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INTRODUCTION

Operation in the territory of the country of 
many high-risk objects, mainly in the zones with 
the high concentration of population, dramati-
cally increases the danger of major man-made 
disasters, provokes and increases the negative 
impact of particularly dangerous natural phenom-
ena. Each year, the losses from such emergencies 

are measured by thousands of human lives, bil-
lions of losses and irreparable damage to the 
natural environment.

The closure of a mining enterprise is the fi-
nal and specific stage of its existence. It is inex-
tricably linked with the stages of its construction 
and operation, and technologically largely deter-
mined by the mining technical conditions of the 
existing mining site.
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ABSTRACT
The ecological situation in most mining regions of Ukraine is critical, and the closure of unprofitable mining enter-
prises, mines and cuts creates the environmental problems associated with significant changes in the geological and 
hydrological environment. The purpose of the work is the environmental monitoring of heavy metals in the soils in 
the territory of Rozdil State Mining and Chemical Enterprise (SMCE) “Sirka” at the stage of liquidation.The object 
of the study involves the heavy metals in soils in the territory of Rozdil SMCE “Sirka”. The subject of the study is to 
evaluate the content of heavy metals and migration aspects in soils. In this work, the parameters of soil pollution with 
heavy metals were determined experimentally. On the example of Rozdil SMCE “Sirka”, the main problems of the 
monitoring system of the territory of the mining and chemical enterprise at the stage of liquidation were proven. The 
influence of the mining and chemical enterprise on the state of environmental pollution (soil, water environment, and 
waste management status) was also assessed. The ecological balance of the territory is violated due to the fact that the 
elimination of negative technical manifestations of the enterprise activity was considered unprofitable for a long time. 
The development of monitoring techniques for man-made landscapes, along with the development of methods for 
diagnosing the specifics of their functioning and technologies for reclamation, is an integral part of multidisciplinary 
research on environmental imbalances, which is caused by the transformation of natural landscapes into man-made. 
The necessity of developing the information-analytical system for the monitoring of the Rozdil State Mining and 
Chemical Enterprise (SMCE) “Sirka” territory at the stage of liquidation was substantiated. It was established that 
the monitoring of the territory of the mining and chemical enterprise at the stage of liquidation will allow increasing 
the level of environmental safety of the territory of the enterprise and the surrounding settlements. Monitoring is one 
of the main stages of the liquidation and reclamation process and should be carried out at all stages of liquidation. 
In addition to the monitoring system in the process of liquidation and in the post-reclamation period, the liquidation 
project should include an environmental analysis of the enterprise activities and environmental forecasting.

Keywords: mining and chemical enterprise, environmental monitoring, heavy metals, reclamation, rehabilitation.
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The closure of a mining enterprise is no less 
difficult than its construction and operation in 
terms of the number of tasks to be solved, mul-
tivariances, and the uncertainty of the conditions 
for making possible decisions and the unpredict-
ability of their consequences.

The closure of mining enterprises requires so-
lution of not only complex technical issues (elim-
ination of trunks and other mining operations, 
objects of the surface complex) but also very re-
sponsible socioeconomic and environmental tasks 
designed to provide social protection of massive-
ly released workers, as well as technological and 
environmental long-term safety. The lack of an 
integrated approach to the problem of mine clo-
sure, poorly thought-out and unreasonable tech-
nological decisions, as practice shows, lead to the 
fact that some mining regions turn into the areas 
of social, economic and environmental disaster.

The accumulated industrial waste constitutes 
a significant problem after the closure of mining 
and chemical enterprises. Thus, soils, surface and 
underground water become polluted. The prob-
lem of unauthorized landfills of domestic and 
industrial waste deserves priority attention in Eu-
rope. The costs of mitigating environmental pol-
lution in Europe are over 10 billion euros.

Soil is a mixture of organic and mineral prod-
uct of many years of joint activity of living organ-
isms, water, air, solar heat and light. These natu-
ral formations are characterized by fertility; they 
provide plants with nutrients (potassium, carbon, 
nitrogen, phosphorus, etc.) and everything neces-
sary for their livelihoods.

