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Abstract: Gasoline a, major petroleum hydrocarbon used frequently m automobiles 1s a complex mixture of

aliphatic, aromatic and allicyclic hydrocarbons. The general population is exposed to gasoline or gasoline

vapors during automobile refueling procedures, refueling of gasoline-powered equipment and using the

gasoline-contaminated surface water or groundwater. Biodegradation of gasoline holds a promising approach

for handling the problems due to gasoline pollution. In the present study the soil samples from the regions

around petrol stations and petroleum refinery industry located at Mangalore, Karnataka, India were collected

and subjected to screening by enrichment technique. Two Gram-negative bacilli C1 and C3 were isolated from

the soil samples of petrol filling stations. The gasoline biodegradation was confirmed by the gas

chromatography technique. Both the orgamsms showed sigmficant reduction m the peak area as compared to

that of control. Both the orgamsms showed a good adherence to hydrocarbons.
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INTRODUCTION

Petroleum hydrocarbon 1s a natural product resulting
from anaerobic conversion of biomass under high
temperature and pressure. Once purified, it is extensively
used as gasoline for the automobile and combustion
purposes. In nature, 1t 18 subjected to biodegradation, but
at a slow rate because of its structural complexity.
Microbial degradation is becoming popular as they can
utilize complex chemicals as carbon sources for their
growth. Enrichment of samples with the compound of
interest results in better screening of the microorganisms.
Various reports on enrichment isolation indicate that
inducing the growth of microorganisms in the presence of
the target compound results in the 1solation of organisms
with desired characteristics [1]. Petroleum hydrocarbon is
a very complex carbon source and its biodegradation is
slow and complex process [2]. Hence several approaches
of biodegradation are considered. One of the approaches
gaining importance 1s the use of biosurfactants. These
biosurfactants enable a physical contact between the

microbes and the hydrocarbons by breaking the interfacial
tension between the same, hence aid the biodegradation.
In the present study we discuss the 1solation of orgamsm
degrading gasoline by enrichment method, their growth
kinetics in gasoline substituted medium, biodegradation

of gasoline and adherence of the microbes to gasoline.
MATERIALS AND METHODS

The chemicals used were the analytical grade from
Merck, India Ttd. Gasoline was obtained from Sapthagiri
Petrol filling Station, Mangalore, Karnatala, India.

Screening by Enrichment Technique: The soil samples
were collected from sites namely A-Rhizosphere region
(plant root exudates comprise of phenolic compounds
which, are very similar in their composition to that of
petroleum hydrocarbons and the orgamsms found in this
region are expected to degrade the same), B-control (Soil
free from traces of gasoline), C-petrol filling station and
D-petrol refining industry. 10g of surface soil sample was
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Table 1: Modifications of Mineral Medium

Medium Major ingredients Concentration of Gasoline (%) Concentration of Glucose (g/L)
MM Mineral murients, gasoline, ghicose. 1 8
MM2 Mineral murients, gasoline, ghicose 1 2
MM2c Mineral nutrients, glucose 0 2
MM3 Mineral nutrients, gasoline 1 0
MMi3c Mineral nutrients, 0 0

collected to a depth of 10 c¢m from each site using sterile
spatulas, transported in sterile polythene bags to the
laboratory and stored at 4°C until used for analysis. The
soil samples collected were subjected to screening by
enrichment technique. For enrichment, each of the soil
sample (10g) collected was suspended m 100ml of mineral
salts medium (MM) [3] modified as MM]1 (Table 1) and
mcubated at 32°C for 30 days in an incubator shaker
(Rotek, India) at 150rpm. Isolation of orgamsm was carried
out at the interval of two and four weeks. The organisms
selected from MM agar based on the colony
characteristics were screened in MM2, MM2c¢, MM3 and
MM3c¢ broth (Table 1). The conical flasks were incubated
at 32°C for one week. The growth of the organisms was
determined by standard plate count method [4].

Determination of Minimal Inhibition Concentration
(MIC) of Gasoline: Twenty four hours culture of the
selected organisms were inoculated into conical flasks
with 100 ml of MM2 broth modified by adding gasoline at
the concentration ranging from 0.1% to 5% and was
incubated for one week at 32°C in an incubator shaker
rotating at 150rpm. The growth of the organism was
determined by standard plate count method.

Growth Kinetics in the Presence and the Absence of the
Gasoline: Twenty four hours culture of the selected
organisms C1 and C3 was inoculated mto conical flasks
with 100ml of MM?2 broth (Table 1) with and without
gasoline and maintamed at 32°C m an mcubator shaker
rotating at 150rpm. The growth profile was determined by
dry weight method [4] at the interval of two days for two
weeks.

