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ABSTRACT

Aims: This study aimed to determine the biodegradative potential of crude oil by Chryseobacterium
sp. and Lysinibacillus fusiformis isolated from Crude Oil site in Gokana LGA, of Rivers State.

Study Design: Research was designed to evaluate the speed of degradation of crude oil by
bacterial species over a period of 28 days.

Place and Duration of Study: Study was carried out in the Microbiology Laboratory of Rivers
State University from March to April 2018.

Methodology: Four experimental set ups were used: mineral salt broth with crude oil only
(Control), Chryseobacterium sp. in mineral salt culture with crude oil (Set-up 1), Lysinibacillus
fusiformis in mineral salt culture with crude oil (Set-up 2) and Chryseobacterium sp.+Lysinibacillus
fusiformis in mineral salt culture with crude oil (Set-up 3). Analysis of pH and Total Viable Counts
was carried out at weekly intervals while Total Petroleum Hydrocarbon was carried out at bi-weekly
intervals.

Results: Results showed a steady decline in pH from almost neutral (6.1) to acidic with mixed
culture set up having the lowest value of 4.19 < Lysinibacillus fusiformis set up of 4.22 <
Chryseobacterium sp. set up of 4.34. Total Petroleum Hydrocarbon followed the same trend of
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experiment.

steady decline from 74.8 mg/L with Lysinibacillus fusiformis species having the least value of 40.44
mg/L < mixed culture of 44.85 mg/L < Chryseobacterium sp. of 51.08 mg/L. Total Viable Counts
(Log10 cfu/mL) of bacteria showed increase in growth in all set ups. Lysinibacillus fusiformis
increased from 5.10+0.01 to 6.85+0.05 > the consortium increased from 5.21+£0.01 to 6.84+0.04 >
Chryseobacterium sp. increased from 5.30+0.01 to 6.73+0.06 from beginning to end of the

Conclusion: Results showed that Lysinibacillus fusiformis had greater capacity to degrade crude
oil, followed by the mixed culture and lastly, Chryseobacterium sp. These bacterial species can be
harnessed and used for clean-up of crude oil contaminated environment.

Keywords: Biodegradation; Chryseobacterium sp.; Lysinibacillus fusiformis; mixed culture; mineral

salt broth.
1. INTRODUCTION

Crude Oil is a naturally occurring complex
mixture of hydrocarbon and non-hydrocarbon
compounds such as Sulphur, Nitrogen and
Oxygen; which at appropriate concentrations
possess toxicity towards living systems [1].
Biodegradation is the disintegration of complex
chemicals through a biological process. This
term is used to describe three major types of
changes in a molecule; (a) a minor change in the
functional groups attached to an organic
compound, such as substitution of a hydroxyl
group for a chlorine group; (b) an actual breaking
of the organic compound into organic fragments
in a manner that the original compound can be
restructured and (c) the complete degradation of
an organic compound to minerals that can be
recycled [2]. Bacteria are a class of
microorganisms known to degrade petroleum
hydrocarbons from contaminated environments
and use these compounds as sole carbon and
energy sources. The extent of degradation
process is dependent on the genetic make-up of
the microorganism to introduce molecular oxygen
in the hydrocarbon and to generate the
intermediates that enter the general energy-
yielding metabolic pathway of the cell [3].
Usually, degradation takes place in the presence
of oxygen via aerobic respiration. The
hydrocarbon loses electrons and is oxidized
while oxygen gains electrons and is reduced;
resulting in carbon dioxide and water as final
products [4]. Bacteria that are known to degrade

petroleum  products include species of
Pseudomonas, Aeromonas, Moraxella,
Flavobacterium, Nocardia, Bacillus,

Sphingomonas, Micrococcus and so on. [5]. In
the world over; scientists, environmentalists and
conservationists are posed with the challenge on
how to upturn the toxic effects of crude oil
contamination in soil, air and water [6]. The
fractional distillation of crude oil to manufacture
several products as well as indiscriminate usage,

