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ABSTRACT

Report 159 p., 3 tables, 76 references, 10 appendices.
AGGLOMERATION, SNOW COVER, HYDROCHEMISTRY, TOXICOLOGY, CONTAMINANTS
The object of study is the territory of Almaty agglomeration.
Project Goal – To provide a comprehensive environmental and analytical assessment of the degree of pollution of natural object by toxic compounds by their content in snow cover 
In the course of research, chemical-analytical, chromatographic, atomic absorption, technologies for information processing were used.
The obtained results and novelty: in the final report for 2018-2020, in accordance with the requirements specification during the field researches, samples of snow, water and soil were collected, which were subsequently analyzed in the laboratory conditions. Chemical analyzes were made for: pH, salt composition, organic matters by permanganate oxidizability, mineralization and suspended matters. Spectrophotometric determination of heavy metals (HM) and chromatographic determination of polychlorinated biphenyls (PCBs) were made. On the basis of the obtained analytical material, the characteristics of chemical composition of snow cover (SC), water of Kapshagai reservoir (KR), as well as HM and PCBs in SC, water and soil are presented, taking into account peculiarities of their distribution in Almaty agglomeration (AA).
For the first time for the territory of AA, a comprehensive assessment of the pollution of SC and assessment of the impact of toxic compounds to the natural objects was made. The ranking of the agglomeration territory according to the degree of pollution was carried out and recommendations for the maintaining the normative level of quality of the studied natural environments were developed.
The main constructive indicators: The obtained data will make it possible to give objective assessment of the chemical composition and degree of SC pollution and on that basis, the degree of anthropogenic load to the ecosystem of AA territory is ranked.
Degree of implementation – published in total 12 (twelve) articles, from them 3 (three) articles in scientific edition indexed in the Scopus database, 1 (one) article in peer-reviewed foreign scientific editions with a non-zero impact factor and 7 (seven) articles in materials of international scientific and practical conferences, 1 (one) in journals recommended by the Committee for Control in the sphere of Education and Science. In print – 1 (one) article of the Scopus database (Appendix A). 
Area of implementation: The research results can be used by environmental agencies for assessing the current condition of the environment.
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TERMINOLOGY AND DIFINITIONS

In this research report, the following terms are used with appropriate definitions
	Accumulation
	– accumulation of various mineral, organic and organomineral substances in the soil, river beds, living organisms

	Agglomeration
	– a territory covering several adjacent settlements, where the large number of industrial enterprises are located, and due to this there is interconnection of economic, environmental, social and other interests. The existing administrative-territorial units maintain their independence, but their bodies must interact with each other in solving common problems. Urban agglomeration is a compact cluster of settlements. Regional agglomeration is a compact territorial location of urban settlements, united by intensive economic, labor, cultural and household ties

	Air pollution
	– should be understood as any change in its composition and properties that has negative impact on human and animal health, condition of plants and ecosystems

	Bioaccumulation
	– accumulation of substances (technogenic pollutants) in organisms of higher trophic levels

	Contamination protection
	– system of measures aimed at protecting plants, animals and people, as well as material values from the harmful effects of pollutants

	Ecological norms ranking
	– determination of threshold values of factors of human influence to ecosystems or to human health, after exceeding of which, their significant negative impact is registered

	Ecological monitoring
	 complexe monitoring of the environment condition, including  components of the natural environment, natural ecological systems, of the processes occurring in them, phenomena, assessment and forecast of changes of the environment condition

	Ecotoxicology
	– study of the impact of toxic chemicals to organisms (including humans) and ecosystems

	Environment quality
	– degree of natural conditions correspondence to the needs of people or other living organisms

	Infrastructure
	 complex of interconnected service structures or objects that compose and provide the basis for the system functioning 

	Long-distance transfer of pollution
	– redistribution of the pollutant in the atmosphere vertically due to turbulent motion, or horizontally (mainly by advection) over considerable distances

	Maximum permissible concentration of pollutants (MPC)
	– the amount of harmful substance in the environment, referred to the mass or volume of its specific component, which, by constant contact or by impact in a certain period of time, has practically no effect on human health and does not cause adverse effects for the posterity

	Migration 
	 transfer and redistribution of chemical elements in the earth's crust and on the surface of the Earth

	Pollutants
	– technogenic pollutants of the environment

	Source of pollution
	– object that spreads air pollutants (State Standard 17.2.1.04-77)

	Sustainability (экологическая)
	– ability of ecosystem to maintain its structure and functional characteristics by impact of external and internal factors

	Toxicant
	– poisonous substance

	Toxicity
	– poisonousness, the ability of a substance to harm organisms, as well as human health

	Urbanization
	 process of increasing the role of cities, urban culture and "urban relations" in the development of society, increase of the urban population in size, in comparison with the rural one and "translation" of the higher cultural samples formed in cities outside the cities




LIST OF SYMBOLS AND ABBREVIATIONS

In this research report, the following abbreviations and symbols are used
	AA
	· Almaty agglomeration

	AP
	· Atmospheric precipitation

	EBR
	· Eastern Bypass Road

	ECD
	· Electron capture detector

	GLC
	· Gas-liquid chromatograph

	HM
	· Heavy metals

	HMR
	· High mountain resort

	HPP
	· Heat and power plant

	IAG
	· Fedorov Institute of Applied Geophysics

	IMGCCRE
	· Institute of Mineralogy, Geochemistry and Crystal Chemistry of Rare Elements

	MI
	· Methodical instructions

	MMP
	· Methodology of measurement procedure

	MPC
	· Maximum permissible concentration

	MPCde
	· Maximum permissible concentration (domestic-economic)

	MPCfe
	· Maximum permissible concentration (fishery-economic)

	MS
	· Meteorological station

	NBR
	· Northern Bypass Road

	P
	· Pollutants

	PCBs
	· Polychlorinated biphenyls

	POPs
	· Persistent organic pollutants

	RK
	· Republic of Kazakhstan

	SC
	· Cnow cover

	SRW
	· Scientific-research work

	SS
	· Suspended substances

	SSOCEC
	· State Service for Observation and Control of the Environment Condition

	WMO
	· World Meteorological Organization 





INTRODUCTION

There are 87 cities in Kazakhstan, two of which are cities of republican subjection - Almaty and Astana. Today, high rates of urbanization are observed in these two large cities and in Almaty region. Urbanization is expected to increase by another 10 % over the next 20 years, which will naturally increase the load on the country's social sphere. The total area of AA lands is 939,5 thousand hectares. The agglomeration zone includes 188 settlements of Almaty region, the center of the agglomeration is Almaty city, and it includes parts of five administrative districts of the Almaty region: Karasai, Talgar, Ile, Yenbekshikazakh and Zhambyl, as well as the cities Kaskelen, Kapshagay, Talgar and Yesik.
The complete and high-quality functioning of the agglomeration, the life and productivity of its fauna and flora is directly dependent on the natural environment quality. The increasing rates of urbanization of megalopolises provide the real threat to the ecosystem of the surrounding natural complexes, creating conditions that are unsafe for human health. The most effective method for assessing the degree of impact of anthropogenic pressure on the urban environment and public health is monitoring of atmospheric precipitation pollution. 
The object of the study is snow cover (SC) of the territory of AA, which has a high sorption capacity and is most informative in the study of technogenic pollution of atmosphere. Snow absorbs a significant part of the products of technogenesis, accumulates them during the winter period, and during the spring snow melt these substances enter the natural environment, mainly water and soil and polluting them. Consequently, the chemical analysis of snow will allow to make forecast of the composition of future migrants in various natural objects of urban landscapes and to determine the sources of pollution. 
The main priority pollutants of urbanized areas are heavy metals, which are the dominant toxic components of atmospheric emissions from industrial, energy facilities and vehicles.
The study and control of distribution of the toxic substances (persistent organic pollutants (POPs), especially those included in their list of polychlorinated biphenyls (PCBs)), which are very dangerous for humans and natural environment are extremely actual in modern conditions. According to the requirements of the global Stockholm convention, by 2028 they must be completely destroyed on a planetary scale, naturally also on the territory of the Republic of Kazakhstan, which is a supporter of the convention. Our earlier studies have determined significant PCBs contamination of water resources and atmospheric precipitation in the region, which includes the territory of AA. The reason for this is the presence in the region of the powerful sources of environmental pollution.
Consequently, in the course of the project implementation, particular importance was attached to the study of the level of pollution of SC and soils of AA by the mentioned toxic compounds and to the laws of their distribution in the agglomeration under the influence of existing pollution sources. The obtained results also made it possible to quantitatively assess the level of deposition of pollutants in soil cover of AA and to map their distribution on its territory. The quantitative aspects of the accumulation of mineral salts and solid particles in SC and soils, the rates of accumulation of toxicants in the water and ice of Kapshagai Reservoir were also detailed studied.
Scheduled works, in accordance with the Scheduled work plan (Appendix B), completed in full. The reliability of the results is ensured by the use of a complex of modern highly sensitive physical devices and generally accepted certified methods of chemical and toxicological analyzes. 
At the first stage of work on the project IRN AR05133353 (Report on scientific-research work 2018, state registration No. 0118RK00497, inventory No. 0218RK00036), special importance was paid to the creation of information database, collection and analysis of materials. At the second stage of work on the project IRN AR05133353 (Report on scientific-research work 2019, state registration No. 0118RK00497, inventory No. 0219RK00079), scientific and methodological database of the chemical composition of snow cover in the territory of AA was formed and complex studies of snow cover were conducted.
One PhD student of the Faculty of Geography of KazNU named after al-Farabi took a part in researches. 
Based on the results of research in total for 2018-2020 were published: in 2018: 1 (one) article in peer-reviewed local scientific edition with a nonzero impact factor and 4 (four) articles in materials of international scientific-practical conferences; in 2019: 2 (two) articles in scientific edition indexed in the Scopus database and 2 (two) articles in the materials of international scientific-practical conferences; in 2020: 1 (one) article in scientific journal indexed in the Scopus database, 1 (one) article in peer-reviewed foreign scientific journal with a nonzero impact factor and 1 (one) article in materials of international scientific-practical conferences. In print – 1 (one) article in proceedings indexed in the Scopus database.
Appendices C, D, and E contains research results, Appendix F – extract from the protocol of the academic Council meeting, Appendices G and H – research review from the third parties and research review from JSC “Institute of Geography and water security”, Appendix J – use in work of foreign informational sources and Appendix K – documents confirming publications.


1 Researches overview

One of the important aspects of studying of the migration of soluble substances on the land surface is study of the chemical composition of atmospheric precipitation (AP). It is known that the chemical composition of AP is related to the chemical composition of the air basin, pollutants (P) in the atmosphere are captured and dissolved by precipitation. In the work [1], there is a data that ordinary rain (1 mm of precipitation per hour) removes up to 30% of dust and aerosols in 15 minutes. And snowfalls capture 1,5-4,.0 times more aerosols from the atmosphere than rains by the same amount of precipitation. It should be noted that scientific information in the field of chemistry of AP is limited. As far as we know there are two monographic works [2,3], published in the 70th of the last century. These include the work carried out mainly by scientists of the Hydrochemical Institute of the State Institution of Hydrometeorological Service by the Council of Ministers of the USSR [4-7]. The published works cited above are devoted to the study of dust in AO in aeolian transfer, mineralization, ionic composition, and organic matter. For example, the total amount of substances supplied by atmospheric precipitation to the surface of the Otkaznen reservoir located on Kuma river, amounted 53,6 t/km2 of dissolved substances, including insoluble impurities of 35,4 t/km2, or 66 % [4]. It was determined [6] that significant part of the sum in AP and SC of the high-mountainous zone of the Caucasus, made up of organic and biogenic compounds, mainly organic acids, esters, as well as NH4+.
According to researches [7], in the western part of the North Caucasus, AP of the plain zone in terms of chemical composition belonged to the sulphate-calcium class [8] with an average mineralization of about 34,0 mg/dm3 and range of fluctuations from 13,5 to 141,6 mg/dm3, and by strong storms up to 1,0 g/dm3. In precipitation of the high-mountainous region, the average mineralization was 9 mg/dm3 with an interval of fluctuations from 1,7 to 16,5 mg/dm3. In the soluble part of atmospheric and aeolian precipitation prevailed SO4+ и NH4+. 
The chemistry of AP on the territory of Kazakhstan has not yet been studied enough. The number of publications in this area, based on the monitoring data of RSE "Kazhydromet" net, made by scientists from KazNU named after al-Farabi, the main results of which are summarized in the work [9]. There are monitoring materials of RSE "Kazhydromet" for the chemical composition of AP from the meteorological station (MS) Mynzhilki, located in the high mountains at the altitude of 3017 m. and from MS Almaty, located within the city. Analysis of the material of these MS showed [1] that the background mineralization of precipitation in Mynzhilki area varied from 4,0 to 25,9 and 27,3 mg/dm3 with a maximum in June and July. For MS Almaty, fluctuations in salinity ranged from 17,4 and 18,4 mg/dm3 in September and December, and the maximum values up to 96,0 and 108 mg/dm3 in January and February.
Earlier studies [10] showed in AP on the territory of Almaty increased content (mg/dm3) of zinc 700, copper 35, lead 12, mercury 0,1-0,7 and oil products up to 3,4. The high pollution of the air basin of Almaty, as a large industrial center, is noted in a number of scientific and official publications [11-13]. In work [14], a certain correlation was revealed between the average annual values of the air pollution index (API) and the water pollution index (WPI) for a number of small rivers flowing through Almaty. 
It should be noted that in published literature, including in Kazakhstan, it is not possible to find publications devoted to the study of POPs in AP, observations are not carried out by RSE "Kazhydromet" and by any other environmental agencies. Here it is necessary to provide relevant information characterizing these highly toxic pollutants, about the problems associated with them in Kazakhstan, as well as about state of knowledge about them in AP and soils. PCBs are classified as POPs and represent industrially produced chemicals. They are recognized by the international community as substances of great danger to human health and environment. To take measures to protect human health and environment, the global international agreement was adopted in 2001 – the Stockholm Convention on POPs. It entered into force in 2004, by now 170 countries have ratified the Convention, Kazakhstan has ratified it in 2007.
The Republic of Kazakhstan, becoming a Party to the Convention, will have to carry out the following activities [15]:
– to prohibit the export, import, production of POPs containing substances;
– to stop using PCBs containing equipment by 2025.;
– to destroy by 2028 all POPs wastes in a safe manner;
– to inform public about the dangers of POPs and measures taken to protect the environment from their impacts. 
PCBs are among the most toxic and widespread POPs on a global scale. Sources of PCBs entering the environment are leaks from transformers, capacitors, heat exchangers, evaporation from various technical installations where they were used as dielectrics, hydraulic fluids, liquid industrial waste [16,17]. An important role in the distribution of PCBs in nature is played by their emissions in atmosphere from the burning of urban and industrial waste [18-20]. The danger of PCBs is explained by their high persistence, ability to penetrate the skin and mucous membranes, system of digestive organs with food and, accumulating, lead to chronic poisoning. Unlike poisons that infect certain organs, PCBs destroy the internal regulation system, disrupt normal biological functions. PCBs are characterized by a long period of existence in the atmosphere and can be transported over long distances, as a result of which their global distribution occurs [21]. Due to intercontinental transport and high stability, the presence of PCBs was noted in the components of ecosystems of territories in all parts of the world: in soil and snow cover of Greenland and northern regions of Sweden, in precipitation in the area of St. Lawrence Bay, in organisms of Antarctica penguins [22,23] etc. 
Based on generalization of the data of long-term studies, general assessment of the level of bioaccumulation of PCBs in objects of natural environment was provided [24], which is represented by the following data: atmosphere in cities – 5,0 ng/m3, in rural areas – 0,05 ng/m3, in soils – 0,2 ng/m3. In Russia, the MPC values for PCBs have the following values [25]: atmospheric air – 1 μg/m3; water (water bodies of economic and cultural and household water use) – 1 μg/l; 2nd class of hazard (Sanitary and Epidemiological Rules and Norms No. 4630-88); soil – 0,1 mg/kg. According to some regulatory documents of the Russian Federation [26-28], the MPC of PCBs in soils is 0,060 mg/kg and the foreign regulatory level for soils is 0,020 mg/kg [29].
Now, briefly about the sources of environmental pollution of the RK by PCBs. According to the results of preliminary inventory carried out in 2003, PCB-containing equipment in the amount of 116 transformers and about 50 thousand capacitors were identified in the territory of the republic. The volume of PCBs they contain is approximately 980 tons. This equipment represent potential hazard in case of decapsulation [30-33]. 
Inventory data of 2013 made it possible to identify ~ 2725 transformers in Kazakhstan, including in operation 2568, decommissioned 24, in reserve – 133 with PCBs. According to far from complete data, the total amount of PCBs is 1804 tons, and only transformers contain about 256 tons of PCBs [34]. In terms of presence of POPs waste, Kazakhstan ranks second among the countries of Central and Eastern Europe and CIS countries after Russia. The carried out inventories also determined the presence of eight "hot spots" of territories contaminated by PCBs in the republic. The main contaminated area is the territory of the Condensing Plant in Ust-Kamenogorsk, where the area of up to 1200 hectares of moderately contaminated soils was detected [35]. It is of interest to consider more detailed the results of inventory of the former military bases "Daryal-U", since they are located on the shores of the lake Balkash, i.e. near AA territory. According to preliminary results, the largest volume of contaminated soil is concentrated in "Daryal-U". The territory of the North-West Balkash region, including the lake Balkash is subject to a huge anthropogenic load due to many large sources of PCBs pollution. In the soils of a number of former military objects the concentration of PCBs reaches 394,5 and 1360,6 mg/kg. The level of these contaminants can be represented if we bear in mind that the existing MPC for PCBs for soils is 0,1 mg/kg [25]. Heavily contaminated soils, with PCB content of up to 50 mg/kg are located at the very coastal zone of the lake, which is unacceptable. According to available information, no measures are currently being taken to for the rehabilitation of these territories, although the territory of "Daryal-U" was identified for the project concept of priority rehabilitation works based on risk assessment and a large amount of contaminated soil and equipment [36]. 
In natural objects of Kazakhstan, PCBs are studied extremely insufficiently. Until recently, some information was available only about the levels of industrial chemicals POPs, including PCBs in natural objects of the region of Ust-Kamenogorsk [35,37,38]. The content of PCBs in soils reached 460,6 and 643,2 mg/kg, in waste water from 12 to 46 μg/dm3, in water of Yertis river and fish pond reached 44 and 0,015 μg/dm3, respectively; in snow up to 3,24 μg/dm3 and in the muscles of pond fish from 0,009 to 0,093 mg/kg. We have obtained some important information about the distribution and concentration of PCBs in water and fish in certain water bodies of Kazakhstan since the last decade of the last century [39-43].
A review of the literature data available in our database about the distribution and levels of accumulation of PCBs in environmental objects, the results of early studies, as well as detailed materials about the level of PCB contamination of water and biological resources of Ile-Balkash basin are presented in the work [44]. Below, purposeful considered the literature data devoted to the study of PCBs in AO, including SC, as well as in soils, since these natural objects are the subject of research for this Project. Single snow samples were taken in 1985 in the area of Ust-Kamenogorsk Condenser Plant, which were subjected to chromatographic analysis in the Institute of Applied Geophysics named after academician Ye.K. Fedorov (Moscow). The PCBs content in SC at a distance from the plant from 250 to 600 m, depending on the direction of the wind, made from 0,28 to 4,56 μg/dm3 [30].
Of greatest interest is information about the PCB contamination of soil cover of urban areas, ecological condition of which directly affects the health and well-being of the population. According to the researches [45], the total content of PCBs in the soils of Moscow was: in the city as a whole in average 14,4 μg/kg and maximum of 60,6 μg/kg, in industrial zone – 18,2 and 60,6 μg/ kg, in park and recreational zone – 12,1 and 58,9 μg/kg. In the Russian Federation, the MPC/APC for PCBs in soils have not been determined, however, the country's current APC values for the total MPC equal to 60 μg/kg are often used [45-48]. According to the criteria for assessing the level of PCBs introduced by the Stockholm Convention on POPs [49] and the Environmental Protection Agency, by content in soils of PCBs more than 50 and 500 mg/kg, respectively, these substrates are subject to disposal.
The following data can be indicated about the levels of PCBs contamination of soils in Kazakhstan. According to [35], for the effective remediation of PCBs-contaminated soils in the area of Ust-Kamenogorsk Condenser Plant and sludge from the reservoir pond, which contain about 80% of all PCBs-waste of Kazakhstan, it is necessary to carry out detailed zoning of vast area (10 km2). There are about 57 thousand pieces of PCB-containing equipment with a total weight of 3200 tons; the reservoir pond contains 60000 tons of heavily PCB-contaminated water.
According to the data of Tatykhanova G.S. et al. [38], PCBs were found in all 112 samples of soils, water, bottom sediments, plants and fish taken in 2013 in Ust-Kamenogorsk and in the suburban area. In particular, in the soils near the territory located to the Condenser Plant and reservoir pond, the PCB content reached 460,6 mg/kg, in soils in the area of the municipal solid waste dump and agricultural territory – up to 330,1 mg/kg. Analysis of the information available in the scientific literature and official documents suggests that there are many powerful sources of PCBs in the territory of Kazakhstan in the form of heavily PCBs-contaminated areas and equipment containing these dangerous toxicants. In the process of research, great importance is attached to the issue of soil pollution of the agglomeration by HM [46, 47].
Monitoring of the condition of soil pollution in the territory of the Republic of Kazakhstan is carried out by RSE "Kazhydromet". The main criteria for assessing soil quality during the state monitoring are MPC standards [48, 49]. 
Panin M.S.  in his work [37] indicates that the range of HM content in soils of large cities of the Republic of Kazakhstan fluctuates within wide limits, often exceeding sanitary standards, in particular, in the city of Almaty for Pb (2,9 times), for Cu (4,4 times).
The above review of literature and fund materials shows an extremely insufficient level of study in the Republic of Kazakhstan of the condition of pollution of atmospheric precipitation and soils of the territory by highly toxic compounds of technogenic nature.

2 Research materials and methods

The final report presents the results of researches conducted in AA territory in 2018-2020. Analysis of the obtained material in the first year of study (2018) showed the variability of the chemical composition and level of contamination of SC and soils by heavy metals and PCBs across the territory of AA. Taking into account these results, in 2019 in the high-mountainous region, samples were taken at 3 points and a number of additional points were taken in the flat part, as a result, the territory of AA in 2019 was studied at 30 points instead of 22 in the previous year. In accordance with the Calendar Plan for 2020, it was planned to rank the territory of AA by the degree of pollution by toxic substances using cartographic materials. Therefore, for larger-scale coverage of AA territory by research in the final year, snow cover samples were taken from 75 points, and soil samples from 41. The amount of collected and analyzed material is presented in table 1, and the location of observation points and coordinates of sampling points for 2018-2020 are shown in table С.1, figure C.1. 

Table 1 – Number of collected samples and made chemical and toxicological analyzes
	Natural object,
number
	2018
	2019
	2020
	Total

	Snow cover
	samples
	66
	90
	75
	231

	
	analyzes
	726
	990
	825
	2541

	Soil
	samples
	22
	25
	41
	88

	
	analyzes
	154
	225
	396
	775

	Ice
	samples
	9
	5
	-
	14

	
	analyzes
	99
	55
	-
	154

	Water
	samples
	-
	-
	5
	5

	
	analyzes
	-
	-
	55
	55



For the general assessment of ecological condition of ice cover and water of Kapshagai Reservoir, located on the territory of AA, 20 samples were collected and analyzed. In total, 338 samples were collected during the project implementation period; 3525 physical-chemical and toxicological measurements and analyzes were made. 
For the studying of the physical-chemical parameters and level of HM accumulation, snow sampling was carried out in 2018 and 2019 in three stages in the months of January and February. Samples for determination of PCBs were collected during 2 surveys. In 2020, according to expanded sampling scheme (75 points), an expeditionary trip was carried out for snow samples. Collecting soil samples was carried out at the same constant points in April after snowmelt.
The territory of AA, where the sampling points are located, was conditionally divided into 5 zones according to the degree of anthropogenic load: mountainous territory; territory of Almaty; small towns, urban-type settlements; small settlements; coast of Kapshagai reservoir (table C.1). 
During the expeditionary research, the range of carried out observations included the collection of snow samples for the analysis of 4 physical and chemical parameters (suspended matter, pH, organic matter (by permanganate oxidizability), mineralization), as well as for 6 HM and PCBs. These indicators were determined in each sample of snow, ice, soil and water.
Hydrochemical analyzes of snow and ice was carried out in accordance with modern generally accepted methodological guidelines [8,51] and State Standards [52,53]. Hydrophysical indicators were determined using multiparameter portable device "Horiba" U-53 and Consort C933 thermo-oximeter.
HM in the samples was determined by the flame atomic absorption spectrometric method using AA-7000 atomic absorption spectrophotometer (Appendix D) with a hollow cathode lamp and nozzle burner operating by acetylene-air mixture 54. To assess the pollution level of SC, the current regulatory documents were used [55-57].
To determine chemicals in soil samples in the laboratory, they were dried to an air-dry condition, having previously been cleaned from inclusions. Using the quartering method, the soil weighing 0,2 kg was ground in a mortar and sifted through a sieve with a hole diameter of 1 mm. To determine the mobile forms of metals, samples weighing about 5,0 g were taken for soil treatment by acetate-ammonium buffer solution with pH of 4,8.
For chromatographic analysis, samples of melted snow, ice, water, and soil samples were extracted with n-hexane for PCBs. About 50 ml of the extract from each sample was analyzed in the "Nutritest" testing laboratory (Appendix E).
Modern methods and approaches used in the analysis for PCBы content make it possible to determine all congeners. The dominant methods are: gas-liquid chromatography (GLC) with the use of electron capture detector (ECD), selective to chlorine-containing compounds [25,55]; low resolution GC-MS (gas chromatography and mass-spectrometry) combination [58,59]; high resolution GC/MS combination [60].
A number of methods were developed by M.A. Klisenko (All-Union Scientific Research Institute of Hygiene and Toxicology of Pesticides, Polymeric Materials and Plastics) and by the Institute of Nutrition (Russian Academy of Medical Sciences) 61. Determination of PCBs in water was carried out according to MU 1792-77 using gas chromatograph "Chromos GKh-1000" with software; electron capture detector (DCE).


