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Abstract— Globally, environmental pollution is increasing 

carelessly on account of an unabated increment in 

population, industrialization, urbanization, anthropogenic 

activities and natural sources. Among various pollutants, 

heavy metals are released into soils and water from 

industrial operations such as smelting, mining, metal 

forging, manufacturing of alkaline storage batteries and 

combustion of fossil fuel. Moreover, the agricultural 

activities like application of agrochemicals and sewage 

sludge in agricultural fields also add a considerable amount 

of metals in the soils. However, heavy metals like zinc, 

copper, cadmium, lead, mercury and nickel have been 

reported as the most toxic pollutants. The metal pollution is 

of great concerns, as these hazardous pollutants are 

accumulated in living organisms including microorganisms, 

plants, animals and human and are responsible for many 

metabolic and physiological disorders. Many techniques for 

remediation of contaminated soil have been developed, such 

as physical, chemical degradation, photodegradation. 

However, most of these methods have some drawbacks in 

completely remediating contaminated soil. Biological 

treatment offers the best environmental friendly method for 

remediating heavy metal contaminated soil because it 

utilizes the capability of the indigenous microorganisms in 

the soil environment to break down the heavy metals into 

innocuous substances. 
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I. INTRODUCTION 

Due to global industrialization, heavy metals from industrial 

activities are accumulated in soils up to alarming 

concentrations. Environmental pollution is increasing day by 

day on account of an unabated increase in the population, 

industrialization, urbanization, anthropogenic activities and 

natural sources [6]. Heavy metals are present in soils and 

aqueous streams as both natural components or as a result of 

human activity (i.e., metal-rich mine tailings, metal 

smelting, electroplating, gas exhaust, energy and fuel 

production, downwash from power lines, intensive 

agriculture, sludge dumping, etc.) [4]. Some of the heavy 

metals associated with environmental contamination, and 

which offer potential danger to the ecosystem, are copper 

(Cu), zinc (Zn), silver (Ag), lead (Pb), mercury (Hg), arsenic 

(As), cadmium (Cd), chromium (Cr), strontium (Sr), cesium 

(Cs), cobalt (Co), nickel (Ni), thallium (Tl), tin (Sn) and 

vanadium (V) [6]. Pollution of environment with heavy 

metals has become a problem of concern because beside 

causing specific toxicity symptoms, these metals may also 

contribute to global warming by destroying the atmospheric 

ozone layer like atmospheric methane, nitrous oxide and 

sulphur dioxide because of potentially harmful effects on 

human and animal health. Under certain environmental 

conditions, metals may accumulate to toxic levels and cause 

ecological damage [7]. 

Many techniques have been found for treating the 

contaminated soil, such as physical, chemical degradation, 

photodegradation. However, most of these methods have 

some drawbacks in completely remediating contaminated 

soil. Some of these methods leave behind daughter 

compounds which are more harmful to the environment than 

the parent compounds [1].  

Biological treatment offers the best environmental 

friendly method for remediating hydrocarbon and heavy 

metal contaminated soil because it utilized the capability of 

the indigenous microorganisms in the soil environment to 

break down the hydrocarbons and heavy metals into 

innocuous substances [1]. Microorganisms that use metals 

as terminal electron acceptors, or reduce metals as a 

detoxification mechanism can be used for the removal of 

metals from contaminated environments. In some cases, 

phytoextraction of metals is a cost-effective approach that 

uses metal-accumulating plants to clean up metal polluted 

soils [4].To overcome the drawbacks associated with the 

conventional methods, bioremediation process was 

introduced. Bioremediation uses biological agents mainly 

microorganisms i.e. yeast, fungi or bacteria to clean up 

contaminated soil and water [7]. Bioremediation is the most 

effective management tool and is an attractive and 

successful cleaning technique for polluted environment. It 

offers a cost effective remediation technique, compared to 

other remediation methods, because it is a natural process 

and does not usually produce toxic by-products. It also 

provides a permanent solution as a result of complete 

mineralization of the contaminants in the environment [1]. 

Almost all metal–microbe interactions have been examined 

as a means for removal, recovery or detoxification of 

inorganic and organic metal or radionuclide pollutant [8]. 

II. PRINCIPLES OF BIOREMEDIATION 

Recent studies in molecular biology and ecology offers 

numerous opportunities for more efficient biological 

processes. Notable accomplishments of these studies include 

the remediation of polluted water and land areas. 

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. Biodegradation of a compound is the 

result of the actions of multiple organisms. For 

bioremediation to be effective, microorganisms must 

enzymatically attack the pollutants and convert them to 

harmless products [9]. Like other technologies, 
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bioremediation has its limitations. Some contaminants, such 

as chlorinated organic or high aromatic hydrocarbons, are 

resistant to microbial attack. They are degraded either 

slowly or not at all, hence it is not easy to predict the rates of 

cleanup for a bioremediation exercise. Some pollutants can 

be treated on site which reduces exposure risks for cleanup 

personnel, or potentially wider exposure as a result of 

transportation accidents [5]. 

