
 

 

 

Journal of Engineering Innovations and Applications 
Volume 1(1), pages 1-6, June 2022 

Article Number: 3A8AB9481 
ISSN: 2971-673X 

https://doi.org/10.31248/JEIA2022.021 
https://integrityresjournals.org/journal/JEIA 

Review Article 
 
 

Impacts of petroleum spills on geotechnical properties 
of soils: A review 

 

Akpokodje, O. I.1, Juwah, H. O.1 and Uguru, H.2* 
 

1Department of Civil and Water Resources Engineering, Delta State University of Science and Technology, Ozoro, Nigeria. 
2Department of Agricultural Engineering, Delta State University of Science and Technology, Ozoro, Nigeria. 

 
*Corresponding author. Email: erobo2011@gmail.com; ORCID ID:  https://orcid.org/0000-0002-6132-5082. 

 
Copyright © 2022 Akpokodje et al. This article remains permanently open access under the terms of the Creative Commons Attribution License 4.0, 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

Received 17th June 2022; Accepted 29th June 2022 
 

ABSTRACT: Environmental pollution caused by crude oil spills had increased recently in Nigeria, due to increase in crude 
oil production and the activities of crude oil thieves. This review work was embarked upon to evaluate the impacts of crude 
oil petroleum products spills on the geotechnical properties of different soils found in Nigeria. The review tried to provide 
a summary on the influence of crude oil on the Atterberg limits, compaction, permeability, angle of internal friction, 
cohesion, and consolidation properties of soil samples. Findings from this review revealed that the geotechnical 
characteristics of soils can be remarkably altered by crude oil and petroleum products impaction. Most of the literatures 
reviewed indicated a reduction in the Atterberg limits, the compression index (Cc) and the permeability of the soils, as the 
volume of crude oil in the soils increased. The literature review depicted that the rate, at which the soils’ geotechnical 
properties were altered, was a factor of the oil volume contained inside the soils and the impacted soil biochemical 
properties. 
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INTRODUCTION 
 

Petroleum is an organic compound, which contains 
numerous aromatic hydrocarbons, heavy metals, 
asphaltenes, etc. (Moubasher et al., 2015), obtained 
through underground exploration processes (Uguru and 
Udubra, 2021). Globally, petroleum production is on the 
increase, despite its widely some of their negative 
consequences on the ecosystems (Akpomrere and Uguru, 
2020a). Petroleum production has three major sections; 
the exploration and production, the refining and marketing 
section, and the infrastructure/transportation section 
(Walls, 2010; Akpokodje et al., 2019a).  

Petroleum production and the utilization of its 
derivatives, can lead to environment pollution (spills) if not 
properly managed. Crude oil spills have become major 
menace in most oil producing countries. In Nigeria most of 
the crude oil spills are linked to activities of vandals (crude 
oil thieves) (Akpomrere and Uguru, 2020a). Shell 
Petroleum Development Company (SPDC), a major oil 
production company in Nigeria, stated that approximately 
80% of oil spills incidences occurring in the country can be 

linked to the activities of saboteurs (Uguru et al., 2020; 
SPDC, 2021). National Oil Spill Detection and Response 
Agency (NOSDRA), an environmental protection agency 
of the Nigeria government, reported more than 1,100 
crude oil spill incidences in Nigeria, between 2019 and 
2021, resulting in about 62,678 barrels of crude oil into the 
adjoining ecosystem (Saadoun, 2015; NOSDRA, 2021; 
Uguru and Udubra, 2021). 

