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Abstract: River delta soils are the final spatial units of the matter flow within the whole river
catchment. Due to their spatial position in the catchment and due to their fine grain size composition,
river delta soils are important matter sinks in general, especially for heavy metals. The article
presents the results of spectrometric analysis of heavy metals in the soils of the Ili River Delta
and State Natural Reserve “Ili-Balkhash” in 2021. This area is included in the list of wetlands of
international importance under the Convention on Wetlands. Heavy metals in the samples were
determined using the flame atomic absorption spectrometric method using the AA-7000 atomic
absorption spectrophotometer. The spatial distribution of the metals was visualized in the ArcGIS
10.5 environment. Copper concentrations were measured in the soils of the dry steppe, semi-desert
and desert zones with average values up to 28.5 mg kg~! and a maximum level of 75.1 mg kg~.
The concentrations of lead are 8.0-15.9 mg kg~!. The cadmium content exceeds the standards from
2.1 to 6.5 mg kg ! on the whole territory at MPC 2.0 mg kg !, reaching up to 3.3 MPC (Maximum
Permissible Concentration). The cobalt concentration ranges from 6.7 to 20.6 mg kgfl, and nickel
ranges from 11.3 to 22.2 mg kg~!. Soil contamination due to cobalt and nickel is observed in the
northern and eastern parts of the study area. The received data about pollution of the soil cover
by heavy metals makes it possible to assess the degree of anthropogenic load of the unique natural

environment in the Ili River Delta and natural reserve.

Keywords: delta; natural reserve; anthropogenic load; soil; heavy metals; contamination; maximum
permissible concentration

1. Introduction

Increased anthropogenic load and the active use of natural resources have led to
increased degradation of the environment. The intensive development of human economic
activity inevitably leads to negative consequences and environmental side effects [1]. The
level of load also differs due to the influence of pollutants on the environmental conditions,
water, flora and fauna in different natural zones [2]. As a result of dangerous toxic ecological
situations, specific and local environmental disturbances may occur.

In recent decades, the danger of the chemical contamination of soils has sharply
increased. Thus, the central link of the ecosystem is experiencing technogenic loads. The
environmental and economic damage due to the chemical contamination of soils and
agricultural products is enormous [3,4]. The chemical contamination of soils should be
understood as the man-made accumulation of chemicals in soils in quantities that pose a
danger to living organisms. An especially dangerous situation is created when chemicals
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in soils become accumulated and mobile. In this case, they can be directly absorbed by
plants at the location of pollution or enter the atmosphere, hydrosphere or food chain.
At the final stage, they may reach living organisms and poison them. Moreover, they
are transported by water flows to accumulation zones, having direct or indirect harmful
effects on organisms [5,6]. Heavy metals belong to the most dangerous chemical substances
because they tend to accumulate in soils and sediments, and they cannot be mined or
removed. The main anthropogenic sources of heavy metals are predominately industrial
wastes, which are represented by the following branches of industry: ferrous and non-
ferrous metallurgy, chemical, pulp and paper, construction, mechanical engineering, light
and food, energy, petrochemical and oil refining [7,8].

The technogenic intake of heavy metals by industrial waste (aluminum, copper-zinc,
lead, nickel, mercury and other plants) in the study area is especially dangerous, for in-
stance, because of waste from the industrial enterprises LLP Balkhash Tuz, Balkhash CHPP,
Kazakhmys Corporation, etc.), landfills for disposal of hazardous waste and warehouses for
the incineration of hazardous industrial waste, which all are enriched by metals. Scattering
areas of heavy metals appear around industrial and manufacturing enterprises also due
to emissions into the atmosphere [9]. The maximum soil contamination was observed in
the zone up to 5 km from the enterprise, and 10-30% of the total amount of metal in the
emission is spread over distances of more than 10 km [10]. Long-range transport occurs as
a result of aerosol emissions entering the atmosphere from technogenic sources, which are
distributed in the landscape due to the influence of natural factors [11-15]. Pollutants such
as heavy metals do have a different distribution tendency in dependence on their chemical
and soil properties. In most cases, they tend to accumulate in soils because of their own
positive charge and the negative charge of humus and clay minerals.

