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ABSTRACT

Food insecurity and low yield have resulted from the detrimental effects of petroleum hydrocarbon
pollution on agricultural soils over time. This study was carried out to determine the bioremediation
efficacy of coconut shell on microbiological composition and total petroleum hydrocarbon
degradation in spent engine oil polluted soil. Top soil (0-15 cm depth) samples were randomly
collected from areas with history of spent engine oil pollution within Anyigba, Kogi State, Nigeria.
One kilogram of the polluted-soil was measured into each of nine plastic containers. Coconut shell
collected from the Prince Abubakar Audu University, Anyigba, was standardly prepared and mixed
with the soil at the rate of 0, 50 and 100 g kg soil in triplicate. The experiment used a completely
randomized design. Soil samples were taken from each container at 0 and 28 days for hydrocarbon
utilizing bacteria and total petroleum hydrocarbon determination using standard methods. Data
obtained from the experiment were subjected to descriptive and inferential statistics. The species
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identified were Enterobacter sp and Escherichia coli, with Enterobacter sp being the most
predominant isolate. The total petroleum hydrocarbon (mgkg™?) of the soil on day 0 was 59.78 +
1.85. After the amendments (at control, 50 and 100 g kg-1), the total petroleum hydrocarbon
(mgkg?) values were 44.92 +2.26, 34.82 + 1.78 and 31.49 + 0.87 at 28 days respectively. Coconut
shell and the high level carbon utilizing bacteria, Enterobacter sp, significantly enhanced the
biodegradation process as an impressive 47.32% remediation efficiency was achieved 28 days
after amendment in soil treated with 100g of coconut shell. It is recommended that a biostimulation
strategy that uses coconut shell and Enterobacter sp be employed in the remediation of spent
engine oil and petroleum hydrocarbon polluted soils.

Keywords: Biodegradation; coconut shell; spent engine oil; hydrocarbon-degrading bacteria; total

petroleum hydrocarbon.
1. INTRODUCTION

Spent engine oil, also known as spent lubricant
or waste engine oil, forms under high
temperatures and mechanical stress during
engine operation [1]. Most commonly obtained
after servicing and subsequently draining from
automobile and generator engines [2], and much
of this oil is spurted into the environment [3].

The unguided throwing away of spent engine oll
(SEO) into sewers, water drains, open vacant
plots and agricultural lands has become a
common practice in Nigeria, especially by motor
mechanics [4]. This endangers public health,
devastates natural resources, contaminate
agricultural lands and soil dependent organisms,
as well as surface and groundwater bodies [4].
The environment suffers degradation due to the
irregular disposal of spent lubricating oils,
especially on land and into water bodies.
Moreover, this often results to the accumulation
of heavy metals and other pollutants in the
environment, and in turn affects economic
stability [5-11]. Waste engine oil or spent engine
oil (SEO) contains several poisonous and
carcinogenic substances such as poly-aromatic
hydrocarbons and poly- cyclic benzenes [12,13].

The uncontrolled release of petroleum and its
derivative products into the environment,
including surface water and groundwater has
become a globally serious problem, especially in
Nigeria [14,15]. [16], reported that about 20
million gallons of spent oil are generated every
year from mechanic workshops across Nigeria,
and are wrongly disposed into the environment.
However, since the most of the components of
this oil are toxic to humans and wildlife, it could
have direct impact the food chain, species and
their habitats. This may set off a cascade of
perturbations that affect the entire food chain.
More recently, scientists have aimed their
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research on elucidating the distribution, fate and

behavior of oil and its derivatives in the
environment [17,18].
Quite a number of possible remediation

technologies used to remediate polluted sites
include, but not all of the following; mechanical,
burying, evaporation, dispersion, and soil
washing [19]. Bioremediation, which exploits the
degradation potentials of plants and
microorganisms to remove pollutants, is a
widespread clean-up technology for petroleum
hydrocarbon contaminated soils. It is employed
in-situ (on contaminated sites), or ex-situ (on
excavated samples) and has been reportedly
cost effective and environmentally friendly [20].
The utilization of organic (crude) wastes derived
from plant and animal origin for the
bioremediation of petroleum hydrocarbons in
polluted soils have been investigated [21,22].

