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Abstract

The potential of Bacillus subtilis isolated from locust beans to degrade crude oil was assessed. The
microorganism exhibited a very high degradation capability towards crude oil. Gas Chromatograph
attached to a Flame Ion Detector (GC-FID) was used to measure the concentration of aliphatic and
aromatic hydrocarbon contents in the crude oil. The Bacillus subtilis was found to be able to degrade
about 95 %, almost all of the total hydrocarbon in the crude oil in 20 days. The result further showed
that the Bacillus subtilis irrespective of its source of isolation can be used for degradation.
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1. Introduction

The environmental impact of petroleum in Nigeria and other oil producing countries like
Saudi Arabia, Iran, Iraq, Kuwait and others has been on the increase. The environmental
concern is the destruction caused by oil spill both on cultivated and virgin lands. Oil spills are
destructive to both vegetations and animals in the soil not only as a result of their toxicity but
also because hydrocarbons in the soil reduce the oxygen in the soil and hence enhances anaero-
biosis which is harmful to plant roots [*-3], It is also the most serious form of water pollution
and has been used in connection with losses of crude oil or petroleum products to the marine
environment; about 10 % of the spilling into the sea comes from tanker accidents [234], The
frequency of large scale spillages of petroleum and its products in the last two decades has
been alarming and the pollution it has caused has resulted in adverse ecological effects [5,
Crude oils from different parts of the world differ considerably in their physical and chemical
properties. These differences become important in relation to the behaviour of the spilled oil
to the environment and subsequent clean-up technique [2-*€1, The growing awareness of the
high level of toxicity of crude petroleum products has prompted many investigations to assess
their impacts on the environment with the aim of finding possible solutions. The need to re-
claim environmentally petroleum-products polluted sites has led to the development of a num-
ber of techniques which are physical, chemical or biological in approach [7,

The biodegradation of pollutants in the environment is a complex process whose quantita-
tive and qualitative aspects depend on the nature and amount of the pollutants present, the
ambient and seasonal environmental conditions. The constitution of the indigenous microbial
community is also an important factor 8], Organic compounds can be degraded aerobically
with oxygen or anaerobically without oxygen. Aerobic pathology is the most effective strategy
for bioremediation. The initial steps in the catabolism of aliphatic, cyclic and aromatic hydro-
carbon by bacteria and fungi involve the oxidation of the substrates by oxygenases for which
molecular oxygen is required. Aerobic conditions are therefore necessary for the microbial
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oxidation of hydrocarbon in the environment [81, The availability of oxygen in soils is depend-
ent on rates of its consumption microbially, type of soil, the extent of water logging of the soil
and the presence of utilizable substrates leading to oxygen depletion. Anaerobic degradation
rate of hydrocarbon is slower than the aerobic. During biodegradation, crude oil is used as a
source of organic carbon in a microbial process resulting in the breakdown of crude oil com-
ponents to components of lower molecular weight. The microorganisms convert the hydrocar-
bons into carbon IV oxide and water with the release of energy and cell mass which are es-
sential to the microbial growth, development and activities [°1.

Microorganisms produce certain enzymes that have the capability to attack hydrocarbon
molecules thereby causing degradation. The degradation of oil relies on having sufficient mi-
croorganisms to degrade oil through the microbial metabolic pathways, which are series of
steps by which degradation occurs. Incidentally, nature has evolved many microorganisms to
do this job [1°1, There are over seventy known genera of microorganisms that are known to
degrade hydrocarbons. These microorganisms usually account for less than 1 % of natural
population of microorganisms, but can account for more than 10 % of the population in pol-
luted eco-system. When microorganisms are not present in a system, they can be added to
promote biodegradation. The added microorganisms can be cultures grown from other con-
taminated area or they can be microorganisms genetically engineered to degrade oil. How-
ever, even when microorganisms are present, degradation of hydrocarbons can take place
only if all other basic requirements of the microorganisms are met. Microorganisms have the
naturally occurring microbial catabolic diversity to degrade, transform or accumulate a huge
range of compounds including hydrocarbons. Most microorganisms use the soil as their habitat [*1],

The inherent biodegradability of different components of crude oil is a reflection of their
chemical structures, but also strongly influenced by the physical state and toxicity of the com-
pounds. For instance, the Cs to Cip homologous have been shown to be inhibiting the activity
of majority of hydrocarbon degraders. The homologues as solvents disrupt lipid membrane
structures of microorganisms, similarly, alkanes in the Cy to C40 range are hydrophobic solids
at physiological temperatures, and hence it is the physical state that strongly influences their
biodegradation. As in the case of alkanes, the monocyclic compounds, cyclopentane, cyclo-
hexane and cycloheptane have strong solvent effect on lipid membranes and are toxic to the
majority of the hydrocarbon degrading microorganisms. Highly condensed cycloalkane com-
pounds resist biodegradation due to their structure and physical state [*2],

