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ABSTRACT

Inoculation of hydrocarbon-degraders will be a favorable feature for bioremediation of oil-
contaminated soil. In this work, enhanced biodegradation of crude oil was investigated
using the process, wherein inoculation of seven active hydrocarbon-degraders were isolated
from the contaminated site. Preliminary results showed that isolated seven active bacterial
strains were Acinetobacter SY21, Neisseria SY22, Plesiomonas SY23, Xanthomonas SY24,
Azotobacter SY42, Flavobacterium SY43, and Pseudomonas SY44, respectively. Seven active
degraders belong to gram-negative bacteria. They were capable of degrading crude oil and
six other hydrocarbons (normally octane, paraffin wax, benzene, methylbenzene, phenol,
and naphthalene) as carbon source and energy. Their biodegradation efficiencies of oil were
higher than 80% after 8 d. The highest degradation rate of 2.34 × 10−3 mg cell−1 d−1 was
obtained for bacterial strain SY43 (Etwinia sp.), followed by a degradation rate of 1.50 × 10−3

mg cell−1 d−1 for bacterial strain SY23 (Plesiomonas sp.). In addition, it was observed that a
higher removal efficiency of TPH depends on large number of strains by more inoculums of
isolates. Finally, it has been found that the adaptation of isolates was well because there
was no decrease in the CFU even when the concentration of crude oil was up to 34250mg/
kg. Moreover, the removal efficiency of total petroleum hydrocarbon (TPH) was up to
88.4% after active oil degrader was inoculated while the corresponding removal efficiency
of TPH was 1.4% without inoculums. These results indicated that both the SY43 and SY23
strains are easy to grow and establish a local ecology in the oil-contaminated soil. That is,
biodegradation of crude oil in contaminated soil was enhanced by inoculating isolates.

Keywords: Isolating; Hydrocarbon-degraders; Biodegradation of crude oil; Inoculum;
Bioremediation

1. Introduction

Areas of contaminated soil have increased rapidly
in recent years due to the continuous growth and

development of the oil industry in China. There have
been several very large spills, chronic small scale
spills, and many petroleum hydrocarbon contaminated
sites. Meanwhile, the level of contamination becomes
severe as time elapses. Contaminated soils include
many complex compounds such as alkanes, benzene,*Corresponding author.
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methylbenzene, and benzene, among others. These
contaminants are toxic and usually categorized as car-
cinogenic substances. They cannot be easily eliminated
and will eventually leach into the groundwater sys-
tems [1,2]. Consequently, oil contamination is a seri-
ous environmental problem to our living ecosystem.

In the last decades, relevant bioremediation tech-
niques have been widely studied because there is a
pressing need for bioremediation of oil-contaminated
soil with low cost and without leading to secondary
pollution [3]. Most of these studies focused on enhanc-
ing bioremediation efficiency by increasing the activi-
ties of the native micro-organisms by adding nutrients
such as nitrogen (N) and phosphorus (P) [4,5]. How-
ever, these studies have shown that native microbes
need a long time to domesticate due to slow growth
rates [6,7]. In addition, low metabolic activities of
these native microbes make a rapid decontamination
difficult. Therefore, the application of bioremediation
using indigenous microbes is restricted. Fortunately,
petroleum-degrading active bacteria could be the solu-
tion to this problem. For instance, the Baltic General
Investment Corporation in America used mixed
microbes to improve bioremediation [8]. The research
of Wilson and Jones [9] presented bacteria strains
which had shown high degradation rates of polycyclic
aromatic hydrocarbons (PAHs). Bacteria of the genera
Sphingomonas, Burkholderia, Pseudomonas, Acinetobacter,
Rhodococcus, and Mycobacterium are well-known PAH-
degraders. They successfully mineralized both low
molecular weight PAHs and high molecular weight
PAHs [10,11]. Thus, inoculation of hydrocarbon-
degraders will be a favorable feature for hydrocarbon
pollution bioremediation in contaminated environ-
ments. However, bioremediation of petroleum-con-
taminated soil is a complicated process, in which the
pollutants characteristics, the ecological structure of
microbes, and the environmental conditions must be
considered. The characteristics of hydrocarbon-degra-
der can influence bioremediation [12,13].

