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INTRODUCTION
Oil spillsare a common event in Nigeria
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ABSTRACT: Petroleum hydrocarbon contamination is a major global prevalent issue in
the petroleum sector. This research focuses on evaluating biodegradation of three Gram-
negative bacilli, isolated from cowpea planted soil, contaminated with kerosene. The Gram
negative bacilli strains have been characterized and identified, using Microbact™ 1D24E
systems for the identification of Enterobacteriaceae and common Miscellaneous Gram-
Negative Bacilli (MGNB). The identified organisms include Aeromonas hydrophila, Vibrio
parahaemolyticus, and Actinobacillus sp. with the biodegradation indices, monitored for the
evaluation of their degrading abilities, being Optical density at 600 nm (ODggonm), PH, and
emulsification stability. The chemical profile of single cultures and mixed cultures
(consortia) on the jet fuel hydrocarbon has been determined by means of Gas
Chromatography Mass Spectrometry (GC-MS), the results of which indicate that all the
isolates have undergone above 70% reduction of the hydrocarbon substrates in terms of
residual compounds. There has been 48 hydrocarbon compounds in the undegraded jet fuel
which, following degradation process, decrease to 5, 13, 7, 10, 6, 9, and 10 compounds for
Aeromonas hydrophila, Vibrio parahaemolyticus, Actinobacillus sp., Aeromonas
hydrophila and Vibrio parahaemolyticus, Aeromonas hydrophila and Actinobacillus sp.,
Vibrio parahaemolyticus and Actinobacillus sp., Aeromonas hydrophila, Vibrio
parahaemolyticus, and Actinobacillus sp., respectively. The degradation efficiency of the
isolates have been relatively high and comparable to the control. Results from this study
indicate that all the strains, especially the consortia, are potential candidates for remediating
the problem of hydrocarbon contamination in the environment.
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inadequate  or  inoperative
equipment  (Nwachukwu et al,

production
2013).

(Baird, 2010). As much as 50% of all spills
occur due to pipeline and tanker accidents,
while the other causes of oil spill include
deliberate destruction (28%) as well as oil
production operations (21%), with the
remaining 1% being accounted for by

" Corresponding author, Email: adetitun.do@unilorin.edu.ng

291

Corrosion of pipelines and tankers is due to
cracking or leaking of old production
infrastructures that often do not receive
inspection and maintenance (Nwilo &
Badejo, 2006). In Nigeria, vast portions of
land have been contaminated due to spillage,
resulting from storage, transportation, or
other operations that involve hydrocarbons.
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The dominance of crude oil products in
world economy generates the conditions for
administration of large amounts of toxins
into populated areas and ecosystems around
the world (Ojumu, 2004). The latent qualities
of microorganisms, indicated as degrading
agents of several compounds, pose microbial
treatment as the most significant alternative
to decrease the ecological impact of oil spills
(Facundo et al., 2001, Robert et al., 2003).
Pipeline leaks and accidental oil spills
happen frequently in nature due to
production, distillation, transport, and storage
of crude oil and its products. (Kvenvolden &
Cooper, 2003).

Biodegradation of petroleum hydrocarbon
is a complex process that depends on the
nature and the amount of the present
hydrocarbons. According to Diaz-Ramirez et
al., (2008) biodegradation is the process by
which organic substances are broken down
into smaller compounds by the enzymes,
produced from living microbial organisms.
The microbial organism transforms the
substance through metabolic or enzymatic
processes. The biogeochemical capacities of
microorganisms seem almost limitless, and it
is often said that microorganisms are
“Earth’s greatest chemists” (Madigan et al.,
2012). Petroleum hydrocarbon degradation is
influenced by molecular structure as well as
hydrocarbons' weight (Marques-Rocha et al,
2000).

The speed of degradation is affected by
several physical, chemical, and biological
factors such as pH, temperature, nutrient, and
quantity of hydrocarbon (Santhini et al.,
2009). The wherewithal of microbes as
promoters  of  several compounds'
degradation thus indicates biological
treatment as the major encouraging substitute
to vitiate environmental impact, caused by
pollutants (Nweke & Okpokwasili, 2003).
According to Jyothi et al. (2012), many
microorganisms have the power to use
hydrocarbons as sole providers of carbon and
energy for metabolic activities.

