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Abstract: Newly isolated bacterial strains (i.e. Pseudomonas, Bacillus and Micrococcus species) were able to
degrade crude oil. In unfertilized soil 30% crude oil was degraded very slowly while 80% of oil was degraded
in fertilized soil in the same time duration (i.e. 90 days). During the next 90 days, 60% and 90% of crude oil was
degraded in unfertilized and fertilized soil, respectively. Lower fractions of the crude oil were degraded
completely and quickly as compared to higher fractions. Addition of nutrients to the soil resulted in the increase
in rate of biodegradation of crude oil. A consortium of isolated indigenous cultures removed 80% of the crude
oil in 20 days of incubation while the oil contaminated soil seeded with a pure Pseudomonas sp. IES-Ps-1
degraded <5 %. 
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INTRODUCTION non-toxic by-products [8-13]. However, a wide variety of

Petroleum is a complex mixture of C1 to C40 communities because no two environmental projects are
hydrocarbons including some organometallic identical [14]. Therefore, isolation, characterization and
constituents. The composition of hydrocarbons in exploitation of oil-degrading microorganisms for
different reservoirs has been found variable in environmental clean-up have always been considered the
compositional and physical properties [1, 2]. These main objective of researchers [15,16].
hydrocarbons are introduced into the environment
through constant handling, large-scale manufacturing and MATERIAL AND METHODS
processing. Low level releases and large-scale accidental
spills have led to cause serious damage to natural Isolation of Oil Degrading Bacterial Isolates: Soil
ecosystems and contamination of water and soil with a samples were collected from crude oil contaminated site in
wide variety of hazardous and toxic hydrocarbons when National Refinery Limited (NRL) Karachi, Pakistan.
improperly managed [3-5]. Samples were taken aseptically in sterile plastic bags for

Apart from accidental contamination of water and the isolation of oil degrading microorganisms. From each
soil, a huge amount of oil slug is generated in petroleum samples, two grams (wet weight) of soil was taken in a test
refineries from  water  oil  separation  systems. tube containing nutrient broth (Oxoid) and placed in
Accumulation of waste oily materials at the bottoms in incubator for 24 h. A loopful culture from the above test
crude oil storage tanks pose severe problems because tube was streaked on the plates containing nutrient agar
many of the standard treatment processes used to and incubated for 24 h. Isolated colonies were obtained
decontaminate soil and groundwater has been limited in when bacterial colonies of different morphologies were
their applications [6,7]. streaked on separate nutrient agar plates.

A wide range of studies have dealt with Streaking was also done on the mineral agar plates
bioremediation, biotransformation and biodegradation of containing 4-5 drops of crude oil obtained from National
petroleum hydrocarbons. These methods are generally Refinery Limited (NRL) and incubated at 37°C until
considered safe and less expensive for the removal of morphologically distinct and isolated colonies were
hazardous contaminants because they usually produce obtained. Morphology and gram staining of isolated

hydrocarbons posses a challenge to microbial
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colonies were monitored. The isolated strains were immiscible in water carries oil and grease, which can be
preserved on nutrient agar slants containing 2% crude oil separated by a separating funnel. The hexane layer
and stored at 4°C. The bacterial cultures were subcultured containing dissolved oil and grease were taken in a pre-
after every 3-month. weighed Erlenmeyer flask. Hexane was removed from the

Identification and Characterization of Oil Utilizing dried and the flask is weighed again. The difference in
Bacterial Cultures: Colonial and cellular morphology of weight indicated the total oil and grease content.
the isolates were studied by Gram’s staining and motility
tests. Identification of the isolates was made by Culture Medium: Isolated bacterial strains were grown in
biochemical tests. To determine sugar fermentation, flasks containing nutrient broth (NB) at 37°C. After 24 h,
glucose, fructose, sucrose, mannose, ribose, xylose, 10 ml NB was transferred into other flasks containing 300
mannitol and lactose were used. Each tube contained ml mineral medium (MM). MM contained 0.5 g/l
peptone water with 1% respective sugar containing (NH ) SO , 0.5 g/l NH Cl, 0.75 g/l KH PO , 1.04 g/l K HPO ,
Andrade’s indicator (Dissolved 0.5 g of acid fuchsin in 0.015 g/l EDTA, 0.24 g/l MgSO .7H O, 0.033 g/l
100 ml of distilled water. Add 1N NaOH solution until the CaCl .2H O, 0.0015 g/lFeSO .7H O, 0.0005 g/l CoCl .6H O,
color changes to yellow. The indicator is colorless at pH 0.0005 g/l Na MoO .2H O, 0.0005 g/l ZnSO . The consortia
7.2, pink in acidic solutions and yellow in alkaline of isolated bacterial strains were inoculated in a flask
solutions was used) [17]. containing 300 ml MM and 50 g of oil-contaminated soil.

