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ABSTRACT: The global use of petroleum hydrocarbon for domestic and industrial purposes has necessitated the
occurrence of the contamination of the living and non-living components of the environment. This study investigated
the influence of water insoluble fractions of crude oil on physicochemical properties and microbes of soil obtained
from a tertiary institution in Benin City, Nigeria using standard procedures. The result for soil physicochemical
properties showed a significant increase (p < 0.05) in total hydrocarbon, nitrate, phosphate and sodium ion, however
nitrate ion decreased in day 28 and 42. Soil pH, electrical conductivity, calcium, potassium and magnesium ion
concentration significantly decreased, although with very minute variations. Soil bacteria and fungi count also
decreased significantly (p < 0.05), with some variation in fungi count (p < 0.05). The result suggest that treatment
with water insoluble fraction of crude oil induced changes in the soil physicochemical and microbial component,
which infers alterations in soil structure and component. This could negatively affect plant cultivation and growth, as
well as animals and human that consume contaminated plants. Oil contamination should therefore be avoided or
properly managed to prevent its detrimental effect on the non-ling and living soil component.
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Worldwide, crude oil products are extensively used in
the generation of fuel for both domestic and industrial
use; this is due to the increasing daily demand of
energy (Mohan, 2018). These products such as
gasoline, petroleum, kerosene, diesel and natural gas
are used as fuel for different purposes, ranging from
kerosene and natural gas for cooking, petroleum and
diesel to power vehicles and automobiles and gasoline
for recreational vehicles and boats etc (Ahmed and
Fakhruddin, 2018). Crude oil products can be
separated into their water-soluble and insoluble
components; water-soluble fraction is the fraction that
dissolves readily in water, while water insoluble
fraction does not dissolve readily in water (Edema,
2008). These components are distinct in their chemical
components and so is their impact on the environment

(Ahmed and Fakhruddin, 2018). A key consequence
of oil exploration is spillage, oil spillages could be of
negative environmental impact, and this impact affects
the components of the environment such as soil,
plants, animals and Man (Kuch and Bavumiragira,
2019). Soil is a very important layer of the lithosphere
that is biologically active with very environmentally
significant functions that include a. Maintaining
habitat for microorganisms and other animals (Nieson
et al., 2015) (b), Biomass production, which is the
basis for animals and human nutrition (Diaz et al.,
2018; Silver et al., 2021 ) (c). Participation in the
process of mineralization, filtration and buffering, d.
Retention of ions, gases, microorganisms and particle
suspension (Brevik and Sauer, 2015). The soil also
acts as a neutral filter; it stores and transforms harmful
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substances produced from human activities. The
release of petrol into the environment may occur
during loading, transportation and unloading
processes, other causes include war, sabotage, natural
disaster and tanker failure (Egbe and Thompson, 2010;
Jerneldv, 2010). It causes changes in the physical and
chemical properties of the soil and could have a
phytotoxic effect on the germination of seed, growth
and vyield. It could also affect water, oxygen and
nutrient content of the soil (Abii, 2009; Henry, 2005).
Microorganism are involved in soil contamination
process; petroleum toxicity could result in the
destruction of these organism especially at high
concentration, however, hydrocarbon degrading
bacteria and fungi are involved in breaking down these
hydrocarbon (Ogbeide et al., 2019). This process is
termed bioremediation, bioremediation transforms the
toxic substances to harmless products such as COs,
H,0 and fatty acids (Ahmed and Fakhruddin, 2018).
Bacteria with genera, Bacillus, Pseudomonas
Nocardia, Escherichia, Staphylococcus,
Flavobacterium, Enterobacter and Acinetobacter can
degrade hydrocarbons (Borowik, 2020). Some fungi
specie such as Aspergillus, Penicillium, Fusarium,
Candida and Cladosparium have also been isolated
from marine sediments of the Niger Delta and they are
known to degrade hydrocarbons (Mansi et al., 2018).
The role of indigenous microbes in hydrocarbon
degradation cannot be over-emphasized, as
immediately contaminants are present in a site there is
a remarkable change in the microbial composition of
that site; The microbes increase in their number and
decreases itself naturally once the contaminants are
degraded (Mansi et al., 2018).