Crude oil pollution has adverse effects on the 
surrounding soil physical, mechanical and biochemical 
properties; affecting building foundations, road pavements 
and earth retaining structures within the vicinity (Hong et 
al., 2005; Youdeowei, 2008). Khamehchiyan et al. (2007) 
reported that when soils are impacted by lower quantity of 
oil (<16%), the likelihood of this oil draining out from the 
soil is quite remote. Akinwumi et al. (2014) stated that one 
of the major effects of oil impacted soilis the alterations in 
the soils’ engineering properties; resulting in significant 
increment in the soil’s plasticity and settlement rate, 
reduction    in    the    soil    load    bearing    capacity,    etc. 
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Environmental pollution resulting from oil spills cannot be 
ignored or disregarded; as one of these environmental 
impacts is the alterations in the soils’ engineering 
properties and behavior. It has been reported (Elisha, 
2012; Al-Obaidy et al., 2019) that oil has the capability of 
increasing the petroleum hydrocarbons and toxic metals 
concentrations in the soil; thus causing significant 
modification to the soils’ chemical, mechanical, physical 
and biological properties (Puri, 2000; Chang et al., 2014; 
Akpokodje et al., 2019a). 
 
 
IMPACT OF PETROLEUM ON SOIL GEOTECHNICAL 
PROPERTIES  
 
Generally, hydrocarbons polluted fines are posed to have 
a flocculating fabric with more Edge-to-Face contacts; on 
the contrary, uncontaminated fines are posed to have 
predominant Face-to-Face and Edge-to Edge contacts 
that produce a widespread and familiarized fabric 
(Izdebska-Mucha et al., 2011; Trzciński et al., 2015; Rajabi 
and Sharifipour, 2018). Izdebska-Mucha and Trzciński 
(2021) reported that petroleum impaction of soil resulted to 
changes in the soils’ microstructural pattern, from an 
extremely anisotropic pattern to a uniform matrix pattern. 
The rate at which petroleum alters the geotechnical 
properties of soils is a factor of; the volume and 
concentration of the crude oil discharged into the soil, the 
climatic conditions, the physical characteristics of the soil, 
the vegetative cover of the spatial extent impacted and the 
chemical properties of the soil (Fine et al., 1997; 
Akpomrere and Uguru, 2020b; Uguru et al., 2020).  

Nudelman et al. (2002) stated that the rate at which oil 
alters the soil’s behavior is predisposed to the soil 
properties, such as its permeability, adsorption rate, 
partition coefficient, etc. Evgin and Das (1992) also 
revealed in their findings (finite-element analysis), that the 
rate of soil settlement in structures (footings) can be 
increased, as a result of oil presence in the soil. 
Evaporation of the oil from the soils surfaces can institute 
alterations in the oil physiochemical properties; thus 
restoring the altered soils’ geotechnical properties 
(Ostovar et al., 2020). 
 
 
Atterberg limits (consistency limits) 
 
Tse and Eshiemomo (2016) and Evgin and Das (1992) in 
their investigation on some geotechnical properties of 
soils, observed that, oil contamination had substantial 
effects on the soils’ Atterberg limits and strength 
parameters. Khamehchiyan et al. (2007) investigated the 
geotechnical properties of oil adulterated clayey and sandy 
soils in Iran, and their findings revealed a generally decline 
in the strength, permeability, maximum dry density (MDD), 
optimum water content  (OWC) and Atterberg  limits  of  the  

 
 
 
 
soil. Amir and Amir (2021) and Youdeowei (2008) in their 
studies concluded that, soil liquid limits and plastic limits 
declined notability after oil pollution. Youdeowei (2008) 
reported that the soils’ liquid limits declined by 8%, while 
the plastic limits and plasticity indices declined by 9% and 
40 %, respectively after the petroleum contamination. 
Furthermore, Rahman et al. (2010) and Rasheed et al. 
(2014) studied the consequence of hydrocarbons on soil 
geotechnical properties, and their findings depicted that 
the as the oil volume in the soil increases, a decline in the 
soil’s  liquid limit and plastic limit values were observed.  

In contrary, Khosravi et al. (2013), Akinwumi et al. (2014) 
and Al-Obaidy et al. (2019) stated that high petroleum 
content (>12%) in fine grained soils, resulted in a dramatic 
reduction in the soils’ plastic limits, but the liquid limits and 
plastic indices increased dramatically. Irregularities in the 
Atterberg’s limits can be attributed to characteristics of the 
soils’ particle sizes.  The liquid and plastic limits of fine 
grained size soil tend to reduce after contamination, 
resulting from the non-polarity of oil molecules and the 
particle sizes distribution of the soils. Fine grained size soil 
do not show plasticity with non-polar fluids (Kaya and 
Fang, 2000; Ratnaweera and Meegoda, 2006; Rajabi and 
Sharifipour, 2018). 
 
