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Petroleum is the most common global fossil fuel. It is a complex multi-component system mainly composed of
various hydrocarbons such as alkanes, cycloalkanes, mono-, bi- and polyaromatic compounds, resins and
asphaltenes. In spite of humanity’s need for petroleum, it negatively affects the environment due to its toxicity. The
ecological problem is especially serious at petroleum mining sites or during petroleum transportation. Since it is not
possible to replace petroleum with less toxic fuel, ways to reduce the toxic impact of petroleum hydrocarbons on
the environment need to be developed.

rhizodegradation microbial bioremediation biodegradation

| 1. Introduction

Environmental pollution by petroleum and its products has an anthropogenic origin. The main losses of petroleum
occur during mining, transportation and storage and amount to millions of tons per year LRIEIA Currently, 1.2

million hectares of land in Russia are contaminated to various extents and need re-cultivation 2.

The petroleum toxicity to all life forms is long-known and is usually attributed to softening of the plasma membrane
lipid bilayer in the presence of petroleum 8. In addition to membranes, petroleum can also impair the genetic
processes in a cell WE Wwith the above in mind, petroleum is considered to be one of the most dangerous
pollutants of the environment due to its high toxicity and presence in the biosphere in vast amounts. In terms of its
negative impact, petroleum, its products and wastes are ranked second after radioactivity. Petroleum spills from
mining and processing accidents do significant harm to the ecosystems. In such cases, soil is mainly affected,
because it is able to accumulate large amounts of pollutants due to its enormous adsorbing surface area.
Petroleum pollution negatively affects soil biocenosis, seriously changes the chemical composition, structure and
properties of soil, and reduces soil fertility and arable value. The petroleum spills may turn soils into typical
technogenic deserts that are practically absent of biological processes. Petroleum-polluted soils are not suitable for

agricultural and recreational uses and are potential sources of contamination of surface and ground waters.

Self-restoration of soils may take a long period, of 10 to 30 years or longer, depending on the soil type 229
Remediation of petroleum-contaminated land requires a series of measures to clean up and restore soil as a
natural environment. The most common of these measures are currently classified as physical, physicochemical,
chemical and biological measures. Sometimes, mechanical measures are used. Depending on the mechanism of
action on the soil, the measures can be subdivided further (Table 1).

https://encyclopedia.pub/entry/24868 1/6



Effects of Petroleum on Soil | Encyclopedia.pub

Table 1. Soil cleanup methods’ classification.

Methods of .
M f Action (Exampl
Cleanup ode of Action (Examples)
Mechanical Mechanical Mechanical removal
Physical Hydrodynamic Flushing, filtering
Aerodynamic Vacuuming, purging, extraction
Thermal Thermos-osmosis
. Electrochemical bleaching, electric osmosis, electrophoresis,
Electrical . . - .
electromigration, electrodialysis
Electromagnetic Magnetic separation
Physico- S .
. Volatilization Removal of volatile petroleum products
chemical
Dissolution, . . : e .
. Dissolution, leaching, diffusiophoresis
diffusion
lon exchange
Adsorption
Chemical Hydrolysis
Photolysis
Neutralization Reagent leaching
Oxidation Oxidation
. . . Phytodegradation, rhizodegradation, phytovolatilization,
Biol I Phyt diat : o S
lologica ytoremediation phytoextraction, rhizofiltration, phytostabilization
Bioremediation Oxidation, biosurfactant

The strategy for the cleanup of petroleum-contaminated soil is influenced by the scale of the particular spill, by the
landscape and geographical zone of the spill, and by the cleanup measures available. However, many researchers
note that the traditional recultivation measures used for restoration of petroleum-polluted soil ecosystems have a
number of flaws; specifically, they do not always facilitate the soil and flora restoration and often do long-lasting
harm to the environment 1. Soil recultivation reduces the rates of petroleum decomposition. Removal of a
contaminated soil layer produces new spots of secondary pollution. It is therefore advisable to finish soll

recultivation by application of biological cleanup methods, that is, by bioremediation and phytoremediation.

