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ECOLOGICAL ASSESSMENT OF AEROTECHNOGENIC POLLUTION BY
HEAVY METALS IN THE NORTH KAZAKHSTAN REGION

Annotation. This article presents an ecological assessment of air and soil pollution in the
North Kazakhstan region caused by heavy metals. Modern analytical methods, including
mapping, statistical data processing, and comparative analysis, were applied to evaluate
contamination levels and their environmental impact. The study provides graphical and tabular
data on pollutant concentrations, spatial distribution, and potential health risks for the local
population.Environmental pollution by heavy metals is a pressing issue due to their persistence,
bioaccumulation potential, and toxic effects on ecosystems and human health. The North
Kazakhstan region is influenced by various anthropogenic factors, including industrial
emissions, agricultural practices, and vehicular traffic, which contribute to atmospheric and soil
contamination. Heavy metals such as lead (Pb), cadmium (Cd), zinc (Zn), nickel (Ni), and
mercury (Hg) are released into the environment through industrial activities, transportation
exhaust, and the application of agrochemicals. These pollutants settle into the soil, posing long-
term risks to agricultural productivity, groundwater quality, and biodiversity.The research
methodology involves field sampling, laboratory analysis, and geospatial assessment using GIS
technologies to visualize contamination hotspots. Concentrations of heavy metals in air and soil
were compared against national and international environmental safety standards to determine
the extent of pollution. The study also assesses the ecological risks associated with metal
contamination, focusing on their potential impact on human health. Chronic exposure to heavy
metals can lead to serious health issues, including respiratory disorders, neurological
impairments, and carcinogenic effects.The findings highlight the most affected areas and
suggest measures to mitigate pollution, such as improved emission controls, sustainable land-
use practices, and stricter environmental regulations. The study contributes to developing a
framework for long-term monitoring and pollution management strategies to ensure ecological
safety in the region.

Keywords: ecological assessment; heavy metals; atmospheric air; soil; pollution.

Introduction

Environmental safety, as an integral part of the national security of the Republic of
Kazakhstan, is a fundamental prerequisite for sustainable development. It serves as the
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foundation for preserving natural systems and maintaining the appropriate quality of the
environment and living conditions for the population [1].

The issues related to the dependence of public health on environmental factors are of
paramount state importance, which is particularly relevant for Kazakhstan due to its significant
range of ecological problems [2].

To prevent and mitigate the negative anthropogenic impact on the environment and to
create a high-quality living environment, it is essential to conduct a reliable, objective, and
timely assessment of the ecological situation. Only through such an approach can well-founded
decisions be made regarding the regulation of the qualitative and quantitative characteristics of
the natural environment [3].

Environmental pollution caused by heavy metals is a growing concern worldwide due to
its long-term impacts on ecosystems and human health [4]. Heavy metals, such as lead (Pb),
cadmium (Cd), nickel (Ni), zinc (Zn), and mercury (Hg), are known for their toxicity,
persistence in the environment, and ability to bioaccumulate [5]. Unlike organic pollutants,
heavy metals do not degrade over time, leading to their continuous accumulation in air, soil, and
water resources. In particular, aerotechnogenic pollution—caused by industrial and
transportation emissions—plays a crucial role in the contamination of atmospheric air and the
subsequent deposition of pollutants onto soil surfaces [6].

The North Kazakhstan region, located in the northern part of Kazakhstan, is a territory
with a diverse landscape that includes agricultural lands, industrial zones, urban areas, and
natural reserves. While the region is not traditionally considered an industrial hub, various
anthropogenic activities contribute to environmental pollution. Industrial emissions from power
plants, processing facilities, and manufacturing industries release heavy metals into the
atmosphere, which later settle onto soil surfaces, affecting agricultural productivity and
ecosystem stability [7]. Agricultural practices, including the use of pesticides, fertilizers, and
irrigation with contaminated water, further exacerbate the accumulation of heavy metals in the
environment [8]. Additionally, transportation corridors, particularly in urban centers,
significantly increase atmospheric pollution due to exhaust gases and wear of vehicle
components such as brakes and tires, which release metal particles into the air [9].

