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Abstract. The article examines the specific features of the formation of
the elemental composition of the population living within the impact zone
of the gold mining enterprise JSC “Altyntau Kokshetau” (Konysbay
village, Akmola region). The concentration of chemical elements in
human hair was determined using inductively coupled plasma mass
spectrometry (ICP - MS), which enabled the assessment of a wide
spectrum of trace, minor, and potentially toxic elements. The relevance of
this research is driven by the high concentration of mining enterprises in
Kazakhstan and the environmental risks associated with their activities,
including the accumulation of potentially toxic elements in environmental
compartments and biological substrates of the exposed population. Hair
was used as an informative biomarker reflecting long-term exposure to
both natural geochemical conditions and anthropogenic pollution sources.
Statistical processing of the obtained data was performed, and the results
were compared with reference data from other regions of Kazakhstan as
well as with the noosphere Clarke values. The study revealed localized
anomalies in the accumulation of several heavy metals and trace elements
including elevated concentrations of Cr, As, Hg, and Zn. These findings
indicate the combined influence of regional geochemical background and
technogenic pressure associated with gold mining activities, highlighting
the importance of biomonitoring in environmentally stressed mining
areas.

Keywords: ecological and geochemical status; heavy metals; human hair;
gold mining enterprise; Konysbay village; Akmola region; anthropogenic
impact.

1. Introduction

Kazakhstan is a unique territory where the geological structure and
history of formation of the Earth’s subsurface have been leading to the
presence of a huge variety of mineral resource bases. It includes fuel and
energy resources (hydrocarbons, coal, uranium) and reserves of ferrous,
non-ferrous, precious, and rare metals and industrial minerals. Such a
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diverse range of resources and ore deposits allows considering Kazakhstan as one of the strategic key
regions. In a relatively short period of time, a lot of large — scale mining and mineral processing
enterprises have appeared in Kazakhstan (Zhansetov et al., 1993).

Kazakhstan produces a great variety of mineral commodities and at present is a leading
producer of uranium, chromite, coal, iron and steel, copper and zinc. The country is also a significant
producer of lead, barite, cadmium, gold, titanium sponge and others (The World Bank Report, 2023).
Such resource-based growth has led to the accumulation of billions of tons of waste, serious damage
to land resources, a high level of air, underground and surface water pollution.

Over the past decades, a large number of studies have been conducted in different countries
around the world, in which the impact of mining and industrial activities on the environment was
assessed based on the chemical composition of various natural and biological media, such as
groundwater and surface water, soils, agricultural crops, and human hair. It was proven that within
the impact zones of mining and industrial enterprises, natural and biotic environments contained local
and regional anomalies in the concentrations of toxic elements, indicating long-term technogenic
influence. Contribution of the mining activity to elevated concentrations of heavy metals and
metalloids, including As, Cd, Cr, Co, Cu, Fe, Pb, Hg, Mn, Ni, U and Zn in the environment is widely
reported (Yang et al., 2021; Tibane et al., 2022; Abdul — Wahab et al., 2012).

Long-term discharges of dangerous chemical elements in the areas of mining activities lead to
pollution of riverbed sediments. Especially, such elements as Cu, Pb u Cd are the highest in the areas
with industrial effluents (Marrugo — Negrete et al., 2021). Such elements can negatively affect aquatic
systems in general, people living nearby and river users. The study of soil, water, plant and sterile
and mineralized waste near gold mine found exceeding the reference values of drinking water quality
identified by the World Health Organization with As, Ba u Pb elements. Plants exhibited high Pb
concentrations that caused health risks for the population. Mean concentration of toxic elements in
soil was higher than reference values of soil quality defined by the legislation of the country (de
Souza et al., 2017).

High concentrations of potentially toxic elements near mining areas cause a serious risk to the
ecosystem and human health. Some heavy metals released during mining activity, such as arsenic and
lead, are known as carcinogens and can elevate the risk of various cancers, anemia and intellectual
disability. Children and pregnant women are among the most vulnerable groups to heavy metal
exposure: in children it can impair brain and nervous system development, leading to learning
difficulties, attention deficits, and behavioral disorders, while in pregnancy metals can cross the
placental barrier and harm maternal and fetal health, increasing the risks of birth defects, miscarriage,
and preterm birth (Feitosa et al., 2021; Chen et al., 2007).

