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Abstract: Laboratory study was carried out to isolate hydrocarbon utilizing bacteria from crude-oil
contaminated soil (COCS) to test their potential for the bioremediation of COCS. Twenty strains were
isolated by enrichment culture using minimal salt medium with crude oil as sole carbon source. The
twenty isolated strains were purified and monitored for their growth by monitoring the optical density
(OD600). The twelve best growing strains were selected to form four bacterial consortiums. Each
consortium contains three strains combined with accordance to their growth. The four consortiums
were tested for their growth and the best one (Cons.1) was selected for the kinetics study and the
biodegradability test. From the first order kinetic study, the maximum growth rate µmax of the selected
consortium was 0.02 hr-1 while the half saturation constant ks was 2.2%v/v total petroleum
hydrocarbons (TPH). The selected strains showed a potential for biodegradation of crude oil in soil
slurry with removal up to 95% within seven days which would further be used for the bioremediation
of COCS.
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INTRODUCTION

A critical environmental impact of the petroleum industry is the contamination of soil by oil and other
related products which are highly toxic and exhibit molecular recalcitrance. This environmental threat is mainly
due to the leakage of underground storage tanks and accidental spills and leakage from petroleum pipelines
(Yakubu, 2007). The need to remediate the contaminated sites has led to the development of new technologies
that emphasize the detoxification and destruction of the contaminants rather than the conventional approach
of disposal (Okoh, 2006). Moreover, crude oil and its products are by their nature biodegradable, thus
bioremediation techniques have been developed and improved for cleaning up oil-contaminated soil and became
an alternative to chemical and physical techniques (Evan, 2003).

Bioremediation is preferred for treating contaminated soil sites because of its low cost, ability to convert
contaminants into less toxic end products, the possibility to apply in situ or ex situ, no requirement for high
skilled technology, reduced labor and the degradation of a wide range of contaminants (Yakubu, 2007). This
approach has an edge over the physical-chemical treatment as it offers in situ biodegradation of oil fractions
by the microorganisms. 

In order to have effective degradation of complex hydrocarbons, the cooperation of more than one
microbial species is usually required. This can be due to the synergistic interactions among the microbes. For
example; one species degrade the compound partially and the other one proceed to degrade it to the end
product (Mukred, 2008). Wide varieties of bacterial consortium, which are capable of degrading hydrocarbons,
are aerobic bacteria. Some of these bacteria are Rhodococcus, Pseudomonas, Arthrobacter, Corynobacterium
and Bacillus (Jain, 2005). Moreover, the application of a bacterial consortium that is well-adapted to the
environmental conditions of the contaminated site is a main factor for an effective bioremediation process. 

Few works have been done to investigate the growth kinetic model of isolated microorganisms in order
to determine its ability to degrade the petroleum hydrocarbon (Abbassi, 2007; Effendi, 2007). The kinetic
parameters are very important indicators of the extent of oil degradation which allows the prediction of the
residual concentration after treatment. 
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In Malaysia, the application of bioremediation technique is still a new approach that is not widely applied
for solving the environmental problems arising with the industrial growth (Arujanan, 2005). Recently, only few
studies on the potential of bioremediation application using locally isolated bacteria have been conducted by
some of the Malaysian universities (Zaihan, 2008; Abioye, 2009).

This work focuses on the kinetic study of isolated and selected crude oil utilizing bacteria from a crude
oil-contaminated soil (COCS) samples were the bacteria is well-adapted to the Malaysian environmental and
weather conditions.

MATERIALS AND METHODS

2.1 Samples Collection and Processing:
Samples of COCS were collected from a location near a crude oil storage tank. The samples were

collected at 10, 20, 30, 40 and 50 cm depth and stored at 4 ºC for further experimental work. Composite
samples were prepared by mixing equal amount from each depth and used to determine soil physical, biological
and chemical characteristics of the soil. To keep the samples moisturized, distilled water was sprayed regularly
on the top of the soil (Maier, 2000).

2.2 Enumeration of Total Heterotrophic Bacteria:
For the enumeration of total heterotrophic bacteria, soil slurry was prepared by adding 1 gram soil to 9

mL sterile distilled water (dH2O). The slurry was mixed by vortex for 15 seconds. Serial dilutions of the slurry
were carried out up to 10-3, 10-4 and 10-5 dilutions. An amount of 0.1 mL of each dilution was plated on
Nutrient agar (Sigma) plates by spread method. The petri dishes were incubated at 37 ºC until colonies have
appeared.

