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Abstract. The object of the research is the hydrocarbon contamination of soil cover in case of
emergency leaks from oil and gas pipelines. The oil and gas industry is one of the main sectors of
Ukraine's economy. However, the transportation of oil and gas through pipelines involves the risk
of accidental leaks that can lead to significant soil contamination. Finding ways to minimise the
risks associated with the production, transportation and use of oil and gas is impossible without
studying and analysing the state of the problem of oil pollution. Through a systematic analysis of
the literature, this paper conducts a comprehensive study of a number of issues related to
hydrocarbon contamination of soil in the event of accidental leaks from oil and gas pipelines and
identifies problematic issues on this topic.

A systematic thematic bibliographic review was used to conduct this review study. The Scopus
database was chosen as the main portal for searching for publications. At the same time, a limited
search in the Google Scholar database was used for original queries. It has been established that
although the oil industry plays a key role in the global economy, it is one of the most powerful
sources of environmental pollution. Processes such as the extraction, transportation, storage and
marketing of oil and its derivatives have a significant impact on the environment, leading to
profound changes in all its aspects. The complexity of this issue lies not only in the scale of oil
spills, but also in the formulation of assessment standards and mitigation strategies for this
temporary pollution.

Based on the results of the study, we conclude that oil seeping into the soil cover leads to the
following consequences: changes in the chemical composition of the soil, changes in the
composition of soil humus, and significant disruption of the soil microbiota. It also leads to
inhibition of photosynthetic activity of plant organisms, which primarily affects the development of
soil algae, and a negative impact on soil fauna, leading to their mass extinction.

Keywords: soil, pollution, oil and gas leakage, hydrocarbon pollution, accidents, oil and gas
pipelines.

1. Introduction

Hydrocarbon pollution is one of the most challenging environmental problems
of our time, primarily due to its widespread distribution, numerous sources of
pollution and the specific danger it poses to environmental components [1, 2]. This
issue becomes particularly acute in emergency situations related to the production,
processing, transportation, storage and sale of hydrocarbons [3].

The environmental hazard of soil contamination with hydrocarbons is caused by

their inherent properties, such as toxicity, carcinogenicity and bioaccumulation,

ISSN 2567-5273 181 www.moderntechno.de



Modern engineering and innovative technologies Issue 34 / Part 1

which pose a threat to living organisms. This type of pollution negatively affects
respiratory activity and microbial self-purification processes, changes the balance
between different groups of natural microorganisms and metabolic pathways,
interferes with nitrogen fixation, nitrification and cellulose decomposition, leading to
the accumulation of highly oxidised products [4-7].

The natural transformation of hydrocarbons in the soil is a complex and lengthy
process, which makes diagnosing their toxic effects on the soil ecosystem an
extremely important task [8]. To assess the impact of hydrocarbon pollution on
environmental aspects of the environment, it is recommended to use a comprehensive
set of indicators covering chemical, biological and toxicological parameters. Analysis
of these indicators will help to establish the current state of pollution and assess
environmental risks.

Currently, a lot of scientific research has been devoted to the problem of
hydrocarbon soil contamination [9—13]. The authors investigated the negative impact
on soils, vegetation, air, surface and groundwater, and human health at all stages of
commercial oil field development, including drilling, processing, storage,
transportation and disposal of equipment. Aquatic and terrestrial ecosystems bear the
brunt of these impacts, with soil being the main target for oil pollution among
terrestrial components. Due to their significant adsorption capacity, oil and its
derivatives remain in the soil for a long time, leading to soil degradation and the
potential danger of pollutants entering the food chain, of which humans are a critical
link. The natural process of soil self-cleaning is complex and time-consuming, and it
does not always lead to complete restoration of the soil ecosystem [14—-16].

The purpose of the study was to conduct a comprehensive study of a number of
issues related to hydrocarbon soil contamination in the event of accidental leaks from
oil and gas pipelines, and to identify problematic issues on this topic through a
systematic analysis of the literature.

