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SUMMARY
The article considers the problem of hydrocarbon pollution of soils, formed as a result of production
activities of the Shebelinka branch for processing of gas condensate and oil. The territory under the
influence of the Shebelinka GCOPB production activity was chosen as the object of research. To assess
the level of ecological danger from oil pollution and its negative impact on the vital functions of
terrestrial ecosystems, a biotesting system was used. Oat seeds were used to determine the
phytotoxicity of soils. Soil samples were taken in the spring and summer of 2020. A total of 15 soil
samples were taken from 5 observation points. Toxic properties of soils were found at points 1 and 2
(Andriyivka station, 150 m to the southeast and 180 m to the south of Shebelinka GCOPB, forest belt)
during the whole research period. The level of soil contamination in points 1 and 2, according to the
classification, corresponded to class IV and V toxicity (soils are dirty and very dirty). The main reason
for this state of soils at these points is the "man-made deposit" of liquid hydrocarbons, formed as a
result of production activities of the Shebelinka GCOPB. We propose a set of biotechnological
measures to eliminate the consequences of pollution: to remove contaminated soil layer; to apply
mineral and organic fertilizers and treat the bacterial contamination center. As a result of the research it
has been established that the problem of hydrocarbon pollution of groundwater and soils within the
settlement of Andriyivka remains relevant today.
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Introduction
Production activity of the enterprises of the oil and gas complex inevitably leads to man-caused impact
on the environment, expressed in the pollution of the Earth's geosphere shells - the atmosphere,
hydrosphere, lithosphere, biosphere. Industrial drilling waste is formed in the process of drilling and
operation of oil and gas wells - drilling mud, which is mainly found in sludge barns and is one of the
causes of air, soil, groundwater and surface water pollution by petroleum products, chemicals and
mineral salts (Zilberman, 2013; Pospelov et al., 2020).
In the course of drilling wells a contaminated drilled rock (drilling mud) is formed, delivered to the
surface by rinsing liquid during hydraulic transport. The flushing fluid is separated from the drilling
mud by means of cleaning the circulating system of the drilling rig (Balaba, 2004).
This mud remains one of the main environmental problems in oil-producing countries. The abovementioned problem regarding the hazardous nature of drilling mud is related to the presence of
harmful organic and inorganic compounds, including heavy metals, hydrocarbons, water-soluble salts
such as sulfates and chlorides (Ayotamuno et al., 2007; Okparanma et al., 2018). Petroleum sludge is
mainly formed during the extraction, refining, storage and transportation of oil (Deng et al., 2016;
Liang et al., 2017). It also includes drilling solution used in the drilling process as well as emulsified
solids of crude oil refining and deposits (Deng et al., 2016; Vivana et al., 2015; Wang et al., 2017).
Petroleum sludge is usually a complex emulsifying mixture consisting of water, heteroatoms (N, O, S),
heavy metals (Ca, V, Fe, Ni), crude oil, solid particles and various surfactants (Horoshkova et al.,
2019; Castaneda et al., 2014). Chemical composition and properties of oil-containing sludges differ
greatly due to many factors, such as the type of field, soil composition and storage conditions. Thus,
physical-chemical properties of oil-containing sludge from different sources are different (Wang et al.,
2019). The components of crude oil mainly include aliphatic hydrocarbons, aromatic hydrocarbons,
asphaltenes, resins, etc., among which are relatively common benzene, xylene, cycloalkanes,
polycyclic aromatic hydrocarbons and other volatile and refractory organic compounds (Hu et al.,
2013; Rudyk, 2018; Huang et al., 2014). This is also one of the reasons why oily precipitate is very
viscous, toxic and acidic and why its common form is a highly stable emulsion such as oil in water
(W / O) or water in oil (O / W) (Langevin and Argiller, 2015). Thus, oil-containing sludge poses a