Ekpo and Udofia [*3] carried out a research on the rate of biodegradation of crude oil by
microorganisms isolated from oil sludge environment. According to their report, mineral salt
medium supplemented with crude oil was used and the most abundant species isolated from
crude oil soil sludge. The microorganisms selected for the degradation tests include Micrococ-
cus varians and Pseudomonas aeroginosa and were found to degrade 97.2 % and 85.7 %
respectively. The degradation of diesel by Bacillus subtilis was also reported [*41, The study
was designed to isolate, characterize and identified diesel degrading microorganisms. The iso-
lation of Bacillus cereus, Trichoderma harzanium and Trichotercium roseum was also reported
in the study. The study revealed the degrading ability of these microorganisms with Bacillus
subtilis having the greatest potential of them all hence the possibility of crude oil fractions
been degraded. Bello and Isinguzo [*5! reported the rehabilitation of polluted soil in Nigeria
using genetically modified microbial inoculums of a bacterium, Bacillus sp and a fungus, As-
pergillus niger. The experiment was carried out in-situ with Nigerian crude oil, Bonny light in
polluted teak soil using anoxic cultures of the bacterium and fungus.

There are two distint biological mechanisms known for the degradation of water-insoluble
hydrocarbons and aromatic compounds. The first case involves the use of microorganisms as
emulsifiers to overcome poor solubility of hydrocarbons and aromatic compounds, whilst the
other is to increase cell surface hydrophobicity which enhanced their adherent capacity to the
hydrocarbon [*61, Most of the case, microorganisms use both mechanisms with one mechanism
acting dominantly with the dominant mechanism been easily figured out by centrifugation of
the cell broth after cultivation using hydrocarbons or oils. If the increase of cell surface hydro-
phobicity were the dominant mechanism, most of the cells would exist in the interface of
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aqueous and oil phase after centrifugation. Most of the cells would be in the bottom of the
aqueous phase in the opposite case [*7], Factors that affect biodegradation of hydrocarbons in
the soil include; soil temperature, type and amount of hydrocarbons present, nutrients, soil
pH, aeration, type and population of hydrocarbon degrading microorganisms present or intro-
duced into contaminated soil. The manipulation and optimization of these factors is needed to
get the best result 18],

In this work, the potential of Bacillus subtilis to degrade crude oil was investigated.

2. Materials and methods
2.1. Sampling

The samples used in this study were bought at the popular Tejuosho Yaba Market in Yaba,
Lagos, Nigeria. It is the popular Ekiti Locust beans called ‘Iru Ekiti’ The Locust beans samples
were collected in a sterile polythene bags and taken to the laboratory for isolation of microor-
ganisms by serial dilution technique and agar plating method [9-2°1 in the Microbiology labor-
atory of the Yaba College of Technology, Yaba, Lagos, Nigeria. The crude oil was gotten from
Chevron Nigeria Limited, Warri, Nigeria.

2.2. Isolation and identification of bacteria from soil samples

The isolation of bacteria species from the contaminated soil samples was done by serial
dilution technique and agar plating method. 1g of soil sample was taken and then dissolved
in a bottle containing 99 ml sterile dilute saline solution to make a dilution 107> This was
placed in the laboratory shaker for about 3hrs at 30°C to allow for homogenization of the
solution. Exactly 0.1 mL water was transferred into 9 ml sterile dilute saline solution to make
a dilution of 1073. This was done subsequently to produce a dilution 10, 107>, and 107 [19-20],
Then 1 mL of each saline dilution was plated on Bushnell-Hass agar having composition

(19 KH,PO,,19 K,HPO,,1gNH,NO,, 0.05 g FeCl,,10.0 ml Crude Oil, 15 g agar, 0.2 g
MgSO,.7H,0, 0.02 g CaCl,.H,0, 0.3g Cholesterol,1000ml Distilled water, pH7.2)

The inoculation was done by spreading method. The chemicals were purchased from Sigma-
Aldrich. The plate was later incubated for 36 hrs at 37°C.

2.3. Identification of bacteria

The Bacillus subtillis colonies were identified and characterized based on the results of their
gram reaction test, morphological features and biochemical characteristics compared with
Bergey’s Manual of Determinative Bacteriology [*9-21],

2.4. Preparation of innoculum

The inoculums’ was made by transferring the 40 mL of culture from nutrients agar slants
in Bushmell Hass medium into 100 mL flask. Then 2 mL of crude oil was introduced into the
flask and allowed to incubate at 35°C in a rotary shaker at 150 rpm for 30 days. The samples
was removed after 30 days and centrifuged for about 20 mins at 5000 rpm so as to allow the
biomass and the supernatant that contains the crude oil to be separated. About 2 Ml of
hexane was added to extract oil [*°-211, Control experiment was also prepared.