2. Materials and Methods

A systematic thematic bibliographic review was used to conduct this review
study. The Scopus database was chosen as the main portal for searching for
publications. At the same time, a limited search in the Google Scholar database was
used for the original queries, a systematic thematic bibliographic review. The Scopus
database was chosen as the main portal for searching for publications. At the same
time, a limited search of the Google Scholar database was used for the original
queries. In addition, we searched the bibliography of each article to include more
studies related to the topic. In total, more than 100 publications were analysed. The
sources studied were classified according to their focus. The study included
publications that cover aspects related to the study of soil conditions around
accidental leaks from oil and gas pipelines.

3. Results and Discussion

Oil and petroleum products are the top priority environmental pollutants due to
their toxicity, significant dispersion and high migration potential. Pollution of natural
ecosystems, including soil cover, occurs as a result of the development and operation
of oil fields, as well as violations of hydrocarbon transportation rules [17-19].

It is widely recognised that hydrocarbon pollution disrupts both the structure and
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functions of soil ecosystems, reduces land productivity and changes the
morphological, physical, chemical and biological properties of soils [20, 21].

Researchers have identified various morphological changes in hydrocarbon-
contaminated soils. These changes include a darker hue compared to uncontaminated
soils, increased density, the presence of oil films, the formation of columnar
structures in the lower part of the soil profile, and an increased glazing effect [22—
24]. Typically, hydrocarbon-contaminated soils have a colour ranging from black and
grey-brown in the upper part of the profile to dark brown, brownish brown and
brownish ocher in the lower part of the profile. The discolouration of the soil surface
caused by the coating of soil particles with oil films leads to a decrease in spectral
reflectivity. In addition, soil discolouration increases its heat absorption. The
distribution of oil and oil products in the soil profile depends on soil characteristics
and oil composition, including the ratio of high and low molecular weight
components [25-27].

Laboratory studies have shown that the main processes that determine the
vertical migration of hydrocarbons are soil sorption and permeability. As soil density
increases, the amount of adsorbed oil increases [28].

As soil moisture levels increase, oil absorption decreases, while the depth of
vertical oil migration increases [29-31]. In soils of sandy texture, oil ingress triggers
an active migration process, which leads to further accumulation in the lower soil
horizons and infiltration into both soil and groundwater [32].

A series of laboratory tests was conducted to study the effect of crude oil on the
engineering properties of sand and kaolinite mixtures with different weight ratios of
clay to sand. Mixtures with a weight ratio of 10 %, 30 % and 50 % kaolinite to sand
contaminated with different crude oil contents (including 0 %, 4 %, 6 % and 8 % by
dry weight of soil) were considered. In the low clay samples, the addition of crude oil
decreased the internal friction angle, while in the high clay samples, the friction angle
increased. The SEM images showed that the crude oil contamination led to the
aggregation of clay particles and the formation of a flocculent structure with a larger
number of macropores. The results show that the maximum dry density, optimum
water content, permeability, and pH value decrease with increasing contamination
[33].

Leaks of oil products containing a significant amount of heavy hydrocarbon
fractions lead to the formation of a thick, sticky bitumen layer on the soil surface. The
soil saturated with oil products loses its ability to absorb and retain moisture, which
leads to a decrease in hygroscopic moisture, water permeability and moisture
retention capacity [34, 35].

The adsorption of hydrocarbons on soil particles prevents the movement of
mobile forms of nutrients such as nitrogen, phosphorus and potassium into solutions,
which leads to a decrease in the availability of mineral nutrients for plants. Oil
pollution changes the amount and ratio of both macro- and microelements. In
particular, the ratio of carbon to nitrogen increases significantly due to the presence
of oil carbon, which negatively affects the nitrogen balance in soils [36]. In addition,
oil has a detrimental effect on bacteria, which play a crucial role in the nitrogen cycle
[37].
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Oil contamination of the soil leads to reorganisation of the soil absorbing
complex, which causes a change in the alkalinity or acidity of the soil. Initially acidic
and slightly acidic soils tend to become more alkaline, while soils that are close to
neutral or neutral may experience acidification, with a decrease in pH of 0.1-0.3
units. For example, in the case of an initially neutral meadow-alluvial soil,
acidification of the soil solution by 0.8—1.6 pH units was observed as a result of oil
pollution [38].

