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Abstract. Kostanay Region of the Republic of Kazakhstan is one of the leading agricultural
areas of the country, with vast expanses of arable land. However, the intensive development of the
mining industry (e.g., ZHAGOK - Zhezkazgan Mining and Metallurgical Plant, TBRU - Torgai
Bauxite Mining Administration), SSGPO - Sokolov-Sarbai Mining Production Association JSC in
close proximity to cultivated fields has led to significant anthropogenic environmental pollution,
particularly involving the accumulation of heavy metals in soils.This study presents monitoring
data on the content of mobile forms of heavy metals (Pb, Cu, Cr, Zn, Cd) in the soils of five
industrial-agricultural centers in the region (Kostanay, Zhetykara, Arkalyk, Lisakovsk, Rudny)
from 2017 to 2024, obtained using atomic absorption spectrometry.The results reveal consistent
exceedances of the maximum permissible concentrations (MPCs) for copper, chromium, and
especially cadmium, including occasional sharp spikes likely linked to industrial emissions.
Analysis of annual average concentrations indicates that cadmium and copper represent the
greatest threat to agricultural systems due to their bioaccumulative potential and their capacity to
disrupt biogeochemical processes in soils.This study underscores the urgent need for systematic
environmental monitoring, adaptive agricultural management under industrial pressure, and the
implementation of eco-technologies and remediation measures to ensure sustainable land use and
food security.
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INTRODUCTION global leaders in chrysotile-asbestos
Kostanay Region is one of the main extraction and processing, ranked fourth in

agricultural centers of Kazakhstan, with the world by total reserves [2].

the largest tracts of agricultural land in the During the extraction and processing
country, amounting to 18.0 million of iron, copper, and asbestos ores, toxic
hectares [1]. According to the Bureau of elements such as lead, copper, cadmium,
National Statistics of the Agency for and zinc may enter the soil. In the absence
Strategic Planning and Reforms of the of proper environmental control, these
Republic of Kazakhstan, in 2023 the metals can transform into mobile forms
average crop yields were: cereals and and accumulate in agricultural crops,
legumes - 10.7 centners per hectare, pota- posing risks to food safety, public health,
toes - 194.1 c/ha, and oilseeds - 7.2 ¢/ha. and the region’s export resilience. In this
At the same time, the region hosts several context, the systematic monitoring of soils
major mining enterprises. These include and agricultural raw materials in areas
the Sokolov-Sarbai Mining and Processing adjacent to industrial facilities is of
Production Association (SSGPO) in Rudny - particular relevance.

the largest producer of iron ore pellets and Pollution of agricultural soils by
concentrate exported to China; heavy metals is one of the most pressing
Varvarinskoye in the village of Varvarinka - global environmental challenges, directly
a mining and processing plant extracting impacting agricultural productivity, food
gold and copper ores, with an annual safety, and human health. Numerous
capacity exceeding 4 million tons; and international and regional studies empha-
Kostanay Minerals in Zhitikara — one of the size the critical role of metals such as
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cadmium, lead, arsenic, mercury, and
chromium, which enter the soil through
atmospheric  deposition, = wastewater
discharge, fertilizers, pesticides, and
industrial activities. For example, a large-
scale assessment by Haodong Zhao et al.
evaluated contaminated areas in China
using the Pollution Index (PI) and the
Potential Ecological Risk Index (PERI),
revealing significant concentrations of
heavy metals particularly cadmium,
which was identified as the most
hazardous element across most regions [3].

A similar study conducted in the
Kostanay region of Kazakhstan (within the
Sokolovsko-Sarbai Mining and Processing
Plant area) recorded a high ecological risk
index - up to 447 based on Hakanson’s
method - with pronounced exceedances of
cadmium, arsenic, lead, and zinc. These
findings underscore the urgent need for
localized environmental monitoring and
risk mitigation measures [4].

The need to improve land assess-
ment is also emphasized in international
documents. According to the EU Soil
Strategy for 2030 (European Commission,
2021), soil monitoring should be based on
regular collection of data on pollution,
organic carbon, degradation, and anthropo-
genic risks using geospatial information
and remote sensing. The recommendations
of the FAO Global Soil Partnership (GSP)
emphasize the importance of standardized
sampling methods, assessment of heavy
metal bioavailability, maintenance of
geoinformation databases, and integration
of national monitoring with global systems
such as GSOCmap and SoilSTAT [5, 6].

In practice, despite the presence of
contamination, it is possible to cultivate
agricultural crops provided that agroche-
mical recommendations are followed.
Babichev A.N. et al. indicate that technical
crops can be grown on soils exceeding the
maximum  permissible concentrations
(MPC), and that remediation methods and
the use of neutralizing agents are also
applicable [7]. In turn, Ivantsova E.A. and
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Vodolazko A.N. emphasize the importance
of adjusting land bonitation assessments,
taking into account heavy metal pollution,
especially in regions under industrial
pressure [8].

