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INTRODUCTION

The development of human society and its 
needs is accompanied by the constant extraction 
and use of natural resources, leading to the forma-
tion and accumulation of industrial waste. Waste 
management is a pressing issue and a priority in 
all developed countries. In Ukraine, the problem 
is particularly acute due to the large volume of 
waste generated. Industrial production results in 
the emergence of industrial deserts with little or 
no vegetation in areas where various enterpris-
es and mineral extraction sites are located, often 
near settlements. Soils are contaminated with 
industrial emissions, building debris, ash from 

thermal power plants, rocks extracted from mines 
and quarries, and petroleum products, leading to 
significant environmental pressure (Akanchise et 
al., 2020; Bosak et al., 2020b; Hook et al., 2023).

In such areas, soils become so degraded that 
they lose their fertility. In 2023, the weight of in-
dustrial waste worldwide exceeded 100 billion 
tons, with up to 30% being solid industrial waste 
from municipal and agricultural sectors. The bulk 
of waste is generated by ferrous and non-ferrous 
metallurgy enterprises, mining, chemical, for-
estry, and woodworking industries. The devel-
opment of the mining industry leads to environ-
mental quality deterioration (Brodny et al., 2022; 
Watson et al., 2023).
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The environmental situation at liquidated 
mining enterprises is one of the most challeng-
ing in Ukraine. The problem of closing mining 
enterprises and restoring technogenic landscapes 
to their natural state is a priority environmental 
issue for Ukraine at its current stage of develop-
ment (Ulytskiy et al., 2019).

The mines of the Lviv-Volyn coal basin are 
ecologically and technologically dangerous, 
with unresolved environmental and technologi-
cal threats. These threats include flooding during 
mining operations, spoil heap collapses and land-
slides, surface subsidence, increased radiation 
background in spoil heaps and adjacent areas, and 
the release of toxic elements, compounds, and 
combustion products from spoil heaps into water 
bodies, soil, and air (Petlovanyi et al., 2019; Pop-
ovych et al., 2022).

Today, one of the Lviv region’s most impor-
tant priorities is solving environmental issues 
caused by mining enterprises’ production activi-
ties. Industrial enterprises in Ukraine pollute the 
biosphere with numerous harmful substances, 
with heavy metals being significant negative fac-
tors. According to the National Scientific Centre 
of the Institute for Soil Science and Agrochemis-
try, more than 20% of Ukraine’s territory is con-
taminated with heavy metals, negatively affecting 
the ecological state of the environment (Pohre-
bennyk et al., 2019; Singh et al., 2023). 

Excessive heavy metals in soils pose a dan-
gerous environmental threat, exacerbated by their 
penetration into groundwater, accumulation in 
plants, harmful effects on soil organisms, and the 
appearance of dangerous products. Unreclaimed 
mine sites, unliquidated quarry products, and 
mine voids remain due to unresolved reclama-
tion issues from the activities of the SE Rozdil 
State Mining and Chemical Enterprise “Sirka”, 
Yavoriv State Mining and Chemical Combine 
(SE “Sirka”, SE “Podorozhnensky Mine” and 
Stebnytsia SE “Polymineral”), and coal mines 
of the Chervonohrad Mining and Industrial Dis-
trict. Underfunding from the state budget has 
hindered the completion of complex projects on 
restructuring and liquidating mining and chem-
ical enterprises and implementing urgent envi-
ronmental protection measures in their areas of 
activity (Pohrebennyk et al., 2020; Chilikwazi et 
al., 2023; Zhang et al., 2023).

The analysis of recent studies is considered 
in the works of many scholars and scientists. 
The problem of topsoil contamination is typical 

in areas near mining enterprises, where indus-
trial waste accumulates on the soil surface. In 
western Ukraine, the Sokal district of the Lviv 
region, where the coal industry is concentrated, 
is a hotspot for such environmental pollution. 
Landscape devastation is one of Ukraine’s most 
severe environmental problems, particularly in 
industrial provinces like the Lviv-Volyn coal ba-
sin, especially its central part – the Chervonohrad 
mining district within the Small Polissia region 
(Abramowicz et al., 2024; An et al., 2024).

