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This study was undertaken to investigate the effects of Bonny light crude oil (specific gravity = 0.81;
API gravity 43.2° on the numerical composition of soil bacteria and fungi and relative distribution of
Gram positive and Gram negative soil bacteria. Eight different levels of the crude oil (0.5, 1.0, 2.0, 2.5,
5.0, 10.0, 15.0 or 20.0% v/w of soil) were used for the controlled pollution of soil samples obtained from
the Botanical Garden, University of Nigeria Nsukka. Studies on the effects of crude oil on bacterial and
fungal populations were carried out by plate count procedures using nutrient agar and Sabouraud
dextrose agar respectively. Crude oil significantly (p<0.05) inhibited bacterial and fungal growth in a
dose-dependent manner. Bacterial counts in the control soil sample ranged between 2.32 x 10° and 2.80
x 10° cfu/g while those of the contaminated sameles ranged between 2.00 x 10® and 2.77 x 10° cfu/g.
Fungal counts ranged from 1.02 x 10" to 1.39 x 10’ cfu/g in the control and 1.60 x 10° to 1.18 x 10" cfu/g
in the contaminated samples. At 15.0 and 20.0% levels of crude oil, the growth inhibitory effects of
crude oil were maximum for bacteria and fungi respectively. Microbial respiration decreased
concomitantly with increase in crude oil pollution during the first four weeks of the study. There was a
prevalence of Gram positive bacteria over Gram negatives in the unpolluted soil but a preponderance of
Gram negative rods over Gram positives and other morphological forms of Gram negatives in the
polluted samples.
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INTRODUCTION

The discovery of petroleum brought significant
transformation on the planet earth. It changed the pace of
civilization through mechanization and industrialization. In
spite of these positive changes attributable to petroleum,
it also ushered in its wake environmental pollution
causing untold havoc to the biotic and abiotic
components of the ecosystem (Millioti et al., 2009).
According to Onuoha et al. (2003), when crude oil comes
in contact with the soil it results in damage to agricultural
lands, microorganisms and plants. Crude oil and its
products are made up of hydrocarbons which modify the

physical and chemical properties of soil and its structure
(Chi Yuan and Krishnamurthy, 2000; Terrence et al.,
2011). Soil polluted by petroleum loses its activity and
may take up to ten years to recover (Sparrow and
Sparrow, 1988; Racine, 1993; Wyszkowska et al., 2001).

Owing to the lipophilicity and hydrophobicity of crude
oil, it prevents both air and water exchange between soil
and atmosphere (Atlas, 1977). Apart from its indirect
effect through modification of the soil environment,
smearing soil organisms with oily substances can reduce
their cell membrane permeability lowering or entirely
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blocking nutrient absorption which eventually leads to
starvation and death (Pezeshki et al., 2000). Crude oil
pollution has also been reported to introduce into the
environment, non-organic, carcinogenic and growth
inhibiting chemicals which are toxic to both
microorganisms and man (Atlas and Bartha, 1973a; Odu,
1972, 1978; Okpokwasili and Odokuma, 1990; She et al.,
2012).

Microorganisms because of their ubiquity and simple
nature are usually the first to report the presence of
pollutants in any environment. This occurs through
marked numerical or functional changes in their
population or genetic changes causing mutation in
individual cells. Soil microorganisms play a vital role in
the sustenance of the terrestrial ecosystem. They play
major roles in the detoxification of wastes such as heavy
metals and radionuclides, recycling of elements (for
example, carbon, nitrogen, sulphur, phosphorus etc) and
clearing up of oil spills (Funke, 1998; Singleton, 1997).
This latter role is presently receiving global attention
because of the increase in crude oil mining activities
coupled with poor maintenance of oil pipelines and
transportation vessels. These lead to release of crude oil
and its products into the soil and aquatic environments in
increasing amounts. Even though some microorganisms
have inherent hydrocarbonoclastic potentials (Atlas and
Bartha, 1973a), expression of the trait may be
undermined by very high levels of crude oil pollutant in
the environment which will cause an imbalance in the
carbon-nitrogen (C:N) ratio. Such imbalance occurs
through oil spills and is deleterious to microorganisms
(Adoki and Orugbani, 2007).

Considering the overwhelming role of microorganisms
in the soil environment, it is therefore imperative that this
component of ecological flora be preserved. Even though
there are some blanket reports on the toxicity effects of
crude oil on microorganisms, there is a definite lack of
research information on its effects on sandy loam soil
microorganisms, specifically addressing effects on
microbial population, respiration and Gram distribution of
the bacterial population. To this end, this study has been
undertaken to evaluate the effects of Bonny light crude oil
on microorganisms in sandy loam soil with particular
focus on the afore-mentioned parameters.

MATERIALS AND METHODS

The major materials used in the study were:

1. Bonny light crude oil which was collected from the Nigerian
National Petroleum Corporation (NNPC), Port Harcourt Refinery,
Alesa-Eleme, Rivers State, Nigeria.

