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Abstract: Bioremediation is considered as one of the safer, cleaner, cost effective and environmental friendly
technology for decontaminating sites which are contaminated with wide range of pollutants. The term
bioremediation has been introduced to describe the process of using biological agent to remove toxic waste
from environment. Bioremediation is the most effective management tool to manage the polluted environment
and recover contaminated soil. The process of bioremediation uses various agents such as bacteria, fungi, algae
and higher plants as major tools in treating heavy metals present in the environment. Bioremediation, both In
situ and ex-situ have also enjoyed strong scientific growth, in part due to the increased use of natural
attenuation, since most natural attenuation is due to biodegradation. Bioremediation and natural attention are
also seen as a solution for emerging contaminant problems. Microbes are very helpful to remediate the
contaminated environment.
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I. Introduction

Today environmental pollution is a very big problem because of hazardous waste has led to scarcity of
clean water and disturbances of soil thus limiting crop production'. Bioremediation uses biological agents,
mainly microorganisms i.e., bacteria, fungi and yeast to clean up contaminated water’. In bioremediation
processes, microorganism use the contaminants as nutrient or energy sources™*. The bioremediation and natural
attenuation area has both basic research and field application foci for the environmental biotechnology. The
basic research foci are co-metabolism, biotreatability, biotransformation kinetics, and modeling of
biogeochemical assessment techniques, and modeling of attenuation and environmental fate®. Bioremediation
process involves biotransformation and biodegradation by transforming contaminants to non —hazardous or less
hazardous chemicals. Bioremediation is defined as the process by which microorganisms are stimulated to
rapidly degrade hazardous organic pollutants to environmentally safe levels in ground water, soil, substances,
materials and sediments. Recently, biological remediation process have also been devised to either precipitate
effectively immobilize inorganic pollutants such as heavy metals. Stimulation of microorganisms is achieved by
the addition of growth substances, nutrients, terminal electron acceptor or donors or some combination thereby
resulting in an increase in organic pollutant degradation and bio-transformation. The energy and carbon are
obtained through the metabolism or organic compounds by the microbes involved in bioremediation
processes®’. Often, the microorganisms metabolize the chemicals to produce carbon dioxide or methane, water
and biomass. Biodegradation is the breaking down of organic or bioaccumulation and biotransformation of
inorganic compounds into environmental friendly compounds.

Bioremediation may employed in order to attack specific contaminants, such as chlorinated pesticides
that are degraded by bacteria, or a more general approach may be taken, such as oil spills that are broken down
using multiple techniques including the addition of fertilizer to facilitate the decomposition of crude oil by
bacteria. Not all contaminants are readily treated through the use of bioremediation; heavy metals such as
cadmium, lead are not readily absorbed or captured by microorganism®. However, there are a number of
advantages to bioremediation, which may be employed in areas which cannot be reached easily without
excavation. The foundation of bioremediation has been the natural ability of microorganisms to degrade organic
compounds. Bioremediation is not a panacea but rather a natural process alternative to such methods as
incineration, catalytic destruction, the use of absorbents, and physical removal and subsequent destruction of
pollutants. The cost of moving and incinerating pollutants is at least ten times that of In situ biological
treatment.

1.1 Principle of Bioremediation

There are three essential components needed for bioremediation. These three components are
microorganisms, food, and nutrients. These three main components are known as the bioremediation triangle.
Microorganisms are found almost everywhere on earth with the exception of active volcanoes. So a lack of food
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and nutrients are usually the missing ingredients that prevent successful bioremediation. Microorganisms find
the food they eat in the soil or water where they live. However, if a contaminant is present it can become an
additional food source for the microorganisms. The contaminant serves two useful purposes for the microbes.
First, the contaminant provides a source of carbon needed for growth. Second, the microbes obtain energy by
breaking chemical bonds and transferring electrons away from the contaminant. This is known as an oxidation-
reduction reaction. The contaminant that loses electrons is oxidized and the chemical that gains the electrons
(electron acceptor) is reduced. The energy gained from the electron transfer is used along with the carbon and
some electrons to produce more cells. Microbes generally use oxygen as an electron acceptor but nitrate, sulfate,
iron, and CO2 are also commonly used. Most bioremediation systems are run under aerobic conditions, but
running a system under anaerobic conditions’ may permit microbial organisms to degrade otherwise recalcitrant
molecules.