| 2. Petroleum Composition and Its Effects on Soil

https://encyclopedia.pub/entry/24868 2/6



Effects of Petroleum on Soil | Encyclopedia.pub

Petroleum is a complex multi-component system mainly composed of diversely structured hydrocarbons such as
alkanes, cycloalkanes, aromatic compounds (benzene, toluene, ethylbenzene, xylene), polycyclic aromatics
(naphthalene, phenanthrene, anthracene, benzo(a)pyrene), resins, asphaltenes and, in minor amounts, oxygen-,
sulfur- and nitrogen-containing compounds. Depending on the source, crude oil consists of 82-85% carbon, 10—
14% hydrogen, 0.01-7% sulfur, 0.02-2% nitrogen and 0.1-1% oxygen 222 |n terms of the petroleum
composition, it can be classified as light (density 0.65-0.87 g/cm?3), intermediate (density 0.87-0.91 g/cm?3) or
heavy (0.91-1.05 g/cm?3) L3l This is an important parameter, which influences the impact of petroleum on the
environment 1411151,

According to the literature, the major mechanisms of the negative effects of petroleum on living organisms are the
direct toxicity of hydrocarbons from the light oil fractions, and the altered hydrophobicity and the other physical and
chemical properties of soil, caused by heavy oil fractions LEII7II8ILA The light oil effects on plants are stronger,
but short-lived relative to the effects of heavy oil 2921 The light fractions of petroleum, however, are quickly
degraded by microbial destructors or rapidly migrate from the soil; therefore, it is mainly the heavy fractions that

negatively affect living beings, such as plants, animals and microbes, when the contamination is serious 221,

Soil contamination by petroleum and its products changes more or less all soil properties, including its physical,
physicochemical and chemical properties (231241, The extent of such changes depends on the soil type, the soil's
initial condition, and the type and concentration of contaminant. As a result of contamination and the petroleum film
coating of soil particles, the color of the soil profile changes to grey and dark brown 221281, The soil surface color
changes result in lower light reflective properties of soil 22, The light reflective ability of polluted soil was found to
proportionally grow with time because of the petroleum transformation. This effect facilitates more efficient heating
of such soils. The soil particles coated by hydrophobic films of high molecular weight petroleum components lose
their ability to absorb and retain moisture. This leads to a considerable loss of water conductivity and capacity. As a
result of greatly increased hydrophobicity, the upper contaminated layers dry out, whereas the cleaner lower layers
suffer from excessive moisture, leading to incorrect air and water conditions and the development of anaerobic
processes (28129 The abnormal water conditions lower solubility and availability of micronutrients to plants, hence
inhibiting nitrification and ammonification. The waters adjacent to petroleum were reported to be high in sodium.
Sodium ions reach the soil sorbtion complex and replace its pH-balancing cations, thus elevating the soil pH BB,
Petroleum and its products change the redox properties of soil. Ineffective aeration and anaerobic conditions in the
soil depth lower its redox potential and may result in pasting and even surface waterlogging. The petroleum
contamination also changes soil chemical properties. Humus becomes poorer in humic and fulvic acids, and its
organic carbon grows by 2—-10 times. The higher carbon elevates the C:N ratio, and the concentrations of important
elements such as phosphorus and potassium drop. In addition, all of the above factors adversely affect microbes
and plants . Petroleum products are bound by upper soil layers and extrude air from the soil, leading to incorrect
air conditions in soil and plant hypoxia. Thus, petroleum and its products mainly cause negative changes in all soll

properties, from the soil layer morphology to humic acid chemistry.

https://encyclopedia.pub/entry/24868 3/6



Effects of Petroleum on Soil | Encyclopedia.pub

References

1.

10.

11.

12.

Galvez-Cloutier, R.; Guesdon, G.; Fonchain, A. Lac-Mégantic: Analyse de l'urgence
environnementale, bilan et évaluation des impacts. Can. J. Civ. Eng. 2014, 41, 531-539.