Assessment of Gasoline Biodegradation by Gas
Chromatography (GC): The sample extraction and GC was
performed as according to [2]. In brief, twenty four hours
culture of the organisms was inoculated into conical
flasks with 100ml of MM2 and MMZ2c¢ broth and
mamtained at 32°C i an incubator shaker rotating at

150 rpm. The samples were extracted for GC using
dichloromethane (DCM) at zero time and at regular
intervals of two days for two weeks.

The
quantification of percentage degradation of gasoline by
the organisms was determined by UV spectrophotometric

Quantification of Gasoline Biodegradation:

method as per the protocol of Environmental Protection
Agency (EPA)*. Concentration of the o1l Cx (Total mass
of the oil in the flask at Ax = 228, 260, 280, 300, 320 and
340nm) was calculated using the equation 1 and 2.

Rix = C/Ax 0
Rfx = Response factor at Ax

C = Standard o1l concentration, in mg of oil/ml of DCM
Ax = Spectrophotometer readings at Ax

Cx= (AX)<(RFx)<(VDCM)=x(Vtw/Vew) 2

Cx = Concentration of oil

Vooeu = Volume of DCM extracts (50ml)

Viw = olume of mineral medium in the flask (100ml)

Vew = Volume of mineral medium wused for
extraction (100ml)

Vtw/Vew = 1

Bacterial Adherence to Hydrocarbons (BATH): The
BATH test was done according to Rosenberg ef al. [5]
method. In brief, cells were washed twice and suspended
in phosphate buffer to an initial absorbance at 600nm of
0.6 optical density (O.D.) and mixed with hydrocarbon and
vortexed and the phases were allowed to separate. The
absorbance of the lower aqueous phase of each tube was
measured at 600nm. Adherence was calculated as the
percent loss in absorbance relative to that of the initial cell
suspension using equation 3.

BATH index =

1-0OD600 after mixing/OD600 before mixing [€)]

*EPA App C, pt 300
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RESULTS AND DISCUSSION

Screening by Enrichment Technique: Enrichment of the
so1l samples for four weeks resulted in the 1solation of
microorganisms, which could grow in the presence of
gasoline. All the samples showed a hundred fold decrease
in the number of colomes in the four weeks isolates
compared to two week isolates (Table 2). This indicates
mcrease of only those orgamsms which are tolerant to
gasoline. This confirms the successful isolation of desired
organisms by enrichment technique. The samples C and
D showed a three fold and two fold increase respectively
in the CFU/ml value compared to samples A and B. Total
nine colomes were selected based on the colony
characteristics. Screening of these nine colonies (Table 3)
in different MM broths resulted in the selection of C1 and
C3 as these showed nearly two fold increase in the
medium containing gasoline (MM2 and MM3) compared
to medium without gasoline (MM2¢ and MM3c). Reports
state that successive subculturing of the organisms in
mineral medium; the culture becomes incapable of
growing in the absence of the target compound [6]. Tn our
study we found that growth was taking place in MM2c
and MM3c very slowly at a negligible rate. The growth in
MM2 and MM3 were almost the same. Hence for further
studies the MM2 medium was used. This 1s because of
the presence of an easily utilizable carbon source like
glucose enhances the growth and reduces the lag phase
[7]. Since gasoline is a complex carbon source, its

Table 2: Effect of Enrichment on the Isolation

biodegradation is likely to be by cometabolism process [8]
1in which the microbe degrades the target compound while
utilizing the simple carbon sources for its growth. Gram
staimng studies showed that C1 and C3 are Gram-negative
rods and hanging drop motility test showed that they are
motile in nature. Gram negative bacteria have been
reported to be wmvolved m the biodegradation of the
hydrocarbons more than the Gram positive bacteria [8-10].
This may be due to the surface structure complexity of the
Gram negative bacteria.

Minimal Imhibition Concentration of Gasoline: C3
bacteria showed growth from 0.1% to 3.5% gasoline
concentrations (Fig. 1). Maximum growth was found at the
concentration of 2.5% and the growth was inhibited at the
concentration of 4%. Maximum growth of C1 was seen at
0.1% though growth was observed till 1%. Growth of C1
was 1nhibited at the concentration of 1.5%. Growth of
organism was observed in a mineral salt medium
containing 20% naphthalene [11]. Report suggests
inhibition of growth of bacterium at 6% of crude o1l [12].
However, no reports were obtained on the effect of
different concentration of gasoline on the growth of the
organisms.