Soil contamination with heavy metals such as 
Arsenic, Mercury, Cadmium, Lead, Chromium, 
Copper, Zinc is quite dangerous.

According to the World Health Organiza-
tion, Lead, Mercury and Cadmium are the most 
dangerous heavy metals. In recent years, high 
toxicity has been shown for Beryllium, Arsenic, 
Selenium, Antimony, Thallium, Nickel, Tin, and 
Vanadium, which are biologically active. The 
toxic chemical elements are divided into hygienic 
hazard classes according to the degree of threat in 
accordance with the state standards of Ukraine. 
By class they are:

Class I: Arsenic (As), Beryllium (Be), Mer-
cury (Hg), Selenium (Sn), Cadmium (Cd), Lead 
(Pb), Zinc (Zn), Fluorine (F);

Class II: Chromium (Cr), Cobalt (Co), Bo-
ron (B), Molybdenum (Mo), Nickel (Ni), Copper 
(Cu), Antimony (Sb);

Class III: Barium (Ba), Vanadium (V), Tung-
sten (W), Manganese (Mn), Strontium (Sr).

In the first place, the content of heavy met-
als in the first class of danger is controlled, in the 
second – the content of heavy metals of the sec-
ond grade of danger, in the third place – the third 
grade. Classification of soils by the degree of pol-
lution of heavy metals is carried out for the MPC 
and the background content in the soil. By degree 
of contamination, the soil is divided into heavily 
polluted, medium-polluted, and slightly polluted 
(Bilous and Chopyk 2002, Kopach et al. 2009, 
Gajdyn et al. 1999, Rudko and Shkitsa 2002).

PROBLEM STATEMENT

The question of the methodology of environ-
mental monitoring of disturbed lands is closely 
linked with the scientific and practical tasks re-
lated to the previously conducted observations of 
the state of the territory from the moment the land 
is extracted from the mining enterprise until the 
return to the previous owner or reverting to the 
previous state, which is unlikely, or until the cre-
ation of the respective landscapes.

Monitoring is one of the forms of implemen-
tation of processes of ecological activity with the 
help of means of information and supplies regular 
assessment and forecasting of the state of the en-
vironment of each person’s life, the conditions of 
ecosystem functioning for making managerial de-
cisions on environmental safety, preservation of 
the natural environment and rational nature man-
agement. The main tasks of such monitoring are:
•• organization of a unified state control system 

for the components of the natural environment;
•• the establishment of an automated system for 

the collection, processing, compilation and 
storage of information on the quantity and 
condition of the use of natural resources;

•• inventory of the pollution sources, study on 
the degree of anthropogenic impact on the 
environment;

•• modelling and forecasting the changes in the 
environmental situation and the state of the 
environment;

•• development of managerial decisions aimed at 
ensuring rational nature management and sus-
tainable development of the region.
Today, after the completion of minerals de-

velopment, as a rule, there is a question of devel-
oping projects for the construction of disturbed 
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territories. One of the important elements of such 
projects is environmental monitoring, which in-
volves identifying and assessing the anthropog-
nic processes and phenomena that can negatively 
affect the natural environment, lead to accidents 
and crises. In our opinion, this is a one-sided, only 
ecological approach, by which it is impossible to 
predict or predict the creation of appropriate land-
scapes in the disturbed territories. The evidence 
of this is that so far there is no ecological-land-
scape monitoring in Ukraine, which involves the 
formation of ecologically-man-made landscapes 
on disturbed lands, taking into account the for-
mer natural landscapes and the present, created 
by human production activities.

In order to reduce the harmful effects of 
heavy metals, appropriate rules for their content 
are introduced:
1.	MPC of the gross content of heavy metals in 

the arable layer of soil and plant mass, mg/kg;
2.	MPC of moving forms of heavy metals in 

soil, mg/kg;
3.	Clarke of heavy metals in soil, mg/kg.
4.	Pollution of soil by industrial facilities is a seri-

ous potential threat to the human health, ecosys-
tems and the economy as a whole. The conse-
quences are not yet clearly identified due to the 
presence of a large number of dangerous com-
pounds and their various contents in the soil.