Negative consequences of land devastation 
include loss of biological and landscape diversity 
and even desertification. Part of the solid waste 
is dispersed by wind and precipitation along with 
toxic elements, including heavy metals and other 
components. Thus, coal mine waste heaps pollute 
soil, water bodies and the air. They also damage 
the aesthetic value of small town landscapes. Coal 
mining waste, which forms spoil heaps and waste 
heaps, needs to undergo a number of physical and 
chemical transformations to become suitable for 
living organisms again.

In most cases, coal industry waste is a large-
scale anthropogenic source that causes a perma-
nent negative impact on the environment. The 
analysis of recent studies suggests that at all stag-
es of rock dumps, progressive internal heating of 
the rock mass, oxidation of unstable compounds, 
leaching of reactive elements, acidic runoff of 
newly formed solutions, air and water, and ero-
sion of dump slopes occur.

Rocks that form heaps on the Earth’s surface 
are subject to different thermodynamic conditions 
than those in deeper layers, making them very un-
stable in atmospheric conditions and susceptible 
to dangerous physical and chemical transforma-
tions. Under the influence of moisture and air, 
they rapidly oxidize due to the property of the 
waste layer to absorb oxygen, which reacts chem-
ically with coal. This process generates heat, in-
creasing temperature and further intensifying the 
oxidation reaction. The release of harmful com-
pounds and dust into the atmosphere can cause 
negative changes in the chemical composition 
of the air, adversely affecting plant communities 
and increasing public morbidity (Popovych et al., 
2019b; Królak, 2021; Segui et al., 2021).

Environmental pollution enclaves are formed 
in mining areas, and their volumes affect overall 
health and atmospheric flow distribution in the 
area. The Donetsk and Lviv-Volyn coal basins, 
with developed mining company infrastructures, 
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pose a threat and are becoming environmental 
disaster areas. Regarding the substantiation of 
soil properties near waste heaps, it is worth noting 
the results (Chelovechkova et al., 2023) of mod-
eling the physical properties of groundwater for 
reclamation of coal mine dumps, as well as the es-
tablished physical parameters of the formed lay-
ers in the forest-steppe zone. In addition to waste 
heaps, oil contamination from emergencies also 
causes significant environmental damage.

The environmental hazard of landfills de-
pends on many factors: chemical and mineralog-
ical composition of rocks, physical and chemical 
characteristics of internal and external transfor-
mation in combination with climatic and hydro-
geological conditions, susceptibility to degra-
dation processes, etc. Each landfill has certain 
characteristics and its specific negative impact 
on the environment and human health, depend-
ing on its location. The nature and intensity of the 
consequences of such man-made hazards depend 
directly on the conditions of their location and the 
person affected. Additionally, the chemical com-
position of overburden and waste rock has under-
gone serious changes during accumulation, not 
corresponding to the initial composition and not 
meeting the pre-established hazard level (Ozieg-
be et al., 2021; Silva et al., 2021; Khalil et al., 
2023; Yang et al., 2023).

In the international context, many scientific 
studies are devoted to the environmental hazards 
of waste rock disposal. Among these studies (Na-
dudvari et al., 2021) recognize changes in organic 
and mineral substances in coal waste affected by 
temperature changes. Uneven cracks are present 
in the middle and parts near the oxidized organic 
matter and at the edge of the plasticized and evap-
orated material. The distribution of vegetation 
area due to heat changes over three periods within 
the selected transect was studied, and three types 
of surfaces with external heat and spontaneous 
combustion directions were identified. The tem-
perature range at a depth of 20 cm is from +9.9 °C 
to +139 °C, while the surface temperature is from 
+3.1 °C to +69.0 °C. The concentration of total 
nitrogen ranged from 0.023% to 0.29%, and the 
soil reaction (pH) ranged from 5.8 to 8.0.