2.3 Enumeration of Hydrocarbon Utilizing Bacteria:
1 mL of the soil slurry was first diluted with distilled water sequentially. Minimal salt medium (MSM)

was prepared by mixing 2.5 NaCl, 4.74 K2HPO4, 0.56 KH2PO4, 0.5 MgSO4.7H2O, 0.1 CaCl.6H2O, 0.5 NH4NO3

and 20 agar (g/L). The pH was adjusted to 7.1 and the media was autoclaved at 121 ºC for 15 minutes. The
agar plates were streaked by 0.1 ml inoculum of the soil dilutions and crude oil was added by soaking a filter
paper with 0.5 mL sterile crude oil and placing it on the lid of the agar plate. The plates were incubated at
37 ºC in an inverted position to avoid moisture until colonies has appeared. The grown colonies were counted
to calculate the colonies forming unit (Kleyn, 2007).

2.4 Measuring Soil pH:
Soil sample was weighed prior to drying in the oven at 105 ºC. After drying, the sample was kept in the

desiccator to cool down. The balance was calibrated to 0.1 g and the pH meter was calibrated to 4-7 pH. The
equal ratio (1:1) of soil to dH2O was added together and stirred vigorously for 15 seconds then let to stand
for 30 minutes before the pH was measured (Onifade, 2007). 

2.5 Measuring Crude Oil Concentration in Soil:
For measuring the concentration of oil in the soil, the soil samples were first dried in oven, sieved and

extracted by soxhlet extraction method using n-hexane as a solvent (Khan, 2005). The extracted oil was filtered
and concentrated using rotary evaporator. The total petroleum hydrocarbons TPH concentration was measured
by GC/FID (Agilent, 7890A).

2.6 Isolation of Oil-utilizing Bacteria:
To isolate bacterial strains which have the potential to degrade crude oil, 1% v/v of crude oil and 1 g soil

were added to the MSM. The broth was incubated in shake flasks for two weeks for enrichment. Agar plates
with MSM were prepared and inoculated with 0.1 ml of the bacterial broth and a filter paper soaked with
crude oil was put on the plate cover to allow bacteria to grow on fumes. The plates were inverted and
incubated, at 37 ºC until colonies have appeared. For the selection of the bacterial strains each colony was
subcultured on a new agar plate until pure strains were obtained. The obtained strains were monitored and
tested for their ability to degrade crude oil. The growth kinetics was established based on the growth and
degradation rates calculations. The total hydrocarbon analysis and the growth rate of bacteria are done using
gas chromatography/mass spectrometry (GC/MS), (Agilent, 7890A) and most probable number (MPN) methods,
respectively (Kleyn, 2007).
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2.7 Screening and Selection of the Isolated Strains:
A total of 20 isolated strains were selected for the screening. The pure colonies were inoculated into 250

mL shake flasks containing 100 mL of MSM and 1 mL crude oil as a carbon source. The flasks were
incubated in shaker for one week at 37 ºC at 250 rpm. The growth of the bacteria was monitored by measuring
the OD600 using spectrophotometer (Optizen, 2120UV) on daily basis and the best 12 strains were selected.
Four bacterial consortiums were formed with three bacterial strains per consortium. The consortiums were again
incubated for 1 week and the growth was monitored to select the best growing consortium.

2.8 Preparation of Consortium:
For the preparation of the consortiums, colonies were plated on MSM agar and incubated overnight at 37

ºC. After 12 hours the strains, at log phase, were inoculated onto 250 mL shake flasks containing 100 mL
nutrient broth and incubated at 37 ºC at 200 rpm for 12 hours. A sample of 5 mL from each broth was added
to a sterile falcon tube and centrifuged at 5000 rpm for 15 minutes. The supernatant was discarded and normal
saline solution was added to the pellets and vortexed well. A volume of 0.1 mL of each colony was added
to nutrient broth and the broth was incubated overnight. The consortium in nutrient broth was used to inoculate
flasks for kinetic study and biodegradability test (Rahman, 2002).

2.9 Characterization of the Selected Consortium:
The selected consortium (Cons.1) was characterized based on colony characteristics, gram staining, catalase

test and lactose fermentation (Mudili, 2007).  

2.10 Kinetic Study:
To establish the kinetics of Cons.1, the consortium was grown at different TPH concentrations such as;

0.1, 0.5, 1, 1.5 and 2% v/v. The growth and degradation of TPH were monitored on daily basis for one week. 

2.11 Biodegradability Test:
Soil slurry was prepared for the biodegradability test. The COCS sample was dried, sieved and autoclaved.

Twenty two grams soil were measured and added to a 250 mL shake flask containing 70 mL of dH2O. The
flask was inoculated with Cons.1 and incubated in shaker at 37 ºC. The growth of bacteria and degradation
of TPH were monitored by most probable number and GC/MS respectively.

RESULTS AND DISCUSSION

The characterization of the soil showed that the pH is near neutrality (6.9), which is favorable for the
biodegradation by microbes. Moreover, the moisture content, that is an important limiting factor in
biodegradation, is 14.83% which is sufficient to maintain the soil pH in the neutral range. However, the
moisture content needs to be increased to fit within the optimum range for growth and degradation of the
bacteria which is 30-90%. Moreover, the soil texture with low clay or silt (8%) is required for optimum growth
and degradation (Vidali, 2001). The soil analysis results are shown in Table 1. 