Jet  fuel composition includes,
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predominantly, n-alkanes and branched
alkanes, ranging from 15 to 30 carbon atoms
with small amounts of Polycyclic Aromatic
Hydrocarbon (PAH) also observed in trace
levels (Bernabei et al., 2003). Bacteria that
degrade alkane are known to use various
metabolic processes, hence they are able to
utilize many other compounds as carbon
sources, too (Margesin et al., 2003;
Harayama et al., 2004).

The present work aims at characterization
of some Gram negative bacilli strains as jet-
fuel degrading microorganisms.

MATERIALS AND METHODS

The Jet fuel samples (Jet A-1) was fetched
from the tank farm of an independent aviation
fuel marketing company in Lagos, Nigeria.
Aeromonas hydrophila, Vibrio
parahaemolyticus, and Actinobacillus sp.,
used for the study, were isolated from
kerosene-contaminated soil, which was
planted with cowpea. They were obtained by
utilizing the pour plate technique,
characterized and identified via Microbact™
ID 24E systems for identification of
Enterobacteriaceae and common
Miscellaneous Gram-  Negative Bacilli
(MGNB). The Microbact™ ID 24E kit was
used in accordance with manufacturer’s
specifications (Oxoid Ltd., Basingstoke,
Hants (UK). Gram staining was done before
Microbact™ was used.

Mineral Salts Medium (MSM) was
prepared as described by Vecchioli et al.
(1990), sterilized at 121°C for 15 minutes,
and allowed to cool, then to be used for
preparation of the biodegradative culture.
The starting pH of the reaction mixture was
set to 7.0, using a pocket-sized pH meter,
manufactured by Hanna Instruments, Italy.

Each flask, containing the 99 mL of
MSM, was supplemented with 1 mL of jet
fuel as the only carbon and energy source
under aseptic conditions, as described by
Adetitun et al. (2016); Adetitun et al.,
(2014); and Oboh et al., (2006). Each of
the pure Gram negative bacilli isolates
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were aseptically inoculated into the
medium. Mixed cultures (consortia) were
also introduced in another treatment.

Control samples on hydrocarbon free basis
were run in parallel. The set-ups were kept
at room temperature (25+2 °C) with
continuous agitation on a rotary shaker
(Lab Line No 3590) at 10 rpm for 20 days.
The continuous agitation is necessary so as
to increase the rate of reaction.

The turbidity of the culture fluids,
measured by optical density at wavelength of
600 nm, was measured
spectrophotometrically in a manner similar
to what was described by Rahman et al.,
(2002). The pH of the various reaction
mixtures were monitored as well, using a
digital pH meter. The optical density and pH
of the culture fluids were monitored at two-
day intervals, as indicators of biodegradation.
Un-inoculated control was used to monitor
abiotic loss of the petroleum product.

The outline of the experimental set up
or treatments are as the following:

1. 99ml MSM + 1ml Jet Fuel + Inoculum A,
2. 99ml MSM + 1ml Jet Fuel + Inoculum B,
3.99ml MSM + 1ml Jet Fuel + Inoculum C,
4. 99ml MSM + 1ml Jet Fuel + Inoculum AB,
5. 99ml MSM + 1ml Jet Fuel + Inoculum AC,
6. 99ml MSM + 1ml Jet Fuel + Inoculum BC,
7. 9mIMSM + 1ml Jet Fuel + Inoculum
ABC,

8. Control: 99ml MSM + 1ml Jet Fuel (no
bacterial inoculum added).

The hydrocarbon substrates (Jet Fuel) in
the MSM were extracted, using the liquid-
liguid  extraction  procedure  which
employed n-Hexane, also using double
extraction. Here, 30 mL of n-hexane was
used. Initially, 15 mL of hexane was added
to the culture media in the separating
funnel, to be capped and shaken thoroughly
for about 2 minutes to partition the
contaminants into the two phases. Once
settled, the mixture in the funnel got
separated into two phases, namely the
solvent phase and the aqueous one. The
latter got drained off into the bottle, from
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which it was initially poured while the
former was kept cold in a refrigerator for
10 days for analysis. These steps were
repeated for all samples, including the
controls. The aqueous phase was used for
the emulsification (E,4) index.

