.0170±
0.0009 
	0.0058± 
0.0008
	0.0028± 
0.0002*
	0.0004± 
0.0001

	Lepsy River, No.46
	0.0022±
0.0004  
	0.0042±
0.0008  
	0.0018± 0.0002 
	0.0058±
0.0004
	0.0229± 
0.0002*
	0.0220±
0.0005 
	0.0065± 
0.0005
	0.0022±
0.0004*
	0.0004± 
0.0001
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	Uygur district

	Charyn River, No.47
	0.0054±
0.0005  
	0.0032± 
0.0008
	0.0048±
0.0009 
	0.0081± 
0.0005*
	0.0412± 
0.0003*
	0.0136±
0.0005  
	0.0084±
0.0008  
	0.0018± 
0.0004*
	0.0010± 
0.0002•◊

	Bakhus hot spring, No.48 
	0.0112±
0.0011* 
	0.0045±
0.0009 
	0.0086±
0.0003 
	0.0121± 
0.0009*◊
	0.0535± 
0.0004•*◊
	0.0144±
0.0008  
	0.0177±
0.0011*
	0.0024±
0.0002*
	0.0016± 
0.0002•◊

	Khoshalik hot spring, No.49
	0.0118±
0.0004*
	0.0059±
0.0003 
	0.123± 0.0006•*◊
	0.0122± 
0.0004*◊
	0.0613± 
0.0011•*◊
	0.0213±
0.0009 
	0.0177±
0.0003*
	0.0027± 0.0009*
	0.0018± 
0.0003•◊

	Panfilov district

	Osek River, No.50
	0.0024±
0.0006  
	0.0070±
0.0014 
	0.0044±
0.0001 
	0.0094± 
0.0005*
	0.0329± 
0.0014*
	0.0562±
0.0005 
	0.0133± 
0.0014*
	0.0019± 
0.0005*
	0.0005± 
0.0002

	spring-7, No.51 
	0.0021±
0.0006 
	0.0029± 
0.0002
	0.0023±
0.0005 
	0.0054±
0.0006  
	0.0215± 
0.0006*
	0.0138±
0.0014 
	0.0110± 0.0006*
	0.0014± 
0.0002*
	0.0004± 
0.0001

	Chizhin River, No.52 
	0.0058±
0.0005 
	0.0044±
0.0004 
	0.0053± 
0.0002
	0.0102± 0.0006*◊
	0.0427±
0.0007*
	0.0229±
0.0006  
	0.0231±
0.0005*
	0.0030± 
0.0002*
	0.0011± 
0.0002•◊

	Ile River, No. 53-1 
	0.0034± 
0.0001
	0.0029±
0.0006 
	0.0025±
0.0002 
	0.0065± 0.0006*
	0.0300± 
0.0007*
	0.0180±
0.0014 
	0.0081±
0.0006 
	0.0031±
0.0002*
	0.0004± 0.0001

	Balkash district

	Ile River, No.53-2 
	0.0016± 0.0001
	0.0077± 0.0001
	0.0025± 0.0002
	0.0062± 0.0002*
	0.0044± 0.0001
	0.0036± 0.0001
	0.0072± 0.0001
	0.0007± 0.0001
	0.0005± 0.0000
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	Ile River, No.53-3 
	0.0016± 0.0001
	0.0079± 0.0001
	0.0026± 0.0001
	0.0063± 0.0001*
	0.0038± 0.0001
	0.0037± 0.0001
	0.0060± 0.0002
	0.0008± 0.0000
	0.0006± 0.0001

	Ile River, No.53-4
	0.0021± 0.0001
	0.0105± 0.0003*
	0.0021± 0.0002
	0.0078± 0.0001*
	0.0049± 0.0001
	0.0044± 0.0001
	0.0051± 0.0001
	0.0006± 0.0001
	0.0005± 0.0000

	MPCdw
	0.1
	0.1
	0.1
	0.03
	0.05
	0.3
	5.0
	1.0
	0.001

	MPCfr
	0.01
	0.01
	0.01
	0.006
	0.02
	0.1
	0.01
	0.001
	0.005

	MPCdom
	0.02
	0.1
	0.1
	0.01
	0.05
	0.3
	1.0
	1.0
	0.001

	Note: MPCdw - maximum permissible concentration for drinking water, MPCfr – MPC of water for fishery reservoirs, MPCdom – MPC of water for water sources, domestic and drinking water supply, places of cultural and domestic water use;
• - exceeds or at the level of MPCdw, * - exceeds or at the level of MPCfr, ◊ - exceeds or at the level of MPCdom 



Table 3 - The effect of water samples (2018) on the luminescence of bacteria E. coli MG1655 (pRecA-lux) and E. coli MG1655 (pColD-lux) strain (genotoxic activity)
	Water samples
	E. coli MG1655 (pRecA-lux)
	E. coli MG1655 (pColD-lux)

	
	Luminescence, RLU
	Induction
factor
	ТI, %
	Activity
	Luminescence, RLU
	Induction
factor
	ТI, %
	Activity

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Distilled water
	19742.37±967.28
	
	
	
	533.84±38.35
	
	
	

	4-NQO
	111819.60±4601.19***
	5.66
	
	GА
	20151.74±4152.37***
	37.75
	
	GА

	Zhambyl district

	Aksengir River, No.3
	23316.75±2156.91
	1.18
	-
	NА
	431.57±55.60
	0.81
	19.16
	NА
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	Ile district

	Kurty River, No.7
	18686.54±3196.75
	0.95
	5.35
	NА
	468.67±52.66
	0.88
	12.21
	NА

	Kurty Reservoir, No.8
	19570.63±1718.50
	0.99
	0.87
	NА 
	429.46±65.37
	0.80
	19.55
	NА

	Pervomayskie ponds, No. 9-1
	22406.25±1128.63
	1.13
	-
	NА 
	516.33±25.39
	0.97
	3.28
	NА

	Pervomayskie ponds, No. 9-2
	21515.33±972.66
	1.09
	-
	NА
	518.58±27.31
	0.97
	2.86
	NА

	Almaty city

	Prokhodnaya River , No.10
	15583.13±454.89***
	0.79
	21.07
	РТ
	388.29±31.99**
	0.73
	27.26
	PТ

	Ulken Almaty River, No.11-1
	15.312.71±168.18***
	0.78
	22.44
	РТ
	410.00±40.25*
	0.77
	23.20
	PТ

	Ulken Almaty River, No.11-2
	16301.63±503.46**
	0.83
	17.43
	PТ
	433.29±22.29*
	0.81
	18.84
	PТ

	Kumbel River, No.12
	15335.29±510.81***
	0.78
	22.32
	PТ
	395.38±36.11*
	0.74
	25.94
	PТ

	Spring-1, No.13
	15847.13±965.23*
	0.80
	19.73
	PТ
	391.29±40.27*
	0.73
	26.70
	PТ

	Spring-2, No.14
	15591.25±746.46**
	0.79
	21.03
	PТ
	419.63±36.00*
	0.79
	21.40
	PТ

	Spring-3, No.15
	17695.00±2656.14
	0.90
	10.37
	NА
	396.69±42.06*
	0.74
	25.69
	PТ

	Spring-4, No.16
	17887.88±2704.90
	0.91
	9.39
	NА
	404.59±57.10
	0.76
	24.21
	PТ

	Esentai River, No.17
	15696.63±504.93*
	0.80
	20.49
	PТ
	439.08±59.19
	0.82
	17.75
	NА

	Kishi Almaty River, No.18-1
	18541.58±2692.46
	0.94
	6.08
	NА
	421.25±46.36
	0.79
	21.09
	PТ

	Kishi Almaty River, No.18-2
	17711.92±2944.52
	0.90
	10.28
	NА
	391.16±56.10
	0.73
	26.73
	PТ

	Kimasar River, 195
	18306.75±2695.82
	0.93
	7.27
	NА
	411.88±48.13
	0.77
	22.85
	PТ

	Butak River, No.20-1
	19469.17±3290.37
	0.99
	1.38
	NА
	432.28±55.27
	0.81
	19.02
	NА

	Continuation of Table 3

	1
	2
	3
	4
	5
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	Butak River, No.20-2
	19457.71±3150.42
	0.99
	1.44
	NА
	468.34±49.51
	0.88
	12.27
	NА

	Butak River, No.20-3
	17487.00±2519.08
	0.89
	11.42
	NА
	413.47±37.73
	0.77
	22.55
	PТ

	Talgar district

	Kapshagay Reservoir, No.21-1
	18657.79±3547.12
	0.95
	5.49
	NА
	412.54±56.31*
	0.77
	22.72
	PТ

	Kapshagay Reservoir, No.21-2
	19640.46±3987.44
	0.99
	0.52
	NА
	423.38±54.08*
	0.79
	20.69
	PТ

	Tsyganka River, No.22 
	20832.58±1211.42
	1.06
	-
	NА
	538.17±21.95
	1.01
	-
	NА

	Talgar River,No.23-1
	18832.54±2274.27
	0.95
	4.61
	NА
	519.17±119.88
	0.97
	2.75
	NА

	Talgar River,No.23-2
	18344.04±2223.24
	0.93
	7.08
	NА
	508.88±125.73
	0.95
	4.68
	NА

	Talgar River,No.23-3 
	20000.71±1233.46
	1.01
	-
	NА
	518.42±60.33
	0.97
	2.89
	NА

	Enbekshikazakh district

	Esik River, No.24-1
	17066.21±2552.58
	0.86
	13.56
	NА
	507.71±144.09
	0.95
	4.90
	NА

	Esik River, No.24-2
	16519.71±2445.20
	0.84
	16.32
	NА
	501.58±143.12
	0.94
	6.04
	NА

	Esik River, No.24-3
	22120.46±1300.50
	1.12
	-
	NА
	576.88±30.89
	1.08
	-
	NА

	Esik Lake,No.25-1 
	16893.17±2576.22
	0.86
	14.43
	NА
	506.54±153.71
	0.95
	5.11
	NА

	Esik Lake, No.25-2
	16838.58±1903.63
	0.85
	14.71
	NА
	515.58±145.65
	0.97
	3.42
	NА

	Esik Lake, No.25-3
	17529.54±2500.47
	0.89
	11.21
	NА
	513.58±152.26
	0.96
	3.79
	NА

	Esik Lake, No.25-4
	18830.58±3713.55
	0.95
	4.62
	NА
	538.00±165.04
	1.01
	-
	NА

	Turgen River, No.26-1
	17612.63±2710.57
	0.89
	10.79
	NА
	535.08±175.09
	1.00
	-
	NА

	Turgen River, No.26-2
	17429.29±2872.57
	0.88
	11.72
	NА
	413.21±55.74
	0.77
	22.60
	PТ
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	Shilik River, No.27
	17957.17±2238.85
	0.91
	9.04
	NА
	564.54±199.91
	1.06
	-
	NА

	Nurly-Arasan hot spring, No.28
	15598.79±1736.87
	0.79
	20.99
	PТ
	407.33±84.86
	0.76
	23.70
	PТ

	River nameless, No.29
	16921.42±2740.05
	0.86
	14.29
	NА
	460.25±103.34
	0.86
	13.79
	NА

	Artesian well, No.30
	18509.58±3463.78
	0.94
	6.24
	NА
	408.38±66.82
	0.76
	23.50
	PТ

	Balkash district

	Ile River, No.53-2
	20123.50±4739.12
	1.02
	-
	NА
	422.13±44.48*
	0.79
	20.93
	PТ

	Ile River, No.53-3
	18911.21±3447.69
	0.96
	4.21
	NА
	428.25±55.84
	0.80
	19.78
	NА

	Ile River, No.53-4
	18757.42±3466.29
	0.95
	4.99
	NА
	445.04±59.23
	0.83
	16.63
	NА

	Note: * - p <0.05, ** - p <0.01, *** - p <0.001 in comparison with distilled water;
RLU - relative light units; TI – toxicity index; 4-NQO - 4-Nitroquinoline 1-oxide; GA - genotoxic activity, NA - no genotoxic / toxic activity detected, PT - possible toxicity





Table 4 - The effect of water samples (2019) on the luminescence of bacteria E. coli MG1655 (pRecA-lux) and E. coli MG1655 (pColD-lux) strain (genotoxic activity)
	Water samples
	E. coli MG1655 (pRecA-lux)
	E. coli MG1655 (pColD-lux)

	
	Luminescence, RLU
	Induction
factor
	ТI, %
	Activity
	Luminescence, RLU
	Induction
factor
	ТI, %
	Activity

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Distilled water
	25843.68±2143.34
	
	
	
	434.15±44.73
	
	
	

	4-NQO
	122054.51±18462.48***
	4.82
	-
	GА
	30367.46±4490.56***
	81.24
	-
	GА

	Zhambyl district

	Kopa River, No.1
	25676.83±751.17
	1.05
	-
	NА
	378.98±56.62
	0.95
	5.37
	NА

	Targap River, No.2
	24912.90±162.36
	1.02
	-
	NА
	355.60±58.82
	0.89
	11.48
	NА

	Uzyn Kargaly River, No.4
	24222.55±285.92
	0.99
	1.29
	NА
	349.25±64.51
	0.85
	14.55
	NА

	Karasay district

	Shamalgan River, No.5
	22894.45±678.66
	0.94
	6.33
	NА
	322.90±64.97*
	0.78
	22.14
	PТ

	Kaskelen River, No.6
	23588.08±626.18
	0.96
	3.86
	NА
	339.48±62.57
	0.83
	16.73
	NА

	Raiymbek district

	Kolsay Lake, No.31
	22954.73±455.60
	0.93
	6.56
	NА
	321.75±58.96*
	0.79
	21.18
	PТ

	spring-5, No.32
	22077.23±492.34
	0.90
	10.12
	NА
	316.70±58.59*
	0.77
	22.52
	PТ

	Kaindy River, No.33
	22355.13±537.47
	0.91
	9.04
	NА
	313.23±60.39*
	0.76
	23.59
	PТ

	Kaindy Lake, No.34
	22166.65±520.73
	0.90
	9.77
	NА
	317.25±59.37*
	0.78
	22.26
	PТ

	Koksu district

	Kishi Byzhy River, No.35
	21409.50±2538.10*
	0.84
	16.45
	PТ
	343.88±60.75*
	0.77
	22.70
	PТ
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	1
	2
	3
	4
	5
	6
	7
	8
	9

	Byzhy River, No.36
	20589.58±2000.33*
	0.82
	18.45
	PТ
	337.63±58.54*
	0.76
	23.58
	PТ

	Eskeldi district

	Koksu River,  No.37-1
	19574.45±2157.44*
	0.77
	23.05
	PТ
	337.68±62.40*
	0.76
	24.46
	PТ

	Koksu River, No.37-2
	20037.60±2327.73*
	0.79
	21.48
	PТ
	337.58±61.02*
	0.77
	23.28
	PТ

	Karatal River, No.38-1
	20634.47±2244.84
	0.83
	17.24
	NА
	307.53±60.36***
	0.69
	30.98
	PТ

	Karatal River, No.38-2
	22498.05±2358.30
	0.89
	11.09
	NА
	412.18±63.01
	0.96
	3.92
	NА

	Balykty River, No.39
	20363.20±2474.70*
	0.80
	20.30
	PТ
	337.45±60.48*
	0.76
	23.86
	PТ