The degree of the mobility of heavy metals in soils is determined by their granulometric
composition, pH, the humus content of the soil and the metal itself and its concentration.
A high metal content is characteristic of silty and fine sand fractions of the upper layers
of the soil profile. For almost all types of soils, the maximum concentration of metals
is observed in layers with heavier granulometric composition, respectively, fine texture.
The increased content of toxic elements is observed in silty and sandy fractions, which
is associated with the presence of metals in primary minerals in the form of isomorphic
impurities as well as industrial dust near enterprises [16]. Two-layered clay minerals can
also have a high absorption capacity [17]. Thus, fine textured soils can bind heavy metals
as well as contain clay minerals with a large inner surface. The sorption capacity of organic
soil matter is very high for Cu and Pb, high for Cd, medium for Co and Ni and low for
Zn [18,19]. Most heavy metals can get mobile under acid pH conditions. If the pH is lower
than 6 Cd, lower than 5.5 Ni, Co and Zn, lower than 4.5 Cu, and lower than 4 Pb lose
their sorption and may get mobile. The element-specific sorption and self-accumulation
tendency is very high for Pb, high for Cu and medium for Zn, Co, Ni and Cd [20,21].

According to the World Overview of Conservation Approaches and Technologies in
Natural Resources, soil pollution is one of the most dangerous types of land degradation as-
sociated with the properties of pollutants capable of long-range transport from local sources
of pollution to global dispersion [20]. That is why the purpose of the study is to assess
heavy metal soil contamination in the study area and to explore their spatial distribution.

2. Materials and Methods
2.1. Study Area

The study area of the Ili River Delta is the largest natural inland delta in Central
Asia. The total area reaches 20 thousand km?, of which the modern delta occupies about
8 thousand km?, and the rest is an ancient delta with a net of channels—so-called Bakanases
(Figure 1). The delta area was included in the Ramsar list of wetlands of international impor-
tance under the Convention on Wetlands [21]. The State Natural Reserve, “Ili-Balkhash”,
within the area of the Ili River Delta, was created in 2018 in accordance with the decree
of the Government of the Republic of Kazakhstan. This area is a unique object, with
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a high level of protection, that has no analogs in the world in terms of environmental
restoration [22-24].
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Figure 1. Study area with the indication of the key points for soil sampling. (authors Madibekov A.S.,
Zhadi A.O., Ismukhanova L.T.).

With its unique wealth and potential, this region experiences many social, economic
and environmental problems, which is why it is under intensive environmental stress
and highly vulnerable to anthropogenic impacts [23]. According to the results of stud-
ies, the pollution and destruction of the ecosystem due to heavy metals occurred in the
considered study area over several years due to the impacts related to large metallurgical
complexes [24-27]. The hazardous emissions released from the Balkhash Metallurgical
Plant are of specific concern in terms of environmental pollution [28]. Thus, connected to
the increasing levels of emissions being released into the atmosphere, the pollution in the
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delta has also increased since pollutants entering the atmosphere from the above-mentioned
enterprises spread over long distances [11,29-33].

The activity of this enterprise has social-economic importance for Kazakhstan. How-
ever, at the same time, it also introduces anthropogenic loads into the ecosystems of the
region. It is obvious that despite the preventive measures to reduce the harmful effects
of industrial emissions and the ongoing work to capture SO, from the atmosphere, the
tailing dump of this plant (west of Balkhash town, on the lake shore) remains an acute en-
vironmental problem. Research indicates that the tailing dump stores solid waste (from the
processing plant of the combine), which is transported there via the pulp feed line [34,35].
When copper ore is smelted, from 70 to 90% of the primary raw materials are transported
to waste dumps. The tailing dump has accumulated up to 1200 million tons of waste
containing a significant quantity of heavy metals. Most of the waste produced from copper
smelting is exposed to weathering and is carried away from the tailings, reaching the
regions of the southern Balkhash region.

