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ABSTRACT 
Environmental pollution caused by petroleum and its associated products through accidental or 
deliberate release results in the calamitous consequences within the ecosystem. Microorganism 
based bioremediation technology is considered as an efficient, economic and versatile alternative 
to conventional treatment methods for the reclamation of oil contaminated sites. This study was 
conducted to assess the genetic diversity and catabolic potential of indigenous microorganism in 
a petroleum hydrocarbon contaminated sludge sample obtained from an oil storage facility. 
Twenty eight (28) indigenous bacterial strains were isolated from the oily sludge. Most of these 
strains were identified as gram-positive bacteria that were phylogenetically affiliated to the 
genera Bacillus (more than 46%), Paenibacillus (~11%), Micrococcus (7%), Brachybacterium 
(7%), Aerococcus (14%) and Zimmermannella. Among the gram-negative strains Pseudomonas 
sp. and Pseudoxanthomonas sp. were identified. One of these bacteria, Aerococcus sp. strain 
BPD- 6 was further characterized in terms of its heavy metal resistance and other hydrocarbon 
utilization potential. Naphthalene and anthracene degradation potential of Aerococcus sp. BPD-6 
was studied over a wide concentration range and the kinetic parameters were estimated using 
four growth kinetic models. Overall observation indicated that the strain may be useful for 
bioremediation of Polycyclic Aromatic Hydrocarbons (PAHs).  
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INTRODUCTION 
Refineries and other petrochemical industries 
generate a solid residue with high organic 
content known as oily sludge during 
exploration, production, refining and storage.1 
Oily sludge is characterized by the presence of 
highly toxic substances including various 
monoaromatic and Polycyclic Aromatic 
Hydrocarbons (PAH), aliphatics, heavy metals, 
etc. Accidental spillage and improper disposal 
of these materials have resulted in a number of 
contaminated sites presenting serious health 
and ecological risks.2 Polycyclic Aromatic 
Hydrocarbons (PAHs) are importunate 
environmental pollutants and have a high 
accumulation near urban and industrial centres.  
PAHs are of great environmental and human 

health concerns since some of them have been 
identified as genotoxicants and as animal 
carcinogens.3 They represent a unique class of 
petroleum hydrocarbons due to its pyrogenic 
nature and the complexity of the assemblages 
in which it occurs. Oily sludge, a major 
petroleum refinery effluent, contains consid-
erable amounts of PAH compounds.4 
Consequently, PAHs have raised great 
environmental concern all over the world and 
the US-EPA has listed 16 PAHs as priority 
pollutants.5 Naphthalene and anthracene have 
been recommended among the 16 PAH listed 
as primary pollutants present in oil 
contaminated sites.  
Owing to the increased public awareness and  
strict legal constraints on the release of 
environmental pollutants, there is a high 
demand for effective and affordable *Author for correspondence 
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technology for the treatment of such 
petroleum hydrocarbon contaminated wastes. 
Compared to the conventional treatment 
technologies, microorganisms based biore-
mediation technology has been considered as 
an effective and economically alternative 
strategy for the treatment of hydrocarbon 
contaminated sites.3,6 Communities of 
microorganisms have been considered as 
most important in bioremediation as their 
metabolic diversity and sometimes metabolic 
redundancy may contribute to process 
robustness. The use of native microbiota is 
of great interest as these microorganisms 
would be expected to be more adapted to the 
particular environment. Accordingly, iso-
lating efficient degrading microorganisms 
from natural environment is a feasible and an 
important technique.7 Powerful molecular 
biology techniques have revealed valuable 
insights on the structure and function of 
microbial communities associated with 
diverse contaminated environments. Culture 
dependent studies have explored the 
diversity in community composition and 
metabolic profiles of cultivable organisms in 
these environments. Such information on 
indigenous microorganisms has been 
considered to be useful in defining biore-
mediation strategies. Considerable attention 
has been focused on microorganisms capable 
of utilizing PAHs as a source of carbon and 
energy so that they can be degraded to 
carbon dioxide and water, or transformed to 
other nontoxic or low-toxic substances.8 It 
has been known that naphthalene and 
anthracene can be completely mineralized by 
various microorganisms including Pseu-
domonas,  Sphingomonas,  Nocardia,  Beije-
rinckia, Rhodococcus, Micrococcus  and  
Mycobacterium.5,8-10 

AIMS AND OBJECTIVES 
 In the present study, we have identified the 
cultivable bacterial community members in an 
oily sludge sample obtained from an oil storing 
facility. A member of this community, 
Aerococcus sp. strain BPD-6 was characterized 
as efficient PAH (naphthalene and anthracene) 
degrader, which could utilize naphthalene and 
anthracene as sole source of carbon and energy 
during growth. The investigation was also 
focused on certain physicochemical factors 
(pH, temperature and salinity), which may 
affect the degradation efficiency. 