The ecological assessment of aerotechnogenic pollution by heavy metals is essential for
understanding the extent of contamination, identifying pollution hotspots, and evaluating the
potential risks posed to the population [10]. Long-term exposure to heavy metals has been
linked to various adverse health effects, including respiratory diseases, neurological disorders,
cardiovascular problems, and an increased risk of cancer [11]. Children and vulnerable
populations are particularly at risk, as heavy metals can interfere with cognitive development
and immune system function [12]. Given the health and environmental implications, it is
imperative to conduct comprehensive monitoring and analysis to develop effective mitigation
strategies [13].

This study aims to provide a detailed ecological assessment of air and soil pollution in the
North Kazakhstan region, focusing on the concentration of heavy metals, their spatial
distribution, and the associated environmental risks [14]. The research employs modern
analytical methods, including geographic information system (GIS) mapping, statistical data
analysis, and comparative assessment of pollution levels against national and international
environmental standards [15]. By integrating these methods, the study seeks to offer a clear
understanding of the pollution sources and their impact on local communities [16].

The soil cover of the North Kazakhstan region consists primarily of chernozems of two
subtypes: leached and ordinary medium-humic soils [17].

According to SanENR 2.1.7.1287-03 (Sanitary and epidemiological norms and rules),
exceedances of Maximum Permissible Concentrations (MPC) or Tentative Safe Levels (TSL) of
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chemical contaminants are not allowed in residential areas. This restriction is even more
stringent for high-risk zones, including childcare and educational institutions, sports and
playgrounds in residential areas, recreational zones, sanitary protection zones of water bodies,

and coastal areas [18].

Materials and methods of research

Study Area and Sampling Sites. The study was conducted across multiple administrative
districts of the North Kazakhstan region, covering a diverse range of land use types,
including.Residential areas — urban and suburban zones with dense population exposure [19].
Industrial zones — sites near manufacturing plants, power stations, and processing facilities [20].
Agricultural lands — farmland subject to pesticide and fertilizer application [21].Recreational
areas — parks, nature reserves, and public green spaces [22].Transport corridors — highways,
major roads, and urban intersections with high vehicular traffic [23].

Soil and air samples were collected from each of these zones to determine the levels of
heavy metal contamination and assess the associated environmental risks. Sampling points were
georeferenced using a GPS system to ensure accurate spatial mapping of pollution distribution
[24]. Sampling Methods. The collection of atmospheric air and soil samples was performed in
accordance with GOST 17.2.3.01-86, which regulates air and soil sampling for pollution
analysis [25].

Soil Sampling. Soil samples were collected from the top 0-20 cm layer using a stainless-
steel auger to minimize contamination [26]. Each sampling site consisted of a composite
sample, combining five subsamples taken within a 10-meter radius to account for local
variability [27]. The samples were placed in polyethylene containers, labeled, and transported to
the laboratory under controlled conditions to prevent alteration of chemical composition [28].
Soil pH, organic matter content, and texture were also recorded to assess the potential influence
of soil properties on metal retention and mobility [29].

Air Sampling. Air samples were collected using high-volume air samplers equipped with
quartz fiber filters to capture particulate-bound heavy metals [30].The filters were weighed
before and after sampling to determine total suspended particulates (TSP) [31].Samples were
taken at different times of the day to evaluate variations in metal concentrations due to traffic
patterns and industrial activity [32].

Laboratory Analysis Methods. To determine the concentration of heavy metals, a
combination of advanced analytical techniques was employed to ensure high precision and
accuracy. The following methods were used.Atomic Absorption Spectroscopy (AAS). Used to
measure the concentrations of Pb, Cd, Zn, Ni, Cr, Cu, and Co in soil and air samples. Samples
were digested in a mixture of nitric acid (HNOs) and hydrochloric acid (HC1) before analysis.
AAS provided high sensitivity in detecting trace metal concentrations [33].