2.2. Sediment and Soil Sampling Methods

The samples were collected from March 19 to April 17 in 2021. Preliminarily, the study
area adjacent to the Ili River Delta, including the territory of the Ili-Balkhash State Natural
Reserve, was divided into squares of equal area (=120 km?) and numbered (54 points,
Figure 1). The sampling points cover the territory of the reserve, in particular the enclosures
for Equus hemionus and Gazella subgutturosa and, according to the recommendation of the
program, for the reintroduction of the Turanian tiger to its former habitats. This reserve
aims to save biological diversity and restore balance to nature, as supported by the World
Wildlife Fund (WWE). The number of samples taken was 54 and, in total, 324 analyses
were made. The investigations included an analysis of the following heavy metals: Cu,
Zn, Pb, Cd, Co and Ni. Each sample was a part of the soil typical for genetic horizons
or layers of the soil type. The number of spot samples corresponds to the State Standard
valid in Kazakhstan [36]. The required conditions for taking soil samples protect them
from secondary contamination at all stages of preparation. Soil samples intended for the
determination of heavy metals were taken through the use of a metal-free instrument.

The combined samples were realized by mixing the spot samples from the same
sample site. For chemical analysis, the combined samples were made from at least five-
point samples taken from one sample site. The mass of the combined sample was at least
1 kg. To control the contamination due to surface-distributed pollutants (heavy metals),
point samples were taken layer by layer from a depth of 5-20 cm, weighing no more than
200 g each. A necessary condition for soil sampling is protection from secondary pollution.
The tool for soil sampling was a blade made of durable plastic (GD 52.18.289-90). The soil
samples were recorded in a field journal. Paper envelopes with appropriate labels were
used as packaging material for the transport and storage of the samples.

2.3. Grain Sizes and Soil Description

The texture of the soils of the southern Balkhash area was determined through the
use of the visual method using the data provided in the table, “Signs for determining the
granulometric type of soils” in 2001 [37-40]. According to this table, we could distinguish
the following soil textures: loam, sandy loam, sand and others. Despite the fact that this
method does not provide any quantitative assessment of certain fraction percentages in
the rock, the correct assignment of clay rocks to clays, loamy soils or sandy clays should
be considered already sufficient for a preliminary classification of Quaternary sediments
and for a better understanding of their composition. According to [41,42], the majority of
the study area is occupied by brown desert—steppe soils (Kastanozems and Regosols) on
ridges, dunes and hilly sands in the northern part [41,42]. There are brown desert-steppe
soils on fixed sands in the south. It is possible to distinguish the ancient delta of the Ili
River in initially developed Takyr-like gray soils (Stagnosols and Solonchaks) on alluvial
deposits in combination with ridge sands, which occupies up to 20-25% of the area, as
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well as silty—sandy and sandy clay soils (Gleysols). Rice is grown on gray-brown sandy
clay soils (Gleysols) and mainly on meadow—gray and floodplain—-meadow soils (Fluvisols)
along the Ili River near the village of Akzhar. The territory of the southern Balkhash region
belongs to an area of deserted steppes with developed brown desert-steppe soils and low-
carbonate gray soils (Kastanozems and Arenosols), which are mostly non-saline [41,42].
On the floodplain terraces of the rivers and in the deltas, there are areas of loamy and clay
alluvium. Complexes of Takyr-like gray soils (Stagnosols), Takyrs (Stagnosols) and alkaline
soils (Solonchaks) are developed here. The surface of Takyr-like soils along the ancient
valley of the Ili River is 60-70% bare and cracked. On vast inter-ridge depressions, the soils
of sandy deserts are characterized by the presence of a low carbonate content and a weakly
alkaline reaction (pH-7.5) of the soil solution [41-43].