The consequences can be as follows:
•• the reception of hazardous substances into the 

soil, surface and groundwater;
•• the absorption of pollutants by plants;
•• direct contact of people with the contaminated 

soil;
•• inhalation of dust particles or volatile 

substances;
•• fire or discharge of gases in landfills of domes-

tic and industrial waste;
•• corrosion of pipes and other elements of un-

derground communications;
•• formation of harmful secondary waste;
•• conflicts during land cultivation and use 

(Poberezhna 2015).

PURPOSE OF RESEARCH

According to the State Register of Potentially 
Hazardous Objects (PHO) of Ukraine, Rozdil 
State Mining and Chemical Enterprise “Sirka” 
belongs to the monitoring facilities of PHO [6].

The purpose of the work is the environmental 
monitoring of heavy metals in soils in the terri-
tory of Rozdil State Mining and Chemical Enter-
prise (SMCE) “Sirka” at the stage of liquidation.

The object of the study involved the heavy 
metals in the soils in the territory of Rozdil SMCE 
“Sirka”. The subject of the study was to evalu-
ate the content of heavy metals and migration 
aspects in soils.

SITE INFORMATION

The research was carried out on the territory 
of Rozdil SMCE “Sirka”. Rozdil State Mining 
and Chemical Enterprise “Sirka” is located in 
the West of Ukraine (Lviv region) of the Dnies-
ter River basin. The enterprise is located between 
latitudes 49°28’32.20”N and 49°25’53.18N, and 
longitudes 24° 6’21.46”E and 24° 5’12.22”E 
(Fig. 1). On the balance sheet of this enterprise, 
there are storage technological waters – artificial 
lakes Hlyboke, Serednie, Kysle, Chyste.

Due to the long-term activity (1956–1996) 
of Rozdil SMCE “Sirka” on its territory differ-
ent wastes were formed. They are the sources of 
environmental hazard:
•• lump sulphur – 700 m3;
•• sulphur ore tailings – 85 million t;
•• sediment of recycled waters – 1.29 million m3;
•• phosphogypsum – 3 million t;
•• oil tars (imported from Hungary) – 17 thou-

sand t;
•• solid household waste – 560 thousand m3.

The main activity of Rozdil State Mining and 
Chemical Enterprise “Sirka” is the implementa-
tion of environmental works according to the 
project: “Liquidation of sulfur quarries and resto-
ration of ecological balance and landscape around 
activity of Rozdil State Mining and Chemical En-
terprise ’Sirka’ ”.

METHODS OF ANALYSIS

The samples which were selected in 2016, 
were analyzed with the mass spectral technique. 
Mass spectrometry (MS) is an analytical tech-
nique that ionizes chemical species and sorts the 
ions based on their mass-to-charge ratio. In sim-
pler terms, a mass spectrum measures the masses 
within a sample. Mass spectrometry is used in 
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many different fields and is applied to pure sam-
ples as well as complex mixtures. A mass spec-
trum is a plot of the ion signal as a function of 
the mass-to-charge ratio. These spectra are used 
to determine the elemental or isotopic signature 
of a sample, the masses of particles and of mol-
ecules, and to elucidate the chemical structures of 
molecules and other chemical compounds.

It is based on the method of the stepwise 
weakening of spectral lines (Cler’s method). The 
method of the stepwise weakening was employed 
because the intensity of the spectral lines, photo-
graphed in violation of the spectrum of one of the 
analyzed samples, decreases gradually in height 
with the help of the special weakener, found di-
rectly in front of the input gap of the spectrograph. 
Because of the visual consideration of spectral 
lines in the specimens photographed in this way 
by samples of standard samples, we can draw up 
tables or construct the dependences of the number 
of observed degrees for analytic lines of elements 
from their concentration in the sample.

Along with the traditional use in metallur-
gy and industrial enterprises for the analysis of 
metals and alloys, in geology, archeology, astro-
physics, analytical chemistry, spectral analysis 
is increasingly often used in such fields as ecol-
ogy, food industry, agriculture and medicine. 
The application of spectral analysis in ecology 
is an analysis of sewage sludge in preparation 
of the technology for their processing, bottom 

sediments, analysis of soils, water, plants, animal 
hair and human hair ashes for assessing the zone 
of environmental damage.

