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KABSTRACT \

One of the many catastrophes produced by mankind throughout history is the environmental deterioration that results from oil
spills during extraction, processing, transportation, and corrosion of pipelines or damage. This study is aimed at assessing the
microbiological and physicochemical characteristics of soil contaminated with crude oil and of an uncontaminated soil. The
microbiological analysis revealed that total heterotrophic bacteria counts for the uncontaminated soil and contaminated soil was
4.77+0.47x10°CFU/g and 5.2+2.80x10°CFU/g respectively, Total Fungal counts was 4.3%0.96x10* and 5.1+1.11x10°SFU/g
respectively, Hydrocarbon Utilizing Bacteria counts 3.4+0.10x10* and 3.9+0.59x10°CFU/g respectively, and Hydrocarbon
Utilizing Fungal counts was 2.8+0.59x10* and 3.0+0.53x10° SFU/g respectively for uncontaminated and contaminated soil. The
bacterial isolates identified from the uncontaminated soil were Serratia spp, Aeromonas spp, Micrococcus spp. Bacillus subtilis
while Bacillus mycoides, Chryseobacterium spp, Bacillus thuringiensis, Pseudomonas spp. and Staphylococcus sp. from the
contaminated soil. The fungal isolates identified from uncontaminated soil include Aspergillus spp., Trichoderma spp.,
Colletotrichum spp, and Aspergillus spp, Aspergillus spp. Penicillum spp, Fusarium spp. Aspergillus spp, Candida spp.
Trichophyton spp. Alternaria spp. and Rhizopus spp from contaminated soil. The physicochemical parameters before and after
crude oil pollution revealed pH to be 5.63£0.03 and 5.83+£0.02, temperature 27.47+0.35 and 27.80£0.10, moisture content
12.1740.11 and 45.77+0.25, electrical conductivity 78.33+0.25uS/cm and 19.43+0.21uS/cm. Nitrogen 9.15+0.03mg/kg and
3.63+0.04mg/kg, phosphorus 6.29+0.04mg/kg and 35.37+£0.25mg/kg, potassium 12.17+0.05mg/kg and 22.47+0.15mg/kg, TOC
was 0.65+0.03% and 0.37£0.02%e, SOM 1.15+0.03% and 0.69+0.01% for uncontaminated and contaminated soil respectively. It
can be concluded that oil-degrading microorganisms are abundant in the soil contaminated with crude oil. This can be exploited
for large oil-spill clean-up campaigns.

KKeywords: Crude oil contaminated soil, Bacillus subtilis, Pseudomonas species, Aspergillus, Penicillum spp, physicochemical. /

Introduction
Hydrocarbons have an indirect or direct impact on soil

All components of the ecosystem are seriously
threatened by oil spills. Soil pollution is a result of the
frequent spilling of crude oil and its refined products
during the extraction, transportation, storage, and
distribution processes (Chikere et al., 2019). The
physical, chemical, and biological characteristics of
soil are changed when crude oil is incorporated into it.
This has an impact on agricultural crops, particularly
those that are less tolerant to oil, and soil fertility. The
decomposition of soil organic matter, the production
of humus, the cycling of nutrients, and the stimulation
of plant development are all significantly influenced
by soil microorganisms, mostly bacteria and fungi.

microorganisms after entering the soil. Petroleum use
indirectly raises soil surface temperatures, alters the
amount of organic matter in the soil, disrupts the
oxygen and water cycles, and reduces the availability
of nutrients. The structure and operation of soil
microbial communities are therefore altered by these
changes (Fan et al., 2014; Labud et al., 2007).