The emulsification (Ezs) indices of the
inoculated samples were determined
through modification of the procedure,
described by Bodour et al., (2004). One
mL of the jet fuel mixture was added to the
same volume of the culture medium from
various treatments in a 15 mL centrifuge
tube. The mixture was vortexed for 2 mins
and left to stand for 2 hrs. The E,4 index
was expressed as the percentage of the
emulsified layer (mm), divided by the total
height of the liquid column.

Height of emulsified layer (mm)
Total height of the liquid column (mm)

The residual oil was extracted twice from
the culture fluid with equal volume of n-
hexane, as described by Adebusoye et al.
(2006). The hexane extract (1.0 pL) was
subsequently  analysed, using Hewlett
Packward 5890 Series Il gas chromatography,
equipped with a Flame lonization Detector
(FID) and 30-m long HP-5 column (0.25 mm
of I.d. and 0.25 um of film thickness). The
injector and detector temperatures were kept
at 300°C and 350°C respectively. Nitrogen
gas was used as the carrier gas for the
analysis. The GC was equipped with a
column, packed with polyethylene glycol (EG
200) on chromosorb P (80-100 mesh) solid
support, programmed to have a temperature
gradient of 70°C, held for 2 minutes, then
ramped at 10°C / minute to 320°C and held for
10 minutes isothermally. Exactly 1 um of the
sample was injected into the injection port of
the GC, using a micro syringe. The sample
was immediately vaporized and swept down
the column by the carrier gas. Following this
separation in the column, the components
were quantitatively analysed by means of the
flame ionization detector, the output of which
was transmitted to a recorder, producing a
chromatogram. The output of the recorder

E, index =
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interfaced with a computer, programmed to
indicate data including retention time, peak
area, peak height, area percentage, and height
percentage. The gas chromatograph was
connected to a mass spectrometer, operating
at an ionization voltage of 70eV over an
acquisition mass range. The hydrocarbon
profiling was principally identified through
comparison of each GC peak's mass spectral
with the data, obtained from National Institute
Standard and Technology (NIST 2008)
library.

The units of the graphs axis were
determined by determining the range of the
values and calibrating the axis most
appropriately.

RESULTS AND DISCUSSION

Jet A-1 is an aviation fuel, designed to be
used by air-craft powered gas-turbines. It
appears as a colourless to straw-coloured
substance, being the most used fuels for
commercial aviation besides Jet A.
Kerosene-type jet fuel (jet A-1) has a carbon
number distribution between 8 and 16.
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Hydrocarbon (TPH) produced a profile of
hydrocarbons, varying from nCy to nCsy,
with the majority of the hydrocarbons
ranging between nCy; and nCie. Polycyclic
aromatic hydrocarbons were also detected in
trace levels.

Figure 1 to 7 present the results from the
eight treatments of the degradative cultures
of the three Gram negative bacilli, namely
Aeromonas hydrophila, Vibrio
paraheamolyticus, and Actinobacillus sp.
along with all their consortia measuring pH
and optical density (ODggonm) Within a period
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pH and optical density values across the
treatments (Figures 1 to 7), thus a gradual
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Fig. 1. Growth pattern of Aeromonas hydrophila with jet fuel (Test) and without jet fuel (Control)
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Fig. 2. Growth pattern of Vibrio parahaemolyticus with jet fuel (Test) and without jet fuel (Control)
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295



Adetitun, D. O. et al.