MATERIAL AND METHODS 
Anthracene, naphthalene, acetone, methanol, 
acetonitrile and Dichloromethane (DMC) were 
purchased from Merck (India), while media 
components were procured from Himedia. All 
solvents used in this study were High 
Performance Liquid Chromatography (HPLC) 
grade and other chemicals were analytical 
grade with 99- 100% purity.  
Sample collection, isolation and identifica-
tion of microorganisms 
Oil sludge was collected in a sterile glass 
camber bottle from sludge storage tank of an 
oil storing facility of the Bharat Petroleum 
Corporation Limited, located at Rajbandh, 
Durgapur, India. Twenty eight bacterial strains 
were isolated from the oily sludge using R2A 
medium (Himedia, India) and Mineral Salt 
Media (MSM) using serial dilution plating 
techniques. Colonies were isolated, purified by 
repeated sub-culturing and stored in 15% 
glycerol at -80 °C for long time preservation of 
the strains. Genomic DNA was isolated from 
the bacterial strains using standard phenol-
chloroform extraction procedure. PCR 
amplification of bacterial 16S rRNA gene 
fragments was performed and gel purified the 
products. Partial sequences of the 16S rRNA 
gene fragments were determined on an 
automated ABI 3730XL sequencer. Strain 
identification was done as described 
previously.11 

Carbon-source utilization and heavy metal 
resistance  
The potential of Aerococcus sp. strain BPD 6 
to utilize other hydrocarbons as sole source of 
carbon was evaluated in (Murashige  and 
Skoog (MS) medium. Strain BPD-4 was 
incubated at 30°C for 7 days in liquid medium 
supplemented with 100 mg l-1 of following 
compounds : benzene toluene, ethyl-benzene, 
xylene, pyrene, phenanthrene, fluorine, Na-
benzoate, cresol and phenol. Growth was 
measured at 600 nm by estimating optical 
density of the culture. The ability of the isolate 
to tolerate different heavy metals (Cd2+, Pb2+, 
Cr2+, Zn2+, Ni2+ and Cu+) were also tested using 
CdNO3, Pb(NO3)2, K2Cr2O7, ZnCl2, NiCl2 and 
CuNO3, respectively, in various concentrations 
ranging from 0.1 mM-10 mM in MS medium. 
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Overnight starter culture was streak on the 
representative metal containing plates and 
incubated it at 37°C for 3-4 days. 
Biodegradation experiments 
The degradation study using Aerococcus sp. 
strain BPD-6 was carried out in Erlenmeyer 
flasks (250 ml) containing sterile MSM amended 
with various concentrations of naphthalene or 
anthracene and incubated at 37°C, 150 rpm after 
adding 1ml inoculum in each flask. Un-
inoculated flasks were kept under the same 
conditions to determine the abiotic losses 
occurring during the experiment. Samples were 
collected at regular intervals of time and 
analyzed for growth of the strain by measuring 
the optical density at 600 nm and residual 
naphthalene, anthracene concentrations. Various 
physical factors were examined for their 
influence on growth as well as degradation of 
naphthalene and anthracene which included pH 
(4-10), salinity (0.5-5%) or temperature (25-
45°C). All the experiments were carried out in 
duplicate. For the analysis of residual 
naphthalene and anthracene 1 ml of culture 
medium was collected and acidified to pH 2.0 by 
using 2N HCl and extracted with equal volume 
of n-hexane for naphthalene and dichloro-
methane for anthracene followed by 
centrifugation for 7 min at 10,000 rpm. The 
organic phase was separated and residual 
naphthalene and anthracene concentrations were 

measured by High Performance Liquid 
Chromatography (HPLC) (Waters 600) equipped 
with UV-Vis detector. Chromatographic 
separation was carried out with a reverse phase 
C-18 column and detection was performed at 254 
nm. The mobile phase was a mixture of 
acetonitrile : water (90:10) for naphthalene and 
anthracene was measured using four solvents 
mixture (acetonitrile : methanol : water : acetic 
acid at 70:19.5:10:0.5 ratio).  
Kinetic study 
To represent the degradation kinetics of 
naphthalene and anthracene, available kinetics 
models (Haldane model, Aiba model, Edward 
model and Webb model) were fitted to the 
experimental data. The degradation rate, µ (1/h) 
for those models are represented in  Table 1, 
where, S0 is the initial substrate concentration 
(mg/l), µmax the maximum degradation rate (1/h), 
Ks the substrate-affinity constant (mg/l), K the 
constant in webb model (mg/l) and Ki is the 
substrate-inhibition constant (mg/l). The degra-
dation rate, µ was determined from the gradient 
of a semi-logarithm plot of substrate concen-
tration, S vs. time for each initial substrate 
concentration, S0 investigated. From the values 
of µ vs. S0, the values of the kinetic parameters 
for various models were obtained using nonlinear 
regression analysis using GraphPad Prism 5.0. 
Regression analysis was performed with the data 
analysis tool pack of microsoft excel.  