2.4. Chemical Analyses

As an important driver of metal sorption on and desorption from soils and sediments,
the pH values of the analysed samples were determined with the help of GOST 26423-85.

Soil samples weighing 30 g, weighed with an error of not more than 0.1 g, will be
placed in conical flasks. Then, 150 mL of distilled water will be added to the samples with
a dispenser. The soil and water will be mixed for 3 min with a stirrer and left for 5 min
to settle. A 20 mL portion of the soil suspension will then be poured into a 50 mL beaker
and used to measure the pH. The instrument readings will be taken no earlier than 1.5 min
after the electrodes are immersed in the measured solution to measure the soil pH using a
HANNA HI83141 pH meter (Hanna, Woonsocket, RI, USA).

During operation, the instrument is periodically calibrated against a pH 6.86 buffer
solution [43].

The first stage of the laboratory method for heavy metals determinations is as follows:
(1) scattering each sample on paper, (2) drying under air-dry conditions, (3) kneading
large lumps using a pestle, pre-cleaning the inclusions (stones, branches and other foreign
particles) and (4) using the quartering method, the soil weighing 0.2 kg is ground with a
mortar and pestle and sifted through a sieve with a hole diameter of 1 mm. A sample with
a mass of about 5.0 g was taken from the obtained air-dried soil sample.

The extraction of mobile forms of metal compounds from the soil samples was carried
out according to this method [44], with a soil pretreatment using acetate—ammonia buffer
solution with a pH of 4.8.

In total, 50 mL of acetate-ammonium buffer solution with a pH of 4.8 (ratio
soil:solution = 1:10) was added to a 50 mL cylinder, and the soil sample was gently moist-
ened through stirring. The soil sample in the acetate-ammonium buffer solution was
incubated for 24 h at room temperature with a brief agitation of the soil sample.

After 24 h, the soil sample containing the solution was stirred and transferred for
filtration through a funnel with a folded paper “white tape” filter into a clean measuring
flask, washing the soil residue through the filter with buffer solution (about 50 mL). Then,
the volume of the filtrate in the volumetric flask was supplemented with a buffer solution
of 100 mL to conduct the further determination of the mobile forms of metals through the
use of the atomic absorption spectrometric method [44,45].

The heavy metals present in the samples were determined using the flame atomic
absorption spectrometric method using an AA-7000 atomic absorption spectrophotometer
(Shimadzu, Kyoto, Japan) (Figure 2).

The assessment of the results of the content of metals in the soil was carried out in ac-
cordance with the regulatory documents [43,44] established in the Republic of Kazakhstan,
which are updated annually by the JSC “National Center for Expertise and Certification” of
the Republic of Kazakhstan.

These guidelines describe the assurance and quality control of metal content results.
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Figure 2. Granulometric composition and pH values of soils (authors Madibekov A.S., Zhadi A.O.,
Ismukhanova L.T.).

2.5. Use of the ArcGIS 10.5 Software Product

A map of the heavy metal distribution over the study area was built in ArcGIS 10.5
using the interpolation tool “spline with barriers” of spatial analysis (Spatial Analyst).

When mapping the distribution of heavy metals, the results taken from the samples
of 56 points were used. The interpolation was performed on 51 points. The remaining
5 points were test points, and the interpolation and actual values were comparable to each
other. In this regard, the accuracy of this method was higher than that of the others.

ArcGIS software is produced by ESRI, an American company that produces geographic
information software products.
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The coordinates were determined using Google Earth Pro. The sampling points are
established taking into account the determination of the volume of pollutants per unit area,
which will make it possible to identify the zonal features of their distribution and identify
possible sources of pollution.