X-ray Fluorescence Analysis (XRF). Used for rapid, non-destructive screening of heavy
metals in soil samples. Provided data on Mn, Fe, V, and Mo without requiring chemical
digestion. Allowed quick identification of pollution hotspots for further detailed analysis
[34].Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Applied for ultra-trace
detection of metals such as As, Hg, and Se in soil and air samples. Offered a wide dynamic
range and high precision for low-concentration metals [35].

Statistical Data Processing and GIS Mapping. Data analysis was conducted using RStudio
for statistical computations, including.Descriptive statistics (mean, median, standard deviation)
[36]. Principal Component Analysis (PCA) to identify dominant pollution sources
[37].Correlation analysis to assess relationships between metal concentrations [38].Geographic
Information System (GIS) software was used to visualize spatial pollution patterns, enabling the
creation of heat maps of contamination levels [39].
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Research Results
Identification of Priority Pollutants. Preliminary data analysis identified priority soil
pollutants in the North Kazakhstan region and highlighted the need for further examination due
to environmental concerns. The study established average concentrations, median values, and
interquartile ranges for each metal.
Exceedances of the Maximum Permissible Concentration (MPC) and exceedances of
Background Values (Fig. 1).

Exceedances of Maximum Permissible Concentration and Background Values

Lead (Pb)
Cadmium (Cd)
Vanadium (V)
Vanadium
Chromium (Cr)
Iron (Fe)
Cobalt (Co)
Copper (Cu)

Zinc (Zn)

0 1 2 3 4 5
Exceedance Factor

Figurel - Exceedances of the Maximum Permissible Concentration (MPC) and deviations
from background values

Figurel shows the excess coefficients for various heavy metals and elements the context
of the environment. Lead (Pb) has the highest exceedance factor at 4.9, indicating a significant
contamination level. Cadmium (Cd) follows with an exceedance factor of 3.2, also presenting a
high level of contamination. Vanadium (V) and Copper (Cu) both show an exceedance factor of
2.1.Cobalt (Co) exceeds permissible levels by 1.6 times. Zinc (Zn) exceeds by 1.4 times.
Chromium (Cr) and Iron (Fe) both have relatively low exceedances at 1.1.

Areas with maximum soil pollution were identified, indicating a direct need for further
analysis due to environmental instability. A comparative analysis of heavy metal content was
conducted for key sites in each administrative district of the North Kazakhstan region. The
highest concentrations of toxic metals were observed in urban and industrial areas, with
agricultural and recreational zones demonstrating relatively lower pollution levels. The main
sources of atmospheric pollution are industrial enterprises and motor vehicles.

To assess the level of soil contamination with heavy metals, the average concentrations of
lead (Pb), cadmium (Cd), zinc (Zn), and nickel (Ni) were compared with their respective
maximum permissible concentrations (MPCs). The results are shown in Figure 1.
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Comparison of Average Heavy Metal Concentrations with MPC Values

Bl Average Concentration (mag/kg)
a0t s MPC (mg/kg)

Concentration (mg/kg)

Cd Zn
Element

Figure 2 - Comparison of Average Heavy Metal Concentrations with Maximum
Permissible Concentrations (MPC)

An analysis of the impact of heavy metals showed that the exceedance of maximum
permissible concentrations (MPC) was observed in 30% of soil samples and 15% of atmospheric air
samples. The most hazardous elements are Pb and Cd, which have a cumulative effect.

Figure 2 compares the average concentrations of heavy metals (Pb, Cd, Zn, Ni) with their
maximum permissible concentrations (MPC) in mg/kg. Lead (Pb): The average concentration is
significantly higher than the MPC. Cadmium (Cd): The average concentration is extremely high
compared to the MPC, indicating a serious exceedance. Zinc (Zn): The MPC value is higher than the
average concentration, suggesting that Zn levels are within acceptable limits. Nickel (Ni): The MPC
value is much higher than the average concentration, meaning Ni contamination is not a concern.
The chart suggests that Cd and Pb exceed permissible limits, whereas Zn and Ni remain within
acceptable thresholds.

Here is the bar chart comparing the average heavy metal concentrations with MPC values
(Fig. 3).

