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THE LEVEL OF SOIL CONTAMINATION WITH HEAVY METALS IN THE
TERRITORY OF THE BALKHASH MINING AND METALLURGICAL
COMBINE

Annotation. Contamination of soil covered with heavy metals in places where
industrial centers are concentrated is an urgent problem for many countries, including
Kazakhstan. The main sources of heavy metal elements in the soil are metallurgical
production, and heavy metal contamination of the soil around the metallurgical
enterprise threatens human health and causes various pathologies in the development of
living organisms. As a result of migration processes, toxicants in the soil enter the
surface and underground waters. In this study, the environmental condition of soil
contaminated with heavy metals in the territory of the metallurgical enterprise of
Central Kazakhstan "Kazakhmys" Industrial Union (Balkash Mining and Metallurgical
Combine) was evaluated. The soil cover in the industrial territory of Central Kazakhstan
was found to be contaminated with different concentrations of heavy metals. Eleven
heavy metals were detected in the soil samples, and the following heavy metals were
found in dissolved form: TiO,, MnO, and Fe,O3. It is known that the concentration of
the heavy metals Pb, Zn, Cu, and Sr in the obtained soil samples is significantly higher.
It was established that the concentration of heavy metals increases in the following
order: Pb>Zn>Cu>Sr>Cr>As>V>Ni>Cd>Co>Hg. Three points, Nel, No2, and Ne5, were
identified with the highest levels of pollution. The highest concentration of lead was
901.1+£0.05 mg/kg (p<0.05), the highest concentration of zinc was 647.3+0.05 mg/kg
(p<0.05), the high concentration of copper was 376.3£0.05 mg/kg (p<0.05), and the
highest concentration of strontium was 432.6+0.05 mg/kg (p<0.05). This study provides
a comprehensive assessment of soil cover contamination with heavy metals in areas
where industrial centers are concentrated, while also suggesting the adoption of topical
solutions for pollution reduction and environmental management.

Keywords: Balkhash mining and metallurgical plant; soil pollution; heavy
metals; soil cover; ferrous and non-ferrous metallurgy; atomic-adsorption method;
ecosystem.

Introduction

Heavy metals are common pollutants in the soil environment, namely arsenic
(As), cadmium (Cd), chromium (Cr), mercury (Hg), lead (Pb), copper (Cu), zinc (Zn),
and nickel (Ni). This type of contamination is biologically toxic, widely distributed, and
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persists long-term in the soil environment. With the rapid development of the economy
and society, a variety of heavy metal-contaminated soil threatens the environment and
public health [1].

The soil contamination with these heavy metal ions introduces significant
environmental hazards, ranging from soil and water pollutionto the disruption of
ecosystems and the release of potentially deleterious substances into the environment [2].
The mining processes associated with copper, zinc, lead, manganese, and iron, extensively
utilized in industrial applications, have been identified as primary contributors to soil
contamination [3]. Systematically elevated levels of these heavy metals have consistently
surfaced in soil samples collected from mining sites, necessitating a thorough investigation
into their intricate environmental impacts. The soil contamination with these heavy metal
ions not only poses significant ecological hazards on land but also extends its effect on the
surrounding air and water ecosystems. The mining processes associated with copper, zinc,
lead, manganese, and iron, are widely employed in industrial applications, potentially
leading to air pollution. Additionally, the leaching of heavy metals into water sources
exacerbates water pollution concerns, posing threats to aquatic life and potentially
impacting human health [4].