serious threat to the environment and human health (Rudyk, 2018).
Along with the danger to the environment components in the operation of oil and gas wells an
extremely dangerous source of pollution are oil and gas refineries in areas where local spots are
created - the so-called "man-made deposits" of free petroleum products. At present, the total area of
such spots in Ukraine reaches 30 thousand hectares. "Technogenic deposits" were formed as a result of
man-made flows from the objects of a widely branched structure of the oil and gas industry, fuel and
lubricant warehouses and in the event of accidental leaks of petroleum products (Mitropol'skiy and
Baysarovich, 2002). Accumulation of oil product spots in the geological environment is an extremely
dangerous source of soils contamination in the aeration zone, groundwater, drinking water wells and
water bodies located downstream from the source of pollution (Kuzmin and Churaevskaya, 2006).
The purpose of the research is ecological and toxicological studies of soil quality within the
influence of the oil refinery.
Metod and Theory
The study was conducted in the laboratory of ecological and toxicological research, Scientificeducational institute of Ecology, V.N. Karazin Kharkiv National University. Its measurement system
meets the requirements of DSTU ISO 10012: 2005 for toxicity measurements by biotesting in the field
of state metrological supervision according to the audit conclusion of SE
"Kharkivstandardmetrologiya".
In the course of research, the quality of soils contaminated with petroleum products was
toxicologically assessed, using a set of biotesting techniques.
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In the choice of methods for determining the phytotoxicity of soil contaminated with petroleum products,
the main criteria were: representativeness of the test organism as an agent of a particular biocenosis;
sensitivity of the test organism and its reaction to toxic substances. In order to select the most effective
biotesting methods to determine the phytotoxicity of soil samples taken under the influence of the
refinery, preliminary laboratory studies of various biotesting methods were conducted according to the
above criteria. As a result, seeds of oats (Avena sativa L) were used as a test object for the experiment.
The selected test - object has early germination, the shortest growing season and a clear reaction to the
presence of petroleum products.
Results
One of the main sources of hydrocarbon pollution in Kharkiv region is the Shebelinka branch for gas
condensate and oil processing (GCOPB), subordinated to Ukrgazdobycha located in Balaklia district
near the village of Andriyivka. The products of Shebelinka GCOPB are gasoline, fuel oil and bitumen.
According to its functional features, this enterprise can be attributed to a point source of oil pollution
of the adjacent territory.
Shebelinka GPP (Shebelinka GCOPB) is the main oil refining asset of JSC Ukrgazvydobuvannya and
one of the two oil refineries currently operating in Ukraine.
Total amount of processing performed by the Shebelinka plant in 2018 was 481.1 thousand tons of
raw materials. 388.2 thousand tons of light oil products were produced, including 130.6 thousand tons
of gasoline and 85 thousand tons of diesel fuel. The volume of liquefied gas production in 2018 was
164.8 thousand tons.
The most dangerous territory as to the level of hydrocarbon load is the territory in the vicinity of the
Shebelinka GCOPB.
As a result of the enterprise’s production activity the "technogenic deposit" of liquid hydrocarbons on
the area of 32 hectares was formed. The lens of liquid hydrocarbons is located almost within
Andriyivka village at a depth of 2 to 5 meters.
Soil samples were taken in the spring and summer of 2020 at 5 observation points. A total of 15 soil
samples were taken.
As a result of the research in the spring of 2020 the following results were obtained: in the first two
points there was a high level of soil contamination, which corresponded to the quality class - dirty
soils. Samples from 3, 4 and 5 sampling points did not have a toxic effect (Table 1).
Table 1 The results of determining the phytotoxic properties of soils selected in the area adjacent to
the Shebelinka GCOPB in March 2020
№
1.
2.
3.
4.
5.

