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Abstract

Petroleum hydrocarbon (PHCs) contamination of soil, freshwater and air is of global concern. The
aim of this study was to assess the extent of crude oil degradation by mixed bacterial culture of
different crude oil concentrations using gas chromatography-mass spectrometry (GC-MS). Seven
oil samples were collected from petroleum-contaminated fields in Kano state, Nigeria, and
screened for crude oil utilizing bacteria. A control sample of soil from an ecological garden
(control soil) was also analyzed. Crude oil-degrading bacteria were isolated, enumerated and
identified using cultural, morphological and biochemical characteristics, and screened for their
ability to utilize Bonny Light Qil as a source of carbon and energy. Bacteria with the highest
potential to utilize crude oil were selected and subjected to bioremediation studies at three different
pollution levels (5%, 10% and 15%) for 56 days. The residual crude oil was assessed using GC-
MS. The results revealed that the mixed culture completely degraded eighteen components ranging
from C10 to C25 at 5% crude oil concentration while only C8 to C11 and C8 to C9 were degraded
at 10 and 15% respectively. The results of this study indicated the potential of B. subtilis and P.
aeruginosa in bioremediation of crude oil contaminated soil.

Keywords: Biodegradation, crude oil degrading bacteria, concentrations, GC-MS.

DOI: http://dx.doi.org/10.3126/ije.v9i2.32511

Copyright ©2020 IJE

This work is licensed under a CC BY-NC which permits use, distribution and reproduction in
any medium provided the original work is properly cited and is not for commercial purposes

International Journal of Environment ISSN 2091-2854 33|Page



mailto:abdullahiadamufaggo@gmail.com
http://dx.doi.org/10.3126/ije.v9i2.32511
https://orcid.org/0000-0001-5413-3093

1. Introduction

Petroleum hydrocarbons (PHCs) contamination of the soil, freshwater and air is of global concern
and has attracted public attention due to many aliphatic and polycyclic aromatic hydrocarbons
being toxic, mutagenic and carcinogenic (Bao et al., 2012). Even though a number of physical,
chemical and biological methods exist for the remediation of contaminants (Hu et al., 2010),
bioremediation (biological approach) is considered the best strategy, as it is more efficient, eco-
friendly and cost-effective than other methods (Ismail et al., 2013).

The role of microbial activity in the biodegradation of hydrocarbons has been well recognized for
more than a century (Ojo, 2006). The indigenous bacterial populations in crude oil contaminated
soil have the ability to degrade hydrocarbons (Head et al., 2006). The crude oil degrading bacterial
genera; Pseudomonas, Acinetobacter, Burkholderia, Paraburkholderia, Luteibacter and
Flavobacterium have been reported to play a significant role in the degradation of petroleum
hydrocarbons (Cui et al., 2020). Bioremediation of a complex hydrocarbon mixture usually
necessitates the cooperation of more than a single species, because an individual microorganism
can generally metabolize only a limited range of hydrocarbon substrates. Therefore,
conglomerations of mixed populations, equipped with broad enzymatic capacities, are required to
increase the rate and extent of petroleum biodegradation further (Patowary et al., 2017). Another
factor that influences the biodegradation of crude oil is the crude oil concentration, which is
underreported. Petroleum hydrocarbon concentrations affect microbial activity directly.
Consequently, if the concentrations are too high, the hydrocarbons may have deleterious effects
on the bacteria in the soil. The degradation of crude oil decreased with increasing concentration,
perhaps due to the toxicity of the crude oil in the medium (Farag et al., 2018). Therefore, this study
aimed at assessing the extent of crude oil degradation by the mixed bacterial culture at different
crude oil concentrations using gas chromatography-mass spectrometry (GC-MS).

2. Materials and Methods
2.1 Collection of soil samples

Soil samples were collected from seven different locations (B, C, D, E, F, G and H) at the depth
of 10cm using a ditch auger, from petroleum-contaminated area of the Nigerian National
Petroleum Corporation (NNPC), depot in Hotoro, Kano State, North-Western Nigeria. Samples
were stored in dark, clean polythene bags and kept in a flask containing ice. Similarly, a control
(non-contaminated) soil sample was collected from the ecological garden of the Department of
Biological Sciences, Bayero University, Kano (location A) and transported to the Microbiology
Laboratory, Department of Microbiology of the same institution for further analysis in accordance
with the method of Romanus et al. (2015). All samples were collected in triplicates for seven days
at 9:00 am when the weather was conducive (Kulkarni, 2014; Kawo and Kabiru, 2016).
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2.2 Isolation and identification of crude oil degrading bacteria

