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ABSTRACT

In this study, the role of Alcaligenes aquatilis and Bacillus subtilis isolated from spent engine oil-impacted soil in Mechanic
Village, Uyo, using the enrichment culture technique in stimulating the removal of petroleum hydrocarbons from
contaminated soil was assessed. The effect of graded concentrations of spent engine oil application on the physicochemical
properties of University of Uyo garden soil, Akwa Ibom State, Nigeria, were determined before and at the end of eight weeks
of degradation studies. Nine experimental microcosms were prepared with 4 kg of garden soil and contaminated at 5 %, 10
%, 15 % and 20 % respectively. Statistical analysis (ANOVA) of data obtained from the studies revealed a significant
difference (p<0.001) between the physicochemical properties of untreated and treated soil samples. The initial pH values of
polluted soil were 5.7+0.05, 6.1+0.03, 6.50+0.11 and 6.84+0.01 but increased at the end of remediation studies to a range
between 7.25+0.01 to 8.35+0.04. The post-treatment results on the properties of the test soil revealed improvement in the
levels of plants' essential nutrients. Based on the results of this work A. aquatilis and B. subtilis is strongly recommended for
the cleanup and bioremediation of spent engine oil-impacted soil in contaminated sites.
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INTRODUCTION

Spent engine, also known as a used engine, is a complex
mixture of chemical compounds that have been degraded
and contaminated during engine operation. According to
Itah and Essien (2001), hydrocarbon contamination of the
land and water environment has been a problem since the
discovery of oil as fuel for engine services, particularly in
developing countries like Nigeria. Soil contaminations with
hydrocarbons decrease the diversity of plants and soil
microbes, deplete soil fertility, disrupt soil ecological
balance and put human health at risk (Gadd, et al., 2020),
crop germination is delayed, the chlorophyll content is poor
and some crops perish when grown in high petroleum
contaminated soil (Li et al., 2020). Microorganisms are
reported to be widely distributed on the biosphere because
of their metabolic capabilities, which are very impressive,
and they can easily grow in a wide range of environmental
conditions (Velez et al., 2020; Viera et al., 2020).
Considering a massive amount of oil pollution in the Niger
Delta region of Nigeria mainly on farmland and rivers, the
need to clean up the environment is sacrosanct (Vincent et
al., 2019). Complete clean-up process of oil is not always
achieved by physical removal of oil, which are the first
response. Likewise, mechanical methods maximally recover
10-15 % of crude oil after a major oil spill and the rest of the
crude oil is left to worsen the conditions of the contaminated
environment (Wang et al., 2019). For decontamination of
pollutants  (bioremediation) microorganisms can be
exploited due to their diversity in nutritional requirements.
In the degradation of hydrocarbons, there are reliable proofs
that autochthonous (indigenous) microorganisms have some
merits over allochthonous (foreign) microbes, as these
organisms are capable of naturally developing and are

adapted for survival and replicate in such an environment (Li
et al.,2023). Alcaligenes aquatilis and Bacillus subtilis were
used due to their spent engine oil utilising potential.

MATERIALS AND METHODS

Sources of Materials

The soil samples were collected from adjoining farmlands to
the automobile workshops in mechanic village, Uyo, Akwa
Ibom State, where there were traces of hydrocarbons for
isolation of hydrocarbonoclastic microorganisms and the
University of Uyo garden soil. Spent engine oil was obtained
from the automobile workshop at the same mechanic village,
Uyo, Akwa Ibom State, Nigeria.

Physico-Chemical
Impacted Soil
Physicochemical parameters of spent engine oil-impacted
soil were determined using standard analytical procedures
recommended by APHA (1998) as presented below:

Analysis of Spent Engine Oil

(i) Determination of Soil pH

The potential of hydrogen of the soil was measured using the
Bate (1954) technique. Exactly 20 g of air-dried soil from
each station was transferred into a 50 mL beaker, and 20 mL
of distilled water was added and allowed to stand for 30
minutes. The mixture was stirred occasionally with a glass
rod. Then the pH electrode from the pH meter (Model CpH
102, made in England) was inserted into a partly settled
suspension, observations were then made, and readings
taken.

(ii) Determination of Electrical Conductivity (EC)
Through the use of a conductivity meter, the electrical
conductivity of the 1:2 soil-water suspensions was
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measured. The Electrical Conductivity was standardised
using Potassium chloride (KCI) calibration solution.