Oil contamination also affects the biological characteristics of soils, leading to
an 1mbalance between most soil enzymes and a negative impact on soil
microorganisms [39].

It has been found that aromatic hydrocarbons inhibit enzyme activity, while
paraffinic hydrocarbons stimulate it. Changes in the activity of soil enzymes
generally correspond to changes in the microbial population.

Hydrocarbon oils affect microorganisms by changing the physical and chemical
properties of the soil. This includes a decrease in the availability of mineral nutrients,
deterioration of water and air, changes in the pH and structure of the soil
environment, as well as direct toxic effects associated primarily with volatile
aromatic hydrocarbons such as benzene, toluene, xylene, as well as naphthalene and
some other water-soluble compounds. This is how oil pollution affects the biological
properties of the soil [40].

Studying the literature on this issue, we noticed that the impact of oil on the
complex community of soil microorganisms has its own nuances. For example, the
impact of oil pollution can vary, stimulating the growth of some species and
inhibiting the development of others. This depends on factors such as the
concentration and composition of the pollutant, as well as the biological
characteristics of the organisms concerned. Actinomycetes, nitrifiers and cellulose-
degrading microorganisms are the most vulnerable to oil pollution. Despite the
decline in the number or complete loss of the most vulnerable segments of the soil
microbial community, there is a simultaneous increase in the population of oil-
oxidising microorganisms and micromycetes that use oil hydrocarbons as a nutrient
substrate.

Studies [41, 42] report an increase in the number of phytopathogenic and
phytotoxic soil fungi, and the accumulation of potentially dangerous and allergenic
species for humans.

The response of soil algoflora to oil pollution is a mirror image of the response
of microflora. The lowest concentration of oil (0.01 %) stimulates the growth of
green algae species such as Chlorella homosphaera and Chlorella vulgaris, showing
an increase of 16 % and 15 %, respectively. Conversely, a higher concentration
(0.3 %) leads to a significant decline, reducing their numbers by 15 % and 20 %.
Among the algae, representatives of cyanobacteria, in particular Nostoc punctiforte,
Nostoc linckia, Anabaena oscillarioides, Phormidium autumnale and Plectonema
gracillimum, demonstrate the highest resistance to oil products and dominate in
contaminated soils [43].

Mesofauna is also affected by hydrocarbon soil pollution. It has been established
that earthworms, millipedes, mollusks, adult insects and their larvae are the most
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vulnerable components of the ecosystem to soil hydrocarbon pollution. Among them,
mollusks have demonstrated the highest sensitivity, and millipedes of the Chilopoda
class have shown significant resilience, being able to survive in environments with
more than 20 % oil contamination. Earthworms, spiders and insects occupy an
intermediate position in terms of tolerance to such pollution [44].

The impact of oil pollution on plants is manifested in two main ways: directly,
through the penetration of oil components through the root system or leaf stomata and
their integration into metabolism, and indirectly, through changes in the physical and
chemical composition of the soil, which leads to a violation of its biotic properties.
The penetration of liquid fractions of oil products into the plant organism through the
root system can cause mutagenic reactions and morphogenetic and phenological
deviations from normal development [45].

Studies show that low concentrations of oil in the soil (up to 5 %, according to
various sources) generally do not have a significant impact or may even stimulate
plant growth. Such stimulation can be observed through increased germination,
increased biomass, elongation of the aboveground or underground parts and increased
chlorophyll content in the leaves. However, when the oil content in the soil increases
further, a pronounced inhibitory effect or complete plant death usually occurs [46].

Thus, although the oil industry plays a key role in the global economy, it is one
of the most powerful sources of environmental pollution. Processes such as the
extraction, transportation, storage and marketing of oil and its derivatives have a
significant impact on the environment, leading to profound changes in all its aspects.
The complexity of this issue lies not only in the scale of oil spills, but also in the
formulation of assessment standards and mitigation strategies for this temporary
pollution.