The isolation of crude oil-degrading bacteria was carried out using the method described by
Patowry etal. (2017). One gram of each hydrocarbon contaminated soil sample was inoculated into
mineral salt medium (MSM) containing 2% (v/v) Bonny Light Oil as carbon source for
enrichment. The conical flasks were then incubated at 35°C at 150 rpm for a week. Subsequently,
Iml inoculum was introduced again to 100 ml of fresh Bushnell Hass medium and incubated
similarly under the same conditions for another week to reduce the number of unwanted microbes.
The following week, 1ml of the original grown culture was used for serial dilution. 100 pl from
the 10 diluted sample was then spread onto nutrient agar plates which were incubated at 35°C for
24 hours.

Mixed bacterial colonies from the overnight culture were also selected and grown on nutrient agar
plates to obtain a pure culture. The pure isolates were stored on nutrient agar slants at 4°C for
further studies. The samples were characterized using cultural descriptors (shape, color, odor,
pigmentation) (Chessbrough, 2006), in addition to morphological (Gram’s reaction)
(Chessbrough, 2006) and biochemical test (indole, catalase, coagulase, Methyl Red/Voges-
Proskauer, spore stain, motitlity, oxidase and citrate) tests carried out using standard
microbiological methods (Chessbrough, 2006).

2.3 Screening of crude-degrading bacteria for their potential to utilize Bonny Light Oil

The crude oil-degrading ability of the isolates was measured using turbidity as described by
Okpokwasili and Okorie (1988). Eleven bacterial isolates,i.e., Bacillus subtilis (3 isolates),
Bacillus cereus (2 isolates), Micrococcus leteus (2 isolates), Pseudomonas aeruginosa (2 isolates)
and Staphylococcus aureus (2 isolates) were grown separately in nutrient broth and incubated at
37°C for 24 hours. Following this, Iml (1.5 x 108 cfu/ml) of the nutrient broth-grown culture of
each isolate was introduced into seperate test tubes containing 5ml of crude oil broth (1.7g
K2HPO4, 1.32g KH2PO4, 1.26g NH4ClI, 0.01g MgCl2.6H20, 0.02g CaClz, 100ml distilled water
and 1ml of filtered sterilized crude oil). The inoculated tubes were incubated at 37°C for 7 days.
After the incubation, the extent of oil utilization by the isolates was assessed by visual observation
of the turbidity of the medium. The extent of bacterial growth was represented as either maximal
growth (+++), moderate growth (++), minimal growth (+) or no growth (-).

Standardization of the Inoculum

McFarland standard turbidity solution was prepared according to the method described by Andrew
(2009) and used for standardization of bacterial inoculum. 0.6 ml of 1% barium chloride solution
was added to 99.4ml of 1% sulfuric acid solution and thoroughly mixed before being kept for
inoculums’ standardization. Eleven bacterial isolates were taken using a sterile wire loop and
transferred into sterile physiological saline (0.85% w/v NaCl) and shaken to obtain a uniform
suspension. The turbidity of the resulting suspension was then matched with that of the McFarland
standard to achieve 1.5 x 108 cfu/ml of bacterial suspension of each isolate
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2.4 Biodegradation Studies

The bacterial isolates that have shown highest degradation potential in screening, i.e., Bacillus
subtilis B004 and Pseudomonas aeruginosa B008, were chosen for this study. Residues from the
soil were removed and the soil was sieved using 2mm mesh. Two kilograms of soil were placed
in plastic containers and treated with 5%, 10% and 15% of sterile Bonny Light Oil and mixed with
Bacillus subtilis and Pseudomonas aeruginosa cultures. No bacterial cultures were added to the
control soil; only the sterile crude oil. Following inoculation, the experiments were set up in
triplicate and incubated at 35°C for eight weeks. Residual crude oil from both the control and test
soil samples were analyzed using GC-MS for assessment of biodegradation and thus comparison
between samples. The residual crude oil was extracted from soil samples using n-hexane using
with the Soxhlet extraction method (Deepika and Rajalakshmi, 2013) and analyzed by GC-MS
(Riskuwa-Shehu and ljah, 2016).

