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Abstract

Different microbes (E.coli, Proteus, Klebsiella and Pseudomonas sp) were utilized in degradation of different
hydrocarbon (Engine oil/diesel, kerosene and fuel) contaminated soils amended with inorganic (NPK and urea) and
organic (cow dung and poultry litter) fertilizers and in some their combination. The incubation period ranged from
3 — 18 days. Bacterial population count and residual hydrocarbon were determined .Results showed that bacterial
population count increased as the microbes utilized hydrocarbon for carbon and energy sources, the increase in
population count and degradation of the hydrocarbons was stimulated by the fertilizer. It was also observed that
as the population count increased due to hydrocarbon utilization for carbon and energy, residual hydrocarbon
decreased and percentage degradation increased. Urea fertilizer was the best amendment for E.coli to degrade
kerosene, NPK and cow dung differently aided the same E.coli in degrading engine oil. Pseudomonas and Proteus
species degraded kerosene and fuel better in the presence of NPK fertilizer. Klebsiella specie degraded diesel and
engine oil better when amended with poultry litter and cow dung respectively at least for the first 9 days. More than
90% of the hydrocarbons were degraded within each incubation period. The microbes began to die as from the 15"
day of incubation, this may be due to secretion of toxic secondary metabolites. Control experiments revealed that
there was initial increase in population count of the microbes as they utilized the hydrocarbon for carbon and energy,
but they began to die because of non-stimulation with fertilizer, therefore less than 50% of the hydrocarbons were
degraded in all the control experiments. Maize seeds grew on the remediated soil within six (6) days of planting.

Biodegradation; Bioremediation; Microbes;

increasing attention has been focused on developing and implementing

Hydrocarbon; Fertilizer; Contaminated soil
Introduction

The world, in which we live as it is today, is the world in which
everything we do as regards human growth, biological, physical,
industrial and infrastructural growth, science and
technological growth etc. revolves around energy. Apart from the
traditional firewood, wind and hydro power, petroleum hydrocarbon
continues to be used as the most principal and versatile source of
energy and therefore an important global environmental pollutant
[1]. Crude oil or petroleum hydrocarbon exploration and exploitation
which came after industrial revolution stems from advances in science
and technology which have enabled humans to exploit their natural
resources, although not withouta cost, asithas generated unprecedented
disturbances in global elemental cycles [2]. The relatively sudden
introduction of xenobiotic chemicals as well as the massive relocation
of natural materials to different environmental compartments can
often overwhelm the self cleaning capacity of recipient ecosystems
and therefore result in the accumulation of pollutants to problematic
or even harmful levels [3]. Bioremediation plays a great role in
solving some of these problems. Bioremediation is the application of
biological treatment to clean up hazardous chemicals. This process
involves detoxification where the pollutant may be converted to less
toxic substances and mineralization, where the waste material can be
converted into inorganic compounds such as carbon dioxide, water,
methane and sometimes fatty acids [4]. Bioremediation is not new to

economic,

human race but new approaches that stem from advances in molecular
biology and process engineering are emerging. Microbes bioremediate
the environment as they biodegrade the pollutant to obtain carbon
and energy, Biodegradation specifically refers to chemical breakdown
or mineralization of materials facilitated by biological organisms or
products [5]. Contamination of the environment with petroleum
hydrocarbons has caused critical health defects and therefore