Catalase activity was determined by adding a few Flasks were then incubated in shaking water bath at 37°C
drops of 3% hydrogen peroxide on 24 h grown agar at 120 rpm for 24 h. 
slopes and also broth cultures. Catalase activity was
examined by monitoring the formation of oxygen. Biodegradation of Petroleum Hydrocarbons in Soil: In
Appearance of bubbles in the tubes was taken as catalase order to study the ability of bacterial consortium to
positive. remediate the petroleum crude oil, contaminated soil

Physical and Chemical Characteristics of Soil: The biodegradation experiment in soil for 180 days at outdoor
crude oil contaminated topsoil was obtained from National conditions.Two microcosms of 20 cm × 10 cm × 5 cm
Refinery Limited, Karachi, Pakistan. The soil texture was (length × breadth × height) sizes were taken and 3 Kg
estimated according to the method [18]. Soil dry weight uniformly mixed and homogenized contaminated soil
was determined by measuring the weight loss after heat samples were placed and layered prior to starting the
treatment for 20 h at 80°C. Soil pH was determined with a biodegradation experiment. One of a microcosom was
glass electrode. For this, the sample was prepared by stimulated with a 24 h old grown bacterial consortium
mixing 1 part of soil with 2.5 parts of 10 mM CaCl . prepared in 300 ml MM. The other microcosm was2

In order to monitor total organic carbon (TOC) of soil unstimulated (which received no addition of culture and
samples, moisture dried (80°C for 12 h) soil sample was media). The experiment was run in duplicate trays. All
ground and passed through a sieve (number 60). This soil microcosms were placed in undisturbed open area
(0.2 g) was taken in an Erlenmeyer flask then 5 ml of 1:9 (outside the lab in open environment). The soil was
H SO was added with subsequent boiling for 1 minute. thoroughly trilled and MM medium was added after every2 4

After cooling the sample, 10 ml K Cr O  and 20 ml H SO two weeks interval to maintain the moister level of the soil.2 2 7 2 4

(concentrated) were added. The flask was swirled for 1
min and kept for 30 minutes followed by addition of 100 ml Biodegradation of Petroleum Hydrocarbons in Mineral
distilled water. Digested sample was then filtered through Media: A 2 ml aliquot of 7 days old NB grown cultures
Whatman No. 1. Residue on filter paper was washed with was separately transferred to 3 flasks of 250 ml MM
100 ml distilled water. Washing was titrated against 0.5N containing 100 ml sterile mineral medium with 2 g of crude
FeSO using Ferroin indicator. oil contaminated soil. The control flask contained the4

Estimation of Oil and Grease from Soil Sample: The soil no added cultures. The flasks were incubated at
samples (2 g each) were taken in conical flasks containing 30°C–35°C. After 30 days of incubation, the residual oil
50 ml distilled water. Samples were acidified with 1:1 HCl was extracted from the medium with trichloromethane for
then 50ml n-hexane was added in each flask. Hexane being GC analysis. 

sample with rotary evaporator (70°C). The residue was

4 2 4 4 2 4 2 4

4 2

2 2 4 2 2 2

2 4 2 4

sample was investigated by carrying out the

same amount of MM and HC contaminated soil but with
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In shake flasks conditions, bacterial cultures (12 h old RESULTS AND DISCUSSION
NB) were inoculated in MM with 2gm crude oil
contaminated soil and kept in a shaker at 200 rpm at 37°C
for 7 days, Growth was observed through standard plate
count method.