The issue of pollutant bioavailability
is addressed in the work by Decong Xu et
al, which demonstrates that soil pH,
organic matter content, and potassium
levels significantly affect the uptake of
metals by cereal crops. This is particularly
true for cadmium, which is actively
accumulated in rice and wheat [9]. A meta-
analysis [10] confirms that in several
regions, the concentrations of cadmium
and lead in soils and agricultural products
systematically exceed permissible limits,
especially under long-term application of
mineral fertilizers.

An additional contribution to
understanding the sources of contamina-
tion is provided by a study conducted in
the karst landscapes of China, where the
use of the PMF (Positive Matrix Factoriza-
tion) model revealed that 32% of soil
pollution is attributed to geogenic factors,
31% to agricultural activities, and 19% to
mining operations [11]. Similar assessmen-
ts have been carried out in other regions -
for example, in Chengdu (China), where
APCS-MLR (Absolute Principal Component
Scores Multiple Linear Regression)
modeling identified anthropogenic pressu-
res as the main drivers of cadmium, lead,
and zinc contamination in soils [12], as
well as in the Liwa region (UAE), where
localized exceedances of nickel, chromium,
and lead were detected near infrastructural
sites [13].

Special attention should be paid to
the impact of heavy metals on
microbiological and enzymatic processes in
soils. For example, a study in Bangladesh
demonstrates that the content of cadmium,
lead, and chromium 1is negatively
correlated with dehydrogenase and urease
activity, indicating suppression of the soil
microflora and a decline in fertility [14].
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In the Russian context, anomalously
high concentrations of copper, zinc, lead,
and cadmium have been identified in the
Yelizovsky district of Kamchatka, with both
natural geochemical factors and
anthropogenic activities (such as municipal
waste  burning, transportation, and
industrial emissions) considered as
sources of contamination [15].

Many authors [16, 17] provide a
classification of pollution sources (atmos-
pheric deposition, manure, fertilizers,
pesticides), describe the mechanisms of
metal uptake and accumulation in plants,
and analyze modern remediation strate-
gies. These include the selection of crop
varieties with low metal accumulation,
physiological blocking, water regime
management,  phytoremediation, and
chemical soil amelioration. The authors
also systematize contemporary approaches
to reducing the bioavailability of metals
and offer a classification of phytoreme-
diation technologies based on contaminant
type and plant tolerance. Particular
attention is given to the synergy between
various methods for example, the
combination of liming, organic fertilizers,
and selective breeding has been shown to
sustainably reduce cadmium and lead
accumulation in plant biomass. In addition,
the studies highlight the cumulative impact
of pollutants on the central nervous
system, immunity, and carcinogenesis,
especially under chronic exposure.
Pogorelov A.V. [18] also emphasizes the
complexity of accounting for all influencing
factors within agroecological zones.

Given  the  high  agricultural
importance of the region and the presence
of major mining enterprises, the assess-
ment of anthropogenic pressure on soils is
particularly relevant. Considering the
exceedances of heavy metal concentrations
identified in previous studies and their
ability to transform into bioavailable forms
requiring environmental control, this study
aims to assess the level and dynamics of
soil contamination with heavy metals in

27

the Kostanay region and to determine the
potential environmental risks for agricul-
tural landscapes.

To achieve this aim, the following
objectives were set:

1. to collect and perform laboratory
analysis of soil samples for lead, copper,
chromium, zinc, and cadmium;

2. to compare the obtained concen-
trations with current regulatory standards
and identify areas of exceedance;

3. to analyse the spatial and temporal
patterns of contamination for the period
2017-2024;

4. to identify probable anthropogenic
sources of pollutants and conduct a preli-
minary environmental risk assessment.

MATERIALS AND METHODS

Soil sampling for the study of heavy
metal content was carried out in accor-
dance with GOST R 58595-2019 "Soils.
Sampling” using a composite method, in
which 5-10 individual samples were col-
lected from each site at a depth of 0-20 cm
and combined into one composite sample
weighing at least 1 kg. Sampling was con-
ducted in dry weather using clean spades
or soil augers, with strict adherence to
measures preventing cross-contamination.
Each sample was labeled and documented
with details of the location, date, depth,
and sampling conditions. Samples were
packed in sealed containers and
transported to the laboratory no later than
24 hours after collection, with temperature
conditions not exceeding +4 °C maintained
when necessary.