3 Main research resuls

Research results obtained in 2018
Physical-chemical parameters of snow cover. The minimum content of suspended substances (SS) was registered at the point "Shymbulak" (table C.2), decreasing in time from 83,9 mg/dm3 of the first survey to 4,0 mg/dm3 of the third survey. The highest values reached: within the city of Almaty 348,0 and 392,0 mg/dm3, in  Kaskelen and Kapshagay towns – 282,4 and 576,0 mg/dm3, respectively. Among the large settlements, the following differed: Shamalgan – 317 mg/dm3, Otegen batyr – 500 mg/dm3 and Zhetigen 324,0 mg/dm3. During almost all 3 surveys, the maximum of SS up to 548 and 576 mg/dm3 was registered on the territory of small towns, in the area of railway junctions, highways. The range of fluctuations in pH values is generally small, on average in the limits of 5,44-6,75. Extreme values were in the limits of 5,0-7,98, with the highest pH values of 7,12 and 7,98 recorded in the snow water of the right bank of Ile river and KR near the railway and major highway. In this area, the average pH value of three surveys was 6,75, which is slightly higher than in the snow water of other areas. It can be seen that lower pH values in snow water (5,6-5,9) were observed in the western and southwestern territories of the agglomeration. In the central and eastern parts of agglomeration, pH values were 5,9-6,2. The oxidizability of snow water varied over a wide range from 1,1 to 15,2 mgO/dm3. The maximum values of this indicator in SC of all zones were noted during the first survey conducted on February 8-11, and the minimum during the second (February 19-22). 
Mineralization of snow water at the background point turned out to be the least and during three surveys it varied in the range from 50,3 to 111,5 mg/dm3. The highest values of mineralization, reaching 209,7 and 225,8 mg/dm3, were recorded at points located in small settlements, which, apparently, is due to the influence of the nearby highway and railway, as well as the atmospheric transfer of dust-sand formations from adjacent  irrigated areas. Noticeable increase in mineralization of SC is also observed in the right-bank of KR plain, which averaged 171,7 mg/dm3 during the first survey and 187,3 mg/dm3 during the last survey. 
Heavy metals in snow cover. The lowest concentration of copper was found in the background zone "Shymbulak". Its average values in the agglomeration reached 13,6 and 13,7 μg/dm3. They were found at certain points located in small settlements, as well as on the right bank of KR. In SC of all zones, an increased content of this element was noted during the second and third surveys, which indicates gradual accumulation of the element (table C.3). The maximal concentrations in certain settlements reached 15,8 and 16,5 μg/dm3 during the second survey, and 12,9 and 15,1 μg/dm3 during the last survey. The lowest level of copper accumulation recorded during the first survey was 0,7-1,5 μg/dm3. The values of zinc concentration are noted in the range of 0,3-56,9 μg/dm3. At the same time, the maximal values of 56,0 and 56,9 μg/dm3 were found at points located on the territory of Almaty during the first survey, and the minimal during the last survey in the amount of 0,3-1,0 μg/dm3 were registered on the territory of  such settlements as Uzynagash, Krasnyi Vostok, Kargaly.
The highest concentrations of cadmium – 8,9 μg/dm3 and 10,4 μg/dm3 were found at observation points located in the territory of Almaty. It is also noteworthy that its increased content was found in SC of the background point up to 6,0 μg/dm3, while at the points of the other zones it did not reach 5,0 μg/dm3 (table C.3). It should also be noted that higher concentrations of the element were noted during the second survey, which was also observed for copper. The minimum concentrations of this element, noted during the last survey, were at station Shamalgan – 1,7 mcg/dm3, Kaskelen town. High concentrations of cadmium in AP of the territory of Kazakhstan, reaching 6 MPC, are noted in a number of publications [62,63]. The values of its concentration in snow waters varied in the range from 0,0 to 12,9 and 14,3 μg/dm3 during the first survey and up to 10,1 and 10,6 μg/dm3 during the second and third ones.
In 11 cases, Co was not detected, in the background point "Shymbulak" it was practically absent. Its high values, according to average data, reached 7,3 and 8,7 μg/dm3 near the coast of KR and small settlements.
The Ni concentration in the snow water of the studied area is generally low. During the study period in 19 cases of sampling it was not detected. The maximal concentrations up to 15,6 and 20,7 μg/dm3 were detected respectively at the railway station Shamalgan and EBR of Almaty during the first survey. Increased concentration (9,4 μg/dm3) was also found in SC of the background point "Shymbulak" during the second survey, and it was absent during the last one.
The lead content in time dynamics was within the range during the first survey – 0,8-18,3 μg/dm3, second – 7,4-27,0 μg/dm3, third – 13,9-44,5 μg/dm3,  so  by the end of the winter period it increased rather intensively. A similar regime was typical for mineral salts and copper. According to the table C.3, there is heterogeneity in the accumulation of lead in certain zones, with the maximum values on the coast of KR and within settlements. On the territory of AA, the concentration of these metals reached 56,9 μg/dm3 for zinc, 16,5 μg/dm3 for copper, 44,5 μg/dm3 for lead.
Polychlorinated biphenyls in snow cover. PCBs were studied during the two expedition trips in the preiof of 19.02.-24.02. and 25.02.-28.02.2018. The obtained results (table C.4) indicate the temporal variability of the level of PCBs accumulation in SC of the studied area. If we compare the registered concentrations of PCBs, then a noticeable difference in the content of toxicant is found at points No. 1 (background), 5, 8, 9, 12, 14, 16, 18, 19 and 22. At points No. 12, 16 and 22 during the second survey PCBs were not detected.
The highest concentrations of the toxicant in SC, exceeding 0,1 μg/dm3, were detected at 9 points during the first survey, and at 4 points during the second one.  The maximal level of PCBs accumulation was recorded during the second survey in the snow water of the background point (1,942 μg/dm3) and Shamalgan station in the amount of 1,283 μg/dm3.
In total 22 individual PCBs congeners were determined in the snow samples. The dominant position is possessed by “light” congeners: during the first survey – PCBs 44, 49 belonging to the homologous group tetraCB, as well as PCB 151, which is part of the homologous group of hexaCB, and during the second survey – PCBs 49 and 151.The largest number of congeners was recorded during the first survey in SC of point No. 5 (NBR) – 7 congeners, and during the second survey in the precipitation of Talgar town – 4.
It is known [57] that the presence of a greater number of congeners in SC samples is an indicator of the presence of various sources of PCBs atmospheric pollution in this area. In the snow samples taken at the indicated points with a wide spectrum of PCBs congener composition were registered strictly controlled "marker" PCBs congeners 101 and 138, as well as PCB congener 118, belonging to the group of highly toxic dioxin-like congeners. "Marker" PCB congener 52 and dioxin-like PCB congener 118 were also found in SC of points 2 and 3 in the territory of Almaty city and Kargaly village. No highly toxic congeners were found in SC of "Shymbulak". In SC of the background point during the first survey, the relative proportion of congeners of PCBs 44 and 151 made 50 % for each, and during the second survey the content of PCB 49 reached 81 %.
In the SC of the territory of Almaty (figure C.2) the relative prevalence was recorded for PCBs congeners 49 (92 %), 52 (90 and 77 %), 151 (up to 88 and 100 %). The “marker” congeners of PCBs 101 and 138 found in the SC of Northern Ring, accounted for 11 and 10 %, respectively. Only at this point the dioxin-like congener PCB 118 was registered in the amount of 23 %. In the SC there were registered "marker" congeners of PCBs 52 and 138 in the amount of 100 and 15 %, respectively, and dioxin-like PCB 118 (39 %). Moreover, these isomers were present in the SC of the towns of Talgar and Kapshagai (figure C.3). 
In the snow water of small settlements (zone 4), light congeners of PCB 44 – up to 97 and 100 % and PCB 49 – up to 77 % dominated in relative concentration during the first survey (figure C.4). During the second trip, the relative proportion of congener PCB 151 increased quite sharply at almost all sampling points from 64 to 100 %. The only case of the presence of dioxin-like congener PCB 118 in SC of Kargaly village, located close to the territory of Almaty was registered in the amount of 75 %. Thus, the obtained results allow us to note that the SC of AA territory is contaminated by PCBs and the level of their accumulation in the snow, as well as the congener composition of the toxicant, is highly dynamic in time. The congener composition of PCBs in SC is represented by water-soluble "light" isomers, the degree of toxicity of which is low.
The samples collected on the territory of Almaty and some small towns were different by a wider spectrum of PCBs congener composition. Exactly in these zones SC contained strictly controlled “marker” and dioxin-like congeners. Such differences between these territories are caused by the influence of different sources of PCBs contamination to the natural environment. In the SC of territories remote from industrial cities, the concentration of PCBs noticeably decreases and their absence was noted.
Chemistry of the ice cover of Kapshagai reservoir. As it can be seen from the table С.5, there is a gradual increase in mineralization of the ice mass during the February. From the first to the third survey, the ice mineralization at the first point (the area of Kaskelen River inflow) increased by 3,2 times and at the other two points by 2 times. Similar picture of temporal dynamics turned out to be typical for such HMs as lead, copper and zinc. The concentration range was: for copper – 2,2-13,6 μg/dm3, zinc – 1,3-38,8 μg/dm3, lead – 5,8-35,7 μg/dm3, while its maximal values were registered during the third survey (table C.5). The lead content during the last survey, in comparison to the first, increased at three sampling points, respectively, by 4,3; 2,1 and 4,8 times.
The level of accumulation of cadmium, cobalt and nickel in ice is generally low, the highest values in rare cases for cobalt reached 13,4 μg/dm3. Nickel was not found in almost half of the taken samples. Comparative analysis of data for the level of HM accumulation in SC and ice revealed a certain similarity. In the SC of the agglomeration and in ice mass of the reservoir, lead, zinc and copper differed by the highest concentration. Direct comparability of the range of fluctuations is observed in the concentrations of cadmium, cobalt and nickel in ice with their average concentration in SC. 
Polychlorinated biphenyls in ice. We could not find scientific publications devoted to the study of POPs, in particular about PCBs in the ice cover of water bodies. In the process of AA research, it was decided to draw attention to this practically unexplored issue, which is the assessment of the level and characteristics of the accumulation of PCBs in the ice cover of water bodies. Ice samples were taken at three points of KR water area located on the territory of agglomeration. The obtained results, first of all, show the presence of PCBs in all analyzed ice samples. The level of PCBs accumulation in ice is on the whole of the same order of magnitude as that recorded for SC. However, the highest total concentration of PCBs in ice, reaching 0,075 and 0,085 μg/dm3 is significantly lower than these indicators for SC (table C.6).
In the analyzed ice samples were found 8 PCBs congeners. The congener composition of PCBs in ice is similar to their composition in SC of the agglomeration territory. It is noteworthy that three (PCBs 52, 38 and 153) of the eight detected congeners belong to the category of “marker” congeners strictly controlled in the environment. Moreover, two of them – PCBs 52 and 138 were registered in ice samples taken in the area where Kaskelen river flows into the reservoir. Apparently, this is not an accidental phenomenon, if we bear in mind that, according to our studies [44] in 2013 and 2014, exactly in the water of this area of the reservoir were registered the highest PCBs concentrations, reaching 4,86 and 7,80 μg/dm3. In the water of this point, “marker” congeners of PCBs 52, 101 and dioxin-like PCBs 118 were found. The specific weight of “marker” congeners of PCBs 52 and 138 detected in ice is generally low, 28 and 63 %, respectively. Among the "light" congeners, the specific weight of PCB 49 reached 100 %, the content of PCB 151 was in the range of 54-71 %.
Resuls of soils study
Heavy metals in soils. According to the results of the work carried out, the high concentrations of copper, zinc, cadmium, lead and nickel with excess of MPC were recorded in the territory of Almaty in the area of the Institute (table C.7). In soil samples of the territory of Institute of Geography the content of copper and cadmium made 8,18 MPC and 8,15 MPC. The content of lead made 2,7 MPC, zinc 1,8 MPC and nickel 1,16 MPC. In the territory of Almaty, the excess of MPC was recorded in the Northern Ring for copper and zinc, respectively 6,3 MPC and 1,5 MPC. The rest of the metals under consideration were within the normal range.
Polychlorinated biphenyls in soils. The lowest concentration of toxicants was registered in the soils of the background point "Shymbulak", its average value was 0,063 μg/kg. The sample contained 4 individual congeners belonging to the homologous groups: tetraCB (PCB 85), pentaCB (PCB 119) and hexaCB (PCBs 153, 155). Among the isomers detected, there was a strictly controlled in the environment "marker" congener PCB 153.
The highest concentration of PCBs amounted 18,9 μg/kg was noted in the territory of Almaty (Park of the First President (PFP)). The average concentration in the soils of the territory of Almaty was 6,681 μg/kg (table C.8). Increased content of PCBs up to 3,090 and 5,360 μg/kg was found in the soils of Altyn Orda and Northern Ring, where there was heavy traffic.
The territory of the city is characterized by a wide congener composition of PCBs, their number is 13. The largest number of them (8 congeners) were registered in the soils of the territory of the PFP and Northern Transport Ring. Among the congeners found in the soils of the city territory, there were highly toxic dioxin-like PCBs 114 and 118, and the first one was found in the soils of all sampling points with a maximal concentration (0,699 μg/kg) in the soil of PFP. PCB 118 congener was found in the soils of 3 out of 6 urban points with a maximum (0,920 μg/kg) in the soil of the Northern Ring. In the soils of the city territory, "marker" congeners of PCBs 138 and 153 were also registered (table C.8). These toxicants were found in the soils of PFP and NBR (3,070 and 1,89 μg/kg) respectively, and in the soil on the territory of the Institute (PCB 153 – 0,151 μg/kg).
In general, similar results were obtained by analyzing soils collected in the 3-rd zone. Here, the average concentration of 14 detected congeners was 4,784 µg/kg, its maximum (18,40 µg/kg) was found in the soil of Yesik town. As can be seen from the data in table C.8, among the registered congeners there were 3 dioxin-like PCBs 105, 114, 118, as well as the "marker" PCB congener 138. It should be noted that all of them were found in the soil of Turgen town. PCBs are also found in the soils of small settlements (zone 4). The highest concentration here (4,31 μg/kg) was detected in the soil of Krasnyi Vostok village and the sum of 5 congeners in the amount of 12,60 μg/kg were also found in the soils of this settlement. In the soils of 6 out of 9 settlements in this zone, the PCB 85 congener was present, which was found in the soils of all settlements of the 3-rd zone. It is also interesting to note that in the soils of Krasny Vostok village were registered highly toxic dioxin-like (PCBs 114 and 118) and "marker" (PCB 138) congeners; and as indicated above, the maximal content of the toxicant was registered here.
Research results obtained in 2019
Physical-chemical parameters of snow cover. The results obtained from the analysis of SС samples collected during the three expeditions are presented in table C.9. For the time of the research by zones of AA territory, the average pH values of snow water varied slightly from 5,1 to 5,9. The territory of the Kapshagai-Akshi highway has relatively neutral properties in snow (pH 6,4). The content of SS of the first survey at Shymbulak high mountain resort and Big Almaty Lake (BAL) is 2,0 mg/dm3. According to the results of the second and third surveys, the SS values increase to 12,0 and 7,0 mg/dm3 at Shymbulak high mountain resort; 8.3 and 5.2 mg/dm3 at the Big Almaty Lake (BAL), respectively. High values of SS in mountainous areas were typical for the point Izvestkovyi: the first survey – 62,5 mg/dm3, the second and third surveys – 29,2 and 45,8 mg/dm3, respectively. On average, for the three surveys, the high content of SS was recorded during the first survey up to 22,2 mg/dm3, with a slight decrease by 16,5 mg/dm3 by the second survey. On the territory of Almaty, the high values of SS on average for three surveys were characteristic at the sampling points Altyn Orda – 24,3 mg/dm3, EBR – 39,1 mg/dm3 and NBR – 22,8 mg/dm3, i.e. in the areas of major motorways. In 2019, the oxidizability of snow water varied widely from 3,90 to 12,6 mgO/dm3.
In general, in the whole territory of AA during the second survey the SC mineralization was significantly lower compared to the first and third surveys and the average values for the certain zones ranged from 60,3 to 83,5 mg/dm3. In the mountainous regions of agglomeration during the first and third surveys the average mineralization of SC was 147 mg/dm3 and 114 mg/dm3, respectively, and during the second – 69,0 mg/dm3. The maximal values of mineralization were noted for HMR "Shymbulak" (2260 m a.s.l.) – up to 194 mg/dm3 and 124 mg/dm3. At BAL (2511 m a.s.l.) the values of mineralization were high also during the third survey – 134 mg/dm3 and at the point Izvestkovy (1678 m a.s.l.) they were 115 mg/dm3 during the first survey and 84,0 mg/dm3 during the last one, i.e. they varied in wide range. In the territory of Almaty, which is the core of the agglomeration, the mineralization of snow water varied during the first survey from 131 to 206 mg/dm3; high values during the first survey were typical for the point Altyn Orda and during the second and third surveys for the city center (Institute of Geography) up to 81, 9 and 113 mg/dm3, respectively. According to the ionic composition, the snow water is of the hydrocarbonate class of the calcium group. The average value of the sum of salts in SC for the city was 109,5 mg/dm3.
Heavy metals in snow cover. The smallest concentration of copper is found in SC of the sampling point Izvestkovyi, which was 0,2 μg/dm3 and high concentrations are found at the sampling point Shamalgan station – 12,2 μg/dm3. The increased content of copper is observed in the mountainous part of the agglomeration, in small settlements and in the right bank of KR.
The maximal concentrations of Cu were observed during the first survey in the area of Almaty city and small urban-type settlements. The concentration of Cu in all areas exceeded the MPC only by 2,9 times.
The values of zinc concentration were noted in the range of 0,7-269,0 μg/dm3. The maximal values of one order of magnitude higher than last year were found during the second survey in  Kaskelen and Kapshagay  towns - 269,0 and 198,0 μg/dm3, the excess of MPC was 27 and 20 times, respectively (table C.10). By the high concentrations are also characterized Yesik town – 69,5 μg/dm3 and EBR – 92,2 μg/dm3, and by the lowest – BAL, Izvestkovyi, Turar dachi, Kossozen, Mezhdurechensk (on average, their concentrations do not exceed the standards). At the same time, there is no excess of standards for domestic drinking and cultural household water use throughout the territory of AA.
The cadmium content in SC is significantly lower than the values found in the winter period of the last year. In the spatial distribution were allocated the areas of the urban environment such as EBR (3,2 μg/dm3), NBR (3,4 μg/dm3), Kaskelen (1,8 μg/dm3) and small settlements of Baidibek bi (4,0 μg/ dm3) and Boraldai (3,0 μg/dm3). As can be seen, the Cd content in these territories exceeds the background level by up to 6 times, at the point (Izvestkovyi), where the values on average do not exceed 0,7 μg/dm3, and the MPCde from 1,4 to 4,0 times. 
The content of cobalt in snow cover varies within a wide range from 0,35 μg/dm3 to 18,2 μg/dm3. The average cobalt content for the studied period is one order of magnitude higher than the values of the previous period. So if in 2018 the average concentration of cobalt reached 4,5 μg/dm3, then already in 2019 it was 7,8 μg/dm3.  Its increased concentrations were found in the territory of Almaty (Altyn Orda – 12,7 μg/dm3, EBR – 14,7 μg/dm3, NBR – 18,3 μg/dm3). 
During the study period, Ni was not detected in eight cases. The maximal concentrations up to 29,8 and 25,3 µg/dm3 were registered, respectively, in the territory of Almaty (EBR and NBR during the second survey). At the background point "Izvestkovyi" it was found in concentrations (from 6,3-11,9 μg/dm3). In the average, its content in SC of AA territory increased from 5,3 to 9,6 μg/dm3. During the third survey, nickel concentrations were absent in mountainous areas, such as HMR "Shymbulak" and BAL.
In comparison to the previous research period, the average lead content in SC has increased from 18,0 to 24,4 μg/dm3. At the same time, its increased values detected even at the background point; during the second survey, the concentrations exceed the normatively established ones (35,4 μg/dm3). In average, the limits of lead values varied within wide limits from 11,8 to 43,7 μg/dm3. Its extreme values were found at the point Mezhdurechensk (68,8 and 56,2 µg/dm3) during the first and second surveys, Shamalgan (60,4 µg/dm3) by the second survey. It is characteristic that the Shymbulak ski resort in 2019 is also marked by high concentrations from 10,4 to 43,8 μg dm3. That means that the level of accumulation of this element in SC of almost the whole territory of the agglomeration by the end of the winter period increased rather intensively.
Polychlorinated biphenyls in snow cover. According to the results of studies in 2019, it can be noted the relatively low level of pollution of SC by the studied pollutants in agglomeration. The maximal values of PCBs concentration in SP at certain points of the territory of Almaty and small towns were 0,140 and 0,148 μg/dm3 during the first survey. In the majority of permanent points the PCBs were not found. During the first survey, they were registered in SC of 12 points, during the second in 6 out of 30. Of the three points of the mountainous zone only in one, PCB was found during the first survey. The increased content of pollutants in SC of the mountain zone (HMR "Shymbulak") and in the area of Turar dachas, during the first survey was registered at the level of 0,077 μg/dm3 and 0,087 μg/dm3, respectively. During the second survey in conditions of extremely rare PCB detection, their increased concentrations were registered in SC of Kaskelen town (0,082 μg/dm3) and Mezhdurechinsk (0,070 μg/dm3).
The average concentrations of the toxicant for certain zones according to the analysis of samples from the first survey ranged from 0,016 μg/dm3 to 0,044 μg/dm3 with a maximum for the urban zone. According to the data from the second survey, they reached 0,016 μg/dm3 for the zone of small towns. The values of these indicators during the second survey in SC of 3-rd and 4-th zones were two times lower than in the first survey, and in SC of 2-d zone almost five times lower.
In SC of agglomeration in 2019, the dominant position was held by “light” congeners, mainly belonging to the homologous group of tetra- and hexa-chlorinated biphenyls. In the snow water of two points of the urban zone were registered indicator PCB congener 101 (0,017 μg/dm3 – park of the first president) and dioxin-like congener PCB 114 (0,038 μg/dm3 – Altyn Orda). During the first survey (January 2019), a total of 10 PCBs congeners were registered in SC of AA territory, of which 7 were found in SC of the territory of Almaty. In the snow samples taken here with a wider spectrum of PCBs congener composition, indicator (101 PCB) and dioxin-like (114 PCB) congeners were registered, as indicated above (table C.11). Analysis of the research materials indicates the spatial-temporal variability of the level of PCBs accumulation in SC of the studied area. This is, obviously, due to the influence to this process of many natural and anthropogenic factors.
Chemistry of the ice cover of Kapshagai reservoir. Chemistry of the ice cover of Kapshagai reservoir was studied before the high-volume melting in the 3rd decade of February. The pH value of the ice varied in the range from 7,3 to 7,8 with maximal values in the area of Kaskelen river inflow. The content of organic matter in KR ice cover is low and ranged from 2,.4 to 7,5 mgO/dm3. The values of ice mineralization varied from 205 to 702 mg/dm3, with an average for the reservoir of 327 mg/dm3 (table C.12). High values of mineralization are detected in the area of Kaskelen river inflow (up to 702 mg/dm3). From the dam zone to the upper reaches of the reservoir the content of mineral salts in the ice decreases.
Heavy metals in ice cover ice cover of Kapshagai reservoir. In the current year, for more objective assessment, the number of sampling points was increased, so we additionally sampled at the point "9-pumping station", the results are presented in table C.13. The following is shown: the values of copper, zinc, cobalt, lead and nickel exceeded the MPCfe level, reaching maximum concentrations up to 2,3; 20,5; 17,15; 43,8 μg/dm3, respectively. Cadmium in small concentrations was found at the mouth of Kaskelen river and at the point "prudkhoz" (2,2 μg/dm3), the same applies to nickel, which is found in insignificant concentrations. 
It can be seen from the presented data that the distribution in time has varied character. So this year the average content of copper in ice decreased from 8,3 to 1,5 μg/dm3 and cadmium from 4,2 to 1,5 μg/dm3. The reviewed materials indicate a significant impact to the environment (at the regional and local levels), including and ice cover of KR. Contamination of the ice cover, according to the results of chemical and analytical work, was noted in the whole water area of KR. 
Polychlorinated biphenyls in the ice cover of Kapshagai reservoir. As mentioned in chapter 2, ice samples at KR in 2019 were taken from 5 points located in the dam and upper zones of the reservoir. In contrast to the data of the previous year, the chromatographic analyzes of the samples collected in the last decade of the current year differed in an extremely insignificant content of PCBs. From the 5 taken samples, this pollutant was present only in the ice cover of the railway bridge area near the KR dam in amount of 0,118 μg/dm3. From the number of individual congeners only in one sample the “light” congener of PCB 44, belonging to the group of tetra-chlorinated biphenyls, was registered.
Results of soils study
Heavy metals in soil. For the soils of AA territory, the pH value was characteristic in the range from 7,0 to 8,9. Neutral properties (pH-6,0) were characteristic for the soil in the area of BAL, located outside the zone of industrial emissions and less subjected to pollution (table C.14). Low mineralization of soils throughout the territory of AA was characteristic for HMR "Shymbulak" – 50,0 mg/kg, Kargaly village – 75 mg/kg, recreation area Karoi (Sorbulak) – 100 mg/kg, BAL, Kapshagai, Arna village – 150 mg/kg. High values of mineralization from 900 to 2000 mg/kg were characteristic for the soils of the villages of Kyrbaltabai, Tolkyn and Zhetigen. Based on the results of comparing the average HM values in the soil, an excess of clarkes was observed for cadmium throughout the territory of AA. High average concentrations of copper and lead in soil of the territory of Almaty are observed only in the area of NBR (table C.15). The average cadmium content in the soils of the agglomeration lies between 0,25 and 0,93 mg/kg, while the background levels, according to [64], do not exceed 0,5 mg/kg and higher values indicate the anthropogenic contribution in the upper soil layer.
Polychlorinated biphenyls in soils. The soil cover of AA in 2019 was characterized by еру lower level of PCBs contamination compared to the data of the previous year. From the 30 points at which soil samples were taken, PCBs were registered at 15. From the five permanent observation points located in the territory of Almaty, PCBs were found only in the soil of the Park of the first President (PFP) in the amount of 4,040 μg/kg. In the soil sample were registered congeners of PCB 85 belonging to the homologous series of tetra-chlorinated biphenyls and PCB 114 from the group of dioxin-like congeners. The average concentration of PCBs in the soils of the territory of Almaty was 0,808 μg/kg.
The results obtained in 2019, as in the previous year, showed a large variability in the PCBs concentration in the soils of AA territory. Such a condition of the soils of urbanized cities and adjacent territories, according to literature data [20,45], indicates a large number of different types of pollution sources by these toxicants. 
Research results obtained in 2020
Physical-chemical parameters of snow cover. The average acidity (pH) of snow waters for the studied objects varies from 5,3 to 6,7, depending on the sampling place, type of planting and the year of study. In general, the reaction of snow water is subacid. In mountainous areas, lower pH values are observed with the exception of Kensai gorge in 2020 (pH-7,0) and slightly high values were recorded in the snow water of the right bank of KR and near the motorways. 
High values of SS are due to the air pollution, which in its turn is characterized by the maximal content of solid particles and mineralization of snow cover. The smallest content of SS in the agglomeration was typical for the Aikym (1,0 mg/dm3), Zhyngyldy (4,0 mg/dm3) and Sorbulak (6,0 mg/dm3) settlements, i.e. less subjected to anthropogenic pollution.
The oxidizability of snow water varied over a wide range from 1,12 to 11,7 mgO/dm3. The highest values of oxidizability were recorded in the territory of Yesik, and the lowest values in Boraldai. According to the zones of AA territory, the maximal values of this indicator in SC, as can be seen from the table C.16, are noted in small towns, urban-type settlements (5,41 mgO/dm3) and the minimal values in the coastal zones of KR (2,66 mgO/dm3).
According to the data obtained in 2020, the average mineralization of SC of the territory of AA is 82,1 mg/dm3. In territorial terms, the higher mineralization of SC is the eastern and southeastern part of agglomeration (up to 122,3 mg/dm3), as well as the eastern part of Almaty city (up to 175,0 mg/dm3) (figure C.5). For most of the territory of the agglomeration, mineralization values are widespread in the limits from 43,2-95,9 mg/dm3, up to 120,0-148,0 mg/dm3 and were observed in small towns, i.e.  in the northern, northeastern and southeastern parts of the agglomeration.
Heavy metals in snow cover. High values of copper were typical for the territory of Almaty city on average – 26,1 µg/dm3, exceeding the standards up to 49,0 µg/dm3 in Zhastar park. Mountain areas also differed by high values from 17,2 (Leskhoz) to 52,5 μg/dm3 (HMR "Shymbulak"), which made in the average 25,9 μg/dm3. In the territories of small towns, small settlements and coast of KR, the values of copper in SC were in the range from 15,5 to 31,0 μg/dm3 and in the average amounted to 23.6 μg/dm3 (table C.17).
In the territories of small towns, the values of zinc ranged from 9,2 (Boraldai) to 43,5 μg/dm3 (Yesik), averaging 22,9 μg/dm3. For the years of study, high values zinc were registered in 2019, which is 3,2 times higher than in 2018 and 1,7 times than in 2020. The zinc content in a wide range is found in small settlements (from 8,0 μg/dm3 up to 110 μg/dm3. High values were found at points: the place without name (N 43°27'51.71 E 76°33'22.95) 110 μg/ m3 and Ulan 101 μg/dm3. On the coast of KR, zinc values reached 59,9 μg/dm3.
In 2020, no cadmium was found at BAL, Almaarasan and HMR "Shymbulak". At the remaining points of mountainous regions, the standards for the household value were exceeded from 1,8 to 5,4 MPC; for the fishery value – 0,4 MPC ("Medeu"), the cadmium values were in the range from 0,0 to 5,4 μg /dm3. In the territory of Almaty, its values were in the range of 0,8-4,8 μg/dm3, with maximal concentrations in the park zones of Zhastar, M. Gandhi, M. Gorkiy and Lake Sairan.
High values of cadmium were also registered in the town of Kapshagai – 5,6 μg/dm3 and Boraldai – 5,0 μg/dm3, in towns Yesik and Talgar they were low – 1,6 μg/dm3. In small settlements, the cadmium content in SC was in the range from 0,2 to 8,8 μg/dm3, which averaged 2,4 μg/dm3, exceeding the MPCde by 2,4 times, and in the KR coastal zone up to 3,3 times, with a high cadmium value at Akzhal point – 4,6 μg/dm3.
In 2020, the concentration of cobalt in mountainous areas ranged from 1,8 to 26,4 μg/dm3, which averaged 15,3 μg/dm3. Concentrations below the normative ones were typical for Butakovka (1,8 μg/dm3) and BAL (6,3 μg/dm3). Across the territory of Almaty, at all 14 sampling points, 100% occurrence and excess of fishery-economic standards were registered – 1,7 times. In small towns, the minimal values were recorded in Kapshagai – 9,6 μg/dm3, the maximal at the Boraldai point up to 20,8 μg/dm3. In small settlements, the MPCfe is exceeded by up to 1,4 times with the range from 7,4 to 27,6 μg/dm3. The cobalt content along the KR coast was in the range 1,8-17,5 μg/dm3, i.e. was in a wide range. In general, in 2020, during the period of maximum snow conditions, the MPCfe exceedances were recorded in 4 zones of the territory, with the exception of the 5-th zone of KR coast. Its occurrence in the selected samples is 100 %, the excess of MPCfe was 83 %, while MPCde was not exceeded.
High concentrations of nickel, as well as copper, zinc and cobalt were recorded in 2020, with the exception of mountainous regions, the average values of which did not exceed the standards. At the sampling points Orman, Leskhoz and "Medeu" high values of nickel reached up to 29,8 μg/dm3. A greater number of occurrence of high nickel values in SC exceeding MPCfe up to 3,5 times were found in the territory of Almaty, up to 2,2 times in small towns, up to 4,4 times in small settlements and up to 2,5 times on the coast of KR. In general, throughout the agglomeration, the nickel content was in the range of 3,8-21,6 μg/dm3, which averaged 15,2 μg/dm3. 
In 2020, the concentration of lead in snow throughout the agglomeration exceeded the standards for fishery and domestic economy values. Only in the first zone the excess was recorded for MPCfe – 2,5 times. In mountainous areas, the concentration of lead in SC did not exceed the considered standards at Koklaisai point and Kensai gorge. At the other points of the 1-st zone, high lead values were in the range from 18,8 to 47,9 μg/dm3, which averaged 25,0 μg/dm3. In the territory of Almaty and small towns, the excess of standards is up to 5,2 MPCfe and 1,7 MPCde (Zhastar Park – zone 2); up to 7,3 MPCfe and 2.5 MPCde (Boraldai – 3 zone). The lead content in SC of 4-th zone reached from 43,8 to 72,9 μg/dm3 in the settlements of Aikym, Birlik, Mezhdurechenskoye, Chapaev, Otegen Batyr, Kossozen and Zarechnoye. In small concentrations, lead is found in the villages of Kyrgauyldy, Aitey, Baiserke, Zhalkamys and Daulet, reaching only up to 6,2 μg/dm3. In the snow of the coastal territory of the reservoir, the lead content was in the range of 18,8-39,6 μg/dm3, exceeding the established standards in the average up to 3,2 MPCfe and 1,1 MPCde.
Polychlorinated biphenyls in snow cover. In 2020, PCBs in SC were registered at 27 of 41 sampling points (figure C.6). From the 7 points newly included this year in the mountainous territory, PCBs in the amount of 0,038 μg/dm3 were found only in the snow of HMR "Shymbulak". No toxicants were present in 6 newly included points. Thus, in the mountainous territory, the constant presence of PCBs in 2018-2020, with the exception of the 2-nd survey in 2019, turned out to be typical for SC of point of HMR "Shymbulak" (0,031 and 1,942 μg/dm3 in 2018; 0,077 and 0,038 μg /dm3 in 2019 and 2020, respectively).
The maximal concentrations of PCBs in SC in the territory of Almaty reached 0,137 μg/dm3 in the NBR area; in the territory of small towns and urban-type settlements (UTS) the toxicant content reached 0,447 and 0,492 μg/dm3 in SC of Talgar and Uzynagash village, respectively; in the village Boraldai amounted to 0,209 μg/dm3.  Sources of pollution of SC of Talgar town and Boraldai village can be emissions from industrial objects, as well as from HPP-2, located near the village Boraldai. UTS Uzynagash is apparently also affected by various coal-fired economic objects and Almaty-Bishkek highway.
PCBs were registered in SC of 16 out of 22 surveyed small settlements. High concentrations of PCBs were noted in SC of Ulan village (0,396 μg/dm3), as well as Zhetigen station and settlements of Kossozen, Mezhdurechinskoe, Turar dachas. Atmospheric precipitation (Zhetigen station) is impacted by railway depots and other objects as well as coal bases. Emissions from heating stoves of the population, obviously, are the main reason for the accumulation of PCBs in SC of other rather large settlements. An increased concentration of PCBs (0,087 μg/dm3) in the area of Turar dachas was also noted in the winter of 2019. 
According to the results of studies in 2020, the highest average concentration of PCBs (0,207 μg/dm3) turned out to be characteristic for SC of the zone of small towns and UTS; for SC of the urban area and small settlements these indicators are approximately equal in value. The average concentration of PCBs for 7 points of the mountain zone was 0,005 μg/dm3 (by PCB concentration of 0,038 μg/dm3 found at one single point).
In 2020, the congener composition of PCBs in SC of the territory of AA did not differ significantly from that observed in 2019 (table C.18). A total of 7 individual PCB congeners were recorded in the snow samples. The dominant position is possessed by "light" congeners 44, 49, belonging to the homologous group tetra-chlorinated biphenyls. Congener 44 was present in 22 snow samples out of 27 samples in which PCBs were detected. Only in one snow sample taken in the area of the Northern Bypass Road (NBR) was found highly toxic dioxin-like congener PCB 114 (0,045 μg/dm3) from the pentaCB group. The highest concentrations of the congener PCB 44 were recorded in the snow of Talgar town (0,225 μg/dm3) and Ulan village (0,360 μg/dm3), where the maximum PCB content was noted. In SC of these and other points where the highest concentrations of PCBs were found, the largest number of congeners was also present.
The distribution of the relative content of congeners is characterized by the following data. The relative share of the congener PCB 44 in SC of the urban area was in the range of 35-53 % (figure C.7). At one point, 100 % presence of PCB 74 congener was noted, at other points the share of this congener ranged from 32 to 63 %. The most toxic congener PCB 114 was present in SC of SBR in amount of 33%. 100 % of the PCB congeners 44 and 74 in SC of the small towns and UTS were found in the territory of two towns (figure C.8). The same congeners were found in SC of other points. The relative content of other congeners is low. These isomers are reported to have moderate toxicity. 
A total of 5 PCBs congeners were found in SP of small settlements (figure C.9). PCBs congeners 44, 49 and 74 have reached 100 % content. The relative share of each of the identified congeners in SC of settlements of this zone varies in a rather wide range from 3 to 100 %. In this, the distribution of PCBs isomers over the territory of this zone noticiably differs from that for the urban area.
Chemical composition of water. The pH value during the study period was in the range from 7,6 to 7,9 and the water environment was characterized by faintly alkaline reaction. The values of organic matter (by permanganate oxidizability) in the reservoir water was insignificant, 2,2-3,0 mgO/dm3. As studies of past years have shown, the amount of organic matter in the ice cover of KR was in the range from 2,2 to 7,5 mgO/dm3, with maximum values in the area of Kaskelen river inflow, which, apparently, was associated with the entry into the reservoir of easily oxidized organic substances with the water of Kaskelen river.
The content of SS in the reservoir water varied over a wide range from 2,0 to 41,0 mg/dm3. Small values of SS 2,0-9,0 mg/dm3 were typical for the water of the right bank of reservoir, because in the under-ice space, the flow of water slows down, suspended solids settle to the bottom and their concentration in the water decreases, which is typical for the winter period. In the southern shallow part, near the mouth of the Kaskelen river and prudkhoz, the content of SS in the water was significantly higher - 19,0 and 41,0 mg/dm3, respectively (table C.19). This is due to the early melting of ice on the southern coast of the reservoir and, as a consequence, the wind turbidity of water masses, which increases the content of SS.
The values of the total mineralization of the reservoir's under-ice water in the indicated period amounted to 461-561 mg/dm3 and the water is classified as low-mineralized (table C.19). The maximal values of water mineralization are observed in the southern shallow part of the reservoir (up to 561 mg/dm3). By the ionic composition, water, according to the classification scheme of O.A. Alekin, belongs to the hydrocarbonate class of the Na-Ca group.
The study of the winter hydrochemical condition of the Kapshagai reservoir was carried out for the first time. The material provided above, although limited in volume, gives reason to believe that the regime of the main hydrochemical parameters of the reservoir in winter is quite satisfactory.
Heavy metals in the water of Kapshagai reservoir. The content of HMs in water of KR is presented in table C.20. The average content of metals in the water area was: for copper – 23,0 μg/dm3, zinc – 9,2 μg/dm3, cadmium – 2,4 μg/dm3, cobalt – 10,5 μg/dm3, nickel – 12,1 μg/ dm3, lead – 40,4 μg/dm3.
In all water samples, the concentration of copper and zinc exceeds the norms from 2,7 to 27,0 MPC, the maximum values of copper were recorded in the area near the railway bridge – up to 26,6 μg/dm3, and lead in the area of the 9-th pumping station – 52,1 μg/dm3. The range of fluctuations in the concentration of zinc in water is not large from 7,0 to 10,4 μg/dm3, i.e. the excess of MPC was insignificant. The cadmium content in water during the study period did not exceed the MPC. The concentration of cobalt in KR water varied from 6,3 to 14,1 μg/dm3. The maximum amount of nickel was noted in the area of Kaskelen river inflow – 26,4 μg/dm3, the minimum was in the area of Shengeldy Island - 0,7 μg/dm3.
Polychlorinated biphenyls in the water of Kapshagai reservoir. In 2020, in winter, according to the Schedule Plan, from the water area of the KR, were taken water samples. The presence of PCBs was registered at all 5 points. Their concentration throughout the entire water area varied in the range from 0,066 μg/dm3 (in the area of Shengeldy Island) to 0,353 μg/dm3 (in the area of the prudkhoz). The average concentration of PCBs in the reservoir water was 0,168 μg/dm3 (table C.21).
Higher concentrations of PCBs were noted in the water of Kaskelen river mouth and in the area of prudkhoz, which are located in the zone of distribution of the southern tributaries of Ile river, contaminated by various toxic substances, including PCBs [44].
Unlike ice samples, in 2020 the toxicants in water were represented by a wide composition of congeners. Much more diverse composition of PCB congeners was registered in the zones of Kaskelen river mouth, 9 pumping station and Shengeldy Island, in the water of which up to 4 isomers were found. In all water samples subjected to chromatographic analysis, a total of 7 PCB congeners were identified (table C.21). Among the individual congeners, the "light" congeners of PCBs 40, 41, and 44, belonging to the group of tetra-chlorinated biphenyls, have been registered. From the 7 priority "marker" and strictly controlled congeners adopted by the International Society, only one is registered in the water of the reservoir – PCB 52. 
The character of the distribution of the occurrence of PCB congeners is shown on the example of data from three stations - Kaskelen river mouth, 9 pumping station and Shengeldy island, in the water of which in 2020 was registered the more diverse isomeric composition. The largest share falls on the share of PCB congeners 66 (up to 80 %). The range of occurrence of the remaining PCB congeners 41, 44, 74, and 171 in KR water is up to 40 %, and the PCB congeners 40 and 52 are only 20 %. The found congener composition (PCBs 40, 41, 44, 52, 66, 74) in the water area of KR belongs to the homologous group of PCBs. There is a noticeable difference in the congener composition of PCBs at points of prudhoz and pumping station 9, where heavy PCB congener 171 is present.
Results of soils study
Granulometric and physical-chemical parameters of soils. For the territory of AA, the average values of soil acidity in 2019 were in the range of pH 6,0-8,9, in 2020 pH 6,1-7,7. Neutral properties (pH 5,6-6,9) were characteristic for the soils in mountainous areas that are outside of the zone of industrial emissions and are less subjected to the pollution (table C.22). Soil mineralization of the AA territory was determined by solid residue. Low mineralization of soils throughout the territory of AA in 2019 was characterized for HMR "Shymbulak" - 50,0 mg/kg and Kargaly village - 75 mg/kg. High values of mineralization from 900 to 2000 mg/kg were characteristic for the soils of the villages of Kyrbaltabay, Tolkyn and Zhetigen. The mineralization of loamy soils and sand of the KR coast averaged 125 mg/kg, while small settlements differed by higher values up to 500 mg/kg, and in the mountainous area, Almaty city and small towns it varied from 125 to 320 mg/kg.
Heavy metals in soils. As can be seen from the figure C.10, the character of the distribution of copper in the soil over the territory of AA is uneven, the maximal average values of copper were recorded in the territory of Almaty in 2019 (43,72 mg/kg). The highest value of copper in the soil in 2019 reached 216,7 mg/kg in the area of the Northern Ring of Almaty. In 2020, the average value of copper in the soil in the city decreased significantly, and averaged 0,61 mg/kg. In mountainous areas, urban-type settlements and on the coast of KR, the copper content in the soil showed tendency to increase slightly.
The content of cadmium in the soil of the agglomeration ranges from 0,03 to 0,63 mg/kg, and according to [64] the excess of its concentration of 0,5 mg/kg indicates anthropogenic contribution in the upper soil layer. According to the results of the study for 2020, the pH of AA soil averages 7,1 (table C.22), having an alkaline environment, and, according to the authors [65-67], in alkaline soils occurs deposition of cadmium compounds. The concentration of other elements is much lower than their clarkes, which may indicate a low migration activity [68]. 
Polychlorinated biphenyls in soils. Soil sampling for analysis for PCBs in 2020 was carried out at 41 points of AA. The increase in the number of observation points is associated with the purpose of more detailed ranking of the character of pollution of AA territory by PCBs and other toxic substances. In the soils of the mountainous territory, the highest PCBs content (7,935 μg/kg) was noted at the Ushkonyr point located at the altitude of 1844 m above sea level. At points of HMR "Shymbulak" and Orman, the level of soil pollution by toxicants reached 1,512 and 1,215 μg/kg. The average concentration of PCBs in the mountainous zone was 1,70 μg/kg.
In the soil cover of the territory of Almaty, the highest level of PCBs accumulation reached 4,420 μg/kg in the area of the pond in the Bukhtarminskaya street, as well as 3,996 μg/kg, which is registered in the area of the busy Altyn Orda highway. High concentrations of the toxicant were also noted in soils in the area of PFP and EBR. In the zone of small towns and UTS, the level of PCBs accumulation in soils was in the range from 0,093 to 9,160 μg/kg. The greatest contamination of the soil cover occurs in the towns of Kaskelen up to 5,001 μg/kg and Boraldai (9,160 μg/kg). The average toxicant content for this zone was 2,63 μg/kg, which is significantly higher than for the previous zones. An increased level of PCBs contamination was found to be characteristic for the soil cover of small settlements. From the 22 points located in this zone, in12 points the content of PCBs in the soil was higher than 1 μg/kg, i.e. 1000 ng/kg, and in the soil cover of 7 settlements it was higher than 5 μg/kg. The average value of the toxicant in the soil of this zone was 3,57 μg/kg.
The high level of accumulation of PCBs in the soils of settlements located in the southwestern part of the territory of AA is quite clearly traced. Thus, in the soils of Kargaly, Turar dachi and Kydyrbekuly, the content of PCBs was 6,331; 8,204 and 11,521 μg/kg, respectively. In soils of Ulan village, the PCBs content was 6,162 μg/kg, and in the area of Sorbulak storage pond, the maximum concentration of 13,721 μg/kg was recorded.
In the composition of PCBs accumulated in the soils of the territory of AA, a total of 13 congeners of different toxicity were registered (table C.23). The dominant position belongs to the congener PCB 44, the occurrence of which from all analyzed samples (41) is 41 %; 90 and 95 % belongs to the congeners PCB 74 and PCB 97, respectively.
In soil samples collected in the mountainous zone, prevailed the congeners of PCBs 74 and 97, belonging to the groups of tetra- and penta-chlorinated biphenyls. The highest content, reaching 1,403 and 7,900 μg/kg is typical for PCB 97. A similar distribution of PCB congeners is observed for the soil cover of the urban zone. The composition of congeners in the soil cover of the zone of small towns and UTS is somewhat diverse. And in this zone, the increase in the total concentrations of PCBs in soils occurs due to the increased concentration of congener 97. In the samples from Yesik town and Uzynagash village in the amount of 0,045 and 0,046 μg/kg, respectively, the highly toxic congener of PCB 114 was registered. 
The congener composition of PCBs in the soil cover of small settlements turned out to be more diverse. It revealed the presence of 9 congeners, dioxin-like congener of PCB 114 and a "marker" congener of PCB 138.


