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Microbial degradation of Tapis crude oil contaminated soil by Acinetobacter baumannii T30C was 
conducted to evaluate the efficiency of the selected potential hydrocarbon degrader in stimulating 
bioremediation of crude oil-contaminated soil with different treatment units in microcosms with 2.5 kg 
soil. Previously, A. baumannii T30C was isolated from a Tapis crude oil-contaminated soil of oil refinery 
plant, Terengganu, Malaysia. The reduction of residual hydrocarbons in the soil was observed for a 
period of about 35 days. The study showed that amendment of nutrients was needed for stimulating the 
growth of A. baumannii T30C and indigenous microorganism in assisting the degradation of residual 
hydrocarbons in the soil. 
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INTRODUCTION 
 
Environmental damage due to the oil spills in the past 
and recent time has focused on the need for the 
environment friendly strategies for remediation of the 
contaminated site. For instance, contamination of the 
environment with crude oil results in pollution, in parti-
cular presents a chronic problem to commercial fisheries, 
recreational resources and public health. Bioremediation 
is suggested for remediation of contaminated soil sites 
because of its low cost and its ability to convert 
contaminants to harmless end products (Rahman et al., 
2002; Sathishkumar et al., 2008).  

Other physical and chemical processes have been 
used to remove spilled oil from environment; however the 
use of these technologies has not always been 
successful (Aldrett et al., 1997). Bioremediation, the use 
of microorganisms or microbial process to degrade 
environmental contaminants is among these technologies 
(Boopathy, 2000).  Numerous  microorganisms,  including  
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bacteria, fungi, and yeasts are known for their ability to 
degrade hydrocarbons (Swannell and Head, 1994). 
Recently, bioaugmentation which involves the addition of 
microorganisms to enhance specific biological activity 
has been applied in attempts to remediate numerous 
environmental problems (Vogel, 1996). The potential of 
using microorganisms for degradation of crude oil and its 
constituents to minimize contamination have prompted a 
number of researchers to study the process in 
laboratories. For instance, augmenting the contaminated 
site with appropriate bacterial inoculum is a promising 
technique to enhance the biodegradation of 
hydrocarbons. The aim of this study is to evaluate the 
efficiency of A. baumannii T30C in the remediation of 
Tapis crude oil-contaminated soil to degrade petroleum 
hydrocarbons.  
 
 
MATERIALS AND METHODS 
 
Bacterial culture and maintenance 

 
The strain of A. baumannii T30C was isolated from the crude oil 
contaminated soil in Terengganu,   Malaysia,   and   maintained   on  
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Nutrient Agar slant. The subculture was done every month to 
maintain its survival.  
 
 
Soil preparation 
 
The soil selected for this study had approximately six years of 
exposure to petroleum Tapis crude oil in Terengganu, Malaysia. 
The crude oil contaminated soil together with some of its 
physicochemical characteristic information was provided by 
Petronas Research Sdn. Bhd., Malaysia. 
 
 
Inoculum preparation 

 
In order to obtain a standard inoculum, a bacterial isolate A. 
baumannii T30C was grown in nutrient broth (NB) at 37°C in an 
orbital shaker at 200 rpm to yield an absorbance reading of 0.5 at 
600 nm. The cells were harvested by centrifugation, rinsed with 
sterile distilled water before being re-suspended in sterile mineral 
salt medium (MSM), which consisted of (NH4)2SO4, 3 g; KH2PO4, 4 
g; Na2HPO4, 7 g; MgSO4·7H2O, 0.2 g; CaCl2·2H2O, 0.001 g; 
FeSO4·7H2O, 0.001 g; Tween 80, 4.0 g/L in 1 L of distilled water. 
When used as an inoculum at 10% (v/w), the resulting colony 
forming unit (CFUs/g) was approximately 1 × 10

7
 CFUs/g of soil.  

 
 
Biodegradation experiments 
 
The ability of bacterial isolate to remediate the petroleum crude oil 
contaminated soil sample was performed by carrying out the 
biodegradation experiment in soil for 35 days under room 
temperature (30 ± 3°C). The experiments were carried out in 
rectangular aluminium trays of 30 cm × 21 cm × 6 cm (Length × 
Width × Height) containing 2.5 kg soil. Prior to starting the 
experiment, the water-holding capacity (WHC) and pH of the soil 
were determined according to Alef and Nannipieri (1995). 
Determination of WHC of soil is based on the calculation as follows: 
 
% Water-holding capacity = [(100 – Wp) + W i] / dwt × 100 
 
where; Wp is the weight of the percolated water in grams, W i is the 
initial amount of water in grams contained in the sample, and dwt is 
the soil dry weight in grams.   
 