In this research, several potential petroleum
degraders were isolated from four oil-contaminated
soils in the northern region of the Shaanxi province
and identified by different morphological, physiologi-
cal, and biochemical assays. Furthermore, the capabil-
ity of biodegrading petroleum and growth of the
bacterial strains were assessed according to the
increase of microbial count and the changes in hydro-
carbon concentration in soil monitored as isolates min-
eralized different concentrations of petroleum
hydrocarbon in soil. The objectives of this study were
to investigate enhanced biodegradation of crude oil
using inoculation of seven active hydrocarbon-degrad-
ers isolated from contaminated site in oil field, and to

find out the most effective degraders of crude oil for
bioremediation.

2. Methods

2.1. Sampling

Samples of crude oil and oil polluted soil used in
this experiment were collected from oil wells (14#, 28#,
4#, and 6#) located in the northern region of the Sha-
anxi province. Soil samples were collected in sterilized
seal pack polythene bags. Later, they were ground and
sieved through a 2mm pore size sieve and stored at
4˚C for further physico-chemical and microbial assay
to isolate oil degrading micro-organisms. In addition,
1 g of fresh soil was diluted and 0.1mL of 107 dilutions
were plated on nutrient agar and on mineral salts agar
containing 0.5 mL sterile crude oil, and incubated for
30˚C, respectively. Colonies were directly counted and
expressed as CFU/g dry matter.

2.2. Isolation and characterization

2.2.1. Mineral medium

The composition of mineral medium used in this
work was as follows: 2 g of NH4NO3, 1.5 g of K2HPO4,
3 g of KH2PO4, 0.1 g of MgSO4·7 H2O, 0.01 g of anhy-
drous CaCl2, 0.01 g of Na2EDTA·2H2O, and 1,000mL
of distilled water, with a pH ranging from 7.2 to 7.4.

2.2.2. Methodology of isolation

Enrichment cultures were prepared in screw-
capped 250mL Erlenmeyer flasks by addition of 10 g of
fresh contaminated soils mixed with four soil samples
into 100mL sterilized mineral salts medium. The
cultures were incubated at 30˚C in a THZ-82 shaker,
manufactured by Changzhou Guohua Electronic Appli-
ance Ltd, China, at a speed of 180 rpm for 7 d. Then, 50
mL of the enriched culture was transferred into 250mL
flask with 100mL of fresh sterile mineral broth
containing 1mL of the sterile crude oil, and then were
shaken again at a speed of 180 rpm for 7 d at 30˚C for
the second enrichment. After such four successive
weekly transfers, the culture was inoculated on the
mineral salts agar containing crude oil to obtain the
enriched consortium. Oil degrading micro-organisms
were separated with a clearing zone around the
inoculated region. The isolation and purification of the
bacterial consortium were carried out on nutrient agar
plates by conventional spread plate techniques [5].
Plates were incubated at 30˚C for 48 h after which
isolated colonies were selected for further
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identification. All isolates were stored at below zero
that is at −20˚C.

2.3. Identification of isolated hydrocarbon-degrading active
bacteria

The microbial isolates were first identified based
on the morphological, cultural characteristics of indi-
vidual colonies, then by traditional biochemical tests.
Individual isolated colony was restreaked on mineral
agar plates for identification. The isolated colony was
gram-stained and different standard morphological,
physiological, and biochemical tests were performed
using BiobioA kit (96 Elisa plate, Shanghai, China).

2.4. Utilization of carbon substrates by isolated
hydrocarbon-degrading active bacteria

In order to investigate the growth of isolates, the
experiment was carried out using six common hydro-
carbon compounds which included normal octane,
paraffin wax, benzene, methylbenzene, phenol, and
naphthalene as carbon source. The inocula containing
5% of the total volume were sampled in 100mL flask
containing 50mL of mineral medium broth including
hydrocarbon compounds mentioned above. Then, the
mixture was incubated for 7 d with orbital shaking
(180 rpm) under 30˚C. For utilization of phenol and
naphthalene the inocula were added after all the ace-
tone was evaporated from the mixture with phenol
and naphthalene mixed with acetone. Finally, the opti-
cal density of the culture solution under 600 nm
(OD600) was measured.

