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INTRODUCTION

The increase in heavy metal concentrations in 
the soils of industrial regions has become a global 
concern. In many regions, including Donbass, 
spoil tips - rock dumps resulting from coal mining 
- are a hallmark feature. These spoil tips contain 
all the elements of the periodic table and are con-
sidered by many scientists to be a potential source 
of minerals or raw materials for immediate use 

or future deposits. Despite the potential value of 
these spoil tips, their impact on the environment 
and public health remains a concern [Kachmar et 
al., 2018; Tubis et al., 2022; Islam et al., 2022; 
Vaziri et al.,2022]. Located in the southeast of 
Ukraine, the Donbas region is heavily influenced 
by both the Atlantic Ocean and the expansive 
Asian continent. For nearly 300 years, the coal 
mining industry has been the primary driver of 
the region’s economic and social development. 
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ABSTRACT
Coal mining in Donbas is a global problem as it causes the destabilization of ecological landscapes. Spoil tips, 
covering almost 52% of the territory, alter the topography of the land, affect the ecosystem, and decrease soil 
fertility. The soils become degraded and are unsuitable for agricultural use. The occupation of the Donetsk region 
by the Russian Federation has suspended the observation and research of man-made influence on this territory, 
which is a major concern for the scientific community. To reduce the negative impact of spoil tips, it is necessary 
to slow down the process of pyrite oxidation and the formation of toxic substances, as well as the migration of 
heavy metals due to erosion. Biological reclamation with grass and woody plants can help in achieving this goal. 
Another urgent issue is the constant supervision and assessment of the suitability of the bedrock of coal mines for 
agricultural use. The study investigated the total and mobile content of heavy metals in the rock samples from the 
“South Donbaska-1” mine, ordinary chernozem (background soil), and vegetation growing on the spoil tip. The 
results showed that the content of Co, Cr, Cu, and Fe in the rock of the spoil tip is higher than in the background 
soils. The content of heavy metals gradually decreases as the distance from the spoil tip increases. The content 
of Pb in ordinary chernozem and rock is practically the same, indicating its active migration. An analysis of the 
biomass of plant samples growing on the spoil tip showed that the content of Co, Cu, and Zn was within the limits 
of the threshold limiting values. However, the content of other studied elements exceeded the permissible norms.
The research results provide information on the ecological state of the spoil tip and can be used for recreational as 
well as reclamation works in these areas.
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Unfortunately, the process of coal mining and 
beneficiation has resulted in the intensive forma-
tion of large spoil tips, which have had negative 
effects on the environment. Mining is conducted 
through an open method that completely collapses 
the cover of the coal-bearing rock, which causes 
the rock to loosen and expand in volume. As a re-
sult, for every 1,000 tons of coal produced, there 
are approximately 150 tons of rock waste gener-
ated, and in some cases, up to 800 tons [Landa 
et al., 2016]. The formation of a large amount of 
coal mining waste is attributed to the fact that the 
majority of the industrial reserves in the mines of 
Donbas (84.8%) are located in thin layers, with a 
thickness of no more than 1.2 meters. The remain-
ing industrial reserves of the basin are distribut-
ed among medium-thickness layers, making up 
15.2% of the total. The coal reserves in the Don-
bass region are stored in reservoirs with a capacity 
exceeding 108.5 billion tons. The region has up to 
300 coal-bearing layers, with an average working 
layer thickness ranging from 0.6 to 1.2 meters.

Currently, there are 97 active mines in the 
Donbas region, which is a decrease from the more 
than 150 mines that were in operation before the 
Russian Federation occupied the territory in 2014. 
Unfortunately, over 70 of these mines are located 
in non-controlled territory that is now occupied by 
Russia. As a result, the information about these 
mines can only be obtained from open sources or 
thematic groups on social networks due to the lack 
of direct access to the assessment. In addition to 
the active mines, there are a total of 1.185 stock-
piles in the Donbas region, with 381 currently 
active and 804 inactive. It is concerning that ap-
proximately 397 of these inactive dumps are burn-
ing, contributing to the already significant envi-
ronmental issues in the area [Artemov et al., 2022; 
Zhenqi Huand & Qing Xia, 2017]. The volume of 
rocks in the stockpiles is more than 1,050 million 
m3, occupying an area of more than 7,190 hectares 
of agricultural land [Kucher et al., 2022].

