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ABSTRACT

The bacteriological evaluation of hydrocarbon polluted soil in Obitti oil field in Ohaji Egbema
was investigated to ascertain the presence of bacterial community in crude oil-polluted soil. Ohaji
Egbema has experienced crude oil pollution in recent times due to the presence of crude oil exploration
facilities including the Obitti oil field. Soil samples were collected from four (4) different points within
the oil field with varying degree of crude oil pollution along with their corresponding control samples
(unpolluted soil). The total culturable heterotrophic bacteria (TCHB), total culturable hydrocarbon
utilizing bacteria (TCHUB), pH and total petroleum hydrocarbon (TPH) concentrations were monitored
using standard procedures. The total culturable heterotrophic bacterial count ranged from 0.45+2.0x10°
Cfu/g to 2.12+2.6x10° Cfu/g while total culturable hydrocarbon utilizing bacterial count ranged from
0.56+2.1x10* Cfu/g to 1.3542.6x10° Cfu/g. pH ranged from 0.11+4.0 to 1.10+5.0 for the polluted soil
samples while a range of 0.1045.7 to 1.00+7.2 was recorded for the control samples. The TPH analysis
revealed a high concentration of 9.51£5747.13 mg/kg to 3.45+7214.82 mg/kg for polluted soil samples
which is above the DPR intervention limit of 5000 mg/kg for soils while the control samples recorded a
range of 5.41+3118.29 mg/kg to 8.21+4285.02 mg/kg. This study has therefore revealed the ability of
indigenous bacterial population to strive despite crude oil pollution and as such these hydrocarbon
impacted sites can be harnessed for the isolation of hydrocarbonoclastic bacteria which can serve as a
bio-resource for the effective bioremediation of hydrocarbon impacted environment.
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1. INTRODUCTION

In recent years, a lot of oil-producing locations have been experiencing the consequences
of oil spillage of which Ohaji Egbema is not left out. According to Barberan et al.[1],
approximately five million tons of crude and refined oil are lost to the environment every year
as a result of anthropogenic sources such as oil spill. Oil-spill pollution is hazardous to man
and the environment [2].

Contamination always occurs in the course of oil exploration activities, oil transportation,
storage and usage of petroleum products and accidental spills [1,2]. The burden of oil spill has
created the consciousness in lots of people who have now become informed of the need of
protecting the ecosystem and also estimate the level of damage caused by the contamination.
Crude oil pollution can also cause mutation, cancer and even death to other organisms
inhabiting such ecosystem [3].

Crude oil derived hydrocarbon accumulation in the environment is considered a
xenobiotic phenomenon capable of enhancing microbial metabolism and stimulating the
proliferation of hydrocarbon-degrading microorganisms [4]. Microbial community diversity is
affected by a number of environmental factors, including the degree of pollution, duration of
exposure and type of pollutant.

High concentrations of the contaminants can select or favor specific microbial taxa and
reduce microbial biomass, either by inhibiting sensitive microbes or by promoting the growth
of tolerant or biodegrading bacteria. The changes in bacterial community diversity can
significantly influence ecosystem structure and function, biodegradation potential and
environmental health [5]. The stress impacted by crude oil pollution on microorganisms may
lead to a significant increase in enzyme expression associated with the metabolism of BTEX
and polycyclic aromatic hydrocarbons. This response is an adaptation strategy used by
microbial communities in the environment [6].

The occurrence and dangers of oil pollution has also led to extensive research on spill
management. The environmental changes resulting from the petroleum spill have currently
aroused the concern of chemists, environmentalists, engineers and biotechnologists [7,8].
Enormous resources have been spent by the Nigeria government on the cleaning and
management of petroleum spills. Lives have also been lost due to the health hazards associated
with oil spills [9]. Aeration of soil where oil spill occur is reduced leading to low yield of
agricultural produce as aquatic lives are not left out. The bacterial cell numbers are also affected
leading to reduction in the activities of certain nutrient cycling enzymes. Contaminants can
impact microbial dynamics, leading to changes in the community composition, including direct
toxicity or competition [10].

The presence of petroleum derived hydrocarbons in soils affects the soil moisture content,
nutrient availability and content, aeration, pH and microbial composition [11].

The disappearance of spilled crude from the environment is attributable to the activities
of the microflora of the soil. The ability to utilize hydrocarbon substrates is demonstrated by a
variety of bacterial genera which are widely distributed in both oil-polluted and pristine
environment [12,13].

A lot of microbial ecologists have isolated various bacteria species that can effectively
degrade hydrocarbons in the natural environment. Most of these bacteria species were isolated
from heavily contaminated coastal areas based on their ability to metabolize different carbon
sources such as aliphatic and aromatic compounds and their chlorinated derivatives [14].
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In a study conducted by Mahjoubi et al.[15] on bacteria contamination of hydrocarbons,
Pseudomonas, Ochrabactrum, Bacillus, Agrobacterium, Stenotrophomonas, Brevundimonas,
Gordonia, Acinetobacter etc species were isolated as the possible contaminants.