3. Research Results
3.1. Textures and Spatial Variation of Soil pH

According to the granulometric composition, the main part of the study area is char-
acterized by the following textures: loamy soil and sand clay, and only a small part of
it is clay, sand and alkaline soil (Figure 2). The changes in soil salinity, indicated by
alkaline-expressing soil, have been identified in the area adjacent to Balkhash Lake, incl. the
territory of the Ili-Balkhash State Natural Reserve. Such changes can lead to the complete
degradation of the soil cover in the near future, which, in turn, will negatively affect the
development of flora and fauna in the study area. The huge area, laying from the south-
eastern to the northwestern part, which belongs to the ancient delta, is characterized by
loamy and clayey soils. Along the Ili River, from the southeastern to the southwestern part
of the study area, sandy clays and sands occur.

The results of the pH measurements of the soil cover show changes in values from 7.5
to 9.5, averaging a pH of 8.5. The alkalinity of the soils throughout the study area varies,
producing slightly alkaline to strongly alkaline reactions [41,42].

Soil salinization or alkalization occurs due to the excessive presence of alkali metals
in the soil solution (calcium, magnesium and sodium). The pH of the soil cover, deter-
mined through the water extraction, ranges between 7.8 (alkaline) and 9.5 (highly alkaline)
(Figure 2). The maximum accumulation of salts is characteristic of loamy soils and clays
with a dense soil structure. High alkalinity, as a rule, will lead to the weakening of the
biological cycle of substances and, as a consequence, many types of plant organisms will
disappear. The gene pool of terrestrial populations will decrease due to the deterioration of
the living conditions required by living organisms.

The results show that the carbonate content of soils is responsible for the averaged pH
values of 7.5 in 2001; these values have increased up to a pH of 8.5 in 2021, which indicates
the gradual salinization of the soils in the southern Balkhash region, as observed over
a twenty-year period. It confirms the trend of soil salinization in the study area [43,44].

Thus, the high alkalinity of the soils, in addition to salinity, can lead to other negative
consequences, such as the destruction of the soil structure, as a result of which leaching,
waterlogging and alkalization will occur, leading up to complete degradation.

3.2. The Content of Heavy Metals in Soils and Their Spatial Distribution

The data analysis reflects local soil contaminations due to mobile forms of heavy
metals exceeding the MPC, according to the Hygienic Standards [45]. MPC values (in
mg kg’l) for the mobile forms of metals are 3.0 for copper, 32.0 for lead, 4.0 for nickel, 23.0
for zinc, 5.0 for cobalt and 2.0 for cadmium.

The analysis of the existing standards of the Republic of Kazakhstan for MPC for
heavy metals in soils was applied in this assessment to the level of accumulation in the soil,
considering their physical properties [46—48].

The content and the behavior of heavy metals in soils are controlled through various
parameters. In an acidic environment, microelements such as lead, cadmium, copper,
zinc, manganese, nickel, cobalt, iron and chromium are the most mobile; in alkaline
environments, these are arsenic, selenium, uranium and molybdenum. Lithium, rubidium,
cesium, fluorine, bromine and boron are mobile in a wide range. The mobility of these
elements also depends on granulometric and mineralogical composition and on the degree
of humus content. Light and slightly humus soils are usually depleted by heavy metals in
comparison with silt and organic matter, while two-layered clay minerals and humus have
a high absorption capacity [49].
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(a) copper

An amount of copper from 7.1 MPC to 8.6 MPC has been recorded throughout the
whole coastal zone of Balkhash Lake. In the rest of the study area, the copper content ranges
from 6.1 to 19.4 mg kg~!. Local soil contamination due to mobile forms of copper, which
is clearly expressed in the central and eastern parts of the study area, is up to 12.9 and
16.1 mg kg !, respectively (Figure 3a). The copper content in the soils on the left bank of the
Ili River is, on average, 8.3 mg kg~!, which corresponds to 2.8 MPC. Copper values exceed
the standards by up to 6.5 MPC in the soil cover of Bakanas village. The same observation
of high copper contents was found within the limits of the southwestern Balkhash region
in the soils of the dry steppe, the semi-desert zones, by up to 28.5 mg kg~! [50]. This fact
indicates the anthropogenic impact on soil pollution.