. Fomin, G.S.; Fomin, A.G. Pochva: Kontrol’ Kachestva i Ekologicheskoi Bezopasnosti po

Mezhdunarodnym Standartam Spravochnik; Protector: Russia, Moscow, 2001; ISBN 5-900631-
06-0.

. Elinskiy, V.I.; Akmedov, R.M.; Ivanova, Y.A. The problem of environmental pollution in oil

production: Topical issue. Vestn. Moscow Univ. Minist. Intern. Aff. Russ. 2020, 118-122.

. Apulu, O.G.; Potravny, I.M.; Sukhorukova, 1.V. Methods of Justification and Selection of

Technologies for Remediation of Oil-contaminated Land. Ecol. Ind. Russ. 2021, 25, 38—-43.

. Bulanova, A.V.; Gretskova, I.V.; Muratova, O.V. Sorption properties of sorbents used for cleaning

up soils from oil pollution. Vestn. Samara Univ. Nat. Sci. Ser. 2005, 3, 150-158.

. Broniatowski, M.; Binczycka, M.; Wojcik, A.; Flasinski, M.; Wydro, P. Polycyclic aromatic

hydrocarbons in model bacterial membranes—Langmuir monolayer studies. Biochim. Biophys.
Acta Biomembr. 2017, 1859, 2402-2412.

. Jalaludin, J.H.; Abu Bakar, S.; Latif, M.T.; Almeida, M.; Diapouli, E.; Hisamuddin, N.H.; Jalaludin,

J.; Bakar, S.A.; Latif, M.T. Polycyclic Aromatic Hydrocarbons (PAHs) Exposure on DNA Damage
among School Children in Urban Traffic Area, Malaysia. Int. J. Environ. Res. Public Health 2022,
19, 2193.

. Meier, S.; Karlsen, O.; Le Goff, J.; Sgrensen, L.; Sgrhus, E.; Pampanin, D.M.; Donald, C.E.;

Fjelldal, P.G.; Dunaevskaya, E.; Romano, M.; et al. DNA damage and health effects in juvenile
haddock (Melanogrammus aeglefinus) exposed to PAHs associated with oil-polluted sediment or
produced water. PLoS ONE 2020, 15, e0240307.

. Sadovnikova, L.K. Ekologiya i Ohrana Okruzhayushchej Sredy pri Himicheskom Zagryaznenii;

Vysshaya Shkola: Moscow, Russia, 2006; ISBN 5-06-005558-2.

Lifshits, S.K.; Glyaznetsova, Y.; Chalaya, O.N. Self-Regeneration of Oil-Contaminated Soils in the
Cryolithozone on the Example of the Territory of the Former Oil Pipeline «Talakan-Vitim». In
Proceedings of the INTEREKSPO GEO-SIBIR, Novosibirsk, Russia, 23-27 April 2018; pp. 199—
206.

Garcia-Villacis, K.; Ramos-Guerrero, L.; Canga, J.L.; Hidalgo-Lasso, D.; Vargas-Jentzsch, P.;
Govindan, M. Environmental Impact Assessment of Remediation Strategy in an Oil Spill in the
Ecuadorian Amazon Region. Pollutants 2021, 1, 19.

Nametkin, S.S. Khimiya Nefti; 1zd-vo AN SSSR: Moscow, Russia, 1965.

https://encyclopedia.pub/entry/24868 4/6



Effects of Petroleum on Soil | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ryabov, V.D. Khimiya Nefti i Gaza; Shelemina, N.V., Ed.; ID Forum: Moscow, Russia, 2009; ISBN
9785819903902.

Glazovskaya, M.A. Geohimiya Prirodnykh i Tehnogennykh Landshaftov SSSR; Vysshaya Shkola:
Moscow, Russia, 1988; ISBN 5-06-001144-5.

Solntseva, N.P. Dobycha Nefti i Geokhimiya Prirodnykh Landshaftov; Publishing House of
Moscow State University: Moscow, Russia, 1998; ISBN 5-211-03883-5.

Amakiri, J.0.; Onofeghara, F.A. Effect of crude oil pollution on the growth of Zea mays,
Abelmoschus esculentus and Capsicum frutescens. Oil Petrochemical Pollut. 1983, 1, 199-205.