A comparative study of indigenous and adaptive
mixed cultures and adaptive pure culture of Pseudomonas
was conductive by taking 5 g of oil contaminated soil in
250 ml flasks contained with 100 ml MM. The 5ml aliquots
of 7 days old NB grown cultures were transferred to
respective flasks and then incubated to an orbital shaker
at 37°C and 120 rpm.

Soil Microbial Counts: Estimation of microbial viable
counts was performed every 30 days by spread plate
method.

Preparation of Samples for the Estimation of Crude Oil
Concentration in Soil: Two grams of soil sample was
taken and transferred it into the conical flask containing
50 ml distilled water acidified with 1:1 HCl. To extract oil
from the soil sample 50 ml trichloromethane was added
into the conical flask. Flasks were shaken vigorously and
allowed to stand for 10 minutes. The supernatant was
filtered with Whatman No. 1 filter paper. The filtrate was
then transferred to separatory funnel and shaken
vigorously for 20 minutes and then allowed to stand for 2
h. The solvent containing extracted hydrocarbons was
then passed through the filter paper containing
anhydrous sodium sulphate to remove moister content.
The filtrate was then analyzed by Gas Chromatography.

After 0, 90 and 150 days, total extent of removal of
the different levels of crude oil in soil was assessed.

Estimation of crude oil. A gas chromatograph (GC)
(Shimadzu 17A) equipped with HP-5 column (30 m × 0.32
mm × 0.25 µm) connected to a flame ionization detector
(FID) was used to monitor the hydrocarbon components
in soil with the following program: start temperature 80°C
for 5 min, heating to 250°C at 5°C /min and hold at 250°C
for 5 min. Helium was the carrier gas. The injector
temperature was 260°C and the transfer line temperature
was 300°C. One microlitre aliquots of each sample were
injected into a gas. A 5:1 split ratio, column pressure 240
kPa, column flow rate 11.994 ml/min, flow 82 ml were
maintained in GC. 

For mass spectrometry analysis (MS), GC was
coupled with Shimadzu mass selective detector. The scan
range 40 to 500 amu, scan rate 1.53 scan/sec, electron
energy, 70 eV and source temperature 320°C was
maintained during monitoring.

Isolation and Characterization of Hydrocarbons Utilizing
Bacteria: Bacterial strains able to degrade cude oil were
isolated by using enrichment technique and identified up
to the level of genus. Three different strains were isolated
from the soil, which were designated as HD-IES1, HD-IES2
and HD-IES3 and subjected to morphological, cultural and
biochemical tests. Photomicrographs of staining of the
isolates are shown in figure 1. On the basis of
morphological, cultural and biochemical characteristics
HD-IES1 was identified as a Pseudomonas species, HD-
IES2 as a Bacillus specie and HD-IES3 as a Micrococcus
species.

The strains of Pseudomonas, Bacillus and
Micrococcus have  been  reported  to  be  isolated  from
oil  polluted  soil  having  the  ability  to  utilize  crude  oil
as a sole source of carbon and energy [19-24]. In them
Bacillus species are the predominant isolates, especially
in soil samples contaminated with 30% - 40% crude oil
probably because of the resistant endospores
[19,20,22,23,24].

In this study, all the isolates were able to grow in
mineral medium and degrade the crude oil. This finding
supports the increased role of these bacterial genera in
hydrocarbon biodegradation [25,26]. Thus, these
micoorganisms could be effective in clearing oil spills in
tropical soil.

Biodegradation of Crude Oil: Biodegradation of crude oil
(in natural attenuation and biostimulation) was studied
over a period of 6 months. The mean counts of total
aerobic heterotrophic bacteria in the soil over the period
of 6-months were ranged between 3.09 X10 cfu/g of soil4

to 9.31 X 10 cfu/g of soil. While, microbial counts in6

naturally attenuated soil decreased from 2.36 X 10  to 4.734

X 10 cfu/g soil (Fig. 2).3

The addition of nutrients e.g. in the microcosm
sharply increased the number of viable microorganisms
during the first 30 days and slowly increased in later days.
While, in the unfertilized soil the count remains almost
unchanged in the first 90 days and then decreased till the
end of the study period. Similar findings have been
reported earlier when microorganisms were used to
degrade crude oil in soil [27-29]. This indicates that the
soil microcosm supplemented with isolated indigenous
mixed cultures and the addition of nutrients had higher
number of microbial diversity than the unfertilized
naturally attenuated microcosm.
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Fig. 1: Photomicrograph (1000X) of isolated bacterial The chromatograms of biostimulated sample after 6-
cultures A) Pseudomonas sp. HD-IES1, B) months shows that the low molecular weight compounds
Bacillus sp. HD-IES2 and C) Micrococcus sp. were completely degraded. Whereas, the higher molecular
HD-IES3. weight compounds were extensively degraded but not

