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Abstract 

Water is considered the medium for living of human population and propagation of various 

microorganisms. Decontamination of water is important for the survival of living organisms. Due 

to human activities many harmful contaminations are being added into the water sources. The 

release of chemicals into water bodies is responsible for the contamination of groundwater. Such 

water is treated by the use of various practices called bioremediation. It is known to be eco-

friendly, cost effective, safe and clean practice. The bioremediation use different agents such as 

bacteria, yeast, plants and algae. The objective of this paper is to look out for some of the ways 

by which bioremediation can takes place, its factors, techniques and advantages and 

disadvantages. 

 

INTRODUCTION 

Extension of agriculture and industrial waste results in the release of xenobiotics in the 

environment. The problem is world widely spread and the contaminant site is expressive1.From 

the discovery of past researches ,it is claimed that these xenobiotics are widely spread and are a 

threat to human population. The repeated discovery of this  contamination lead to many efforts to 

relief it from many of these threats.Destroying these pollutants completely or converting them 

into weak or harmless substances is way better approach from the traditional method. Techniques 

like high temperature incerination and chemical decomposition have been widely used (e.g.-UV 

Oxidation, base catalysed dechlorination). They can show very effective result at lowering the 

number of levels of contaminants. 

 

Bioremediation is a technique which is used to destroy harmful contaminants of various aspects. 

Principally, microorganisms are used to detoxify contamination into less toxic mode. The 

effectiveness of microorganisms to convert the hazardous contamination into harmless product 

can lead to bioremediation.  
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Elements of bioremidiation 

Bioremediation consists of various factors- 

Table 1-factors affecting bioremediation2. 

 

Components Requirements 

Microorganisms Either Aerobic or Anaerobic 

Biological processes of microorganisms Metabolism 

Environmental factors Temperature , pH, O2 content  

Nutrients in soil Carbon , Nitrogen, Oxygen etc. 

Moisture in soil 25-28% of water holding capacity 

Soil type Low clay or silt content 

 

Microbes in bioremediation: 

Microbes are easy to isolate from environmental condition. They can easily tolerate harsh 

condition as high temperature or extreme low temperature, in an environment with plenty 

of oxygen or in anaerobic environment. Main requirement for them are carbon and 

energy source. Aerobic bacteria which are known for their degradative properties are-

Pseudomonas, Alcaligenes, Sphingomonas, Rhodococcus, and Mycobacterium. Many of 

them consume the contamination being their supply of carbon and energy source.  

Anaerobic bacteria which are used for bioremediation of polychlorinated biphenyls 

(PCBs) in river debris dechlorination of the solvent trichloroethylene (TCE), and 

chloroform 3. 

 

1. ENVIRONMENTAL FACTORS IN BIOREMEDIATION 

Despite the fact that microorganisms are available in the polluted water, it isn’t necessary 

that they are present in the number needed for bioremediation of water. The development 

and movement of microorganisms needed to be accelerated. Native microorganisms can 

be stimulated by the addition of nutrient and oxygen.  The nutrients are the primary 

building blocks of life and permits microbes to create the mandatory enzymes to disrupt 

the pollutants. Each microorganisms involved requires carbon, nitrogen and phosphorous. 
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Carbon is the primary element of life form and is required in large quantity than new 

elements. The growth and activity of microbes are effortlessly affected by pH, 

temperature, and moisture content 3. 

 Soil 

1. High concentration of contamination (5% or more) –The soil is agitated with purifying 

water having active agents and then is separated from the oil. After that, bioremediation 

process is started to purify the soil. 

2. Low concentration of contamination – Soil which have low contamination can be 

treated with bioremediation alone. Contamination which is 2% or more takes about 6-12 

months for their cleaning process. On the other hand, contamination like 0.8% can be 

treated within 1-2 months.  

 

TYPES OF BIOREMEDIATION 

There are 2 strategies available for bioremediation- in-situ bioremediation and ex situ 

bioremediation.  

               

 

In-situ bioremediation- It is the mechanism of clean-up of hazardous chemical from the 

sub surface of soil or water. This practice involves the supply of oxygen and nutrient to 

the soil. The nutrients are supplied to the soil by circulating aqueous solution which 

stimulate the naturally occurring bacteria from the soil.   
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 Biosparging – Biosparging is the process of injecting air under pressure below 

water table to raise the level ground water oxygen concentration. It enhances the 

degeneration of contamination due to the presence of naturally existing bacteria. It 

increases the blending of oxygen, thus, rise the contact between groundwater and 

soil.  

 Bioventing – Bioventing is a technique which involves the in-situ biodegradation 

of several anaerobically bio- degradable compound in the soil or water by 

supplying oxygen to the microorganisms.  Less air flow rates are used to add 

oxygen to the soil. The oxygen is provided to the soil by injecting it into the small 

wells made on the soil and then directly inside it2.  

 Bioaugmentation – Bio augmentation is the process of introducing microbes to 

the contaminated soil or water. It is a process which is mostly adopted in 

municipality for waste water treatment. Every culture provided contain some 

research based strains of microbial culture which contains all the necessary 

microorganisms. Although, contaminated water and soil’s site which have 

chlorinated ethenes are well treated with in-situ microorganisms. They degrade 

such chemicals to chlorine and ethane which are non-toxic4.                  

