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ABSTRACT:   
Polycyclic aromatic hydrocarbons (PAHs) are one of the most widespread organic pollutants, which are produced as 
biproducts of fuel burning. Oil, coal and tar deposits contain PAHs. These compounds also remain on beaches and 
marine environments for a long time after an oil spill. Being lipophilic, PAHs in the environment are found 
primarily in soil, sediments and oily substances. Sometimes they are also a component of concern in particulate 
matter suspended in air. 
Soil samples were subjected to isolation and characterization of camphor degrading bacteria. Being a polyaromatic 
hydrocarbon, camphor was used for this experiment. General characters and camphor degrading potential of the 
isolates are described in this paper. 
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[I]INTRODUCTION 
Aromatic hydrocarbons are mainly found in the 
form of polycyclic aromatic hydrocarbons 
(PAHs). They are composed of more than one 
aromatic ring which are fused and don’t contain 
any heteroatoms or carry substituent. [1] 
PAHs are one of the most widespread organic 
pollutants, occurring in oil, coal and tar deposits 
and are produced as byproducts of fuel burning. 
These compounds also remain on beaches and 
marine environments for a long time after an oil 
spill. Recent investigations have concluded that 
their toxicity is measurably enormous. As 
pollutants, they are of concern because some 
compounds have been identified as 
carcinogenic, mutagenic and bioconcentration in 
higher organisms. [2] PAHs are also found in 
cooked foods, such as grilled meats. Natural 
crude oil and coal deposits contain significant 
amounts of PAHs, arising from chemical 
conversion of natural product molecules such as 
steroids to aromatic hydrocarbons. They are also 
found in the processed fossil fuels, tar and 
various edible oils. Certain microorganisms have 
ability to utilize the hydrocarbons. [3]Bacteria 

use PAH as their sole source of carbon and 
energy, whereas fungi and algae transform PAH 
co-metabolically to non toxic or more readily 
degraded products. [2] 
These microorganisms are useful in various 
applications such as secondary and tertiary oil 
recovery, for production of single cell protein 
and extracellular polysaccharides. 
Thus, isolates of hydrocarbon degrading 
microorganisms are very important in 
bioremediation process. Especially petroleum 
refinery waste can be efficiently treated with 
these isolates. Therefore isolation and 
characterization of PAHs degrading 
microorganisms (camphor) was attempted.  
[II] MATERIALS AND METHODS  
A total of two suitable soil samples were 
collected from local areas of Karad city, where 
repeated seepage of oil occurs. These samples 
were transported to the laboratory in sterile 
sealed polythene bags. Enrichment was carried 
in contaminated soil by mixing one percent 
camphor in 100 gm of hydrocarbon 
contaminated soil. This mixture was incubated at 
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28OC for a week. Isolation and characterization 
of camphor degrading bacteria from successful 
enrichments was done. The diluted enriched 
samples were streaked on sterile Bushnell-Haas 
agar medium containing camphor as a sole 
carbon and energy source. Camphor was 
provided in the lid of petri plate and inoculated 
plates were incubated in inverted position for 21 
days at 280 C. After incubation, colonies with 
different morphological features were selected 
and purified on separate agar plates.Three 
isolates were studied for their colony characters, 
gram nature by Hucker and Conn, modified 
gram staining method and motility by hanging 
drop method. Isolates were subjected to 
Dorner’s staining method to detect the presence 
of endospores. All these tests are described in 
Laboratory Exercises in Microbiology. [5] 
Bacterial isolates were studied for their different 
biochemical characteristics, which include 
catalase test, oxidase test, gelatin liquefaction 
test, starch hydrolysis test, casein hydrolysis test, 
nitrate reduction test, utilization of 
carbohydrates, lipase activity, H2S production 
and Hugh and Leifson’s  test. 
Effects of temperature, pH and camphor 
concentration on growth of isolates were 
studied. Studies on camphor biodegradation and 
detection of organic acid end product were also 
studied. [6, 7, 8] 
[III] RESULTS AND DISCUSSION 
A total of two oil contaminated soil samples 
were collected from petrol pumps namely 
Sangam Petrol pump and Hindustan Petrol 
pump, from Karad city. Results of sample 
collection are presented in table no.1. 
Isolation of camphor degrading organisms was 
carried out from soil samples collected from 
petrol pumps from local areas of Karad city. The 
isolates were coded as A, B and C. Isolates 
namely A, B and C were obtained from these 
two soil samples which constitute isolates 
namely A and B from soil sample of Sangam 
Petrol pump and isolate C from soil sample of 