2.5. Gas chromatography analysis

The concentrations of various hydrocarbon compounds were determined by gas chroma-
tography with flame ionization detector (GC-FID, Agilent 4890). The GC was equipped with a
glass column (3.2mm x 1m) that had been packed with activated silica gel and anhydrous
sodium sulphate. The flow rate of the nitrogen carrier gas was 30 mL/min and the column
temperature was programmed from 80°C through 250°C at 5°C/min. The injector and detector
temperature was maintained at 250°C and 280°C respectively.
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3. Results and discussion

The Bacillus subtilis, also known as the hay Bacillus or grass Bacillus, a member of the
Bacillus genus family Bacillus subtilis is a rod shaped, gram-positive, Catalase-positive and
has the ability to form a tough, protective endospore that allows the organism to tolerate
extremes of environmental conditions of heat, acid and salinity. The endospore is formed at
times of nutritional stress, thus allowing the organism to persist in the environment until
conditions become favourable. Prior to the production of the spore, the bacterium may become
motile through the production of flagella and also take up DNA from the environment. The
bacterium commonly found in soils [22), Bacillus subtilis is used as soil inoculants in horticulture
and agriculture. It can also convert explosives into harmless compounds of nitrogen, carbon
IV oxide and water [23], In this paper, its biodegradability potential is being investigated.

The chromatogram of the control experiment is shown in Figure 1. The crude oil used was
shown to contain 1.836 X 10° ppm. of aliphatic hydrocarbon and 1.387 X 10° ppm of aromatic
hydrocarbon as revealed by the gas-chromatography analysis. The retention times for the
aliphatic hydrocarbons were found to vary between 8.036 to 8.230 minutes and 18.552 to
18.629 minutes for the aromatic hydrocarbon contents.
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Fig. 1. GC-FID chromatogram showing the total aliphatic and aromatic hydrocarbon in crude oil before
biodegradation

Figure 2 shows the chromatogram of the analysis at 20 days. On comparative look of the
two chromatograms i.e the control and the inoculated sample, it was observed that the peaks
of the crude oil contents for the inoculated sample whose retention time are above 8 minutes
have drastically reduced. This shows that their contents have reduced as a result of degrada-
tion while the peaks before a retention time of 8 minutes have increased. Although the amount
of aliphatic hydrocarbons decreased compared to the control sample, the increase in the peak
may be due to the higher aliphatic compounds and aromatic compounds that have broken
down to smaller compounds.

The trend of biodegradation of the aliphatic hydrocarbon content of the crude oil by the
Bacillus subtilis is shown in Figure 3. It can be seen that the Bacillus subtilis was able to
degrade the hydrocarbon very well. Initially, the rate as was exemplified at the onset of the
process was slow up to the sixth day or thereabout. This may be attributed to the need of the
organism to adapt to the new non aqueous environment and the time required by the hydro-
carbon to diffuse to the water-oil interface where the biodegradation can take place.
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Fig. 2. The GC-FID chromatogram showing the total aliphatic and aromatic hydrocarbon in crude oil
after biodegradation

There was an appreciable increase in the rate of disappearance of the aliphatic hydrocarbon
after the eight day till when the hydrocarbon was almost exhausted, this time the plausible
explanation is that the organism has acclimatized with the new environment and is using the
hydrocarbon as well as other nutrients which are not of interest to this study but are available
for growth as well as for rapid multiplication and other metabolic activities [241, Further, the
operating temperature at which the biodegradation experiment was set up is also the optimal
incubation temperature of the Bacillus thus the biodegradation was expected to increase tre-
mendously [8l, At about 16 days from commencement of the reaction, almost all the hydro-
carbon has been exhausted.
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Fig. 3. Aliphatic hydrocarbon content biodegrada- Fig. 4. Aromatic hydrocarbon content biodegrada-
tion against time tion against time

The consumption pattern of the aromatic hydrocarbon content of the crude oil is illustrated
in Figure 4. The consumption pattern of the aromatic hydrocarbon content of the crude oil is
not as rapid as that of the aliphatic. The amount of aromatic hydrocarbon content in ppm
degraded per day compared to that of aliphatic is small. It is a known fact that the aliphatics
are easily degraded relative to the aromatics. Generally, the Bacillus degraded the two classes
of hydrocarbon considered in this work and thus a good candidate in the biodegradation of
crude oil.

4. Conclusions

This paper describes the biodegradation of crude oil by Bacillus subtilis. The microorganism
was found to have the capability of degrading about 95 % of each of the aliphatic and aromatic
hydrocarbon components of the crude oil. The result further showed that the Bacillus subtilis
irrespective of its source of isolation can be used for degradation
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