Table 1: Characteristics of the contaminated soil samples
Test* Value 
pH 6.9
Moisture content 14.84%
Porosity 57%
Bulk density 1.14076 g/cm3

Soil texturea Gravel (2 mm) 1%
Sand (0.06-2 mm) 91%
Clay /silt (0.06 mm) 8%

Nutrient Total organic carbon (TOC)b 3.8 % w/w
Total kjaedahl nitrogen (TKN)c 182 mg/Kg
Total phosphorusd 22 mg/Kg

Oil compositione C6-C9 2 mg/Kg
C10-C14 230.6 mg/Kg
C15-C28 169.5 mg/Kg
C29-C36 66.8 mg/Kg

*Methods applied are: (a) BS, 1990, (b) MS, 1980, (c) IH-MS, 1980 & APHA, 1992, (d) MS, 1980 and (e) USEPA 8015

For the enumeration of total heterotrophic bacteria (THB) and hydrocarbon utilizing bacteria, colonies
appeared after four days of incubation and the colonies forming units were counted as 2 x 106 CFU/ml while
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the hydrocarbon utilizing bacteria was 1.48 x 106 CFU/mL. This shows the adaptation of the microorganism
to the contaminated site and the domination of crude-oil utilizing bacteria in the soil. 

The isolation of bacteria resulted in more than 50 strains. The fastest growing 20 strains appearing on
MSM agar, within 3-4 days, were selected for initial screening and were labeled by IMN1 to IMN20. The rest
of the 50 strains appearing within 5-8 days were excluded.

Among the tested strains, 12 of them showed showed good growth within one week compared to the rest
when grown on MSM flasks containing oil as sole carbon source. The 12 strains were used to construct four
consortiums each containing three strains combined according to their growth during the initial monitoring (the
first 3 fastest combined together followed by the next 3 and so on). The consortiums were monitored for their
growth and the results showed that consortium number 1 (Cons.1) has the highest growth among the four
consortiums (Table 2). Cons.1 was made from the three highest growing colonies; IMN.1, IMN.13 and IMN.16. 
The characterization of the selected consortium is shown in Table 3. The three isolated colonies were gram
negative with cocci shape while the catalase and lactose fermentation tests showed positive results. 

Table 2: Bacterial consortiums OD600 monitoring.
Consortium number Day1 Day2 Day3 Day4 Day5 Day6 Day7
Cons.1 0.023 0.125 0.144 0.327 0.370 0.61 0.622
Cons.2 0.017 0.026 0.113 0.118 0.139 0.164 0.251
Cons.3 0.018 0.028 0.131 0.143 0.150 0.194 0.232
Cons.4 0.021 0.026 0.132 0.133 0.138 0.156 0.251

Table 3: Colonies characterization of the selected consortium.
Test IMN.1 IMN.13 IMN.16
Gram staining -ve -ve -ve
Catalase test +ve +ve +ve
Lactose fermentation +ve +ve +ve
Morphology Coccus Coccus Coccus
Colony shape Round Round Round
Size Large Medium Small
Elevation Convex Convex High convex
Color White White Cream
Transparency Translucent Translucent Translucent

Fig. 1 shows the growth pattern of the consortium. The kinetics parameters were calculated based on the
observations and Michaelis-Menten equation (Equation 1). The readings were plotted on logarithm scale and
the maximum growth rate; μmax= 0.02 hr-1 and the Half saturation constant; ks= 2.2% v/v TPH were determined
from the slope and x-axis intercept, respectively. Those parameter can be used to predict the residual
concentration of TPH after bioremediation.

1/ μ =ks/ µmaxC + 1/ μmax          (1)

Fig. 1: Growth pattern of the selected consortium, Cons.1.
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Table 5 shows the percentage removal of the TPH at the end of the kinetic study. The results show that
at 1% v/v the highest degradation occurs, while the minimum is the very low TPH percentage  of 0.1% v/v
due to the limited amount of nutrient available for the bacteria at this percentage. 

Table 4: The percentage removal of TPH
TPH% v/v % removal of TPH at day 7
0.1 34%
0.5 61.5%
1 93%
1.5 90.4%
2 92.2%

The biodegradability test was done to test the potential of the bacteria to degrade TPH. The results showed
a noticeable decrease in the concentration of the crude oil in the soil from 0.24 to 0.01 (g/100 g soil). At the
seventh day the removal was up to 95.8% which proves the ability of the isolated consortium to degrade TPH
in soil.

Conclusion:
Three isolates used for constructing the consortium showed maximum growth rate on MSM containing

crude oil as sole carbon source. The consortium showed a good degradation rate of TPH which suggests the
potential of using the consortium for soil bioremediation. Moreover, the consortium can be applied for the
treatment of oily sludge. The consortium has the advantages of being well-adapted to the contaminated soil
environment and the efficient degradation of the crude oil. 
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