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Abstract Oil degrading bacteria were isolated from polluted soil from Eremu, Delta State, Nigeria and identified
as species of Bacillus, Pseudomonas, Alcaligenes and Micrococcus. The bacteria were able to utilize Ubefan
(Nigerian) light crude oil as a source of carbon and energy. Two isolates, Bacillus megaterium ULO5 and
Pseudomonas aeruginosa UL07, which had very high ability in utilizing the crude oil, were used as mixed culture
for bioremediation studies. Results showed that addition of the mixed bacterial culture to oil polluted soil caused a
decreased in pH of the soil and a reduction in the peaks of the soil components as revealed by the GLC analysis. The
hydrocarbon components (Cs — Cy,) were extensively degraded in all treatments. In oil polluted soil inoculated with
bacteria, C14 — C38 were highly degraded as compared to the control non-bioaugmented soil. These results suggest
that Bacillus megaterium ULO5 and Pseudomonas aeruginosa ULO7 can be useful in treating oil spills in tropical
soil.
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1. Introduction

Biodegradation is the natural process whereby
microorganisms breakdown organic molecules into other
substances such as fatty acids, carbondioxide and water.
This process helps to rid the environment of pollutants.
However, the natural process of biodegradation is slow
due to inadequate nutrients (nitrogen and phosphorus),
temperature, unfavorable pH and insufficient competent
microorganisms to degrade the pollutant. In terms of use
of bacteria for bioaugmentation, bacterial inocula from the
temperate region may not degrade oil spills efficiently in
the tropics. Therefore there is the need to develop

microbial inocula indigenous to an area where spills occur.

Bioremediation of oil spills is important in regions where
there are frequent oil spills and difficult terrain for cleanup
operation by mechanical means.

Although many microbial isolates from the environment
have been reported to degrade crude oil [1,2,3,4] the need
to screen the microbial inocula still arises. This will allow
for the selection of more competent microbial inocula for
oil spill remediation in polluted soil. Studies in our
laboratory indicate that when oil polluted soil was
inoculated with Flavobacterium sp., 58.5% of the oil was
degraded as compared to 30% oil degradation in soil not
seeded with bacteria [5]. Other investigators [6,7,8,9,10]
have recorded a lot of success with the use of single or

mixed microbial culture for oil spill remediation. In most
instances, the microbial inocula are used in conjunction
with nutrients, particularly nitrogen and phosphorus
before realizable results can be achieved. The aim of the
present study was to evaluate the potential of a mixed
culture of Bacillus megaterium ULO5 and Pseudomonas
aeruginosa ULOQ7, without the addition of nutrients to
speed up oil biodegradation in soil. The patterns of soil
biodegradation were also discerned. This is a simple and
less expensive way of tackling oil spills in the creeks and
other areas of unreaching difficult terrain in Nigeria and
other parts of the world. Besides, this means of
rehabilitation does not pose ecological problems.

2. Materials and Methods

2.1. Collection of Sample

Oil polluted soil samples were collected from different
points at the oil spilled site of Eremu, Delta State, Nigeria
and bulked. Equally, non-oil polluted soil samples were
collected. The soil samples were transported to the
laboratory for the isolation of bacteria. Crude oil used was
Ubefan (Nigerian) light crude oil. The oil was collected
from the Shell Petroleum Development Company of
Nigeria Limited, Warri, Delta State, Nigeria.

2.2 Isolation and ldentification of Bacteria
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Serially diluted soil samples were plated on Nutrient
agar (NA) and incubated at 35°C for 48 hours. Colonies
which developed on the plates were characterized based
on Gram’s reaction and biochemical tests including
carbohydrate utilization profiles. The microorganisms
were identified using the schemes of Bergey’s Manual of
Determinative Bacteriology [11].

2.3. Screening of Bacteria for Potential to
Utilize Crude Oil

Twenty bacterial isolates were screened for potential to
utilize crude oil. The isolates were grown in Nutrient broth
(NB) and incubated at 35°C for 24 hours. Then 1ml (10°
cells) of the NB grown culture was introduced into test
tubes containing 5ml of oil broth (1.7g K,HPO,, 1.32g
KH,PQO,, 1.26g NH,CL, 0.01g MgCL,.6H,0, 0.02g CaCl,,
100ml diluted water, 1ml of filtered sterilized crude oil,
pH 7.4). The inoculated tubes were incubated undisturbed
at 35°C for 7 days. After the incubation the extent of oil
utilization by the isolates were assessed by visual
observation of the turbidity of the medium [12]. The
extent of bacterial growth was represented as maximum
growth (+++), moderate growth (++), minimal growth (+)
and no growth (-).

