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Introduction 
 

Production, refinery, transportation or storage 

of crude oil and its derivatives, through 

accidental leakages may lead to 

contamination of soils with BTEX 

compounds (benzene, toluene, ethyl-benzene 

and xylenes), polycyclic aromatic 

hydrocarbons (PAHs), as well as aliphatic 

hydrocarbons. Oil wells, petroleum plants, 

distribution and storage devices, 

transportation equipments are the main 

sources of the contaminations (Wolicka et al., 

2009). Because trace heavy metals are 

common constituents of crude oil (Osuji and 

Onojake, 2004) and of petroleum derivatives 

(Pb
2+  

leaded  gasoline,  lubricating  oils  and  

 

 

 

 
greases; Zn

2+
, Cd

2+
 compounds amended 

engine oil etc.) during an increased, long term 

pollution with hydrocarbons the heavy metal 

contamination of the respective areas should 

also be taken into account (John, 2007). 

Furthermore, within huge industrial areas 

(mining, metallurgical, oil distribution 

industry etc.) where hydrocarbon spills are 

very common the co-occurrence of 

hydrocarbon and heavy metal pollutants is 

observed (Abdullah et al., 2011). 

 

All the above mentioned compounds in the 

environment cause serious health problems 

due to their carcinogenic and mutagenic 
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This article presents a study of the bacteria bioremediation characters and their heavy 

metal and antibiotic tolerance from the petroleum contaminated soil located in 

industrialized areas of Chhattisgarh, India. Soil sediments were characterized by FTIR for 

the presence of aromatic compounds and further the heterotrophic and fuel degrader counts 

was estimated. The strains characterized were predominantly from the Bacillus species 

which showed mixed resistance patterns against antibiotics and heavy metals. The present 

study results revealed that isolates Aneurinibacillus migulanus strain KTPP was most 

potent in degrading all the hydrocarbons and showed multiple resistance against heavy 

metals. Bacillus cereus strain BSP showed resistance against most heavy metals and also 

was the second most active bacteria to degrade the selected hydrocarbons. All the isolates 

except Bacillus cereus were resistance only to Penicillin G and Cefuroxime and sensitive 

to others which shows that the transfer of antibiotic resistance genes has not taken place. 
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effects (Mrozik and Piotrowska-Seget, 2009; 

Mishra et al., 2010). Because heavy metal and 

antibiotic resistance genes are often found on 

the same mobile genetic element, metal 

pollution often promotes the emergence of 

antibiotic resistances in exposed organisms, 

which fact has also a growing concern in 

natural and clinical settings (Knapp et al., 

2011). Thus, the remediation of these sites has 

been of great interest. 

 

Several treatment methods, applying physical, 

chemical and biological processes have been 

developed in the past decades. Physical and 

chemical approaches are capable of removing 

a broad spectrum of contaminants, but the 

main disadvantages of these methods lie in 

the increased energy consumption and the 

need of additional chemicals. Furthermore, 

with physico-chemical treatments, such as 

incineration, the transfer of pollutants from 

one environmental compartment to another 

may occur (e.g. from soil to atmosphere). 

During bioremediation, metabolic activity of 

micro-organisms is involved in breakdown of 

contaminants into non-toxic compounds. This 

technique is cost-effective, applicable over 

large areas and (usually) leads to the complete 

breakdown of the organic contaminants, 

potentially ending in their mineralization. 

Although bioremediation is a relatively time 

consuming process and the degree of success 

depends on a number of factors (pH, 

temperature, availability of O2 and nutrients, 

etc.) aerobic bacterial biodegradation of 

aliphatic, simple aromatic hydrocarbons, like 

BTEX and low molecular weight PAHs is 

well characterized (Sarkar et al., 2004;  

Trindade et al., 2004). 

 

As economic aspects are getting more 

considered in remediation processes, the more 

inexpensive bioremediation methods e.g. in 

situ biostimulation and bioaugmentation 

techniques are preferred. However, to 

evaluate the applicability of these 

bioremediation techniques in a petroleum 

hydrocarbon contaminated environment, it 

has to be known whether the microbial 

community of the contaminated environment 

has the metabolic potential to eliminate the 

contamination.  

