BIU Journal of Basic and Applied Sciences 4(1): 1 — 15, 2019.
©Faculty of Basic and Applied Sciences, Benson Idahosa University, Benin City, Nigeria
ISSN: 2563-6424

HYDROCARBON DEGRADING POTENTIALS OF BACTERIAL ISOLATES
FROM PETROLEUM REFINERY SLUDGE

*ODJADJARE, E. E. O. AND INEGBONOSUN, E. A.
Department of Biological Sciences (Microbiology Unit), Faculty of Science, Benson
Idahosa University, P.M.B. 1100, Benin City, Edo State, Nigeria
*Corresponding author: eodjadjare @biu.edu.ng

ABSTRACT

Petroleum contain fractions that are potentially toxic, carcinogenic and or mutagenic.
Thus the intrinsic biodegradability of petroleum hydrocarbon and distribution in the
environment of competent catabolic microorganisms are critical to the implementation
of bioremediation strategies for the clean-up of petroleum polluted environments
towards ecosystem and public health preservation. In the present study, the petroleum
degrading potentials of bacteria species isolated from petroleum refinery sludge was
evaluated. The bacterial species were isolated and identified using standard
microbiological techniques. The petroleum degrading potentials of isolates was
determined by a 14-day enrichment assay using basal salt medium (BSM) supplemented
with 2% Escravos light crude oil (ELCO) and assessed by gas chromatography (GC).
The petroleum degrading isolates were identified as Micrococcus sp., Bacillus sp.,
Arthrobacter sp., Bacillus sp., Staphylococcus sp. and Streptomyces sp. The mean
bacterial counts during enrichment assay ranged between 0.95 x 10" cfu/ml and 9.7 x
10! cfu/ml. Staphylococcus sp. exhibited the highest (96.20%) total petroleum
hydrocarbon (TPH) degrading potential; while Micrococcus sp. showed the least
(35.42%) TPH degrading capacity. The isolates were also remarkable in the degradation
of polycyclic aromatic hydrocarbon (PAH), removing between 4 and 10 PAH
compounds after treatment in the following order (highest to lowest): Staphylococcus
sp. >Streptomyces sp. >Arthrobacter sp. >Bacillus sp. >Micrococcus sp. >Bacillus sp.
The study demonstrated that the bacterial isolates were remarkable petroleum degraders
with great potentials for deployment as candidates in bioremediation of petroleum
polluted sites in the Niger Delta region of Nigeria.
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INTRODUCTION

Petroleum hydrocarbon remains the
principal source of energy globally. Its
mining, transport, storage and use for
industrial and allied purposes has
resulted in numerous occasions of

environmental pollution with severe
consequences on the ecosystem and
public health (Das and Chadran, 2011).
Due to the environmental and public
health impact of petroleum pollution,
various treatment options have been
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proffered to deal with the challenge over
the years. Treatment options include
physical, chemical and biological

methods/approaches. The
physiochemical treatments options
include incineration, thermal
desorption, chemical oxidation,

immobilization and solvent extraction
(Liu et al., 2010). In general, such
treatments are more expensive, energy
intensive and unsustainable with respect
to their environmental impact (Battikhi,
2014). The biological alternative,
otherwise called bioremediation is more
reliable, simple and cheap.
Bioremediation is a technology that
harnesses the metabolic capacity of
microorganisms to  enzymatically
convert toxic chemical contaminants in
the environment into harmless or less
harmful products. The technology can
be applied as green technologies, as it
offers an environmentally friendly and
cost effective response to
environmental oil pollution (Chikere et
al., 2012). Bioremediation makes use of
the catabolic activities of indigenous
hydrocarbon utilizing microorganisms
(especially bacteria) to decontaminate
oil-polluted environments (Mahmoud et
al., 2009). Hence, knowledge of
indigenous oil-degrading bacteria is
critical to the search for agents that can
enhance the self-purification/cleaning
capacity of polluted environments.

Oil sludge is a thick, viscous
mixture of sediments, water, oil and
high hydrocarbon concentration often
encountered during crude oil refining
(Prakash et al., 2005). A major
constituent of oil sludge is polycyclic
aromatic hydrocarbons (PAH). PAHs
are a group of hydrophobic organic
compounds composed of two or more

fused aromatic rings in their chemical
structure (Hesham efr al., 2014). An
investigation into PAH concentrations
in some Niger Delta ecosystems
revealed elevated values of these
priority pollutants in the studied
environments (Ezemonye and
Ezemonye, 2005). The petroleum
fractions (PAHs) are reported to possess
toxic, carcinogenic and mutagenic
properties, thus making them be of
serious environmental and public health
concerns. (Hesham er al., 2014). The
genotoxicity of PAHs to many microbes
and other organisms, implies that
microorganisms that are able to survive
in petroleum sludge (containing high
concentrations of PAH) have evolved
capacity not only tolerate toxicity of the
compound, but also for effective
hydrocarbon degradation. This
assertion was corroborated by the
observation of Hesham et al. (2014)
who reported that microbial degradation
of petroleum pollutant was the most
dominant and significant process for
removing PAHs from the environment.

