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The discharge of used crankcase oil from vehicles is a major source of oil pollution in Buea. The
objectives of this study were to isolate and characterize bacteria capable of effectively degrading and
cleaning up waste engine oil in this locality and also to ascertain the influence of some environmental
factors on the rates of degradation of these isolates. Seventy-two soil samples collected from
lubricating oil dump sites (3 auto-mechanic workshops and 3 petrol filling stations, comprising
impacted soils) and uncontaminated plots (non-impacted soils) (controls) were analysed for oil-
degrading and heterotrophic bacteria following standard microbiological and biochemical methods. The
ability of cultures to degrade lubricating oil was also tested individually and in mixed bacterial
consortium at different temperatures and nutrient concentrations. Results were analysed using the chi-
squared test. P values of < 0.05 were considered significant. Heterotrophic bacterial counts were
significantly higher (P < 0.05) in non-impacted than in impacted soils. Conversely, the population of oil
degraders was significantly lower (P < 0.05) in non-impacted than in impacted soils. Oil degraders
isolated included Pseudomonas fluorescens, Bacillus mycoides and Serratia marcescens. Of the pure
isolates, Serratia marcescens degraded the highest amount of oil (36.2%). However, a mixed culture of
the isolates proved to be more effective, degrading 38.1% of oil within 20 days. All the isolates
exhibited highest degradation at 32°C; and degradation rates of Pseudomonas fluorescens and Bacillus
mycoides increased with increase in nutrient concentration. This study, the first of its kind in Buea,
revealed the presence of oil-degrading bacteria in soils as well as the physico-chemical requirements of
these bacteria for optimum degradation. This finding could be exploited in case of oil-spill clean-up
campaigns.
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INTRODUCTION

With an ever increasing world’s population, there is a
concomitant increase in the demand for petroleum and
petroleum products, which apparently constitutes a
source of environmental pollution (Raven et al., 1993). Oll
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pollution is a major environmental concern in many coun-
tries, and this has led to a concerted effort in studying the
feasibility of using oil-degrading bacteria for bioreme-
diation. The discharge of used engine oil from vehicles is
the main source of oil pollution in the environment of
Buea. The soil is habitat to many living organisms; any
change in their number or form may upset or cause a
total collapse of the ecosystem. The effect of oil spills on
soil leads to an enrichment of the oil-degrading microbial



population. However, a decrease in microbial population
exposed to crude oil and its products have also been
documented. Atlas (1981) reported that certain crude oils
contain toxic components that are bacteriostatic. These
inhibitory effects have also been reported to depend on
concentrations (Benka-Coker, 1989). No single micro
organism has been found to be able to completely
degrade a petroleum hydrocarbon molecule. However,
different species or strains of the same specie may be
capable of degrading different groups of hydrocarbons,
found in oil (Facundo et al. 2001). Different naturally
occurring species of Pseudomonas are known to contain
plasmids with the relevant genes for the degradation of
different hydrocarbons (Jawetz et al., 1991).

Pollution control strategies involving physico-chemical
methods have often aggravated the problem rather than
eliminated it (Walker and Crawford, 1997). Biodegra-
dation is an attractive method for the remediation of
contaminated sites because of its economic viability and
environmental soundness (Dinkla et al., 2001). The use
of microbes therefore in pollution abatement either
through natural selection or recombinant DNA technology
is receiving increasing interest as this is cheap and most
effective (Deni and Pennick, 1999; Daane et al., 2001;
Lalithakumari, 2001) In bioremediation, the contaminated
site is exposed to an ‘army’ of microorganisms which
gobble up the poison and leave behind harmless
substances such as carbondioxide and water.

In spite of the increasing number of auto-mechanic
workshops in Buea with their attendant and indescrimate
dumping of waste engine oil in the environment, we are
not aware of any study that has attempted to isolate and
characterise microorganisms capable of effectively
degrading and cleaning up this contaminant, especially in
a situation of major spillage. Also noting that the extent of
biodegradation and the rate at which it occurs depend on
the interactions between the environment, number and
type of microorganisms present (Atlas, 1981), and the
chemical structure of the contaminant (Walker and
Crawford, 1997), the present study was therefore
undertaken with a view to: isolating and characterizing
oil-degrading and heterotrophic bacteria in both oil
contaminated and non—contaminated soils; assess the oil
degrading potentials of the isolates and determine the
influence of some physico-chemical parameters on the
rate of oil degradation by these microorganisms.