 Experiments were conducted with the following treatment 
combinations: 
 
Treatment A: Soil + bacterial isolate + nutrients  
Treatment B: Soil + nutrients  
Treatment C: Soil + bacterial isolate 
Treatment D: Soil + sterile distilled water (abiotic control) 
 
For each experimental unit, 10% (v/w) of bacterial inoculum which 
made up of approximately 1 × 10

7
 colony forming units (CFUs)/g of 

soil and nutrients from optimized MSM were seeded by maintaining 
the moisture level of 60% WHC of soil. Initial pH of the soil ranged 
from pH 6.0 to pH 7.0. The trays were covered with sterile 
aluminium foil. The contents of the trays were mixed thoroughly 
every alternate day to provide adequate aeration. Every five days, 
the samples were taken out from the respective experimental unit 
and analyzed for viable cell count and the extent of biodegradation 
was determined. The bacterial counts in different treatment units 
were determined with standard dilution plating technique using 
sterile nutrient agar and the colony forming units were counted after 
24 to 48 h of incubation at 37°C. The extent of biodegradation was 
determined by extracting the extractable hydrocarbons according to 
the method described previously by Mishra et al.  (2001a)  and  Das  

 
 
 
 
and Mukherjee (2007). Total petroleum hydrocarbon (TPH) was 
extracted from 10 g of soil by sequentially extraction with 100 ml of 
hexane, dichloromethane and chloroform. All the three extracts 
were pooled and dried at a rotary evaporator (LABOROTA 4000, 
Heidolph, UK). All determinations were carried out in triplicates. 
After drying, the amount of extractable hydrocarbon was 
determined gravimetrically.   

 
 
Gas chromatographic analysis 
 
For analysis of crude oil sample, dodecane (Fluka Chemika) was 
used as an internal standard and O-terphenyl was used as a 
surrogate standard (Aldrich, USA). Calibration standards at 7 
concentration levels were prepared at a range of 0.2 to 1.4 µg/µl, 
respectively. Before extraction, O-terphenyl was added to each 
sample as surrogate standard to give a final concentration of 1.0 
µg/µl for calculating the efficiency of recovery. The internal standard 
with the final concentration of 0.7 µg/µl was used for quantitative 
purposes and checking the deviation from injection error.  

The analysis for aliphatic hydrocarbons was performed on a 
Perkin Elmer Clarus 500 gas chromatograph equipped with a 
flame-ionization detector (FID). A high-temperature capillary column 
(DB-5HT, 30 m × 0.32 mm i.d., 0.1 µm film thickness; J&W 
Scientific) was used. The carrier gas was helium (2.5 ml/min). The 
injector and detector temperatures used were set at 290 and 300°C, 
respectively. The following temperature program was used: 2 min 
hold at 50°C; ramp to 300°C at 6°C /min; and 16 min hold at 300°C. 
One microliter aliquot was injected in the split less mode with a 1 
minute purge-off. This method was according to Wang et al. (1994). 
The overall percentage of oil biodegradation was determined from 
the chromatogram by calculating the average of peak height area of 
each compound on the chromatogram of a biodegraded sample to 
the control sample.  
 
 

RESULTS 
 
Initial residual hydrocarbons concentration in the soil was 
around 4200 mg/kg of soil as determined by gravimetric 
analysis. Figure 1 shows the profile of viable cell count of 
augmented A. baumannii T30C in different treatment of 
crude oil contaminated soil. Treatment D refers to the 
control soil sample which was not amended with any 
addition of bacterial inoculum or nutrient showed a viable 
cell count of 2.29 × 10

3
 CFUs/g of soil on the first day of 

inoculation. The bacterial cell numbers continued to 
increase after 10 days of inoculation. Then, the numbers 
decreased until 15 days of incubation and remained at 
viable cell count of approximately 1.55 × 10

5
 CFUs/g of 

soil until the study was terminated. For Treatment A and 
Treatment B, the initial viable cell counts were 2.19 × 10

7 

CFUs/g of soil and 3.24 × 10
4
 CFUs/g of soil, respectively. 

