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Abstract – Advances in technology and industrialization, bring with them, their repulsive partners, 
pollution and degradation of the environment. The consequences for the environment associated with 
industrial exercises are mainly identified with the creation of industrial squanders. Due to issue related 
with toxin treatment by customary strategies, for example, concoction treatment, incineration or landfills, 
an elective methodology, bioremediation, or the utilization of creatures for the evacuation of 
contamination or poisons has turned into a prevalent alternative. Bioremediation is considered as one of 
the more secure, cleaner, financially savvy and environmental inviting technology for decontaminating 
locales which are contaminated with extensive variety of poisons. As microorganisms demonstrate 
extensive variety of components, there are as yet couple of systems which are not referred to, hence, 
bioremediation is as yet considered as a developing technology. In this way, there is a dire requirement 
for us to audit and adjust the accessible alternatives for environmental tidy up Environmental 
biotechnology utilizes the use of hereditary engineering to enhance efficiency and cost, which are key to 
the fate of broad abuse of microorganisms to lessen the environmental weight of harmful substances. It 
is trusted that in future, the utilization of microorganisms combined with hereditary engineering 
strategies, will make a noteworthy commitment to enhance the nature of our environment. 
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INTRODUCTION 

The populace blast on the planet has brought about 
an increase in the zone of polluted soil and water. As 
the quantity of individuals continues increasing step 
by step it additionally brings with it a growing weight 
on air, water and land assets. In request to take into 
account the requests of the general population, the 
quick development of industries, nourishment, 
human services, vehicles, and so on is fundamental. 
Be that as it may, it is exceptionally hard to maintain 
the personal satisfaction with all these new 
improvements, which are negative to the 
environment in which we live, if legitimate 
management isn't connected. In nature there are 
different parasites, microscopic organisms and 
microorganisms that are continually at work to 
separate natural mixes yet the inquiry emerges when 
pollution happens, who will do this tidy up 
employment? Since the personal satisfaction is 
inextricably linked to the general nature of the 
environment, worldwide consideration has been 
focused on approaches to sustain and protect the 
environment. This undertaking is conceivable by 
involving biotechnology (Achal, V.D., Kumari, D. and 
Pan, X. 2011). 

ROLE OF ENVIRONMENTAL 
BIOTECHNOLOGY IN POLLUTION 
MANAGEMENT 

Biotechnology can be utilized to evaluate the 
prosperity of biological systems, change poisons 
into considerate substances, produce biodegradable 
materials from inexhaustible sources, and grow 
environmentally safe manufacturing and transfer 
forms. Environmental biotechnology utilizes the use 
of hereditary engineering to enhance the efficiency 
and cost, which are enter factors later on across the 
board misuse of microorganisms to lessen the 
environmental weight of dangerous substances. 

In perspective of the dire need of a productive 
environmental biotechnological process, analysts 
have conceived a strategy called bioremediation, 
which is an emerging way to deal with rehabilitating 
zones fouled by toxins or generally harmed through 
biological community mismanagement. 

BIOREMEDIATION 

"Remediate" intends to take care of an issue, and 
"bio-remediate" intends to utilize natural creatures to 
take care of an environmental issue, for example, 
contaminated soil or groundwater. 
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Bioremediation is the utilization of living 
microorganisms to debase environmental 
contaminations or to forestall pollution. As it were it is 
a technology for removing poisons from the 
environment along these lines restoring the original 
normal surroundings and preventing further pollution 
(Adriano, D.C., Bollag, J.M., Frankenberger, Jr. W.T. 
and Sims, R.C. 1999). 

The quick development and increasing refinement of 
the concoction industries in the most recent century 
has implied that there has been increasing 
dimensions of complex poisonous effluents being 
discharged into the environment. Many real incidents 
have happened in the past which uncover the need 
to keep the getaway of effluents into the 
environment, for example, the Exxon Valdez oil slick, 
the Union-Carbide (Dow) Bhopal calamity, vast scale 
contamination of the Rhine River, the dynamic decay 
of the amphibian living spaces and conifer 
backwoods in the Northeastern US, Canada, and 
parts of Europe, or the arrival of radioactive material 
in the Chernobyl mishap, and so on. 