However, there are reasons to further study the
processes involved in biodegradation of spent
engine oil in contaminated soils. Remediation of
spent engine oils is seemingly challenging
because they are less biodegradable and less
volatile compared to other hydrocarbons. The
rapid method of hydrocarbon degradation via the
use of microbes can be employed, however,
optimum biodegradation can only occur if the
right environmental conditions such as pH,
temperature, nutrients and relevant microbial
consortia are present [23]. This formed the basis
of the study. Therefore, the specific objectives of
the study were to assess the efficacy of coconut
shell on the degradation of total petroleum
hydrocarbon in spent motor engine oil polluted
soil, soil chemical and microbial properties.

2. MATERIALS AND METHODS

Study Area: The research was carried out in the
laboratory within the Department of Animal and
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Environmental Biology of Prince Abubakar Audu
University, Anyigba, Kogi State, Nigeria, as it
provided a suitable setting for the study under
standard and controlled conditions.

Coconut Shell Collection and Preparation:
samples of coconut shell were obtained from the
Prince Abubakar Audu University Teaching and
Research Farm, Anyigba, Kogi State, Nigeria.
The coconut shell samples were air dried,
pulverized, homogenized, sieved with a 2 mm
sieve and stored in polythene bag for use, as
described by [15,24].

Soil Samples Collection and Preparation: Top
soils (0-15 cm depth) were sampled randomly
and in triplicates [25], from areas with history of
spent engine oil contamination within Anyigba,
Kogi State, Nigeria, using a soil helix. The soil
samples were air dried in a clean and ventilated
laboratory. The samples were crushed and
further sieved with a 2 mm mesh [24]. Nine,
clean, dry containers of about 3 liters each, were
used to collect a kilogram of soil respectively.

The prepared coconut shell was added at the
rate of O (control), 50 and 100 g kg sail in
triplicate. The coconut shell samples were mixed
with the soil, while the nine containers were
arranged using a completely randomized design
(CRD) in the laboratory. Furthermore, mixed soil
samples were taken from each container at O
(zero day refers to the day coconut shell was
added to the soil) and 28 days for pH, organic
carbon, nitrogen, phosphorus, potassium,
hydrocarbon degrading bacteria count,
hydrocarbon utilizing bacteria and total petroleum
hydrocarbon determination [26].

2.1 Laboratory Analysis

Chemical Properties of Soil: The soil chemical
properties, including pH, organic carbon, total
nitrogen, potassium and available phosphorus
were determined in the samples using the
methods described in [27].

Cultural Classification of Bacteria: The
colonial features such as colony elevation, color,
size, opacity, shape, consistency, and edgewere
used to classify pure cultures of representative
bacteria  colonies randomly picked from
inoculated plates [27].

Morphological Classification of Bacteria: For
microscopic examination of isolates for cellular
morphology, day-old cultures of the bacteria
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isolates were stained with cotton blue, lacto-
phenol blue, and observed microscopically for
cell shape, size and sporulation, as described by
[27].

Biochemical Identification of Bacteria: A
modified method of [28], was adopted for various
biochemical characterizations, including Gram
staining, urease test, catalase test, indole test,
motility test, citrate utilization test, coagulase test
and sugar fermentation test [29].

Determination of Total Hydrocarbon Utilizing
Bacteria Count: The total hydrocarbon utilizing
bacteria count was performed on a mineral salt
medium (MSM) agar as described by [30];
and the isolated microorganisms were identified
using Bergey's manual of systemic bacteriology
[31].

Determination of Total Petroleum
Hydrocarbon: About 10 g of the spent engine oil
contaminated soil sample was measured into a
clean bottle and 25 ml of dichloromethane was
added. The mixture was placed on a mechanical
shaker for a period of 3- 4 hours. This procedure
was repeated twice and the aliquots were
collected and homogenized in a beaker. The
aliquots were concentrated on a steam bath,
which reduced the extracts to about 5 ml. The
concentrate was transferred through a pipette
packed with anhydrous sodium sulphate atop a
glass wool, to remove moisture and other
impurities. A Hewlett- Packed 5890 series Gas
Chromatograhy- Mass Spectrophotometer (VG
TRIO 2000) was used to analyze and determine
the quantity of total petroleum hydrocarbons in
the final extract.

