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SUMMARY 

               Bioremediation is a very cost effective, safe and nature based process or mechanism to detoxify the 

pollution from environment and to reduce adverse effects of waste on health, environment or aesthetics. 

Bioremediation can be defined as the methodology to remove or neutralise wastes and toxic substances in 

environment with the help of microorganisms, plants, microbes or plant enzymes. Hence, we can say that it is the 

method of reducing or destroying the concentration of pollutants in environment through biological systems. 

Bioremediation is a combination of two words ‘Bio’ means ‘biological’ and ‘Remediation’ means ‘to repair or 

cure’. It has the potential of complete degradation or transformation of hazardous organic pollutants into harmless 

products. The use of microorganisms in bioremediation is not limited to detoxification of organic compounds. 

Some microorganisms can also reduce the cations of heavy metals into less toxic and harder soluble forms. 

 

INTRODUCTION 

The quality of life on Earth is linked inextricably to the overall quality of environment. Waste 

management is associated with all kinds of waste such as generated during extraction of raw materials; processing 

of raw materials into intermediate and final products; consumption of final products or other human activities 

including municipal like residential, institutional, commercial, agriculture, health care, household hazardous 

wastes and sewage sludge etc. In early times, we believed that we had an unlimited abundance of land and 

resources; today, however, the resources in the world show, in greater or lesser degree, our carelessness and 

negligence in using them. It is now widely recognized that contaminated land is a potential threat to human health, 

and its continual discovery over recent years has led to international efforts to remedy many of these sites, either 

as a response to the risk of adverse health or environmental effects caused by contamination or to enable the site 

to be redeveloped for use. The conventional techniques used for remediation have been to dig up contaminated 

soil and remove it to a landfill, or to cap and contain the contaminated areas of a site. Bioremediation is an option 

that offers the possibility to destroy or render harmless various contaminants using natural biological activity. 

Bioremediation is defined as the process whereby organic wastes are biologically degraded under controlled 

conditions to an innocuous state, or to levels below concentration limits established by regulatory authorities 

(Mueller et al., 1996). As such, it uses relatively low cost techniques, which generally have a high public 

acceptance and can often be carried out on site. It will not always be suitable, however, as the range of 

contaminants on which it is effective is limited, the time scales involved are relatively long, and the residual 

contaminant levels achievable may not always be appropriate. Although the methodologies employed are not 

technically complex, considerable experience and expertise may be required to design and implement a successful 

bioremediation program, due to the need to thoroughly assess a site for suitability and to optimize conditions to 

achieve a satisfactory result. In a nutshell, we can say that bioremediation seems to be a good alternative to 

conventional clean-up technologies.  

 

What is Bioremediation? 
Bioremediation is a less expensive and sustainable approach of biological treatment mainly utilized to 

treat the contaminated media, involving water, soil and subsurface materials, by alteration of ecological base or 

environmental situations to stimulate growth of various beneficial microorganisms and degrade the targeted 

pollutants. It is a similar technique of treating wastes including wastewater, industrial wastes and solid wastes. 

Phytoremediation, mycoremediation, bioventing, bioleaching, bioreactor, composting, bio-augmentation, 

rhizofiltration and bio-stimulation are the examples of bioremediation. Most of the methodologies may involve 

oxidation-reduction reactions where either an electron acceptor (oxygen) is added to stimulate oxidation of a 

reduced pollutant like hydrocarbons or an electron donor (organic substrate) is added to reduce oxidized pollutants 

such as nitrate, perchlorate, oxidized metals, chlorinated solvents, explosives and propellants. In these approaches, 

additional nutrients, vitamins, minerals, and pH buffers may be added to optimize the situations for 
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microorganisms. Besides, specialized microbial cultures are added in a process called bio-augmentation to 

enhance biodegradation.  

 
Source: Home\DIY Green\Environment\Cleaning                Source: Jagran Josh 

Up the planet with Bioremediation Written by: Green Blogger 2014/06/04, 3:43 PM 

 

Advantages of Bioremediation 
Bioremediation utilizes naturally occurring microorganisms such as bacteria, fungi, yeast etc. to 

breakdown harmful substances into non-toxic or less toxic products.  

 Biological remediation may detoxify the hazardous substances or the complete destruction of target pollutants 

is possible instead of merely transferring contaminants from one environmental medium to another, for 

example, from land to water or air. 

 Bioremediation is a natural process and is therefore perceived by the public as an acceptable waste treatment 

process for contaminated material such as soil. Microbes able to degrade the contaminant increase in numbers 

when the contaminant is present; when the contaminant is degraded, the bio-degradative population declines. 

The residues for the treatment are usually harmless products and include carbon dioxide, water, and cell 

biomass. 

 This procedure is usually less disruptive to the environmental conditions than excavation based processes.  

 Cost of treatment of a harmful waste site engaging bioremediation may be remarkably lower than the traditional 

or conventional methods or bioremediation can be proved less expensive than other technologies that are used 

for cleaning up of hazardous wastes.  

 Theoretically, bioremediation is useful for the complete destruction of a wide variety of contaminants. Many 

compounds that are legally considered to be hazardous can be transformed to harmless products. This eliminates 

the chance of future liability associated with treatment and disposal of contaminated material. 

 Bioremediation can often be carried out on site, often without causing a major disruption of normal activities. 

This also eliminates the need to transport quantities of waste off site and the potential threats to human health 

and the environment that can arise during transportation. 

