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Oil spill is a worldwide issue which pollutes soil, underground water, rivers and ocean, resulting 
destruction of properties, biological resources and human life. Many oil spill accidents were happened in 
developed countries despite following struck safety procedure. Recently many tragic road side oil 
tankers collisions in Pakistan were taken life of hundreds of peoples. Oil spill on oil collecting/discharging 
sites, roadside and oil fields are creating environmental disaster and hazard. It required time consuming, 
laborious and expensive practice to clean contaminated soil and in Pakistan no technology or 
procedures are considered for this purpose. Developed countries are using oil eating bacteria and fungi 
but important these micro-organisms without test or proper check may be environmental hazard, 
according to the food security act. In addition these micro-organisms may not be suitable in our climate 
and soil condition. Beside, importing these micro-organisms will be expensive. First of all we should 
trace our own native oil eating bacteria and fungi and try to develop a methodology to enhance their 
population and increase their shelf life for storage purposes. Keeping these points in mind a 
bioremediation for oil contaminated soils is presented. This plan of work will be adopted to 1) trace 
native oil eating bacteria and fungi in soils collected from oil contaminated sites in laboratory condition, 
2) Identify these micro-organisms, 3) Explore the feasibility and potential in our climate, 4) Find out 
suitable condition i.e. level of moisture, pH, nutrients level, optimum temperature etc. to enhance their 
population up to desirable limit. Side by side small amount of overseas micro-organisms will also be 
imported to see and compare their potential of oil eating quantity. On successful completion, this 
practice may be extended to other climatic areas of Pakistan and our harbor, sea ports like Kemari, Port 
Bin Qasim, Gawader and different oil fields.  
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INTRODUCTION 

Oil spill is a worldwide problem. Even in 
developed countries where strik safety procedures 
are followed. Oil spill create environmental 
hazards. In underdeveloped or third world 
countries this issue is alarming, where no 
standard cleanup technology or procedures are 
available. Crude oil, refined oil or other 
hydrocarbon compound when enter in any 
ecosystem i.e. terrestrial, freshwater, marine, not 

only degraded ecosystem but also destroyed bio-
diversity and natural resources. It takes long time 
to clean the environment naturally. Since 
hydrocarbon are complex and extremely slowly 
decomposed. The seepage from natural oil 
deposits (NAC, 1975), marine spill (US Env. Prot. 
Agency, 1990), oil spill on oil fields, oil 
collection/distribution points, leakage from ships 
near harbors and road side/railway tanker 
accidents are the routes by which oil contaminate 
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soil, rivers, underground water, farmland and 
marine environment. During Gulf aggression, 
millions of crude oil was released into the water 
which created a longtime man made 
environmental disaster, according to Salam 
(1991). This was the starting point when scientist 
seriously involved to develop a Technology to 
quickly degrade oil contaminated soil, 
underground water and marine environment, while 
microbial degradation of hydrocarbon was 
reported in 1928. Many methods were available to 
treat soil contaminated with toxic materials i.e. 
excavation, vitrification and incineration, dump in 
landfill, soil flushing, soil washing, solvent 
extraction, thermal desorption, vapor extraction, 
stabilization and solidification. But many on them 
are either costly or unsatisfactory, while biological 
treatment is considered most promising to deal 
with petroleum hydrocarbon. 
 
Bioremediation 
Bioremediation is a natural process happening 
since origin of the life and this way nature 
remediate its raw materials. There are hundreds 
of bacteria and fungi decomposing organic or 
biological materials in nature. Some are fast while 
some are slow acting microorganism. Oil or 
hydrocarbon eating bacteria, fungi are exist in 
nature but there process is extremely slow due to 
complex nature of these compounds and 
unfavorable environmental conditions for 
microbes. Activities and effectiveness of these 
micro-organisms may be enhanced using different 
methods. In recent years many methods of 
bioremediation i.e. the process of management 
microbial degradation have been developed. It is 
a rapidly emerging as unique biological and 
environmentally friendly technology to degrade oil 
contamination or hazard. These methods include 
Intrinsic bioremediation: It occur in nature without 
human intervention 

Bio-augmentation:  
These are valid methods under certain site 

conditions and been successfully utilized for 
cleanup of contaminated soil and water. 

Bio-stimulation:  
Specific nutrients are used to enhance 

bacterial activities. Brief background, review of 
microbiology and petroleum hydrocarbon 
compound is important to know to understand 
scientific principles involved in the bioremediation 
process.  
 

Microbes requirements 
Nature of Bacteria: Bacteria can be divided 

into two groups (gram positive or gram negative) 
based upon their reaction to a specialized staining 
procedure. They are prokaryotic organism since 
their genetic materials do not enclosed by nuclear 
membrane and they reproduced by the binary 
fission. Microbial population of normally at least 5 
billion CFU/g is required and one to two kilograms 
of microbe is applied on one cubic meter 
contaminated soil. They have certain chemicals 
and physical growth requirement. 