Moreover, long-term self-heating of stock-
piles caused the formation of sulfuric acid that 
interacts with calcium carbonate and accelerates 
the hydrolysis of feldspars with the formation of 
kaolinite at such high temperatures – Al2[Si2O5]
(OH)4.  Also, hot acid oxidizes coal and car-
bon compounds (C+2H2SO4=2SO2+CO2+H2O), 
as well as interacts with elemental sul-
fur (S+2H2SO4=3SO2+2H2O) and pyrite 
(FeS2+6H2SO4=FeSO4+7SO2+6H2O). All these 
reactions lead to the release of SO2 and CO2, and 

the formation of sulfurous fog near the surface, 
which falls together with precipitation in the form 
of “acid rain” [Doulati et al., 2010; Shi-Lei Yu 
& Xin Liu, 2022]. Non-concentrated solutions 
of sulfuric acid contribute to more active disso-
lution and extraction of Fe, Al, Mg, Na, K, Co, 
Ni, Zn, Cu and other elements from the rock of 
the dumps, which are located around the mines 
[Goncharova, 2015; Opara et al., 2023; Sidkina et 
al., 2022; Dold, 2017] 

Oxidative processes on the surface of spoil tips 
result in the formation of sulfuric acid, leading to 
severe acidification of the environment. This pro-
cess causes the acidic components to spread over 
considerable distances beyond the mining area, 
contributing to the pollution of both surface and 
underground waters with sulfate and hydrogen 
ions [Reshetnyak et al., 2022; Linetal., 2022]. The 
sulfate content in the rock and at the base of the 
spoil tip is in the range of 0.2–0.4%,significantly 
exceeds the natural content in steppe soils equal to 
0.006%,but on the territory surrounded spoil tip, it 
amounts to – 0.06–0.43 % [Mianovski et al., 2005; 
Kříbek et al., 2021; Jamieson et al., 2015]. 

Uranium is present in the coal and rocks of 
Donbas, with the amount varying depending on 
the lithological composition of the rock, typi-
cally ranging from 2 to 2.6·10-4%. The coal that 
contains sulfide minerals, particularly pyrite, has 
the highest amount of uranium. Due to this fact, 
further detailed research is required [Artemov et 
al., 2022]. Burning and spreading of mine rock 
dust particles is the main source of pollution of at-
mospheric air and surrounding territories. Self-ig-
nition affects 60–75% of conical and 17–37% of 
flat spoil tips, emitting more than 500,000 tons of 
gaseous substances annually into the atmosphere. 
In addition, waste burning and coal processing 
factories in Donbas emit significant amounts of 
CO, CO2, SO2, H2S, NO, and NO2, totaling 9758 
kg of CO, 154170 kg of CO2, 1476 kg of SO2, 
339 kg of H2S, and 72 kg of NO+NO2[Qi Li et al., 
2014]. Over 400 tons of rocks containing toxic 
elements, such as Hg, Pb, As, Se, Cd, Ni, Mo, Zn, 
Mn, V, Be, and Te, are blown from each factory 
and spoil tip into the surrounding area. This pos-
es a significant health risk for both humans and 
wildlife in the area [Reshetnyak et al., 2022].

The research on environmental pollution and 
monitoring has identified over 40 elements in D. 
I. Mendeleev’s periodic system with an atomic 
mass greater than 40 atomic units as heavy met-
als, including V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, 
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Cd, Sn, Hg, Pb, Bi, and others. N. Reimers’ clas-
sification (1990) defines the metals with a density 
of more than 8 g/cm3 as heavy. The categorization 
of heavy metals, however, depends not only on 
their density but also on their toxicity to living or-
ganisms at relatively low concentrations, as well 
as their ability to bioaccumulate and biomagnify 
[Bulygin et al., 2020].According to medical and 
sanitary studies, the morbidity and mortality rates 
in the areas affected by spoil tips are significantly 
higher compared to other areas [Reshetnyak et al., 
2022; Forghani et al., 2023; Munir et al., 2022].