Evaluating the bacterial genera associated with hydrocarbon polluted soils helps to
provide valuable clues for environmental restoration and management [2]. The distribution of
microorganisms especially bacteria is an important factor in natural attenuation and biological
degradation pattern by indigenous microbial flora.

Ohaji Egbema is the major oil producing community in Imo State Nigeria. This area has
experienced incidences of oil pollution over the years as a result of increasing oil exploration
activities in the community. This has drastically affected the quality of life in this area. It has
also affected crop yield since this area is also known for agriculture. It has also affected the
aquatic ecosystem in this area thus negatively impacting on aquatic organisms. Hence, this
study is aimed at evaluating the bacteriological quality of the petroleum derived hydrocarbon
contaminated site in Obitti community Ohaji-Egbema L.G.A Imo State Nigeria.

2. MATERIALS AND METHODS
Study Site Description

Samples were collected from crude oil polluted oil field in Obitti Community Ohaji-
Egbema Imo State, Nigeria. This area has experienced crude oil pollution from oil exploration
activities by oil companies. The co-ordinates of the sample sites as evaluated using the Global
Positioning System (GPS) are; N 050 321 5811 E 060 941 8511.

Sample Collection

Five soil samples were collected aseptically from different points in the oil field using
soil auger at the depth of 0 — 30 cm. Each of the soil sample was homogenized and put into a
sterile black polyethylene bag. Control sample was collected 200 m away from the polluted site
where there was no oil contamination. The samples were labeled appropriately (S1-S6). All
samples were then transported to the laboratory at 40 °C in an ice chest [16].

Enumeration of Total Culturable Bacterial Population

The total culturable heterotrophic bacterial count was done using the nutrient agar
(Accumedia, Sweden). The medium was prepared following the manufacturer’s instructions.
Serial dilution was done according to the method of APHA [17]. A volume of 100 pL each of
10-4 — 10-7 dilutions of the individual samples were spread on the nutrient agar in duplicates.
The inoculated plates were incubated at 30 °C for 24 h.

Similarly, counts for total hydrocarbon utilizing bacteria was carried out using the
Bushnell Haas Agar (with 1 % v/v onshore crude oil) amended with 0.01 % w/v nystatin
according to the method of Hamamura et al. [18]. All total viable cells were estimated in Cfu/g.

Physico-chemical Analysis of Samples

The pH of the individual samples was determined using the method of Bates [19] with
the aid of a pH meter (Al-552).
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Total Petroleum Hydrocarbon (TPH) Analysis

This was determined by the gas chromatography technique using the gas
chromatography-flame ionization detector (GC-FID) system HP5892 series Il, USA according
to the method of Maduwuba [20] and Akpoveta et al. [21].

3. RESULTS

The total culturable heterotrophic bacterial count (TCHBC) is presented in Figure 1.
Sample A recorded the highest heterotrophic bacterial count of 2.12 £ 2.6 x 105 cfulg followed
by sample B with 1.11 +2.5 x 105 cfulg then sample D 0.77 + 2.3 x 105 cfulg while sample C
had the lowest heterotrophic bacterial count of 0.45 + 2.0 x 105 cfulg. For their controls, control
B recorded the highest heterotrophic bacterial count of 1.21 + 2.1 106 cfulg while control C had
the lowest count of 1.20 + 1.3 x 106 cfulg. The controls recorded higher heterotrophic counts
compared to the polluted soil samples.
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Figure 1. Total culturable heterotrophic bacterial count of polluted and unpolluted soils

The total culturable hydrocarbon utilizing bacterial count (TCHUBC) is presented in
Figure 2. Sample C recorded the highest count of 0.56 + 2.1 x 104 cfulg while its control had
1.21 £ 0.9 x 103 cfulg. This is followed by sample A with 0.43 £2.0 x 104 cfulgand 1.0+ 1.0
x 103 cfulg for control A then sample D with 2.00 + 1.7 x 104 cfulg and 0.92 + 1.1 x 103 cfulg
for control D. Sample B had 1.35 + 2.6 x 103 cfulg with control B recording 1.12 + 0.7 x 103
cfulg. The polluted soil samples recorded higher hydrocarbon utilizing bacterial counts
compared to the control (unpolluted) samples.

The pH values of all samples with their corresponding control is presented in Figure 3.
The results of the analysis reveals that sample B had highest pH value of 1.10 & 5.0 and control
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B 1.00 + 7.2, followed by sample C which had pH value of 0.22 + 4.8 and control C 0.23 £ 6.2.
The pH values of 0.21 + 4.2 and 0.12 + 6.0 were recorded by sample D and control D
respectively while sample A and control A recorded 0.11 +£4.0 and 0.10 + 5.7 accordingly.
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Figure 2. Total culturable hydrocarbon utilizing bacterial count of polluted
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Figure 3. pH of polluted and unpolluted soil
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Figure 4. Total petroleum hydrocarbon of polluted and unpolluted soils.