This study (Wu et al., 2019) investigated 
the waste heaps of the Chengzhuang mine (Chi-
na). The results of the programmed heating tests 
helped to apply that CO and C2H4 can be used as 
indicator gases to predict the degree of self-heat-
ing of coal rocks. The results show that the method 

of insulation by stacking wood can effectively in-
hibit the self-heating process. In addition, the CO 
release and O2 consumption of the rock are also 
reduced. The studies also show that in the case of 
forest layering, the inhibitory effect on spontane-
ous combustion of coal and rocks increases with 
the increase of the forest layer thickness.

The research work (Woch et al., 2018) investi-
gated the assessment of the relationships between 
vegetation, physicochemical and microbial prop-
erties of the ash and sludge dumps substrate. The 
properties of ash and sludge had a negative impact 
on microbial biomass and enzyme activity, while 
alkaline earth metals, heavy metals and macroe-
lements showed a significant negative correlation 
with enzyme activity or microbial biomass, and 
a positive correlation of these parameters with 
metabolic rate. Domestic scientists (Popovych et 
al., 2019a; Bosak et al., 2020a) believe that the 
Lviv-Volyn coal basin has a special character as 
the centre of industrial development in Western 
Ukraine. The basin slag has a high acidity and a 
high content of various salts and sulphate ions. 
The high salinity of the wastewater is caused by 
the water entering the collection site and the inter-
action of this water with the rock.

At work (Welch et al., 2021) suggest five im-
portant factors to consider in research: climatic 
conditions, physical characteristics of the dump, 
geochemical processes, water conditions, and en-
vironmental load over time due to the dumped 
masses. Key measurements for each element 
are identified to guide best practices. The paper 
(Terekhov et al., 2021) analyze the impact of recla-
mation mechanization technology on the quality of 
reclaimed land in the context of open-pit mining. A 
systematic approach to the selection of reclamation 
mechanization options based on the qualitative in-
dicators of artificial agricultural land formation as 
a factor of their monetary value, as well as the level 
of costs for their reproduction, is proposed.

This is not the case when coal mines place 
waste dumps on agricultural land. In addition to 
direct land alienation and withdrawal from agri-
cultural use, the impact of waste dumps on the 
ecological state of soil systems is associated 
with a complex set of anthropogenic process-
es, including acid runoff from the surface and 
soil leaching minerals. Removal of components 
from the surface of the rock dump contributes to 
the transformation of salts of alkaline and alka-
line earth elements, sulphides, heavy metals, etc. 
into solutions. One of the main ways to get toxic 
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substances into the human body is through food, 
which means that when eating food grown in 
contaminated areas, the damage to human health 
increases (Tymchuk et al., 2021; Kumari et al., 
2023; Petlovanyi et al., 2023). Researching the 
content of heavy metals in rocks and soils at coal 
mine dumps is a pressing issue today, and the re-
sults of such studies are an integral part of moni-
toring environmental safety in mining areas.

The aim of the study is to determine the level 
of geochemical contamination of soils of aban-
doned mines in the Lviv-Volyn coal basin (using 
the Chervonohrad mining and industrial district 
as an example) and to select the most appropri-
ate approach to cleaning the soils of abandoned 
mines from heavy metals content in them.

MATERIALS AND METHODS

To achieve this goal, it is necessary to imple-
ment a number of research objectives:to assess 
the level of mass concentration of heavy metals in 
the soils of the abandoned mines of the Chervo-
nohrad mining district and to assess the prospects 
for solving the identified environmental problems 
(Figure 1). The object of the study was the dump 

of the Nadiya coal mine in the Chervonohrad min-
ing district (Chervonohrad, Lviv Oblast, Ukraine), 
which occupies the central part of the Lviv-Volyn 
coal basin and borders the Novovolynsk Mining 
District in the northeast. The eastern and southern 
borders run along a strip of Lower Visean lime-
stone, and the southwestern border along the Ve-
lykomostivske thrust, which in the northeast passes 
into the Kamianko-Buzka tectonic zone. This area 
is considered the main one in the basin. Mine oper-
ations began in 1957. It contains more than 70% of 
the balance sheet coal reserves and more than half 
of the operating mines. The highest coal content 
is in the southern part of the district (the area of 
the Velykomostivsky mines). Further to the east, 
the coal content decreases due to a decrease in the 
number of working coal seams and their thickness. 