Treatment A with the addition of bacterial inoculum and 
nutrient showed slightly increment of viable cell count of 
2.23 × 10

8 
CFUs/g of soil after 5 days of incubation. Then, 

the viable cell count decreased slightly to 1.29 × 10
8
 

CFUs/g of soil until the end of the incubation period. For 
Treatment B which was added with nutrient, the results 
showed the effect of treatment to stimulate the growth of 
the indigenous microbial population. The viable cell count 
was dramatically increased to 4.17 × 10

8
 CFUs/g of soil 

after 5 days of incubation.   The  viable   cell   count   was  
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Figure 1. Profile of viable cell count in different treatment of crude oil contaminated soil. For each 
experimental unit, 10% (v/w) of bacterial inoculum which made up of approximately 1 × 10

7
 colony 

forming units (cfus)/g of soil and nutrients from optimized MSM were seeded by maintaining the 
moisture level of 60% water holding capacity (WHC) of soil. Treatment A: Soil + bacterial isolate + 
nutrients; Treatment B: Soil + nutrients; Treatment C: Soil + bacterial isolate; Treatment D: Soil + 
sterile distilled water (abiotic control). 

 
 
 

decreasing after that and achieved about 9.12 × 10
7
 

CFUs/g of soil at the end of the experiment (35 days). 
Treatment A and Treatment B showed  almost  the  same  
amount of reduction in residual hydrocarbons con-
comitantly by the end of the 35 days of treatment, which 
decreased to around 2605 mg/kg (42%) and 2423 mg/kg 
(43%), respectively (Figure 2). Thereby, it was esta-
blished that the augmentation of A. baumannii T30C into 
the soil was not playing a part in reduction of residual 
hydrocarbons. This was supported by the result of 
Treatment C in which only bacterial isolate T30C was 
augmented without the addition of nutrient in the oil 
contaminated soil. Results showed that there was a delay 
in the reduction of residual hydrocarbons and limitation of 
bacteria to consume the contaminant in the soil without 
amendment of nutrient. For Treatment C, the residual 
hydrocarbons decreased to 3448 mg/kg, which was 
approximately 15% of degradation. The viable cell count 
decreased from 6.31 × 10

6
 CFUs/g of soil to 2.82 × 10

6 

CFUs/g of soil. Amendment of nutrients was needed for 
stimulating the growth of bacteria and assisting the 
degradation of residual hydrocarbons in the soil. 
Treatment D however was used as a biotic control in 
which the lost of residual hydrocarbon was not significant 
and could be neglected. Gas chromatographic analysis 
revealed    that    most    of   the   aliphatic   hydrocarbons 

extracted from soil have been utilized by augmented A. 
baumannii T30C together with indigenous micro-
organisms Treatment A, 77%; Treatment B, 88% (Figure 
3). 
 
 
DISCUSSION 
 
For soil bioremediation, suitable microorganisms are 
necessary for an optimal treatment of soils contaminated 
with petroleum hydrocarbons (Vasudevan and Rajaram, 
2001). Mishra et al. (2001a) reported that bioremediation 
by using microbial inoculants has been a common 
practice, since it could enhance the rate of biodegra-
dation. On the other hand, environmental factors, such as 
oxygen level, temperature, nutrients, pH, moisture 
content, and so forth, may influence the biodegradation of 
hydrocarbons in soil which have been reported by 
previous studies. These factors can substantially affect 
the microbial growth and biodegradation of organic 
contaminants if not properly governed (Balba et al., 1998). 
Whereas, Freijer et al. (1996) reported that environmental 
conditions may influence the mineralization rate of 
petroleum hydrocarbons and biomass production in 
determining the successfulness of bioremediation study. 
    Over the 35 days incubation of A.  baumannii  T30C  in 
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Figure 2. Profile of residual hydrocarbons reduction in different treatment of crude oil contaminated 
soil. For each experimental unit, 10% (v/w) of bacterial inoculum which made up of approximately 1 
× 10

7
 colony forming units (cfus)/g of soil and nutrients from optimized MSM were seeded by 

maintaining the moisture level of 60% water holding capacity (WHC) of soil. Treatment A: Soil + 
bacterial isolate + nutrients; Treatment B: Soil + nutrients; Treatment C: Soil + bacterial isolate; 
Treatment D: Soil + sterile distilled water (abiotic control). 

 
 
 
an aluminium tray, the soil was tilled and sterile distilled 
water was added to maintain 60% of WHC of the soil for 
every interval of 5 days sampling. Tillage is a mechanical 
manipulation of soil to improve soil conditions (Sabaté et 
al., 2004). Molope et al. (1987) reported that tillage may 
alter physical and chemical properties of soil in such a 
way that it stimulates microbial activity. Tillage redis-
tributes carbon, nitrogen and water and reduces spatial 
distribution within the soil (Rhykerd et al., 1999). In 
general, biodegradation of contaminants in soil systems 
is optimal at soil moisture content between 30 and 80% 
of WHC (Dibble and Bartha, 1979). Bioremediation of 
hydrocarbon contaminated soils requires careful control 
of moisture in which 20% to 60% water saturation of the 
soil is optimum (Rosenberg, 1993).  Failure to appreciate 
this fact would lead to the maintenance of excessive 
water levels in the soil and concomitant reduction in 
oxygen availability (Baker, 1994). Too much water may 
cause the soil to become anaerobic as reported by 
Rosenberg (1993).  