Bioremediation: Bioremediation is the procedure by 
which living life forms debase or change risky natural 
contaminants to inorganic segments, for example, 
CO2, H2 O and NO3. Bioremediation utilizes natural 
operators, mainly microorganisms, e.g. microbes, 
parasites or yeast to tidy up contaminated soil and 
water. The innovations utilized are nature-perfect, 
dependable, less expensive and simple to embrace 
when contrasted with physical and compound 
techniques. Natural operators like microorganisms or 
plants change the intricate natural contaminants to 
other more straightforward natural mixes by their 
assorted metabolic abilities for the evacuation and 
degradation of numerous environmental 
contaminations. The significant preferred standpoint 
of using organisms is that microbiological forms are 
adaptable; they adjust to variable conditions and 
furthermore to new particles or combination of new 
atoms. Increasing the capacity of microorganisms to 
endure and debase petroleum hydrocarbons can 
help bioremediation efficiency of oil-polluted locales 

TYPES OF BIOREMEDIATION 

Based on expulsion and transportation of wastes for 
treatment there are fundamentally two strategies: 

1. In situ bioremediation 

2. Ex situ bioremediation 

"In Situ" bioremediation implies there is no 
compelling reason to excavate or evacuate soils or 
water in request to achieve remediation. 

Regularly, in situ bioremediation is connected to the 
degradation of contaminants in immersed soils and 
groundwater. It is a better technique than cleaning 
contaminated environments since it is less expensive 

and utilizes harmless microbial organisms to debase 
the synthetic compounds. Chemotaxis is critical to 
the investigation of in-situ bioremediation because 
microbial organisms with chemotactic capacities can 
move into a zone containing contaminants. So by 
enhancing the cells' chemotactic capacities, in-situ 
bioremediation will turn into a more secure strategy 
in degrading unsafe mixes. 

In situ bioremediation strategies have numerous 
potential points of interest it doesn't require 
excavation of the contaminated soil and 
consequently turns out to be practical, there is 
minimal site interruption, so the measure of residue 
made is less, and synchronous treatment of soil and 
groundwater is conceivable. 

In situ bioremediation likewise represents a few 
disadvantages – the strategy is tedious contrasted 
with the other therapeutic strategies, regular variety 
of the microbial action because of direct exposure to 
changes in environmental elements that can't be 
controlled, and problematic utilization of treatment 
added substances. Microorganisms act well just 
when the waste materials present enable them to 
deliver supplements and vitality for the improvement 
of more cells. At the point when these conditions are 
not good then their ability to corrupt is decreased. In 
such cases hereditarily engineered microorganisms 
must be utilized, albeit stimulating indigenous 
microorganisms is favored (Agarry, S.E. and 
Ogunleye, O.O. 2012). 

Disadvantages 

Bioremediation, albeit considered a shelter amidst 
present day environmental situations, can likewise 
be viewed as problematic because, while added 
substances are added to upgrade the functioning of 
one specific microbes, growths or some other 
microorganisms, it might be troublesome to different 
organisms inhabiting that equivalent environment 
when done in situ. Regardless of whether 
hereditarily altered microorganisms are discharged 
into the environment after a certain point of time it 
winds up hard to expel them. Bioremediation is for 
the most part exorbitant, is work intensive, and can 
take a while for the remediation to accomplish 
adequate dimensions. Another issue regarding the 
utilization of in situ and ex situ forms is that it is fit for 
causing significantly more harm than the genuine 
pollution itself. 

STRATEGIES INVOLVED IN TREATMENT OF 
WASTE MATERIALS 

Depending on the condition of the contaminant to be 
expelled, ex situ bioremediation is delegated; 

• Solid stage framework (including land 
treatment and soil heaps) 
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• Slurry stage frameworks (including strong 
fluid suspensions in bioreactors) 

Strong stage treatment:- it includes natural wastes 
(eg: leaves, creature fertilizers and agrarian wastes) 
and problematic wastes (eg: household and 
industrial watses, sewage slime and civil strong 
wastes). Strong stage soil treatment forms include 
landfarming, soil biopiles, and composting. 

Contaminated soil is combined with water and 
different added substances in a substantial tank 
called a bioreactor and blended to keep the 
microorganisms, which are as of now present in the 
dirt, in contact with the contaminants in the dirt. 
Supplements and oxygen are included, and 
conditions in the bioreactor are controlled to make 
the ideal environment for the microorganisms to 
corrupt the contaminants. At the point when the 
treatment is finished, the water is expelled from the 
solids, which are discarded or treated further on the 
off chance that regardless they contain pollutants. 

MICROORGANISMS INVOLVED IN 
BIOREMEDIATION PROCESS 

A wide range of types of organisms, for example, 
plants can be utilized for bioremediation yet 
microorganisms demonstrate the best potential. 