For ecological and biogeochemical monitoring, many researchers used scalp hair of the
population due to their convenience in sampling, storage, and transportation, as well as their ability
to reflect long-term accumulation of chemical elements (Adav 2025; Zhang et al, 2023; Barbosa et
al., 2005; Morton et al., 2002).

In Kazakhstan, similar studies have been conducted in many regions of the country. In North
Kazakhstan (Baikenova et al., 2021), the authors compared the elemental composition of the
population of North Kazakhstan and Akmola regions that were located within a large uranium ore
province. In their study, the results of elemental composition were used as an indicator of the
environmental and geochemical situation of the territory. The study revealed higher concentrations
of rare, rare earth and radioactive elements (Th, U, and Au, Bi, Se), which characterized the impact
of mining enterprises and the natural characteristics of ore fields.

In North Kazakhstan, Sharipova et al. (2023) studied the concentration of 28 chemical elements
in the hair of the population living in the area of urbanization, industrial development and uranium
mining operations. The study showed specific accumulation of Sr, Ba, and rare earth elements.

The study on the concentration of the toxic elements in the hair of children was conducted in
the oil and gas-producing region of Western Kazakhstan. The author evaluated the relationship
between the concentrations of toxic elements and the remoteness of their residence from oil and gas
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fields. The study showed the highest concentration of Al and Hg in the hair of children living close
to oil and gas fields (0—16 km). Concentrations of As, Cd, and Pb in hair increased with distance from
oil and gas production sites (Batyrova et al., 2021).

In the area of the Semipalatinsk Nuclear Test Site (Dzhambayev et al., 2018), in his study
presented the results about the impact of nuclear technogenesis on ecosystem components (soil, salt
deposits, wormwood, animal muscle tissue, and human biosubstrates). The natural geochemical
specificity of the elemental composition of human biosubstrates in the territory adjacent to the
Semipalatinsk Nuclear Test is reflected in the accumulation of Zn and U. The territories located at
the greatest distance from the SIP are characterized by the highest chemical load.

The data obtained by Shaimardanova et al. (2010) showed that the accumulation level of the
studied chemical elements in hair reflected the degree of anthropogenic impact of the developed
industrial complex of Pavlodar and the surrounding areas on the entire soil-plant-animal (human)
system. Moreover, judging by the spectrum of chemical elements, three main impacting sources can
be identified: coal-fired power plants and the metalworking industry (Hg, Zn, Co, Cr, Sr); the
chemical industry (Hg, Se, Rb); and petrochemical production (Zn, Se).

The study of (Korogod, 2010) reported spatial biogeochemical patterns of element
accumulation in the hair of school-aged children (12-14 years) in Pavlodar Region. The results
indicated territorially differentiated technogenic impacts associated with emissions from coal-fired
thermal power plants, metal-processing, and petrochemical industries, with additional influence
linked to river-mediated transport of pollutants. Based on the elemental spectrum, the authors
distinguished two major source groups: (1) coal-fired power generation and metal-processing
industries (Hg, Zn) and (2) chemical and petrochemical production (Hg, Se; Zn, Se).

Rich mineral resource base is an important factor in the economic development of the country.
However, it can also lead to the formation of technogenic anomalies in different components of the
environment. Of particular concern are the heavy and potentially toxic metals that are emitted from
industry: ferrous and non-ferrous metallurgy, solid and liquid fuel extraction, and mining and mineral
processing complexes.

Environmental protection specialists have identified a priority group of toxic metals. This group
includes elements such as cadmium, copper, arsenic, nickel, mercury, lead, zinc, and chromium, as
they pose the greatest risk to human health.

The aim of the study was to identify the specific patterns of elemental status development in
the population living in the impact zone of the gold mining company JSC “Altyntau Kokshetau”
(Konysbay settlement, Akmola Region).