improper disposal and accidental leakage from
pipes has led to the contamination of land, air
and water ecosystems. Soil pollution is of great
importance in the scheme of biotic and abiotic
activities; consequently, leading to the bio-
magnification of these toxic components up to
the food chain and into the human populace [7].
In soils, crude oil is absorbed into the soil matrix
and vaporous compounds will eventually partition
to the atmosphere; with time hydrocarbons that
are available for the microbial attack will be
slowly degraded [8]. The Niger-Delta region of
Nigeria known for its thick rainforests, wetlands,
waterways and creeks is home to large deposits
of crude oil; although oil exploitation activities
started in 1958, parts of this region have not fully
enjoyed the benefits of the exploitation and
exploration activities of this all-important natural
resource [9]. With a population size of about 27
million covering an area of 70,000 square
kilometres, 5,000 communities, 50 ethnic groups
and 250 dialects; this region is a constant
reminder of the effects of poor oil exploration
practices, pipe leakage and vandalization [9].
Today, inhabitants of most of these communities
have lost their sources of livelihood (farmlands
used for animal husbandry and crop cultivation;
natural ponds used in fish farming), no potable
drinking water; leading to general vyouth
restiveness. Crude oil pollution has over the
years become a problem in the Niger Delta
region of Nigeria, affecting soil ecosystems and
rendering acres of viable land unfit for any form
of use. Hence, it has become imperative that
effective hydrocarbon degraders be isolated from
the polluted soil and used for degradation of
these mutagenic compounds in the field.

2. MATERIALS AND METHODS
2.1 Study Area

Soil samples were collected from the study site
within coordinates 4.30.03N & 7.13.46E 19km



and 4.28.45N & 7.14.42E 19 km in Kegbara dere
Creek in Gokana Local Government Area of
Rivers State.

2.2 Sample Collection

Soil samples were collected by adopting the
Food and Agriculture Organisation [10] guideline,
using a sterile soil auger to make a depth of
0-5 cm of topsoil. The soil samples for analysis
were collected into fresh unused black polythene
bags perforated for aeration. The samples were
transported within 2 hours of collection to the
Microbiology Laboratory of the Rivers State
University.

2.3 Isolation and Identification of

Bacterial Species

Two bacterial species used for this study were
isolated from the top 5cm of homogenously
mixed and sieved crude oil polluted soil from
Kegbara dere Creek in Gokana Local
Government Area of Rivers State. One gram
(1.0g) of soil sample was weighed and
introduced into sterile normal saline (8.5g of
NaCl in 1000ml of distilled water) under aseptic
conditions. Ten-fold serial dilution was carried
out up to 10®° and 10°® dilutions. Afterwards, a
0.1ml aliquot of each dilution was spread plated
onto sterile solidified mineral salt agar using the
vapour transfer method in duplicates. Two
distinct colonies were picked and cultured on
nutrient agar and blood agar media respectively.
The plates were incubated at 37°C for 24hours.
Distinct colonies were counted to obtain the
colony forming unit per gram (CFU g™') of the soil
sample [11].

Thereafter, two distinct colonies with varying
cultural characteristics, suspected to be
Chryseobacterium  sp. and  Lysinibacillus
fusiformis, were picked and sub-cultured onto
freshly prepared nutrient agar plates which were
incubated at 37°C for 24 hours. Biochemical
tests were carried out as illustrated by
Cheesebrough [12]. The purified colonies were
stored in 10% glycerol solution at freezing
temperature to serve as stock culture for further
identification. The purified isolates were taken for
molecular characterization and identification to
strain level.

2.4 Biodegradation Test

Bacterial Species

Using Two

The two species of bacteria (Chryseobacterium
sp. and Lysinibacillus fusiformis) isolated from
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the soil samples were wused for the
biodegradation set up. Each set up had Mineral
Salt Broth containing 1000ml distilled water, 0.5g
K;HPO,, 0.3g MgSO,.7H,O, 0.3g NaCl, 0.2g
MnSO4.H20, 0029 FeSO4. 6H20, 0039 NaNO3,
0.3g ZnCl; all measured into four 1000ml conical
flasks and autoclaved; with 5ml of sterilized
crude oil been aseptically added into each flask
and plugged with cotton wool. For the single
bacteria set up, serial dilutions from nutrient
broth cultures were made and aliquots plated on
nutrient agar using the spread plate method to
determine the number of bacterial cells in each
aliquot. It was within the range of 30-300 cells.
Consequently, 1ml from 10* dilution was
aseptically added into each setup; while 0.5ml of
each organism was added in the consortium set
up. Each flask was agitated using a rotatory
shaker for 30 minutes daily to allow for aeration
and even distribution of nutrients and the
pollutant. During the incubation period, pH
readings were taken with a pH meter in
duplicates; while total viable counts were
monitored in triplicates using the spread plate
method on nutrient agar. Total Petroleum
Hydrocarbon readings were taken using Gas
Chromatography method with Flame lonisation
Detector (Agilent HP 5890 series Il) [13]. Total
Viable Counts and pH readings were monitored
on a 7-day basis (day 1, 7, 14, 21, 28) while the
Total Petroleum Hydrocarbon readings were
taken on a 14-day basis (day 1, 14, 28).