Microorganisms (principally microscopic organisms 
and growths) are nature's original recyclers. Their 
ability to change common and engineered synthetic 
compounds into wellsprings of vitality and crude 
materials for their very own development 
recommends that expensive substance or physical 
remediation procedures may be supplanted with 
organic procedures that are bring down in expense 
and all the more environmentally cordial. 

Microorganisms in this manner speak to a promising, 
generally undiscovered asset for new environmental 
biotechnologies. Research continues to confirm the 
bioremediation capability of microorganisms. For 
example, an ongoing expansion to the growing 
rundown of microbes that can decrease metals is 
Geobacter metallireducens, which evacuates 
uranium, a radioactive waste, from drainage waters 
in mining tasks and from contaminated 
groundwaters. Indeed, even dead microbial cells can 
be helpful in bioremediation innovations. These 
disclosures recommend that further exploration of 
microbial assorted variety is probably going to 
prompt the revelation of a lot more organisms with 
one of a kind properties valuable in bioremediation 
(Ahimou, F., Jacques, P. and Deleu, M. 2000). 

METHODS AND MATERIAL 

Depending on the state of the contaminant to be 
removed, ex situ bioremediation is classified as; 

• Solid phase system (including land treatment 
and soil piles) 

• Slurry phase systems (including solid-liquid 
suspensions in bioreactors) 

Solid phase treatment: 

It incorporates natural squanders (eg: leaves, 
creature excrements and rural squanders) and 
hazardous squanders (eg: local and mechanical 
watses, sewage slop and civil strong squanders). 
Strong phase soil treatment forms incorporate 
landfarming, soil biopiles, and fertilizing the soil. 

Slurry-Phase Bioremediation: 

Slurry phase bioremediation is a moderately 
progressively fast procedure contrasted with the 
other treatment forms. Defiled soil is joined with 
water and different added substances in an 
extensive tank called a bioreactor and blended to 
keep the microorganisms, which are now present in 
the dirt, in contact with the contaminants in the dirt. 
Supplements and oxygen are included, and 
conditions in the bioreactor are controlled to make 
the ideal environment for the microorganisms to 
corrupt the contaminants. At the point when the 
treatment is finished, the water is expelled from the 
solids, which are discarded or treated further in the 
event that despite everything they contain 
contaminations. 

A wide range of sorts of life forms, for example, 
plants can be utilized for bioremediation however 
microorganisms demonstrate the best potential. 
Microorganisms (basically microscopic organisms 
and growths) are nature's unique recyclers. Their 
capacity to change normal and engineered synthetic 
compounds into wellsprings of vitality and crude 
materials for their very own development proposes 
that costly concoction or physical remediation 
procedures may be supplanted with organic 
procedures that are lower in expense and all the 
more environmentally neighborly. Microorganisms in 
this way speak to a promising, generally 
undiscovered asset for new environmental 
biotechnologies. Research keeps on checking the 
bioremediation capability of microorganisms. For 
instance, an ongoing expansion to the developing 
rundown of microscopic organisms that can lessen 
metals is Geobacter metallireducens, which expels 
uranium, a radioactive waste, from seepage waters 
in mining tasks and from tainted groundwaters. 
Indeed, even dead microbial cells can be helpful in 
bioremediation advances. These revelations 
propose that further investigation of microbial decent 
variety is probably going to prompt the disclosure of 
a lot more creatures with novel properties helpful in 
bioremediation. The utilization of microorganisms 
isn't constrained to one field of investigation of 
bioremediation, it has a broad use; Petroleum, its 
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items and oils establish hydrocarbons and if present 
in the environment causes contamination. Oil spills 
brought about by oil tankers and petroleum spillage 
into the marine environment is presently an always 
happening wonder. Various microorganisms can use 
oil as a wellspring of nourishment, and a significant 
number of them produce intense surface-dynamic 
intensifies that can emulsify oil in water and 
encourage its removal. In contrast to concoction 
surfactants, the microbial emulsifier is non-
dangerous and biodegradable. The microorganisms 
fit for debasing oil incorporate pseudomonads, 
different corynebacteria, mycobacteria and a few 
yeasts (Angelidaki, I., Mogensen, A.S. and Ahring, 
B.K. 2000). 