2. Materials and methods

Hair sampling was conducted in the village of Konysbay in the Akmola region in the fall of
2024. A total of 25 adult hair samples were analyzed. Full names, residential addresses, age, gender,
and place of birth were recorded during collection. The sample included residents who were
absolutely healthy, without chronic or acute inflammatory processes, and they also lived for a
sufficiently long time in the area where the selection was made (at least 10 years). The hair was
collected and prepared for analysis according to IAEA recommendations (Element analysis of
biological materials, 1980; Narkovich, 2012). The material was collected with stainless steel surgical
scissors from five points on the scalp.

Sample preparation was carried out in the Department of Geology of Tomsk Polytechnic
University.

The content of 73 chemical elements was determined using inductively coupled plasma mass
spectrometry (ICP-MS) (Druzian et al., 2021). The work was carried out at the Problem Research
Laboratory of Hydrogeochemistry at Tomsk Polytechnic University. The obtained data were
processed using Microsoft Excel and STATISTICA 10 programs.
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3. Results

In this study, it was decided to focus on the concentrations of heavy metals in the adult
population, since this group of elements is traditionally considered a priority from the point of view
of environmental and sanitary safety. Heavy metals are characterized by potential toxicity, the ability
to accumulate in the body, and a long period of biological elimination. Their excessive intake can
lead to the development of adverse health effects, including dysfunction of individual organs and
systems, as well as an increased risk of chronic diseases. Therefore, assessing heavy metal levels in
biological substrates is an informative approach for identifying potential environmentally induced
risks and substantiating preventive measures.

For comparative analysis, previously published data on the elemental composition of biological
samples from other regions of Kazakhstan were used in this study. This data allowed us to establish
background and regional benchmarks and account for spatial variability in geochemical conditions.

Various factors from the external and internal environment can influence the distribution of
elements in the hair of the population of the studied region, which leads to uneven content of
individual chemical elements and the detection of abnormal values. Standard statistical parameters
calculated for the studied sample are presented in Table 1.

Table 1. Statistical parameters of chemical elements in the hair of residents of Konysbay settlement,
living near JSC Altyntau Kokshetau, (mg/kg)

Elements Mean G.mean | Median Min Max St.dev. | Variation | St.error
Cr 11.21 9.96 10.74 2.36 20.7 4.83 43.0578 0.965
Ni 1.28 1.19 1.17 0.65 2.7 0.56 43.8938 0.113
Cu 10.37 10.18 10.10 7.15 17.5 2.13 20.5033 0.425
Zn 194.45 171.94 168.30 75.04 600.1 124.34 63.9450 24.868
As 0.52 0.26 0.20 0.03 24 0.69 132.8512 0.138
Cd 0.05 0.04 0.05 0.01 0.1 0.02 53.2722 0.005
Hg 0.73 0.57 0.60 0.14 2.0 0.51 70.4438 0.102
Pb 0.92 0.58 0.65 0.08 6.4 1.25 135.4987 0.250

The variation coefficients of the studied heavy metals vary widely - from 20 to 135 % -
indicating varying degrees of spatial heterogeneity. At V < 50 %, a relatively uniform distribution
pattern is noted for Cu (20 %), as well as Cr (43 %) and Ni (44 %), indicating predominantly natural
(lithogenic) control of their content. Increased variability (V = 50-100 %) is characteristic of Cd (53
%), Zn (64 %), and Hg (70 %), which may indicate a mixed origin. The highest heterogeneity (V >
100 %) was established for As (133 %) and Pb (135 %), reflecting the presence of local anomalies
and probable anthropogenic influence.

Overall, the geochemical structure of the territory is characterized by a combination of natural
background element contents and localized areas of their increased accumulation, reflecting the
heterogeneity of the heavy metal distribution. To determine regional patterns of chemical elements
in the hair of residents of Konysbay settlement, located near the Altyntau-Kokshetau JSC, we
compared average element concentrations with similar values in other areas of the Republic of
Kazakhstan. The data in Table 2 demonstrate spatial heterogeneity in element content in hair among
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residents of different regions of Kazakhstan, indicating the influence of regional biogeochemical
conditions and anthropogenic factors.

