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Abstract: Petroleum hydrocarbons including polycyclic aromatic hydrocarbons have been categorized as
priority pollutants by US Environmental Protection Agency (USEPA), Quebec Ministry of Environment
(QMENV) and many other environment and health organizations in the world. In the present study, fifteen
organisms were isolated from soil and water samples from the industrial rejection of the Refinery of ARZEW
(Oran-Algeria). The bacterial strains were selected due to their capacity of growing in the presence of
hydrocarbon. The isolates were identified as belonging the majority to genera Corynebacterium (5 stains),
Corynebacterium aquaticum (3 strains). Besides, three strains were identified as Pseudomonas aeruginosa,
one as Pseudomonas spp, one as Pseudomonas fluorescence, one as Brevibacterium spp and one strain as
Stenotrophomonas maltophilia. Growth of the mentioned strains was realized in mineral liquid media
supplemented with petroleum oil as sole carbon source. Optimized conditions to improve the biodegrading
activity of the isolated strains were studied using different concentration of petroleum oil and surfactant. A
consortium of the bacteria having the best biodegradation activity was also tested in addition to the estimation
of DBO and DCO in the biological treatment pond of the purifying station of ARZEW Refinery.
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INTRODUCTION effluent, or in media contaminated by accidental fluid

Oil pollution accidents are nowadays become a skimming) and chemical (e.g. surfactants and dispersants)
common phenomenon and have caused ecological and methods have limited effectiveness and can be expensive.
social catastrophes [1-3]. Petroleum refining unavoidably Consequently, several researchers have studied the use
generates considerable volumes of oily sludge during oil of microorganism to decompose petroleum as a promising
production and processing activities. Total petroleum technological alternative.
hydrocarbons (TPH) are the most deleterious components Microbiological activities can be affected by a
in oily sludge, because of their potential hazard to human number of environmental factors including energy
health and the environment. TPH are primarily composed sources, electrons donors and acceptors, nutrients, pH,
of alkanes, aromatics, nitrogen-, sulfur- and oxygen- temperature and inhibition by the substratum or
(NSO)-containing compounds and asphaltene fractions metabolites. These parameters influence how quickly
[4-6]. microorganisms adapt to the available substratum [8].

Bioremediation of waste materials, which contain Prompted by these observations, we report  herein
hydrocarbons and their derivatives, is based on  the the enrichment and isolation of oil degrading microbial
ability of microorganisms to increase their biomass cultures using sludge from industrial rejection of the
growing  on  these  substrates and degrading them to Refinery of ARZEW (Oran-Algeria) and a mixed soil
non-toxic products, such as H O and CO  [7]. Reducing sample. Petroleum oil was provided as a sole source of2 2

hydrocarbon concentrations either in regularly discharged carbon and energy. The main objective was to study the

releases, is a significant challenge. Mechanical (e.g.
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biodegradability of petroleum oil in oily sludge using the Microbial Growth in the Presence  of  Petroleum Oil:
local bacterial strains. The growth characteristics The organisms under test were cultivated in 50 ml of the
optimized conditions and emulsifying activity of these sterile medium [9] with 2% (v/v) petroleum oil as the sole
bacterial strains were reported, in addition to the carbon source. Using a sterile pipette, 1 ml of the
consortium evaluation of the bacteria having the best inoculum was transferred to each flask. In all the
biodegradation activity. experiments, the flasks were incubated on a rotary shaker

MATERIALS AND METHODS mentioned for each experiment.

Microorganisms: Microorganisms used in this study Chromatographical Analyses: Gas chromatography (GC)
were part of a collection of 15 strains isolated from analyses were done at the end of the experiments to
industrial rejection sludge of the Refinery and a mixed soil evaluate degradation potential and to identify some of the
sample. The strains were selected  for  further  studies hydrocarbons of the petroleum oil. Before each analysis,
due to their ability to grow on solid and liquid media samples of the mixture were extracted with n-hexane P.A.,
supplemented with petroleum oil. The collection of strains by adding 10 mL of solvent and 50 mL of the sample into
was long-term maintained in the laboratory. For this a 100 mL separation funnel. After phase separation, a
study, stock cultures were grown on nutrient agar slant sample of the organic phase was removed with a
(NAS) slants. volumetric pipette and put in a sealed flask for

Culture Media: For the isolation and culture of petroleum auto sampler gas chromatograph equipped with a 50 m
oil degrading microorganisms, the mineral medium fused seleca open tube capillary column internal coated
described by Del'Arco and de França [9] was prepared. with crossed linked methyl silicon and flame ionization
The medium had the following composition (g/l): KH PO , detector (FID). All runs were carried out under the2 4

0.5; Na HPO , 1.4; NH NO , 1; MgSO .7H O, 0.1; following conditions: initial temperature 45°C for 3 min;2 4 4 3 4 2