Soil is the main component of the ecosystem, but recently, due to the rapid
development of industrialization and urbanization, significant problems of
environmental pollution have arisen [5]. It is known that the earth, as the main part of
the terrestrial ecosystem, plays a very important role in the existence of various types of
living organisms. Heavy metals in the soil (HM) accelerate their accumulation in the
soil due to their biotoxicity accumulation and non-degradable properties [6]. Heavy
metals that accumulate in the soil, even in small quantities, are very toxic, particularly
dangerous pollutants of the natural environment, and even at low concentrations, they
cause various pathologies in the development of living organisms [7]. An increase in the
level of accumulation of heavy metals leads to many physical, chemical, and biological
changes in the environment. The nature and extent of these changes depend on the
amount and form of heavy metals in natural objects [8]. The group of heavy metals
includes the following chemical elements: Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Mo, Cd,
Sn, Sb, Te, W, Hg, TI, Pb, Bi. Dangerous toxic heavy metals include Pb, Cd, Hg, Zn,
Mo, Ni, Co, Sn, Cu, V, Sh, As [9].

High concentrations of non-biodegradable metals are extremely dangerous for
living organisms. Cadmium (Cd), chromium (Cr), lead (Pb), zinc (Zn), iron (Fe), and
copper (Cu) are heavy metals that are particularly dangerous and are found in
contaminated soil [10]. Heavy metals such as Cd, Cu, Pb and Zn are known as
potentially toxic elements (PUES) due to their increased toxicity and are also used in
metallurgy, mining, waste incineration, road infrastructure, smelting and fossil fuel
combustion industries [11].

Due to the specific surface area of heavy metals, most of the particles in the
atmosphere come from coal, fuel and industrial pollutants such as iron (Fe), chromium
(Cr), lead (Pb), cadmium (Cd), zinc (Zn) and copper (Cu) [12]. Increasing
industrialization, exploitation of natural and mineral resources, and unstable social
conditions have led to widespread environmental degradation on a global scale.
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Environmental and subsoil pollution is the result of direct dumping of urban and
industrial pollutants into landfills [13].

The environment is affected by various anthropogenic factors, namely industrial
wastes, mining wastes, combustion processes, smelter wastes, traffic emissions, etc.
[14]. Consequences of the introduction of toxic substances into the environment
contribute to the occurrence of various diseases in organisms as a result of deterioration
and change of natural ecosystems, stability, bioaccumulation and biomagnification of
heavy metals [15]. Eating vegetables contaminated with toxic elements can lead to
various pathological diseases. In particular, Cd, Pb and As are carcinogenic and cause
neurological abnormalities or kidney, bone and cardiovascular system diseases [16, 17].
Other heavy metals, such as Cu and Zn, are considered non-carcinogenic, but their
increased content causes liver failure, stomach pain, and changes in the immune system,
which can harm human health [18, 19]. Metals also affect aquatic life, damage many
parts of the body, and cause endocrine disorders and immunological abnormalities [20].
It also causes an imbalance in the ecosystem, putting pressure on the health of certain
species. The major components of pollutants are anthropogenic sources, although
various pollutants occur naturally in the soil as mineral constituents and are usually
toxic at high levels. Soil pollution is usually not overtly measured or observed, but it is
a serious problem.

Factories and industrial areas emit large amounts of pollutants into the
environment and also reduce the quality of the environment. The health conditions of
residents in industrial cities with poor ecological conditions may show dangerous
indicators. Metals and metalloids enter the human body through drinking water, food
and food additives, inhalation, absorption through the skin, and accidental ingestion [21,
22]. In modern society, due to the development of agrochemistry and industry, the
amount of pollutants is increasing day by day. Thus, the complex nature of their
decomposition and accumulation at different rates makes soil studies difficult and
expensive to determine the exact extent of pollutant exposure. Toxic chemical effects
and their possible environmental consequences require the development of technologies
for the removal of environmental pollutants [23]. Industrial waste increases the
greenhouse effect, acid rain, and the concentration of suspended substances in the air
[24]. The mining industry plays an important role in the development of the world
economy by supplying necessary materials to various industries. However, mining is a
concern due to its significant environmental impacts, including pollution, habitat
destruction, and greenhouse gas emissions [25]. Lands around metallurgical plants are
constantly exposed to waste containing various atmospheric emissions, including
harmful heavy metals. Heavy metals are among the most toxic substances for living
organisms, including plants [26]. They cause direct damage to plants, including woody
plants, accelerating their decline and eventually causing death [27]. Therefore, the
purpose of the work is to determine the composition of heavy metals in the soil cover of
the industrial areas of Central Kazakhstan.