Table 2. Comparative characteristics of the accumulation of chemical elements in the hair of people
living in Kazakhstan (mg/kg)

Elements | Akmola Residents of South Kazakhstan | North Kazakhstan | Ekibastuz
region Konysbay settlement territory region city

Cd 0.22+0.12 0.05+0.005 0.05+0.008 0.17+0.09 0.04+0.01
Cu 16.2+2.7 10.3740.42 11+0.5 12.5+1.33 9.0+1.5
As 0.07+0.01 0.52+0.13 0.67+0.1 0.04+0.007 0.04+0.02
Ni 0.97+0.25 1.28+0.11 0.47+0.03 0.7+£0.27 0.6+0.3
Hg 0.24+0.05 0.73+0.10 1.1+£0.3 0.22+0.04 0.2+0.05
Pb 1.55+0.45 0.92+0.25 1.3+0.22 0.72+0.29 1.1+0.4
Zn 328+49 194.45+24.86 236+25 288+86 455+130
Cr 0.5%0.05 11.21+0.96 0.76+0.1 0.52+0.05 0.41+0.03

High concentrations of cadmium were found in the hair of residents of the Akmola region and
North Kazakhstan region, indicating the specific soil and geochemical background and agro-
technogenic impacts in these areas. The lowest concentrations were observed in residents of
Ekibastuz and Konysbay. Elevated arsenic and mercury levels were observed in residents of South
Kazakhstan territory and Konysbay settlement, possibly due to natural geochemical anomalies or
anthropogenic sources. Moderately elevated lead levels were found in the hair of residents of the
Akmola region and South Kazakhstan. This is possibly due to industrial exposure and transport
factors. Essential elements such as copper and zinc vary widely. The highest copper levels were
recorded in the Akmola region, while the highest zinc levels were found in residents of Ekibastuz,
indicating the region’s industrial profile and the specific mineral composition of the surrounding
environment. Nickel concentrations are relatively stable across all regions, but elevated levels in
Konysbay may indicate local geochemical peculiarities. Chromium levels are significantly higher
among residents of Konysbay compared to other regions, where their levels remain close to
background values. This indicates the possible presence of a localized technogenic or natural
chromium-containing anomaly.

Overall, the element distribution in Table 2 reflects the combined influence of natural
biogeochemical provinces and anthropogenic factors that shape the elemental status of the population.
Elevated concentrations of toxic elements (As, Hg, Cd, Pb) in some regions can be considered
potential environmental risk factors, while variability in essential elements indicates differences in
mineral nutrition and environmental conditions.
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Figure 1. Comparative analysis of the content of chemical elements in the hair of people living in
Kazakhstan (mg/kg) (Source: developed by the authors based on the research results)

The study analyzed the spatial distribution of heavy metals (Cd, Co, Cu, As, Ni, Hg, Pb, Zn,
and Cr) in soils and environmental components in the Akmola region, Konysbay settlement, South
Kazakhstan, North Kazakhstan region, and Ekibastuz. Element concentrations are presented on a
logarithmic scale, allowing for comparison of elements with significantly different levels and
identification of their biogeochemical patterns.

The results showed in Figure 1 that zinc concentrations were elevated in all studied regions.
Elevated Zn concentrations are consistent with its role as a biophilic and lithophilic element,
widespread in parent materials and actively involved in biological cycles. Furthermore, high Zn levels
may be due to anthropogenic influences, including agricultural activities and man-made emissions.

Copper is characterized by consistently elevated values compared to most other trace elements.
This is consistent with its high geochemical mobility and ability to accumulate in soils, especially
under conditions of long-term anthropogenic impact. In a number of areas, Cu forms a pronounced
local geochemical background, which is typical for regions with developed economic activity.

Cadmium, mercury, and arsenic levels generally remain relatively low; however, these
elements are of particular interest from a biogeochemical hazard standpoint. Even at low
concentrations, they are highly toxic and capable of bioaccumulation and biomagnification, requiring
their mandatory inclusion in environmental assessments of the area.