(iii) Determination of Organic Matter Content

The Walkley and Black (1934) method was used to
determine the organic matter content of spet engine oil-
impacted soil samples from the microcosms. The milled soil
samples were passed through a 0.5 mm sieve. One gram of
soil sample was transferred into a 250 mL Erlenmeyer flask
in duplicate. Exactly 10 mL of 1 M Potassium dichromate
(k2Cr20yy solution was accurately added to the sample in
each flask and swirled gently to disperse the soil. Thereafter,
20 mL of conc. H2SO,4 was added rapidly and immediately
swirled gently until the soil and reagent were mixed and
again vigorously swirled for one additional minute. The
flask was allowed to stand for 30 minutes. One hundred (100
mL) of distilled water was added to the mixture and allowed
to stand for 30 minutes. Three (3) drops of an indicator,
diphenylamine, were added to the mixure and 0.5 N ferrous
sulphate solution was titrated. A greenish cast, which
changed to dark green, showed an approach to the endpoint.
Continuous addition of ferrous sulphate drop by drop
changed the solution colour from blue to red. The blank
titration was done using the same method but without soil
(Udo et al., 2009).

The percentage of organic matter was derived from equation
1, thus:

% Org. C= N (Vi1-V,) 0.3F 1
W

Where, % Organic matter in soil= % Organic Cx 1.729

N = Normality of ferrous sulphate solution
V1= Volume of ferrous ammonium sulphate required for the
blank
V2= Volume of ferrous ammonium sulphate required for the
sample
W= Weight of sample in grams

F= correction.

(iv) Soil Moisture Content

A beaker was washed, dried in an oven at 80 °C and allowed
to cool. Exactly 10 g of spent engine oil impacted garden
soil was weighed into a beaker, oven-dried at 105 °C for 24
hours; cooled in a desiccator to room temperature, weighed
with minimum exposure to atmosphere. This was repeated
till a constant weight was obtained. The moisture content
was determined in equation 2, thus

(% Moisture)= W, - W, x 100 2

W1 -Wy

Where, W, = Weight of beaker + sample before oven drying,
W,- Weight of beaker + sample after oven drying, Wo-
Weight of empty crucible

Moisture corrected factor (MCF) was calculated as depicted
in equation 3:

MCF= (100 / (100 - Moisture %)) 3

(v) Determination of Organic Carbon Content

The soil sample was air-dried and ground to pass through a
2 mm sieve. Exactly 0.5 g of spent engine oil-impacted soil
was mixed with 10 mL of H,SO, (0.5 M) and 5 mL of
K2Cr,07 (0.167 M). The suspension was heated at 150 °C for
30 minutes; Absorbance was measured at 590 nm (Udo et
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al., 2009). Soil organic carbon (SOC %) was calculated
using equation 4:

SOC (%) = Absorbance x 0.0364 4
Soil weight
(vi) Determination of Total Nitrogen Content

Ten grams of soil were weighed, dried out in the air, and
allowed to flow through a 0.5 mm sieve into a dry 500 mL
micro-Kjedahl flask. 20 mL of distilled water was then
added, and the mixture was agitated for five minutes and left
to settle for thirty (30) minutes. A mercury catalyst tablet and
ten grams of K;SO, were then added. Exactly thirty (30)
millilitres of concentrated H>SO4were incorporated using an
automatic pipette, and low heat was applied cautiously on
the stand. The mixture was subsequently heated for five
hours and allowed to cool before 100 ml of water was added
to the flask. The breakdown was then transferred into a
different sanitised micro-Kjedahl flask (750 mL capacity). A
50 mL Erlenmeyer flask was filled with fifty (50) mL of
H3BO; indicator solution and set beneath the distillation
apparatus's condenser. After the funnel stopcock was
opened, the 750 mL Kjedahl flask was connected to the
distillation flask and distilled. After collecting 150 mL of
distillate, it was analysed by titrating with 0.01 M
hydrochloric acid (HCI) to determine the ammonium (NH.)
content. Once this analysis was completed, the distillation
process was halted. The endpoint was indicated by a colour
change from green to pink (Udo, et al., 2009).

The percentage of nitrogen was calculated as
shown in equation 5:

%N = _Tx Mx14x100 5

Wit

Where, T= Titration value, M= Molarity of HCI, Wt=
Weight of soil used.