Abosede, E.E. Effect of Crude Oil Pollution on some Soil Physical Properties. IOSR J. Agric. Vet.
Sci. 2013, 6, 14-17.

Adewuyi, P.; Oluremi, J. Compaction Characteristics of Oil Contaminated Residual Soil. J. Eng.
Technol. 2015, 6, 75-88.

Ossai, I.C.; Ahmed, A.; Hassan, A.; Hamid, F.S. Remediation of soil and water contaminated with
petroleum hydrocarbon: A review. Environ. Technol. Innov. 2020, 17, 100526.

Salanitro, J.P.; Dorn, P.B.; Huesemann, M.H.; Moore, K.O.; Rhodes, |.A.; Rice Jackson, L.M.;
Vipond, T.E.; Western, M.M.; Wisniewski, H.L. Crude Oil Hydrocarbon Bioremediation and Soil
Ecotoxicity Assessment. Environ. Sci. Technol. 1997, 31, 1769-1776.

Korshunova, T.Y.; Chetverikov, S.P.; Bakaeva, M.D.; Kuzina, E.V.; Rafikova, G.F.; Chetverikova,
D.V.; Loginov, O.N. Mikroorganizms in the elimination of pollution consequences. Prikl. Biohim. i
Mikrobiol. 2019, 55, 338-349.

Das, N.; Chandran, P. Microbial Degradation of Petroleum Hydrocarbon Contaminants: An
Overview. Biotechnol. Res. Int. 2011, 2011, 941810.

Khamehchiyan, M.; Hossein Charkhabi, A.; Tajik, M. Effects of crude oil contamination on
geotechnical properties of clayey and sandy soils. Eng. Geol. 2007, 89, 220-229.

Zahermand, S.; Vafaeian, M.; Bazyar, M.H. Analysis of the physical and chemical properties of
soil contaminated with oil (Petroleum) hydrocarbons. Earth Sci. Res. J. 2020, 24, 161-166.

Abu-Khasan, M.S.; Makarov, Y.I. Analysis of soil contamination with oil and petroleum products.
IOP Conf. Ser. Earth Environ. Sci. 2021, 937, 022046.

Orlov, D.S. Ekologiya i ohrana biosfery pri himicheskom zagryaznenii; Vysshaya shkola: Russia,
Moscow, 2002; ISBN 5-06-004099-2.

Salimnezhad, A.; Soltani-Jigheh, H.; Soorki, A.A. Effects of oil contamination and bioremediation
on geotechnical properties of highly plastic clayey soil. J. Rock Mech. Geotech. Eng. 2021, 13,
653-670.

https://encyclopedia.pub/entry/24868 5/6



Effects of Petroleum on Soil | Encyclopedia.pub

28. Wang, L.; Cheng, Y.; Naidu, R.; Bowman, M. The Key Factors for the Fate and Transport of
Petroleum Hydrocarbons in Soil With Related in/ex Situ Measurement Methods: An Overview.
Front. Environ. Sci. 2021, 9, 620.

29. Hewelke, E.; Szatytowicz, J.; Hewelke, P.; Gnatowski, T.; Aghalarov, R. The Impact of Diesel Oil
Pollution on the Hydrophobicity and CO2 Efflux of Forest Soils. Water. Air. Soil Pollut. 2018, 229
51.

30. Camenzuli, D.; Freidman, B.L. On-site and in situ remediation technologies applicable to
petroleum hydrocarbon contaminated sites in the Antarctic and Arctic. Polar Res. 2015, 34.

31. Klamerus-lwan, A.; Btonska, E.; Lasota, J.; Kalandyk, A.; Waligorski, P. Influence of Oil
Contamination on Physical and Biological Properties of Forest Soil after Chainsaw Use. Water.
Air. Soil Pollut. 2015, 226, 389.

Retrieved from https://encyclopedia.pub/entry/history/show/60148

https://encyclopedia.pub/entry/24868

6/6