 

Ex-situ bioremediation-It refers to “offsite” conservation. It is a process of collection 

and removal of waste at a place to facilitate biodegradation. This technique is said to be 

most with limitations and disadvantages. It is a costly affair with several processes i.e. 

excavation, screening and fractionation, mixing, homogenising and final disposal. On the 

basis of phase of contaminations, they are divided into 2 categories- 

 

Solid phase treatment Slurry phase treatment 

The contamination is treated in its solid 

phase i.e. soil. 

The contamination is added with water into 

bioreactor. 

Oxygen and nutrients are not needed to be 

added 

Oxygen and nutrients are added. 

The process is simple. The process is comparatively difficult  

Slow process. Rapid process. 
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BIOREMEDIATION WITH RESPECT TO GROUND WATER 

Water is considered as the medium for propagation of many microorganisms5. The main reasons 

for ground water pollution is- agriculture, over exploitation, industries and domestic use. 

According to a survey India is responsible for the most of the ground water pollution, caused by 

the unplanned urban cities population. Contaminated groundwater is considered to be the most 

critical condition regarding ecological as well as health problems. This condition of 

contaminated ground water greatly affects the environment and can lead to the level of vast 

contamination in many countries6.The protection of groundwater, which is 50% of world’s 

drinking water is of paramount importance7.The water is said to be contaminated if hazardous 

compound level reaches US EPA standard. Contamination can get absorbed in the soil, and 

rainfall results into the leeching of contamination into soil.  

 

Strategies for ground water bioremediation 

There are a number of bioremediation techniques available according to the quantity of 

contamination and the causing agents. 

 

Aerobic bioremediation 

The bioremediation which takes place in the presence of oxygen is said to be aerobic 

bioremediation. The main purpose of this bioremediation is the delivery of oxygen. It depends on 

the microbial metabolic oxidation of contamination8.Aerobic bioremediation technologies have 

been used at superfund for more than 20 years.  

 

Common applicable contaminants: 

The aerobic contamination is mostly used for the reduction of non-halogenic compound to 

carbon dioxide and water. Generally, aerobic bioremediation is used to treat BTEX and diesel 

and jet fuel releases. Hydrocarbons which are heavier in weight are difficult to biodegrade as 

compared to lighter compounds. In addition to that, aerobic bioremediation is also used to treat 

various other solvents such polycyclic aromatic hydrocarbons (PAHs), alkenes, alkanes and 
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acetones etc. The treatment of complex cyclic compounds are more difficult than simple PAHs. 

Reduced contaminations can be easily degraded aerobically by the aerobic bacteria present on 

the sub surface. Some of the aerobic bacteria which are used in the degradation of compounds 

like PAHs and BTEX are Pseudomonas, Alcaligenes, Sphingomonas, Rhodococcus, and 

Mycobacterium. These microbes are well known for their degrading property9. 

Common byproducts 

Common by-products of aerobic bioremediation are carbon dioxide and water. The carbon 

dioxide can react with calcium, magnesium and iron present in the ground water. The product 

form from this reaction can affect the working of in-situ bioremediation. Magnesium phosphate 

and calcium precipitate will tie up with phosphorus so that microbes cannot use them as nutrient. 

 

Anaerobic bioremdiation 

Anaerobic bioremediation is used to treat various oxidized contamination. It plays a role in 

treating contaminations including chlorinated ethenes, chlorinated ethanes, chloromethanes and 

nitrates. It relies on the microbial metabolic oxidation of contamination. The key concern with 

anaerobic bioremediation is the availability of nutrient and carbon source. The rate of 

degradation depends upon the electron present and the amendments of carbon and nutrient. In 

enhanced bioremediation, hydrogen is added to groundwater as to increase the viability and 

number of microorganisms which will perform bioremediation. Anaerobic bioremediation is 

highly effective in terms for the remediation of chlorinated hydrocarbons but shows less effect 

when it comes to petroleum hydrocarbons such as BTEX, gasoline, diesel. 

 

Treatment of contaminated water- The microorganisms are also known as bioremediators. 

They are widely used in cleaning up of contaminations at various sites. The microbes are added 

to the contaminated water. They eat up the contamination, letting off carbon dioxide and water. 
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Advantages and disadvantages: 

Bioremediation is a common practice which is effectively used worldwide. Bioremediation 

depends upon the availability and using of the right bacteria into the right place with optimum 

environmental factors for the removal of contaminations. The right organisms will degrade 

contamination effectively with the use of algae, plants or fungi.  It is an eco-friendly, safer and 

clean practice including plants and microbes. It works on organic pathogens, nitrates, organic 

compounds and metals and non-metals present. It is a completely natural process with no 

harmful side effects. The process is very quick and soil or water can be treated quickly. Being a 

cost effective practice, it is mostly used. The process is highly accepted by the authorities.  

 

One the major disadvantage of bioremediation is the limitations on the type of contaminations 

which it can remove effectively. The other disadvantages of bioremediation is its sensitivity to 

the biological components such as temperature, pH, and the availability of various microbes.  
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