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Abstract. This article highlights the problems associated with heavy metal contamination of the soil near the Kargalinka tailings dam and the village of Kyzylzhol. 

This points to the problem of reclamation and the importance of solving this pressing problem. Soil pollution near tailings dumps, where mining waste is stored, poses a 
serious problem for the environment and public health, especially if the tailings dumps are saturated with heavy metals. The increased concentration of heavy metals in the 
soils near the tailings dam was Pb 55,9; Cu 6,8; Zn 45,2; Cd 4,7; Ni 8,2; As 5,1; Hg 4,8; Cr 13,7 mg/kg. Soil contamination with heavy metals can have long-term effects 
on ecosystems, agriculture, and human health. In many cases, these heavy metals are difficult to reclaim, which makes their effects long-term. As a result, soil pollution 
near tailings dumps has become one of the most acute environmental problems in the southern region of Kazakhstan, related to the consequences of the mining industry.
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Полиметалл комбинатының қалдықтарымен ластанған топырақтың механикалық құрамы, физикалық  
қасиеттері мен динамикасы

Аңдатпа. Мақалада Қарғалы қалдық қоймасы мен Қызылжол ауылының маңындағы топырақтың ауыр металдармен ластануына байланысты проблемалар 
баяндалады. Бұл өзекті мәселені шешудің маңыздылығын қалпына келтіру мәселесін көрсетеді. Тау-кен қалдықтары сақталатын қалдық қоймаларының жанын-
дағы топырақтың ластануы қоршаған ортаға, халықтың денсаулығына, әсіресе қалдық қоймалары ауыр металдармен қаныққан болса, үлкен проблема тудырады. 
Қалдық қоймасына жақын топырақтағы ауыр металдардың жоғары концентрациясы Pb 55,9; Cu 6,8; Zn 45,2; Cd 4,7; Ni 8,2; As 5,1; Hg 4,8; Cr 13,7 мг/кг құрады. 
Топырақтың ауыр металдармен ластануы экожүйелерге, ауыл шаруашылығына және адам денсаулығына ұзақ мерзімді әсер етуі мүмкін. Көптеген жағдайларда 
бұл ауыр металдарды қалпына келтіру қиын, бұл олардың әсерін ұзақ уақытқа созады. Нәтижесінде қалдық қоймалар маңындағы топырақтың ластануы тау-кен 
өнеркәсібінің салдарымен байланысты Қазақстанның оңтүстік өңірінің ең өткір экологиялық проблемаларының біріне айналды.

Түйінді сөздер: механикалық құрам, топырақ, ауыр металдар, токсикалық әсер, аккумуляция, құнарлылық.

Механический состав, динамика физических свойств почвы, загрязненной отходами полиметаллического 
комбината

Аннотация. В статье освещаются проблемы, связанные с загрязнением почвы вблизи хвостохранилища Каргалинка и села Кызылжол тяжелыми металлами. 
Это указывает на проблему рекультивации важности решения насущной проблемы. Загрязнение почвы вблизи хвостохранилищ, где хранятся отходы горно-
добывающей промышленности, представляет серьезную проблему для окружающей среды, здоровья населения, особенно если хвостохранилища насыщены 
тяжелыми металлами. Повышенная концентрация тяжелых металлов в почвах вблизи хвостохранилища составляла: Pb 55,9; Cu 6,8; Zn 45,2; Cd 4,7; Ni 8,2; As 
5,1; Hg 4,8; Cr 13,7 мг/кг. Загрязнение почвы тяжелыми металлами может иметь долгосрочные последствия для экосистем, сельского хозяйства и здоровья чело-
века. Во многих случаях эти тяжелые металлы сложно поддаются рекультивации, что делает их воздействие долговременным. В результате загрязнение почвы 
вблизи хвостохранилищ стало одной из наиболее острых экологических проблем южного региона Казахстана, связанных с последствиями горнодобывающей 
промышленности.