Research Objects and Methods

Heavy metals are the main pollutant of the natural environment that harms the
biosphere and is known to be dangerous to the human body. Due to the large number of
industrial establishments, some areas are turning into ecological disaster zones.
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Although heavy metals are second only to pesticides in terms of danger, they are more
toxic than the more widely known pollutants such as carbon dioxide and sulfur. In the
future, they are considered to be more dangerous than nuclear power plant waste and solid
household waste [28]. The study area is located in the Central regions of the Republic of
Kazakhstan, Karaganda Region, the Industrial Association "Kazakhmys" (Balkash Mining

and Metallurgical Combine) is shown in Figure 1. The presented maps were created using

ArcGIS 10.6.
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Figure 1. Map of the territory where the "Balkash Mining and Metallurgical
Combine" Industrial Union is located. Note: created based on the author.

The industrial enterprise "Kazakhmys" Industrial Union is located in the
southwestern part of the city. To the west of the plant, there is a waste storage facility
with a total area of 40 km?. There is a thermal power plant in the southeast.

The geolocation of soil sampling points is shown in Figure 2. The coordinates of
the soil sampling points are: 46.83'20"31N and 74.94'46"26E. In October 2023, soil
samples were taken from the industrial areas of Central Kazakhstan from the depth of
25-30cm of the root layer using the "envelope method". The soil sampling process was
carried out according to GOST 17.4.4.02-2017 [29].
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Figure 2. Location map of the study area with sampling points. Note: created
based on the author.

Soil samples were taken from five points on the territory of the "Kazakhmys"
Industrial Union from different distances. Four points were marked in the corners of the
test areas and one in the middle. From the point in the middle of the first sample and
this first point, the second point sample is £866m, the third point sample is £784m, the
fourth point sample is £546m, the fifth point sample is £1160m (five samples in total
The sixth soil sample was taken from the clean area for control purposes. Samples were
collected in clean plastic bags weighing approximately 1.0kg. The collected samples
were sequentially numbered and delivered to the laboratory. Based on the certified
laboratory of "Ekoexpert” LLP, laboratory analysis of soil samples was carried out to
determine heavy metals. Atomic absorption and X-ray fluorescence spectroscopy
methods were used in the work.

Research results and their analysis.

As a result of experimental studies, the concentrations of heavy metals in soil
samples taken near this production area are shown in Figures 3, 4, 5, 6, 7, and 8. The
distribution of the concentration of heavy metals in soil samples is shown in the
histogram. The vertical axis shows heavy metals, and the horizontal axis shows the
concentration of metals in mg/kg. Blue columns represent soil samples taken from five
points on the territory of the "Kazakhmys" production association, and orange
represents soil samples taken from a clean area for control purposes.
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Figure 3. Amount of heavy metals (mg/kg) in the soil taken from the first point.

In Figure 3, the highest Pb in the soil sample from the first point (sample) is
901.1+0.05 mg/kg (p<0.05), which is about fourteen times more than the lead in the soil
sample from the clean area (control). Zn is 647.3+0.05 mg/kg (p<0.05), which is about
eleven times higher than the amount of Zn in the sample from the clean area compared
to the soil in the control sample. Cu is 376.3+£0.05 mg/kg (p<0.05), which is about five
times higher than the amount of copper in the soil sample from the control area. Sr
291.2+0.05 mg/kg (p<0.05), about three times more than the amount of strontium in the
soil from the control area.
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Figure 4. Amount of heavy metals (mg/kg) in the soil taken from the second
point.
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As shown in Figure 4, the maximum concentration of heavy metals Pb, Zn, Sr
and Cu (mg/kg) is observed in the soil sample taken from the second point (sample).
Accordingly, the values of these metals are 613.2+0.05 mg/kg (p<0.05), about ten times
more than lead in the soil sample taken from the clean area (control). 576.3+£0.05 mg/kg
(p<0.05), which is about eleven times more than the amount of zinc in the sample from
the clean area compared to the soil in the control area. 357.05+0.05 mg/kg (p<0.05),
which is four times higher than the amount of strontium in the soil sample from the
control area. 328.5+0.05 mg/kg (p<0.05), which is about four times more than the
amount of copper in the soil from the control area.
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Figure 5. Amount of heavy metals (mg/kg) in the soil taken from the third point.