2.5. Utilization of crude oil by isolated hydrocarbon-
degrading active bacteria

About 103 CFU/mL of isolates were inoculated in
mineral medium broth with 1,000mg/L crude oil and
incubated at 30˚C in an orbital shaker (180 rpm) for
5 d (120 h) to study their growth. Then, dry weight of
bacterial strain was recorded. Same series were set in
order to measure crude oil removal.

2.6. Bioremediation experiment

2.6.1. The degradation ability of isolated hydrocarbon-
degrading active bacteria

Bench-scale experiments were performed to evalu-
ate the ability of degradation of crude oil by seven
hydrocarbon-degrading active bacteria (SY21, SY22,
SY23, SY24, SY42, SY43, and SY44). The treatment was

conducted in batch on 10 g of fresh soil sample with
50mL of medium in 100mL serum vials. At first, iso-
lates were enriched in sterile mineral broth containing
1,000mg/L of crude oil for 24 h at 30˚C. One milliliter
of each inoculum having ~1 OD600 nm was centrifuged
at 3,000 rpm for 15min to get pellets of intact bacterial
cells. After resuspension of the intact cells in buffer
solution, the inocula containing 5% of the total volume
were added to serum vials above mentioned in a
THZ-82 shaker at 30˚C for 8 d. Residual concentrations
of oil were measured in the soil samples during
degrading period. Two blank samples were needed
here, one of which was sterilized and the other was
non-sterilized. The sterilized blank sample was pre-
pared by adding 0.2 wt.% of mercury chloride into
one of the oil-contaminated soil samples. A control
test was conducted, which consisted of a contaminated
soil sample in the absence of active bacteria but con-
taining the indigenous or native micro-organisms’
samples. All experiments were conducted in triplicate,
and data shown are the means of the results. The rela-
tive standard deviation was always smaller than 5%.

2.6.2. Bioremediation of oil-contaminated soil by
isolated hydrocarbon-degrading active bacteria

The bioremediation experiments were carried out
in basin ports with diameters of 15 cm and depths of
15 cm. A mass of 1,000 g of fresh soil was used in each
group. Each experimental group was conducted in
triplicate. Experiments were carried out at room tem-
perature, which varied in the range of 16–20˚C. Sam-
ples were taken for analysis at time intervals to
measure pH and total petroleum hydrocarbon (TPH)
concentration. About 1 g of soil was gradient diluted
with deionized water, and 0.1mL of 107 dilutions
were plated on mineral salts agar containing sterile
crude oil and incubated at 24–30˚C in dark. Colonies
were directly counted and expressed as CFU/g [14].

2.6.3. The adaptability of the environment of isolated
hydrocarbon-degrading active bacteria

Four soil samples 1–4 taken from different oil wells
mentioned above were used to do this experiment. A
potential hydrocarbon-degrading strain SY23 was
selected as the inoculum to investigate the application
of isolates. At first, strain SY23 was enriched in broth
containing 1,000mg/L of crude oil for 24 h at 30˚C.
One milliliter of each inoculum having ~1 OD600 nm
was centrifuged at 3,000 rpm for 15min to get pellets
of intact bacterial cells. In each sample the volume of
inoculum was also varied as follows: 2, 5, and 10%.
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The treatments were conducted (in triplicates) sepa-
rately in Erlenmeyer flask (250mL) containing 10 g of
fresh each soil with 50mL of mineral medium. All the
flasks were placed in a THZ-82 shaker (set at 180 rpm)
at 30˚C for 18 d incubation period.