 
Compaction and permeability 
 
Puri (2000) and Yazdi and Teshnizi (2021) reported that 
petroleum impaction caused meaningful alteration in soil 
compaction and permeability. Likewise, Yazdi and 
Teshnizi (2021) stated that petroleum caused significant 
changes in the soils’ internal friction angle and constrained 
modulus; as these parameters decrease non-linearly as 
the petroleum quantity increases (from 0 to 12%). 
According to Nazir (2011) oil pollution generally reduced 
granular soils’ permeability; but the effect of oil pollution on 
the permeability of clayey soils was not noticeable, which 
can be attributed to the poor dielectric constant value, 
initiated in the fines in the soil by the contaminant. Clay 
particle soils experience a drop in their double-layer 
thickness, and the volume of the free water will rise after 
the petroleum pollution (Safehian et al., 2018; Ostovar et 
al., 2020). 

Iloeje and Aniago (2016) reported that petroleum altered 
the permeability property of soils from a silty clay state to 
a clayey soil state, as the permeability decreased 
drastically, as the oil content increased by 8%. Petroleum 
significantly affects the density of the soil samples (Shah 
et al., 2003; Khamechiyan et al., 2007; Yazdi and Teshnizi, 
2021). This affirmed the negative impact of oil on the 
engineering properties of soils. Rehman et al. (2007) 
studied the impact of petroleum on the compaction 
characteristics of clay soils, and observed that polluted 
clay soils tend to have higher MDD at lower soil water 
content. This  is   because   the   oil   acts   as   an  additional  



 

 

 
 
 
 
lubricating agent, as well as a binding material for the soil 
aggregates, gluing the soil particles together; thus 
increasing the soil MDD; although higher petroleum 
content (>16%) revealed reduction in the soil MDD. 
Similarly, Kermani and Ebadi (2012) and Nasehi et al. 
(2016) observed a reduction in soils’ MDD, as the 
petroleum volume and concentration in soils increases. 
According to Udonne and Onwuma (2014), the soil bulk 
density increased by 4.4%, and the capillarity rate declined 
by 900%, after oil spill. Ostovar et al. (2020) in their 
investigation into oil spills impacted soils, noted strong 
variations in the soils’ permeability coefficient, as the later 
tends to increase initially, at lower petroleum volume, and 
then increased sharply as the petroleum volume is 
increased above 12%. Khamehchiyan et al. (2007) in their 
studies justified the fall in the permeability coefficient of 
sandy soil, under severe oil contamination, attributing it to 
a reduction in the void sizes in the sand samples, which 
rose from excess oil in the soil. Additionally, the research 
findings of Walia et al. (2013) confirm the results of 
previous researchers, as it stated that soil MMD tends to 
decline after exposure to hydrocarbon compounds and 
other organic oils. 

Furthermore, Safehian et al. (2018), Akinwumi et al. 
(2014) and Akpokodje and Uguru (2019b) in their 
exclusive researched into the impact of petroleum on soils’ 
geotechnical properties, reported reductions in the soils’ 
MDD, OWC and permeability after contamination. The 
declined in soils’ permeability can be linked to the clogging 
of the soil voids, initiated by the petroleum impactation 
(Akpokodje and Uguru, 2019b). Srivastava and Pandey 
(1998) reported that increment (0% to 12%) of petroleum 
in alluvial soils tends to cause a continuously decline in the 
soils’ MDD and OMC. However, Singh et al. (2009) stated 
that the OMC of soils samples increased by almost by 
45%, as the volume of the petroleum in the soil samples 
increased from 0 to 9%. 
 
 
Soil hydraulic conductivity 
 

According to Shin and Das (2000) the hydraulic 
conductivity of oil spill impacted soils tends to decline 
continuously and directly proportionally to the 
concentration of crude oil in the soil samples. Moreover, 
Rojas et al. (2003) investigated the influence petroleum on 
soils’ kinematic viscosity and hydraulic conductivity, and 
recorded a decline in the soils’ hydraulic conductivity as 
the petroleum quantity increases. Rojas et al. (2003) 
observed that oil spill impacted soils recorded higher 
kinematic viscosities.  