The concentration degraded and percentage
degradation were calculated using equation 1
and 2 respectively as described by [26,29].

Concentration degraded = C1 — C2
Equation 1

Cl—-£2

Degradation (%) =

Equation 2
2.2 Data Analysis

Data obtained were subjected to descriptive
(mean and standard deviation) and inferential
Analysis of Variance (ANOVA) statistics. Means
were separated using Duncan Multiple Range
Test (DMRT).
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3. RESULTS AND DISCUSSION

3.1 Effect of Coconut Shell the

Chemical Properties of Soil

on

In this study, attempt was made to assess the
efficacy of coconut shell on total petroleum
hydrocarbon degradation, soil chemical and
microbial properties of spent engine oil
contaminated soil. The effect of coconut shell on
the soil chemical properties is shown in Table 1.
A non-significant (p>0.05) increase from 6.90%
0.10 to 7.20+ 0.10 and 6.90+0.10 to 7.1040.10 in
pH was observed in contaminated soil with 50 g
and 100g of coconut shell between days 0 and
28 days respectively, as compared with the
control (O g). The total value of Nitrogen (g kg?)
in soil containing 0 g, 50 g and 100g of coconut
shell respectively, on day 0 was 6.90£0.10.
However, there was a significant decrease in
total Nitrogen on day 28 in soil amended with 0
g, 50 g and 100 g, with values of 1.12+0.01,
1.17+0.10 and 1.23+0.02 respectively. Total
value of Phosphorus in 0 g, 50 g, and 100 g of
coconut shell amended soil was1.64x10%+2.87
on day 0. The total Phosphorus (Mgkg?) was
observed to have decreased from 1.64x10%+2.87
to 1.25x10%+2.67 and1.64x10%t2.87 to
1.45x10%+1.25 at 28 days in soil amended with
50 g and 100 g of coconut shell respectively,
indicating a downward trend. There was a
significant decrease from 1.23+0.03 to 0.82+0.10
of total potassium (Colkg™) in soil treated with 50
g of coconut shell on day 28. However, level of
potassium significantly increased on day 28 from
1.23+0.03 to 2.24+0.02 and 1.23+0.03 to
1.52+0.20 in soil amended with control (0 g) and
100g of coconut shell, respectively. Levels of
organic carbon significantly decreased in soil
treated with 0 g and 50 g of coconut shell, from
6.5%x101+2.91to 4.3x101+2.97 and 6.5x10+2.91
to 5.7x10'+1.89 on days 0 and 28 respectively.
But there was a non-significant increase from
6.5x10'+2.91to 6.7x10'+0.66 on day 28 in soil
amended with 100g of coconut shell. A
downward trend in decrease of moisture content
was observed in soil treated with 0g, 50g and
100g of coconut shell, from 2.00+0.50 to
1.65+0.04, 2.00+0.50 to 1.78+0.20 and
2.00+£0.50 to 1.86+0.10 respectively, between
days 0 and 28 and was non-significant.

3.2 Effects of Coconut Shell Application
on the Soil Chemical Properties

The increase
progressed, as

in pH
recorded

as biodegradation
in this study was
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connected to the microbial degradation of the
contaminant, introducing some ionic and non-
ionic substances from the naturally alkaline
coconut shell [23]. [32,33], claim that soil pH
range between 6.9 and 7.5, as recorded in this
study, isgood for mosthydrocarbon utilizing
bacteria. The decrease in soil nitrogen,
phosphorus, potassium, organic carbon and
moisture content from 0 to 28 days at every
coconut shell level might be due to the action of

microorganisms for sugar phosphorylation,
nucleic acid synthesis and other cellular
processes [20,34,35]. It was reported that

petroleumhydrocarbon contaminants  could
destroyinorganic nutrient sources by reacting
with them along with other substances present
insoil [36].