RESULT AND DISCUSSION 

Discussion 

The utilization of microorganisms isn't constrained to 
one field of investigation of bioremediation, it has an 
extensive utilize; Petroleum, its items and oils 
comprise hydrocarbons and if present in the 
environment causes pollution. Oil spills caused by oil 
tankers and petroleum spillage into the marine 
environment is presently a continually occurring 
wonder. Various microorganisms can use oil as a 
wellspring of sustenance, and a significant number of 
them create strong surface-dynamic intensifies that 
can emulsify oil in water and encourage its expulsion. 
In contrast to compound surfactants, the microbial 
emulsifier is non-poisonous and biodegradable. The 
microorganisms equipped for degrading petroleum 
include pseudomonads, various corynebacteria, 
mycobacteria and a few yeasts (Atlas, R.M. 2011). 

Aside from degrading hydrocarbons, microbes 
additionally can evacuate industrial wastes, lessen 
the dangerous cations of overwhelming metals, (for 
example, Selenium) to a substantially less harmful 
solvent shape. For example, plants like locoweed 
evacuate a lot of the dangerous element selenium. 
The selenium is put away in plant tissues where it 
represents no mischief until and except if the plant is 
eaten. Numerous green growth and microbes create 
discharges that pull in metals that are dangerous in 
abnormal states. The metals are as a result expelled 
from the evolved way of life by being bound to the 
emissions. Degradation of colors are likewise 
achieved by some anaerobic microscopic organisms 
and parasites. 

To help the world's nourishment creation rate to 
adjust for the increasing populace, pesticides are 
being utilized. The extensive utilization of these 
counterfeit sponsors have prompt the amassing of 
artificial complex mixes called xenobiotics (Bach, 
Q.D., Kim, S.J., Choi, S.C. and Oh, Y.S). By 
introducing hereditarily modified microbes, it is 
conceivable to corrupt these mixes. By and by on 
account of the bioremediation technology. 

RESULT 

The selection of any practice or alternative for 
environmental remediation has historically been 
performed according to the type of contaminant, 
environmental component affected by the pollution, 
the location and the potentially exposed and affected 
receptors. Also, available remediation technologies 
have to be chosen according to European and 
national regulation. Sustainable remediation has 
some fundamental characteristics, addressing the 
optimization of the triple bottom line of the 
environmental, social and economic factors in 
remediation projects 

• does not transfer the contamination to 
another environmental component; 

• does not generate secondary pollution or 
waste streams; 

• minimizes the impacts on environmental 
quality and human health; 

• efforts for zero discharge; 

• attempts for as lowest as possible use of 
non 

• renewable energy and resources. 

There are some drivers in the context of sustainable 
remediation solutions, such as  scarcity of some 
resources, as a result of an overwhelming of global 
demands (energy, water, commodities etc); 
increased environmental impact significance (related 
to resource depletion, ecosystems damage, climate 
change); - requirement of global and business 
solutions (Bayoumi, R.A. 2009). The best 
management practices should consider all effects of 
remedy options implementation to maximize net 
environmental benefits or cleanup actions, for all 
stages of a project performing (Fig. 1) 

 

Fig. 1. The chain of best management practices 
in remedial options, applied in construction and 
demolition 

Bioremediation, a sustainable alternative for 
environmental cleanup Biotechnology should 
become an increasing valuable tool for developing 
sustainable remediation and for preventing 
excessive pollution through environmentally friendly 
products and processes. This way research and 
development efforts are focused on a number of 
priority areas (Fig. 2) wider explanation of biological 
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systems (enzymes, microorganism, cells, whole 
organisms); 

• emphasis on the use of bioconsortia for 
developing production and degradation 
processes based on them; 

• innovative biocatalyst technology for use in 
areas where conventional biocatalysts are 
not still exploited. 

• biological recycling processes for the 
conversion of various resources to useful 
compounds; 

• focus on the development and application of 
recombinant technology. The group of 
environmental bioremediation includes 
emerging technologies, as an alternative to 
the conventional methods sometimes cost 
intensive and eco unfriendly (Daugulis, A.J. 
and Mc Cracken, R.M. 2003). 

Amongst living organisms, microbial systems held a 
key position owing to their potential in degrading and 
eliminating both biodegradable and hazardous 
compounds. 

 

Fig. 2. Main research and development issues in 
environmental biotechnology 

Bioremediation is not a new concept in the field of 
applied microbiology, but it‘s emergence and 
expansion as an industry, with the role of an 
effective, economically viable alternative for cleaning 
soils, surface water, groundwater, air contaminated 
with a wide range of toxic, persistent, recalcitrant 
chemicals conferred it the characteristics of novelty 
and sustainability (Chikere, C.B., Chikere, B.O. and 
Okpokwasili, G.C. 2012). The processes associated 
to bioremediation are applied to remove, degrade or 
detoxify the pollutants in environmental components 
(water, air, soil, solid waste). 