	Chuzha River, No.40
	20395.35±2139.74
	0.82
	17.92
	NА
	297.65±58.37***
	0.67
	33.31
	PТ

	spring-6 "Korinskie klyuchi", No.41
	20402.83±2132.27
	0.82
	17.93
	NА
	300.13±54.86***
	0.68
	31.60
	PТ

	Kora River, No.42
	20480.03±2541.54*
	0.81
	18.72
	PТ
	321.83±60.30**
	0.73
	26.92
	PТ

	Aksu district

	Ak eshki River, No.43
	20857.80±2638.46*
	0.81
	18.66
	PТ
	363.23±65.99
	0.82
	17.78
	NА

	Koldenen River, No.44
	20953.28±2591.41*
	0.82
	17.86
	PТ
	352.80±60.06
	0.80
	19.57
	NА

	Sarkand district

	Aksu River, No.45
	21950.93±2433.76
	0.86
	13.80
	NА
	385.05±66.03
	0.88
	11.89
	NА

	Lepsy River, No.46
	21081.60±2322.72
	0.83
	16.85
	NА
	390.58±62.60
	0.91
	9.49
	NА

	Uygur district

	Charyn River, No.47
	20563.26±2199.74
	0.83
	17.09
	NА
	307.60±58.31**
	0.70
	30.17
	PТ
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	Bakhus hot spring, No.48
	20631.24±1867.19
	0.84
	16.19
	NА
	318.55±59.24**
	0.73
	27.47
	PТ

	Khoshalik hot spring, No.49
	21733.66±2160.71
	0.88
	12.23
	NА
	327.40±63.56**
	0.74
	25.79
	PТ

	Panfilov district

	Osek River, No.50
	22199.38±601.02
	0.90
	9.78
	NА
	324.73±55.56*
	0.80
	19.68
	PТ

	spring-7, No.51
	22728.38±2072.02
	0.92
	7.68
	NА
	353.28±59.24
	0.83
	16.73
	NА

	Chizhin River, No.52
	23486.72±2119.92
	0.95
	4.66
	NА
	366.88±47.29
	0.90
	10.33
	NА

	Ile River, No. 53-1
	21835.49±1722.53
	0.89
	10.81
	NА
	337.40±57.30*
	0.79
	21.34
	PТ

	Note: * - p <0.05, ** - p <0.01, *** - p <0.001 in comparison with distilled water;
RLU - relative light units; TI – toxicity index; 4-NQO - 4-Nitroquinoline 1-oxide; GA - genotoxic activity, NA - no genotoxic / toxic activity detected, PT - possible toxicity





Table 5 – The effect of water samples (2018) on the luminescence of bacteria E. coli MG1655 (pKatG-lux) and E. coli MG1655 (pSoxS-lux) strain (prooxidant activity) 
	Water samples
	E. coli MG1655 (pKatG-lux)
	Е. coli MG 1655 (pSoxS-lux)

	
	Luminescence, RLU
	Induction
factor
	ТI, %
	Activity
	Luminescence, RLU
	Induction
factor
	ТI, %
	Activity

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Distilled water
	1679.23±92.70
	
	
	
	5316.81±317.61
	
	
	

	Positive control
	51858.93±3762.52***
	30.88
	
	PА
	36830.14±14221.39***
	6.93
	
	PА

	Zhambyl district

	Aksengir River, No.3
	1762.50±321.67
	1.05
	-
	NА
	5351.79±446.59
	1.01
	-
	NА

	Ile district

	Kurty River, No.7
	1483.04±365.57
	0.88
	11.68
	NА
	5838.41±539.33
	1.10
	-
	NА

	Kurty Reservoir, No.8
	1806.11±284.70
	1.08
	-
	NА
	4769.79±436.41
	0.90
	10.29
	NА

	Pervomayskie ponds, No. 9-1
	2022.32±193.66
	1.20
	-
	NА
	5844.58±1593.17
	1.10
	-
	NА

	Pervomayskie ponds, No. 9-2
	2090.34±209.47
	1.24
	-
	NА
	5669.54±1568.72
	1.07
	-
	NА

	Almaty city

	Prokhodnaya River, No.10
	1551.31±73.67
	0.92
	7.62
	NА
	4655.33±1399.53
	0.88
	12.44
	NА

	Ulken Almaty River, No.11-1
	1535.66±118.42
	0.91
	8.55
	NА
	4605.83±1435.89
	0.87
	13.37
	NА

	Ulken Almaty River, No.11-2
	1636.48±108.16
	0.97
	2.55
	NА
	4695.04±1436.87
	0.88
	11.69
	NА

	Kumbel River, No.11
	1522.31±69.18
	0.91
	9.34
	NА
	4837.02±1364.14
	0.91
	9.02
	NА

	Spring-1, No.13
	1644.15±86.59
	0.98
	2.09
	NА
	4731.38±1285.16
	0.89
	11.01
	NА

	Spring-2, No.14
	1545.95±99.40
	0.92
	7.94
	NА
	4623.20±1541.93
	0.87
	13.05
	NА
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	Spring-3, No.15
	1457.82±255.52
	0.87
	13.18
	NА
	4742.25±501.50
	0.89
	10.81
	NА

	Spring-4, No.16
	1496.64±251.19
	0.89
	10.87
	NА
	4730.50±237.50
	0.89
	11.03
	NА

	Esentai River, No.17
	1507.96±207.65
	0.90
	10.20
	NА
	5686.88±1428.61
	1.07
	-
	NА

	Kishi Almaty River, No.18-1
	1575.63±281.84
	0.94
	6.17
	NА
	4898.50±379.92
	0.92
	7.87
	NА

	Kishi Almaty River, No.18-2
	1484.80±278.93
	0.88
	11.58
	NА
	4644.96±351.66
	0.87
	12.64
	NА

	Kimasar River, No.19 
	1489.23±267.36
	0.89
	11.31
	NА
	4830.38±347.94
	0.91
	9.15
	NА

	Butak River, No.20-1
	1779.28±270.44
	1.06
	-
	NА
	4746.25±275.96
	0.89
	10.73
	NА

	Butak River, No.20-2
	1788.17±364.51
	1.06
	-
	NА
	4774.63±566.89
	0.90
	10.20
	NА

	Butak River, No.20-3
	1502.45±246.57
	0.89
	10.53
	NА
	4730.33±337.13
	0.89
	11.03
	NА

	Talgar district

	Kapshagay Reservoir, No.21-1
	1300.83±252.59
	0.77
	22.53
	PТ
	6022.05±409.79
	1.13
	-
	NА

	Kapshagay Reservoir, No.21-2
	1311.54±239.44
	0.78
	21.90
	PТ
	5852.78±320.28
	1.10
	-
	NА

	Tsyganka River, No.22
	2204.06±245.29
	1.31
	-
	NА
	5433.00±1359.16
	1.02
	-
	NА

	Talgar River, No.23-1
	1384.13±43.65**
	0.82
	17.57
	PТ
	5961.33±613.55
	1.12
	-
	NА

	Talgar River, No.23-2
	1340.71±48.30**
	0.80
	20.16
	PТ
	5960.08±486.43
	1.12
	-
	NА

	Talgar River, No.23-3
	1953.42±180.73
	1.16
	-
	NА
	6887.71±1594.48
	1.30
	-
	NА

	Enbekshikazakh district

	Esik River, No.24-1
	1375.04±125.77
	0.82
	18.11
	NА
	5917.72±666.97
	1.11
	-
	NА

	Esik River, No.24-2
	1326.25±111.47*
	0.79
	21.02
	PТ
	5973.96±416.92
	1.12
	-
	NА
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	Esik River, No.24-3
	2400.74±258.44*
	1.43
	-
	PА
	5621.46±1365.51
	1.06
	-
	NА

	Esik Lake, No.25-1
	1362.17±91.67*
	0.81
	18.88
	PТ
	6037.17±393.31
	1.14
	-
	NА

	Esik Lake, No.25-2
	1344.96±95.84*
	0.80
	19.91
	PТ
	5986.83±586.98
	1.13
	-
	NА

	Esik Lake, No.25-3 
	1442.04±60.65*
	0.86
	14.12
	PТ
	6125.13±350.72
	1.15
	-
	NА

	Esik Lake, No.25-4
	1526.44±62.04
	0.91
	9.10
	NА
	6364.58±414.67
	1.20
	-
	NА

	Turgen River, No.26-1
	1511.00±75.72
	0.90
	10.02
	NА
	6131.58±340.92
	1.15
	-
	NА

	Turgen River, No.26-2
	1233.00±197.92*
	0.73
	26.57
	PТ
	5745.52±205.59
	1.08
	-
	NА

	Shilik River, No.27 
	1536.50±83.56
	0.92
	8.50
	NА
	5714.54±472.81
	1.07
	-
	NА

	Nurly-Arasan hot spring, No.28
	1167.75±220.15*
	0.70
	30.46
	PТ
	5095.34±343.95
	0.96
	4.17
	NА

	River nameless, No.29
	1377.87±102.40*
	0.82
	17.95
	PТ
	5619.38±371.68
	1.06
	-
	NА

	Artesian well, No.30
	1317.83±218.06*
	0.78
	21.52
	PТ
	5965.89±315.45
	1.12
	-
	NА

	Балкашский район

	Ile River, No.53-2
	1377.54±268.79
	0.82
	17.97
	NА
	6370.21±416.87
	1.20
	-
	NА

	Ile River, No.53-3
	1282.75±267.57*
	0.76
	23.61
	PТ
	5661.22±433.11
	1.06
	-
	NА

	Ile River, No.53-4
	1288.67±237.62*
	0.77
	23.26
	PТ
	5711.94±390.09
	1.07
	-
	NА

	Note: * - p <0.05, ** - p <0.01, *** - p <0.001 in comparison with distilled water;
Positive control: peroxide (pKatG-lux), paraquat (pSoxS-lux); RLU - relative light units, TI – Toxicity index
PA - prooxidant activity, NA - no prooxidant / toxic activity, PT - possible toxicity


Table 6 – The effect of water samples (2019) on the luminescence of bacteria E. coli MG1655 (pKatG-lux) and E. coli MG1655 (pSoxS-lux) strain (prooxidant activity) 
	Water samples
	E. coli MG1655 (pKatG-lux)
	Е. coli MG 1655 (pSoxS-lux)

	
	Luminescence, RLU
	Induction
factor
	ТI, %
	Activity
	Luminescence, RLU
	Induction
factor
	ТI, %
	Activity

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Distilled water
	2693.86±251.45
	
	
	
	3052.30±587.99
	
	
	

	Positive control
	59804.16±4710.72***
	25.40
	-
	PА
	27763.79±6195.81***
	7.76
	-
	PА

	Zhambyl district

	Kopa River, No.1
	2678.18±402.26
	0.92
	8.39
	NА
	2785.08±945.00
	0.93
	7.27
	NА

	Targap River, No.2
	2455.28±299.05
	0.86
	13.96
	NА
	2825.50±958.98
	0.93
	7.21
	NА

	Uzyn Kargaly River, No.4
	2327.40±260.06
	0.82
	18.35
	NА
	2757.98±945.10
	0.91
	8.95
	NА

	Karasay district

	Shamalgan River, No.5
	2238.75±334.02*
	0.77
	23.32
	PТ
	2717.23±918.33
	0.90
	9.84
	NА

	Kaskelen River, No.6
	2304.48±316.42*
	0.79
	20.53
	PТ
	2578.73±803.52
	0.89
	10.84
	NА

	Raiymbek district

	Kolsay Lake, No.31
	2298.15±311.69*
	0.79
	20.52
	PТ
	2496.05±806.33
	0.85
	14.60
	NА

	spring-5, No.32
	2224.85±297.14*
	0.77
	23.39
	PТ
	2481.80±805.32
	0.86
	14.08
	NА

	Kaindy River, No.33
	2200.58±314.60*
	0.76
	24.50
	PТ
	2456.88±736.99
	0.87
	12.93
	NА

	Kaindy Lake, No.34
	2188.05±290.40*
	0.75
	24.63
	PТ
	2480.90±790.41
	0.86
	14.14
	NА

	Koksu district

	Kishi Byzhy River, No.35
	1997.98±256.34***
	0.76
	23.54
	PТ
	3204.70±1153.15
	0.87
	13.09
	NА

	
	
	
	
	
	
	
	
	

	Continuation of Table 6

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Byzhy River, No.36
	1890.13±232.92***
	0.72
	27.57
	PТ
	3141.50±1169.20
	0.84
	15.80
	NА

	Eskeldi district

	Koksu River, No.37-1
	1848.78±221.80***
	0.71
	29.19
	PТ
	2939.93±1091.20**
	0.80
	20.45 
	PТ

	Koksu River, No.37-2
	1831.18±226.94***
	0.70
	29.93
	PТ
	2969.05±1069.34**
	0.81
	18.61
	PТ

	Karatal River, No.38-1
	1777.08±274.67*
	0.76
	23.52
	PТ
	2368.10±825.29
	0.87
	13.37
	PА

	Karatal River, No.38-2
	2291.08±192.69
	0.89
	10.65
	NА
	3098.85±1063.24
	0.87
	13.41
	NА

	Balykty River, No.39
	1842.88±212.83***
	0.71
	29.17
	PТ
	3030.00±1056.84
	0.83
	17.07
	NА

	Chuzha River, No.40
	1732.83±265.01*
	0.75
	25.25
	PТ
	2396.26±869.13
	0.87
	13.10
	NА

	spring-6 "Korinskie klyuchi", No.41
	1752.00±258.84*
	0.75
	24.53
	PТ
	2491.10±878.82
	0.91
	9.44
	NА

	Kora River, No.42
	1775.80±282.14*
	0.76
	24.14
	PТ
	2531.06±888.89
	0.92
	7.81
	NА

	Aksu district

	Ak eshki River, No.43
	1908.80±235.12***
	0.73
	26.99
	PТ
	3032.08±1071.53*
	0.83
	17.19
	PТ

	Koldenen River, No.44
	1843.25±198.70***
	0.71
	28.83
	PТ
	2886.58±1025.85**
	0.79
	20.66
	PТ

	Sarkand district

	Aksu River, No.45
	1970.43±217.97***
	0.76
	24.09
	PТ
	3044.58±1063.75*
	0.84
	15.96
	PТ

	Lepsy River, No.46
	2053.00±222.00***
	0.79
	20.81
	PТ
	3124.63±1054.12
	0.87
	12.86
	NА

	Uygur district

	Charyn River, No.47
	1785.00±247.60
	0.78
	21.78
	NА
	2327.44±825.92
	0.85
	15.20
	NА
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	Bakhus hot spring, No.48
	1797.53±243.88
	0.79
	20.99
	NА
	2352.69±815.57
	0.86
	14.10
	NА

	Khoshalik hot spring, No.49
	1829.00±219.60
	0.81
	18.86
	NА
	2404.22±855.18
	0.87
	12.52
	NА

	Panfilov district

	Osek River, No.50
	2348.90±317.14
	0.81
	18.69
	NА
	2594.60±801.31
	0.91
	8.59
	NА

	spring-7, No.51
	2120.18±284.88
	0.94
	6.14
	NА
	2459.69±864.50
	0.89
	10.58
	NА

	Chizhin River, No.52
	2324.03±354.65
	1.01
	-
	NА
	2374.93±806.69*
	0.87
	12.56
	PТ