(vii) Determination of Total Potassium, Magnesium,
Calcium and Sodium Content

Spent engine oil impacted garden soil samples were air-dried
to remove excess moisture grinded to pass through 2 mm
sieve. Exactly 10 g of soil was weighed into a 50 mL
centrifuge tube; precisely 20 mL of Ammonium acetate
(NH40AC) solution was added for extraction for K, Mg, and
Ca and was shaken for 30 minutes. The suspension was
centrifuged at 3000 rpm for 10 minutes and supernatant was
obtained. Atomic Absorption Spectrophotometry (AAS)
was set to the respective wavelengths: K= 766.5 nm, Mg=
285.2 nm, Ca= 422.7 nm, Na= 589.0 and Absorbance
readings were recorded (USDA- NRCS, 2019).

(viii)  Exchangeable Acidity

The barium chloride triethanolamine (BaCl.-TEA) method
was used for the determination of exchangeable acidity as
described by Udo et al. (2009). Precisely 10 g of spent
engine impacted garden soil was weighed into a 125 mL
Erlenmeyer flask, 100 mL of extracting solution was added,
swirled with a fitted stopper and allowed to stand overnight.
The content was transferred to a Pyrex Buchner funnel, size
No. 40, fitted with a 4.25 cm Whatman No. 42 filter paper.
The flask was rinsed with the extracting solution and the

World Journal of Applied Science and Technology, Vol. 16 No. (2) (2024) 175- 180 176


https://dx.doi.org/10.4314/wojast.v16i2.175

Open Access article published under the terms of a
Creative Commons license (CC BY).
http://wojast.org

sample was continuously leached with drops of the
extracting solution until about 225 mL of leachate was
transferred to a 250 mL volumetric flask and the volume was
made up with extracting solution. The leachate was poured
into a 500 mL Erlenmeyer flask and 5 drops of mixed
indicator solution were added, and then it was titrated with
0.2 M of HClI to get a pink colour end point. The volumetric
flask was rinsed with the titrated solution. On the other hand,
250 mL of the original extracting solution was titrated to the
same endpoint using the same amount of mixed indicator
The exchangeable acid was calculated in equation 6 as:

EA= (B-S) 10 M 6

Where B is the volume (mL) of acid required to titrate 250
mL of the extracting solution, S is the volume (mL) of acid
required to titrate the soil and M is the molarity of acid.

(ix) Exchangeable Cations

Cation exchange capacity of the soil was measured by the
batch method in accordance with Udo et al. (2009). A
precisely 50 mL centrifuge tube was filled with 5 g of soil
sample, 30 mL of 1 M NH4OAC, and then agitated
mechanically for two hours. The tube was periodically
poured into a 100 mL volumetric flask after the supernatant,
which was clear, was centrifuged for 20 minutes at 2000
rpm. After adding a second 30 mL aliquot of NH4,OAC
solution, the mixture was agitated for 30 minutes. The
leachate was continuously injected into the specific
volumetric flask after the mixture was centrifuged. Leachate
was diluted with NH4OAC solution to a 100 mL volume and
stored for cation analysis. Four times, the residue was
cleaned with a 25 mL aliquot of 90% ethanol and allowed to
stand for 30 minutes on each occasion. NH*s were
substituted by extracting four times with a 25 mL aliquot of
1 M NaCl. The extract was transferred to a volumetric flask
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and the volume was adjusted with a 1 M NaCl solution after
it stood for 30 minutes
Following the determination of the concentration of NH*4
in the extract, the cation exchange capacity was computed
in equation 7 as follows:
CEC (Cmol/kg) = 10x C 7
w
Where W is the weight of the soil utilized, and C is the
extract's concentration of NH*s (Cmol/ kg).

(x) Determination of Redox Potential

Electrochemical Measurement was used in measuring the
soil redox potential. Platinum electrode was inserted into soil
samples in suspension and the electrode was connected to
reference electrode (AgCl). The potential of redox was
measured and readings were taken.

(xi) Determination of Soil Texture: Silt, Clay and Sand
Soil suspension was prepared (50 g of soil + 1000 mL of
water) and dispersant was added, stirred and allowed to settle
for 24 hours. Precisely 20 mL of aliquots was withdrawn at
40 seconds and 2 hours. The percentage of sand, silt and clay
was determined by gravimetric.