Figure 5 shows that at the third point, the highest index of heavy metals
increased in the following order: Sr>Pb>Zn>Cu. Strontium is 329.05+0.05 mg/kg
(p<0.05), which is about 4 times higher than the amount of strontium in soil from the
control area. Lead is 259.1+0.05 mg/kg (p<0.05), which is about 4.2 times higher than
the lead concentration in the soil sample taken from the clean area. Zinc is 253.3+£0.05
mg/kg (p<0.05), which is about 4.6 times higher than soil zinc from the control area.
Copper is 153.5+0.05 mg/kg (p<0.05), the amount of copper in the soil is about 2 times
higher than in the control area.
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Figure 6. Amount of heavy metals (mg/kg) in the soil from the fourth point.

In figure 6, the levels of heavy metals in the soil sample taken from the fourth
point increase in the following order: Zn > Pb > Sr > Cu. Zn is 554.4+0.05 mg/kg
(p<0.05), approximately ten times higher than the zinc content in the control area soil.
Pb is 543.1+0.05 mg/kg (p<0.05), approximately 8.8 times higher than the lead content
in the soil sample from the clean area. Sr is 467.3+0.05 mg/kg (p<0.05), 5.6 times
higher than the strontium level in the soil sample from the control area. Cu is
315.3+0.05 mg/kg (p<0.05), four times higher than the copper concentration in the soil
sample from the control area.
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Figure 7. Amount of heavy metals (mg/kg) in the soil from the fifth point.
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In figure 7, the levels of heavy metals in the soil sample taken from the fifth
point increase in the following order: Pb > Zn > Sr > Cu. Pb is 839.3+0.05 mg/kg
(p<0.05), approximately 14 times higher than the lead level in the soil sample from the
control area. Zn is 570.3£0.05 mg/kg (p<0.05), about 10 times higher than the zinc
content in the soil sample from the control area. Sr is 432.6£0.05 mg/kg (p<0.05), five
times higher than the strontium level in the control area. Cu is 321.35+0.05 mg/kg
(p<0.05), and the copper concentration in the sample was found to be four times higher
than in the control.
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Figure 8. Amount of heavy metals (mg/kg) in the soil obtained from points Nel,
Ne2, and Ne5.

The results of the comparison of the three points with the highest level of
pollution are shown below. The highest concentration of lead in the first point is
901.1+0.05 mg/kg (p<0.05), in the fifth point 839.3+0.05 mg/kg (p<0.05), in the second
point 613.2+0.05 mg/kg (p<0.05). The highest concentration of zinc in the first point is
647.3+£0.05 mg/kg (p<0.05), in the second point 576.3+0.05 mg/kg (p<0.05), and in the
fifth point 570.3+£0.05 mg/kg (p<0.05) is observed. The highest concentration of copper
in the first point is 376.3+0.05 mg/kg (p<0.05), in the second point 328.5+0.05 mg/kg
(p<0.05), in the fifth point 321.35+0.05 mg/kg (p<0.05). The highest concentration of
strontium was 432.6+0.05 mg/kg (p<0.05) at the fifth point, 357.05+0.05 mg/kg
(p<0.05) at the second point, and 291.2+0.05 mg/kg (p<0.05) at the first point. The
order of growth of elements in the soil was determined: lead (Pb) > zinc (Zn) > copper
(Cu) > strontium (Sr).