Although a number of studies
(Prakash et al., 2005; Battikhi, 2014;
Musa et al., 2015; Obi et al., 2016) have
reported PAH degrading bacteria
isolates from oil sludge around the
world, there is dearth of information on
the PAH degrading potentials of
bacterial strains isolated from oil sludge
of the Warri Refinery and
Petrochemical Company (WRPC),
Ekpan, Delta State, Nigeria. It is
therefore imperative to screen WRPC
refinery sludge for bacterial strains that
can degrade PAH fractions of petroleum
as potential candidates for
bioremediation of petroleum polluted
environments especially in the Niger
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Delta region of Nigeria. Thus, the aim
of this study was to determine the
catabolic potentials of bacterial isolates

MATERIALS AND METHODS
Sample Collection

Crude oil sludge samples were
collected weekly in sterile one litre
bottles from the wastewater effluent of
the Warri Refenary and
Pectrochehemical Company (WRPC),
Ekpan, Nigeria between December,
2015 and January, 2016. The refinery is
located within latitude 5°31.0°0.12°’and
longittude 5°45.0°0.00°" in the Niger
Delta region of Nigeria. Samples were
transported in cooler boxes containing
ice to the Benson Idahosa University
Microbiology laboratory for analysis.
All samples were analysed within 24 hrs
of sample collection.
Isolation and Identification of
Petroleum-degrading Bacteria

The enrichment culture technique
described by Odjadjare et al. (2008) was
used (with slight modification) for the
isolation of petroleum degrading
bacteria, using Escravos Light Crude
Oil (ELCO) as the sole source of carbon
and energy. Basal Salt Medium (BSM)
composition was as follows (g/L):
KoHPOy4 (1.5), NH4NO3 (1.0), MgSOy4

* TH»0 (0.5), CaCl»y (0.2), NaCl (30),
KCl (0.3) and FeClz (0.02). Five (5)

grams of each sludge sample was
transferred into a 250 ml flask
containing 50 ml of sterile BSM broth
supplemented with 2% sterile ELCO,
sterilized separately in a universal bottle
at 121°C for 15 mins before being
aseptically added to the BSM. Control
was set up comprising BSM broth
supplemented with 2% ELCO without

from sludge of the WRPC refinery
wastewater effluent in the
biodegradation of target hydrocarbon.

the sludge sample. The cultures were
incubated on a rotary shaker at 150 rpm
and 29+2 °C for 3—7 days. Aliquots of
the enriched cultures were inoculated
onto BSM agar supplemented with 2%
ELCO and incubated at 29+2 °C for 3 to
7 days. Selected pure isolates were
identified by their cultural,
morphological, and  biochemical
characteristics with the aid of Bergey’s
manual determinative  bacteriology
(Holt et al., 1994).
Determination of Petroleum
Degradation Potentials of Isolates

The biodegradation potentials and
growth profile of the bacterial isolates
were determined by inoculating 1.0 ml
of standardized (OD 0.1 at wavelength
of 540 nm) 24 hrs culture of each
selected isolate into a 250 ml
Erlenmeyer flask containing 50 ml of
BSM broth (pH 7.2) supplemented with
2% ELCO as earlier described. A
control flask containing only ELCO
without inoculum, was also set up. The
culture was incubated on a rotary shaker
at 150 rpm and room temperature
(294£2°C) for 14 days. At each sampling
interval (48 hrs), viable bacterial count
analysis was done by standard pour
plate techniques (Seeley and Van
Denmark, 1981). The residual total
petroleum hydrocarbon (TPH) and

polycyclic  aromatic ~ hydrocarbon
(PAH) fractions were determined by gas
chromatography (GC).

