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Abstract: With vigorous global oil demand and the rapid development of oil industries in recent years, oil
pollution is becoming more serious. Countries around the world are actively exploring the best way to solve
oil pollution. Bioremediation technique has been gradually accepted and become a new direction in cleaning
and controlling oil pollution. Aerobic respiration use oxygen as an electron acceptor, of which the byproducts
are carbon dioxide, water and an increase in the microbe population. Anaerobic respiration uses nitrate, sulfate,
iron, or CO  as the electron acceptor when oxygen has been depleted by aerobic respiration or where there is2

not sufficient oxygen in the first place. There are also several nutrients including moisture, nitrogen,
phosphorus and other trace elements for the microorganisms to successfully carry out bioremediation. 
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INTRODUCTION The Types of Bioremediation: Bioremediation is the use

Since the first major commercial oil spill (Torrey dangerous chemicals in the environment [11]. The
Canyon, England) occurred on March 18, 1967, oil spills technology can take advantage of a natural metabolic
have occurred throughout the world since then, such as pathway or genetically modify an organism to have a
Exxon Valdez oil spill (United states), aylor Energy wells particular toxic ‘appetite’. Plants and microorganisms (e.g.
(United states), Mumbai-Uran pipeline spill (india), Fiume yeast, fungi, or bacteria) are used as bioremediators.
Santo power station (Italy), Xingang Port oil spill (China), According to different principles of categorization, there
etc. and are currently ongoing. are different bioremediation methods. 

A way to mitigate the effects of oil spills is Microorganism-based bioremediation technologies
bioremediation [1-5]. Some of the first studies of can be generally classified as in-situ or ex-situ. In-situ
bioremediation were to employ microbes to successfully bioremediation involves treating the contaminated
degrade oil in sea water in 1972 [6]. Subsequently, a more materials at the site, while ex-situ involves the removal of
formal application and studies of bioremediation began. the contaminated materials to be treated elsewhere.
The Exxon Valdez spill cleanup efforts included seeding Within both categories, there are different methods. In
with microbial cultures and environmental modification, situ anaerobic bioremediation requires an absence of
which were considered as bioremediation methods [7-9]. oxygen, while eenhanced in situ aerobic bioremediation
Biotreatment with the Alpha culture was also used in is the practice of adding oxygen (an electron acceptor) to
Mega Borg spill off the Texas coast in June 1990 and groundwater and/or soil to accelerate naturally occurring
Apex Barges spill at Galveston Bay in Texas in July 1990. In-situ bioremediation of petroleum hydrocarbons [12].

The    increasing   number    of   marine   oil  spills Intrinsic bioremediation is done in situ and relies on
asks for effective solutions for the environment, which naturally occurring biological processes carried out by
gives  bioremediation  a  large  boost  in  the  remediation indigenous microorganisms. Bioangmentation is the
field [10]. addition  of   microorganisms   that   can   biotransform  or

of organisms to break down and thereby detoxify
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biodegrade a particular contaminant [13-14], while The contaminant provides not only a source of
biostimulation is the addition of nutrients (usually carbon needed for microbe  growth,  but  also  energy  for
sources of carbon, nitrogen, phosphorus), oxygen or microbes to break chemical bonds and transfer electrons
other electron donors or acceptors to increase the number away from the contaminant, which is known as an
or activity of naturally occurring microorganisms available oxidation-reduction reaction. The contaminant loses
for bioremediation. Bioventing is also an in-situ electrons, which is called oxidation, while the chemical
bioremediation that the activity of the indigenous bacteria gains the electrons (electron acceptor), which is called
is enhanced by inducing air (or oxygen) flow into the reduction. Aerobic respiration use oxygen as an electron
unsaturated zone (using extraction or injection wells) and, acceptor, of which the byproducts are carbon dioxide,
if necessary, by adding nutrients. water and an increase in the microbe population.