In related development, Chew and Lee (2006) examined 
the impact of organic oil spills on the hydraulic conductivity 
of coarse grained particles soils, and reported that the 
hydraulic conductivity of the soils decreased, as the oil 
quantity increased; attributing this action to the occupation  
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of the soils’ voids by the organic oil, which hinder the free 
flow of water within the soils.   
 
 
Angle of internal friction and cohesion 
 

Youdeowei (2008) investigated the effect of petroleum 
on soils’ mechanical properties, and reported that 
petroleum caused significant decline in the soils’ cohesion 
and frictional angle. Relatively, Alsanad et al. (1995), 
Alsanad and Ismail (1997) and Rahman et al. (2010) 
studied the impact of oil on soils geotechnical properties, 
and reported that the soils’ shear parameters, 
compressibility, permeability and compaction were altered 
by the oil’s presence. Also, Alsanad et al. (1995) indicated 
significant drop in soils’ strength and permeability 
parameters, as a results of the oil contamination; though 
the soils exhibited increments in their compressibility.  

Evgin and Das (1992) stimulated the impact of oil spills 
on quartz sand’s shear strength, and recorded a decline in 
soil friction angle as the oil volume increases. Abousnina 
et al. (2015) in their research, looked at the impacts of 
petroleum on soils particles, and their observations 
revealed that oil pollution led to increment in the cohesion 
and decrement in the angle of internal friction angle. 
Furthermore, Khosravi et al. (2013) and Nasehi et al. 
(2016) in their investigation into the effects of oil on clay 
soils observed that, the oil initiated a reduction in the 
internal friction angle of the soils, while soil cohesion 
increased progressively, as the oil volume increased to 
7%. The increase in cohesion of contaminated clay must 
have been caused by the increase in bonding by oil 
particles (Elisha, 2012). According to Al-Shayea (2001), 
the decline noticed in the contaminated soil friction angle 
may be caused by the reduction in the frictional resistance 
between the soil particles, triggered by the existence of 
adequate oil in the soil.  

Granular soils are mostly non-cohesive and have a 
considerable friction angle (Jia et al., 2011; Ostovar et al., 
2020). Oils tend to increase soils’ coefficient of 
compression, although, there is no strong correlation 
relationship between the soils’ shear strength and the oil 
quantity (Jia et al., 2011; Khosravi et al., 2013). According 
to Evgin and Das (1992), stimulated oil spills instigated a 
momentous reduction soils’ friction angle, irrespective of 
their texture; even though there was dramatic increment in 
the soils’ volumetric strain. Shin et al. (2002) stated that oil 
content in the soils increases, internal modification tends 
to occur between the particles of the contaminated soils, 
leading to alterations in the soils’ friction angle (Rajabi and 
Sharifipour, 2018). The impact of oil spills on river bed soils 
was carried out by Puri et al. (1994), and it was observed 
that the river bed soils showed a remarkable reduction in 
their friction angle, as oil content increases.  

In a study carried by Al-Sanad et al. (1995) and 
Onyelowe  (2015)   on   the   consequence   of   oil   on  the 
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geotechnical properties of poorly-graded soils, a 
continuous decline was observed in the soils’ shear 
strength as the oil volume was increased by 68 %wt. 
Khamehchiyan et al. (2007) and Srivastava and Pandey 
(1998), stated that oils are capable of creating minute 
amounts of cohesion in large-grained size soil particles, 
due to good adhesion capacity of these large-grained size 
soil particles. Generally, imposed alterations in the van der 
Waals force and suction between the soil particles, couple 
with formation of moist hydrocarbon circumstances in the 
soil microstructure, could be accountable for the cohesion 
reduction observed in hydrocarbon contaminated fine-
grained soil (Rajabi and Sharifipour, 2018).  