Ключевые слова: механический состав, почва, тяжелые металлы, токсическое воздействие, аккумуляция, плодородие.

Introduction
The analysis of polymetallic combine waste on the dynam-

ics of mechanical soil components is a major environmental 
and engineering problem. The process of mining and process-
ing metals can lead to emissions of harmful substances, in-
cluding heavy metals and other chemical compounds that af-
fect the environment as a whole. There are several key factors 
that can have an impact on the mechanical composition [1]. 

The study of polymetallic combine waste on the dynamics 
of the mechanical composition of soils is the basis for envi-
ronmental and engineering phenomena, since land pollution 
from metal mining and processing waste can change their 
physical and mechanical properties [2]. Let’s consider exact-
ly how such conclusions can arise on the mechanical com-
position of soil: 1. Changes in the mechanical composition 
of the soil.  2. Waste from polymetallic plants can negatively 
change the mechanical composition of soil, which includes 
the ratios of fractions (sand, clay, silt). This can [3] be de-
fined as follows: An increase in the proportion of small par-
ticles. Many waste plants (for example, sludge, dust) contain 
small particles that, once in the soil, may contain their share 
of small fractions (clay and silt) [4]. This leads to a decrease 
in the water permeability and drainage properties of the soil 
layers, as well as to its greater density. Soil samples were tak-
en from the Kargalinka tailings dam located near the village 
of Kyzylzhol [5, 6].

The impact of polymetallic combine waste on changes in 
the mechanical composition of soil is a significant environ-
mental issue. Waste generated by polymetallic extraction and 
processing (such as slag, tailings, smelting residues, and other 
by-products) can cause notable alterations in soil properties, 
including its mechanical composition. The mechanical com-
position of soil refers to the relative proportions of different 
particles. 1. Changes in Soil Granulometric Composition: In-
troduction of fine particles: Polhigher clay and silt content; 
soil texture degradation: The additional fine particles can 
cause a disruption in the natural soil structure. Soil becomes 
more compact and loses its original texture, resulting in re-
duced drainage, lower water retention capacity, and increased 
risk of soil erosion. 2. Changes in Soil Density and Porosity: 
increased soil density: Polymetallic waste, particularly heavy, 
dense residues such as slag or certain metal-rich particles, can 
increase the soil’s bulk density. This higher density can reduce 
the porosity of the soil, decreasing its ability to retain water 
and oxygen. Compaction of the soil also occurs, limiting the 
movement of roots and making the soil less suitable for plant 
growth; reduced porosity: When fine metal particles from the 
waste fill the pores in the soil, the porosity decreases. Lower 
porosity means reduced water infiltration and air exchange, 
which can impact the soil’s structural integrity and biological 
health. 3. Impact on Soil Strength and Stability: Alteration of 
cohesion: The introduction of toxic metals or other chemical 
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compounds from the waste can disrupt the cohesive forces be-
tween soil particles, leading to reduced shear strength. This 
makes the soil more susceptible to erosion and landslides, par-
ticularly in sloped areas. As the mechanical stability of the soil 
decreases, it becomes less effective at supporting vegetation 
and can lead to structural failure in engineered landscapes, 
such as roads or construction sites; increased compressibility: 
The presence of waste materials can increase the compressibil-
ity of the soil. In soils with a high amount of clay or fine parti-
cles from polymetallic waste, the soil becomes more prone to 
settlement under load, which can cause issues for agricultural 
activities and construction projects [7].

The effect of polymetallic combine waste on soil mechani-
cal composition is profound and multifaceted. By introducing 
fine particles, increasing soil density, altering porosity, and 
adding toxic metals, the waste can weaken the soil’s structural 
integrity, reduce its water retention capacity, and increase its 
susceptibility to erosion [8]. These changes can significantly 
degrade soil quality, limiting its use for agriculture and other 
land-based activities. Long-term management strategies, in-
cluding the treatment and remediation of contaminated soils, 
are essential to mitigate these effects and restore the soil’s nat-
ural mechanical properties [9, 10].