Petroleum hydrocarbons can directly harm soil
community members by disrupting membranes in
general, damaging membrane functions, halting
growth, and lysing cells (Lazaroaie, 2010; Zahir, et al.,
2006).
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The growth encouragement of microbial communities
that can breakdown or tolerate hydrocarbons is another
direct effect of petroleum put into the soil. Although
these organisms are present in all soils, it has been
observed that their abundance and breakdown patterns
rely on the physicochemical properties of the soil and
its origin (Chikere et al., 2019; Cho et al., 2015).
Petroleum hydrocarbons are known to be harmful to
microorganisms. The number of microorganisms in a
soil sample decreases as a result of crude oil
contamination. According to Okoye and Okunrobo
(2014), an oil leak may have had an impact on the
decrease in soil microorganisms in the contaminated
region due to the extreme acidity/alkalinity caused by
the oil, many soil bacteria' behaviors are altered, and
this might occasionally result in their eventual death.
From one source to another, the makeup of crude oil, a
mixture of tens of thousands of organic components,
might differ. Accordingly, different sources may
experience different repercussions from a crude oil
spill. The spill's environment will have an impact on
the specifics of any potential biological harm, though.
Physical and chemical characteristics of soil can be
affected by oil contamination. By lowering the amount
of Phosphorus that is accessible and raising the pH of
the soil, oil depletes the soil's fertility, which may
hasten the effects of alkalescency on the wetlands in
the semi-arid region (Wang et al., 2013). In
comparison to nearby control sites, hydrocarbon-
contaminated soils frequently have a higher daily
maximum surface temperature (Aislabie et al., 2004).
According to Townsend et al. (2003), Labud et al.
(2007), and Sutton et al. (2013), oil typically promotes
an anaerobic environment in soil by burying soil
particles, preventing air diffusion in the soil pores, and
impacting soil microbial populations. According to Lin
and Mendelssohn (2012), severe crude oil
contamination can result in the full extinction of marsh
vegetation.

Additionally, compared to pristine areas, soils
contaminated with crude oil are hydrophobic (Quyum
et al., 2002; Aislabie and 2004). In addition to altering
soil pH (Hu et al., 2006; Wang et al., 2009; 2010) and
other chemical properties, hydrocarbon contamination
can also increase soil total organic carbon, as well as
other soil parameters (Arocena and Rutherford, 2005;
Kisic et al., 2009). The aim of this research work was
to determine the effect of crude oil on the
microbiological and physiochemical characteristics of
soil in Port Harcourt Rivers State, Nigeria.

Materials and Methods
Study Area and Sample Collection

This study was carried out in Port Harcourt, Rivers
State University Rivers State, Nigeria. Soil samples
were collected from Rivers State University
Demonstration Farm with coordinates 4°48°3.59” N,
6°58°46.09E.

Source of Crude Oil and Contamination of Soil

Bonny light crude oil was obtained from the Shell
Petroleum Development Company of Nigeria Limited
(SPDC) Port Harcourt Nigeria.

Soil samples were aseptically collected from the study
area from between the depths of 0 to 15 c¢cm using a
sterile hand-held soil auger. Samples were bulked up
into a composite sample in disinfected polythene bags
and transported immediately to the Microbiology
Laboratory at the Rivers State University for
microbiological and physicochemical analyses. About
2000g of each soil sample was weighed into two
different sterile containers labeled appropriately. One
was evenly contaminated with 300ml crude oil
(polluted soil) while the other was not contaminated
with crude oil (unpolluted soil). Soil samples were
immediately analyzed on the first day (Day 1), and
thereafter at 2 weeks (14 days) interval for 8 weeks
(56 days).

Microbiological Analysis of the Soil

Enumeration of Total heterotrophic Bacteria and
Fungi count

The spread plate count method was used to determine
the Total heterotrophic Bacteria (THB), Hydrocarbon
and Fungi (F) in the soil was conducted with the
following; About 1g of the soil samples were
aseptically transferred into a 9.0ml normal saline. The
weighed soil samples were subjected to a serial ten-
fold dilution with a dilution factor ranging from 10-3
to 10-6 onto nutrient agar, an aliquot (0.1ml) of the
appropriate dilutions were spread plated onto suitable
agar medium in triplicate. For twenty-four hours, the
plates were incubated at 37°C. The total heterotrophic
bacterial (THB) counts were estimated from the
colonies formed on nutrient agar, which were counted
and described morphologically. For fungi aliquot of
0.1ml of the 107%dilution was inoculated onto
Sabouraud Dextrose Agar (SDA) plate in duplicates.
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The inoculated plates were incubated for 48-72hrs at
ambient temperatures (26-32°C). After incubation, the
number of discrete colonies that formed were counted
and used to calculate the total fungi in spore forming
units per gram (SFU/qg) soil.