2.5 Gas chromatography-mass spectrometry

The crude oil extracts were subjected to GC-MS analysis. Briefly, 1 ul of the extractable crude oil
was diluted with 1 pl of n-hexane and analyzed on a 25-m Cpsip CB capillary column installed in
a capillary gas chromatograph (Packard instruments, Delft. The Netherlands) equipped with a
flame ionization detector (FID). A Split injector was used with helium as the carrier gas. The
column oven temperature was initially set at 45°C for 2 min and increased at a rate of 10°C /min
to 280°C(Riskuwa-Shehu and ljah, 2016).

2.6 Statistical analysis

All experiments conducted were carried out in triplicate. The results obtained represent the mean
+ standard deviation. One-way analysis of variance (ANOVA) with the least significant difference
(LSD) test was carried out to identify any significant differences in the hydrocarbon degradation
potential of co-cultures at various crude oil concentrations over different time periods. Statistical
analyses were conducted using SPSS version 20 (Chicago,IL).

3. Results and Discussion
3.1Screening, isolation, identification and of crude oil degrading bacteria

A total of eleven bacterial isolates,i.e., Bacillus subtilis (3 isolates), Bacillus cereus (2 isolates),
Micrococcus leteus (2 isolates), Pseudomonas aeruginosa (2 isolates)and Staphylococcus aureus
(2 isolates) were identified in this study (Table 1). The colonial, morphological and biochemical
characteristics of the isolates are shown in Table 1. Testing the isolates for their potential to utilize
Bonny Light Oil as a source of carbon and energy revealed that 8 isolates (72.7%) were able to
utilize the oil to varying extent (Table 2). Two isolates (18.2%), Bacillus subtilis and Pseudomonas
aeruginosa utilized crude oil at a maximum rate and were able to grow in the crude oil medium
after 7 days of incubation, while 4 isolates (36.4%)utilized the crude oil moderately and 2 isolates
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(18.2%) minimally while other 3 isolates (27.3%) showed no growth at all (Table 2). The growth
of these organisms on Bushnell Hass medium supplemented with Bonny Light Oil indicated their
potential to utilize crude oil as the only carbon source. The crude oil-degrading bacteria were
identified using cultural characteristics, cell morphology and responses to biochemical tests (Table
1). The results of this study indicate that Bacillus species (62.25 %) had the highest number of
occurrences. This might be attributed to the ability of members of the genus Bacilli to survive
harsh environmental conditions by producing endospores, which rapidly reproduce upon the return
of favorable conditions (Abdel Rahman, 2011). The prevalence of Bacillus species in petroleum-
contaminated sites had also been observed by other researchers, especially in tropical regions. This
corroborates the findings of Ijah and Antai (2003) as well as Yakubu (2007) who reported that
Bacillus species were the predominant isolate in petroleum-contaminated soils. Similarly, the
isolation of P. aeruginosa from petroleum-contaminated soil (Table 1) in this study was not
uncommon, since this organism was widely reported as an effective and commonly isolated crude
oil degrading bacteria in contaminated soil (Das and Mukherejee, 2007).

International Journal of Environment ISSN 2091-2854 37|Page



Table 1: Colonial, Morphological and Biochemical Characteristics of Bacterial Isolates.

SIN COLONIAL No. of

MORPHOLOGY MICROSCOPIC ~ BIOCHEMICAL CHARACTERISTICS solates PRESUMED
MORPHOLOGY ISOLATES
Grm Sp Ca Co Ox Mr VP Ind Cit Ur Mo

1.  Circular, convex Cocci in buntchess + - + o+ NA - + NA + + - 2 Staphylococcus
yellow aureus

2. Small, round, Cooci in pairs and + - + NA NA - + NA - + - 2 Micrococcus leteus
entire, yellow treatrads

3. Creamish  white, Rod-shape + + o+ NA NA - + - + - + 3 Bacillus subtilis
dry undulate
irregular

4.  Circular, entire  Rod - - NA NA + - - - + - + 2 Pseudomonas
convex raised with aeruginosa
green-blue

pigmentation

Key: NA= not applicable; - = Negative, + = Positive. Gram’s stain (Grm), Spore stain (Sp), Catalase (Ca), Oxidase test (Ox), Methyl

red test (Mr), Voges proskauer test (VP), Indole (Ind), Citrate (Cit), Urea (Ur), Motility (mo).
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Table 2: Crude Oil-Degrading Potentials of the Isolates in Crude Oil Media.