1.00 Test 8.00
090 7.00
0.80
6.00
0.70
£ 060 5.00
D@ 050 400 T
O 0.40 3.00
0.30
2.00
0.20
010 1.00
0.00 0.00
0 5 10 15 20 25
Time (Day)
—e—0D —e—pH
030 Control 7.00
0.25 6.00
5.00
020
E 4.00
go1s z
[=]
3 3.00
0.10
2.00
0.05 1.00
0.00 0.00
0 5 10 15 20 25
Time (Day)

—8—0D —e—pH

Fig. 4. Growth pattern of Aeromonas hydrophila and Vibrio parahaemolyticus with jet fuel (Test) and
without jet fuel (Control)
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Fig. 5. Growth pattern of Aeromonas hydrophila and Actinobacillus sp. with jet fuel (Test) and without jet
fuel (Control)
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Fig. 6. Growth pattern of Vibrio parahaemolyticus and Actinobacillus sp. with jet fuel (Test) and without
jet fuel (Control)
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Adding jet fuel into the culture extracts
showed an appreciable emulsion after 24
hours. Jet fuel samples, not inoculated with
isolates, did not show any sign of
emulsification. Measured emulsification
(E24) indices (Table 1) achieved by the single
isolates and the consortium ranged from
0.0% to 87.5%, with Aeromonas hydrophila
giving the highest emulsification (E4) index
(87.5%). The E,; indices were 87.5%,
62.5%, 75%, 37.5%, 42.5%, 40.0%, 50.0%,
and 0.0% for Aeromonas hydrophila, Vibrio
parahaemolyticus,  Actinobacillus  sp.,
Aeromonas  hydrophila  and  Vibrio
parahaemolyticus, Aeromonas hydrophila

and Actinobacillus sp., Vibrio
parahaemolyticus and Actinobacillus sp.,
Aeromonas hydrophila, Vibrio

parahaemolyticus, Actinobacillus sp., and
the control respectively. Emulsification
stability or indices of emulsions were high,
showing no correlation.

Table 2 gives the GC-MS profiles of
residual oils, left at the end of the 20-day
period (along with the 1-month storage
period). The reduction in amount of all
treatments show the marked effect of the
isolates in utilizing the jet fuel. Also, Table
2 presents the GC profiles of the un-
inoculated jet fuel (before degradation) and
Table 3 shows chemical composition of the
standard jet fuel after degradation. The
percentage area of standard jet fuel and the
residual hydrocarbons were compared
(Table 2).

Results from pH and optical density
values of the treatments over a 20-day period
of investigation reveal that the top degraders,
namely the entire consortia and Aeromonas
hydrophila, had the optimum pH and optical
density values, which were within a range of
6.5 and 1.91, respectively. This combination
of pH and optical density is required for
effective biodegradation according to Atlas,
(1981); Song and Bartha, (1990). In this
study all the bacteria exhibited growth ability
(measured by increased ODgq), lowering the
pH of the medium in which they grew.
Results show maximal increase in optical
density with lowering in pH values for the
actives (Figures la-7a) while the controls
(Figures  1b-7b) experienced minimal
decreases.

The high emulsification index of all the
organisms in their pure culture and mixed
culture, presented in Table 1, implies that the
degradative cultures were able to metabolize
one or more compounds in the jet fuel, which
is similar to a previous report of Monteiro et
al., (2007), who recorded an emulsification
index of 70% after 30 days of incubation. All
microbes produced stable emulsions, capable
of being used in the control of environmental
contamination. Emulsification index greater
or equal to 50% confer or are associated
with biodegradability of organisms. This
property may be partly responsible for jet
fuel biodegradation, observed here as
reported by others (Chandankere et al.,
2013).

Table 1. Emulsification index of Individual Bacterium and Consortia

Bacteria and Consortia

Percentage of E,, (%)

Actinobacillus sp. 75.0

Aeromonas hydrophila 87.5

Vibrio parahaemolyticus 62.5

Aeromonas hydrophila and Actinobacillus sp. 42.5

Aeromonas hydrophila and Vibrio parahaemolyticus 37.5

Actinobacillus sp. and Vibrio parahaemolyticus 40.0

Actinabacillus sp., Aeromonas hydrophila and Vibrio 50.0
parahaemolyticus '

Control 0.0
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Table 2. Chemical Composition of Jet Fuel before Biodegradation