Enumeration of Hydrocarbon Utilizing Bacteria
and Fungi

For the enumeration of Hydrocarbon utilizing bacterial
(HUB) an aliquot of 0.1ml of the 10 dilution was
inoculated onto  Bushnell-Haas agar (BHA)
supplemented with Ketoconazole in duplicates.
Inoculated plates were inverted and filter paper was
placed inside the cover and was flooded with 1ml of
sterile crude oil as source of carbon and energy. The
plates were incubated at 30°C for 5 to 7 days. Discrete
colonies that developed were counted and used to
calculate the HUB. To obtain pure cultures, the HUB
colonies were subcultured onto NA. The ensuring pure
cultures were characterized through physicochemical
and biochemical tests so as to ascertain their identity.

While for Hydrocarbon utilizing fungi (HUF) an
aliquot of 0.1ml of the 10 dilution was inoculated
onto Bushnell-Haas agar (BHA) supplemented with
chloramphenicol. The plates were inverted and filter
papers were placed inside the cover and were flooded
with 1ml of sterile crude oil as source of carbon and
energy. The plates were incubated at 28°C for 5 to 7
days. Discrete colonies that developed were counted
and used to calculate the HUF. To obtain pure
cultures, the HUF colonies were subcultured onto
SDA. The ensuring pure cultures were characterized
through macroscopic and microscopic examination
(Odokuma et al., 2008).

Characterization and Identification of Bacterial
and Fungal Isolates

Each bacterial and fungal isolates obtained after
isolation was characterized based on colonial,
microscopic and macroscopy. Bacterial colonies were
identified based on their color, morphology, elevation,
size, and margin etc. Fungal growth on plate culture
was observed, surface, spore, and underside color.
Stained (lactophenol cotton blue) slide was examined
using a microscope (x40) for structure of hyphae and
details of sporulation structure (Devi, 2011). Discrete
bacterial and fungal colonies were purified through
sub-culturing.

The isolates were identified according to descriptions
in the Bergeys Manual of Systematic (Holt, 2000) and
recorded accordingly.

Purification and Stocking of Isolates

Following colony observation, the specific colonies of
interest were selected from a mixed population and
transferred using sterile straight wire loops onto the
appropriate agar plates, also known as isolation plates.
Using a sterile wire loop, the inocula were processed
by streaking them across the surface of their respective
agar plates. The plates were then incubated for 24
hours at 37°C for bacteria and for 48 hours at room
temperature for fungi. Finally, purified colonies were
kept in bijou bottles with 5% glycerol at 20°C (freezer)
for storage.

Measurement of Physicochemical Parameters
Determination of pH

About 20g of each air-dried soil was weighed into
50ml beaker and 20ml of distilled water was added. It
was stirred with a glass rod and allowed to stand for 30
minutes. Calibrated HANNA PH meter (Model
Jenway 3510) was inserted into the liquid and pH
recorded.

Determination of Moisture content

About 1g of sieved soil sample was weight into dry
crucible. The crucible was then placed in an air
circulated oven at 1050C and dried to constant weight
(for 6 hours). The sample was cooled in a desiccator
and re-weighed. The percentage air dried moisture
from the loss weight was then determined as fellows
(Nrior and Onwuka, 2017): % moisture content = Loss
in weight x 100 initial weight.

Determination of Total Organic Carbon (TOC)

The method of Nrior and Onwuka (2017) was used in
measuring the total organic carbon (TOC). One gram
(1g) of the sample was transferred into a clean Pyrex
conical flask. 5 ml of potassium chromate solution and
7.5 ml of concentrated sulphuric acid were added. The
mixture was heated on an electro thermal heater for 15
minute to reflux. The sample was allowed to cool at
room temperature and was diluted to 100mls with
distilled water. 25ml of the sample solution was
titrated with 0.2 molar ferrous ammonium sulphate
using Ferrion as an indicator.
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A blank containing oxidant (potassium chromate) and
sulphuric acid was titrated as in the sample. The titre
value was recorded (EPA, 2012). The percentage of
TOC was calculated as follows; / TOC = (Titre value
of the blank — sample tire x 0.003x100/ sample
weight).