 

Due to the fact that Chhattisgarh has a 

notable oil collection centre, renowned steel 

production industries, aluminum production 

plants and power plants there is lot of 

hydrocarbon pollution around these 

industries. Since remediation of these sites is 

considerably costly, development of a 

microbial soil inoculant for bioaugmentation 

purposes could be an appropriate approach to 

treat the contaminated sites in Chhattisgarh. 

Therefore, the major goal of this study was to 

obtain a strain collection of 

hydrocarbonoclastic bacteria able to exert an 

outstanding degradation potential against high 

levels of hydrocarbon pollutants even within 

heavy metal impacted environments. In 

addition, our aim was to investigate and 

compare the diversity and activity of 

microbiota among two geographically closed 

petroleum hydrocarbon contaminated sites 

with different contamination characteristics 

using cultivation dependent and independent 

techniques. Furthermore, we determined the 

heavy metal tolerance and antibiotic 

resistance of isolated and identified aerobic 

hydrocarbon-degrading bacterial strains. 

 

Materials and Methods 

 

Site description and soil sampling 

 

Soil samples were collected from ten different 

areas in Chhattisgarh (Table 1). The selected 

areas were from Raipur (21.2514
0
N, 

81.6296
0
E), Bhilai (21.1938

0
N, 81.3509

0
E), 

Bilaspur 22.076
0
N, 82.139

0
E, Korba 

(22.3595
0
N, 82.7501

0
E) and Raigarh 

(21.8974
0
N, 83.3950

0
E).  
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Petroleum hydrocarbon contaminations 

(mainly diesel-oil and fuel oil) in all the cases 

resulted from spillages during distribution of 

the products from storage tanks. Samples 

were collected during the month of June. The 

top 15 cm of soil was collected using sterile 

spatula into sterile plastic bags for further 

transportation and microbiological analysis. 

Samples were stored at 4
0
C until further 

processing. 

 

Soil pH of samples was determined by 

following the SR ISO 10390-1999 standard 

(Muntean and Rusu, 2011). Moisture content 

of soils (expressed in %) was determined 

according to  Damian et al.,  (2008); available 

potassium and organic carbon content was 

analyzed by Soil testing Kit (HiMedia) while 

the amount of phosphate and nitrate content 

was analyzed according to (Hooda and Kaur, 

1999).  

 

Estimation of total aerobic heterotrophic 

and hydrocarbon degrading germ count 

 

Each soil sample (10 g) was dissolved in 

deionised water and kept to stand for 30 mins 

after vigorous shaking in sterile conditions. 

The sediments were collected and air dried for 

all the future experiments.  

 

Aerobic heterotrophic and hydrocarbon-

degrading germ counts were estimated using 

the most probable number (MPN) method in 

96 well microtiter plates, BBH (Bacto 

Bushnell Haas) mineral medium (HiMedia) 

by the method of  Braddock and Catterall 

(2010), supplemented with tetrazolium violet 

(2,5-diphenyl-3-[alpha-napthyl] tetrazolium 

chloride) which is reduced to a dark purple 

colored derivative formazan on microbial 

respiration.  
 

The results were obtained in the form of 7 

dilution MPN series of each dilution factor 

and calculated as MPN/ gm with the help of 

MPN calculator Build 23 by Mike Curiale. 

FTIR analysis of soil samples  

  

Sample preparation 

 

The infrared spectra were recorded on 

Thermo Scientific USA. The spectra were 

scanned in the 400–4000 cm
−1

 range. The 

spectra were obtained using potassium 

bromide (KBr) pellet technique. Potassium 

bromide (AR grade) was dried under vacuum 

at 100 °C for 48 h and 100 mg of KBr with 

1 mg of sample was taken to prepare KBr 

pellet. The spectra were plotted as intensity 

versus wave number.  

 

Enrichment, purification and culturing of 

hydrocarbon degrading bacteria 

 

Petrol and Diesel-oil degrading bacteria were 

isolated using enrichment containing: 40 ml 

BBH mineral broth medium supplemented 

with 1 and diesel and 4.0 g of contaminated 

soil. After 2 weeks of incubation at 32
0
C, the 

enriched cultures were serially diluted and 

inoculated onto BBH agar plates. The lid of 

Petri-dishes contained 250 ml of sterile 

diesel-oil as sole source of carbon and energy. 

Colonies with different morphologies were 

selected as candidate petroleum hydrocarbon 

degrading strains and were maintained on 

standard Nutrient Agar (HiMedia). 