4 Determination of the amount of incoming pollutant per unit area of Almaty agglomeration territory

To assess the incoming pollutants to the underlying surface (SC) of the AA territory in 2018–2020, methodological recommendation was used [69], where by recalculation was used the data of the mass concentration of each component in snow per unit area. It should be noted that for the territory of AA, the assessment of deposition of pollutants in snow cover was carried out for the first time.
Entry of chemical elements to the underlying surface in 2018 and 2019 was calculated taking into account snow cover resorces. The water in snow cover is determined by the formula (1):
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where, g is average snow density according to snow measurements data on the field route for the same date;
h – is average height of snow cover in gullies, calculated by dividing the sum of the measured heights by the total number of height determining points.
The product gh is multiplied by 10 to convert the calculation data to millimeters.
In 2020, pollution assessment was carried out using the data of the mass concentration of each component in snow per unit area by recalculating using the following formula (2) [70]:
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where, P – is mass of the component to be determined per unit of land surface area for the entire period of SC existence, g/m2 or mg/m2; 
Cm – is mass concentration of a component in melt water, mg/dm3 or μg/dm3;
V – is melt water volume of the whole sample, dm3;
S – is internal cross-sectional area of the snow sampling pipe, cm2; 
n – is number of snow cover cores sampled at certain point;
10 – is coefficient for dimension concordance.
The amount of incoming pollutants per unit area of the territory of AA for 2018-2020 are presented in tables C.24-C.26. High values of zinc in 2018 were up to 0,63 mg/m2, cadmium up to 0,37 mg/m2, copper and lead up to 0,40 and 0,83 mg/m2, respectively. In distribution of incoming heavy metals in the territory of AA, changes are observed with the lowering in altitude from mountainous areas to plains (decrease in concentration). Of no small importance by the incoming of toxic compounds to the mountainous territory is the mountain-valley circulation, where pollutants with convective flows are carried up the gorges, reaching the heights of the location of the ski base and Big Almaty Lake. Also, there is a close relationship between the amount of SC and amount of deposited metals, so in towns Yesik and Talgar, the water equivalent of SC is 65 and 53 mm, while the zinc deposition values are 2,45 and 5,17 mg/m2, respectively.
In 2019, the values of zinc were higher than in 2018 – up to 1,82-1,84 mg/m2 in mountainous areas and in the territory of Almaty; up to 5,18 mg/m2 in small towns, and lead values were up to 2,06 mg/m2 at HMR "Shymbulak". As described above, the values of metals in 2020 had higher values than in previous years – zinc up to 4,13 mg/m2; lead – 2,72 mg/m2; copper – 2,01 mg/m2 and nickel – 1,69 mg/m2.
The relationship between metal deposition per unit area was observed in 2018 for Zn-Cu (r = 0,8) and Cu-Pb (r = 0,9), the character of metal deposition in 2019 changes and the relationship appears between Ni-Zn (r = 0,5), Ni-Pb (r = 0,6) and Pb-Zn (r = 0,7), and in 2020 a weak Ni-Pb relationship is noticeable (r = 0.47). Some exceptions are observed for еру areas subjected to strong anthropogenic impact. At the sites of snow sampling EBR and NBR the HM incoming per unit area is also high, due to the strong anthropogenic load caused by exhaust gases from vehicles using gasoline with lead additive [71] and HPP. This fact proves that SC plays the role of a natural accumulator of atmospheric dust for several winter months, and indicates that a significant part of accumulations in snow is formed due to the dry deposition from the surface layer of the atmosphere and has predominantly anthropogenic character.
As a result of the calculated analysis of the HM incoming per unit area of the territory of Almaty agglomeration, it showed that:
- among the metals under consideration most of all with the snow coming zinc, copper, lead, while the centres of incoming are characteristic for the territories of small settlements, mountainous regions and territory of Almaty, where the main pollutants are motor vehicles and heating by solid fuel;
- the smallest values of the total masses coming to the underlying surface were typical for cadmium in the coastal area of KR and small towns.


5 Ranking of the agglomeration territory by pollution degree

The assessment of the transfer of pollutants based on the results of the study (2018-2020) about conditione of pollution of snow cover and soils makes it possible to rank the territory of AA by the degree of pollution. The assessment of the degree of pollution of the territory of AA was calculated by one of the characteristics of soil and SC pollution, which are the total indicators of pollution (Zc), which is determined by the degree of accumulation of the pollutant in comparison with the background point. The background points were selected throughout the study area, which is not exposed to pollution or experiences it to a minimum extent separately for each metal. The background approach for assessing the degree of pollution of SC has a number of disadvantages, since the choice of the site for sampling is accidental, the values of the background indicators depend on the character of the meteorological conditions and change annually due to the complete change of SC (in our studies, the background indicators of certain metals of different years differed several times) , there is no possiblility to determine the real amount of pollutant per unit of territory. This method was used in [72], and the toxicity class of the elements was not taken into account by calculating the total cofficient of HM concentration. In this regard, it would be logical to assume that by studying the pollution of snow cover, the background assessment method in a "pure" form has no practical value.
The calculation of the total indicator of soil and SC pollution was carried out according to the following formulas (3), (4):
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where, Кс is concentration coefficient of the pollutant;
Ci is concentration of the pollutant;
Cф is concentration of the pollutant in background point; 
n – is number of determining elements.
On the basis of the obtained total indicators of soil and snow pollution, the maps of the distribution of metals over the territory of AA were made. The assessment of the danger of pollution of snow and soil by HM according to the corresponding indicators reflecting the differentiation of pollution of the territory of AA was carried out by approximate rating scales [73-75] (tables 2 and 3). 
Table 2 – Approximate rating scale of danger of SC pollution by the total indicator of pollution (Zc) 
	Level
	total indicator of SC pollution (Zc)
	Category of SC pollution

	Low
	32-64
	Not dangerous

	Middle
	64-128
	Moderate dangerous

	High
	128-256
	Dangerous

	Very high
	 256
	Extremely dangerous



Table 3 – Approximate rating scale of danger of soils pollution by the total indicator of pollution (Zc)
	Value of Zc
	Levelь
	Category of soil pollution
	Changes in health indicators of population in pollution centres

	Less than 16
	Low
	Acceptable
	The lowest children sickness rate and the lowest frequency of occurrence of functional abnormalities

	16-32
	Middle
	Moderate dangerous
	Increase of common sickness rate

	32-128
	High
	Dangerous
	Increase in the common sickness rate of the number of frequently ill children, children with chronic diseases, disorders of the functional condition of the cardiovascular system

	More than 128
	Very high
	Extremely dangerous
	Increased of the sickness rate of the child population, disorder of women's reproductive function



Several approaches are used to assess the contrast and ecological danger of technogenic HM in soils. The indication of pollution for air and snow is based on a comparison of polluted urban soils with their background analogs, with calculation of the coefficient of technogenic concentration or abnormality (Kc), showing how many times the content of element in urban soils is higher than its content in background soils. The Kc coefficient reflects the intensity of pollution, but does not directly indicate its danger [76].
Based on the results of calculations of the total indicators of pollution of SC and soil were made the maps, processed in ArcGIS, which make it possible to clearly rank the territory of AA according to the degree of anthropogenic load, which will allow to identify the regional features of pollution of associated geographic environments: low SC throughout the winter; formation of toxic smog that does not disperse for several days; high concentration of aerosol emissions located in a limited area. The made maps by the category of snow and soil pollution denger are shown in figures C.11-13.
The total indicators of pollution of SP and soil for 2018 are shown in figure C.11. In the territory of the agglomeration, the mountainous areas (Zc  15), settlements (Kaskelen, Talgar) located in the foothills, the eastern part of Almaty city and the northern coast of KR (Zc = 15-25) were differed by a low level of pollution. At the rest of the territory of AA, the pollution level was within Zc = 25-45, but not reaching the low level (Zc = 36-64). In the eastern part of the study area, where the small settlements of Tolkyn and Baidibek bi are located, the total indicator of SC pollution was of average level of Zc  65. SC pollution is caused by the high coefficient of concentration in SC of such metals as Co (36,9), Ni (29,2), Zn (6,6) and Pb (2,4). The level of soil contamination by metals throughout the territory is of a different caracter, for example, the small settlements (Kargaly, Sorbulak) had a low level of Zc = 8-16. The average level of soil pollution of the territory includes Altyn Orda (territory of Almaty city); Otegen batyr, Turgen (small settlements) and recreation area (coast of KR), the total indicator of which is in the range from 16 to 32. A high level is registered in HMR Shymbulak, EBR, small towns (Kapshagai, Yesik, Kaskelen) and small settlements (Shamalgan station, Otegen batyr, Kyrbaltabai, Tolkyn) with a total indicator of up to 128. The territory of Almaty city (Kabanbai batyr str., corner of Pushkin str., park of the first president, NBR) and the small settlement of Baidibek bi had very high level of soil cover pollution Zc  128. NBR should be especially noted; the level of soil pollution reaches 1474, associated with very high concentrations of Pb (86 mg/kg), Zn (41 mg/kg) and Cu (25 mg/kg) in soil.
In general, in the conditions of agglomeration in 2018, the level of pollution of SC and soil is at satisfactory level, with the exception of certain local zones, due to the technogenic influence of vehicles and thermal power plants. At the same time, an important role is played by the location of the zones relative to the wind rose, which in winter leads to the intensive transfer of pollutants, and then they are sorbed in SP and in the process of melting coming into the soil.
In 2019, the total indicator of SC pollution in a large area of the agglomeration is of a very low level (Zc  32), also the low level (from 32 to 64) of the main pollution occurs in the territory of Almaty (figure C.12). Pollution of SC in 2019 occurs due to the high concentrations of lead, zinc and copper, which mainly cover large highways, i.e. NBR (Zc = 40), EBR (Zc = 35), railway tracks – Shamalgan station (Zc = 39) and also small towns – Kapshagay (Zc = 44) and Kaskelen (Zc = 34). A similar trend can be observed for the level of soil pollution in the same year, especially highlighting the zone of NBR, which is located in the zone of maximum traffic load (figure C.12). The total indicator of soil contamination of the NBR reached Zc = 22253, where the main pollutants were Cu, Pb and Zn, with concentration factors (Kc) – 21677, 339 and 208, respectively.
In 2020, as indicated in chapter 2, the sampling points were increased to up to 75 for SC, 41 for soil, and this allowed us to increase the details of the ranking maps. As a result of the increase in sampling points, it is possible to observe a detailed picture of the level of contamination of the territory, both For SC and soil. 
The middle level of contamination of SC up to 90 % is occupied by the territory of Almaty, with a total index (Zc) from 72 to 110. In mountainous areas, it is necessary to note "Medeu" and Orman, the mountain zones with a total index of 75 and 81, respectively (figure C.13). In small towns of Kapshagai and Boraldai, these values reached 79 and 94, and some settlements with an average level of pollution – 80, expressed by high concentration coefficients of Cu, Zn, Pb, Cd and Co. The detected Cd contamination in 2020 is probably associated with the widespread use of boiler houses that do not have smoke aftertreatment systems and for which the main fuel is coal, with high ash content. Small commercial boilers often use car tires, plastics and other combustible garbage as fuel, which significantly degrades air quality and contributes to еру pollution of air and snow. The rest of the agglomeration was characterized by the low level of snow pollution, but also with a slight increase in the above mentioned metals. These metals are the most dangerous and aggressive for biota and are characterized by high mobility, ability to biotransformation and accumulation in the soil cover and biomass.
The level of soil pollution of the whole agglomeration territory in 2020 varied from 47 to 348. The high level of pollution in the territorial respect includes the core of the agglomeration – Almaty and some small settlements (figure C.13). In this regard, the type of heating raw material plays an important role, since in the western part of the agglomeration the gasification is carried out mainly in all settlements, while in the northeastern, eastern and central parts, solid fuel is used.


6 Development of recommendations for maintaining the normative level of quality of the studied natural environments of AA territory

The results of our research conducted in 2018-2020 have convincingly shown that the general ecological situation and the level of pollution of SC, soils and other natural objects in the territory of AA is formed under the influence of stationary and mobile sources of pollution located on the territory of Almaty and partly in small towns of Kaskelen, Talgar, etc. Therefore, for  ensuring the normative quality of atmospheric precipitation and other natural objects on the territory of the AA, it is extremely important to implement cardinal environmental measures on the territory of the AA core - Almaty.
Based on our observations and analysis of the obtained analytical results, in order to reduce anthropogenic impacts and preserve the normative qualities of natural objects in AA, it is necessary to carry out the following measures:
· to take measures to reduce the emissions of toxic pollutants from stationary sources in Almaty and small towns as soon as possible by introducing advanced technologies at energy and production enterprises, changing HPP-2 and other energy facilities for gas operating;
· to introduce improved methods to reduce the level of air pollution by vehicles;
· nature protection authorities of Almaty and the region must ensure strict quality control of the supplied fuels and lubricants, fuel for vehicles, coal for thermal power plants and over the technical condition of road transport; 
· city environmental protection authorities should consider the possibility of change of the vehicles for gas operating equipment in order to reduce anthropogenic load; 
· the Ministry of Ecology, Geology and Natural Resources and RSE "Kazhydromet" need:
- to expand the network of monitoring stations in the territory of Almaty and AA for more detailed monitoring of the level of pollution of precipitation, SC and soils by toxic compounds;
- to take urgent measures to organize at the observation stations a systematic analysis of PCBs (in the air, SC and soi), which are especially dangerous for people and nature and belong to the group of persistent organic pollutants, taking into account their wide distribution in the territory of AA and the presence of powerful sources of pollution in Pribalkhashie;
- to organize monitoring of the level of pollution of the territory of the sewage storage reservoir – Sorbulak and of its impact to the environment due to the fact that the polluted waters of the reservoir are used for irrigation;
- the environmental authorities of Almaty and of the region need to provide strict control over the compliance with environmental law of the Republic of Kazakhstan by industrial and energy enterprises.

CONCLUSION

The report provides quite detailed literary review of scientific and normative-methodological works of local and foreign researchers on the study of chemical and toxic parameters in SC and underlying surface. Received in 2018-2020 information indicates insufficient knowledge of the chemistry and pollutants in SC, soils of large urban agglomerations. This work is the first attempt in Kazakhstan to study this important ecological and social problem.
The chapter "Materials and Methodology" provides information about the volumes of collected and analyzed samples from natural objects of the territory of AA, about the methods of analysis and used modern physical devices.
Results of physical-chemical parameters: average acidity (pH) of snow waters of the studied objects varies from 5,3 to 6,7, depending on the sampling site, type of vegetation and year of study. In general, the reaction of snow water is weakly acidic. The highest indicators of the content of suspended particles were noted in 2018 in the range from 40,4 to 384,3 mg/dm3 and the minimum were typical for the winter of 2019 and ranged in the limits of 19,3-41,5 mg/dm3. During the study period, the oxidizability of snow water varied widely: in 2018 from 1,10 to 15,20 mgO/dm3, in 2019 from 3,85 to 12,50 mgO/dm3, and in 2020 from 1,12 to 11,7 mgO/dm3. According to the research results of 2018-2020, the mineralization value of the SC in large agglomeration zones changed insignificantly, for example, in 2018 – from 89,5 to 127 mg/dm3, in 2019 – from 109 to 111 mg/dm3. In 2020, there was a decrease in it, which is especially clearly seen in small towns, as well as in small settlements, to 100 and 77,0 mg/dm3, respectively.
Analysis of HM content in SC of the agglomeration territory in 2018-2020 showed the following results:
The copper content in the SC at all sampling points exceeds MPCfe, so in 2018 the lowest copper concentration was found in the background zone "Shymbulak" – 13,6 and 13,7 μg/dm3. In the average, the concentration of copper in the territory of AA exceeded the MPCfe by 8,4 times and ranged from 5,7 to 10,1 MPC; in 2019 the excess was observed by 2,9 times. In 2020, the average excess of MPCfe for copper in the agglomeration reached 24,4 times. Its high values were typical for SC of the territory of Almaty city on average – 26,1 μg/dm3. The values of zinc concentration in 2018 were noted in the range of 0,3-56,9 μg/dm3. At the same time, the maximum values of 56,0 and 56,9 μg/dm3 were found at points located on the territory of Almaty. In 2019, the zinc content in SC ranges from 0,7 to 269 μg/dm3. In 2020, there was a significant increase in zinc concentration up to – 21,9 μg/dm3. The average concentration of cadmium in the territory of the agglomeration does not exceed the MPCfe, while the MPCde exceed up to 2.7 MPC. On the annual basis, the average values of cobalt in SC tended to increase from 3,6 μg/dm3 in 2018 to 8,0 μg/dm3 in 2019 and to 13,8 μg/dm3 in 2020. Higher number of occurrence of high nickel values in SC exceeding MPCfe (up to 3,5 times) was found in the territory of Almaty; up to 2,2 times in small towns; up to 4,4 times in small settlements and up to 2,5 times on the coast of KR. In general, in the territory of AA, the nickel content averaged 15,2 μg/dm3. The character of the lead content in SC of the entire territory of AA in the annual section tends to increase from 17,7 μg/dm3 in 2018; 22,7 μg/dm3 in 2019 and 32,6 μg/dm3 in 2020, which indicates an increasing anthropogenic load to the ecological condition of the environment.
Analysis of the results obtained over the years of research shows the distribution of PCBs in SC of the whole territory of AA. In 2018, the maximum level of PCBs accumulation was recorded in the snow water of Shymbulak ski sports base (1,942 μg/dm3) and in the area of Shamalgan station in the amount of 1,283 μg/dm3. A total of 22 individual PCBs congeners were recorded in the snow samples. The dominant position is held by "light" congeners. According to the results of studies in 2019, it can be noted about the relatively low level of contamination of SC of AA by the studied pollutants. Their maximal values in SC of the certain points of the territory of Almaty and small towns were 0,140 and 0,148 μg/dm3 during the first survey and 0,039 and 0,044 μg/dm3 during the second one. In 2020, PCBs in SC were registered at 27 out of 41 sampling points. From the 7 points newly selected this year in the mountainous territory, PCBs in the amount of 0,038 μg/dm3 were found only in the snow of HMR "Shymbulak". The maximal PCBs concentrations in SC of the territory of Almaty reached 0,137 μg/dm3 in the NBR area; in the territory of small towns and urban-type settlements they were 0,447 and 0,492 μg/dm3.
In snow samples of the year 2020, 7 individual PCB congeners were registered. The dominant position is possessed by "light" congeners 44, 49 belonging to the homologous group tetra-chlorinated biphenyls. Only in one snow sample, highly toxic dioxin-like congener PCB 114 (0,045 μg/dm3) from the pentaCB group was registered.
Based on material obtained in 2018-2020 it can be noted that the contamination of the territory of AA by PCBs continues, namely under the influence of regional sources.
The pH value of KR ice varied in the range from 7,3 to 7,8 with maximum values in the area of Kaskelen riverthe inflow. The content of organic matter in KR ice cover is low and ranged from 2,4 to 7,5 mgO/dm3. In 2018 and 2019 the maximum values of organic matter were noted in the ice cover of the area of Kaskelen river inflow. The range of changes in the content of suspended matter in the ice of KR is quite wide - from 4,0 to 11,0 mg/dm3. The maximum concentration of suspended matter was found in the area of Kaskelen river inflow – 11,0 mg/dm3. The values of ice mineralization varied within the range from 205 to 702 mg/dm3; average for the reservoir was 327 mg/dm3, and the high values were recorded in the area of Kaskelen river inflow – up to 702 mg/dm3.
In the chemical composition of KR water in the winter period of 2020, slight spatial changes in pH, oxidizability and water mineralization were observed. The water environment was characterized by slightly alkaline reaction, the values of organic substances were insignificant (2,2-3,0 mgO/dm3). The content of SS in water of KR varied from 2,0 to 41,0 mg/dm3. In the southern shallow part, near the mouth of Kaskelen river and prudkhoz, the content of SS in water was much higher – 19,0 and 41,0 mg/dm3, respectively. The values of the mineralization of the under-ice water of reservoir were 461-561 mg/dm3 and belonged to the category of low-mineralized. The maximum values of water mineralization reached 561 mg/dm3 and belonged to the hydrocarbonate-sodium-calcium group.
In 2018 and 2019 studies of the KR ice for the content of HM showed the following: the value of copper, zinc, cobalt and lead exceeded the MPC level, reaching maximal concentrations up to 9,3; 20,5; 17,1; 47,9 μg/dm3, respectively. Cadmium and nickel are found in small concentrations and did not exceed the MPCfe. HM concentration is on average from 0,4 to 40,4 μg/dm3. 
The average content of HM in the water of KR was: for copper 23,0 μg/dm3, zinc – 9,2 μg/dm3, cadmium – 2,4 μg/dm3, cobalt – 10,5 μg/dm3, nickel – 12,1 μg /dm3, lead – 40,4 μg/dm3. In all water samples, the concentration of copper and lead exceeds the norms from 2,7 to 27,0 MPC, the maximal values of copper were recorded in the area near the railway bridge – up to 26,6 μg/dm3, and lead in the area of the 9th pumping station – 52,1 μg/dm3.
The results obtained in 2018 showed the presence of PCBs in all analyzed samples of KR ice. The highest total concentration of PCBs in ice reached 0,075 and 0,085 μg/dm3; 8 PCBs congeners were found. Three "marker" congeners (PCB 52, 138 and 153) were registered in the area of the Kaskelen river inflow, in water of which were recorded the highest PCBs concentrations (4,86 and 7,80 μg/dm3).
The samples of KR ice in 2019 had an extremely low PCBs content (amounted 0,118 μg/dm3). Under the conditions of KR, which has a flow rate even in winter, apparently due to the creation of a certain positive temperature gradient by the flowing river water, there is a gradual migration of salts and toxicants to the ice-water border, which caused the decrease and absence of PCBs in ice. 
In winter 2020, the presence of PCBs in KR water was recorded in the range from 0,066 to 0,353 μg/dm3. Their average concentration was 0,168 μg/dm3, and the high ones were noted in the zone of Kaskelen river inflow and prudkhoz, located in the zone of distribution of the flow of Ile river southern tributaries, which are contaminated by various toxic substances, including PCBs. In the water were identified 7 PCBs congeners, including "Marker" PCB congener 52.
The average soil pH values in 2019 were in the range of 6,0-8,9; in 2020 – 6,1-7,7. Low soil mineralization in 2019 and 2020 was characterized by HMR "Shymbulak" – 50 mg/kg and Kargaly village – 75 and 50 mg/kg. High values of mineralization from 900 to 2000 mg/kg were characteristic for the soils of the villages of Kyrbaltabai, Tolkyn and Zhetigen.
According to the results of the work carried out in 2020, the average content of HMs in the soil of the territory of Almaty has significantly decreased compared to previous years. The comparison of the obtained results with background indicators, i.e. clarkes of elements in the lithosphere and soil cover of the region showed the excess of clarkes only for cadmium for the whole territory of agglomeration. The cadmium content in the soil of agglomeration ranges from 0,03 to 0,63 mg/kg. According to existing standards, excess of its concentration of 0,5 mg/kg indicates anthropogenic contribution in the upper soil layer.
In April 2018, the lowest PCBs concentration was registered in the soils of HMR "Shymbulak", its average value was 0,063 μg/kg. The highest concentration of PCBs, reaching 18,9 μg/kg was noted in the territory of Almaty, the average concentration was 6,681 μg/kg. High content of PCBs up to 3,090 and 5,360 μg kg was found in the soils of Altyn Orda and NBR. The soils of the city territory contained PCBs 114 and 118, as well as "marker" congeners of PCBs 138 and 153.
The soil cover of AA in 2019 was characterized by the lower level of PCBs contamination. The average concentration of PCBs in the soils of the territory of Almaty was 0,808 μg/kg, and in the soil cover of small towns – 1,203 μg/kg. Analysis of the relative content of PCBs provides some understanding about the toxicity levels of the detected total PCB concentrations. So, for example, in the soil of Izvestkovyi point by the total PCB concentration of 0,762 μg/kg, the share of highly toxic dioxin-like congener PCB 118 was 59,1 %, and in the soils of small settlements it reached 99 and 95 %. 
In 2020, PCBs were registered in the soils of all sampling points. The average indicator of PCBs concentration in the mountainous zone was 1,70 μg/kg. In the soil cover of the territory of Almaty, the highest level of PCBs accumulation reached 4,420 µg/kg. The greatest contamination of the soil cover occurs in the town of Kaskelen – up to 5,001 μg/kg and Boraldai village (9,160 μg/kg), which is located near the Almaty TPP-2. The accumulation of PCBs in the soils of Almaty and their wide distribution in the territory of AA indicate quite high and large-scale pollution of natural objects of the region and presence of powerful sources of pollution.
As a result of the calculated analysis of the HM incoming per unit area to the territory of the AA, it was shown that among the considered metals with the snow precipitation are coming mostly zinc, copper and lead, and the centre of deposition is characteristic for the territories of small settlements, mountainous areas and Almaty city, where the main pollutants are  vehicles and heating by solid fuels; the smallest values of the total incoming masses to the underlying surface were typical for cadmium in the coastal area of KR and small towns. 
The results of the study (2018-2020) about the condition of pollution of snow cover and soils made it possible to rank the territory of AA by the degree of pollution.
Analysis of the contamination of the territory of AA by the values of the coefficients of concentration of metals for 2018-2020 showed that the largest contribution falls on copper, zinc and lead in the soil, while for the SC it is mainly cobalt, nickel, copper and lead, which were also some times higher than the permissible norms. By the total indicators of soil pollution of the territory of AA for the studyed years, it was in the range from average (Zc  16) to very high level (Zc  128).
Cartographic survey of the urbanized territory showed that the ecological condition of the environment mainly has an anthropogenic load due to HM, namely, by high concentrations of metals of the 1-st and 2-nd class of danger. In 2018 and 2019 the total indicators of SC pollution were in the category of "not dangerous" and "low level of pollution", both by zones and by certain points. Relatively high total pollution rates were recorded in 2020: zones II, III, V and IV, which were most subjected to pollution, the sources of which are power plants, domestic ovens, coal-fired TPP and road transport.
The values of soil pollution indicators by zones indicate that the territory of the agglomeration belongs to the high level, with the exception of the coast of KR, which belongs to the average level (2018 and 2019) and the territory of Almaty city to the very high level in all of the years under the study.
Proper time realization of suggested actions can provide the certain effect for decreasing of anthropogenic load and maintaining of normative quality of the natural objects of AA; for the creation of favourable environment for the population.
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APPENDIX А

List of scientific publications of the project research team

Publications, participation in conferences, media appearances in 2018-2020.
Publications in scientific journals

In 2018, the performers of the project "Monitoring of concentration and distribution of toxic compounds in the snow cover on the territory of almaty agglomeration and assessment of their impact on natural sites" published 5 scientific papers:
An article in the peer-reviewed domestic scientific journal with a non-zero impact factor, in journals recommended by the Committee for Control in the sphere of Education and Science of the Republic of Kazakhstan: 
1. Аmirgaliyev N.А., Маdibekov А.S., Ismukhanova L.Т., Кulbekova R.А., Мusakulkyzy А., Zhadi А.O. Modern physico-chemical parameters of the snow cover Almaty agglomeration // Issues of Geography and Geoecology. – Almaty, 2018. – № 3. – PP. 113–118. (in Russian) 
Articles in materials of international scientific and practical conferences:
2. Аmirgaliyev N.А., Маdibekov А.S., Ismukhanova L.Т., Кulbekova R.А. Monitoring of physico-chemical indicators of snow cover of Almaty agglomeration // Reports of second Baikal International Scientific and Practical Conference «Snow cover, atmospheric precipitation, aerosols: tehnology, climate and ecology» (June, 25-30, 2018). – Irkutsk, 2018. – PP. 29–33. (in Russian)
3. Cherednichenko A.V., Cherednichenko V.S., Cherednichenko Al.V., Nysanbayeva A.S., Madibekov A.S., Zhumalipov A.R. Aerosynoptical conditions of extremely high concentrations of pollutants in the snow cover // Reports of second Baikal International Scientific and Practical Conference «Snow cover, atmospheric precipitation, aerosols: tehnology, climate and ecology» (June, 25-30, 2018). – Irkutsk, 2018. – PP. 105–109. (in Russian)
4. Cherednichenko A.V., Cherednichenko V.S., Cherednichenko Al.V., Nysanbayeva A.S., Madibekov A.S., Zhumalipov A.R. Heavy metals in the snow cover of Kazakhstan // Reports of second Baikal International Scientific and Practical Conference «Snow cover, atmospheric precipitation, aerosols: tehnology, climate and ecology» (June, 25-30, 2018). – Irkutsk, 2018. – PP. 110–115. (in Russian)
5. Madibekov A.S., Nysanbayeva A.S., Kogutenko L.V. Spatial distribution of values of heavy metals with atmospheric sediments in Kazakhstan // Reports of second Baikal International Scientific and Practical Conference «Snow cover, atmospheric precipitation, aerosols: tehnology, climate and ecology» (June, 25-30, 2018). – Irkutsk, 2018. – PP. 129–135. (in Russian)
In 2019, the performers of the project "Monitoring of concentration and distribution of toxic compounds in the snow cover on the territory of almaty agglomeration and assessment of their impact on natural sites" published 4 scientific papers:
Articles in a scientific journal indexed in the Scopus database:
1. Amirgaliev N., Askarova M., Normatov I., Ismukhanova L., Kulbekova R. Оn the choice of optimal parameters for the integrated assessment of surface water quality // News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technical sciences. – Almaty, 2019. – № 3 (435). – PP. 150–158. https://doi.org/10.32014/2019.2518-170X.81 (Scopus: CiteScore 0.8/SJR 0.209/ SNIP 0.842/ Q3) (http://www.geolog-technical.kz/images/pdf/g20193/150-158.pdf)
2. Amirgaliyev N., Madibekov A., Normatov I. Аbout the criteria of estimation of surface water quality of Kazakhstan on the basis of accounting of its natural features // News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technical sciences. – 2019. – № 4 (436). – PР. 188–198. https://doi.org/10.32014/2019.2518-170X.114 (Scopus: CiteScore 0.8/SJR 0.209/ SNIP 0.842/ Q3) (http://www.geolog-technical.kz/images/pdf/g20194/188-198.pdf)
Articles in materials of international scientific and practical conferences:
3. Amirgaliev N., Madibekov A., Mussakulkyzy A., Ismukhanova L., Kulbekova R. Polychlorinated biphenyls in the snow cover of Almaty agglomeration of the republic of Kazakhstan // 19th International Multidisciplinary Scientific GeoConference SGEM 2019. Conference proceedings. Volume 19. Ecology, economics, education and legislation. Ecology and Environmental protection. (30 June – 6 July, 2019). – Albena, Bulgaria, 2019. – PP. 541–549. DOI: 10.5593/sgem2019/5.1/S20.068 (Scopus Cite Score 0.4| SJR 0.232| SNIP 0.392). (https://www.sgem.org/index.php/elibrary?view=publication&task=show&id=6018).
4. Amirgaliyev N.A., Madibekov A.S., Musakulkyzy A., Ismukhanova L.T., Zhadi A.O. Spatial distribution of heavy metals in the snow cover for Almaty agglomeration // 19th International Multidisciplinary Scientific GeoConference SGEM 2019. Conference proceedings. Volume 19. Ecology, economics, education and legislation. Ecology and Environmental protection. (30 June – 6 July, 2019). – Albena, Bulgaria, 2019. – РP. 679–685. DOI: 10.5593/sgem2019/5.1/S20.084 (Scopus Cite Score 0.4| SJR 0.232| SNIP 0.392). (https://www.sgem.org/index.php/elibrary?view=publication&task=show&id=6034).

In 2020, the performers of the project "Monitoring of concentration and distribution of toxic compounds in the snow cover on the territory of almaty agglomeration and assessment of their impact on natural sites" published 4 scientific papers:
Articles in a scientific journal indexed in the Scopus database:
1. Amirgaliev N.A., Christian Opp, Askarova M., Kulbekova R.A., Ismukhanova L.T. About ratio and values of the empirical coefficient of alkali metals (Na+ and K+) in surface waters of Kazakhstan on the example of the Ile river // News of the National Аcademy of Sciences of the Republic of Kazakhstan. Series of geology and technical sciences. – 2020. – V. 1, № 439. – PP. 6–13. https://doi.org/10.32014/2020.2518-170X.1 (Scopus: CiteScore 0.8/SJR 0.209/ SNIP 0.842, Q3). (http://www.geolog-technical.kz/images/pdf/g20201/6-13.pdf)
Articles in materials of international scientific and practical conferences:
2. Madibekov А., Ismukhanova L., Mussakulkyzy А., Kulbekova R., Zhadi A. Results of AAS-measurements of atmospheric deposition of copper and lead in the snow cover of Almaty agglomeration // Snow cover, atmospheric precipitation, aerosols: chemistry and climate: reports of the III Baikal international scientific conference endorsed by IUPAC (March 23 – 27, 2020). – Irkutsk: Ltd «Reprocenter A1», 2020. – PP. 200–205.
3. Ismukhanova L.T., Kulbekova R.A., Amirgaliyev N.A., Madibekov A.S., Zhadi A. Results of research of physical and chemical characteristics of snow cover in Almaty agglomeration (South-East of Kazakhstan) // XXth International Multidisciplinary Scientific GeoConference Surveying, Geology and Mining, Ecology and Management – SGEM 2020 (16 – 25 august, 2020). – Albena, Bulgaria, 2020. (Scopus Cite Score 0.4| SJR 0.232| SNIP 0.392) (in print). 
Articles in a peer-reviewed foreign scientific publication with a non-zero impact factor:
4. Musakulkyzy A., Ismukhanova L.T., Amirgaliyev N.A., Madibekov A.S., Kulbekova R.A. Results of the study of the soil cover of the Almaty agglomeration // Journal «Vestnik KRSU». Series of natural and technical sciences. – Bishkek, 2020. – V. 20, № 8. – PP. 105–111. (in Russian)
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Attachment 1.2 
to the Agreement №__ from _______2018 
for grant financing

TECHNICAL SPECIFICATION AND
CALENDAR PLAN OF WORKS

According to the Agreement №_120_ from _05 of March___2018

1. JSC «INSTITUTE OF GEOGRAPHY»

1.1 By priority: 1. Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and constructions.
1.2 By subpriority: 1.6 Monitoring of objects of environment and "green" technologies.
1.3 By project topic: № AP05133353/GF4 “Monitoring of concentration and distribution of toxic compounds in the snow cover on the territory of the Almaty agglomeration and assessment pf their impact on natural sites”.
1.4 The total amount of the project is 24 160 000 (twenty-four million one hundred sixty thousand) tenge, including detalization by years, for the performance of work in accordance with item 3:
- for 2018 – in amount of 8 000 000 (eight million) tenge;
- for 2019 – in amount of 8 072 000 (eight million seventy two thousand) tenge;
- for 2020 – in amount of 8 088 000 (eight million eighty eight thousand) tenge.

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators
2.1 Work direction: Applied researches
2.2 Application area: The research results of the Project will be widely used in the field of environmental sciences, ecology, nature protection, water and biological resources. They will be useful in solving of number of important problems in the use of natural environment. Scientific publications will be of interest to scientists and specialists in a number of branches of economy and science.
2.3 Final result: 
- for 2018: Results of monitoring and laboratory studies for assessment of the level of snow cover pollution (hydrochemical indicators, content of toxic compounds) in the territory of the Almaty agglomeration. Annual report.
- for 2019: Formation of scientific and methodological database about chemical composition of snow cover of the territory of Almaty agglomeration. Annual report.
- for 2020: Complexe assessment of pollution of snow cover of Almaty agglomeration and assessment of the impact to natural objects. Final report.
2.4 Patentability: not planned
2.5 Scientific and technical level (novelty): Recent progress in the use of snow cover as an indicator of environmental pollution will serve as a basis for the transition to high-quality types of work for monitoring of snow cover pollution, which will allow prognosing the condition of pollution of environmental objects, as well as implementing the concept of the balanced rational use of natural resources. 
The actuality of the study is determined by the fact that the complexe study of the quantitative and qualitative indicators of the characteristics of chemical composition of snow cover in the territory of the Almaty agglomeration is planned for the first time.  The stations (available in the department of Kazhydromet) for monitoring of the characteristics of chemical composition of snow cover in this territory are located in the foothills of Almaty (MS Mynzhylki and MS Almaty agro), the data of which cannot be representative for the entire territory of the agglomeration. In addition, for the first time, the studies are planning to determine the levels of concentration of polychlorinated biphenyls (PCBs) in the snow cover. It should be noted that organochlorine compounds, characterized by high toxicity, extreme biological activity, resistance to the activity of natural factors and ability to be accumulated in different food chains, can affect all parts of natural ecosystems, including humans. In this regard, taking into account given Kazakhstan's commitment to fulfilling its obligations to implement the Stockholm Convention, which the republic ratified in 2007, carrying out research work for the assessment of PCBs in the natural environment is one of the National tasks. 
The implementation of this project will allow determining the content of pollutants in the air, precipitation and snow cover, which will make it possible to rank the degree of anthropogenic load to the ecosystem as a whole. Also, for the first time for considered territory, the calculations will be carried out to determine the volume of pollutant inflows per unit area, which will reveal the zonal features of their distribution.
2.6 Use of scientific and technical products is carried out by: Customer and Contractor
2.7 Type of use of the result of research and (or) scientific-technical activities: The use of research results of work by the Customer and distribution among the potential users is carried out in the prescribed manner: in the form of annual reports and scientific recommendations. Distribution to communities of scientists - by publishing the results in scientific journals, in the form of scientific reports and publication of monograph.