Discussion:

Practical implications. The results obtained in the course of the study can have
several practical applications in various fields. Firstly, it is worth noting that the
comprehensive set of indicators proposed in the study, covering chemical, biological,
and toxicological parameters, can be used for environmental monitoring and
assessment of hydrocarbon soil contamination. These indicators can assist
environmental agencies and organizations in determining the current state of
contamination, identifying polluted areas, and accurately assessing environmental
risks.

Equally important is the investigation of mechanisms of hydrocarbon migration,
soil contamination, and its impact on soil properties, which can aid in the
development of effective restoration strategies. Methods such as soil flushing,
bioremediation, phytoremediation, and soil amendments can be adapted based on the
specific characteristics of the contaminated site as identified in the study.

The understanding gained of changes in soil properties, nutrient availability, and
microbial communities resulting from hydrocarbon contamination can serve as a
guideline in soil management practices. Farmers, land managers, and agricultural
scientists can use this information to mitigate the impact of contamination on soil
fertility, crop productivity, and ecosystem health.

Studying the ecological consequences of hydrocarbon contamination for soil
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organisms, including microorganisms, algae, mesofauna, and plants, enables the
development of risk assessment models for predicting the long-term effects of
contamination. This information can help prioritize restoration efforts, effectively
allocate resources, and minimize potential risks to human health and the environment.

Study Limitations. Most of the analyzed research results were conducted on a
laboratory scale or under controlled conditions, which may differ from the results
obtained in real-world conditions.

Impact of Martial Law Conditions. At this stage of the research, the conditions
of martial law did not influence the research results.

Prospects for Further Research. The obtained results enable the formation of a
comprehensive and contemporary understanding of soil hydrocarbon pollution,
encompassing its diverse impacts on soil properties, microbial communities, flora,
and fauna. Initiating further research in this field can lead to the development of
comprehensive algorithms aimed at mitigating the environmental consequences of
hydrocarbon pollution.

4. Conclusions

Today, petroleum products are among the most widespread and hazardous
substances in regions affected by human activity. The risk of environmental pollution
by crude oil and its derivatives is significant and extends beyond the areas of oil
production and refining. This problem transcends regional boundaries and is of global
significance due to the widespread storage and transportation of oil and oil products.
Oil spills as a result of emergencies are widespread around the world, making any
area vulnerable to such pollution. All components of oil and oil products are toxic
and often have carcinogenic properties.

Overall, the practical application of the research results can have a significant
impact on environmental management, policy development, and sustainable
development efforts aimed at mitigating the negative impact of hydrocarbon pollution
on soil ecosystems and human well-being. They can also serve as a basis for further
research in the field of studying the impact of hydrocarbons on soil ecology
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Anomauia. O6’ekmom 00CNiOINHCEHHsL € 8y2Nle800Hese 3a0PYOHEHHS IPYHMOBO20 NOKPUBY NpU
aeapitiHux 8UMoKax 3 Hagmozazonpoeodis. Hagpmozazosa npomuciogicmes € 0OHI€I0 3 OCHOBHUX
eanyseti ekoHomiku Ykpainu. Ooumax mpauwcnopmysanusi Hagpmu ma 2a3y no mpybonposooax
nog'azame 3 pU3UKOM GUNAOKOBUX BUMOKIB, AKI MOXCYMb NPU3BeCmu 00 3HAYHO20 3A0PYOHEHHs
tpyumy. Towyxk wnaxie MiniMizayii pusukis, noe s3aumux 3 6U000YMKOM, MPAHCNOPMYBAHHAM i
BUKOPUCMAHHAM HAmMUu ma 2azy, HeMONCIUBULl 0e3 6UUEeHHA mda aHaxizy Cmawy npoonemu
HApM0o6020 3a0pYOHeHHA. YV pobomi WIAXOM CUCMEMAMUYHO20 AHANI3ZY Aimepamypu npo8eoeHo
KOMNIEKCHE O0CNIONCEHHS PAOY NUMAHb, NO8 A3AHUX i3 3A0PYOHEHHAM IPYHMIG 8)21e600HAMU NPU
ABapilHUX BUMOKAX 3 HAPMO- i 2a30NP0OB0JIE i UABLEHO NPOOIEMHI MOMEHMU 3 OAHOI meMu.