Discussion

Soil contamination due to heavy metal ions such as lead, zinc, manganese, iron,
and copper can have a significant impact on water and aquatic ecosystems [30]. These
metals infiltrate into groundwater, causing contamination of these water sources
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(Ahmed et al., 2021). Additionally, precipitation can transport heavy metals from the soil
to rivers and Iakes, leading to pollution that affects life in water bodies, including various
organisms such as plants and animals. Some heavy metals like manganese, iron, and copper
may be absorbed as nutrients by certain plants, but in cases like lead and zinc, these metals
can be absorbed in excess, causing harm to plants [31]. This pollution can directly impact
aquatic animals and create changes in the food chain. Water contaminated with heavy
metals can also harm humans through the consumption of water or direct consumption of
contaminated fish. Sustainable use of resources and materials, optimal land management,
and the use of water treatment technologies can contribute to reducing pollution and
protecting aquatic ecosystems.

In the soil, heavy metals enter as ions e.g., Pb (1), Zn (I1). The ion exchange process
in the soil with various ions, such as hydrogen ions H+ and aluminum ions Al (I11), causes the
migration of metal ions from the soil to the aqueous solution [32]. Ju et al. conducted a
comprehensive review with a focus on sea cucumbers as bioindicators of heavy metal
contamination and toxicity [33]. The most commonly observed heavy metals reported
included Fe, Zn, As, Cu, Hg, Pb, Mn, Cr, Ni, and Cd, with specific species such as Eupentacta
fraudatrix and Holothuria mammal showing elevated levels of arsenic, and Stichopus
Herrmann raising concerns about mercury. Human activities such as cultivation, fishing, and
shipping release heavy metals into free marine ecosystems, posing a threat to oceans and
coastal environments.

During rainfall or irrigation, soil particles containing metal ions move with water
toward surface waters [34]. Vineetha et al. studied the effects of a catastrophic flood on
heavy metal pollution and the benthopelagic community in the Cochin estuary, India.
The 2018 flood led to decreased nutrients and heavy metal concentrations in water and
sediments [35]. Pre-flood, phytoplankton abundance, mainly Cerataulina bicornis,
dropped significantly post-flood. Conversely, zooplankton and macrobenthos responded
positively to flood-induced habitat changes. Sediment heavy metal levels decreased,
promoting higher macrobenthic diversity, shifting from pollution-indicator polychaetes
to healthier mollusks and crustaceans. It can be concluded that heavy metal ions have
been transported by soil particles from the bed to other locations by floods, potentially
leading to increased pollution in other areas.

The metallurgy industry plays a crucial role in soil contamination with ions of
lead, zinc, manganese, iron, and copper. Metal production and processing, waste
management, and atmospheric deposits are the primary sources of contamination. These
pollutants have extensive effects on soil, water, plants, wildlife, and human health. To
address this issue, effective monitoring and assessment are essential to comprehend the
precise dimensions of the problem and present necessary strategies for reduction and
remediation. While traditional soil purification methods, such as physical, chemical, and
biological approaches, have limitations, the utilization of emerging technologies and
approaches is imperative for pollution control. The metallurgy industry is progressively
embracing green chemistry and sustainable practices to diminish environmental impacts
and enhance efforts in addressing the issue. In general, managing pollution with ions of
lead, zinc, manganese, iron, and copper is vital for preserving both human health and
the environment.
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Conclusion

The leading industries in the industrial production of Central Kazakhstan are
ferrous and non-ferrous metallurgy, which account for more than 50% of the region's
total potential. The results of the research showed that heavy metals accumulate in the
soil at almost all sampling points, regardless of the distance. The soil samples taken
from industrial areas showed higher accumulation of Pb, Cu, Zn, and Sr compared to
the samples taken from the clean area. Mercury (Hg) and cobalt (Co) were found to be
uniformly distributed in very low concentrations across all soil samples.

