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REPORT

Report  38 p., 38 figures, 7 tables, 25 sources, 5 appendixes.
MOSSES-BIOINDICATORS, HEAVY METALS, RADIONUCLIDES, ATMOSPHERIC PRECIPITATION, NEUTRON ACTIVATION ANALYSIS
Object of study: The content of heavy metals and radionuclides in the air in central Kazakhstan.
Purpose: to determine the degree of contamination with toxic elements using bioindicators.
Methods:
- (1) instrumental neutron activation analysis (INAA),
- (2) atomic adsorption spectrometry (AAS).
Research results:  The method of moss biomonitors in combination with neutron activation analysis was used to determine the level of heavy metals in the territory of the Karaganda region. All experiments were carried out at the PFR-2 reactor using the REGATA pneumatic transport unit, based on instrumental neutron activation analysis (INAA) at the Neutron Physics laboratory of the joint Institute for Nuclear Research. The final stage of the work is the mapping of the studied territory based on the data obtained using GIS technologies.
Field of application:  The results of such research will serve as a good basis for local administrations and environmental services in solving problems of environmental protection, assessing the risk to human health living in polluted regions. Based on the small number of territories studied, we can say that it is necessary to increase the sampling area and continue work throughout the territory of the Republic of Kazakhstan in order to study the state of the atmosphere in detail.
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LIST OF ABBREVIATIONS AND SYMBOLS 

In this draft, the following terms are used with the appropriate designations:

PFR-2 – pulse fast reactor;
NAA – neutron activation analysis;
AAS – atomic absorption spectrometry;
LNP of JINR – Laboratory of neutron physics of the joint Institute for nuclear research;
HM – heavy metals;
GIS - geographical information technology;
SLI – short-lived isotopes;
LLI – long-lived isotopes




















INTRODUCTION
	
Relevance of the work. Air pollution is one of the main problems facing humanity over the past few decades. Among the numerous substances released into the atmosphere as a result of anthropogenic impacts, special attention is paid to heavy metal. Increasing accumulation of heavy metals (HM) can lead to disruption of the ecological balance, and HM can also cause serious diseases in humans.
	Scientific novelty. Currently, the method of mosses-bioindicators is being actively developed for atmospheric air biomonitoring. In the late 1980s, the international cooperative program for studying the effects of air pollution on natural vegetation and crops (ICP Vegetation, formally ICP Crops) was founded. ICP Vegetation is attended by scientists from 40 countries (Harmens et al., 2013b). The program is coordinated by the Centre for Ecology and Hydrology (CEH) in Bangor, UK. Since 2014, the joint Institute for nuclear research (JINR) (Dubna, Russian Federation) has been coordinating European simultaneous moss collections (https://icpvegetation.ceh.ac.uk/) [1-3]. The laboratory of neutron physics of the joint Institute for nuclear research (JINR) has been working for many years to study air pollution with heavy metals using neutron activation analysis [1]. since 2015, Kazakhstan has been participating in this program of the UN Commission on long-range transboundary transport of air pollution in Europe (UNECE LRTAP) using the moss-biomonitor method [2]. This paper presents for the first time the results of studies on heavy metal pollution in Central Kazakhstan.
	The purpose of the work is to determine the degree of contamination in the Karaganda region with toxic elements using bioindicators.
​	Tasks:
· collect samples of moss samples in the Karaganda region of the Republic of Kazakhstan;
· analyzing scientific data on the indicator values of mosses; ​
· correlate the results of analyses identified by the NAA and AAS methods;
· correlate points of contamination of the territory from other countries with the results of the work;
· generate maps of the distribution area of heavy metal pollution using GIS technologies;
· summarize the results of the study;
· summarize the level of contamination of the area under development.
	Scientific and practical significance. In the field of atmospheric precipitation biomonitoring, project group C of The Gumilyov ENU works with the Joint Institute for nuclear research (JINR) of the Russian Federation (RF). since 2014, the UN air Europe Program has been implemented from the JINR [2,3].
	The work was performed in the laboratory of neutron physics, in the sectors of activation analysis and radiation research of the I. M. Frank research and experimental Department of physics of the joint Institute for Nuclear Research, Dubna, Moscow region, Russian Federation.  Today's analysis was carried out on the basis of the PFR -2 pulse fast reactor of the LNP of the JINR, including in the laboratory of the Department of chemistry, new technologies and materials of the Dubna State University.
The interim report for 2018 "Study of atmospheric deposition of heavy metals and radionuclides in some regions of the Republic of Kazakhstan using the analysis of moss bio-monitors" was registered with the inventory number 0218PK00354 in the National center of science and technology evaluation. 
The interim report for 2019 "Study of atmospheric deposition of heavy metals and radionuclides in some regions of the Republic of Kazakhstan using the analysis of moss bio-monitors" was registered with the inventory number 0219PK00287 in the National center of science and technology evaluation. 













1 The choice of research direction

In the modern world, the degree of anthropogenic impact increases with the technical equipment of society. At the first stages of anthropogenic development, it was extremely weak. However, with the development of society and labor productivity, the situation began to change dramatically. The last century was called the century of scientific and technological progress. At this time, such spheres of human life as science, technology and technology began to develop progressively, opening up new opportunities for humanity and, at the same time, creating a new global problem for it – the environmental one. What does the term "ecology" mean? This word was first proposed by the German biologist E. Haeckel in 1866, meaning science, the subject of which is the relationship between man and nature.
A comprehensive environmental assessment of the human environment is possible only with well-organized environmental monitoring. In this environmental assessment involves the following steps: identification and comprehensive characterization of sources of environmental pollution, trace pollutants flows through all possible channels of migration, biogeochemical assessment of migration and concentration of pollutants in living organisms directly in the polluted zones, and with regard to their transfer through trophic chains, revealing the dynamics of environmental pollution and materials looking.
The chemical industry makes a special "contribution" to global pollution. Man-made factories pollute the air with substances such as dust, fuel oil ash, sulfur and nitrogen oxides, various toxic compounds, etc. Sampling of atmospheric air revealed its catastrophic condition, which caused many chronic respiratory diseases. Air pollution is an acute problem known in every corner of our planet. Cities where oil refining, chemical, metallurgical, energy, construction, and pulp and paper industries operate have a critically high level of pollution [4]. In addition, boilers and motor vehicles, releasing combustion products into the atmosphere, also poison the air. Together, all of the above factors are anthropogenic causes of atmospheric pollution. Among the numerous substances released into the atmosphere as a result of anthropogenic impacts, special attention is paid to heavy metal. Increasing accumulation of heavy metals (HM) can lead to disruption of the ecological balance, and HM can also cause serious diseases in humans. For these reasons, it is very important to work together across sectors and national borders. In order to improve air quality at various levels, member States of The United Nations economic Commission for Europe are successfully working to gradually reduce and prevent air pollution in the region. One of the means to achieve this goal was the Convention on long-range transboundary air pollution, which was signed in 1979. Over the years, it has been expanded into eight protocols that define specific measures that Parties should take to reduce their air-polluting emissions. The air Convention provides access to emission data, measurements and models. It also contains information on the effects of air pollution on ecosystems, health, crops, and materials [3]. The source of the chemical compounds are at ground level, and they mix with the air of the troposphere. They are called primary pollutants. Some of them may react chemically with other pollutants or with air components and form secondary pollutants. As a result, photochemical smog and acid rain are observed, and ozone is formed in the surface layer of the atmosphere. Photochemical acids contained in the atmosphere are dangerous for human health and environmental changes [4]. Despite the fact that heavy metals are usually called a group of chemical elements with an atomic mass of more than 40, some trace elements that are vital are also part of this group.
	Since the industry is rapidly developing, and therefore the environment is polluted, the most attention is paid to anomalies of elements, mainly HM, that have an industrial origin.



















2 Research methodology
2.1 Neutron activation analysis

	Neutron activation analysis (NAA) is a nuclear process used to determine the concentrations of elements in a sample. The range of elements determined by the rector of the PFR-2 LNP of JINR for vegetation includes Ag, Al, As, Au, B, Br, Ca, Cd, Ce, Cl, Cr, Cs, Cu, Dy, Eu, Fe, Ga, Hf, Hg, I, Ir, K, Li, Mg, Mn, Zn, Mo, Na, Ni, Rb, Sb, Se, Sn, Ta, Te, Th, W, V, U. analysis in most practical cases is from 1 to 10 percent, and the detection limit is from hundreds of nanograms to units of picograms.
	Neutron activation analysis is divided into:
	1) Radiochemical neutron activation analysis (RNAA), involving the use of chemical procedures to isolate activated elements in their pure form. 
	2) Instrumental neutron activation analysis (INAA), in which the identification and quantitative determination of elements in an irradiated sample is carried out selectively, using the variation of irradiation conditions – (energy of bombarding particles, the exposure time), and given the nuclear properties of elements and the resulting radionuclides (particularly schema-defined decay of radionuclides, half-life) [5,6].

2.2 Atomic absorption spectrometry
Atomic absorption spectrometry (AAS) is an instrumental method of quantitative elemental analysis that is widespread in analytical chemistry (modern methods of atomic absorption determination allow determining the content of almost 70 elements of the Periodic system) using atomic absorption spectra to determine the content of metals in solutions of their salts. AAS is characterized by high selectivity, sensitivity, and expressiveness. The development of this method of analysis, its improvement and wide acceptance in the entire field of analysis have fundamentally expanded the capabilities of analytical chemistry. For example, in many cases, the use of AAS for determining traces of metals has led to a significant displacement of such a well-known method as spectrophotometry, which is inferior to atomic absorption in selectivity, labor intensity and sensitivity. In terms of performance and speed of analysis of large batches of the same type of samples, flame absorption is superior to such classical chemical methods as gravimetric, titrimetric, spectrophotometric, electrochemical, etc. When determining ultra-low concentrations of individual elements, electrothermal atomic absorption successfully competes with many instrumental methods of analysis. At the moment, the AAS will allow you to identify about 70 elements – metals and non-metals. For most of the detected elements, it is possible to achieve relatively low detection limits: in the flame version – from tenths to tens and hundreds of micrograms/l; in the electrothermal version – from thousandths to tenths of micrograms/l. The absolute detection limits in the flame are-10-1 – 105ng, in the electrothermal version - 10-5 – 10ng. Also, the advantage of AAS is its versatility in relation to a wide variety of objects of analysis, as well as the possibility of using it both to determine traces and to reliably and accurately determine the main components in samples of complex compositions [7].
	The method of mosses-biomonitors in combination with neutron activation analysis was used to determine the level of heavy metals in some part of the territory of Kazakhstan. All experiments were performed at the PFR-2 reactor using the REGATA pneumatic transport unit, based on instrumental neutron activation analysis (NAA) in the Neutron Physics laboratory of the joint Institute for Nuclear Research [5,8-11].
38 moss samples were collected on the territory of Central Kazakhstan, which is home to 35 major mining and processing enterprises (Figure 1-2). 6 species of mosses were collected: Hypnum cupressiforme, Brachythecium salebrosum, Abietinella abietina, Homalothecium sericeum, Homalothecium philippeanum, and Homalia trichomanoides (Figure 3) [12-14]. Sampling was carried out in accordance with the UN program [15-17] [https://icpvegetation.ceh.ac.uk/get-involved/manuals/moss-survey].
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Figure 1 – The main map of sampling points in Karaganda region
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Figure 2 – The map of sampling points in the Karaganda region
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а) Hypnumcupressiforme
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б)Brachythecium salebrosum
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в) Abietinella abietina
	