Average Concentrations of Heavy Metals in Air by City
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Figure 3 - Average concentrations of heavy metals in the air by city.
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In Figure 3, the average concentrations of heavy metals (Pb, Cd, Zn) in the air are
presented for three cities: Petropavlovsk, Tayynsha, and Kokshetau. Zinc (Zn) shows the
highest concentration in all cities, with Petropavlovsk having the highest level (~0.85 mg/m?),
followed by Kokshetau and Tayynsha. Lead (Pb) concentrations are moderate across all cities,
with Petropavlovsk and Kokshetau having similar values, while Tayynsha has a slightly lower
level. Cadmium (Cd) exhibits the lowest concentration among the three metals, remaining
relatively consistent across all cities.The data suggests that Zn pollution is the most significant
concern, particularly in Petropavlovsk, while Pb and Cd are present at lower levels.

These findings indicate that Petropavlovsk has the highest recorded levels of lead and
zinc, likely due to industrial emissions and vehicle traffic.A detailed analysis of heavy metal
accumulation in soil was performed across different landscape-geochemical conditions.

To provide a comprehensive characterization of the chemical element content in the soil
cover, the minimum, maximum, mean, and median concentration values were calculated for
each element (Fig. 4).

Element Concentration in Soil (mg/kg)
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Figure 4 — Element Concentration in Soil (mg/kg)

In Figure 4, the concentrations of various elements in the soil (mg/kg) are presented,
showing minimum, maximum, mean, and median values for each element. Chlorine (Cl) and
Calcium (Ca) exhibit the highest maximum concentrations, with Cl reaching approximately 700
mg/kg and Ca around 600 mg/kg. Zinc (Zn) and Lead (Pb) also have relatively high
concentrations, with significant variation between their minimum and maximum values. Copper
(Cu), Nickel (Ni), and Manganese (Mn) show moderate concentrations, with the mean and
median values closely aligned, indicating a more consistent distribution. Elements like Mercury
(Hg), Cobalt (Co), Molybdenum (Mo), and Selenium (Se) have very low concentrations
compared to others. The difference between maximum and minimum values is quite large for
elements like Cl, Ca, Zn, and Pb, suggesting potential contamination or natural variability in
soil composition. This figure highlights significant variations in elemental concentrations, with
certain elements exceeding expected background levels, possibly indicating anthropogenic
influence or geochemical anomalies. The highest concentrations of Pb, Cu, and Zn were
recorded near major industrial facilities. To quantify soil contamination, the pollution index
(Zc) was calculated. To assess soil pollution levels across different functional land-use zones, an
integrated soil pollution index (Zc) was calculated. The distribution of pollution shares by zone
type is illustrated in Figure 5.
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Soil Pollution Index (Zc) by Zone Type
Agricultural land

Forested & water protection

12.4%
Childcare & educational sites

15.4%

Industrial zones

18.9%
Urban residential areas

Transport corridors

Figure 5 - Soil Pollution Index

Figure 5 shows the Soil Pollution Index (Zc) distribution by zone type in the form of a donut
chart. Industrial zones have the highest soil pollution index at 25.3%, indicating significant
contamination likely due to industrial activities. Transport corridors follow with 20.0%, suggesting a
notable impact from vehicle emissions and road-related pollution.Urban residential areas account for
18.9%, reflecting moderate pollution levels, possibly from household waste and urban runoff.Childcare
& educational sites show 15.4%, highlighting concerns about pollution exposure in sensitive
areas.Agricultural land contributes 12.4%, which may indicate pollution from fertilizers, pesticides, or
other agricultural activities.Forested & water protection areas have the lowest soil pollution index at
8.1%, suggesting better environmental conditions in these regions.

The figure 6 shows a comparison of the average concentrations of heavy metals in the soils of
Northern Kazakhstan with their maximum permissible concentrations (MPC).