The climate of the area is temperate continen-
tal with early warm spring and rainy autumn. The 
number of days with precipitation varies greatly 
by month. Most of it falls in the warm season in 
the form of heavy and prolonged rains. The snow 
cover is unstable, forming in December and melt-
ing in February and March. Climatic conditions 
affect the hydrological regime of the rivers in 
the district, which is important when calculating 
the volume of mine water discharged into rivers, 

Figure 1. Location of the investigated coal mine spoil heap in the mining area



245

Ecological Engineering & Environmental Technology 2024, 25(11), 241–250

especially the Western Bug River. The Chervo-
nohrad Mining District is located in the north-
western part of the Volyn-Podilska Upland. In 
general, the surface is undulating and flat, slop-
ing northwards towards Polissya. The area is also 
characterised by significant swampiness and nu-
merous saucer-shaped depressions filled with wa-
ter. The district is located in the Western Ukrain-
ian forest-steppe physiographic province, within 
the Small Polissya.

The research was conducted using complex 
theoretical and field methods. Theoretical re-
search used methods such as monitoring, analysis, 
and logical construction. The novelty of the study 
is to determine experimentally which heavy met-
als are characterized by the highest level of mass 
concentration in the soils of the liquidated mines 
of the Chervonohrad mining district, which will 
allow us to choose the most appropriate method 
of soil clean-up from the identified heavy metals.

The study area, namely the city of Chervo-
nohrad, Ukraine, is located in the northern part of 
the Lviv Oblast, 80 kilometres from the region-
al centre and 70 kilometres from the border with 
the Republic of Poland. The city is located in the 
Western Ukrainian forest-steppe zone and Small 
Polissia, at the confluence of the Solokia and Rata 
tributaries into the Western Bug River. Chervo-
nohrad is located in a humid, moderately warm 
agroclimatic zone with sufficient soil moisture. 
The climate is temperate continental, character-
ised by mildness and high humidity. The territory 
covers 21 km2. The administrative-territorial divi-
sion of the population is over 65 thousand people. 
The region is characterised by industrial, process-
ing and mining industries (Skrobala et al., 2022).

The sampling methodology was determined 
by the results of spectrointrusive tests in ac-
cordance with DSTU 4362:2004 Soil Quality 
(Ukraine). Soil sampling was carried out both 
near the studied waste heap and at a distance of 
10–100 metres from the heap. The actual material 
used in the study includes more than 15 chemical 
analyses. To determine the temporal changes in 
the chemical composition of soils, graphical anal-
ysis methods were used, such as diagrams, histo-
grams, graphs and maps. To determine the con-
tent of heavy metals, the substrate samples were 
burned in porcelain crucibles in a muffle furnace 
at a temperature of 400–500 °C for 4–6 hours un-
til a homogeneous ash colour was obtained. After 
that, the samples were treated with a mixture of 
HCl and HNO3 in a ratio of 3:1.

To investigate the site, we chose more danger-
ous heavy metals that have a negative impact on 
the environment and the area. Other heavy metals 
showed results that do not exceed the MPC or are 
absent and do not pose a threat to the environ-
ment. As for the MPC for heavy metals in soils, 
the Ukrainian legislation does not set MPC for 
aluminium and ferrous metals, but rather their av-
erage background concentration is set by Clarke.

The topography of the coal mine spoil heaps is 
also unusual for the surrounding area, with heights 
of over 80 m and slopes with steepness that can ex-
ceed 45°, which increases the contrasting incom-
ing solar radiation and winds. Climatic changes, 
i.e. the creation of special microclimates that differ 
from the territory with general climatic conditions, 
some of the following topographic elements: foot-
hills, terraces, shelters, peaks, which are character-
ised by specific microclimatic conditions. 