SIN Retention time Chemical compound Area %
1 3.588 Cyclohexane, methyl- 1.00
2 4.832 Toluene 0.88
3 5.170 Cyclohexane, 1,3-dimethyl 1.86
4 5.871 Cyclohexane,1,2-dimethyl 0.38
5 6.083 Octane 0.47
6 7.328 Cyclohexane, ethyl 0.84
7 7.472 Cyclohexane,1,3-trimethyl 0.77
8 8.104 Cyclohexane,1,2,4-trimethyl 0.73
9 8.611 Ethylbenzene 0.63
10 8.836 Oxalic acid 0.71
11 8.967 Benzene,1,3- dimethyl 2.28
12 9.142 Heptane,2,5-dimethyl 0.73
13 9.568 Cyclohexane 0.34
14 9.699 Cis-1-ethyl-3-methyl-cyclohexane 181
15 9.780 Cyclohexane,1-ethyl-4methyl 1.68
16 9.974 O-xylene 1.46
17 10.287 3-Decy-2-ol 0.78
18 10.443 Nonane 2.66
19 10.554 1-Ethyl-3-methylcyclohexane 121
20 11.019 1H-Indene,octahydro 1.54
21 11.194 1-Octadecyne 0.89
22 11.513 1-Dodecanol,3,7,11-trimethyl 3.57
23 11.713 1-Octanol,2-butyl 0.81
24 11.907 Octane,2,6-dimethyl 157
25 12.039 Cyclohexane,1-ethyl-2,3-dimethyl 1.23
26 12.182 2-Nonen-1-ol 1.78
27 12.439 2,3,4-Trimethyl-hex-3-enal 1.35
28 12.633 Cyclohexane,1,1,2,3-tetramethyl 3.40
29 13.071 Benzene,1-ethyl-3-methyl 2.80
30 13.351 Dodecanal 0.72
31 13.809 Benzene,1-ethyl-2-methyl- 1.06
32 13.940 m-menthane 1.12
33 14.028 1-Nonylcycloheptane 1.88
34 14.453 Benzene,1,2,3-trimethyl 6.58
35 14.660 10-Heneicosene 1.62
36 14.897 Decane 4.78
37 15.648 Trans-P-mentha-1(7),8-dien-2-ol 7.28
38 15.998 Decane,5-cyclohexyl 1.78
39 16.111 Cyclohexanecarboxylic acid 0.90
40 16.830 Cyclooctene,1,2-dimethyl 9.13
41 17.193 Cis-P-Mentha-2,8,dien-1-ol 6.85
42 17.474 2-Piperidinone 2.38
43 18.592 Methanol 3.62
44 18.988 Undecane 3.46
45 19.451 Spiro[3.5]nona-5,7-dien-1-one,trimrthyl 1.78
46 20.258 Hydrocinnamic acid 241
47 36.941 Octadecene 1.02
48 37.785 Tetradecene,2,6,10-trimethyl 2.48
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Table 3. Chemical Composition of Degraded Jet Fuel, Facilitated by Gram Negative Bacilli and their
Consortiums.