 

Identification of strains 

 

Genomic DNA of isolates was extracted using 

lysozyme and proteinase k method as 

previously described by many authors. The 

PCR was carried out with 50-90 ng of pure 

genomic DNA using the eubacterial primers 

27F (5'-AGAGTTTGATCTGGCTCAG-3') 

and 1492R (5'-GGTTACCTTG TTACGA 

CTT-3'), located respectively at the extreme 5' 

and 3' ends of the ribosomal DNA sequence, 

enable the amplification of nearly the entire 

gene. The amplification reactions were 

performed in a 50 µL volume by mixing 
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template DNA with the polymerase reaction 

buffer (10x); primers PA and PH (100 ng 

each) and 0.5 U Taq polymerase. PCR 

products (approx. 1500 bp) were purified by 

PCR purification kit (Qiagen, Valencia, CA). 

Sequencing was performed by Miniprep kit 

(Qiagen) and sequenced by using Big 

Dyeterminator with an automated capillary 

sequencer (Applied Biosystems) at NBRI, 

Lucknow. Taxonomic analysis was conducted 

by the GeneBank basic local alignment search 

tool (BLAST) program and the gene 

sequences of analysed strains were deposited 

in NCBI genebank under accession numbers 

KX371250-54. The phylogenetic tree (Fig. 4) 

was inferred using the neighbor-joining 

method in the MEGA 7 program. 

 

Hydrocarbon degradation potential of 

isolates 

 

Identified strains were tested to degrade 

different hydrocarbons: benzene (C6H6; 

Cyclohexa-1,3,5-triene), toluene (C7H8; 

Methyl benzene), naptahlene (C10H8; 

Bicyclo[4.4.0]deca-1,3,5,7,9-pentene) and 

acenapthene (C12H10; 1,2-

Dihydroacenaphthylene) (HiMedia) 

qualitatively as well as quantitatively by two 

different methods. Out of 22 different looking 

colonies, 10 isolates were used for checking 

the degradation of benzene, toluene, 

naphthalene and acenapthene by the first 

method. The setup was prepared in 250 ml 

sterilized conical flasks. Test media contained 

50 ml BBH mineral broth, supplemented with 

one of the filter sterilized (0.2 μm) 

hydrocarbons (100 mg/l) and resazurine (10 

mg/l) as a redox indicator. Test solutions were 

inoculated with 250 μl strain culture solutions 

(OD600 = 0.5). In the case of hydrocarbon 

degradation the initial blue color of test 

solution changed to colorless via pink 

(George Okafor et al., 2009). The test runs 

were incubated for a week in a rotary shaker 

at 145 rpm and 28
0
 C. Samples with no 

degradation activity (blue color) were marked 

―-‖, minimum microbial activity (bluish pink 

color) ―+‖, the medium activity pink samples 

by ―++‖, while samples showing increased 

hydrocarbon degradation activity (colorless) 

were marked ―+++‖. 

 

The second method was setup for four time 

intervals for each identified strain and 

hydrocarbon. The test media consisted of 20 

ml BBH supplemented with one of the filter 

sterilized (0.2 μm) hydrocarbons at a final 

concentration of 100 mg/l for naphthalene and 

acenapthene whereas 1 % for benzene and 

toluene. Incubation was done at 35
0
C for 10, 

20, 30 and 40 days at 150 rpm. Samples were 

collected at regular intervals of time and the 

residual hydrocarbons were extracted 

according to Vilas Patel et al., (2012) and 

analyzed by HPLC. 

 

Testing heavy metal and antibiotic 

resistance of strains 

 

Heavy metal resistance of strains was tested 

in nutrient broth containing different 

concentrations (0.25, 0.5, 1.0, 2.0, 1.0, 2.0, 

3.0, 4.0, 5.0, 6.0, 7.0, 8.0 mM) of CdCl2, 

CuSO4.5H2O, Pb(NO3)2, ZnSO4.7H2O, 

MnSO4.H2O, C8H4K2O12Sb2.3H2O, 

SnCl2.2H2O, K2Cr2O7, NiSO4.6H2O HgCl2, 

FeSO4.7H2O (HiMedia). Stock solutions were 

prepared in deionized water and were also 

filter sterilized before inoculation. All tests 

were done in duplicates and the results were 

evaluated visually for growth against heavy-

metal free control cultures and blank tubes. 