[image: Изображение выглядит как внутренний, маленький, сидит, женщина

Автоматически созданное описание]
г) Homalothecium sericeum
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д) Homalothecium philippeanum
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е) Homalia trichomanoides


Figure 3 - Types of mosses used in the study
	Samples were prepared for irradiation in the SNAPPY chemical laboratory. Moss samples were not crushed,  but dried at room temperature to a constant weight (Steinnes et al, 1994).
	To determine the elements by short – lived isotopes, moss samples of about 0.3 g were Packed in plastic bags and in aluminum cups-by long-lived isotopes (Figure 4) [10,11,18].
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Figure 4 - Packed samples moss samples for NAA

2.3 Irradiation process at the PFR-2 rector and processing of gamma-spectrometric information
	Instrumental neutron activation analysis (INAA) was performed at the PFR-2 pulse reactor at the JINR LNF in Dubna, using the REGATA pneumatic transport unit (PTU). Containers with samples for the determination of long-lived radionuclides were irradiated for 4-5 days in a channel with a cadmium screen. After irradiation, the samples were repackaged especially clean in plastic containers for measuring induced gamma activity. The induced gamma activity of the samples was measured twice after 4-5 days ( As, Br, K, La, Na, Mo, Sm, U, and W) and 20 days (Ba, Ce, Co, Cr, Cs, Fe, Hf, Ni, Rb, Sb, Sc, Sr, Ta, Tb, Th, Yb, and Zn). The measurement time was 40-50 minutes and 2.5-3 hours, respectively. To determine short-lived isotopes, moss samples Packed in plastic containers were irradiated for 3-5 minutes. After 5-7 minutes, induced gamma activity was measured twice for 3-5 minutes and 10-15 minutes sequentially. The induced gamma activity was measured using Ge (Li) detectors. The detector resolution is usually characterized by a resolution on the g-lines of 60 Co (1332 Kev) and 57 Co (122 Kev). The resolution of the detectors used at the REGATTA is 2.5-3 Kev. The GENIE 2000 program package was used for processing gamma spectra, which includes the procedure for processing the gamma spectrum (automatic search for peaks, identification of radioactive isotopes, and determination of the concentrations of elements contained in the test sample), developed at the JINR LNF [1,5,8].

2.4 Sample preparation for atomic absorption analysis
	For AAS, 0.3 g of moss samples were taken and placed in Teflon vessels. Then 5 ml of nitric acid and 2 ml of hydrogen peroxide were added to the sample vessels. For complete decomposition, the vessels were placed in a microwave system (Mars-6 microwave sample decomposition system, CEM(USA)). The samples were decomposed in two stages. At the first stage, at a temperature of 160 0C, a pressure of 20 bar, a power of 400 V, and a time of 15 minutes. At the second stage, the temperature, pressure, and power remained unchanged, with a time of 10 minutes. After cooling to room temperature, the samples were transferred to a 100 ml flask and brought to the label with bi-distilled water [7].
	Cd, Cu, and Pb were determined using an ICE 3400 atomic absorption spectrometer with electrothermal (graphite cell) atomization (Thermo Fisher Scientific, USA).
	Quality control. Calibration solutions for AAS were prepared from a standard solution of 1 g/l (AAS standard solution; Merck, DE). For quality control, the NAA used the following certified standards of the National Institute of standards and technology (NIST, Gaithersburg, MD, USA): 1632c (NIST), 1633b (NIST), 1547(NIST). 1549 (NIST), 1633c (NIST), 2709 (NIST), as well as the IAEA reference material SL-1(IAEA).












3 	Results and discussions
	In total, 39 elements (Na, Mg, Al, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Br, Rb, Sr, Zr, Cd, Sb, I, Cs, Ba, La, Ce, Nd, Sm, Tb, Tm, Hf, Ta, W, Au, Pb, Th, and U) were determined using NAA and AAC. The median values and concentration ranges for the studied elements are shown in table 1 (Appendix A, B, and C). When studying the content of heavy metals in the territories near the Karagailinsky mining and processing plant and the Kentobe mine, moss samples were found to contain an excess of copper, zinc, manganese, iron, tungsten and lead. At the Kentobe mine, iron ore is extracted by open-pit mining. The source ore consists of heavy metals, which are released into the atmosphere as inorganic dust during transportation and processing of the ore. Mosses collected at a distance of 100 km from the copper smelter have the highest concentrations of zinc and copper. High lead concentrations are observed at points near the Balkhash mining and metallurgical plant and the Karagailinsky mining and processing plant [15-17]. The results indicate a high level of contamination with copper, zinc, lead and other toxic elements.
3.1 The results of neutron activation analysis and atomic absorption spectrometry
Table 1 - Average, median, minimum, maximum values of 39 elements obtained using NAA and AAS mg/kg
	Element
	Average
	Median
	Minimum
	Maximum

	1
	2
	3
	4
	5

	Na
	605,08
	441,5
	187
	2060

	Mg
	2385,8
	1835
	1180
	5850

	Al
	3227,8
	2435
	967
	11600

	Cl
	412,1
	124
	56
	2290

	K
	7003,4
	5740
	3330
	18200

	Ca
	8010,5
	6890
	3970
	15700

	Sc
	0,7
	0,49
	0,103
	5

	Ti
	147,8
	121,5
	39
	525

	V
	4,2
	3,1
	0,8
	18

	Cr
	6,3
	5,4
	3,2
	15,2

	Mn
	187,7
	154
	53
	584

	Fe
	1732,1
	1395
	501
	5050



continuation of table 1
	1
	2
	3
	4
	5

	Co
	0,7
	0,615
	0,326
	1,47

	Ni
	2,9
	2,45
	1,1
	6,2

	Zn
	61,1
	49
	16,5
	179

	As
	1,2
	1,1
	0,21
	3,16

	Br
	9,4
	5,45
	1,5
	48

	Rb
	12,8
	10,05
	4,95
	38

	Sr
	39,1
	31,25
	18
	93

	Zr
	11,8
	7,95
	2,3
	55

	Sb
	0,2
	0,198
	0,042
	0,78

	I
	2,7
	1,615
	0,63
	30

	Cs
	1,1
	0,313
	0,083
	12,2

	Ba
	124
	114
	10,7
	305

	La
	5,5
	2,25
	0,74
	55

	Ce
	5,8
	3,655
	0,96
	27,6

	Nd
	6
	2,5
	0,15
	49

	Sm
	1,4
	0,45
	0,115
	12

	Tb
	0,4
	0,076
	0,02
	3,46

	Tm
	0,4
	0,06
	0,005
	4,5

	Hf
	0,2
	0,15
	0,07
	0,88

	Ta
	0,1
	0,033
	0,01
	0,287

	W
	0,5
	0,315
	0,083
	3

	Au
	0
	0,004
	0,001
	0,026

	Th
	0,9
	0,4275
	0,19
	12

	U
	4,5
	0,14
	0,063
	67

	Cu
	10,7
	9,27
	5,43
	21,88

	Cd
	0,2
	0,21
	0,03
	0,52

	Pb
	6,9
	6,95
	1,47
	16,71



3.2 Correlation analysis
Correlation analysis is a category of mathematical statistics that groups methods for studying relationships between random factors. The purpose of this analysis is to extract information about variables. If the goal is achieved, then the variables are interrelated, that is, they are correlated. Correlation means that the values of one variable change when the values of another variable change proportionally. Correlation does not imply a causal relationship between variables. Correlation analysis tools can have different correlation coefficients. The coupling coefficients are chosen depending on the methods of measuring variables, as well as the nature of the relationship between them [19].
	High correlation coefficients (R) between some pairs of elements (R>0.80) indicate a strong relationship between these elements and suggest a single source of their entry into the atmosphere (Figures 5-8).
	Let's look at the possibilities of using the data Analysis package in Microsoft Excel when performing correlation analysis.
The correlation is interpreted based on:
1) the correlation coefficient (r) and its square – the coefficient of determination (R2), which indicate the strength of the relationship; R2 is the proportion of variation common to two variables (in other words, the "degree" of dependence or connectivity of two variables);
2) the significance level calculated for each correlation coefficient, which allows us to judge the reliability of the correlation;
3) visual communication analysis.
	To perform a correlation analysis, select the data Analysis option in the Data menu. In the window that appears, select an option. Correlation.
	In the Correlation window, enter the Input interval – the data to be analyzed. In our example, grouping is performed by columns (the columns contain separate indicators by country). The Place mark field in the first row should be marked if the input interval is set together with the column/row headers.
	In the output parameters section of the Window, specify where to output the correlation matrix (a square (or rectangular) table where the correlation coefficient between the corresponding parameters is located at the intersection of the corresponding row and column) [19].
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Figure 6 - Correlation ratio of Ti and Al
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Figure 7 - Correlation ratio of Fe and Cr
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Figure 8 - Correlation between Ce and La
	
For example, the correlation coefficient R=0.86 between Cr and Fe clearly indicates that the single source of atmospheric precipitation of these elements is metallurgical production in the Karaganda region. The presence of Fe, Zn, Pb, V, Cu, W proves that iron ore is extracted in the region.