2.7. Extraction and analysis

Soil samples and carbon tetrachloride were mixed
using a solid/liquid ratio of 1:4 gmL−1 in a flask. The
obtained slurry was sonicated for 15min and then
shaked at room temperature for 1 h (175 rpm, Ger-
hardt Laboshaker). Subsequently, carbon tetrachloride
(20mL) was added into the slurry and the slurry was
shaken for 1 h again (175 rpm, Gerhardt Laboshaker).
Finally, an extraction was set at a 50mL of constant
volume. The concentration of TPH was determined by
an OCMA-350 non-dispersive infrared oil analyzer
[15].

Detailed analysis of TPH (1 μl extracts) was per-
formed on a GC system (model Trace 2000) and a
Mass spectrometer model Voyager 5975B, manufac-
tured by Agilent USA, which equipped with a capil-
lary column (30m × 320 μm × 0.25 μm) (DB-5). Nitrogen
was used as carrier gas (3.5 mL/min). The injector
temperature was 320˚C. The initial oven temperature
of 40˚C was maintained for 5min, after which the
oven was heated at 10˚C/min, up to 300˚C. This tem-
perature was maintained for 10min. The GC was
equipped with an FID detector. The GC was started
and ended with injection of pure carbon tetrachloride
and boiling point calibration sample (5,632mg/L) pur-
chased from Agilent Technology. The measurable
range of relative molecular weights was 30–450.

3. Results and discussion

3.1. Isolation and characterization

3.1.1. Isolation

Four oil-contaminated soils taken from 14#, 28#,
4#, and 6# oil well, which located at Yan chang oil
field, Northern of Shaanxi province, China, were used
as source of isolating hydrocarbon-degrading active
bacteria. The physico–chemical characteristics of con-
taminated soil are presented in Table 1. The varying
concentrations of TPH in four soil samples taken from
different oil wells were 209 ± 8mg/kg dry matter, 148
± 6mg/kg dry matter, 28, 100 ± 128mg/kg dry matter,
and 572 ± 13mg/kg dry matter, respectively (Table 1).
In addition, the microbial measurement showed the
presence of aerobic bacteria and petroleum-degrading
bacteria in the soil. The corresponding numbers are at

the range from 103 to 105 CFU/g dry matters (Table 1).
Isolation was operated at 30˚C using mineral medium
inoculated with oil-contaminated soils as source of
bacteria and crude oil as the sole source of carbon.

A total of 45 isolates were selected to be adjudged
as hydrocarbon-degraders because they were able to
grow on mineral salts medium in the absence of any
other substrate except crude oil. All of 45 isolates
which obtained from the primary screening on min-
eral salts agar also degraded crude oil in liquid cul-
ture. However, they varied widely in their ability to
degrade crude oil (10–90%) as sole carbon and energy
source. Finally, seven degraders (>70% of substrate
degradation) were selected after second screening.

3.1.2. Identification

In order to identify the isolated micro-organisms,
different physiological and biochemical tests were con-
ducted (Table 2). All seven isolates were gram-nega-
tive bacteria. Some were micrococcus, and others were
bacillus [16]. The seven identified isolates were Acine-
tobacter SY21, Neisseria SY22, Plesiomonas SY23, Xantho-
monas SY24, Azotobacter SY42, Flavobacterium SY43, and
Pseudomonas SY44, respectively.

3.1.3. The characteristics of bacterial strains growth

C10–C61 of alkanes is a major component of petro-
leum-contaminated soil of the oil field located in
Northern part of China. Hence, two hydrocarbons
such as paraffin wax, normal octane, and four mono-
aromatic hydrocarbons were selected as the model
compounds for the microbial degradation in order to
determine the range of hydrocarbon compounds that
can serve as sole sources of carbon for isolates. The
growth of seven isolates is presented in Table 3. All of
seven strains grew well in the paraffin wax media
(The optical density D600 measured range from 0.117
to 0.450 shown in Table 3). It was found that strain
SY43 had the highest growth rate in paraffin wax (the
degradation efficiency of paraffin wax reached 81.3%),
whereas strain SY21 grew slowly with the lowest effi-
ciency of 43.7%. The bacterial growth in paraffin wax
broth indicated that all isolates showed a high degra-
dation capability toward middle and long-chain
alkane because 90% of paraffin wax consisted of
C18–C61 normal and isomeric alkanes [17].