Within a radius of 0.5 km from the industrial 
spoil tip, the chernozems soil type loses proper-
ties completely up to a depth of 0.6 m. Heavy 
metals accumulate in the soil up to a distance of 5 
km, causing a loss of both the amount and struc-
ture of humus, leading to soil degradation in the 
affected areas [Jiaorong Lv et al., 2020; Kachmar 
et al., 2018]. Heavy metals are mainly concen-
trated in the surface layer of the soil up to 15 cm 
in depth [Kotaiah & Kiran, 2022; Petrova et al., 
2022]. Heavy metals such as exchangeable ions 
and those that are part of humic substances, car-
bonates, aluminum oxide, iron, and manganese 
accumulate in the soil, suppressing the develop-
ment of vegetation and various microorganisms, 
and adversely affecting the development of fauna 
in the affected area. The intensity of the accumu-
lation of heavy metals depends on soil properties, 
including the content of organic matter, pH of the 
environment, absorption capacity, and mechani-
cal composition of the soil [Kucher et. al., 2022].

Increased acidity of soils contributes to more 
intensive dissolution of heavy metals, soil absorp-
tion and greater available toxicity. Chemical and 
biochemical processes of oxidation of sulfides in 
the waste rock of mines contribute to the intensifi-
cation of the migration of heavy metals to the ter-
ritory adjacent to the spoil and pollute those areas 
[Xiaoyang Liu et al., 2016]. The soils with high 
humus content accumulate more heavy metals 
[Kotaiah & Kiran, 2022]. The presence of a finely 
dispersed fraction in the mechanical composition 
of soil contributes to greater fixation strength and 
the content of heavy metals. However, various ele-
ments behave differently. For instance, zinc pen-
etrates deeper into the soil than cadmium and mer-
cury [Zhang et al., 2020; Kravchenko et. al., 2022]. 

The spoil tips of coal mines located in the 
geological and industrial district of the South 
Donbas consist of fragments of clay shales and 
sandstones originating from the Lower and 

Middle Carboniferous geologic periods of the 
Paleozoic era. They contain up to 34% of com-
bustible substances consisting of coal, carbona-
ceous substances, coal dust, sulfur, and sulfurous 
compounds. The lithological composition of the 
Carboniferous includes argillites (clay shales), 
which turn into fragments of a tile structure dur-
ing weathering and then into a clay mass, silt-
stones (sand shales), sandstones, limestones, and 
coal [Popovych et al., 2018].

Heavy metals accumulate more intensively 
in the soils with a heavy mechanical composition 
such as loams and clays. The soil firmly binds 
heavy metals, which in turn protects soil, drink-
ing water, and plant products from contamination. 
The soils with a light mechanical composition, on 
the other hand, are more susceptible to pollution. 
They weakly bind heavy metals, which can easily 
be absorbed by plants or pass through the soil lay-
er during the process of filtering precipitation. On 
such soils, the risk of contamination of plants and 
groundwater increases [Sperdouli, 2022]. Trace 
elements are heavy metal salts that are found in 
small concentrations in soil. They play a vital role 
in many essential physiological and biochemi-
cal processes of plants. A deficiency in these ele-
ments can result in the slowdown or cessation of 
certain growth processes. Conversely, an excess 
of trace elements can also have negative effects 
on soil properties and plant growth [Żukowska et. 
al., 2021; Forghaniet et. al., 2023; Singh et. al., 
2011; Slobodianyk et. al., 2022; Karpenko et. al., 
2020; Nobis & Kenyon, 2022]. 