	3.3 Multivariate statistical analysis (factor analysis)
	To identify possible sources of environmental pollution by certain elements, we used the analysis of the main components (Principal Component Analysis) [20]. Factor analysis was used to identify the main components (factors). In contrast to correlation analysis, which establishes paired correlations (dependencies between pairs of elements), factor analysis allows you to identify dependencies between groups of data (in our case, these are elements that characterize a particular source of pollution). This approach is widely used in the analysis of atmospheric precipitation [21]. 
Table 2 shows data from the analysis of the main components (factor analysis) obtained using the standard program. Taking into account the structure of the region's industry and the location of individual plants and plants, we can offer the following interpretation of the results of factor analysis.
	Factor 1: Light (Al, Mg, Ti, Ca, Sr, Cs, Ba) and heavy (Zn, Fe, Cr, Co, Ni, As) components of the earth's crust. In addition, the presence of Fe, Mn, Si confirms that iron ore is mined in this area.
	Factor 2: The main components of this factor are La, Ne, Sm, U, Nd, Tb, Mo, Th, Br, Sb. The elemental composition (U, Sb, Mo) is associated with the production of U, Mo concentrate.
	Factor 3: Includes I, Mn, and K. The Mn element is most likely associated with the interaction of moss with higher vegetation. This factor corresponds relatively well to the wooded areas of the region.
	Factor 4: Consists of Se and Cl - associated with the food industry.
Table 2 - Value of factor loads
	Element
	Factor 

	
	F1
	F2
	F3
	F4

	1
	2
	3
	4
	5

	Na
	0,88
	0,29
	0,13
	-0,1

	Mg
	0,8
	0,38
	0,29
	-0,2



continuation of table 2
	1
	2
	3
	4
	5

	Al
	0,82
	0,46
	0,08
	-0,14

	Si
	0,62
	0,14
	0,34
	0,1

	Cl
	0,25
	0,24
	0,08
	0,71

	K
	0,24
	-0,32
	0,61
	0,43

	Ca
	0,7
	0,45
	0,26
	0,04

	Sc
	0,9
	0,4
	-0,1
	0,04

	Ti
	0,87
	0,3
	0,07
	-0,19

	V
	0,84
	0,37
	0,1
	-0,11

	Cr
	0,88
	0,41
	0,04
	0,08

	Mn
	0,16
	-0,02
	0,73
	0,39

	Fe
	0,85
	0,49
	0,16
	0,02

	Co
	0,86
	0,45
	0,01
	0,09

	Ni
	0,85
	0,36
	0,1
	0,14

	Zn
	0,76
	0,21
	0,43
	0,22

	As
	0,6
	0,58
	0,22
	0,22

	Se
	-0,24
	0,02
	0,04
	0,78

	Br
	0,24
	0,74
	0,19
	0,15

	Rb
	0,72
	-0,03
	0,25
	0,33

	Sr
	0,69
	0,47
	0,03
	0,27

	Zr
	0,65
	0,63
	-0,03
	0,25

	Mo
	0,49
	0,79
	0,1
	-0,11

	In
	0,47
	0,12
	0,24
	0,29

	Sb
	0,56
	0,71
	-0,02
	0,25

	I
	0,2
	0,19
	0,83
	0,02

	Cs
	0,81
	0,23
	-0,22
	0,11

	Ba
	0,85
	0,35
	-0,11
	0,17




continuation of table 2
	1
	2
	3
	4
	5

	La
	0,23
	0,95
	0,07
	0,05

	Ce
	0,27
	0,92
	0,02
	0,14

	Nd
	0,38
	0,89
	0,14
	-0,03

	Sm
	0,39
	0,9
	-0,01
	-0,01

	Eu
	0,61
	0,62
	-0,22
	-0,14

	Tb
	0,5
	0,84
	-0,08
	0,1

	Yb
	0,59
	0,66
	0,15
	0,21

	Hf
	0,67
	0,58
	0,02
	0,2

	Ta
	0,8
	0,48
	0,15
	-0,02

	W
	0,77
	0,4
	0,33
	-0,04

	Au
	0,13
	-0,21
	-0,74
	0,22

	Th
	0,58
	0,75
	0,23
	0,03

	U
	0,19
	0,9
	0,12
	-0,12



	In order to find out the level of pollution in the region, the limits of permissible concentrations for each element are indicated [22].
Table 3 - Limit of permissible concentration for heavy metals in soils
	The name of the elements
	Limit of permissible concentration, mg/kg

	Pb
	32

	Cu
	3

	Cr
	6

	Mn
	1500

	Zn
	23


[bookmark: _heading=h.gjdgxs]
As can be seen from table 3, the permissible concentration limit is exceeded by elements such as Cr (samples 1, 17, 20), Cu (at all points except 27), and Zn (at all points except 7, 38). This is due to the fact that a large number of industrial enterprises operate in the area under study. Mining and processing enterprises such as Kazakhmys Corporation LLP, Arcelor Mittal Temirtau, Nova-zinc JV LLP, Zhairemsky GOK OA, ABS-Balkhash GRK JSC, Shubarkolsky Section JSC and others operate in the Karaganda region. In total, there are 35 major mining and processing enterprises in Central Kazakhstan. There are also 31 processing plants and 9 processing plants in the region. Table 4 shows the concentration values and corresponding pollution levels [22].

Table 4 - Heavy metal pollution levels
	Element
	Levels corresponding to the degree of contamination, mg/kg

	
	I level,
	ІІ level,
low
	ІІІ level,
middle
	IV level,
high
	V level,
very high 

	Cd
	<PC
	PC up to 3
	3 – 5
	5 – 20
	>20

	Pb
	<PC
	PC up to 125
	125 – 250
	250 – 600
	>600

	As
	<PC
	PC up to 20
	20 – 30
	30 – 50
	>50

	Zn
	<PC
	PC up to 500
	500 – 1500
	1500 – 3000
	>3000

	Cu
	<PC
	PC up to 200
	200 – 300
	300 – 500
	>500

	Co
	<PC
	PC up to 50
	50 – 150
	150 -300
	>300

	Ni
	<PC
	PC up to 150
	150 – 300
	300 – 500
	>500

	Mo
	<PC
	PC up to 40
	40 – 100
	100 – 200
	>200

	Ba
	<PC
	PC up to 200
	200 – 400
	400 – 2000
	>2000

	Cr
	<PC
	PC up to 250
	250 – 500
	500 – 800
	>800

	V
	<PC
	PC up to 225
	225 – 300
	300 – 350
	>350



Where PC - permissible concentration
To determine the accuracy of the measurement of the applied as installation,the multistandard was diluted at concentrations of 0.1, 1, 5 and 10 mg/l.
	According to the constructed histograms (Figures 9-12), it can be seen that for small values of Bi concentration exceeds the norm, and for high values, the concentrations of elements correspond to the initial values (table 5).



Table 5 - Dilution of multistandard
	Element
	Concentration 

	
	0,1
	1
	5
	10

	1
	2
	3
	4
	5

	Ag
	0,08
	0,96
	4,82
	9,98

	Al
	0,1
	0,93
	4,71
	9,9

	B
	0,06
	0,95
	4,79
	10

	Ba
	0,1
	1,02
	4,95
	9,99

	Bi
	0,43
	1,3
	4,98
	10,2

	Ca
	0,11
	1,02
	5,06
	10,2

	Cd
	0,09
	0,97
	4,85
	10

	Co
	0,1
	0,99
	4,89
	10,1

	Cr
	0,1
	1
	4,93
	10,2

	Cu
	0,1
	0,98
	4,88
	10,1

	Fe
	0,08
	0,99
	4,88
	10,1

	Ga
	0,09
	0,92
	4,72
	9,88

	In
	0,07
	0,93
	4,77
	9,92

	K
	0,1
	0,92
	4,79
	10,3

	Li
	0,11
	0,92
	4,83
	10,1

	Mg
	0,09
	1,02
	4,96
	10,1

	Mn
	0,1
	1
	4,9
	10,1

	Na
	0,1
	0,93
	4,72
	9,98

	Ni
	0,1
	1
	4,89
	10,1

	Pb
	0,1
	0,98
	4,87
	10,1

	Sr
	0,1
	1,01
	4,98
	9,98

	Tl
	0,05
	0,92
	4,84
	10

	Zn
	0,09
	0,98
	4,84
	10





Figure 9 - Element concentration 0.1 mg/l

Figure 10 - Element concentration 1 mg/l

Figure 11 - Element concentration 5 mg/l

Figure 12 - Element concentration 10 mg/l
To determine the frequency of occurrence of samples with a certain content of elements, histograms of the distribution were constructed (Figures 13-16).

Figure 13 – A histogram of the distribution of Ca

Figure 14 – A histogram of the Cr distribution



Figure 15 – A histogram of the Mg distribution



Figure 16 – A histogram of the Sr distribution

	In order to make sure that the analyses were performed correctly, we compared the results obtained by neutron activation analysis and atomic adsorption spectrometry (Figures 17-20).
[image: image.png]

Figure 17 - Comparison of Fe data obtained by neutron activation analysis and atomic adsorption spectrometry
[image: image.png]

Figure 18 - Comparison of MP data obtained by neutron activation analysis and atomic adsorption spectrometry
[image: image.png]
Figure 19 - Comparison of Sr data obtained by neutron activation analysis and atomic adsorption spectrometry
[image: image.png]
Figure 20 - Comparison of Zn data obtained by neutron activation analysis and atomic adsorption spectrometry
	
In the table 6 are shown the concentration values from the passport and data obtained by atomic absorption spectrometry.


Table 6 - Concentration values from the passport and obtained by atomic absorption spectrometry
	С± Δ (мкг/г)
	Al
	B
	Ba
	Ca
	Cu
	Fe

	M2
	175±23
	16,7±4
	18,2±2,4
	1890±321
	68±9
	245±27

	AAS
	141±18
	7±1,5
	11,2±1,5
	1383±235
	51±6,6
	196±22

	С± Δ (мкг/г)
	K
	Mn
	Na
	Ni
	Pb
	Zn

	M2
	6510±846
	357±46
	164±21
	14,8±2
	5,86±0,7
	35,2±6

	AAS
	5780±752
	228±30
	168±22
	12±1,6
	5,6±0,7
	21,3±3,6



	For each element, graphs were plotted comparing the values in the passport with the values obtained experimentally (Figures 21-23).
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Figure 21 - A Graph comparing the values of Al, Ca and Cu
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Figure 22 - Comparison Graph for Fe, K and Na values
[image: image.png]		[image: image.png]
Figure 23 - Graph of comparing the values of Ni and Pb
Method the Q-criterion. There are criteria that determine errors (outliers, misses) when performing measurements. Suspicion occurs when a single measurement differs from the rest [23].
	A miss is a part of a data set that is incompatible with other parts of the data set. Detection and elimination of errors is the initial stage of processing experimental data.
	In this paper, we used the Q-test method. To begin with, the data obtained experimentally are distributed in a series of ascending values. Then the Q values are calculated for each nearest pair of measurement results. 
The Q-criterion is calculated using the formula:
                                                 Q = (x?  - xnear)/( xmin -  xmax)                                           (1)
	where is x? - probable outlier, xnear - nearest to a suspicious value, xmin and xmax - maximum and minimum values of a series of distributed values.
	The calculated value is compared with the table value (Table 7).
Table 7 - Values of Q-criterion
	Number of definitions
	Confidence probability

	
	0,9
	0,95
	0,99

	3
	0,94
	0,98
	0,99

	4
	0,76
	0,85
	0,93

	5
	0,64
	0,73
	0,82

	6
	0,56
	0,64
	0,74

	7
	0,51
	0,59
	0,68

	8
	0,47
	0,54
	0,63

	9
	0,44
	0,51
	0,6

	10
	0,41
	0,48
	0,57



	If the calculated value is greater than the table value, then the suspicious result is a miss and it is excluded [23,24].
	3.4 Comparison of results with other countries
	Comparison of the results with similar data from European countries (Figures 24-32) showed relatively high levels of heavy metal contamination, such as cu, Zn, Pb, Fe, and V.