3. Type of works, terms of their realization and results
	Number of task, stage
	Name of works according to the agreement and main stages of realization
	Terms of realization
	Expected results

	
	
	beginning
	end
	

	2018

	1
	Creation of information database. Collection and analysis of material
	January
2018
	1-st of November
2018
	Information database will be created. Collection and analysis of material. Information database by the studied parameters

	1.1
	Determination of the sampling points and preparation of the necessary equipment. Research at monitoring points (hydrochemical indicators, content of toxic compounds in snow cover (SC), soil) of the study area
	January
2018
	March
2018
	Sampling points will be identified and required equipment prepared. Research will be conducted at monitoring points (hydrochemical indicators, content of toxic compounds in snow cover (SC), soil) of the study area. Scheme of sampling points of the studied object. Research materials from the monitoring points

	1.2
	Laboratory studies of collected samples
	April
2018
	June
2018
	Laboratory studies of the collected samples will be carried out. Results of the laboratory studies by hydrochemical and toxic indicators of SC

	1.3
	Creation of information database by hydrochemical and toxicological indicators of SC of the studied object
	July
2018
	September
2018
	Informational database by hydrochemical and toxicological indicators of SC of the studied object will be created. Information database about the quantitative and qualitative condition of SC

	1.4
	Making assessment of the concentration level and spatial distribution of the toxic compounds in SP of the study area. Annual report
	October
2018
	1-st of November
2018
	The level of concentration and spatial distribution of the toxic compounds in SC of the study area will be assessed. Assessment of the level of SC pollution by toxic compounds in the territory of Almaty agglomeration (AA). Will be published
1 (one) article in a peer-reviewed local scientific journal with a nonzero impact factor. Annual report

	2019

	2
	Formation of scientific and methodological database about the chemical composition of SC in the territory of AA and conducting of complex research of SC
	January
2019
	1-st of November
2019
	Scientific and methodological database about the chemical composition of SC in the territory of AA will be formed and complex studies of SC will be carried out. Scientific and methodological database about the chemical composition of SC

	2.1
	Conducting comprehensive studies at monitoring points (sampling of SC, soils, as well as in the water area of the Kapshagai reservoir (KR)) for polychlorinated biphenyls (PCBs), heavy metals (HM) at points most subjected to anthropogenic influence
	January
2019
	March
2019
	Complexe studies will be carried out at monitoring points (sampling of SC, soils, as well as in the water area of the Kapshagai Reservoir (KR)) for polychlorinated biphenyls (PCBs), heavy metals (HM) in points with the highest anthropogenic impact.  Materials about the studied parameters, the main laws of their distribution in the territory of large settlements, cities of AA

	2.2
	Conducting laboratory studies of collected samples based on the results of complexe studies at monitoring points
	April
2019
	June
2019
	Laboratory studies of the collected samples will be carried out based on the results of complexe studies at monitoring points. Results of the contamination level of SC, soil and water area of KR

	2.3
	Additions to the scientific and methodological database in the field of study and laws of spatial distribution of pollutants in SC
	July
2019
	September
2019
	The scientific and methodological database in the field of studying and laws of spatial distribution of pollutants in SC will be supplemented. Scientific and methodological database for the study of spatial distribution of pollutants in SC

	2.4
	Determination of the amount of pollutant inflow per unit area. Publication of scientific research results in peer-reviewed international scientific journals, indexed in Web of Science or Scopus databases with a non-zero impact factor. Annual report
	October
2019
	1-st of November 2019
	The amount of pollutant inflows per unit area will be determined. Calculations of atmospheric deposition per unit area. One (1) article will be published in a peer-reviewed international scientific journal indexed in the Web of Science or Scopus database with a non-zero impact factor. Annual report

	2020

	3
	Complexe assessment of pollution of SC of AA and assessment of the impact to natural objects
	January
2020
	1-st of November 
2020
	Complexe assessment of the pollution of SC of AA and assessment of the impact to the natural objects will be provided

	3.1
	Conducting of complexe studies at monitoring points and in the water area of the KR (sampling SC, soils)
	Janyary
2020
	March
2020
	Complexe studies will be carried out at monitoring points and in the water area of the KR (sampling of SC, soils). Materials of complexe studies of the content of PCBs and HM in SC, soil and water

	3.2
	Study of the concentration in SC, soil of PCBs, HM and the character of their distribution in large settlements of the agglomeration territory
	April
2020
	June
2020
	Concentrations in SC, soil of PCBs, HM and the character of their distribution in large settlements of the agglomeration will be studied. Materials of the studied parameters, main laws of their distribution in the territory of large settlements, cities of AA

	3.3
	Complexee assessment of the impact of toxic compounds to the natural objects of AA territory
	July
2020
	September
2020
	Complexe assessment of the impact of toxic compounds to the natural objects of AA territory will be carried out. Factual and analytical materials about the level of pollution of SC, soil, water by HM, PCBs

	3.4
	Ranking of the agglomeration territory according to the degree of pollution.  Development of recommendations for maintaining the standard quality level of the studied natural environments of AA territory. Publication of scientific research results in peer-reviewed international scientific journals, indexed in Web of Science or Scopus databases with a non-zero impact factor. Final report
	October
2020
	1-st of november
2020
	The territory of the agglomeration will be ranked according to the degree of pollution.  Recommendations will be developed for maintaining the standard quality level of the studied natural environments of AA territory. Spatial distribution of toxic compounds in SC. 1 (one) article will be published in a peer-reviewed international scientific journal indexed in the Web of Science or Scopus database with a non-zero impact factor, as well as 1 (one) article in a peer-reviewed international scientific journal with a non-zero impact factor. Final report
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Research results
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Figure C.1 – Diagram of snow and ice Sampling points 

Table C.1 – Sampling points and their coordinates
	Zones
	The sampling site
	Coordinates

	name
	
	N (Northern latitude)
	E (East longitude)

	1
Mountainous territory
	HMR "Shymbulak"
	43°7'7.67"N
	77°5'45.48" E

	
	Big Almaty Lake (BAL)
	43°3'31.60" N
	76°59'19.03" E

	
	Izvestkovyi
	43°4'37.05" N
	76°36'28.27" E

	2
Territory of Almaty
	Institute of Geography
	43°15'2.25" N
	76°57'12.41" E

	
	Park of the First President (PFP)
	43°15'5.25" N
	76°57'11.56" E

	
	Altyn Orda
	43°7'7.67" N
	77°5'45.48" E

	
	Eastern bypass road (EBR)
	43°17'49.39" N
	76°59'52.42" E

	
	Northern bypass road (NBR)
	43°21'12.32" N
	76°56'20.85" E

	3
Small towns, urban-type settlements

	Kaskelen
	43°11'27.59" N
	76°53'9.69" E

	
	Uzynagash
	43°21'12.32" N
	76°56'20.85" E

	
	Shamalgan
	43°22'13.94" N
	76°36'18.00" E

	
	Kapshagay
	43°51'14.64" N
	77°4'6.13" E

	
	Yesik
	43°20'58.13" N
	77°27'38.11" E

	
	Talgar
	43°17'53.16" N
	77°13'36.18" E

	4
Small settlements
	Kargaly
	43°13'39.45" N
	76°45'49.20" E

	
	Turar dachi
	43°18'9.77" N
	76°30'54.28" E

	
	Mezhdurechensk
	43°27'49.55" N
	76°42'48.53" E

	
	Karaoi (Sorbulak)
	43°36'59.93" N
	76°42'45.43" E

	
	Kossozen
	43°33'57.95" N
	76°53'57.82" E

	
	Zhetigen
	43°41'3.91" N
	77° 6'21.96" E

	
	Otegen batyr
	43°36'59.93" N
	76°42'45.43" E

	
	Kosmos
	43°30'47.92" N
	77°15'3.05" E

	
	Kyrbaltabay
	43°35'12.00" N
	77°29'35.00" E

	
	Baidibek bi
	43°17'53.16" N
	77°13'36.18" E

	
	Tolkyn (Prudkhoz)
	43°37'52.95" N
	77°53'32.10" E

	
	Karakemer
	43°25'37.88" N
	77°38'2.10" E

	
	Boraldai
	43°21'10.75" N
	76°50'10.24" E

	
	Kapshagai-Akshi highway
	43°51'36.69" N
	76°55'58.02" E

	5
Coast of Kapshagai reservoir (KR)
	Rest zone
	43°56'16.30" N
	77°18'1.46" E

	
	Arna
	43°46'40.06" N
	77° 8'30.47" E

	6
Water area of Kapshagay reservoir
	mouth of Kaskelen river
	43°48'5.46" N
	77° 7'40.50" E

	
	at the railway bridge
	43°53'59.10" N
	77° 7'56.40" E

	
	Shengeldy Island
	43°56'12.50" N
	77°19'6.61" E

	
	9-pumping station
	43°50'20.33" N
	77°51'9.42" E

	
	Prudkhoz
	43°42'56.82" N
	77°52'54.17" E




Table C.2 – Average values of pH and content of suspended substances, chemical parameters of SC of the AA, 2018
	Zones
	Surveys
	Suspended substances,
mg/dm3
	рН
	Oxidizability, mgO/dm3
	Mineralization, mg/dm3

	№
	name
	
	
	
	
	

	1
	Mountain territory
	1
	83,9
	6,31
	10,6
	50,3

	
	
	2
	33,3
	5,19
	2,4
	111,5

	
	
	3
	4,0
	6,01
	2,0
	106,8

	2
	Territory of Almaty
	1
	118,2
	6,75
	12,7
	76,6

	
	
	2
	117,0
	5,67
	2,8
	101,6

	
	
	3
	230,4
	5,69
	11,5
	136,7

	3
	Small towns, urban-type settlements

	1
	138,4
	6,72
	7,8
	80,1

	
	
	2
	196,1
	5,7
	5,1
	143,5

	
	
	3
	94,8
	5,46
	8,3
	149,4

	4
	Small settlements
	1
	132,3
	6,78
	10,7
	73,9

	
	
	2
	107,6
	5,8
	6,3
	148,6

	
	
	3
	234,0
	5,82
	9,8
	166,3

	5
	KR, its coast
	1
	548,0
	7,98
	15,2
	171,7

	
	
	2
	97,0
	6,22
	1,1
	165,4

	
	
	3
	508,0
	6,07
	5,9
	187,3



Table C.3 – Average values of heavy metal concentrations of SC of the AA, 2018 
	Zones
	Surveys
	Cu
	Zn
	Cd
	Co
	Ni
	Pb

	№
	name
	
	μg/dm3

	1
	Mountain territory
	1
	0,0
	13,5
	4,4
	0,0
	6,8
	7,4

	
	
	2
	8,6
	8,0
	6,0
	0,0
	9,4
	9,5

	
	
	3
	8,6
	5,1
	5,3
	0,8
	0,0
	18,3

	2
	Territory of Almaty
	1
	3,6
	39,0
	4,8
	2,1
	14,0
	6,4

	
	
	2
	9,9
	16,7
	6,8
	1,3
	5,2
	16,1

	
	
	3
	10,4
	7,7
	3,7
	2,8
	2,5
	16,9

	3
	Small towns, urban-type settlements
	1
	4,7
	19,9
	3,5
	5,6
	6,4
	11,2

	
	
	2
	11,1
	15,9
	4,6
	3,0
	6,0
	17,6

	
	
	3
	9,9
	1,3
	2,8
	5,8
	2,1
	27,3

	4
	Small settlements
	1
	5,3
	13,0
	3,2
	8,7
	7,1
	10,3

	
	
	2
	13,7
	13,1
	4,4
	4,1
	3,9
	19,3

	
	
	3
	11,1
	6,8
	3,1
	5,8
	3,7
	31,6

	5
	KR, its coast
	1
	5,0
	3,0
	3,6
	5,0
	5,6
	18,3

	
	
	2
	13,6
	15,6
	4,5
	1,2
	0,0
	11,7

	
	
	3
	10,1
	5,5
	4,5
	7,3
	0,0
	44,5





Table C.4 – Concentration and congener composition of PCBs in SC of the AA, 2018
	Zones
	Sampling points and their numbers
	PCBs congeners
	Concentration, μg/dm3

	
	
	1
	2
	amount
	average by zone

	
	
	
	
	1
	2
	1
	2

	1
Mountain territory
	HMR "Shymbulak"
	44, 151
	40, 42, 49
	0,031
	1,942
	0,031
	1,942

	2
Territory of Almaty
	Institute of Geography
	44, 151
	52, 151
	0,164
	0,132
	0,066
	0,058

	
	Park of the First President (PFP)
	41/64/71, 52
	52, 151
	0,003
	0,053
	
	

	
	Altyn Orda
	87/115, 151
	49, 151
	0,046
	0,025
	
	

	
	NBR
	44, 66/95, 101, 110, 118, 119, 138
	49, 151
	0,112
	0,038
	
	

	
	EBR
	49, 151
	151
	0,006
	0,043
	
	

	3
Small towns, urban-type settlements

	Kaskelen
	49, 128, 155
	49, 151
	0,065
	0,041
	0,129
	0,225

	
	Uzynagash
	44, 119, 128
	151
	0,421
	0,064
	
	

	
	Shamalgan
	44, 49, 85
	44, 49, 151
	0,077
	1,283
	
	

	
	Talgar
	44, 49, 151
	44, 110, 118, 138
	0,180
	0,169
	
	

	
	Yesik
	n/d
	n/d
	n/d
	n/d
	
	

	
	Turgen
	44, 97
	n/d
	0,115
	n/d
	
	

	
	Kapshagay
	40, 49, 151
	52
	0,043
	0,018
	
	

	4
Small settlements
	Rest zone
	44, 151
	49, 151
	0,110
	0,038
	0,093
	0,028

	
	Kargaly
	44, 49, 118
	49, 151
	0,038
	0,044
	
	

	
	Otegen batyr
	44, 151
	n/d
	0,205
	n/d
	
	

	
	Zhetigen
	40, 49
	151
	0,026
	0,024
	
	

	
	Karaoi (Sorbulak)
	40, 121
	49, 151
	0,172
	0,037
	
	

	
	Krasnyi Vostok
	44, 49, 151
	49, 151
	0,192
	0,054
	
	

	
	Malovodnoe
	44
	97, 151
	0,078
	0,056
	
	

	
	Tolkyn (Prudkhoz)
	n/d
	n/d
	n/d
	n/d
	
	

	
	Kyrbaltabay
	151
	n/d
	0,016
	n/d
	
	

	Note – 1 and 2 – survey number, n/d – not detected
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Figure C.2 – Relative content of PCBs congeners in SC on the territory of Almaty, 2018
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Figure C.3 – Relative content of PCBs congeners in SC of the small towns and urban-type settlements, 2018
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Figure C.4 – Relative content of PCBs congeners in SC of the small settlements, 2018


Table C.5 – Level of accumulation of mineral salts and HM in the ice of the KR, 2018
	The sampling site
	Surveys
	Mineralization, mg/dm3
	Cu
	Zn
	Cd
	Co
	Ni
	Pb

	
	
	
	μg/dm3

	The area of Kaskelen River inflow
	1
	124
	2,2
	4,4
	4,0
	13,4
	5,6
	5,8

	
	2
	176
	13,6
	4,8
	4,9
	0,0
	1,8
	18,3

	
	3
	395
	12,2
	1,3
	3,6
	2,2
	0,0
	24,8

	At the dam
	1
	129
	2,2
	3,0
	3,9
	7,8
	0,0
	16,1

	
	2
	131
	9,3
	5,9
	5,0
	0,0
	0,0
	20,5

	
	3
	258
	10,8
	38,8
	4,7
	5,0
	0,0
	33,6

	Areas Shengeldy Islands
	1
	161
	2,9
	3,2
	2,6
	6,4
	4,3
	7,4

	
	2
	174
	12,9
	5,1
	4,4
	2,6
	3,1
	13,9

	
	3
	300
	8,6
	26,9
	5,1
	13,4
	9,4
	35,7



Table C.6 – Concentration and congener composition of PCBs in the ice of the KR, 2018
	The sampling site
	Surveys
	Concentration of PCBs congeners, μg/dm3
	Amount 
of PCBs, μg/dm3

	
	
	40
	44
	49
	52
	82
	138
	151
	153
	

	The area of Kaskelen River inflow
	1
	
	0,005
	
	0,008
	
	
	0,015
	
	0,028

	
	2
	
	
	0,014
	
	
	0,023
	
	
	0,037

	At the dam
	1
	
	
	
	
	
	
	0,041
	0,034
	0,075

	
	2
	
	
	0,008
	
	
	
	0,020
	
	0,028

	Areas Shengeldy Islands
	1
	0,054
	
	
	
	0,031
	
	
	
	0,085

	
	2
	
	
	0,009
	
	
	
	
	
	0,009



Table C.7 – Heavy metal content in the soil cover, 2018
	Zones
	Name
	mg/kg

	
	
	copper
	lead
	nickel
	zinc
	cobalt
	cadmium

	1
Mountain territory
	HMR "Shymbulak"
	0,10
	1,91
	2,97
	5,1
	1,08
	1,76

	2
Territory of Almaty
	Institute of Geography
	24,55
	86,36
	4,63
	40,9
	2,84
	16,30

	
	Park of the First President (PFP)
	0,89
	11,89
	3,17
	9,0
	0,83
	1,09

	
	Altyn Orda
	0,23
	0,73
	3,07
	1,4
	0,77
	1,10

	
	Northern bypass road (NBR)
	18,99
	13,50
	3,05
	35,6
	1,05
	1,39

	
	Eastern bypass road (EBR)
	0,77
	5,24
	3,12
	3,9
	0,80
	1,00

	3
Small towns, urban-type settlements

	Kaskelen
	0,46
	5,66
	2,59
	3,5
	0,63
	1,27

	
	Uzynagash
	0,33
	4,16
	2,70
	4,7
	0,55
	1,04

	
	Shamalgan
	0,24
	4,05
	2,85
	1,3
	0,86
	0,98

	
	Talgar
	0,46
	1,91
	2,54
	3,8
	0,44
	0,38

	
	Yesik
	0,44
	2,34
	2,29
	11,0
	0,41
	0,50

	
	Turgen
	0,47
	0,94
	2,27
	2,8
	0,33
	0,45

	
	Kapshagay
	1,32
	10,71
	2,37
	6,5
	0,58
	0,59

	4
Small settlements
	Kargaly
	0,56
	0,08
	2,59
	1,4
	0,91
	0,91

	
	Otegen batyr
	0,29
	3,95
	2,32
	3,7
	0,58
	0,89

	
	Zhetigen
	0,43
	1,59
	2,14
	0,9
	0,69
	0,63

	
	Karaoi (Sorbulak)
	0,37
	0,41
	2,34
	0,8
	0,35
	0,62

	
	Krasnyi Vostok
	0,43
	2,77
	2,12
	5,0
	0,24
	0,50

	
	Baidibek bi
	0,22
	16,50
	2,02
	13,4
	0,63
	0,42

	
	Tolkyn (Prudkhoz)
	0,39
	6,63
	1,97
	10,6
	0,47
	0,41

	
	Kyrbaltabay
	0,37
	4,70
	2,02
	6,3
	0,27
	0,28

	5 KR, its coast
	Rest zone
	0,44
	1,26
	2,24
	0,5
	0,49
	0,60


Table C.8  Concentration and congener composition of PCBs in the soils of AA by zone, 2018
	Zones
	PCBs congeners
	Concentration, μg/kg

	№
	Name
	
	

	1
	Mountain territory
	85; 119; 153; 155
	0,015-0,114
0,063

	2
	Territory of Almaty
	44; 49; 66,95; 85; 86; 110; 114; 118; 121; 137; 138; 153; 155
	0,008-18,9
6,681

	3
	Small towns, urban-type settlements
	40; 41,64,71; 44; 85; 86; 97; 105; 110; 114; 118; 138; 155
	0,031-18,4
4,784

	4
	Small settlements
	85; 86; 97; 110; 114; 118; 128; 138
	0,187-11,31
4,124

	Note – in the denominator – limits, in the numerator – the average value



Table C.9 – Average values of pH, suspended substances and oxidizability of the SC of the AA, 2019
	№
	Zones
	Surveys
	рН
	Suspended substances,
mg/dm3
	Oxidizability, mgO/dm3

	
	Name
	
	
	
	

	1
	Mountain territory
	1
	5,3
	22,2
	10,9

	
	
	2
	5,4
	16,5
	7,68

	
	
	3
	5,1
	19,3
	3,84

	2
	Territory of Almaty
	1
	5,4
	20,7
	12,5

	
	
	2
	5,3
	22,0
	6,59

	
	
	3
	5,5
	21,4
	6,88

	3
	Small towns, urban-type settlements
	1
	5,2
	24,9
	11,5

	
	
	2
	5,5
	20,2
	8,59

	
	
	3
	5,4
	22,5
	3,85

	4
	Small settlements
	1
	5,3
	18,4
	4,4

	
	
	2
	5,9
	36,0
	6,56

	
	
	3
	5,8
	27,2
	3,92

	5
	Coast of the KR
	1
	5,2
	46,1
	11,5

	
	
	2
	5,5
	38,8
	6,67

	
	
	3
	5,4
	39,6
	4,49




Table C. 10 – Average values of heavy metal concentrations in SC of the AA, 2019 
	Zones
	Surveys
	Cu
	Zn
	Cd
	Co
	Ni
	Pb

	Name
	
	μg/dm3

	1
Mountainous territory
	1
	2,6
	5,3
	1,2
	5,4
	7,8
	7,6

	
	2
	3,2
	19,5
	0,2
	8,6
	6,8
	20,1

	
	3
	1,3
	11,7
	1,4
	3,9
	2,1
	25,7

	2
Territory of Almaty
	1
	4,9
	18,6
	1,4
	7,9
	12,8
	30,4

	
	2
	4,0
	40,7
	2,0
	9,2
	16,8
	14,6

	
	3
	1,7
	13,6
	2,0
	11,9
	6,3
	25,4

	3
Small towns, urban-type settlements

	1
	3,8
	14,1
	0,8
	3,6
	12,1
	32,6

	
	2
	3,2
	93,7
	1,2
	9,2
	9,2
	29,8

	
	3
	2,0
	12,2
	1,5
	12,0
	10,6
	22,2

	4
Small settlements
	1
	2,5
	7,5
	0,8
	4,4
	9,3
	20,2

	
	2
	2,2
	14,1
	1,3
	7,5
	4,0
	30,0

	
	3
	2,7
	10,0
	2,4
	10,3
	14,3
	25,9

	5
KR and its coast
	1
	3,7
	13,7
	0,1
	6,2
	9,7
	20,8

	
	2
	1,1
	16,4
	0,3
	12,4
	2,4
	25,0

	
	3
	3,9
	11,3
	2,3
	7,6
	18,1
	10,4

	Average
	2,9
	20,2
	1,3
	8,0
	9,5
	22,7





Table C.11 – Concentration and congener composition of PCBs in SC of the AA, 2019
	Zones
	The sampling site
	PCBs congeners
	Concentration PCBs, μg/dm3

	
	
	1
	2
	amount
	average by zone

	name
	
	
	
	1
	2
	1
	2

	1
	HMR "Shymbulak"
	40, 42, 48, 86
	n/d
	0,077
	n/d
	0,026
	0,0

	Mountainous territory
	Big Almaty Lake (BAL)
	n/d
	n/d
	n/d
	n/d
	
	

	
	Izvestkovyi
	n/d
	n/d
	n/d
	n/d
	
	

	2
Territory of Almaty
	Institute of Geography
	n/d
	n/d
	n/d
	n/d
	0,044
	0,009

	
	Park of the First President (PFP)
	40, 41/71, 44, 101
	86
	0,148
	0,047
	
	

	
	Altyn Orda
	41/64/71, 44, 114
	n/d
	0,071
	n/d
	
	

	
	Eastern bypass road (EBR)
	n/d
	n/d
	n/d
	n/d
	
	

	
	Northern bypass road (NBR)
	n/d
	n/d
	n/d
	n/d
	
	

	3
	Kaskelen
	n/d
	74
	n/d
	0,082
	0,029
	0,016

	
	Uzynagash
	n/d
	n/d
	n/d
	n/d
	
	

	Small towns, urban-type settlements

	Shamalgan
	n/d
	n/d
	n/d
	n/d
	
	

	
	Kapshagay
	44
	n/d
	0,14
	n/d
	
	

	
	Yesik
	42
	n/d
	0,018
	n/d
	
	

	
	Talgar
	42
	86
	0,018
	0,016
	
	

	4
Small settlements
	Kargaly
	n/d
	n/d
	n/d
	n/d
	0,016
	0,007

	
	Turar dachi
	44
	n/d
	0,087
	n/d
	
	

	
	Mezhdurechensk
	n/d
	86
	n/d
	0,07
	
	

	
	Karaoi (Sorbulak)
	n/d
	n/d
	n/d
	n/d
	
	

	
	Kossozen
	n/d
	n/d
	n/d
	n/d
	
	

	
	Zhetigen
	42
	86
	0,018
	0,02
	
	

	
	Otegen batyr
	42, 86
	n/d
	0,06
	n/d
	
	

	
	Kosmos
	n/d
	n/d
	n/d
	n/d
	
	

	
	Kyrbaltabay
	n/d
	n/d
	n/d
	n/d
	
	

	
	Baidibek bi
	n/d
	n/d
	n/d
	n/d
	
	

	
	Tolkyn (Prudkhoz)
	86
	n/d
	0,05
	n/d
	
	

	
	Karakemer
	n/d
	86
	n/d
	0,015
	
	

	
	Boraldai
	n/d
	n/d
	n/d
	n/d
	
	

	
	Kapshagai-Akshi highway
	n/d
	n/d
	n/d
	n/d
	
	

	
	Rest zone
	42
	n/d
	0,031
	n/d
	
	

	
	Arna
	86
	n/d
	0,012
	n/d
	
	

	Note – n/d – not detected




Table C.12 – Chemistry of the ice cover of Kapshagai reservoir, 2019
	The sampling site
	рН
	Oxidizability, mgO/dm3
	Suspended substances,
mg/dm3
	Mineralization, mg/dm3

	Mouth of Kaskelen river
	7,8
	7,5
	11,0
	702

	Shengeldy Island
	7,3
	3,0
	4,0
	267

	At the railway bridge
	7,3
	2,6
	8,0
	205

	9-pumping station
	7,3
	2,4
	10,0
	223

	Prudkhoz 
	7,4
	2,9
	5,0
	236



Table C.13 – Level of accumulation of HM in the ice of KR and average values, 2019
	The sampling site
	Cu
	Pb
	Zn
	Cd
	Co
	Ni

	
	μg/dm3

	Shengeldy Island
	2,3
	27,1
	7,3
	1,2
	6,5
	3,0

	9-pumping station
	1,2
	39,6
	7,7
	1,4
	17,2
	0,0

	Mouth of Kaskelen river
	1,2
	43,8
	7,7
	2,2
	14,3
	0,7

	Prudkhoz
	2,3
	47,9
	20,5
	2,2
	11,0
	0,0

	At the railway bridge
	0,6
	43,8
	15,4
	0,4
	8,7
	1,8

	Average
	1,5
	40,4
	11,7
	1,5
	11,6
	1,1




Table C.14 – Chemical and mechanical composition of the soils of the AA, 2019
	Zones
	Name
	Granulometric
type of soil
(according to 
M. M. Filatov)
	рН
	Mineralization 
by TDS, mg/kg

	Mountainous territory
	HMR "Shymbulak"
	Clay
	
	7,3
	50

	
	Big Almaty Lake (BAL)
	Loam
	
	6,0
	150

	
	Izvestkovyi
	Clay
	
	7,8
	450

	Territory of Almaty
	Institute of Geography
	Sandy loam
	
	8,0
	350

	
	Park of the First President 
	Sandy loam
	
	8,0
	350

	
	Altyn Orda
	Sandy loam
	
	8,3
	250

	
	EBR
	Loam
	
	8,2
	350

	
	NBR
	Sandy loam with gravel
	
	8,2
	300

	Small towns, urban-type settlements
	Kaskelen
	Sandy loam
	
	7,3
	300

	
	Uzynagash
	Clay
	
	8,0
	300

	
	Shamalgan
	Sand
	
	8,5
	300

	
	Talgar
	Clay
	
	8,1
	350

	
	Yesik
	Loam
	
	8,3
	300

	
	Kapshagay
	Sand
	
	8,7
	150

	Small settlements
	Kargaly
	Sandy loam
	
	7,0
	75

	
	Turar dachi
	Loam
	
	8,3
	250

	
	Mezhdurechensk
	Loam
	
	8,1
	300

	
	Karaoi (Sorbulak)
	Песок
	
	8,2
	100

	
	Kossozen
	Loam
	
	8,3
	250

	
	Zhetigen
	Loam
	
	8,8
	2000

	
	Otegen batyr
	Sandy loam with gravel
	
	8,2
	300

	
	Kosmos
	Clay
	
	8,3
	400

	
	Kyrbaltabay
	Clay
	
	8,1
	900

	
	Baidibek bi
	Clay
	
	8,1
	350

	
	Tolkyn (Prudkhoz)
	Loam
	
	8,5
	1150

	
	Karakemer
	Clay and sandy loam
	
	8,3
	300

	
	Boraldai
	Sandy loam
	
	8,4
	450

	
	Kapshagai-Akshi highway
	Sand
	
	8,5
	200

	Coast of Kapshagai reservoir 
	Rest zone
	Sand
	
	8,9
	100

	
	Arna
	Sand
	
	8,6
	150




Table C.15 – Heavy metal content in the soil cover, 2019
	Zones
	Name
	mg/kg

	
	
	copper
	lead
	nickel
	zinc
	cobalt
	cadmium

	Mountainous territory
	HMR "Shymbulak"
	0,06
	1,71
	1,02
	0,09
	0,28
	0,37

	
	Big Almaty Lake (BAL)
	0,01
	1,12
	0,19
	0,24
	0,28
	0,26

	
	Izvestkovyi
	0,24
	2,54
	1,20
	0,17
	0,15
	0,28

	Territory of Almaty
	Institute of Geography
	0,34
	5,38
	0,44
	2,40
	0,45
	0,48

	
	Park of the First President 
	0,41
	2,79
	0,55
	0,38
	0,10
	0,39

	
	Altyn Orda
	0,65
	5,38
	0,98
	1,11
	0,14
	0,25

	
	EBR
	216,8
	71,12
	1,98
	4,15
	0,71
	0,55

	
	NBR
	0,41
	4,96
	0,95
	0,37
	0,22
	0,42

	Small towns, urban-type settlements

	Kaskelen
	0,19
	7,04
	0,75
	2,39
	0,25
	0,50

	
	Uzynagash
	0,32
	2,46
	0,31
	0,09
	0,15
	0,39

	
	Shamalgan
	0,23
	1,79
	0,31
	0,04
	0,15
	0,32

	
	Talgar
	0,27
	1,88
	0,80
	0,29
	0,21
	0,42

	
	Yesik
	0,13
	4,21
	0,60
	0,60
	0,22
	0,43

	
	Kapshagay
	0,20
	2,12
	0,48
	0,37
	0,19
	0,52

	Small settlements
	Kargaly
	0,02
	1,88
	1,20
	0,13
	0,21
	0,30

	
	Turar dachi
	0,29
	3,62
	0,13
	0,08
	0,17
	0,37

	
	Mezhdurechensk
	0,21
	2,54
	0,37
	0,05
	0,18
	0,41

	
	Karaoi (Sorbulak)
	0,05
	0,21
	0,08
	0,05
	0,14
	0,68

	
	Kossozen
	0,53
	3,04
	0,55
	0,23
	0,23
	0,56

	
	Zhetigen
	0,71
	6,79
	0,73
	0,15
	0,29
	0,93

	
	Otegen batyr
	0,27
	4,79
	0,62
	0,49
	0,33
	0,55

	
	Kosmos
	0,19
	4,54
	0,60
	0,23
	0,29
	0,41

	
	Kyrbaltabay
	0,22
	3,12
	0,53
	0,42
	0,22
	0,57

	
	Baidibek bi
	0,34
	3,96
	0,66
	0,30
	0,22
	0,68

	
	Tolkyn (Prudkhoz)
	0,34
	2,29
	0,98
	0,29
	0,22
	0,43

	
	Karakemer
	0,20
	5,71
	0,24
	0,46
	0,22
	0,50

	
	Boraldai
	0,18
	3,12
	0,73
	0,16
	0,26
	0,25

	
	Kapshagai-Akshi highway
	0,11
	0,71
	0,35
	0,03
	0,20
	0,49

	Coast of KR
	Rest zone
	0,07
	0,96
	0,35
	0,02
	0,22
	0,75

	
	Arna
	0,08
	1,62
	0,48
	0,09
	0,28
	0,63





Table C.16 – Average values and limits of pH, suspended substances and oxidizability of the SC, 2020
	№
	Zones
	Years
	рН
	Suspended substances, mg/dm3
	Oxidizability, mgO/dm3

	
	name
	
	
	
	

	1
	Mountainous territory
	2018
	5,1-6,3
5,8
	4,0-83,9
40,4
	2,0-10,6
5,00

	
	
	2019
	5,1-5,4
5,3
	16,5-22,2
19,3
	3,84-10,9
7,47

	
	
	2020
	4,7-7,0
5,5
	5,0-48,0
17,4
	1,28-5,76
3,16

	2
	Territory of Almaty
	2018
	5,6-6,7
6,0
	117,0-230,4
155,2
	2,80-12,70
9,00

	
	
	2019
	5,3-5,5
5,4
	20,7-22,0
21,4
	6,59-12,5
8,66

	
	
	2020
	5,9-6,7
6,2
	29,0-238,0
77,4
	2,40-6,72
3,73

	3
	Small towns, urban-type settlements
	2018
	5,4-6,7
5,9
	94,8-196,1
143,1
	5,10-8,30
7,07

	
	
	2019
	5,2-5,5
5,4
	20,2-24,9
22,5
	3,85-11,5
7,98

	
	
	2020
	5,3-6,9
6,2
	21,0-147,0
81,8
	1,12-11,68
5,41

	4
	Small settlements
	2018
	5,8-6,7
6,1
	107,6-234,0
157,9
	6,30-10,70
8,93

	
	
	2019
	5,3-5,9
5,7
	18,4-36,0
27,2
	3,92-6,56
4,96

	
	
	2020
	4,2-8,0
5,6
	1,0-349,0
35,6
	1,12-10,24
4,65

	5
	Coast of KR
	2018
	6,0-7,8
6,7
	97,0-548,0
384,3
	1,10-15,20
7,40

	
	
	2019
	5,2-5,5
5,4
	38,8-46,1
41,5
	4,49-11,50
7,55

	
	
	2020
	4,9-5,6
5,3
	18,0-27,0
21,3
	2,08-6,88
4,43

	Note – in the numerator – limits, in the denominator – averages
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Figure C.5 – Spatial distribution of the average values of mineralization of the snow cover of the territory of Almaty agglomeration, 2020


Table C.17 – Average heavy metal content in SC of the AA, 2020
	Zones
	Cu
	Zn
	Cd
	Co
	Ni
	Pb

	name
	μg/dm3

	1
Mountainous territory
	25,9
	21,9
	2,1
	15,3
	6,8
	25,0

	2
Territory of Almaty
	26,1
	35,8
	3,0
	16,4
	21,6
	36,0

	3
Small towns, urban-type settlements
	24,2
	22,9
	2,6
	13,8
	16,4
	38,2

	4
Small settlements
	23,4
	25,1
	2,4
	14,1
	13,9
	31,3

	5
Coast of KR
	24,6
	27,5
	3,3
	9,6
	17,1
	32,7

	Limits
	23,4-26,1
	21,9-35,8
	2,1-3,3
	9,6-16,4
	6,8-21,6
	25,0-38,2

	Average
	24,8
	26,6
	2,7
	13,8
	15,2
	32,6
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Figure C.6 – Diagram of snow and soil sampling points for PCBs analysis, 2020


Table C.18 – Average content and congener composition of PCBs in SC of the AA, 2020 
	Зона
	PCBs congeners
	Concentration PCBs, μg/dm3

	1. Mountainous territory
	44, 49
	0,005
(0,038)

	2. Territory of Almaty
	44, 74, 114, 137
	0,071

	3. Small towns, urban-type settlements
	44, 66/95, 74, 97
	0,207

	4. Small settlements
	44, 48, 49, 74, 97
	0,068
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Figure C.7 – Relative content of PCBs congeners in the snow cover 
of the territory of Almaty, 2020
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Figure C.8 – Relative content of PCBs congeners in the snow cover of small towns
and urban-type settlements, 2020
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Figure C.9 – Relative content of PCBs congeners in the snow cover of small settlements, 2020

Table C.19 – Chemical composition of the water of Kapshagai reservoir, 2020
	The sampling site
	рН
	Oxidizability, mgO/dm3
	Suspended substances,
mg/dm3
	Mineralization, mg/dm3

	Mouth of Kaskelen river
	7,9
	2,7
	19,0
	531

	Prudkhoz
	7,9
	2,7
	41,0
	561

	9-pumping station
	7,6
	3,0
	6,0
	469

	At the railway bridge
	7,8
	2,2
	9,0
	461

	Shengeldy Island
	7,9
	2,6
	2,0
	463



Table C.20 – Level of accumulation of heavy metal in water KR, 2020
	The sampling site
	Cu
	Zn
	Cd
	Co
	Ni
	Pb

	
	μg/dm3

	Mouth of Kaskelen river
	19,8
	10,4
	5,0
	11,9
	26,4
	35,4

	Prudkhoz
	22,3
	8,2
	1,8
	13,0
	11,9
	27,1

	9-pumping station
	21,5
	10,3
	2,0
	6,3
	15,3
	52,1

	At the railway bridge
	26,6
	10,1
	2,0
	7,4
	6,3
	39,6

	Shengeldy Island
	24,9
	7,0
	1,0
	14,1
	0,7
	47,9

	limits 
average
	19,8-26,6
23,0
	7,0-10,4
9,2
	1,0-5,0
2,4
	6,3-14,1
10,5
	0,7-26,4
12,1
	27,1-52,1
40,4

	MPCfishery 
	1
	10
	5
	10
	10
	10



Table C.21 – Content of PCBs and their congeners in water of KR, 2020
	The sampling site
	Congeners
	Amount of PCBs,
μg/dm3