3. RESULTS AND DISCUSSION

The two bacterial species (Chryseobacterium sp.
and Lysinibacillus fusiformis) were used for this
study after they showed growth on the mineral
salt medium. Results of this study showed that
under suitable temperature, oxygen and enough
nutrients; biodegradation rate increased in each
setup. Hydrogen ion concentration has been
known to affect the rate of degradation by
controlling the speed of enzyme-mediated
reactions over a wide range, but optimally from
6.5 to 8.5 [14]. During this experiment, the pH
values of each set up decreased progressively
from almost neutral to very acidic level due to the
breakdown of the petroleum hydrocarbons to
CO, and H,0; and increased growth of bacterial
cells was observed, with the mixed culture being
the lowest at 4.19 from an initial value of 6.1.

While there was increased biomass
accumulation with the help of oxygenases acting
on hydrocarbon components, the cycle of
biodegradation continues if all factors affecting
microbial degradation are kept constant. Fig. 2



shows a steady increase in bacterial growth as
fast as it was able to utilize the hydrocarbon
components Chryseobacterium sp. evidently
could not utilize the hydrocarbon components at
a similar rate as the two other set ups, despite its
significantly high growth over time, with a growth
range of 5.30+0.01Log10cfu/mL to 6.73+0.06
Log10cfu/ml. Although it is suspected that due to
competition between Chryseobacterium sp. and
Bacillus species in the mixed-culture set up with
growth range of 5.21£0.01Log10cfu/mL to
6.84+0.04Log10cfu/mL and due to cell death
probably occurred at some point, the growth rate
was not as high as that of Lysinibacillus

Time (Days)
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fusiformis  with a growth range  of
5.10+0.0105Log10cfu/mL to 6.85+0.05Log10
cfu/ml.

As corroborated by [15], due to the high growth
rate of Lysinibacillus fusiformis throughout the
experiment, the set up showed to be the best
degrader of petroleum hydrocarbon with a value
of 40.44 mg/L. The mixed culture followed with a
value of 44.85 mg/L and Chryseobacterium sp.
with a highest value of 51.08 mg/L been the least
degrader. Fig. 3 shows the summary of the
gradual progression of how the petroleum
hydrocarbon was degraded over time.
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Chryseobacterium and
Lysinibacillus fusiformis
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Fig. 1. Hydrogen ion concentration (pH) during biodegradation of crude oil polluted aquatic
ecosystem using mineral salt broth
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Fig. 2. Petroleum Utilizing Bacteria (log10 cfu/ml) during biodegradation of crude oil polluted
aquatic ecosystem using mineral salt broth
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Fig. 3. Total Petroleum Hydrocarbon during biodegradation of crude oil polluted aquatic
ecosystem using mineral salt broth
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Fig. 4. Hydrocarbon chains degradation comparison between Day 1 and Day 28

Fig. 4 shows the comparison between Day 1 and
Day 28 of hydrocarbon chains; ¢10, c15, c20,
¢25, c30, ¢35 and c40; for each of the set-ups.
Chain c15 was degraded the highest by Set-up
after 28 days of incubation. Chains c20, c30 and
¢35 were degraded the most by Set-up 2 [16].

Figs. 5-12 shows the peaks and values of
petroleum hydrocarbons and how the chains
degraded over time.

Table 1 shows comparison between Days 1, 14
and 28 on each of the hydrocarbon chains. Chain
c11 was degraded to 0.003ppm on Day 28 from
an initial amount of 0.355ppm on Day 1 by Set-
up 1 and 2 respectively. Chain c12 was
significantly reduced from initial of 0.089ppm to
0.005ppm, 0.0005ppm and 0.0002ppm by Set-up
1, 2 and 3 respectively. Chain ¢c17 was reduced
from 0.691ppm to 0.007ppm by Set-up 2 at Day
28. Chain ¢19 was greatly reduced from an initial
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Table 1. Comparative analysis of hydrocarbon chains over 28 days incubation period