Comparison of Median Heavy Metal Concentrations with MPC Values

Emm Median Concentration (mg/kg)
mmm MPC (mg/kg)

400
300

200

Concentration (mg/kg)

100

Pb Cd Cu Mn Fe V N Ca L Zn Hg Co Mo Cr As Se
Element

Figure 6 - Comparison of average concentrations of heavy metals in the soils of Northern
Kazakhstan with their maximum permissible concentrations (MPC)
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From Figure 6, it is evident that the median concentrations of sever. Calcium (Ca) and
Manganese (Mn) have the highest concentrations, with their median values (blue) either
exceeding or closely matching the MPC values (red).Copper (Cu), Nickel (Ni), and Zinc (Zn)
also show significant concentrations, with median values either above or near the regulatory
limits. Cadmium (Cd) and Lead (Pb) exhibit relatively low concentrations but still need
monitoring due to their toxicity. Arsenic (As) and Selenium (Se) have notable concentrations,
indicating potential risks of contamination.For most elements, the median concentration is either
comparable to or exceeds the MPC, highlighting potential concerns for soil contamination and
environmental safety. This figure suggests that Mn, Ca, Ni, and Zn contamination is particularly
significant, warranting further investigation and possible remediation efforts.

Discussion

The results of this study reveal critical insights into the spatial distribution, concentration
levels, and potential ecological risks associated with heavy metal contamination in the soils and
atmospheric environments of the North Kazakhstan region. The identification of lead (Pb),
cadmium (Cd), copper (Cu), vanadium (V), and zinc (Zn) as the primary pollutants underscores
the anthropogenic pressures on the regional environment, particularly from industrial and
vehicular sources. The exceedance coefficients presented in Figure 1 confirm that Pb and Cd
pose the greatest concern, with exceedance factors of 4.9 and 3.2, respectively—indicating
significant contamination levels. These findings align with global concerns regarding the
persistence and toxicity of these metals, both of which are known to bioaccumulate and exert
adverse health effects even at low concentrations. Moderate exceedances by elements such as V,
Cu, Co, and Zn also signal cumulative risk, particularly in zones with high human activity.

Figure 2 and Figure 6 further illustrate that the average and median concentrations of
several metals surpass maximum permissible concentrations (MPCs). While zinc and nickel
remain largely within acceptable limits in some locations, their elevated levels in certain
hotspots require continued observation. Notably, the elevated calcium (Ca) and manganese
(Mn) levels seen in Figure 6 may be attributable to natural soil mineralogy but could also
indicate geochemical anomalies or cumulative agrochemical inputs. The airborne concentrations
shown in Figure 3 reveal that zinc is the most dominant heavy metal pollutant in urban air,
particularly in Petropavlovsk. This may be explained by high vehicular density and industrial
discharges in the area. Despite lower airborne levels of cadmium and lead, their potential for
long-range transport and deposition means they remain ecologically and epidemiologically
relevant.

Figure 4 highlights wide variations in element concentrations across soil samples. The
significant spread between minimum and maximum values, particularly for chlorine, calcium,
lead, and zinc, suggests heterogeneous contamination patterns—possibly driven by land use
intensity, historical emissions, and natural soil variability. High concentrations of toxic metals
near industrial facilities further support the hypothesis of localized point-source pollution. The
calculated Soil Pollution Index (Zc) presented in Figure 5 reinforces the dominance of industrial
zones (25.3%) and transport corridors (20.0%) as major contributors to regional pollution loads.
These findings are consistent with other studies conducted in post-industrial landscapes, where
heavy metal accumulation is commonly attributed to metallurgical, chemical, and vehicular
emissions. Alarmingly, childcare and educational sites (15.4%) and urban residential areas
(18.9%) also exhibit notable pollution shares, indicating potential long-term health risks for
vulnerable populations, including children.

From an environmental management perspective, these findings warrant immediate
attention. First, it is crucial to strengthen soil and air monitoring networks, particularly in urban
and industrial areas, where pollutant concentrations and exceedance coefficients are highest.
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Second, effective remediation and containment strategies must be implemented in zones
identified with high levels of lead (Pb) and cadmium (Cd) contamination, as these elements
pose the greatest toxicological risk. Third, pollution buffer zones should be established around
childcare facilities, residential neighborhoods, and agricultural lands to minimize human and
ecological exposure. Additionally, the promotion of cleaner production technologies and stricter
vehicular emissions control in industrial regions can significantly reduce ongoing sources of
contamination.