MATERIALS AND METHODS
Study site

The study was carried out in Buea, South West Province of
Cameroon, located about 1000 km above sea level, with low
temperatures (16°C) and a relatively high humidity. Although Buea
is a semi-rural area with few industries and business activities,
indiscriminate disposal of crankcase oil is the major source of oil
pollution in this locality.
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Sample collection

Oil contaminated soils were collected around various petrol filling
stations and auto-mechanic workshops. Samples were also collec-
ted from non-contaminated reference areas about 100 m from
contaminated sites. At each sampling point, four samples were
collected at depths of 0 - 15 cm and 15 - 45 cm using a hand auger
followed by bulking. Samples were immediately transported to the
laboratory for analysis. Samples for physico-chemical studies were
ground, sieved and air-dried in the laboratory.

Isolation of oil degrading bacteria and determination of their oil
degrading potential

Oil degrading bacteria were isolated from samples by the enrich-
ment culture technique using motor oil as carbon source (Amund et
al., 1987). Pure cultures of bacteria were identified based on
colonial morphology and biochemical characteristics following the
scheme of Koneman et al. (1992) and APl 20NE. Two ml of the
enriched culture was transferred into a fresh enriched culture
medium and incubated. Pure cultures were obtained by plating 0.1
ml of culture from the second enrichment culture onto nutrient agar.

To determine the oil-degrading potential of the pure isolates, 15 g
portion of steam-sterilized soil containing 3 ml of lubricating oil were
set up. Each batch of four 15 g portions was inoculated with a
standard suspension (approximately 1x 10° CFU/ml) of each pure
isolate or a mixture of the pure isolates. Uninoculated samples
served as controls. Samples were incubated at 28 + 2°C for 20
days. Sub-samples (2.0 g each) were withdrawn at time zero and at
5 day intervals. Qil-weight loss following bacterial degradation was
assessed by gravimetric method after extraction with carbon
tetrachloride. Values obtained were expressed as percentages of
the amount of oil in sample at time zero.

Determination of bacterial counts

Heterotrophic bacterial counts were determined by plating serially
diluted samples on nutrient agar. Oil-degrading bacteria were
enumerated on minimal salts agar using motor oil as carbon source
as previously reported (Amund et al., 1993).

Determination of physico-chemical characteristics of samples

Nitrate concentration was determined following a previous method
(Bless, 1984) using a Gallenkamp OS1 spectrophotometer. The
phosphate content of soils was also determined spectrophoto-
metrically using the method of Bless (1984). The oil content was
determined by gravimetric method after extraction with carbon
tetrachloride. Each experiment was repeated 4 times.

Influence of temperature and nutrient concentration on oil
degradation

The experiment was set up as in the determination of the oil-
degrading potential of isolates, but different samples were
incubated at various temperatures of 32, 35 and 37°C respectively.
The percentage of oil degraded at 5 days interval over a period of
20 days was calculated. To determine the effect of nutrient
concentration, 2 ppm PO, /30 ppm NO', 4 ppm PO,/ 50 ppm NO'
s and 6 ppm PO,% 70 ppm NO73 were incorporated into soils
containing lubricating oil and then seeded with standard suspension
of isolates. The amount of oil degraded (%) at 5 days interval over a
period of 20 days was calculated.



1702 Afr. J. Biotechnol.

0.8 E0-15 (IMP) -
W 15-45 (IMP)

0.7 064 00-15 (Non-IMP) | %% | g
B 15-45 (Non-IMP)

0.6

N

\
NN

CFU (x10°%/g
o o
- [6)]

o
w
!

o
n
!

Mile 17 Bonduma Soppo Bongo  Lower Farms Buea Town
Square
Locations

Figure 1. Distribution of heterotrophic bacteria at different locations.

Statistical analysis

The Chi - square test was employed to compare bacteria population
and their ability to degrade oil. P values of < 0.05 were considered
significant.

RESULTS
Microbiological characteristics of samples

Heterotrophic bacterial counts were generally higher in
uncontaminated samples (5 x 10° CFU/g) than in
contaminated soils (Figure 1). Counts of oil-degrading
bacteria ranged from 6 x 10* to 49 x 10* CFU/g in
contaminated samples and from 0 to 14 x 10* CFU/g in
uncontaminated soils and this difference was significant
(p < 0.05) (Figure 2). Generally, there was a reduction in
counts with increase in depth observed for both
heterotrophic bacteria and oil-degraders. Oil-degrading
bacteria isolated from contaminated and uncontaminated
samples included Pseudomonas fluorescens, Serratia
marcescens and Bacillus mycoides, with Serratia marce-
scens being the most predominant at all depths (Figure
3).
The degradation pattern of isolates over a 20 day
period was identical, as the amount of oil degraded
increased with time (Figure 4). S. marcescens exhibited
the highest oil-degrading potential (36.23%) than P.
fluorescens (26.26%), and B. mycoides (18.36%). How-
ever, a mixed population of these bacteria exhibited the
highest degrading potential (38.17%).