The presence of heavy metals in soil and their remediation 
using bioremediation methods is one of the pressing contempo-
rary issues. Data on the analysis of soils from recreational and 
mining complexes located near non-ferrous metallurgy enter-
prises in the Turkestan region are presented. The dependence of 
the chemical composition of soil samples, collected from vari-
ous points in the Turkestan region and the city of Shymkent, on 
the distribution of heavy metals is demonstrated [11]. 

Materials and Main Methods
The soil samples required for analysis were collected using 

a titanium-made soil drill. Samples were taken three times at 

depths of 0–5, 5–20, 20–30, 30–40, and 40–50 cm from five 
points (the corners and the center of a 5 x 5 m square). The col-
lected samples were mixed on a plastic sheet, and a subsample 
of no less than 400 g (on a dry matter basis) was taken. For 
storage and transportation, the samples were placed in cotton 
bags.

In the laboratory, the soil samples were dried under dry-air 
conditions and then ground. They were sieved through a mesh 
with a diameter of 1 mm. The samples were carefully spread 
on thick paper and cleaned of stones, glass, plant roots, and 
other debris.

To determine the content of heavy metals, the soil samples 
were ground into a fine powder using an agate mortar.

For humus determination, the soil samples were cleaned of 
plant root residues, carefully pulverized, sieved through a 0.25 
mm mesh, and analyzed using the method of I.V. Tyurin. The 
accuracy of the analysis results was verified by comparing the 
determined components with the known values in soil stan-
dards.

Results
The effect of polymetallic combine waste on the micro-

fauna of polluted soil is an important aspect of environmen-
tal health, as the microfauna (including soil microorganisms, 
nematodes, microarthropods, and other small organisms) 
plays a crucial role in maintaining soil fertility, structure, 
and nutrient cycling. The presence of toxic pollutants from 
polymetallic waste, such as heavy metals (lead, cadmium, 
copper, zinc, etc.), can have profound impacts on the diver-
sity, abundance, and activity of soil microfauna, leading to 
various negative ecological consequences.  Toxic Effects of 
Heavy Metals on Soil Microorganisms-heavy metal contam-
ination: Polymetallic wastes typically contain high concen-
trations of toxic metals like cadmium, lead, arsenic, copper, 
and zinc. These metals can accumulate in the soil and poi-

Table 1 
Indicators of experimental data on the study of soil mechanical composition depending on distance  

0–10 km and depth (concentration of heavy metal salts 1450 mg/kg)
Кесте 1

0–10 км қашықтық пен тереңдікке байланысты топырақтың механикалық құрамын зерттеудің 
эксперименттік деректерінің көрсеткіштері (ауыр металл тұздарының концентрациясы 1450 мг/кг )

Таблица 1
Показатели экспериментальных данных исследования механического состава почвы в зависимости  

от расстояния 0–10 км и глубины (концентрация солей тяжелых металлов 1450 мг/кг )

The horizon of the studied soil, cm Particle  sizes, mm Structural  elements of 
the soil

Dimensions of the 
structural elements, kg

0–30

5–1,5 the rocky layer 1,85
1,5–0,75 crushed 1,98
0,75–0,5 coarse sand 2,65
< 0,5 stone coarse sand 2,43

31–60

0,25–0,05 medium-fine sand fine 
sand

1,02

0,05–0,01 coarse dust 0,55
0,01–0,005 medium-fine dust 1,02
0,005–0,001 fine dust 2,37
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Table 2 

Indicators of experimental data on the study of soil mechanical composition depending on the distance  
of 11–15 km and depth (concentration of heavy metal salts 1090 mg/kg)

Кесте 2
11–15 км қашықтыққа және тереңдікке байланысты топырақтың механикалық құрамын зерттеудің 

тәжірибелік деректерінің көрсеткіштері (ауыр металл тұздарының концентрациясы 1090 мг/кг )
Таблица 2