Location of
observation points
St.Andriyivka, 150 m to the south-east from
Shebelinka GCOPB, forest strip
St. Andriyivka, 180 м to the south from
Shebelinka GCOPB, forest strip
200 м to south-west from Shebelinka GCOPB
100 м to north-west from Shebelinka GCOPB
150 м to north-east from Shebelinka GCOPB

Phytotoxic effect
79

Level of soil
pollution
Dirty

Degree of soil
pollution, Cp
1,4

67

Dirty

1,4

21
20
20

Unpolluted
Unpolluted
Unpolluted

1,1
1,1
1,1

The results of ecological and toxicological assessment of the soil samples quality, taken in
April 2020 are the following: in the first point the quality of soils according to the toxicological
indicator corresponded to the 4th class (soils are dirty). In the second point, the soils corresponded to
the 5th quality class (soils are very dirty). Samples from 3, 4 and 5 sampling points did not have a
toxic effect (Table 2).
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Table 2 The results of determining the phytotoxic properties of soils
the Shebelinka GCOPB in May 2020
№
Location of
Phytotoxic
observation points
effect
1. St. Andriyivka, 150 m to the south-east from
82
Shebelinka GCOPB, forest strip
2. St. Andriyivka, 180 м to the south from
88
Shebelinka GCOPB, forest strip
3. 200 м to south-west from Shebelinka GCOPB
11
4. 100 м to north-west from Shebelinka GCOPB
19
5. 150 м to north-east from Shebelinka GCOPB
12

selected in the area adjacent to
Level of soil
pollution
Dirty

Degree of soil
pollution, Cp
1,4

Extremely
dirty
Unpolluted
Unpolluted
Unpolluted

1,5
1,1
1,1
1,1

As a result of research conducted in the summer of 2020 the following results were obtained:
In the first two points there was a high level of soil pollution, which corresponded to the quality class dirty soils. Samples from №№ 3, 4 and 5 sampling points did not have a toxic effect (Table 3).
Table 3 The results of determining the phytotoxic properties of soils
the Shebelinka GCOPB in July 2020
№
Location of
Phytotoxi
observation points
c effect
1.
St. Andriyivka, 150 m to the south-east from
74
Shebelinka GCOPB, forest strip
2.
St. Andriyivka, 180 м to the south from
71
Shebelinka GCOPB, forest strip
3.
200 м to south-west from Shebelinka GCOPB
12
4.
100 м to north-west from Shebelinka GCOPB
13
5.
150 м to north-east from Shebelinka GCOPB
14

selected in the area adjacent to
Level of soil
pollution
Dirty

Degree of soil
pollution, Cp
1,4

Dirty

1,4

Unpolluted
Unpolluted
Unpolluted

1,1
1,1
1,1

Summarizing all the studies, it should be noted that the soils quality by toxicological indicator in
observation points №№ 1 and 2 does not meet the established standards, namely, there is a phytotoxic
effect. This may primarily be the result of the negative impact of "man-made" light hydrocarbon
deposits, located in the south - southeast of Shebelinka GCOPB and artisanal hydrocarbon production
within the forest belt near the railway station "Andriyivka".
Conclusions
The energy security of the country is determined by its own available resources of different types of
mineral energy, the level of their efficient and rational use. The territory under the influence of the
Shebelinka GCOPB production activity was chosen as the object of research. Oat seeds were used to
determine the phytotoxicity of soils. Soil samples were taken in the spring and summer of 2020. A
total of 15 soil samples were taken at 5 observation points. Toxic properties of soils were found at
points 1 and 2 (Andriyivka station, 150 m to the southeast and 180 m to the south of Shebelinka
GCOPB, forest belt) during the whole research period. The level of soil contamination in points 1 and
2, according to the classification, corresponded to class IV and V toxicity (soils are dirty and very
dirty). Such state of soils at these points is explained by the "man-made deposit" of liquid
hydrocarbons, formed as a result of production activities of Shebelinka GCOPB. In order to eliminate
the consequences of pollution, a set of biotechnological measures is proposed: to remove a
contaminated soil layer; to apply mineral and organic fertilizers and treat the center of the greatest
contamination with a bacterial preparation. The implementation of measures creates optimal
conditions for the decomposition of petroleum hydrocarbons.
When determining the allowable hydrocarbon load on the environment, it is advisable to take into
account the assessment results of the biotic component of terrestrial ecosystems, using biological
indicators along with the established maximum allowable concentrations of petroleum products for the
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respective components. One of such indicators is general toxicity, characterizing biological
completeness and a degree of biological danger to a habitat.
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