This study highlights the need for a targeted and multi-scalar soil management strategy
tailored to the environmental conditions of Northern Kazakhstan. Such a strategy should
integrate scientific monitoring frameworks with policy-driven interventions aimed at pollution
control and land-use regulation. Future research should prioritize the assessment of seasonal
variations in heavy metal accumulation, the bioavailability of contaminants, and their long-term
effects on human health and agricultural productivity.

Conclusion

The study revealed significant air and soil contamination with heavy metals in the North
Kazakhstan region, primarily in industrial zones and transport corridors. Pb, Cd, and Zn
concentrations in urban air exceed safe limits, with Petropavlovsk being the most affected city.
Soil pollution hotspots are concentrated in industrial and urban zones, with lead and cobalt
posing the highest risks. Soil pH and geochemical factors influence heavy metal mobility and
bioavailability.Chronic exposure to heavy metals may lead to significant health risks.

The priority soil pollutants among heavy metals include chromium, cobalt, copper, zinc,
vanadium, and iron, as well as arsenic, for which exceedances of Maximum Permissible
Concentrations (MPC) and background values were observed. A significant exceedance of MPC
(more than five times) was characteristic of arsenic in soil samples. The proportion of soil
samples exceeding the MPC for lead was 33%, with lead concentrations in samples collected
from residential areas being statistically significantly higher than those in other zones.
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HockenoBa b.b, baiityk I'.C., Hypkan 7K.A, CanyoBa A.b, Kaiicuna I'.M.
COJITYCTIK KA3AKCTAH OBJIBICBIHJIA AYBIP METAJIIAPMEH
AJSPOTEXHOTEHAIK JACTAHYbI DKOJOT UAJIBIK BAFAJIAY

Anpatna. byn wmakamaga Conrycerik KaszakcTan oOJBICEIHZAFbl ayblp MeTangapMeH
ayaHbIH JKOHE TONBIPAKTBIH JIACTAaHYbIHA 3KOJIOTHYCCKUSIIBIK Oara Oepy Maceneci
KapacTeIpbUTanel. JlacTaHny JeHTeliH >XoHE OHHWH KOpINaraH opTaFa ocepiH Oaranay VIIiH
3aMaHayl aHaJUTHKUK OiCTep, COHBIH illiHAE Kaprorpadusiay, CTaTHCTUYECKHIIBIK AEpeKTepi
OHJICY JKOHE CAIBIPMACTBUIBl TaNAy KOJIAHBUIABL 3epTrey OapbIChIHIA JIAcTAylIbl 3aTTapibIH
KOHIICHTPALWH, OJIAPJBIH KEHICTIKTIK Tapaybl >KOHE >KEpriliKTi XalblK YIIiH BIKTUMAI KayinTepi
TypaJbl TPAQUKIIBIK KOHE KECTENTIK MOJIIMETTEP YCHIHBUFaH. AYBIp METAIIapMeH KOpIIaraH OpTaHbIH
JIaCTaHybI OJIAp/IbIH TYPAKTHUIBEbI, OMOKUHATY KaOlIeTi )koHe SKOXKYHeep MEeH ajaM JIeHCAyJ IbIFbIHA
VBITTBI 9Cepl camIapblHaH ©3eKTH Macene Oombsin Tabbutafgpl. Conrycrik Kazakcran oOIBICH
OHEPKACINTIK MIBIFAPBIHIBLUIAP, aybll INAPyaIIbUIBEBl KbI3METI JKOHE KOJMK KO3FAJIBICHI CHSKTBI
OPTYpIIi aHTPONOTEeHIK (haKTopiaapblH BIKMaJIbHA YIIBIpainsl, Oy aTMocdepa MEH TONBIPaKTHIH
nacTaHybIHa anbi keneni. Kopracea (Pb), kaqmmit (Cd), Meipeim (Zn), Hukens (Ni) sxoHe cbram (Hg)
CHSIKTBI aybIp METAIIAp OHEPKACINTHK KBI3MET, KOJIK IIBIFapbIHIBLIAPHI JKOHE arpOXUMHKATTAP/IbI
KOJIIaHy HOTIDKECIHIE KOpIIaxaH opTaFa Tyceli. byi macrayrisl 3aTTap TONBIPAKKa SKHHAIBIT, aybLT
MIapyallbLIbEbI OHIIPICIHE, 5Kep acThl CyJIapbIHBIH CallachblHA XKoHE OHOJIOTHYECKUENBIK SPTYPIIUIIKKE
y3aK Mep3iMzIi Kayil TeHmipesi. 3epTTey aaicTeMec] JaJUIbIK ChiHaMa aly/Ibl, 3epTXaHAJIBIK TAIAAY bl
JKOHE JIaCTaHy OIIAKTapbIHOK Br3yaum3aimu ymiH ['AYK TeXHoJOrmmmapbH KOJaHa OTBIPHII,
TeOKEHICTIKTIK Oarayay/pl KaMTHIBL. AYbIp METAIIApIblH aya MEH TOIBIpaKTarbl KOHIICHTPAIU
JacTaHy JEHreWHH aHBIKTAy YIIIH YITTBIK JKOHE XaJIbIKAPAIBIK SKOJOTHYSCKHSUIBIK KayilCi3mik
CTaHAApTTapbIMEeH canbIcThIpbUIapl. COHBIMEH KaTap, 3epTey MeTalgapMeH JIaCTaHy.bIH
SKOJIOTHIECKHSITBIK, KAYINTepiH JKoHE OJap/bIH alaM JIeHCayJIBIFbIHA ScepiH Oaranayra OaFpITTaFaH.
AybIp MeTaIIapIbIH CO3BUIMAIIBI SCEpi THIHBIC Ay aypyJapblHa, HEBPOJIOTHSIIBIK OY3bLTyJIapFa KoHe
KaHIIEPOTSHIIK dCepIiepre oKeIyi MyMKIiH.