Total Petroleum Hydrocarbon (Mg/Kg)

The gas chromatograpy (GC) analysis revealed that sample A recorded the highest TPH
concentration of 3.45 + 7214.82 mg/kg while control A was 8.21 + 4285.02 mg/kg. This was
followed by sample D with a concentration of 7.34 + 6238.27 mg/kg while control D was 6.19
+ 4002.10 mg/kg. Sample C recorded a TPH concentration of 4.55 + 6114.96 mg/kg with
control C having 5.55 + 3842.18 mg/kg while sample B had the lowest TPH concentration of
9.51 +£5747.13 mg/kg and 5.41 + 3118.29 mg/kg for control B. The TPH concentrations of the
individual samples and there corresponding control is represented in Figure 4. The TPH
concentrations of the polluted soil samples were higher than that of the control samples.

4. DISCUSSION

The result of the total culturable heterotrophic bacterial count (TCHBC) as shown in
Figure 1 is an indication that the resident bacterial community present in the soil were able to
proliferate despite changes in chemical composition due to crude oil pollution of the soil
environment. This is in-line with the study conducted by Leera et al. [22] which revealed that
some indigenous microbial flora can still strive in a soil polluted with hydrocarbon. When
compared to the unpolluted soil (control samples), it was evident that the resident bacterial
community population was affected since the bacterial population of the unpolluted soils were
higher than that of the polluted soils. The result also confirms the study conducted by Chikere
and Ekwuabu [23] that bacterial community can still withstand and survive toxic crude oil
concentrations. The stability of the bacterial population isolated from this site points to the
adaptation and survival ability of the bacterial community present in this environment despite
the presence of crude oil pollution [24].
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The total culturable hydrocarbon utilizing bacterial count (TCHUBC) presented in figure
2 also shows the ability of indigenous hydrocarbon utilizing bacterial population to adapt and
utilize the crude oil as their carbon and energy source leading to their proliferation. A similar
observation was reported by Eze and Okpokwasili [25] and Maduwuba, et al [16] where they
reported higher counts of hydrocarbon utilizing bacteria in a crude oil polluted soil compared
to its control samples which were unpolluted. The difference in the TCHUBC of the different
samples could be attributed to the variation in the degree of crude oil pollution of the different
points sampled. The variation in physicochemical characteristics such as pH, organic carbon
content, redox potential, moisture content, phosphorus and nitrogen content could also be a
contributing factor [26,27]. Also, the duration of pollution and type of pollutant is another vital
factor that can influence the proliferation of hydrocarbon-utilizing bacteria [28].

The pH analysis revealed that samples A and D were highly acidic while samples B and
C were moderately acidic. The results of the unpolluted soil samples showed slight acidity to
neutral pH indicating that the variation in pH could have resulted from the crude oil pollution
as reported by Yi et al. [29] in a similar study. According to Ogbo and Okhuoya [30], the
variation in pH values could have also been as a result of the by-products of bacterial
metabolism and the presence of other organic compounds in the soil. The acidic state of the
polluted soils can affect the microbial population thus causing an ecological shift. The acidic
pH of the polluted soil may also influence the rate of bacterial growth, the bacterial population
dynamics and the bacterial genera present in the soil. This can impair plant growth and other
ecosystem function [31].

The TPH monitoring revealed the degree of hydrocarbon pollution in the soil samples.
The polluted soil samples exceeded the DPR intervention limit of 5000 mg/kg for TPH in soil
indicating high degree of hydrocarbon pollution from crude oil while the unpolluted samples
were below the DPR intervention limits for TPH. This high TPH concentration is detrimental
to the environment as it could affect soil fertility, productivity, microbial composition and
diversity [32]. The hydrocarbons could also be carried through leaching and run-offs into the
aquatic environment and the water aquifer [33]. The TPH analysis also revealed the presence
of low to high molecular weight hydrocarbons. These hydrocarbons possess strong molecular
bonds, making them persistence in the environment. Also, their hydrophobic characteristics and
low solubility in water makes them recalcitrant thus taking a longer time to degrade [34].

The presence of these hydrocarbons not only affect the bacterial community diversity and
ecosystem structure and function of this environment, some concentrations could be leached
into the soil aquifer which will pose a threat to human lives. Also some of the hydrocarbons
can be deposited into nearby streams and river affecting fishes and other aquatic lives in that
environment [35].

5. CONCLUSION

The increase in crude oil exploration activities in Obitti community Ohaji Egbema LGA
needs to be given urgent attention because it has caused several incidence of pollution and oil
fires in recently. This has also affected the organisms inhabiting this environment negatively.
The findings from this study revealed that indigenous bacterial population were able to survive
despite crude oil pollution. Also the presence of hydrocarbon utilizing bacteria indicates that
these sites habour bacterial strains that can be harnessed and utilized for the degradation of
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crude oil derived hydrocarbons. However more study is required to determine the degradative
potentials of these bacterial strains so as to utilize them in the remediation of hydrocarbon
impacted soils.
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