 

Sensitivity of selected strains against 

antibiotics was assayed by the Kirby Bauer’s 

disc diffusion method using Muellere Hinton 

agar (Bauer et al., 1996; CLSI, 2013). Used 

antibiotic discs (HiMedia) belonged to the 

following antibiotic groups: cephalosporins 

(cefuroxime sodium-CXM30, cefoperazone-

CFP75, cefotaxime-CTX30,); tetracyclines 
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(tigecycline-TGC15); penicillins (penicillin 

G-10U, piperacillin-PRL100, amoxyclav-30); 

quinolones (norfloxacin-NOR10); 

carbapenems (imipenem-IPM10). Regarding 

to antibiotic resistance, strains were divided 

into three groups (resistant-R, intermediate 

resistant-I, susceptible-S) according to the 

diameter of the inhibition zone taking into 

account CLSI interpretive standards (CLSI, 

2013). 

 

Results and Discussion 

 

The pH of the soil samples varied from 7.57 

(HPRB) to 8.5 (KNPP, RJSP, BSP) which is 

alkaline. The soil temperature varied from 

36.2 (KNPP) to 37.5 (CFK). Moisture content 

was found to be most for HPRB (7.5 %) and 

least for APR (0.2 %). Inorganic phosphate, 

nitrate and potassium contents were less when 

compared to uncontaminated soil standard 

values. The organic carbon content was high 

or medium for all the samples except CFK 

(Table 2). 

 

Total aerobic heterotrophic and 

hydrocarbon degrading bacteria counts of 

soil samples 

 

The total heterotrophic count of bacteria was 

highest in sample sites BROD, HPRR and 

BSPOCC and least in CFK (Fig. 1). 

Hydrocarbon degrading bacterial count was 

less than the total heterotrophic count in most 

of the samples. In case of benzene degraders 

the count was maximum for BROD, HPRR, 

and APR and least for CFK whereas in case 

of toluene it was highest for BROD, HPRR 

and BSP and least in CFK (Fig. 2A and 2B). 

In case of naphthalene degraders the count 

was maximum for BROD, HPRR, and APR 

and least for IORR which followed the same 

trend in case of acenapthene degraders (Fig. 

2C and 2D). 

 

FTIR analysis of soil samples  

 

From the analysis of FTIR peaks it is clear 

that all the soil samples contain aromatic 

compounds other than alkanes, alcohols, 

phenols, acids, esters and ethers (Table 3). 

The figures 3A–J gives an idea about the IR 

spectra of the soil samples.  

 

Taxonomic identification of the bacterial 

strains 

 

Characterization carried out has been 

tabulated in table 4 and table 5. 

 

Hydrocarbon degradation potential 

 

The aromatic hydrocarbon degradation 

potential of all the isolates by dye method is 

shown in table 6 and the percentage 

degradation calculated after checking the peak 

area and retention time has been shown in 

table 7. 

 

Heavy-metal resistance of strains 

 

Maximum tolerance was shown by Bacillus 

thuringiensis strain BSPOCC and 

Aneurinibacillus migulanus strain BROD 

against antimony (15 ppm) and least was 

shown by all the five bacterial species against 

mercury (0.25 ppm). Also all the five species 

showed good tolerance against lead, zinc and 

manganese (Table 8). 

 

Antibiotic resistance of strains 

 

All the identified bacterial species showed 

resistance against penicillin G and cefuroxime 

and were susceptible to impenem, amoxyclav 

and tigecycline. B. cereus showed resistance 

or intermediate resistance against 6 out of 9 

antibiotics and the other four were resistant 

only to 2 out of 9 antibiotics used (Table 9). 
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Table.1 Soil sampling labels and physicochemical characteristics 

 
Korba 

Thermal 

Power 

Plant  

Raigarh 

Steel Plant  

Bhilai 

Steel 

Plant   

Bhilai 

Steel Plant 

Oil 

Collection 

centre  

Coal 

Field 

Korba  

Aluminium 

Plant 

Raigarh  

Sponge 

Iron 

Plant 

Urla  

Bilaspur 

Railway 

Oil Depo  

HP 

Refilling 

Raipur  

Indian Oil 

Refilling 

Raipur  

KTPP RSP BSP BSPOCCC CFK APR SIPU BROD HPRR IORR 

 

 

Table.2 Physico chemical properties of soil samples 

 

Parameters pH Temp. 