In addition, it was observed that a wide spectrum
of substrate was utilized by strains SY23, SY24, and
SY43. Strains SY23 and SY24 showed high abilities to
degrade benzene, methylbenzene, and phenol as the
corresponding degradation efficiency reached 80–90%.
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However, it was observed that the majority of these
strains showed low degrading efficiency toward nor-
mal octane, with the exception of strains SY24 and
SY43, which showed degradation efficiencies of 54.4
and 56.8%, respectively. There are several reports
available on the utilization of hydrocarbon as source
of carbon and energy by pure bacterial strains [18].
Faster growth of isolates might have impact on degra-
dation of petroleum hydrocarbon.

These observations indicate that seven isolates
belong to hydrocarbon-degrading active bacteria, bac-
terial strains SY22, SY23, SY24, SY42, and SY43 are
capable of degrading more than one hydrocarbon and
have a strong resistance to toxic compounds, which
makes them potential candidate bacterial strains for
the bioremediation of petroleum-contaminated soil.

The relationships between the removal of crude oil
and growth of seven isolates were investigated
(Table 3). It was shown that dry weight of strain was
increased to a great extent (80 ~ 110mg), and about 10
~ 18mg of crude oil was removed after 120 h incuba-
tion (Table 3). Among the seven strains, the maximum
removal of crude oil was recorded for SY23 (18mg),
which was the same as the trend of increasing growth
(the maximum dry weight was 110mg for SY23),

followed by SY43 (16.3 mg), SY21 (13.4 mg), SY42
(11.5 mg), SY22 (11.3 mg), SY44 (10.8 mg), and the min-
imum was recorded in SY24. The higher cell conver-
sion rates coming from degradation of crude oil
(26.7%) were obtained for SY23 and SY43. The results
indicated that 16.1 ~ 26.7% of carbon and energy for
cell growth comes from crude oil, which agreed with
the data in other report (22 ~ 26%) [19]. Higher cell
conversion rates of SY23 and SY43 might have
enhanced the degradation of crude oil in soil. How-
ever, isolates reached a pseudo-linear growth phase
when their growth was limited physically by the max-
imum dissolution of crude oil which was converted in
cells. In the pseudo-stationary phase, crude oil con-
sumption of individual cells reached the maintenance
level and consequently the growth ceased [10].

3.2. Crude oil removal in soil by hydrocarbon-degrading
active isolates

3.2.1. Crude oil removal

Seven bacteria differed widely in their ability to
degrade crude oil in slurry sample. As evident from
Table 1 the rate of crude oil degradation was initially
slow up to 2 d of incubation and then enhanced in all

Table 1
Characteristics of oil-contaminated soil samples used as source

Soil sample

Total petroleum
hydrocarbon (TPH) concentration
(Conc.) (mg/kg dry matter) pH

Moisture
content (wt. %)

Number of bacteria (CFU)
(CFU/g dry matter)

Aerobic bacteria
Petroleum-
degrading bacteria

Sample 1 (14#) 209 ± 8 8.89 8.3 9.2 × 103 1.3 × 103

Sample 2 (28#) 148 ± 6 8.66 15.5 1.3 × 105 5.6 × 103

Sample 3 (4#) 28,100 ± 128 8.55 13.9 4.4 × 104 2.2 × 104

Sample 4 (6#) 572 ± 13 8.91 15.1 3.4 × 105 1.0 × 105

Table 2
Physiological and biochemical characteristics of seven isolates

Strain SY22 SY23 SY24 SY21 SY42 SY43 SY44

Shape Micrococcus Bacillus Bacillus Bacillus Micrococcus Bacillus Bacillus

Gram stain Negative Negative Negative Negative Negative Negative Negative

Glycolysis – + + + – ++ +

Lipolysis ++ + ++ ++ ++ +++ +

Catalase production + + + + + + +

Milk litmus Peptonize Peptonize Peptonize Peptonize Peptonize Peptonize Peptonize

Starch hydrolysis – – + – – + +

Indoles production – +(after 7 d) +(after 4 d) – +(after 7 d) +(after 2 d) +(after 7 d)