1.2 Role of biotechnology in bioremediation

Biotechnology utilizes the application of genetic engineering to improve the efficiency and cost, which
are key factors in the future widespread exploitation of microorganisms to reduce the environmental burden of
toxic substances. The need of the most efficient environmental biotechnological process, researchers has devised
a technique called bioremediation, in which is an emerging approach to rehabilitating areas contaminated by
pollutants. Biological agents have proved their capacity for remediation, however, their long term and large
scale use needs the application of genetic tools. Genetically modified microorganisms have shown the potential
for bioremediation applications in groundwater, soil and activated sludge environments, exhibiting enhanced
degradative capabilities encompassing a wide range of chemical contaminants'®. There are several examples
where the use of biotechnology has increased the natural capacity of biological forms. Bacillus thuringensis has
been used for the removal of oil spills. Deinococcus radiodurans (radioactive resistant bacteria) has been
modified to consume and digest toluene and ionic mercury from highly radioactive waste. There is an example
where bacterial cell wall is equipped with metal ion-binding polypeptides by the fusion of protein IgA protease
of Neisseria gonorrhoeae, metallothionein (MT) from the rats and Ipp-ompA to act as anchor'"'%.

1.3 Heavy metal pollution

Heavy metal is a general collective term, which applies to the groups of metals and metalloids with
atomic density greater than 4000 kg m™, or 5 times more than water" and they are natural components of the
earth’s crust. The most toxic forms of these metals in their ionic species are the most stable oxidation states e.g.,
Cd", Pb”, Hg™, As™ in which, they react with the bodies bio-molecules to form extremely stable bio-toxic
compounds which are difficult to dissociate'. Heavy metal poisoning can result from drinking water
contamination (e.g., lead pipes, industrial and consumer wastes), intake via the food chain or high ambient air
concentrations near emission sources'. The diffusion phenomenon of contaminants through soil layers and the
change in mobility of heavy metals in aquifer with intrusion of organic pollutants are being studied in more
details in recent years'®. With rapid industrialization pollution is in rapid increase. Pollution of soils with heavy
metals is becoming one of the most severe environmental and human health hazards. Elevated levels of heavy
metals not only decrease soil microbial activity and crop production, but also threaten human health through the
food chain. Excessive levels of heavy metals can be damaging to the organism. Some of them are dangerous to
health or environment (e.g., mercury, cadmium, lead, chromium)”, some may cause corrosion like zinc and
some are harmful in other ways like arsenic may pollute catalysts.

1.4 Heavy metals in ground water: sources, chemical property and speciation:

Heavy metals occur in the earth’s crust and may get solubilized in ground water through natural
processes or by change in soil pH. Moreover, groundwater can get contaminated with heavy metals from landfill
leachate, sewage, leachate from mine tailings, deep well disposal of liquid wastes, seepage from industrial
wastes lagoons or from industrial spills and leaks'®. A variety of reactions in soil environment e.g. acid/base,
oxidation/reduction, precipitation/dissolution, sorption or ion exchange processes can influence the speciation
and mobility of metal contaminants. The rate and extent of these reactions will depend on factors such as pH,
Eh, complexation with other dissolved constituents, sorption and ion exchange capacity of the geological
materials and organic matter content. The toxicity, mobility, and reactivity of heavy metals depend on its
speciation, which again depends upon some conditions e.g. pH, Eh, temperature, moisture, etc. In order to
determliglze(t) the speciation of metals in soils, specific extractants are used to solubilize different phases of
metals™ .