Bacterial Isolates Growth in Crude Oil Medium
Bacillus cereus B001 +

Bacillus cereus B002 ++

Bacillus subtilis BO03 ++

Bacillus subtilis BO04 +++

Bacillus subtilis BO0O5 ++

Micrococcus leteus B006 -
Micrococcus leteus BOO7 -

Pseudomonas aeruginosa B008 +++
Pseudomonas aeruginosa B009 ++
Staphylococcus aureus B010 +

Staphylococcus aureus B011 -
Key: +++: Maximum growth, ++: Moderate growth, +: Minimal growth, -: No growth

3.2 Effect of crude oil concentration on biodegradation of Bonny Light Oil

The mixed culture of B. subtilis and P. aeruginosa was tested for biodegradation of Bonny Light
Oil at three different concentrations; 5%, 10% and 15%. The result shows that maximum
degradation was observed at 5% (1.05 x 10° cfu/mL ), followed by 10% (6.76 x 10° cfu/mL) and
the least was recorded at15% (4.13 x 10° cfu/mL) crude oil concentrations (Fig. 1). The least
bacterial counts found in 15% could possibly be attributed to the toxic components and high
concentration of crude oil used. This is in line with the findings of Farag et al. (2018) who
investigated the crude oil degradation potential of Pseudomonas species (sp2, sp48 and sp50) at
crude oil concentrations of 0.2%, 0.5%, 1%, and 1.5%. The study revealed that the maximum
percentage of oil removal was found at 0.5% (v/v) of crude oil in the MSM medium with
Pseudomonas sp48 having the highest potential. In a different study, Chen et al. (2017) observed
that the degradation efficiency of both free and immobilized bacterial consortia at the lower crude
oil concentration of 2% (w/v) attained maximum values of 58.6% and 63.9%, respectively.
However, the degradation efficiency of immobilized bacteria began to reduce drastically as the
concentration of crude oil increased from 4% to 10% (w/v) and further to 20%. Degradation
decreased with increasing concentration perhaps due to the toxicity of the crude oil in the medium
(Farag et al., 2018). A similar finding was also reported by Kachieng and Momba (2017). Dibble
and Bartha (1979) reported increases in biodegradation as indicated by increases in CO2 evolution
in soil polluted with 5% crude oil. However, no increase was observed at 10% pollution level while
the degradation rates declined at 15% level. The decrease in biodegradation activity at high oil
loading concentrations was attributed to the inhibition of microbial activity by toxic compounds
in the oil sludge. Additionally, Lawniczak et al. (2020) have also linked slow rate of crude oil
biodegradation to complex nature of contaminated soil matrix which reduced the bioavailability
crude oil components. Additionally, Al-Blehed (1999) found that increasing the oil concentration
adversely influenced the biodegradation of Arab crude oil, possibly due to presence of components
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such as toluene and ethylbenzene that have been reported to inhibit biodegradation at high
concentrations.

5707

5.607

5507

5407

Mean of Co culture (Log CFUImI)

5.30

5.207

T T T
5% 10% 15%

Crude Qil Concentration

Fig.1. Effect of crude oil concentration on the biodegradation of Bonny Light Oil using co-culture
of B. subtilis and P. aeruginosa (1:1)

3.3 Effect of incubation time on biodegradation of crude oil

The microbial counts expressed in log of cfu/ml were used for determining crude oil degradation.
The results revealed that the total crude oil degrading bacterial counts on zero to day 42 were
(1.15.20 x 10°- 1.05 x 108 cfu/mL ), (9.28 x 10*- 6.76 x 10° cfu/mL) and (5.30 x 10* - 4.13 x 10°
cfu/mL) for the co-culture at 5%, 10% and 15% respectively. The crude oil degradation pattern of
the co-culture of B. subtilis and P. aeruginosa showed that there was an increasing trend in
degradation of the Bonny Light Oil for each successive day up to the day 42 (Figure 2). The gradual
increase of the bacterial cell number observed might be attributed to the adaptation and subsequent
utilization of the crude oil by the co-culture. The difference in microbial counts at different
incubation periods was statistically significant (P<0.05); however, there was no significant
increase in degradation after day 42. Similar finding were reported by Patowry et al. (2017) on the
degradation pattern of P. aeruginosa strain PG. It was observed that the degradation pattern of the
organism significantly increased (P<0.05) from first to the fifth week of incubation, with a
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significant reduction being recorded after week 5. Ukpaka et al. (2020) found that crude oil-
degrading bacteria progressively increased from 14 to 56 days across all treatments.