Methyl red test – – – – – – –

Citric acid utilization – + + + – + +

Identified results of

isolated strains

Neisseria sp. Plesiomonas sp. Xanthomonas sp. Acinetobacter sp. Azotobacter sp. Etwinia sp. Pseudomonas sp.
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strains gradually. However, in the cases of SY23 and
SY43, the rates of crude oil degradation were
recorded always higher than the other five strains
namely SY21, SY22, SY24, SY42, and SY44. After
eight days of incubation, the maximum degradation
was recorded in SY23 (86%), followed by SY43
(85%), SY24 (79%), SY42 (78%), SY22 (77%), SY44
(75%), and the least was observed in SY21 (74%).

Deduction of 9% of crude oil under the abiotic
condition was observed in the control test contain-
ing mercury chloride, while 37% of crude oil
removal was observed in the control test with native
microbes. This indicates that the indigenous
microbes contributed to 25% of crude oil removal.
Therefore, the actual degradation attributed to iso-
lates was found to be 49% by SY23, 48% by SY43,
42% by SY24, 41% by SY42, 40% by SY22, 38% by
SY44, and a minimum of 37% by SY21.

Degradation of crude oil was initially slow due
to its hydrophobic nature which restricted its avail-
ability to microbes. However, after initial degrada-
tion, the polarity was probably introduced into the
crude oil which enhanced its availability to strains
for degradation by extracellular enzymes. Karsa and
Porta [20] have reported involvement of monoxy-
genases and dioxygenases synthesized by bacteria in
crude oil degradation. Most of PAH degradation
reports have been made by gram-negative bacteria
such as Pseudomonas sp. and Mycobacterium sp.
[21,22]. Also, in our investigation, all of seven
strains belong to gram-negative bacteria that were
found to be efficient to remove crude oil.

3.2.2. Number of bacterial strain

Number of strain in slurry was monitored dur-
ing the experiment. It was found to be increasing
along the incubation time within a period of 8 d
experiment and remained constant as the incubation
progressed towards the end of the experiment
(Table 4). In SY23, SY24, SY22, SY42, and SY44, the
maximum CFU value was recorded after 2 d of incu-
bation, while in SY43, and SY21, the highest growth
was recorded after 8 d of incubation (Table 4). The
CFU of seven isolates increased to 105 per gram soil
after 8 d of incubation. This showed that isolated
strain multiplied 100 times during the same incuba-
tion period, while native bacterial strain multiplied
by 10 times only as compared to initial inoculum.
The increase in cell count of the isolates during deg-
radation was an indication that crude oil supported
microbial biomass product even as a sole source of
carbon and energy. Researchers have shown that
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population of bacteria increase in slurry was a reflec-
tion of degradation process and proliferation of cell
mass. This indicates that the indigenous microbes
were inefficient in degrading crude oil and that the
inoculation of hydrocarbon-degrading active isolates
shows potential in removing hydrocarbons contami-
nants.

Bacterial strains evaluated showed different oil
degradation capacities and different patterns. Table 4
presents the degradation rates of crude oil by seven
bacterial strains. It was observed that the biodegrada-
tion rates of TPH by strains SY21, SY22, SY23, and
SY44 were higher in the second day, while the biodeg-
radation rates of SY42 and SY43 were higher in day 4,
while in day 6, the highest degradation rate was
shown by strain SY24. The average degradation rates
of crude oil were within 0.01~0.1 g kg−1 d−1, which
were higher than degradation data previously
reported [23–25], consequently these isolated strains
could degrade crude oil more rapidly.