innovative technology for cleaning up this contamination [3,6]. When
oil spillages occur as with the cases in the Niger-delta region of Nigeria
, concerted efforts are made to remove, remediate or recover the
spilled oil immediately, but when the spill is small as in automobile
workshops, gasoline petrol station, and during tanker, loading or
off-loading operations at the refinery or during clean-up operations,
the possible effect is that it may be ignored, but on continuous and
prolonged spill as the case has been, contamination of ground water
and air due to evaporation is possible because of its persistence.
Bioremediation methods therefore come in handy and have correctly
received favorable publicity as promising environmentally friendly
technique for the remediation of hydrocarbon contaminated ecosystem
[7]. This is possible because microorganisms have enzyme system to
degrade and utilize different hydrocarbon as a source of carbon and
energy [8]. A number of gram positive and negative microbes have
been reported to be capable of utilizing a wide variety of hydrocarbons
as carbon and energy [9]. The microorganisms include bacteria of
the genera Klebsiella, Proteus, Bacillus, Escherichia, Pseudomonas,
Streptomyces, Nocardia, Seratia, Xanthomonas, Micrococcus etc. and
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fungi of the genera-Rhizopus, Fusarium, Pencillium, Cladosporium
and Aspergillus etc [10]. The hydrocarbon degrading microbes have an
inherent capacity to assimilate hydrocarbons and/or its products [11].
The process is therefore regarded as a complex biological oxidation
process involving mostly aerobic organisms which may be enhanced
by supplementation with fixed nitrogen, phosphate and other nutrients
[12]. Ngobiri et al. [13] reported that native microbes caused reduction
of total petroleum hydrocarbon (TPH) by 25% within the first three
weeks, following the application of N:P:K,15:15:15 fertilizer as major
source of macro-nutrient in a study to reclaim crude oil contaminated
site at Igwuritta area of Rivers state, Nigeria. The use of composting
in bioremediation has received little attention [14] in spite of the fact
that composts have been reported to have potential for remediation of
heavily contaminated sites [15,16]. Previous composting experiments
employing hydrocarbon contaminated soil co-composted with cow
manure and mixed vegetable wastes showed that more than 90 % of
the hydrocarbons were removed [17]. Nitrogen component of sewage
sludge has also been utilized as nutrient for microbes in bioremediation
of hydrocarbon-contaminated soil inoculated with organic manure, at
the end of the incubation period, total petroleum hydrocarbon in the
control decreased by 17% while that of the experiment decreased by
99.8%.The organism growing on the nutrients present in the compost
system readily metabolized the contaminant hydrocarbons in the
compost mixture while still growing on the sludge [18 ].Apart from
cow dung, sewage sludge, poultry manure as organic fertilizer in
contaminated soil was reported have increased microbial growth and
biodegradation was found to be enhanced by poultry manure [19].
Also co-composting hydrocarbon-contaminated soil with poultry
manure showed that poly aromatic hydrocarbons (PAHs) could be
removed from the soil by composting [20]. The objective of this work
is to ascertain the effectiveness of various microbes used in degradation
of different hydrocarbon contaminated soil amended with inorganic
or organic fertilizer when used singly or in combination and also to
compare the bacterial population count when using inorganic with
organic as well as when both are combined.

Materials and Methods
Hydrocarbon

The hydrocarbons used in all the experiment were collected from
Port-Harcourt refinery.

Soil sample

The soil sample was obtained from a site free from any hydrocarbon
contamination, about 200 m away from chemistry laboratory of
Nnamdi Azikiwie University, Awka. Soil sample was collected by hand
digging to a depth of 30 cm, it was mixed thoroughly sieved through
screens with 2 mm diameter openings to remove stones, wood particles
and other debris and stored in a sterile polyethylene flask (2-liter
capacity) at 10°C so as to reduce moisture losses [21] ,after proper
sterilization. Laboratory analysis revealed that the soil was sandy loamy
type of soil. The water holding capacity was evaluated as suggested by
Watwood and White [22]. The mineral salts, organic and inorganic
fertilizers were all sterilized.

Microorganism

The bacterial cultures utilized in this study were Escherichia coli,
Proteus, Pseudomonas and Klebsiella species obtained from Nnamdi

Azikiwe University Teaching Hospital Nnewi and Glanson Medical
Laboratory, Awka. The composition of the mineral salts medium used
contain 0.29 g KCI, 10 g NaCl, 0.42 g MgS0,.7H,0, 0.83 g KH,PO,,
0.42 g NaNO, and de-ionized water. The prepared medium was
transferred into six (6) 250 ml conical flasks and autoclaved at 121°C
for 15 minutes. The hydrocarbon was also sterilized separately in a
tight screw-capped bottle at same temperature and time. Also sterilized
were 144 empty bottles and organic and inorganic fertilizers, screen
test for hydrocarbon utilization was determined by the method of
Okpokwasili and Okorie (1998) [23]. Pour plate method in which
nutrient agar(oxide) was autoclaved and allowed to cool at 45'C ,0.01
ml of each organism was added into each separate sterile Petri dish. The
medium was poured into the Petri dish and swirled properly, then was
allowed to gel .It was incubated at 30'C and the counts were taken after
every 72 hrs. CFU/ml of each 0.4 ml stock solution were as follows:
E.coli (1.1 x 10%), Pseudomonas (0.8 x 10%), Proteus (0.9 x 10%) and
Klebsiella ( 1.0 x 108).