Day 1 Day 14 Day 28 Day 1 Day 14 Day 28 Day 1 Day 14 Day 28

n-c8 Phytane n-c30

Ctrl 0 0 0 Ctrl 1.983 7.087 8.514 Ctrl 0.365 4.094 0.056
Chr 0 0 0 Chr 1.983 6.421 2.968 Chr 0.365 0.653 5.652
Lys 0 0 0 Lys 1.983 4.642 2.346 Lys 0.365 0.441 1.389
Chr+Lys 0 0.011 0 Chr+Lys 1.983 4.369 2.353 Chr+Lys 0.365 0.246 0.913
n-c9 n-c19 n-c31

Ctrl 0 0 0 Ctrl 27.251 0.225 1.278 Ctrl 1.440 4.000 1.195
Chr 0 0 0 Chr 27.251 2.638 0.046 Chr 1.440 0.408 5.556
Lys 0 0 0 Lys 27.251 2112 0.017 Lys 1.440 0.328 1.481
Chr+Lys 0 0.011 0 Chr+Lys 27.251 0.099 0.035 Chr+Lys 1.440 0.490 0.182
n-c10 n-c20 n-c32

Ctrl 0 0.016 0 Ctrl 0.401 0.297 1.700 Ctrl 0.279 0.016 0.124
Chr 0 0.010 0.021 Chr 0.401 0.198 0.583 Chr 0.279 0.228 0.016
Lys 0 0.00003 0 Lys 0.401 0.018 0.125 Lys 0.279 0.150 0.007
Chr+Lys 0 0.010 0 Chr+Lys 0.401 0.074 0.407 Chr+Lys 0.279 0.411 0.011
n-c11 n-c21 n-c33

Ctrl 0.355 0.013 0.043 Ctrl 1.211 0.133 0.513 Ctrl 2.539 2.198 0.401
Chr 0.355 0.003 0.003 Chr 1.211 0.640 0.044 Chr 2.539 0.905 4.279
Lys 0.355 0.006 0.003 Lys 1.211 0.519 0.007 Lys 2.539 0.594 1.119
Chr+Lys 0.355 0.012 0 Chr+Lys 1.211 0.355 1.751 Chr+Lys 2.539 0.500 0.932
n-c12 n-c22 n-c34

Ctrl 0.089 0.004 0.092 Ctrl 0.085 0.033 0.073 Ctrl 2.149 1.196 0.055
Chr 0.089 0.430 0.005 Chr 0.085 0.091 0.041 Chr 2.149 0.278 2.015
Lys 0.089 0.086 0.0005 Lys 0.085 0.088 0.055 Lys 2.149 0.022 0.559
Chr+Lys 0.089 0.025 0.0002 Chr+Lys 0.085 0.765 0.195 Chr+Lys 2.149 0.575 0.509
n-c13 n-c23 n-c35

Ctrl 0.083 2.568 0.469 Ctrl 0.254 0.677 0.252 Ctrl 1.744 0.004 0.035
Chr 0.083 1.125 0.481 Chr 0.254 0.359 1.315 Chr 1.744 0.163 0.021
Lys 0.083 0.331 0.547 Lys 0.254 0.377 0.017 Lys 1.744 0.216 0.002
Chr+Lys 0.083 0.269 0.281 Chr+Lys 0.254 0.162 1.141 Chr+Lys 1.744 0.759 0.023
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Day 1 Day 14 Day 28 Day 1 Day 14 Day 28 Day 1 Day 14 Day 28

n-c14 n-c24 n-c36

Ctrl 0.089 2.995 11.478 Ctrl 1.245 0.628 2.148 Ctrl 1.571 0.303 0.555
Chr 0.089 9.645 2.216 Chr 1.245 0.311 0.997 Chr 1.571 0.404 0.006
Lys 0.089 4.659 2.066 Lys 1.245 0.309 0.368 Lys 1.571 0.009 0.043
Chr+Lys 0.089 4.780 1.758 Chr+Lys 1.245 0.053 0.356 Chr+Lys 1.571 1.086 0.005
n-c15 n-c25 n-c37

Ctrl 0.057 1.578 6.483 Ctrl 0.938 0.499 1.757 Ctrl 5.851 0.007 0.107
Chr 0.057 2.345 2.617 Chr 0.938 0.611 0.847 Chr 5.851 0.128 0.020
Lys 0.057 1.409 0.639 Lys 0.938 0.554 0.256 Lys 5.851 0.259 0.427
Chr+Lys 0.057 1.748 2.094 Chr+Lys 0.938 0.062 0.042 Chr+Lys 5.851 1.466 0.008
n-c16 n-c26 n-c38