Statistical Analysis of Data

One-way ANOVA (Analysis of Variance) was used to
compare the initial TPH and Residual TPH using Statistical
Package for Social Sciences (SPSS) version 22 by IBM
Corporation, USA. Significance was determined at 0.1%
level.

RESULTS

The physical and chemical properties of different levels of
spent engine oil application on garden soil properties are
presented in Table 1.

Table 1: Physicochemical Properties of Untreated soil polluted with different levels of Spent Engine Qil

Parameter 5 % of spent 10 % of spent 15 % of spent 20 % of spent
engine oil in 4 engine oil in4 kg  engine in 4 kg of soil  engine oil in 4
kg of soil of soil kg of soil

pH 5.7+0.05 6.1+0.03 6.50+0.11 6.84+0.01

Conductivity (uS/cm) 50.6+0.1 60.30£0.2 66.40+0.35 80.20+0.2

Redox potential (m/V) 40.5+0.00 22.40+0.1 20.5+0.4 16.80+0.1

Moisture (%) 1.45+0.03 1.40£0.17 1.41+0.02 1.34+0.05

Organic carbon (m/kg) 20.44+0.45 24.34+0.45 28.63+0.15 32.26+0.40

Calcium (m/kg) 2.78+0.76 2.50+1.04 2.10+0.06 1.81+0.90

Potassium (m/kg) 0.55+0.00 0.35+0.03 0.34+0.01 0.31+0.02

Magnesium(m/kg) 1.60+0.20 1.00£0.01 0.90+0.01 0.850.34

Total Nitrogen (%) 0.24+0.01 0.10+0.00 0.05+0.0 0.04+0.00

Sodium (m/kg) 0.50+0.00 0.25+0.03 0.20+0.01 0.18+0.01

Exchangeable acidity mol/kg)  1.19+0.04 1.18+0.08 1.10+0.04 1.00+0.12

Sand (%) 63.40+1.56 66.20+2.38 66.30+1.56 59.30+2.33

Silt 19.75+0.67 19.10+0.09 19.0040.10 19.98+0.83

Clay 16.5+0.45 16.5+0.45 20.6+0.53 20.750.15

Textural class Sandy loam soil

Sandy loam soil

Sandy loam soil Sandy loam soil

Values are means of three replications (+) standard deviation

The results have revealed an acidic soil (6.1+0.05, 6.1+0.03,
6.50+0.11 and 6.50+0.11 respectively) characterised with

low levels of conductivity (50.6+0.1, 60.30+0.2, 66.40+0.35
and 80.20+0.2 uS/cm) and total organic carbon content
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(20.44+0.45, 24.34+0.45, 28.63+0.15 and 32.26+0.40
respectively). The total nitrogen content of 0.24+0.01,
0.10+0.00, 0.05+0.0 and 0.04+0.00 and cation levels of
2.78+0.76, 2.50+1.04, 2.10+0.06 and 1.81+0.90 for calcium.
The results revealed a comparatively unfertile ultisol with a
sandy loam texture. The effect of bioaugmentation and
natural attenuation has presented in Tables 2 and 3
respectively revealed as follows: The pH of the treated soil
samples increased drastically from 6.8 towards alkalinity
with average value of 8.05 during degradation studies. There
was a general increase in soil conductivity in samples treated
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with Alcaligenes aquatilis, Bacillus subtilis and in untreated
soil sample. The organic carbon showed a decreasing trend
from 32.26 to 10.61, 10.64, 10.74 and 10.74mg/kg in soil
treated with different concentration of spent engine oil and
augmented with Alcaligenes aquatilis. On the other hand,
spent engine contaminated soils amended with Bacillus
subtilis decreased the organic carbon from 32.26 to 10.61,
10.61, 10.66 and 10.74mg/kg. The plants essential nutrients
such as Calcium, Magnesium, total Nitrogen, Sodium and
Potassium showed an increasing trend.

