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Abstract
Petrol is one of the main products which is consumed heavily worldwide. Consequently, contamination of
soils with petrol is one of the main environmental problems in many areas of the world beckoning for a
cost-effective solution. In this study, the bioremediation of petrol contaminated soil by clogged-drainage
bacteria was examined and modeled. Soil samples were contaminated with petrol and inoculated with
cultured bacteria isolated from clogged drainage systems for 56 days. Experimental results indicated that
Pseudomonas, Micrococcus, Acinetobacter, Bacillus cereus and Providencia species actively participated
in the bioremediation process. The percentage reduction of petrol was statistically highly signiﬁcant
(p<0.05) for all five bacterial species and found to be in the following order: Pseudomonas (92.43%) >
Micrococcus (90.24%) > Acinetobacter (87.80%) > Bacillus cereus (87.73%) > Providencia (87.67%).
The biodegradation data complied with first-order kinetic model. Thus, first-order kinetic model of the
biodegradation of petrol in soil for each of the five active bacteria was developed. The models were used
to fit the biodegradation of petrol in soil with coefficient of determination (R2) range of 0.5957 – 0.7658
and p-value range of 0.1348 – 0.5340 (p>0.05), indicating that the developed models can reasonably
predict the biodegradation of petrol in soil with time by the respective bacteria.
Keywords: Modeling, Bacteria, Bioremediation, Petrol, Contaminated soil
Received: 20th May, 2020
Accepted: 15th June, 2020
1. Introduction
Petrol or gasoline is a petroleum-derived
product comprising a mixture of liquid aliphatic
and aromatic hydrocarbons, ranging between C4
and C12 carbon atoms with the boiling range of 30–
225°C. It is predominantly a mixture of paraffins,
naphthenes, aromatics and olefins, and used as fuel
for internal-combustion engines. Petrol is a
preferred automobile fuel because of its high
energy of combustion and capacity to mix readily
with air in a carburetor (Augustyn et al., 2020). It is
derived during fractional distillation process and
has a translucent liquid form. It is not used in its
crude form. Different additives are added to use it
as fuel for passenger vehicles (The Economic
Times,
2020;
U.S.
Energy
Information
Administration, 2020). These additives include
oxygenate to reduce greenhouse gas emission,
detergents to reduce the buildup of engine deposits,
anti-icing agents to prevent stalling caused by
carburetor icing, and antioxidants to reduce “gum”
formation (Augustyn et al., 2020; The Economic

Times,
2020;
U.S.
Energy
Information
Administration, 2020).
Petrol is one of the main products which is
consumed heavily worldwide (The Economic
Times, 2020). In 2018, petrol accounted for about
58% of total transportation sector energy
consumption, 46% of total petroleum consumption,
and 17% of total U.S. energy consumption (U.S.
Energy Information Administration, 2020).
Consumers use petrol in cars, sport utility vehicles,
light trucks, and motorcycles, recreational vehicles
and boats, small aircraft, equipment and tools used
in construction, farming, forestry, and landscaping,
electricity generators for portable and emergency
power supply (U.S. Energy Information
Administration, 2020). Petrol is also used as
a diluent in paints, as a finishing agent, and as an
industrial solvent (Vulimiri et al., 2017).
Historically, petrol has been used as an effective
treatment for lice, and also used for removing
grease stains from clothing (Vulimiri et al., 2017).
Contamination of soils with petroleum
hydrocarbons is one of the important
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environmental problems in many areas of the world
(Mosaed et al., 2015). Petrol can enter the
environment, both as liquid and as vapour, from
leakage and handling during production, transport
and delivery. The main risks of such leaks come
not from vehicles, but from petrol delivery truck
accidents and leaks from storage tanks and pipes
(Adipah, 2019). According to Eissa (2016), this
leakage of petrol contaminates the soil and changes
its physical and mechanical properties because of
the hydrocarbons present in it. The hydrocarbons
infiltrate into the soil through the pore spaces when
released, it affects the action of geochemical and
biological phenomena and is distributed in the
vaporized, residual or adsorbed phase, free phase
and dissolved phase (de Souza et al., 2013).
According to Mosaed et al. (2015), soil
contamination with petroleum hydrocarbons has
clear effects on soil biological, chemical and
physical characteristics and results in decreased
food elements, productivity and soil plant
productions.
Currently, several methods are used to reduce
the negative effects of soil contamination. Among
the methods, bioremediation is considered to be a
cost-effective and environmental-friendly method
(Juwarkar et al., 2010; Caliman et al., 2011;
Science Monk, 2019). Bioremediation is a
treatment technique that uses naturally occurring
microorganisms to attack contaminants and change
them into less toxic substances. Critical conditions
for effective bioremediation include the presence of
contaminants, microbes that feed on the
contaminants, sufficient oxygen, suitable soil
moisture, right temperature, nutrients to support
microbe growth, and suitable pH. Bioremediation
is widely used for all sorts of soil contamination.
When properly applied, bioremediation is the safest
and least invasive soil cleanup available.
Bioremediation is effective for cleaning petroleum
hydrocarbons and many other contaminants, and
can be carried out on the site of contamination
(ESD Waste2Water, 2018; Science Monk, 2019).
Clogged-drainage results from poorly designed,
constructed and managed drainage system. Such
drainage systems are potential breeding grounds for
harmful bacteria which cause diseases like cholera,
gastroenteritis and typhoid (Blom, 2015).
Nevertheless, the bacteria in clogged-drainage can
find useful application in bioremediation of petrol
contaminated soil. Studies on the remediation of
petrol contaminated soil using bacteria from
clogged-drainage have been carried out however
without modeling of the process (Ugwoha et al.,