The harmful effects of existing mine spoil 
tips, such as the emission of gaseous substances, 
radioactivity, and migration of heavy metals due 
to erosion by water and wind, can be reduced 
through the process of biological reclamation 
using grass and woody plants. Heavy metals in 
the soil are primarily present in colloidal suspen-
sions or in compounds with organic and mineral 
substances, and they cannot remain in a dissolved 
form for an extended period. Therefore, the con-
centration of heavy metals in the sediment can 
often serve as an indicator of pollution [Kucher 
et. al., 2022; Singh et. al 2011; Makarenko & Bu-
dak, 2017; Biswas et. al., 2022]. Heavy metals 
have a dual role in plant life: they are essential 
components in plant metabolism, but their accu-
mulation in high concentrations in the soil solu-
tion can lead to toxicity in various parts of plants. 
Determining the chemical composition of plants 
can establish the criteria for the indicator capacity 
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of plant species, their potential use as highly sen-
sitive bioindicators, and as biomonitors for soil 
pollution levels with heavy metals. Additionally, 
plants can be used as a component of fertilizers 
or as material [Zykova et. al., 2016; Ulianych et. 
al., 2018; Korzhenevska et. al., 2021; Abuova et. 
al., 2021; Rebezov et. al., 2020; Rebezov et. al., 
2021a; Rebezov et. al., 2021b; Rebezov et. al., 
2021c; Tretyak et. al., 2021; Beregniak et. al., 
2023; Munir et. al., 2022; Zykova et. al., 2019; 
Kachanovska & Kondakova, 2017; Yakovenko, 
2017; Kuramshina et. al., 2019; Yamborko et. 
al., 2018; Bondar & Makarenko, 2019; Felix-
Henningsen et. al., 2010; Yermishev et. al., 2019; 
Voitsitskiy et. al., 2019; Ruban et. al., 2017, 
Cherkasova et. al., 2021].

The accumulation of heavy metals in plants 
is a result of the active interaction between the 
roots and soil particles and minerals through 
contact absorption. This process occurs due to 
the exchange of hydrogen ions and organic acids 
that are released by the roots of plants for metal 
ions. The intensity of metal ion absorption from 
the solid phase by plants can vary greatly, rang-
ing from hundreds to thousands of times. This 
absorption depends on various factors, includ-
ing climatic conditions, physicochemical proper-
ties, and morpho-anatomical and physiological-
biochemical features of the plant [Okhremchuk, 
2018; Kuramshina et. al., 2018; Mazhayskiy et. 
al., 2022; Imeri et. al., 2019; Bondar et. al., 2020; 
Das et. al., 2008; Оlkhovych et. al., 2022; Min-
iailo, 2018; He & Chen, 2014].

Given the information presented above, sev-
eral research questions need to be addressed re-
garding the accumulation of heavy metals in soils 
and plants because of their migration to adjacent 
territories from spoil tips. Therefore, this study 

aimed to investigate the extent of heavy metal ac-
cumulation and migration in soils and plants dur-
ing the spread of heavy metal pollution from spoil 
tips in the Donbas region of Ukraine.

MATERIALS AND METHODS

The testing site was located in the Donbas 
region of southeastern Ukraine. The region has a 
continental climate with strong, dry winds and hot 
summers, and an annual precipitation rate of 400-
420 mm. However, on the Donetsk ridge, the pre-
cipitation rate increases to 540 mm [Small Mining 
Encyclopedia, 2004]. At the “South Donbaska-1” 
mine, which has a rock composition of 53 years 
and a height of 65 meters, the trace element com-
position of the spoil tips was analyzed (see Fig. 1).

The content of mobile and total forms of 
heavy metals was determined by the atomic ab-
sorption method using an S-115-М-1, JSC “SEL-
MI” spectrometer, made in Sumy, Ukraine. The 
maximum permissible concentration for metals 
in the soil: Cd – 1.0, Cu – 55.0, Mn – 1500.0, Ni 
– 85.0, Pb – 30.0, Zn – 115.0, Co – 55, Cr – 100 
mg in 1 kg of air-dry soil. Cd, Pb, Zn are included 
in the I class of danger; where as the II class of 
danger includes – Co, Ni, Cu, Cr; in turn, Mn is 
assigned to the III class of danger. The total con-
tent of heavy metals was determined by dissolv-
ing the mine rock in 1N nitric acid with addition 
of hydrogen peroxide. Mobile forms were deter-
mined using an acetate-ammonium buffer with a 
pH of 4.8, in accordance with State Standard of 
Ukraine 4770.4:2007 and 4770.5:2007. The total 
content of heavy metals in plants (selected from 
the protective zone around the spoil tip) was de-
termined by extracting the wet ashed sample with 