Hindustan Petrol pump. Results of colony 
characters, morphological characters as well as 
gram staining and motility are presented in table 
no. 2 and 3 respectively. 
It can seen from table no.2 that size of colonies 
of isolates ranged from 1-2 mm in diameter 
which constitute a 2 mm diameter of isolate A 
and 1 mm diameter of isolate B and C The 
colonies of all three isolates with entire margin, 
convex and opaque. The colonies of isolates A 
and B were yellow in color however those of C 
white color. The colonies of isolate namely A 
were dry in consistency while those of isolates 
namely B and C moist. 
It can be seen from table no.3 that all three 
isolates were gram negative rod shaped. None of 
them produced endospore .However isolates 
namely A was motile and isolate namely B and 
C were non motile. 
The results of enzymatic activities of isolates are 
presented in table no.4 .It can be seen from table 
that all isolates showed catalase and lipase 
activities. However isolates namely A and B 
were oxidase positive, caseinase positive and 
caused gelatin hydrolysis. However isolate 
namely C was oxidase negative, Caseinase 
negative and did not hydrolyze gelatin. Isolate 
namely B produced urease, phosphatase and 
caused starch hydrolysis. However, isolates 
namely A and C showed negative urease and 
phosphatase activity and did not hydrolyze 
starch. Nitrate reduction and H2S test were 
negative for all three isolates namely A, B and 
C. Results of carbohydrate utilization by isolates 
are presented in table no.5. It can be seen from 
table that all three isolates namely A, B and C 
utilized glucose and maltose. Lactose utilization 
was shown by isolates namely  B and C but not 
by isolate A. Mannitol was utilized by isolate 
namely C and not by isolates namely A and B. 
Galactose utilization was shown by isolates 
namely A and C but not by isolate B. However 
all three isolates did not utilize inositol. 
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The results of oxidative and fermentative nature 
of isolates presented in table no. 6. It is observed 
that all three isolates showed aerobic growth and 
none of the isolates grew anaerobically, 
indicating that three isolates are strictly aerobic 
in nature.  
The results of effects of temperature on growth 
of all three isolates namely A, B and C at 
various temperatures such as 40 C, 50C, 280 C, 
370 C, 450 C and 550 C are presented in table no. 
7 and fig.1. It can be seen from table and figure 
that all isolates showed maximum growth at 280 
C temperatures and less growth to either sides of 
280 C indicating 280 C was optimum growth 
temperature for all three isolates namely A, B 
and C. 
The results of effects of different pH values like 
pH 3, pH 5, pH 7, pH 9 and pH 11 on the growth 
of all three isolates are presented in table no.8 
and fig.2. It can be seen from table and fig. that 
maximum growth of all the three isolates was 
obtained at pH 7 and growth declined above pH 
7 indicating that optimum pH for the growth of 
all three isolates appears to be pH 7. On the 
basis of morphological, cultural, physiological 
and biochemical characteristics the isolates were 
tentatively identified. [4] Isolate  A appears to 
belongs to genus Pseudomonas, isolate B 
appears to belongs to genus Flavobacterium and 
isolate C appears to belongs to genus 
Acinetobacter. 
The results of effects of various concentrations 
of camphor such as 0.25%, 0.5%, 0.75%, 1.0% 
and 1.25% on growth of all three isolates are 
presented in table no. 9 and fig.3. It can be seen 
from table and fig that all the three isolates 
showed maximum growth at 0.5% concentration 
of camphor and as concentration increase 
growth declined. 
The results of BOD reduction by all three 
isolates at 0.25% and 0.5% concentration of 
camphor are presented in table no.10. It can be 
seen from table that maximum BOD reduction 
shown by isolate namely B which was 75% at 

0.25% camphor concentration and 50%  BOD 
reduction at 0.50% camphor concentration and 
25% BOD reduction at 0.5% concentration of 
camphor. Isolate C caused 33.34% BOD 
reduction at 0.25% camphor concentration and 
40% BOD reduction at 0.5 % concentration of 
camphor. The results indicate that isolate B was 
most efficient in BOD reduction and also in 
degradation of camphor among all the isolates. 
Results of detection of end product of camphor 
degradation are shown in photograph no.4.The 
greenish yellow fluorescence was shown after 
the test for succinic acid production as 
biodegradation product. 