 

Disadvantages of Bioremediation 

 Bioremediation is limited to those compounds that are biodegradable. Not all compounds are susceptible to 

rapid and complete degradation. 

 There are some concerns that the products of biodegradation may be more persistent or toxic than the parent 

compound. 

 Biological processes are often highly specific. Important site factors required for success include presence of 

metabolically capable microbial populations, suitable environmental growth conditions, and appropriate 

levels of nutrients and contaminants. 

 It is difficult to extrapolate from bench and pilot-scale studies to full-scale field operations. 
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 Research is needed to develop and engineer bioremediation technologies that are appropriate for sites with 

complex mixtures of contaminants that are not evenly dispersed in the environment. Contaminants may be 

present as solids, liquids, and gases. 

 Bioremediation often takes longer than other treatment options, such as excavation and removal of soil or 

incineration. 

 Regulatory uncertainty remains regarding acceptable performance criteria for bioremediation. There is no 

accepted definition of “clean”, evaluating performance of bioremediation is difficult, and there are no 

acceptable endpoints for bioremediation treatments. 

 

Factors of Bioremediation 
The technique of bioremediation for a particular site is influenced by numerous factors like site 

characteristics, indigenous microorganism population, and the type, quantity, and toxicity of contaminant 

chemicals present. 

 
Source: Company BREM GROUP 

 Addition of nutrients can stimulate or accelerate the activity of microorganisms.  

 Optimization of environmental situations may increase the growth of microbes and increase their population 

leading to improved breakdown or decomposition of hazardous substances. 

 If the biological activity required to degrade a specific contaminant is absent at the site, appropriate 

microorganisms from other locations or exogenous microorganisms should be introduced and nurtured.  

 Other significant methodologies are Phytoremediation referring to the employment of plants to clean up the 

contaminated soils as well as ground water, and fungal remediation engaging white rot fungus to decompose 

different types of contaminants.  

 

Types of Bioremediation 
Bioremediation is classified into in-situ or ex-situ methods.  

In-situ bioremediation 

When the detoxification of wastes is done at the original site of contamination, then it is called in-situ 

bioremediation which is mainly used to treat contaminations in soil and ground water. 
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Source: Home\DIY Green\Environment\Cleaning 

up the planet with Bioremediation 

Written by: Green Blogger 2014/06/04, 3:43 PM 

 Treats the contaminated soil or water in the place where actually they are found. 

 Generally less expensive  

 Can generate less dust and debris 

 May release fewer contaminants as no excavation process is needed  

The process of in-situ bioremediation depends on various factors which are given below: 

(a) Typology of contamination 

(b) Characteristics of site 

(c) Distribution and concentration of contaminants 

(d) Identification of microbial community at the site 

(e) Temperature 

(f) pH value of the site 

(g) Identification of moisture content 

(h) Nutrient supply 

The above factors are highly superficial and not practical for in-situ bioremediation. Hence, in-situ bioremediation 

uses methods like aeration, nutrient addition, controlling moisture content to increase the rate of degradation; for 

example, bio-venting, enhanced biodegradation etc.  

 

Ex-situ bioremediation  

When the detoxification of waste is done away from the original site of contamination, then it is called ex-

situ bioremediation. In this process, the contaminants are unearthed from the original site and then treated in 

controlled environment; for example, composting, soil bio-piles etc. 

 May require excavation of contaminated soil or pumping of contaminated groundwater, before treatment is 

started  

 Usually easier to control  

 Faster method  

 Able to treat a wide range of contaminants and soil types  

 

CONCLUSION 

Environmental biotechnology is not a new field; composting and wastewater treatments are familiar 

examples of old environmental biotechnologies. However, recent studies in molecular biology and ecology offer 

opportunities for more efficient biological processes. Notable accomplishments of these studies include the clean-

up of polluted water and land areas. By definition, bioremediation is the use of living organisms, primarily 

microorganisms, to degrade the environmental contaminants into less toxic forms. It uses naturally occurring 

bacteria and fungi or plants to degrade or detoxify substances hazardous to human health and/or the environment. 

The microorganisms may be indigenous to a contaminated area or they may be isolated from elsewhere and 

brought to the contaminated site. Contaminant compounds are transformed by living organisms through reactions 

that take place as a part of their metabolic processes. Biodegradation of a compound is often a result of the actions 
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of multiple organisms. When microorganisms are imported to a contaminated site to enhance degradation we 

have a process known as bioaugmentation. For bioremediation to be effective, microorganisms must 

enzymatically attack the pollutants and convert them to harmless products. As bioremediation can be effective 

only where environmental conditions permit microbial growth and activity, its application often involves the 

manipulation of environmental parameters to allow microbial growth and degradation to proceed at a faster rate. 

Like other technologies, bioremediation has its limitations. Some contaminants, such as chlorinated organic or 

high aromatic hydrocarbons, are resistant to microbial attack. Bioremediation techniques are typically more 

economical than traditional methods such as incineration, and some pollutants can be treated on site, thus reducing 

exposure risks for clean-up personnel, or potentially wider exposure as a result of transportation accidents. Since 

bioremediation is based on natural attenuation the public considers it more acceptable than other technologies. 

Most bioremediation systems are run under aerobic conditions, but running a system under anaerobic conditions 

may permit microbial organisms to degrade otherwise recalcitrant molecules. It is well expected that 

bioremediation and, in a narrower sense, mycoremediation would expand to more specific scientific branches in 

near future in order to be able to quickly respond to the challenges of current and future world. 
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