REPUBLIC OF KAZAKHSTAN
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(f) nickel

Figure 3. Metal concentrations of (a) copper, (b) zinc, (c) lead, (d) cadmium, (e) cobalt and (f) nickel

in the soil cover in mg kg ™! (authors Madibekov A.S., Zhadi A.O., Ismukhanova L.T.).

Zinc values in various directions range from 7.8 to 75.1 mg kg~! (Figure 3b). High

levels of zinc were founded on the left bank of the Ili River at point No. 5 (Zheltorangy
village), up to 25.9 mg kg~! (1.1 MPC), and No. 12 (Kuigan village), up to 37.2 mg kg !
(1.6 MPC). The maximum level was recorded at point No. 28 (10 km W of the village of
Karoi), with up to 75.1 mg kg, and at Kogaly cordon, with up to 46.0 mg kg, reaching
3.3 MPC and 2.0 MPC, respectively. The average zinc level is 13.7 mg kg~!'. An excess
quantity of zinc, up to 1.35 MPC, was observed only under the rice fields of Bakbakty

village [40].
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The concentration of lead was lower than the MPC, with a range from 8.0 to 15.9 mg kg’l.
The maximum values were recorded up to 14.0-15.9 mg kg~ ! in the central and eastern
parts and also in the coastal zone of Balkhash Lake. The highest lead concentrations in the
soil samples could be localized to the rice fields (Bereke village), but they have low average
values (Figure 3c) [41].

Cadmium concentrations higher than the standard were recorded throughout the
study area, with values from 2.1 to 6.5 mg kg ~! for locations distributed across the village
of Karaoi to the coast of the Balkhash Lake (up to 3.3 MPC), from the central to the
southwestern part (up to 3.1 MPC) (Figure 3d). The soils of the northeastern part are less
contaminated with cadmium, with a concentration of 0.9 to 2.0 mg kg~!. According to
some authors, an increase in cadmium concentration is directly related to soil pH, which
affects the active migration ability of the metal [51,52].

The concentration of cobalt (Figure 3e) throughout the study area ranged from 6.7
to 20.6 mg kg~ !, and nickel ranged from 11.3 to 22.2 mg kg~! (Figure 3f). Exceeding
the standards, cobalt contamination is up to 4.1 MPC, and nickel is up to 5.6 MPC. The
spatial distribution of cobalt and nickel contents shows the same pattern of soil pollution
(Figure 3e,f), with high values in the northern and eastern parts of the study area.

As can be seen from Figure 3a—f, the high contents of heavy metals are typical for
loamy soils, clays and alkaline soils, which have high absorption capacities. Together
with the absorptive capacity of soils, it is also necessary to take into account the migration
activity of metals.

An important criterion in the assessment of soil contamination is the comparison of the
obtained results with background indicators, i.e., the Clarke values of the elements in the
lithosphere and soil cover of the region [53]. To assess the migration ability of heavy metals
in the soil, the comparison of the average content of metals, according to field research data
with their contents in the lithosphere and the soils of the study area, is provided [54,55].

4. Discussion

Previous research results have revealed the following: in the surface soil layer
(0-20 cm), the concentration of cadmium is up to 0.031 mg kg~!, while lead is below
the MPC (maximum permissible concentration) [56] for most of the soil samples. The
average zinc content slightly exceeds the MPC, with 1.35 under the rice fields of Bakbakty,
but exceeds the MPC for all of the soil samples [34]. The largest amount of lead and copper
was registered in the soils adjacent to the tailings dumps of the Balkhash Mining and
Metallurgical Combine (BMMC): lead values ranged from 3.5 to 6.0 MPC, and copper
values ranged from 3.5 to 9.4 MPC.