Figure 24 - comparison of copper concentrations with some European countries

The highest concentration of copper in atmospheric precipitation is observed in Kazakhstan (10.7 mg/kg), but it is lower than in Ukraine (20.7 mg/kg) and significantly higher than in other countries.


Figure 25 - comparison of zinc concentrations with some European countries

The highest concentration of zinc in atmospheric precipitation is observed in Kazakhstan (61.1 mg/kg), but it is slightly higher than in Ukraine (58.7 mg/kg is slightly higher than in other countries.



Figure 26 - comparison of lead concentrations with some European countries

Also, a high concentration of lead in atmospheric precipitation is observed in Kazakhstan (12, mg/kg), but it is slightly lower than in Slovakia (18.7 mg/kg is slightly higher than in other countries.


Figure 27 - comparison of iron concentrations with some European countries
The highest concentration of iron in atmospheric precipitation is observed in Kazakhstan (1732.1 mg/kg), but it is lower than in Ukraine (1797.7 mg/kg) and significantly higher than in other countries.



Figure 28 - comparison of aluminum concentrations with some European countries
The highest concentration of aluminum in atmospheric precipitation is observed in Kazakhstan (3227.8 mg/kg), but it is approximately on the same level as Romania (3229.7 mg/kg) and significantly higher than in other countries.


Figure 29 - comparison of vanadium concentrations with some European countries

The highest concentration of vanadium in atmospheric precipitation is observed in Kazakhstan (4.2 mg/kg), but it is lower than in Romania (4.9 mg/kg) and significantly higher than in other countries.


Figure 30 - comparison of cadmium concentrations with some European countries
The highest concentration of cadmium in atmospheric precipitation is observed in Kazakhstan (0.2 mg/kg), but it is lower than in Slovakia and Poland (0.68 and 0.33 mg/kg, respectively) and significantly higher than in other countries.


Figure 31 - comparison of chromium concentrations with some European countries

The highest concentration of chromium in atmospheric precipitation is observed in Kazakhstan (6.3 mg/kg), but it is lower than in Russia (9.2 mg/kg) and significantly higher than in other countries.


Figure 32 - comparison of Nickel concentration with some European countries
	The value of Nickel concentration in atmospheric precipitation in Kazakhstan corresponds to (2.9 mg/kg), but it is much lower than in Ukraine and Macedonia (6.75 and 4.25 mg/kg, respectively) and much higher than in other countries.
	3.5 Building a map using the ArcGIS software
	Based on the results of the analysis, distribution maps were constructed using the ArcGIS software for some heavy elements, such as cu, Zn, V, Fe, Pb, and W (Figures 33-38).
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Figure 33 - Map of copper concentration distribution, mg/kg
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Figure 34 – Map of zinc concentration distribution, mg/kg
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Figure 35 - Map of vanadium concentration distribution, mg/kg
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Figure 36 - Map of the distribution of iron concentration, mg/kg

[image: C:\Users\User\Downloads\Desktop\Айпара НИР 2019\Карты распределения\Pb v2.0.png]

Figure 37 - Map of lead concentration distribution, mg/kg
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Figure 38 - Map of the distribution of tungsten concentration, mg/kg
		According to air pollution, Kazakhstan can be divided into three zones.
1. East Kazakhstan, Karaganda and Pavlodar regions, full of heavy industry enterprises.
2. Aktobe, Atyrau, West Kazakhstan and Mangistau regions where gas and oil refining complexes are located.
3. The southern region where oil refining enterprises are located.
			The main air pollutants in Kazakhstan are enterprises of the energy, mining and metallurgical industries. The share of harmful vehicle emissions is 40-60% [25].
			Some cities in the country have very high levels of specific compounds in the air. For example, in Shymkent, the concentration of phosphorus (V) oxide, hydrogen fluoride, copper, lead and cadmium is increased. In Ekibastuz and Pavlodar – zinc, chromium, lead, copper, chlorine, mercury and other metals. In Almaty, about 100 harmful substances were detected in the air, including about ten of them belong to the first hazard class [25].
			Thus, the problem of air pollution in Kazakhstan is quite acute. Therefore, it is necessary to urgently develop a set of priority measures to improve the country's air basin.























CONCLUSION

1. The method of mosses-biomonitors in combination with neutron activation analysis was first used to determine the pollution of pollutants in the studied territory of Kazakhstan.
2. Sampling and further training were carried out at the JINR neutron physics laboratory. Work on irradiation of samples in the laboratory of neutron physics was carried out on a high-flow pulsed fast reactor PFR-2 and determined a number of elements of the periodic system of D. I. Mendeleev. Graphical and statistical methods of data processing made it possible to detect the anthropogenic origin of a number of toxic elements present in the atmospheric air. These are Zn, Sb, Pb, As, Cr, Ni, and V.
3. The GENIE 2000 program package was used for processing gamma spectra, which includes the procedure for processing the gamma spectrum (automatic search for peaks, identification of radioactive isotopes, and determination of the concentrations of elements contained in the test sample), developed at the JINR LNF.
4. Based on the results of the analysis, distribution maps were built using the ArcGIS software for potentially dangerous air pollutants of heavy elements such as cu, Zn, V, Fe, Pb and W.
5. The conducted research shows that the environment of industrial regions of the Karaganda region is significantly polluted with TM. The main pollutants are copper, zinc, iron, manganese, and lead. High concentrations of these elements pose the greatest risk to human health. This indicates the need to study the migration of heavy metals and regular biomonitoring of atmospheric air.
6. Kazakhstan, transforming the "Strategy 2030", "Concept of transition to sustainable development for 2007-2024", aims at a long - term environmental strategy-the harmonization of interaction between society and the environment, as well as the creation of an environmentally safe, favorable environment. Based on this goal, we can talk about the need to increase the sampling area and further continue work on the entire territory of the Republic of Kazakhstan in order to study in detail the state of the atmosphere and the future development and implementation of more effective work in the field of greening production, the development of nature-saving technologies, especially in leading industries.
7. The results of such a study will serve as a good basis for local administrations and environmental services in solving problems of environmental protection and assessing the risk to human health living in polluted regions.



LIST OF SOURCES USED
 Frontasyeva M., Harmens H., Uzhinskiy A., Chaligava O. and participants of the moss survey. Mosses as biomonitors of air pollution: 2015/2016 survey on heavy metals, nitrogen and POPs in Europe and beyond. -  Dubna: JINR, 2020. — 136 p. 
Information service of the United Nations economic Commission for Europe [Electronic resource]. - URL: http://www.unece.org/mission.html.
ICP Vegetation is an international research programme investigating the impacts of air pollutants on crops and (semi-)natural vegetation [Electronic resource].  - URL: https://icpvegetation.ceh.ac.uk/.
Global environmental problems [Electronic resource]. - 2012. - URL:  http://kateloseva.blogspot.com/2010/12/blog-post.html.
Frontasyeva M. V.  Neutron activation analysis in life Sciences (review) // Physics of elementary particles and the atomic nucleus. - 2011, vol. 42, No 2. - P. 636-716. (in Russian).
Frontasyeva M.V., Yermakova Ye.V., Steinnes E., Rahn K.A. Study of trace elements in annual segments of moss biomonitors using epithermal neutron activation analysis: link with atmostheric aerosol. // Proceedings of NATO ARW Man-Made Radionuclides and Heavy Metals in the Environment. Kluwer Academic Publishers, NATO Science Series. IV. Earth and Environmental Sciences. – 2001.  - №5. - P. 165-170.
Chegrintsev S. N. Atomic absorption analysis: guidelines for performing laboratory work on the course "Physical and chemical methods of analysis" -Tomsk: Publishing house of Tomsk Polytechnic University. 2014. – 44 p. (in Russian).
Frontasyeva M.V., Pavlov S.S., In «Problems of Modern Physics» / Editors: Sissakian A.N., Trubetskov D.I. Dubna, JINR, 1999. - Р. 152-158.
Ostrovnaya, T. M., Nefedyeva, L. S., Nazarov, V. M., Borzakov, S. B.,  Strelkova, L. P., Software for INAA on the Basis of Relative and Absolute Methods Using Nuclear Data Base, Activation Analysis in Environment Protection,  Dubna, JINR, 1993. -Р. 319–326.
 Frontasyeva M.V., Steinnes E., Lyapunov S.M., Smirnov I.L. Biomonitoring of heavy metal deposition in South Ural region:Some preliminary obtained by nuclear and related techniques // J. Radioanal. Nucl. Chem., - 2000. - №2. - P. 415-420.
 Frontasyeva M.V., Steinnes E., Harmens H. Monitoring long-term and large-scale deposition of air pollutants based on moss analysis. Chapter in a book “Biomonitoring of Air Pollution Using Mosses and Lichens: Passive and Active Approach ‒ State of the Art and Perspectives”,  Nova Science Publishers, New York, - USA. 2016. – 126 р.
  Flora of Kazakhstan. vol. 2. - Alma-Ata: Publishing house of the Kazakh SSR Academy of Sciences, 1958. – 290 p. (in Russian).
 Shcherbakov A.V., Mayorov A.V. Field study of flora and herbarization of plants. – Moscow: MSU publishing house, 2006. – 84 p. (in Russian). 
  Karamysheva Z. V., Rachkovskaya E. I. Botanical geography of the steppe part of Central Kazakhstan. – L.: Nauka, 1973. – 279 p. (in Russian).
 Maksutova P. A., Dyusekeeva sh. E., Kulmaganbetova A. O. Physical geography of the Karaganda region. – Karaganda, 2005. – 59 p. (in Russian).
 Janalieva K. M., Budnikova T. I., Veselov E. N. etc. Physical geography of the Republic of Kazakhstan. - Almaty: Kazak University, 1998. – 266 p. (in Russian).
 Konkabayeva A. E., Ishmuratova M. Yu. Assessment of heavy metals accumulation in soil, water and plants of industrial regions of the Karaganda region. -Karaganda, 2016. – P. 31-37. (in Russian).
 Berg, T., Steinnes, E. Use of mosses (Hylocomium splendens and Pleurozium schreberi) as biomonitors of heavy metal deposition: from relative to absolute values // Environmental Pollution. - 1997. - №2. - Р. 61-71.
 Kurzaeva L. V. Correlation analysis in spreadsheets// International journal of applied and fundamental research. – 2016. - No. 12, p. 1230-1233. (in Russian).
 Schaug J, Rambek, J.P., Steinnes E. And Henry R.C. Multivariate Analysis of Trace Element Data from Moss Samples Used to Monitor Atmospheric Deposition // Atmospheric Environment. – 1990. - № 10. – P. 2625-2631.
  Berg Т., Royset О., Steinnes E. And Vadset M. Atmospheric Trace Element Deposition: Principal Component Analysis of ICP-MS Data from Moss Samples // Environ. Pollut. – 1995. - № 88. - P.67-77.
 Maximum permissible concentrations (MPC) of chemicals in soils and acceptable levels of their content in terms of harmfulness. State commission on nature SSSR. – 1990. - No. 2. 90 p. (in Russian).
  Dorogova V. B., Ignatieva L. P. Methods of photometric analysis in sanitary and hygienic research. Electronic libraries: educational and methodological guide. - Ed. Academy of Natural Sciences, 2013. -215 p. (in Russian).
  Tyurin Yu. N., Makarov A. A. data Analysis on a computer. - M.: Infra-M, 2002. – 528 p. (in Russian). 
 National report on the state of the environment and the use of natural resources of the Republic of Kazakhstan for 2018. [Electronic resource]. – 2019. - URL: http://ecogosfond.kz/orhusskaja-konvencija/dostup-k-jekologicheskoj-informacii/ jekologijaly -zha-daj/r-orsha-an-ortany-zhaj-k-ji-turaly-ltty-bajandamalar/ (in Russian).
APPENDIX  А
Results of neutron activation analysis for short-lived isotopes