Ctrl 0.162 0.369 0.738 Ctrl 0.027 0.007 1.306 Ctrl 3.131 0.025 0.031
Chr 0.162 1.175 0.205 Chr 0.027 0.375 0.929 Chr 3.131 0.036 1.233
Lys 0.162 0.126 1.767 Lys 0.027 0.245 2.167 Lys 3.131 0.589 0.229
Chr+Lys 0.162 0.104 0.149 Chr+Lys 0.027 0.117 0.678 Chr+Lys 3.131 1.982 0.002
n-c17 n-c27 n-c39

Ctrl 0.691 14.591 4171 Ctrl 2.557 0.178 0.789 Ctrl 3.745 0.004 0.008
Chr 0.691 3.498 0.801 Chr 2.557 0.069 0.292 Chr 3.745 0.138 0.599
Lys 0.691 2.978 0.007 Lys 2.557 0.033 0.046 Lys 3.745 0.036 0.039
Chr+Lys 0.691 2.299 0.525 Chr+Lys 2.557 0.115 0.089 Chr+Lys 3.745 2.844 0.009
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Fig. 5. Total petroleum hydrocarbon value and peaks on day 1 of crude oil polluted aquatic
ecosystem using mineral salt broth
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Fig. 6. Control of total petroleum hydrocarbon value and peaks on day 14 of crude oil polluted
aquatic ecosystem using mineral salt broth

of 27.251 ppm to 0.046 ppm, 0.017 ppm and
0.035 ppm by Set-up 1, 2 and 3 respectively.
Chain c21 was reduced from 1.211 ppm to 0.044
and 0.007 by Set-up 1 and 2 respectively. Chain
c24 was slightly reduced from initial of 1.245 ppm
to 0.997ppm, 0.368ppm and 0.356ppm by Set-up
1, 2 and 3 respectively. Chain c25 was degraded

from initial of 0.938ppm to 0.847ppm, 0.256ppm
and 0.042ppm by Set-up 1, 2 and 3 respectively.
Chain c27 was also degraded from 2.557ppm to
0.292ppm, 0.046ppm and 0.089ppm by Set-up 1,
2 and 3 respectively. Chain c32 was reduced
from initial of 0.279ppm to 0.016ppm, 0.007ppm
and 0.011ppm by Set-up 1, 2 and 3 respectively.
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Chain ¢35 was degraded from 1.744ppm to
0.021ppm, 0.002ppm and 0.023pm by Set-up 1,
2 and 3 respectively. Chain c37 was reduced
from 5.851ppm to 0.020ppm and 0.008ppm by
Set-up 1 and 3 respectively. Chain c40 was

CALIBRATED METHOD FOR THE DETERMINATION OF TPH
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to other literatures [17,18,19] on the ability of
organisms to effectively degrade petroleum
hydrocarbons or organic pollutants.
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Fig. 7. Chryseobacterium sp. of total petroleum hydrocarbon value and peaks on day 14 of
crude oil polluted aquatic ecosystem using mineral salt broth
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Fig. 8. Lysinibacillus fusiformis of total petroleum hydrocarbon value and peaks on day 14 of
crude oil polluted aquatic ecosystem using mineral salt broth
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Fig. 9. Chryseobacterium sp. and Lysinibacillus fusiformis of Total Petroleum Hydrocarbon
value and peaks on day 14 of crude oil polluted aquatic ecosystem using mineral salt broth
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Fig. 11. Chryseobacterium sp. of total petroleum hydrocarbon value and peaks on day 28 of

crude oil polluted aquatic ecosystem using mineral salt broth
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Fig. 13. Chryseobacterium sp. and Lysinibacillus fusiformis of total petroleum hydrocarbon
value and peaks on day 28 of crude oil polluted aquatic ecosystem using mineral salt broth

4. CONCLUSION

From this research, it's can be concluded that
microorganisms remain key players in a bid to
remediate polluted lands and rid the environment
of such toxic and mutagenic components.
Biodegradation is known as a cost-effective and
clean method compared to its physical and
chemical counterparts. Although, Lysinibacillus
fusiformis proved to be a better degrader as
against Chryseobacterium sp. and the mixed
culture; the study showed that a range of
bacterial genera is capable of effectively
degrading hydrocarbon components with the
release of suitable and reusable end products.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Obire O, Anyanwu E. Impacts of various
concentrations of crude oil on fungal
populations of soil. Int. J. Environ. Sci.
Tech. 2009;6(2):211-218.