Crude oil based hydrocarbons are made up of aromatic
and aliphatic hydrocarbons with varying hydrocarbon
length, the degradation of alkanes is more rapid
followed by simple aromatic hydrocarbons such as
toluene, benzene, xylene-isoalkane while other
aromatics and cycloalkanes degrade more slowly
(Nzili, 2018). There is a wide variation in the rate
degradation of the different classes of organic
compounds  (Nzili, 2018). Non-hydrocarbon
compounds, including nitrogen and Sulphur, these
contaminants are known to change the water holding
capacity and hydrophobicity (Eldos et al., 2022). Due
to the report from a number of studies on the toxic
effect of crude oil on the soil components of the
environment and the scare studies on its water
insoluble fraction, the need for this study became
necessary. This study therefore investigated the
influence of water insoluble fractions of crude oil on
physicochemical properties and microbes of sail
obtained from a tertiary institution in Benin City,
Nigeria.

MATERIALS AND METHODS

Sample collection: The research was carried out in the
department of biochemistry of the University of
Benin, Benin City, Nigeria. Sandy loamy soil sample
was collected from a serene region of the University
with very minute vehicular disturbance, soil was
sieved and 500g was measured into nursery bags after
air-drying was while crude oil was collected from the
Warri refinery.

Fractionation of crude oil: A portion of the crude oil
collected was fractionated in accordance with
Anderson et al. (1974) procedure. Crude oil (300 ml)
and distilled water (600 ml) was measured in a 1 litre
conical flask and stirred consistently for 48 h with a
magnetic stirrer. Water insoluble fraction was
separated from water soluble fraction and collected in
a conical flask using a separating funnel that was set
up for 48 h.

Soil treatment: The soil was treated with varying
concentration of WIF, 0, 2, 5, 10 and 20% at time
interval, 0, 14, 28 and 42 days, which was selected
after a range-finding test was done.

Soil physicochemical properties: Soil
physicochemical analysis was performed using 2 gram
WIF treated and control samples, samples were then
air-dried, sieved through a 2mm sieve and stored in a
sterile plastic container, ready to be analyzed. All
parameters such as soil hydrocarbon contents (THC),
Nitrate, Phosphate, calcium ion (Ca2*), Potassium ions
(K+ ), Sodium ion (Na+), Electricity Conductivity
(EC) and Magnesium ion (Mg2+) were determined
colorimetrically according to AOAC, (1984). pH on
the other hand was done according the procedure of
Bates (1954).

Bacteria identification and enumeration: Bacteria
isolates identification was performed based on
microscopic, cultural and biochemical characteristics
according to Bergey’s manual of determinative
bacteriology (Brown, 1939). Analysis was performed
after sterilization of all equipment and glassware.
Glassware were sterilized in a hot air at oven at 160°C
for 2 h. while growth media and distilled water were
autoclaved at 120°C for 15mins. Soil sample (1 gram)
suspended in 10mls sterile water was used to prepare
concentrated solution and the suspension was serially
diluted in the order of 10?, 104 109, 10% 10%
concentrations. Heterogeneous bacteria count was
estimated in triplicates using pour plate method with
concentrations 10° 108 and 10%°.  Bacteria was
isolated using nutrient agar with the presence of
nystatin (0.015% w/v) to inhibit the growth of fungi
and incubation was done for 7 days at ambient
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temperature. The pure isolates were maintained slantly
on agar at 4°C.

Enumeration, isolation and identification of fungi:
Water insoluble fraction contaminated and control soil
samples each, was diluted in sterile water in a
concentration ratio of one (1 g) to 9 ml while a tenfold
serial dilution of concentrate was made in a ratio of
1:10 to 10,000. An aliquot of 0.1 ml from the 10
dilution was plated in triplicates for each sample, on
PDA, potato dextrose agar that was amended with the
antibiotics streptomycin, which helps to inhibit
bacteria growth, using pour plate method. The plates
were incubated for 72 h at 27°C, the number of viable
fungi in the WIF and control soil samples were
calculated, the number of colonies formed. The
volume of inoculum and dilution factors were
expressed in colony forming unit per gram.
Preparation and identification of fungi specimens was
carried out under a light microscope through
morphological and taxonomical characteristics
(Barnett and Hunter, 1998).
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Statistical analysis: Data was collected and analysis
was performed using graph pad prism 6 and the results
were represented as mean xstandard error (SEM). One
way ANOVA was carried out for comparing three and
more parameters while turkey test was done for
significant difference set at p < 0.05.

