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ABSTRACT
Petroleum wastewater samples from oil refinery and oil exploration site were treated by hyper
phenol-tolerant Bacillus cereus (AKG1 and AKG2) in laboratory-scale batch process to assess their
bioremediation efficacy. Quality of the treated wastewater samples were analyzed in terms of
removal of chemical oxygen demand (COD), total organic carbon (TOC) and ammonium nitrogen
content, and improvement of biological oxygen demand (BOD). Adaptation of these bacteria to the
toxic environment through structural changes in their cell membranes was also highlighted. Among
different combinations, the co-culture of AKG1 and AKG2 showed the best performance in
degrading the wastewater samples.
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Fossil fuel, is a major source of energy and will
remain so in coming decades. However, environmen-
tal pollution due to production and transportation of
refinery products poses critical challenges. Wastewa-
ter from petroleum refineries usually contains high
concentrations of aliphatic and aromatic petroleum
hydrocarbons which can easily contaminate sources
of drinking water, downstream from discharges.1-3

Bioremediation of petroleum wastewater offers a
potential option to address the environmental issues.
Biodegradation behavior of individual components of
petroleum wastewater such as phenol, benzene, hexa-
decane, xylene and toluene is well documented.3-5

However, bioremediation of real petroleum wastewa-
ter is complicated because it consists of numerous
components with varying chemical structure and
toxicity.

In this regard, we have reported, the isolation of
Bacillus cereus (AKG1 MTCC9817 and AKG2
MTCC9818) showing high phenol tolerance and
also studied their degradation pathways.6,7 Capabil-
ities of these strains for degrading phenol, follow-
ing their immobilization in calcium-alginate beads,
have also been reported.8,9 Herein, we try to evalu-
ate the capabilities of these bacteria (either as free

cells or immobilized in calcium-alginate beads) in
bioremediation of petroleum wastewater samples
collected from oil refinery site (Sample I) and oil
exploration site (Sample II). The bacterial strains
were used in 5 different ways –free cells of AKG1,
free cells of AKG2, free cells of co-cultured AKG1
and AKG2, immobilized AKG1 and immobilized
AKG2 – for the biodegradation of wastewater sam-
ples over a period of 20 d.

Chemical oxygen demand or COD indirectly indi-
cates the amount of organic pollutants present in a
wastewater sample. Thus, it is an important parameter
for any wastewater treatment process. The removal of
COD (Table 1), when all combinations of free bacteria
without external N2 source were considered, was
found to be in the range of 34%- 83%, using external
N2 source resulted in slight increase in COD removal.
Overall, co-culture system showed the highest reduc-
tion in COD level irrespective of N2 source. Interest-
ingly, COD removal by immobilized cells were lower
than that of the free cells possibly due to mass transfer
limitations.9 Phenolics are major organic compounds
found in refinery wastewater and have a direct relation
with COD. The biodegradation of wastewater samples
in present studies was also observed to reduce the
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concentration of phenolics by 57% (Fig. 1) and 45% in
Sample I and Sample II, respectively. The reduction in
total organic carbon (TOC) present in wastewater
samples (Table 1) also followed similar trend as that
of COD. Without any external N2 source, Removal of
TOC was found to be in the range of 30%- 83%. The
TOC level was reduced by 45–84% and 35–77% in
presence of organic and inorganic N2 sources,
respectively.

During microbial treatment of petroleum wastewa-
ter samples, in addition to COD removal, prominent
increase in BOD was also observed (Figs. 2C and 2D).
After 20 d of bioremediation, initial BOD values of
180 mg/L (sample I) and 420 mg/L (sample II)
increased to as high as 861 mg/L and 1532 mg/L,

respectively. The ratio of BOD to COD is an index of
biodegradability performance. The low BOD/COD
ratio (0.030»0.065) of wastewater samples before bio-
remediation indicated difficulty of treating them by
biological methods. However, after treatment, the
ratio was increased to 0.89 and 0.79 for sample I and
sample II, indicating significant improvement of bio-
degradability of the samples. BOD/COD ratio of
0.9»1.0 is generally considered as the cut-off point for
the biodegradable wastewater.10,11 Excess N2 of waste-
water should be removed as it may lead to eutrophica-
tion and toxicity.12 During bioremediation of
wastewater, this is achieved by biological nitrification.
A satisfactory level of NH4

C-N removal from waste-
water samples (Table 2) was achieved by co-culture
system (Sample I: 68.12% and Sample II: 69.45%) fol-
lowed by strain AKG1 (54%) for sample I and AKG2
(82.46%) for sample II. In case of the immobilized sys-
tem, the reduction varied in the range of 31.5%
»42.46% by the various strains.