2019). Thus, the aim of this study is to use bacteria
from a clogged-drainage system to remediate petrol
contaminated soil and then model the
bioremediation process.
2. Materials and methods
2.1 Contaminant
Premium Motor Spirit (PMS) popularly called
petrol was the contaminant used in this study. The
petrol was bought from Londa fuel station at Bori.
The petrol was first analysed in the laboratory to
determine its total petroleum hydrocarbon (TPH)
content.
2.2 Procurement of bacteria from cloggeddrainage system
The procurement of the bacteria used in this
study from a clogged-drainage system was fully
described by Ugwoha et al. (2019). But briefly, wet
sediment samples were collected from a cloggeddrainage system using a Grab Sampler. The
sampling containers were sterilized to maintain the
nature and quality of bacteria in the wet sediment
samples. Collected samples were stored in a cooler
with ice packs prior to laboratory analysis.
2.3 Identification of clogged-drainage bacterial
species
The identification of the clogged-drainage
bacteria species was fully described by Ugwoha et
al. (2019). The identification involved bacterial
culture, isolation of bacteria colonies, and
biochemical tests which include catalase test,
methyl red test, oxidase test, indole test, and citrate
test. The number of bacterial colonies was
determined using spectrophotometer. Heterotrophic
count of bacterial species was carried out to
determine the number of bacterial cells. The
bacterial growth process in the cultured solution
was used to plot the bacterial growth with time.
2.4 Collection of soil sample
Loamy soil commonly found in most farmland
was used for the experiment. Sample of loamy soil
was collected from a depth of 0 to 60cm using a
standard auger. Collected soil sample was analysed
for indigenous bacteria, hydrocarbon content, pH
and temperature to establish baseline condition
before use in the experiment. The soil sample was
heated at 1200oC to destroy the indigenous bacteria
before use in the experiment.
2.5 Experimental setup
A 10g soil sample was mixed with 1ml of petrol
to provide known quantity of the soil sample and
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volume of the contaminant. The contaminated soil
sample was thoroughly mixed to ensure that the
contaminant was evenly distributed in the soil
sample. The experiment was setup in glass beaker.
Eleven (11) experiments were setup, one for each
bacterium. One (1) control was also setup, given a
total of 12 setups for the study. Isolated bacteria
solution (9ml) was inoculated into the 11
experimental setups while no inoculation was done
to the control. 0.5g of nitrogen and 0.5g of
phosphorus were mixed in 100ml of distilled water
and 1ml was transferred into each sample to
provide nutrients for the bacteria. The 12 setups
were monitored for a period of eight (8) weeks and
samples were taken from each on a weekly basis
and analysed for total hydrocarbon petroleum
(TPH) content.
2.6 Data analysis
Analysis of variance (ANOVA) was performed
to determine the significant level of biodegradation
by each active bacterium isolates. The percentage
of total petroleum hydrocarbon (TPH) biodegraded
was computed using Equation (1).
𝑇𝑃𝐻0 − 𝑇𝑃𝐻𝑡
𝜃𝑅 =
× 100
(1)
𝑇𝑃𝐻0
where 𝑇𝑃𝐻0 is the initial concentration of petrol in
soil and 𝑇𝑃𝐻𝑡 is the residual concentration of
petrol in soil at time t.
2.7 Model development
A linear regression analysis was used to fit the
biodegradation
data
into
models.
The
biodegradation of contaminants in soil follows
first-order kinetics (Yudono et al., 2011). The
microbial decomposition of the petrol can be
represented by Equation (2). Thus, the bacteria
degraded the petrol into carbon dioxide, water and
energy (Yudono et al., 2011).
Cn Hn + O2 →
CO2 + H2 O + Energy
(2)
Bacteria
The kinetic relationship between the reaction rate
and the rate of change of petrol with time can be
described using Equation (3). This describes the
rate of petrol reduction in the soil.
∆𝑇𝑃𝐻
𝑟=
(3)
∆𝑡
where 𝑟 is the rate of reaction, 𝑡 is the time in day,
𝛥𝑇𝑃𝐻 is the change in petrol concentrations.
The order of kinetic reaction can be determined by
writing Equation (3) as:
𝑑𝐶
𝑟=
= −𝑘𝐶 𝑛
(4)
𝑑𝑡
where 𝐶 is the concentration of petrol (mg/kg)
remaining at any time (𝑡), 𝑛 is the reaction order,
and 𝑘 is the kinetic rate constant.