Fig. 1. Spoil tip of the “ South -Donbaska-1” mine (aerial photos of Google Earth)
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nitric acid. Separate original samples were used 
for each extraction, and the “sample-solution” 
mass ratio was 1:10. The content of mobile forms 
of heavy metals was determined in the samples 
of the “South Donbaska-1” spoil tip from the top, 
middle, and bottom tiers, located to the southwest 
of the spoil tip at distances of 0.5 km and every 
0.1 km further along the reclamation territory. 
The soil type is typical chernozem. The degree of 
contamination of soil, rocks, and plants by heavy 
metals was assessed based on the threshold limit 
values (TLV) regulated by [Bulygin et al., 2020]. 

STATISTICAL ANALYSIS

The results were statistically evaluated using 
the Analysis of Variance. All assays were per-
formed in triplicate, and the results are expressed 
as mean ± SD. All calculations were made us-
ing the Microsoft Office 2019 software package. 
A Pearson correlation and linear model analysis 
were conducted according to standard methods 
[France & Thornley, 2007].

RESULTS AND DISCUSSION

The distribution of the total content of heavy 
metals in sedimentary rocks of the Lower Car-
boniferous period is presented in Table 1. Among 
them are the heavy metals of hazard class 1 (Zn, 
Pb, Cd) and 2 (Ni, Co, Cu, Cr). The data show 
that the rock samples of the “South Donbaska-1” 
mine exceed their content of Со, Cr, Cu and Fe 
in the background soils. Excessive values of the 
gross forms of heavy metals in the presented sam-
ples according to the TLV were not detected.

Soil pollution caused by heavy metals results 
in a significant decrease in soil fertility, and this 
phenomenon is most intense in the immediate 
surrounding area, up to a radius of 0.5 km from 
the pollution source. The intensity of pollution 
reduces continuously with increasing distance, 
disappearing entirely at a range of 30–40 km. 
The direction of the wind also plays a role in 
the spread of pollution. In the case of the “South 
Donbaska-1” mine, fluctuations in the concentra-
tion of heavy metals in the rock are shifted to-
wards an increase in the lower part due to erosive 

Table 1. The total content of heavy metals in the top layer 0–10 sm from the surface, mg/kg

Object
The content of the element

Cd Co Cr Cu Fe Mn Ni Pb Zn

Black soil is ordinary 0.25 3.72 1.45 6.71 252.26 336 8.46 10.24 5.49
Dump of the mine 
“Pivdenno-Donbaska-1” 0.05 5.06 1.8 10.14 1757.1 159.5 6.44 9.39 15.64

Fig. 2. Distribution of the content of mobile forms of heavy metals in 
the spoil tip of the “Pivdenno-Donbaska-1” mine, mg/kg
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washing and the granulometric composition of the 
rock. This is illustrated in (Fig. 2). To assess the 
impact of coal mining waste on the natural envi-
ronment, a study was conducted on the accumula-
tion of mobile forms of heavy metals at varying 
distances from the spoil tip. Samples were collect-
ed every 0.5 km, starting from 0.05 km away from 
the beginning of the spoil tip. As the distance from 
the spoil tip increased, the concentration of heavy 
metals in the soil gradually decreased, as shown 
in Fig. 3. However, the levels of heavy metals in 
both the rock samples collected from the spoil tip 
and the soils surrounding the spoil tip exceeded the 
allowed concentration limits. The pH level of the 
soil away from the spoil tip was similar to that of 
ordinary medium-humus chernozems (pH=6.7).