	Ile River, No. 53-1
	1987.68±246.23
	0.88
	11.61
	NА
	2440.87±867.95
	0.89
	11.21
	NА

	Note: * - p <0.05, ** - p <0.01, *** - p <0.001 in comparison with distilled water;
Positive control: peroxide (pKatG-lux), paraquat (pSoxS-lux); RLU - relative light units, TI – Toxicity index
PA - prooxidant activity, NA - no prooxidant / toxic activity, PT - possible toxicity







Table 7 –The effect of water samples on the luminescence of bacteria E. coli MG1655 (pXen7-lux) strain (general (integral) toxicity)
	Water samples
	E. coli MG1655 (pXen7-lux)

	
	Luminescence, RLU
	ТI, %
	Activity

	1
	2
	3
	4

	Distilled water
	6394.84±586.30
	
	

	ZnSO4
	3138.42±303.82***
	50.22
	ТА

	Zhambyl district

	Kopa River, No.1
	5058.63±523.19
	12.13
	NА

	Targap River, No.2
	4920.25±478.34*
	14.58
	ТА

	Uzyn Kargaly River, No.4
	5205.56±543.37
	9.69
	NА

	Karasay district

	Shamalgan River, No.5
	5279.19±609.73
	8.68
	NА

	Kaskelen River, No.6
	5187.38±592.78
	10.20
	NА

	Raiymbek district

	Kolsay Lake, No.31
	4913.19±508.19
	14.78
	NА

	spring-5, No.32
	4805.81±437.75**
	16.41
	ТА

	Kaindy River, No.33
	4945.34±405.84
	13.77
	NА

	Kaindy Lake, No.34
	4769.16±366.72*
	16.74
	ТА

	Koksu district

	Kishi Byzhy River, No.35
	5352.94±896.66**
	25.37
	ТА

	Byzhy River, No.36
	5126.22±813.67**
	28.07
	ТА

	Eskeldi district

	Koksu River, No.37-1
	4734.88±715.63**
	33.17
	ТА

	Koksu River, No.37-2
	4741.31±775.70**
	33.60
	ТА

	Karatal River, No.38-1
	4402.13±465.34**
	26.25
	ТА

	Karatal River, No.38-2
	5594.88±961.22**
	22.36
	ТА

	Balykty River, No.39
	5069.03±891.98**
	29.79
	ТА

	Chuzha River, No.40
	4261.34±456.95**
	28.63
	ТА

	spring-6 "Korinskie klyuchi", No.41
	4485.81±484.71***
	24.96
	ТА

	Kora River, No.42
	4555.59±496.63***
	23.80
	ТА

	Aksu district

	Ak eshki River, No.43
	5057.19±817.08**
	29.19
	ТА

	Koldenen River, No.44
	5004.47±899.77**
	30.89
	ТА

	Sarkand district

	
	
	
	

	Continuation of Table 7

	1
	2
	3
	4

	Aksu River, No.45
	5353.44±895.02**
	25.43
	ТА

	Lepsy River, No.46
	5260.97±783.73*
	25.77
	ТА

	Uygur district

	Charyn River, No.47
	4394.78±476.34**
	26.43
	ТА

	Bakhus hot spring, No.48
	4467.16±486.13***
	25.29
	ТА

	Khoshalik hot spring, No.49
	4527.97±481.72**
	24.15
	ТА

	Panfilov district

	Osek River, No.50
	5153.38±374.19
	9.91
	NА

	spring-7, No.51
	4901.97±402.23*
	16.96
	ТА

	Chizhin River, No.52
	4838.13±460.75*
	18.54
	ТА

	Ile River, No. 53-1
	4697.78±477.84**
	21.08
	ТА

	Note: * - p <0.05, ** - p <0.01, *** - p <0.001 in comparison with distilled water;
RLU - relative light units, TI – toxicity index, TA - toxic activity, NA - no toxic activity was detected
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Figure 18 - Average length of roots of Allium cepa exposed to water samples (2018) from water bodies of Almaty region and Almaty for 7 and 14 days 
[image: ]

Figure 19 - Average length of roots of Allium cepa exposed to water samples (2019) from water bodies of Almaty region for 7 and 14 days 
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Figure 20 - Branching on the roots of onions germinated in water from the Aksengir River 

[image: ]

Figure 21 - The percentage of branching roots to the total number of all roots on day 14 of onion germination 


Table 8 - Frequency and spectrum of structural chromosome abnormalities induced by natural waters (2018) in barley seeds 
	Experience variant
	Total studied cells
	Frequency of aberrant cells 
(М ± m%)
	The number of chromosomal aberrations per 100 metaphase cells

	
	
	
	total aberrations
	chromosomal
type
	chromatid type

	1
	2
	3
	4
	5
	6

	Distilled water
	490
	1.63 ± 0.57
	2.04 ± 0.64
	0.82 ± 0.41
	1.22 ± 0.50

	ММS, 5.0 mg/L
	530
	5.66±1.00***
	6.98±1.11***
	2.83± 0.72*
	4.15 ± 0.87**

	Zhambyl district

	Aksengir River, No.3
	468
	3.85±0.89*
	6.20±1.11**
	3.21±0.81**
	2.99±0.79

	Ile district

	Kurty River, No.7
	485
	3.92±0.88*
	6.60±1.13***
	4.54±0.94***
	2.06±0.65

	Kurty Reservoir, No.8
	512
	4.49±0.92**
	6.64±1.10***
	3.52±0.81**
	3.13±0.77

	Pervomayskie ponds, No. 9-1
	567
	3.88±0.81*
	4.59±0.88**
	3.35±0.76**
	1.23±0.46

	Pervomayskie ponds, No. 9-2 
	514
	3.31±0.79
	4.47±0.91*
	3.31±0.79**
	1.17±0.47

	Almaty city

	Prokhodnaya River, No.10
	475
	2.53±0.72
	3.16±0.80
	1.26±0.51
	1.68±0.59

	Ulken Almaty River, No.11-1
	485
	3.09±0.79
	3.92±0.88
	2.27±0.68
	1.65±0.58

	Ulken Almaty River, No.11-2
	495
	2.42±0.69
	3.43±0.82
	1.82±0.60
	1.62±0.57

	Kumbel River, No.12
	510
	3.53±0.82
	5.29±0.99**
	2.16±0.64
	3.14±0.77

	Spring-1, No.13
	487
	2.05±0.64
	2.26±0.67
	1.44±0.54
	0.82±0.41

	Spring-2, No.14
	450
	1.78±0.62
	2.67±0.76
	1.56±0.58
	1.11±0.49

	Spring-3, No.15
	529
	4.54±0.90**
	7.75±1.16***
	4.35±0.89***
	3.40±0.79*

	Spring-4, No.16
	448
	1.79±0.63
	2.46±0.73
	1.34±0.54
	1.12±0.50

	Esentai River, No.17
	480
	3.33±0.82
	4.38±0.93*
	1.67±0.58
	2.71±0.74

	Kishi Almaty River, No.18-1
	490
	2.45±0.70
	3.06±0.78
	1.63±0.57
	1.43±0.54

	Kishi Almaty River, No.18-2
	493
	2.64±0.72
	3.65±0.84
	2.23±0.67
	1.42±0.53

	Kimasar River, No.19
	497
	2.01±0.63
	2.62±0.72
	1.41±0.53
	1.21±0.49

	Butak River, No.20-1
	508
	1.97±0.62
	2.76±0.73
	1.38±0.52
	1.38±0.52

	Butak River, No.20-2
	490
	3.06±0.78
	4.69±0.96**
	3.67±0.85**
	3.06±0.78

	Continuation of Table 8

	1
	2
	3
	4
	5
	6

	Butak River, No.20-3
	495
	2.83±0.75
	4.24±0.91*
	2.63±0.72*
	1.62±0.57

	Talgar district

	Kapshagay Reservoir, No.21-1
	510
	2.16±0.64
	2.75±0.72
	1.76±0.58
	0.98±0.44

	Kapshagay Reservoir, No.21-2
	495
	1.82±0.60
	2.42±0.69
	1.41±0.53
	1.01±0.45

	Tsyganka River, No.22
	450
	2.22±0.69
	2.67±0.76
	1.78±0.62
	0.89±0.44

	Talgar River, No.23-1
	529
	1.70±0.56
	2.08±0.62
	1.51±0.53
	0.57±0.33

	Talgar River, No.23-2 
	494
	2.83±0.75
	3.44±0.82
	1.82±0.60
	1.62±0.57

	Talgar River, No.23-3 
	478
	2.09±0.65
	2.72±0.74
	1.88±0.62
	0.84±0.42

	Enbekshikazakh district

	Esik River, No.24-1
	456
	1.97±0.65
	2.19±0.69
	1.32±0.53
	0.88±0.44

	Esik River, No.24-2
	487
	2.46±0.70
	2.87±0.76
	1.64±0.58
	1.23±0.50

	Esik River, No.24-3
	490
	2.04±0.64
	2.45±0.70
	1.63±0.57
	0.82±0.41

	Esik Lake, No.25-1
	484
	3.31±0.81
	4.34±0.93*
	2.89±0.76*
	1.45±0.54

	Esik Lake, No.25-2
	485
	2.47±0.71
	3.30±0.81
	1.86±0.61
	1.44±0.54

	Esik Lake, No.25-3
	510
	2.55±0.70
	3.14±0.77
	1.37±0.52
	1.76±0.58

	Esik Lake, No.25-4
	510
	1.57±0.55
	1.76±0.58
	0.98±0.44
	0.78±0.39

	Turgen River, No.26-1
	507
	1.78±0.59
	2.37±0.68
	1.58±0.55
	0.99±0.44

	Turgen River, No.26-2
	530
	1.89±0.59
	2.45±0.67
	0.94±0.42
	1.51±0.53

	Shilik River, No.27
	528
	5.49±0.99***
	7.01±1.11***
	3.98±0.85***
	3.03±0.75*

	Nurly-Arasan hot spring, No.28
	530
	6.23±1.05***
	7.36±1.13***
	2.45±0.67
	4.91±0.94**

	River nameless, No.29
	519
	1.73±0.57
	2.12±0.63
	1.73±0.57
	0.39±0.27

	Artesian well, No.30
	490
	2.04±0.64
	2.65±0.73
	1.63±0.57
	0.82±0.41

	Balkash district

	Ile River, No.53-2
	449
	6.46±1.16***
	7.57±1.25***
	4.01±0.93**
	3.56±0.87*

	Ile River, No.53-3
	419
	2.15±0.71
	2.63±0.78
	1.91±0.67
	0.72±0.41

	Ile River, No.53-4
	511
	2.54±0.70
	3.33±0.79
	2.54±0.70*
	0.78±0.39

	Note - * - p <0.05; ** - p <0.01; *** - p <0.001 in comparison with distilled water 






Table 9 - Frequency and spectrum of structural chromosome abnormalities induced by natural waters (2019) in barley seeds 
	Experience variant
	Total studied cells
	Frequency of aberrant cells 
(М ± m%)
	The number of chromosomal aberrations per 100 metaphase cells

	
	
	
	total aberrations
	chromosomal type
	chromatid type

	1
	2
	3
	4
	5
	6

	Distilled water
	497
	1.41±0.53
	1.41±0.53  
	0.80±0.40
	0.60±0.35

	ММS, 5.0 mg/L
	515
	4.85±0.95**
	6.80±1.11***
	2.52± 0.69
	4.27±0.89

	Zhambyl district

	Kopa River, No.1
	557
	3.05±0.73
	4.31±0.86**
	1.26±0.47
	3.05±0.73**

	Targap River, No.2
	526
	3.04±.75
	3.99±0.85*
	1.90±0.60
	2.09±0.62*

	Uzyn Kargaly River, No.4
	498
	3.01±0.77
	3.61±0.84*
	2.01±0.63
	1.61±0.56

	Karasay district

	Shamalgan River, No.5
	505
	2.97±0.76
	3.76±0.85*
	1.58±0.56
	2.18±0.65

	Kaskelen River, No.6
	541
	2.96±0.73
	4.07±0.85**
	1.48±0.52
	2.59±0.68**

	Raiymbek district

	Kolsay Lake, No.31
	547
	1.83±0.57
	2.19±0.63
	1.28±0.48 
	0.91±0.41 

	spring No.5, No.32
	530
	1.89±0.59 
	2.08±0.62 
	1.32±0.50
	0.75±0.38 

	Kaindy River, No.33
	509
	1.77±0.58
	2.16±0.64 
	1.18±0.48
	0.98±0.44 

	Kaindy Lake, No.34
	512
	2.34±0.67 
	2.93±0.75
	1.37±0.51
	1.56±0.55

	Коксукский район

	Kishi Byzhy River, No.35
	515
	2.52±0.69
	3.50±0.81* 
	2.52±0.69*
	0.97±0.43

	Byzhy River, No.36
	494
	2.83±0.75
	3.64±0.84*
	2.43±0.69*
	1.21±0.49

	Eskeldi district

	Koksu River, No.37-1
	504
	2.78±0.73
	3.17±0.78
	1.98±0.62
	1.19±0.48

	Koksu River, No.37-2
	538
	3.35±0.78*
	4.28±0.87**
	2.42±0.66*
	1.86±0.58

	Karatal River, No.38-1
	543
	2.39±0.66
	2.95±0.73
	1.66±0.55
	1.29±0.48

	Karatal River, No.38-2
	506
	3.16±0.78
	3.95±0.87*
	1.78±0.59
	2.17±0.65*

	Balykty River, No.39
	520
	2.69±0.71
	3.46±0.80*
	1.15±0.47
	2.31±0.66*

	Chuzha River, No.40
	523
	3.06±0.75
	3.25±0.78*
	2.10±0.63
	1.15±0.47

	spring-6 "Korinskie klyuchi", No.41
	506
	2.57±0.70
	2.96± 0.75
	1.78±0.59
	1.19±0.48

	Kora River, No.42
	514
	2.72±0.72
	3.11±0.77 
	2.14±0.64
	0.97±0.43 

	
	
	
	
	
	

	Continuation of Table 9

	1
	2
	3
	4
	5
	6

	Aksu district

	Ak eshki River, No.43
	519
	1.93±0.60 
	2.89±0.74
	1.35±0.51
	1.54±0.54

	Koldenen River, No.44
	493
	2.84±0.75
	3.65±0.84*
	1.22±0.49 
	2.43±0.69*

	Sarkand district

	Aksu River, No.45
	506
	2.17±0.65
	3.16±0.78
	1.58±0.55
	1.58±0.55

	Lepsy River, No.46
	510
	3.33±0.79*
	4.51±0.92**
	1.57±0.55
	2.94±0.75**

	Uygur district

	Charyn River, No.47
	543
	2.70±0.69
	3.60±0.79*
	1.98±0.59
	1.62±0.54

	Bakhus hot spring, No.48
	526
	3.04±0.75
	3.80±0.83*
	2.09±0.62
	1.71±0.57

	Khoshalik hot spring, No.49
	500
	2.00±0.63
	2.60±0.71
	1.60±0.56
	1.00±0.44

	Panfilov district

	Osek River, No.50
	529
	3.59±0.81*
	4.54±0.90**
	1.89±0.59
	2.65±0.70**

	spring-7, No.51
	495
	2.63±0.72
	3.23±0.79 
	1.82±0.60
	1.41±0.53

	Chizhin River, No.52
	505
	2.97±0.76
	3.96±0.87*
	1.58±0.56
	2.38±0.68*

	Ile River, No. 53-1
	518
	3.09±0.76
	3.86±0.85*
	1.54±0.54
	2.32±0.66*

	Note - * - p <0.05; ** - p <0.01; *** - p <0.001 in comparison with distilled water
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Figure 13 - Structural chromosome abnormalities induced by the waters of natural sources in barley seeds, х1000
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Figure 23 - Structural chromosome abnormalities in anaphase of mitosis and polyploid metaphases induced in barley seeds by waters of natural sources, x1000