Microorganisms are able to tolerate several toxic
organic compounds by by means of different kinds of
adaptive mechanisms including changes in the fatty
acid composition of membrane lipids.13-16 Fourier
transform infrared (FTIR) spectra of cell membranes
isolated from control bacteria and those employed in
bioremediation of wastewater samples showed several
absorption peaks indicating various functional groups
(Fig. 3). Close inspection of the absorption peaks of
wastewater exposed bacteria showed shift of bands rel-
ative to those observed in case of phenol used as sub-
strate (Fig. 3B and 3D). These shifts in FTIR suggested
that polysaccharides and proteins (major components

Table 1. Removal of COD and TOC from wastewater.

COD removal (%)

Without supplement Organic nitrogen supplement (Yeast)
Inorganic nitrogen supplement

(Ammonium Sulfate)

Sample I Sample II Sample I Sample II Sample I Sample II

Free AKG1 61.11 34.14 69.44 51.21 66.66 41.46
Free AKG2 41.66 61.53 55.55 69.23 47.22 64.10
Co-culture 83.78 70 89.18 79.5 86.48 72.5
Immobilized AKG1 24.32 10.25 24.12 10.02 24.40 10.25
Immobilized AKG2 10.81 10.25 10.50 10.33 10.10 10.75

TOC removal (%)
Free AKG1 57.12 30.00 65.45 48.00 63.51 35.00
Free AKG2 34.68 41.59 45.52 55.99 39.77 45.00
Co-culture 83.45 54.00 84.54 75.95 77.28 70.00
Immobilized AKG1 18.75 13.30 — — — —
Immobilized AKG2 8.29 11.80 — — — —

Figure 1. Removal of phenolics (%) from wastewater samples by
co-culture system.
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of membrane) were affected and evolved their struc-
ture in the presence of wastewater.17 Overall, co-cul-
ture of the free cells of B. cereus AKG1 and AKG2
showed the best performance in bioremediation of
petroleum wastewater samples in the present study.

Experimental

Strains AKG1 and AKG26 were grown in 1 g/L phe-
nol-MSM medium as reported earlier.6-9 100 mL of
sterilized wastewater samples were taken into conical
flasks and then incubated with specific strain (OD D

0.8) at their optimum growth condition (37�C at
120 rpm with definite pH condition) for desired
period of time. Immobilized bacteria employed for
bioremediation were prepared by previous method.8,9

During the experiment, samples (2 mL) were with-
drawn time -to- time to measure COD and NH4

C-N
by previous method.16 TOC content of the samples
was determined in a TOC analyzer (O.I. analytical
Aurora, Model 1030). Concentrations of phenolic
compounds were analyzed by high performance liquid
chromatography (HPLC, ProSTAR, Varian) equipped
with a UV–visible detector and C18 column.

In order to study bacterial membrane adaptation,
cells were grown in MSM medium with either phenol
(control group) or wastewater as the carbon source.
Grown bacteria were harvested by centrifugation
(8000 rpm, 10 min) and bacterial membrane was iso-
lated by previously reported method.18 Isolated mem-
branes were lyophilized for further FT-IR analysis in
Perkin-Elmer, PE-RXI.

Figure 2. Effect of bioremediation on COD removal (A and B), BOD increment (C and D) and ammonia-nitrogen removal (E and F).

Table 2. Removal of Ammonium- nitrogen from wastewater.

% of Ammonia-Nitrogen reduction after 20 days

Sample AKG1 AKG2
Co-

culture
Immobilized

AKG1
Immobilized

AKG2

Sample I 54 47.5 68.12 31.5 38.5
Sample II 55.34 82.46 69.45 33.83 42.46
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