Determination of Nitrogen

Total Nitrogen was determined by semi-micro
Kjeldahl method using the method described by (Nrior
and Onwuka, 2017).

Determination of Potassium

Digested samples from the Kjeldah analysis were
made up to 50ml with distilled water. A standard
potassium ion concentration was aspirated into the
spectrometer’s burner chamber to calibrate the
equipment and to plot a graph of standard ion
concentration. Wavelength used was 760nm. Prior to
aspirating the sample, the aspirators tubing system in
the spectrometer was flushed with water. The
concentration of the potassium ion in the sample was
automatically displayed on the screen of the
spectrophotometer.

Determination Phosphorus

Digested samples from the kjeldah analysis were made
up to 50ml with distilled water. A standard potassium
ion concentration was aspirated into the spectrometer’s
burner chamber to calibrate the equipment and to plot
a graph of standard ion concentration.

Wavelength used was 690nm. Prior to aspirating the
sample, the aspirators tubing system in the
spectrometer was flushed with water. The
concentration of the potassium ion in the sample was
automatically displayed on the screen of the
spectrophotometer.

Statistical Analysis

In order to compare the treatments and test whether the
various nutrients given to the polluted soil were
statistically significant at a level of 95% or P>0.05,
data obtained from the bioremediation setup were
subjected to statistical analysis using computer-based
programs, SPSS version 25 for Analysis of Variance
(ANOVA) and Microsoft Excel® on microbiological
and physicochemical parameters.

Results

The results of the microbial counts of uncontaminated
and contaminated soil is shown in Table 1. The
uncontaminated and contaminated soil showed average
counts of 4.77+0.47x10° and 5.2+2.80x10°, CFU/g for
Total heterotrophic  bacteria, 4.3+0.96x10* and
5.1+1.11x10° SFU/g for Fungi.

While the uncontaminated and contaminated soil
showed average counts  3.4+0.10x10* and
3.9£0.59x10°CFU/g  for Hydrocarbon utilizing
bacteria HUB, 2.8+0.59x10* and 3.0+0.53x10% SFU/g

for Hydrocarbon utilizing fungi, respectively.

Table 1: Microbial Counts of Uncontaminated and Contaminated Soil

Sampling Microbial counts (CFU/Q)

Total heterotrophic Total fungi (x10 SFU/g) Hydrocarbon utilizing  Hydrocarbon utilizing

bacteria (x10°CFU/q) bacteria (x10CFU/g)  fungi (x10°SFU/qg)
Unpolluted Polluted Unpolluted Polluted Unpolluted Polluted Unpolluted Polluted
Day 1 52+#2.80°  4.7#0.47° 5.1#1.11° 43+0.96° 3.9+059°  3.4+0.10* 3.0£053°  2.8+0.59°

Day 14 4974051 3.60+0.40° 5.23+0.38* 4.03x0.40® 2.59+0.37° 2.17+0.55° 4.30+3.98" 3.23%0.96
Day 28 3.67+2.93" 3.43x2.61*° 2.87+0.40° 2.33x0.35" 2.35+0.32° 2.22#0.50° 1.60£0.20*° 1.00%3.02°
Day 42 437+1.01* 4.13+1.80* 4.63x0.38* 4.43+0.42*° 3.45+0.34° 3.01#3.10° 2.63x1.06° 1.53%0.40°
Day 56 3.13x0.50° 3.00£2.10* 5.11+0.55° 5.01x0.98° 2.05+0.77° 1.27#0.19° 4.11#3.25* 3.03%3.28"
P value 0.446 0.341 0.322 0.356 0.371 0.012 0.035 0.026
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The physicochemical parameters of uncontaminated
and contaminated soil are shown in Table 2. The pH is
acidic with value of 5.63+0.03 for uncontaminated soil
and 5.83+0.02 for contaminated soil. The temperature
was 27.47+0.35°C for uncontaminated while the
contaminated was 27.80+0.10°C. The moisture

content was 12.17£0.11% and 45.37+£0.25%
respectively, electrical conductivity was
78.33+£0.25puS/cm  for uncontaminated soil and

19.43+0.21uS/cm for contaminated soil. Nitrogen was
9.15+0.03mg/kg for uncontaminated and 3.63+0.04
mg/kg for contaminated soil.