Table 1 : Kinetic parameters obtained by different models 
PA
Hs Models Equations µmax 

(h-1) 

KS 
(mg/l) 

Ki(mg/l) K(mg/l) R² SD 

Nap 
Haldane 
model 
 

µ=
휇 푆

퐾  + 푆 + 푆
퐾

 0.08346 61.58 449.8 - 0.92 0.003641 

 Webb model 
휇

= 휇
푆(1 + 푆

퐾)
푆 + 퐾 + (푆 /퐾 )

 
0.1167 

 
109.0 

 
196.4 

 
3000 

 
0.92 

 
0.003977 

 

 Aiba model 휇 =
휇 푆 exp (− 푆

퐾푖) 
퐾 + 푆

 0.05895 25.54 1307 - 0.88 0.004404 

 Edward 
model 

휇

= 휇 [exp −
푆
퐾   

− exp −
푆
퐾  

] 

0.05369 41.83 1420 - 0.89 0.004256 

Ant Haldane 
model  0.2995 22.07 937.0 - 0.89 0.0141 

 Webb model  0.4198 44.46 147.6 539.7 0.98 0.0083 
 Aiba model  0.2762 17.46 1578 - 0.85 0.0173 

 Edward 
model  0.2031 0.6721 4496 - 0.21 0.0393 
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Scanning Electron Microscopy (SEM) 
The strain BPD-6 cells were growth in MS 
medium in presence of glucose (0.5%) and 
anthracene (10 mg/l) individually and log 
phase cells were separated and fixed with 2.5% 
(v/v) glutaraldehyde in phosphate buffer for 4 
hours, rinsed in buffer and then dehydrated by 
sequential immersion in different gradient of 
ethanol (50-90%) for 10 min each. 
Subsequently the specimens were coated with 
gold to be finally observed with a Hitachi S-
530 scanning electron microscope at an 
acceleration voltage of 25 kV. 

RESULTS AND DISCUSSION 
Isolation and characterization of micro-
organisms 
About 28 bacterial strains were isolated from the 
oily sludge sample and their phylogenetic 
affiliation was ascertained through 16S rRNA 
gene sequence analysis (Fig. 1). Majority (more 
than 46%) of the bacterial isolates were affiliated 
to the genus Bacillus. About 11% of the strains 
were identified as Paenibacillus spp. Four strains 
representing more than 14% of the culturable 
isolates were affiliated to Aerococcus spp. About 
7% showed identity with Microbacteriaceae 
family member Zimmermannella faecalis. About  

7% was related to the genus Brachybacterium. 
7% could be related to Micrococcus spp. Only 
two gram negative strains were recovered from 
the sludge sample and identified as 
Pseudomonas fluorescens and Pseudoxantho-
monas spadix. The Bacillus spp. Micrococcus 
spp. and Pseudomonas spp. were also 
previously found in  diverse petroleum/PAHs 
contaminated environments (petroleum oil 
sludge, petroleum refinery and oil exploration 
sites and petroleum contaminated soils) and 
have been extensively related to petroleum 
biodegradation under both aerobic and 
anaerobic conditions.3,12-13 Less information 
have been available on the genus Aerococcus 
related with hydrocarbon contaminated sites.14 
The isolate Aerococcus viridians from a coal tar 
contaminated, which could exhibit phenan-
threne degradation and also has been recovered 
that Aerococcus viridians associated with oil 
polluted site in Nigeria, which can degrade 
kerosene, diesel and petroleum oil.15 However, 
anthracene and naphthalene biodegradation by 
Aerococcus sp. has not been demonstrated by 
previous investigators. To our knowledge, this 
is the first report on anthracene and naphthalene 
utilization/degradation by Aerococcus sp. 
isolated from oily sludge. 