S/N  Chemical Compounds A B C AB AC BC ABC
4H-ThioPyrano[4,3:4,5]Furo[2,3-d]pyridine-
1 3(6H)-amine, 5,8-dimethyl- 40.24 2946 2744 5990 3148 2790 47.34
2 ; ;ﬂﬁfo'am'”e’4'(3’4'd'methoxy'phe”y')'B' 2562 1165 2576 24.81 1068 14.08 24.22
3 E_‘;:g:’h(sl)_”aptho(z'3'd)th'°phe“e'10'd'hydr°' 000 1208 480 000 1622 1736 1.00
4 Methaqualone 0.00 3.68 0.00 0.00 2.36 0.00 0.00
5  Officinalic acid, methyl ester 0.00 000 000 000 0.00 0.00 0.29
6  1-Ethanone 000 000 000 000 000 0.00 0.34
7 Anodendrosite E2,monoacetate 450 000 000 0.00 000 0.00 346
8 Eﬁ:rf)'/rl‘_"dazo'e'5'°arb°xy"C acid.2-methyl-1- 5 g8 000 315 000 1056 000 16.37
9  Benz(c) acridine 000 000 560 000 000 0.00 0.00
2,5,Di-t-butyl-4-methoxy-1,
10 adihydrobenzaldehyde 120 000 520 0.00 0.00 000 0.00
3,5,6-Trimethyl-P-quinone,2-(2,5-
11 dioxotetrahydrofuran-3-yl)thio- 0.00 0.00 1.20 0.00 0.00 0.00 0.00
12 1methyl-2,5-dichloro-1,6-diazaphenaline 0.00 0.00 0.00 184 0.00 188 0.00
13  Benzoic acid 0.00 0.00 0.00 8.16 0.00 0.00 0.00
14 Acetic acid 0.00 3.26 0.00 2.24 0.00 4.90 0.00
15 1,2-Benze.ned|carboxyllc acid,4-methyl-5(1- 000 036 000 000 000 000 0.00
methyl)-dimethyl ester
16  Pregn-4-en-18-oic acid 000 181 0.00 000 000 0.00 0.00
17 Benzoth|ophene.-3—carboxam|de,4,5,6,7— 000 410 000 000 000 000 0.0
tetrahydro-2-amino-6-tert-butyl-
18 5-Beta-hydroxymethyl-3-beta-tosylamino 000 000 000 000 000 236 000
cholestane
19 Pyr|d0(1,2,_9)ben2|m_|dazole—4—carbon|tr|Ie,3— 000 000 000 000 000 262 000
methyl-1-dimetylamino-
20  (1-Cyclopentenyl)ferrocene perylene 0.00 151 000 089 000 0.00 1.03
21  1,2,4-Methenocyclopentlene 0.00 1.21  0.00 164 000 0.00 0.00
gy 6:7.89-Tetrahydro-1,2,3-trimethoxy-9- 000 216 000 000 000 000 0.00
methyl-5H-benzocycloheptane
g3 3-(y-methylaminopropyl)-5(4-bromoo- 000 000 000 000 000 000 211
phenyl)-2-methyl-2H-pyrazole
04 Methyl7-(5-(methoxycarbonyl)methyl1,2- 000 000 000 000 000 565 0.00
furyl)heptanoate
25  Cinnamic acid 0.00 2.16 0.00 1.01 0.86 0.00 1.16

Legend: A=Aeromonas hydrophila, B= Vibrio parahaemolyticus, C=Actinobacillus sp. AB= Aeromonas hydrophila and
Vibrio parahaemolyticus, AC= Aeromonas hydrophila and Actinobacillus sp. BC= Vibrio parahaemolyticus and
Actinobacillus, sp., ABC=Aeromonas hydrophila, Vibrio parahaemolyticus and Actinobacillus sp.

Gas chromatography mass spectrometry
analysis of the undegraded (Table 2) and
degraded jet fuel (Table 3) at the end of the
degradation period revealed a reduction in
the number of compounds as well as
percentage area of the inoculated
hydrocarbons, compared to un-inoculated
controls. The incidence of disappearing
peaks may be due to carbonisation and
gasification of some of the hydrocarbons
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during the microbial degradation process.
It is believed that during the degradation
period, the bacterium/bacteria had utilized
and broken down the hydrocarbons,
present in the jet fuel (Table 2), into fewer
and less complex compounds, including
carbon dioxide gas (Table 3). This agrees

with  Alexander, (2001), who saw
biodegradation as the  biologically
catalysed reduction in complexity of



Pollution, 4(2): 291-303, Spring 2018

chemical compounds, based on growth and
co-metabolism.

The experiments showed hydrocarbon
degrading potentials of the isolates,
supporting the point, made by Bento et al.,
(2005), that biodegradation of petroleum
hydrocarbon depends on specific microbial
population present. The jet fuel was
degraded by all three Gram negative bacilli
and their consortia at a relatively fast rate,
indicating that jet fuel biodegradation can
proceed in the presence of these microbes.
The fact that the jet fuel, used in this study,
was degraded indicated that they were
probably a preferred hydrocarbon compound
substrate by the microbial consortia and the
individual microbe(s) carrying out the
metabolic processes (Table 3).

