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Abstract: For the present study the soil samples were collected from three different oil contaminated sites at
Mayiladuthurai and Nagappattinam District in India. Soil samples were used to analyze total nitrogen,
phosphorus, potassium, zinc, copper, iron, manganese and electrical conductivity Ec (dSM ). The temperature1

was found to vary in the three different soil samples. The macronutrients (nitrogen, phosphorus, potassium)
and micronutrients (zinc, copper, iron and manganese) were also different in three soil samples. Seven bacteria
were isolated from the oil contaminated soil samples. From the above isolates Micrococcus sp was taken for
the present study. Biosurfactant activity of Micrococcus sp was tested in petrol and diesel, which showed
Moderate activity. BATH assay was determined for the bacterial cells. The growth potential of hydrocarbon
utilizing bacteria on petrol and diesel was also observed. Biodegration activity was tested by liquid culture
characteristics  and  emulsification  activity  in  two  hydrocarbon  substrates  by  using  Micrococcus  sp.
These beneficial microorganism (Micrococcus sp) used in my study is to cleanup the oil contaminated sites and
prevent the soil from unwanted substances.

Key words: Soil samples  Hydrocarbon  Degradation

INTRODUCTION components. Many microorganisms have the ability to

Micrococcus is a genus of bacteria in the energy. Such microorganisms are widely distributed in
Micrococcaceae family Micrococcus occurs in a wide nature. The majority of the hydrocarbon found in
range of environments including dust, water and soil. naturally occurring crude oil, Diesel, Petroleum.
Micrococci have gram-positive spherical cells ranging Petroleum  and  Diesel  is   a   complex  mixture of
from about 0.5 to 3 Micrometer in diameter and are liquid   and   solid   hydrocarbon,   whose   composition
typically arranged in cluster. also varies with the source. The components are

Some strains of Micrococcus can be used for paraffinhydrocarbon, saturated alicyclic hydrocarbon and
hydrocarbon and wax degradation. Micrococcus can grow aromatic hydrocarbon and aromatic hydrocarbon
in environments with little water of high salt concentration [1].Petroleum can be accidentally or deliberately released
most are mesophiles. Micrococcus has the ability to utilize into the environment leading to serious pollution
a wide range of unusual substrates such as pyridine, problems. [2] Still small release of petroleum hydrocarbon
herbicides, chlorinated biphenyls and oil. They are likely into aquifers can leads to concentration of dissolved
involved in detoxification or biodegradation of many other hydrocarbon far in excess of regulatory limits.
environmental pollutants. Hydrocarbon is an organic These pollution problems often results in huge
compound consisting entirely of Hydrogen and carbon. disorder  of  both  the  biotic and abiotic components of
Hydrocarbons are mainly the pollutants from oil refineries the ecosystem more so that some hydrocarbon
and oil spills. Hydrocarbons are unique in that microbial components have been known to belong to a family
degradation especially of straight chained and branched carcinogenic  and  neurotoxic organ pollutant. The
form involves the initial addition of molecular oxygen. process leading to the eventual removal of hydrocarbon

Hydrocarbons contain benzene, cyclopentadiene pollutants from the environment has been extensively
dicylopentadiene, stryene, toluene and xylene as major documented and involves physical, chemical and
components and many other hydrocarbons as minor biological alternatives.

utilise hydrocarbon as the sole source of carbon and
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Microorganisms exhibit emulsifying activity by packed. They were then carefully transferred to the
producing biosurfactant and utilize the hydrocarbon as laboratory for analysis and stored at 4°C aseptically
substrate  often  mineralizing  them or converting them before processing.
into harmless products helping to clean up environment.
Biodegradation is the process by which organic Physico-Chemical Properties of Contaminated Soil: The
substance  are  broken  down  by  living  organism. soil physico-chemical parameters were analysed. Particle