 
Fig.1 : Relative abundance of bacterial strains isolated from oil sludge 

Characterization of Aerococcus sp. strain 
BPD-6 
Various hydrocarbons including mono-
aromatics to various high molecular weight 
PAHs were tested as sole carbon substrate of 
Aerococcus sp. strain BPD-6. Aerococcus 
strain   BPD-6 was capable of using naphtha- 

aalene, anthracene, phenanthrene, fluorene, 
pyrene, phenol, cresol, Na-benzoate, salicylic 
acid, catechol, benzene, toluene, ethyl-benzene 
and xylene. Resistance to various heavy metals 
(Cd2+, Pb2+, Cr2+, Zn2+, Ni2+ and Cu+) was also 
observed in Aerococcus strain BPD-6. These 
properties of Aerococcus strain BPD-6 may be 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development           Vol. 9 No. 01, July-September 2014 

42 

helpful for the development of bioremediation 
strategies for the treatment of multiple 

contaminants simultaneously. The results were 
summarized in Table 2 and Table 3. 

Table 2 : Different carbon source utilization of the strain BPD-6 

Substrates Strain BPD-6 

Naphthalene ++ 

Anthracene ++ 

Fluorene + 

Phenanthrene ++ 

Pyrene - 

Benzene ++ 

Totuene + 

Ethyl-benzene - 

Xylene + 

Na- benzoate ++ 

Phenol + 

o-Cresol ++ 

Table 3 : Different heavy metals utilization of the strain BPD-6 

Strain BPD-6 Cadmium Lead Chromium Zinc Nickel Copper 
Tolerance level (> or = mM) 6 4 3 6 10 10 

Biodegradation of naphthalene and anthracene 
The degradation studies were conducted at 
different initial naphthalene and anthracene 
concentrations varying from 25-1750 mg/l and 
5-1000 mg/l, respectively (Fig. 2(a)    Fig. 2(b) 
and  Fig.  3). Experimental data showed that lag 
phase was increased according to the increase of 
initial substrate concentrations. However, the 
maximum absorbance of the culture obtained in 
lower concentrations of naph-thalene and 
anthracene as compared to higher. It was 
observed that 25-500 mg/l of naphthalene and 
5-100 mg/l of anthracene did not exhibited 
significant inhibitory effect on the 
microorganism as indicated by almost no lag 
phase during its growth. Beyond these 
concentrations, the strain took much longer time  
for  its  growth  (maximum 60 h at 1750 mg/l of 
naphthalene and 36 h at 1000 mg/l of 
anthracene)  after  that  growth  were  steadily 
increased, indicating the utilization of the both 
compounds. The mean growth rate                        
and    specific  degradation  were increased with  

increasing concentrations of naphthalene (up 
to 500 mg/l) and anthracene (upto100 mg/l) 
then decreased, possibly due to substrate 
inhibition at higher concentrations of 
naphthalene and anthracene, respectively. 
Naphthalene (25, 50 and 100 mg/l) were 
almost completely degraded (>95%) by the 
strain BPD-6 within 60h (Fig. 3(a)). When it 
was increased to 250-500 mg/l the 
degradation was achieved above 90% after 
86h (Fig. 3(b)). Higher naphthalene con-
centrations (750-1750 mg/l) were slowly 
degraded and above 90% degradation 
occurred after 8 days (Fig. 3(b)). In case of 
anthracene (5-25 mg/l), degradation was 
achieved above 90% within 85h. As the 
concentration of anthracene was increased to 
50-1000 mg/l degradation was around 65% 
(Fig. 4(a) and Fig. 4(b)). The naphthalene 
and anthracene have low aqueous solubility, 
therefore it restricts to microbial avaiability 
and after initial degradation the polarity of the 
subtances were increased which enhanced the 
substrate availability to cells. 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development           Vol. 9 No. 01, July-September 2014 

43 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2(a) : Growth of Aerococcus sp. strain BPD-6 at different naphthalene concentrations from 
25-500 mg/l 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2(b) : Growth of Aerococcus sp. strain BPD-6 at different naphthalene concentrations from 
750-1750 mg/l 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3(a) :  Naphthalene degradation by Aerococcus sp. strain BPD-6 ,concentration from 25-500 
mg/l 
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Fig. 3(b) :  Naphthalene degradation by Aerococcus sp. strain BPD-6, concentration from 25-500 
mg/l- 750-1750 mg/l 

 

 

 

 

 

 

Fig. 4(a) :  Growth of Aerococcus sp. strain BPD-6 at different anthracene concentrations 

 

 

 

 

 

 