The determination of mobile forms
of heavy metals (lead, copper, chromium,
zinc, and cadmium) in soil samples was
carried out according to the procedure
PND F 16.1:2:2.2:2.3.78-2013 (an officially
approved Russian guideline for the
determination of mobile forms of heavy
metals in soils) using flame atomic
absorption spectrometry (FAAS). Air-dried
soil was sieved through a 1 mm mesh;alg
subsample was taken and extracted with
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ammonium acetate buffer solution at
pH 4.8. The resulting filtrate was analyzed
on a spectrometer at the following charac-
teristic wavelengths: Pb - 217.0 nm, Cu -
324.8nm, Cr - 357.9nm, Zn - 213.9 nm,
Cd - 228.8 nm.

Each sample was analyzed in
triplicate, followed by the calculation of the
mean value and standard deviation. The
detection limits were as follows: Pb - 0.5
mg/kg, Cu - 0.3 mg/kg, Cr - 0.4 mg/kg, Zn -
0.2 mg/kg, and Cd - 0.01 mg/kg; the
relative error did not exceed 10%.
Calibration was performed using five-point
calibration curves (R* > 0.999). Quality
control was ensured through the analysis
of certified reference materials, blank
samples, and periodic checks of signal
stability. The applied method provides the
required sensitivity for determining mobile
metal fractions and assessing environ-
mental impact.

The approach used in this study is
consistent with international monitoring
principles set out in the Guidelines for Soil
Description FAO and in the analytical
section of the EU Soil Strategy for 2030,
which emphasizes the need for spatial
referencing of samples, systematic samp-
ling, and risk assessment for agroeco-
systems.

RESULTS AND DISCUSSION

As part of the study, soil samples
were analyzed for the content of heavy
metals - lead, copper, chromium, zinc, and
cadmium - over the period from 2017 to
2024. The samples were collected in five
settlements of the Kostanay region (table

1), each characterized by varying degrees
of anthropogenic pressure and industrial
activity:

Kostanay is the administrative center
of the region, a city with developed
infrastructure and moderate industrial
activity. Sampling points were located in
areas remote from major industrial
facilities, allowing the obtained data to be
used as a background reference.

Zhetykara is a city with a high level of
industrial impact, primarily due to the
operations of the Zhitikara Asbestos
Mining and Processing Plant (ZHAGOK).
Samples were taken in areas potentially
affected by emissions and waste from the
enterprise.

Arkalyk is a center for bauxite mining
and processing, home to the Torgai Bauxite
Mining Administration (TBRU). Sampling
points included sites located near zones of
ore storage, transportation, and processing,
enabling the assessment of heavy metal
contamination in soils.

Lisakovsk is a city with a developed
mining industry, including facilities related
to raw material processing. Sampling
locations covered both residential and
suburban areas potentially exposed to
anthropogenic influences.

Rudny is a major industrial hub
where the Sokolov-Sarbai Mining and Pro-
cessing Production Association (SSGPO) is
located. Samples were collected from areas
exposed to mining and beneficiation
activities, including zones near waste
dumps and transport routes.

Table 1 - Soil sampling points of Kostanay region

Geographical coordinates

Ne Sampling location

Latitude Longitude
1 Kostanay 53.208065 63.633238
2 | Zhetykara 52.179362 61.267467
3 | Arkalyk 50.251804 66.925047
4 | Lisakovsk 52.5449 62.494423
5 | Rudny 52977777 63.111987
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Each sampling point was selected
taking into account the spatial distribution
of potential pollution sources and
anthropogenic pressure, which made it

possible to carry out a comparative
analysis of soil contamination levels with
heavy metals across different areas of the
region.

Table 2 - Concentrations of heavy metals in the soils of Kostanay region

Heavy metal Pb (mg/kg) Cu (mg/kg) | Cr (mg/kg) Zn (mg/kg) Cd (mg/kg)
MPC (mg/kg) 32,0 3,0 6,0 23,0 -
2017
Kostanay 20,95 1,75 0,45 13,15 0,15
Zhetykara 26,80 0,98 0,40 14,70 0,30
Arkalyk 37,00 1,98 2,03 14,50 0,31
Lisakovsk 21,80 0,56 0,43 12,80 0,24
Rudny 28,35 0,83 0,43 17,15 8,83
2018
Kostanay 24,40 2,55 0,39 14,30 0,18
Zhetykara 22,10 1,15 0,62 15,45 0,28
Arkalyk 46,75 2,50 1,03 22,00 0,30
Lisakovsk 15,16 1,86 0,88 13,10 0,21
Rudny 18,73 2,26 0,74 14,65 0,20
2019
Kostanay 24,83 2,55 0,30 11,70 0,17
Zhetykara 27,87 1,35 0,57 12,65 7,61
Arkalyk 33,76 7,60 1,40 21,00 0,33
Lisakovsk 10,79 5,80 0,93 23,75 0,33
Rudny 15,07 15,10 0,86 13,80 0,25
2020
Kostanay 24,83 2,55 0,30 11,70 0,17
Zhetykara 27,87 1,35 0,57 12,65 0,60
Arkalyk 33,76 7,60 1,40 21,05 0,33
Lisakovsk 10,79 5,80 0,93 23,75 0,33
Rudny 15,07 15,10 0,86 13,80 0,25
2021
Kostanay 10,45 10,22 10,31 10,40 10,28
Zhetykara 9,38 9,11 9,25 9,30 9,14
Arkalyk 6,27 6,03 6,15 6,33 6,05
Lisakovsk 4,82 4,79 4,76 4,90 4,74
Rudny 7,15 7,44 7,05 7,21 7,10
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Table 2 (continued)