Table 10 - Toxicity of water samples from the water bodies of the Almaty region and Almaty city
	Sample water source
	Number of survivors females 
	Number of dead females
	χ2emp value

	Control (distilled water)
	100
	0
	0

	Kopa River, No.1
	97
	3
	1.354

	Targap River, No.2
	98
	2
	0.505

	Aksengir River, No. 3
	100
	0
	0

	Uzyn Kargaly River, No.4
	97
	3
	1.354

	Shamalgan River, No.5
	99
	1
	0

	Kaskelen River, No.6
	99
	1
	0

	Ulken Almaty River, No.11-1
	100
	0
	0

	Ulken Almaty River, No.11-2
	96
	4
	2.295

	spring-4, No.16
	100
	0
	0

	Kishi Almaty River, No.18-1
	98
	2
	0.505

	Kimasar River, No.19
	100
	0
	0

	Butak River, No.20-3
	97
	3
	1.353

	Kapshagay Reservoir, No.21-1
	100
	0
	0

	Esik River, No.24-3
	100
	0
	0

	Kishi Byzhy River, No.35
	96
	4
	2.296

	Byzhy River, No.36
	97
	3
	1.354

	Koksu River, No.37-2
	98
	2
	0.505

	Karatal River, No.38-2
	99
	1
	0

	Balykty River, No.39
	99
	1
	0

	Chuzha River, No.40
	100
	2
	0.505

	Kora River, No.42
	100
	0
	0

	Koldenen River, No.44
	98
	2
	0.505

	Aksu River, No.45
	95
	5
	3.282

	Lepsy River, No.46
	100
	0
	0

	Charyn River, No.47
	98
	2
	0.505

	Bakhus hot spring, No.48
	99
	1
	0

	Osek River, No.50
	94
	6
	4.269

	Chizhin River, No.52
	100
	0
	0

	Ile River, No.53-3
	99
	1
	0

	Note - χ2crit = 3,84 for df=1, р≤0,05


Table 11 - Mutagenic activity of water samples in the test system Möller-5 (Basc)
	Water samples
	Number of    families per 
F1
	Number of families per F2
	Analysis F2

	
	
	
	Sterility
	Mortality 
	Σ

	Control (distilled water)
	40
	515
	4
	1
	5

	Nurly-Arasan hot spring, No. 28
	40
	512
	21
	6
	27

	Koksu River, No.37-2
	40
	510
	7
	2
	9

	Osek River, No. 50
	40
	512
	10
	3
	13

	Ile River, No.53-3
	40
	510
	8
	2
	10
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Figure 24 - Acute lethal effect of water samples from various water sources of Almaty region and Almaty city in the FET test
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Figure 25 - Teratogenic effect of water samples from various water sources of the Almaty region and Almaty city in FET test 
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Figure 26 - The spectrum of morphological developmental disorders and their percentage contribution to the total number of D. rerio embryos with disorders during incubation in water of various water sources of the Almaty region 
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Figure 25 - Underdevelopment of the terminal part of the tail of D. rerio embryos during incubation in MMS at 3.4 mg/L, x.40 (A), x.100(Б)

[image: ]
	a normal D. rerio embryo in the chorion. x40; designations: Г - eyes. ЖМ - yolk sac. X - chorion
	an embryo with abnormal tail development and growth retardation. x 100; arrows indicate the curvature of the axial skeleton



Figure 28 - Development of D. rerio embryo in norm and in pathology 
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	normal development of the caudal region, Designations: ХП - caudal fin, Хo – chord, х.100
	Dysmorphology of the fin border and tip of the tail (indicated by arrows), х.100
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	Curvature of the spine, х.100
	Curvature of the tail section, х.100
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	normal formation of somites (arrow), x.200
	disorganization of muscle fibers (arrow), x 100; blue color is due to the accumulation of dye in melanocytes (MC) and surrounding tissues 
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	oedema of the pericardial sac, х.40
	the embryo retarged growth, curvature of the spine, underdevelopment of the tip section, х.40
	curvature of the spine, underdevelopment of the tip section, х.40



Figure 29 – Malformations of normal development encountered during the incubation of D. rerio embryos in water samples from various water bodies of the Almaty region
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Table 12 - Frequency of structural chromosome abnormalities induced by natural waters in the bone marrow cells of mice after oral exposure 
	Experimental variants
	Studied meta-phases
	Frequency aberrant cells
(M ± m%)
	The number of chromosomal aberrations per 100 metaphases
	Aneuploid cells
(М ± m),%
	Polyploid cells
(М ± m),%

	
	
	
	total aberrations
	chromosomal type
	chromatid type
	dot fragments
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Negative control, dН2О
	612
	1.44 ± 0.27
	1.60 ± 0.34
	0.64 ± 0.18
	0.66 ± 0.18
	0.29 ± 0.20
	0.64 ± 0.18
	1.03 ± 0.36

	Positive control, MMS
	584
	6.07 ± 1.18
	7.31 ± 1.14
	2.08 ± 0.28
	3.83 ± 0.64
	1.40 ± 0.27
	1.03 ± 0.19
	2.01 ± 0.64

	Shamalgan River, No.5
	575
	4.03±0.41***
	4.53±0.34***
	0.85 ± 0.32
	2.79±0.17***
	0.88 ± 0.30
	1.47 ± 0.50
	2.09 ± 0.37

	Kurty River, No.7
	545
	4.27 0.81***
	5.39±0.85***
	1.68 ± 0.40*
	2.60±0.28***
	1.11 ± 0.41
	2.05±0.40***
	2.96±0.53**

	Kurty Reservoir, No.8
	580
	3.75±0.34***
	4.62±0.44***
	1.18 ± 0.17*
	2.58±0.26***
	0.86 ± 0.32
	1.39 ± 0.25*
	2.61±0.45*

	Pervomayskie ponds, No.9-1
	553
	3.82±0.38***
	4.77±0.53***
	0.93 ± 0.38
	2.91±0.40***
	0.92 ± 0.32
	1.62 ± 0.35*
	2.87 ± 0.29**

	Kapshagay Reservoir, No.21-1
	584
	4.71 ± 1.06*
	5.79±1.17**
	1.56 ± 0.36
	3.03 ± 1.17**
	1.20 ± 0.23*
	1.38 ± 0.41
	2.71±0.27**

	Tsyganka River, No.22
	562
	4.88±0.67***
	6.85±0.73***
	1.81±0.34***
	3.81±0.63***
	1.23±0.21***
	2.17±0.45***
	3.97±0.62***

	Esik River, No.24-3
	569
	5.07±0.52***
	6.10±0.83***
	1.03 ± 0.35
	3.62±0.73***
	1.45±0.30***
	1.43 ± 0.44
	2.32 ± 0.45*

	Esik Lake, No.25-3
	566
	4.80±0.66***
	6.21±0.63***
	1.25 ± 0.26
	3.75±0.43***
	1.21 ± 0.18**
	1.59 ± 0.36*
	2.50 ± 0.42*

	Shilik River, No.27
	542
	4.83±0.48***
	5.80±0.79***
	1.31 ± 0.28
	3.57±0.63***
	0.91 ± 0.32
	2.18±0.45***
	2.60 ± 0.61*

	Nurly-Arasan hot spring, No.28
	591
	4.29 ± 0.63**
	6.35±0.81***
	1.35 ± 0.23*
	3.61±0.49***
	1.38±0.27***
	2.02 ± 0.61*
	4.21±0.41***

	Karatal River, No.38-2
	597
	3.72±0.28***
	4.68±0.40***
	1.02 ± 0.20
	2.85±0.17***
	0.81 ± 0.30
	1.72 ± 0.48*
	2.14 ± 0.60

	Ile River, No.53-2
	610
	4.56±0.33***
	6.13±0.77***
	1.16 ± 0.25
	3.63±0.70**
	1.34 ± 0.38*
	1.26 ± 0.27
	3.49±0.58**

	Note - * - p <0.05, ** - p <0.01, *** - p <0.001 in comparison with negative control; dН2О – distilled water


Table 13 - Frequency of DNA breaks in cells of various organs of mice induced by natural waters by oral exposure
	Experiental variants
	The frequency of DNA breaks in cells of various organs according to the indicator "% DNA in the tail of comet" (% TDNA)

	
	liver 
	 kidney 
	spleen 
	bone marrow

	1
	2
	3
	4
	5

	Negative control, dН2О
	2.83±0.37
	2.49±0.19
	2.65±0.37
	2.20±0.32

	Positive control, MMS
	17.08±0.42***
	18.19±0.51***
	15.75±0.16***
	15.98±0.44***

	Shamalgan River, No.5
	13.25±0.31***
	13.54±0.37***
	12.89±0.30***
	13.05±0.16***

	Kurty River, No.7
	15.10±0.22***
	16.01±0.38***
	15.06±0.27***
	15.11±0.21***

	Kurty Reservoir, No.8
	15.97±0.28***
	15.67±0.48***
	15.18±0.45***
	15.14±0.22***

	Pervomayskie ponds, No.9-1
	13.05±0.14***
	13.12±0.49***
	12.99±0.11***
	12.96±0.16***

	Kapshagay Reservoir, No.21-1
	14.06±0.35***
	14.02±0.39***
	13.89±0.17***
	13.96±0.29***

	Tsyganka River, No.22
	15.29±0.47***
	16.14±0.25***
	15.18±0.35***
	15.35±0.26***

	Esik River, No.24-3
	14.80±0.24***
	14.03±0.55***
	13.81±0.16***
	13.97±0.16***

	Esik Lake, No.25-3
	14.97±0.29***
	14.15±0.61***
	14.04±0.38***
	14.10±0.21***

	Shilik River, No.27
	15.05±0.31***
	16.07±0.41***
	15.26±0.32***
	15.21±0.31***

	Nurly-Arasan hot spring, No.28
	16.07±0.18***
	15.79±0.50***
	15.28±0.29***
	15.25±0.20***

	Karatal River, No.38-2
	13.89±0.42***
	13.91±0.25***
	13.25±0.26***
	13.14±0.25***

	Ile River, No.53-2
	14.83±0.22***
	14.15±0.55***
	13.91±0.14***
	14.02±0.13***

	Note -  *** - p <0.001 in comparison with negative control; dН2О – distilled water 





Table 14 - Content of lipid peroxidation products in the liver of laboratory mice exposed to natural water samples
	Experienmantal variantd
	LOOH content 
	MDA content

	Negative control, dН2О
	2.22±1.73
	4.55±0.52

	Positive control, MMS
	9.23±0.54***
	28.82±0.94***

	Shamalgan River, No.5
	5.23±0.37*
	20.43±3.19**

	Kurty River, No.7
	5.98±0.89*
	18.96±1.56**

	Kurty Reservoir, No.8
	7.71±0.31**
	18.75±0.45***

	Pervomayskie ponds, No.9-1
	11.63±0.66***
	18.31±2.58**

	Kapshagay Reservoir, No.21-1
	12.98±0.50***
	19.87±2.58**

	Tsyganka River, No.22
	5.58±0.87*
	17.56±2.40**

	Esik River, No.24-3
	9.76±1.85*
	21.45±3.24**

	Esik Lake, No.25-3
	9.08±1.01**
	24.00±2.62**

	Shilik River, No.27
	10.19±0.45***
	21.35±0.55***

	Nurly-Arasan hot spring, No.28
	4.66±0.37*
	14.91±1.90**

	Karatal River, No.38-2
	8.23±1.08*
	17.52±1.98**

	Ile River, No.53-2
	13.51±1.58**
	24.38±3.86**

	Note – LOOH - lipid hydroperoxide, MDA - malondialdehyde;
* - p <0.05, ** - p <0.01, *** - p <0.001 in comparison with negative control; dН2О – distilled water





Table 15 - Mutagenic, genotoxic and toxic activity of natural surface waters of Almaty region and Almaty city in various test systems
	Water samples
	Lux-test
	Allium-test
	CA test (barley)
	Dr. Melanogaster tests
	FET-test
	CA test (mouse)
	Comet assay
	Biochemical indicators
(LOOH и MDA)
	IIGR

	
	
	toxicity 
	genotoxicity 
	
	
	
	
	
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Zhambyl district

	Kopa River, No.1
	–
	–
	–
	+
	N/A
	+
	N/A
	N/A
	N/A
	0.56

	Targap River, No.2
	–
	–
	+
	+
	N/A
	N/A
	N/A
	N/A
	N/A
	0.20

	Aksengir River, No.3
	–
	+
	+
	+
	–
	–
	N/A
	N/A
	N/A
	0.81

	Uzyn Kargaly River, No.4
	–
	–
	+
	+
	N/A
	N/A
	N/A
	N/A
	N/A
	0.17

	Karasay district

	Shamalgan River, No.5
	+
	+
	+
	+
	–
	+
	+
	+
	+
	0.84

	Kaskelen River, No.6
	+
	–
	+
	+
	–
	–
	N/A
	N/A
	N/A
	0.59

	Ile district

	Kurty River, No.7
	–
	–
	+
	+
	N/A
	N/A
	+
	+
	+
	1.08

	Kurty Reservoir, No.8
	–
	+
	–
	+
	N/A
	–
	N/A
	N/A
	N/A
	0.94

	Pervomayskie ponds, No. 9
	–
	+
	–
	+
	N/A
	+
	+
	+
	+
	1.28

	Almaty city

	Prokhodnaya River, No.10
	+
	–
	+
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.44

	Ulken Almaty River, No.11
	+
	–
	+
	–
	–
	+
	N/A
	N/A
	N/A
	0.55

	Kumbel River, No.12
	+
	–
	+
	+
	N/A
	N/A
	N/A
	N/A
	N/A
	0.63

	spring-1, No.13 
	–
	+
	+
	+
	N/A
	N/A
	N/A
	N/A
	N/A
	0.25

	
	
	
	
	
	
	
	
	
	
	

	Continuation of Table 15

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	spring-2, No.14 
	+
	+
	–
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.19

	spring-3, No.15 
	–
	+
	+
	+
	N/A
	N/A
	N/A
	N/A
	N/A
	0.56

	spring-4, No.16 
	–
	+
	–
	–
	–
	N/A
	N/A
	N/A
	N/A
	0.01

	Esentai River, No.17
	+
	–
	–
	+
	N/A
	N/A
	N/A
	N/A
	N/A
	0.19

	Kishi Almaty River, No.18 
	+
	–
	+
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.13

	Kimasar River, No.19
	+
	–
	+
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.13

	Butak River, No.20
	+
	–
	+
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.29