Chromium exhibits significant regional variations. This is likely due to the mineralogical
composition of the parent rocks and the redox conditions of the soils, which determine the valence
state and migration capacity of the element.

Overall, the identified patterns reflect the geochemical heterogeneity of the study areas, which
is influenced by natural (geological structure, soil formation, climatic conditions) and anthropogenic
factors. The predominance of Zn and Cu corresponds to the classical biogeochemical series of trace
elements, while the variability of the content of toxic elements (Cd, Hg, As, Pb) emphasizes the need
for their systematic monitoring and assessment of potential environmental risks.
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Figure 2. Concentration coefficients relative to the average for the sample of chemical elements in
the hair of residents of Konysbay settlement (Source: developed by the authors based on the research
results)

We examined the concentration ratios relative to the sample average for chemical elements in
the hair of residents of Konysbay settlement. Data analysis reveals a pronounced predominance of
chromium. Its concentration is significantly higher than that of other metals, indicating the formation
of a specific geochemical background. The source of Cr may be related to both natural factors and
anthropogenic impact. Biogeochemically, chromium is relatively stable and can accumulate in soils,
especially under certain redox conditions.

Arsenic ranks second in concentration. Its elevated values are of environmental significance
because As is a highly toxic element and actively participates in migration processes. It can transform
into mobile forms and enter food chains through soil-plant and aquatic systems.

Nickel, copper, and zinc are characterized by moderate concentrations and form a relatively flat
sector of the diagram. These elements are biophilic and widespread in the natural environment.
However, at elevated levels, they may reflect anthropogenic impacts. Their combined presence may
be due to both the natural geochemical background and diffuse pollution.

Cadmium, mercury, and lead are present in the smallest quantities. Despite their low
concentrations, these elements are highly toxic and bioaccumulative. Even at low accumulation
levels, they can pose a potential environmental hazard if exposed to ecosystems over long periods of
time.

The data shown in Figure 2 demonstrates that the distribution of elements is uneven: Cr and As
are higher values, while other elements are of lesser importance. This situation is typical for areas
with a particular geochemical specialization and requires special attention to the most hazardous
elements during environmental assessment and monitoring.
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Figure 3. Concentration coefficients relative to the noosphere clarke of chemical elements in the hair
of residents of Konysbay settlement (Source: developed by the authors based on the research results)

Chemical element clarkes are in demand in ecological-geochemical studies due to their broad
elemental coverage, which allows for more detailed comparative assessments (Kasimov et al., 2015).
In our study, we applied the noosphere clarke for the study area. Values greater than one indicate
enrichment of the element, while values below one indicate its dispersion relative to the clarke level.

Analysis of the obtained data revealed that mercury and zinc are characterized by the most
pronounced relative enrichment compared to the noosphere clarke. Hg exhibits the greatest excess
over the clarke value, indicating its primary role in the formation of the technogenic-geochemical
anomaly. Hg is known to be highly migratory and prone to accumulation in biogeochemical barriers,
which increases its environmental hazard even at moderate absolute concentrations.

A significant excess of the Clarke value was also noted for Zn. This element is a biophilic trace
element and is actively involved in biological cycling; however, its relative enrichment may be an
indicator of anthropogenic impact, including industrial activity and agricultural sources.

Arsenic, copper, and nickel generally exhibit values close to the Clarke value, indicating the
formation of a quasi-background geochemical state. This distribution may reflect the predominance
of natural control factors, including the mineralogical composition of parent rocks and soil-forming
processes.

Cadmium, lead, and chromium are characterized by values below the noospheric clarke value,
indicating relative geochemical depletion. However, even with a Clarke deficiency, these elements
retain high ecological and biogeochemical significance, as their toxicity and bioaccumulation
potential do not directly correlate with their absolute levels.