Показатели экспериментальных данных исследования механического состава почвы в зависимости  
от расстояния 11–15 км и глубины (концентрация солей тяжелых металлов 1090 мг/кг )

The horizon of the studied soil, cm Particle  sizes, mm Structural  elements of 
the soil

Dimensions of the 
structural elements, kg

0–30

5–1,5 the rocky layer 1,75
1,5–0,75 crushed 1,89
0,75–0,5 coarse sand 2,54
< 0,5 stone coarse sand 2,12

31–60

0,25–0,05 medium-fine sand fine 
sand

1,01

0,05–0,01 coarse dust 0,33
0,01–0,005 medium-fine dust 1,03
0,005–0,001 fine dust 2,21

Table 3 
Indicators of experimental data on the study of soil mechanical composition depending on the distance  

of 16–20 km and depth (concentration of heavy metal salts 910 mg/kg)
Кесте 3

16–20  км қашықтыққа және тереңдікке байланысты топырақтың механикалық құрамын зерттеудің 
тәжірибелік деректерінің көрсеткіштері (ауыр металл тұздарының концентрациясы 910 мг/кг )

Таблица 3
Показатели экспериментальных данных исследования механического состава почвы в зависимости  

от расстояния 16–20  км и глубины (концентрация солей тяжелых металлов 910 мг/кг )

The horizon of the studied soil, cm Particle  sizes, mm Structural  elements of 
the soil

Dimensions of the 
structural elements, kg

0–30

5–1,5 the rocky layer 0,97
1,5–0,75 crushed 1,23
0,75–0,5 coarse sand 1,75
< 0,5 stone coarse sand 1,02

31–60

0,25–0,05 medium-fine sand fine 
sand

0,92

0,05–0,01 coarse dust 0,30
0,01–0,005 medium-fine dust 0,94
0,005–0,001 fine dust 1,97

son microorganisms, such as bacteria, fungi, and protozoa, 
which are critical for the soil’s biological processes [12]. 
The influence of lead sulfate (PbSO₄) concentration on the 
mechanical composition of soil near the tailings dump of a 
polymetallic plant can be significant. Lead sulfate, which is 
a common component of mining and smelting waste, has a 
toxic impact on the soil environment and its physical prop-
erties, especially in areas close to mining sites like tailings 
dumps. Here’s how lead sulfate can affect the mechanical 
composition of soil in such environments. The influence of 
zinc salt (such as zinc sulfate, ZnSO₄) concentration on the 

mechanical composition of soil near the tailings dump of a 
polymetallic plant can significantly affect the soil’s physical 
properties and its capacity to support plant life and soil or-
ganisms. Zinc is a heavy metal commonly found in mining 
waste, and its presence in high concentrations can alter the 
granulometric composition, structure, porosity, density, and 
stability of the soil.

In this study, soil samples were taken from various 
depths (0–60 cm), depending on the distance of the tailings 
dump. The distance ranged from 0–15 km with concentra-
tions of heavy metal salts of 1450 mg/kg of the studied soil. 
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Table 4 

Indicators of experimental data on the study of soil mechanical composition depending on the distance  
of 21–25 km and depth (concentration of heavy metal salts 387 mg/kg)

Кесте 4
21–25  км қашықтыққа және тереңдікке байланысты топырақтың механикалық құрамын зерттеудің 

тәжірибелік деректерінің көрсеткіштері (ауыр металл тұздарының концентрациясы 387 мг/кг )
Таблица 4

Показатели экспериментальных данных исследования механического состава почвы в зависимости  
от расстояния 21–25  км и глубины (концентрация солей тяжелых металлов 387 мг/кг )

The horizon of the studied soil, cm Particle  sizes, mm Structural  elements of 
the soil

Dimensions of the 
structural elements, kg

0–30

5–1,5 the rocky layer 0,95
1,5–0,75 crushed 1,11
0,75–0,5 coarse sand 1,54
< 0,5 stone coarse sand 1,09