Table no. 1: Collection of sample and coding of isolates  

Source of Sample Isolate code 

Sangam Petrol pump A 

Sangam Petrol Pump B 

Hindustan Petrol Pump C 

Table no. 2: Colony characters of isolates 

 
Table no.3:-Morphological characteristics of the isolates  
Isolate 
code 

Gram nature 
& 

Morphology 
Motility Endospore 

staining 

A Gram negative 
short rods motile - 

B Gram negative 
rods Non-motile - 

C Gram negative 
short rods Non-motile - 

+ = Endospore former, - = Non endospore former 
Table no. 4: Enzymatic activities of isolates 
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A + + - - + - + - + - 
B + + + + + + + - + - 
C + - - - + - - - - - 

 
 

Isolate 
code 

Size 
(mm) Shape Color Margin Elevation Opacity Consist

ency 

A 2 Circular Yellow Entire Convex Opaque Dry 

B 1 Circular Yellow Entire Convex Opaque Moist 

C 1 Circular White Entire Convex Opaque Moist 
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Table no. 5: Carbohydrates utilization tests for isolates 

Isol
ate 

code 

Utilization of Carbohydrates 

Gluc
ose 

Lact
ose 

Manni
tol 

Malt
ose 

Galact
ose 

Inosi
tol 

A + - - + + - 
B + + - + - - 
C + + + + + - 

+ = Acid Production,    - = No utilization 
Table no. 6 Oxidative and fermentative nature of isolates              

Table no. 7: Effect of temperature on growth of isolate 

+ = growth observed, - = no growth  
Table no. 8 Effect of pH on the growth of isolates                             

 
Table no. 9: Effect of Camphor concentrations on growth 
of isolates 
Isolate 
code 

        O.D.(at 600 nm) for pH values 
3 5 7 9 11 

A 0.11 0.16 0.30 0.14 0.09 
B 0.12 0.17 0.31 0.13 0.1 
C 0.08 0.16 0.31 0.16 0.1 

 
Table no. 10: BOD reduction by each isolate 

  
 

 

Fig 1- Effect of temperature on growth of isolates 
 

        
Fig 2- Effect of pH on growth of isolates 
       

 
  Fig 3: Effect of Camphor concentration on growth of 
isolates  

 
Photograph No.1:  Isolate B

 

 
Isolate 
code 

O.D. at 600 nm for temperature 

40C 100C 280C 370C 450C 550C 

A 0.03 0.18 0.38 0.26 0.30 0.05 
B 0.04 0.19 0.39 0.27 0.21 0.07 
C 0.04 0.19 0.40 0.27 0.20 0.05 

 
Isolate 
code 

 
Aerobic tube 

Anaerobic tube (with sterile 
paraffin layer 5 mm) 

A + - 
B + - 
C + - 

Isolate 
code 

O.D.at 600 nm for camphor concentration 
(%) 

0.25 0.5 0.75 1.0 1.25 
A 0.32 0.46 0.26 0.17 0.1 
B 0.34 0.46 0.24 0.16 0.09 
C 0.32 0.47 0.23 0.16 0.09 

 
Isolate 
code 

BOD values 
0.25% camphor 
concentrations 

0.5% camphor 
concentrations 

Initial Final % 
Reduction Initial Final % 

Reduction 
A 1200 600 50% 2400 1800 25% 
B 2400 600 75% 2400 1200 50% 
C 1800 1200 33.34% 3000 2100 40% 
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 Photograph No.2:  Isolate A 

 

 Photograph No.3:  Isolate C            

       

Photograph No.4: Detection of End Product 

[IV] CONCLUSION 
In all three bacterial isolates degrading camphor 
were isolated from oil contaminated soil. The 
Isolate A appears to belong to Genus 
Pseudomonas; Isolate B appears to belong to 
Genus Flavobacterium and Isolate C appears to 
belong to Genus Acinetobacter.  
Maximum BOD reduction 75% at 0.25% 
concentration of camphor and 50% at 0.5% 
concentration of camphor was shown by isolate 
namely B. Hence compare to isolate namely A 
and C, isolate B was more efficient in 
degradation of camphor. Succinic acid was 
detected as an end product. Camphor 

degradation by all there isolates indicating that 
all isolates namely A, B and C possess camphor 
degradation pathway 
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