Table 2: Physicochemical properties of treated soil after 8 weeks of augmentation Alcaligenes aquatilis

Parameter 5 % of SEO + 20 10% of SEO+ 15 % of SEO + 20 % of SEO +
mL broth culture 20 mL broth 20 mL broth 20 mLbroth
of A. aquatilis culture of A, culture of A. culture of A.
aquatilis aquatilis aquatilis
pH 8.21+0.03 8.05+0.03 8.35+0.04 8.05+0.03
Conductivity (uS/cm) 176.29+0.01 196.10+0.14 206.42+0.20 217.28+0.22
Redox potential (m/V) 54.0+0.2 90.0+0.1 76.0£0.35 67.0+0.2
Moisture (%) 16.47£0.45 15.12+0.06 14.97+0.06 14.14+0.03
Organic carbon (m/kg) 10.74+0.02 10.76+0.05 10.64+0.04 10.61+0.02
Calcium (m/kg) 3.95+0.06 3.86+0.76 3.03£0.90 3.01£0.02
Potassium (m/kg) 2.54+0.49 2.07+0.12 1.93+0.17 1.03+£0.03
Magnesium(m/kg) 4.42+0.20 4.07+0.18 3.22+0.02 2.02+0.02
Total Nitrogen (%) 1.96+0.04 1.5240.34 1.44+0.20 1.05+0.06
Sodium (m/kg) 0.17+0.03 1.05+0.06 1.9740.16 1.99+0.16
Exchangeable acidity (mol/kg)  3.54+0.04 3.01+0.04 1.96+0.08 2.09+0.12
Sand (%) 64.40+1.56 63.75+2.38 60.40+5.37 59.30+199
Slit 19.10+0.09 19.75+0.67 19.98+0.83 19.10+0.09
Clay 16.5+0.45 16.5+0.45 20.72+0.15 22.33+0.40

Texural class
Sandy loam soil

Sandy loam soil

Sandy loam soil Sandy loam soil

Values are means of three replications () standard deviation

Table 3: Physicochemical properties of treated soil after 8 weeks of augmentation Bacillus subtilis and without

augmentation (control)

Parameter 5% 0of SEO+ 10%of SEO+ 15% of 20% of SEO 5% of SEO but

20 mL broth 20 mL broth SEO + 20 +20 mL not

culture of culture of mL broth broth culture  augmented

Bacillus Bacillus subtilis  culture of of Bacillus

subtilis Bacillus subtilis

subtilis

pH 7.25+0.01 7.26+0.01 8.47+0.05 8.0+0.05 8.35+0.03
Conductivity (uS/cm)  99.30+0.01 120.10+0.00 137.00+0.04  155.23+0.05 180.00+0.01
Redox potential (m/V) 90.0+0.1 76.0£0.35 67.0+0.2 67.0+0.2 22.0£0.02
Moisture (%) 14.97+0.06 16.47+0.45 15.12+0.43 15.12+0.06 16.52+0.01
Organic carbon (mg/kg) 10.61+0.02 10.64+0.04 10.74+0.14 10.66+0.21 10.68+0.58
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Calcium (m/kg) 3.86+0.78 3.11+1.04
Potassium (m/kg) 1.03+0.03 1.93+0.17
Magnesium(m/kg) 2.02+0.02 3.22+0.02
Total Nitrogen (%) 1.06+0.20 1.16+0.01
Sodium (m/kg) 1.05+0.06 2.83+0.07
Exchangeable acidity ~ 3.01+0.04 1.96+0.08
(mol/kg)

Sand (%) 64.40+1.56 63.75+2.38
Silt 19.10+0.09 19.75+0.67
Clay 16.5+0.45 16.5+0.45
Textural class Sandy loamy  Sandy loamy

3.01+0.02 3.01+0.02 3.03+0.90
2.07+0.12 2.07+0.12 1.95+0.05
4.42+0.20 4.42+0.20 2.09+0.01
1.41+0.11 1.41+0.11 1.52+0.34
1.74+0.16 1.7640.22 2.04+0.35
1.01+0.01 1.76+0.03 2.09+0.12
59.65+2.33 59.65+2.33 64.40+1.56
18.02+0.02 18.02+0.02 19.10+0.09
22.33+0.40 20.7£0.15 16.5+0.45
Sandy loamy  Sandy loamy Sandy loamy