31–60

0,25–0,05 medium-fine sand fine 
sand

1,02

0,05–0,01 coarse dust 0,54
0,01–0,005 medium-fine dust 1,87
0,005–0,001 fine dust 1,64

Table 5 
Indicators of experimental data on the study of soil mechanical composition depending on the distance  

of 26–30 km and depth (concentration of heavy metal salts 65 mg/kg)
Кесте 5

26–30   км қашықтыққа және тереңдікке байланысты топырақтың механикалық құрамын зерттеудің 
тәжірибелік деректерінің көрсеткіштері (ауыр металл тұздарының концентрациясы 65 мг/кг )

Таблица 5
Показатели экспериментальных данных исследования механического состава почвы в зависимости  

от расстояния 26–30 км и глубины (концентрация солей тяжелых металлов 65 мг/кг )

The horizon of the studied soil, cm Particle  sizes, mm Structural  elements of 
the soil

Dimensions of the 
structural elements, kg

0–30

5–1,5 the rocky layer 1,06
1,5–0,75 crushed 1,27
0,75–0,5 coarse sand 1,69
< 0,5 stone coarse sand 0,93

31–60

0,25–0,05 medium-fine sand fine 
sand

0,76

0,05–0,01 coarse dust 0,75
0,01–0,005 medium-fine dust 1,72
0,005–-0,001 fine dust 1,46

Similar samples were also taken at a distance of 15–30 km 
from the experimental soil with a heavy metal salt content 
of 65 mg/kg.

Studying the dynamics of changes in soil moisture capaci-
ty and density depending on the composition of heavy metals 
and seasons is important for assessing the state of ecosystems 
and developing environmental protection measures. To gain 
a deeper understanding of these processes, field studies were 
conducted and data analysis was obtained, which helped iden-
tify patterns and develop recommendations for improving soil 
conditions (table 6).

Discussion
Improving the quality of soil contaminated with heavy met-

al ions is crucial for maintaining soil health and preventing fur-
ther environmental damage. There are several strategies that 
can help reduce heavy metal contamination and restore soil 
quality. Here are a few approaches-Phytoremediation: This 
involves using plants to remove, stabilize, or degrade heavy 
metals in the soil. Some plants, known as hyperaccumulators, 
are capable of absorbing heavy metals through their; Common 
plants used for phytoremediation include sunflowers. This in-
volves the use of microorganisms (bacteria, fungi, or algae) to 
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Table  6

Ratios of the data obtained on changes in soil moisture capacity and density
Кесте 6

Ылғал сыйымдылығы мен топырақ тығыздығының өзгеруі бойынша алынған мәліметтердің арақатынасы
Таблица 6 

Соотношения полученных данных по изменению влагоемкости и плотности почвы

Interval and concentration 
of heavy metals

soil moisture indicators, % The solid phase of the soil, y/cm3

summer spring autumn summer spring autumn
0–10 km, 1450 mg/kg 24,1 35,7 27,7 2,14 1,98 2,02
11–15 km, 1090 mg/kg 25,9 37,1 31,9 1,95 1,87 1,89
16–20 km, 910 mg/kg 35,9 48,3 43,4 1,82 1,82 1,83
21–25 km, 387 mg/kg 47,2 56,8 56,1 1,38 1,38 1,36
26–30 km, 65 mg/kg 58,5 63,7 64,8 1,17 1,17 0,99

degrade, transform, or immobilize heavy metals. Some bacte-
ria can break down pollutants into less harmful forms or help 
precipitate metals out of the soil in a less toxic state.

Polluted soil, especially when contaminated with heavy 
metals, can have significant and far-reaching effects on the 
trophic chain (the sequence of organisms that eat one another 
in an ecosystem). Here’s a breakdown of how polluted soil af-
fects various trophic levels-primary producers: impact: plants 
are often the first organisms impacted by soil pollution. Heavy 
metals such as lead, mercury, cadmium, and arsenic can accu-
mulate in plant tissues through the roots; effect on plants: these 
metals can interfere with the plant’s nutrient uptake, hinder 
growth, cause chlorosis (yellowing of leaves), reduce photo-
synthesis, and even lead to plant death in extreme cases; tro-
phic impact: since plants are the base of most trophic chains, 
contamination directly affects primary productivity and can 
limit the amount of food available for herbivores.