Microbial degradation of oil has been known to occur size analysis was carried out using the hydrometer
by attack on the aliphatic or light aromatic fractions of the method [4]. Soil texture was sandy loam. Soil pH was
oil. A number of well-known microorganisms are determined using a pH meter (Elico Instruments, India).
responsible for the biodegradation of oil hydrocarbon. The temperature of the soil samples was determined using
The rate of  microbial  degradation  of  hydrocarbon in a mercury thermometer. The electrical conductivity of the
soil is affected by several physico, chemical and soil suspension was measured using the electronic digital
biological  parameters including the number and species conductivity meter (Elico Instruments, India). Total
of microorganisms present in  the  conditions  for nitrogen  was  determined  by  kiedahl  digestion  and
microbial degradation  activity  (e.g.,   presence of steam distillation method [5].. Available phosphorous was
nutrient,  oxygen, PH and temperature) the quality determined by the method of [6]. Available potassium was
quantity  and  bioavailability  of  the  contaminants and determined using the flame photometer [5]. Available
the  soil  characteristics such as particle size distribution. micro nutrients were determined by the method of [7].

The population of microorganisms found in a
(Pollutant) polluted environment will degrade petroleum Isolation and Enumeration of Bacteria: Isolation and
differently  and  at  a  different rate than micro-organisms enumeration of bacteria were performed by soil dilution
in   relatively  clean  environment  [3]  petroleum plate technique using Bushnell-Hass agar media.
hydrocarbon  utilizing  bacteria  can  tolerate  oil- One gram of dried soil was dissolved in 9ml of
contaminated   environments    because    they   possess distilled water and agitated vigorously. Different aqueous
the capability to utilize oil and energy source other dilutions, 10 , 10 , 10  of the suspension were applied
species  may  not  are   gradually   eliminated.  Microbial on to plates and 20ml of melted medium at around 50°C
decomposition  of  petroleum and petroleum products is was added to it. After gently rotating, the plates were
of considerable importance. incubated at 37°C for 24 hours. Enumeration of different

Biodegradation has at least three important isolates was carried out. Selected colonies of bacteria
processes. They cause a minor change in an organic were transferred from mixed culture of the plates on to
molecule leaving the main structure still intact. respective agar plates and incubated at 37°C for 24 hours.
Degradation can also be thought of as fragmentation, Plates containing pure cultures were stored at 4°C until for
where the original structure of the molecule can still be the examinations.
recognized in the fragments, Finally biodegradation means
complete mineralization of a compound to inorganic form. Characterisation of Isolates: Each isolate was examined

Micrococcus effective against certain hydrocarbons many times for its size, shape, margin, consistency,
like petrol, diesel,engine oil through the observation from opacity, elevation, pigmentation, Gram reaction and cell
contaminated soil. The aim of the study is to determine morphology as described by Cowan [8]. The isolates were
the degrading ability and biosurfactant activity of the characterized as described by Holt et al. [9]. Diagnostic
bacteria (Micrococcus) isolated from contaminated soil. properties used include motility, production of catalase,

MATERIALS AND METHODS red test, voges proskauer test and citrate utilization test.

Soil samples were collected from automobile work inhibitory zones were measured. 
shops in Mayiladuthurai. Soil samples were used to
analyse the physico-chemical parameters and to isolate Growth Potential of Hydrocarbon Utilising Bacteria:
the bacteria. Minimal salts medium (100ml, pH 1.0) supplemented with

Collection  of  Samples:  Samples  were collected at a into 500ml Erlenmeyer flasks. The hydrocarbon substrates
depth  within  5cm  from  the  surface  of  the  soil. They (10% v/v; diesel and petrol) were used as sole carbon
were collected in sterile polythene bags and tightly sources. The media were inoculated with cells previously