	Talgar district

	Kapshagay Reservoir, No.21 
	+
	+
	+
	-
	–
	–
	+
	+
	+
	0.75

	Tsyganka River, No.22 
	–
	+
	–
	+
	N/A
	+
	+
	+
	+
	0.94

	Talgar River, No.23
	+
	+
	–
	+
	N/A
	+
	N/A
	N/A
	N/A
	0.46

	Enbekshikazakh district

	Esik River, No.24
	+
	+
	–
	+
	–
	+
	+
	+
	+
	0.38

	Esik Lake, No.25 
	+
	+
	–
	+
	N/A
	+
	+
	+
	+
	0.78

	Turgen River, No.26
	+
	+
	–
	–
	N/A
	+
	N/A
	N/A
	N/A
	0.38

	Shilik River, No.27
	–
	–
	+
	+
	N/A
	+
	+
	+
	+
	1.25

	Nurly-Arasan hot spring, No.28
	+
	+
	–
	+
	+
	+
	+
	+
	+
	1.30

	River nameless, No.29
	–
	–
	–
	+
	N/A
	–
	N/A
	N/A
	N/A
	0.04

	Artesian well, No.30
	+
	+
	–
	–
	N/A
	+
	N/A
	N/A
	N/A
	0.50

	
	
	
	
	
	
	
	
	
	
	

	Continuation of Table 15

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Raiymbek district

	Kolsay Lake, No.31
	+
	–
	–
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.11

	spring-5, No.32
	+
	–
	+
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.60

	Kaindy River, No.33
	+
	+
	–
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.24

	Kaindy Lake, No.34
	+
	–
	+
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.29

	Koksu district

	Kishi Byzhy River, No.35
	+
	–
	+
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.43

	Byzhy River, No.36
	+
	–
	–
	+
	–
	+
	N/A
	N/A
	N/A
	0.82

	Eskeldi district

	Koksu River, No.37
	+
	–
	+
	+
	–
	+
	N/A
	N/A
	N/A
	0.59

	Karatal River, No.38
	+
	–
	+
	+
	–
	+
	+
	+
	+
	0.60

	Balykty River, No.39
	+
	–
	–
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.34

	Chuzha River, No.40
	+
	–
	–
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.47

	spring-6 «Korinskie klyuchi», No.41
	–
	–
	+
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.51

	Kora River, No.42
	+
	–
	–
	–
	–
	N/A
	N/A
	N/A
	N/A
	0.26

	Aksu district

	Ak eshki River, No.43
	+
	–
	+
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.51

	Koldenen River, No.44
	+
	–
	+
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.46

	Sarkand district

	
	
	
	
	
	
	
	
	
	
	

	Continuation of Table 15

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Aksu River, No.45
	+
	–
	–
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.22

	Lepsy River, No.46
	+
	–
	–
	+
	–
	+
	N/A
	N/A
	N/A
	0.24

	Uygur district

	Charyn River, No.47
	+
	+
	+
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.31

	Bakhus hot spring, No.48
	+
	–
	–
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.27

	Khoshalik hot spring, No.49
	+
	–
	–
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.22

	Panfilov district

	Osek River, No.50
	+
	–
	+
	+
	+
	+
	N/A
	N/A
	N/A
	0.87

	spring-7, No.51
	–
	–
	+
	–
	N/A
	N/A
	N/A
	N/A
	N/A
	0.18

	Chizhin River, No.52
	+
	+
	+
	+
	–
	N/A
	N/A
	N/A
	N/A
	0.32

	Panfilov and Balkash districts

	Ile River, No. 53
	+
	+
	+
	+
	–
	+
	+
	+
	+
	0.97

	Note - CA - chromosomal aberrations; IIGR is an integral indicator of genetic risk;
(-) - no activity; + - there is activity; N/A - not determined 
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Appendix 1.1-1.5
to Agreement  _ dated ___ 2018
for grant funding

TECHNICAL SPECIFICATIONS AND
CALENDAR WORK PLAN
to Agreement  No. 222 dated _20.03.__ 2018

1. Subsidiary state enterprise on the right of economic management "Research Institute of Biology and Biotechnology" of the Republican State Enterprise on the right of economic management "al-Farabi Kazakh National University" of the Ministry of Education and Science of the Republic of Kazakhstan
1.1 The priority: 4. Life Sciences and Health 
1.2 The specialized scientific direction: 4.1 Fundamental and applied research in biology;
- Ecological problems. Assessment of the state and problems of biodiversity conservation of flora and fauna of the Republic of Kazakhstan. Scientific basis for the rational use and reproduction of biological resources.
1.3 The title of the Project: AP05130546 «Study of mutagenic, genotoxic and toxic activity of surface waters in Almaty city and Almaty region»
1.4 The total requested amount of financing 30,000,000 (Thirty million) tenge, including with a breakdown by years, to perform work in accordance with paragraph 3:
- for 2018 - in the amount of 10,000,000 (Ten million) tenge;
- for 2019 - in the amount of 10,000,000 (Ten million) tenge;
- for 2020 - in the amount of 10,000,000 (Ten million) tenge.

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators
2.1 Field of work: Applied Biological Science Research
2.2 Applications: biology, ecology, environmental protection
2.3 Final result:
- 2018: Genotoxicity, mutagenicity and toxicity of surface waters Almaty and Almaty region (Enbekshikazakhsky, Ili, Talgar, Balkhash districts) will be studied in microbiological, plant and animal (Drosophila melanogaster, Danio rerio) test systems, the chemical composition and physical parameters of water samples have been established.
- 2019: The genotoxicity, mutagenicity and toxicity of surface waters of the Almaty region (Raiymbeksky, Panfilovsky, Aksu and other areas) in microbiological, plant and animal (Drosophila melanogaster, Danio rerio) test systems will be studied, the chemical composition and physical parameters of water samples are established. One article will be published in a journal indexed in the Web of Science or Scopus databases with a non-zero impact factor, and one publication in a peer-reviewed scientific journal with a non-zero impact factor.
2020: The most polluted surface waters of the city will be studied for genotoxicity, mutagenicity and toxicity using animal test systems (Mus musculus), the chemical composition and physical parameters of water samples were established in Almaty and Almaty region. One article will be published in a journal indexed in the Web of Science or Scopus databases with a non-zero impact factor and one publication in a peer-reviewed foreign scientific journal with a non-zero impact factor. One monograph will be prepared
2.4 Patentability: not planned
2.5 Scientific and technical level (novelty): Chemical and biological control methods were applied simultaneously, which made it possible to identify the relationship between the concentrations of pollutants and the biological effects that they cause. Biological effects studies have revealed the effects of all harmful agents, including synergistic or antagonistic effects. The assessment of the potential risk of contamination for various forms of organisms was carried out as a result of a series of experimental studies using various test objects (microorganisms Salmonella typhimurium, Escherichia coli; plants Allium sulfur, Hordeum vulgare; animals Drosophila melanogaster, Danio rerio, Mus musculus) and test systems (test Ames, lux-biosensors test, recessive, sex-linked lethal mutations test (Drosophila melanogaster), test for embryotoxicity, chromosome aberration test, single cell gel electrophoresiss (Comet assay), methods for determining biochemical parameters , inherited translocations test).
2.6 The use of scientific and technical products is carried out: by the Customer and the Contractor together
2.7 The type of use of the result of scientific and (or) scientific and technical activities: scientific publications, reports, review and analytical materials.

3. Name of work, terms of their implementation and results

	Work code, stage
	Name of work under the Agreement and the main stages of its implementation*
	Period of execution*
	Expected Result*

	
	
	Start
	Ending
	

	1
	Study of genotoxicity, mutagenicity and toxicity of surface waters in Almaty and Almaty region (Enbekshikazakh, Ili, Talgar, Balkash districts)
	January 2018
	Until November 1, 2018
	Genotoxicity, mutagenicity and toxicity of surface waters of Almaty and Almaty region will be studied

	1.1
	Physico-chemical analysis of the composition of water samples
	January 2018
	Until November 1, 2018
	Chemical com-position and physical parame-ters of water samples will be established


	1.2
	Assesment of the mutagenicity of water samples using microbiolo-gical test
	January 2018
	Until November 1, 2018
	Mutagenicity of water samples in microbiological test will be established

	1.3
	Assesment of the mutagenicity, genotoxicity and toxicity of water samples using plant test
	January 2018
	Until November 1, 2018
	Mutagenicity, genotoxicity and toxicity of water samples in plant  test will be established

	1.4
	Assesment of the mutagenicity, genotoxicity and toxicity of water samples using animal test (D.melanogaster, D.rerio)
	January 2018
	Until November 1, 2018
	Mutagenicity, genotoxicity and toxicity of water samples in ani-mal test will be established (D.melanogaster,  D.rerio)

	2.
	Study of genotoxicity, mutagenicity and toxicity of surface waters in the Almaty region (Rayimbek, Panfilov, Aksu and other districts)
	January 2019
	Until November 1, 2019
	Genotoxicity, mutagenicity and toxicity of surface waters of  Almaty region will be studied

	2.1
	Physico-chemical analysis of the composition of water samples
	January 2019
	Until November 1, 2019
	Chemical com-position and physical parame-ters of water samples will be established

	2.2
	Assesment of the mutagenicity of water samples using microbiological  test
	January 2019
	Until November 1, 2019
	Mutagenicity, of water samples in microbiological test will be established

	2.3
	Assesment of the mutagenicity, genotoxicity and toxicity of water samples using plant test
	January 2019
	Until November 1, 2019
	Mutagenicity, genotoxicity and toxicity of water samples in plant  test will be established

	2.4
	Assesment of the mutagenicity, genotoxicity and toxicity of water samples using animal test (D.melanogaster, D.rerio)
	January 2019
	Until November 1, 2019
	Mutagenicity, genotoxicity and toxicity of water samples in ani-mal test (D.me lanogaster,  D. rerio) will be established. One article will be published in a journal indexed in the Web of Science or Scopus databases with a non-zero impact factor, and one publication in a scientific journal with a non-zero impact factor.

	3.
	Study of genotoxicity, mutagenicity and toxicity of the most con-taminated surface waters of Almaty and Almaty region
	January 2020
	Until November 1, 2020
	Genotoxicity, mutagenicity and toxicity of the most contaminated surface water in Almaty and Almaty region will be studied

	3.1
	Physico-chemical analysis of the composition of water samples
	January 2020
	Until November 1, 2020
	Chemical composition and physical parameters of water samples will be established

	3.2
	Assesment of the mutagenicity, genotoxicity and toxicity of water samples using animal test (Mus musculus)
	January 2020
	Until November 1, 2020
	Mutagenicity, genotoxicity and toxicity of water samples in animal test (M.musculus) will be established

	3.3
	Genetic risk assessment for organisms, including humans
	January 2020
	Until November 1, 2020
	Genetic assessment risk for organisms exposed to contaminated surface water will be made. One article will be published in a journal indexed in the Web of Science or Scopus databases with a non-zero impact factor and one publication in a peer-reviewed foreign scientific journal with a non-zero impact factor. One monograph will be prepared



	From customer
	From the Contractor

	Chairman of the State Institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan"
________________ 
	Director of the SSE on the REM "Research Institute of Problems of Biology and Biotechnology" RSE on the REM " al-Farabi"MES RK

	________________ Abdrasilov B.S.
	_______________ Bissenbaev A.K.

	
	
Familiarized with:
Principal Investigator  of the project
_______________ A. V. Lovinskaya





APPENDIX C 
List of published papers

List of scientific papers on the topic of the project 2018
Articles published in journals indexed in the Web of Science or Scopus databases:
1. Suvorova M.A., Lovinskaya A.V., Kolumbayeva S.Zh. Application of a Zebrafish Embryo Toxicity Assay for the Study of Surface Water Toxicity in the Lower Ile River // International Journal of Biology and Chemistry. – 2018. – Vol. 11, N.2. – P. 68-74 (Q4)

List of scientific papers on the topic of the project 2019
Articles published in journals indexed in the Web of Science or Scopus databases:
1. Lovinskaya A.V., Kolumbayeva S.Zh., Suvorova M.A., Iliyassova A.I., Biyasheva Z.M., Abilev S.K. Complex study of potential toxicity and genotoxicity of water samples from natural sources of the suburban zone of Almaty // Ecological genetics. - 2019. - Vol. 17, N.2. - P.69-81 (Q4, percentile – 8%)
Articles published in publications recognized by the Committee for Supervision and Attestation in Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan:
1. . Lovinskaya A.V., Kolumbayeva S.Zh., Suvorova M.A., Iliyasova A.I., Abilev S.K. Toxic and mutagevic activity of the spring waters of Almaty // Eurasian Journal of Ecology. – 2019. – Vol. 60, No.3. – P. 42-53.
Publications published in peer-reviewed foreign scientific journals:
1. Kolumbayeva S.Zh., Lovinskaja A.V., Iliyasova A.I. Izuchenie geneticheskoj aktivnosti prirodnyh poverhnostnyh vod Almaty city [Study of the genetic activity of natural surface waters in Almaty city]// VII Congress of the Vavilov Society of Geneticists and Breeders (VOGiS). - Saint Petersburg, Russia. - 18.06-22.06.2019. - P. 493. (In Russian) (RSCI) 
Materials and abstracts of international conferences held in the Republic of Kazakhstan:
1 Zueva N.P. Izuchenie genotoksicheskoj i fitotoksicheskoj aktivnosti vody ozera Esik [Study of the genotoxic and phytotoxic activity of the water of the Esik lake] // Materials of the international scientific conference of students and young scientists "Farabi Alemi"– Kazahstan, Almaty. – 09.04.-10.04.2019. – P.194 (In Russian)
2 Kerіmbek N.M., Karazhanova A.B. Izuchenie mutagennyh svojstv vody iz rek Ulken Almaty i Esentaj metodom shhelochnogo gel'-jelektroforeza [Study of mutagenic properties of water from the Ulken Almaty and Esentai rivers by single cells alkaline gel electrophoresis] // Materials of the international scientific conference of students and young scientists "Farabi Alemi"– Kazahstan, Almaty. – 09.04.-10.04.2019. – P.197-198. (In Russian)
3 Fathudinova E.R. Izuchenie fito- i citotoksicheskoj aktivnosti vodnyh prob reki Turgen [Study of phyto- and cytotoxic activity of water samples from the Turgen river] // Materials of the international scientific conference of students and young scientists "Farabi Alemi"– Kazahstan, Almaty. – 09.04.-10.04.2019. – P.217. (In Russian)
4 Khametova A.Zh. Izuchenie fitotoksichnosti i citotoksichnosti vody reki Esik [Study of the phytotoxicity and cytotoxicity of the water of the Esik River] // Materials of the international scientific conference of students and young scientists "Farabi Alemi"– Kazahstan, Almaty. – 09.04.-10.04.2019. – P.217-218. (In Russian)