	
	
	
	Na
	Mg
	Al
	Cl
	K
	Ca
	Ti
	V
	Mn
	I
	Cu
	Cd
	Pb

	Sample
	Latitude
	Longitude
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg

	1
	48,39319264
	75,46315098
	2180
	4250
	10600
	234
	7490
	10100
	422
	8,9
	275
	1,63
	15,70716
	0,245083
	8,364856

	2
	48,46461564
	75,47783661
	363
	1920
	2220
	56
	3980
	5940
	137
	3,1
	117
	1,28
	9,338265
	0,234419
	16,71293

	3
	48,43711024
	75,48290789
	959
	4220
	6900
	1150
	10700
	14900
	304
	9,8
	226
	6,6
	14,62709
	0,520883
	7,432279

	4
	48,39311677
	75,49489203
	355
	2360
	2710
	120
	4540
	8950
	174
	4
	137
	1,4
	5,43286
	0,154202
	9,761236

	5
	48,45336428
	75,53805307
	437
	2330
	3490
	143
	3320
	9340
	212
	5,8
	110
	2,02
	9,697765
	0,278372
	9,131957

	6
	48,42848286
	75,43305027
	340
	1850
	3100
	108
	4920
	5300
	98
	2,56
	103
	0,77
	6,415839
	0,185808
	7,024277

	7
	48,41016658
	75,50273082
	1000
	4080
	967
	1690
	14400
	15100
	59
	1,37
	133
	1,77
	9,547589
	0,192009
	7,862289

	8
	48,462375
	75,43335833
	532
	3500
	2520
	2290
	14000
	15700
	114
	3,3
	115
	4,1
	7,671252
	0,207309
	2,762415

	9
	48,38293477
	75,51877175
	535
	3650
	5480
	2100
	12900
	9860
	100
	5,5
	135
	5,6
	11,84662
	0,148235
	5,079106

	10
	48,40351534
	75,54548142
	2000
	5850
	11600
	1110
	9540
	11900
	525
	18
	164
	30
	21,87805
	0,358705
	7,082459

	11
	49,34891152
	75,31447544
	959
	4250
	5440
	2260
	15200
	14300
	245
	6,2
	329
	2,02
	9,234921
	0,211257
	4,9633

	12
	49,39606057
	75,34734074
	2100
	3750
	2540
	1400
	16600
	12300
	142
	4,15
	150
	4,6
	15,17078
	0,321998
	6,116474

	13
	49,37154322
	75,32259151
	331
	1510
	2080
	115
	3090
	5170
	155
	3,1
	106
	1,8
	7,711786
	0,239065
	9,000315

	14
	49,38332205
	75,26582874
	762
	2460
	4890
	132
	5750
	6630
	258
	5,6
	222
	0,63
	13,2808
	0,256651
	9,139393

	15
	49,4007578
	75,30480668
	219
	2000
	1700
	137
	4070
	9450
	75
	2,6
	190
	1,82
	13,07158
	0,206073
	7,621907

	16
	49,41898181
	75,33716884
	397
	1620
	1650
	97
	5670
	6270
	100
	2,5
	79
	1,08
	7,491783
	0,252756
	5,392063

	17
	49,40066275
	75,38811311
	364
	1440
	2180
	77
	3350
	6450
	125
	3,2
	125
	1,25
	7,969197
	0,196399
	9,007347

	18
	49,38449742
	75,41121506
	1220
	3860
	6500
	138
	6740
	10500
	359
	8,5
	176
	1,25
	16,13635
	0,199225
	7,86477

	19
	49,40862667
	75,41927822
	305
	1560
	1200
	128
	7380
	3970
	55
	1,8
	93
	0,81
	12,44701
	0,179774
	4,810243

	20
	49,42862922
	75,44080165
	538
	1630
	1760
	189
	4620
	5080
	58
	2,37
	98
	0,93
	8,689886
	0,129496
	6,67978

	21
	49,41906385
	75,40284679
	797
	1790
	2410
	70
	4620
	7050
	79
	2,66
	246
	1,6
	9,202025
	0,209743
	5,737821

	22
	49,37364719
	75,44762673
	619
	1820
	2950
	139
	4350
	6730
	138
	5
	159
	1,7
	9,723721
	0,280144
	9,344058

	23
	49,42838001
	75,37811921
	368
	1630
	2020
	100
	5740
	6060
	146
	3,2
	165
	2
	8,607266
	0,204539
	8,163992

	24
	49,36170198
	75,4937424
	312
	1500
	1450
	95
	4750
	5890
	55
	2,05
	96
	1,46
	13,46979
	0,424758
	6,619927

	25
	49,37187224
	75,41026307
	210
	1640
	1830
	57
	3690
	4990
	87
	2,96
	134
	1,44
	8,890054
	0,201115
	8,922688

	26
	49,2948591
	76,04413092
	535
	1780
	2440
	195
	5090
	4800
	119
	3,45
	172
	1,8
	8,714546
	0,328467
	6,131622

	27
	49,29437349
	76,09056593
	230
	1540
	1620
	69
	7380
	4730
	82
	2,43
	230
	1,4
	7,632367
	0,1703
	6,871481

	28
	49,25650674
	76,09096516
	117
	1830
	2430
	113
	3740
	8040
	67
	2,8
	333
	2,6
	12,53025
	0,189085
	8,411802

	29
	49,21975548
	76,08530871
	287
	2440
	3010
	79
	5150
	9420
	137
	4,6
	437
	2,74
	15,59094
	0,34771
	8,06678

	30
	49,20697459
	76,03991224
	230
	1600
	1800
	81
	7380
	4520
	111
	2,67
	203
	1,4
	8,227638
	0,178317
	4,278231

	31
	49,24538698
	76,05487827
	205
	1690
	2080
	77
	4050
	8310
	78
	3,1
	479
	1,9
	8,999995
	0,282531
	6,209331

	32
	49,18282193
	76,10214643
	485
	1670
	2190
	118
	4820
	5030
	124
	2,94
	158
	1,2
	6,889173
	0,206553
	5,452061

	33
	49,14471241
	76,05163652
	176
	1730
	2460
	104
	3670
	10200
	71
	2,96
	303
	3,3
	13,00263
	0,337526
	8,0333

	34
	49,10955148
	76,0082593
	281
	1180
	2550
	168
	6340
	4650
	51
	0,8
	53
	0,81
	8,190972
	0,034943
	3,767053

	35
	49,26902214
	76,17903205
	321
	1630
	3070
	169
	6260
	4550
	39
	1,5
	94
	1,44
	8,017426
	0,056209
	1,667895

	36
	49,12652542
	75,96404431
	428
	1840
	2170
	77
	5430
	5900
	140
	3,4
	85
	1,4
	8,579373
	0,48917
	4,560075

	37
	49,24053055
	76,20411416
	514
	2930
	4500
	112
	6290
	8020
	245
	6,3
	584
	3,2
	17,20469
	0,211609
	5,26943

	38
	49,16777909
	76,20113306
	425
	2330
	2150
	162
	6370
	8300
	126
	3,1
	119
	1,47
	9,300065
	0,229351
	1,467429






APPENDIX  B
Results of neutron activation analysis for long-lived isotopes -1

	
	
	
	As
	Sb
	La
	Sm
	W
	Au

	Sample
	Latitude
	Longitude
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg

	1
	48,39319264
	75,46315098
	2,65
	0,254
	22,5
	5
	2,02
	0,00188

	2
	48,46461564
	75,47783661
	0,87
	0,106
	1,38
	0,216
	0,273
	0,00195

	3
	48,43711024
	75,48290789
	3,16
	0,54
	55
	12
	1,55
	0,007

	4
	48,39311677
	75,49489203
	1,38
	0,148
	2,2
	0,34
	0,34
	0,00144

	5
	48,45336428
	75,53805307
	2,14
	0,36
	2,6
	0,43
	0,5
	0,0019

	6
	48,39854446
	75,41569597
	1,08
	0,11
	2,4
	0,57
	0,22
	0,00127

	7
	48,42848286
	75,43305027
	1,07
	0,09
	0,98
	0,22
	0,156
	0,0063

	8
	48,41016658
	75,50273082
	1,01
	0,102
	4,3
	1,45
	0,34
	0,00314

	9
	48,462375
	75,43335833
	1,82
	0,21
	25,3
	8,3
	0,66
	0,00314

	10
	48,38293477
	75,51877175
	1,42
	0,158
	19
	6,3
	3
	0,00665

	11
	48,40351534
	75,54548142
	1
	0,153
	10,4
	3,3
	0,34
	0,0041

	12
	49,34891152
	75,31447544
	1,12
	0,146
	3,55
	0,94
	0,58
	0,0172

	13
	49,39606057
	75,34734074
	1,4
	0,247
	1,36
	0,24
	0,255
	0,00204

	14
	49,37154322
	75,32259151
	1,6
	0,225
	4,8
	0,98
	0,7
	0,00203

	15
	49,38332205
	75,26582874
	1,5
	0,273
	3,15
	0,66
	0,4
	0,00247

	16
	49,4007578
	75,30480668
	0,83
	0,14
	1,54
	0,32
	0,284
	0,00202

	17
	49,40066275
	75,38811311
	1,12
	0,21
	2,97
	0,53
	0,27
	0,00224

	18
	49,38449742
	75,41121506
	1,32
	0,78
	3,2
	0,56
	0,6
	0,0068

	19
	49,40862667
	75,41927822
	0,61
	0,123
	0,74
	0,115
	0,27
	0,00253

	20
	49,42862922
	75,44080165
	0,67
	0,132
	2,3
	0,62
	0,187
	0,0255

	21
	49,41906385
	75,40284679
	1,05
	0,198
	1,53
	0,296
	0,23
	0,0028

	22
	49,37364719
	75,44762673
	1,54
	0,395
	4,4
	1,08
	0,94
	0,0025

	23
	49,42838001
	75,37811921
	1,2
	0,213
	1,45
	0,275
	0,37
	0,0043

	24
	49,36170198
	75,4937424
	0,84
	0,203
	1,3
	0,256
	0,23
	0,0197

	25
	49,37187224
	75,41026307
	0,84
	0,22
	0,91
	0,167
	0,274
	0,0052

	26
	49,2948591
	76,04413092
	0,96
	0,206
	1,35
	0,26
	0,3
	0,0058

	27
	49,29437349
	76,09056593
	0,93
	0,197
	1,4
	0,235
	0,36
	0,0235

	28
	49,25650674
	76,09096516
	1,12
	0,186
	2,1
	0,47
	0,178
	0,01115

	29
	49,21975548
	76,08530871
	1,7
	0,27
	1,84
	0,396
	0,45
	0,00177

	30
	49,20697459
	76,03991224
	0,76
	0,144
	0,96
	0,17
	0,25
	0,0052

	31
	49,24538698
	76,05487827
	1,28
	0,145
	1,28
	0,32
	0,33
	0,00104

	32
	49,18282193
	76,10214643
	0,93
	0,157
	1,28
	0,25
	0,283
	0,01405

	33
	49,14471241
	76,05163652
	1,55
	0,23
	3,2
	0,83
	0,28
	0,0084

	34
	49,10955148
	76,0082593
	0,21
	0,042
	4,8
	1,55
	0,083
	0,0118

	35
	49,26902214
	76,17903205
	0,35
	0,054
	7,6
	2,6
	0,162
	0,0105

	36
	49,12652542
	75,96404431
	0,93
	0,176
	0,95
	0,164
	0,234
	0,026

	37
	49,24053055
	76,20411416
	2,1
	0,294
	3
	0,71
	0,44
	0,0026

	38
	49,16777909
	76,20113306
	1,01
	0,25
	1,1
	0,206
	0,35
	0,0021





APPENDIX  C
Results of neutron activation analysis for long-lived isotopes -2

	
	
	
	Sc
	Cr
	Fe
	Co
	Ni
	Zn
	Rb
	Sr
	Sb
	Cs

	Sample
	Latitude
	Longitude
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg
	Conc, mg/kg

	1
	48,39319264
	75,46315098
	5
	15,2
	5050
	1,47
	5,2
	137
	35
	53
	0,254
	5,8

	2
	48,46461564
	75,47783661
	0,43
	3,36
	1260
	0,48
	2,35
	36
	8,6
	20,4
	0,106
	0,28

	3
	48,43711024
	75,48290789
	1,48
	12,6
	3860
	1,18
	5,9
	150
	24,5
	80
	0,54
	2,53

	4
	48,39311677
	75,49489203
	0,49
	4,6
	1400
	0,485
	1,43
	54
	9,7
	39
	0,148
	0,35

	5
	48,45336428
	75,53805307
	0,84
	8
	2390
	0,8
	3,8
	136
	10,3
	39,6
	0,36
	0,37

	6
	48,39854446
	75,41569597
	0,35
	3,2
	971
	0,45
	1,97
	43,5
	14
	29,5
	0,11
	0,366

	7
	48,42848286
	75,43305027
	0,297
	3,5
	821
	0,55
	2,3
	76
	13,4
	76
	0,09
	0,32

	8
	48,41016658
	75,50273082
	0,62
	6,2
	1540
	0,6
	4,7
	74
	15,3
	74
	0,102
	0,61

	9
	48,462375
	75,43335833
	1,6
	10
	3320
	0,87
	6,2
	82
	15,8
	69
	0,21
	1,84

	10
	48,38293477
	75,51877175
	1,42
	11,8
	3780
	1,18
	4,8
	110
	30,4
	89
	0,158
	12,2

	11
	48,40351534
	75,54548142
	0,88
	7,4
	1920
	0,92
	5,1
	77
	15,8
	71
	0,153
	0,92

	12
	49,34891152
	75,31447544
	0,6
	5,1
	1590
	1,13
	2,26
	179
	38
	93
	0,146
	8,2

	13
	49,39606057
	75,34734074
	0,53
	6
	1370
	0,54
	1,66
	37,5
	7
	31,5
	0,247
	0,254

	14
	49,37154322
	75,32259151
	1,18
	9
	3250
	1,26
	3,95
	64
	26,5
	37
	0,225
	0,93

	15
	49,38332205
	75,26582874
	0,71
	6,2
	2080
	0,74
	3,04
	62
	16,3
	31
	0,273
	0,43

	16
	49,4007578
	75,30480668
	0,34
	4,4
	1070
	0,326
	1,76
	46
	9,2
	26,5
	0,14
	0,23

	17
	49,40066275
	75,38811311
	0,49
	5,4
	1530
	0,47
	2,33
	28
	10,3
	30
	0,21
	0,21

	18
	49,38449742
	75,41121506
	1,16
	9,2
	3110
	1,05
	3,95
	28
	18
	49
	0,78
	0,6

	19
	49,40862667
	75,41927822
	0,31
	3,6
	931
	0,41
	1,83
	27
	8,6
	18
	0,123
	0,195

	20
	49,42862922
	75,44080165
	0,42
	5
	1170
	0,57
	2,4
	22
	9,6
	23
	0,132
	0,29

	21
	49,41906385
	75,40284679
	0,46
	6,5
	1320
	0,58
	3,1
	62
	8,3
	31
	0,198
	0,225

	22
	49,37364719
	75,44762673
	0,74
	7,4
	1990
	0,79
	3,14
	48
	5,6
	35
	0,395
	0,26

	23
	49,42838001
	75,37811921
	0,57
	5,1
	1390
	0,76
	2,33
	31
	9
	20,2
	0,213
	0,306

	24
	49,36170198
	75,4937424
	0,445
	4,7
	1310
	0,5
	2,5
	48
	12
	29
	0,203
	0,355

	25
	49,37187224
	75,41026307
	0,41
	6,5
	1150
	0,52
	2,26
	38
	6,6
	23
	0,22
	0,18

	26
	49,2948591
	76,04413092
	0,5
	7,5
	1410
	0,73
	2,84
	40
	10,1
	21,3
	0,206
	0,233

	27
	49,29437349
	76,09056593
	0,61
	7,9
	1700
	0,76
	2,95
	48
	9,3
	23,3
	0,197
	0,33

	28
	49,25650674
	76,09096516
	0,41
	3,65
	1350
	0,36
	3,2
	60
	5,3
	32
	0,186
	0,135

	29
	49,21975548
	76,08530871
	0,7
	7,7
	1750
	1,06
	3,8
	75
	8
	33
	0,27
	0,266

	30
	49,20697459
	76,03991224
	0,41
	7
	1160
	0,52
	1,96
	35
	8,6
	20,5
	0,144
	0,255

	31
	49,24538698
	76,05487827
	0,32
	4,75
	1000
	0,59
	2,6
	60
	5,9
	30
	0,145
	0,14

	32
	49,18282193
	76,10214643
	0,36
	3,9
	987
	0,62
	1,26
	36
	10,5
	24
	0,157
	0,51

	33
	49,14471241
	76,05163652
	0,45
	5,2
	1410
	0,61
	2,17
	85
	4,95
	38
	0,23
	0,17

	34
	49,10955148
	76,0082593
	0,103
	4,4
	501
	0,69
	1,1
	18,5
	7
	25
	0,042
	0,083

	35
	49,26902214
	76,17903205
	0,185
	3,65
	657
	0,8
	1,58
	16,5
	6
	28,4
	0,054
	0,092

	36
	49,12652542
	75,96404431
	0,384
	5,2
	1130
	0,385
	1,28
	36
	11,5
	25
	0,176
	0,51

	37
	49,24053055
	76,20411416
	0,73
	5,4
	1970
	0,9
	3,5
	67
	10
	35
	0,294
	0,34

	38
	49,16777909
	76,20113306
	0,44
	4,8
	1220
	0,54
	2
	50
	10,8
	34
	0,25
	0,265
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APPENDIX E
Technical specification and work schedule

Appendix 1.4
to the agreement No. 132 of 12.03.2018
for grant funding

TECHNICAL SPECIFICATION AND CALENDAR PLAN WORK 
Under agreement No. 132 of March 12, 2018
1.Republican government enterprise on the right of economic management "L. N. Gumilyov Eurasian national University" of the Ministry of education and science of the Republic of Kazakhstan 
1.1 Priority areas: Rational use of natural geology, recycling, new materials and technologies, safe products and constructions, including water resources
1.2 By sub-priority: Monitoring of objects of environment and “green” technology
1.3 Project topic:  AP05130496 «Study of atmospheric deposition of heavy metals and radionuclides in some regions of the Republic of Kazakhstan using the analysis of moss bio-monitors»
1.4 total amount of the project: 15,100,000 (fifteen million one hundred thousand) tenge, including by year, for the performance of works in accordance with paragraph 3:
- for 2018 – in the amount of 5,000,000 (five million) tenge,
- for 2019 – in the amount of 5,045,000 (five millionsorok five thousand) tenge,
- for 2018 – in the amount of 5,055,000 (five million fifty-five thousand) tenge.