	Mouth of Kaskelen river
	41; 52; 66; 74
	0,155

	Prudkhoz
	66; 171
	0,353

	9-pumping station
	40; 44; 171
	0,136

	At the railway bridge
	66; 74
	0,130

	Shengeldy Island
	41; 44; 66
	0,066




Table C.22 – Granulometric and physico-chemical parameters of the soil, 2019-2020
	Zones
	The sampling site
	Type of soil (rock)
	pH
	Mineralization 
by TDS, mg/kg

	
	
	
	2019
	2020
	2019
	2020

	Mountainous territory
	HMR "Shymbulak"
	chernozem, gravel
	7,3
	6,1
	50
	350

	
	BAL
	chernozem, gravel
	6,0
	6,5
	150
	350

	
	Almaarasan
	chernozem
	-
	6,7
	-
	150

	
	Izvestkovyi
	chernozem, gravel
	7,8
	7,0
	450
	450

	
	Leshoz
	chernozem, gravel
	-
	7,0
	-
	400

	
	Orman
	chernozem
	-
	7,4
	-
	500

	
	Uwkonyr
	chernozem, gravel
	-
	6,5
	-
	250

	Territory of Almaty
	Institute of Geography
	chernozem, gravel
	8,0
	6,9
	350
	350

	
	Park of the First President
	chernozem, gravel
	8,0
	6,6
	350
	350

	
	Northern bypass road (NBR)
	loam, sand
	8,2
	7,1
	300
	300

	
	Eastern bypass road (EBR)
	chernozem, clay
	8,2
	6,9
	350
	200

	
	Pond on Bukhtarminskaya street
	loam, clay, sand
	-
	7,0
	-
	300

	
	Altyn Orda
	sandy loam
	8,3
	7,3
	250
	250

	Small towns, urban-type settlements

	Kaskelen
	chernozem, gravel
	7,3
	6,7
	300
	350

	
	Uzynagash
	chernozem
	8,0
	6,7
	300
	350

	
	Kapshagay
	sand, sandy loam
	8,7
	7,0
	150
	250

	
	Boraldai
	loam, clay
	-
	7,1
	-
	350

	
	Yesik
	chernozem
	8,3
	7,0
	300
	300

	
	Talgar
	chernozem
	8,1
	6,9
	350
	300

	Small settlements

	Ulan
	chernozem, gravel
	-
	7,4
	-
	300

	
	Shamalgan
	chernozem
	8,5
	7,3
	300
	350

	
	Turar dachi
	loam
	8,3
	7,3
	250
	250

	
	Kargaly 
	sandy loam
	7,0
	6,1
	75
	50

	
	Kydyrbekuly
	chernozem
	-
	7,4
	-
	400

	
	Aikym
	sandy loam
	-
	7,6
	-
	350

	
	Sorbulak
	sand, loam
	8,2
	7,7
	100
	200

	
	Mezhdurechensk
	clay
	8,1
	7,3
	300
	250

	
	Kossozen
	loam
	8,3
	7,5
	250
	250

	
	Otegen batyr
	fine sand, sandy loam
	8,2
	7,0
	300
	300

	
	Bayserke
	clay
	-
	7,4
	-
	350

	
	Zhetigen
	loam, sand
	8,8
	7,4
	2000
	300

	
	Kosmos
	chernozem
	8,3
	7,4
	400
	400

	
	Kyrbaltabay
	chernozem
	8,1
	7,2
	900
	450

	
	Tolkyn
	sand, clay
	8,5
	7,1
	1150
	1050

	
	Baidibek bi
	chernozem, clay
	8,1
	6,9
	350
	350

	
	Karakemer
	chernozem, gravel
	8,3
	6,6
	300
	600

	
	Saimasai
	chernozem
	-
	7,4
	-
	700

	
	Kapshagai-Akshi highway
	sandy loam
	8,5
	7,4
	200
	200

	Coast of KR
	Akjal
	loam
	-
	7,5
	-
	500

	
	Arna
	loam, sand
	8,6
	7,3
	150
	200

	
	Rest zone
	sand
	8,9
	7,3
	100
	150

	Note – "-" – no samples were taken in 2019
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Figure C.10 – Average content of heavy metals in the soil cover of AA, 2020

Table C.23 – Concentration and congener composition of PCBs in soil of AA by zone, 2020
	Zones
	PCBs congeners
	Concentration PCBs, μg/kg

	№
	name
	
	

	1
	Mountainous territory
	74; 82; 86; 87/115; 97
	0,043-7,935
1,70

	2
	Territory of Almaty
	44; 74; 87/115; 97
	0,223-4,420
2,17

	3
	Small towns, urban-type settlements
	41/64/71; 44; 74; 97; 114
	0,093-9,160
2,63

	4
	Small settlements
	44; 49; 70/76; 74; 82; 87/115; 97; 114; 138; 171
	0,107-13,721
3,57

	Note – in the numerator – limits, in the denominator – average values
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Table C.24 – Amount of incoming pollutants per unit area in 2018
	The sampling site
	Heavy metal concentration, μg/dm3
	The mass of the incoming heavy metals, mg/m2

	
	zinc
	cadmium
	copper
	nickel
	lead
	cobalt
	zinc
	cadmium
	copper
	nickel
	lead
	cobalt

	HMR "Shymbulak"
	8,9
	5,2
	5,7
	5,4
	11,7
	0,3
	0,630
	0,372
	0,408
	0,384
	0,832
	0,019

	Yesik
	18,2
	3,7
	10,0
	5,2
	24,1
	4,2
	1,221
	0,246
	0,672
	0,346
	1,613
	0,283

	Park of the First President
	24,8
	6,1
	5,3
	10,2
	14,6
	1,1
	1,166
	0,288
	0,249
	0,479
	0,686
	0,053

	Karakemer
	15,0
	3,4
	9,8
	3,7
	23,4
	7,3
	0,872
	0,197
	0,570
	0,216
	1,354
	0,421

	Talgar
	12,3
	4,0
	9,6
	0,4
	24,8
	5,4
	0,503
	0,164
	0,391
	0,016
	1,011
	0,221

	Kargaly
	8,7
	3,9
	7,9
	6,4
	18,3
	1,2
	0,368
	0,165
	0,336
	0,273
	0,776
	0,052

	Institute of Geography
	24,3
	6,5
	9,5
	11,7
	10,8
	1,8
	1,191
	0,317
	0,467
	0,573
	0,529
	0,087

	Kaskelen
	12,5
	2,4
	6,2
	2,5
	15,5
	1,8
	0,341
	0,065
	0,170
	0,067
	0,423
	0,048

	 (
88
)Uzynagash
	11,7
	3,7
	6,5
	11,0
	11,0
	2,8
	0,428
	0,136
	0,237
	0,402
	0,400
	0,103

	Altyn Orda
	23,1
	4,3
	8,2
	4,6
	14,6
	2,4
	0,827
	0,155
	0,292
	0,163
	0,523
	0,085

	Eastern bypass road (EBR)
	11,5
	3,8
	7,9
	9,2
	13,9
	3,4
	0,466
	0,154
	0,321
	0,372
	0,564
	0,139

	Northern bypass road (NBR)
	21,9
	4,7
	8,8
	0,6
	11,7
	1,7
	1,014
	0,216
	0,409
	0,028
	0,542
	0,077

	Shamalgan
	13,0
	3,3
	8,6
	6,2
	16,8
	5,1
	0,491
	0,127
	0,327
	0,236
	0,637
	0,194

	Baidibek bi
	10,7
	3,6
	11,0
	8,5
	26,3
	10,0
	0,404
	0,135
	0,417
	0,322
	0,994
	0,378

	Karaoi (Sorbulak)
	10,3
	3,8
	12,2
	1,0
	24,1
	5,1
	0,312
	0,113
	0,368
	0,031
	0,726
	0,155

	Otegen batyr
	10,7
	3,9
	9,4
	2,9
	11,0
	4,7
	0,312
	0,114
	0,273
	0,085
	0,320
	0,137

	Kyrbaltabay
	10,2
	3,4
	10,3
	6,4
	21,2
	5,7
	0,371
	0,125
	0,376
	0,233
	0,772
	0,209

	Rest zone
	8,0
	4,2
	9,6
	1,9
	24,8
	4,5
	0,297
	0,155
	0,354
	0,069
	0,918
	0,167

	Tolkyn (Prudkhoz)
	7,4
	3,5
	10,5
	5,6
	26,3
	8,7
	0,245
	0,115
	0,347
	0,185
	0,866
	0,287

	Zhetigen
	21,4
	3,4
	9,1
	4,0
	17,5
	6,5
	0,325
	0,052
	0,139
	0,060
	0,267
	0,100

	Kapshagay city
	3,8
	3,6
	9,1
	5,0
	15,3
	7,0
	0,089
	0,086
	0,216
	0,118
	0,363
	0,166




Table C.25 – Amount of incoming pollutant per unit area in 2019
	The sampling site
	Heavy metal concentration, μg/dm3
	The mass of the incoming heavy metals, mg/m2

	
	zinc
	cadmium
	copper
	nickel
	lead
	cobalt
	zinc
	cadmium
	copper
	nickel
	lead
	cobalt

	Big Almaty Lake (BAL)
	8,5
	1,1
	2,4
	1,4
	11,8
	3,9
	0,782
	0,104
	0,221
	0,129
	1,086
	0,359

	HMR "Shymbulak"
	21,5
	0,9
	4,5
	5,3
	24,3
	6,1
	1,820
	0,079
	0,381
	0,449
	2,057
	0,516

	Izvestkovyi
	6,6
	0,7
	0,2
	10,0
	17,3
	7,8
	0,174
	0,019
	0,005
	0,263
	0,456
	0,205

	Yesik
	37,7
	1,1
	2,3
	8,6
	14,6
	4,8
	2,451
	0,070
	0,150
	0,559
	0,949
	0,312

	Park of the First President 
	21,3
	1,4
	3,6
	5,9
	11,8
	5,6
	1,336
	0,088
	0,226
	0,370
	0,740
	0,351

	Karakemer
	8,3
	1,3
	3,6
	10,4
	14,6
	7,1
	0,343
	0,055
	0,149
	0,430
	0,603
	0,293

	Talgar
	11,7
	1,2
	2,6
	14,5
	27,1
	8,0
	0,507
	0,052
	0,113
	0,628
	1,173
	0,346

	Kargaly
	7,3
	0,6
	1,7
	8,2
	27,1
	7,1
	0,243
	0,017
	0,048
	0,230
	0,759
	0,199

	Institute of Geography
	20,0
	1,5
	5,2
	5,6
	25,7
	8,7
	0,840
	0,064
	0,218
	0,235
	1,079
	0,365

	Kaskelen
	97,7
	1,8
	1,0
	8,9
	34,0
	8,2
	5,178
	0,095
	0,053
	0,472
	1,802
	0,435

	Uzynagash
	9,0
	1,6
	1,4
	10,1
	29,8
	9,9
	0,324
	0,058
	0,050
	0,364
	1,073
	0,356

	Turar dachi
	7,3
	1,1
	1,9
	7,6
	29,9
	11,0
	0,183
	0,027
	0,048
	0,190
	0,748
	0,275

	Altyn Orda
	13,7
	1,1
	3,3
	9,7
	25,7
	11,4
	0,311
	0,024
	0,075
	0,220
	0,583
	0,258

	Eastern bypass road (EBR)
	39,9
	2,4
	2,3
	17,9
	27,1
	10,6
	1,847
	0,111
	0,106
	0,829
	1,255
	0,491

	 (
8
9
)Boraldai
	9,6
	2,7
	2,8
	5,6
	24,3
	3,9
	0,233
	0,066
	0,068
	0,136
	0,590
	0,095

	Northern bypass road (NBR)
	26,5
	2,6
	3,4
	20,8
	27,1
	11,9
	0,935
	0,092
	0,120
	0,734
	0,957
	0,420

	Shamalgan
	9,9
	0,7
	6,3
	10,6
	41,0
	8,9
	0,168
	0,012
	0,107
	0,180
	0,697
	0,151

	Baidibek bi
	15,3
	2,5
	1,5
	8,6
	25,7
	8,7
	0,459
	0,074
	0,045
	0,258
	0,771
	0,261

	Mezhdurechensk
	8,7
	0,7
	1,7
	6,8
	43,7
	11,2
	0,171
	0,013
	0,033
	0,134
	0,860
	0,220

	Karaoi (Sorbulak)
	8,1
	1,1
	2,7
	7,2
	21,5
	7,3
	0,126
	0,017
	0,042
	0,112
	0,333
	0,113

	Otegen batyr
	13,3
	1,7
	3,4
	11,2
	32,6
	5,6
	0,346
	0,043
	0,088
	0,291
	0,848
	0,146

	Kosmos
	11,4
	1,5
	2,6
	12,3
	27,1
	8,2
	0,351
	0,047
	0,080
	0,379
	0,835
	0,253

	Kyrbaltabay
	15,5
	2,1
	3,4
	14,1
	39,6
	5,8
	0,330
	0,044
	0,072
	0,300
	0,843
	0,124

	Kossozen
	4,8
	1,3
	1,9
	9,8
	13,2
	8,6
	0,099
	0,026
	0,039
	0,203
	0,273
	0,169

	Rest zone
	10,4
	1,1
	4,9
	10,0
	18,8
	9,9
	0,250
	0,027
	0,118
	0,240
	0,451
	0,238

	Tolkyn (Prudkhoz)
	11,3
	2,3
	1,3
	7,8
	11,8
	4,1
	0,215
	0,044
	0,025
	0,148
	0,224
	0,078

	Zhetigen
	15,0
	1,1
	1,4
	8,2
	22,9
	9,1
	0,135
	0,010
	0,013
	0,074
	0,206
	0,082

	Kapshagai-Akshi highway
	12,0
	1,1
	4,7
	11,2
	21,5
	6,2
	0,172
	0,015
	0,067
	0,160
	0,307
	0,089

	Arna
	74,0
	0,7
	4,5
	11,2
	22,9
	9,9
	0,483
	0,004
	0,029
	0,073
	0,150
	0,065

	Kapshagay city
	17,2
	0,7
	1,0
	10,0
	18,7
	7,6
	0,303
	0,012
	0,018
	0,176
	0,329
	0,134




Table C.26 – Amount of incoming pollutant per unit area in 2020
	The sampling site
	Heavy metal concentration, μg/dm3
	The mass of the incoming heavy metals, mg/m2

	
	zinc
	cadmium
	copper
	nickel
	lead
	cobalt
	zinc
	cadmium
	copper
	nickel
	lead
	cobalt

	HMR "Shymbulak"
	25,0
	0,0
	52,5
	4,1
	18,8
	26,4
	0,958
	0,000
	2,011
	0,157
	0,720
	1,011

	HMSC "Medeu"
	29,1
	5,4
	31,0
	14,1
	27,1
	26,4
	1,056
	0,196
	1,125
	0,512
	0,984
	0,958

	Butakovka
	16,4
	3,6
	24,1
	1,8
	35,4
	1,8
	0,546
	0,120
	0,803
	0,060
	1,179
	0,060

	Kensai gorge
	46,0
	4,6
	25,8
	0,0
	6,2
	23,1
	1,992
	0,199
	1,117
	0,000
	0,268
	1,000

	Koklaisai
	14,7
	1,8
	30,1
	1,8
	0,0
	13,0
	0,545
	0,067
	1,117
	0,067
	0,000
	0,482

	BAL
	14,2
	0,0
	18,0
	1,8
	18,8
	6,3
	0,345
	0,000
	0,437
	0,044
	0,457
	0,153

	Almaarasan
	16,8
	0,0
	19,8
	0,7
	31,2
	10,8
	0,489
	0,000
	0,576
	0,020
	0,908
	0,314

	Izvestkovyi
	12,1
	0,8
	23,2
	1,8
	43,8
	14,1
	0,330
	0,022
	0,633
	0,049
	1,196
	0,385

	Leshoz
	26,2
	2,0
	17,2
	18,6
	39,6
	15,2
	0,768
	0,059
	0,504
	0,545
	1,160
	0,445

	Orman
	21,4
	2,2
	22,3
	29,8
	47,9
	10,8
	1,216
	0,125
	1,267
	1,693
	2,721
	0,613

	 (
90
)Ushkonyr 
	19,5
	2,2
	20,6
	0,7
	6,2
	20,8
	0,669
	0,075
	0,707
	0,024
	0,213
	0,713

	Institute of Geography
	15,7
	2,8
	22,3
	35,4
	35,4
	18,6
	0,323
	0,058
	0,459
	0,729
	0,729
	0,383

	Park of the First President
	33,0
	2,6
	24,9
	1,8
	47,9
	15,2
	1,000
	0,079
	0,754
	0,055
	1,451
	0,461

	Baum Grove
	39,0
	2,8
	28,4
	26,4
	35,4
	14,1
	0,363
	0,026
	0,264
	0,246
	0,329
	0,131

	Rayymbek Batyr Avenue corner of Baizakov street
	33,9
	3,8
	37,0
	17,5
	39,6
	13,0
	0,485
	0,054
	0,529
	0,250
	0,566
	0,186

	Park named after M. Gorky
	24,8
	4,4
	24,1
	24,2
	22,9
	16,4
	0,553
	0,098
	0,537
	0,540
	0,511
	0,366

	Sairan Lake
	20,9
	4,8
	25,8
	28,7
	39,6
	17,5
	0,173
	0,040
	0,214
	0,238
	0,329
	0,145

	Park named after Gandhi
	23,1
	4,4
	23,2
	19,7
	56,2
	15,2
	0,400
	0,076
	0,401
	0,341
	0,972
	0,263

	Zhastar Park
	46,4
	4,6
	49,0
	33,2
	52,1
	18,6
	1,545
	0,153
	1,632
	1,106
	1,735
	0,619

	Al-Farabi Kazakh national University
	13,3
	4,0
	21,5
	25,3
	31,2
	20,8
	0,301
	0,090
	0,486
	0,572
	0,705
	0,470

	Northern bypass road (NBR)
	28,7
	3,6
	16,3
	34,3
	43,8
	19,7
	0,324
	0,041
	0,184
	0,388
	0,495
	0,223

	BAC Park in the Kulager neighborhood
	23,1
	2,8
	25,8
	35,4
	47,9
	8,5
	0,619
	0,075
	0,691
	0,949
	1,284
	0,228

	Eastern bypass road (EBR)
	69,5
	0,0
	21,5
	3,0
	14,6
	15,2
	3,204
	0,000
	0,991
	0,138
	0,673
	0,701

	Pond on Bukhtarminskaya street
	105,9
	1,2
	25,8
	3,0
	18,8
	24,2
	1,303
	0,015
	0,317
	0,037
	0,231
	0,298

	Altyn Orda
	24,3
	0,2
	19,8
	14,1
	18,8
	13,0
	0,530
	0,004
	0,432
	0,307
	0,410
	0,283

	Kaskelen
	23,1
	2,0
	27,5
	17,5
	35,4
	16,4
	0,538
	0,047
	0,641
	0,408
	0,825
	0,382

	Uzynagash
	22,7
	0,0
	24,1
	0,7
	31,2
	14,1
	0,182
	0,000
	0,193
	0,006
	0,250
	0,113

	Kapshagay 
	20,0
	5,6
	24,9
	22,0
	31,2
	9,6
	0,471
	0,132
	0,586
	0,518
	0,735
	0,226

	Boraldai
	9,2
	5,0
	20,6
	17,5
	72,9
	20,8
	0,225
	0,122
	0,504
	0,428
	1,782
	0,509

	Yesik 
	43,5
	1,4
	24,1
	20,9
	31,2
	10,8
	1,231
	0,040
	0,682
	0,591
	0,883
	0,306

	Talgar
	18,6
	1,8
	24,1
	19,7
	27,1
	10,8
	0,595
	0,058
	0,771
	0,630
	0,867
	0,346

	Ulan
	101,3
	0,0
	24,1
	16,4
	39,6
	7,4
	4,133
	0,000
	0,983
	0,669
	1,616
	0,302

	Kyrgauildi
	47,6
	0,4
	30,1
	6,3
	2,1
	13,0
	1,561
	0,013
	0,987
	0,207
	0,069
	0,426

	Aitei
	22,7
	0,0
	23,2
	8,6
	0,0
	11,9
	0,649
	0,000
	0,664
	0,246
	0,000
	0,340

	Enbekshi
	19,0
	0,0
	24,1
	1,8
	14,6
	14,1
	0,433
	0,000
	0,549
	0,041
	0,333
	0,321

	Station Shamalgan 
	43,5
	8,8
	25,8
	5,2
	18,8
	20,8
	1,088
	0,220
	0,645
	0,130
	0,470
	0,520

	Zhaugashty
	14,4
	3,0
	26,6
	17,5
	22,9
	14,1
	0,472
	0,098
	0,872
	0,574
	0,751
	0,462

	Turar dachi
	45,5
	2,0
	21,5
	18,6
	31,2
	13,0
	1,197
	0,053
	0,565
	0,489
	0,821
	0,342

	 (
91
)Mynbaeva
	16,2
	2,6
	19,8
	32,0
	35,4
	17,5
	0,167
	0,027
	0,204
	0,330
	0,365
	0,180

	Ashekeev
	12,8
	2,4
	20,6
	5,2
	18,8
	19,7
	0,337
	0,063
	0,542
	0,137
	0,494
	0,518

	Kargali
	14,9
	0,8
	28,4
	0,7
	35,4
	15,2
	0,362
	0,019
	0,690
	0,017
	0,860
	0,369

	Kydyrbekuly
	21,7
	0,0
	25,8
	5,2
	39,6
	9,6
	0,451
	0,000
	0,537
	0,108
	0,824
	0,200

	Aikym
	41,4
	0,4
	31,0
	18,6
	43,8
	22,0
	1,379
	0,013
	1,032
	0,619
	1,459
	0,733

	Zhyngyldy
	28,1
	1,6
	25,8
	19,7
	31,2
	10,8
	1,419
	0,081
	1,303
	0,995
	1,576
	0,545

	Sorbulak
	23,6
	0,2
	26,6
	9,7
	22,9
	27,6
	0,680
	0,006
	0,766
	0,279
	0,660
	0,795

	Sorbulak-2
	11,6
	0,8
	20,6
	19,7
	31,2
	17,5
	0,299
	0,021
	0,531
	0,508
	0,805
	0,452

	Place without a name
	109,7
	0,0
	31,0
	9,7
	39,6
	13,0
	3,543
	0,000
	1,001
	0,313
	1,279
	0,420

	Mezhdurechensk
	10,1
	5,4
	22,3
	14,1
	52,1
	17,5
	0,240
	0,129
	0,531
	0,336
	1,240
	0,417

	Chapaev
	10,8
	5,2
	23,2
	17,5
	47,9
	14,1
	0,430
	0,207
	0,923
	0,697
	1,906
	0,561

	Komsomol
	25,3
	0,0
	20,6
	10,8
	56,2
	13,0
	0,562
	0,000
	0,457
	0,240
	1,248
	0,289

	Kossozen
	8,0
	1,2
	26,6
	14,1
	72,9
	13,0
	0,179
	0,027
	0,596
	0,316
	1,633
	0,291

	Otegen batyr
	19,8
	3,6
	21,5
	16,4
	68,8
	14,1
	0,581
	0,106
	0,631
	0,482
	2,020
	0,414

	Baiserke 
	21,9
	3,8
	21,5
	11,9
	6,2
	13,0
	0,626
	0,109
	0,615
	0,340
	0,177
	0,372

	Zhalkamys
	14,5
	3,2
	30,1
	11,9
	2,1
	11,9
	0,323
	0,071
	0,671
	0,265
	0,047
	0,265

	Daulet
	9,6
	4,4
	21,5
	14,1
	6,2
	8,5
	0,030
	0,014
	0,067
	0,044
	0,019
	0,026

	Ostemir
	20,0
	4,8
	18,9
	8,6
	18,8
	14,1
	0,546
	0,131
	0,516
	0,235
	0,513
	0,385

	Akjal
	9,4
	4,6
	23,2
	13,0
	18,8
	1,8
	0,228
	0,112
	0,564
	0,316
	0,457
	0,044

	Nura
	21,2
	4,2
	21,5
	26,4
	14,6
	16,4
	0,621
	0,123
	0,630
	0,774
	0,428
	0,481

	Zhetigen
	14,9
	3,0
	17,2
	13,0
	31,2
	10,8
	0,235
	0,047
	0,272
	0,205
	0,493
	0,171

	Арна
	59,9
	3,8
	28,4
	25,3
	39,6
	17,5
	1,707
	0,108
	0,809
	0,721
	1,129
	0,499

	Zarechnoe
	32,3
	4,8
	27,5
	44,3
	43,8
	8,5
	0,753
	0,112
	0,641
	1,032
	1,021
	0,198

	Rest zone
	13,3
	1,4
	22,3
	13,0
	39,6
	9,6
	0,200
	0,021
	0,335
	0,195
	0,594
	0,144

	Panfilov
	25,7
	1,6
	24,1
	5,2
	35,4
	7,4
	0,635
	0,040
	0,595
	0,128
	0,874
	0,183

	Alga 
	18,3
	2,4
	24,9
	11,9
	35,4
	14,1
	0,452
	0,059
	0,615
	0,294
	0,874
	0,348

	Kosmos
	34,4
	2,4
	17,2
	7,4
	35,4
	7,4
	1,171
	0,082
	0,586
	0,252
	1,205
	0,252

	 (
92
)Kyrbaltabay
	17,3
	1,4
	24,9
	11,9
	31,2
	15,2
	0,685
	0,055
	0,986
	0,471
	1,236
	0,602

	Ekpindi
	14,4
	3,0
	22,3
	16,4
	27,1
	15,2
	0,398
	0,083
	0,617
	0,453
	0,749
	0,420

	Kazatkom
	11,6
	3,0
	20,6
	23,1
	27,1
	10,8
	0,317
	0,082
	0,562
	0,631
	0,740
	0,295

	Tolkyn
	10,1
	3,0
	20,6
	4,1
	35,4
	10,8
	0,084
	0,025
	0,171
	0,034
	0,294
	0,090

	Baidibek bi
	14,2
	1,8
	21,5
	17,5
	31,2
	16,4
	0,352
	0,045
	0,533
	0,434
	0,774
	0,407

	Karakemer
	11,6
	1,8
	24,9
	6,3
	31,2
	19,7
	0,404
	0,063
	0,867
	0,219
	1,086
	0,686

	Aimen
	27,0
	3,0
	15,5
	11,9
	31,2
	22,0
	0,791
	0,088
	0,454
	0,349
	0,914
	0,645

	Birlik
	16,1
	2,0
	18,0
	33,2
	43,8
	13,0
	0,496
	0,062
	0,554
	1,023
	1,349
	0,400

	Saimasai
	24,3
	2,8
	26,6
	15,3
	35,4
	15,2
	0,826
	0,095
	0,904
	0,520
	1,204
	0,517

	Kapshagai-Akshi highway
	21,0
	4,4
	21,5
	7,4
	35,4
	7,4
	0,453
	0,095
	0,463
	0,159
	0,763
	0,159
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	Figure C.11 – Ranking of the agglomeration territory by the pollution degree of SC and soil, 2018
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Figure C.11 – Ranking of the agglomeration territory by the pollution degree of SC and soil, 2019
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Figure C.11 – Ranking of the agglomeration territory by pollution degree of SC and soil, 2020


APPENDIX D

Results of analysis for heavy metals
Samples of snow (the sampling site of Talgar) [image: C:\Users\Lau\Desktop\Отчет по ГФ_2018\ПРИЛОЖЕНИЯ\ТМ_снег.jpg]


Ice sampling (the sampling site of Kapshagay reservoir, at the railway bridge) 
[image: C:\Users\Lau\Desktop\Отчет по ГФ_2019\Приложения\ТМ_лед.jpg]


Soil samples (sampling site of Shamalgan station)
[image: C:\Users\Lau\Desktop\Отчет по ГФ_2018\ПРИЛОЖЕНИЯ\Основа\ТМ_почва.jpg]

Water samples (sampling site of Kapshagay reservoir, at the railway bridge)
[image: C:\Users\Kulbekova\Desktop\цинк вода-3.jpg]


APPENDIX E

Chromatograms of analyzes for polychlorinated biphenyls
Snow samples (the sampling site of Talgar)
[image: C:\Users\Lau\Desktop\Отчет по ГФ_2018\ПРИЛОЖЕНИЯ\Основа\ПХБ_снег.jpg]


Ice sampling (the sampling site of Kapshagay reservoir, at the railway bridge) 
[image: C:\Users\Lau\Desktop\Отчет по ГФ_2019\Приложения\Хромотограмма_скан\Лед.jpg]


Soil samples (the sampling site of Park of the first President, Almaty)
[image: C:\Users\Kulbekova\Desktop\8888888.jpg]



Samples of snow (the sampling site of Uzynagash)
[image: C:\Users\Kulbekova\Desktop\Безымянный.jpg]



APPENDIX F

Extract from the protocol
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APPENDIX G

Research review from the third parties
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APPENDIX H

Research review from JSC "Institute of Geography and Water security"[image: C:\Users\Kulbekova\Desktop\англ отчет\рецен. ГФ_ИГ - 0001.jpg]
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APPENDIX J

Use in work of foreign informational sources

1 "Scopus" is a bibliographic and abstract database and a tool for tracking the citation of articles published in scientific publications.
In the "Scopus" database (www.scopus.com) we tracked the citation index of authors of articles on the subject of natural, chemical and environmental Sciences.
2 Elsevier is the world's largest publisher of scientific, technical and medical literature and a provider of information solutions in the field of science and education.
During the project, we studied the literature and individual publications in the section of ecotoxicology and environmental safety on the website: www.sciencedirect.com 
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NMPOCTPAHCTBEHHOE PACNIPEJIEJIEHUE BEJTAYUH
BbIITAJEHUH TSIKEJIBIX METAJLJIOB C ATMOC®EPHBIMH
OCAJIKAMH B KA3AXCTAHE

A.C. Mazmﬁekos', A.C. Hucanﬁaenaz, JI.B. KoryTemco'

'I/IHCTHTyT reorpa¢un MOH PK, Anmartsl, Kazaxcran
E-mail:madibekov@mail.ru
*Kazaxckuii Haumonanb it YuuBepcuter uMeHH anb-Dapadu,
Anmartel, Kazaxcran

AHHOTAUMA.B CTaThe MpPHBENEHbI Pe3ylbTaThl HCCIENOBAHHIT MPOCTPAHCTBEHHOTO pacnpeneneHus
KOHUEHTPALHii 1 BBINAJICHHiT TSKETBIX METALIOB ¢ aTMOCHEPHBIMH OCaZKaMH Ha NENOHUPYIOILYI0
noBepxHoCTh. [Toyyeno, 4To HanGObIINE BeTHUHHBI KOHLEHTPALMH TSOKE/IBIX METAIIOB HAGMIOa-
JOTCs B IPOMBILIEHHBIX pernonax (Vcrb-Kavenoropek, bankam, XKeskasraun, Punnep u ap.), a Tawoke
B KpYNHbIX roponax (Aamarsl, LIbIMKeHT) H B GOJNBUIMHCTBE CyyaeB NpeBBILIAeT npeJieNbHo-
AOTyCTHMBIE. BBUIO ONpeienieHo, YTo Ul HEKOTOPBIX TSKENBIX METALIOB NPOC/IEKUBAIOTCS BHICOKHE
3HAYEHHSI KOPPEIIALIMOHHON 3aBUCUMOCTH MEXy MX CONEPKAHHEM H KOJNHYECTBOM OCAIKOB (0, 82-

0,85).

KioueBbie ciosa: aTMOCd)eprle OCaJKH, TSKE/IBIC METAJLIBI, BBITIAZICHHUS 3arPA3HAIOILIMX BELIECTB

, SPATIAL DISTRIBUTION OF VALUES OF HEAVY METALS
{ WITH ATMOSPHERIC SEDIMENTS IN KAZAKHSTAN

A.S. Madibekov', A.S. Nysanbaeva®, L.V. Kogutenko'

! Institute of Geography of the Ministry of Education and Science of the
Republic of Kazakhstan, Almaty, Kazakhstan
E-mail:madibekov@mail.ru
’Kazakh National University named after al-Farabi, Almaty, Kazakhstan

- values between their content and the amount of precipitation are high (0, 82- 0.85).

Key words: atmospheric precipitation, heavy metals, deposition of pollutants
DKOJIOrHIecKoe COCTOSIHHE TEPPUTOPHUH Ka3zaxcrana Ha COBPEMEHHOM
- 9Tamne ee pasBUTHs OLICHMBAETCS Kak HeOar OIIOJIYYHOE, TaK B IIEJIOM 110 Kaszax-

- CTaHy Macca BbIOPOCOB 3arpsA3HAIONINX BewlecTs B atMocdepy B 2011 -2014 rr.
Konebnercst B mpeztenax or 2384,3 no 2256,7 Teicsuy Toun (CratMcTHHecKwil

129

Summary. The article presents the results of studies of the spatial distribution of concentrations and
depositions of heavy metals with atmospheric precipitation on the depositing surface. It was found that
the largest concentrations of heavy metals are observed in industrial regions (Ust-Kamenogorsk,
Balkash, Zhazkazgan, Ridder, etc.), as well as in the large cities (Almaty, Shymkent) and in the most
cases exceeds the maximum permissible. It was determined that for some heavy metals, the correlation

- c6opuuk, 2015). TIpoBenenHslii skcnepramu ITIPOOH aHanu3 nokasan, uto oc-
- HOBHBIMH 3arps3HHTEIIIMU BO3/lyXa B TOPOJaX SBISKOTCSA KPYIHBIE TIPOMBILI-
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ON THE CHOICE OF OPTIMAL PARAMETERS FOR THE
INTEGRATED ASSESSMENT OF SURFACE WATER QUALITY

Abstract, A review of the litrature on the sclestion of optiml indicaors for the ntegrated assessment of
surfsce watr quality is given. The restriction of the smount of poluting ingredicnts snalyzed in the water &
indicatedin the Kazhydromet systm, which o a cerain extent resuls in @ water quality asscssment of the results
that do ot orrespond tothe sctual ccological and toxicological stae o the eservor

“The nced for state montoring ofthe level of accumulation and spread of persistent organic polutans (POPS):
organochlorine pestcides (CVD) and polychlorinted biphenyls (PCBS) in the water bodies of the Republic of
Kazakhsta is easonably justified on the basis of: high toxcity fo lving organisns an the environment, extreme
sability i atural environments , active migration capacity in nature and trofica chains, cxising in the RK. po-
swerful sources of pollution of natural and watr bodics, poluton th strict adherence o the Stockholm Comvention
on PO, ratifed by it in 2007. Contaminaion with thesc dangerous xenabioics of some reservirs of the Rusian
Federation and a sumber of large wter objects of the Republic of Kazakhstan is shown on the basi of 3 geners.
lization of the itcrary daa, a5 well 2 the results of the author's own escarch int various peiods. The level of con-
{amination of watc, biologica resourcs and atmospheric preciptation o th ll-Balkhash basin with highly toxic
PCBs is graphicaly llustrated on the basis ofthe monograph on POPs pubished n Kazakhtan for the firttme.

On the basis o efutabe scientifc data, the ece 1o menitor the dynamics of POPs for bjective assssment of
water qualit in the wate badies of the Republic of Kazakbstan, especaly large transboundary wter basin, s
proved.

ey wards: integrated asessment of watr quality, persisent organic polluants, sources of polution.

Introduction. In contemporary conditions, hundreds and thousands of new chemicals created by
humans enter the biosphere. They are different in composition and different in the degree of toxicity for
the natural environment and living organisms. As  result of anthropogenic impact, the natural environ-
ment is transformed into a qualitatively different state [1, 2). According to the data of L.A. Kulsky and
V.. Dal (3], up to 20000 chemcal subsiances are present i the aquaic environment as part o the noo-
sphere. Many of these compounds did not previously exist in natue, including in the aquatic environment
and thei transformation when interacting with water creates a number of negative consequences for the
water body and for cerain elements in the tropical chain.

‘Anthropogenic pollution and water bodies are exposed to Kazakhstan. An example is Lake Balkhash,
the ecological stte of which is significantly deteriorated under the influence of sewage and aerial
emissions from industrial enterprises [4-6]. Under the influence of anthropogenic factors, the aquatic
ecosystem of Lake Kopa is degraded [7], the transboundary river Zhayik (Ural) [8, 9] i subject o high
man-made pollution.

“The multi-component nature of the composition of surface waters and its high dynamism n time and
space naturally require the use of sophisticated methods for a reliable assessment of their quality. The
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Currently some information about the levels of accumulation of PCBs are available from natural sites
i the Oskemen region, which is one of 8-«hot spots » points — areas contaminated with PCBS, as well as
more detaled materials obiained from the water bodics of the Ile-Balkhash basin [54]. These scientific
data indicate that PCBs pollute aquatic and biological resources, snow cover and soil in some cases 10 &
high level,

o information charctrze hetoicoogical ste of one of <igh dht ot — trtorics cont
minated with PCBs. And what is the toxic atmosphere on the other «poinis»? Unfortunately, it is not
known, thereis no information on the pages of accessible scienific and operational publications due to the
lack of monitoring by state environmental agencies, although there are many localiies i the region of
these very dangerous for human health and food resources are produced.