 

Fig. 3. Factors of influence in bioremediation 
processes 

• Biomimetic based remediation practices 

Numerous people involved in engineering, science, 
business are more and more turning toward nature 
for design inspiration. The term biomimicry, or 
imitation of nature, has been defined as, copying or 
adaptation or derivation from biology. The term 
bionics was first introduced by Steele as, the 
science of systems which has some function copied 
from nature, or which represents characteristics of 
natural systems or their analogues. The term 
biomimetics introduced by Schmitt (1969) is derived 
from bios, meaning life (in Greek) and mimesis, 
meaning to imitate. The Merriam-Webster Dictionary 
define biomimetics as ―the study of the formation, 
structure, or function of biologically produced 
substances and materials (as enzymes or silk) and 
biological mechanisms and processes (as protein 
synthesis or photosynthesis) especially for the 
purpose of synthesizing similar products by artificial 
mechanisms which mimic natural ones‖ 

 

Fig. 4. Main areas and tools connected to 
biomimetic concept 

CONCLUSION 

Regardless of its weaknesses, its pertinence in this 
world is obvious in the light of present day 
environmental perils. Bioremediation gives a 
strategy to cleaning up pollution by enhancing a 
similar biodegradation forms that happen in nature. 
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So by developing an understanding of microbial 
networks and their reaction to the indigenous habitat 
and pollutants, expanding the learning of the 
hereditary qualities of the microbes to increase 
capabilities to debase pollutants, conducting field 
investigations of new bioremediation systems which 
are financially savvy, and dedicating locales which 
are put aside for long haul research reason, these 
open doors offer potential for noteworthy advances. 
There is no uncertainty that bioremediation is 
currently paving an approach to greener fields. 

REFERENCES 

1. Achal, V.D., Kumari, D. and Pan, X. (2011). 
Bioremediation of chromium contaminated 
soil by a brown rot fungus, Gloephyllum 
sepiarium. Res. J. of Microbiol., 6: pp. 166-
171. 

2. Adriano, D.C., Bollag, J.M., Frankenberger, 
Jr. W.T. and Sims, R.C. (1999). 
Bioremediation of contaminated soil. 
Agronomy, No. 37, American Society of 
Agronomy. 

3. Agarry, S.E. and Ogunleye, O.O. (2012). 
Box-Behnken design application to study 
enhanced bioremediation of soil artificially 
contaminated with spent engine oil using 
biostimulation. International J. of Energy and 
Environ. Engg., 3: p. 31. 

4. Ahimou, F., Jacques, P. and Deleu, M. 2000. 
Surfactin and Iturin A effects on Bacillus 
subtilis surface hydrophobicity. Enzyme 
Microb. Technol., 27: pp. 749-754 

5. Angelidaki, I., Mogensen, A.S. and Ahring, 
B.K. 2000. Degradation of organic 
contaminants found in organic waste. 
Biodeg., 11: p. 377. 

6. Atlas, R.M. 2011. Oil biodegradation and 
bioremediation: A tale of the two-worst spills 
in U.S. history. Environ. Sci. and Technol., 
American Chemical Society, 45: pp. 6709-
671. 

7. Bach, Q.D., Kim, S.J., Choi, S.C. and Oh, 
Y.S. 2005. Enhancing the intrinsic 
bioremediation of PAH-contaminated anoxic 
estuarine sediments with biostimulating 
agents. J. of Microbiol., 43: p. 319. 

8. Bayoumi, R.A. (2009). Bacterial 
bioremediation of polycyclic aromatic 
hydrocarbons in heavy oil contaminated soil. 
J. of Appl. Sci. Res., 5(2): pp. 197-211. 

9. Daugulis, A.J. and Mc Cracken, R.M. (2003). 
Microbial degradation of high and low 
molecular weight polyaromatic hydrocarbons 

in a two-phase partitioning bioreactor by two 
strains of Sphingomonas sp. Biotechnol. 
Letters, 25(17): pp. 1441-1444. 

10. Chikere, C.B., Chikere, B.O. and 
Okpokwasili, G.C. (2012). Bioreactorbased 
bioremediation of hydrocarbon-polluted Niger 
Delta marine sediment, Nigeria. Biotech., 2: 
pp. 53-66. 

 

Corresponding Author 

Dr. Anju Verma* 

Assistant Professor in Zoology Kashi Naresh Govt. 
Post Graduate College, Gyanpur Bhadohi (UP)-
221304 

dr.anjuvarma@gmail.com 

mailto:dr.anjuvarma@gmail.com