(
0
C) 

Moisture 

content 

(%) 

Inorganic 

Phospahte  

Content 

(mg/L) 

Nitrate 

Content 

(mg/L) 

Available Potassium  Organic 

carbon 

Uncontaminated 

Agricultural soil  

7.7 35.1 9.0 922 89 No line visible very 

high above 392Kg/ha 

Low 

Korba Power 

Plant (KTPP) 

8.5 36.2 5.0 680 44 No line visible very 

high above 392Kg/ha 

Medium 

High  

Raigarh Steel 

Plant (RSP) 

8.5 37.1 2.1 660 41 No line visible very 

high above 392Kg/ha 

Medium 

High 

Bhilai Steel 

Plant  (BSP) 

8.5  36.4 2.5 640 47 No line visible very 

high above 392Kg/ha 

Medium 

Bhilai Steel 

Plant Oil 

Collection 

centre 

(BSPOCC) 

7.57 36.5 7.5 590 52 No line visible very 

high above 392Kg/ha 

High 

Coal Field 

Korba (CFK) 

8.18 37.5 1.4 450 49 No line visible very 

high above 392Kg/ha 

Low 

Aluminium 

Plant Raigarh 

(APR) 

8.36 37 0.2 650 46 No line visible very 

high above 392Kg/ha 

Medium 

Sponge Iron 

Plant Urla 

(SIPU) 

7.84 36.5 0.3 480 49 Last two line visible: 

Medium 112 to 280 

Kg/ha 

Medium 

High 

Bilaspur 

Railway Oil 

Depo (BROD) 

7.79 37.5 0.5 680 40 Last two line visible: 

Medium 112 to 280 

Kg/ha 

Medium 

Low 

HP Refilling 

Raipur (HPRR) 

8.4 37 0.3 600 54 No line visible very 

high above 392Kg/ha 

Low 

Indian Oil 

Refilling Raipur 

(IORR) 

8.1 37.2 1.5 620 49 Last two line visible: 

Medium 112 to 280 

Kg/ha 

Medium 
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Table.3 FTIR peak analysis 

 

Frequency, cm
–1 

 

Bond Functional Group Soil Samples in which peak 

was present  

3600-3200 O-H stretch Alcohols and 

phenols 

BROD, CFK, SIPU, APR, 

HPRR, KTPP, RSP, BSP, 

IORR 

3000-2850 C-H stretch Alkanes BROD, SIPU, BSPOCC, 

HPRR, KTPP, RSP 

1500–1400  C–C stretch (in–ring) aromatics BROD, CFK, SIPU, APR, 

BSPOCC, HPRR, KTPP, 

RSP, BSP, IORR  

1320–1000  C–O stretch  Alcohols, esters, 

acids and ethers 

BROD, CFK, SIPU, APR, 

BSPOCCC, HPRR, KTPP, 

RSP, BSP, IORR 

900–675  C–H ―oop‖  aromatics BROD, CFK, SIPU, APR, 

BSPOCCC, HPRR, KTPP, 

RSP, BSP, IORR  

 

 

Table.4 Taxonomic identification of the isolated bacterial strains 

 

 

Strain Gene bank 

accession number 

Sequence alignment Nearest phylogenetic 

neighbor (Gene bank 

accession number) 

No. of nucleotides Identity, %  

Aneurinibacillus 

aneuriniliticus 

strain RSP 

KX371250 730 97 Aneurinibacillus 

aneuriniliticus strain 

NBRC 15521 (NR112639) 

Aneurinibacillus 

migulanus strain 

KTPP 

KX371251 1187 97 Aneurinibacillus migulans 

strain NBRC 15520 

(NR113764) 

Aneurinibacillus 

migulanus strain 

BROD 

KX371252 865 98 Aneurinibacillus migulans 

strain NBRC 15520 

(NR113764) 

Bacillus 

thuringiensis strain 

BSPOCC 

KX371253 1384 99 Bacillus thuringiensis 

strain ATCC 10792 

(NR114581) 

Bacillus cereus 

strain BSP 

KX371254 1370 99 Bacillus cereus strain 

ATCC 14579 (NR074540) 
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Table.5 Morphological characteristics of isolates 

 

Characteristics  

 