‘Some data on the level of PCB concentration in water and fish of the Shardara, Bukbtarma, Kapsha-
gai reservoirs, the Small Aral sea and the Zhayik river were obiained by us in the last decades of the last
century [21, 22, 41, 47-50)

“The above information s evidence that highly toxie PCBs are widespread in ccosystem facilitis of
Kazakhstar's water bodies. However the State monitoring of the level of pollution and thei impact on
natural objects, water resources is not conducted even i the existing highly polluted areas, where there are
powerful sources affecting the environment. Continuous monitoring and monitoring of the distribution of
PCBs in the natural environment, a5 well as the establishmen of systems of general public information on
their resuls, comply with the requirements of the Stockholm Conveation on POPs.

In the Russian Federation, for instance, Roshydromet conducts monitoring of environmental pollution
by chemical POPs compounds. The monitoring results are published in the «Reviews» and «Yearbooks.
Permanent monitoring of these substances s conducted by five specialized regionl research centers.
Large-scale research conducted by many scientfic institutons.

‘Conclusion. The offcial data st out in the artcle about the huge amount of stored unutilized OCP.
reserves and numerous contaminated PCBS in the teritory of Kazakhstan, including many in the form of
used transformers and capacitors, indicate the existence of powerful sources of environmental polluton by
POPs compounds. And the results of generally limited rescarch in recent years convincingly show a fairly
high level of pollution of the natural environment, including aquatic and biological resources. The lack of
State manitoring and analytical data on the levels of POPs accumulation in the couniry's surface waters,
naually, does ot allow an objective assessment of the existing state of the quality of water resources,
especially i large transboundary basins.

The results of the study presented in the article were caried out within the framework n the
framesvork of the Grant Financing of the Science Committce of the Ministry of Education and Science of
the Republic of Kuzakhstan No APUS133353 «Monitoring the level of concentration and distribution of
loxic compounds in snow cover on the teritory of Almaty agglomeration and assessment o their impact
on natural objects».

H. A Asmprames', M. A. Ackaposa’, L. L. Hopwaros’, 1. . Mewysanosa’, P A. Kyabexona'

e e ——]
T corpadus mncrryru, A, Kisacrar,
“ar-Gapat ssaurars KoV Y, Aswars, Kasawcran,
°Cy wsceneaepi, rupoepreTa e sosoris Ty, ymante, Toxiseran

IKEP EETI CY.IAPBIHBIH CAIACHIH KEUIER BAFATAYIA
OHTAILILI KOPCETKIIITEP/U TARIAY TYPATB MOCETETE

Ammorasus. e Ger cyrapunun canacu e Garasay yasi oraias xopecrciunep rasay Gofi
1 3266w asiveTTEpre oy KerTipiare. KinLpOs AYICCHAC cYIaF TUAHATII TaCTaYII WIEPEACIT-
TP CANMILH WKy GoryANAR, €Y CaNBCLI Gararay KCHIICT HOTIGKEACP Y KOHAGHIN HaKT HKaOrS-
oRCHKDAorAK o e SRS KeMEITILIF KapecTiATEH.

KP cy nucanapunaa ypacras oprammsanux sacrarsarap (TOJ): xaopopraia necrauezrep (XOII)
e momxaopass Gupenuacptine (ITX5) Taparyss e SuHARTATY AEHFCHiG AEICKCTT MOTOPHT KYPriZy
KaceTisi — 03ap 14 TP OPFAMICAUIEP e KOpIAFaH OPTA VWi XOFapst AMTIS ek TAGHTH OPTATI 43
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‘The comparison of the norms, established by the method of calculating of NPI, and regional indica-
t0rs (MPCy). calculated by the proposed method, revealed a very slight difference (table).

‘Waterqualitystandards fo the Solikamsk-Bereznikovsky industral complex (mg/}) [29]
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An important result s the fact that for the Kama river the the current standards of MPCa, was smaller
than MPCyg for iron in 7,4 times, manganese - 9 times, copper - 2 times. In the reservoirs of Kazakhstan,
the difference between the current MPC and MPCre standards (if any were calculated) would obviously be
‘much higher. That is quite likely if the regional MPC is developed, as it was indicated in [34], based on
the background indicators of chemicals composition which are characterized for the region and where
ecosystem functions safely for several years. Moreover, background indicators of chemicals in water bo-
dies and watercourses in Kazakhstan are specific in the different soil and climatic regions. For example,
these indicators significantly exceed the level of their fisheries MPC for a number of heavy metals in
water objects of ore-bearing territories of the republic, which was observed in our studies [40, 42, 49, 50],

Conclusion. The level of influence of anthropogenic factors on the quality of the country's water
resources is evaluated not enough objectively and reliably because of using incomplete methods and
criterias. According to many scientists, especially from Russian Federation, the main disadvantage of
sanitary and hygienic and fishery MPCs is the usage of uniform MPC values established for the entire
territory of the former USSR without taking into account regional soil, climatic, hydro-geological condi-
tions and local characteristics of water bodies (physical, chemical and biological parameters).

In Kazakhstan, the distortion of the actual state of surface water quality is mainly caused by using in
the calculation of the natural concentrations of main ions and heavy mefals in the CWPI by Kazhydromet
‘without taking into account the water salinity level of the steppe territory water bodies, as well as the
prevalence of polymetallic ore deposits.

Special attention should be paid to the scientific and methodological development of specialists of the
leading scientific institutions of the Russian Federation on the establishment of regional MPCs that can
provide an objective assessment of the true state of water quality. The establishment of regional MPCs is
extremely necessary for Kazakhstan, but this requires an important preparatory works in the methodology,
the establishment of an experimental base, training of specialists, etc. Based on the results of ongoing
research and analysis of materials published by Kazhydromet, it is recommended to exclude the main
water ions from the calculated parameters of CWPI on the basis that they are not pollutants but the natural
‘components of the water composition.

The work was carried out within the framework of grant financing by the Science Committee of the
Ministry of the Republic of Kazakhstan Ne. AP0S133353 “Monitoring the level of concentration and
distribution of toxic compounds in snow cover on the territory of Almaty agglomeration and assessment of
their impact on natural objects”
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ABSTRACT

The artcle presents the results of the studies (in 2018 and 2019) of the level of
accumulation of polychlorinated biphenyls (PCBs) — the most toxic compounds from
the number of persistent organic pollutants (POPs) in the snow cover (SC) of the
eriory of Almaty agglomeration, area of about 940 thousand hectares. The
contamination of PCB SC has been established. especially in urban arcas and adjucent
o large industrial hubs. In snow samples up to 29" individual PCB congencrs arc
identified. which s an indicator of the presence of various sources of pollution of these.
pollutants of the region’s nawral environment. In samples of snow with a wide
spectrum of congener composition, strictly controlled «marker» (indicator) and highly
toxic dioxin-like congeners are registered. The main sources of PCB contamination n
the agglomeration area are identified.

Keywords: agglomeration, snow cover, heavy metals, concentration, pollution

INTRODUCTION

The study of the chemical composition of atmospheric precipitation (AP) is one of the.
important aspects of the investigating of the migration of dissolved substances on the
surfice that directly affects the formation of the chemical composition of surtace watet
As known, the chemical composition of AP affected from chemical composition of the
it basin, the aumospheric. pollutants are captured and dissalved by amospheric
precipitation. In [1], data are given that ordinary rain (| mm of previpitation pet hour)
removes up 1o 30 % of dust partcles and serosols in 15 minutes. Snow presipilation
captures more aerosols (in 1,540 times) from the atmosphere than rain with the same
amount of precipitation

The chemistry of precipitation has not been studied enough in Kazakhstan. Some
information of this arca was published in [1-3] based on observational data of the Suic
Monitoring of Republican state cnterprise (RSE) <Kazhydromets [ s known that
Fersistent Organic Pollutants (POPs) are recognized by the inlemational community s>
sbsances preat danger impact 10 humans and the enyironument. A gobul insimational
sgreement Stockholm Convention on POPs [4] called for globul et o protect ufmss
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(about area of 8.125.3 thousand hectares) on the cous o
ake Balkhash, i in close proximity to AA. The soil and the mass of destroyeq ang
used PCB.containing cquipment are heavily polluted in this <hot 5poty. The larges
ining and metallurgical fuctory s locaed in Balkhash. The influence of these sources
of BB on the natural objects of the study arca is obvious because the permancn
natural northwest inflow of air masses o the AA territory passes through the highly
polluted area mentioned above:

CONCLUSIONS

The snow cover of the erritory of Almaty agglomeration is exposed to PCBs poliution,
which are in the group of Persistent Organic Pollutants. The maximum concentrations
of toxicants recorded in the snow melting water of the territory of the city of Almaty
mainly under the influence of air cmissions from indusirial. municipal facilites and
transport, 22 individual PCBs congeners were registered in snow samples. including
indicator and dioxin-like forms in 2018.

The decreases in the level of PCBs pollution in the snow cover of the agglomeration
territory was observed in the winter period of 2019, This s due to the selection for the
analysis of mostly freshly fallen snow, not sufficiently influenced by local sources of
pollution, in conditions of little snow and frequent thaws. The indicator and dioxin-like
congeners was recorded in single snow samples. In addition to local sources, natral
objects, including the snow cover of the agglomeration territory influenced by powerful
sources of pollution by PCBs compounds located in the Balkhash region.

Daryal-U, Sary-Shagan etc
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ABSTRACT

he results of the field studies of heavy metals in snow cover presented in this work for
wbanized territory of Almaty agglomeration fist time. Seventy-five samples were
tolectd during the period from February 5 to March 10, 2018 at 25 permanent
ontoring sites. Samples of snow were analyzed for heavy metals (Cu, Zn, Pb, Cd)
sing AAS-7000 (Shimadzu). The obiaincd quantiative data were used to assess the
wature of the spatial distribution of metals in the snow cover of the study area and based
on them were plotied maps in ArcGIS. The territory of the agglomeration is
experencing a serious technology impact, most o the pollutants exceed the permissible
Sindards were defined. Emissions related 10 the presence of a large number of
ransport, us of coal at Thermal Power Station (TPS) during the heating period, the ole
of which increases significantly. An important role is hydrometeorological conditions
und orographic features of the location, which contrbute to.the accumulation of
pollutants in the snow cover.

Keywords: Agglomeration, snow cover, heavy metals, concentration, pollution

INTRODUCTION

Urbanization is one of the main social and environment problem current time. Cities.
Heve become centers of concentration population, industrel products, trafic flows and
the resulting intense pollution of the environment. Many cities alteady now represent
technogenic geochemical anomalies according 1o the intensity of polluion and the area
of disrbution of toxic substances in various environments. Heavy metals (HM) occupy
pririy positions among partcular pollutans in citis. There are interest foremost the
metals that most pollue the environment and dangerous from the point of view of their
biological activity and toxic properties. These include lead, zinc, cadmium, copper [t
Snow cover (SC) is huge, sometimes-exceptional impact on many natural processes.
The chemical composition of SC i determined the direction o soil formation processes.
contrbutes to frtiizing the soil with nutrents,influcnces the formation of the chemical
composition of natural waters. Snow cover is one of the informative indicators of air
polluon, in partcular, reflects the main trends in the distrbution of pollutants i the
amosphere [2,3]. The pollutants traced in SC that not captured by ground-based
Observations or caleulated data on air emissions [4]. The esults of studies on the
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neasuring point. Maps of the spatial distribution of 1M confirm the dangerous fevel of
Jocal pollution of the SC. At the same time, the spatial variability of the concentration of
JIM is sufficiently large. Significant anthropogenic pressurc was found on the area
adiacent to large citics and highways when analyzing the spatial distribution of toxic
compounds over the entire territory of the agglomeration. Anomalics of HM distribute
as a rule, at a distance of up o 10 km from the source. this s due with predominant
content metals (0 the dust fraction of emission. However. meteorological conditions and
elief can make significant adjustments to this value: the dircction of the prevailing
winds can distributc pollution for 15-30 km [14]. Such a patiern of distribution of HM is
primarily due to air pollution in the city of Almaty where despite the actions applicd to
improve the quality of atmospheric air, the level of pollution remains quite high. It
should be noted the greater extent the content of zinc and cadmium inereascd at points
located in the southern part of the agglomeration territory. i.e. with increasing altitudes
of fixed observation points. Thus, the increase in the content of these metals is mainly
due 1o anthropogenic factors like emissions from motor vehicles. TPS and features of
the hydrometeorological regime and the surface.

CONCLUSIONS

I The territory of Almaty agglomeration is influenced a significant anthropogenic
pressure. The maximum of pollution in the snow cover is noted in the center of
agglomeration (Zn - 24.8 wg/l, Cd - 6.5 pg/l, Pb - 10.8 ug/l, Cu - 12.2 pg/l), that is
duc large number of transport and the burning coal at TPS in heating period, the
rolle of which increases significantly. Important role have hydrometeorological
conditions and relief features of the location, which contribute to the accumulation
of pollutants in the SC:

2 The cumulative effect of the acrotechnogenic influx of metals in the SC is
reflected in the zonal differentiation of the territory contrastingly. The content of
HM in the SC on the territory of the agglomeration center significantly exceeds
the background values and the maximum permissible concentration of fisherics. A
significant part of trace elements (Cd and Zn) are related 1o local sources of
emissions;

Plotted maps made it possible to rank the territory of the agglomeration sccording
10 the degree of anthropogenic pressure;

The content of HM in the SC is decreased distance from the city. but nonetheless
exceeds the permissible standards. This especially relates to Pb and Cu:

The study the amount of pollutants deposited on the underlying surfice and the
effect on soil cover is one of the important further tasks of monitoring the level of
concentration and distribution of toxic compounds in SC on the territory of A
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ABOUT RATIO AND VALUES OF THE EMPIRICAL COEFFICIENT
OF ALKALI METALS (Na* and K*) IN SURFACE WATERS
OF KAZAKHSTAN ON THE EXAMPLE OF THE ILE RIVER

Abstract. Issues concerning to insufficient knowledge of such important aspects in the field of regional
hydrochemistry, which are the patterns of formation of the regime and the dynamics of alkali metals (sodium and
potassium) in surface waters are considered. It is pointed out the need for reliable analytical data on the separate
concentration of sodium and potassium in natural waters to solve important practical problems in the field of
assessing the suitability of the composition of the water of reservoirs for acclimatization of valuable forage
organisms for fish, when choosing water sources for irrigated areas. Special attention is paid to the importance of the
empirical coefficient (EC) of sodium and potassium, which is necessary in determining the total mineralization of
natural waters, on which the level of their use for various household and drinking needs depends. On the state
monitoring data, the nature of changes in the ratio of sodium and potassium along the Ile River was studied and the
EC was established to calculate their absolute concentration (in mg/dmz) and total water mineralization. Based on the
analysis of literature data and the results of our own research on the item under consideration, conducted in different
years for a number of reservoirs and watercourses in Kazakhstan, it was concluded that: previously adopted for the
entire territory of the former USSR, the EC equal to 25 for freshwater reservoirs can be used for waters of some river
basins of the Republic of Kazakhstan with their mineralization up to 350-400 mg/dm’. A decisive role in the
formation of the regime and the dynamics of the concentration of sodium and potassium in surface waters has a
complex of regional physiographic conditions: climate, nature of the soil, groundwater, anthropogenic influences,
etc. The necessity of establishing the EC for reservoirs and watercourses of different climatic zones of the Republic
of Kazakhstan, especially for large transboundary basins, is recommended.

Key words: sodium and potassium, values of their ratio in surface waters, empirical coefficients of alkali
metals.

Introduction. The sodium and the potassium are one of the main components of the chemical
composition of natural waters. However, until now, due to the sufficient laboriousness of their separate
chemical analysis and limited distribution of sensitive and relatively simple methods for determining these
ions, they are often not determined separately, and the total content of Na* and K" is calculated from the
difference between the sum of anions and cations. The data obtained in this case cannot be considered
reliable, since the calculated value of the sum of Na" and K* contains errors of chemical determination of
all major ions.

In terms of assessing the genetic conditions for the formation of the chemical composition of waters
of different types of reservoirs, as well as to develop a number of methodological approaches in their stu-
dy, it is very important to know about the content of water and migration characteristics of alkali metals —
Na' and K*. The study of the dynamics of Na*, K* and their ratios is of great importance in determining
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of the rivers of the Soviet Union. In particular, they indicated the absence of a clear dependence of the EC
on the mineralization of river waters. At the same time, it is concluded that this indicator is determined by
the complex of physical and geographical conditions in the catchment area of the river basin, the degree of
soil and rocks washing, the presence of underground inflow, the amount of precipitation and the balance of
radiant energy. Several EC amounts of sodium and potassium have been proposed for rivers of different
climatic zones, namely, for rivers in the mountainous region, in the flood — 28,0, in low water — 27,0, for
the rivers of the steppe zone and forest-steppe — 25,0 and 24.0, respectively, for rivers of semi-desert and
desert zones in the flood — 24, in the low water — 23,5.

From all that has been said in this work, in our opinion, it follows that it is necessary to establish the
EC at least for large reservoirs and watercourses of various climatic zones of Kazakhstan, including
especially water objects in the basins of the main transboundary rivers. This would allow to eliminate the
inaccuracies that occur in the quantitative assessment of the level of water mineralization, especially in the
objects of the country's large water basins. It is mineralization that is the determining component of the
degree of suitability of natural waters for their use in all economic sectors and for safe drinking.

Conclusion. Sodium and potassium are among the insufficiently studied chemical elements in surface
waters, particularly in Kazakhstan. To some extent, this is due to the extremely limited data on their
separate concentration in the water of reservoirs and watercourses.

Along with the theoretical significance of knowing their dynamics and migration in nature,
information about the separate concentration of sodium and potassium is necessary when solving the
number of important practical problems in the use of water resources for various needs. For the water of
the Ile River, the values of the empirical coefficient of sodium and potassium are set in the range of 23,9-
24,2, on average 24,0. The empirical coefficient, which is 25, generally accepted for freshwater reservoirs,
which is applicable to the waters of individual river basins of the Republic of Kazakhstan with
mineralization up to 350-400 mg/dm®. The formation of the regime and the dynamics of the concentration
of sodium and potassium are determined by regional physiographic conditions.

The results of the research presented in the manuscript were carried out within the framework of the
Grant Financing of the Committee of Sciences of the MES of the RK Ne AP05133353 «Monitoring
concentration and distribution of toxic compounds in the snow cover on the territory of Almaty agglome-
ration and assessment of their impact on natural sitesy.
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KA3AKCTAH JKEP BETI CYJIAPBIHJIAFbI CLITLIIK METAJIIAPIBIH (Na* )KOHE K*)
IMIUPUKAJIBIK KOOOOUIUEHTIHIH MOHI MEH KATBIHACBI TYPAJIbI,
LJIE ©3EHI MBICAJIBIHJIA

AnHOTauusl. AfMaKTBIK THAPOXMMHS CalachIHIAFbI a3 3ePTTENTeH, MaHBI3bI acneKTinepin 6ipi — xep Geri
CynapbIHAAFel CUTIIK MeTanjap (HAaTpHil jkoHE Kaluii) PeXHMIiHIH KalbITacy 3aHIBUIBIKTAPhl MEH THHAMMKACHI
GoifbIHIIa Macenenep KapacThphLIFaH. Ofebnetke mony Gemiminae nuTocepa MeH Taburm cynapaarst Na'nm K
MHTPAIHACHIHA KAaTBICTBl TEOXMMHs CalachIHAAFbl GipKaTap KIAaCCHK FalbIMIAp/biH EHOSKTEpiHEH ManimeTTep
kenripinren. TaGurn cynapiarsl HATPHH MEH KalHMii/liH XKeKe KOHUEHTPALMACH GOMBIHIIA CEHIMIIi aHATHTHKAIBIK
JIEPEKTEPiH OChI canajga Kelecilell MaHBI3IbI MPAKTHKATBIK MAceNeNepai Wemyeri KaKeTTilri aran erimmi:
CyapmaJibl MacCHBTEpre Cy KO3/JepiH TaHuay Ke3iHje; Ganblk yuIiH KyHIbl arsanapsl OelfiMaey yurin cyKoiMaHbIH
Cy KYPaMBIHBIH KapaMJBUILIFBIH Garanay. OMBIPTKACKI3ap/Ibl aKKTHMATH3ALHANAY MEH Cy KOHManapeHbiH G1o-
OHIMJIINIriH apTThIPy TaxipuOeci Ke3iHae Cyaarbl HErisri HOHJAPABIH KAaThIHACKI Typasbl OLTiMHIH MaHBI3IBUIBIFBI
TKIPHOETIK JKYMBICTAP/IBIH HITHXKENEPi GOMBIHIIA HAKTBI MBICAJIA KOPCETIITEH.

OPTYpi TYPMBICTBIK KOHE aybI3CY KaKETTUTIKTEpiHe MaiifanaHy NeHreiliH aHbIKTAHTLIH, TaGUFH CynapabIH
KaJIbl MHHEPAIAHYBIH aHBIKTAayFa KaKETTi HATPHH MEH KalTHHIiH SMIHPHKANEIK KodhduuuenTinin (OK) Manbi3-
JBUTHIFBIHA EPEKIIE HA3ap ayJapbUIILL

MeMIleKeTTiKk MOHHTOPHHT MaNliMeTTepi Herisinae Lie o3eHiHiH arbichl GOHMBIHIIA HATPHIT MEH KalHMiilliH KOH-
LEHTPAILHACH MEH KATHIHACHIHBIH ©3Tepy CHIIATHI 3ePTTEIIM, ONap/IbIH AGCOMOTTIK KOHIEHTPAIMSCH (MI/IM’) MeH
CyJIBIH JKaJITbl MHHEpalIanybH ecentey ymin DK aHbIKTamsl. ©3eH arbiChl GOHBIMEH Cy/IaFbl HATPHil KOHIIEHTpa-
LMSACKIHBIH ©3TepyiHe CYJBIH MHHEpaNJaHy MeJIIepiHe TAyeailiri aHsIKTamiel. Hatpuii MeH KanuiimiH »xaamsr
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ALMATY AGGLOMERATION
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Zhadi A
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of Kazakhstan, Almaty, Kazakhstan
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Anotaton. The articeprescats the resulsof the sy conducted on he teritory of the Almaty sgglomeration
in e fist hlf of 2019. During the expecitionary studic, ampling was caried out at 0 permancat ponts
csiablshed sking nto accoun the degree o anthopogenic load and sourcs of technogenic poluion. The
content of rsceclments i the snow s detcrmincd by  flame stomic absorpion spctrometic mthod using
an AA-7000 spectrophotomseter with & hollow cahode lamp and with 2 nozAe bumer operating on an
accylene-aie mivture.

“The paper considers the amountof content of copper an Iead i the snow, s well s the nturs of
thei disribution ove the sty arc. Cleulations werecamied out on the number of deposiions of the sce
clements in queston per unit arcs over the temitory of the agglomerton, with the allocation of zoncs
‘xpericncing the highest echnogenic load.

Keywords: gglomeraton,poluion, race clements, snow cover, underlying surface

The increasing urbanization of megacities poses a real threat to the
ecosystem surrounding natural complexes, creating unsafe conditions for
human health. The most effective method to evaluate the impact of technogenic
stress on urban environment and population health is to monitor a pollution of
precipitation.

‘The object of the study is the snow cover of the territory of the Almaty
agglomeration (AA). Snow cover (SC) has a high sorption ability and it is the
most informative in the study of technogenic air pollution. The amount of solid
precipitation falling with the snow characterizes the dustiness of the territory,
the filtrate of melt snow (snow water) reflects the degree of air basin pollution
with well-soluble forms of elements, which are the most toxic to plants and
living organisms.

As a result of economic activity, various pollutants, in particular, toxic
trace elements (TE), are emitted into the atmosphere. Anthropogenic flow of
TE into the atmosphere is many times greater than the flow caused by natural
cycles, i.e. dissipated in the atmosphere due to wind flows, etc., falling on the
underlying surface due to dry and wet excretion processes [Ilin, 2001;
Vasilevich, 2015]. Data on pollutant concentrations in precipitation volume
unit, certainly the most important characteristic of precipitation. However, they
do not provide enough information to estimate how much pollutants fell per
unit area, because the amount of pollutants falling per unit area is determined
not only by the concentrations of these substances, but also by the amount of
falling  precipitation. [Madibekov, 2016]. According to the chemical
composition of snow it is possible to establish the distribution area and
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snow is formed by dry precipitation from the lower layer of the atmosphere and
is predominantly anthropogenic.

‘Thus, as the result of dry and wet washing processes, the concentration
of pollutants is usually 2-3 times higher than in the atmosphere. Therefore, the
ongoing studies of the territory of AA in order to evaluate the spatial
distribution of pollutants, makes it possible to determine the geochemical
background and to contour areas with abnormal values of the investigating
parameters.

In addition to this dependence, as an objective measure of the similarity
of behavior of chemical elements in the processes of dispersal and
accumulation during the observation period, a statistical and mathematical
analysis was done [Zarina, 2011]  the pair correlation ratio between metals
was determined. Analysis of the pair correlation revealed a high positive
correlation between copper and lead, the level r=0,62.

‘The obtained results expand the idea of the nature of pollution of the SC
of the teritory of AA, as well as precipitation on a unit area. Identified
abnormal concentrations of pollutants are environmentally hazardous to human
health and the environment. These pollution data for the aforementioned
‘natural environments serve as a starting point for eliminating localized elevated
concentrations, as well as for monitoring.

‘The results of the rescarch presented in the manuscript were carried out
within the framework of the Grant Financing of the Comittee of Sciences of
the MES of the RK Ne AP05133353 «Monitoring concentration and distribution
of toxic compounds in the snow cover on the territory of Almaty agglomeration
and assessment of their impact on natural sites».
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Hpunoxenus 1.2
k Jlorosopy Ne__ ot 2018r.
Ha IPaHToOBOE (YHHAHCHPOBAHHE

TEXHHYECKAS CHHENMOUKALIMA U
KAJEHAAPHBIA ILIAH PABOT

ITo oroBopy Ne oT _Q{%M__ZOIS roaa

1. TOO «MHCTUTYT 'EOT'PADHUH»

1.1 Ilo mpuopurery: |. PanuonajbHOE HCHOIB30OBaHNHE NMPHPOIHEIX PECypcoB, B TOM
YHCIE BOIHBIX pPECYPCOB, TeONOTHs, TnepepaloTka, HOBBIE MAaTepHaabl U TEXHONOIHH,
6e30machble U3AEANUA ¥ KOHCTPYKLHHI

1.2 Tlo noznpuoputery: 1.6 MOHUTOPHHT 0OBEKTOB OKPYXAOWEH CPE/ibl H «3ejIeHbIe
TEXHOJOTHHI

1.3 TTo teme npoekta: Ne AP05133353/I'®4 «MoOHHTOPHHT YpOBHS KOHIEHTPAlMH H
pacnpenesicHusd TOKCHYHBIX COC,ElHIICIIHﬁ B CHEXHOM IIOKPOBE Ha TEPPUTOPHH ATMaTHHCKOI
arJoMepaluy ¥ OLCHKA HX BAUSHHSA Ha IPHPONHEIE OOLEKTBI»

1.4 O6mas cymma npoexta 24 160 000 (1BaauaTh Yerbipe MHAIHOHA CTO WECTHACCAT
THICAYA) TEHTE, B TOM YHCJIC ¢ Pa30HBKOM 110 TOAaM, /Uist BBINIONHEHHS PaboT COIMIACHO MYHKTY 3:

-1a 2018 rox - B cymme 8 000 000 (BocemMb MUJIIIHOHOB) TEHTE;

- na 2019 ron - B cymme 8 072 000 (BoceMb MI/JIHOHOB CEMBIECHT ABE ThICHYH) TEHTE;

- Ha 2020 rox - B cymme 8 088 000 (BoceMb MHJIIHOHOB BOCEMBJCCAT BOCCMb THICAYH)
TEHTE,

2. XapaxmepucmuKa HAQYUHO-MEXHUYECKOT NPOOYKLUYU N0 K8ATUPUKAUUOHHDIM
RPUIHAKAM U IKOHOMUHECKUE NOKA3amenu

2.1 Hanpasnerue pabots: ITpHKiIagHble Hecae0BaHuUs

2.2 O6nacte mnpumenenus: Hayunple pesynsTatel Ilpoexra Hal;yT —MIMPOKOE
UCIONB30BaHNE B 001aCTH Hayk 00 OKpY KalouieH Cpeae, IK0I0ruH, OXPaHbl IPUPOb], BOHBIX H
GHONOTHYECKHX PECYPCOB. ByNyT NMONE3HBI B PELICHHH PAAa BaXKHBIX 331y MO HCITIOJb30BAHUIO
npuponHoif cpemsl. Hayunele mnybGnukamuit OyZyT NpeicTaBASTh MHTEPEC YYCHBIX K
CTIELHATHCTOB PAlla OTpac/iell 3KOHOMHUKH H HayKH.

2.3 KOHEYHBIH pe3ybTar:

- 3a 2018 roa: PesynabTaThl MOHHTOPHHIOBBIX W J1aGOPATOPHBIX MCCNEAOBAHMI 1O OLEHKE
YPOBHS 3arpsA3HEHHS CHEXKHOTO IIOKpOBAa (THAPOXHMKUECKME TOKA3aTely, COAepiKaHue
TOKCHYHBIMU COEIMHEHHUAMH) TEPPUTOPHH AJIMAaTHHCKOH arnomepauuu. ['ogoBoit oTueT.

- 3a 2019 rox: dopMHpOBaHHE HAYUHO-METOAHYECKOH 6asbl JAHHBIX O XHUMHYECKOM
COCTABE CHEXHOTO IIOKPOBA 10 TEPPUTOPUH AJIMATHHCKOH arnoMeparuy. ['onosoi oTyer.

- 3a 2020 rom: KoMmmnexcHas OlEHKAa 3arpsi3HEHHS CHEXHOTO MOKPOBa AJIMATHHCKOMH
arjoOMEpAlHK ¥ OIEHKA BIMAHUSA Ha IPHPOIHbIE 00BEKTEl. 3aKTIOUHTENBHEIH OTUET.

2.4 [TaTeHTOCIIOCOGHOCTD: HE TIAHUPYETCA

2.5 Hayuno-texunueckuit yposeHb (HOBM3HA): HameTupiuuiics B MocnenHee BpeMs
Nporpecc B HCIOL30BAHMH CHEXHOrO IOKPOBA B KavyecTBEe MHIHKATOPA 3arpA3HEHH:
OKpY)KalolleH cpelbl MOCNYKHT OCHOBOH il Nepexoja K Ka4yeCTBCHHbIM BuAaM pabor mo
MOHHMTOPHHTY 3arpA3HEHMA CHEXHOTO IIOKpPOBA, 4YTO JAacT BO3MOXKHOCTb [POBENEHUS
TIPOTHO3HPOBAHUA COCTOSHYSA 3arpsA3HEHUs 00BEKTOB MPHPOJHON Cpelbl, a TAaKXKe PeaTn30BarTh
KOHLENIHIO cOa/IaHCHPOBAHHOTO PallMOHATBHOTO HCIIO/Ib30BAHHS TPHPOIHBIX PECYPCOB.

AxTyaanocm HCCIenOBaHusA OTIPEALTIACTCS  TEM, YTO KOMIUICKCHOE  H3YUYEHHE
KOJIHYECTBEHHBIX W Ka4eCTBEHHBIX NOKa3aTesell XapakTepuCTHK XHMUUCCKOTO COCTaBd CHEXHOIO
MOKPOBA Ha TEPPMTOPHH AJIMATHHCKOH arioMepanuy IUIZHHPYIOTCA Brepsble. MMeroumecs B
BenomcTBe KasrHapoMeTa CTaHLUMM KOHTPONA 3@ XapakTepPHCTHKAMHM XHMHYECKOTO COCTaBa
CHEIKHOrO MOKPOBA HA JAHHOM TePPUTOPHH, HaXONATCs B NpeaAropbsx AmMatsl (MC MBIHKBUIKY
u MC Anmarbl arpo), paHHble KOTOPBIX He MOTYT SIBIISTBCS PENpe3CHTATHBHBIMU IS BCEH
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TEpPUTOPHH arjioMepauuu. Kpome Toro, B HCCIEAOBaHUSAX BIIEpBHIC IIAHUPYETCS YCTAHOBJICHUE
YPOBHEHl KOHLIEHTPAIMH MOMMXIOpHpoBaHHbIX Ondenunor (IIXB) B CHEXHOM MOKpOBE.
HeobxomuMo OTMETHTB, YTO XJIOPOPraHWYECKHE COCIWHCHHS, OTIMYAIOIIHECS BBICOKOM
TOKCHYHOCTBIO, YPE3BBIYAKHON OWOJIOTHYECKOH aKTHBHOCTBIO, YCTOMYHBOCTBIO K [EHCTBHIO
TPHUPOIHEIX (AKTOPOB M CMOCOGHOCTBIO AKKYMYJHPOBATHCS B PA3NIMYHBIX IHIIEBBIX LETAX,
MOTYT BO3I€HCTBOBaTH Ha BCE 3BEHbS IPUPOIHBIX KOCHCTEM, B TOM YHCIIE W Ha dYesoBeka. B
CBSI3M C 3THM, YUMTHIBasi MPUBEPKEHHOCTh Ka3axcTaHa K BBINOTHEHHUIO B3STHIX 00S3aTEIBCTB MO
BBINIONHCHAIO CTOKIOJIEMCKOM KOHBEHIIMH, KOTOPYIO peciyOirka patuduunposana B 2007 roxy,
MIPOBENIEHUE MCCIIENOBATENbCKUX pabot mo onenke [IXB B npupoaHO# cpene sSBIsAETCS OXHOU M3
HarmonanbHBIX 3anad.

Peanusamus JaHHOTO TPOEKTAa MO3BOJNHT YCTAHOBHTH CONEPYKAHHME 3ArpS3HSIONIMX
BEIIECTB B aTMOC(EPHOM BO3YXE, OCANKAX H B CHEXHOM TMOKpPOBE, YTO JAacT BO3MOXHOCTH
PaHXXHPOBAaTh CTENEHb aHTPOTIOIEHHON HArpy3KHM Ha KOCHCTeMYy B IelloM. Takxe BIepBBIe AJs
JTAaHHOH TEPPUTOPHHM OyNyT HPOBENCHBI pPACcYCTHl IO OIPEIENCHHIO OOBEMOB IOCTYIUICHHI
3arpA3HAIOLIMX BELIECTB Ha €JHHHUILY TUIOMIAH, YTO MO3BOJIAT BBISIBUTH 30HAIBHBIE OCOOCHHOCTH
MX PacTIpeACIICHHU.

2.6 HMcrnonp3oBaHHEe HAay9YHO-TEXHHUYECKOW MPOIYKLHM OCYLIECTBISETCS: 3aKa3uMKOM H
Hcnonuurenem

2.7 Bun wWcHomB30BaHMS pe3yibTaTa HaydHOH M (WIM) HaydHO-TEXHHYECKOH
NeaTeNbHOCTH: VICTIONb30BaHHE HAy4YHBIX pe3yiabTaToB paboT 3aKa3dyMKoM W PaclpoCTpaHue
Cpeld TIOTEHIUATBHBIX ITOJIB30BATENIEH OCYINECTBIACTCA B YCTAHOBJIEHHOM IIOPSIIKE: B BH/E
TOJIOBBIX OTYETOB M HAy4YHBIX peKoMeHaauui. PacpocTpaneHue B cOOOINECTBA YUEHHBIX — ITyTeM
MyONMKALUK PEe3yNITAaTOB HA CTPAHMIAX HAYUHBIX SKYPHAIOB, B BHJE HAYYHBIX HOKJIAIOB W
M3JaHUs. MOHOTpabHH.

3. Haumenoseanue pabom, cpoKu ux peaiuzayuu u pe3ylomamsl

Iudp HaumeHnopanue pabot no CpOK BBINOJIHEHUS
3ananus, | JIoroBopy ¥ OCHOBHBIE 3Tambl Avans P OxunaeMelii pe3ynpTaT
JTana €r'0 BBINOJHEHHS
2018 rox
1 Coznanue nHbopmanuonHoi | SIHBaph 1 HosiOps | Byxner co3nana
6a3s! manHbEIK. Coop 1 2018 2018 uHbopManuoHHas 6asa
aHaJlu3 MaTepHana nanaex. C6op H aHanu3
Martepuana.
HudopmaumonHas 6aza
JaHHBIX M0 U3YYaeMbIM
napameTpam
1:1 Onpenenenue Touek otbopa SIHBapb Mapr BynyT onpezeneHs TOUKH
npo6 U NoAroToBKa 2018 2018 orGopa npo6 u
HeobxoaumMoro o6opyaoBaHusL. TIOATOTOBJIEHO
TIpoBenenue uccnenopanuii B Heobxoaumoe
MOHUTOPHHTOBBIX TOUKaX o6opynosanue. Bynyt
(I‘I/IJIPOXHMPI'{CCKHC NPOBEACHBI HCCIIENOBAHHA
TIOKA3aTeNH, CoiepIKaHue B MOHMTOPHMHIOBBIX TOYKaX
TOKCHYHBIX COECIMHEHUH B (THAPOXMMUYECKHE
cHexxHoM nokpose (CIT), 110Ka3aTesIH, COAepXKaHue
MOYBE) U3y4aeMoi TOKCHYHBIX COEIMHEHHH B
TEPPUTOPHUUA cHexxHoM nokpose (CIT),
MOYBE) U3yyaeMoi
TEPPUTOPHH.
Cxema Touek orGopa rnpo6
H3y4aeMoro oObeKTa.
Marepuaisl uccienoBaHHH
| B MOHHMTOPHHI'OBBIX TOYKaX
1.2 JlaGopaTtopHble Ucciiel0BaHNs Anpens Wronn BynyT nposenens:
cob6paHHBIX 06pa3IoB 2018 2018 nabopatopHsie
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HCCIEeIOBaHHS COOPaHHBIX
06pa3sLos.