The studies have shown that lead, which is 
classified as a first-class hazardous heavy metal, 
actively migrates beyond the source of pollution. 
This is evidenced by its almost identical content 
in both rock samples and the studied soil, espe-
cially at the bottom of the spoil tip, where its con-
centration is as high as 1.99 mg/kg of soil. This 
situation raises concerns about the chemical ag-
gressiveness of lead and its potential danger to 
the environment, as confirmed by other research-
ers [Knysh & Karabyn, 2014; Kabata-Pendias & 
Pendias, 2010; Han & Singer, 2007].

Heavy metals cannot disappear from the soil, 
but they can move from one natural layer to an-
other, interacting with various living organisms 
and maintaining their negative impact on them. 
Heavy metals pose the greatest danger to the hu-
mans who consume plant products with concen-
trations of heavy metals 10–10,000 times higher 
than the safe levels considered for such products. 
Chemical transformations of heavy metals con-
taining compounds increase the risk of the ap-
pearance of new forms of heavy metals that are 
characterized by a more pronounced degree of 
toxicity. The ingestion of such toxic substances 
through food creates a predisposition for the cu-
mulative, carcinogenic, and mutagenic effects of 
heavy metals on living organisms [Skok, 2018]

The mobility of metal salts in soil depends 
largely on the soil acidity, which is influenced 
by various processes, such as physical, chemical, 
and biochemical oxidation of sulfides in the waste 
rock. To determine the pH of the soil samples, 
tests were conducted in different areas of the spoil 
tip. The samples collected from the closest area 
to the spoil tip (30–40 m) had a slightly acidic 
pH of 5.2. However, the pH increased to 6.3 at 
a distance of up to 800 m from the bottom of the 
spoil tip. It was observed that under weakly acidic 
and neutral conditions, there were no reactions 

Fig. 3. Heavy metal content depending on soil pH, mg/kg
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for Cu, Cr, Mo, Ni, Co, which resulted in their 
immobility and intensive accumulation in the soil 
[Xiang et al., 2016; Sintorini et al., 2021; Król et 
al., 2020; Schubert et al., 2019].

Through correlational analysis (Pearson), the 
relationships between the mobile forms of heavy 
metals in the different layers of the spoil tip at the 
South Donbaska-1 mine were investigated. It was 
observed that the concentration of all the studied 
metals showed proportional co-dependence. On 
the basis of the data presented in Table 2, it can 
be inferred that the salts of all heavy metals are 
released quite intensively from the rock. A weak 
relationship (r=0.1–0.47) was found between Mn 
and Cd, Cu, and Fe; Ni and Cu and Fe; as well 

as Zn and Mn and Ni. In these cases, the release 
from the rock occurs unevenly, depending on the 
intensity of oxidation processes and the natural 
weathering, and microbiological intensity in the 
waste rock [Kucher et. al., 2022; Small mining 
encyclopedia, 2004].

An analysis was conducted on samples of 
different parts of plant biomass taken from areas 
of natural overgrowth in the protective zone of 
the adjacent territory. The vegetative mass ana-
lyzed included seed oats (Avena sativa L.), fruit 
pulp of the forest apple (Malus sylvestris Mill.), 
common raspberry (Rubus sdaeus L.), common 
apricots (Armeniasa vulgaris Lam.), and com-
mon apricot pits (Table 3).