Bacterial isolates 

Aneurinibacillus 

aneuriniliticus 

strain RSP 

Aneurinibacillus 

migulanus strain 

KTPP 

Aneurinibacillus 

migulanus strain 

BROD 

Bacillus 

thuringiensis 

strain BSPOCC 

Bacillus 

cereus 

strain BSP 

Colonial characteristics Circular, white Circular, white Circular, white Circular, 

yellowish 

Circular, 

white 

Morphological      

Gram’s reaction  + + + + + 

Shape Circular Circular Circular Circular Circular 

Spore staining  + + + + + 

Motility test + + + + + 

Biochemical  

Indole  

 

- 

 

- 

 

- 

 

- 

 

- 

Methyl red  - - - - - 

Voges-Proskauer + + + + + 

Citrate utilization  + + + + + 

Catalase  + + + + + 

Oxidase - - - - - 

Nitrate reduction  + + + + + 

Urease test  - - - - - 

Glucose fermentation  + + + + + 

Lactose fermentation + + + + + 

Maltose fermentation  - - - - - 

Sucrose fermentation  + + + + + 

 

 

Table.6 Qualitative hydrocarbon degradation (Dye Method) 
 

Parameters Aromatic hydrocarbon degradation potential  

 Benzene Toluene Napthalene Acenapthene 

B1-KTPP ++ ++ ++ ++ 

B2-RSP ++ ++ ++ ++ 

B3-BSP ++ ++ ++ ++ 

B4-BROD ++ ++ ++ ++ 

B5-CFK _ _ _ _ 

B6-APR + + ++ ++ 

B7-SIPU + ++ + ++ 

B8-BSPOCCC ++ ++ ++ ++ 

B9-HPRR ++ ++ + + 

B10-IORR ++ + ++ + 

―+++‖ results were not obtained as the reaction is reversible in aerobic conditions 

 

 

 



Int.J.Curr.Microbiol.App.Sci (2017) 6(3): 194-211 

202 

 

Table.7 Percentage hydrocarbon degradation (By HPLC) 

 
Bacteria Aromatic hydrocarbon degradation potential  

 Benzene Toluene Napthalene Acenapthene 

Bacillus 

thuringiensis strain 

BSPOCC 

67.8 % 100 % 100 % 82.5 % 

Aneurinibacillus 

migulanus strain 

KTPP 

100 % 100 % 100 % 100 % 

Bacillus cereus 

strain BSP 

100 % 98.4 % 100 % 100 % 

Aneurinibacillus 

migulanus strain 

BROD 

100 % 98.2 % 100 % 73.3 % 

Aneurinibacillus 

aneurinilyticus 

strain RSP  

100 % 91.6 % 100 % 55.2 % 

 

 

Table.8 Maximum tolerated concentration (MTC) values of tested heavy metals 

 

Strains ↓  MTC values of heavy metals (mM)    

 

L
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d
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it
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) 
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4
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O

1
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2
.3

H
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O
) 
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S
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e 

(N
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 F
er

ro
u

s 
S

u
lp

h
at

e 

(F
eS

O
4
. 
7

H
2
O

 

Bacillus cereus 

strain BSP  

6  1  4  4  6  3  10  6  2  0.25  4 

Bacillus 

thuringiensis 

strain BSPOCC  

6  0  4  4  6  2  10  15  1  0.25  4 

Aneurinibacillus 

migulanus strain 

BROD 

6  0  4  4  6  2  10  15  2  0.25   4 

Aneurinibacillus 

migulanus strain 

KTPP  

6  0  4  4  6  2  8  6  6  0.25  4 

Aneurinibacillus 

aneurinilyticus 

strain RSP  

6  0  4  4  6  2  6  6  2  0.25  4 
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Table.9 Susceptibility of identified strains against antibiotics 
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Strains ↓  The average diameter of the inhibition zones (mm)  

Bacillus cereus strain BSP  19 (R)  16 (R)  16 (I)  32 (S)  19 (I)  10 (R)  26 (S)  16 (I)  20 (S)  

Bacillus thuringiensis strain 

BSPOCC  

24 (R)  23(S)  27 (S)  38 (S)  22 (I)  10 (R)  29 (S)  26 (S)  27 (S)  

Aneurinibacillus migulanus 

strain BROD  

21 (R)  23 (S)  30 (S)  44 (S)  21(I)  14 (R)  30 (S)  26 (S)  27 (S)  