Physico-chemical characteristics of samples

Contaminated soils exhibited significantly lower (P <
0.05) moisture content which ranged from 23.7 to 56.5%
compared with 32.2 to 76.7% for uncontaminated
samples (Table 1). Values were observed to increase
with depths. Analysis of samples for lubricating oil
content revealed values ranging from 0.03 to 2.2 mg/g in
contaminated soils. No oil was detected in unconta-
minated samples. There were no significant differences

(P > 0.05) in the nutrient content (NO; and P0,’) of
contaminated and uncontaminated soils (Table 1).

Influence of physico-chemical
degradation of lubricating oil

parameters on

With the exception of B. mycoides which showed highest
degradation (33.33%) at 35°C, all the other isolates as
well as the mixed culture exhibited highest degradation at
32°C (Figure 5). The degradation potential of S. marce-
scens and the mixed culture dropped with an increase in
nutrient concentration up until phosphate (4 ppm)/ nitrate
(50 ppm) and thereafter increased with an increase in
phosphate/nitrate concentration (Figure 6). B. mycoides
exhibited an increase in degradation which dropped
slightly with further increase in nutrient concentration.
The degradation potential of P. fluorescens increased
with increase in nutrients.
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Figure 2. Distribution of hydrocarbon-utilising bacteria at various locations.
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Figure 3. Percentage occurrence of oil degrading bacteria on both Oil Impacted
and Non Impacted soils from various depths.

DISCUSSION

Our data show an obvious influence of waste engine oil
discharge on the microbiological and physico-chemical
properties of soil. The relatively low heterotrophic
bacterial counts observed in oil contaminated soils can
be attributed to the toxic or unfavourable effect of oil
contamination (Jensen, 1975). The finding of the
presence of higher oil-degrading bacterial populations in
contaminated soils corroborates the results of Hubert et

al. (1997) and Michalcewicz (1995) that attributed these
high microbial populations to the stimulatory effect of
additional carbon and energy source in the form of
lubricating oil. Counts of oil-degraders were observed to
decrease significantly (P < 0.05) with an increase in
depth of sample collection. This can be attributed to a
decrease in lubricating oil content with increasing depth.
A decrease in substrate will therefore result in a drop in
the population of oil-degraders. In addition, oil degraders
are mostly aerobes (Walker and Crawford, 1997) and will
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Figure 5. The influence of temperature on the degradation patterns of isolates after 20 days

of monitoring.

be more abundant in surface soils than in sub surface
samples. Oil-degrading bacteria isolated from both
contaminated and uncontaminated soils included P.
fluorescens, S. marcescens and B. mycoides. This
implies that the soils have the ability of self-purification in
case of major spillage. S. marcescens was the most
predominant in all the samples. Micro-organisms capable
of hydrocarbon utilization are widely distributed in nature
and have been found in areas not directly contaminated
with hydrocarbons (Atlas, 1981).

Of the pure isolates, S. marcescens degraded the high-

est amount of oil (36.2%) while B. mycoides degraded
the least amount. The mixed culture, however, degraded
even higher amounts of lubricating oil. Several reports
(Obire, 1988; Amund and Nwakaye, 1993; Amund et al.,
1993; Facundo et al., 2001; Kulwadee et al., 2001) have
confirmed microbial consortia as better degraders than
pure isolates. In a mixed culture, some species utilise
intermediates of degradation of the original hydrocarbon
produced by other members of the culture leading to a
complete degradation of the oil (Atlas, 1981; Facundo et
al., 2001). Thus, a mixed culture is a better innoculum for
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Table 1. Physico-chemical characteristics of contaminated and uncontaminated soils.