2. Pristine sandy loam soil collected from Botanical Garden,
University of Nigeria, Nsukka.

Determination of the effects of crude oil on soil bacteria and
fungi

Pristine sandy loam soil was air-dried, sieved and dispensed in 0.5

kg weights into nine plastic pots (13 cm deep x 12 cm diameter).
Each pot, apart from the control, received one of eight different
levels of Bonny light crude oil (0.5, 1.0, 2.0, 2.5, 5.0, 10.0, 15.0 or
20.0% v/w). This broad range of crude oil concentrations was used
to provide a more reliable means to assess the influence of
concentration of oil pollutant on microbial population size in the soil
habitat. The soil in each pot was homogenized after crude oil
addition to achieve a uniform distribution of the oil, and
subsequently watered every four days by spraying. Microbiological
analysis to determine microbial counts and Gram distribution of
bacteria was carried out with 1.0 g of soil collected from each pot at
weekly intervals and diluted ten-folds using sterile normal saline.
The population of viable bacterial and fungal cells in each soll
sample was determined by inoculating 0.1 ml aliquots from the 10
dilution onto nutrient agar and sabouraud dextrose agar
respectively by the spread plating technique as described by
Wistreich (1997). Sabouraud Dextrose agar was further made
selective for fungi by the incorporation of 50 pg of
chloramphenicol/ml (v/v). Incubation was at 28°C for 24 h and 5
days for bacteria and fungi respectively. Determination of the effect
of crude oil on the Gram distribution of soil bacteria was obtained
by Gram staining bacterial colonies after incubation and expressing
the Gram positive and Gram negative colonies from the polluted
and unpolluted soils as percentage.

Determination of the effect of petroleum on soil respiration
(Stotzky, 1965)

Procedure

Fifty grams of each soil sample, collected at four-weekly intervals,
was weighed in duplicate into beakers placed inside jars with air-
tight covers. Twenty-five millilitres of 0.05 M NaOH was pipetted
into each jar and immediately the jars were made airtight with
rubber rings. Three jars containing 0.05 M NaOH but without soil
were used as controls for both polluted and unpolluted soil
samples. Thereafter all jars were incubated for 3 days at 25°C
(room temperature).

Estimation of CO;

At the end of the incubation the jars were opened and the beakers
taken out. The external surface of each beaker was washed with
CO..free water (prepared by cooling boiled distilled water in a
container with CO, absorption tubes) to wash the NaOH solution
completely into the jar. Thereafter, 5 ml of 0.5 M barium chloride
solution was added to each jar and some drops of phenolphthalein
indicator incorporated. Hydrochloric acid (0.05 M) was added drop-
wise with continuous stirring until the colour changed from red to
colourless.

Calculation of results:

The rate of the respiration was calculated by the following
relationship:

CO,(mg)/ SWit =(Vo-V)x 1.1
DWT

Where SW is the amount of soil dry weight in grams, T is the
incubation time in hours; Vo is the volume of HCI used for titration
(average value) in milliliters.

V is the volume of HCI used for the soil sample (average value),
DWT is the dry weight of 1 g moist soil and 1.1 is the conversion
factor (1 ml 0.05 M NaOH equals 1.1 mg COy).
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Figure 1. Effects of varying levels of crude oil on total colony count of soil bacteria.
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Figure 2. Effects of varying levels of crude oil on total colony count of soil fungi.

RESULTS

Figure 1 depicts the effects of varying levels of crude
petroleum on total colony count of soil bacteria. At low
concentrations (0.5to 2.0%) of the crude oil, bacterial
numbers were not significantly (P<0.05%) affected. It was
only within the first week that a slight decline in nhumber
occurred (for concentrations, 0.5 to 2.0%), (Figure 1)
after which there was a gradual but steady rise in
population till the eight week. On the contrary, crude oil at
high concentrations (2.5 to 20%) had a significant
(P<0.05) negative effect on bacterial numbers. From

2.5% crude oil level there was a sharp decline in bacterial
numbers from the first week up to the fourth week after
which a gradual rise in population occurred till the eighth
week.

The negative effect of crude oil on fungi appeared to be
more pronounced than the effects on bacteria. This is
indicated by the progressive decline in fungal numbers at
all crude oil concentrations (Figure 2). At higher
concentrations (2.5 to 20.0%) however, the inhibitory
effects of the oil on fungal numbers increased, attaining
peak levels at 15 and 20% crude oil contamination.

Figure 3 shows the relative abundance of Gram positive
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Figure 3(a-i). Relative abundance of Gram positive and Gram negative bacteria in crude oil-polluted and unpolluted
soil samples. A=Week 0, B=Week 1, C=Week 2, D=Week 3, E=Week 4, F=Week 5, G=Week 6, H=Week 7, I=Week 8.
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Figure 4. Effects of crude oil on soil respiration.

and Gram negative bacteria in the control and crude oil
polluted soils. There was a preponderance of Gram
positive bacteria over the Gram negative in the
unpolluted controls but in the polluted soils, the
populations of Gram negative bacteria, particularly rods
predominated over the Gram positive.