Ostovar et al. (2020) reported that the cohesion values 
of poorly-graded soils samples increases as the oil content 
increases; while cohesion values recorded in the clayey 
sand sample reduces, when the quantity of oil present in 
soil increases. Additionally, it was detected in results 
obtained by Ostovar et al. (2020) that although the 
cohesion recorded in clayey sand sample generally 
diminishes with rise in the soil oil content, it still remains 
higher than the cohesion values for the sandy soil 
samples. In addition, Alfach and Wilkinson (2020) stated 
that oil contamination of poorly graded soils caused 
alterations in the maximum internal forces (bending 
moment and normal force) of corner piles, and the load–
displacement pattern was directly proportional to the 
volume of oil in the soil.  

Generally, as a result of the contamination, there was a 
reduction in the angle of internal friction of sandy, 
bentonite-rich and pure kaolin soils; although the cohesion 
of the sandy, bentonite-rich and pure kaolin soils tends to 
increase with oil contamination (Khamehchiyan et al., 
2007; Khosravi et al., 2013). On the contrary, it was 
observed that for the clayey and silty soils, the samples 
angle of friction tends to increase, while the cohesion tend 
to decrease after the oil pollution (Kermani and Ebadi, 
2012; Khamehchiyan et al., 2007). 
 
 
Consolidation  
 
Consolidation is the process of applying a long duration 
static load to a large body of soil, in order to minimize the 
voids inside the soil mass (Talukdar and Saikia, 2013). 
Matteo (2011) studied the influence of oil on the 
compression index of kaolinitic soil samples, and observed 
a non-linear decline in of void ratio and compressibility of 
the soil samples as the oil volume increased. Khosravi et 
al. (2013) in their experimental works recorded general 
reduction in soil compression index (Cc), after simulated 
oil spill; though the soil swelling index (Cs) was observed 
to increase at a slow pace, as the oil volume increases.  
According to Safehian et al. (2018) and Salimnezhad et al. 
(2021), oil pollution caused significant increment in soils 
free swelling rate; while the swelling pressure declined the  

 
 
 
 
oil contamination. 

Additionally, Talukdar and Saikia (2013) in their 
investigation into the geotechnical properties of fine 
grained size soils reported that, soil Cc tends to decrease 
as the oil volume from the oil spill increases. In contrast, 
Srivastava and Pandey (1998) reported in their study that 
soil Cc tends to increase as the oil volume in the soil 
increases. Furthermore, Elsharief et al. (2015) noted that 
soils swelling pressure diminished, as the oil content 
increased, which can be linked to the reduction in the soils 
moisture content, caused by the increase in the soils oil 
content (Akpokodje Uguru, 2019b). Murat and Mustafa 
(2010), reported that consolidation parameters of fine 
grained soils are posed to decline as oil adulteration 
increases. Petroleum has the ability of causing serious 
alteration in the consolidation characteristics (Cc and Cv) 
of soils, and these alterations are highly dependent on the 
soil type, the biochemical properties of the soil and the 
nature of the hydrocarbon impactation Al-Sanad et al., 
1995; Alhassan and Fagge, 2013; Uguru et al., 2020).  
 
 
CONCLUSION AND RECOMMENDATIONS 
 
This review work embarked upon focusing on recorded 
previous literatures on the impact of crude oil (petroleum) 
on the geotechnical properties of soils. The following 
itemized conclusions can be made from the review. 
 
1. Petroleum pollution adversely affects the geotechnical 

properties of the soil, irrespective of the soil type. 
2. Petroleum can significantly decline soils LL and PL, 

although some authors stated contrary views. 
3. Most literatures reported that the coefficient of 

permeability of soils decreased gradually as the soils 
oil volume increases. 

4. It was observed from the literatures that crude oil 
reduces soils’ OMC and MDD. 

5. Most literatures reported a general decline in the soils’ 
compression index (Cc) as a results of oil spillage. 

6. Regarding soils’ internal friction angle, literatures 
reviewed revealed that petroleum generally caused a 
reduction in the internal friction angle of soils. 

7. It was observed that the rate at which soil geotechnical 
properties are altered, is dependent on the quantity of 
oil in the soils. 
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