4 5 6

indole, urease, oxidative fermentation of sugars, methyl

Antibiotic sensitivity test was also performed and the

trace elements solution (2.5 ml per litre) of [10] were put
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grown for 24 hr in nutrient broth and washed 4 times in RESULTS
phosphate buffer (pH 7.0) to remove traces of nutrient.
Incubation was carried out at room temperature (30°C ± 2). The present study, deals with the isolation of
Growths of the organisms were assayed after 48 hr by  bacteria in  hydrocarbon  contaminated  soil  collected
optical density (O.D) measurement at 600nm. Inoculated from Mayiladuthurai. This work also included the
minimal salts medium without hydrocarbon served as bioremediation of hydrocarbon by Micrococcus species.
control. Cultures without any increase in turbidity over
the initial O.D of test and control were scored as no Physico-chemical Characteristics of Contaminated Soil:
growth (-), culture with slight increase over initial O.D but The physico-chemical characteristics of soil sample
significantly greater than the control O.D were scored as collected from different automobile shops used for the
poor growth (+). Cultures with growth well above the study was analysed and tabulated in (Table 1). The
initial were scored as moderate (++) while cultures with various characteristics like texture, temperature, pH,
luxuriant  growth  were scored as heavy growth (+++). macronutrient, micronutrient, depend upon the soil sample
The time-course growth was monitored by total viable (S , S , S ). The highest pH value (8.5) was reported in the
count on nutrient agar from the day of inoculation and soil sample S  and the lowest pH value (7.4) was reported
subsequently after 48 hr for 14 days. in soil sample s . The electrical conductivity was low in s1

Characterisation of the Degradation Potential: A single macronutrient varied considerably among sample. The
colony of the isolate was inoculated into 10ml nutrient micronutrient such as zinc, copper, iron and manganese
broth at 30°C over night. The over night culture was were present in moderate amount in the sample s  and s

whereas in s  the levels were quite high.
washed twice and was resuspended with Bushnell-Hass
medium until OD  was equivalent to one. One ml of Isolation of Bacteria from Hydrocarbon Contaminated600

bacterial inoculum  (1  OD   equivalent)  was Soil: Bacteria were isolated from hydrocarbon 600

transferred  into  5ml  Bushnell-Hass  medium  with  0.5ml contaminated   soil   samples   by   serial  dilution
of petrol for one set and 0.5ml of diesel for another set. technique. Then the isolated bacteria were identified by
They were incubated at 30°C at 160rpm. A control devoid morphological, biochemical characteristics (Table. 3(a))
of the bacterial isolate was prepared for each set of and antibiotic sensitivity test (Table 3(b)).
experiments. Totally seven species of bacteria were isolated, they

All experiments were performed in duplicate. The are Micrococcus, Pseudomonas, Flavobacterium,
level of hydrocarbon degradation was monitored using Serritia, Morxella Bacillus (Table 2). In that Micrococcus
emulsification activity. sp were selected in the present study. 

1 2 3

1

3

but found to be high in sample s  and s . The amount of2 3

2 3

centrifuged for 15 minutes at 3500 rpm. The cell pellet was 3

Table 1: Physico-chemical properties of contaminated soils
S.No Properties S S S1 2 3

1. Texture Sandy loam Sandy loam Sandy loam
2. Temperature 50°C 40°C 50°C
3. pH 8.5 8.1 7.4
4. Total Nitrogen (kg/hect) 40.6 23.8 37.8
5. Total phosphorous (kg/hect) 3.3 3.3 3.3
6. Total potassium (kg/hect) 80 140 153
7. Zinc (ppm) 4.20 5.05 4.91
8. Copper (ppm) 2.31 14.49 21.06
9. Iron (ppm) 2.46 8.08 19.44
10. Manganese (ppm) 2.88 5.71 15.02
11. Electrical conductivity Ec(dSM ) 0.20 1.25 1.281

Table 2: Bacterial isolates from hydrocarbon contaminated soils
Isolates S S S1 2

Micrococcous + + +
Pseudomonas + + +
Flavobacterium + - +
Klebsiella - - +
Bacillus + + +
[+ = Present, -= Absent ]
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Table 3(a): Biochemical characteristics of Micrococcus SP
Identification characters Micrococcus
Gram Staining Gram positive
Shape Cocci
Motility Non-Motile
Indole production -
Methyl red -
Voges proskauer -
Citrate utilization +
H S Production -2

Urea hydrolysis -
Oxidase test +
Catalase test +
Carbohydrate fermentation
Test
Glucose +
Maltose +
Sucrose +
[ + = Positive,-= Negative ]