Figure 3 shows that the concentration ratios relative to the noospheric clarke of chemical
elements in the hair of residents of the village of Konysbay indicate an uneven redistribution of
elements compared to the global noospheric background. Mercury (Hg) and zinc (Zn) can be
considered indicators of anthropogenic impact, as their concentrations most clearly reflect the
influence of anthropogenic factors.

4. Discussion

The obtained results indicate that the geochemical structure of the studied territory is formed
under the combined influence of natural background conditions and localized zones of increased
accumulation of chemical elements. This reflects a pronounced heterogeneity in the distribution of
heavy metals and suggests a complex nature of the formation of the elemental composition of hair in
the examined population.
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To identify regional patterns, a comparative analysis of the average concentrations of chemical
elements in the hair of residents of Konysbay village, located near JSC ““Altyntau Kokshetau” was
carried out in relation to similar data from other regions of the Republic of Kazakhstan. The
comparison revealed spatial variability in element content, indicating that the elemental status of the
population is influenced by both regional biogeochemical conditions and anthropogenic factors.

In general, the distribution of elements reflects the combined effect of natural biogeochemical
provinces and technogenic impact. Elevated concentrations of toxic elements, such as As, Hg, Cd,
and Pb, may be considered potential environmental risk factors. At the same time, the variability of
essential elements suggests differences in mineral nutrition and environmental conditions affecting
the population.

The analysis of individual elements demonstrates an uneven distribution pattern, with relatively
higher values observed for Cr and As, while the remaining elements contribute less significantly to
the overall geochemical profile. Such a distribution is characteristic of territories with specific
geochemical specialization and highlights the importance of focusing on the most hazardous elements
in environmental assessment and biomonitoring.

Furthermore, the analysis of concentration ratios relative to the noospheric clarke values
indicates an uneven redistribution of elements in the hair of residents of Konysbay village compared
to the global background levels. Among the studied elements, Hg and Zn can be considered the most
indicative of anthropogenic influence, as their concentrations most clearly reflect the impact of
technogenic factors.

Overall, the results confirm that the elemental composition of hair can serve as a sensitive
indicator of environmental conditions and anthropogenic pressure in mining-affected areas.

5. Conclusion

The present study of the elemental composition of hair from residents of Konysbay settlement,
located near the Altyntau Kokshetau JSC, revealed the characteristics of their biogeochemical status
and assessed the possible influence of natural and anthropogenic factors.

Analysis of statistical parameters revealed that the distribution of heavy metals is
heterogeneous. Relatively low variability was observed for some elements (Cu, Cr, Ni), indicating
primarily natural (lithogenic) control of their content. However, elevated coefficients of variation for
As, Pb, Hg, Zn, and Cd indicate the presence of local anomalies and probable anthropogenic
influence.

A comparison with data from other regions of the Republic of Kazakhstan confirmed
pronounced spatial differentiation in the elemental composition of hair. Konysbay settlement is
characterized by elevated levels of chromium, arsenic, and mercury compared to several other areas,
which may reflect both the specific geochemical background and the influence of industrial activity.
An analysis of concentration coefficients relative to the sample mean revealed the dominance of Cr
and As in the elemental profile. A comparison with the noosphere’s clarke revealed a relative
enrichment in Hg and Zn, allowing these elements to be considered indicators of anthropogenic
impact. Although absolute concentrations of several toxic elements remain within moderate limits,
their high toxicity and bioaccumulative potential necessitate regular monitoring.

Overall, the geochemical structure of the study area is shaped by the combined influence of
natural biogeochemical conditions and anthropogenic factors. The identified patterns of heavy metal
distribution in the hair of the population reflect the presence of local geochemical anomalies and
highlight the importance of further ecological and biogeochemical research aimed at assessing
environmental risks and developing preventative measures to reduce potential adverse impacts on
public health.
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AJITBIH OHAIPY KICIMOPHBIHBIH KAHBIHAA TYPATBIH XAJBIKTHIH IHIAIIBIHAAFbI
aybIp MeTAJNAaPAbIH (KHHAJYBIH CAJIBICTHIPMAJIbI TAJIAAY