For the ex-situ bioremediation, there are four Anaerobic respiration uses nitrate, sulfate, iron, or CO  as
promising and successful methods. Landfarming is an the electron acceptor when oxygen has been depleted by
above-ground process that excavated soil and added aerobic respiration or where there is not sufficient oxygen
nutrients are spread over a lined treatment and aerated by in the first place. There are also several nutrients
regular turning. Composting is another process where including moisture, nitrogen, phosphorus and other trace
organic matter such as bark chips are added to elements for the microorganisms to successfully carry out
contaminated soil as a bulking agent. It used to be called bioremediation.
soil biopiles that utilizes the heat generated during Plant-based bioremediation uses ccertain plants,
compositing. Prepared bed land treatment is used to called hyper accumulators, cope with excess heavy metals
decontaminate soils under unsaturated conditions and in the environment by taking them in and sequestering
managed through nutrient and moisture addition; the bed them in vacuoles, which are bubble-like structures in their
consists of a soil supporting (foundation) layer, a liner, a cells. Sometimes the plant combines a pollutant with
leachate collection system and a monitoring system. another molecule, a process called chelation. Organic
Bioreactor refers to any vessel or container where acids often serve this role. A class of polypeptides called
biological degradation of contaminants is isolated and phytochelatins can also bind metals and escort them to
controlled. The essential treatment mechanism in a vacuoles.
bioreactor is natural degradation by existing and/or added
populations of microorganisms. Advantages and Disadvantages of Bioremediation: The

Plant-based bioremediation, also called application of bioremediation has over more conventional
phytoremediation,   can    be    implemented    in-situ  or technology. For instance, bioremediation techniques are
ex-situ to cleanup a variety of the organic contaminants typically more economical than traditional methods since
e.g..   petroleum   hydrocarbons,   gas   condensates, the remediation can be performed in situ, which there are
crude oil, chlorinated compounds, pesticide, herbicides, no excavation or transport costs. It is estimated that
explosive compounds as well as typical inorganic bioremediation costs 1/3 to 1/2 that of incineration and for
toxicants, such as heavy metals, metalloids, radionuclides complex mixtures of waste, bioremediation typically offers
and so on [15]. savings of 60-90% over landfill-disposal costs.

Bioremediation Strategies:  The most important principle the long-term liability of the party responsible for the
of microorganism-based bioremediation is that contamination. Furthermore, bioremediation is a natural
microorganisms (mainly bacteria) can be used to destroy process and can be expected to have minimal
hazardous contaminants or transform them to less harmful environmental impact. 
forms. Microorganisms eat and digest organic substances Bioremediation does have some disadvantages. Since
for nutrients and energy. Microorganisms, food and bioremediation need organisms to successfully reduce
nutrients are three essential components needed for pollutant levels, it is not instantaneous and often need to
bioremediation. Since microorganisms can be found test and optimize conditions empirically for organisms
almost everywhere on earth, a lack of food and nutrients growth. Also, there may have inhibitors present, for
are usually the missing ingredients that prevent example, compounds may not be in a biodegradable form
successful bioremediation. (polymers, plastics) or may be recalcitrant, etc..

2

 Additionally, using in situ bioremediation can minimize
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CONCLUSION 6. Shmaefsky, B.R., 1999. Bioremediation: Panacea or

In conclusion, bioremediation is a proven alternative museum. http://www.accessexcellence.org/ LC/ ST/
treatment tool that can be used in certain oil-contaminated st3bg.php.
environments. During the process, microorganisms, 7. Atlas, R.M. and E.C. Carl, 1995. Bioremediation of
usually bacteria and fungi, feed on the contaminants. petroleum pollutants: Diversity and environmental
They derive nutrition and energy for growth and aspects of hydrocarbon biodegradation. BioScience,
reproduction. It is a relatively slow process, requiring 45(5): 332-338.
weeks to months to effect cleanup. If done properly, it can 8. Bourguin, A.W. and T.A. Pedersen, 1995.
be very cost-effective, although an in-depth economic Bioremediation engineering. In Bioremediation:
analysis has not been conducted to date. This process Science  and  applications,  ed.  H.D.  Skipper  and
can be aerobic or anaerobic depending on the R.F.   Turco,   259/272.   SSSA  Spec.  Publ.  43. ASA,
microorganisms and the electron acceptors available. This CSSA and SSA, Madison WI. 
process may be natural (intrinsic bioremediation) or it may 9. Sugai, S.F., J.E. Lindstrom and J.F. Braddock, 1997.
be enhanced by man (engineered bioremediation). Environmental Influences on the Microbial
Bioremediation has proven successful on petroleum and Degradation of Exxon Valdez Oil on the Shorelines of
hydrocarbon contamination. Its advantages generally Prince William Sound, Alaska. Environ. Sci. Technol.,
outweigh the disadvantages, which is evident by the 31: 1564-1572.
number of sites that choose to use this technology and its 10. Litchfield, C., 2005. Thirty years and counting:
increasing popularity. Currently research is being Bioremediation  in     its     prime?     BioScience,
performed on the use of microbes to degrade metals. The 55(3): 273/279.
use of algae and genetically engineered cultures is also 11. Mueller, J.G., C.E. Cerniglia and P.H. Pritchard, 1996.
being researched. Bioremediation of Environments Contaminated by
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