Results in Table 3 reveal that all the
consortia, especially  consortium  of
Aeromonas hydrophila, Vibrio
parahaemolyticus, and Aeromonas sp.,
achieved the highest level of bio-
degradation for jet fuel substrates, likely
due to the synergistic activity of the trio.
However, this does not agree with the work
of Ausma et al., (2002), who reported that
mixed cultures might produce less effective
biodegradation since the activities of the
different  microorganisms  could be
antagonistic as a result of the competition
for growth factors or unfavourable changes
in pH. Relatively, the least successful case
was Actinobacillus sp., where less amount
of the jet fuel was utilized (Table 3).

There is no single strain of bacteria with
metabolic capacity to degrade all the
components, found within crude oil. This
agrees with Das and Mukherjee (2007), who
reported that a wide variety of metabolic and
physiological factors are required for the
degradation of different compounds in jet
fuel. All of such properties cannot be found
in one organism. Similarly, Adebusoye et al.,
(2006) demonstrated that mixed culture of
microbial community is required for
complete biodegradation of oil pollutants
because the hydrocarbon mixtures differ
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significantly in terms of volatility, solubility,
and susceptibility to degradation and the
necessary enzymes needed cannot be found
in a single organism. This also agrees with
Ekpo & Udofia (2008), who reported further
that individual microorganisms metabolize
only a limited range of hydrocarbon
substrates and jet fuel is made of a mixture of
compounds, hence its biodegradation
requires mixtures of different bacterial
groups or consortia, functioning to degrade a
wider range of compounds.

Apparently, the genetic information in
more than one organism is required to
produce the enzymes, needed for extensive
jet fuel biodegradation obtained under
aerobic condition in this study. Obviously,
the mixed culture of Aeromonas hydrophila,
Vibrio parahaemolyticus, and Actinobacillus
sp. had the highest hydrocarbon degradation
ability than other individual isolates. The use
of pure cultures in the study alongside the
mixed cultures eliminated the ambiguity
associated with the process. According to
these studies, it is probable that the pure
cultures alone or a mixed culture can utilize
jet fuel and most hydrocarbon fuel
substances, as reported by Venkateswaran &
Harayama (1995). Although mix cultures
gave the highest proportion of degradation
efficiency in all treatments, evidence of the
cooperation of the mixed cultures in dealing
with hydrocarbon contaminations is still
relevant as reported by Boonchan et al.,
(2000).

Survival of microorganisms in petroleum
hydrocarbon media during degradation
period was a key factor for the rate of
biodegradation of hydrocarbons in substrates
(Ramos et al., 1991). Since the Gram
negative bacilli in the present report were
isolated from cowpea- planted kerosene
contaminated soil, they survived and adapted
to the jet fuel substrates rapidly. This was
evident from the significant increase in
optical density values with a decline in pH
values and (Ez4) indices in all cultures, as
compared to control.
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Desouky (2003) had reported that Gram
negative bacteria were known to be
involved in biodegradation, leaching, and
removal of several organic and inorganic
man-made hazardous wastes, which agrees
with the findings of this work.

The results from this empirical work
affirms the increasing awareness that
bioremediation as a means of dealing with
oil spills or contamination is real and
practicable. The GC report indicates that
all three species showed a remarkable
effect on pollutant removal.

CONCLUSION

The studied Gram-negative bacilli had
degradation capabilities. The mixed bacterial
cultures, i.e., Aeromonas hydrophila and
Vibrio  parahaemolyticus; ~ Aeromonas
hydrophila and Vibrio parahaemolyticus;
Vibrio parahaemolyticus and Actinobacillus
sp.; Aeromonas hydrophila, and Vibrio
parahaemolyticus and Actinobacillus sp.
could facilitate a maximum degradation of
jet fuel respectively.

Further comprehension of the metabolic
process of these organisms on the
hydrocarbons will enhance the potentials of
developing models and strategies for
remediating hydrocarbon pollutants from
hydrocarbon contaminated ecosystems.
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