In all six (6) composite experiments were performed as follows:

1. Biodegradation of kerosene contaminated soil using Escherichia
coli sp amended with inorganic fertilizer (NPK and Urea)
(Figure la & 1b). Four tests were carried out as;

i. Sample A = 0.4 ml stock solution of Escherichia coli, 10 g of
soil, 1 ml of kerosene, 50 ml of mineral salts medium and 1 g
of NPK.

ii. Sample B = 0.4 ml stock solution of E.coli, 10 g of soil, 1 ml
of kerosene, 50 ml of mineral salts medium and 1 g of Urea.

iii. Sample C = 0.4 ml stock solution of E.coli, 10 g of soil, 1 ml
of kerosene, 50 ml mineral salt, 0.5 g each of NPK and Urea.
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Figure 1a: Bioremediation of kerosene contaminated soil using E.Coli amended
with inorganic fertilizer (Poultry litter and Cow dung).
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Figure 1b: % degradation of kerosene using E.Coli when amended with
inorganic fertilizers (NPK & Urea).
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Figure 2a: Using E. coli, biomediation of Engine oil contaminated soil amended
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Figure 2b: % Degradation of Engine Oil using E.Coli amended with NPK and
Cow dung.

with NPK and Cow dung.

amended with NPK and cow dung. (Figure 2a & 2b). This
consists of four (4) tests as;

i. Sample A: 0.4 ml stock solution of E. coli, 10 g of soil, 1 ml
engine soil, 50 ml of mineral salts medium and 0.5 g each of
NPK and cow dung.

ii. Sample B: 0.4 ml stock solution of E.coli, 10 g of soil sample,
1 ml of engine oil, 1 g of NPK

iii. Sample C: 0.4 ml stock solution of E.coli, 10 g of soil sample,
1 ml of engine oil, 50 ml mineral salt, 1 g cow dung.

iv. Sample D (control): as above but did not contain NPK or
cow dung.

3. Biodegradation of Kerosene contaminated soil using
Pseudomonas sp amended with inorganic fertilizer (NPK and
Urea) (Figure 3a & 3b). It consists of four (4) tests as;

i. Sample A: 0.4 ml stock solution of Pseudomonas sp., 1 ml
of kerosene, 10 g of soil, 50 ml of mineral salt and 1 g of NPK
fertilizer.

ii. Sample B: 0.4 ml stock solution of Pseudomonas sp, 1 ml of
kerosene, 10 g of soil, 50 ml mineral salt, 1 g of Urea.

iii. Sample C = as above but with 0.5 g each of NPK and Urea.
iv. Sample D (control): as B or A, but has no fertilizer.

4. Biodegradation of fuel (petrol) contaminated soil using Proteus
sp amended with inorganic fertilizer (NPK and Urea) (Figure
4a & 4b) .It consists of four (4) tests as;

i. Sample A: 0.4 ml Proteus sp stock solution, 10 g soil sample,
50 ml mineral salt, 1 ml fuel (petrol), 1 g NPK fertilizer.
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5. Biodegradation of diesel contaminated soil using Klebsiella sp
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Figure 3a: Bioremediation of kerosne contaminated soil using Pseudomonas
Spp amended with inorganic fertilizers (NPK and Urea).
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Figure 3b: % Degradation of kerosene using Pseudomonas amended with
inorganic fertilizers (NPK and Urea).

ii. Sample B: 0.4 ml Proteus sp stock solution, 10 g soil sample,
50 ml mineral salt, 1 ml fuel (petrol), 1 g of Urea.

iii. Sample C: 0.4 ml Proteus sp stock solution, 10 g soil sample,
50 ml mineral salt, 1 ml fuel (petrol) and 0.5 g each NPK and
Urea.
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Figure 4a: Bioremediation of Fuel contaminated soil using Proteus amended
with Inorganic Fertilizers (NPK and Urea).
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Figure 5a: Bioremediation of Diesel contaminated soil using Klebsiella
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Figure 5b: % Degradation of Diesel using Klebsiella amended with NPK and

ii. Sample B: 0.4 ml Klebsiella sp stock solution, 10 g soil sample,
50 ml mineral salt, 1 ml diesel and 1 g cow dung.

iii. Sample C: 0.4 ml Klebsiella sp, 10 g soil sample, 1 ml diesel
and 0.5 g each of poultry litter and cow dung.

iv. Sample D (Control): contains all except cow dung and
poultry litter.