2022
Kostanay 31,66 2,66 0,72 12,79 0,15
Zhetykara 14,89 1,25 0,71 12,40 0,19
Arkalyk 14,79 2,05 1,15 13,95 0,26
Lisakovsk 11,59 1,58 0,82 10,75 0,18
Rudny 17,07 2,81 2,09 10,25 0,31
2023
Kostanay 25,40 2,67 0,54 15,35 0,22
Zhetykara 21,36 1,18 1,83 10,86 0,47
Arkalyk 25,03 2,00 1,90 18,08 0,32
Lisakovsk 12,35 3,81 2,09 21,75 0,26
Rudny 17,49 2,00 1,23 12,65 0,27
2024
Kostanay 18,90 3,26 0,61 13,75 0,18
Zhetykara 11,21 1,10 0,55 10,90 0,17
Arkalyk 16,55 2,35 1,45 17,10 0,29
Lisakovsk 11,20 1,75 0,68 12,05 0,20
Rudny 17,65 2,06 3,48 7,90 0,25

The analysis of heavy metal content
in the soils of the Kostanay region for the
period 2017-2024 revealed persistent
exceedances of the maximum permissible
concentrations (MPC) for lead in Arkalyk
during 2017-2020, indicating a pronoun-
ced technogenic load in previous years.
Exceedances of the MPC for copper were
episodic and were observed mainly in Ar-
kalyk, Lisakovsk, and Rudny in 2019-2020,
while in Zhetikara copper concentrations
remained within regulatory limits throu-
ghout the entire study period. Exceedances
of the permissible zinc concentrations
were recorded primarily in Lisakovsk, whe-
re Zn levels reached or surpassed threshold
values in 2019-2020 (table 2).

Isolated anomalously high cadmium
values were identified in Zhetikara and
Rudny; however, chromium concentrations
at all observation sites generally remained
within regulatory limits. The most environ-
mentally vulnerable areas in terms of
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heavy metal contamination were Arkalyk,
Rudny, and Lisakovsk, where the greatest
amplitudes of variation and MPC exceedan-
ces were recorded [19-21].

Major industrial enterprises in the
region are the likely sources of contami-
nation, including the Zhetikara Asbestos
Mining and Processing Plant (ZAGOK), the
Torgai Bauxite Mining Administration
(TBMA), and the Sokolov-Sarbai Mining
and Processing Association (SSGPO). Their
activities contribute to a significant anthro-
pogenic load through dust emissions, ore
transportation, waste rock disposal, and
wastewater discharge. Considering the
identified exceedances and spatial patterns
of contamination, these territories are
recommended for inclusion in the list of
priority environmental control zones, with
the establishment of regular soil monito-
ring and assessment of risks to human
health and natural ecosystems.
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Table 3 - Statistical indicators and environmental indices of heavy metal content in soils

for 2017-2024 in the Kostanay region

Indicator Pb Cu Cr 7Zn Cd
MPC (mg/kg) 32,0 3,0 6,0 23,0 -
2017 26,98 1,22 0,75 14,46 1,97
2018 25,03 2,06 0,73 15,10 0,23
2019 22,06 6,68 0,81 16,58 1,74
2020 22,06 6,68 0,81 16,60 0,34
2021 7,61 7,12 7,10 7,27 7,06
2022 17,80 2,07 1,10 12,83 0,22
2023 20,33 2,33 1,52 15,34 0,30
2024 15,10 2,30 1,35 12,34 0,22
Mean (mg/kg) 19,797 3,784 1,822 13,908 1,560
SD 9,185 3,564 2,379 4,486 2,952
95% CI low 16,951 2,679 1,085 12,518 0,645
95% CI high 22,644 4,888 2,560 15,298 2,475
PI 0.619 1.261 0.304 0.605 3.120
Ei (PERI) 3.093 6.306 0.607 0.605 93.600
Igeo -0. 600 -3.309 -5. 849 -3.279 3.379

An analysis of the average annual
concentrations of heavy metals in soils of
the Kostanay region for 2017-2024 [22]
shows that lead (Pb) concentrations in
2017-2020 ranged from 22 to 27 mg/kg,
approaching the maximum permissible
concentration (32 mg/kg). In 2021, a sharp
decrease in Pb content to 7.61 mg/kg was
observed; however, subsequent years de-
monstrated repeated fluctuations toward
higher values, preventing the identification
of a stable downward trend (table 3).