The biodegradation potential of naturally attenuated hydrocarbons were not as much assimilated as
and biostimulated bacterial cultures is shown in figure 3. degradation occurred in biostimulated sample. This is
In first 90 days, hydrocarbons present in the because the microbial activities were inhibited due to
biostimulated  sample  were  degraded  to  some  extent unavailability of nutrients.
(Fig. 3B), when compared with naturally attenuated The results of biodegradation of petroleum
sample (Fig. 3D). In later days, the biostimulated sample hydrocarbons through natural attenuation and
showed higher degradation of crude oil than naturally biostimulation implies that the crude oil in soil sample
attenuated sample (Fig. 3C and 3E). Low molecular weight when amended with nutrients was highly degraded
compounds were degraded extensively, whereas the compared  with  unfertilized   samples.   This   indicates
higher molecular weight compounds were partially that under aerobic conditions hydrocarbon degraders
degraded. used  part  of  the  biogenic  nutrients  present  in the soil.

Fig. 2: Microbial counts in naturally attenuated soil ( )
and total aerobic heterotrophic bacteria in the soil
( ) over the period of 6 months.

Mention the conditions used below Fig 3 e.g. Type
of column used, inert gas used, type of detector, chart
speed, attenuation rate, temperature of oven, detector.
Injector, conc. Of sample

Also, where is the qualtative determination for
degradable  Cpds  before  and  after  the  most suitable
time ? 

Biodegradation of oil components was significant in
both fertilized and unfertilized soil. After 90 days of
incubation, oil degradation is 30% in unfertilized soil.
While, 80% of oil was degraded in fertilized soil. During
next 90 days, 60% and 90% of oil was degraded in
unfertilized and fertilized soil, respectively. This shows
that microorganisms were not fully adapted to unfertilized
soil or constitute degradation enzymes to decompose
components of crude oil introduced into their habitat.
Pronounced degradation occurred in the biostimulated
samples (Fig. 3D), indicating the higher adaptability of a
mix of microorganisms in crude oil contaminated soil.

completely assimilated. In the unfertilized sample, the
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Fig. 3: Gas chromatograms of hydrocarbons in oil-contaminated soil.A: initial hydrocarbons (1  day reading); B: HC inst

unfertilized soil after 90 days; C: HC in unfertilized soil after 180 days; D: HC in fertilized soil after 90 days; E: HC
in fertilized soil after 180 days.

Whereas, adding a low level of nutrients caused an fertilization  increase biodegradation rates. A temporary or
increase in the rate of biodegradation of crude oil. The permanent increase in the polar fraction is often observed
effect of nutrients amendment was much more in batch liquid cultures as a result of the accumulation of
pronounced on the assimilation of linear and branched unassimilated metabolic intermediates [31, 32]. In fertilized
alkanes than on cyclic alkanes indicating that nutrients soils, the resin fraction appeared to be resistant to
amendment stimulates preferentially the microorganisms biodegradation. The hexane insoluble fraction that
that assimilate paraffinic hydrocarbons [30]. contain asphaltenes and polar molecules has been shown

In  most  cases,  a  positive  influence  of  nutrients to be partially or completely resistant to microbial
on  the  extent  of  biodegradation  of saturated and assimilation [33]. It has been reported that in optimal
aromatic hydrocarbons were observed [9,25,30]. The cultures, 15-20% maximum degradation of asphaltenes can
present  study  shows that an adequate level of occur [31]. 
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Table 1: Microscopic, cultural and biochemical characteristics of bacterial strains 

S.NO TESTS HD-IES1 HD-IES2 HD-IES3

1 Shape Thin short rods Rods Cocci
2 Gram stain Gram negative Gram positive Gram positive
3 Motility Motile Motile Motile
4 Cultural characteristics Colonies are round, smooth and convex. Colonies are large round, smooth and convex Colonies are round, smooth and

convex

Biochemical
5 Oxidase + + +
6 Starch hydrolysis + - -
7 Citrate utilization + + +
8 Indole production - - -
9 Acid without gas from Sucrose, 

lactose, glucose and fructose + + +
10 H S + + +2

11 Urease + - +

Fig. 4: Chromatograms of petroleum hydrocarbons. A. HC in uninoculated controlled sample; B. HC in sample
amendment with cultures after 30 days.