An energy source:  
It is required for biosynthetic reaction to 

procedure polymers like proteins from amino acid 
and RNA/DNA from nucleotides. Some bacteria 
utilize light energy while bacteria that involved in 
bioremediation are chemoorganotrops and they 
utilize organic compounds for their energy source.  

Nitrogen source: Nitrogen is a important 
component of amino acid, RNA, DNA. Bacteria 
use atmosphere nitrogen, ammonia, nitrate and 
organic nitrogen. The most commonly used 
nitrogen source in this process is ammonia salt or 
urea. We apply ammonium chloride (NH4Cl) or 
ammonium phosphate (NH4)2PO4at a 
concentration of 50-100 ppm. Since bacteria 
produce ammonia gas (NH3), this is volatile and 
can be lost through vitalization. Therefore its 
concentration must be monitored throughout the 
bioremediation process.  

Carbon source:  
Carbon is also an important component of 

protein, RNA, DNA. Bacteria can utilize carbon 
dioxide as a sole carbon source. Bioremediation 
bacteria are heterotrophs so they utilized organic 
source of carbon. In most cases, both energy and 
carbon source is available in hydrocarbon. 
Bacteria normally use the most available carbon 
and energy and the petrophillic delaying the 
bioremediation process. 

Phosphorus source:  
It is a component of nucleotide, RNA, DNA 

therefore required for energy transfer reaction in 
bacteria. A minimum of 50-100 ppm of phosphate 
is recommended and can be in the form of 
sodium, potassium or ammonium phosphate. 
Care but be taken to insure that the phosphate is 
in a biologically available form and that it is not 
present as a insoluble form.  
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Mineral source:  
Nearly all important minerals like magnesium, 

manganese and iron etc. required for bacterial 
growth. Different minerals are usually added with 
nitrogen and phosphate as a fertilizer supplement.  

For bioremediation process A) microbial 
population, B) nutrients concentration, C) Oxygen 
supply, D) proper temperature, E) moisture, F) 
pH, G) surface area, H) interstitial geology are 
necessary for successful cleanup operation. 
Oxygen supply: Microorganism use aliphatic 
hydrocarbon in the presence of oxygen (Aerobic 
process).The initial oxidation step of aliphatic 
hydrocarbon involved molecular oxygen a 
reactant and one of the oxygen molecule is 
actually incorporated into the oxidized product. 
The aromatic group can be viewed as derivative 
of benzene. The breakdown of aromatic 
hydrocarbon involves the action of either oxygen 
or mixed function of oxygen. These two reactions 
sequences both from catechol which can be 
degraded in a number of ways leading to either 
acetyl CoA or TCA cycle intermediate. Very 
importantly, the oxygen concentration is the rate 
limiting factor in the biodegradation of petroleum 
based products. Approximately, four pound of 
oxygen is required for the bacterial oxidation of 
one pound of hydrocarbons. Excess water has 
been shown to severely limit the oxygen 
concentration and result in anaerobic conditions. 
Effective application can result in greatly 
accelerated cleanup as generally, the greater the 
mass of oxygen that can be distributed the more 
rapid and complete the cleanup.    

Temperature and moisture requirement: 
Laboratory investigation at Canada have been 
shown that optimum temperature during 
bioremediation process should be 28 oC while the 
soil moisture should be maintained from 15 to 
20% moisture.  

pH requirement: treated soils should be 
monitored frequently and it should be maintained 
between 6.5 and 8.0 with an optimum at pH 7.2. 
pH of swimming pools may be used. Acetic acid, 
Tartic acid or Sodium bicarbonate can be used for 
environmentally sensitive sites. 

Surface area: contaminated soil should be 
spreading out like a land forming practice. 

Interstitial geology: contaminated soil 
density/surface area control the percolation 
contact of microbes, oxygen and nutrients. 
Therefore soil should be thoroughly mixed and 
loosed. Otherwise insufficient oxygen due to slow 
rate of diffusion into interior of the soil layers or 
piles and into the centre of soil aggregate will limit 

the bioremediation process.   
 