RESULTS AND DISCUSSION

Human activities has greatly contributed to the
generation and distribution of petroleum products as a
source of fuel while simultaneously causing
environmental menace due to spillage. This research
was undertaken to investigate the effect of crude oil
water insoluble fraction on soil physicochemical and
microbial components. The data from this study
revealed that WIF treatment resulted in a significant
increase (p < 0.05) in the total hydrocarbon, nitrate,
phosphate and sodium concentration, however nitrate
concentration decreased at day 28 and 42 for all
concentrations, except at 20% where no significant
changes was observed (Fig. 1A, B, C and D).
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Meanwhile, a significant decrease (p < 0.05) was
noticed with soil pH, electrical conductivity, calcium,
potassium and magnesium ion concentration when
compared with control, although with some similar
variations in pattern, an increase that was significant
(p <0.05) was first observed in most concentrations of
day 0 (Fig. 2A, B, C, D and E). Obire et al., (2008)
report that whole crude contamination significantly

increased organic carbon, sodium ion, ammonium and
nitrate ion. Meanwhile other soil parameters such as
pH, electrical conductivity (E.C), potassium,
magnesium ion and available phosphorus reduced.
This is in line with the present studies although with
very minute variations. Curylo et al., (2020), have
reported similar results; significant changes were seen
in soil organic compound, nitrogen content and
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phosphatases. A good number of research have also
reported similar findings on the effect of crude oil on
soil THC, pH and nitrate (Anacletus et al., 2017,
Pathak et al., 2011, Hassan et al., 2018). This again
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confirms the result of this research, although the
previous research studied the effect of whole crude,
which was seen to have very similar effect with WIF
that was investigated in this research.
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Fig. 2. A. Electrical conductivity. B. Sodium ion C. Potassium ion D. Calcium. E. Magnesium ion. Data represented as mean = SEM of
three determinations and * indicates significant difference at p < 0.05

The present study also reported that WIF reduced soil
bacteria and fungi count. Bacteria analysis that
entailed the identification and quantification showed
that  Pseudomonas spp, Bacillus  subtilis,
Staphylococcus aureus, Enterobacter spp and
klebsiella spp were present in the soil. It also revealed
that the total count of heterogeneous bacteria ranged
from 0.06x10% - 9x108 in control and treated plants
samples. However just Pseudomonas spp and Bacillus
subtillis were able to strive on day 42, although
insignificantly, a similar result was observed in
previous study (Omotayo et al., 2012, Ekanem and
Ogunjobi, 2017). In Ekanem and Ogunjobi, (2017),
Pseudomonas spp and Bacillus subtillis showed the
highest hydrocarbon utilization when compared with
Enterobacter spp. This implies that only the crude oil
degraders of very high potentials (Bacillus spp. and
Pseudomonas spp.) were able to survive at very toxic

levels of contamination. Similar results have been
observed in previous studies (Sadoun et al., 2008;
Ekanem and Ogunjobi et al., 2017 and Inieke et al.,
2018). Fungi analysis in this present studies showed
presence of some hydrocarbon degrading generg;
Penicillium, Aspergilius, Trichoderma and Mucor,
which could account for the slight increase in fungi
count, since these genera can strive in oil contaminated
areas . It was also revealed that as concentration and
time of crude oil contamination increased, fungi
species decrease significantly especially on day 42.
This has been reported in previous studies with water-
soluble fraction and crude oil as toxicant (Ai-Jawhari,
2014, Dawoodi et al., 2015, Al-Nasrawi, 2012),
however WIF has not been previously reported. The
finding from the present indicated that WIF
contamination resulted in alteration in soil
physicochemical and microbial component.
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Fig 3. A. Bacteria count B. Fungi count. Results are presented as
mean + SEM of three determinations and * indicates significant
difference at p < 0.05

Conclusion: The findings from the present research
demonstrated that soil treatment with the water
insoluble fraction of crude oil resulted in alterations in
the soil physicochemical, bacteria and fungi
components. This could have a direct effect on the soil
integrity, causing alterations in the normal enzymatic
interaction and nutrient availability for maximum crop
yield. WIF contamination should however be checked
to prevent the risk it poses to the living and non-living
structure of the environment.
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