Previous work [26] using marine filamentous bac-
teria reported biodegradation rates of cell at the range
from 7.92 × 10−11 to 4.8 × 10−10 mg cell−1 d−1. Similarly,
other work [27] using Pseudomonas showed that the
highest oil degradation rate was from 1.44 × 10−10 to
3.77 × 10−9 mg cell−1 d−1. Table 4 presents the average
degradation rate per cell of seven isolated strains used
in this work. It shows that the highest degradation
rate of 2.34 × 10−3 mg cell−1 d−1 was obtained for bacte-
rial strain SY43 (Etwinia sp.), followed by bacterial
strain SY23 (Plesiomonas sp.) with a degradation rate
of 1.50 × 10−3 mg cell−1 d−1. The degradation rate of the
remaining strains ranged from 1.15 × 10−3 to 4.57 ×
10−4 mg cell−1 d−1. These results demonstrate that the
rate of degradation shown by these strains was tens of

thousands times higher than the degradation rate
reported in a previous work [28]. Thus, hydrocarbon-
degrading active isolates show great potential for the
bioremediation of oil-contaminated soils.

3.2.3. Bioremediation of oil-contaminated soil by
hydrocarbon-degrading active isolates

The oil-contaminated soil taken from oil wells was
selected because it was expected to strain SY23 and
SY43 adapted and survived in contaminated site and
also has potential to degrade crude oil. Table 5 shows
that significant removal of crude oil took place in the
soil samples inoculated with hydrocarbon-degrading
active bacteria (SY23 and SY43) compared with the
removal of crude oil in the control sample without
inoculum. After 6 d of bioremediation, the percentage
of crude oil removal in the samples inoculated with
strain SY43 and SY23 were 17.2 and 19.2%,
respectively, while the percentage of crude oil removal
in the control sample was only 1.4%. On day 9, the
removal efficiency of strain SY43 was 30.5%, which
was higher than the removal efficiency observed for
the strain SY23 (24.9%).

After 12 d of bioremediation, the crude oil concentra-
tion of the sample inoculated strain SY43 declined to
213.3mg kg−1 and the maximum removal efficiency of
crude oil was 81.1%, while crude oil removal efficiency
of the sample containing the strain SY23 and in the con-
trol sample were 60.3 and 25.6%, respectively. After 18 d
of inoculation, the removal efficiency in the three sam-
ples climbed up to 88.4, 73.4, and 37%, respectively.
These observations indicate that the contaminated
samples inoculated with hydrocarbon-degrading active

Table 4
Removal of crude oil in slurry by seven isolates

Bacterial strain Crude oil removal (%)

Number of
bacterial
strain (log
CFU g−1)

Maximum
degradation rate
of TPH
(mg kg−1 d−1)

Average degradation
rate of cell (×10−3 mg cell−1 d−1)0 d 8 d

Blank (sterilization) 9 – – – – –
Blank (native microbes) 37 2.00 2.88 After 6 d 0.05 1.24
SY21 74 3.30 4.00 After 2 d 0.25 2.34
SY22 77 3.20 4.40 After 2 d 0.24 0.82
SY23 86 3.28 4.60 After 2 d 0.23 0.48
SY24 79 3.37 4.60 After 2 d 0.18 0.54
SY42 78 3.40 4.80 After 4 d 0.17 0.62
SY43 85 3.20 4.20 After 4 d 0.19 2.52
SY44 75 3.40 4.60 After 2 d 0.22 0.46
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isolates had higher oil removal efficiency than in the con-
trol sample. The average degradation rates of TPH by
SY43 and SY23 was 0.044 g kg−1 d−1, 0.034 g kg−1 d−1,
respectively, while the corresponding average degrada-
tion rate of the cells was 2.14 × 10−6mg cell−1 d−1 and
1.64 × 10−6mg cell−1 d−1, respectively. Thus, the ability of
crude oil removal by SY43 was higher than that by SY23.

The number of bacteria in the inoculated soil sam-
ples was 100 times higher than that in the control
sample (Table 5). In addition, it was observed that the
number of bacteria in the soil sample inoculated with
SY43 was higher than that in the soil sample inocu-
lated with SY23. It’s just explained why the highest
removal of crude oil was obtained in soil sample inoc-
ulated bacterial strain SY43. Thus, the number of
hydrocarbon-degrading active bacteria in the contami-
nated soil sample seems to be the main factor improv-
ing the bioremediation of the soil. The results show
that both SY43 and SY23 could adapt rapidly to envi-
ronment and degrade crude oil in the contaminated
soil. It was found that bacterial strains SY43 and SY23
were the most effective degraders of crude oil in

screening, which is evident in the TIC profiles (Fig. 1)
of crude oil substrate following 18 d of incubation in
the presence (test strain) and the absence (control sam-
ple) of bacterial inocula (Table 5).