II.  Microorganisms Used In Bioremediation:
Microorganisms play an important role on nutritional chains that are an important part of the biological
balance in the life in our planet. They are essential for the closing of nutrient and geochemical cycles such as
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carbon, nitrogen, sulfur, and phosphorous cycle***. Bioremediation involves the removal of the contaminated
material to be treated elsewhere. Some examples of bioremediation technologies are phytoremediation,
bioventing, bioleaching, landfarming, bioreactor, composting and biostimulation®**".

Microorganisms that carry out biodegradation in many different environments are identified as active members
of microbial consortiums. These microorganisms include: Xanthofacter, Penicillium, Bacillus, Pseudomonas,
Flavobacterium, Mycrobacterium, Nitrosomonas etc’. There are some groups of microbes which are being used
in bioremediation such as;

2.1 Aerobic: Aerobic bacteria recognized for their degradative abilities are Pseudomonas, 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.

2.2 Anaerobic: Anaerobic bacteria are not as frequently used as aerobic bacteria. There is an increasing interest
in aerobic bacteria used for bioremediation of polychlorinated biphenyls in river sediments, dechlorination
of the solvent trichloroethylene and chloroform.

The goal in bioremediation is to stimulate microorganisms with nutrients and the other chemicals that
will enable them to destroy the contamination. Microbes could be isolated from almost all types of
environmental conditions and also had a wide range of adaptability. It can survive from zero to extremely high
and desert conditions. In water, it can survive in presence and absence of oxygen and also in presence of
hazardous compounds or waste stream. Bacteria, fungi, yeast and algae can remove heavy metals and
radionuclide from aqueous solution in substantial quantities. To survive under metal stressed condition, bacteria
have evolved several types of mechanisms. These mechanisms of removal of heavy metals include the efflux of
metal ions outside the cell, accumulation and forms complex of the metal ions inside the cell and later reduce
the toxic metal ions to a non-toxic state. The microorganisms involved in this process may belong to bacteria,
fungi, yeast and algae. Potent metal biosorbents under the class of bacteria include the genera of Bacillus,
Pseudomonas, Streptomyces and P. aeruginosa®****, Amongst the various microorganisms, fungal biomasses
were very effective due to presence of high percentage of cell wall material, which may have the excellent metal
binding capacity. Many fungi and yeast have excellent biosorption potential includes the genera
of Rhizopus, Aspergillus, Streptoverticullum and Sacchromyces®.

High levels of heavy metals are harmful to biota in environment including microorganisms. For
endurance under metal-stressed environment, plant growth promoting Rhizobacteria have evolved several
mechanisms by which they can immobilize, mobilize or transform metals rendering them inactive to tolerate the
uptake of heavy metal ions. These mechanisms include:- (1) Exclusion-the metal ions are kept away from the
target sites; (2) Extrusion-the metals are pushed out of the cell through chromosomal/plasmid mediated events;
(3) Accommodation- metals form complex with the metal binding proteins or other cell components; (4)
Biotransformation- toxic metal is reduced to less toxic forms; and (5) Methylation and Demethylation. Thus, in
general the immobilization and mobilization are the two main techniques used for the bioremediation of metals
by microbes.

III.  Types Of Bioremediation:
On the basis of removal of wastes for treatment there are basically two methods:-
1. In situ bioremediation
2. Ex situ bioremediation

3.1 In situ bioremediation

In situ bioremediation is the application of bioremediation in the subsurface as compared to ex situ
bioremediation, which applies to media readily accessible aboveground (e.g., in treatment cells/soil piles or
bioreactors). In situ bioremediation may be applied in the unsaturated zone (e.g., bioventing) or in saturated
soils and groundwater. In situ bioremediation technology was originally developed as a less costly, more
effective alternative to the standard pump-and-treat methods used to clean up aquifers and soils contaminated
with organic chemicals(e.g., fuel hydrocarbons, chlorinated solvents), but has since expanded in breadth to
address explosives, inorganics (e.g., nitrates), and toxic metals (e.g., chromium). It is a superior method to
cleaning contaminated environments since it is cheaper and uses harmless microbial organisms to degrade the
chemicals. Chemotaxis is important to the study of in situ bioremediation because microbial organisms with
chemotactic abilities can moves into an area containing contaminants. So by enhancing the cells chemotactic
abilities, in-situ bioremediation will become a safer method in degrading harmful compounds.
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3.1.1 Types of In situ Bioremediation
3.1.1.1 Intrinsic bioremediation:

Intrinsic bioremediation manages the innate capabilities of naturally occurring microbial communities
to degrade environmental pollutants without taking any engineering steps to enhance the process. This approach
deals with stimulation of indigenous or naturally occurring microbial population by feeding them nutrients and
oxygen to increase their metabolic activity.

3.1.1.2 Engineered In situ bioremediation:

The second approach involves the introduction of certain microorganism to the site of contamination.
Engineered in situ bioremediation accelerates the degradation process by enhancing the physicochemical
conditions to encourage the growth of microorganism.

3.1.2 Advantages of In situ Bioremediation

e It may be possible to completely transform organic contaminants to innocuous substances (e.g., carbon
dioxide, water, ethane).

e Accelerated In situ bioremediation can provide volumetric treatment, treating both dissolved and sorbed
contaminant.

e The time required to treat subsurface pollution using accelerated In situ bioremediation can often be faster
than pump-and-treat processes.

e In situ bioremediation often costs less than other remedial options.

e The areal zone of treatment using bioremediation can be larger than with other remedial technologies
because the treatment moves with the plume and can reach areas that would otherwise be inaccessible.

3.1.3 Limitations of In situ Bioremediation

e Depending on the particular site, some contaminants may not be completely transformed to innocuous
products.

e If biotransformation halts at an intermediate compound, the intermediate may be more toxic and/or mobile
than the parent compound.

e Some contaminants cannot be biodegraded (i.e., they are recalcitrant).

e  When inappropriately applied, injection wells may become clogged from profuse microbial growth
resulting from the addition of nutrients, electron donor, and/or electron acceptor.

e Heavy metals and toxic concentrations of organic compounds may inhibit activity of indigenous
microorganisms.

e In situ bioremediation usually requires an acclimatized population of microorganisms, which may not
develop for recent spills or for recalcitrant compounds.

3.2 Ex situ bioremediation

Ex situ bioremediation is a biological process in which excavated soil is placed in a lined above ground
treatment area and aerated following processing to enhance the degradation of organic contaminants by the
indigenous microbial population. This process requires excavation of contaminated soil or pumping of
groundwater to facilitate microbial degradation.

3.2.1 Types of Ex situ bioremediation
Ex-situ bioremediation is further divided into slurry-phase bioremediation and solid-phase bioremediation.

3.2.1.1 Slurry-phase:

Slurry-Phase bioremediation, also known as bioreactors, is a controlled treatment that involves the
excavation of the contaminated soil, mixing it with water and placing it in a bioreactor. This processing involves
the separation of stones and rubbles from the contaminated soil. Next, the soil is mixed with a predetermined
water amount to form the slurry. The concentration of water added depends on the concentration of pollutants,
the rate of biodegradation, and the physical nature of the soil*>. When this process is done the soil is removed
and dried up using pressure filters, vacuum filters or centrifuges. The next procedure is the disposition of the
soil and further treatment of the resulting fluids.

3.2.1.2 Solid-phase:

Solid-Phase bioremediation is an ex-situ technology in which the contaminated soil is excavated and
placed into piles. It is also includes organic wastes like leaves, animal manures and agricultural wastes,
problematic waste e.g. domestic and industrial waste and municipal solid wastes. Bacterial growth is stimulated
through a network off pipes that are distributed throughout the piles*®. By pulling air through the pipes the

www.iosrjournals.org 47 | Page



A Review on Bioremediation of Heavy Metals in Contaminated Water

necessary ventilation is provided for microbial respiration. Solid-phase systems require a large amount of space,
and cleanups require more time to complete than with slurry-phase processes. Some solid-phase treatment
processes include land farming, soil biopiles, and composting.