When comparing the three points with the highest pollution levels, the highest
concentration of lead was observed at point 1, with 901.1+0.05 mg/kg (p<0.05). The
highest concentration of zinc was 647.3+0.05 mg/kg (p<0.05) at point 1. The highest
concentrations of copper were 376.3+0.05 mg/kg (p<0.05) at point 1, and the highest
concentration of strontium was observed at point 5, with 432.6+0.05 mg/kg (p<0.05).
Based on the results of the research, a comparison of the three points with the highest
levels of Pb, Cu, Zn, and Sr pollution in the area of the metallurgical enterprise
"Kazakhmys" (Balkhash Mining and Metallurgical Plant) showed the following results:
Pb, Noel>Ne5>Ne2, Cu, Nel>Ne2>No5, Zn, Nel>Ne2>Ne5, and Sr, No5>Ne2>Nel. Based
on this result, it was determined that the soil of the area closest to the Balkhash Mining
and Metallurgical Plant has a high level of contamination with heavy metals. The
political and legal implications of this matter are significant due to the widespread
effects of pollution with ions of lead, zinc, manganese, iron, and copper on the territory
of the Production Association "Kazakhmys" (Balkhash Mining and Metallurgical Plant)
of the metallurgical enterprise of Central Kazakhstan. Governments and regulatory
bodies must implement and enforce stricter environmental standards and more effective
regulations to prevent pollution from metal production facilities. This includes
enhancing waste management methods, employing gas control technologies, and
establishing more efficient mechanisms for monitoring and enforcement. Furthermore,
increased financial support for research into innovative techniques and methods for
pollution control and remediation is necessary.
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Paxumea A.Jl., Paxpim:kan 7K., Beiicenoa P.P., Tazutaunoa P.M.
BAJIKAIII KEH-METAJLTY PTUAJIBIK KOMBUHATBI AYMAFBIHIAYBI
TOIIBIPAKTBIH AYBIP METAJIJAPMEH JJACTAHY JEHI'EUI

Anparna. VMHaycTpuanabl OpTalbIKTap IIOFBIPIAHFAH JKEepJepAeri TOMbIPaK
KaMBUIFBUIAPBIHBIH aybIp METAIJIAPMEH JIACTaHYbl QJIEMHIH KOITETeH eyaepi YIIiH,
conblH imiHae Kazakcranaa na e3ekTi Macene 0oibln TaObU1aabl. ToNbIpakTarbl aybIp
MEeTa/ll  3JIEMEHTTEpPIHIH  HEri3ri  Ke3Jepl  MeTaulyprusi  eHfipici  Ooubln,
METAJUTYPrUsJIbIK ~ KOCIMOPBIH alHaNaChIHIAFbl TOMBIPAKTBIH ayblp MeTalapMeH
JIaCTaHybl a/1aM JieHCAyJIbIFbIHA Kaylll TOHIPEll )KOHE Tipl OpraHUu3MAEpAIH JaMybIH/1a
OpTYpJI MATOJOTHSIIAPABl TYABIPbIpAZbl. MUIpalUsIbIK HPOLECTEPIIH HOTHUXKECIHIE
TOTIBIPAKTaFbl TOKCUKAHTTAP JKEP YCTi XKOHE )Kep acThl cyaapbiHa Tycexdi. by seprreyne
Opranblk KazakCcTaHHBIH METAJUTypIrUsIbIK  KocimopbiHbl «KazakMbIC» OHIIpicTIK
Oipnectiri  (bankam  KeH-METAJUIyprusjblK KOMOHMHATB) ayMarbIHJIAFbl — aybIp
MeTalJapMeH JIACTAHFaH TONBIPAK > KAMBUIFBICHIHBIH  AOKOJOTHSUIBIK  KaFJaibl
Oaramannpl.  Opranelk  Ka3akcTaHHBIH —~— OHIIPICTIK — ayMarbIHAAFbl  TOIBIPAK
KAMBUIFBICBIHBIH OPTYPJIi ayblp MeETaJAapAblH YKCaMaraH KOHLEHTpalHsiapMeH
JIacTaHy >Kar/Jaibl aHBIKTAIIbl. AJIBIHFAH TOMbBIPAK ChiHaManapbiHaa 11 ayelp Metanmap
aHBIKTAJIJBl J)KOHE epireH KyWiHae MbiHA ayblp Metanaap ke3zpecti TiO,, MnO, xoHe
Fe;O3. MpriHa ayelp MetanmapasiH Pb, Zn, Cu jkxoHE Sr KOHIIEHTPAIUsCHIHBIH
aHaFypJibIM  JKOFaphl  eKeHmiri  Oedrimi  OGonapl.  Ayblp  MeTajiapiblH
KOHIIGHTpanusAChiHbIH ~ ocyl  Pb>Zn>Cu>Sr>Cr>As>V>Ni>Cd>Co>Hg pernen
0O0JTaThIHBIFBI AMKBIHAAIIBL.