The sensitivity of this method is very high: 
with the help of spectral analysis, it is possible 
to detect an element in the substance, even if its 
mass does not exceed 0.1 ng (Fetzer 2014).

Soil sampling, carried out in 2017, was ana-
lyzed using X-Ray Diffraction (XRD) technique. 
The concentration of elements in the sample 
was determined by X-ray spectrometry using an 
S2 PICOFOX Bruker X-ray spectrometer – detec-
tor type: silicon drift detector, high voltage gen-
erator: MNX 50P50/XCC, X-ray source: metal 
ceramic air cooled MCB50–0.7G, X-ray optics: 
multilayer monochromator.

Direct sample preparation.
1.	An aqueous solution of a concentrated gallium 

standard (100 μl) in distilled water (10 ml) was 
prepared.

2.	1 ml of the sample was added to 20 ml of a gal-
lium standard water solution and mixed well in 
vortex (5 seconds).

3.	The prepared samples were applied to quartz 
media and analyzed on an X-ray spectrometer. 
The analysis time was 1000 seconds. The de-
terminations were carried out in the manual off 
mode – work at maximum 50W lamp power, 
50 keV energy.

4.	The results are expressed in units of μl/l 
(Gauglitz and Moore 2014, Epp 2016).

Fig. 1. Location of the study area. Source: OpenStreetMap
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RESULTS OF RESEARCH

The main threats to be considered at the stage 
of the deposit the exploitation completion are 
chemical pollution of soils, waters, geophysical 
disturbance of the stability of the territory (Pohre-
bennyk et al. 2017). There is the satellite image of 
the territory of the enterprise and the main sourc-
es of ecological danger (Fig. 2).

Heavy metals are present in the soil as nat-
ural impurities, and the reasons for increasing 
their concentrations are related to human activity. 
There are the geographic coordinates of the sam-
pling points (Table 1). The results of measure-
ments were obtained by the following parameters: 
Strontium, Manganese, Zinc, Lead, and Arsenic.

Soil pollution is a result of economic activ-
ity in the past and present. Since the content of 
heavy metals within the limits of maximum per-
missible concentrations is important, the dynam-
ics of changes in the content of heavy metals in 
soils is presented in Fig. 3–8. In 2016, the content 
of Manganese in soil in 2016 almost reached the 
MPC (1500 mg/kg) near the dump of phospho-
gypsum at a distance of 20 m and a depth of 0.2 m.

The MPC of Strontium in soil is 1000 mg/kg. 
On the territory of the enterprise, there are signifi-
cant excess of MPC (up to 6 times). Over time, the 
content of Strontium in the soil does not decrease.

In 2016, Zinc was not detected in soil sam-
ples. The data for 2017 (for Zinc) are shown in 
Fig. 5, 6. MPC of Zinc is 300 mg/kg. Excess 
was not detected. The rate of Zinc migration to 
the depth in the soil decreases in the polynomial 
dependence y = -41.78ln(x) + 102.75, the magni-
tude of the probability of approximation is high-
est R² = 0.9224. For comparison with linear de-
pendence (y = -19.34x + 117.9), the probability 
of approximation is R² = 0.9114, with exponential 
dependence R² = 0.9054 (y = 132.79e-0.28x).

Fig. 7–8 show the dynamics of changes in 
the content of Lead in soils. MPC of Lead is 
30 mg/kg. Excess was detected only in 2017 at 
a sampling point of 5 m from the dump of phos-
phogypsum at a depth of 0.40 m. On the surface 
of the soil there is a tendency to decrease the con-
tent of Lead, depending on the distance from the 
dump of phosphogypsum.

In 2016, Arsenic was not detected in soil 
samples, but in 2017 it was (Fig. 9). MPC of Ar-
senic in soil is 2 mg/kg. There are MPC excess at 
4 sampling points. At the distance of 20 m from 

The system of monitoring of the territory of 
the mining and chemical enterprise at the stage of 
liquidation will allow increasing the level of en-
vironmental safety of the enterprise territory and 
the surrounding settlements as well as enable to 
timely react to adverse changes.