4. Discussion

Microbial degradation of crude oil in soil is limited
by the low number of bacteria. Thus, inoculation of
hydrocarbon-degrading active micro-organisms will be
a favorable feature for hydrocarbon pollution bioreme-
diation in any environment. However, subsurface bio-
remediation contamination, mainly initiated by
microbes, is a complex process, and increasing the
population density of the isolates in the contaminated
site is very important for bioremediation. Thus, in the
bioremediation experiment, initial concentrations
1,250, 560, 34,250, and 2,090mg/kg of TPH were taken
for samples 1–4, and the volume of inoculums (SY23)
was also varied as follows: 2, 5, and 10% in order to
investigate the adaptation of isolates. The results are
shown in Table 6.

Table 5
Removal of crude oil in soil by inoculation of isolates

Time (d)

Volume of inoculums

TPH concentration (g kg−1) Removal of TPH (%)
Number of bacterial strain
(log CFU g −1)

Blank SY23 SY43 Blank SY23 SY43 Blank SY23 SY43

0 1,067 982 1,067 – – – 6.40 7.40 7.60
6 995 794 899 6.7 19.2 15.8 6.30 7.18 7.40
9 881 739 741 12.0 24.9 30.6 6.48 7.15 7.45
12 793 391 202 25.6 60.3 81.1 6.65 7.15 7.48
15 680 280 191 36.3 71.5 82.1 6.78 7.30 7.78
18 670 262 124 37.0 73.4 88.4 6.98 7.65 8.04

Fig. 1. GC mass spectrum of remaining crude oil in soil.
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The experimental findings indicated that in cases
of 1,250 and 2,090mg/kg crude oil, degradation
started within 7 d, i.e. lag period observed at this con-
centration was very short. This crude oil concentration
about 80% of TPH was degraded within 17 d.
Biodegradation of lower and higher concentration of
crude oil like 560 and 34,250mg/kg were found rela-
tively slow for consortium as very little decrease in
concentration of about 40% was observed in 17 d span.
However, there was no decrease in the CFU during
the degradation even at higher concentration of crude
oil. These results indicated that the bacterial strain
SY23 supported growth even at higher concentration.
The number of bacteria increased as the volume of
inoculums increased in all treatments (Table 6). Hence,
population density of isolates was enhanced by
increasing the volume of inoculums. The experimental
results indicate that the higher the inoculum volume
the higher the removal efficiency of crude oil. The
number of bacteria and removal efficiency of TPH for
the soil samples were low when the inoculum volume
was 2%. However, when the inoculum volume was
increased from 2 to 5%, the removal efficiency of TPH
increased. The removal efficiency of TPH was similar
when the inoculum volumes were 5 and 10%. This
performance might indicate that a high inoculum vol-
ume enhanced the competition ability of petroleum-
degrading bacteria in relation to native micro-organ-
ism. It could also aid the quick bacterial adaptation to
the environment, which also increased the TPH degra-
dation efficiency. It was found that naturally selected
microbial populations are enriched with micro-organ-
isms carrying catabolic gene that degrades pollutants,
and such adapted population have the advantage of
being adapted to polluted sites.

5. Conclusions

Seven active degraders were isolated and identified
successfully. The results show that they belong to

gram-negative bacteria and grew up well as crude oil
and seven other hydrocarbons (normal octane, paraffin
wax, benzene, methylbenzene, phenol, and naphtha-
lene) served as carbon and energy sources. These
growth conditions are beneficial to the adaptation for
bioremediation of oil-contaminated site as increasing
the amount of inoculum enhances the competition
ability of hydrocarbon-degrader against native bacte-
ria. Further optimization showed that SY23 and SY43
were the most effective strains for bioremediation of
oil-contaminated soil.
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