s npoeedenusi 02110068020 OOCHIONCEHHA BUKOPUCINAHO CUCMEMATMUYHULL TMeMaAmUYHUL
bionioepaghiunuii 0o2nnd. OcHo8HUM nopmanom OJisi ROwLyKy nyonikayiti oopano 6azy oanux Scopus.
Boonouac ons opucinanerux 3anumie suxopucmogyeascs oomedxiceHuti nowyk y 6asi oanux Google
Scholar. Bcmanosneno, wo xoua Haghmosa npomMuciogicme 8idicpac K408y poib V CImMosil
EeKOHOMIYI, BOHA € OOHUM 13 HAUNOMYICHIWUX Odcepel 3A0PYOHEeHHS HABKOIUWHBbO2O CepedosUlyd.
Taxi npoyecu, sax 8U00OYMOK, MPAHCHOPMYBAHHS, 30epieanHs ma npooadc Haghmu ma ii NOXIOHUX,
Maomov 3HAYHUL 6NIUE HA HABKOIUWHE cepedosuule, o npu3eooums 00 2IUOOKUX 3MIH Y 8CIX 11020
acnexmax. CKIAOHICMb Yyb020 NUMAHHA NOJALAE He uuie 8 Macumadoax pos3iueie Hagpmu, a u y
dopmyniosanni  cmanoapmie oyimku ma cmpameeiii  NOM AKWEHHSA UYb020 MUMYACOBO2O
3a6pyOHeHH .

Ha ocnosi pezynvmamis 0ocniodicenHs pooumMo 8UCHOBOK, WO HAGMONPOOYKMU 8X005Mb 00
YuCIa HAUNOWUPEHIWUX ma Hebe3neyHux 3a0pyOHIOIUUX DEeYO8UH V Pe2ioHax, wo niodoaromucs
aHmpono2cenuit OisnbHocmi. Pusux 3a0pyoneHHs HABKOMUWHBLO2O cepedosuwa Hagmorw ma ii
NOXIOHUMU € 3HAYHUM MA NOWUPIOEMbCA 30 MedCi 30H 8U000YmMKY ma nepepobku nagmu. Ila
npobnema nepemutae pe2ioHanbHi KOpOOHU ma Mae 2100anbHe 3HA4YeHHs Yepe3 wupoke 30epieants
ma mpaHcnopmyeamHs Hagmu ma Hagpmonpooykmis. Poznusu nagpmu enaciiook Ha036UUAHUX
cumyayii NOWuUperi no 8cboMy ceimy, wo pobums 0y0b-AKYy MEpUmopiro 8pa3iueor 00 mMaKo2o
3a6pyoHenns. Yci KomnoHenmu Hagmu ma HAMonpooyKmie € MOKCUUHUMU | YACMO MAaromo
KAHYEpO2eHHI 6aCMU60CHI.

3acanom, npakmuune 3acmocy8ants pe3yibmamis npoedeH020 OOCHIOHNCEHH MOHCe MAMU
SHAYHULL 6NIUE HA YNPABNIHHA HABKOJIUUIHIM cepedosuujem, po3poOKy RONIMUKU ma 3YCumis 3i
CMano2o pOo3BUMKY, CHPAMOBAHI HA NOMSIKWEHHS He2amuHo20 6NIUBY  B8)2lle800HEB8020
3a0pyOHeHHsT Ha TPYHMOGI exocucmemu ma 000pooym nrwoeu. A maxodsc Moxucymv ciyeysamu
OCHOBOI 0151 NOOANLUUX OOCNIONHCEHb ) chepi usYeHHs nau8y 2iOpoKapOOHI8 HA eKOLO2iH0
IpyHmY.

Kniouogi cnosa: tpynm, 3a0pyoHeHHs, eumik macia ma 2azy, 6y2ie800He 3a0pyOHeHHS,
asapii, Haghmoeazonpsoou.
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