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SUMMARY

The paper considers the results of monitoring studies of the oil-contaminated territory within
the city of Myrhorod and the prospects and directions for solving the environmental problem
of eliminating the accumulation of oil products in the first permanently existing horizon of
free gravitational waters from the surface of the earth.

The authors have developed a monitoring algorithm and the main criteria for choosing
biotesting methods for determining soil phytotoxicity. According to the results of the
conducted monitoring studies, lenses of oil products of different volumes were determined in
all observation points. However, the regulatory requirements for the content of oil products in
groundwater were exceeded: the first observation point — 24 MPC; the second observation
point — 27.7 MPC; the third point of observation — 14 MPC. The highest content of oil
products in soil samples, according to the results of research, was determined at the second
observation point - 280 mg/kg. In the first and third points, the content of oil products was
slightly lower - 150 and 120 mg/kg, respectively.

The conducted experimental studies on determining the levels of soil phytotoxicity in three
observation points indicate the presence of residual effects of oil products on the soil
ecosystem. Soil phytotoxicity level 3 (moderately polluted) was determined in all observation
points.

To restore the ecological state of technologically polluted soils, it is necessary to provide a set
of measures, including search and pumping out of technological hydrocarbon deposits with
subsequent biological reclamation of these lands.
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Introduction

Hydrocarbon pollution of the natural environment is one of the complex environmental problems of
today due to its widespread distribution, the number and specificity of pollution sources, and the
ecological danger to ecosystems. This problem is becoming particularly acute and relevant at present
in conditions of intensification of hydrocarbon raw materials extraction (Krainiukov et al., 2020).

Enterprises are an extremely dangerous pollution source of the natural environment components in the
areas where there are local slicks— the so-called "man-made deposits" of free oil products. Currently,
the total area of such spots on the territory of Ukraine reaches 30,000 hectares. "Man-made deposits"
were formed as a result of man-made flows from the objects of the widely branched structure of the
oil and gas processing industry, warehouses of fuel and lubricant materials, and in the event of
emergency leaks of petroleum products. The accumulation of oil slicks in the geological environment
is an extremely dangerous contamination source of soils, groundwater, drinking water wells and water
bodies located downstream of the man-made flow from the source of pollution (Klimova, 2006).

Contamination of soils with oil products leads to changes in their physical and chemical properties:
gluing of structural soil parts with oil leads to a significant increase in the viscosity and density of the
soil mass, which worsens its air-water regime. Soils impregnated with an emulsion of petroleum
products lose their ability to absorb and retain moisture. Contamination of the soil cover with oil
products leads to occurrence of anaerobic conditions when the oxidation-reduction potential changes,
and the carbon-nitrogen balance is disturbed (Krainiukov et al., 2022; Protsko, 2010). Moreover, soil
pollution with oil and oil products attracts special attention, because soil is a key element in the
trophic chain of toxicants, entering the human body (Errington et al., 2018).

Method and Theory

We monitored oil-contaminated areas within the city of Myrhorod in accordance with existing
scientific developments on the study of petrochemical pollution (Hrytsenko et al., 2000; Klimova,
2006; Ognyanik et al., 2017).

The preparatory period for the monitoring surveys included a generalization and detailed analysis of
the collected materials for the given territory with preliminary assessement of the climatic,
hydrological, geomorphological, geological-hydrogeological and ecological-geological situations.
Fieldwork began with a reconnaissance route survey of the territory in order to obtain detailed
information (refined information) about the location of objects - possible sources of pollution, as well
as their condition (Methodology, 2003).

The main work to obtain information about the current state of the experimental area was drilling of
exploratory wells in places of potential contamination.If there were already existing wells (providing
preliminary studies were conducted), we assessed the state of the territory by observing these wells. In
the course of drilling operations, we compiled a catalog of wells, establishing numbers, measurements
of depths, the diameter of the filter column, the height of the nozzle and their location on cartographic
maps. In the wells, we measured levels of groundwater and the layer of petroleum products and
carried out pumping, evaluating restoration of the specified levels. Water samples were taken to
determine the presence and quantity of petroleum products. In this way, we established the possibility
of using each well to carry out work on the liquidation of oil products lens.

After determining the sources of pollution, using the equipment of observation wells, we refined the
outline of the oil pollution spread. The drilling of wells was carried out taking into account the
contour of the pollution spread and the geological and hydrogeological conditions of the territory.
Using the data of previous studies, we confirmed that the drilling depth of the planned wells depended
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on the depth of the groundwater level and the capacity of the soil contamination zone. The wells were
drilled by a mechanical shock-rope or auger method with a column of casing pipes. The observation
wells were equipped with a filter column with a working part of the filter 4 m long.

During the drilling, we visually determined oil pollution of wells. If contamination was detected, soil
samples were taken to determine the content of oil products and phytotoxicity (toxicity) both in the
aeration zone and in the saturated zone (below the groundwater level).