However, contrary to the present study, Chen et al.(2017) observed that the degradation of crude
oil by free bacterial consortium was maximum in the first 7 days while immobilized bacterial
consortium in the first 5 days exhibited degradation efficiencies of 57.3%, and 65.9%, respectively.
These differences might be a result of the lower concentrations (2% (w/v) of crude oil used in their
study.

5.807

5,607

5.40

5.207

Mean of Co culture (Log CFUImI)

5.00

4,807

Incubation time (Days)

Fig.2. Effect of incubation time on the biodegradation of crude oil using co-culture of B. subtilis
and P. aeruginosa (1:1).

3.4 Hydrocarbons generated during biodegradation

Comparison of the GC/MS chromatograms of the control sample (untreated crude oil; Table 3)
and the test samples (treated with co-culture at different crude oil concentrations; Tables 4-6)
demonstrate the degradation process. The co-culture of B. subtilis and P. aeruginosa was tested
for biodegradation of Bonny Light Oil at three different crude oil concentrations; 5%, 10% and
15%. The results show that the maximum degradation was observed at 5% followed by 10% and
15% respectively (Tables 4-6). The GC-MS results validated the growth utilization of microbes in
the media, indicating that out of the 28 different compounds detected in the control sample at 5%
crude oil concentration, the co-culture was able to completely degrade 18 components ranging
from Cyo to Cas (Table 4). This is in line with the findings of Farag et al.(2018), who investigated
the crude oil degradation potential of Pseudomonas species (sp2, sp48 and sp50) at 0.2%, 0.5%,
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1%, and 1.5% concentrations. Their study revealed that the maximum percentage of degradation
was found at 0.5% (v/v) of crude oil in the mineral salt medium, with Pseudomonas sp48 having
the highest potential. Degradation decreased with increasing concentration, perhaps due to the
toxicity of the crude oil in the medium (Farag et al., 2018). A similar finding was also reported by
Kachieng and Momba (2017). However, in present study, some components including 2,5-
dimethylhexane, nonane, 2,2,5-trimethyl-3,4-hexanedione, 1-(2-carboxyphenyl)-3,3-
dimethyltriazene (CoH11N302), 2,8-dimethylundecane (CisHag), decanoic acid (C11H2202),
docosanoic acid (C23Hs602) oxirane (C17H3402), 9,12-g21octadecadienal (C1sHz20), and (E)-2-
nonenal (CoH160) were not degraded. This could be due to the low bioavailability of the crude oil
components in the medium for bacterial degradation (Liu et al., 2020) and crude oil composition
(Lofthusa et al., 2020). Pasumarthi and Mutnuri (2013) reported that cultures of P. aeruginosa and
E. fergusonii isolated from the coast of Goa degraded alkanes mostly ranging from C12 to Cs3
rather than n-Cass. Similar findings was also reported by Liu et al. (2020), in that, it was observed
that P. aeruginosa XJ16 degraded 96.3%-99.7% of C17-C32 respectively while least
degradation was recorded (60.2%) for C35 after 90 days of incubation. Interestingly, Liang et al.
(2018) reported that a mixed culture of Pseudomonas sp. ZS1 and Alcaligenes sp. CT10 was found
to degrade 22.5% of the total crude oil after 36 days of incubation while a single culture of
Alcaligenes sp. CT10 only degraded selected hydrocarbons including Co, Ci0, C11, and Cgs,
suggesting a complex mechanism of hydrocarbon degradation by various microorganisms in the
environment.
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Table 3: Total components of crude oil present in the control treatment.