Nrior RR, Odokuma L, Tete E. Ultimate
biodegradation of industrial detergent used

12

in the upstream sector of the Nigeria
Petroleum Industry in Fresh water,
Brackish water and Marine water.
International Journal of Ecotoxicology and
Ecology. 2017;2(4):134-144.

DOI: 10.11648/].ijee.20170204.11

Mohsenzadeh F, Rad A, Akbari M.
Evaluation of oil removal efficiency and
enzymatic activity in some fungal strains
for bioremediation of petroleum polluted
soils. Iranian Journal of Environmental
Health Science and Engineering. 2012;
9(26): 222-230.

Das N, Chandran P. Microbial degradation
of petroleum hydrocarbon contaminants:
An overview. Biotechnology Research
International. 2010;2011:1-13.

DOI: 10.4061/2011/941810

Ukaegbu-Obi K, Mbakwem-Aniebo C.
Bioremediation potentials of bacteria
isolated from rhizosphere of some plants
of oil contaminated soil of Niger Delta.
Journal of Applied and Environmental
Microbiology. 2014;2(4):194-197.

Okop IJ, Ekpo SC. Determination of total
hydrocarbon content in soil after petroleum

spillage. World Congress on Engineering.
2012;3.



10.

11.

12.

13.

Nrior R, Onwuka N. Bioremediation of
crude oil contaminated marshland muddy

soil by augumentation approach using
candida  tropicalis  and penicillium
chrysogenum. IOSR Journal of

Environmental Science, Toxicology and
Food Technology (IOSR-JESTFT). 2017;
11(10):57-64.

Ogbolosingha A, Essien E, Ohiri R.
Variation of lipase, catalase and
dehydrogenase activities during
bioremediation of crude oil polluted sail.
Journal of Environmental and Health
Science. 2015;5(14):128-141.

Usang E, Ikpeme N. The Niger Delta oil
rich region: The paradox of fascination and

horror. Academic Journal of
Interdisciplinary Studies. 2015;4(1):117-
123.

Food, & Organisation, A. Guidelines for
Soil Description. Rome: F.A.O. 4th Edition.
2006;97.

Kawo A, Bacha H. Crude oil degradation
by Bacillus and Micrococcus species
isolated from soil compost. Bayero Journal
of Pure and Applied Sciences. 2016;9(1):
108-117.
DOl:http://dx.doi.org/10.4314/bajopas.v9i1.
17

Cheesebrough M. District Laboratory
Practices in Tropical Countries (Second
Edition ed.). Cambridge: Cambridge
University Press; 2006.

Burghal AA, Abu-Mejdad NM, Al-Tamimi
WH. Mycodegradation of crude oil by
fungal species isolated from petroleum
contaminated soil. International Journal
of Innovative Research in Science,

Wemedo et al.; JAMB, 12(2): 1-13, 2018; Article no.JAMB.42680

14.

15.

16.

17.

18.

19.

Engineering and Technology. 2016;5(2):
1517-1524.

DOI: 10.15680/IJIREST.2016.0502068
Joutey NT, Bahafid W, Sayel H, Ghachtouli
NE. Biodegradation- life of science.
Morocco : INTECH; 2013.

Kafilzadeh F, Sahragard P, Jamali H,
Tahery Y. Isolation and Identification of
hydrocarbon degrading bacteria in soil
around Shiraz Refinery. African Journal of
Microbiology Research. 2013;4(9):3084-
3089.

Nrior RR, Ogbonna DN, Alabo AE.
Biodegradation of drilling fluid used in
upstream sector of the Nigeria Petroleum
Industry in Marine Water Environment.
International Journal of Waste Resources.
2017;7(4):1-5.

DOI: 10.4172/2252-5211.1000302.

Li C, Wong Y, Tam N. Anaerobic
biodegradation of polycyclic aromatic
hydrocarbons with amendment of iron (lll)
in mangrove sediment slurry. Bioresource
Technology. 2010;101:8083-8092.

Mrozik A, Piotrowska-Seget Z.
Bioaugmentation as a strategy for cleaning
up of soils contaminated with aromatic
compounds. Microbiological Research.
2009;165(2010):363-375.

DOI: 10.1016/j.micres.2009.08.001

Ichor T, Okerentugba P, Okpokwasili G.

Biodegradation  of total  petroleum
hydrocarbon by aerobic heterotrophic
bacteria isolated from crude oil

contaminated brackish waters of bodo
creek. Journal of Bioremediation and
Biodegradation. 2014;5(5).

DOI: 10.4172/2155-6199.1000236

© 2018 Wemedo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/26415

13