Fig. 4(b) :  Anthracene degradation by Aerococcus sp. strain BPD-6 at different concentration 
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Effect of environmental factors 
The effect of various environmental regulatory 
factors on degradation of anthracene and 
naphthalene were measured during growth of 
Aerococcus sp. strain BPD-6 at different initial 
pH (4.0-10.0), temperature (25-45°C) or 
salinity (0.5-5%).  Fig. 5(a) showed the 
variation of cell growth at different pH values 
in MS medium containing 25 mg/l anthracene. 
Maximum growth and degradation (85%) was 
obtained at pH value 7.2 within 80h. 
Temperature is an essential factor which helps 
to maintain the growth and degradation 
potential of the cells. Aerococcus sp. strain 
BPD-6 was used 37°C temperature for their 
optimal degradation up to 85% within 70h 
(Fig. 5(b)). Aerococcus sp. strain BPD-6 used 
100 mg/l of naphthalene at different pH and 
salt concentrations, within 50h and degradation 
achieved above 80% at pH 7.2-8.0 (Fig. 6(a)) 
and salinity 0.5-5% (Fig. 6(b)). Temperature, 
pH and salinity all are important environ-
mental factors affecting the microbial metabo-
lism of different contaminants especially 
hydrocarbons. It was observed that at low pH 
and temperature, enzyme catalytic reactions 
were slow and also the growth of organism 
was slower therefore, the degradation also 
decreased.16-20  
Growth kinetics of Aerococcus sp. strain 
BPD-6 during biodegradation 
The degradation of contaminant also leads to 
the   formation  of   biomass.  As   contaminant  

degradation is the result of the microbial 
activity, the kinetics of contaminant degrada-
tion is closely related to the kinetics of 
microbial growth. The obtained biomass 
concentrations and substrate concentration at 
different time intervals for various initial 
concentrations of anthracene and naphthalene 
were used to calculate specific growth rate (µ). 
The experimental data on specific growth rate 
(µ) obtained at various initial anthracene 
concentrations (S0) were used for estimating 
the kinetic parameters from the above models 
(Fig. 7(a) and Fig. 7(b)). These model 
equations were solved using nonlinear 
regression method using GraphPad Prism. The 
kinetic parameters obtained from these models 
are shown in Table 1. It could be seen from 
the table that the inhibition constant (Ki) values 
seems very large. The reason for this may be 
due to the fact that anthracene (substrate) was 
not in close proximity to the inhibition 
constant.   

SEM analyses 
The scanning electron microscopy was used to 
study and understand the morphological 
appearance of cells in presence of anthracene 
at a concentration of 10 mg/l. There was no 
marked distortion but little shrinkage of the 
cells was appeared in the presence of 
anthracene (Fig. 8(a) and Fig. 8(b)). This 
indicates that Aerococcus sp. strain BPD-6 is 
quite resistant and sustained to PAH in the 
medium.

 
Fig. 5(a) : Effect of pH on growth and anthracene degradation in MS medium containing 25 mg/l 

anthracene 

0
0.05

0.1
0.15
0.2

0.25
0.3

0.35
0.4

0

20

40

60

80

100

4 6 7 8 10

G
ro

w
th

 (O
.D

 a
t 6

00
nm

)

D
eg

ra
da

tio
n 

of
 a

nt
hr

ac
en

e (
%

)

pH



J. Environ. Res. Develop. 
Journal of Environmental Research And Development           Vol. 9 No. 01, July-September 2014 

46 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5(b) : Effect of temperature on growth and anthracene degradation in MS medium 
containing 25 mg/l anthracene 

 
Fig. 6(a) : Effect of pH on growth and naphthalene degradation in MS medium containing 100 

mg/l naphthalene 
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Fig. 7(a) : Experimental and predicted specific degradation rate of the cultures with different 
fited model :  At different naphthalene concentrations 

 

 

 

 

 

 

 

 

Fig. 7(b) : Experimental and predicted specific degradation rate of the cultures with different 
fited model :  At different anthracene concentration 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 8(a) : Scanning electron micrograph of Aerococcus sp. strain BPD-6 in MSM : Growth with 
0.5% glucose 
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Fig. 8(b) : Scanning electron micrograph of Aerococcus sp. strain BPD-6 in MSM : Growth with 

10 mg/l of anthracene 

CONCLUSION 
The cultivable bacterial community in an oily 
sludge was predominated by the members of 
the genus Bacillus followed by Paenibacillus, 
Micrococcus, Brachybacterium, Aerococcus, 
Zimmermannella, Pseudomonas and Pseudo-
xanthomonas. The bacterial strain Aerococcus 
sp. BPD-6 degraded more than 95% naph-
thalene within 60 h at 100mg/l concentration 
and 90% of anthracene was degraded within 
85h at 25mg/l concentration. Significant 
amounts of PAH degradation were also 
observed under various environmental 
conditions. 
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Our modern industrial economy takes a mountain covered with trees, lakes, running 
streams and transforms it into a mountain of junk, garbage, slime pits, and debris. 

Edward Abbey 