Copper (Cu) concentrations excee-
ded the MPC (3.0 mg/kg) only in 2019-
2021, reaching the highest value in 2021
(7.12 mg/kg). In all other years, copper
concentrations remained within regulatory
limits, indicating that the anthropogenic
influence was episodic rather than
continuous.

Chromium (Cr) concentrations excee-
ded the regulatory threshold (6.0 mg/kg)
only in 2021, reaching 7.10 mg/kg. In all
other years, Cr levels remained well below
the permissible level, suggesting a single
episode of increased elemental input.

Zinc (Zn) concentrations remained
within acceptable limits throughout the
entire observation period, ranging from 7

to 17 mg/kg. Minor increases were recor-
ded in 2019-2020 and 2023, but no excee-
dances of the MPC were detected.

Cadmium (Cd), despite the absence of
an officially established MPC for soils,
exhibited pronounced interannual variabi-
lity. The highest values were recorded in
2017 (1.97 mg/kg), 2019 (1.74 mg/kg),
and particularly in 2021 (7.06 mg/kg),
indicating isolated periods of potentially
hazardous inputs.

The greatest variability was observed
for Pb (SD =9.19 mg/kg) and Cd (SD = 2.95
mg/kg), which is associated with periodic
anomalous emissions in specific areas,
primarily Rudny and Zhetikara. Copper and
chromium alsodemonstrated elevated stan-
dard deviation values (3.56 and 2.38 mg/
kg, respectively), confirming significant
interannual fluctuations. The most stable
concentrations were observed for Zn (SD =
4.49 mg/kg).

According to the ecological indices,
most metals (Pb, Cu, Cr, and Zn) remain at
acceptable or background levels, not
contributing to significant environmental
pressure: PI and Igeo indicate the absence
of contamination, while PERI values
confirm low ecological risk. A slight
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exceedance of the MPC was recorded only
for copper (PI = 1.26), although its environ-
mental risk remains low. In contrast,
cadmium (Cd) is the primary contaminant:
its PI = 3.12 indicates a pronounced excee-
dance of normative levels, PERI = 94 cha-
racterizes high ecological risk, and the
positive Igeo value (3.38) reflects strong
geochemical pollution. Thus, the overall
environmental situation is assessed as
satisfactory, but with a clear technogenic
load from Cd, requiring targeted moni-
toring and control.

Particular attention should be given
to the spatial distribution of contamina-
tion: elevated concentrations of Cd, Cu, and
Pb were observed mainly in areas with
high industrial activity—Rudny, Zhetikara,
Arkalyk, and Lisakovsk-which correlates
with the presence of large mining and
processing enterprises, including SSGPO
(Rudny), the Zhetikara Asbestos Mining
and Processing Plant, Kostanay Minerals
JSC (Zhetikara), the Arkalyk Bauxite Mine,
the Varvarinskoye Mining and Processing
Plant, as well as metallurgical and benefi-
ciation facilities. The operations of these
enterprises lead to dust emissions, tailings
accumulation, ore transportation, and
metal processing, which are likely sources
of episodic heavy metal inputs into sur-
rounding soils.

30
25
20
15

10

Pb (mg/kg) Cu (mg/kg)

m2017 2018 2019

Overall, the dynamics of heavy metal
concentrations in the region’s soils reflect
the presence of both short-term episodes
of exceedances (Cu, Cr, Cd) and periodic
approaches to the MPC for Pb. This highli-
ghts the need for systematic environmental
monitoring, identification of specific
emission sources, and regular assessment
of soil conditions in the Kostanay region.

Based on the presented graph illus-
trating the dynamics of average concen-
trations of heavy metals (Pb, Cu, Cr, Zn, Cd)
in soils for 2017-2024, the following
conclusions can be drawn:

1. Lead (Pb). In 2017-2020, Pb con-
centrations ranged from 22 to 27 mg/kg,
approaching the MPC (32 mg/kg). In 2021,
a sharp decrease to 7.61 mg/kg is obser-
ved, after which concentrations partially
increase but remain well below the regula-
tory threshold. The dynamics indicate a re-
duction in anthropogenic load after 2020,
despite continuing fluctuations (figure 1).

2. Copper (Cu). Exceedances of the
MPC (3 mg/kg) were recorded only in
2019-2021, when concentrations ranged
from 6.68 to 7.12 mg/kg, with the maxi-
mum recorded in 2021. In all other years,
Cu levels remained within acceptable
limits, suggesting a short-term rather than
a continuous anthropogenic influence.