Oil-eating microorganism  
According to Cooney and summers (1976) and 
Hanson et al., (1977) oil eating fungi and bacteria 
are widely distributed in soil while bacteria and 
yeast are frequently found in aquatic environment. 
Balba et al., (1998) suggested that before 
applying on large scale it is recommended to test 
these microorganisms on small scale in the 
laboratory, since it is considered a site specific 
process and feasibility experiments are necessary 
before applied on full-scale cleanup of 
contaminated area. Bento et al., (2003) found 
Bacillus cereus, Bacillus sphaericus, Bacillus 
fusiformis, Bacillus pumilus, Acinetobacter 
Juniiand Pseudomonas sp. from diesel 
contaminated soil of long Beach, California.  
According to them the best performance can be 
achieved by the use of bacteria and fungi which 
are already found in the soil. It is now a scientific 
fact that no single species of microorganism is 
completely responsible for degradation of 
contaminated soil (Colwel and Walker, 1977). In 
this regard both eukaryotic and prokaryotic 
members of microorganism are involved. Atlas 
and Bartha (1992) reported that Norcardia, 
Pseudomonas, Acinetobacter, Flavodac Jerium, 
Micrococcus, Arthrobacter, Pseudomonas, 
Acinetobactor, Rhodococcus, Alcaligenes, 
Mycobacterium, Bacillus, Aspergillus, Mucor, 
Fusarium, Penicillium, Rhodotorula, Candida and 
sporobolomyees are the most common genera 
known to be as oil eating. Some localized and 
small scale work in Pakistan was conducted by 
Raza et al., (2010) and Zia-Ur-Rehman et al., 
(2015). 
Pseudomonas, Acinetobacter, Bacillus, 
Corynebacterium and Klebsiella as common 
isolated  microbial genera of contaminated soil in 
Rajian and Missa Kaswal oil field soils, from 
Punjab province of Pakistan. These 
microorganism responsible for quikly 
biodegradation of crude oil Raza et al., (2010)  
Zia-Ur-Rehman et al., (2015) reported that 
Bacillus cereus, Bacillus subtilis and 
Pseudomonas aeruginosa have the potential of in 
situ bioremediation of diesel-contaminated soils in 
Mansehra, Pakistan. 

Hydrocarbon  vs Microbes 
Petroleum is a fossil fuel resulting from 

fossilized organic materials (zooplankton and 
algae). 

Shell (1983) categorized petroleum 
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hydrocarbon in 4 fraction 1) saturate, included 
normal alkanes, branched alkanes (isoalkanes) 
and cycloalkanes (naphthenes) 2) Aromatics, 
contains benzene, teluene, xylenes etc. 
Polyaromatic hydrocarbon, naphtenoaxomatics 
and aromatic sulphur compounds 3) Rasins and 
4) Asphaltene, both contain polar molecular 
containing nitrogen, sulphur and oxygen. Rasin 
dissolved in oil while asphattenes colloidally 
dispersed in oil.  

The Crude oil contain 42% of Gasoline, 22% 
of Diesel, 09% of jet fuel, 05% fuel oil, 04% 
liquefied P. Gases,  and 18% other products. 
Gasoline (American English) or petrol (British 
English), is a translucent, liquid of petroleum-
derived. It is used primarily as a fuel in inner 
burning apparatuses. Gasoline contains 
of hydrocarbons with C4 -C12 / molecule referred 
to as C4-It is a fusion of paraffins 
(alkanes), cycloalkanes (naphthenes), and olefins 
(alkenes). 

Diesel fuel is liquid fuel used in diesel 
engines. Petroleum-derived diesel 
contine75% saturated 
ainhydrocarbons (primarily paraffins including n, is
o,and cycloparaffins), and 25% aromatic 
hydrocarbons (including naphthalenes and alkylbe
nzenes).  The average chemical formula for 
common diesel fuel is C12H23, ranging 
approximately from C10H20 to C15H28.. 

Furnace oil (heavy oil, marine fuel or Fuel oil) 
is a fraction acquired from petroleum distillation, 
moreover as a distillate or a residue. It is 
combination of hydrocarbon chains, 
particularly alkanes, cycloalkanes and aromatics.  

Singer and Finnerly (1984) stated that n-
alkanes of intermediate length are easily 
degradable while branched chain alkanes 
degrade slowly. According to Bartha (1986) 
shorter chain compound and waxes (longer chain 
alkanes) are difficult to degrade. Cerniglia (1984) 
reported that various aromatic compound are 
degraded by a group of microbe while Balba 
(1993) stated that beside other factors molecular 
weights of poly aromatic hydrocarbon effects the 
degradation process. Suga and Lindstrom (1997) 
found that some microbes including 
phanerochaete chrysosporium (white rot fungus) 
are able to metabolize compounds of higher 
molecular weight. Jimenz and Bartha (1996) that 
soil born Mycrobacterium can metabolize on 
double rate if paraffin oil is added during the 
process. Degration rate of cycloalkane is slower 
than alkanes. Highly condensed aromatic and 
cycloparaffinic compound, tars, bitumen and 

asphaltic also slow resistance to biodegration 
(Atlas, 1981). Similarly asphaltenes similar 
characteristic but considered non-hazardous to 
environment (Jobson et al., 1972) 

Challenges 
Biological treatment of contaminated soils 

have several advantage but since it is a site 
specific therefore it may be a challenge for 
workers for some ground realities 1) higher 
concentration of contamination would be toxic to 
the microbe while extremely low concentration 
may not support microorganism 2) contamination 
may be in the form of solid, liquid, gas free or 
tightly bound to the particular matter 3) site 
environmental and physical condition which may 
affect microbial activities, hence biodegradation 4) 
biodegradation is a time consuming and slow 
process.  