2. Characteristics of scientific and technical products according to the educational characteristics and economic indicators
2.1. Area of work: Applied research. In Kazakhstan, due to the current socio-economic development, there are disadvantaged regions by state of the environment, which is a unique urbanistic system saturated with varied companies of very different technological orientation. The presence of large number of enterprises and high levels of radiation in some regions of Kazakhstan determine the urgency of these studies.
Theoretical and experimental obtained dates from studying of air deposition of trace elements based on the moss bio-monitors will make a significant contribution to the level of development of ecological safety of Kazakhstan. 
2.2 Scope of application: The results can make a huge contribution in the field of protection and control of the environment.
2.3. Final result:
- for 2018: 1 (one) publication will be published in a peer-reviewed foreign or domestic scientific publication with a non-zero impact factor. 
- for 2019: 1(one) publication will be published in a peer-reviewed scientific publication with a non-zero impact factor, including the journal рroblems of regional ecology (RF), etc.
- for 2020: The research results will be published in a monograph "Environmental Monitoring of Kazakhstan 2018-2020", articles will be published in peer-reviewed foreign scientific publications indexed in the Web of Science or Scopus databases with a non-zero impact factor.
2.4  Patentability: The research results will be presented in the form of applications for patents in the Kazakh patent office.
2.5. Scientific and technical level (novelty): Innovative advantage of this project is a potentially new approach, i.e. the use of the method of biomonitoring to study air deposition of trace elements at the territory of Kazakhstan. This direction seems to be new and highly topical; being that only some regions of the country were previously studied. Based on the small number of studied territories, we can talk about the need to increase the area of sampling and further work on the entire territory of the Republic of Kazakhstan for studying the state of the atmosphere. 
2.6. Тhe use of scientific and technical products is carried out by: Service analytical control of environmental objects. The results can make a huge contribution in the field of protection and control of the environment.
2.7.Тype of use of the result of scientific and (or) scientific and technical activities: Тhe obtained scientific results can be used in the field of environmental ecology, and can be used as a tool for information support of the process of preparation and decision-making in the field of environmental protection and nature management.

3.Name of works, terms of their realization and results

	Code of the task, stage
	Name of work under the Agreement and the main stages of its implementation
	Deadline for implementation
	Expected result

	
	
	start
	end
	

	1
	A comprehensive study of mosses (the elemental composition of mosses that reflect the condition of the air) and analysis of distribution of elements in the study areas
	January 2018 
	to  November  1, 2018

	A comprehensive will be studied of mosses(the elemental composition of mosses that reflect the condition of the air) and analysis of distribution of elements in the study areas. Cartography and topography of the study area will be made.
The NAA programs will be filled. 

	1.1
	Sampling and sample preparation of mosses to the analysis
	January 2018
	to 1 July 2018
	Sampling and preparation of moss samples for analysis will be carried out. The study material will be collected, prepared for analysis

	1.2
	Determination of the elemental composition of moss samples using instrumental neutron activation analysis (NAA)
	June 2018
	to November 1, 2018
	The elemental composition of moss samples will be determined using instrumental NAA. Results of analysis of mosses using NAA will be obtained. 1 (one) publication will be published in a peer-reviewed foreign or domestic scientific publication with a non-zero impact factor.

	2
	Experimental dates that characterize the atmospheric deposition of pollutant elements on the territory of Kazakhstan
	January 2019 


	to November  1, 2019
	Experimental data will be obtained characterizing atmospheric deposition of polluting elements in Kazakhstan. Data processing will be done using statistical and mathematical calculation methods. A report on ICP Vegetation will be prepared.

	2.1
	Creation map of the distributions of elements using GIS technology.
	February
2019
	to August 1, 2019
	It will be created the map of the distribution of each element in the study area using GIS

	2.2


	Sampling and sample preparation of mosses to the analysis
	March
2019
	September 2019
	Sampling and preparation of moss samples for analysis will be carried out. The study material will be collected, prepared for analysis. 1 (one) publication will be published in a peer-reviewed foreign or domestic scientific publication with a non-zero impact factor.

	3
	Carry out the economic analysis of the effectiveness of the developed technology of biomonitoring
	January 2020
	to November 1, 2020
	An economic analysis of the effectiveness of the developed biomonitoring technology will be carried out. It will be created a distribution map of the elements/

	3.1
	Calculations on the basis of statistical analysis of the obtained data, using the established maps of elements distribution with GIS technology
	
January 2020 

	October 2020
	Calculations will be made based on the statistical analysis of the data obtained using the established maps of the distribution of elements using GIS technology. It will assessed potential sources of contaminants to the environment. Articles will be published in peer-reviewed foreign scientific journals indexed in the Web of Science or Scopus databases with a non-zero impact factor.

	3.2
	A full report about the work done
	September 2020
	to November 1, 2020
	The final research report will be issued. A monograph on the research topic will be published.
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ITpunoxenue 1.4

K JloroBopyNe/4/ot 4- 45 2018 .

Ha rPaHTOBOE ()MHAHCHPOBAHHE

TEXHUYECKASI CHEHU®UKALMS U KAJIEHJIAPHBIN IIJIAH PABOT

ITo morosopy Ne .27 ot AL 2w/p7726_ 2018 roma
7
1 Pecnybinkanckoe rocyJapcTBeHHOe NMpeINpPHSTHE HA NpPaBe XO03sHCTBEHHOIO

Beflennsi  «Eppasuiickmii  HanuoHaabHbI  yHHBepcutrer umenn  JLH.I'ymmaesa»
Munncrepcrsa odpa3opanus H Hayku Pecny6ankn Kazaxcram»

1.1 ITo npuopuTery: PannoOHANTBPHOE HCIONBG30BaHHE NPHPOIHBIX, B TOM YHCJIE BOIHBIX
PECYpCOB, IeojIorHs, IepepaboTKa, HOBBIE MaTepHANbl M TEXHOJIOTHH, O€30HacHBIE H3ZETHS U
KOHCTPYKIIUH

1.2 Ilo moxmpuopuTery: MOHHTOPHHT OGBEKTOB OKpYKAIOWMEH CpENbl M «3ENCHBIE
TEXHOJIOTHH

1.3 Ilo Teme mpoexrta: AP05130496 «Omenka aTMocdepHBIX BHITANCHHH TOKEIBIX
METaJUIOB U PaIHOHYKIMIOB B HEKOTOPHIX pernoHax PecrmyOmuku Kasaxcran Ha ocHOBe aHanm3a
MXOB-OHOMOHHUTOPOBY»

1.4 O6mas cymma npoekra: 15 100 000 (mgTHaUATS MUJUIMOHOB CTO THICSY) TEHTE, B TOM
9KCIIe ¢ pa3OUBKOM 1O TojaM, Il BEIIONHEHHs paboT COITIACHO MyHKTY 3:

-Ha 2018 rox - B cymme 5 000 000 (TIsiTh MHJUIHOHOB)TEHTE;

- Ha 2019 rox - B cymme 5 045 000 (T MIJUTHOHOB COPOK IISITh THICSY)TEHTE;

- Ha 2020 rox - B cymme 5 055 000 (TIATh MIJUTHOHOB IISATBHIAECAT AT THICSY)TEHTE.

2. XapaKTepHCTHKA HAYYHO-TeXHHYECKOl NPOAYKUMH M0 KBAIHGHKAIHOHHBIM
NPU3HAKAM H YKOHOMHYECKHE N0KA3aATEH

2.1 Hanpasienme paborbr: Ilpuknanseie wucenenoBanus. B Kasaxcrame B cumiy
CJIO)KHBIIETOCS  COLMAIbHO-3KOHOMHYECKOTO DA3BHTUS €CTh HEOJIAromoJlyyHble PETHOHEI IO
COCTOSIHHIO OKpY)KQIOIIEH Cpe/ibl, IPEACTaBIAIONUe CcOOOH YHHKATBHYIO YpOAaHH3HPOBAHHYIO
CHCTeMY, NEPEHACHILICHHYIO MPEANPUATHAMHE CaMOM Pa3IMYHON TEXHOJIOIHYECKOM OpHEHTAIWH.
Hannawe 6051b1Ioro yncna NpeANpUATHIE M BEICOKHI YPOBEHb PajHalll B HEKOTOPHIX PETHOHAX
Kazaxcrana onpenensor aKTyalpHOCTb 3THX HCCIIEI0BAHMUIA.

Teoperuyeckre ¥ SKCIEPHMEHTAIBHO IIONyYCHHBIC JaHHBIE 0 M3YYEHHIO BO3YIIHBIX
BBIIIAJICHUH CIIEZIOBBIX DJIEMEHTOB HA OCHOBE METOJd MXOB-OHOMOHHTOPOB BHECYT 3HAYHTEIBHEIN
BKJIaJl B YPOBEHb Pa3BUTHE 3KOJIOrHYecKoii Oe3onmacHocta Kazaxcrana.

2.2 Obsnacte nmpuMeHeHHs :I1oydeHHbIe pe3yIbTaTsl MOIYT BHECTH OTPOMHBIM BKJIa[ B
001acTH OXpaHBl H KOHTPOJISI COCTOSIHUS OKPYIKAIOIIEH CpeIbL.

2.3 KoneuHslii pe3yJabTaT:

- 32 2018 roa: Byner ony6iuxoBana 1 (ogHa) myGiuKauus B peLieH3HPYEMOM 3apyOesKHOM
WA OTE€YECTBEHHOM HayYHOH H3/JaHUHU C HEHYJIEBBIM HMIIAKT-(aKTopoM.

- 32 2019 roa: Pe3ynpTaThl Hayd4HBIX HCClenoBaHui GyaeT omy6iukoBana 1 (oxHa)
MyOMKanus B PENeH3UPYEMOM 3apyOeKHOM HIIH OTEYECTBEHHOM HAy4HOH H3IaHHH C HEHYJIEBBIM
UMIakT-pakTopoM, B ToM yncie B XKypHaie IIpo6nemst pernonansHoii sxonorun (P®) u mp.