Peak  Retention Molecular Chemical Compounds
Time Weight Formulae

1. 3.776 112 CgHie Cyclohexane

2. 3.992 114 CsHas Octane

3. 4.467 112 CsHus Ethylcyclohexane

4. 5.008 106 CsH1o 1,4-Dimethylbenzene

5 5.250 142 CisH22 n-Decane

6. 5.700 126 CoHus Propylcyvlohexane

7. 6.483 156 CuHa4 n-Undecane

8. 7.683 184 Cui3Ha2s Tridecane

9. 9.233 184 C13H2s Dimethylundecane

10. 10.725 212 CisHz2 Dodecane

11. 11.308 184 C13H2s Tridecane

12. 12.725 192 CgHaz 2-Bromooctane

13. 13.150 252 C17H320 (6E)-5-Butyl-2,2-dimethyl-6-
undecen-3-one

14 14.150 226 CisHas4 n-Hexadecane

15. 14.742 226 Ci6Hz4 Hexadecane

16. 16.142 192 CgH17Br 3-Bromooctane

17. 16.742 282 C21Hau4 2-methylicosane

18. 17.392 184 C13Hos Tridecane

19. 17.433 254 CisHss Pentadecane

20. 18.533 282 CaoHa2 Eicosane

21. 18.617 128 CoH2o 2,3,4-Trimethylhexane

22. 19.592 224 Cas5Hs003S Sulfurous acid,
cyclohexylmethyl octadecyl
ester

23. 20.650 282 C20Ha2 Eicosane

24. 21.875 226 Ci6Hz4 Hexadecane

25. 23.383 254 CoHaol 1-ldononae

26. 24.650 182 Ci3Hazs Cyclopentane

27. 25.650 184 Ci3Has 5,7-dimethylundecane

28. 26.492 140 CioH20 3,7-Dimethyloct-1-ene
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In contrast to high degradation recorded at low concentration (5%) (Table 4), Table 5 shows that
the co-culture was only able to degrade Cs to C11 at 10% crude oil concentration. Similarly, Ci2-
C21 components were not degraded in the sample. Santisi et al. (2015) found that long chain
alkanes (C19-Ca0) were not degraded due their solid nature and low solubility which affect bacterial
degradation. Moreover, it was observed that some intermediates hydrocarbons in the form of esters
and acids which initially were not present or completely absent in the control were found in the
sample after degradation. These include butanoic acid (C14H2602), pentanoic acid (C16H3005),
phthalic acid (Ci0H1004), nonadecanoic acid (Ci9H3802), 6-octadecenoic acid (Ci9H3602),
hexadecanoic acid (Ci9H3s04), 9,12-octadecadienal (cisHz20), nonadecanol (Ci9H400), and
heptacosane (Cz7Hse) (Table 5). The sudden appearance of these new compounds might result
either from the degradation of the compounds or from the synthesis of new metabolites and
intermediates in the degradation process (Seo et al., 2009; Singh et al., 2012). This concurs with
the findings of Patowary et al. (2017), in that 12 different degradation intermediates, including
cyclohexylmethyl oxalic acid; 10-chlorodecyl formic acid ester; carbonic acid, 2-biphenyl ester;
octanoic acid 2-pentadecyl ester; 9-10-Dimethylanthracene; hexa-decanoic acid, methyl ester;
octacosanoic acid methyl ester; 3,4-dihydroxy-phenanthrene diol; 2,4,5 trifluorobenzyl alcohol;
propanedioic acid, dipropyl, dimethyl ester; phthalic acid ester; and oxalic acid, cyclohexylmethyl-
tridecyl ester, were detected in the treated sample. Conversely, least degradation was observed at
15% crude oil concentration than at 5% and 10%. These results reveal that the co-culture degraded
only four components ranging from Cg to Co (Table 6). Similarly, Cio (n-decane) to Cis
(pentadecane) were partially degraded while C16 (hexadecane) to Cyo (eicosane) were not degraded
(table 6). Obafemi et al. (2018) found that Bacillus sp. (SB4), Pseudomonas sp. (SC8), Serratia sp.
(SC11) and Acinetobacter sp. (SC12) degraded varying percentages of C9-C20 but all the isolates
were unable to degrade nonadecane (C19). Higher degradation occurred in samples treated with
5% (Table 4), followed by 10% (Table 5) while the least degradation was recorded in samples
treated with 15%. This might be due to the high concentration of the crude oil in the soil sample.
This coincides with the findings of Ijah and Antai (2003) who determined the effect of various
concentrations (10, 20, 30 and 40% v/w) of Nigerian Light Oil (Transniger pipeline crude, TNP)
on the indigenous bacterial population of bacteria in the soil. It was observed that Ci4 to Cs>
hydrocarbon components were extensively degraded at lower concentrations (10% and 20%) of
crude oil, but conversely, the least degradation was recorded at 30% and 40% crude oil
concentrations. This is likely due to high concentration of the crude oil in the soil sample (ljah and
Antai, 2003). It has often been reported that at high concentrations of crude oil cause failure to
thrive, or even death, of both lower and higher organisms alike (Ali et al., 2020)
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Table 4: Degradation of Crude Oil (5%) by Co-culture of B. subtilis and Pseudomonas aeruginosa (1:1)