Pesynbrars! 1abopaTopHEX
HUCCJIEOBAHUM 11O
THAPOXHMHYECKHM H
TOKCHYHEIM II0Ka3aTeNsM
CIl

L3 Cospanue MHGOPMALHOHHOM Hrons Cents6ps | Byzner co3nana
6a3bl JaHHBIX 110 2018 2018 nHbopMauyoHHas 6a3a
THIPOXMMHUYECKHM H JAHHBIX 110
TOKCHKOJIOTHYECKHM THIPOXUMHYECKHM 1
nokasarensM CII usyyaemoro TOKCHKOJIOTHYECKMM
obrexra niokasatensim CIT
H3y4aeMoro o0beKTa.
WndopmaunonHas 6asa
JaHHBIX O KOJIMYECTBEHHO-
KayeCTBEHHOM COCTOSIHUK
ClI
1.4 IpoBenenue oneHKH yposHs Oxta6ps 1 Hos6pss | ByayT npoBeaeHs! OUEHKH
KOHLIEHTpaLlui ¥ 2018 2018 YPOBHSI KOHLEHTpALUU U
NpOCTPaHCTBEHHOTO [IPOCTPAHCTBEHHOTO
pacrnpeleneHus TOKCHYHBIX pacnpeaeNeH|s TOKCHYHBIX
coeaunennii B CII uzyuaemoit coeauHeHui B CIT
TEPPUTOPHH. H3y4aeMOH TEPPUTOPUH.
Tonmosoii otuer OLieHKa ypOBHA
3arpsizHeHus CIT
TOKCHYHBIMH
COCOANHECHHUAMH
TEPPUTOPUH ATIMATHHCKOH
arnomepatuu (AA). Bynet
ony6IMKoBaHa
1 (onHa) cTaThs B
PELEeH3UPYEMOM
OTEYECTBEHHOM HayYHOM
HM3IaHUH C HEHYJIEBBIM
HMIIAKT-()aKTOPOM.
I'opoBoii oTyer
2019 roa
2 @DOpMHUPOBaHKE HAY4HO- SIaBaps 1 HosiGpst | Byzer chopmupoBana
METOAMYECKOM 6a3kl TaHHBIX O 2019 2019 Hay4HO-MeToAn4eckas Oaza
xumuyeckoM coctase CII o JaHHBIX O XMMUYECKOM
TeppuTOpUM AA M NpoBEJEHUE coctase CII o
KOMIIJIEKCHBIX HCClIEJOBaHUMA TeppUTOpHH AA H
CII TpOBEIEHHE KOMIIJIEKCHBIX
uccnenosanuii CII.
HayuHo-meTonuyeckas
6a3a JaHHBIX O
xummdeckoM coctae CII
2.1 IpoBeneHKe KOMIUIEKCHBIX SluBapn Mapr Bynyr nposeseHsr
HCCNE0OBaHHUI B 2019 2019 KOMIUIEKCHBIE

MOHHTOpHHl‘OBHX TO4YKax
(ot6op npob CII, nous, a
TAKKe B aKBATOPHH

HCClIeIOBaHHS B
MOHHMTOPHUHIOBBIX TOUKAX
(otbop npo6 CII, nous, a

Kanwaraiickoro TaKXKe B aKBaTOPUH
Bopoxpanuiuia (KB)) na Kammararckoro
TIOJIMX/IOPHPOBAHHbIE Rofioxpanuiuwa (KB)) Ha
Oudenunsl (IMX6), Toxensie TIOJIMXJIOPHPOBAHHEIE
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metanst (TM) B Toukax ¢
HauboJiee NoBePKEHHBIM
AHTPOTIOrEHHOMY BITUSHHIO

6udenunsl (ITXB),
Tshxensle MeTa/uisl (TM) B
TOYKax ¢ Haubosee
NOABEPXKEHHBIM
aHTPONIOTEHHOMY
BIMSIHUEO. Matepuans no
H3y4aeMBIM flapameTpam,
OCHOBHBIE 3aKOHOMEPHOCTH
HX pacrpocTpaHeH st 110
TEPPUTOPUH KPYITHBIX
HacCeJICHHBIX HyHKTOB

ropojoB AA
22 IIpopenenue 1aGopaTOPHEIX Anpens Hronp BynyT nposeneHs
HCCIIeA0BaHMi COOPaHHBIX 2019 2019 naGopaTopHsle
00pa3LoB 0 pe3y/ibTaTam UccenoBanus coOpaHHbIX
KOMIIIEKCHBIX HCCIIEI0BaHMI B 06paswoB 1o pe3yrbraTam
MOHHMTOPUHIOBBIX TOYKAX KOMIUTEKCHBIX
HCCIEI0OBaHUH B
MOHHMTOPHHIOBBIX TOUKAX.
PesynbTathl ypoBHS
sarpsizHenHoctH CII,
10YBHEl ¥ akBaTopuu KB
2:3 ITononHeHne Hay4HO- HWions Cents16ps | Byner nononsena Hay4Ho-
METOINYECKOI 6a3bl JaHHBIX B 2019 2019 MeToanyeckas 6a3a
061acTH U3ydYeHus U JIaHHBIX B 061aCTH
3aKOHOMEPHOCTEH U3yYEeHUS U
NPOCTPaHCTBEHHOTO 3aKOHOMEpPHOCTEN
pacrpejeneHus, MPOCTPAHCTBEHHOTO
3arpssHsomux semecTs B CIT pacnpeseneHus,
3arpA3HAKOLIMX BEIUECTB B
CII. HayuHo-
MeToauyeckas Gasa
JIAHHBIX 110 H3YYEHHIO
NPOCTPaHCTBEHHOTO
pacnpeaeneHus
3arps3HAIOIINX BEIIECTB B
CII
2.4 Ornipeenesye KoanyecTsa OkTa6pb 1 HOsiOpst | Byzer onpeneneHo
MOCTYIJIEHHI 3arpA3HAIOILNX 2019 2019 KOJIMYECTBO MOCTYMICHUH
BEIIECTB HA €AHHULLY 3arpsa3HsAOIIUX BELECTB HA
TUTOIAH. €IMHHULY [UIOAIH.
ITy6nuxanus pe3ynsTaToB PacyeTs! atMOChepHBIX
HaYUHBIX HCCIIEIOBAHUN B BHINAICHHH Ha €AMHHULYY
PELCH3UPYEMBIX 3apyOeIKHBIX TUTOLIA/TH.
Hay4HBIX M3JaHUSAX, Bynet omybnukoBaHa 1
MHICKCHPYEMBIX B 6azax (onHa) cTates B
nauueix Web of Science umn PCICH3NPYEMOM
Scopus ¢ HeHyJIEBBIM 3apy0exHOM HayqHOM
HMIMaKT-HaKToOpoM. H3aHHH HHIEKCHPYEMOM
['onoBoii otuer B 6ase manHeix Web of
Science unu Scopus ¢
HEHYJIEBBIM HMIIaKT-
dhaxTopoM.
T"omoBoii oTyeT
2020 rox
3 KommirexcHas onenka SBaps 1 HO#Gpst | ByneT naHa KoMmieKcHas

olieHKa 3arpsizHedus CIT
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sarps3aeHust CIT AA u 2020 2020 AA ¥ OlIeHKa BIMSHUSA Ha
OLICHKa BIIMSHHUS Ha NpUpPOHBIE O6BEKTHI
TIPUPOIHBIE 06BEKTHI
3l IpoBeneHNe KOMIUIEKCHBIX SuBaps Mapr Bynyt nposeneHst
HCCIIEIOBAHHH B 2020 2020 KOMILJIEKCHBIE
MOHHMTOPHHTOBBIX TOUKax H B UCCleI0BaHuUs B
aksatopuu KB (ot6op npo6 MOHHMTOPHHIOBBIX TOYKAX U
CI1, nous) B akBatopuu KB (or6op
npo6 CII, nous).
Marepuanbl KOMIUTEKCHBIX
MCCIIEIOBaHMUM 110
conepxanmto IIXb u TM B
CII, nouse u Boge KB
3.2 V3yueHne KOHIEHTpALMH B Armnpens Wionb BynyT nsy4enst
CII, nouse — IIXB, TM u 2020 2020 KoHueHTpaiuy B CII,
Xapakrepa ux nouse — [IXB, TM u
PacnpoCTPaHCHHUS 1O XapakrTepa ux
KpPYIHBIM HAaCEJIEHHBIM pacnpocTpaHCHHUA 110
IyHKTaM TepPHTOPHH KPYIHBIM HaceJleHHBIM
arJioMepanun NyHKTaM TEpPUTOpHK
arjiomMepauuy. Martepuasisl
o H3y4aeMbIM
TlapaMeTpaM, OCHOBHBIE
3aKOHOMEPHOCTH UX
pacmpoCcTpaHeHUs 1o
TEPPUTOPUH KPYITHBIX
HaceJIeHHBIX IyHKTOB
ropozioB AA
3.3 KowmmniexcHas oLieHKa Hions Cenrabppy | Byner nposenena
BITHSIHUS TOKCHYHBIX 2020 2020 KOMILIEKCHas! OLICHKa
COEIMHEHHH Ha IPHPOTHEIE BJIMSTHHS TOKCHYHBIX
00BEKTHI TEppUTOPHH AA COEMHEHUH Ha IPUPOJHEIE
0OBEKTH TEPPUTOPUU AA.
dakTuyeckue u
aHAINTHYECKHE MaTepHallbl
06 ypoBHe 3arpsi3HEHHs
CI1, moussl, Bogsl TM,
X6
34 PamxupoBanue TeppuTOpHM OxkTa6ps 1 HOsi6pst | Byner pamxuposana
arJoMepanuH 1o CTeTNeH: 2020 2020 TEPPUTOpHs arjJoMepalun

3arps3HeHns. PaspaboTtka
PEKOMEHIALINH 110
COXpPaHEHHIO HOPMATUBHOTO
YPOBHSI KaUeCTBA M3y4aeMbIX

TIPHPOIHBIX CPER TEPPUTOPHA

AA.
ITyGnukanus pe3ynbTaToB
HayYHBIX HCCIICIOBaHUH B

PELUCH3HNPYCMBIX 3&py6C)KHbIX

HayYHBIX M3aHHAX,
HHIEKCHPYEMBIX B 6a3ax
nmaHHbIX Web of Science win
Scopus ¢ HeHyIeBBIM
HUMITaKT-HaKToOpoOM.
3aKIIOYATENBHBI OTUET.

TI0 CTeNeHU 3arps3HEeHHs.
Bynyt paspaboTaHbl
PeKOMEHIALKUH 110
COXPaHEHHIO
HOPMATHUBHOTO YPOBHSI
Ka4yecTBa U3ydaeMBIX
MPUPOJHEIX CPeJ
TeppUTOpHH AA.
IpocTpaHcTBEHHOE
pacnpeee e TOKCHIHBIX
coenunenuit B CI1.

Byner onybnukosana 1
(omHa) craThs B
PEILIEH3HpyEMOM
3apy6eKHOM HayqHOM
U3JaHUH, HHIEKCHPYEMOM
B 6ase naHHBIX Web of
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Science unu Scopus ¢
HEHYJIEBBIM MMITaKT-
tdaxropom, a Taxxke 1
(omHa) cTaThs B
peleH3HpyeMoM
3apy0eKHOM HayYHOM
H3JIaHUH C HEHYJICBBIM
HUMITaKT-HaKTopoMm.
3aKJII09YHTENBHBIN OTYET

Ot 3aka3umka: Ot Ucnionuurens:
'Y «Komurter Hayku C

O3HaKOMIIeH:
HayuHbI# pyKOBOIUTENB IPOEKTA
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Instrument Information

Device Name: AA

Type Model Name ROM Version S/N

AR AA-7000F 1.01 A30665001722
ASC

GFA

Optics Parameters

Element: Zn
Socket #: 4

Lamp Current Low (Peak) (mA): 8
Wavelength (nm) : 2139
Slit Width (nm): 0.7
Lamp Mode: BGC-D2

Peak(nm) : 213.93

T

214.00° 214.50 215.00
Wavelength (nm)

T o O O T S S o

Num Reps. Max Reps. RSD Limit SD Limit

Blank 1 1 99.90 0.0000
Standard 1 o 99.90 0.0000
Sample 1 u 99.90 0.0000
Reslope 1 1 99.90 0.0000

Calibration Curve (C# : 01)

55 : . Conc Abs
: | ////f/ (mg/L)
0.200% - -~ : 0.0500 0.0271
0.1000 0.0532
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Abs=0.55251Conc-0.0012432

r=1.0000
Time
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Instrument Information

Device Name: AR

Type Model Name ROM Version S/N

AR AA-T7000F 1.01 A30665001722
ASC

GFA

Optics Parameters

Element: Zn
Socket #: 1
Lamp Current Low(Peak) (mA): 8
Wavelength (nm) : 213:9
Slit wWidth(nm): 0.7
Lamp Mode: BGC-D2

Peak (nm) : 213.93
213.60 213.50 '214.00 '214.50 '215.00
Wavelength (nm)
Measurement Parameters
Order: ist
Zero Intercept: Non-Pass
Conc. Wnits: mg/L
Repetition Sequence: SM-SM-. . .
Pre-Spray Time (sec): 5
Integration Time (sec): 10
Response Time: 1
Num Reps. Max Reps. RSD Limit SD Limit
Blank 1 T 99.90 0.0000
Standard 3 1 99.90 0.0000
Sample 3 i 99.90 0.0000
Reslope - 3 1 99.90 0.0000
Calibration Curve o1)
Abs Conc Abs
(mg/L)
- 0.0500 0.0271
0.1000 0.0532
———————————— 0.5000 0.2751

0.250
Cone (mg/L)

Abs=0.55251Conc-0.0012432
r=1.0000

Time

3:30:52 PM(+0600)

313 : UNK

0G8F90. 010 0100 0050 0000 0050 0.

5000

Conc. Abs. ActualConc Actual Conc. Unit Date
0.0154 0.0006 0.0154 mg/L 5/20/2019

Time
3:31:47 PM(+0600)
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Z2n«(213.9nm)

File Comment:

Comment :
FlameCont

Instrument Information

Device Name: AA

Type Model Name ROM Version S/N

AR AA-T7000F 1501 A30665001722
ASC

GFA

Optics Parameters

Element: Zn
Socket #: 1
Lamp Current Low(Peak) (mA): 8
Wavelength (nm) : 25359
Slit Width(nm): 0.7
Lamp Mode: BGC-D2

Peak (nm) : 213.93

214.50 215.00

213.00° 213.50
Wavelength (nm

Measurement Parameters

Order: 1st

Zero Intercept: Non-Pass
Conc. Unit: mg/L
Repetition Sequence: SM-SM-...
Pre-Spray Time (sec): 3
Integration Time (sec): 5
Response Time: 3

Num Reps. Max Reps. RSD Limit SD Limit

Blank 1 1 99.90 0.0000
Standard 1 1 99.90 0.0000
sample T 1 99.90 0.0000
Reslope i A 99.90 0.0000

Calibration Curve (C# : 01)

Abs

o Conc Abs
/ (mg/L)

0.200; - 0.0500 0.0271
0.1000 0.0532
0.100; - 0.5000 0.2751

9:99 0.250

Cone (mg/L)

Abs=0.55251Conc-0.0012432
0000

Time

11:58:32 AM(+0600)

n-10 : UNK

1% 0100 00 0000 0050 010 0180 0200 025 030 030 041 0450 00 030 080 080 0700 070 0800

o

Conc. Abs. ActualConc. Actual Conc. Unit Date
0.0654 0.0349 0.0654 mg/L 572872018

Time
11:59:07 AM(+0600)




image38.jpeg
Zn (213 .9nm)

File Comment:

Comment :
FlameCont

Instrument Information

Device Name: AA

Type Model Name ROM Version S/N

AA AAR-7000F 1.01 A30665001722
AsC

GFA

Optics Parameters

Element: Zn
Socket #: 5

Lamp Current Low (Peak) (mA): 10
Wavelength (nm) : 213.9
Slit Width (nm): 0.7
Lamp Mode: BGC-D2

Peak(nm) : 213.90

213.00  213.50 214.00 214.50 2i5.00
Wavelength (nm)

Num Reps. Max Reps. RSD Limit SD Limit

Blank 1 1 99.90 0.0000
Standard 1 1 99.90 0.0000
Sample 3 3 99.90 0.0000
Reslope 1 1 99.90 0.0000

Calibration Curve (C# : 01)

Abs Conc Abs
05050~ motmm e e (mg/L)
| 0.0125 0.0039
0025 4] 0.0250 0.0123
| 0.0500 0.0272
| 0.1000 0.0554
0.000r<52 cronmrod o m ks
0.000 0.050 0.100

Con‘c (mg/L)

Abs=0.58435Conc-0.0026913
r=0.9996

Time

1:51:23 PM(+0600)
50voda : UNK Average

_ Conc. Abs. ActualConc. Actual Conc. Date Time
0.0101 0.0032 0.0101 mg/L ~4/28/2020 4:04:45 PM(+0600)
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OTyYéT No XpomaTtorpamme.
OtyéT creHepuposaH  31.05.2018, 17:10:31
®aiin: MonuxnopbeduHunel_050518_135830.stg
MpoaomknTensHocTb: 50 MUH.

Xpomartorpamma

Omcwk aetextopa, MB

85,
80, ¥

] ¥

70

49
151

65 .
60 L

[ ] —— - - + R .
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

Mpo6a

CHer N219 (r. Tanrap)

Hata/spems: 05.05.2018, 13:58:30; Touka oT6Opa: ; NyHKT 0T6Opa: ; HOMeEp B cepuu: 2
O6vem: 1; PasseaeHve: 1;

Oneparop: Uzat A.H.

MeTtoauka
MeTtop: Monuxnop6eduHunsi

Kononka
Homep: 0;  pasmep 3epHa: 0 Mkm
BHYTPeHHUA gnameTtp: 0.32 mm;  anuHa: 30 m

TemnepaTypHble napameTpsbl Kononkn=195.0(50.0) Wcnaputens-1=250.0 TWA-1=330.0
Wcnaputens-2=240.0 33[-2=300.0

[asoBble napametpbl  1.A30T P=0.500; 2.A30T Q=5.000; 3.As0T P=1.200; 4.A3ot Q=20.000; 5.A30T
Q=25.000; 6.A30T Q=30.000; 7.Bogopos Q=12.000; 8.Bozayx Q=150.000;

KoMnoHeHTb!
Ne Bpemsi Bbicota Mnowaab KoHueHTpauus EA.umaM  KoMnoHeHT pynnbi
MUH. MB MB-MuH
1 9.008 0.586 0.078 3.694e-006 mr/mn 49 nxe
2 10.052 2.828 0.472 2.858e-005 mrivn - 44 nxe
3 21.704 0.985 0.336 1.284e-005 mr/mn 151 nxe
Cpynnbi
Ne  BeicoTa Mnowaab KoHueHTpauws Mpynna
mMB MB-M1H

1 4.399 0.885 4.511e-005 nxs

OTueT crenepwpoBan NporpammoR “Xpomoc™
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OTYéT No XxpomaTtorpamMmme.

OTuéT creHepupoBaH 17.06.2019, 19:06:45
dain: Monuxnopbedurunel_260519_160420.stg
MpogomkutenbHOCTb: 50 MUH.

Xpomartorpamma
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Bpems, MuH

Mpo6a

Jlen N2 65 (mecTo oTbopa Kanwaraiickoe BogoxpaHunuie, y x/a mocrta)
[ara/spems: 26.05.2019, 16:04:20; Touka oTbopa: ; NyHKT oTOopa: ; Homep B cepuu: 2

Obvem: 1; PasseaeHve: 1;
Onepatop: AltHakeesa I".A.

MeToauka

MeToa: Monuxnopbedurunsi

MeToa pacuérta: Heu3BecTeH, AN pacyéTta ucnonb3osaHa nnouwlaab
KonoHka

Homep: 0; pasmep 3epHa: 0 Mkm

BHyTpeHHu anameTp: 0.32 mm;  anuHa: 30 m

TeMmnepaTypHble napamMeTpbl KonoHkn=195.0(50.0) Wcnaputens-1=250.0 TWA-1=330.0
Wcnaputens-2=240.0 33[-2=300.0

[a3oBble napameTpbl  1.A30T P=0.500; 2.A30T Q=5.000; 3.A30T P=1.200; 4.A30T Q=20.000; 5.A30T
Q=25.000; 6.A3ot Q=30.000; 7.Boagopoa Q=0.000; 8.Bozgyx Q=0.000;

KoMnoHeHTb!
Ne Bpemsi BbicoTa Mnowaab KoHueHTpauus  Ea.mam  KoMnoHeHT Mpynnbl
MUH. mB MB-MnH
1 10.200 2.184 0.402 3.528e-005 mr/mn 44 NxXe
Cpynnb!
Ne  BeicoTa Mnowapnb KoHueHTpauma pynna
mB MB-MuH

1l 2.184 0.402 3.528e-005 nxe

OTu&T CreHepupoBaK NPOrpammoi “Xpomoc™




image41.jpeg
OTYéT Nno xpomaTtorpamme.
OTyéT crenepupoBaH 22.05.2020, 14:49:57
®ann: Monuxnopbedurunel_060520_124552 stg
MpopomxuTenbHocTb: 50 MUH.

XpomaTtorpamma
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Bpems, mux
MNpo6a

Ne42 npoba 1

[ara/spems: 06.05.2020, 12:45:52; Touka ot6opa: ; NyHKT oTGopa: ; HOMep B cepuu: 2
O6vem: 1; PassegeHve: 1;

Onepatop: AitHakeesa I".A.

MeToamka
MeToa: MonuxnopbeduHunol

MeToa pacuéra: HemsBecTeH, Ansa pac4éTa ncnonb3oBaHa BbicoTa

KonoHka
Homep: 0;  pasmep 3epHa: 0 MkM
BHyTpeHHWit gnametp: 0.32 mm;  anuHa: 30 m

TemnepaTypHble napameTpbl Kononkn=200.0(50.0) Wcnaputens-1=250.0 TWO-1=330.0
Wcnaputens-2=250.0 334-2=300.0

[a3oBble napametpbl  1.A3oT P=0.500; 2. Azot Q=5.000; 3.A30T P=1.200; 4.A30T Q=20.000; 5.A30T
Q=25.000; 6.A30T Q=30.000; 7.A3ot Q=0.000; 8.A3oT Q=0.000;

KomnoHeHTb!
Ne Bpems  BebicoTa Mnowaab KoHueHTpauvss Ea.mam  KomnoHeHT Cpynnbl
MUH mB MB MuH ’
1 10804 0.183 0.009 9.130e-006 mrivn - 74 nxe
2 14310 7683 2294 6.116e-004 mrivn 97 nxe
3 15634 2182 0.600 9.937e-005 mr/mn - 87,115 Nxe
Cpynnbi
Ne  BeicoTa Mnowaab KoHueHTpauus pynna
mB MB-MuH

1 10.048 2.903 7.201e-004 Nnxe

Oryer CremeppoBaH NPOTPamMMoR “Xpomoc”
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OT4&T N0 xpomaTorpamme.
Oruer crowepuposan 0405 2020, 143743

2ain MonssnopSecmun, 130320141240 319

Npozomenrenswocrs. 50 e

Xpomavorpamma

s

fiposa_

Ne7H npoba 25

aralspoun 13032020, 14/12 40, Towa oT60pa.  nywer T60pa:  owep B cep 2
Obrew 1 Passeerme: 1

Oneparop Aiviaxeesa A

Moroqua
Meron Mlonwxnopbeduinnst
MToA pacuera: KewamecTew, AnA PACIETa WENONK30BaHa

Konowsa
Houep 0. _paswep 3epna 0w
BuyTpenn awaweTp 032 wi  Anura 30m

Tomneparypueie napamerps  Konoww=2000(50 0) Mcnapurens-
Vcnapurens-222500 931223000

500 THO-1=3300

Fazosuie napawerpes 1 Asor P=0 500, 2 Azor Q=5 000, 3 Asot P=1200. 4 Asor Q=20 000, § Asor
=25,000. 6 Asor 0=30.000. 7 Ador Q=0.000. 8 Asor =000,

Komnononrs
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MunncrepcTBo obpasoBanus u Hayku Pecriy6iuku Kazaxcran
Komurer Hayku
AO «MHCTUTYT reorpaguu ¥ BOXHOM 6Ge30macHOCTHY

BBIITUCKA U3 ITIPOTOKOJIA
08.10.2020 r. Ne§
3acexaHust Y4eHOro coBeTa

r. AnMaThbl

Ipencenarens — akanemuxk HAH PK, a.r.1., npod. Meney A.P.
Cexperapb - K.I.H., qoueHt Toxmaram6erosa P.1O.

IMpucyrcrBoBanu: K.r.H., AnumkynoB C.K. akan. HAH PK Cesepckuit 1.B., 1.r.H. ManbKkoBckuit
WM., nr.1., npod. Amuprammes H.A., n.r.H. Brarosemienckuii B.IL., n.5.1. Mezney A.A., 1.r.H.
Toney6aesa JI.C., n.r.H. Ckopunuesa V.B., x.r.H. A6uesa JI.K., k.r.H. TokmaramGeros T.I'., k.r.H.
TypcyHoBa A.A., x.r.u. Panosa C.V., , k.r.H, Kaparynosa P.K., k.r.n. Magu6eko A.C., K.r.H.
Erembepauesa K.b., k.r.u. A6urbaesa A.Jl., k.r.H., KpsuioBa B.C., (uHaHCOBBIH aupexTop
bupumbaes XX.M., npencenarens Coera Monoabix ydeHsix IToserkun P.JI.

[NTOBECTKA JTHI:

1. 3akmounrensnsie ordersl HUP mo rpanToBoMy dunancupoBannio 3a 2018-2020 rr.:
1.2. Oryer HUP mno Tteme: AP05133353 «MOHHTODHHI YPOBHSI KOHUEHTPAUMH H
pacnpejeeHHsi TOKCHYHBIX COCJHHEHHH B CHE)KHOM IOKPOBE HAa TEPPHUTOPHH
AVIMATHHCKO# arjJIoMepaniu H OIEHKA HX BJIHSIHHS HA NPUPOAHBIE 00beKThI», Hayunbrii
PYKOBOZAHTENB: A.I.H., Tpod. AMupranues H.A.

CIIYIIAJIN:

Amupeanues H.A. nonoxxun ocHoBHble pesyibrathl HUP mo teme «MOHHTOPHHI ypOBHs
KOHIIEHTPAIUK U PACIPE/IeTIeHHs] TOKCHYHBIX COS/IMHEHNH B CHEXXHOM TIOKPOBE Ha TEPPUTOPHHI
AJIMaTHHCKO}T arJIOMepaliy H OLEHKa X BIIHSHHS Ha IPHPOTHBIE OOBEKTHIY.

BBICTYIIMJIM:

Cesepckuii U.B., Anumxynos C.K., Manvkosckuii H.M., Meoey A.P., KOTOpple B CBOHX
BBICTYIUIEHUSX TOJUIEpXKalu 3aKmounTenbHeid otuer HUP mo TemMe «MOHHMTOPUHI ypOBHS
KOHLIEHTPAIUK U PacIpesiesIeHHss TOKCHYHBIX COEIMHEHHH B CHEXXHOM IOKPOBE Ha TEPPUTOPHH
AJIMaTUHCKOM arnoMepanny ¥ OLeHKa WX BIMSHUS Ha HpUpojHbie 00beKThl» 3a 2018-2020 rr.,
PEKOMEH/I0BaIH IPHHSATH OTYET C BEICOKOH OIEHKOIA.

ITOCTAHOBUIJIN:
1. IIpuHATH 3aKIFOYUTEIIBHBIA OTYET 110 IPaHTOBOMY (uHaHcHpoBanuIo 3a 2018-2020 rr. no
Teme AP05133353 «MOHHTOPHHT YpPOBHS KOHIEHTPALMA W PACIPENENCHHS TOKCHIHBIX
COCJIMHEHUIT B CH&KHOM IOKPOBE Ha TEPPUTOPHUH AJIMATHHCKON arjJioMepalyy U OLeHKa

A.P. Meney

P.1O. TokmaramberoBa
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Peuensust
Ha 3aKJIIOYMTEIBHBIA OT4eT 10 TeMme: «MOHUTOPUHI YPOBHS KOHIGHTPAIMH ¥
paclpesie/ieHus. TOKCHYHBIX COCJMHEHMH B CHEXKHOM IIOKpOBE Ha TEPPHTOPHH
AIIMaTUHCKOM arjoMeparyui W OIEHKA WX BIWSHAS Ha TPHPOJHBIC OOBEKTHI»

BBIMOJIHEHHBIH B 2018-2020 rr. B pamkax rpanToBoro ¢puHancHpoBanust Ne AP05133353

B oTdeTe paccMOTpeH MHMPOKHH KPYT BOTPOCOB 9KOJOTHYECKOTO IUIAHA, MOCBSIICHHBIC
OIIEHKE COBPEMEHHOTO COCTOSTHHSI YPOBHS 3arps3HEHHOCTH HE TOJBKO TBEPABIX arMOCHEPHBIX
0CaJIkOB, HO M MOYBEHHOTO IOKPOBA, @ TAKKE BOJbI, JIEJOBOTO MOKPOBA, HAXOSIIETOCS Ha
TEPPUTOpPHH aryioMeparun Karmaraickoro BOAOXpaHHIIHIIA.

BaxXHOCTE ¥ CBOEBPEMEHHOCTD BHITOTHEHHBIX KOMIUIEKCHBIX UCCIEIOBAaHUH 3aKIII09aeTCs
B TOM, YTO Ha TEPPHTOPHH AJIMATHHCKOH arjioMepariy HaXOISTCS HECKOJIBKO IOPOJOB I
MHO)KECTBO KPYITHBIX HACEICHHBIX IYHKTOB, [POMBILLUICHHBIX, JHEPreTHICCKHX OOBEKTOB,
KOTOpHIE B TOH W WHON Mepe SBIIAIOTCS MCTOUHMKAMH 3arpsi3HCHHs CPebl OOMTAHHS B 3TOM
TyCTOHACEJIEHHOM palioHe. SIipo arjomeparmu — . AJIMaThl HaXOMTCSL B YHCIE TOPOIOB C
TIOBBIIIECHHBIM YPOBHEM 3arpsI3HEHHUSI BO3AYIIHOTO GacceitHa.

B mayyHO-WH(GOPMAIOHHOM ~ OTHOIICHWH TIPEJICTABIISICT HECOMHEHHBIH MHTEpec
TIPUBEIICHHBIA B OTYETE JIUTECPATYPHBIA 0030p HAYHYHBIX M HOPMATHBHO-METOAMYECKHX paboT
OTEYECTBEHHBIX M 3apyOeKHBIX HCCIeNoBaTeNiell MO0 H3YyUYCHHIO XHMH3Ma M TOKCHYHBIX
apaMeTPOB CHEXKHOTO IMOKPOBA, MOACTHIAIONIMN MOBEPXHOCTH, @ TAKOKe M II0 HEKOTOPBIM
JIPYTUM, H3YYEHHBIM BONpOCAM. DTH CBEJICHHS TAIOT IPEACTABICHHE O CTCHECHH H3YYeHHOCTH
OTHX OKOJIOTHYECKMX IIpoieM B menoMm. B T.4. B KasaxcraHe, W HAaMETHTh IMyTH
IeJICHATIPABICHHBIX HX HCCIICI0BAHHI.

I[IpoBeieHHBIC XMMHKO-TOKCHKOJIOTMYCCKHIE aHAIM3bI [IOKA3aIi [PEBBIICHAE B CHEKHOM
MOKPOBE M IOYBAX TEPPUTOPHM arjoMeparud psida TSHKEIbIX METAaIoB JOIIYCTHMBIX
HOPMATHBHBIX YPOBHEH. AHalN3 MX BPEMEHHOH JHHAMHKH CBUICTEIBCTBYET O TCHICHIUH
pocTa uX comepkanust 5TX o0bekTax B 2020 T.

K umciry BaKHBIX MOXKHO OTHECTH PE3YNIbTATBl, MOJYYCHHbBIC [0 YPOBHIO 3arpsi3HCHHUS
CHEXHOTO  IOKpOBa, IOYB H BOAHEIX pecypcoB  Kammaraiickoro — BOZOXpaHHIHINA
BBICOKOTOKCHYHBIMH MOJMXJIOPOH(BEHUIAMH W 110 WX DPaclHpOCTPAHCHHIO [0 TEPPUTOPUH
aryioMepanui. BbIABIEHO B psie  OTOOpaHHBIX Ipobax CHera U II0YB  IIPHCYTCTBHE
JIAOKCHHOTIONOOHEIX KOHI€HEPOB, 00/IaalOHX BEICOKHM YPOBHEM TOKCHYHOCTH. IlomydyeHHbe

AHATTMTUYCCKUEC JaHHBIC, MO MHEHHIO aBTOPOB, JAal0T OCHOBAHWE CUHTATh, YTO 3arps3HECHHUE




image45.jpeg
H3YYCHHBIX IPHPOJHBIX OOBEKTOB IMPOUCXOMUT B OCHOBHOM IIOJ BIIMSHHEM PETHOHATBHBIX
(MECTHBIX) HCTOYHNKOB 3arpsi3HEHHS] STHMH TOKCHKAHTaMH.

C WCMOJIB30BAHUEM COBPEMEHHBIX METOJOB PACCUHTAHO KOJIMYECTBO MOCTYILICHHUS
TSDKEJIBIX ~METAUIOB  Ha CIAWMHWIY IUIOMand TEPPUTOpHH  arsomepamud. OmnpeneneHs
MaKCHMAIbHO BBIANAIONIAE 3JIEMCHTBI, OYarW WX BBINAJEHHS M OCHOBHBIC HCTOYHHKH
sarpsisHeHus.  Kaprorpadudeckoe o0ciaeIoBaHHE TEPPHTOPHH  arIOMEPAlHH  IIO3BOJIHMIIO
HArISIHO PAH)KMPOBATh MPOCTPAHCTBOHHOE DACIPENETICHNE TDKEIBIX METaIOB B CHETe M
moyBax. BIIOJHe 3aciykHMBacT BHUMAHWE PEKOMEHIAIMH, HANPABICHHBIC HA CHIDKCHHE
QHTPOIIOTCHHOM HATrPY3KH ¥ COXPAaHCHHEe HOPMATHBHBIX KAueCTB IPHUPOJHBIX OOBEKTOB
arJIoMepaniy.

VICHONHUTENSIME ~ TPAHTOBOTO ~ TIPOEKTA  BBIOJIIHEHBI ~ OOJBIIME TI0  Macmraly
uccreoBarenbekue  pabotel.  VccrenosaHust B TaHHOM HampaBieEmn B PK moka He
IIPOBOJIHIIHCE.

Cuanraro, 9ro paboTa BBIIOJHEHA Ha COBPEMEHHOM HAyYHO-METOIMYECKOM YPOBHE H

MOXET OBITh IPHHSATA C TIOJOKUTEILHON OLEHKOM.

3am. jupexTopa VHCTHTYTa IHApOreoIorHi
M reodKoJIornd uM. Y. M. Axmercapuna

110 HAy4HOU paboTe, KaH/I. Te0JI.-MHH. HayK e E.JK. Myprasus
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Penensus
Ha 3aKJIIOYNATCNIBHBIM  OTHET 10  TeMme: (<MOHHTOPHHF YPOBHSI KOHIEHTpaUWHd W
pAcHpesieIeHHs  TOKCHYHBIX ~ COCIMHEHHII B CHE)KHOM IIOKPOBE HA TEPPHUTOPHH
AJIMaTHHCKOM arjioMepani M OLCHKA WX BIMSIHUI Ha TIPUPOJIHBIE OGBeKTBI»

BhITNIONHEHHBIH B 2018-2020 rr. B pamkax rpanToBoro ¢puxancuposarus Ne AP05133353

B Teuenue peasqmzannu 11poeKTa COTpyHUKAMK J1a00paTOPHH BBIOIHEHE! GOTBIION 00BeM
HKCTICAMIIMOHHBIX 1 JiabopaTopHbIX HccieaoBanuil. [IpoBomiock B obmeit crmoxHOCTH 10
9KCIEIMIIMOHHBIX BBIE3JI0B, TOUKH 0TOOpa 00pa3ioB coctaBuiIH 10 75, BeIIOMHEHO Gonee 3500
(bHBHKO-XHMM'—lCCKHX 1 TOKCUKOJIOTUYECKNAX aHATIN30B 1 HZMCpeHI/If;I.

DU3UKO-XHMHYECKOE M TOKCHKOJIOTMHECKOE COCTOSIHHE CHEXKHOTO MOKPOBA OTHOCHTCS K
UHCITY Manomy%HHw& npobiem, ocobenno B PK. B 9Toii cBs3W npeicTaBieHHBI B oTUeTe
JIOBOJIBHO OOIIMPHBIH 0030p MCCIIEOBAHMI, HMEIOIMXCS B CTPaHe W 3apyOeiKoM, MOJIOKUTETBHO
OKa@XKETCs B Pa3BUTHH MCCICIOBAHMI B 9T0if 00mactn B Kasaxcrane.