Result of the effects of crude oil on soil microbial
respiration is presented in Figure 4. Soil respiration was
guantified in terms of the level of carbon IV oxide evolved
from the soil. Analysis for CO, evolution was done at
four-weekly intervals during the eight-week experiment.
High levels of crude oil significantly (P<0.05) reduced the
level of CO, evolution during the first four weeks of the
experiment (Figure 4).

DISCUSSION

At low concentrations of crude oil (0.5 to 2%), bacterial
growth was slightly enhanced as indicated by the low
increase in bacterial numbers after one week of the
experiment (Figure 1) Enhancement of microbial activity
at low doses of petroleum is in line with the reports of
She et al. (2012). This might have been the result of an
increase in hydrocarbon utilizing bacteria present in the
soil. The low concentrations of crude oil were not enough
to cause any significant toxicity effect to the non-
hydrocarbon degraders and this led to a slight increase in

the total bacterial population.

The inhibitory effects of high levels of crude oil on the
microflora as depicted in Figures 1 and 2 conform with
results reported in the work of Boethling and Alexander
(1979) though not in the soil habitat. This shows that
even though it has been demonstrated that microbial
communities can affect pollutants (through
biodegradation), the presence of pollutants can also
affect microbial community size. According to Long et al.
(1995) pollutants can alter the community structure
through selection of pollutant degraders or through acute
toxicity to microorganisms.

From 2.5% crude oil contamination, there occurred a
sharp decline in soil bacterial numbers (Figure 1) from
the first week up to the fourth week. Ebuehi et al. (2005)
during a bioremediation study observed a sharp decline
in the population of total heterotrophic bacteria within the
first two weeks of their experiment. The oil also reduced
the rate of soil respiration (microbial respiration) in a
dose-dependent manner even though the effect was
more prominent during the first four weeks (Figure 4).
This was probably because the induction of hydrocarbon
degradation had not yet taken place that time.

After the fourth week of this study, the population rose
gradually till the eighth week. The initial reduction in
population might be the result of a decrease in the
number of non-hydrocarbon degraders which are usually
the predominant group in pristine habitats. An
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introduction of a hydrocarbon pollutant will severely
decrease their population. On the other hand, the crude
oil will selectively enrich the soil in favour of hydrocarbon
degraders whose catabolic machinery will be activated
leading to utilization of the contaminant and a gradual
rise in their own population. According to Delille and
Delille (2000), hydrocarbon degraders can occur in
pristine habitats as a result of the presence of biowaxes
derived from vascular plants.

Results on the relative abundance of Gram positive and
Gram negative bacteria (Figure 3) in the soil samples
showed that Gram positive bacteria predominated over
Gram negatives in the unpolluted (control) samples. In
the test samples (polluted soils) however, there was a
prevalence of Gram negatives over Gram positives. The
reason for these differences may be because of the
complexity of Gram negative bacterial cell wall which
might hinder the penetration of certain substances and
their entrance into the cytoplasm. For instance Gram
negative bacterial cell walls possess porins which help in
the uptake of certain substances by the cell or extrusion
of others which may be harmful (Singleton, 1997).

There was a progressive decrease in fungal numbers in
all crude oil concentrations as time elapsed (Figure 2).
Obayori et al. (2008) however reported an increase in
fungal numbers following petroleum pollution during their
work on a related subject. Differences in soil
physicochemical properties might have contributed to the
difference in the two results. The higher susceptibility of
fungi than bacteria to crude oil observed in this study
might have been caused by the higher adaptability of
bacteria than fungi to changes in environmental
conditions. Bacterial genomes encode a number of
resistance factors which may assist them in
circumventing the toxicity effects of pollutants. Moreover,
bacteria are the most common group of microorganisms
involved in crude oil degradation (Rahman et al., 2003)
since they contain various degradative enzymes which
catalyze the metabolism of oil hydrocarbons.

Conclusion

This work has been able to highlight the influence of
concentration of polluting oil on the population sizes of
bacterial and fungal communities in a sandy loam soil
habitat. Crude oil can positively or negatively affect
microbial population in the soil; the direction of this
influence is crude oil-dose dependent as shown in the
results of this work. Also reported in this work is the
higher vulnerability of fungi than bacteria to crude oil
toxicity and the preponderance of Gram negative bacteria
over Gram positives in crude oil polluted sandy loam soil.
Result such as this, depicting the effects of Bonny light
crude oil contamination of sandy loam soil on the
microflora has not to our knowledge been reported in
previous works. These findings will help in the design of
bioremediation strategies for crude oil contaminated

sandy loam soils.
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