Cr {mg/kg)

Zn (mg/kg) Cd (mg/ke)

2020 m2021 w2022 m2023 m2024

Figure 1 - Dynamics of heavy metal content in soils of the Kostanay region
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3. Chromium (Cr). The MPC (6 mg/kg)
was exceeded only in 2021 (7.1 mg/kg). In
all other years, Cr concentrations ranged
from 0.73 to 1.52 mg/kg, far below the
regulatory limit, indicating a single episode
of elevated elemental input.

4. Zinc (Zn). Zn concentrations
remained within permissible levels
throughout the entire observation period.
Slightly elevated values were observed in
2019-2020 and 2023; however, no excee-
dances of the MPC were detected. Overall,
Zn demonstrates stable behavior.

5. Cadmium (Cd). The highest Cd
concentrations were recorded in 2017
(1.97 mg/kg), 2019 (1.74 mg/kg), and
especially in 2021 (7.06 mg/kg). In other
years, concentrations remained low (0.22-
0.34 mg/kg). Although no official MPC is
established, the pronounced spike in 2021
may pose an environmental hazard due to
the high toxicity of Cd.

The greatest environmental risks are
associated with episodic exceedances of Cu,
Cr, and Cd-particularly in 2021-as well as
with periodic approaches of Pb concentra-
tions to regulatory limits. Zn levels remain
stable and environmentally safe. The obtai-
ned results highlight the need for regular
monitoring and for identifying the sources
of anthropogenic contamination.

In addition to anthropogenic sources,
the natural properties of the region’s soil
cover play a significant role in shaping the
spatial distribution of heavy metals. Wind
erosion, which is characteristic of the step-
pe zone of the Kostanay region, facilitates
the transport of dust particles from tailings
storage facilities and industrial sites,
leading to the secondary deposition of
metals at considerable distances from
emission sources.

The granulometric composition also
determines the degree of migratory acti-
vity: light sandy and loamy-sandy soils
have low sorption capacity and promote
increased mobility of Cd, Pb, and Zn,
whereas heavier loam and clay horizons
ensure their retention. The acid-alkaline
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regime is another important factor: the
slightly alkaline soils (pH 7.5-8.2)
predominant in the region reduce the
mobility of Pb and Cr, while simultaneously
increasing the solubility and bioavailability
of Cd. High soil carbonate content contri-
butes to the formation of poorly soluble
compounds of Pb and Zn, limiting their
vertical and horizontal migration. Thus,
natural factors substantially modify the
behavior of heavy metals in soils, which
must be taken into account when inter-
preting observed trends and assessing
environmental risks.

A map of the maximum concentra-
tions of heavy metals (Pb, Cr, Zn, Cd) and
copper (Cu) in the Kostanay Region is
presented in figure 2.

These elements are classified as
priority pollutants according to
international land-quality assessments
presented in the FAO Global Soil Pollution
Assessment. Their high toxicity and
tendency to accumulate in plants pose
risks to food security and public health.
The obtained results are consistent with
the provisions of the EU Soil Strategy for
2030, which emphasizes the need for early
detection of soil degradation, identification
of pollution sources, and spatial modeling
of risks for agroecosystems. To improve the
regional soil-monitoring system, it is re-
commended to implement GIS technologies
for developing digital maps of contamina-
tion and metal migration, apply remote
sensing data (Sentinel-2, Landsat-8/9) to
assess land degradation and technogenic
disturbances, employ bioindicators (plants,
microorganisms, lichen indices) for early
detection of toxic impacts, expand the net-
work of automated monitoring stations,
and integrate national datasets into inter-
national platforms such as GSOCmap and
SoilSTAT for comparison with global
trends.

The identified patterns of heavy
metal distribution in the soils of the
Kostanay region indicate the presence of
several environmental risks associated
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with both continuous anthropogenic
pressure and episodic emissions. Cadmium
poses the greatest hazard, as pronounced
interannual fluctuations and high values of
environmental indices indicate a signifi-
cant risk to ecosystems and human health.
The risk of chronic lead exposure persists
in industrial areas where its concentrations
in previous years approached the MPC.
Short-term spikes in copper and chromium
levels reflect the likelihood of irregular
technogenic impacts capable of disrupting
the biogeochemical state of soils. Addi-
tional risks are associated with localized
contamination in industrial centers, the
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transport of dust particles from tailings
storage facilities, and potential declines in
soil fertility due to the toxic effects of
metals. Taken together, these factors high-
light the need for regular monitoring,
control of anthropogenic sources, and
assessment of potential impacts on the
population and agricultural areas. Thus,
the results of the study not only confirm
the presence of significant environmental
risks but also form the basis for developing
a regional sustainable land-use program

aligned with modern international
approaches to soil protection.
ActaHa
KaparaHabl