Fig. 2. Satellite image of Rozdil State Mining and Chemical Enterprise 
“Sirka” and sampling points. Source: Google Map
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At present, the theoretical and methodologi-
cal approaches to environmental monitoring of a 
mining enterprise in the liquidation stage, as well 
as its material and technical and financial support 
have not been developed. This problem is only 
at the first stage of the solution. The need for a 
scientific substantiation of the monitoring system 
in former mining activity, where the mosaic of 
technogenesis is very complex, needs the use of 
various theoretical positions, concepts and meth-
odological tools, and interdisciplinary studies of 
various sciences (Lomnytska et al. 2011, Bryk 
and Kołodziej 2009, Pohrebennyk et al. 2016, 
Schults 1996, Trunova 2006, Razo et al. 2004, 
Sun et al. 2012, Rybicka 1996, Pohrebennyk et al. 
2018, Taras 2013).

Table 1. Geographic Coordinates of Sampling Points

Place Latitude Longitude

1 m from oil tars 49°27’30.0»N 24° 6’15.0»E

5 m from oil tars 49°27’30.12N 24° 6’14.98»E

10 m from oil tars 49°27’30.28»N 24° 6’14.96»E

20 m from tars 49°27’30.60»N 24° 6’14.91»E
1 m from 
phosphogypsum 49°26’55.94»N 24° 5’42.98»E

5 m from 
phosphogypsum 49°26’55.89»N 24° 5’43.16»E

10 m from 
phosphogypsum 49°26’55.83»N 24° 5’43.39»E

20 m from 
phosphogypsum 49°26’55.71»N 24° 5’43.86»E

1 m from sulfur 49°27’24.07»N 24° 7’14.70»E

5 m from sulfur 49°27’24.18»N 24° 7’14.70»E

10 m from sulfur 49°27’24.34»N 24° 7’14.71»E

20 m from sulfur 49°27’24.65»N 24° 7’14.71»E

Fig. 3. Dynamics of Manganese content changes in soils, where s is soil near the tailing’s storage, 
ph is soil near the dump of phosphogypsum, tars is a soil near the ground with oil tarts

Fig. 4. Dynamics of Strontium content changes in soils, where s is soil near the tailing’s storage, 
ph is soil near the dump of phosphogypsum, tars is a soil near the ground with oil tarts
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Fig. 5. Rate of Zinc migration to the depth at a distance of 10 m from the dump of phosphogypsum, 2017

Fig. 6. Rate of Zinc migration to the depth at a distance of 1 m from the dump of phosphogypsum, 2017

Fig. 7. Dynamics of changes of Lead content in soils, where s is soil near the tailing’s storage, 
ph is soil near the dump of phosphogypsum, tars is a soil near the ground with tarts
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CONCLUSION

The parameters of soil pollution by heavy 
metals in the territory of Rozdil State Mining and 
Chemical Enterprise “Sirka” from 2016 to 2017 
were analyzed in the work using the experimental 
method. The example of Rozdil State Mining and 
Chemical Enterprise “Sirka” demonstrates the 
main problems of the monitoring system of the 
territory of the mining and chemical enterprise 
at the stage of liquidation. The influence of the 
mining and chemical industry on the state of en-
vironment pollution (soil, water environment and 
waste management status) was assessed as well.

A significant excess of Strontium MPC (up to 
6 times) was established. Over time, the contents 
of the element do not change, because Strontium 
forms a low-solubility, sedentary forms of sul-
phates, carbonates, phosphates. At the distance of 
20 m from the tailings storage is the excess of the 
MPC by Arsenic by 6 times.

The necessity of constructing a monitoring 
system for the territory of Rozdil SMCE “Sirka” 
at the stage of liquidation was substantiated. It 
was established that monitoring of the territory of 
the mining and chemical enterprise at the stage of 
liquidation will allow increasing the level of envi-
ronmental safety of the territory of the enterprise 
and the surrounding settlements.
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