2.4. Enhanced Biodegradation Studies

Two hundred grams of soil was placed in plastic
containers (CP) and treated with 30% crude oil and mixed
bacterial culture (Bacillus megaterium ULO5 and
Pseudomonas aeruginosa ULQ7). The control soil had no
added bacteria. The experiments set up in duplicates were
incubated at 35°C for 10days. At 2 days interval, the
residential crude oil was extracted from the soil using an
organic solvent (diethyl ether) and the level of microbial
degradation of the oil was determined using the weight
loss method [13]. The percentage weight loss was
calculated using the formula below:

%Weight loss of crude oil
(Weight of crude oil (control)

— weight of crude oil (degraded )] 5100

weight of crude oil (control)

After 10 days, the residual oil was also subjected to gas
chromatographic analysis. One microlitre (1uL) of the
extractable crude oil was diluted with 1uL of n-pentane
and analyzed on a 25-m Cpsip CB capillary column
(Chrompack, The Netherlands) installed in a capillary gas
chromatograph  (Packard Instruments, Delft, The
Netherlands) equipped with a flame ionization detector
(FID). Split injector was used with helium as carrier gas.
The oven temperature was initially set at 45°C for 2min.
and increased at rate of 10°C/min to 280°C. The
hydrocarbons were identified by comparing with standard.
The pH of the oil polluted soil was also monitored using
pH meter (Jenway 3015, UK).

3. Results

3.1. Identification of Isolates and Their Crude
Oil Utilizing Potential

Analysis of soil samples from oil polluted soil of Eremu,
Delta State, Nigeria revealed twenty bacterial isolates
belonging to four genera: Bacillus (13 isolates),
Pseudomonas (4 isolates), Micrococcus (2 isolates),
Alcaligenes (1 isolate) (Table 1). Testing the isolates for
potential to utilize Ubefan light crude oil as a source of
carbon and energy revealed that thirteen isolates (65%)
were able to utilize the oil to varying extent (Table 1).
Two isolates (10%), Bacillus megaterium ULO5 and
Pseudomonas aeruginosa UL07) utilized the crude oil at a
maximum rate and were able to grow in the oil medium
after 24 hours of incubation while 5 isolates (25%)
utilized the oil moderately. Six isolates (30%) utilized the
oil minimally whereas 7 isolates (35%) were unable to
utilize the oil as a source of carbon and energy. The non-
oil utilizing species belong to the genera, Bacillus (5
isolates), Alcaligenes (1 isolate) and Micrococus (1
isolate).

Table 1. Extent of Growth of Bacteria in Crude Oil Medium
Coded bacterial isolates Growth in the crude oil medium

Bacillus brevis ULO1
Bacillus brevis UL02

Pseudomonas deminuta UL03 +
Bacillus circulans UL04

Bacillus megaterium UL05 +++
Pseudomonas aerogenosa UL06 ++
Pseudomonas aerogenosa UL07 +++
Bacillus thuringiensis UL08 ++
Bacillus coagulans UL09 ++
Bacillus alvei UL10 ++
Alcaligenes faecalis UL11 -
Pseudomonas putida UL12 +
Bacillus macerans UL13 +
Pseudomonas mallei Ul14 +
Bacillus mycoides UL15 +

Bacillus brevis UL16
Micrococcus leteus UL17

Bacillus mycoides UL18 +
Bacillus panthothermicus UL19
Micrococcus varians UL20 ++

+++; Maximum growth, ++: Moderate growth, +: Minimal growth, -: No
growth.

3.2. Biodegradation of Crude Oil in Soil

Table 2. Weight Loss Of Crude Oil In Soil Inoculated With Mixed
Bacterial Culture

Time (days) Weight loss of crude oil (%)
0il polluted soil Qil pbolluteq soil + mixed
acterial culture
2 8.5 15.6
4 15.8 26.8
6 204 40.5
8 35.6 65.8
10 48.2 75.5

The results (Table 2) revealed that, in both inoculated
and uninoculated oil polluted soil, the rates of oil
biodegradation increased from the 2" to the 10" day of
inoculation. 48.2% of the oil was degraded in
uninoculated soil (not sterile control) after 10 days
whereas 75.5% oil degradation was recorded in soil
inoculated with bacteria over the same period. Statistical
analysis of the data using Analysis of Variance (ANOVA)
revealed significant differences (p < 0.05) in the extent of
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oil degradation between the uninoculated and bacterial
inoculated oil polluted soils.

pH of the soil was also monitored and the results
revealed that the pH of the crude oil free soil ranged from
6.83 to 7.67 while that of the oil polluted soil inoculated
with mixed bacterial culture ranged from 6.68 to 7.67
(Table 3).