" - 3a 2020 roa: Pe3ynbTaThl HaydyHBIX HCCIEIOBAHHIL OyZyT OmyOJIMKOBAHBEI B BHJE
MoHorpapuu «MOHUTOPUHT oOKpyxkatomeil cpexsl Kaszaxcrama 2018-2020 romer», GymyT
OnyOJIMKOBaHBI B BHJIE CaTaThd B PELEH3UPYEMBIX 3apy0eKHBIX HAy4HBIX M3JaHUSX,
MHIEKCHpYeMbIX B Gaszax nmanHbIX Web of Science mmm Scopus ¢ HeHylIeBEIM UMIAKT-(haKTOPOM:
He MeHee 2 (OByX).

2.4 TlatentocmocoOuocTh: Oyner ohopMiIeH B BHIE 3asABKM Ha IOJNyYEeHHE MATEHTa B
Ka3aXCTaHCKOM IaTEeHTHOM Oropo.

2.5 Hay4Ho-TexHHYecKHii ypoBeHb (HOBH3HA): HHHOBALIHOHHOE NIPEUMYIIIECTBO JAHHOTO
NIPOEKTa 3aKII0YaeTCs B IpEIaraéMoM IMOTEHLIHATbHO HOBOM IIOAXOJE, T.€. B HMCIOJIB30BAHUH
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MeTofa OMOMOHMTOPHHIA JUI HM3YYeHHs BO3AYLIHBIX BBIIAJEHHMH CJIEOBEIX SJIEMEHTOB HA
tepputopuy Kasaxcrana. J[aHHOe HanpaBiIeHHe IPENCTABISETCS HOBHIM M BECHMA AKTYaTbHBIM,
T.K. paHee OBUIM H3yYeHBI JIMIIb HEKOTOPHIE PETHOHBI CTpaHBL VICXOIS M3 Maloro KOIHWYecTBa
HCCIICOBAaHHBIX TEPPUTOPUM, MOXXHO TOBOPHTH O HEOOXOIZMMOCTH YBENMYEHHS IUIOMAIN
1poG0ooT6Oopa 1 AabHEHIIEro IPOIOKeH S paboT Ha Beel Tepputopuu Pecry6muku Kasaxcras ¢
LENBIO IETATIbHOTO M3yJIEHHUs COCTOSHUSI aTMOC(EPEIL.

2.6 Hcnosb3oBanue HAYYHO-TEXHHYECKOH NPOXYKUMH ocymecTBiasieTest: CiryxObI
AHATMTHYECKOr0 KOHTPOJs OOBEKTOB OKpysKaromel cpenpl. I[IoiydeHHBIE DPe3ymbTaThl MOTYT
BHECTH OTPOMHBIi BKJIaJl B 00JIaCTH OXPaHEI H KOHTPOIISI COCTOSIHAS OKPY KAIOIIEH CpejIb.

27 Bua MCHONB30BAHMS Ppe3yJabTAaTa HAy4HOH M (MJIHM) HAYYHO-TEXHHYECKOI
AesiteabHocTH: IlonyyeHHble HaydHbBle pe3yJbTaTsl MOTYT HAWTH IpHMEHEHHE B 00JIaCTH
SKOJIOTMHM ~ OKPY)KAIOLIEH CpeAbl, H MOTYT OBITh HCIIOJNB30BaHbl, KAk HHCTPYMEHT
MH(OPMAIMOHHOTO 06eCTieueH s PONecca MOATOTOBKH M IPUHATHS YNPABICHYECKHX PelIeHHI B
001acTH OXpaHbl OKPYKAIOLIEH CPe/Ibl U IPUPOIONOIH30BAHHSL.

3. HaumenoBanue padoT, CPOKH MX PeaIH3aMUH H Pe3y IbTATHI

| Hanmenosauue pabot CpoK BBIIOIHEHHUS O>XupmaeMslit pe3ynbTar
“gaH 1o JloroBopy u HA4aJo | OKOHYaHH

us, | OCHOBHBIE 3TaIlbI ETO e
STala | BRIOJIHEHHS

1 | Beecroponnee m3yuenue | SIaBaps 10 BynmyT BcecTopoHHEe H3yUeHBI MXH
MXOB (3JIEMEHTHBII 2018 roma | 1 HosOpst | (1€MEHTHEIH COCTAaB MXOB,

COCTaB MXOB, 2018 roma | oTpakaroILIMii COCTOSHHE BO3IyXa) H

OTpaXKaroIIHit aHAIM3 PaCIpPEIENICHHS IEMEHTOB Ha

COCTOSIHHE BO3/yXa) U HCCJIElyeMBIX TEPPUTOPHUSIX.

aHAJIM3 pacIpeieNeHus BynyT 3amonHeHs! mporpaMMel

9JIEMEHTOB Ha HeHTpoHHO-aKTHBALIOHHOTO

HCCIEeNyeMBbIX anammzaropa (HAA). Byner cienana

TEPPUTOPHIX KapTorpadus u Tomorpadus
HCCIIEYEMOM TEPPUTOPHH.

1.1 | IIpoGootGop u SuBape | 1o 1 mons | Byner nposeznen npo6oot6op u

npo6onoznroroska mxos | 2018 roza | 2018 roga | mpoGOMOArOTOBKA MXOB K aHAIH3Y.

K aHaJu3y ) Byner npoussenen c6op uccienyeMoro
MaTepuaa, i IOATOTOBJIEH K aHAJIU3Y.

1.2 | Omnpenenenne Wionb JI0 Byner onpenerneH 1eMeHTHBIH COCTaB

3JIEMEHTHOTO COCTaBa 2018 roma | 1 HOsOPst | 06pa3LOB MXa C HOMOIIBIO

00pasIioB Mxa ¢ 2018 roma | mHCTpyMeHTaNMbHOrO HAA.

MIOMOIIBIO BynyT noiyueHs! pe3ynsTaThl aHanu3a

HHCTPYMEHTAJIBHOTO MXO0B ¢ nmomompio HAA. Byner

HAA omybiukoBaHa 1 (ogHa) myGuKanus B
PELIEH3UPYEMOM 3apy0eKHOM HIIH
OTEYECTBEHHOM Hay4YHOU H3JaHHH C
HEHYJIEBBIM UMIIAKT-()aKTOPOM.

2 | OKcrnepuMeHTAIBHBIE SIHBapp 10 BynyT nomy4eHs! sKkcriepHMeHTAIBHEIE
JIaHHBIE, 2019 roma | 1Hos0ps | KaHHBIE, XapaKTEpPU3YIOLIHE
XapaKTepu3yIoIue 2019 roma | atMocdepHsIe BBIIAIEHHS 3IEMEHTOB-
aTMoc(epHbIe 3arpsA3HUTENICH Ha TEpPUTOPHI
BBINIAJICHHSI DJIEMEHTOB- Kasaxcrana. Byzer cnenana o6pa6oTka
3arps3HUTENeH Ha JIaHHBIX CTATHCTHYECCKUMHU U
Teppuropuu Kasaxcrana MaTeMaTHYECKUMU METOAAMH

pacueToB. ByzneT moAroToBeH AoKa
Ha ICP Vegetation.
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2.1 | IlocTpoeHue Kapt despane | 1aBrycra | Byzmer mocrpoena xapra
pacrpeneneHuit 2019 roma | 2019 roma | pacmpezeneHHs KaXI0ro 3J1eMEHTa Ha
3JIEMEHTOB C IIOMOIIBIO HCCJIEyeMOi TEPPUTOPUH C IIOMOIIBIO
I'IC texHonoruii. I'nc.

IIpo6ooTbop u Mapt Cents6ps | Byner nposenen npo6oot6op u

2.2 | mpobonoaroroska MxoB | 2019 roma | 2019 roxa | IpoGONOArOTOBKA MXOB K aHATH3Y.

K aHAIU3Y Byner npousBeneH c6op uccnexyemMoro
MaTepHana, ¥ IIOJrOTOBJIEH K aHAIH3Y.
Byzer ony6mukoBana
1 (ogna) myGnukamus B
PELIEH3UPYEMOM 3apyOeKHOM WK
OTEYECTBEHHOM Hay4HOM M3IaHUH C
HEHYJIEBBIM HMIIaKT-()akTopoM.

3 | IIpoBenenue STHBapb Jo Byner npoeneH sSKoHOMUYECKHiA
9KOHOMHUYECKOTO 2020 rona | 1 HosAGps | pacder aheKTHBHOCTH pa3paboTaHHOI
pacueta 3bdexTuBHOCTH 2020 roma | TeXHOJIOrHH GHOMOHHMTOPHHTA.
pa3paboTaHHOM Byner co3nana xapra pacnpenenenus
TEXHOJIOTHH 9JIEMEHTOB.

OHOMOHHTOPHHTA
3.1 | PacueTs! Ha OCHOBaHUH SluBaps Okts6pp | ByayT mpoBenens! pacueTs Ha
CTaTHCTUYECKOTO 2020 rona | 2020 roma | OCHOBaHWH CTATHCTHYECKOTO aHAIH3a
'| aHaNM3a IMOJIy4YEeHHBIX HOJYYEHHBIX TaHHBIX, C
JIAHHBIX, C HCIIOJIE30BAaHAEM CO3/IaHHBIX KapT
HCTIOIb30BaHHEM pacnpezenenus aneMenTtos mo ['YC
CO3/IaHHBIX KapT TEXHOJIOTHH.
pacrmpeneneHus Byner nana oneHka moTeHIHAIBHEIX
anemenToB 1o I'MIC HCTOYHHMKOB IOCTYIUICHUS
TEXHOJIOTHH 3arpsI3HAIONINX BEIIECTB B
OKpy>Karomyio cpeny. Byayt
OIyOJIMKOBaHEI CTATHH B
PELEH3UPYEMBIX 3apyOesKHBIX
Hay4HBIX H3JaHUSX, HHACKCHPYEMBIX B
6a3ax nauHeix Web of Science wm
) Scopus ¢ HEeHyJIEBBIM UMITaKT-
(daxTopom.

3.2 | Tonusli oTUeT O CeHTs0pb bi(o] Byner odopmien 3akmounTenbHbII

npozienaHHoR pabore 2020 rona | 1 HOSOpPsL | OTYET O HAy4YHO-HCCIENOBATENBCKOI
2020 roma | paGore. Byzner uznana MoHorpadus o
TEME HCCIIeIOBaHHSI.

Ot 3aka3unka: Ot Ucnonnurens:

IIpeacenarenn [FFONEREOD 110 HAYYHO-HCCIEJ0BATEHCKOI

I'Y «Komurer Hayku MuHHCTEpCTBa : a IIXB «EBpazuiickuii
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