Al-Awadhi et al., (1996) reported a significant 
relation between bio-degradation and microbial 
number.  
 
Process step by step 

We use following different method for 
counting of microorganisms form contaminated 
soil. 
Total Population count (Direct Methods) 
Total Population Count (Indirect Methods) 
Viable counts of live microorganisms 
Plate count method use for counting 
microorganisms. 

Turbidity measurements for determine the no 
of microorganisms in a samples. 

We use different media for growth of different 
microorganism. Some are simple media such as 
nutrient agar and broth for growth of bacteria. And 
SabouraudDextose Agar (SDAgar) and broth use 
for isolation of dermatophytes, other fungi and 
filamentous bacteria like Nocardia. 

Inoculum and Consortium Preparations  
Standard inocula were prepared by overnight 

incubation of pure cultures in nutrient broth 
(OXOID) at 37 °C and 100 rpm in shaking 
incubator.  

Collection of soil from oil-contaminated site for 
chemical and microbial analysis. 

Total petroleum hydrocarbon (TPH) will be 
obtained using a gas chromatography (HP 5890) 
equipped with frame ionization detector (FID). 
Degradation percentage will be obtain by % of 
degradation= [(TPH control-TPH treatment)/TPH 
control]×100 Soil nutrients level will be obtained 
using atomic absorption technique. 
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Most probable number (MPN) method will be 
used to estimate microbial cell number. Total 
heterotrophic microbe and hydrocarbon count will 
indicate whether soil samples have healthy native 
microbe population to help in bioremediation.  

When a consortium of bacterial and fungus 
species are located and identified from the oil 
contaminated soils. We need to increase its 
population in the laboratory. 

For isolation of mesophilic bacteria we will use 
nutrient agar for 24 h at 30oC. Mineral basal 
media with hexadecane disc will use for 
hydrocarbon- utilizing bacterial  at 30oC for 72 h. 
SDA will use for isolation of fungi. 

Excavate oil contamination soil, determined its 
volume and spread on concrete floor no more 
than 2 feet high, preparing form land.  

Balance soil pH between 6.0 to 8.5 (7.2 
optimum) using tartaric acid, acetic acid or sodium 
bicarbonate. 

Soil will be saturated by un-chlorinated water. 
One pond dry microbe will be added in 5 

gallons un-chlorinated water add one ounce of red 
or yellow food grade dye to identify the movement 
of microbe. Thoroughly mixed and shake than 
leave it for one hour but not more than four hour. 

With the help of shovel make hole of 12 to 18" 
deep role and ½ gallon of above mixture will be 
pour in that role. 

Excavated soil will be upside down and add 
another ½ gallon of mixture to apply one gallon 
per cubic meter of soil. For this purpose farming 
plow machinery should and spray equipment may 
be used. This way surface area of the soil will 
increase, mixture of microbes will be percolated 
and oxygen will be reached everywhere to support 
microbes. 

1602 of soluble lawn fertilizer (36-6-6) will be 
mixed into 25 gallons of un-chlorinated water and 
spray these nutrients on the contaminated soil on 
the same day. This practice will be repeated after 
every two weeks. 

To reduce evaporation and keep temperature 
under control, a shade will be install over the 
experimental field. Otherwise cover area with 
black plastic sheet may increase the soil 
temperature which will be harmful for microbes. 

Soil samples will be analyzed after every 10 
days to check hydrocarbon degradation level. 
80% reduction expected after 60 days while total 
remediation of hydrocarbon in expected within 90 
to 120 days. After that soil will support monocot or 
dicot seeds for proper germination andplan 
growth. Side by side overseas bacteria plus fungi 
may also be imported in small scale to compare 

the results with native microbe. Russell (1992) 
presented a manual for petroleum-contaminated 
sites.  It is estimated that importing these 
microbes may cost from 50 to 89 US $ per kg 
which clean 2 to 3 m3 contaminated soil in 90 to 
120 days.  

Above discussion show that bioremediation is 
a promising technique to clean oil contamination 
in environmentally friendly manner but 
professional expertise of plant pathologist, 
microbiologist and plant ecology are required to 
properly handle this process.   

CONCLUSION 
The bioremediation is an emerging method to 
clean oil spills, we will develop proper process of 
this cleaning method and train environment clean 
experts.   
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