Table 3(b): Antibiotic sensitivity test for Micrococcus sp
Antibiotics Zone of inhibition in mm Micrococcus
Neomycin 19
Chloramphenical 24
Gentamicin 15
Rifampicin 18
Amikacin 11

Table 4: Growth potential of hydrocarbon utilizing bacteria
Hydrocarbons
--------------------------------------------------------------------------------------------------------------------

Organism Petrol Diesel
Micrococcus sp + ++
[+ = poor growth, ++ = moderate growth]

Table 5: Liquid culture characteristics of Micrococcus.sp during 21 days incubation 
BHM + 10% (v/v) Petrol BHM +10% (v/v) Diesel
-------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------

Days Control Experiment Control Experiment
0 Medium was clear, particles Medium was clear, particles Medium was clear, particles Medium was clear, particles

of light orange oil on top of light orange oil on top of colourless oil on top of colourless oil on top
1 Same as above Same as above Same as above Same as above
5 Same as above Medium became cloudy Same as above Medium became cloudy, milky 

white colour on top
10 Same as above Same as above Same as above Formation of white layer on top
15 Same as above Same as above Same as above Same as above
20 Same as above Same as above Same as above Medium became cloudy and 

bubbles were formed
21 Same as above Same as above Same as above Same as above

Table 6(a): Petrol degradation by Micrococcus.sp
Degradation effect on various Degradation effect of Micrococcus. sp
5  day +th

15  day +th

21  day ++st

[-= Nil, + = low, ++ = Normal,+++ = High]

Table 6(b): Diesel degradation by Micrococcus.sp
Degradation effect on various days Degradation effect of Micrococcus.sp
5  day -th

15  day +th

21  day ++st

[-= Nil, + = low, ++ = Normal, +++ =]
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The bacteria were different based on their growth carbondioxide production occurred during first four
pigmentation and colony morphology on nutrient agar
and selective media at 37°c for 24hrs.

The Micrococcus colonies were identified by the
morphology, yellow colour, smaller colonies.

Growth  Potential  of  Hydrocarbon-utilizing  Bacteria:
The growth potential of hydrocarbon utilizing bacteria on
petrol and diesel were tested and results were observed.
(Table 4 ).

Biodegradation Efficiency: By means of liquid culture
characteristics (Table 5) and eulsification activity, the
efficiency of Micrococcus sp to degrade petrol and diesel
was also noted (Table 6(a), 6(b)). 

DISCUSSION

The ability to isolate high numbers of certain oil
degrading microorganisms from oil polluted environment
is commonly taken as evidence that these microorganisms
are the active degraders if the environment. Although,
hydrocarbon degraders may be expected to be readily
isolated from an oil associated environment, the same
degree of isolated from a total related environment such
as soil. 

Initially 82 bacterial strains were isolated from 7
sample of soil originated from three different places
contaminated with petroleum hydrocarbon on northwest
of mexico. Isolation was carried out using the traditional
microbiological technique with petridishes containing
selective  agar  with  hydrocarbons,  as  the  sole  source
of carbon. The soil sample which showed higher
contaminated age,  yield more  numbers  of  colonies  [11].
In the present study, 7 species of bacteria (Micrococcus,
Pseudomonas, Flavobacterium, Serratia, Moraxella,
Bacillus, klebsiella) were isolated from contaminated site
and cultivated on BHA media with hydrocarbon as the
sole source of carbon.

There was a progressive increase in the amount of
carbondioxide produced for the first four week in
hydrocarbon contaminated soil, after which carbondioxide
production decreased. The progressive increase in the
amount of carbondioxide evolved in the incubated soil in
first four week. It is indication of the utilization of
petroleum hydrocarbon fraction has been a source of
carbon and energy by the microbial community. The end
product of petroleum hydrocarbon degradation is
carbondioxide and water which are the measure of
respiration and activity in soil. Higher rates of
biodegradation by  soil  microbial  activity  as  shown from

weeks; the increase in carbondioxide production was
progressive initially but started to decrease after four
weeks. This is also colabrated by the rates of
biodegradation which was highest in the first four weeks
[12].Here, the degradation efficiency of micrococcus sp
was analysed using liquid culture characteristics and
emulsification activity.
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