The bacterial populations implicated in hydrocarbons The   unassimilated   compounds   may   exert a
degradation were selected depending on the nutrients possible  negative  feedback  on the overall
supply (Table 1). Microbial counts were always found biodegradation process. When designing the
higher in the fertilized soil samples with higher bioremediation  of  crude  oil  polluted  sites  the  nutrients
biodegradation rates. Addition of nutrients did not inhibit C: N: P ratios should be calculated on the basis of the
microbial growth indicating that higherconcentration of concentration of saturated hydrocarbons to achieve
nutrients has no toxic effects on microbial population [30]. successful bioremediation of the pollutants from the
The presence of oil in the soils did not cause an enzymatic environment.
stimulation of the degrading capabilities of the active In  order  to  evaluate  the   extent  of  biodegradation
strains, which are efficient in hydrocarbons assimilation of crude    oil    contaminated   soil   over   a   period   of
even in the absence of preliminary direct contact with 30 days the  chromatograms  of  degraded  petroleum
hydrocarbons. hydrocarbons recovered from conical flasks containing

In aerobic conditions, adding appropriate amount of mineral media and cultures and the other flask was
nutrients is efficient for the biodegradation of saturated without cultures (controlled flask). The chromatograms of
hydrocarbons as compared to natural attenuation. Our controlled and after degradation experiment are given in
results indicate that the extent of assimilation is increased figure 4.
with the fertilization and the release of polar metabolic by In order to study the comparison between controlled
products during hydrocarbons microbial assimilation and cultures inoculated flasks it was observed that the
under natural attenuation and/or with excess of nutrients peak area of individual components of hydrocarbons was
may occur. less  than  that of controlled flask. It confirmed the extent
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Table 2: Extent of degradation of petroleum hydrocarbons (during a total

incubation time of 20 days) among different combination of

bacterial cultures

Total organic Oil and

Types of sample carbon (%) Grease (mg/l)

Controlled 44.75 280

Pseudomonas sp. (seeded culture) 41.61 257

Consortium of indigenous isolated strains 13.2 94

Mixed (seeded + indigenous cultures) 27.43 168

of biodegradation in inoculated flask. Moreover, the
retention times of individual components with their
concentration  also  indicated   that   the  concentrations
of   components   in   inoculated   sample   were   lower
than that of controlled flask components (data not
shown).

Biodegradation Potential of Isolated Microbial Strains:
For  the  degradation  of  crude  oil,  growth of
indigenous   microorganisms   was   confirmed by
growing  the cultures in mineral media containing
essential nutrients and a carbon source (i.e. crude oil).
Growth  of  isolated  cultures  confirmed  their   potential
for the degradation of hydrocarbons.We made a
comparison between biostimulated (i.e. indigenous
cultures)  and   bioaugmented   (i.e.  Pseudomonas  sp.
IES-Ps-1) strains available to us in our institute having the
potential to degrade malathion, cypermethrin, phenol and
other persistent compounds was used as bioaugmented
“seeded” culture. We found that the indigenous cultures,
which were isolated from the soil had wide potential of
degradation compared with Pseudomonas sp. (Table 2). 

CONCLUSION

The results of this study provided the evidence that
the isolated bacterial consortium was able to feed on
hydrocarbon fractions and that the application of a
bioremediation technology could be a very useful tool for
the treatment of the hydrocarbon fractions present in the
studied waste. However, in order to increase the rate of
biodegradation of hydrocarbon, it will be necessary to
obtain additional information in order to select the most
appropriate application scheme. Other technological
variables, such as water activity, effects of addition of
inorganic nutrients, oxygen influence and the biochemical
abilities of isolated microorganisms will be explored in
future work.
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