CaCl .2H O, 0.02; MnSO .H O, 0.03; the pH was adjusted temperature rate of 10°C/min and final temperature 260°C2 2 4 2

to 7 before autoclaving. for 15.5 min; injector (splitless mode) temperature 275°C;
For enrichment, 0.1% of glucose was added to the FID temperature 300°C, carrier gas constant flow rate

above described medium. The medium was inoculated (helium) 15 ml/min. Individual components present in the
with 1g from the hydrocarbon contaminated samples, alkane fraction were determined by matching the retention
collected from different sites in Refinery of ARZEW time with authentic standards.
(Oran-Algeria) and then incubated under shacked
conditions at 130 rpm and 30°C. One ml from each flask Experimental Design: This phase of the study examined
was transferred weekly to 50 ml fresh medium with 1% the influence of aeration, petroleum oil and surfactant
(v/v) petroleum oil as the sole carbon source. The process concentration on the biodegradation of the synthetic
was repeated for one month. At the end of the enrichment effluent. The corresponding experimental design is
period, serial dilutions were made for each sample, then reported in Table 1. This choice was determined by the
spread on the surface of nutrient agar plates and relative importance of these factors and their influence on
incubated at 30°C. the activity of the microorganisms.

(GFL shaker) at 30°C and 130 rpm for the desired time

subsequent analysis. The extract was analyzed by 8200

Table 1: Effect of optimized condition on petroleum oil degradation

Optimized
----------------------------------------------------------------------------------------------------------------------------------------------------------

Condition Petroleum oil Petroleum oil
Organism Basal medium* concentration 3% concentration 4% 2% Tween 80 Aeration 110 rpm Glucose**

% Degradation
Corynebacterium aquaticum 93.50 (4.45) 91.00 (4.33) 88.50 (4.21) 92.50 (4.40) 81.50  (3.88) 89.00 (4.23)¤

Pseudomonas aeruginosa 88.50 (4.21) 82.50 (3.93) 75.00 (3.57) 93.00 (4.43) 70.50 (3.36) 83.00 (3.32)

* Without addition of co-substrate.
** Co-substrates were added at 0.5%.
() Degradation rate. ¤ 

Incubation time = 21 days
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Table 2: Effect of bacterial consortium on petroleum oil degradation in the biological pond

DBO mg/l DCO mg/l TH ppm

Before incubation 04 115 410

After incubation 95 169 209

Bioremediation treatments of the purifying station of
ARZEW Refinery: To evaluate the efficiency of
petroleum   oil   degradation   in   the   biological  pond,
the  two  bacterial  strain  Corynebacterium  aquaticum
and    Pseudomonas   aeruginosa   were   selected  for
their  best  biodegradation  activity.  These  organisms
were  cultivated  in  the  mineral medium with 10 g/l
glucose  as  carbon  source  and  incubated  for  24 h
under  shacked  conditions  at  30°C  and  120  rpm. At the
end of incubation period, the cultures were centrifuged
and  the  bacterial  pellets  were suspended  in   1000  ml
of water from the biological treatment pond of the
purifying  station  of   ARZEW   Refinery  without
addition  of  carbon  source.  The  experiment is Fig. 2: Effect   of optimized   conditions   on  petroleum
incubated for  one  week  under  shaked  conditions at oil degradation activity by Pseudomonas
30°C  and  120 rpm. The results of DBO, DCO and TH of aeruginosa.
the sample were estimated before and after inoculation as
shown in Table 2.

RESULTS

Selection of the Best Kerosene Degrading Organisms:
Bioremediation of areas contaminated with crude oil, fuel
or other hydrocarbon compounds is feasible due to their
biodegradability and the diversity of degrading
microorganisms present in these sites. Hydrocarbon
degrading bacteria were widely spread in polluted soil and Fig. 3: Effect of optimized condition on petroleum oil
water where many research [10] has shown that degradation by Corynebacterium aquaticum.
application of hydrocarbon increases the number of
bacteria. For this purpose, we have characterized different Optimization of the Factors Affecting Petroleum Oil
bacterial strains, which were previously isolated from Degradation in Liquid Medium
solid and liquid waste oil, these selected strains included Effect of Petroleum Oil Concentration on the
a diversity of Gram-negative and Gram-positive bacteria Degradation Activity: In this experiment petroleum oil
with the capacity to grow on solid and liquid media concentration  was  elevated  from  2%  to  3   and  4%.
amended with petroleum oil as carbon and energy source. The results mentioned in Table 1 and Fig. 2 show that
 Fifteen microorganisms isolated from soil and water Corynebacterium aquaticum could degrade 88.50% of 4%
samples from the industrial rejection of the Refinery of petroleum oil compared with 93.50% when the
ARZEW were able to grow in presence of petroleum oil. concentration was 2%. Pseudomonas aeruginosa
Corynebacterium aquaticum and Pseudomonas degraded 75.00% from 4% of petroleum oil whereas at 2%
aeruginosa were selected to complete the research. it could degrade 88.50%.
Corynebacterium aquaticum was able to degrade 93.50%
of 2% petroleum oil after 21 days, while Pseudomonas Effect of Surfactants on Petroleum Oil Degradation
aeruginosa degraded 88.5% under the same conditions Activity: Tween 80 with the concentration of 2% was used
(Fig.1). to  increase  the  emulsification  of petroleum oil with the
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medium. The cultures were incubated for 21 days where Pseudomonas aeruginosa degraded 88.5% after the same
the petroleum oil degradation was between 92.50 and
93.00% with the two organisms tested (Table 1).