Values are means of three replications () standard deviation

DISCUSSION

The results of this study have revealed that the test soil was
predominantly sandy. The mean pH of 6.27+0.21 revealed
acidic soil, and acid soils are known to exhibit intensive
leaching, low exchangeable basic cation content and slow
microbial activity (Allen, 1989). This conforms with the
study of Abioye et al., (2012), who reported a drop in pH on
the addition of spent engine oil to soil. Lower moisture
content of the polluted soil (1.45, 1.40, 1.41 and 1.34 %)
could be attributed to some soil pores where water was
supposed to occupy were blocked with spent oil. The lower
values of moisture content in the polluted soils can be
attributed to the prevention of the easy flow of water as spent
engine oil is a viscous liquid which remains in the matrix of
the soil. Similarly, Agbogidi et al., (2012) noted that soil
polluted with spent engine oil experienced reduced water
infiltration and percolation, implying that less water will be
available to the plant roots for photosynthesis. The electrical
conductivity increased with an increase in pollution rate,
ranging from 50.6 uS/cm at 5 % pollution to 60.30 uS/cm,
66.40 puS/cm and 80.20 puS/cm for 10 %, 15 % and 20 %
pollution rates, respectively. Nwite (2013) also reported a
decrease in hydraulic conductivity with increased pollution
rates. Organic carbon increases with an increase in spent
pollution rates; the increase in organic carbon is due to the
carbon-carbon chain in the spent engine oil (Ekundayo,
1998). The higher value of organic carbon (32.26 % and
28.63 %) at 20 % and 15 % relative to the low value (24.34
%) at 10%and lowest value at 5 % (20.44 %) could be due
to higher carbon-carbon chain in the higher rate of pollution
(Chijioke et al., 2016). Cations are positively charged ions
present in the soil and can undergo displacement reactions
that are important in soil fertility, in correcting soil acidity/
alkalinity, in changes altering soil physical properties and as
a mechanism in purifying or altering percolating water.
Exchangeable cations in soil are easily dissolved into
solutions, making them readily available for uptake by the
roots of plants and the fertility of soils is increased with the
increase in exchangeable cations. In this study the cation
exchange capacity which is the measure of how many
cations can be retained on the soil particle surface was lower
based on the level of pollution of spent engine oil on 4 kg of
garden soil thereby indicating its inability to retain more
nutrients and to supply important element like magnesium,
calcium and potassium to the soil.

The enhanced bioremediation using microbial inoculants on
the properties of the test soil revealed improvement in the
levels of plants essential nutrients. Since successful
bioaugmentation treatments depend on the use of inoculants
consisting of microbial strains that have been adapted to the
site to be decontaminated. The organic carbon decreases as
oil degraders uses it as sole sources of carbon while nitrogen
increases. The pH of the polluted soil samples were
increased at the end of bioremediation studies to a range
between 7.25 to 8.35 which is ideal for microbial growth and
hydrocarbon degradation according to Kapahi and Sachdeva
(2019). This indicates that the microbial inoculants used for
the bioremediation have buffering effect on the soil. The
moisture content and the C/N ratio of the test soil were also
influenced. Moisture level affects soil respiration and as
such, the environment must contain sufficient water for
maximum microbiological action (Nkereuwem et al., 2010).
Eghosa (2012) reported that in heavily polluted soils, water
droplets adhere to the hydrophobic layer formed and this
prevents wetting of the inner parts of the soil aggregates. The
increase in electrical conductivity values could be due to the
release of cations and anions which resulted from the
breakdown of hydrocarbons. However, these cations and
anions are known to conduct electric current (Enerijiofi et
al., 2019). The increase in electrical conductivity values with
increasing days of treatment implies that the process of
degrading the waste engine oil by the bacterial isolates was
effective. ~ The  activities of  hydrocarbonclastic
microorganisms clearly influenced the hydrocarbon
degradation rates in the remedied substrates. Bartha and
Atlas (2009) reported that when natural environments are
contaminated with pollutants, the indigenous microbial
communities are likely to contain microbial populations of
different taxonomic characteristics which are capable of
degrading the contaminated soil.

CONCLUSION

The autochthonous bacteria (Alcaligenes aquatilis and
Bacillus subtilis) capable of metabolizing spent engine oil
were encountered in this study. However, the biodegradation
of petroleum and other hydrocarbon in the environment is a
complex process with qualitative and quantitative aspects
depending on the nature and amount of the oil, nutrients,
ambient environmental conditions and the composition of
the microbial community. Monitored natural attenuation has
proved to be effective in this research in as much as it
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promoted  extensive  hydrocarbon  activity  and
biodegradation of spent engine oil in the soil. Therefore, the
present study indicates that polluted soil can be amended
with 20 mL broth culture of Alcaligenes aquatilis, Bacillus
subtilis and monitored natural attenuation. However,
Alcaligenes aquatilis proved a better candidate for the
abatement program in spent engine-impacted soil and
improvement of soil fertility.
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