A. Microbial Populations for Bioremediation Processes 

Microorganisms can be isolated from almost any 

environmental conditions. Microbes can adapt and grow at 

subzero temperatures, as well as extreme heat, desert 

conditions, in water with an excess of oxygen and in 

anaerobic conditions, with the presence of hazardous 

compounds or on any waste stream. The main requirements 

for the microorganisms are an energy source and a carbon 

source [9]. Natural organisms, either indigenous or 

extraneous (introduced), are the prime agents used for 

bioremediation. The microbes should be selected based on 

the nature of pollutant and are to be selected carefully as 

they only survive within a limited range of chemical 

contaminants. Since numerous types of pollutants are 

encountered in a contaminated site, diverse types of 

microorganisms are likely to be required for effective 

mediation [5]. 

B. Microbes classification 

 Aerobic: Examples of aerobic bacteria recognized for 

their degradative abilities are Pseudomonas, 

Alcaligenes, Sphingomonas, Rhodococcus, and 

Mycobacterium. These microbes have often been 

reported to degrade pesticides and hydrocarbons, both 

alkanes and polyaromatic compounds. Many of these 

bacteria use the contaminant as the sole source of 

carbon and energy. 

 Anaerobic. Anaerobic bacteria are not as frequently 

used as aerobic bacteria. There is an increasing interest 

in anaerobic bacteria used for bioremediation of 

polychlorinated biphenyls (PCBs) in river sediments, 

dechlorination of the solvent trichloroethylene(TCE) 

and chloroform. 

 Ligninolytic fungi. Fungi such as the white rot fungus 

Phanaerochaete chrysosporium have the ability to 

degrade an extremely diverse range of persistent or 

toxic environmental pollutants. Common substrates 

used include straw, saw dust, or corn cobs. 

 Methylotrophs. Aerobic bacteria that grow utilizing 

methane for carbon and energy. The initial enzyme in 

the pathway for aerobic degradation, methane 

monooxygenase, has a broad substrate range and is 

active against a wide range of compounds, including the 

chlorinated aliphatic trichloroethylene and 1, 

2dichloroethane [5]. 

C. Types of Bioremediation 

Based on the removal and transportation of wastes for 

treatment, it can be divided into two types- (i) In situ 

bioremediation and (ii) Ex situ bioremediation [2]. 

D. In Situ Bioremediation   

In situ bioremediation means there is no need to excavate or 

remove soils or water in order to accomplish remediation. In 

situ biodegradation involves supplying oxygen and nutrients 

by circulating aqueous solutions through contaminated soils 

to stimulate naturally occurring bacteria to degrade organic 

contaminants. It can be used for soil and groundwater. 

Generally, this technique includes conditions such as the 

infiltration of water containing nutrients and oxygen or other 

electron acceptors for groundwater treatment. Most often, in 

situ bioremediation is applied to the degradation of 

contaminants in saturated soils and groundwater. It is a 

superior method to cleaning contaminated environments 

since it is cheaper and uses harmless microbial organisms to 

degrade the chemicals [5]. 

Types of In situ Bioremediation: There are two 

approaches- Intrinsic bioremediation - This approach deals 

with stimulation of indigenous or naturally occurring 

microbial populations by feeding them nutrients and oxygen 

to increase their metabolic activity and Engineered in situ 

bioremediation - The second approach involves the 

introduction of certain microorganisms to the site of 

contamination. When site conditions are not suitable, 

engineered systems have to be introduced to that particular 

site. Engineered in situ bioremediation accelerates the 

degradation process by enhancing the physicochemical 

conditions to encourage the growth of microorganisms. 

Oxygen, electron acceptors and nutrients (nitrogen and 

phosphorus) promote microbial growth [5]. 

The in situ bioremediation also includes 

1) Biosparging involves the injection of air under pressure 

below the water table to increase groundwater oxygen 

concentrations and enhance the rate of biological 

degradation of contaminants by naturally occurring 

bacteria. Biosparging increases the mixing in the 

saturated zone and thereby increases the contact 

between soil and groundwater. The ease and low cost of 

installing small-diameter air injection points allows 

considerable flexibility in the design and construction 

of the system. 

2) Bioventing is a promising new technology that 

stimulates the natural in-situ biodegradation of any 

aerobically degradable compounds in NAPL within the 

soil by providing oxygen to existing soil 

microorganisms. In contrast to soil-vapor extraction 

(SVE), bioventing uses low air-flow rates to provide 

only enough oxygen to sustain microbial activity. 

Oxygen is most commonly supplied through direct air 

injection into residual contamination in soil by means of 

wells. Adsorbed fuel residuals are biodegraded, and 

volatile compounds also are biodegraded as vapors 

move slowly through biologically active soil. 