The soil selected for this study which was obtained 
from an oil refinery at Terengganu, Malaysia possessed 
the pH value ranging from 6.0 to 7.0. Biological activity in 
the soil is greatly affected by the pH, through the 
availability of nutrients and toxicants and the tolerance of 
organisms   to    pH    variations    (Eweis   et   al.,   1998). 

According to Eweis et al. (1998), the growth of most 
microorganisms is usually greatest within a pH range of 6 
to 8, although some fungi have optimal growth regions at 
pH levels of less than 5. Hence, it was expected that A. 
baumannii T30C may exhibit an optimal growth in the soil 
pH range of 6.0 to 7.0. 

The soil treatments were conducted in the room 
temperature of 30

 
± 3°C over the 35 days incubation in 

aluminium trays. Since the optimal growth temperature of 
A. baumannii T30C was 37°C, it was classified as 
mesophiles. This group of bacteria has optimal growth in 
the range of 25 to 35°C in the soil. Baker (1994) reported 
that soil temperature influences the extent of biodegrade-
tion in related to microbial activity with rates of metabolic 
reactions generally increasing with increasing tempera-
ture. This fact was also supported by Zekri and Chaalal 
(2005) who found that increasing the temperature 
increases the rate of oil degradation by thermophilic 
bacteria of Bacillus sp.; increasing temperature increases 
and accelerates the growth of bacteria that resulted in 
increasing the degradation process of the crude oil at 
high temperature.   

In the present study, the initial indigenous population of 
oil-degrading bacteria was found to be 2.29 × 10

3
 CFUs/g 

of soil on Treatment D which the control soil sample was 
not amended with the addition of bacterial  inoculum  and  



Chang et al.         2613 
 
 
 

B 

A 

 
 
Figure 3. GC-FID profile for Tapis petroleum crude oil in soil bioremediation study. (A) GC 
profile at Day=35. (B) GC profile at Day=0. 
 IS refers to internal standard. 

 
 
 
nutrient. Previous researches reported that bioreme-
diation is negligible if the population of hydrocarbon-
degrading microorganisms is less than 10

5
 CFUs/g of soil 

(Mishra et al., 2001b). The bacterial inoculum needs to 
be added. However, lower crude oil degradation has 
been observed as shown on Treatment C which only A. 
baumannii T30C was augmented without addition of 
nutrient in the oil contaminated soil. This was supported 
by the result presented on Treatment A (soil + bacterial 
isolate + nutrients) which the nutrients stimulated the 
bacterial growth and enhanced biodegradation of crude 
oil in the soil. This may be attributed to the limitation or 
deficiencies of nutrient in the soil. Smith et al. (1998) 
reported that nutrient deficiencies can occur due to the 
enrichment of carbon sources caused by the pollution 
events. Addition of nutrients has been reported to 
enhance the degradation process (Leahy and Colwell, 
1990; Barathi and Vasudevan, 2003; Sabaté et al., 2004). 
Sabaté et al. (2004) reported that the treatment of soil 
which involved nutrient addition, such as nitrogen and 
phosphorus sources may lead to a large decrease in total 
petroleum hydrocarbons by accelerating the growth of 
microbial population. This was also  supported  by  Leahy 

and Colwell (1990) in which additional of nitrogen and 
phosphorus sources are essential for microbial growth. 
On the other hand, Treatment B (soil + nutrients) showed 
similar capacity in the degradation of crude oil even 
though A. baumannii T30C was not augmented into the 
soil. This phenomenon indicated that indigenous micro-
organisms were capable of degrading crude oil in the soil. 
Similar result was also observed by Barathi and 
Vasudevan (2003) who reported that the indigenous 
microorganisms were capable of degrading alkanes and 
aromatics existed in crude oil contaminated soil without 
the addition of bacteria into the soil. Similar findings have 
been reported by Ghazali et al. (2004) for the diesel-
polluted soil that was not inoculated with any microbial 
consortium which resulted in an increase in numbers of 
naturally occurring microorganisms in the soil. Venosa et 
al. (1996) also showed that microbial inoculation did not 
enhance the removal of hydrocarbons from soil 
contaminated with crude oil due to other environmental 
parameters (Dibble and Bartha, 1979).  