The phosphorus was 6.29+0.04mg/kg and 35.37+0.25
mg/kg for uncontaminated and contaminated. The
potassium was 12.17+0.05 mg/kg for uncontaminated
and 22.47+0.15 mg/kg for contaminated. TOC was
0.65+0.03% and 0.37+0.02% for contaminated soil,
SOM was 1.15+0.03% and 0.69+0.01% for
contaminated and uncontaminated soil respectively
and THC for uncontaminated soil was 353.51+2.03
mg/kg and for contaminated soil was of
14576.56+0.073 mg/kg.

Table 2: Physicochemical Parameters of Uncontaminated and Contaminated Soil

Crude oil polluted soil

Parameters Unpolluted soil

pH 5.63+0.03 5.83+0.02
Temperature (°C) 27.47+0.35 27.80+0.10
Moisture content (%) 12.17+0.11 45.37+0.25
Electrical conductivity (uS/cm) 78.33+0.2 19.43+0.21
Nitrogen (mg/kg) 9.15+0.03 3.63+0.04
Phosphorus (mg/kg) 6.29+0.04 35.37+0.25
Potassium (mg/kg) 12.17+0.05 22.47+0.15
Total Organic Carbon (%) 0.65+0.03 0.37+0.02
Soil Organic Matter (%) 1.15+0.03 0.69+0.01

Pseudomonas spp., Staphylococcus sp. and Bacillus
subtillis. Results of the macroscopic and microscopic
characterization of the fungal isolates were;
Trichoderma spp., Aspergillus niger, Penicillium sp,
Aspergillus spp. Fusarium sp. Colletotrichum spp.
Rhizopus spp. Alternaria spp., Aspergillus spp.
Trichophyton spp. and Aspergillus spp.

Table 3: Morphological and Biochemical Characteristics and Probable Identity of Bacteria Isolated US and CS
<5} P

The results of the morphological and biochemical
characterization of the bacteria isolates are presented
in Table 3 and 4. Based on the results, the bacterial
isolates are suspected as follows: Serratia spp.
Micrococcus spp., Aeromonas spp. Bacillus mycoides,
Chryseobacterium spp. Bacillus thuringiensis,

<) g § 5] = o £
s £ 28 8 3 =2 2 o 3 ,3 % 3 8 2 3gi
< e E0o o] kel © = [} E= D G o 2 = c a8
] S £ ® % =2 &8 T B 28° 2 g g & gL
2 = ox O O (@) = = = >a o - %) = a O
US-POG1 Rods tiny, pale, raised and ve rods + + - + + - + A A A A Serratia spp
smooth
US-POG2 Creamy circular with entireand ~ -ve rod + + + + + - + A Aeromonas spp.
fimbrate edges G
CS-POG3 Creamy, opaque rhizoid shape +ve rods - + - - + + A Bacillus mycoides
CS-POG4 Small grayish-white, slightly +ve + - - - - - A A A Staphylococcus spp
mucoid cocci
US-POG5 Small clustered cocci +ve rod + + - - + + + A + A A Micrococcus spp
CS-POG6 Small rough colony, wrinkled -ve rod + + + - - - - A Pseudomonas spp.
with radiant crest
CS-POG7 Small circular dark yellow, -ve rod + + - - + + + - A A A Chryseobacterium
smooth spp
US-POG8 Milky cream round dull surface  +verods + + + + - - + A A A A Bacillus subtilis
CS-POG9 Milky serrated flat +verods + - + + - + + A A A A Bacillus
thuringiensis

Key: AG= acid and gas, A= acid, += positive, -= negative, US- Uncontaminated soil, CS- Contaminated soil 307
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Table 4: Macroscopic and Microscopic Features of Fungi Isolated from Uncontaminated Soil and Crude
Oil Contaminated Soil