Jlazzatr bBepmaranOeroBa, AnyapOexk Kaka0aes, Haranbsn bapanosckas, I'yium baiikeHnoBa,
boraro3 lllapunosa, Aiiryas Kypmanoaesa

Angarna. Makanana Akmona o6ibicsl, KonbicOail aybuibiHa opHanackad «AnTeiHTay Kekieray»
AK anTelH OHJIIpyIIl KOCIMOPHBIHBIH dcep €Ty aiMarblHIa TYPaThIH XaJIBIKTBIH AJIEMEHTTIK
KYPaMBIHBIH ~ KaJIBINTACy EpeKIIeNiKTepi KapacThIPhUINBL. AJllaM  IIAMIBIHIAAFBl  XUMUSUIIBIK
AIIEMEHTTEpP/IiH KOHICHTPAIMIChl HHIYKTHBTI OaifylaHbICKaH I1a3Maibik Macc-criekrpomerpus (ICP-
MS) omiciMeH aHBIKTAIIbI, OYJI MUKPO-, MAKPO- )KOHE JICYETT1 YBITThI 3JIEMEHTTEP/IIH KEeH CIIEKTPIiH
Oaranmayra MyMKiHAIK Oepai. 3eprreynin e3ektimiri Kazakcranma Tay-keH —eHAIpYIIi
KOCIMOPBIHAAPABIH KOFAPHI MIOFBIPIAHYBIMEH YKOHE OJapAbIH KbI3METiHE 0ailTaHBICTHI KOJIOTUSITBIK
TOyEKeJIepPMEH, COHBIH IIIIHJAE KOpIIaFaH OpTa KOMIIOHEHTTEpI MEH XaJbIKThIH OHOJIOTUSIIBIK
cyOcTpaTTapblHIa QJICYETTI YBITTHI AJEMEHTTEPAIH JKUHAKTamybIiMeH TyciHmaipineai. [llam taburu
TeOXUMUSUIBIK JKaFJaiiap MEH aHTPOTOTeH/IIK JacTaHy KO3/IePiHiH Y3aK Mep3iM/Ii dCepiH KOPCeTeTIH
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aKMaparThIK OMOMapKep pEeTiHJAE MNaiJanaHbUIAbl. AJBIHFAH JCPEKTEePre CTATUCTHKAIBIK OHJCY
XKyprizimn, HoTwkenep KazakcrtanubiH 0acka eHipiepi yiIiH pedepeHTTIK MOHIEPMEH, COHJIal-aK
HOOC(hepallbIK KIapKTapMeH CalbICTHIPBUIILL. 3epTTey Oapwickinma Cr, As, Hg xone ZN CUSKTHI
OipkaTap ayplp MeTajajgap MEH MHKPO3JIEMEHTTEPAIH JKWHAKTATYBIHBIH JKEPIUTIKTI aHOMAJIUSIIAPHI
aHBIKTANABL. AJIBIHFAH HOTIDKENEpP alMaKThIK TEOXUMISUIBIK (OH MEH aIThIH OHIIpyIIi
KOCIMOPBIHAAP/IBIH KbI3METIHE OaJIaHBICThI TEXHOTCH/IIK JKYKTEMEHIH O1pJIECKeH o9CepiH KopceTe i,
Oy SKOJIOTHSUIBIK IIMEJICHICTI Tay-KeH eHAIpY eHipiepiHIe OMOMOHUTOPUHITIH MaHBI3IbUIBIFBIH
alKbIHIANTBL.

Tyiiin ce3aep: SKOJIOTHSIBIK KOHE TEOXMUMHUSUIBIK JKaFIaif; ayblp MeTajjap; aJaM IIaiibl; aIThIH
eHipymi kocinopbiH; KoneicOaii aybuibl; AKMOIa 00JIBICH; aHTPOIIOTEHIIK dcep.