A few studies have been reported on the effect of 
bioaugmentation application to the degradation of 
petroleum hydrocarbons. Hanson  et  al.  (1997)  reported 
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that an increase in the number of colony forming units 
and crude oil degradation in crude oil contaminated with 
Acinetobacter sp. A3, which was capable of degrading 
Bombay High crude oil, than in unamended soil. On the 
other hand, higher rate of degradation of alkanes in the 
soil by Pseudomonas fluorescens was achieved as 
reported by Barathi and Vasudevan (2003). However, 
Sabaté et al. (2004) reported that the additional supple-
mentation of nutrients and an inoculation of bacterial 
consortium had no effect on hydrocarbons degradation.       

In terms of crude oil biodegradation study by 
gravimetric analysis, it is difficult to compare gravimetric 
data with those reported by other authors. Viñas et al. 
(2002) reported that there was great variability in the 
concentration of crude oil used, the type of crude oil, the 
incubation time and in the methodologies used to quantify 
degradation. A number of different solvents, fractioning 
and analytical techniques have been used causing the 
difficulties in evaluation and comparison of data obtained 
from research works. Sabaté et al. (2004) reported that 
the treatment of soil without addition of nutrients showed 
the reduction of petroleum hydrocarbons about 55% by 
gravimetric analysis, whereas the treatment containing 
nutrients and glucose was the most efficient, which 
represented a biodegradation of 79%. It showed higher 
reduction of petroleum crude oil compared with the 
present study of Treatment A (42%) and Treatment B 
(43%). As described in other studies, Sabaté et al. (2004) 
reported that the degradation of organic chemicals in soil 
usually shows a rapid initial phase of descent followed by 
a period of little or no change in concentration. This 
kinetics is known as the “hockey stick” phenomenon 
(Alexander, 1999). Similar pattern was also found on the 
reduction of petroleum hydrocarbon in Treatment A and 
Treatment B. A depletion of nutrients, a decrease of 
microbial populations, lower availability and higher 
recalcitrance of residual contaminants explain this kind of 
dynamic (Heusemann, 1997; Alexander, 1999). 

For a soil with high organic-carbon content, the age of 
the soil was related to the biodegradation. Trindade et al. 
(2005) reported that the longer the soils are exposed to 
the environment, the higher would be the resistance of 
the compounds to be degraded, which would decrease 
the bioavailability of pollutants to microorganisms. This 
was attributed to the weathering process including evapo-
ration, dissolution, dispersion, photochemical oxidation, 
water-oil emulsification, microbial degradation and 
absorption onto suspended particulate materials, further 
complicating the already complex oil mixture (Wang and 
Fingas, 1997). Weathering refers to the result of biologi-
cal, chemical and physical processes which selectively 
depletes lower molecular weight n-alkanes and volatile 
aromatic compounds (Readman et al., 1996). The oil-
contaminated soils which has been exposed about 6 
years to environment has shown a lower biodegradation 
by gravimetric analysis (Treatment A, 42%; Treatment B, 
43%). This could be due to the occurrence of weathering 
processes causing the lower bioavailability  of  hydrocarbons.   

 
 
 
 
Nevertheless, a higher degradation of aliphatic 
hydrocarbons was obtained regarding to chromatogram 
analysis (Treatment A, 77%; Treatment B, 88%). Studies 
concerning the relationship of chemical composition and 
biodegradability of crude oil have shown that crude oil 
containing higher concentration of n-alkanes was found 
to be more susceptible to microbial attack (Westlake et 
al., 1974). Of the various petroleum fractions, n-alkanes 
of intermediate length (C10-C20) are the preferred 
substrates and tend to be most readily degradable, 
whereas shorter chain compounds are rather more toxic 
(Klug and Markovetz, 1971).  
 
 
Conclusion 
 
Though the weathering process was responsible for the 
low levels of biodegradation and residual hydrocarbon 
removal after 35 days of experiments, the well adapted 
indigenous microbial population of degraders was 
responsible for better decontamination results compared 
with the augmentation of A. baumannii T30C into the oil-
contaminated soil. Addition of nutrient is mandatory for 
enhancing bacterial growth and degradation activity. 
However, in situations where the indigenous population 
of degraders is small, inoculation with an active strain of 
bacterial isolate or population of degrading strains is an 
option for enhancing the biodegradation rate and 
reducing acclimation period.  
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