3.2.1.2.1 Landfarming

The goal of this technique is to stimulate indigenous biodegradative microorganisms and facilitate their
aerobic degradation of contaminats. It is a simple technique in which contaminated soil is excavated and spread
over a prepared bed and periodically tilled until pollutants are degraded. Nutrients and minerals are also added
to promote the growth of the indigenous species.

3.2.1.2.2 Soil biopiles

Soil biopiles, also known as biocells, is a biodegradation technique used for the remediation of
excavated soil contaminated with petroleum contents. This technology involves the accumulation of
contaminated soil into piles and the stimulation of microbial activity either aerobically or by the addition of
nutrients, minerals or moisture. A typical height of biopiles is between three and ten feet. Biopiles are in a way
similar to landfarms due to the fact that this technology also uses oxygen as a way to stimulate bacterial growth.
However, while tilling or plowing aerates land farms, biopiles are aerated by forcing air to move by injection
through perforated piping placed throughout the pile*>**.

3.2.1.2.3Composting

Composting involves mixing the contaminated soil with a bulking agent such as straw, hay, or
corncobs to make it easier to deliver the optimum levels of air and water to the microorganisms. Mechanically
agitated composting involves the placement of the contaminated soil in treatment vessels where it is mixed to
achieve aeration. In window composting, the soil is placed in long piles knows as windows and periodically
mixed by tractors’. A typical ratio of soil to compost is 75% contaminated soil to 25% compost. This ratio is
changeable depending on the soil type, contaminants level and characteristics. Compost remediation is known to
have faster cleanup results since cleanup can be estimated in terms of weeks instead of months.

3.2.2 Advantages:
e Suitable for a wide range of contaminants.
o  Suitability relatively simple to assess from site investigation data.

3.2.3 Limitations:
e Not applicable to heavy metal contamination or chlorinated hydrocarbons such as trichloroethylene.
e Non-permeable soil requires additional processing (clays and silts etc)

IV.  Advantages Of Bioremediation:

e 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 contamination
increase in number when contaminant is present; when the contaminant degraded, the biodegradative
population declines.

e Less energy is required as compared to other technologies.

e Bioremediation can prove less expensive than other technologies that are used for clean-up of hazardous
waste.

e 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.

e Instead of transferring contaminants from one environment medium to another, for e.g. from land to water
or air, the complete destruction of target pollutants is possible.

V.  Disadvantages Of Bioremediation:

e Biological processes are often highly specific. Important site factors required for success include the
presence of metabolically capable microbial populations, suitable environmental growth conditions, and
appropriate levels of nutrients and contaminants.

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

o Contaminants may be present as solids, liquids and gases.

e  Dynamic process, difficult to predict future effectiveness.
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e Bioremediation is limited to those compounds that are biodegradable. Not all compounds are susceptible to
rapid and complete degradation.

Regulatory uncertainty remains regarding acceptable performance criteria for bioremediation. There is no
accepted definition of bioremediation and there are no acceptable endpoints of bioremediation treatment. To
evaluate performance of bioremediation is difficult. Bioremediation is not only an effective degradation of
pollutants but it can also be used to clean unwanted substances from air, soil, water and raw materials from
industrial waste™.

VI.  Conclusion

Bioremediation is a powerful tool available to clean up contaminated sites. The idea of bioremediation
has a long history. However, other applications are relatively new and many other applications are emerging or
being developed. Bioremediation occurs when the microorganisms can biodegrade the given contaminant and
the necessary nutrients such as nitrogen, phosphorus, electron acceptors, and trace elements. This process can be
aerobic or anaerobic depending on the microorganisms and the electron acceptors available. This process may
be natural (intrinsic bioremediation) or it may be enhanced by man (engineered bioremediation). 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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