Jlactany neHreiii eH >xkorapbl OonraH ym HykTe Nel, No2, No5 aHBIKTaIbI
KopraceubIH €H xorapbl KoHneHTpauuscel 901,1+0,05 mr/kr (p<0,05), MBIPBIITHIH
€H OKOoFapbl KoOHIeHTpamwscel 647,3+0,05 wmr/kr  (p<0,05), MBICTBIH JKOFapbl
KoHIeHTpanusimapel  376,3+0,05 wmr/kr  (p<0,05) >xoHE CTpOHIMIA €H >KOFapbl
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KoHIeHTpauuscel 432,6+0,05 mr/kr (p<0,05) GonraHAbEbl aHbIKTaNABL. byn 3eprrey
OH/JIIPICTIK OPTAJBIKTAp LIOFbIpJaHFaH ayMaKTap/larbl TONBIPAKTHIH ayblp MeTallapMeH
JacTaHybIH KellleH/11 Oaranayabl KaMTaMachl3 €Te/ll, COHBIMEH KaTap JIacTaHy/Ibl a3aiiTy
YKOHE KOpIlIaraH OpTaHbl YThIM/IbI OacKapy OOMbIHINIA aFbIMIAFbI MIEHIIMAEPAl YChIHABL.

Kiar ce3nep: bankam KeH-MeTaTyprusiiblKk KOMOMHATBI; TONBIPAK JIACTaHYbI;
ayblp MeTajjap; TOMBIPAK >KAMBUIFBICHI; Kapa >KOHE TYCTI METaJulyprusi; aTOMHO-
aICOPOLMSIIBIK 9IiC; IKOXKYHeE.

Paxumena A.Jl., Paxpim:kan 7K., Beiicenoa P.P., Tazutaunoa P.M.
YPOBEHD 3ATI'PSISHEHU S IIOUYB TSAKEJIBIMUA METAJIJIAMUA HA
TEPPUTOPUU BAJIXAHICKOI'O TOPHO-METAJIJIYPITHYECKOI'O