Growth Profile and Kinetics of Bacteria in Gasoline: The
kinetics of the growth in the petroleum component has
been reported by Serena et al. [2]. The report shows the
kinetics of the degradation in an artificially synthesized

Sample Medium Duration of enrichment CFU/gH
Sample A MM1 2 weeks 10°
4weeks 10°
Sample B MM1 2weeks 10°
4 weeks 10°
Sample C MM1 2weeks 3x10°
4 weeks 3x10°
Sample D MM1 2weeks 2x10°
4 weeks 2x10°

# CFU/g-colony forming unit/g of soil sample

A: Rhizosphere region, B: Control, C: Petrol filling station, D: Effluents from refineries

Table 3: Screening of Bacteria in MM2 and MM2c

Sample CFU/ml in MM?2 CFU/ml in MM2c¢ CFU/ml in MM3 CFU/ml in MM3¢
c3 3.7x10P 1x1¢° 3.5x10° 1x1¢°

Cl 1.9x1¢F 2x10¢ 2x10° 1.9x104

Al 1.5%10° 1.5x10° 10° 107

A2 1.8x10° 2.7%10° 1.5x10° 10°

Bl 2.5%10° 109 - -

D3 2.5%10¢¢ 2x10P 1.5x10° 1=10¢

c2 1.5=10¢ 2x10P 2x10° 1=10¢

D1 1.8x1¢¢ 1=1¢¢ 3x10? 109

D2 2x10° 2%1(P 2x10° 107

A: Rhizosphere region B: Control, C: Petrol filling station, T: Effluents from refineries
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Fig. 3: Growth Rate of C1 and C3

187



Iranica J. Energy & Environ., 1 (3): 184-191, 2010

e L

i i i (] ] [ L i L] i Fisil B "IN L T | ] "
L L (L D TR T S T N B i 50 D LB MTELE TRLA
;r’;rl:l::,:.:a":;llﬂlﬂl e L N N ] A WA R goaw BT R R
e A T
2, . T T o " " - 1 1|
Control C3 C1
L= i o I
| i
- oy = 5.
1
i |4 AiE
. hib
..'"
|
L e Ie ]
iy voms ] i 1 e AL
i3 'y 8 S
™ i ! ] e i
ECE) [N - i - i ] = ok
e e _m:,'_ T ET Y] L e - iy T 1] T =]
L LG

Fig. 4. UV Spectrophotometric Quantification of Gasoline Biodegradation
C3 and C1 Treated samples show reduction in the peak area very clearly compared to that of control

C1 -0 day s Cl- 4" day

Fig. 5: GC analysis of Biodegradation

Fig. 6: Phase contrast Microscopic Images of Bacterial Adherence to Hydrocarbon (1000X)
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gasoline consisting of the 23 components in an activated
sludge process. The present study makes an attempt to
analyze the growth kinetics of the organisms in whole
gasoline in liquid cultures. The whole gasoline consists of
more than 200 components and it is not easy to assess the
biodegradation of the whole gasoline [2]. In the present
study the growth profile and the kinetics of the growth of
the organisms was studied. The bacteria are known to
exhibit a diauxic growth when grown in the presence of
complex carbon sources like naphthalene [11]. In the
present study the organism CI1 clearly demonstrate a
diauxic growth (Fig. 2). Organism C1 showed an increase
in the growth for the first two days followed by a
relatively stationary period for the next four days and
again an increase in the growth for the next two days. The
growth was observed to continue in the same pattern. Cl1
when grown in the absence of gasoline showed the
regular sigmoid growth pattern. C3 showed an increase
and decrease in the growth at regular intervals of time.
The decrease in the growth may be due to the toxic
byproduct during the biodegradation process. C3 in the
absence of gasoline showed sigmoid growth pattern.
There are also reports on Bacillus and Proteus exhibiting
a typical Monads kinetics and sigmoid growth in presence
of crude oil [13]. The growth rate is given in the graph

(Fig. 3).

Determination of Percentage of Degradation of Gasoline:
The UV spectrophotometric scan (Fig. 4) and GC results
showed significant reduction of gasoline by fourth day
(Fig. 5). Similar reduction in the peak area was reported by
Serena et al. [2]. It is necessary to assess the efficiency of
the bacteria to degrade the toxic component in terms of
percentage degradation. Serena et al. [2] report 74%
degradation of gasoline in two days by the micro flora in
the activated sludge. There are reports on the degradation
of the gasoline components like benzene, toluene, ethyl
benzene, xylenes (BTEX) by 99.9% by the micro flora in a
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bioreactor [14]. Our study emphasizes the percentage of
degradation by individual organisms. The organisms C1
and C3 show a significant reduction in the gasoline
concentration. The organism C3 degrades around 60% of
the gasoline by fourth day and C1 degrades 56% of
gasoline by sixth day.