CpaBHUTEJBbHBIA AHAJIM3 HAKOIUICHUSI TSKEJIBIX MeETAa/UIOB B  B0JIOCAX
HaceJIeHHS, POKUBAIOLIETr0 BOJIM3HU 3010TO100BIBAIOIIETO MPEeANPUATHS

Jlazzat Bepmaran0eroBa, Anypadek KakadaeB, Hataabn BapanoBckasi, I'yium BbalikenoBa,
Boraro3 lllapunoBa, Aiiryas Kypmantaesa

AHHoTanusi. B crtatbe paccmaTpuBaroTcsi 0COOEHHOCTH (DOPMHPOBAHUS AIEMEHTHOTO COCTaBa
HACEJICHUs, IPOXKUBAIOLIETO0 B 30HE BO3JEUCTBUSA 30J10TOAOOBIBaOIIEro mnpeanpusatus AO
«Anteintay Kokmeray» (mocénok KonsicOait, AkmonuHckas o6acts). KoHIIEHTpaun XUMHYECKUX
3JIEMEHTOB B BOJIOCAX Y€JIOBEKa OBLIM ONPEEICHbl METOJIOM MHIYKTUBHO CBSI3aHHOM IIa3MEHHOU
macc-cuekrpomerpur (ICP-MS), 4To MO3BONMIO OIECHHWTH IIUPOKUN CIEKTP MHKpPO-, Makpo- U
MOTEHIIMAJIbHO TOKCUYHBIX 3JEMEHTOB. AKTYaJlbHOCTh HCCJEIOBaHUS OOYCIIOBJIEHA BBICOKOMN
KOHIIEHTpaluell TOpHOAO0ObIBatOUX MpeanpusaThii B KazaxcraHe u SKOJIOTMYECKUMHU PUCKAMH,
CBSI3aHHBIMU C UX J€SATEIbHOCTHIO, BKJIIOYas HAKOIUIEHWE MOTEHIIMAIbHO TOKCUYHBIX 3JIEMEHTOB B
KOMITIOHEHTaX OKpY)KawIled cpeabl W OUONOrMYecKUx CcyOcTparax HaceleHus. Boiocsl
HCIOJIb30BAJNCh B KadyecTBe MH(POPMATUBHOIO OHOMapKepa, OTPAKAIOLIEro JUIMTEIbHOE
BO3JICHCTBUE KaK MPUPOJHBIX TCOXMMHYECKHX YCIOBUH, TaK W aHTPOIMOTEHHBIX HCTOYHUKOB
3arpsi3HeHus. bplia mpoBeieHa cTaTUCTHUYecKas oOpabOTKa IMOJYYEHHBIX JaHHBIX, a Pe3yJIbTaThl
COTIOCTaBJICHBI C pedEepeHTHBIMU 3HAYEHUSIMU JUIs APYrux pernoHoB Kazaxcrtana, a Takxke C
KJapkamu Hoochepsl. B xozie uccinenoBaHus BBISABIECHBI JIOKaJbHbIE aHOMAJIMK HAKOILJICHUS psizia
TSOKENBIX METANIOB M MUKPOAJIEMEHTOB, BKJIIOYAas MOBBIIEHHBIe KoHIIeHTparuu Cr, As, Hg u Zn.
[TonydyeHHble pE3yabTaThl CBHUJETENBCTBYIOT O KOMOWHHUPOBAHHOM BIIMSHUM PErMOHAIbHOIO
reOXMMHYECKOro JOoHA U TEXHOTEHHON HAarpy3KH, CBI3aHHOM C AeSITebHOCTHIO 30JI0TO100BIBAIOIITIX
MPEANPHUATHH, YTO TOTIEPKUBACT BAKHOCTH OMOMOHHTOPHHTA B JKOJIOTWYCCKU HAIPSHKEHHBIX
TOPHOJOOBIBAIOIINX PETUOHAX.

KiroueBble €jI0Ba: DKOJIIOTHMYECKOE M TI'€OXHMHYCCKOE COCTOSAHHCE, TSOKENBIS METAJlJIbl; BOJIOCHI

YeJIOBEKa; 30J0TOJoObIBaONIee mpeanpustue; mnocénok KonwicOai; AKMONMHCKas 00J1acTh;
AHTPOIIOI€HHOE BO3/ECICTBUE.
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