The presence of heavy metals in soil can have significant 
effects on both soil moisture capacity and soil density, which 
in turn affects the soil’s overall health and its ability to sup-
port plant growth. Here’s how heavy metal contamination can 
influence these soil properties-Compaction: heavy metals can 
cause soil particles to bind together, leading to increased soil 
compaction. Compacted soil has reduced pore space, which 
decreases the soil’s ability to retain water. This leads to a lower 
soil moisture capacity, as water cannot be stored in the smaller 
pore spaces.

Reduced Aggregation: soil aggregates (clumps of soil par-
ticles held together by organic matter and microbes) are es-
sential for maintaining pore spaces that allow water infiltra-
tion and retention. Heavy metals can disrupt soil aggregation 
by interfering with soil microbial activity and organic matter 
decomposition, leading to a decline in aggregate stability and 
water-holding capacity. Heavy metals like cadmium (Cd) and 
lead (Pb) can interfere with the soil’s cation exchange capacity 
(CEC), which is the soil’s ability to hold onto and exchange es-
sential nutrients, including water. When CEC is disrupted, soil 
may lose its ability to retain water, leading to quicker drain-
age and less moisture available for plants. Some heavy metals 
can also affect the hydrophobicity of the soil, causing the soil 
to repel water. For instance, mercury and zinc can make soil 
particles less water-attractive, leading to poor water retention 

and potentially waterlogged conditions on the surface, while 
deeper layers may remain drier.

Determination of heavy metals in the soil
Determining heavy metals in soil is crucial for assessing 

soil quality, environmental contamination, and potential risks 
to human and ecological health. There are several methods 
commonly used for the analysis of heavy metals in soil.

Environmental Standards and Safety Limits
Regulatory bodies such as the U.S. Environmental Protec-

tion Agency (EPA), World Health Organization (WHO), and 
other regional organizations provide soil quality guidelines 
and safety limits for various heavy metals, based on their tox-
icity and environmental persistence.

After determining the concentrations of heavy metals, a risk 
assessment can be conducted to evaluate the potential envi-
ronmental or human health risks posed by the contaminants. 
This can include evaluating exposure pathways (e.g., through 
crops, water, or direct contact with soil). 

The heavy metal content in the soil near a polymetallic plant is 
a crucial factor for understanding environmental contamination, 
potential risks to human health, and the health of the ecosystem. 
Polymetallic plants typically process multiple metals (such as 
lead, zinc, copper, cadmium, arsenic, and others), and their waste 
may contain high concentrations of these metals. These heavy 
metals can leach into the soil, affecting its quality and making 
it hazardous for both plants and animals, including humans who 
depend on the land for agriculture or other activities.

Polymetallic plants usually process ore that contains a com-
bination of metals. Consequently, the waste from such plants 
(e.g., tailings, slag, or other byproducts) can result in contam-
ination of several metals in the surrounding soil. Some of the 
most common heavy metals found near these plants include:

1. Lead (Pb): Lead is toxic, especially to the nervous sys-
tem, and can contaminate the soil, water, and crops grown in 
the vicinity.

2. Cadmium (Cd): Cadmium is highly toxic and can accu-
mulate in plants, entering the food chain. Long-term exposure 
can cause kidney damage and bone issues.

3. Zinc (Zn): Zinc, while essential in small amounts for 
plant growth, can be toxic in larger concentrations, causing 
growth inhibition and other plant issues.
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4. Copper (Cu): Copper is another essential micronutrient 
for plants, but in high concentrations, it can be toxic to both 
plants and soil microorganisms.

5. Arsenic (As): Arsenic is a potent carcinogen and neuro-
toxin. Soil contaminated with arsenic can lead to long-term 
health risks for humans and wildlife.