Bacterial Adherence to Hydrocarbons: The phase
contrast microscopic image shows a clear adherence of
microbes to the oil droplets (Fig. 6). In BATH test the
organism C3 showed 50% adherence and organism Cl1
showed 9% adherence to the hydrocarbon (Fig. 7). The
importance of cell adherence in the growth physiology of
many bacterial species is well documented [5]. Tuleva
et al. [15], reported an adherence of 60% to hexadecane.
The bacterial surface being hydrophilic, its attachment to
the hydrocarbon indicates a modification of the surface
structure of the bacteria in the presence of hydrocarbons.
Bacteria are known to produce biosurfactants which
modify the outer hydrophilic lipopolysaccharides
enabling them to adhere to the hydrophobic
hydrocarbons [16, 17]. Biosurfactants hence are gaining
importance in the biodegradation of the hydrocarbons [18,
19]. In cases in which the carbon or energy source is a
water-insoluble material such as cellulose or chitin, cell
adhesion can facilitate growth but cell contact is not an
absolute requirement because extracellular enzymes can
degrade these polymers into water-soluble substrates.
However, the growth of microorganisms on hydrocarbons
presents a special problem, since not only are
hydrocarbons immiscible in water, but also their
breakdown cannot occur extracellularly [5]. Biosurfactants
are amphipathic molecules with a hydrophilic and a
hydrophobic domain. Because of these traits,
biosurfactants accumulate at interfaces, can form micelles,
lower the surface tension and thereby enhance the
solubility of poorly soluble compounds in water and
enable the bacteria to utilize these hydrocarbons as

nutrients [5, 20]. These surfactants not only have role in
biodegradation of hydrocarbons but also play in role the
removal of heavy metals like arsenic [21].

CONCLUSION

The enrichment of the soil sample successfully
resulted in the isolation of organisms, which were tolerant
to gasoline for longer durations and for higher
concentrations. The organisms C1 and C3 selected after
screening show-promising results in the biodegradation
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of gasoline. The minimal inhibition concentration of
gasoline was 1.5% and 4% for C1 and C3 respectively.
The growth studies indicated that these organisms were
capable of utilizing gasoline as the carbon source. The
isolated organisms showed degradation up to 56 to 60%
by first week. They also showed significant adherence to
the hydrocarbons. One of the reasons for the adherence
of bacteria to hydrophobic the
Some

hydrocarbons  is
biosurfactant production by microorganisms.
biosurfactants can also stimulate the attachment to and/or
detachment of bacteria from the surface of xenobiotics by
influencing the hydrophobicity of the bacterial cell
surface or the surface of the xenobiotic compound. These
biosurfactants enhance the bicavailability of hydrophobic
soil pollutants. By reducing the surface tension between
water and hydrophobic surfaces the formation of
emulsions of hydrophobic xenobiotics in water is
enhanced, thereby increasing the growth surfaces for
bacteria. The importance of bacterial adherence to
hydrocarbons has gained increasing recognition in recent
vears. Experiments are i progress to characterize the
biosurfactant components responsible for the adherent
properties.

ACKNOWLEDGMENT

We are grateful to the Department of Chemical
Engineering, NITK, Mangalore, Kamataka for promoting
the research work. We thank the P.G. Department of
Biotechnology,  St.Aloysius  College, Mangalore,
Kamataka and the Laboratory of Applied Biology,
St.Aloysius College, Mangalore, Karnataka for providing
us all the necessary laboratory facilities. Ms Madhumathi
thanks the UGC for providing the minor research
fellowship (UGC Ref No: MRP(S)-283/2005 [X Plan]/
KAMA 002/UGC-SWRO) for the work.

REFERENCES

1. QGraham, I'W. and W.R. Douglas, 1981. Selective
Enrichment of Pseudomonas Spp. Defective in

catabolism  After exposure to Halogenated
substrates. J. Bacteriol., 146(3): 920-927.

2. Serena, F., R. Marchal, M. Ropars, M.T. Lebeault and
P. Vandecasteele, 1999. Biodegradtion of gasoline:
kinetics, mass balance and fate of individual
hydrocarbons. J. Applied Microbiol., 86:1008-1016.

3. QGunasekaran, P., 1995 Laboratory Manuel in

Microbiology. New Age International Pvt. L.td. Pub.

190

4,

10.

11.

12.

13.

14.