3.3 Effect of Coconut Shell on Total
Petroleum Hydrocarbon (TPH) of
Spent Engine Oil Polluted Soil

The result for the effect of coconut shell on TPH
of spent engine oil polluted soil is shown in Table
2. The coconut shell treatment remediated
significantly, the TPH in the polluted soil. The
lowest level of TPH (mgkg?) after amendment
was recorded on day 28 in soil treated with 100 g
of coconut shell, reducing the TPH from
59.78+1.85 to 31.49+0.87 at days 28 indicating
that about 28.29 (47.32%) of TPH was degraded.
A total of 24.96 (41.75%) of degraded TPH was
recorded in soil treated with 50 g of coconut
shell, decreasing TPH from 59.78+1.85 to
34.82+1.78 at 28 days. The least percentage of
degraded TPH of aboutl8.86 (24.86%) was
observed and recorded for the control at 28 days.

The biodegradation of TPH in the spent engine
oil polluted soil amended with coconut shell

might be due to the microbial (bacterial)
communities in the coconut shell, which
interfered and broke down the complex

components of the hydrocarbon [37,33]. [38], In
their study of in situ bioremediation techniques,
reported that during biostimulation, it is possible
to achieve about 90% of hydrocarbon pollutants
degraded. [24] reported in their studyof microbial
degradation, that significantly higher
concentration of total petroleum hydrocarbon
was recorded inthe soil without pig dung
applications compared with the least significant
(p < 0.05) concentration observed in 100 g pig
dung kg-! soil. Their correlation analysis (r) for
the petroleum products biodegradation Kkinetic
process was 0.999, indicating linearity and
positive correlations for the decrease in
concentration as a function of time.
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Table 1. Effects of coconut shell application on the soil chemical properties

Coconut shell (g) Days pH Nitrogen Phosphorus Potassium Organic Carbon Moisture Content
(gkg™) (Mgkg™) (Colkg™) (gkg™® (gkg™)
0 0 6.90+0.10° 1.33+0.07¢ 1.64x10%2+2.87° 1.23+0.03° 6.5x101+2.91¢ 2.00+0.502
28 6.80+0.10° 1.12+0.012 1.25x10%+2.672 2.24+0.024 4.3x10'+2.972 1.65+0.042
50 0 6.90+0.10° 1.33+0.07¢ 1.64x10%+2.87° 1.23+0.03° 6.5x101+2.91 2.00+0.502
28 7.20+0.10° 1.17+0.10° 1.22x10%+2.162 0.82+0.102 5.7x101+1.89° 1.78+0.202
100 0 6.90+0.10° 1.33+0.07¢ 1.64x102+2.87b 1.23+0.03° 6.5x101+2.91¢ 2.00+£0.502
28 7.10+0.10° 1.23+0.02P 1.45%x10%+1.25b 1.52+0.20¢ 6.7x101+0.66°¢ 1.86+0.102

Values are mean + SD of three replicates. Different superscripts in the same column indicate significant difference at p< 0.05 (DMRT)
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Table 2. Effect of coconut shell on total petroleum hydrocarbon (TPH) of spent engine oil

polluted soil

Coconut Shell(g) Days TPH (mgkg™) TPH Degraded Degradation %
0 0 59.78+1.85¢ 14.86 24.86

28 44.92+2.26¢
50 0 59.78+1.85¢4 24,96 41.75

28 34.82+1.78
100 0 59.78+1.854 28.29 47.32

28 31.49+0.872

Values are mean + SD of three replicates. Different superscripts in the same column indicate significant
difference at p<0.05 (DMRT)

3.4 Effect of Coconut Shell on Total
Hydrocarbon Degrading Bacteria
(THDB) Counts and Ildentification

A 100 g of coconut shell treatment of polluted soill
significantly decreased THDB count from
2.13x10%+3.51x10 to 1.26x10%£1.52x10 on days
0 and 28 respectively (Table 3). Significantly
(p<0.05) increased THDB count was observed in
the control (0 g). However, there was a recorded
non-significant decrease from 2.13x104+3.51x10
to 1.01x10%+2.64x10 on days 0 and 28 in THDB
count for soil amended with 50g of coconut shell.