For first-order kinetic reaction, 𝑛 = 1 . Thus,
Equation (4) becomes:
𝑑𝐶
= −𝑘𝐶
(5)
𝑑𝑡
Kinetically, the biodegradation of substrate can be
described by Monod’s model (Nakhla, 2006).
𝜇𝑚𝑎𝑥 𝑆
𝜇=
(6)
𝐾𝑆 + 𝑆
where 𝜇 is the specific growth rate, 𝜇𝑚𝑎𝑥 is the
maximum specific growth rate, 𝑆 is the substrate,
and 𝐾𝑆 is the saturation constant or Monod’s
constant.
However, the Monod’s equation has been found
not to precisely predict the bacterial growth and
substrate utilization in a slow degradation and
limited bioavailability media such as soil (BalseiroRomero et al., 2017). Therefore, the biodegradation
of the petrol was modeled according to MichaelisMenten model. The kinetics of the bacterial
reactions can be represented by the MichaelisMenten equation (Banks and Davidian, 2009):
𝑅𝑚𝑎𝑥 𝐶
𝑟(𝐶) =
(7)
𝐾𝑚 + 𝐶
where 𝑟(𝐶) is the rate of biodegradation (day-1),
𝑅𝑚𝑎𝑥 is the maximum specific rate of
biodegradation (day-1), 𝐶 is the concentration of
petrol in soil (mg/kg), and 𝐾𝑚 is the Michaelis’
constant.
At low petrol concentrations 𝐶 <<< 𝐾𝑚 , the
value of 𝐶 in the denominator of Equation (9) is
negligible compared with 𝐾𝑚 . Equation (7) reduces
approximately to:
𝑅𝑚𝑎𝑥
𝑟(𝐶) =
𝐶
(8)
𝐾𝑚
The ratio of constants 𝑅𝑚𝑎𝑥 /𝐾𝑚 is the first-order
rate coefficient for the biodegradation reaction. If
𝑘1 = 𝑅𝑚𝑎𝑥 /𝐾𝑚 , Equation (8) becomes:
𝑟(𝐶) = 𝑘1 𝐶
(9)
where 𝑘1 is the half-saturation constant. Taking the
derivative of Equation (9) with respect to time (𝑡)
gives:
𝑑𝐶
= −𝑘1 𝐶
(10)
𝑑𝑡
𝑑𝐶
= −𝑘1 𝑑𝑡
(11)
𝐶
where 𝐶 is the concentration of petrol remaining in
the soil at time 𝑡 and 𝑘1 is the first-order rate
constant. Integrating Equation (11) with initial
conditions, 𝑡 = 0, 𝑡 = 𝑡; 𝐶 = 0, 𝐶 = 𝐶𝑡 gives:
𝐶𝑡
𝑡
𝑑𝐶
∫
= −𝑘1 ∫ 𝑑𝑡
𝐶0 𝐶
0
ln(𝐶𝑡 ) − ln(𝐶0 ) = −𝑘1 𝑡
ln(𝐶𝑡 ) = ln(𝐶0 ) − 𝑘1 𝑡
(12)
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The degradation of petrol in the soil with time can
thus be expressed from Equation (12) as:
ln(𝑇𝑃𝐻𝑡 ) = ln(𝑇𝑃𝐻0 ) − 𝑘1 𝑡
(13)
where 𝑇𝑃𝐻𝑡 is the concentration of petrol (mg/kg)
remaining at any time ( 𝑡 ), 𝑇𝑃𝐻0 is the initial
concentration of petrol (mg/kg), and 𝑘1 is the firstorder reaction rate.
Equation (13) can be expressed as follows:
𝑇𝑃𝐻𝑡
ln (
) = −𝑘1 𝑡
(14)
𝑇𝑃𝐻0
Equation (14) can further be expressed as
Equations (15) and (16):
𝑇𝑃𝐻𝑡
= 𝑒 −𝑘1 𝑡
(15)
𝑇𝑃𝐻0
𝑇𝑃𝐻𝑡 = 𝑇𝑃𝐻0 𝑒 −𝑘1𝑡
(16)
2.8 First-order half-life
Half-life (t1/2) is the time required for the petrol
to be degraded to one-half of the original
concentration. For a first-order reaction, the halflife is computed from Equation (14) as follows:
𝑇𝑃𝐻
ln ( 𝑡 )
𝑇𝑃𝐻0
𝑡=
(17)
−𝑘1
For 𝑡1/2, 𝑇𝑃𝐻𝑡 = (1/2)𝑇𝑃𝐻0
(1/2)𝑇𝑃𝐻0