Kpyr W3y4eHHBIX BONPOCOB JIOCTATOYHO IIMPOK: (PU3MKO-XHUMHYECKHE IMapaMeTpsl
CHEXXHOI'0 TIOKpOBa, BO/IbI W JICJOBOI'0 IMTOKpPOBa Kanmaraiickoro BOJIOXpaHHUJINIIA, YPOBCHb
3arpA3HEHUS TSDKCIBIMU METAIAMH W [IOJIMXJIOPHPOBAHHBIMA  OU(EHWIAMH HTHX TPHPOIHBIX
00beKTOB, BKJIIOYAs [OYBCHHBIH MOKPOB BCell TEpPHTOPHM arjioMepanu. B mpomecce
WCCITE/IOBAHNS BBISIBJICHBI IOBBIIICHHBIC U B PSJIE CITy4acB BBICOKIE YPOBHH 3arpsi3HEHHS CHEKHOTO
¥ IOYBEHHOTO MOKPOBA TSDKEITBIMU MeTa/IAMH W KOHI'CHEPaMH IOJIHXJIOPHPOBAHHBIX OH(EHMITOB,
001a/1aI0IIMX BBICOKMM YPOBHEM TOKCHYHOCTH.

YeTaHOBIICHB! OOJTbIIAST TMPOCTPAHCTBEHHO-BPEMCHHAS! U3MEHYUBOCTh YPOBHSI HAKOIIICHUS
METAJIOB ¥ TIOMMXJIOPOH(EHNIOB B CHEXKHOM ITOKpOBE M mouBax. Takoe sIBJICHHE, 110 MHEHHMIO
aBTOPOB, OﬁyCIIOBIICHO HE TOJIbKO TIPHPOAHBIMA 0COOEHHOCTSIMH TEPPHTOPHH arjIoOMepanuu
(ropHast 30Ha, PaBHHHA ¥ T.1.), HO U BIIHSTHHEM aHTPOTIOTCHHBIX (hakTopoB. OG03HAYECHBI OCHOBHbIE
HCTOYHHKH 3arps3HCHHUS TCPPUTOPHH arjioMeparii, KOTOPbIMH SBJISKOTCS IPOMBIIIJICHHBIE H
JHEPreTHUecKne OOBCKTBI. TPAHCMOPT M JIp. JIOKAJIbHBIE HCTOYHHKH B  MHOTOYHCIICHHBIX
HACC/ICHHBIX TTYHKTaX.

Baxubivu pesyiapraraMd B HAYYHOM W TIPAKTHYECKOM  IIJIAHE MOXHO CUHTATh
TIPOU3BEICHHBIC PACHETHI TTOCTYIIJICHHS TSKEJIbIX METAJUIOB Ha €JIMHUILY TIOIAaAn TOACTHTIAIOIEeH
TIOBEPXHOCTH ¥ HAIJISHOE PAHIKMPOBAHKNE XapaKTepa PACTIPE/ICICH s TOKCHKAHTOB TI0 TEPPHTOPHI
aryioMepaluyl ¢ WCIOJIb30BaHMeM  KapTorpaguueckux crnocoboB. Bronne 060CHOBaHHBIMU
ABIIAIOTCS pa3pabOTaHHbIC PEKOMEH 1ML, HAIIPABJICHHBIC HA CHIDKEHHE aHTPOTIOTEHHON HArpy3Ku

W COXpaHEHUE HOPMATUBHBIX Ka4CCTB MPHUPO/IHBIX 00bEKTOB arjiomeparmu.
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MceneoBanie  MPOBOJIMIOCH ¢ HCTOIb30BAHHEM COBPEMEHHBIX METOIOB, (M3MUYECKHX
npubopoB M JEHCTBYIOMMX HOPMATHBHBIX JIOKYMEHTOB, HTO OMNpEACIISIOT JIOCTOBEPHOCTH
MOJIYYEHHBIX PEe3y/IbTaTOB. VICTIOMHATEISIMI OIMyOIIMKOBAHBI OOee ECSTH HAyYHBIX craTtedl B
PEHTHHIOBBIX JKypHaJax.

IIpoBeeHHBIE  MCCIEIOBAHMS  BIIOJIHE COOTBETCTBYIOT —TexHWueckol —crermukaniu
[POEKTA U BHINOJIHEHE! HA COBPEMEHHOM HaYYHOM yPOBHE.
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COBPEMEHHBIE ®H3HKO-XHMHUYECKHE TAPAMETPBI
CHEAHOT'O IIOKPOBA AJIMATHHCKO# ATJIOMEPALMH

Ammoamus. [1pescTasscs pesyTaTi CORpeNCHHOT (KO- KININICCKOT COCTIRS CHEKTORD HOKPO8
(CH) Teppopine Aramusceoi arsoscpaie YCTUORICHS BMCORIC WACHIS HCKOTODAY. HECICAYCSDX
napaserpon CT1  roposax Ameams, Kackesene, Kanuiarae  Kpyms nacescnes mymsrax Oreren Sarip  Ke-

Baexeie. Ockoe AOCTIOKEINS MBI B0 MHOTOM COAS C IPOLECEON YPOAMTAL
Paseictie rOpO1OB CrI0COBCTBYET POCTY GIATOCOCTORIR OBLIECTS, PIIBHTIO KYISTYDH, HOBMIIEHIO
MHOTOOGpAIIS COUNATLHON XU, BMECTE ¢ TeM YPOIALIS OHOBDEMEHIO NOPOKTACT I NACCY
SKOIONMIECKIY, COUMMLHL, JKOHOMMIECKIX i ADYTHX pOGIEN, 410 NPEANOTATACT pHMeHEHIHE
KOMILIEKCHOTO HOIXO1a B HECHE ORI YPOLIAIN

B pasax peanauin Tocaanus Tpesaesma napony Kavaxcrana ot 14 aexabps 2012 roma
«Crparerus "Kanaxcran — 2050°: noskl nomTuseckuli Kype COCTORBIErocs rocyapersay, Tlocra-
Howtenui Tpassrensersa PecnyGmcu Kasaxeran o 30 exaGps 2013 rota, No 1434 <06 yraepaenun
OcHoex noa0Kewui TeHepuILHOI CXeMS OFaHIGALII TeppHTOpIH PecnyGuki Kasaxcrai u oF
28 wions 2014 roma, Ne 728 «OO yruepeuns TIporpavi PASBITA Peronon 70 2020 rotay G
Yraepkicita MeApETHOHAIAIAA CXEMA TEPPIFTOPHATLHORO Passiia ATNETHHCKOIL arovepaii (AA)
Tocranonsenen Tpasirecroa PK or 24 xas 2016 roza, Ne 302 [1]. Takit 0Gpaion, » 0ty missns
AA BXOIST UENTP (#1p0) ATIOMEPALII — TODOX AIMATH, WACTH TITH AIMMHHCTPATUBHLX paOHON
Ansiaruscxoii obnacri: Kapacaickoro, TMrapexoro, HMiekoro, EAGEKuMknaxckoro i KanGui-
cxor0, a akke TeppiTopus Kamiaralickol Fopoxckol AmuHCTPALII.

TeppiTopus 20 B OTPEEIAETER M HaGOEE TecHbx Catsell TOPOTA it TPHTOPOTHON 301st
W YSNTHBACT PATMCIENME CIOANBILINXCS TOPOA0B-cTyTHikoB: Kanuarai, Kackenen, Tanrap, Ecux, cexa
VILHATaLL, 508 OTIHXA Ha CeBepHON TIOGepeAbe Kamuaralickoro Boi0xpaiuLia. OGS nIGUAT:
36Me ArIOMEpALN COCTANMET 939,5 Thickt ra. B 30y ArIONEPALIM BXOIST 158 WACCICHHLIY NYHKION
Aniariscxolt 063ACTH 1 FOpO AT

B Hactosuiee Bpews b KaueCTBe OFLEKTE MOHIMIOPHHIA COCTORNR STMOCHEPH! SACTO HCTOTLIYIOT
(I kak MirTerpaLA NOKYTEA JrPRCHIOCTH ATMOCbCPEL

—
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ATIRINEM 28TO- 1 XEAEIHOIOPORHON MATHCTPATEH, & TAKSKE ETMOCHEPHLI IEPEHOCON NLIETIECHMNX
‘OBpatomail ¢ NPHICTAIOWUIN OpOLAENX TepPITOpHIL FaMerHoe HOBENE Miepana CTI
HaGomErcH 1 A IpaBOGEpesOH paniuie Kamaralickoro BoA0XpAMILINLE, COCTABMBEE b CPEHEN
171,7 e/’ 80 spescs nepholt cuesc w 187,3 e/’  nocaemiono (25-28 dpespans). Kak suso s
OCPETHEHIHAX UMMM, MIEPATIALIS CHETOBADX B0 DO BCEX JOHIX CYUIECTACHHO BOJPACTACT B0
e, A0CTUTaN MANGOTMIAX SHACHIHIL DO BPEMA TPETLCH CLeMIL TO B UEION JAKDHOMEPHHE
amtens, oByciOmIeHHMe OCTeneNHMM HaxOMIeHkeN B CI1 COTECONePAMINX BEUECTS b Teseiie

Tpocrpascraensoe pacrpeesese sutnepansatus CT1 10 TeppTOPI AA G01ee HATIAO BTN
43 iy 4. B TEpPIIOPHATLHON OTHOIEHIH MO MHepAIsaLIeH CTI BHLIEIROTCH 10r0-3amaTHa
“acTs arioMepaM, 3 Takke Gonbuas wacTs . Anars. LIMPOKD PACTIPOCTPINER] MMHEPLTIALI
T10-140 wr/oe’. B Genepias 5acTi ariovepauti, HaxoxMeics 1O BIASHHEN KPYIHSIX TPIHCTIOPTHL.
[N T T R ———

LT Sy P —

FICXO13 43 CONOCTABITELHOTD AHATISA CIEAYET YKIIATS 1 TO, 4T MIHEPATIIALI CHETOROI BOTH
12 TeppiTOpIH AA OTAINICTCA Golee MOBMILCHHENII MANCHIAMIL, TO MOKET GHTl 0GYCIOIEHO
BoseicTaMEN AHTpOTOreHHL B4KTOPOS.

Buanonut, HauGolee BcOKHE CONCPRANAR EIBCUHNX BEWECTB B CHerosoll BOte Japeri
Ctpupoast » ropotax Anatst, Kackenene, KaTiarac, 2 Take B KpYIHMX HACCIEHHSX NYHKTZX —
iasvasran, Oreren Garisp u Kerwren. Hansienbiume masestus Miieparcann CII, kak i B3semenntix
Beiecrs, orvesach 5 (Gouosoi Touke «lknGyaky. Matol MiHepLIANEH Ak BLETAIICH
Joro-sanazias Joma AA. B Cenepiion HATpAMICHII KOHUENTPAILS MIHEPUIHLX COTel B CHETOBNX
BOLEX HOCTNeHHO BOIDACTAET 103 RTHSHIEN KpYIHLLX TPAHCTIOPTHLX MATUCTPaIell, 3 TAKKE APYTIX
daxropos airponoreoro xapacrepa. Bo spesieuol AuHaMKe Mikepazan CT1 BusBIEHO 10~
Crencilioe HAKOMAGHIE MIUNCPAILULX cotcl K Koy . KaKix-250 aOMAIIX waseil b
pesisie PH i OKCHIAEMOCTIL B CHEFOBLIX BOTIX HE OTMEHEHO.

PesyILTAT HCCIEAOBAINA, TPEACTAMENHME B CTATES, BRIOTHENH B PANKIX TPAHTOROrO iz
‘cuposasius Kowrrera wayksu MOH PIC No APOS133353 «MOHITOPHAI YPoai KORUEHTpaL i pacripe-
AEAEHNA TOKCHMHLX COSTMHEHMIL B CHEAHOM TIOKPOBE A TEPPHTOPHI ATNETHHCKOH ArIONEpAII
oK X B K IPUPO L OBLEKTLD:
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WETESMATB 1| BAUKANBCKOV MEXIYHAPOIHOW HAYYHO-MPAKTUYECKOW KOHOEPEHLIMM (25-30 UIOHSA 2018 T)

OI'JIABJIEHHUE
UPHBETCTBEHHOE CJIOBO or YIIEHOB IIPOIr'PAMMHOI O
ROMHUTETA
CEKIIUA 1. METOAbI, CPEICTBA, METOJ0JIOI'us
HCCJIEJOBAHUSI ®U3UKO-XUMUUYECKHUX CBOWCTB "
COCTABA CHEXHOI'O TIIOKPOBA, ATMOC®EPHBIX
OCAJIKOB, ADPO30JIEN .
FEATURES OF DRIFTING SNOW IN ANTARCTICA
OBSERVATIONS AT MIZUHO STATION
Shuhei Takahashi
SOURCE APPORTIONMENT OF ATMOSPHERIC WATER OVER
EAST ASIA — A SOURCE TRACER STUDY IN CAMS.1
Bin Zhu, Chen Pan
MOHUTOPUHI OU3NKO-XUMNYECKUX [IOKA3BATEJIEN
CHEJXHOTI'O [IOKPOBA AJIMATUHCKOM ATJIOMEPALIU
H A Amupeanues, A.C. Maoubekos, JI.T.Hcmyxanosa, P.A. Kynbekosa...
XAPAKTEPUCTUKA CHEXHOI'O TIIOKPOBA ITPUBPEXHOM
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TIPUBAMKAJIBE) B MHOTOJIETHEM ACITEKTE
A A Ananun, T.JI. Ananuna
CHEXHBIN TIOKPOB, KAK TOPHAS TIOPOJA: JIUTOJIOTO-
CTPATUTPA®UYECKUE KOMIUIEKCBI CHEJXKHOI'O TIOKPOBA

F50.B. I'encuopoeckuii, H.A. Kazaxos

TPAHCOOPMALIMST XMMHUYECKOI'O COCTABA CHEXHOI'O
TIOKPOBA B 3UMHUU ITEPUO/
C_A.Mapxoea, B.H.Maxapoé

TIPUMEHEHUE BECIIMJIOTHOT' O JIETATEJIBHOI'O AIIITAPATA
U U3YYEHUS CHEXXHBIX TTOJIMTOHOB
AA. My3viuenxo, B.A. Jlobkuna
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OKPECTHOCTSIX KOTEJIbHBIX, UCHOJIb3YIOUNX
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CAJIMLWIIOBAST KHCJIOTA - THOLIMAHAT AMMOHUA -
XJIOPOBOJIOPOZIHA S KUCJIOTA - BOJIA

K.K. Tpepunosa, E.H. Anuxuna





image54.jpeg
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MATEPYATTb Il BAKATNIECKOM MEXIYHAPOLHOW HAYUHO-NPAKTUYECKOM KOHOEPEHLIMM (25-30 MIOHA 2018 T)

MOHHUTOPHUHT ®U3NKO-XUMHUYECKHNX MMOKA3ATEJIENA
CHEKHOT'O TOKPOBA AJIMATUHCKOM ATJIOMEPALIMM

H.A. Amnpra.nnenl, A.C. Maaun6exos', JI.T.I/IcmyxaHoaal,
P.A. Kyn6exoa'

' Mucturyr reorpaduu, Anmarsl, Kazaxcran
Email: madibekov@mail.ru

AHHOTAUHSA. Hpeucraxmeﬂu pe3ylbTaThl MCCIEN0BAaHUH XUMHYECKOrO COCTABA CHEXHOIO TNOKpoBa
AJIMaTHHCKOM arJIoMepaLnuu. YcraHoBiena 3HaYUTEIIbHas NPOCTPAHCTBEHHO-BPEMEHHAs
H3MEHYHUBOCTb MUHEPAIU3ALIMH U KOHIIEHTPALMH TSDKEIBIX METAJUIOB B CHETOBOM BOJIE.

KawueBbie c.rlona:3arpﬂ3ﬂeﬂue CHE)XHOI'O IMOKPOBa, KOHLIEHTPALIMS, MHHEpaInu3anus, THKEIbIE Me-
TaJUTbl

MONITORING OF PHYSICO-CHEMICAL INDICATORS OF SNOW
COVER OF ALMATY AGGLOMERATION

N.A. Amirgalievl, A.S. Madibekov', L.T. Ismukhanova’, R.A. Kulbekova'

"nstitute of Geography, Almaty, Kazakhstan
Email: madibekov@mail.ru

Summary.The results of investigations of the chemical composition of the snow cover of the Almaty
agglomeration are presented. A considerable spatio-temporal variability of mineralization and concen-
tration of heavy metals in snow water is established.

Keywords: Pollution of snow cover, concentration, mineralization, heavy metals

AnmatuHckas arnomepanus (AA) sBISeTCS OHOH M3 KpYNHEHIMX B
Kazaxcrane, Kyna BXOIAT 5 aJMHHHCTPATHBHEIX paifoHOB, 188 HaceleHHBIX
nyHKTOB. [Tnomans ee 939,5 Toicsy ra, rae npoxusaet Gonee 2,5 MIIH. YesIOBEK.
Oznnm u3 cnoco60B ONEHKH M3MEHEHHsS YPOBHS M IPOCTPAHCTBEHHBIX Mac-
wTaboB JOKATLHOTO 3arps3HEHHs GONBIIMX TEPPUTOPHH, B TOM HHCIIE arjoMe-
PaluH KPYMHBIX TOPOJIOB SBJISETCS UCCIIE0BaHUE XUMHUYECKOIO COCTaBa CHEX-
HOTro 1MOKpoBa. Mcnonbs3oBanue cHexHoro nokposa (CIT) B kauecTBe MHAMKATO-
Pa 3arpA3HEHHs OKPYXKAKOLIEH CPebl MOCTYXKHT OCHOBOM [UIsi pa3paboTKH TIpo-
THO3MPOBAHMA COCTOSIHHS 3arpA3HEHHs 0OBEKTOB MPHPOAHOM CPEMbl, a TAKKe
PeaIM30BaTh KOHLEMIMIO cOATaHCHPOBAHHOTO PALMOHAIBHOTO HCIOIB30BAHMS
APUPOIHBIX pecypcos (Bacunenxko, 1985; Kacumos, 1995).  Hayuneix  my6-
JHKaUUM TOCBSAIICHHBIX W3y4eHHI0 XxuMuueckoro cocraBa CI1 B Kasaxcrame
BecbMa orpaHuyeHo. llenpro naHHOW paboThI 3aKiOYanach B HCCIEIOBAHHU
xumudeckoro cocrasa CII teppuropun AA. OT60p CHEXHBIX P0G MPOBOMIICS
B TeyeHne Qespans 2018 rona Ha 25 MOCTOSHHBIX TOYKAaX, YCTAHOBICHHBIX C
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MATEPUANBI 1| BAUKANBCKOWM MEXAYHAPOAHOM HAYYHO-NPAKTUYECKOW KOHOEPEHLIMM (25-30 UIOHS 2018 T.)

UCCJIEJIOBAHUE ~ KOJIMYECTBEHHBIX ~ XAPAKTEPUCTUK
METAMOP®HU3MA CHEXXHOI'O [IOKPOBA

L A P PP
CEKUMSI 2. BJMSHUE M3MEHEHHMS KIUMATA H
AHTPOIIOIEHHOM JIESITEJIbBHOCTH HA
XAPAKTEPHCTHKH CHEXHOI'O MOKPOBA,
ATMOC®EPHBIX OCAJIKOB, ADPO3OJIEM.............oooeinni

AHAJIM3 U3MEHEHMI BBICOTHI CHEXHOI'O IIOKPOBA HA
TEPPUTOPHUN PECITYBJIMKU BAILIKOPTOCTAH
R A O LD ook s 48 semie b e coosonsaonesaosonaananssosasns
JIMHAMUKA PEXXKMMA YBJIAXKHEHUST TIPUYEPHOMOPCKOI'O
PEI'MOHA
R b 000 s doe o mearonescoscescassossocsssans
3ATPSIBHEHUE CHEXXHOI'O I[TOKPOBA I'. YJIAH-Y/19

DIFIZED o e PN
TSDKEJIBIE METAJUIbI B CHEXXHOM [TOKPOBE
CEBEPOJIBUHCKOI'O [TPOMBILIUIEHHOI'O PAMOHA

E.HU. Komoea, H.JI. Heanuenxo, /I.Jl. beopuna, A.E. Komeﬂeeiz ............
DOUBNKO-XUMUYECKUE CBOMCTBA  JIOPOXKHOW  IIBLJIA
MOCKBBI

H.E. Kowenesa, K.C. Habeaxuna, A.B. Poioicos, /I.B. Bracos,

H.C. Koo . . o o e S R aighs oo o's o o v 0505858 S W e
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MATEPUATb! Il BAVKATTSCKOM MEX[YHAPOAHOWM HAYYHO-MPAKTUYECKOM KOH®EPEHLIMM (25-30 MIOHT 2018 )

A3POCI/IHOIITI/I‘IE“CKI/IE YCJOBHUA 3KCTPEMAJIBHO BBICOKHUX
KOHIHEHTPAIIMH 3ATPSI3HSIOIINX BEIIECTB B CHEXKHOM
ITOKPOBE

A.B. Yepenunuenko, B.C. Uepennuuenko, Ax1.B. YepeanuyeHko,
A.C. Hpican6aeBa, A.C. ManuGekos, A.P. Kymaannos

Kazaxckuit HaumonansHeIi yausepcurer, Anmatsi, Kasaxcran
E-mail: Ayman.Nysanbaeva@kaznu.kz

AHHOTAIMS. PacCMOTPEHBI @9POCHHONTHYECKHE YCTIOBHS U 0COGEHHOCTH 0GIeil LHPKYJIALUA aTMO-
cepbl, OnpeieNsIONIHE YPOBEHD 3arps3HEHHs CHEra MpH ero BbINA/ICHUH, @ TaKKe YCIOBUs CyXOro
BBITIANICHAA H HAKOILICHHS 3arPA3HAIONIMX BEIECTB B CHEKHOM TOKPOBE. YCTAHOBIEHB! H H3ydEHbI
YCJIOBHS SKCTPEMAIbHBIX KOHUEHTPALMI 3arps3HSIOMX BEIIECTB B BHIMAAIOIIEM CHETE H CHEXHOM
MOKpPOBeE.

KiioueBble c10Ba: CHEXHBI MOKPOB, 3arps3HSAIOLNE BellecTsa, adPOCHHONTHIECKHE YCIIOBHS,
KpPYIHOMACIITaGHbIE MIPOLECCh

AEROSYNOPTICAL CONDITIONS OF EXTREMELY HIGH
CONCENTRATIONS OF POLLUTANTS IN THE SNOW COVER

A.V.Cherednichenko, V.S.Cherednichenko, ALV.Cherednichenko,
A.S.Nysanbayeva, A.S.Madibekov, A.R.Zhumalipov

Kazakh National University, Almaty, Kazakhstan
E-mail: Ayman.Nysanbaeva@kaznu.kz

Summary. Aerosynoptical conditions and features of the General circulation of the atmosphere, de-
termining the level of pollution of snow at its loss, as well as the conditions of dry deposition and ac-
cumulation of pollutants in the snow cover are considered. The conditions of extreme concentrations
of pollutants in snow and snow cover have been established and studied.

Key words: snow cover, pollutants, aerosynoptical conditions, large-scale processes

BBenenne.B ormmune oT JKMAKMX OCAJKOB 3arps3HSAIONIME BEIECTBA (3B) B
cHexHoM nokpose (CII) HaKaNIMBAIOTCS HE TONBKO BO BPEMs BbIIA/CHHS CHe-
Ta, HO M B Te€YCHHE BCero nepuona 3ajneranus CII, nostomy conepxanue 3B B
CII sBnsieTcst MHTErpaibHOM XapaKTepHCTHKOMN cozepkanus 3B B atmochepe u
BBIMABIINX HA CHET 33 BECh [IEPHOJI, TOKA COXPAHSIICS CHEXKHBIIT TTOKPOB.

B cBsi3u ¢ 5TMM M aHATH3 a9POCHHONTHYECKUX YCIIOBHIA TOKEH OTIMYATLCS OT
aHaNM3a YCJIOBUMH, KOT/la Mbl OLIEHHBAEM YCIOBHS HAKOIUIEHHs 3B B wmmkux
ocankax. JUist Takoro aHanusa GBUIH HCIONB30BaHBI COOPHO-KMHEMATHIECKHE
KapThl, OTPaXaKOUKEe MaKPONPOLECCH Ha H3yJaeMOil TEPPUTOPHH, 3a MepHOJ
3aneranus CIT.
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MATEPWATIB Il BARKATIECKOM MEXQYHAPOIHOM HAYHHO-MPAKTUMECKOM KOH®EPEHLIMM (25-30 MIOHS 2018 r)

TSDKEJIBIE METAJLIBI B CHEXKHOM IOKPOBE KA3AXCTAHA

A.B. Yepenuuuenxo, B.C. Yepeanunuenko, An.B. Yepeauuuenko,
A.C. HbicanbaeBa, A.C. Manubekos, A.P. Kymanunos

Ka3axckuii HatmonansHbIit yHHBepcHTeT, Anmatsl, Kazaxcran
E-mail: Ayman.Nysanbaeva@kaznu.kz

AHHOTALMS. Onpeueneﬂm KOHLEHTPALUH TKEIBIX METAJUIOB B CHEKHOM TIOKPOBE, BbISBJICHBI Paiio-
HbI Haubosiee BHICOKMX KOHUEHTpalui, 0603HaYeHbl OCHOBHBIE HCTOYHHKH Bl:le()COB, TNIpUBOJSAILLIHE K
3arpsAi3HEHHIO CHEXKHOTO MOKPOBA U MOYBbI BOKPYT MPOMBINUICHHBIX 30H U KPYIHBIX ropojoB, a TaKxKe
H3y4€Hbl METEOPOJIOTHYECKHE YCIIOBHS, TIpH KOTOPbIX HMEIOT MECTO IKCTPeMallbHble KOHUEHTpalHH
3arpA3HAIOLIMX BEIUECTB, B CHEXKHOM TMOKpOBe.

KioueBbie cii0Ba: Tspkénbie METaJljlbl, CBHHELl, M€/lb, KaZIMHIA, MBILIBSIK, BOJIOPO/IHbIH MOTEHIHAT

HEAVY METALS IN THE SNOW COVER OF KAZAKHSTAN

A.V.Cherednichenko, V.S.Cherednichenko, ALV.Cherednichenko,
A.S.Nysanbayeva, A.S.Madibekov, A.R.Zhumalipov

Kazakh National University, Almaty, Kazakhstan
E-mail: Ayman Nysanbaeva@kaznu.kz

Summary.The concentrations of heavy metals in snow cover were determined, the areas of the highest
concentrations were identified, the main sources of emissions leading to pollution of snow cover and
soil around industrial zones and large cities were identified, and the meteorological conditions under
which extreme concentrations of pollutants occurred in snow cover were studied.

Key words: heavy metals, lead, copper, cadmium, arsenic, hydrogen potential
BBenenue

B Hacrosimiee Bpemst B atMocdepy 3emmn exeronno BBIOpAcChIBaeTCs OT
TPeX 10 {ETRIPEX MUJLIMAPIIOB TOHH 3arpA3HAIONMX BELIECTB, IIPH 3TOM IPO-
MBILIEHHOCTh Kasaxcrana Toxke BHOCHT CBOH «BKJIag» B BHAE OKOJIO Tpex
MHJUIHOHOB TOHH. OT €CTECTBEHHBIX HCTOYHHKOB TOCTYNaeT 10 12 MJIpA. TOHH
B IO pasiH4HBIX BemecTB. Takum 06pa3oM, MPOMBIILIEHHOCT U TPaHCIIOPT
TOCTaBIIAET B atMochepy ot 17 10 35 % 3arps3HSIOLIMX BEIIECTB. ITpu sToM
00BeMBI BEIOPOCOB YABaMUBAIOTCA Kaxaple 15-20 ner. 3HauuTenbHEIH BKiIan B
3arpa3HeHHe BO3AYIIHOTO Gacceitna Kasaxcrana BHOCHT TpaHCrpaHH4HBII mie-
PEHOC 3arpA3HAIOIIMX BELIECTB C CONpenenbHbIX crpa (Pocens, Kuraii, CTpaHbI
Cpenueii Asnm) 1 nansHero 3apy6esxbs. CoriacHo psly HCTOYHHKOB OH MOXKET
OH MOXeT focturath 10-12 % ot HabmomaeMbIx KOHIEHTPALMH psJla HHIPEIH-
eHTOB. ECTeCTBEHHO, 4TO yacTh 3arpsA3HSIOIMX BEIIECTB BEIHOCHTCS HA Teppu-
TOPUH COCEIIHUX rocynapcTs u3 Kaszaxcrana.

110




image60.jpeg
;3 @ R = (A)
N D

Mumcrepcreo
06p23083HMA ¥ Hayw PO

Marepuans! || BaiikanbcKoi MexxayHapoaHoN WpkyTck Ba»'m?
Hay4HO-MPaKTUYeCKoi KoHdepeHLMM 25-30 wown 2018

CHEXHbIV MOKPOB,
ATMOCOEPHbIE OCAOKMW,
A3P030J1U:
TEXHOJIOIMUA,

KJIMMAT U 3KOJ10I' 1A

Reports of the second Baikal International Scientific Irkutsk, lake Bailaly £,
and Practical Conference June, 25-30 P

SNOW COVER, ATMOSPHERIC
PRECIPITATION, AEROSOLS:
TECHNOLOGY, -«namiis

y# CLIMATE AND ECOLOGY





image61.jpeg
“CHEXHbI NOKPOB, ATMOC®EPHbIE OCALKIN, ASPO30/M: TEXHONOIMA, KNUMAT 1 3KONOrns”

MATEPUANBI 1| BANKANBCKOWM MEXAYHAPOHOM HAYYHO-MPAKTUHECKOW KOHOEPEHLIMM (25-30 MIOHSA 2018 T)

UCCJIEJJOBAHUE ~ KOJIMYECTBEHHBIX  XAPAKTEPUCTHK
METAMOP®U3MA CHEXXHOT'O ITTOKPOBA

L R S P

CEKIMSI 2. BJUSHUE W3MEHEHHS KJIUMATA H
AHTPONIOIEHHOM JAESATEJIBHOCTH HA
XAPAKTEPUCTHKH CHEXHOI'O IIOKPOBA,
ATMOC®DEPHBIX OCAZIKOB, ADPO3OJIEM..............cooiinni

AHAJIN3 U3MEHEHMI BBICOTBhI CHEXHOI'O TIOKPOBA HA
TEPPUTOPHUH PECITYBJIMKH BAILIKOPTOCTAH

L I T O s es tassbsenessasanasanncennassosancasaseonannne
JIMHAMMUKA PEXXMMA YBJIAXKHEHHUS [TPUYEPHOMOPCKOI'O
PEI'MOHA

L R de U0 0n dass oo nmonoeeosssuncosanonassonase
3ATPSI3HEHUE CHEXXHOI'O TIOKPOBA T'. YJIAH-YJID

VIRIZE G el
TSDKEJIBIE METAJUIbI B CHEXXHOM [TOKPOBE
CEBEPOJIBUHCKOI'O ITPOMBIIIJIEHHOI'O PANOHA

E.U. Komosa, H.JI. Heanuenko, J{./l. beopuna, A.E. Komeﬂeeg ............
®U3UKO-XUMUYECKUE CBOMCTBA  JIOPOXXHOM  IIbUIA
MOCKBBI

H.E. Koweneea, K.C. Habenxuna, A.B. Pwvioicos, /|.B. Bracos,

H.C Kacumos. ..o s e oS S BB . oo - oo oo 60 G b e e oo
OCOBEHHOCTU XUMHWYECKOI'O COCTABA ATMOC®EPHBIX
OCAJTIKOB HA TEPPUTOPUHN CEBEPO-3AITIAJTHOI'O
OEJNEPAJIBHOI'O OKPYT'A

BCrCemetety.. o el L NTTTITT PO
BJIMSIHUE KIIMMATUYECKUX W3MEHEHMHM HA BBICOTY
CHEXXHOI'O TIIOKPOBA TII0 PEMKE W MAPIIPYTHOU
CHETOCBEMKE HA PABHMHHOWM TEPPUTOPUH POCCUM

A.B. Cocnoeckuii, HH. Ocokun, I'A. YepHAKOG. ............ccovvvveiniininnnn
AHAJIM3 KJIUMATUYECKHMX VYCJIOBU U CTPOEHMS
CHE)XHOT'O TIOKPOBA 3MMOM 2017/18 T B MOCKBE

JIM, DPONOB......c.cuuiviruerunrinneniiiiiieniransnosrssiastsssasssssenimcnesnnsans
ADPOCHUHOIITUYECKHUE YCJIOBUA DKCTPEMAJIBHO
BbICOKUX KOHLIEHTPALIMI 3ATPA3HSIOLIMX BEIIECTB B
CHEXXHOM IIOKPOBE

A.B. Yepeonuuenxo, B.C. Yepeonuuenxo, An.B. Hepeonuuerko,

A.C. Hvicanbaesa, A.C. Maoubekos, A.P. Kymanunoe.......................
TSDKEJIBIE METAJIJIbI B CHEXXHOM TTOKPOBE KA3AXCTAHA
A.B. Yepeonuuenxo, B.C. Yepeonuuenxo, An.B. Hepeonuuerko,

A.C. Hvicanbaesa, A.C. Maoubekos, A.P. Kymanunos........................

6

65

70

71

73

80

83

86

92

96

100

CHEXHbIN MOKPOB, ATMOCOEPHBIE OCAKW, ASPO30MM: TEXHOMOMUSA, KTUMAT U 3KONOrUst”

MATEPUANbI Il BAUKANBCKOM MEXAYHAPOHOW HAYYHO-NPAKTUYECKOWM KOH®EPEHLIUM (25-30 UIOHA 2018 T.)

JIETKOJIETYYHME OPTAHUYECKUE COEJIMHEHNS Y BEPBEHOH
B CHEXXHOM ITOKPOBE BPATCKA

H.H. Anyenxo, O.B. beonosa, FO.C. Bykun, B.A. Pyscuukos,

M A. JKusemves; M. FOsKpDaCHONEEE. . i iihiys it svasiitaid e s b st s st
TEMIIEPATYPA 1 KOJIMYECTBO ATMOC®EPHBIX OCAJIKOB B
XOJIOJIHBIH ITEPUOJIA TOJIA B TOPOJIE BPATCKE

B 1. Snenio; A QouSaa L i Ty o ol B ComBys )
CEKLUS 3. OHEHKA BJIMSIHUSI CHEXXHOI'O ITOKPOBA,
ATMOC®EPHBIX OCAJIKOB, ASPO30JIEI HA TIPUPO/IHBIE,
COUUAJIBHO-95KOHOMUYECKHUE CUCTEMBI M 3/10POBLE
BENOBERA R mew v r i et sapnaa® D il Siee el e
[TPOCTPAHCTBEHHOE PACIIPEJIEJIEHUE BEJIMYNH
BBIMAJIEHUN TSDKEJIBIX METAJJIOB C ATMOC®EPHBIMU
OCAJZIKAMHU B KA3BAXCTAHE

A.C. Maoubexos, A.C. Hoicanbaesa, JI.B. Kocymenxo.......................
PABJIMYHOE  BJIMSIHUE  CHEXHOI'O  ITOKPOBA HA
JIEOOPMAIIMMCKJIOHOB PEK ITPU CE30HHBIX U3MEHEHUSIX
TEMITIEPATYPBI

O.A. Macnuxoea, H.H. I'puyyk, E.H. Jlonzononosa, J.H. Honoa..............
AHAJIM3 JIMAHAMHMKU AHTPOIIOTEHHOM HATPY3KM HA
TEPPUTOPUUN UPKYTCKOM OBJIACTU

1.A.Oznés, O.H. Llyrveuna

CEKIUA 4. MOJEJIMPOBAHUE ATMOC®EPHBIX
IIPOIIECCOB, U3MEHEHUS KJIMMATA, XUMUH
ATMOC®DEPBI 141 XAPAKTEPUCTHUK CHEXXHOTI'O
INOKPOBA

IIMING OF EFFICIENT SNOW CLEARANCE FOR SUMMER
OPERATION AT SYOWA STATION, ANTARCTICA
Ishizawa Kenji

ASSESMENT OF THE SNOW COVER FORMATION AND SPATIAL
DISTRIBUTION ON THE MOUNTAIN PAMIR CLIMATIC ZONES
P.I. Normatov, I.Sh. NOrmatov...........c..oeueeneueisieeiie e

C'LASSIFICATIONS OF SNOW AND ICE
Shuhei Takahashi... ...... ... ..

NORTHERN HEMISPHERIC MERIDIONAL CIRCULATION IN
ASSOCIATED WITH ARCTIC WARMING INTENSIFYING WINTER
HAZE IN EAST CHINA

Zhao Tianliang, Xiangde Xu, Wenhui Zhu, Juan Li, YinjunWang,

BRNE Litt, Yang ZRao. ... «.:vswesissvvsssssassmsnssssisonsssssmsmans sanans ssssme s

MEASUREMENTS AND PARAMETERIZATION OF
ATMOSPHERIC ICE NUCLEI IN DIFFERENT REGIONS OF CHINA
). Yin, H. Jiang, K. Chen, andsS.Liu

121

128

129

136

141

147

148

153

158

163