KOMBHUHATA

AHHOTanus. 3arps3HEHUE TOYBCHHBIX TOKPOBOB TSKEIBIMH METaUIaMH B
MeCTaX COCPEIOTOUYEHUS MPOMBIILIICHHBIX LEHTPOB SBISIETCS aKTyalbHOW MpoOsieMoit
JUIT MHOTHX CTpaH Mupa, B ToM yucie u Kazaxcrana. OCHOBHBIMU HCTOYHHKAMHU
3JIEMEHTOB TSKEJIBIX METAJIJIOB B MOYBE SIBISIOTCS METAJLTYPrHUECKUE MTPOU3BOJCTBA, a
3arpsA3HEHUE TSHKETBIMU METaJUIaMH TIOYBBI BOKPYT METAJUTYPTHYECKOTO TPEANPUSTUS
YIPOXKAET 3J0POBBIO0 YEIOBEKA U BBI3BIBAET PA3JIUYHbIC MATOJIOTUU B Pa3BUTUHU KUBBIX
OopraHu3mMoB. B pe3ynbrare MUTparmOHHBIX MPOIECCOB TOKCHKAHTHI, HAXOMSIIHUECS B
MOoYBE, MOMNaAal0T B MOBEPXHOCTHBIE U MOJ3EMHBIE BOJAbL. B JaHHOM HcclieOBaHUU
OIICHEHO IKOJIOTHYECKOE COCTOSIHUE TMOYBBI, 3aTPSI3HCHHON TSDKEIIBIMU METallllaMH, Ha
TEPPUTOPUU  MeTajurypruueckoro  npeanpuatus  LlenTpanbHo-KazaxcTanckoro
IIPOU3BOACTBEHHOT O 00BbeAMHEHUS «KazaxmpIC» (bankamickuii TOPHO-
MeTtaryprudeckuid komounat, unu bI'MK). YctaHoBneHO, 4TO MOYBEHHBIN MOKPOB Ha
NpoMbIUIeHHON Tepputopun LlentpanbHoro Kazaxcrana 3arpsi3HEH pa3jauyHbIMU
KOHIIEHTPALMSAMHU TSKENbIX MeTaioB. B mpobOax mouBel oOHapy:keHO 11 TsKembix
METaJJIOB, @ B PACTBOPEHHOM COCTOSIHUM OOHApYXKEHbI CIIEAYIOIINE TSKEIble METaJlIbL:
TiO2, MnO u Fe,03. M3BecTHO, 4TO KOHIICHTPALUS 3TUX TSHKENBIX MeTawioB Pb, Zn,
Cu u Sr B momydyeHHbIX O0pa3lax IMOYBbl 3HAYUTENIHHO BBIIIE. YCTAaHOBJIEHO, YTO
KOHILIEHTpaLUs TSKEIBIX METaJIOB YBEJIMUMBAETCS B pany
Pb>Zn>Cu>Sr>Cr>As>V>Ni>Cd>Co>Hg. Tpu touku Nel, Ne2, No5 Obuin BbISIBICHBI C
HauOOJNBIINM YpOBHEM 3arpsisHeHus. Haunbomnbinas konuentpauus ceunna 901,1+0,05
mr/kr (p<0,05 ), a HamOoJbIIass KOHIEHTpAIMs MUHKa coctaBuina 647,3+0,05 Mmr/kr
(p<0,05), Bbicokme kouueHTpamuu 376,3+0,05 mr/kr (p<0,05) u ycTaHOBIEHO, YTO
HauOoJbINass KOHIEHTpaIusl cTpoHmus coctaBmia 432,64+0,05 mr/kr (p<0,05). lannoe
HCCIIEIOBAaHUE JIa€T KOMIUIEKCHYIO OLIEHKY 3arpsi3HEHUs IOYBEHHOI'O TOKpOBa
TSKEJIBIMU METaJlJIaMU B paiioHaX COCPEIOTOUYECHUS MPOMBILIUICHHBIX LIEHTPOB, a TaKXkKe
MpeJiaraeT akTyaJbHbIE PEIICHUS IO CHIKEHHMIO 3arps3HEHUs] U palUOHAIbHOMY
MIPUPOIONIOIB30BAHUIO.

KiaruyeBble cioBa: banxamckuii ropHO-METaTypru4eckuid  KOMOHMHAT,
3arpsi3HEHUE TIOYB; TSDKENbIE METaJlUIbl, MOYBEHHBIM IOKPOB; uepHass M IIBETHas
METaJUTypTHsl; aTOMHO-aICOPOIIMOHHBINA METO]; IKOCHCTEMA.
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