ln (
𝑡1/2 =

𝑇𝑃𝐻0

)

−𝑘1

𝑡1/2 =

ln(2)
𝑘1

(18)

3. Results and discussion
3.1 Biodegradation of petrol by bacteria isolates
Eleven (11) bacterial species (Bacillus cereus,
Micrococcus,
Staphylococcus,
Salmonella,
Escherichia coli, Proteus, Vibrio cholerae,
Shigella,
Providencia,
Acinetobacter
and
Pseudomonas) were identified from the cloggeddrainage wet sediment sample. However, only five
(5) bacterial species (Bacillus cereus, Micrococcus,
Providencia, Acinetobacter and Pseudomonas)
actively participated in the bioremediation process
(Fig. 1). The existence of these bacterial species in
a clogged-drainage sediment have been reported
(Sonali, 2011; Ogbonna and NiaBari, 2017;
Ugwoha et al., 2019). The rate of TPH reduction by
the five active bacteria was relatively fast between
21 and 28 days (Pseudomonas), 35 and 42 days
(Micrococcus and Acinetobacter) and 42 and 49
days (Bacillus cereus and Providencia) of the
remediation process. The percentage reduction of
TPH on day 56 was statistically highly signiﬁcant
(p<0.05) for all five bacterial species and found to
be in the following order: Pseudomonas >
Micrococcus > Acinetobacter > Bacillus cereus >
Providencia (Table 1). Similar observation has
been reported (Ugwoha et al., 2019).
Acinetobacter spp
Staphylococcus aureus
Pseudomonas
Proteus mirabilis
Escherichia Coli,
Bacillus cereus
Shigella species
Salmonella typhi
Vibrio cholerae
Providencia sp
Micrococcus
Control

1.8
1.6
1.4

TPH (mg/kg)

1.2
1
0.8
0.6
0.4
0.2
0
0

7

14

21

28

35

42

49

56

Time (days)

Fig. 1: Biodegradation of petrol by all bacteria isolates
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Table 1: Percentage biodegradation of petrol in soil
P-value
Level of significance
Bacteria type
% biodegradation
0.001
Significant
Pseudomonas
92.43
0.004
Significant
Micrococcus
90.24
0.003
Significant
Acinetobacter
87.80
0.009
Significant
Bacillus cereus
87.73
0.005
Significant
Providencia
87.67
3.2 Kinetics of biodegradation of petrol in soil
Linear regression analysis was used to obtain
the linear plots presented in Figures 2 to 6, from
which coeﬃcient of determination (R2) values were
generated (Table 2). The linear plots show the ﬁrstorder kinetic rate constant for each bacterium. The
high values of the coeﬃcient of determination (R2 >
0.6) show the attainment of a good ﬁrst-order
kinetic rate constant for the hydrocarbon utilization
bacteria (HUB). This observation agrees with
previous studies (Greene et al., 2000; Yudono et
al., 2011). The values of the reaction rate constant
show that Pseudomonas degraded the petrol in the
soil more efficiently than the other bacteria
(Micrococcus > Acinetobacter > Bacillus cereus >
Providencia).
The biodegradation reaction order (n) for the
HUB was obtained as the exponent of the reaction
0

10

20

rate constant using Equation (4) and rounded up to
a whole number following previous studies
(Yudono et al., 2011). The value of n for all five
bacteria rounded up to 1, indicating first-order
kinetic. The values of reaction rate constants were
substituted into Equation (16) to obtain the firstorder kinetic models. Thus, the biodegradation of
petrol in soil can be described using the models in
Table 3. The petrol biodegradation half-life for
each bacterium was computed using Equation (18).
The kinetic parameters of the ﬁrst-order
degradation models (Table 3) show that the highest
rate of petrol degradation occurred in Pseudomonas
(k1 = 0.0580 day-1) with 92.43% removal efficiency
and half-life of 12 days while the least occurred in
Providencia (k1 = 0.0354 day-1) with 87.67%
removal efficiency and half-life of 20 days.