3) Bioaugmentation is the introduction of a group of 

natural microbial strains or a genetically engineered 

variant to treat contaminated soil or water. It is 

commonly used in municipal wastewater treatment to 

restart activated sludge bioreactors. Most cultures 

available contain a research based consortium of 

Microbial cultures, containing all necessary 

microorganisms At sites where soil and groundwater 

are contaminated with chlorinated ethenes, such as 

tetrachloroethylene and trichloroethylene, 

bioaugmentation is used to ensure that the in situ 

microorganisms can completely degrade these 
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contaminants to ethylene and chloride, which are non-

toxic[6] Monitoring of this system is difficult. 

E. Ex Situ Bioremediation 

This process requires excavation of contaminated soil or 

pumping of groundwater to facilitate microbial degradation. 

This technique has more disadvantages than advantages. Ex 

situ bioremediation techniques involve the excavation or 

removal of contaminated soil from ground. Depending on 

the state of the contaminant to be removed, ex situ 

bioremediation is classified as: Solid phase system and 

Slurry phase systems [5]. 

It includes organic wastes (leaves, animal manures 

and agricultural wastes) and problematic wastes e.g. 

domestic and industrial wastes, sewage sludge and 

municipal solid wastes. Solid phase soil treatment processes 

include, 

1) Land farming- It is a simple technique in which 

contaminated soil is excavated and spread over a 

prepared bed and periodically tilled until pollutants are 

degraded. The goal is to stimulate indigenous 

biodegradative microorganisms and facilitate their 

aerobic degradation of contaminants. Since land 

farming has the potential to reduce monitoring and 

maintenance costs, as well as cleanup liabilities, it has 

received much attention as a disposal alternative 

2) Soil biopiles- Biopiles are a hybrid of land farming and 

composting. Essentially, engineered cells are 

constructed as aerated composted piles. Typically used 

for treatment of surface contamination with petroleum 

hydrocarbons they are a refined version of land farming 

that tend to control physical losses of the contaminants 

by leaching and volatilization. Biopiles provide a 

favorable environment for indigenous aerobic and 

anaerobic microorganisms and  

3) Composting- Composting is a technique that involves 

combining contaminated soil with nonhazardous 

organic amendants such as manure or agricultural 

wastes. The presence of these organic materials 

supports the development of a rich microbial population 

and elevated temperature characteristic of composting 

[5, 9] 

F. Advantages of Bioremediation 

 Bioremediation is considered to be a natural 

process and therefore it is accepted as waste 

treatment process for contaminated environment.  

 Bioremediation is proven to be less expensive than 

other technologies that are used for remediation 

purposes [5]. 

 Bioremediation can be carried out on site without 

causing any problem of normal activities. 

 The end products of the treatment are usually non 

toxic and include water, bacterial biomass and 

carbon dioxide. 

 The complete destruction of target pollutants is 

possible. 

 Since there is a complete destruction of 

contaminants, this eliminates the chance of future 

liability associated with treatment and disposal of 

contaminated material. 

 As compared with other treatment processes, this 

technique relatively uses less equipment. 

G. Disadvantages of Bioremediation 

 Bioremediation can be applied to only those 

compounds which can be biodegraded.  

 All type of compounds cannot undergo 

bioremediation process. 

 There are some chances that the products of 

biodegradation may be more toxic than the parent 

compound. 

 Biological processes are highly specific. Important 

factors are required for the complete result of the 

process which include the microbial populations 

capable of degrading the contaminants, site 

condition, suitable growth conditions for microbes, 

and appropriate levels of nutrients and 

contaminants. 

 It is difficult to extrapolate from bench and pilot 

scale studies to fullscale field operations. 

 Contaminants may be present as solids, liquids and 

gases. 

 Bioremediation consumes more time compared to 

other treatment options [5, 9]. 

III. CONCLUDING REMARKS 

Bioremediation is a rapidly emerging technology for 

contaminated soil and wastewater treatment. Successful 

bioremediation in the field, however, requires a 

multidisciplinary approach involving hydrologists, 

chemical, environmental and agricultural engineers as well 

as ecologists, biochemists, ecologists and geneticists. The 

development and application of environmentally sound 

bioremediation technologies depends on integration of these 

many different disciplines, as well as advances in our 

understanding of the physicochemical, biological and 

ecological factors that govern microbial degradation of 

organic contaminants both in-situ and ex-situ. The 

bioremediation process is influenced by many 

environmental factors such as soil type, pH, temperature, 

nutrient and oxygen. A good bioremediation process will 

involve use of all indigenous microorganisms in an 

engineered way to achieve the best detoxification levels. 

There is no doubt that bioremediation is in the process of 

paving a way to greener pastures. Regardless of which 

aspect of bioremediation that is used, this technology offers 

an efficient and cost effective way to treat contaminated 

ground water and soil. 
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