Fig. 4. Correlation dependence of the content of heavy metals depending on the distance from the mine dump
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After analyzing the biomass of various plants, 
it was determined that the levels of Co, Cu, and 
Zn were below the threshold limit values (TLV). 
However, there were excessive amounts of cer-
tain heavy metals in some plants. For example, 
the vegetative mass of seeded oats had 8.6 times 
the TLV of Cd, 21 times the TLV of Cr, 12.8 times 
the TLV of Fe, 2.2 times the TLV of Mn, 6.4 times 
the TLV of Ni, and 22.2 times the TLV of Pb. The 
fruits of the forest apple tree had 3 times the TLV 
of Cd, 1.5 times the TLV of Fe, 1.8 times the TLV 
of Ni, and 3.5 times the TLV of Pb, but no exces-
sive amounts of Cr and Mn. Common raspberry 
fruits had 6 times the TLV of Cd, 1.8 times the 
TLV of Cr, 2.9 times the TLV of Fe, 7.8 times 
the TLV of Mn, and 7.9 times the TLV of Pb. The 
fruits (pulp) of common apricot had 2.6 times the 
TLV of Cd, 1.1 times the TLV of Cr, 2.3 times 
the TLV of Ni, and 6.3 times the TLV of Pb, but 
no excessive amounts of Fe and Mn. Common 
apricot pits had no excessive amounts of Fe and 
Mn, but had 1.7 times the TLV of Cd, 6.3 times 
the TLV of Pb, 1.7 times the TLV of Cr, and 2.3 
times the TLV of Ni. The use of these areas for 
grazing poses a hazardous accumulation of heavy 

metals in animal products. The fruits obtained 
from these plants are not suitable for consump-
tion or processing.

CONCLUSIONS

The conducted research shows that rock sam-
ples taken from the “South Donbaska-1” mine 
have higher contents of Co, Cr, Cu, and Fe than 
the background soils. The concentration of heavy 
metals decreases with an increase in the distance 
from the spoil tip. A close relationship was ob-
served between pH and the accumulation of some 
heavy metals. The analysis of the plant biomass 
samples collected from the spoil tip revealed that 
all investigated heavy metals, except for Co, Cu, 
and Zn, exceed the TLV. Hence, the results of the 
research indicated that spoil tips are permanent 
sources of pollution for the surrounding area, al-
though the concentration of gross forms of heavy 
metals does not exceed the TLV. The study of the 
content of mobile forms of heavy metals in the 
spoil tip of the coal mine showed an increase in 
the integral index of the amount of TLV, which 

Table 2. Relationship of mobile forms of heavy metals in the soil of the spoil tip of the “South Donbaska-1” mine
Chemical Cd Co Cr Cu Fe Mn Ni Pb Zn

Cd 1.00

Co 0.91±0.10 1.00

Cr 0.94±0.09 0.94±0.13 1.00

Cu 0.94±0.15 0.75±0.21 0.78±0.16 1.00

Fe 0.90±0.12 0.68±0.17 0.73±0.21 0.99±0.16 1.00

Mn 0.47±0.21 0.75±0.12 0.68±0.16 0.16±0.11 0.07±0.11 1.00

Ni 0.62±0.11 0.84±0.14 0.76±0.13 0.34±0.14 0.27±0.15 0.87±0.19 1.00

Pb 0.85±0.09 0.95±0.12 0.84±0.17 0.72±0.09 0.65±0.23 0.73±0.21 0.71±0.13 1.00

Zn 0.92±0.12 0.71±0.15 0.75±0.13 0.99±0.19 0.99±0.16 0.10±0.11 0.30±0.18 0.68±0.17 1.00

Table 3. Content of heavy metals in plant products, mg/kg (per dry mass)

Plants
The content of the element

Cd Co Cr Cu Fe Mn Ni Pb Zn
Avena sativa L.  
vegetative mass 0.26 0.43 4.21 7.21 636.7 99.17 3.2 6.65 21.94

Malus sylvestris Mill. 
fruit pulp 0.09 0.51 0.16 1.85 81.42 12.76 0.94 1.04 7.35

Rubus idaeus L. 
berry pulp 0.18 0.37 0.37 5.36 143.74 344.22 8.34 2.38 25.44

Armeniasa vulgaris 
Lam. fruit pulp 0.08 0.12 0.22 0.91 1.83 5.3 1.17 1.89 9.01

Armeniasa vulgaris 
Lam. seed of drupe 0.09 0.42 0.35 4.55 18.51 4.65 1.02 0.05 14.26

TLV 0.03 1.00 0.20 10.00 50.00 44.00 0.50 0.30 50.00
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makes it hazardous for human and animal con-
sumption. The obtained data should be consid-
ered when planning reclamation and recreational 
work for the restoration as well as utilization of 
lands near spoil tips for agricultural purposes.
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