Aneurinibacillus migulanus 

strain KTPP  

22 (R)  22 (S)  29 (S)  42 (S)  24 (S)  10 (R)  30 (S)  26 (S)  29 (S)  

Aneurinibacillus 

aneurinilyticus strain RSP  

26 (R)  22 (S)  30 (S)  44 (S)  20 (I)  12 (R)  30 (S)  26 (S)  29 (S)  

R- Resistant; S-Susceptible; I-Intermediate Resistance 

 

 

Fig.1 Most probable number analysis for the 10 soil samples 
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Figure.2 MPN of hydrocarbon degraders 

 

    

Fig. 2A Most probable number analysis    Fig.2 B Most probable number analysis for toluene                                                

for benzene degraders                                         degraders                                                                                                
 

     

Fig. 2 C:  Most probable number analysis for      Fig. 2 D Most probable number analysis for  

napthalene degraders                      acenapthene degraders                                                                                                                                                                                                                                       
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Figure.3 The IR spectra of the soil samples 

 

 
 

    

 

Fig.3A FTIR peaks for soil sample BROD       Fig.3B FTIR peaks for soil sample BROD  

 

 

 

 

 

 

     
Fig.3C FTIR peaks for soil sample SIPU       Fig.3D FTIR peaks for soil sample APR 
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       Fig.3E FTIR peaks for soil sample UOS       Fig.3F FTIR peaks for soil sample HPRR 

    
 

Fig.3G FTIR peaks for soil sample KTPP    Fig. 3H: FTIR peaks for soil sample RSP  

            

Fig.3I FTIR peaks for soil sample BSP         Fig.3J FTIR peaks for soil sample IORR 
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Fig.4 Phylogenetic tree derived from 16S rRNA gene sequences showing the relationship 

between isolates and other species belonging to the genus Bacillus constructed using the 

neighbor-joining method. Bootstrap values were expressed as percentages of 1000 replications 
 

 
 
The aim of the study is to obtain a strain 

collection of hydrocarbonoclastic bacteria, with 

an outstanding ability to degrade hydrocarbon 

pollutants and to resist elevated heavy metal 

concentrations at the same time, for further use 

in the development of microbial soil inoculants 

for bioaugmentation purposes. Total ten PHC 

contaminated soil samples were collected from 

various locations in Chhattisgarh, India. To 

check the effect of contamination on different 

properties of soil, physicochemical analysis of 

the collected soil samples and one 

uncontaminated agricultural soil was carried 

out. PHC pollution exerts adverse effects on soil 

conditions, microorganisms and plants (Uche et 

al., 2011), leads to deterioration of soil 

structure, loss of organic matter contents, loss 

of soil mineral nutrients such as sodium, 

calcium, magnesium, nitrogen and sulphate, 

phosphate and nitrate (Akubugwo et al., 2009). 

There was no significant change in the pH of 

the soils and potassium levels. As expected due 

to hydrocarbons from the petroleum, the 

organic carbon content in all the contaminated 

soil samples was significantly higher than 

normal soil. The nitrate and phosphate content 

of the soil samples was less than that of normal 

soil. Lower concentration of nitrate and 

phosphate have been reported as limiting factors 

for the growth of microorganisms in PHC 

polluted environments (Rahman et al., 2002). 

The moisture content which determines the 

extent of water retention and aeration in the soil 

was also less in PHC contaminated soils as that 

of normal soil. These two properties are 

important for the growth of biotic components 

in the soil. Presence of PHC in the soil increases 

the soil hydrophobicity (Khamehchiyan et al., 

2007, Bennett et al., 1993; Roy et al., 1999), 

reducing the water holding capacity of the soil 

(Osuji and Nwoye, 2007). Bundy et al., (2002) 

have also reported that nutrient balance (C and 
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N), pH and moisture content of soil were 

usually affected as a result of contamination by 

hydrocarbons. The altered physico-chemical 

properties of PHC contaminated soil makes it 

unfit for the growth of agricultural crops as well 

as the normal soil flora. The soil temperature 

was slightly higher because of the components 

present in oil which absorbs light of both the 

visible and UV range (Yu et. al., 2006). 

Moreover the contaminants in soil form a dark 

coating which increases the subsurface soil 

temperature (Balk et. al., 2002). All the samples 

were found to be slightly alkaline which shows 

efficient bioremediation (Vidali, 2001). 