The morphological characteristics of bacteria
isolated from the polluted soil amended with
coconut shell at 28 days are presented in Table
4. The size of the bacteria ranged between 2-
3mm. Most of the bacteria were round in shape,
grey-white in color, wet consistency, smooth
edges, flat elevation and opaque.

The types and relative abundance of microbial
communities in microcosms due to natural
attenuation and bio stimulation treatment
methods recorded in the contaminated soil are
shown in Table 5. Two hydrocarbon utilizing
bacteria were identified from the spent engine oil
contaminated soil. The hydrocarbon utilizing
bacteria identified belong to the genera
Enterobacter and Escherichia. Enterobacter

species were the most predominantly isolated
bacterial species across the treatments.

The decrease in number of total hydrocarbon
degrading bacteria from 0 and 28 days in 50 and
100g coconut shell kg? soil, as recorded in this
study might be due to the mineralization of
hydrocarbons, which could have possibly
resulted in the generation of toxic metabolites.
The introduction these metabolites into the
system, however, reduced the growth phase of
the microbes [23], when compared to the
significant increase in THDB count in the control.
[24,25] also reporteda decline in bacterial
population as the biodegradation progressed.

In this study, Enterobacter species were the most
predominantly isolated bacterial species. This
could be connected to their ability to utilize
hydrocarbons as the only source ofcarbon, and
has the ability to withstand toxic conditions. The
bacteria had earlier been reported by [39], as
well as [40], as efficienthy drocarbon degraders.
Large number of hydrocarbon utilizing bacteria
tend to dominate soils that receive micro-
leaching of hydrocarbons, as reported by [35,41].

The study by [20] revealed that Enterobacter
sp IAA-01 efficiently degraded78.0% of oil
after 21 days of amendment. In addition, the
efficient ability of the bacteria in degrading

Table 3. Effects of coconut shell on total hydrocarbon degrading bacteria (THDB) counts and
identification

Coconut Shell (g) Days THDB (CFU g

0 0 2.13x10%+3.51x10%d
28 9.16x1047.371x10%

50 0 2.13x10%+3.51x10%d
28 1.01x10%+2.64x10%d

100 0 2.13x10%+3.51x10%d
28 1.26x10%+1.52x10%¢

Values are mean + SD of three replicates. Different superscripts in the same column indicate significant
difference at p<0.05 (DMRT)
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Table 4. Morphological characteristics of bacteria isolated from the spent engine oil polluted soil amended with coconut shell at 28 days

Isolate Code Size (mm) Shape Color Consistency Edges Elevation Opacity
CTRL (0 @) 2-3 Irregular Grey-white Dry Rough Flat Opaque
CS (50 g) 2-3 Round Grey-white Wet Smooth Raised Opaque
CS (100 g) 2-3 Round White Wet Smooth Flat Opagque

CTRL — Control; CS — Coconut Shell

Table 5. Types and relative abundance of micro-organisms in soil

Isolate code GR SP CP CA CcO MO IN OX Cl UR MR VP G | M  Probable Organsm
CTRLOg GNB - - + - + - - + - + - A A - Enterobacter sp
CS50¢g GNB - - + - + - - + - + - A A - Enterobacter sp
CS100 g GNB - - + - + + - - - + - A A - Escherichiacoli

Keys: GR-Gram staining, SP- Spore staining, CA- Capsule staining, CT- Catalase, MO-Motility, IN- Indole, OX- Oxidase,ClI- Citrate, IN- Indole, OX- Oxidase, CI- Citrate, UR-
Urea, MR- Methyl-red, VP- Vogesproskeur, G- Glucose, L- lactose, S- Sucrose, M- Mannitol, A-Acid production, PD = Pig dung, g = Gram, - =Absent, + = Present, A =
Abundant