Gas Chromatography Analysis

Extraction of Residual Hydrocarbon
Thirty millilitre (30 ml) of each

bacterial treated sample and control was
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measured into a separating funnels.
Acetone (15ml) and dichloromethane
(DCM) (15ml) were added in ratio 1:1
to content of the funnel. The separating
funnel was corked and agitated
vigorously for 1 to 2 mins with periodic
venting to release excess pressure. The
organic layer was allowed to separate
from the water phase for a minimum of
5 mins by opening the tap of the
separating  funnel. The solvent
extracted was shaken vigorously and the
emulsion interface between layers was
more than one-third the size of the
solvent layer. Mechanical techniques
like stirring, filtration etc. were
employed to complete the phase
separation. The separated solvent was
collected in a round-bottom flask and
concentrated to about 2 ml. Methylene
chloride was exchanged with hexane by
adding 10 ml of hexane to the round-
bottom flask and re-concentrated to 2 ml
final volume. The extract was then
transferred to a Teflon-lined screw-cap
vial, labelled and refrigerated for further
analysis. A blank was extracted with
each batch of samples under the same
conditions as for the samples, with the
use of reagent water.
Determination of
Hydrocarbon

The residual petroleum  was
determined by injecting 2 uL of
hydrocarbon extract onto an Agilent
model Hewlett Packard 5890 series 2
gas chromatograph (GC) equipped with
flame ionization detector (FID) and an
HP-5 capillary column (J&W Scientific

Residual

25 m x 0.32 mm X 0.52 um). The carrier
gas was helium, set at a flow rate of 6.5
ml/min with an injector temperature of
225°C. The initial oven temperature was
45 °C held for 3 mins, followed by a
ramp at 12 °C/min to 225 °C where it
was held for 7 mins. The total run time
was 25 mins. Pure alkane standards
were used to identify individual
petroleum  hydrocarbons and to
calibrate the response of the GC at each
sampling point.
Statistical Analysis

Means and standard deviations of
values recorded in this study were
derived using Microsoft Excel. One-
way analysis of variance (one-way
ANOVA) was carried out using SPSS
17.0 statistical software. Values were
adjudged to be significant at 95%
confidence interval (P< 0.05).

RESULTS
Bacterial Identity and Density during
Enrichment Assay

Six strains of bacterial species
(Micrococcus, Bacillus (two strains),
Arthrobacter,  Staphylococcus  and
Streptomyces spp.) were isolated and
identified using their morphological,
cultural and biochemical characteristics
(Table 1). Bacterial cell density during
enrichment assay on BSM
supplemented with 2% ELCO ranged
from 0.95 x 10' cfu/ml (Streptomyces
sp.) to 9.7 x 10'cfu/ml (Bacillus sp.)
(Figure 1). The counts varied
significantly (P<0.05) with bacterial
strains.



Table 1. Morphological, cultural and biochemical characteristics of selected bacterial isolates
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Fig. 1: Bacterial growth patterns in BSM supplemented with 2% Escravos light crude oil during
enrichment assay

Determination of Petroleum The PAH degrading potentials of

Degrading Potentials of Isolates

Gas chromatography analysis after
the 14-day enrichment assay showed
that abiotic factors accounted for loss of
46.87% of the total petroleum
hydrocarbon (TPH) fraction of ELCO
(Table 2). The percentage
biodegradation of TPH of the ELCO
ranged from 35.42% (Micrococcus sp.)
t0 96.20 % (Staphylococcus sp.). Others
were 51.29%, 67.58%, 72.66% and
83.98% for Bacillus sp., Bacillus sp.,
Arthrobacter sp. and Streptomyces sp.
respectively. A comparison  of
chromatograms of the two controls
(Figure 2a (raw crude oil; Sample 8) and
Figure 2b (uninoculated treated crude
oil; Sample 7)) indicated that abiotic
factors resulted in the removal of
phenathrene and  dibenz (a,h)
anthracene from the raw crude (ELCO)
after treatment. However, increased
concentrations of indeno (1,2,3 — cd)
pyrene was also observed after the
treatment.

the bacterial isolates were determined
by comparing the chromatogram of
each isolate with that of control 2.
Figure 3 shows that treatment with
Micrococcus sp. (Sample 1) resulted in
the degradation of six (6) PAH
compounds: acenaphthylene,
phenathrene, indeno (1, 2, 3- cd) pyrene,
dibenz (a,h) anthracene and benzo (g, h,
i) perylene. Treatment with Bacillus sp.
(sample 2) resulted in the removal of
acenaphthylene, phenathrene, benzo(a)
pyrene, indeno(1,2,3 - cd) pyrene,
dibenz (a, h) anthracene and benzo (g,
h, 1) perylene (7 PAH compounds)
(Figure 4). While Arthrobacter sp.
(sample 3) degraded seven (7) PAH
compounds including acenaphthylene,
phenathrene, anthracene, fluoranthene,
indeno (1,2,3 —cd) pyrene, dibenz (a, h)
anthracene and benzo (g, h, 1) perylene
(Figure 5). However, the bacterial
treatment also resulted in the
introduction of fluorine into the sample
(Figure 5).