Location Depth Moisture (%) Oil content (mg/g) PO, concentration (ppm) NO’; concentration (ppm)
(cm) Contaminated | Uncontaminated | Contaminated | Uncontaminated | Contaminated | Uncontaminated | Contaminated | Uncontaminated

Mile 17 PES 0-15 45.7 (£7.4) 54.5 (£5.2) 1.6 (+0.03) 0 1.70 (£0.4) 1.30 (£0.24) 23.2 (£2.3) 38.2 (£3.1)

15-45 56.5 (£9.8) 60.5 (£4.58) 0.8 (£0.14) 0 1.01 (£0.22) 0.81 (£0.13) 33.5 (£15.6) 30.4 (£2.9)
Bonduma 0-15 38.1 (x14.2) 48.4 (+2.5) 2.2 (+0.31) 0 0.53 (+0.06) 0.89 (+0.02) 49.6 (+2.6) 38.7 (+6.7)
AMW 15-45 39.9 (+4.1) 46.7 (£9.5) 0.2 (+£0.0) 0 0.76 (+0.38) 1.13 (£0.04) 51.4 (x2.0) 36.2 (+8.6)
Soppo 0-15 34.8 (+4.3) 48.4 (£3.0) 1.8 (£0.3) 0 0.81 (£0.33) 0.53 (£0.04) 46.2 (£6.2) 36.3 (£0.7)
AMW 15-45 23.7 (¥5.0) 57.6 (£6.0) 0.7 (#0.2) 0 0.62 (+0.19) 0.87 (+0.02) 30.0 (15.7) 41.3 (£3.1)
Bongo 0-15 29.4 (+10.3) 38.2 (x10.7) 0.8 (+0.3) 0 1.49 (+0.07) 0.75 (+0.04) 41.1 (16.2) 38.3 (¥2.2)
Square PFS 15-45 35.8 (£0.4) 42.3 (£0.69) 0.03 (£0.03) 0 1.21 (£0.29) 0.67 (£0.04) 45.4 (16.2) 37.0 (¥4.5)
Lower 0-15 44.6 (£7.7) 54.4 (£2.5) 1.3 (20.6) 0 1.08 (£0.34) 1.26 (£0.35) 56.6 (£9.6) 31.4 (£3.4)
Farms PFS 15-45 36.5 (£7.4) 76.7 (15.2) 0.04 (+0.01) 0 0.64 (+0.24) 1.05 (£0.07) 23.8 (+1.8) 33.2 (+2.6)
Buea Town 0-15 47.6 (£5.00) 66.8 (+1.7) 1.5 (x0.4) 0 0.78 (+0.23) 0.68 £0.05) 47.1 (¥4.2) 17.0 (£5.8)
AMW 15-45 40.9 (£0.25) 44.3 (£3.0) 0.1 (£0.02) 0 0.55 (£0.66) 0.63 (£0.04) 41.4 (x12.2) 21.3 (£0.9)

AMW, Automechanic workshop; PFS, Petrol filling station. (+) Stardard deviation of physico-chemical parameters in oil contaminated soils at various depths.
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Figure 6. The influence of Phosphate and Nitrate concentrations (in ppm) on the
degradation patterns of isolates after 20 days of monitoring.
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oil spill clean-up.

Soils contaminated with petroleum products have been

shown to have large increases in nitrogen and phosphate
content (Odu, 1972; Amund et al., 1993). This contradicts
the observations made in this study, where by the nitrate
and phosphate contents were not significantly different (p
< 0.05) between contaminated and uncontaminated soils.
We may not be able to advance a definite reason for this,
but speculate that it may be related to the extent of
contamination as well as some soil and microbial proper-
ties. There was a significant reduction in the moisture
content of oil contaminated soils, which can be attributed
to the oil rendering the soil hydrophobic thus reducing its
water holding capacity (Dibble and Bartha, 1979; Amund
et al., 1987).
The influence of environmental factors rather than
genetic capability of a microorganism have been reported
to limit the degradation of pollutants (Barther and Atlas,
1977; Jackson and Jackson, 2000). The activity of oil-
degraders (with the exception of B. mycoides whose
maximum activity was at 35°C) and that of the mixed
culture increased from room temperature to a maximum
of 32°C. Further increases resulted in a drop in the
degradation rates. This may likely be due to the dena-
turation of enzymes which catalyse these reactions. The
oil-degraders required different nutrient concentrations for
maximum activity. The degradation rates of S. marce-
scens and the mixed culture dropped with increase in
nutrients, although further increases in nutrients resulted
in increased degradation rates. The degradation rate of
B. mycoides rose with increased nutrient concentration
up to a maximum of 47.34% and dropped thereafter. P.
fluorescens is the only isolate for which an increase in
degradation rate compared linearly with increased
nutrient concentration. Thus, isolates exhibited varying
requirements of physico-chemical factors for optimum
degradation.

Conclusion

We conclude that oil-degrading bacteria are abundant in
soils in Buea. This can be exploited for large oil-spill
clean-up campaigns. This study also provides information
on the physico-chemical requirements for optimum
degradation by these bacteria.
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