Cappuccino, G. I. and S. Natalie, 1999. Microbiology-
A Loboratrory Maual, 4 Edn., Addison Wesley
Longman, Inc.

Rosenberg, M., D. Gutiick and E. Rosenberg, 1980.
Adherence of Bacteria to Hydrocarbons: A Simple
Method for Measuring Cell-surface Hydrophobicity.
FEMS Microbiology Letters, 9: 29-33.

Tarig, 8., C.O. Benedict, A. Muhammad and
T.F. Willium, 2003. Enrichment and isolation of
endosulphan degrading microorganisms. I. Environ.
Quality, 32:47-54.

Das, K. and A K. Mukherjee, 2007, Crude Petroleum
01l Biodegradation Efficiency of Bacillus subtilis and
Pseudomonas aeruginosa Strams Isolated from a
Petroleum 01l Contaminated soil from North-East
India. Bioresource Technol., 98: 1339-1345.
Anthony, G. H. and D.F. Denrus, 1998. Cometabolism
of 1,1-Dichloro-2,2-Bis (4-Chlorophenyl) Ethylene by
Pseudomonas  acidovorans M3GY grown on
Biphenyl. Applied Environ. Microbiol., 64(6):
2141-2146.

Kensuke, F., H. Nobuki, T. Kazunari and T. Noboru,
1989. Molecular relationship of chromosomal genes
encoding Biphenyl/Polychlorinated ~ Biphenyl
catabolism: Soil Possess
highly Conserved  bph
171(10): 5467-5472.
Saadoun, 2004. Recovery of Pseudomonas Spp. From
chronically fuel oil-polluted soils in Jordan and the
study of theiwr capability to degrade short chain
alkanes. World . Microbiol. Biotechnol., 20: 43-46.
William, F.G. and A B. Stephen, 1995. Maintenance
and Induction of Naphthalene Degradation Activity
in Pseudomonas putida and an Alcaligenes Sp.
under different culture condition. Applied Environ.
Microbiol., 61(11): 4061-4068.

Okoh, A., 8. Ajisebutu, G. Babalola and M.R. Trejo-
Hermandez, 2001. Potential of Burkholderia cepacia
RQ1 i the Biodegradation of Heavy Crude oil. Int
Microbiology, 4: 83-87

Okerentugba, P.O. and O.U. Ezeronye, 2003.
Petroleum Degrading Potentials of Single and Mixed
Microbial Isolated from Rivers and
Refinery effluent in Nigeria. African I. Biotechnol.,
2(9): 288-292.

Zein, MM, P.X. Pinto, S. Garcia-Blanco, M.T. Suidan
and A.D.Venosa, 2006. Treatment of Ground Water
Contaminated with PAHs, Gasoline Hydrocarbons
and Methyl tert-butyl ether in a laboratory Biomass-
retaining Bioreactor. Biodegradation, 17: 57-69.

Some Bacteria a

operon. J. Bacteriol,

cultures



15.

16.

17.

Iranica J. Energy & Environ., 1 (3): 184-191, 2010

Tuleva, BK., G.R. Ivanov and N.E. Christova, 2001 .
Biosurfactant Production by a new Fseudomonas
putida  strain.  Verlag der  Zeitschrift
Naturforschug, Tubingen, 57¢: 356-360.

Bodour, AA., KP. Drees and M.R. Maier, 2003.
Distribution of Biosurfactant-Producing Bacteria in
Undisturbed and Contaminated Arid Southwestern
Soils, Department of Soil, Water and Environmental

fiir

Science, University of Arizona, Tucson.

Maneeart, S. and K. Phetrong, 2007. Tsolation of
biosurfactant-producing
characteristics of selected biosurfactants.
Songklanakarin I. Sci. Technol., 29(3): 781-791.

marine  bacteria  and

191

18.

19.

20.

21.

Mulligan, CN., D.G. Cooper and R.J. Neufeld, 1984.
Selection of Microbes Producing Biosurfactants in
Media without Hydrocarbon. J. Fermentation
Technol,, 62 (4): 311-314.

Willumsen, P.A. and U. Karlson, 1997. Screemung of
Bacteria, Isolated from PAH-contaminated Soils, for
Production of Biosurfactants and Bicemulsifiers.
Biodegradation, 7: 415-423.

Balogun, S.A. and O.E. Fagade, 2008. Screening for
Surface Active agent Producing Bacteria from Diesel
o1l Polluted Soil. World Applied Sci. 1., 3(6): 930-933.
Eisazadeh H., 2008. Removal of Arsenic in water
using Polypyrrole and its composites. World Applied
Sci. 1., 3(6): 930-933.