22



Egbeja et al.; J. Appl. Chem. Sci. Int., vol. 15, no. 2, pp. 16-25, 2024; Article no.JACSI.12368

hydrocarbon has been reported by other
investigators [42,43,44]. The results of GC
analysis in the study by [20], further confirmed
the biodegradation efficacy of Enterobacter sp
IAA-01 and revealed that the bacteria has the
potential to utilize most of the hydrocarbon
components especially straight chain alkanes,
and cyclo-alkanes. Moreover, [45] noted that the
accepted mode of susceptibility of hydrocarbon
components to microbial degradation is n-alkane
> branched alkanes > low- molecular weight
aromatics >polycyclics.

4. CONCLUSION

In this study, microcosm experiments were
carried out to determine the potentials of coconut
shell in the bioremediation of spent engine olil
contaminated soils. For this study, after 28 days
of incubation, approximately 41.75% and 47.32%
remediation efficiency was achieved at 50 and
100 g coconut shell kg soil. The results showed
that bio stimulation of spent engine oil
contaminated soil with coconut shell resulted in
the augmentation of petroleum hydrocarbon
degradation. Coconut shell is reliable and
powerful ~ for  bioremediation processes.
Therefore, It can be concluded from these results
that Enterobacter species in this study had
considerably  high  abilty of degrading
hydrocarbon.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of this manuscript.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Agarry SE, Ogunleye OO. Box-behnken
designs application to study enhanced
bioremediation of soil artificially
contaminated with spent engine oil using
bio stimulation strategy. International
Journal of Energy and Environmental
Engineering. 2012;3:31-34.

2. Anoliefo GO, Vwioko DE. Tolerance of
Chromolaena odorata (L.) K, R. grown in
soil contamination with spent lubrication

23

10.

11.

oil. Journal of Tropical Biosciences. 2001,
1:20-24.

Okonohua BO, Ikhejiaghe B, Anoliefo GO,
Emede TO. Effect of spent engine oil on
soil properties and growth of maize (Zea
mays L.). Journal of Applied Science and
Environmental Management. 2007;11(3):
147-152.

Njoku KL, Akinola MO, Oboh BO. Growth
and performance of Glycine max L.
(Merrill) in crude oil contaminated soil
augmented with cow dung. Natural
Science. 2008;6(1):48-58.

Echude D, Ahmad SI, Egbeja TI. Spatial
and seasonal concentration of glyphosate,
nitrate, and phosphate in Kuti Stream,
Yaba, Abaji Area Council, FCT Abuja,
Nigeria. West African Journal of Applied
Ecology. 2022;30(1):48-57.

Oguche JU, Okpanachi VU, Onoja AO,
Egbeja TI. Impacts of agricultural activities
on the quality of water in Ogane-Aji River,
Anyigba, Kogi State, Nigeria. International
Journal of Scientific and Engineering
Research. 2022;13(6):1115-1133
Okpanachi MA, Egbeja TI, Wintola HU,
Onoja EA, Isah GO. Health risk
assessment and heavy metal levels in
Trichurus murphyi and Clupea harengus
purchased from Anyigba main market,
Anyigba, Kogi State, Nigeria. International
Journal of Applied Research. 2023;9(1):
155-161

Egbeja TI, Olubiyo K, Olubiyo GT.
Assessment of heavy metals and physico-
chemical parameters in water from Kpata
River, Lokoja, Nigeria. International
Journal of Applied Research. 2021;7(5):
237-240.

Egbeja IT, Kadiri JU, Onoja AO, Isah AO.
Determination of heavy metals in water,
sediment and tissues of Clarias garipienus
and Oreochromis niloticus from Kpata
River, Lokoja, Nigeria. International
Journal of Fisheries and Aquatic Studies.
2019;7(4):11-19

Egbeja IT, Onoja AO, Kadiri JU, Samson
MO. Determination of heavy metals in
tissues of dried Clarias garipienus and
Oreochromis niloticus purchased from
Anyigba Major Market, Kogi State, Nigeria.
African Journal of Agriculture, Technology
and Environment. 2019;3(1):6-19.