Odjadjare & Inegbonosun Hydrocarbon Degrading Potentials of Bacterial Isolates

Table 2. Rate of degradation of TPH components of ELCO after 14-day enrichment

Isolates Residual Percentage Percentage
TPH (mg/1) Undegraded (%) Degraded (%)
Micrococcus sp. 9.0195 64.57 35.42
Bacillus sp. 6.8041 48.71 51.29
Arthrobacter sp. 3.8183 27.34 72.66
Bacillus sp. 4.5288 32.42 67.58
Staphylococcus sp. 0.5306 3.80 96.20
Streptomyces Sp. 2.2376 16.02 83.98
Control 1 (uninoculated treatment) 13.9674 53.13 46.87*
Control 2 (raw crude) 26.2908 Not applicable Not applicable
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Fig. 2: Chromatogram of PAH fractions of Controls 1 and 2
(a) Chromatogram of PAH component of raw (untreated) ELCO (control 2)
(b) Chromatogram of PAH components of uninoculated ELCO after enrichment assay
(Control 1).
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Fig. 3: Chromatogram of the PAH fraction of crude oil substrate after treatment with
Micrococcus sp.
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Fig. 4: Chromatogram of the PAH fraction of crude oil substrate after treatment with
Bacillus sp.




Odjadjare & Inegbonosun Hydrocarbon Degrading Potentials of Bacterial Isolates

i

0o FIDA, (PARIN3 SAMPLE]

b
L]

S 3 | [0 S S
e v

!

e

f

rt:_ o e s Se—
g____ELaJ.Ej-qm R
L

o

Retention time (mins)

Fig. 5: Chromatogram of the PAH fraction of crude oil substrate after treatment with

Arthrobacter sp.

ELCO treatment with Bacillus sp.
(Sample 4) resulted in the degradation
of four (4) PAH compounds including
acenaphthylene, phenathrene,
anthracene and indeno (1,2,3 — cd)
pyrene (Figure 6); whereas increased
concentrations of fluoranthene and
pyrene were observed after treatment
with  the isolate  (Figure 6).
Staphylococcus sp. (sample 5) degraded
ten (10) PAH compounds:

acenaphthylene, anthracene,
fluoranthene, pyrene, chrysene,
benzo(b)fluoranthene,

benzo(k)fluoranthene, benzo(a)pyrene,
indeno (1,2,3—cd) pyrene and dibenz (a,
h) anthracene after treatment (Figure 7).
However, the bacterial strain caused the
introduction of naphthalene and
fluorine after the treatment (Figure 7).
Treatment with  Streptomyces  sp.
(Sample 6) resulted in the degradation
of eight (8) PAH compounds including
anthracene, fluoranthene, chrysene,

benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene,
indeno(1,2,3—cd)-pyrene and dibenz (a,
h) anthracene (Figure 8). However, the
treatment also resulted in the formation
of fluorine in the sample (Figure 8).

Discussion

The current study was initiated to
evaluate the catabolic potentials of
bacterial isolates from petroleum
refinery sludge. Isolates similar to those
observed in this study have been
previously reported in petroleum
refinery sludge (Nkwelang et al., 2008;
Mansur et al., 2014, Musa et al., 2015;
Ubani et al., 2016). The bacterial cell
density during enrichment were
remarkably lower than that reported by
Odjadjare et al. (2008) who observed a
range of 1.76 x 10% cfu/ml to 4.26 x
10'!. The higher concentration of crude
oil supplement (2%) in the current study
compared to the 1% used by Odjadjare
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et al. (2008) could be responsible for the
observed difference in cell density.
High concentrations of petroleum have
been reported to be toxic to microbial

cells (Das and Chadran, 2011); hence

The percentage (46.87%) of TPH
fraction in ELCO lost to abiotic factors
in this study is relatively higher than
those reported by Atlas (1999; 30%),
Sakalle and Rajkumar (2008; 15%) and

the relatively higher concentration Roy et al. (2014; 5%); but lower than
could have affected the growth that (75%) observed by Chikere et al.
potentials of the isolates. (2012).
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Fig. 6: Chromatogram of the PAH fraction of crude oil substrate after treatment with

Bacillus sp.
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Fig. 7: Chromatogram of the PAH fraction of crude oil substrate after treatments with

Staphylococcus sp.
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Fig. 8: Chromatogram of the PAH fraction of crude oil substrate after treatments with

Streptomyces sp.