List of scientific papers on the topic of the project 2020
Articles published in journals indexed in the Web of Science or Scopus databases:
1. Lovinskaya A., Kolumbayeva S.Zh., Begimbetova D., Suvorova M., Abilev S.K. Toxic and genotoxic activity of river waters of the Kazakhstan // Acta Ecologica Sinica– filed for printing (percentile – 30%)
2. Lovinskaya A., Kolumbayeva S., Begimbetova D., Abilev S. The study of the prooxidant and genetic activity of natural surface waters using lux-biosensors // The FEBS Journal – filed for printing (Q1, percentile – 86%)
3. Kolumbayeva S., Lovinskaya A., Kalimagambetov A., Dauletbayeva S., Voronova N. Toxic and genotoxic effects of natural surface water in laboratory mice // The FEBS Journal – filed for printing (Q1, percentile – 86%)
Articles published in publications recognized by the Committee for Supervision and Attestation in Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan:
1. Khametova A.Zh., Zueva N.P., Fatkhudinova E.R., Lovinskaya A.V., Kolumbayeva S.Zh., ShalakhmetovaT.M., Abilev S.K. Toxic and mutagenic activity of water samples from natural sources of the Еnbekshikazakh District of the Almaty Region // Вестник КазНУ. Серия экологическая (Eurasian Journal of Ecology). – Т. 64. - No.3. -С. 54-63
Publications published in peer-reviewed foreign scientific journals:
1. Khametova A.Zh., Fathudinova E.R., Lovinskaja A.V. Izuchenie toksichnosti i mutagennosti vody rek Esik i Turgen (Respublika Kazahstan) [Study of toxicity and mutagenicity of water in the Esik and Turgen rivers (Republic of Kazakhstan)] // Materials of the XXVII International Scientific Conference of Students, Postgraduates and Young Scientists "Lomonosov", Russia, Moscow, 2020 - P. 1. (In Russian) (RSCI) 
Materials and abstracts of international conferences held in the Republic of Kazakhstan:
1 Seksenbayeva N.B. Genetic activity of water samples from the Kaskelen and Shamalgan rivers of Almaty region // Materials of the international scientific conference of students and young scientists "Farabi Alemi"Алматы. - Kazahstan, Almaty. – 06.04.-09.04.2020. - P. 262.
Monograph:
1. Lovinskaya A.V., Kolumbayeva S.Zh., Suvorova M.A., Abilev S.K. Toksiko-geneticheskoe issledovanie prirodnyh poverhnostnyh vod g. Almaty i Almatinskoy oblasti. [Toxic-genetic study of natural surface waters of Almaty and Almaty region.]: monograph. – Almaty: Qazaq University, 2020 – 183 p. (filed for printing) (In Russian)
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Studied water bodies:

1-Kopa River
2- Targap River

3 - Aksengir River
4-Uzyn Kargaly River
5 - Shamalgan River

6 - Kaskelen River

9 - Pervomayskie ponds
10 - Prokhodnaya River
11 - Ulken Almaty River
12 - Kumbel River

13 - spring-1

14 - spring-2

15 - spring-3

16- spring-4

17 - Esentai River

18 - Kishi Almaty River
19 - Kimasar River

20 - Butak River

21 - Kapshagay Reservoir
22 - Tsyganka River

23 - Talgar River

24 - Esik River

25 -Esik Lake

26 - Turgen River

27 - Shilik River

28 - Nurly-Arasan hot spring
29 - River nameless
30 - artesian well
31 - Kolsay Lake
2 - spring-5
33 - Kaindy River
34 -Kaindy Lake
35 - Kishi Byzhy River
36 - Byzhy River
37 - Koksu River
38 - Karatal River
39 - Balykty River
40 - Chuzha River
41 - spring-6 "Korinskie
Klyuchi"
42 - Kora River
43 - Ak eshki River
44 - Koldenen River
45 - Aksu River
46 - Lepsy River
47 - Charyn River
48 - Bakhus hot spring
49 - Khoshalik hot spring
50 - Osek River
51- spring-7
52 - Chizhin River
53 - Tle River





image5.png




image6.png




image7.png
ot

< Cynycan
Konbcar fBecxaunap

oklaisay.
AL

¥





image8.png




image9.png
WX (o

e
©2020 Google
Image ©2020 CNES / Aitbus 4. | 4
Image © 2020 Maxar Technologies .





image10.png




image11.png
©2020 Google W
Image ©2020 ONES  Atbus





image12.png




image13.png
©2020 Goagle

Imige 2020 ararTecmoiges.
Tnége 02020 Ges Ao





image14.png




image15.png
N —
*  fApan6epreHoso





image16.png
o '."iiioog‘ EEarth

3 EUO@e- Y T o




image17.png




image18.png
e eanicat foomerniuet ~ "1/ Google Earth-




image19.png
(F " 0cooge

US Drept o1 Sl Beemep
g Lemdet  Gaptieas





image20.png




image21.jpeg




image22.jpeg




image23.jpeg




image24.jpeg




image25.jpeg




image26.jpeg




image27.jpeg




image28.jpeg




image29.jpeg




image30.jpeg
1B 0O1 SN
PrESON AR all
£EON AR
TEON AR 01l
OgoN e
620N Ssopaumu ARy

70N Buds o wsery-Am N
LZON AR S

Z-ozoN fmany usn ,

197 0N oA wodm
PSTON DI

£STON T
TSTON DAY

TSTON WL

£YTON IR
TTON R A

TPTON AR AT

£ETON Rl 181,
EzoN Rl 1B,

TEzoN AR 1,

ZON AR A,

IZoN aansay Aoy

[ZON oams Afuysduy

£OTON AR wIE
ZOzON AR wIE
TOzON AR N
st

6 TON 1Ay s

TRION AR £
18 'ON oAy Aoy sty

LU0N 1oy sy

oroN v unds

SroN s Sunds
broN 7 Sunds

£roN | Suuds

ZroN BaR pquny

ToN tmAR Ay ussg
TON “mARY A gy o [
Or'oN oAy kompotpiosg
26°0N Spuod avgs Komonng

160N ¥pud s ewoning
SoN tonsay Ay

FoN saany Amy

o Ay afuasyy





image31.jpeg
u14 day

u7day

6 "ON ‘10AR o]
— 0N AR U
e ——— 150N L Suss
o —N 050N 150
—MM 0N 1Kl P A
o — s 0N TS 10U
o — 170N AR UABD
o — 010N ‘IR 5001
o — S7ON AR XY
—MM 0N i0NR UODIO
o —SN 0N 0ARI DB XV
e —MM (/0N AR PO
o — 10N, HTADY SN0, 0 St
e — 10N AR 0
e —SS 0N hRl AATE
o —— 150N 08D B0
T S— 15 ON 00 Y
o —N L5 ON ORISR
o —— 1-L0N AR O
 — 00N ‘AR A
I —N 0N “0ARI AUA B
— v ON O AP
o — 50N 001 AP
o — 0N s Suuds
- — (50N T AN
T — 50N SR WO OBT
e ——— 0N 0 WS
o —N /0N AR AV 71
o S—— 70N ‘i 4.
S

w9 $100.1 J0 WO 0FIOAT

10




image32.jpeg




image33.jpeg
v s0BUBY [BaIF0[oydIour LA )00 JO IOqUIN AFEADAT.

101 SN

pEgON ARy ol

ZG'ON ARy umD)

IsoN ¢ Suuds

=

LN oapyuk

o N “10AR] USSP

£0 N oA R Y

IpoN o Fuuds

-

TREON ARy IRy

ToLEON AR Ty

ogoN oan Akt

SeoN man Auzkg T

pEON B Apumy

2o s uuds

LTON AR IS

[N —
SR —

£0T0N B0 ong]

Z0TON oA ong]

1070 N 0ar yeIng]

ep—

CsroN toapy Ay

o gy Ay

Sron ¢ Sunds

cron 1 uuds

ZION AR foqumy

T oN mapy Ay wain

ON R vy e

[T e—

LN many Ky

N ——

SoN tmapywIpuns

VoN ARy Apiy ukzq

N —

I

25
2
5
0
s
0

+8ad %1004 Jo oquInu 0FI0AT





image34.jpeg
‘ﬁ.
=

*




image35.jpeg




image36.jpeg




image37.jpeg




image38.jpeg




image39.jpeg




image40.jpeg




image41.jpeg




image42.jpeg




image43.jpeg




image44.jpeg




image45.jpeg




image46.jpeg
94w Jo s3qun [0 ) J0 % “DgELIon

PrESON TAR all
TEgON ARy
I-EGON AR al]
0570 N A 300
opoN Ay Adar
TREON TAR] EIIY
TLEON TR T
g0 N ‘AR AtpAe
OgON U saM
670N Vs faumu saagy

sgoN Fauds o sy -
LTON AR S
ZopoN Ay,
£TON DAY
TSTON DT A
£HTON AR AT
THTON oA AT
E6zoN AR 1AL
TszoN o 1L
Fpe—
T
on “many Ay o
16 0N spusd sppouonng
o onmsny Ky
[T —
EENNPHe—
N —
Vo ‘g vdoy
fomon





image47.jpeg
oAy Aoy

mapy vy w
N Spund opdoiuonisy

E 282828882~

4 wokiqua o asqun 08 9 J0 v “GyopuoBonisy





image48.jpeg
550N {33 811
s N
] o s e 8
] o e s o
i e st i e 3 4
i m——NE
Bé I TegoN AR T
LI opaN ‘1aant Aphe
e 050 \ {[o ey
—
 ——
NS —
§ — e
g B 5 570N 15
£ —<CON T
i S——— R
mm —— e
i Sm—— 8
—r— e
2 g
Kl IIII 0N ‘oansay] Aedeysdey
4 T1rON Sman Avury uain
BE e e 60N 5p0d s o OA IS
EE] e 14160 55 AN
£E e
3q p— <0 N 1031 AUy
.m £ "I £ON AR nBussyy
i3 IN—p
LR — [onuoa
& & &8 & =& =<

Juomdogaiap apuokaqua
30 OWELA up o2 G AoqUI A J00f, *NuOEULIOIE Jo ouanbary





image49.jpeg




image50.jpeg




image51.jpeg




image52.png




image53.png




image54.jpeg




image1.png
Ministry of Education and Science of the Republic of Kazakhstan
Al-Farabi Kazakh National University
SCIENTIFIC RESEARCH INSTITUTE OF PROBLEMS OF BIOLOGY AND
BIOTECHNOLOGY
(SRI PBB)

ICSTI 34.23.41; 34.35.51; 34.23.19; 34.23.21
UDC: 57.042; 57.044; 575.22
Ne of state registration: 0118PK00044
Inv. No
Submet
Director of the Scientific Research Institute of

Problems of Biology and Biotechnology

REPORT

AP05130546 « Study of mutagenic, genotoxic and toxic activity of surface waters in Almaty city
and Almaty region»
(final)

Principal Investigator:

PhD __,é;gé—— A.V. Lovinskaya

Almaty 2020




image55.png
222 25.pdf - Adobe Acrobat Reader DC

aiin Pegaktuposanme Mpocwotp Oxwo  Cnpaska

TnagHas  VHCTpymeHTsl 222 25pdf %

83 Qq ®O 11N DO -

Tpwaoesns 1.1-1.5
x HorosopyXe_ or

TEXHHMECKAS CHEUHGHKALS 1
KAJIEHIAPHBIH TJIAH PABOT

Mo orosopy Neddd ot __£0.05 2018 rom

1. Jlouepice rocyaapeTBeNHoe IpeATPAATHE 1 Mpase XovwicTestoro been «Haysio-
HCCICIOBATE LK HHCTHTYT TPOGIEN GHOTOTHN K GHOTEXHOTOTHHY  PecyGIHKAHCKORO
FOYAQPCTECHHORO IPEANPHATHR K TPaBe XOIRHCTBEHHOTO Beenits (KasaXCKiil NaLvioRaTs i
yHuBepcHTeT M. ab-Gapadi» MukHcTepeTsa 0Gpasosanms 1 Kayki Pecny6mnn Kaaxcran

1.1 Tlo npwopwtety: 4. Hayin 0 X0t38 1 110posse

1.2 Tlo noznpuopitery: 4.1 GYHAGMEHTATLHbE H TPHKTAINGE HCCTEAOBINIA B 0GTACTH
Guonor;

- TlpoGinensi oKo7orwH. OUCHKA COCTORHIA W POGTENBI COXPAHEHHA GHOPAIHOOGPIINA
PACTHTEAHOTO 1 XHBOTHOTO Mipa PecnyGuikw Kasaxcras. Haywhbie OCHOBW allHOHaTHHOTO
HCIONB30BAIIA H BOCHPOM3BOTCTA GHOTOTHYECKIX PECYPCOB.

13 Tlo Teme npoexra: APOSI30546 «Msysese Myrarewiioll, TEHOTOKCHIeckoR it
TOKCHMCCKOR AKTHBHOCTH MIOBEPNIOCTHSIX DO I, AIMATSL i ATMATHICKON 061ACTID.

1.4 OGuas cysna npoexta 30000 000 (TPHILATS MILLIHOHOR) Tedre, B Tow SHCie ©
PasGHBKOR 10 FOaM, JUT% BBTIOTHEHHS PAGOT COTAACHO MYRKTY):

-1 2018 rox - B cymme 10 000 000 (JlecsTs MTHONOB) TeETe;
- 1a 2019 rox - B cyme 10 000 000 (Jlecats MwnHOHOR) Tewre:
- 13 2020 ro - 5 cymre 10 000 000 (lecats sanwonon) renre.

2. Xapaxmepucmiuxa nayno-mexnuecKoi npodyKIuM 1O KeaTUGUNGUUONHSLN
MpUIHaKaN u IKoHOMUNECKUE HOKGIAMER

2.1 HanpanieHie paBoTh: pHKTIIILIE HaysHAIE HCCTEI0RANA b 0GAZCTH GHOTOTHHECKIEX HayK

2.2 OGaacTH IpHMEHCHS: GHOROT, SKOTOF A, OXPaa OKPYANIOICH CPEabI

23 Konest pesymrar:

-32 2018 TO1: BYIYT Hoyeil [eHOTOKCHHHOSTS, MYTAreHHOCTS H TOREHANOCTh MOBEPXHOCTHEX
504 1. ATMaTM 1 ATMaTHHCKOR 0GAACTH (EnGeximkasaxcron, HAWfckns, Tanrapexnd, bamxamcxnt
PaioNL) 3 MHKPOGHOOTHSECKI, PACTHTENbHMX H ABOTHM (Drosophila melanogaster, Danio rerio)
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HCHIONB30BAIMIA H BOCPOM3BOTCTA GHOTOTHYECKIX PECYPCOB.
13 Tlo Teme npoexra: APOSI30546 «Msysese Myrarewiioll, TEHOTOKCHIeckoR it

TOKCHICCKO AKTHBHOCT OREPNIOETHAD B 1. ATNATI 1 ATNATIIGKOH 0GHCTI. [3 axenopr POF ©
1.4 O6uias cyssa mpoekTa 30 000 000 (TPHALGT MILLIHONOB) TeHre, B Tow SHCAE ©
PasGHBKOR 10 FOaM, JUT% BBTIOTHEHHS PAGOT COTAACHO MYRKTY): Cosnars PDF “

- #a 2018 roa - B cymme 10 000 000 (JlecaTs MuIAHONOB) TEHTE;
-8 2019 roa - cxnnie 10 000 000 (flecars swmmmoron) Texre;
-3 2020 £on -5 cymnie 10 000 000 (llecas sivnHoron) Tere. Peaaktuposats PDF
2. Xapaxmepucmuxa nayno-mexuuueckois npodyKuui no KeaUPUKIUUONHIN
MpUSHaKaN W KONOMUNECKUE nOKaIAmETH [l06asus KomMerTapuii
2.1 HanpasaeHe paGors pAKIAALIC HaySHM HCCHE0BAIIN § OGTACTH GHOOFHECIID HayK
2.2 OGTacTs, puMerHIR: HONOF I, SKOAOF o, ONPAA OKPY KO cpe

23 Konesut pesysra £ O6veaunuTs Gaiinei ™
-32 2018 TO1: BYIYT Hoyeil [eHOTOKCHHHOSTS, MYTAreHHOCTS H TOREHANOCTh MOBEPXHOCTHEX

504 1. ATMaTM 1 ATMaTHHCKOR 0GAACTH (EnGeximkasaxcron, HAWfckns, Tanrapexnd, bamxamcxnt

PaioNL) 3 MHKPOGHOOTHSECKI, PACTHTENbHMX H ABOTHM (Drosophila melanogaster, Danio rerio) Vienpasuts

TECT-CHCTEMaX, YCTAHORTEH XHMHYECKHR COCTaD W (JHSHHCCKIE NPAMETPS OGPANION BOAN.
-3 2019 TOA: BYAYT Hsy et FEHOTOKGHAHOST, MYTATCHHOCTS H TOKGHANOCTS IOBEPXHOCTHHX
woa Anvarwickol ofaact (PaitusGercknl, Manduiosckull, AKCyckwi w apyrie pasious) B YO saumm
NHKPOHOTOTHYCCKHX, PacTHTEMNMX # AHbOTHNX (Drasophila melanogaster, Danio rerio) Tect-
CHCTENIX,  JCTAHOMICH  XUMWMCEKWA COCTAB W WuCCKHC T4PAMETDH oOpastion soxw. ByIyT
ONYGTHKOBAKb OHA CTATA B XYPHATE, HKACKCHDYNOM B Gasax narHbX Web of Science wan
Scopus ¢ HeHyAEHbM IMIAKT-aKTOPOM H O MYGTHKALIA 5 PEIICHSHPYENOM OTEHECTBCHHOM
HAYHOM HLAHHH C HERYTEBbIM MMGKT-DaKTOPOM.