Onoja AO, Egbeja IT, Kadiri JU,
Edogbanya PRO, Oguche JU, Alaji PO, et
al. Assessment of heavy metal
composition and cytogenotoxic  risk



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Egbeja et al.; J. Appl. Chem. Sci. Int., vol. 15, no. 2, pp. 16-25, 2024; Article no.JACSI.12368

potential of dumpsite soil and water
collected from Kogi State University
Students halls of residence. International
Journal of Innovative Research and
Growth. 2020;4(11):1-11

Hamawand |, Yusaf T, Rafat S. Recycling
of waste engine oils using a new washing
agent. Energies. 2013;6:1023-1049.
Available:https://doi.org/10.3390/en602102
3

Udonne JD, Efeovbokhan VE, Ayoola AA,
Babatunde DE, Ifeoluwa A, Ajalo LJ.
Recycling used lubricating oil using
untreated, activated and calcined clay
methods. Journal of Engineering and
Applied Sciences. 2016;11(6):1396-1401.
Okpanachi VU, Egbeja TI, Oguche JU. A
review of phytoplankton abundance and its
effects on the Ogane-Aji River in Anyigba,

Kogi State. Journal of Research in
Environmental and Earth Sciences. 2022;
8(6):42-47

Egbeja TI, Oguche JU, Bashir AA.

Biodegradation of gasoline polluted soil
using goat dung. Journal of Applied
Sciences and Environmental Management.
2019;23(8):1589- 1594.

Osubor CC, Anoliefo GO. Inhibitory effects
of spent lubricating oil on the growth and
respiratory functions of Arachis hypogea L.
Benin Scientific Dig. 2003;1:73-79.
Alexander M. Aging, bioavailability and
overestimation of risk from environmental
pollutants. Environmental Sciences and
Technology. 2000;34:4259-4265.

Semple KT, Reid BJ, Fermor TR. Impact of
composting strategies on the treatment of
soils contaminated with organic pollutants.
Environmental Pollution. 2001;112(1):269-
283.

Das N, Chandra P. Microbial degradation
of petroleum hydrocarbon contaminants:
an overview. Biotechnology Resource
International. 2011;1-13.

Allamin 1A, Dungus FB, Ismail HY, Ismail
G, Bukar U, Shettima H, Faruk AU.
Biodegradadtion of Hydrocarbon by
Enterobacter sp I1AA-01 Isolated from
Hydrocarbon Exploration Site Soil of
Kukawa Northeastern Nigereia. African
Journal of Environmental Sciences and
Technology. 2021;15(9):384-389.

Agbor RB, Ekpo IA, Osuagwu AN, Udofia
UU, Okpako EC, Antai SP. Biostimulation
of microbial degradation of crude oil
polluted soil using cocoa pod husk and
plantain peels. Journal of Microbiology and

24

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Biotechnology Resources. 2012;2(3):464-
469
Danjuma BY, Abdulsalam S, Sulaiman

ADI. Kinetic investigation of Escravos
crude oil contaminated soil using
natural stimulants of plant sources.

International Journal of Emerging Trends
in Engineering Development. 2012;2(5):
478-486.

Akpoveta OV, Egharevba F, Medjor OW,
Osaro Kl, Enyemike ED. Microbial
degradation and its kinetics on crude oll
polluted soil. Research Journal of
Chemical Sciences. 2011;1(6):8-14.
Egbeja TI, Bada BS, Arowolo TA, Obuotor
TM. Microbial degradation of an oil polluted
site in Abule-egba, Nigeria. Ife Journal of
Sciences. 2019;21(2):299- 308.

BADA BS, EGBEJA TI, Solanke AO,
Fowokan OM, Adenekan OO, Pewon OS.
Biodegradation of polycyclic aromatic
hydrocarbon in Petroleum- polluted soil
using cow dung. Nigerian Journal of
Ecology. 2018;17(1):57-67

Chopra SL, Kanwar JS. Analytical
agricultural chemistry. Kalyani publishers:
New Delhi. 2011;152-195.