6. Biodegradation of engine oil using Klebsiella sp amended with
cow dung and poultry litter (Figure 6a & 6b). It consists of four
(4) tests as;

i. Sample A: 0.4 ml stock solution of Klebsiella sp, 10 g soil
samples, 50 ml mineral salt, 1 ml engine oil, 1 g cow dung.

ii. Sample B: 0.4 ml Klebsiella sp stock solution, 10 g soil sample,
50 ml mineral salt, 1 ml engine oil and 1 g poultry.

iii. Sample C: 0.4 ml Klebsiella sp stock solution, 50 ml mineral
salt, 10 g soil sample, 1 ml engine oil, 0.5 g cow dung, 0.5g
poultry litter.

iv. Sample D (Control): contains all minerals except cow dung
or poultry litter.

In all for each sample analysis, six (6) tests were carried out at three
(3) days interval over eighteen (18) days period. Residual hydrocarbon
was determined using Spectrophotometric analysis.

Percentage hydrocarbon degradation was calculated using =

A-B

x100
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Figure 6b: % Degradation of Engine Oil using Klebsiella amended with Cow
dung & Poultry Litter.

Where A = initial hydrocarbon concentration (1 ml)

B = Residual hydrocarbon concentration after each incubation
period.

Results and Discussion

Both bacteria and fungi that are heterotrophic in nature are
related to a large number of taxonomic genera which are able to
utilize hydrocarbons as sources of energy and carbon for their growth
[24,25]. Biotechnology of oil degradation can be divided into three
(3) main groups depending on the nature of micro organisms being
used:- activation of indigenous micro flora in the polluted area by
addition of nutrients in the form of mineral fertilizers; addition to the
polluted area of oil oxidizing micro organisms isolated from different
biotopes and selected under laboratory conditions on the basis of the
level of their oil oxidizing ability; and addition to the polluted area of
genetically engineered micro organisms characterized by pronounced
oil-oxidizing ability [26]. This study, though a preliminary one falls
under the second category with an interesting discovery from Figure la
& 1b, it can be implied that E.coli is not a very good kerosene degrader
using population count and residual kerosene as indices. The organism
showed an ability to utilize kerosene as a sole source of carbon and
energy when stimulated with urea fertilizer. This was observed by an
increase in the bacteria population count for sample B at three (3) days
interval from up to fifteenth (15") day of incubation while samples A
and C showed great decrease. Samples A and C that had rapid decrease
in bacteria population count had higher concentration of residual
kerosene and less percentage degradation of kerosene (Figure 1b and
Table 1). From Figure 2a & 2b, the same E-coli degraded engine oil when
stimulated with cow dung and NPK fertilizer. There were appreciable
bacterial growth, increase in percentage degradation and reduction in
the residual engine oil (Table 1, Figure 2a & 2b). In sample A containing

equal NPK and cow dung, more population bacterial count and less
residual engine oil was observed than in samples B and C (Table 1), but
sample B shows that NPK is better source of food than cow dung. From
Figures 3a & 3b, more population count was observed in sample A with
NPK, followed with sample C with mixture of NPK and urea while
sample B with only Urea as the least, percentage degradation follows
the same trend (Figure 3b), although all conditions had appreciable
bacterial growth and reduced residual hydrocarbons (Table 1). Figure
4a & 4b shows that NPK fertilizer stimulates higher bacterial growth
for effective hydrocarbon degradation. More population count, higher
percentage degradation and less residual hydrocarbon (fuel) were
observed in sample A followed by sample B and less in sample C
(combination of Urea and NPK). In spite of the fact that percentage of
hydrocarbon degradation was the same after 18 days, in general, Proteus
sp proved a very good degrader of fuel (Table 1). Klebsiella species can be
said to be a good degrader of diesel given the appropriate stimulation,
this is provided by poultry litter and combination of cow dung and
poultry litter Figure 5a & 5b(samples A, B and C). Figure 6a & 6b shows
that cow dung assisted Klebsiella in degrading engine oil than poultry
litter but both (sample A and B) were better than the combination of
the two (sample C) except for the sharp decrease in population count
of sample A after 15" day of incubation. It was observed that NPK is
a better source of food for the microbes; therefore high hydrocarbon
degradation occurs in the presence of NPK and in the mixture of
NPK and Urea (Figure 3a & 3b). Population count increases gradually
up to the 15" day when it begins to decrease. The decrease from the
fifteenth (15") day may be due to secretion of secondary metabolites
by the microbes which may be toxic to microbe themselves. It was also
noticed from Table 1, that the residual hydrocarbon concentration
decreases (increasing percentage degradation) as the population count
increases: NPK stimulates the microbes to degrade hydrocarbon better
as was seen in (Figure 2a & 2b, 3a & 3b and 4a & 4b) as well as when
in combination (Figure 2a & 2b, 3a & 3b). Poultry litter enhances the
degradation of diesel better than cow dung or the combination of both
(Figure 5a & 5b). NPK, poultry litter, cow dung or their combination
stimulates greater degradation of engine oil (Figure 2a & 2b, 6a & 6b).
Generally it was also observed that Proteus, Pseudomonas, Klebsiella
species are better hydrocarbon degraders than E.coli, depending on
hydrocarbon and fertilizer amendment used in the experiment.