Isolate code Colony Morphology Microscopic Characteristics Identity of Fungi

US-GOF1 Green dusty growth with white  Paired branches like pyramid, with dense Trichoderma spp
patches and brown reverse conidia branced conidiophores

CS-GOF2 Black cottony growth, brown Septate hyphae bearing globose Aspergillus spp
reverse conidiophores with scattered conidia

CS-GOF3 Milk colour cottony growth Columnar bunched philiades branching Aspergillus spp
with radial surface and yellow conidia, with septate hyphae
reverse

CS-GOF4 Radially furrowed blue-green Septate hyphae, with branched Penicillum spp
velvety growth with white conidiophores bearing phialides. Conidia,
periphery and yellow reverse arranged in chains on the phialides.

CS-GOF5 Gray colour fluffy growth with  Non-septate hyphae with round conidia Rhizopus spp
black spores and brown reverse  head

CS-GOF6 Greyish to blackish suede-like Septate hyphae branched and oblong Alternaria spp
and black reverse septate conidia head

CS-GOF7 Creamed coloured, smooth Oval shaped cells Candida spp
round glistening colonies

US-GOF8 White fluffy growth with brown  Septate hyphae branched round shaped Colletotrichum
reverse spores spp

US-GOF9 Lemon dark green, radial Radiate conidial heads, septate long hyphae  Aspergillus spp
symmetry white periphery

CS-GOF10  White cottony lawn like growth,  Septate hyphae, with presence of banana Fusarium spp.
with reverse yellow colour shaped septate conidia

CS-GOF11  White lawny growth with radial ~ Septate branching hyphae, with Trichophyton spp
surface and red reverse side microconidia formed along hyphae

CS-GOF12  Dark green and dark brown Hyphae are septate and hyaline, columnar Aspergillus spp
color on the revers conidial heads.

Discussion The hydrocarbon utilizing bacteria (HUB) ranged

Results of the microbial population of the crude oil
uncontaminated and contaminated soil showed the
total heterotrophic bacterial count (THBC) ranged
from 4.7x10° to 2.24x10° CFU/g. The increased
bacterial count which was observed in the sample
uncontaminated with crude oil was due to the soil not
being contaminated with crude oil, which in disagrees
with the findings of Okerentugba and Ezeronye where
their findings showed higher bacterial count for the
contaminated soil as a result of increased
hydrocarbon content. Fungal count ranged from
4.3x10* to 5.1x10* for uncontaminated and
contaminated soil.

from 3.4 to 3.9 x10* and the hydrocarbon utilizing
fungi (HUF) had the least population ranging from
2.8 to 3.0 x10*. There was a significant difference
(p<0.05) across the soil microbial counts. The
increases in the hydrocarbon-utilizing bacterial and
fungal counts should have resulted in the removal of
hydrocarbons resulting in the decrease in the value.
But because the oil is discharged continuously into
the surrounding environment the level of the
hydrocarbons was not affected hence the difference in
the value between the contaminated soil and the
control (Vieira, 2020).
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The uncontaminated soil had the highest population of
total heterotrophic bacteria at all counts as also
revealed in the study of Williams and Hakam (2016).
It is known that crude oil is toxic and seriously affect
soil productivity and cause different degrees of harm
to microorganisms (Mambwe et al., 2021), only those
that could decompose it and survived contamination
lived after the decline. A study by Akpoveta et al.
(2011) found a positive correlation between this
observation and a decrease in the colony forming unit
of microorganisms following crude oil contamination.

When natural environments are contaminated with
pollutants the indigenous microbial communalities are
likely to contain microbial populations of different
taxonomic characteristics which are capable of
degrading the contaminating waste. Degradation of
macromolecules in waste to smaller molecules is
enhanced by soil microorganisms which produce a
tremendous range of potentially useful enzymes that
help in breaking down or decomposition of these
macromolecules. Most Studies have shown that oil
degrading microbes are abundant and are not limited
to oil contaminated areas (Okoh, 2006).