6. Nickel (Ni): Nickel can accumulate in the soil near smelt-
ing or mining operations. It can be toxic to plants and soil or-
ganisms if present in excessive amounts.

7. Chromium (Cr): Chromium in its hexavalent form (Cr⁶⁺) 
is highly toxic, and contamination can lead to soil and water 
pollution, affecting the ecosystem.

8. Mercury (Hg): Mercury can bioaccumulate in the food 
chain, and its presence in the soil poses long-term environ-
mental and health risks.

In figure 1–2, it can be seen that the pH of the soil near the 
polymetallic combine’s tailings dump ranged from 2.35 to 5.12, 
and the soil of Kyzylzhol village had a pH value from 3.91 to 
5.41. This fact proves a noticeable acidification of the soil of the 
studied area. This fact can be referred to the influence of waste-
water and generated tailings waste during the activities of the 
polymetallic combine. Reduced pH values may possibly affect 
the phytodavailability of some heavy metals and affect the mi-
gration and transformation of heavy metals in the soil.

Accumulated solid waste from the tailings dump over the 
years led to the following indications of certain substances in 
the soil: the total amount of iron in the tailings dump was much 
higher than in the soils near the village of Kyzylzhol with a con-
tent of 202.8 mg/kg; a certain amount of organic matter (humus) 
averaged 4.56m g/kg in the tailings dump, and in the soils near 
The content of the village was 3.34 mg/kg; in the soils of the 
tailings dump, the content of the most common heavy metals 
such as lead Pb and copper Cu in the soils exceeded the max-
imum permissible concentration and amounted to 55.9 and 6.8 
mg/kg; In addition, the content of zinc Zn, cadmium Cd, and 
nickel Ni was 45.2, 4.7, and 8.2 mg/kg; the excess of MPC in 
the soils of the tailings dump was also noticeable in higher con-
centrations of heavy metals such as arsenic As, mercury Hg, and 
chromium Cr in amounts of 5.1, 4.8, and 13.7 mg/kg.

Figure 1. The content of heavy metal ions in the soil near 
the Kargalinka tailings dam.

Сурет 1. Қарғалы қалдық қоймасына жақын 
топырақтағы ауыр металл иондарының құрамы.

Рис. 1. Содержание ионов тяжелых металлов в почве 
вблизи хвостохранилища Каргалинка.

Figure 2. The content of heavy metal ions in the soil near 
the village of Kyzylzhol. 

Сурет 2. Қызылжол ауылының маңындағы 
топырақтағы ауыр металл иондарының құрамы.

Рис. 2. Содержание ионов тяжелых металлов в почве 
вблизи села Кызылжол.

The excess concentration of heavy metals in soil can be 
caused by several factors, many of which are related to hu-
man activities, industrial processes, and natural phenomena. 
Mining activities, particularly those involving polymetallic 
ores, can lead to the release of heavy metals into the environ-
ment. When ores are mined, processed, and smelted, heavy 
metals such as lead (Pb), cadmium (Cd), zinc (Zn), arsenic 
(As), and mercury (Hg) are often left behind in the form of 
tailings, slag, and other byproducts. These metal-rich materials 
can leach into surrounding soil, water, and air. The disposal 
of mine tailings, which are often stored in tailings storage fa-
cilities (TSFs), can result in the contamination of nearby soil. 
The heavy metals in tailings can leach into the soil over time, 
especially if the tailings are not properly managed. When sul-
fide minerals (e.g., pyrite) in the soil or tailings are exposed 
to oxygen and water, they can oxidize and form sulfuric acid. 
This acid can increase the solubility of heavy metals like iron, 
lead, and cadmium, making them more mobile and leading to 
contamination of soil and water.

Dumping of industrial waste, including metal-laden by-
products, in landfills or unregulated disposal sites can cause 
long-term contamination of the surrounding soil. Additionally, 
emissions from industrial activities can settle onto the ground, 
contributing to heavy metal contamination.