 

 Identification results of isolated hydrocarbon 

degrading strains suggested the dominance of 

the representatives of the Bacillus (Firmicutes) 

in all the samples. There have been fewer 

reports on the roles of Bacillus sp. in 

hydrocarbon bioremediation although there are 

several reports of bioremediation of pollutants 

by the action of Bacillus sp. occurring in 

extreme environments. Sorkhoh et al., (1993) 

isolated 368 isolates belonging to the genus 

Bacillus from desert samples. In addition, 

Annweiller and co-workers (2000) described a 

B. thermoleovorans that degrades naphthalene 

at 60◦C. More recently, Ijah and Antai (2003) 

reported Bacillus sp. being the predominant 

isolates of all the crude oil utilizing bacteria 

characterized from highly polluted soil samples. 

 

The MPN count was always higher for 

heterotrophic bacteria which were supplied with 

glucose as a sole source of carbon when 

compared to fuel degrader bacteria which were 

supplied with either benzene, toluene, 

naphthalene and acenapthene as sole source of 

carbon. 

 

Heavy metal resistance of strains was tested in 

nutrient broth containing different 

concentrations (0.25, 0.5, 1.0, 2.0, 1.0, 2.0, 3.0, 

4.0, 5.0, 6.0, 7.0, 8.0 mM) of CdCl2, 

CuSO4.5H2O, Pb(NO3)2, ZnSO4.7H2O, 

MnSO4.H2O, C8H4K2O12Sb2.3H2O, 

SnCl2.2H2O, K2Cr2O7, NiSO4.6H2O HgCl2, 

FeSO4.7H2O (HiMedia). Amongst the tested 

heavy metals Pb2+, Cu2+, Mn2+, Sb3+, Sn2+ and 

Zn2+ were the most tolerated by the tested 

strains, and the upper limits of tolerance were 

rallied around a wide range of values (Sn2+ - 4 

mM to Sb3+ - 15 mM). The presence of Cd2+, 

Cr2+ and Hg2+ was very sensitive to all the 

isolates. The presence of Ni2+ had an inhibitory 

effect on all the isolates except Aneurinibacillus 

migulans strain KTPP. Outstanding ability of 

Bacillus species in remediation of heavy metals 

has been demonstrated in various studies 

(Ferdag et al., 2011; Ersoy et al., 2009; Othman 

and Thoufeek 2015; Yogendra et al., 2013).  
 

B. cereus showed resistance / intermediate 

resistance against 6 of the 9 antibiotics whereas 

rest of the isolates showed resistance only 

against 2 antibiotics (Penicillin and 

Cefuroxime). Multiple resistance against heavy 

metals and antibiotics of B. cereus isolates has 

also been reported by  Singh et al.  (2010). 

Since several genes responsible for degradation 

of aromatics and for heavy metal/antibiotic 

resistances are located on plasmids which are 

key vectors of horizontal gene transfer, the 

members of the bacterial community gained 

opportunity to expand their chromosome 

encoded resistance and catabolic potential with 

those encoded on plasmids. This phenomenon 

may explain the strong correlation among 

hydrocarbon degradation ability and heavy 

metal/antibiotic tolerance among strains. In case 

of strains isolated from the solely PHC 

impacted sample the lack of correlation among 

foregoing capabilities might be linked to the 

lack or low rate of transmission of mobile 

genetic elements. In the absence of a strong 

driving force (e.g. presence of heavy metals or 

antibiotics) the endogenous micro biota is not 

actuated for the exchange of resistance carrying 

plasmids. Our findings justify the above 

statement that in the absence of antibiotic 

driving force in the environment around soil 

sample collected caused the partial gene transfer 

for heavy metal resistance only and not for 

antibiotic resistance. Furthermore, as several 

biodegradative pathways are located also on 

mobile genetic elements, a long term exposure 

to heavy metals/antibiotics may be linked to the 
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widespread distribution of biodegradative 

capabilities as well (Roy et al., 2002). 

Nevertheless, the lack or complete/partial loss 

of these transmissible genetic segments may 

lead to the reduced degradative functions, as 

well as to the loss of multiple resistances 

(Amábile-Cuevas et al.,  1991; Marqués and 

Ramos, 1993). 
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