Barnett HI, Hunter BB. lllustrated genera of
imperfect fungi. 5th edition. Burges
Publishing Company, Minnesota; 1985.
Cheesbrough M. District laboratory
practice in tropical countries. Part 1 (2nd
edition), Cambridge University Press, UK.
2006;143-157.

Abdulsalam S. Bioremediation of solil
contaminated with used motor oil. LAP,
Lambert Academy Publishing, Germany;
2011.

ISBN 384431234X.

Balogun SA, Fagade OE. Emulsifying
bacteria in produce water from Niger-Delta,
Nigeria. African Journal of Microbiology
Resources. 2010;4(9):730-734.

Krieg NR, Holt JG. Bergey's Manual of
Systematic Bacteriology. 1 Baltimore,
Williams and Wilkins, Washington, USA;
1984.

Vidali M. Bioremediation: An overview.
Journal of Applied Chemistry. 2001;73(7):
1163-1172.

Yakubu MB. Biodegradation of Lagoma
crude oil using pig dung. African Journal of
Biotechnology. 2007;6:2821-2825.

Andrew RWJ, Jackson JM. Environmental
science: the natural environment and
human impact. Longman Publishers,
Singapore; 1996.



35.

36.

37.

38.

39.

40.

Egbeja et al.; J. Appl. Chem. Sci. Int., vol. 15, no. 2, pp. 16-25, 2024; Article no.JACSI.12368

Bashir AH. Diversity and morphology of
bacterial community characterized in
topsoil samples from the Gaza Strip,
Palestine. Research Journal of
Microbiology. 2012;7(6):309-318.

Teal JM, Farrington JW, Burns KA,
Stegeman JJ, Tripp BW, Woodin B, et al.
The West Faimouth oil spill after 20 years;
fate of fuel oil compounds and effects on

animals. Marine  Pollution Bulletin.
1992;24:607614.

Adesodun JK, Mbagwu JSC.
Biodegradation of waste-lubricating
petroleum oil in a tropical alfisol as
mediated by animal droppings.
Bioresource Technology. 2008;99(13):
5659-5665.

Gallego JR, Loredo J, Llamas JF, Vazquez
F, Sanchez J. Bioremediation of diesel-
contaminated soils: Evaluation of potential
in situ techniques by study of bacterial
degradation. Biodegradation. 2010;12:
325-335.

Ajayi AO, Balogun SA, Adegbehingbe K.
Microorganisms in the crude oil-producing
areas of Ondo State, Nigeria. Academic
Journals Scientific Research and Essay.
2008;3(5):174-179.

Malik ZA, Ahmed S. Degradation of
petroleum hydrocarbons by oil field

41.

42.

43.

44,

45.

isolated bacterial consortium. African
Journal of Biotechnology. 2012;11(3):650-
658.

Leifer I, Judd AG. Oceanic methane layers:
The hydrocarbon seep bubble deposition
hypothesis. Terra Nova. 2002;14:417-
424,

Afuwale C, Modi HA. Study of bacterial
diversity of crude oil degrading bacteria
isolated from crude oil contaminated
sites. Life sciences Leaflets. 2012;6:13-
23.

Chikere CB, Okpokwasili GC, Chikere BO.
Bacterial diversity in a tropical crude oil-
polluted soil undergoing bioremediation.
African Journal of Biotechnology. 2009;
8(11):2535-2540.

Bada BS, Egbeja IT, Arowolo TA, Obuotor
TM. Degradation of total petroleum
hydrocarbon in petroleum produnts-
polluted soil using pig dung. West African
Journal of Applied Ecology. 2019;27(1):34-
45,

Bogan BW, Lahner LM, Sullivan Beilen
WR, Paterek JR. Degradation of straight
chain aliphatic and high — molecular weight
polycyclic aromatic hydrocarbons by a
strain of Mycobacterium austroafricanum.
Journal of Applied Microbiology. 2003;94:
230-239.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://prh.ikprress.org/review-history/12368

25


https://prh.ikprress.org/review-history/12368