The main criteria for choosing biotesting methods for determining soil phytotoxicity were: available
test organism as a representative of a certain biocenosis; the sensitivity of the test organism and its
reaction to the action of toxic substances. We assessed soils ability to exert a phytotoxic effect on
plant growth and development, applying biotesting methods, using seeds of higher plants - corn,
lettuce and barley. The procedure for determining the phytotoxicity of soils is outlined in the
methodology (ISO, 1993).

Based on the results of biotesting - presence or absence of toxic properties and the level of toxicity
(in case of a positive response of the test organism), the authors concluded, regarding the compliance
of the soil quality with the established regulatory requirements according to the toxicological
indicator, that the soil should not have a phytotoxic effect on plant test organisms.

Phytotoxicity of soils was determined in the laboratory of ecological and toxicological research at the
Institute of Ecology, V. N. Karazin Kharkiv National University. The laboratory is certified by the
State Committee of Ukraine on Technical Regulation and Consumer Policy to carry out toxicity
measurements by the biotesting method in the field of spreading state metrological supervision.

Results

We monitored oil-contaminated areas within the city of Myrhorod in the summer of 2021. The total
area affected by oil products in the studied territory was 19.1 ha. Figure 1 shows the map of the study
area. The depth of groundwater is approximately 14 m. During the survey of the experimental site, we
established that in observation points 1 and 2, before the start of monitoring studies in 2021, about 40
wells had been drilled in each of them. and one more monitoring well was drilled during the current
research. In 2021, 8 more monitoring wells were drilled in the 3rd observation point as a result of the
research.

The results of the conducted monitoring studies show that lenses of free oil products of various
volumes were found at all observation points. Moreover, there were excessive regulatory
requirements for the content of oil products in groundwater: the first observation point — 24 MPC; the
second observation point — 27.7 MPC; the third point of observation - 14 MPC.

The determining role in the content of petroleum products fluctuation in underground waters
obviously depended on the properties of the soils. These properties could change in time according to
the amount of precipitation, duration of the cold period of the year when they frose, and other natural
factors, significantly influencing on the barrier functions of soils, which determines the processes of
lateral and radial migration of oil products.
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Figure 1 Monitoring sites on the territory contaminated with oil products

According to the research results, the soils, most contaminated with petroleum products, were at the
second point of observation - 280 mg/kg. In the first and third points, the content of oil products was
slightly lower - 150 and 120 mg/kg, respectively. Comparing the results of petroleum products'
content in soil and groundwater samples, it becomes clear that the main trend of petroleum products
distribution, both in spatial and temporal directions within the geosystem, is preserved according to its
inherent characteristics. This tendency is most clearly observed in relation to the soils, where the
excessive supply of them leads to the accumulation of a significant volume of hydrocarbon pollution,
which was especially noticeable in the 2nd point of observations. The conducted experimental studies
to determine the levels of soil phytotoxicity in three observation points indicate the presence of
residual effects of oil products on the soil ecosystem —soil phytotoxicity level 3 (moderately polluted)
was determined in all observation points. After comparing chemical and toxicological analyses of soil
samples, we see that in the conditions of excess effect of petroleum products on soils, the use of an
integral indicator of their quality (phytotoxicity) is appropriate and even necessary, given the
complexity of assessing the negative impact of petroleum products on soils. (Fig. 2).
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Figure 2 Comparison of petroleum products content in soils and their phytotoxicity levels
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Considering the results of the observations, we came to the following conclusions: the phytotoxicity
level and the content of oil products in the soil and groundwater in the 2nd site is the highest among
the studied observation points.Summarizing the obtained information, one can conclude that constant
hydrocarbon pollution of the natural environment has led to the formation of specific objects in
terrestrial and aquatic ecosystems, the so-called "Chemical Time Bombs" — long-lived secondary
sources of pollution that can lead to continuous destabilization of natural ecosystems.

The most effective way to eliminate the consequences of soil pollution with petroleum products is
their reclamation with preliminary pumping of lenses of free petroleum products from the first aquifer
and subsequent implementation of a set of measures aimed at restoring the productivity and economic
value of disturbed lands, while improving the ecological condition of the contaminated territory.

Conclusions

The monitoring survey of the oil-polluted territory within the city of Myrhorod has found three
centers with an excess content of oil products in the soil, underground water and soils with phytotoxic
properties. To restore the ecological state of technologically polluted soils in the area of oil pollution,
it is necessary to provide a set of measures, namely: search and pumping out of man-made
hydrocarbon deposits, biological reclamation of these lands. These measures involve the activation of
native microflora through systematic loosening of the soil and introduction of nitrogen fertilizers in
the territories adjacent to the source of contamination and artificial soil settlement with specific
hydrocarbon-oxidizing microorganisms (inoculation of microbiological preparations).
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