Table 3. pH Of Crude Oil Polluted Soil Inoculated With Mixed
Bacterial Culture

Time Crude ail Crude oil Crude oil polluted soil +
(days) free soil polluted soil mixed bacterial culture

0 6.83 7.82 7.15

2 741 6.93 6.68

4 7.50 7.34 7.67

6 7.49 7.84 6.84

8 7.67 7.20 6.80

10 7.42 6.90 6.70
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Figure 1. Chromatographic profile of Ubefan light crude oil
(Undegraded)
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Figure 2. Chromatographic profile of Ubefan light crude oil after contact
with unsterilized oil polluted soil for 10 days

The GC analysis of Ubefan light crude oil is presented
in Figure 1 and showed a battery of chromatograms (Cg —
Cag). After exposure of the oil to microorganisms in the

soil for 10 days, some components of the oil, particularly
Cg— Cy; were completely lost while Cy, —C45 were reduced
in peak height, suggesting that degradation of the
components has occurred (Figure 2). Other carbon
components of the oil were intact. Figure 3 shows the GC
analysis of the oil extract recovered from unsterilized oil
polluted soil. While Figure 4 shows the chromatograms of
oil extracted from sterilized oil polluted soil inoculated
with bacteria. In both treatments the hydrocarbons were
degraded but more hydrocarbon degradation occurred in
unsterilized soil inoculated with bacteria (Figure 4) than
the sterilized soil (Figure 3). It was also found that the
isoprenoids (pristine and phytane) were degraded.
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Figure 3. Chromatographic profiles of Ubefan light crude oil after
contact with unsterilized soil plus bacteria for 10 days
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Figure 4. Chromatographic profiles of Ubefan light crude oil after
contact with sterilized oil polluted soil plus bacteria for 10 days

4. Discussion

A lot of oil exploration and exploitation activities take
place in oil producing areas. Consequently, the
environment is continuously being polluted with oil
leading to selective enrichment of the crude oil degraders.
The microorganisms identified in this study are naturally
occurring populations that participate in soil processes and
having inherent ability to degrade petroleum hydrocarbons
[14]. Similar organisms were also isolated by other
investigators [7,10,15]. The varying capabilities of the
isolates in metabolizing the oil may be due to their
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hydrocarbon degradation enzyme systems. While some
isolates may have strong affinity for the hydrocarbon
substances, some may have to undergo a long period of
lag due to inhibitory components of the oil before onset of
biodegradation. These results are similar to those obtained
in our earlier study [2,4] and recently by [15].

The considerably high ability of Bacillus sp. Strain
ULO5 and Pseudomonas sp strain ULO7 in utilizing the oil
prompted the choice of these two isolates for the
bioremediation  study. Species of Bacillus and
Pseudomonas have been consistently isolated from oil
polluted soil and implicated in crude oil biodegradation
[7,16,17]. Most of the studies indicated that the effective
ability of Bacillus and Pseudomonas species in crude oil
biodegradation is caused by the active enzyme system for
hydrocarbon metabolism. Besides, Bacillus species
produce spores which help the bacteria to withstand harsh
conditions and germinate when conditions become
favorable.

These results indicate that the added mixed bacterial
culture has enhanced the rate and total extent of crude oil
biodegradation in the soil. Other investigators [17,18,19]
have reported enhanced crude oil biodegradation in soil
caused by inoculation of microbial slurry. Reference [10]
emphasized that there is no single strain of bacteria with
the metabolic capacity to degrade all the components
found within crude oil. Moreover, in nature
biodegradation of crude oil typically involves a succession
of species within the consortia of microbes present.
Therefore, study of biodegradation by bacterial consortia
is encouraged because such mixed cultures display
metabolic versatility and superiority to pure cultures
[20,21].

The reduction in pH to slight acidic range in oil
polluted soil inoculated with MBC could be attributed to
acidic metabolites resulting from oil biodegradation.
However, the pH range observed in the present study still
fall within the pH range suitable for microbial growth
indicating that these isolates exhibited optimal growth at
pH range of 6.0 to 8.0. Reference [22] reported that the
growth of most microorganisms is usually greatest within
a pH range of 6 to 8.

Isoprenoids have been reported to resist microbial
attack [2,21]. These results indicate that the Bacillus sp.
Strain UL05 and Pseudomonas sp. ULQO7 are competent
oil degraders and could be useful in clearing oil spills in
tropical environment. Reference [22] reported the removal
of upto 75 to 100% of pristane and phytane by non-
defined mixed culture obtained by enrichment in
artificially weathered crude oil.

Most bioremediation studies involve the use of a
combination of microorganisms and nutrients (nitrogen
and phosphorus) but in the present study, the microbial
inoculum functioned effectively without added nutrients,
probably because there has been sufficient nutrient in the
soil and therefore do not need additional nutrients to be
added from external sources. The need for nutrients
depends on the amount of nutrients in the soil [23]. This,
in practical forms, will reduce cost and labour associated
with bioremediation of oil spilled soil. The results also
suggest that the added bacterial slurry was not inhibited by
biodegradation process. In our laboratory, we have found
in a separate study that Bacillus and Pseudomonas species
can degrade crude oil and produce biosurfactants, which

make them more effective in oil biodegradation. Mixed
bacterial cultures capable of degrading Nigerian light
crude oil have considerable potential in the bioremediation
of crude oil, polluted soil.
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