Figure 2 - Map of maximum heavy metal concentrations (Pb, Cr; Zn, Cd) and copper (Cu)
exceedance zones in the Kostanay Region

CONCLUSION

The analysis of heavy metal
concentrations in agricultural soils of the
Kostanay region for the period 2017-2024
revealed that the region’s agro-industrial
potential is subject to significant environ-
mental risks due to anthropogenic
contamination. Persistent exceedances of
copper, chromium, and especially cadmium
levels recorded near major mining
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enterprises pose a threat to the safety of
agricultural products, disrupt the agroche-
mical balance of soils, and potentially
reduce crop yields. Cadmium, even in low
concentrations, can accumulate in cereals
and oilseed crops, posing a hazard to the
food chain. The results of this study
confirm the urgent need for systematic
agroecological monitoring and the imple-
mentation of environmental protection
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practices in agriculture - such as liming, work not only identifies the scale and
phytostabilization, and the application of sources of contamination but also provides
organic fertilizers - to minimize the migra- a scientific basis for developing safe land-
tion of toxicants into plants and ensure the use strategies under industrial pressure.
sustainability of agroecosystems. Thus, this
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TYWUIH

A. blckak!, I'H. [laynetkennil*, K.A. Kaz6ekoral, C.A. [lapu6aeBal

KOCTAHAW OBJIbICBIH/IAFbI TOTIBIPAKTBIH, AYbIP METAJIZIAPMEH JIACTAHY
YKAFIANDBI

1«Axmem BalimypcbiHy/ibl ambiHOarbl KocmaHatl eHipsaik yHusepcumemi» KEAK,
110000, KocmaHati, A6aii dayroLiel, 28/1, Kazakcmad,
*e-mail: gulnuradauletkel @gmail.com

Kasakctan PecnyGsukacblHbIH KocTaHali 0GJIBICEI - €TiCTiK ajJKanTapbl KeH, eJiMi3giH
JKETeKII ayblIIapyallbl/blK aiiMaKTapblHbIH 6ipi. Ayaiijia Tay-KeH eHepKaciOiHiH (MbIcasbl,
JKATOK - JKeskasfaH Tay-KeH MeTa/ulypruss kom6uHaTbl, TBPY - Toprall GOKCUT KeH
6ackapmacnel, CCKOB - CoxosioB-Capbibait Tay-kKeH eHJAipicTik 6ipJectiri AK) erictik xepJiepre
»KaKbIH OpHaJIacybl KOpILIaFaH OPTaHbIH, eJiey/i aHTPONoTeHAiK JlacTaHyblHa, acipece TONbIpaKTa
ayblp MeTaJJap/blH >KUHaJyblHa ajblll Keaype. bysn 3epTTeyne 06/bICThbIH, 6eC @HEPKICINTIK-
aybLIIapyalIblLIbIK opTanbiFbiHa (KocTanal, XKeTikapa, ApKasblK, JIucakoBCK, Pynubii) 2017-
2024 xpu1aap apasbIFbIH/IA TOMBIPAKTaFbI ayblp MeTangapabiy, (Pb, Cu, Cr, Zn, Cd) *KbLIKbIMaJIbI
dopMasapbIHbIH, KypaMbl aTOM/JbIK-abCOPOLHUSIBIK CIHEKTPOMeTpPHUs dJiciMeH aHbIKTaJlJbl.
ANbIHFAaH HOTHXKeJiep MbIC, XpOM XKOHe acipece KaAMHUM OGOMBIHIIA LIEKTI pPYKCaT eTuIreH
KoHUeHTpanusaapasly, (IIPK) TypakTel TypAe acbkinl KeTKeHiH KepceTTi. CoHpal-ak,
OHEpKACINTIK MIbIFAapbIHABIIAPMEH GalJIaHBICTBI 60JIybl MYMKIH KYPT cekipyJsep Ae Tipkenfi.
Opraia >XbIABIK KOHLEHTpauUsAJapAbl Tajlfay KaAMUHA MeH MbICTbIH OGHOaKKYMYJSTHUBTIK
aJieyeTi MeH ToIbIpaKTaFbl OGHOreOXMMHUSJIBIK INponecTepAi 6y3y KabijneTiHe 6aiaHbICThI

36



JKoJI0TUA NOYB IlouBoBeAeHMe u arpoxummus, Ne4(72), 2025

ayblIIIapyallbLIbIK KyleJiepiHe eH YJIKeH Kayill TeHJipeTiHiH KepceTe/i. 3epTTey HaTHXKeJepi
XKyHeJsli  3KOJIOTUSIIBIK, ~ MOHUTOPUHITIH, ©HEPKOCINTIK  KbICBIM  »KaFfJaWblHJAA  aybLI
HIapyallblIbIFbIH 6ediMAen 6acKkapyblH, COHAAN-aK *Kep pecypcTapblH TYPaKThl NaiijasaHy bl
J)KoHe a3blIK-TYJIK KayilCi3firiH KaMTaMacbl3 €Ty YVIIiH 3SKOJIOTHSAJBIK TEXHOJIOTUAJAp MEH
pPeKyJIbTUBALMAJIBIK LIapajap/bl eHri3y/iH MaHbI3/blIbIFbIH KOpCeTel.