Excessive concentrations of heavy metals in soil are pri-
marily driven by industrial activities, mining, improper waste 
disposal, and agricultural practices. Natural processes can also 
contribute to heavy metal concentrations, but human activities 
have significantly amplified the risks. Monitoring, regulating 
industrial practices, and implementing effective waste man-
agement strategies are key to minimizing the impact of heavy 
metals on soil health and the environment.

Remediation of technogenically polluted tailings pond 
soil, especially contaminated with heavy metals, is a complex 
but necessary process to restore the environment and prevent 
further damage to the components of the agroecosystem and 
human health when assessing environmental quality. Tailings 
ponds, which are waste left over from mining and metal ex-
traction processes, often contain high concentrations of heavy 
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metals such as lead (Pb), cadmium (Cd), arsenic (As), mercury 
(Hg), and zinc (Zn). These metals can be toxic to plants, an-
imals and humans, which makes the reclamation process ex-
tremely important for restoring the ecological balance of the 
earth and increasing its safety for future use.

Goals of Reclamation:
1) reducing the bioavailability of toxic metals in the soil to 

prevent uptake by plants and the food chain;
2) restoring soil fertility by improving physical, chemical, 

and biological properties of the soil;
3) preventing further contamination of the surrounding en-

vironment (air, water, and soil) due to leaching of metals from 
the tailings;

4) revegetating the area to reduce erosion and dust disper-
sion, and promote ecosystem restoration;

5) key steps in reclamation of polluted soil in tailings dumps.
Assessment and Monitoring of Contamination: before be-

ginning reclamation, an assessment of contamination levels 
in the soil and surrounding environment is necessary. This in-
cludes measuring the concentration of heavy metals in the soil 
at various depths, assessing the pH, organic matter content, 
and soil structure, as well as evaluating the surrounding wa-
ter and air quality. Mapping the distribution of contamination 
within the tailings dump helps in planning targeted remedia-
tion efforts.

Removal or Containment of Contaminated Materials: exca-
vation and Removal; in some cases, it may be feasible to exca-
vate contaminated soil and remove it to a controlled disposal 
site or waste management facility.

Containment: where removal is not practical, a containment 
approach is used to limit the spread of contamination. This can 
involve creating impermeable barriers, such as caps or liners, 
to prevent leaching of heavy metals into groundwater and sur-
rounding areas.

Stabilization and Immobilization: stabilizing or immobiliz-
ing the metals in place is a common strategy in the reclamation 
of polluted soils. This can reduce the bioavailability of metals 
and prevent their migration.

Chemical Stabilization: the addition of amendments such 
as lime, phosphate compounds, or organic matter can bind 
heavy metals in the soil, reducing their solubility and mak-
ing them less available for plant uptake. For example, adding 
phosphates can convert soluble forms of metals like cadmium 
and lead into insoluble, less toxic compounds.

Soil Amendments: adding organic matter, such as compost 
or biochar, can help stabilize the soil, improve its structure, 
and encourage the formation of stable metal-organic complex-
es that reduce the mobility of heavy metals.

Conclusion 
In summary, heavy metals have a detrimental impact on 

soil moisture capacity and density by altering soil structure, 
disrupting biological activity, and reducing the ability of the 
soil to retain and supply water to plants. These changes lead to 
decreased soil fertility, poor plant growth, and reduced ecosys-
tem productivity. Understanding and mitigating these effects 
are critical for managing contaminated soils and promoting 
ecosystem restoration.

Reclamation of heavy metal-contaminated soils in tailings 
dumps is a complex process that requires a combination of 
physical, chemical, and biological techniques. 

Effective reclamation strategies should focus on reducing 
metal mobility, restoring soil fertility, and promoting ecolog-
ical recovery. While the process can be challenging and re-
source-intensive, successful reclamation not only improves 
soil health and ecosystem stability but also helps protect hu-
man health by mitigating the risks of metal exposure through 
soil, water, and food sources.
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