3epTTey HOTIKENEepl €H KaTThl 3aplal INEKKEH aiiMakTapAbl aHbIKTAll, JIACTaHYHABl A3auTy
HiapajapblH, COHBI IMIHAE MBFAPLIHABUIAPAGI OaKbUIayIbl KYLICHTY, TYpakThl jKep Naiiaiany
TOXIpUOECHH Ha aHITIMHCKOM SI3BIKE JKOHE SKOJOIMYECKMSUIBIK HOpMaslapAbl KaTaHOATy >KeHiHIe
YCHIHBICTap Oepei. byt 3epTTey allMaKThIH SKOJIOTUHECKISUIBIK, KAYIlCi3IiriH KaMTaMachl3 €Ty YIIH
y3aK Mep3iM/Ii MOHUTOPHHT JKYHECIH JKoHE JIaCTaHY/Ibl 0acKapy CTpaTerusulapblHOK 3ipiieyre BIKIal
eTeqi.

KinTTi ce3mep: skoorusuisIK Oaranay; ayslp MeTaiaap; arMocepblK aya; TOIBIPAK; JIACTaHY.

602



WAMp
Sy
Jb@'{f‘\ BKY Xa6apuubicCbl
VERSIS BecTHuk 3KY 2(98) — 2025

JockenoBa b.b, baiityk I'.C., Hypkan K.A, CaagyoBa A.b, Kajicuna I'.M.
9KOJIOI'HYECKAS OIIEHKA ADPOTEXHOT'EHHOI'O 3ATPA3HEHUSA
TSXKEJBIMA METAJIJIAMHM B CEBEPO-KA3BAXCTAHCKOM OBJIACTH
AHHOTanus. 3arps3HEHUE OKpYXKAalOIIEeH cpenbl XPYNKUMH METaUlaMU  SIBIISIETCS
aKTyaJbHOH TpoOJIeMON M3-3a HMX YCTOMYMBOCTH, CIIOCOOHOCTH K OWOAKKyMYJSIIHUH U
TOKCHYECKOTO BO3JCHCTBUS Ha HKOCHUCTEMBI M 3110poBbe udenoBeka. Cemepo-Kazaxcranckas
00JIacTb yCHJIMBAET BIUSHHUE PA3IHYHBIX aHTPOIIOTEHHBIX (PaKTOPOB, BKIIOYAS TPOMBIIIIICHHBIE
BBIOPOCHI, CETLCKOXO3SIMCTBEHHBIE ITPAKTUKN M aBTOMOOMIBHBIA TPAHCHIOPT, CIIOCOOCTBYIOIINE
3arpsI3HEHUI0 OKPY>KarolEeld Cpelbl M OKPYKAOUIEH cpenbl. TshKenble MeTaulbl, TaKue Kak
ceuner] (Pb), kanmuit (Cd), nmuHk (Zn), aukens (Ni) u ptyTs (Hg), monagaoT B OKpyXaromIyro
cpeay B pe3yJbTaTe MPOMBIIIICHHONW AEATENLHOCTH, BBIXJIONMHOW TPAHCIIOPTHPOBKH Ta3a U