Time (days)
30

40

50

60

0.5

ln(TPHt/TPH0)

0
-0.5
-1
-1.5

y = -0.058x + 0.1923
R² = 0.807

-2
-2.5
-3
-3.5

Fig. 2: First-order kinetic rate constant determination for Pseudomonas biodegradation of petrol
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0
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R² = 0.7827
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-1.5
-2
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Fig. 3: First-order kinetic rate constant determination for Micrococcus biodegradation of petrol
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0.5
0
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-1.5
-2
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Fig. 4: First-order kinetic rate constant determination for Acinetobacter biodegradation of petrol
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Fig. 5: First-order kinetic rate constant determination for Bacillus cereus biodegradation of petrol
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Fig. 6: First-order kinetic rate constant determination for Providencia biodegradation of petrol
Table 2: Summary of biodegradation kinetics parameters for petrol
Bacteria type
Kinetic parameters
k1 (day-1)
R2
Biodegradation reaction order (n)
Pseudomonas
1.060
0.0580
0.807
Micrococcus
1.048
0.0470
0.783
Acinetobacter
1.045
0.0437
0.772
Bacillus cereus
1.036
0.0356
0.644
Providencia
1.036
0.0354
0.667
Table 3: Summary of bioremediation prediction models and half-life for petrol contaminated soil
First-order kinetic models
Half-life, t1/2 (days)
Bacteria type
Pseudomonas
12
0.0580t

Ct  1.598 e

Micrococcus

Ct  1.598 e 0.0470t

15

Acinetobacter

Ct  1.598 e 0.0437t

16

Bacillus cereus

Ct  1.598 e 0.0356t

19

Providencia

Ct  1.598 e 0.0354t

20

3.3 Model validation
The validation of the biodegradation models for
individual bacterium using the relationship between
the measured and predicted TPH concentrations are
presented in Figures 7 to 11. The high coefficient
of determination (R2 > 0.5) obtained in all cases
indicate good agreement between the measured and
predicted biodegradation of petrol in soil. More so,
the p-values (p > 0.05) obtained in all cases imply

that there is no significant difference between the
measured and predicted petrol biodegradation. The
accuracy of prediction of degradation of petrol in
soil by the bacteria was found to be in the
following order: Pseudomonas (R2 = 0.7658) >
Acinetobacter (R2 = 0.6813) > Micrococcus (R2 =
0.6577) > Providencia (R2 = 0.6434) > Bacillus
cereus (R2 = 0.5957).
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TPH (mg/kg)

R2 = 0.7658
p-value = 0.5340
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Fig. 7: Measured and predicted biodegradation of petrol by Pseudomonas
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Fig. 8: Measured and predicted biodegradation of petrol by Micrococcus
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Fig. 9: Measured and predicted biodegradation of petrol by Acinetobacter
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Fig. 10: Measured and predicted biodegradation of petrol by Bacillus cereus
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Fig. 11: Measured and predicted biodegradation of petrol by Providencia
4. Conclusions
The bioremediation of petrol contaminated soil
using clogged-drainage bacteria was examined and
modeled. Five bacterial species (Pseudomonas,
Micrococcus, Acinetobacter, Bacillus cereus and
Providencia) actively participated in the
bioremediation process. The percentage reduction
of petrol was statistically highly signiﬁcant
(p<0.05) for all five bacterial species and found to
be in the following order: Pseudomonas (92.43%)
> Micrococcus (90.24%) > Acinetobacter (87.80%)
> Bacillus cereus (87.73%) > Providencia
(87.67%). The biodegradation data complied with
first-order kinetic model. Thus, first-order kinetic
model of the biodegradation of petrol in soil for
each of the five active bacteria was developed. The
models were used to fit the biodegradation of petrol
in soil with coefficient of determination (R2) range

of 0.5957 – 0.7658 and p-value range of 0.1348 –
0.5340 (p>0.05), indicating good agreement
between
the
measured
and
predicted
biodegradation of petrol in soil. Therefore, it is
concluded that the developed models can
reasonably predict the biodegradation of petrol in
soil with time by the respective bacteria.
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