Effect of Co-Substrates on Petroleum Oil Degradation
Activity: The effect of addition of 0.5% of glucose used as
co-substarte on petroleum oil degradation was
investigated, using the basal medium described with 2%
petroleum oil. The results cited in Table 1 and Fig 2 & 3
show that glucose has a good effect on petroleum oil
degradation in presence of Corynebacterium aquaticum
and Pseudomonas aeruginosa with 89.00 and 83.00%
degradation, respectively.

Effect of Aeration on Petroleum Oil Degradation Activity:
The effect of aeration on petroleum oil degradation by
Corynebacterium aquaticum and Pseudomonas
aeruginosa was investigated, using the basal medium
described previously then incubated under shacked
conditions at 110 rpm and 30°C. The results demonstrated
in Table 1 and Fig 2 & 3 show that aeration had an
inhibitory effect on the two tested organisms and reduced
the petroleum oil degradation by about 10%.

Effect of Bacterial Consortium on Petroleum Oil
Degradation in the Biological Pond: The results obtained
after the use of consortium of the tested organisms show
that DBO increased from 4 to 95 mg/l and that of DCO
increased from 115 mg/l to 169 mg/l after one week of
incubation period, which prove an important bacterial
growth. On the other hand, the amount of total
hydrocarbons decreased from 410 ppm to 209 ppm, so
50% of TH was degraded. On the basis of these results,
we could confirm that the tested bacteria consumed the
different hydrocarbons present in our sample as carbon
source for growth (Table 2).

DISCUSSION

Survival of microorganisms in petroleum
hydrocarbons medium after their inoculation is a key
deciding factor in the rate of biodegradation of
hydrocarbons either in soil or in liquid phase [1]. Since, all
the bacteria in the present study were isolated from a
petroleum contaminated soil and water sample, they
survived and adopted the oil contaminated soil/liquid
environment very easily as also reported by other authors
[12, 13] Corynebacterium aquaticum was able to degrade
93.50%  of   2%   petroleum    oil    after    21 days,   while

time. Yu et al. [14] reported that Pseudomonas putida F1
degrades benzene, toluene and p- xylene. Morever, it was
reported that the rate at which biodegradation will occur
can be enhanced by providing an optimal living
environment for the microbes. Most microbes that
degrade hydrocarbons require oxygen, water, suitable pH
and nutrients such as nitrogen and phosphorus [15, 16].
In order to enhance the biodegradation of kerosene in
liquid medium, different cultural conditions were tested.

To test the effect of co-substrates on petroleum oil
degradation exhibited by the two tested organisms,
glucose was added at 0.5% as co-substrate. The results
demonstrate that glucose had a good effect on the two
organisms. These results are in agreement with that
previously reported by [17] which confirmed that the
addition of easily metabolized organic matter such as
glucose increases biodegradation of the recalcitrant
compounds that were not usually used as carbon source.
When hydrophobic organic compounds occur in sub-
surface environments, their hydrophobicity and limited
aqueous solubility result in either excessive sorption onto
soil or existence as nonaqueous phase lipids (NAPLs)
[18]. Biodegradation proceeds most quickly when the oil
is emulsified into small droplets [19]. Thus, the presence
of chemical surfactants (surface-active agents containing
both hydrophobic and hydrophilic regions) may help in
accelerating hydrocarbons degradation. Using Tween 80
as surfactant in this study, petroleum oil degradation
reached (92.50-93.00%) with the two tested organisms.
These rsults support the hypothesis proposed by [20]
which found that Tween 80 had no toxic effect on
biodegradation of fluranthene by two strains of
Mycobacterium and two strains of Sphingomonas but
enhance the biodegradation activity.

The effect of petroleum oil concentration on its
degradation was studied at 2, 3 and 4%. The results
obtained show that Corynebacterium aquaticum could
degrade 88.50% of 4% petroleum oil compared with
93.50% when the concentration was 2%, while
Pseudomonas aeruginosa degraded 75.00% from 4% of
petroleum oil whereas at 2% it could degrade 88.50%.
GC/FID  analyses  and  other  study  demonstrated  that
n-alkanes (C14–C30) were preferentially degraded
compared to PAHs present in petroleum-oil by all the
bacteria used in this study. In conclusion, the Windings
in this study showed that Pseudomonas aeruginosa and
Corynebacterium aquaticum could be useful in
bioremediation of sites highly contaminated with
petroleum-oil hydrocarbons.
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