Soils have been a favorable habitat for the
proliferation of microorganisms, but the addition of
refractory humic substances slows down the activities
of these microorganisms, thus giving room to diverse
bacterial and fungal species that have evolved the
metabolic capacity to degrade hydrocarbons (Wu et
al., 2019). In this study, similar bacteria were
recovered from both the control and contaminated
samples apart from few species. The bacterial isolates
obtained were characterized based on their
biochemical, morphological (colour, elevation, edge,
surface, and optic characteristics) properties and they
belong to the genera: Serratia spp. Micrococcus spp.,
Aeromonas spp. Bacillus mycoides, Chryseobacterium
spp. Bacillus thuringiensis, Pseudomonas spp.,
Staphylococcus sp. and Bacillua subtillis. The fungal
isolates from obtained were characterized based on
their microscopic and macroscopic properties and
they belong to the genera: Trichoderma spp.,
Aspergillus niger, Penicillium sp, Aspergillus spp.
Fusarium sp. Colletotrichum spp.  Rhizopus spp.
Alternaria spp., Aspergillus spp. Trichophyton spp.
and Aspergillus spp. This is consistent with other
studies that found comparable bacterial and fungal
isolates from soils contaminated by crude oil
(Williams and Ambrose, 2023; Aleruchi and Dike,
2022; Chikere et al., 2009; Talat et al., 2015).

The physical and chemical characteristics of the
contaminated soil sample revealed the presence of
crude oil hydrocarbon components in the soil. The
observed outcome exhibits a positive correlation with
the research conducted by Ogbonna and Amajuoyi
(2009), who examined the physical and chemical
characteristics of a site, contaminated with crude oil
and concluded that the contamination caused the
values of the parameter to exceed the designated
restrictions (BIS, 2012). The physicochemical
properties of the soil before and after crude oil
contamination showed that there was an increase in the
pH and temperature after contamination. A reduction
in pH for the soil implied slight acidity, this concurs
with the study of Williams and Amaechi (2017), which
is a problem for agricultural soils (Otterson, 2015;
Abate et al., 2017). The type of microorganisms that
participate in hydrocarbon degradation is determined
by the pH of the soil (Chen et al., 2015). Bacteria have
limited tolerance for acid conditions and fungi are
more tolerant (Aguilera, 2013). Since the pH in this
study was at low pH, it could be assumed that fungi
were more involved in the degradation of the oil.

The observed reduction in conductivity correlated
positively with the findings of Osuji and Nwonye
(2007). Reduced conductivity could be due to the non-
polar nature of the crude oil bringing about reduced
ionic movement in the soil. Moisture content increased
from 12.7 to 45.37%. Nutrient parameters such as
nitrogen decreased from 9.15 to 3.63mg/kg, potassium
and phosphorus increased after crude oil
contamination, correlating with the study of Ogbonna
et al. (2019). Total Organic Carbon (TOC) and Soil
Organic Matter (SOM) both reduced.

In conclusion, this study showed that, bacteria had the
highest microbial counts when compared to that of
fungi. This shows the abundance of bacterial in soil.
Nine (9) bacterial were isolated and identified from
both uncontaminated and contaminated soil which
include: Serratia spp, Aeromonas spp, Micrococcus
spp. Bacillus subtilis while Bacillus mycoides,
Chryseobacterium  spp,  Bacillus  thuringiensis,
Pseudomonas spp. and Staphylococcus sp. from the
contaminated soil. While twelve (12) fungi species
were isolated and identified which include Aspergillus
spp., Trichoderma spp., Colletotrichum spp, from
uncontaminated soil and Aspergillus spp, Aspergillus
spp. Penicillum spp, Fusarium spp. Aspergillus spp,
Candida spp. Trichophyton spp. Alternaria spp. and
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Rhizopus spp from contaminated soil. The study
revealed that fungal species were isolated more than
the bacterial species. This reveals fungi are more
tolerant soil pH that is acidic.

The alterations in the physicochemical characteristics
were a direct result of the crude oil's toxicity. These
unfavorable circumstances have had a detrimental
effect on the soils and may have an impact on nutrient
cycles, which may then have an impact on the
surrounding vegetation. It can be inferred that the soil
contaminated with crude oil contains a large number
of microorganisms that break down oil which large-
scale campaigns to clean up oil spills can employ.
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