The TPH biodegradation rates in
this study were higher than those
reported by Yerushalmi et al. (2003)
(41.3% to 58.9%), but similar to rates
(28.71% to 99.01%) observed by
Odjadjare et al. (2008). The observation
suggests that a good number of the test
bacterial isolates in this study had
remarkable  petroleum  degrading
potentials. The difference in observed
rates of biodegradation could be a
function of the temperature at which the
experiments were conducted. Whereas
enrichment assay in the current study
and that of Odjadjare et al. (2008) were
carried out at about 30 °C, those of
Yerushalmi et al. (2003) proceeded at
10 °C. Temperature had previously been
reported to be an important factor in
determining the rate of biodegradation
of petroleum (Trapp et al., 2001).

Staphylococcus species had the best
(96.20%) TPH degrading potential in
this study (Table 2). The observation is
consistent with the reports of
Matvyeyeva et al. (2014) who asserted

11

that Staphylococcus aureus was one of
the highest biosurfactant producing
bacterial  strains  isolated  from
petroleum refinery effluent in Nigeria.
However, contrary to the observation of
this study, Sarma and Sarma (2010)
reported Staphylococcus strains with
relatively poor (17.39%) petroleum
degrading potentials.

In agreement with the observation
of this study Ferradji et al. (2014)
reported Streptomyces species with high
petroleum degrading capacity. A
relatively lower (57%) petroleum
degrading potential was observed by
Oaikhena et al. (2016) for Streptomyces
species. Arthrobacter sp. in this study
was also observed to be a relatively
good TPH degrader (72.66%) contrary
to the observation of Odjadjare et al.
(2008) who reported ELCO degrading
potentials of 37.62% by the organism.
Strains of Bacillus spp. isolated in this
study showed petroleum degrading
potentials of 51.29% and 67.58%; rates
that were lower than those (89.22%)
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reported by Omotayo et al. (2012) but
higher than the observation (28.27%) of
Odjadjare et al. (2008). Although,
Omotayo et al. (2012) reported that
Micrococcus varians was the isolate
with  highest (93.01%) petroleum
degrading capacity amongst bacterial
isolates from soil composts in Lagos,
Nigeria, observation from the current
study suggests that Micrococcus sp. was
the least TPH degrading isolate with
degradation potential as low as 35.42%.
However, the observation of this study
is consistent with the report of Wolinska
et al. (2016) who reported degradation
rate as low as 27%; while Odjadjare et
al. (2008) reported a slightly higher
(54.95%) degradation potential for
Micrococcus sp. isolated from the Niger
Delta region of Nigeria.

The bacterial isolates in this study
demonstrated remarkable potentials for
the degradation of PAH fractions of
ELCO; removing between 4 to 10 PAH
compounds after treatment with the
isolates (compare Figures 2, 3 to 8). The
PAH degradation potentials of the
isolates was in the following order
(based on number of PAH compounds
removed  (highest to  lowest)):
Staphylococcus sp. >Streptomyces sp.
>Arthrobacter sp. >Bacillus sp. (sample
2) >Micrococcus sp. >Bacillus sp.
(sample 4). The observation of this
study is consistent with the report of
Nikitha et al. (2017) who observed
considerable PAH degrading potentials
for Staphylococcus, Arthrobacter and
Bacillus spp. Juhasz and Naidu (2000)
also observed that Streptomyces,
Arthrobacter  and  Bacillus  spp.
exhibited good PAH degrading
potentials; while PAH degrading
capacity of Micrococcus species were

12

documented elsewhere (John et al.,
2012; Kafilzadeh et al., 2012).

The observation of this study with
regards to bacterial degradation of PAH
is quite remarkable considering the fact
that many of the PAH compounds
degraded by the bacterial treatments are

listed as priority environmental
pollutants by the United States
Environmental Protection = Agency
(USEPA)

(www.epa.gov/sites/production/files/20
15-09/documents/priority-pollutant-

list-epa.pdf). PAHs are usually
considered as high risk environmental
pollutants due to their high mutagenic
and carcinogenic potentials when
exposed to living organisms within the
environment (Kafilzadeh er al., 2012).
Biodegradation using microorganism is
usually the preferred and major route of
PAH removal from contaminated
environments because of its cost
effectiveness and capacity to transform
the complex pollutants to simpler
forms; or completely mineralize the
contaminants into harmless substances
such as carbon (iv) oxide, water,
inorganic compounds, and cell protein
(John et al., 2012; Nikitha et al., 2017).
Thus this study demonstrated that the
bacterial isolates investigated were
good petroleum degraders that could

serve as important candidates for

bioremediation of hydrocarbon

(especially PAH) polluted

environments.
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