According to the results of studies of waste 
heaps of coal mines in the Chervonohrad mining 
district, it was found that the chemical composi-
tion is dominated by such substances as Pb, Co, 
Cd, Co and others (but does not exceed the MPC). 
The geochemical background in the waste rock 
exceeded the concentrations of Pb and Zn, which 
cause a negative impact on the environment. The 
real hazard of heavy metals is reflected in the 
content of their mobile compounds, and the total 
content of these metals should be used to provide 
a general characterisation of the subgrade condi-
tions and its apparent hazard.

RESULTS AND DISCUSSION

The liquidation of mines leads to the dete-
rioration of the ecological condition of soils in 
the Lviv region. For this reason, it is necessary 
to regularly monitor the level of geochemical 
contamination of the abandoned mines of the 
Chervonohrad mining and industrial district. The 
purpose of monitoring is to determine the mass 
concentration levels of heavy metals in the con-
sidered soil samples. 

Study of soil samples from the spoil heap

In the soil samples examined that silver, bo-
ron, bismuth, indium, sodium, and titanium were 
not detected in the soil samples under considera-
tion. Cadmium was detected only in sample No. 
1, and lithium, mercury – in samples No. 1 and 
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No. 2. The mass concentration of heavy metals in 
the soil samples did not exceed the value of 0.050 
mg/kg for such metals as calcium, cobalt, chromi-
um, copper, magnesium, nickel, lead, strontium, 
and zinc. This means that the level of heavy metals 
in the soil samples can be defined as insignificant.

The mass concentration of heavy metals 
in the soil samples did not exceed the value of 
0.100 mg/kg for such metals as barium, gallium, 
potassium, which allows to determine the level 
of heavy metals in the soil samples as average. 
The mass concentration of heavy metals in soil 
samples did not exceed the value of 0.400 mg/
kg for such metals as arsenic and manganese 
(exceptions are the results of samples No. 1 and 
No. 4, where the values did not exceed the val-
ue of 0.050 mg/kg). The highest level of mass 
concentration of aluminium and iron was found, 
with values exceeding 1 mg/kg, except for sam-
ple No. 1. The highest levels of aluminium and 
iron were found in samples No. 2, No. 3 and 
No. 5. This means that the content of aluminium 
and iron in the soil samples was several times 
higher than the content of other metals, indicat-
ing that the soil is oversaturated with aluminium 
and iron. High concentration level of heavy met-
als in the soil lead to changes in the soil bioceno-
sis, the functioning of which maintains the level 
of soil fertility (Figure 2).

To study the impact of mine waste on the en-
vironment, the quantitative characteristics of the 
accumulation of mobile forms of heavy metals at 
a distance from the surface were analyzed. 

Study of heavy metal accumulation

The mine spoil heap of mine No. 2 in Chervo-
nograd is characterized by an increased content 
of mobile lead with an average value of 7.22 mg/
kg. The lowest concentration in the rock was 5.6 
mg/kg at a distance of 10 m from the dump site, 
and the highest concentration was 8.26 mg/kg at a 
distance of 50 m. The maximum permissible con-
centration (MPC) indicates that the accumulation 
of this element may have a negative impact on 
the environment. The study area is located at the 
dump site and consists of agricultural land with 
grass-podzolic soil and deep soddy soil. 

The results of the cadmium analysis in the 
soil near the coal mine dump show that, com-
pared to the background area, the cadmium con-
tent is higher (0.62 mg/kg), but does not meet the 
MPC (0.7 mg/kg). The average value for metals 
does not exceed 0.35 mg/kg. The amount of co-
balt in the study area did not exceed either the 
background concentration of 3.0 mg/kg or the 
MPC of 5 mg/kg, ranging from 0.2 to 2.2 mg/kg. 
Waste from the coal industry is characterized by 
a low content of mobile zinc, with a maximum 
concentration of 5.84 mg/kg, which is 0.15 MPC 
but is more than 30% higher than the background 
concentration in the soil.