Peak  Retention Molecular Chemical Compounds
Time Weight Formulae

1 4.458 114 CsHis 2,5-Dimethylhexane

2. 5717 128 CoHzo Nonane

3. 6.950 156 CoH1602 2,2,5-Trimethyl-3,4-hexanedione

4. 15.842 193 CoHuNzO; 1-(2-Carboxyphenyl)-3,3-
dimethyltriazene

5 16.783 184 CisHzs 2,8-Dimethylundecane

6. 17.150 186 CuH202 Decanoic acid

7. 19.317 354 CsHu0O2 Docosanoic acid

8. 24.217 270 Ci7Hz02 Oxirane

9. 25.867 264 CigHz0 9,12-Octadecadienal

10. 26.042 140 CoHis0 (E)-2-Nonenal

Table 5: Degradation of Crude Oil (10%) by Co-culture of B. subtilis and Pseudomonas aeruginosa (1:1)

Peak  Retention Molecular Chemical Compounds
Time Weight Formulae
1 13.800 152 CuHxo 4,8-Dimethyl-1,7-nonadiene
2. 15.833 194 Ci0H1004 Phthalic acid, monoethyl ester
3. 16.783 212 CisHz n-Pentadecane
4, 17.975 282 C20Hz Eicosane
5 18.850 184 CasHzs 3,7-Dimethylundecane
6. 19.31 354 CsHu0O2 Docosanoic acid
7. 20.042 298 CioHzs02 Nonadecanoic acid
8. 21.400 294 CioH3102 9,12-Octadecadienoic acid,
methyl ester
9. 22.600 266 CigHz0 9-Octadecenal
10. 24.217 330 C19H3504 Hexadecanoic acid
11. 25.467 298 CisHxCIO 9,12-Octadecadienoyl chloride
12. 25.883 266 CigHz0 9-Octadecenal
13. 26.042 284 C19Hx0 1-Nonadecanol
14 26.300 316 CigHz04 Pentadecanoic acid
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Table 6: Degradation of Crude Oil (15%) by Co-culture of B. subtilis and Pseudomonas aeruginosa (1:1)

Peak  Retention Molecular Chemical Compounds
Time Weight Formulae
1 5.808 142 CioHz n-Decane
2. 7.008 142 CioHz n-Decane
3. 8.583 130 CsH100s3 Propanoic acid,
4. 8.825 142 CroHz 3-Ethyl-2,5-dimethylhexane
5 10.075 170 CroHas 2,6-Dimethyldecane
6. 10.683 198 CuHao Tridecane (2-Methyltridecane)
7. 12.075 142 CioHz 3-Ethyl-5-methylheptane
8. 12,517 184 CisHzs Tridecane
9. 13.500 226 CisHz n-Hexadecane
10. 14.108 268 CioHao 2-Methyloctadecane
11. 15.500 268 CaoHal 1-lodo-2-methylnonane
12. 16.100 184 CuzHog 5-Ethylundecane
13. 16.750 226 CisHas n-Hexadecane
14 17.892 254 CisHas n-Octadecane
15. 18.958 212 CisHz n-Pentadecane
16. 20.008 282 CooHz2 Eicosane
17. 21.258 158 CioH20 4-Decanol
18. 22.758 304 CisHoBro 14-Bromo-2-methyltetradec-1-
en-3-ol
19. 24.025 282 CooHa Eicosane
20. 24.217 312 CooHa002 Acetic acid,
21. 25.017 226 CisHz n-Hexadecane
22. 25.875 264 CisHz0 9,12-Octadecadienal
23. 26.042 160 CroHaiF 1-Fluorodecane
24. 26.592 282 CooHaz Eicosane
4. Conclusion

It can be concluded from this study that the efficient crude oil degrading bacteria consisting of B. subtilis and
P. aeruginosa can be isolated from hydrocarbon-contaminated soil. These isolated strains can be used to
develop a mixed culture for the study of biodegradation process. Maximum degradation of Bonny Light Oil
occurred at 5% concentration while the least degradation occurred at 15% concentration. This study further

affirms that incubation time modulates the biodegradation of crude oil.
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