- 32 2020 ron: BYAYT MAYNEHS HA I€HOTOKCHYHOCTH, MYTGrEHHOCTH  TOKCHUHOCTS
HauGOTEE JATPAINEHHSIC NOBEPNHOCTHBC BT . ATMTH i ATMGTHHCKOR 06TacTH C
TONOIWSO KWBOTHEX TeCT-cHCTeN (Mus musculus), YCTAHORTEH XHMMYCCKE COCTUB M
dusiuecKHe NAPANETPH OOPAIHOB Botu. ByIeT OnYGTHKOBAH OTMA CTATRY B KYPHUIC, OTnpasuTs 418 penakTMpOBaHWs
ITEKCHPYENOM B Gasax naiHbX Web of Science i SCOpUS ¢ HEHYTCBLIN HMIAKT-GaXTODON
W OHA MYGAHKALA B PELEHIHPYEMOM 3apYGEAFHOM HAYUHOM HITAHHH C HCHYTIEBEIM HMIAKT-

‘axropow. ByzeT noxroTonena oaua MoKOrpaduA #% LononHnTenshbie MHCTpYMeHT!

24 TareuocnocobmocTs: we nazsmpyeTca

25 Haysmo-Texsomecuu yponers (HOBKOHA): OTHODPEMEHHO TDHNENENH  XHNINCCKHE
GHOTOIECKHE  MCTOMM  KONTDOTA, TO MIOJBOTATO  WICHTHGWLHPORATH _ IMNOCEIM  MEAZY Xpasure paiinis w obuenusaiTec um 5
KOMLCHTALIOINN JATpAIAIOILI. BEULEETS 1 GHOAOTHAECKINI HpHEXTENMH, KOTOPHIE O BIHIAOT. Document Cloud
Hccnezonamn GHOTOTHIGCKI. DO MOSHOTIH BHABAT BOTIEHCTEHE BCEX BPETHIX. areiTos, ,#

OnTumusuposars PDF

. 2anonsuts v noanucats

BKNONES CHHEPTIYECKHE KIH ANTATOHACTHUECKHE 3BexT. OUCHKS NOTEMIKLIMOTO PHEKA B Mogponee
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3aTPASHEHWSA JUTS PasTMyHEIX GOPM OPraHHIMOB BBUIONHEHA B Pe3yibTATe CEPHH JKCIEPHMEHTATbHBIX
MCCIIEIOBAHHH € MCIOIb30BAHHEM PASTHYHEIX TecT-00bekTos (MuKkpoopranuamsl Salmonella fyphimurium,
Escherichia coli, pactenus Allium cepa, Hordeum vulgare, sxusotumie Drosophila melanogaster, Danio
rerio, Mus musculus) v TecT-cnetem (Tect jimca, Tect /ux-GHOCEHCOPOB, METONBI Y4eTa PELLECCHBHBIX,
CUCIUIEHHbIX © MOJIOM JICTaNBHBIX MyTauwH aposodwnst (Drosophila  melanogaster), Tect Ha
3MOPHOTOKCHHHOTB, TECT fO YHETY XPOMOCOMHBIX abeppauui, METOA LIENOYHOTO reib-alMekTpodopesa
H301MPOBaHHbIX kiieTox(Comet assay),METONBI OnpeneneHus GHOXMMUHECKHX NOKA3ATEIICH, TeCT 0 YIeTy
HacTIedyeMbIX TPAHCIOKALHH).

2.6 Hcronb3oBaHue —HAyYHO-TEXHMUeCKOW TPONYKIWH — OCYIWIECTBIACTCA:  3aKASUHKOM M
HCnoaKuTeneM COBMECTHO

2.7 Bua HCMONBL30BAHMA pe3y)bTaTa HAYYHON M (WIM) HAYTHO-TEXHHUECKOH [EATENbHOCTH:
HayuHble MyGIUKALMH, OTYETE, 0030PHO-AHANMTAYECKHE MATEPHATbL.

3. Haumenosaiue pabom, cpoku ux peanusquui it pesyivmamst

Ilndp 3anauns, | Hammeroparne paboT 1o Cpok BeIMONHEHAs™* OsxmnaeMblit pesympar®
arana JloroBopy u OCHOBHbIE
- HAualo | OKOHYaHHe
STaIlb! €10 BHINONHEHHS 1
Haygenne BynyT u3y4eHs!

1 TEHOTOKCHUYHOCTH, TEHOTOKCHYHOCTh,
MYTArcHHOCTH U MYTarcHHOCTs H
TOKCUYHOCTH TOKCHIHOCTH
TOBEPXHOCTHBIX BOA T. }IHBBPL 0 . 6 TIOBEPXHOCTHEIX BOI T
ATMAaTE ¥ AIMaTHRCKOH 2018 roza 1 HoA6p% AnMathl B AIMaTHHCKOMR

2018 roma
obnacTu ofnacTn
(Enfexmmnkasaxckuii, (EnfexmmKasaxckui,
Wnutickui, Tanrapcxnii, J Vnmiickuit, Tanrapekmni,
Banxaunckaii paiobr) Banxaurcxuii padorsr)
DH3UKO-XUMHIECKHI Byner mposeneH HUIHKO-
aHaTH3 cocTasa o6pasios P T—— 1o 01 XUMHYECKHH aHAIHA3
1.1 BOABL 2018 g i Hoabpd | cocTaBa M Qu3NYecKme
oI 2018 ToIa |MapaMeTpsl 06pasmoB
BOIBL § i
Ouem(a MYTareéHHOCTH ByHCT TIpOBEACHA OUEHKA
06pa3noB BOBL C IOMOLIBIO STias a0 01 MYTareHHOCTH 00pasnos
1.2 MHAKPOGHONOTHYECKHX TECT- 2018 rzqa H0s6pst | BOJBI C HOMOILEIO
CHCTeM 2018 rona | MHKpOGHOIOI HUECKIX
TECT-CUCTEM.
O1enKa MyTareHHOCTH, Byzner nposegeda oueHka
TEHOTOKCHYHOCTH H MYTarcHHOCTH,
TOKCHYHOCTH 06 pasIion Stupaps mo 01 TeHOTOKCHYHOCTH
13 BOABI ¢ HOMOUIBIO 2018 rona Hos0pg | TOKCHYHOCTH 00pa3UoB
PaCTHTENBHBIX TECT-CACTEM | 2018 roma |BOIBI € IOMOIIBIO
PacTUTENBHBIX TECT-
CHCTEM, |
Byzert npoBesicHa oleHKa
MYTare¢HHOCTH,
TEHOTOKCHYHOCTH K
OreHKa MyTATCHROCTH, 12001 TOKCHYHOCTH 00pa3oB
14 TeHOTOKCAYHOCTH B SAuraps Hos6pa BOIBI ¢ IOMOTIBIO
TOKCHYHOCTH 06pasoB 2018 rona 2018 rona JKUBOTHBIX TECT-CHCTEM
BOJIBI ¢ TOMOUIBIO (Drosophila
MHBOTHBIX TECT-CHCTEM melanogaster, Danio
(Drosophila melanogaster, rerio)
Danio rerio) ;

w A
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Wayuenne Byznyt nsydensr
T€HOTOKCHYHOCTH, TCHOTOKCHYHOCTD,
MYTarennnocTH u MYTar¢HHOCTh H
TOKCHYHOCTH 1o 01 TOKCHYHOCTh

2 TOBCPXHOCTHBIX BOJL HHBBPI: 6 MOBEPXHOCTHEIX ROJT
ATMaTWHCKOH o6macTr 2019 roma HOAOpX AnMaTrHCKON 061acTH
(PatipMGexckui, 2019 roza (PaiteimGexckmit,
TandnnosekHit, Axcyckunit Tandnnosexwuit,

H Apyrue paioHBI} AKCYCKHI B IpyrHe
palioHBI)

DU3INKO-XUMHYECKUI Byner nporenen ¢pu3nko-
aHATH3 COCTaBa 0GpasIioB Supaps 1o 01 XUMHYECKHH aHaTH3

2:1 BOJLI 2019 HOAOps | cocTaBa H dH3HIECKHe
oM 4 9019 1044 | TapaMeTphl 06pasLoB
BOZBL
Onenka MyTATeHHOCTH Byner npobeneHa omeHka
00pasoB BOABI ¢ IOMOIIEIO Susaps 1o 01 MyTAr€HHOCTH 00pa3LoB
22 MHKPOOHOTOTHYSCKHK TECT- 2019 ‘_z HOAOpA | BOJBI ¢ TOMOLIBIO
CHCTEM 212019 rofa |MHKPOGHOTOTHISCKIX i
TECT-CHCTEM.,

OneHKa MyTareHHOCTH, Byner nposeaena omenka
TCHOTOKCHYHOCTH H MYTareHHOCTH,
TOKCHYHOCTH 00pasuos N 1001 TEHOTOKCUYHOCTH U ;

2.3 BOJIBI ¢ IOMOIIBO 2019 rgna HOOpA | TOKCHUYHOCTH 00pa3uoB |
PaCTUTEIIBHEIX TECT-CHCTEM | 2019 roga |BOOBI ¢ HOMOIIBIO
PACTHTETBHBIX TECT-
CHCTeMax B
B}',HCT TIPOBECHA OUCHKA
MYTar¢HHOCTH,
TE€HOTOKCUYHOCTH

OueHKa MyTareHHOCTH, TOKCHYHOCTH 00Pa3loB
TCHOTOKCHYHOCTH M BOJBL ¢ MNOMOIIBIO
TOKCHYHOCTH 06pasioB KHUBOTHBIX TECT-CHCTEM
BOJIBL C IIOMOTIBIO (Drusophilu
YKHBOTHBIX TECT-CHCTEM melanogaster, Danio
(Drosophila melanogaster, 1001 rerio). BynyT

04 Danio rerio) SluBaps HosGpA ONyOIHKOBAIIEL O
: 2019 rona 2019 .| cTares B xypHane,
roda HMHAEKCUPYEMOM B Gazax
Jnannkix Web of Science
HIH Scopus C HEHYJIEBBIM
HMIAKT-GaKTOPOM B OZIa
myOInKanus B
PEUEH3HPYEMOM
OTEYECTBEHHOM HAYy4YHOM
H3[aHHH C HEHYIIEBbIM
MMOaKT-(GaKTOPOM.
Hsyuenne Bynet usyuens! Ha
TeHOTOKCHIHOCTH, TC€HOTOKCHYHOCTB,
MYTATeHHOCTH H 20 01 MYTareHHOCTE U 1

3 TOKCUYHOCTH Hanbomnee SluBaps o6 TOKCHUHOCTD HauboMee |

3arPAIHEHHBIX 2020 roga 2020 roga 3arpA3HEHHEIC

TIOBEPXHOCTHEIX BOA T.
AnMathl ¥ ANMaTHHCKOR
ofmact

TIOBEPXHOCTHRBIE BOJIBL I
AmMatel ¥ ATMaTHHCKOH

obracTu
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DA3UKO-XIMUTECKUH] Byaer nposenen Guspxo-
aHaIH3 cocTasa o0pasios 10 01 XUMHYECKHH aHann?

!
3.1 ROZBI Arpapn voabpst | cocTaBa U dusudeckne ;
i

2020 roma 2020 roga | mapametps oGpa3ios

BOIbI.
OueHka MyTaresAOCTH, Byser npoejieHa olleHKa
TCHOTOKCHYHOCTH H MYTareHHoCTH,
TOKCHYHOCTH 06pasuoB STusaos o 01 TCHOTOKCHYBOCTH K
32 I BOZBI C IOMOUIBEY 2020 rg/:[a HOSIOPA | TOKCHYHOCTH 00pasIioB
JKUBOTHBIX TECT-CHCTEM 2020 TOJa |BOJARI C NOMOITEH)
(Mus musculus) JHBOTHBIX TECT-CHCTEM (
| Mus musculus).
! Dylet fana olieHKa
TeHETHYECCKOTO PUCKA
2T OPT2HHIMOB, B TOM
l HMCIIE U YCIIOBCKA.
Byner onybnukobana
' ‘ OHA CTAThsl B ¥KYpPHATE,
‘ HHIEKCHPYeMOM B Oazax
1001 naugsix Web of Science
SuBaps
33 OlleHKa reHeTHHUCCKOTO 2020 roga HOsOpst | Mim Scopus ¢ HeHYIeBBIM
PHCKA 119 OPTaHU3MOB, B 2020 roga | uMmaxT-axTopoM K
TOM YHCJIE ¥ HeJOBEKa OJHa Hyﬁﬂﬂl(a].lﬂﬂ B
DPELCH3APYEMOM
‘ 3apyDeRHOM HAYHHOM
, H3IAHHH ¢ HCHYJTERBIM
ﬂMﬂaKT-@aKTOpOMA
Byxer uonrorosiena
J ogda MOHOTpaq)HSI

Or 3akasumka: Or Vcnonwnurens:

Tipencenarens 'V «Komurer nayku MunuctepeTsa
obpazoBanns u Hayku PK»
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Toxic and genotoxic activity of river waters of the Kazakhstan
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Hanucats nucemo v FEBS 2020: postponement announcement

noreply@2020.febscongress.org 2 anpens, 23:30

3 Mepeiimi g0 exonawve
Komy: sam

®uneTpsl noucka
Camoyuurens Python

 Henposuariisie
202042

R C dnarom

Dear Ms. Lovinskaya,
@ C enoxermsnn We know many of you are dealing with difficult times in your work as scientists, educators and students, as well
as with your families and friends, due to the coronavirus (COVID-19) pandemic, and we thank you for your
patience while postponement of the 45th FEBS Congress was explored.
B} Crarbl nokymeHToB
Sadly, the situation has worsened significantly in Europe and elsewhere over the past three weeks and, for
participant safety and given various governmental actions, it i clear the event cannot proceed this July. We
announce now that, after careful consideration, the 45th FEBS Congress will be postponed to next year. The .
new dates are 3-8 July 2021. iPhone XR B paccpoky 0-0-
P DuHancsl 12
We understand that this might come as a big disappointment to our speakers, exhibitors and participants busy
preparing for the event and looking forward to some wonderful days this summer in Ljubljana. However, we are
Pleased to be able to inform you that all the Plenary Speakers and Symposia Chairs and most of the Symposia
and Special Session speakers have confirmed ther participation for the new dates, and we can look forward to
3 Nyrewectsus the excellent speaker program next year.
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A noreply@2020.febscongress.org 2 anpens, 23:30
& Kowy: eam

ana special Session speakers have connfmed their PartiCipation for the new dates, and we can 00K fOrward to
the excellent speaker program next year.