This method can be applied in water. Bacteria and other micro-
organisms composing the marine flora are able to feed upon wide
variety of compounds found in petroleum, the oil spillages that occur in
the coastal areas would persist if not for these organisms. Other micro-
organisms other than bacteria metabolize oil as did higher organism,
example alga, Walker etal. [27], isolated an alga, prototheca zopfi which
was capable of utilizing crude oil and a mixed hydrocarbon substrate
and exhibited extensive degradation of n-alkanes and isoalkanes as well
as aromatic hydrocarbons.

Urea fertilizer was the best amendment for E.coli to degrade
kerosene (Figures la & 1b), NPK and cow dung differently aided the
same E.coli in degrading engine oil (Figures 2a & 2b). Pseudomonas
and Proteus species degraded kerosene and fuel better in the presence
of NPK fertilizer (Figures 3a-4a, 3b-4b), Klebsiella species degraded
diesel and engine oil better when amended with poultry litter and cow
dung respectively at least for the first 9 days (Figures 5a & 6a , 5b &
6b). Equally, good results were obtained by combining NPK and cow
dung (Figure 2a), NPK and urea (fig 3a), cow dung and poultry litter
(Figures 5a & 6a), with their corresponding percentage degradation
(Figures 2b-6b).
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No of d § Residual hydrocarbon after incubation (mg)
S/No Experiment No Hydrocarbon Used Microbe Used © of cays o
Incubation Sample A Sample B Sample C
3 0.066 0.019 0.058
6 0.054 0.016 0.049
) ) 9 0.042 0.015 0.036
1 1 (Figure 1) Kerosene E. Coli
12 0.031 0.014 0.033
15 0.029 0.013 0.029
18 0.024 0.012 0.026
3 0.035 0.037 0.038
6 0.033 0.035 0.036
) ) ) ) 9 0.032 0.034 0.032
2 2 (Figure 2) Engine oil E. Coli
12 0.026 0.022 0.020
15 0.019 0.014 0.018
18 0.017 0.008 0.011
3 0.035 0.038 0.034
6 0.034 0.036 0.034
) 9 0.024 0.026 0.025
3 3 (Figure 3) Kerosene Pseudomonas
12 0.020 0.024 0.022
15 0.019 0.020 0.019
18 0.012 0.019 0.018
3 0.030 0.035 0.045
6 0.027 0.034 0.039
) 9 0.022 0.031 0.025
4 3 (Figure 4) Fuel Proteus
12 0.021 0.030 0.019
15 0.019 0.016 0.015
18 0.012 0.014 0.013
3 0.090 0.090 0.087
6 0.088 0.089 0.083
) . ) 9 0.084 0.066 0.058
5 3 (Figure 5) Diesel Klebsiella
12 0.076 0.050 0.050
15 0.072 0.048 0.048
18 0.062 0.024 0.018
3 0.026 0.029 0.023
6 0.023 0.026 0.020
) . ) ) 9 0.022 0.023 0.019
6 3 (Figure 6) Engine Oil Klebsiella
12 0.020 0.021 0.017
15 0.019 0.020 0.017
18 0.018 0.017 0.014

Table 1: Residual Concentration of Hydro carbon in mg after each Incubation Period.

Inorganic/organic nutrient addition or their combination was
most affective. It significantly enhanced microbial populations and
hydrocarbon biodegradation rate (Figures la, 6a & Figures 1b, 6b).
All the microbes used can be referred to as halophiles (microorganism
requiring salt for growth) as the low concentration of mineral salts
aided their ability to degrade hydrocarbon. Ward and Brock [28],
assumed an inverse relationship between biodegradation of petroleum
hydrocarbon and salinity. A range of organic pollutants has been
shown to be mineralized or transformed by microorganisms able to
grow in the presence of salt [29,30].