TyliiHOi cesdep: ayblp MeTajAap, arpo3KOJIOTHsA, TONBIPAKTBIH, JIACTAHYbI, peMeAuaLys,
KocTaHait 06/1bICHI.

PE3IOME

A. blckak!, I'H. Jlaynetkenail*, K.A. Kaz6ekoBal, C.A. [lapubaeBal
COCTOSHUE 3AT'PA3HEHUA IOYB TAXKE/JBIMU METAJIJIAMU
B KOCTAHAMCKOM OBJIACTHU

1HAO «KocmaHatickuli pe2uoHa/1bHbll yHUBepcUmMem umeHu Axmem
Batimypcoinyasty, 110000, Kocmanati, np. A6as, 28/1, Kazaxcma-,

*e-mail: gulnuradauletkel@gmail.com

Kocranalickas o6sactp Pecny6sinku KasaxcTaH npejcTaBisieT co60i OJUH U3 BeAyLIUX
arpapHbIX PervoHOB CTpPaHbl, 00JIaal0IUI 3HAYUTENbHbBIMU IJIOWIAAAMU CeJlbCKOX03AMUCT-
BeHHbIX yroiuil. OJHAaKO MHTEHCHMBHOe pa3BUTHe TOPHOJLO0BIBAOLEA NPOMBIIJIEHHOCTH
(PKATOK, TBPY, CCI'TIO u fp.) B6/IM3U NMOCEBHBIX TEPPUTOPUM CONPOBOXKAAETCS TEXHOTEHHBIM
3arpsisHEHHWEM OKpY»Kalolled cpejpl, BKJOYas MOCTYIJIEHUE TsHXKEJIbIX META/JIOB B NMOYBHI. B
HAaCTOSIILEM HCCJEJOBAaHUU NMPOBEAEH MOHUTOPHUHI COJEPKAHMS NMOJBIMKHBIX GOPM TKETBIX
meTtasoB (Pb, Cu, Cr, Zn, Cd) B moyBax NsSTH NMPOMBILIJIEHHBIX U arpapHbIX EHTPOB perruoHa
(Kocrana#, XeTtbikapa, ApkaJiblk, Jlncakosck, Pyaneriil) 3a 2017- 2024 rr. no MeTojMKe aTOMHO-
aJlcopbLiMOHHON crnekTpoMeTpuM. [losydyeHHBble JaHHble BBIIBUJIM YCTOWYMBBIE NpeBbILIEHUS
npeJieJIbHO JONYCTUMBIX KOHLiEHTpAaLUi MO MeJH, XPOMy U O0COOEHHO KaJMHIO, C 3NMHU30JaMHU
pe3KUX CKadyKOB, BepOSITHO, OOYyC/J0BJEHHbIX MPOMBILUIJIEHHBIMU BbIOpOCaMHU. AHaJIU3
CPeJHEroJIOBbIX KOHLEHTpPALMM IMOKa3aJ, 4YTO HMEHHO KaJMHH W MeJb INPEACTaBASIT
HauboOJIbLIYI0O MOTEHIHWAJbHYI0 OIACHOCTh /Jsi arpocucTeM, BBHAY HUX CIOCOGHOCTH
HaKalJMUBaTbCsl B CEJbXO3NPOAYKLHUHU W HapyllaTb GMOre0OXMMHUYECKHE MPOIECCHl B IOYBAX.
Pa6oTa nojuépkuBaeT He0O6XOJUMOCTb CUCTEMHOTO 3KOJIOTUYECKOT0 KOHTPOJIA U aJalTUBHOTO
yOpaBJleHUs1 CeJbCKUM XO3SIMCTBOM B YCJOBUSIX INPOMBILIJIEHHOW Harpy3ky, a TaKxe
MCI0JIb30BaHUS NMPUPOJOOXPAHHBIX TEXHOJIOTMH W CTpaTerui pemejuaunuu Ajs obecrnedyeHUs
YCTOMYMBOTO 3eMJIEN0Ib30BaHUS U TPOJ0BOJIBCTBEHHON 6€30MaCHOCTH.

Kawouesvle csno6a: Tskésble MeTaIbl, arpo3KOJIOTHs, IOYBEHHOE 3arps3HEHHE,
pemeauanys, Kocranatickasi 06J1acTb.
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