[PUMEHEHHUS] arpoXMMHUKAaToOB. OTH 3arpsA3HUTENM HAKAIUIMBAIOTCA B IIOYBE, CO3AAIOT
JOJTOCPOYHBIE PUCKU AJISI CENbCKOXO03SHCTBEHHOTO NPOM3BOACTBA, KAYECTBA IPYHTOBON BOJBI
n OnopazHooOpa3ms. MeToAoI0rus UcCIeT0BaHUs BKIIOYaeT B ceOs mosieBble OTOOPHI Mpoo,
na00paTOpHBIA aHalM3 W T'€ONPOCTPAHCTBEHHYIO OLICHKY ¢ npumeHenueMm [ MC-texnonoruit
IJIA BU3yalIM3alluk O4YaroB 3arpA3HCHUA. KOH]_ICHTpaHI/II/I METAJIJIIOB B aTMOC(l)epe 1 II0YBC
COIOCTABIISIIOTCS € HAMOHAIBHBIMU M MEXKIYHapOAHBIMH CTaHIApTaMH O€301IaCHOCTU IS
OTpesesieHnss CTENEHU 3arps3HeHus. B Xozxe peryiMpoBaHus TakXke KOHTPOJIHPYIOTCS
9KOJIOTHUECKHE PHUCKH, CBA3aHHBIE C 3arps3HEHHEM MeTaljlaMH, C akKLEHTOM Ha uX
KOHTPOJIMPYEMOM BO3JICUCTBUU Ha 3/I0POBbE YEJIOBEKA. XPOHUYECKOE BO3IECHCTBHE BPEIHBIX
METaJIOB MOXET IIPUBECTH K CEPhE3HBIM MPOOIEMaM CO 310pPOBbEM, BKIIIOUAsl PECIMPATOPHBIE
3a00JeBaHusl, HEBPOJOTMYECKHE HapylleHHss W KaHueporeHHele 3¢dekTel. PesynapraTo
WCCIIEZIOBAaHNH BBIABIIIOT Hamboiiee TOCTpaJaBIIMe palioHBl M MEpPHl MO0 CHIKCHHUIO
3arps3HEHMs], TAKHE KaK YIydlIeHHEe KOHTPOJIA 3arpsA3HEeHHH, yCTOWYNBOE 3eMJICTIONIb30BaHUE U
y)KECTOUEHHE DJKOJOTHYecknXx HopM. HccienoBaHue NTpPOBOAUTCS IO Pa3pabOTKE CHUCTEM
JOJTOCPOYHOTO U CTPATEruil ynpasieHUs 3arpsi3HEHUEM JUT o0ecTiedeHus] 0€30MaCHOCTH.
KnwueBblie cj10Ba: 5KOJIOTHYECKas OICHKA; TSHKENbIE METalUIbl; aTMOC(HEPHBIH BO3AYX;
[I0YBA; 3arps3HEHHE.
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