According to the results of studies carried 
out on the territory of mine No. 2, the content of 
mobile cadmium in the soil ranges from 0.1 to 
0.6 mg/kg, with the maximum value occurring 
10 m from the foot of the dump at 0.62 mg/kg. 

Figure 2. High concentration of heavy metals in the soil
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Its content decreases with an increase in distance 
from the spoil heap to 100 m at 0.11 mg/kg. The 
contamination of the soil cover with mobile 
forms of lead exceeded the maximum permissi-
ble levels by 2–3 times at all sampling distances. 
However, at different distances, it varies greatly 
from 5.8 mg/kg to 8.26 mg/kg. The maximum 
cobalt content is observed in soil samples taken 
at a distance of 10 m from the foot of the mine 
spoil heap. Its content gradually decreases with 
a distance of 100 m to 0.2 mg/kg. As for mobile 
zinc, its maximum values from 4.63 to 5.84 mg/
kg were recorded at a distance of 10–50 m from 
the foot of the waste heap. A slight exceedance 
of the MPC for zinc was detected in the vicin-
ity of the waste heap, but its content gradually 
decreases with a distance of 100 m to 2.5 mg/
kg. Therefore, some of the studied heavy met-
als (lead and zinc) are characterized by mobile 
forms that exceed the maximum permissible 
concentrations, despite the distance from the 
waste heap, especially at sampling points at a 
distance of 50 meters (Figure 3).

The results of the study show that the content 
of heavy metals in mobile forms does not always 
decrease with increasing distance from the coal 
mine spoil heap. The analysis shows that in some 
cases their content increases. We believe that the 
main reason for this fluctuation is the alternating 
morphology of the depression and upland and the 
corresponding different types of soil cover.

According to the calculations, the soil near the 
spoil heap of coal mine No. 2 in Chervonohrad, 

Lviv region is classified as permissible in terms 
of contamination. This means that although the 
content of chemicals in the soil exceeds the back-
ground level, it does not exceed the maximum 
permissible concentrations. Since all types of 
crops can be grown on such soils, the impact of 
pollution can be reduced through reclamation and 
phytomelioration of coal mine spoil heaps.

Increased concentrations of heavy metals in 
the environment affect animal productivity and 
the quality of agricultural products. They also 
have a toxic effect on the digestive, cardiovascu-
lar, endocrine, nervous, and reproductive systems 
in humans. Thus, there is a need to clean up the 
soils of abandoned mines from heavy metals to 
reduce their harmful effects on the environment.

Limiting the concentration of heavy metals in 
soils can be achieved through two approaches to 
soil washing. The first approach involves excavat-
ing the soil to the surface and washing it with an 
aqueous solution of an appropriate extractant on 
the ground surface in special basins or on inclined 
platforms. The advantage of this approach is the 
subsequent use of metals extracted from the soil 
as raw materials. The second approach involves 
the extraction of contaminants from the soil with 
water or special aqueous solutions without re-
moving it to the surface. Such washing is carried 
out by passing the extraction liquid through the 
soil at the site of contamination through a well 
or by using the process of natural infiltration. 
The advantage of this approach is the removal of 
heavy metals from the soil. 

Figure 3. Heavy metal content with distance from the coal mine waste heap



248

Ecological Engineering & Environmental Technology 2024, 25(11), 241–250

For decades, the disposal of coal mine waste on 
the Earth’s surface has hindered the natural recy-
cling of the land. The soil of coal mine tailings has 
high acidity, heavy metal content and high temper-
ature, which is not conducive to plant growth. The 
natural mechanisms that regulate the development 
of vegetation do not work here, and ecosystems re-
cover at a slow rate, with cycles lasting for decades 
or even centuries. Restoration is hampered by the 
huge spatial size of the disturbed areas and the rad-
ical transformation of biogeocenoses.