Halophilic archaea maintain an osmotic balance with the
hypersaline environment (as may be seen in salt marshes and swamps of
Niger delta region of Nigeria) by accumulating high salt concentration
which requires salt adaptation of the intracellular enzymes, the use of
micro-organisms able to degrade organic wastes in the presence of salt
could prevent costly dilution to lower the salinity or the removal of salt
by reverse osmosis, ion exchange or electro dialysis before biological
treatment [31].

Chain length of the hydrocarbon also plays a major role in

determining rate of degradation(Figures la — 6a & 1b-6b), it is noticed
that the longer the carbon chain length, the better the degradation,
therefore diesel/engine oil is degraded better than kerosene which is
better degraded than fuel. But in all, type of microbe, hydrocarbon used
and fertilizer amendment determined the bacterial population count
and the percentage of hydrocarbon degraded.

In the control, it is noticed that there is initial rise in population
count of the microbes due to utilization of the hydrocarbons for
carbon and energy (Figures la — 6a), but they begin to die due to lack
of fertilizer stimulation and less than 50% of the hydrocarbons were
degraded in all the control experiment (Table 2). The growth of plant on
the remediated soil after six (6) days of planting proves the effectiveness
of the treatment. Although there is no remarkable difference in the
biodegradation of hydrocarbons when stimulated with synthetic (NPK
and Urea) fertilizer and natural organic (cow dung and poultry litter)
fertilizer or their combination, the use of fertilizer had led to better
growth of the bacteria and thereby increased the bacteria to at least
three fold [32], it is better to use cow dung and poultry litter which
are cost effective and more environmentally friendly. The degradation
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o .
S/No Experiment No Hydrocarbon Used Microbe Used No of da)_/s of % hydroca_r bon Resui.ual hyd_rocarbon after
Incubation degradation incubations (mg)
3 28.46 0.715
6 32.33 0.677
) ) 9 35.26 0.647
1 1 (Figure 1) Kerosene E. Coli
12 36.41 0.636
15 38.29 0.617
18 38.98 0.610
3 35.80 0.642
6 37.92 0.621
) . . ) 9 39.41 0.606
2 2 (Figure 2) Engine oil E. Coli
12 40.26 0.597
15 42.18 0.578
18 43.26 0.642
3 34.27 0.657
6 42.50 0.575
) 9 43.80 0.562
3 3 (Figure 3) Kerosene Pseudomonas
12 44.21 0.558
15 45.80 0.542
18 46.30 0.537
3 30.24 0.698
6 32.18 0.678
) 9 33.80 0.662
4 3 (Figure 4) Fuel Proteus
12 36.46 0.634
15 38.20 0.618
18 40.14 0.599
3 35.26 0.647
6 37.18 0.628
) . . 9 38.30 0.617
5 3 (Figure 5) Diesel Klebsiella
12 39.86 0.601
15 42.30 0.577
18 43.78 0.562
3 34.18 0.658
6 35.24 0.648
) . . . 9 36.86 0.631
6 3 (Figure 6) Engine Oil Klebsiella
12 38.40 0.616
15 41.28 0.587
18 43.60 0.564

Table 2: The results of the control experiment showing the percentage hydrocarbon degradation and amount of residual hydrocarbon after incubation.

is preceded by an initial uptake step considered to involve physical
adhesion of the oil droplets to the cell or enhanced by solubilization
in the aqueous phase [33]. The low solubility of many hydrocarbons
facilitates the separation of the aqueous and hydrocarbon phases
following the fermentation and enhancing product recovery by
partitioning the water soluble and hydrocarbon-soluble products.
The next step occurs in the membrane, where the hydrocarbons
dissolve in the lipophilic region and the results of enzyme-mediated
reactions are usually carbon dioxide, water and other intermediate
by -products [34]. The performance of these hydrocarbon degraders
is used in remediation, therefore micro organism’s ability to degrade
hydrocarbon helps a polluted environment to regain its natural
characteristics and restoration of normalcy in our environment. We
therefore conclude that, though our work is a laboratory study, it can
be applied on a large scale to remediate soils contaminated with crude
oil or its fractions.
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