We saw a lot of enthusiasm for this event in the run up to the 5 March abstract deadiine, and we are sorry you
do not get a chance to present your submitted work this year. However, registrations will roll over to remain
valid for the new dates and we eagerly await welcoming you to the 45th FEBS Congress next summer. We will
500 be releasing your abstracts for editing to enable you to update them if you wish ahead of a new 4 March
2021 abstract deadiine, and then we will be running again abstract review for acceptance of abstracts to the
event (including collation in a 2021 FEBS Open Bio Congress supplement) as well as selection of short oral
presentations and FEBS bursary recipients. Al your current registration form data wil be retained with the roll
over, although you are also welcome to update it if you need to. Please continue to log in to your account with
the same email and password to manage your abstract and registration details.

We will be making updates to the website pages soon to reflect the new dates of the Congress, which will be the
corresponding days of the week one year on.

We hope you can continue research, teaching and studies in molecular life sciences in different ways through
these challenging times and thank in particular all those working i fields relevant to addressing the pandemic.

We now look forward to welcoming you to Ljubljana in happier times in 2021
‘Yours sincerely,
Janko Kos, 45th FEBS Congress Chair

Vdclav Paces, FEBS Secretary General
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Y Komy: sam
We will be making updates to the website pages soon to reflect the new dates of the Congress, which will be the Tosapa Gonbiue, cknaka
corresponding days of the week one year on. Bbiwe!

We hope you can continue research, teaching and studies in molecular life sciences in different ways through
these challenging times and thank in particular all those working i fields relevant to addressing the pandemic. sulpakic >

We now look forward to welcoming you to Ljubljana in happier times in 2021 ~
‘Yours sincerely, '
-

Janko Kos, 45th FEBS Congress Chair

Vdclay Paces, FEBS Secretary General A

Congress Secretariat
Dekon Congress & Tourism Kynute Apple iPhone
Sultan Selim Mah. Humeyra Sok. No.12 34415 a Kaspi.kz

Kagthane — Istanbul (Turkey)
Phone: +90 212 347 63 00
febs2020@dekongroup.com
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A.Zh. Khametova' * , N.P. Zueva' ** , E.R. Fatkhudinova' ** , A.V. Lovinskaya! %@ .

S.Zh. Kolumbayeva' , T.M. Shalakhmetova' " , S.K. Abilev?

'Al-Farabi Kazakh National University, Kazakhstan, Almaty
?Vavilov Institute of General Genetics of Russian Academic Science, Russia, Moscow,
e-mail: Khametova.amina@gmail.com

TOXIC AND MUTAGENIC ACTIVITY OF WATER SAMPLES
FROM NATURAL SOURCES OF THE ENBEKSHIKAZAKH DISTRICT
OF THE ALMATY REGION

The current ecological situation sharply raises the question of checking water sources for mutagenic,
genotoxic, and phytotoxic activity. An increase in human activity around water sources increases the
risk of surface water pollution by various emissions and wastes, an increase in the concentration of
various pollutants in the aquatic environment can lead to mutagenic activity of this source. Since the
rivers Esik, Turgen, and Lake Esik, located in the Enbekshikazakh district of the Almaty region, are close
to highways, various enterprises and proximity to human activities, the risk of pollution is continually
increasing. As a result of physicochemical analysis of the composition of water samples, an excess
of the maximum permissible concentration for manganese, lead, zinc, and cadmium was found. The
Allium-test revealed toxicity and mutagenicity of the studied water samples. The phytotoxic activity
was observed in the water of the River Esik, manifested in the inhibition of onion root growth. Cytotoxic
activity in the water of the rivers Esik, Turgen, and Lake Esik was manifested in a statistically significant
decrease (p<0.05) in the mitotic index compared to the negative control (distilled water). A weak muta-
genic activity was established in water samples from the river. Esik, Turgen and Lake Esik, manifested in
a statistically significant increase in the level of chromosomal aberrations in the cells of the root meristem
of onions when germinating in water from these water bodies, compared with negative control (p<0.05).
Thus, the obtained results of the study of the toxic and mutagenic potential of natural surface waters from
water bodies located on the territory of the Enbekshikazakh district of the Almaty region indicate their
contamination with environmentally hazardous factors that pose a threat to biota and human health.

Key words: natural surface waters, heavy metals, Allium test, mitotic index, chromosomal
aberrations.

A XK. Xametosa', H.I'. 3yesa’, E.P. ®atxyanHosa', A.B. AosuHckas’,
C.K. Koaymbaesa', T.M. LLlaraxmeToBa’, C.K. A6uaep?
'OA-Mapabu atbiHAarbl Kasak, yATTbIK yHuBepeuTeTi, Kasakcran, AAMaThbl K.

’PI'A H.. BaBuaoB aTbiHAarbl XKaAnbl reHeTvka MHCTUTY b, Peceid, Mackey K.
e-mail: Khametova.amina@gmail.com

AAmarbi 00Abicbl EHbexuika3ak ayAaHbiHbIH, TabHFU
CYy Ke3AepiHeH aAbiHFaH YATIAEPATH TOKCHHAIK XoHe MyTareHAIK Kbi3MeTi

Kasipri 3KoAOrMSABIK XarAai Cy Ko3AepiH MyTareHAIK, reHOTOKCUKAABIK, )KaHE (hUTOTOKCUKAABIK,
GeAceHAinikke Tekcepy MaceaeciH KypT keTepeAi. Cy Ke3AepiHiH aiiHaAaChbiHAAFbI aAaMAQpABIH
GeACEHAIAIrIHIH apTybl Xep YCTi CyAapbiHbiH SPTYPAI LbIFAPLIHABIAAD MEH KAAAbIKTapMEH AacCTaHy
KayniH apTTbipaAbl, CyAbl OpTaAaFbl SPTYPAI AaCTayllibl 3aTTaPAbIH KOHLEHTPALMSICHIHBIH XKOFapblAaybl
OCbl KO3AIH MyTareHAik 6eAceHAiAiriHe akeAyi MyMKiH. AAMaTbl 06AbICk EHGeKWwikasak, ayAaHbIHAG
opHaaackaH Ecik, Typren xoHe Ecik e3eHAepi aBTOMOGMAL XXOAAAPbIHA, SPTYPAI KecinopbiHAApFa
XKOHEe aAam KbI3MeTiHe XakbiH GOAFaHABIKTaH, AacTaHy Kayni yHemi apTbin keaeai. Cy yariaepi
KYPaMbiH (PU3UKa-XUMUSIABIK TAAARY HBTUXECIHAE MapraHell, KOPFacblH, MbIpbILL XXoHe KaAMUIA LLeKTi
pyKcar eTiAreH KOHUEHTpauMsiAaH acaTbiHbl aHbIKTaAAbl. Allium-tect 3eprreAreH cy yAriaepiHin
YbITTBIABIFbI MEH MYTareHAIriH aHblKTaAbl. ECiK ©3€HiHiH CyblHAQ MUS3 TaMbIPbIHBIH BCYIHE KeAepri
KEATIpeTiH hUToTOKCUKaAbIK, BeaceHaiAik Gankaaabl. Ecik, TypreHn e3eHaepi >kaHe Ecik KeAiHaeri
UMTOTOKCHKAABIK BeACEHAIAIK Tepic GakbiAayFa (AMCTUAAEHTEH Cy) KapaFaHAa, MUTO3ABIK, MHAEKCTIH
CTaTUCTUKAABIK, MaHbI3AbI TemeHAeyiHAe (p<0.05) 6GaiikaAabl. ©3eHHIH Cy YAriAepiHAE OACi3
MyTareHAIK GeAceHAIAIK Gainkaaabl. Ecik, Typren eseHaepi xoHe Ecik keaiHAe, Tepic GakbiAayFa
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W3y4eHne TOKCMYHOCTH U MyTareHHOCTH BoAbl pek Ecuk u Typren (PecnyGauka
KazaxcraHn)

Hayunsrit pykosoaurens — Koimymbaesa Cayne 2KanabaesHa

Xamemosa A. K.Y, ®amzydunosa E.P2, Jlosunckasn A.B>
1 - Kazaxckuii HaUMOHaILHEI yHUBepcuTeT nMeHH alib-Papabu, Pakynsrer 6uonornu u
6uorexnosnornu, Anmarsr, Kasaxcran, E-mail: khametova.amina@gmail.com; 2 - Kazaxckuit
HALMOHAJIBHBINA YHUBepcHTeT uMeHn aib-Papabu, PaxysbTer 6UoIOruK 1 GHOTEXHOIOTUH, AnmMarsr,
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[lInpokoMacmTaGHOe 3arPsA3HEHAE OKPYXKAIOMIeH Ccpeibl 3KOJIOTHIECKH ONACHLIMYU (DAKTO-
paMy pas3iIMYHOM IPUPOJbl, OONBIIMHCTBO M3 KOTOPBIX 00/a/aeT TOKCUIECKUME, MyTareHHbI-
MU, KaHIIEPOreHHBLIMHE CBOUCTBAMH, MPEJICTABISCT ONPEIEJEHHYIO yrPO3y 370POBBIO YeJIoBeKa
U O6GHTATENSM IIPUPOIHBIX SKOCHCTEM. BONBITYI0O TPEBOTY BHISLIBAET 3arpsi3HEHHE IPUPOTHBIX
BOJI, KOTOpBIE SIBJISIOTCS JKU3HEHHO Ba’KHBIMHI pecypcaMu Jiis desobeka. [losromy usytenue
BOJHBIX P06 peK BOIM3M HACENEHHLIX [IYHKTOB Ha TOKCHYECKYIO M MYTAr€HHYIO aKTHBHOCTD
IpeJICTABAsETCS aKTyaJ bHBIM. B CBASH ¢ 9THM, IEJbIO JAHHOTO WCCTIEOBAHMS SBHIIOCH U3Yde-
HHe TOKCHYeCKOH M MyTareHHOH aKTHBHOCTH BoAbI U3 peK Ecuk u Typren, npoTekaiomux Io
tepputopny Anmarumckoit obsnactu Pecrybmmku Kazaxcran.

B pafoTe 6BUIM HMCIOIL3OBAHLI METOIBI: ATOMHO-aOCOPOIMONHAs CeKTPOMeTpus, GroTe-
CTHpOBAHHUE C HCIOJB30BAHMEM Da3/IMYHBIX TeCT-00bEKTOB M TecT-chcTeM (luz-TecT, TecT Ha
duroroxcnanocts (Allium cepa), TecT MO y4eTy XPOMOCOMHBIX abepparuit (Hordeum vulgare),
olpejesenne MuTotHdecKoro unmekca (A.cepa, H.vulgare), recr na smM6puorokcuanots (Danio
rerio). Ot6op, GUALTPAIMIO W KOHCEPBAIMIO P00 BOABI IIPOBOJMIIN COITIACHO I'OCTy 31861-
2012.

B pesysbraTe MpoBeIeHHBIX MCCACAOBAHNUN YCTaHOBICHO, UTO B Bojie p. Ecuk Habmopaercs
npesoimenne [TJK st Boxbl peIOOX03AMCTBEHHBIX BOJIOEMOB IO MapraHIly, CBHHI ¥ IHHKY
coorBeTcTBeHHO B 1,5; 1.4 m 3,7 pa3a, a B p. Typrex - o Mapratiyy ¥ IMHKY COOTBETCTBEH-
HO B 7 u 1,5 pasa. C momompsio luz-Tecra Ha 6uoceHccope KatG BhisiBIeHa MPOOKCHIaHTHAS
aKTHBHOCTH BOABI u3 p. Ecmk. OTMedasach Tak»XKe BBICOKAs TOKCHYHOCTB BOJABI 0DEMX DeK,
SHAYUTEILHO CHUMKABINas GHONIOMUHECHeHTHEIH oTBeT Ouocencopos RecA, ColD. C nomompio
pacTUTENbHBIX TecT-06HekToB A.cepa n H.vulgare BHIABIIEHA TOKCHYECKash N MyTareHHas aK-
THBHOCTb H3Yy4eHHRIX obpasros Bomsl. Tak, Allium-recT mokazan (pUTOTOKCHYECKYIO aKTHB-
HOCTB BOJBI 13 06EUX peK, NPOSBHUBINYIOC] B HHIHOMPOBAHIU pocTa KopHel. B Tecte 1o yuery
XPOMOCOMHBIX abepparmit na cemenax H.vulgare ycranosieno, uro Bozabl pexk Typren u Ecuk
YBeJIMUIMBAJM YACTOTY abepPPAHTHBIX KJIETOK B KOPHeBO#t Mepucreme cemsH. [Ipu npopamusa-
HUM CeMSH STIMeHs Ha BoJe U3 p. ECHK BBISIBIEHA BBICOKas YacCTOTa MOJHILIOUIHBIX KJIETOK.
Tax:ke HAGIIONAIOCH CHUXKEHHUE IpoJindepaTHBHON aKTUBHOCTH KJIETOYHON MONYJIAIMA KOpHe-
BOIl MEPHCTEMBI PACTUTENBHBIX TECT-06bEKTOB 10 CPaBHEHMIO ¢ KoHTpojieM. B Tecte ma D.rerio
BOJZbl M3y YAEMBIX PEK [POABUIM BHICOKYIO TOKCHYIHOCTE H TEPATOTEHHOCTD [IJIst 9MOPUOHOB PHIO
Ha BCeX CTaIuax passurus. Haubolee pacIpOoCTPaHEHHBIM HapPYIIEHUEM SIBUJIOCH HCKPHUBJICHHIE
COUHHOM CTPYHHI.

TakuM 06pa30oM, TOTyIeHHbIE HA PA3INYHBIX TECT-CHCTEMAX W TeCT-O0bEeKTaX PesysbTaThl
HCCIIEIOBANUS MyTAIeHHOTO, TeIIOTOKCHYECKOTO U TOKCHYECKOTO MOTEHUMaa MPHPOIHBIX II0-
BEPXHOCTHBIX BOJ[ 3 BOJHBIX 06HEKTOB, HAXOASIINXCS Ha TEPPATOPHUM AJIMATHHCKOH obJacTh,
CBHJIETENLCTBYIOT 06 UX 3arDsI3IIEHHOCTH 9KOJOIHYECKH ONACHBIMU (DaKTOPAMH, NPEJCTaBIIAIO-
UMY YI'PO3y JJIst OHOTHI U 310POBbs YEJI0BEKA.

PaGoTa BEIIOJIHEHA B paMKax npoekta AP05130546 MOH PK (2018-2020 r.)
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