The degree of environmental risks 
of man-made waste heaps

The dumping of industrial waste (coal mine 
spoil heaps) leads to the deterioration of the eco-
logical state of biota and the emergence of envi-
ronmental risks. This situation is exacerbated by 
the lack of clear and reasonable criteria for as-
sessing the degree of environmental risks of an-
thropogenic waste heaps.

In our opinion, the following measures 
should be taken to address the problems of im-
proving environmental safety in mining areas: de-
velop a methodological approach to prioritising 
the implementation of environmental protection 
measures in the territories of coal mines; develop 
a system of criteria for assessing environmental 
and anthropogenic processes in the technosys-
tems formed during the storage and disposal of 
coal industry waste that will not lead to heavy 
metal contamination of soil, groundwater, etc; 
to determine the regularities of the processes of 
transformation of heavy metal forms in eco-tech-
nogenic objects, which will allow to improve and 
develop the provisions of the concept of environ-
mental safety of coal mining regions; to study the 
main characteristics of the absorption properties 
of natural materials – sedimentary rocks in rela-
tion to heavy metals; improve the technologies 
for reclamation of coal mining dumps to main-
tain a state of defined environmental safety at the 
waste storage areas.

Business activities in any industry involve the 
use of existing natural resources, resulting in the 
limited availability of natural resources and the 
emergence of waste from business activities. The 
activities of mining and chemical enterprises are 
associated with the extraction of minerals. The ac-
tive operation of mining and chemical enterprises 
and the liquidation of their activities have a nega-
tive impact on soil condition due to heavy metals. 

In connection with the need to solve environmen-
tal problems in the Lviv region, the state of soils 
of liquidated mines in the Chervonograd mining 
district was chosen as the object of research.

In our view, new methods of active step-by-
step multi-stage regulation of the succession pro-
cess in the disturbed areas will not only reduce the 
harmful impact, but also ensure the restoration of 
disturbed ecosystems. Thus, reclamation should 
now become a continuous process of restoring 
anthropogenic damage to the biosphere, carried 
out in stages in accordance with the existing pat-
terns of natural succession.

CONCLUSIONS

In the course of the study, the levels of mass 
concentration of heavy metals in soil samples from 
the liquidated mines of the Chervonohrad mining 
district were determined. Based on the results of 
the analysis, it was determined that the highest lev-
els of aluminum, iron, arsenic, and mercury were 
found in the soil samples under consideration.

The maximum permissible concentrations of 
cadmium were found to be 0.7 mg/kg and not to 
exceed 0.35 mg/kg. The cobalt content does not 
exceed the background level (3.0 mg/kg), rang-
ing from 0.2 to 2.2 mg/kg. Waste from the coal 
industry is characterized by a low content of mo-
bile zinc, with a maximum concentration of 5.84 
mg/kg, which is 0.15 MPC but exceeds the back-
ground concentration in soil by 30%. Mine rocks 
contain elevated concentrations of heavy metals 
that are dangerous for biota. The content of cad-
mium and cobalt above the background value in-
dicates the accumulation of these elements, which 
can negatively affect the environment.

The research results showed that with increas-
ing distance from the waste heap, the content of 
mobile forms of heavy metals does not always de-
crease, and in some cases their content increases. 
Some of the studied mobile forms of heavy met-
als, despite the distance from the waste heap, are 
characterised by exceeding the MPC, especially at 
sampling points at a distance of 10–50 m from the 
foot of the heap. The accumulation of a significant 
level of their concentration in the soil samples of 
abandoned mines leads to a decrease in soil fertil-
ity, as well as has a negative impact on animal pro-
ductivity and causes deterioration of the function-
ing of the digestive, cardiovascular, endocrine, 
nervous, and reproductive systems in humans. 
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The combination of negative effects of accumulat-
ed levels of heavy metals creates the need for soil 
leaching using two methods, which result in soil 
purification from heavy metals. The difference be-
tween the first method and the second is that it is 
possible to use the obtained heavy metals as raw 
materials in business activities. Thus, the applica-
tion of the above measures helps to partially solve 
existing environmental problems.
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