In general, the content of heavy metals in soils is relatively low compared to other
investigations [9,19]. A significant exception is cadmium, wherein cadmium exceeds the
MPC standard by 29 times. This indicates that different amounts of heavy metals may
accumulate in soils under the same site conditions in terms of pollution. As a rule, cadmium
pollution is polymetallic in nature. The distribution over the study area is mosaic-like, and
centers of contamination form.

The measured soil pH averages 8.5, indicating an alkaline environment where the
sedimentation of cadmium compounds has been taking place [46,52,57,58]. The concentra-
tion of other elements is significantly lower than their Clarke values, which may indicate
their low migration activity [54]. However, considering the Clarke values for compari-
son is problematic because our metal analyses are the first investigations carried out in
this area. All of the heavy metals were arranged in decreasing order of their concen-
tration as follows: Zn > Ni > Co > Cu > Pb > Cd. According to this, the total content
of heavy metals and chemical elements in the soils of the Balkhash region in terms of
the average concentration of the studied elements in descending order are as follows:
Mn > Cr > As > Ni > Pb > Cu > Cd [31]. The average concentration of metals in all of the
studied soil samples exceeds the background by 1.6-22.5 times. The maximum excess of
the background was typical for cadmium (5.4 times).
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The soils of the Ili River Delta and the Ili-Balkhash State Nature Reserve are being
studied for the first time. The measured metal concentrations are cumulative enrichments
over a period of time [19]. Land degradation, as a consequence of long-term and/or
intensive metal accumulation in the delta soils of this vast territory (about 8 thousand km?),
cannot be excluded in the future.

Heavy metal soil contamination is common on a global scale [51,59]. The metals
contained in soils can migrate into plant tissues, which, in turn, migrate along the food
chain, leading to an increased concentration of heavy metals in grazing plants, which can
be dangerous for wild animals, grazing animals and people who consume the meat of
grazing animals [60-63].

5. Conclusions

Data analysis registers local soil contamination in terms of mobile forms of copper,
zinc, cadmium, cobalt and nickel.

The amount of copper reached 28.5 mg kg !, which is clearly expressed in dry-steppe,
semi-desert and desert soils within the southwestern Balkhash region. Zinc values in
various directions range from 7.8 to 75.1 mg kg .

High levels of zinc were found in the territory of the reserve (Kogaly cordon), up to
46.0 mg kg~ !. The presence of lead in the soils was found throughout the study area at sig-
nificant concentrations up to 14.0-15.9 mg/kg. It is localized to rice fields (Bereke village).

The cadmium concentrations in the soils are higher than the standards that were
recorded throughout the study area by up to 6.5 mg kg~!, from the central to the south-
western parts. The behavior and the concentrations of cadmium are associated with soil
pH, which affects the active migration ability of this metal.

The concentrations of cobalt throughout the study area range from 6.7 to 20.6 mg kg ~?,
and the nickel concentrations range from 11.3 to 22.2 mg kg, respectively. The spatial
distribution of the cobalt and nickel concentrations shows the same pattern of soil pollution,
with high values in the northern and eastern parts of the study area.

All of the heavy metals found in the soils were arranged in decreasing order of their
concentration as follows: Zn > Ni > Co > Cu > Pb > Cd.

The visualization of the spatial distribution of the metal content of the soil cover
reflects the influence of the Balkhash metallurgical plant and other sources of pollution
located on the northern shore of Lake Balkhash. Although some of the metal concentrations
are lower than in other polluted areas of the world, currently, the study area is experiencing
a technogenic load, which in the future may lead to an ecological crisis and the disruption
of the natural balance. This crisis can negatively affect plans for the reintroduction of the
Turanian tiger to the natural reserve of “Ili-Balkhash”. That is why continuous monitoring
of the metal load in the soils of the study area is recommended. Political and technological
decisions and innovations must be realized to prevent further pollution. Specifically, in
terms of heavy metals, it is always better to prevent their distribution in the environment
and impact due to the fact that their withdrawal or transformation is nearly impossible.
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