VILNIUS
TECH

Vilnius Gediminas
w Technical University

Journal of Environmental Engineering and Landscape Management

ISSN 1648-6897 / eISSN 1822-4199
2021 Volume 29 Issue 4: 477-483
https://doi.org/10.3846/jeelm.2021.14439

Special issue on Environmental Toxicology and Bioremediation

BIOREMEDIATION: THE ECO-FRIENDLY SOLUTION
TO THE HAZARDOUS PROBLEM OF ENVIRONMENTAL POLLUTION

Susmita MUKHERJEE!, Rajiv NARULA?, Shreya BHATTACHARJEE!,
Debankita DUTTA!, Indrani BOSE!, Jitesh MAHAKUD!, Sharanya PAUL!,
Sourish BHATTACHARJEE!, Sonali PAUL!

IDepartment of Biotechnology, University of Engineering and Management, University Area,
Plot No. III - B/5, New Town, Action Area - III, Kolkata, 700160 West Bengal, India
’Department of Chemistry & Environmental Science, State University of New York (SUNY) at Canton,
Cook Hall 208, 34 Cornell Drive, Canton, NY 13617, (315) 386-7414, USA

Received 30 October 2020; accepted 31 December 2020
Highlights

The quality of the environment is deteriorating due to the accumulation of pollutants.

Traditional physical and chemical methods for environmental pollutant cleanup has several limitations.
Bioremediation is an emerging concept to restore the quality of the environment.

Microbes, plants, algae are important components which convert hazardous substances into its less toxic forms.

This paper analyzes the methodologies along with the benefits and limitations of adopting the bioremediation technique
as a promising environmental management technology for the future.

Abstract. Bioremediation is a technique to enhance natural biological processes to rectify polluted groundwater, soil, and
even entire habitats. Bioremediation techniques use biological agents to act upon hazardous, toxic materials and subse-
quently convert them into less toxic substances.

Microbes are organisms ubiquitously present in the biosphere. These microorganisms are the main agents that remediate
toxic and polluted environmental conditions. Highly polluted areas can be rectified using proper bioremediation proce-
dures and interventions. In this review we have studied the different bioremediation techniques which can be utilized to
correct the harmful effects of environmental pollution. In this study we have also emphasized on the benefits of adopting
bioremediation as an efficient alternative technique in comparison to the traditional physical and chemical methods to re-
store the healthy environmental conditions.

Keywords: environmental pollution, environmental sustainability, bioremediation, microorganisms, environment moni-

toring.

Introduction

Environmental pollution - the problem

Pollution is the harmful environmental alteration, en-
tirely or partially due to anthropogenic activities, through
changes in the chemical and physical constitution of the
material environment, and its negative effect on living be-
ings.

Environmental pollution has long term deleterious ef-
fects on developed and developing countries alike. The de-
cline in environmental quality of the different ecosystems

expresses itself by reduction in vegetation cover, reduction
in the spectrum of biological diversity, habitat loss, and
the presence of accumulated toxic chemicals in the entire
biosphere along with its components. Pollution can have
many causal factors but is generally believed due to rapid
urbanization and industrialization, and non-judicious use
of non-renewable resources, ever-increasing accumulation
of industrial wastes, toxic effluents which results in dete-
riorating environmental quality.

In studies conducted worldwide, innumerable point
and non-point sources of pollution were proved to be
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the causal factors identified to change the condition of
the atmosphere, hydrosphere, and lithosphere. A pollut-
ant is the substance that causes pollution by toxic chemi-
cal, geochemical substances, biological agents or physical
substances like different varieties of harmful radiations,
that when build up in the environment, results in adverse
effects. Such undesirable effects may also be evidenced by
its effect on the natural resources or climate change (Rai
& Chutia, 2016).

1. Methodology

This review paper comprises of literature search from vari-
ous websites including www.pubmed.gov, scholar.google.
com, Web of Science, Scopus. Literature study was car-
ried out using the principal search terms of environment,
pollution, microbes, bioremediation. The inclusion criteria
were to incorporate relevant current literature which were
primarily published after the year 2000 and provided valu-
able insight into the review topic. These comprised the
followed review protocol.

2. Bioremediation - guiding principles

Bioremediation is the technique by which hazardous
wastes are degraded by microorganisms to a compara-
tively harmless state, or to bring down the concentra-
tion of the contaminants well within permissible levels.
Bioremediation employs suitable living organisms like
bacteria, fungi, or plants, which have the inherent abili-
ties to transform the contaminants to its detoxified state.
The bioremediation technique requires the presence of the
required biological agents in the required site under the
optimum environmental conditions for the highest rate
of biodegradation.

The overall concept and development of bioremedia-
tion technology is developed keeping in mind the neces-
sity for the removal of various hazardous pollutants from
all components of the biosphere. It can remediate pol-
luted ground water, polluted atmosphere, biomass, or
other components of the environment. Bioremediation
is effective against a wide spectrum of pollutants. Apart
from cleaning up the ground and surface waters, micro-
organisms find application for the treatment of chemical
pesticides present in the runoff water from the agricultural
fields, industrial effluents, components of crude oil present
in oil spill, and compounds such as chlorine containing
solvents, chlorofluorocarbons, and other synthetic organic
compounds (Zouboulis & Moussas, 2011).

2.1. Necessity of adopting bioremediation:
the ultimate solution

Environmental pollution is the chronic build up of hazard-
ous heavy metals in the different dimensions of the bio-
sphere that deteriorates the efficiency of the environment
to sustain life. The global population boom which leads to
increase in harmful anthropogenic activity through non

scientific use of natural resources, generation and non sys-
tematic waste disposal has resulted in deterioration of envi-
ronmental quality. In addition, the rapid scientific and tech-
nological advancements, industrialization, and urbanization
have increased generation of wastes, ranging from domestic
sewage to nuclear waste, which poses a severe problem for
maintenance of sustainable life forms and societies.

The traditional methods of waste disposal such as
land fill, heat incineration, and chemical decomposition
of waste lacked simplicity, cost reduction, and practical ac-
ceptance (Karigar & Rao, 2011). Moreover, these methods
almost always generate toxic by-products and end prod-
ucts. Bioremediation is an economical, and environment-
friendly methodology that consist of techniques to clean
up polluted environments (Pushpanathan et al., 2014). In
the recent past, different organisms such as bacteria, fungi,
algae, and plants were a part of the designing of technol-
ogy for the deletion of environmental hazards with high
amount of success (Vidali, 2001; Leung, 2004).

The bioremediation by microorganisms centers on the
remediation of environmental pollutants by the action of
microbial enzymes, breaking down the toxic substances
into safe products, thereby leading to the reduction of tox-
icity of these substances. The application of environmental
microbes is guided by pH, temperature, oxygen, soil char-
acter, moisture, appropriate level of nutrients, and bioavail-
ability of contaminants making it a preferred methodolo-
gy for remediation of contaminated sites (Dana & Bauder,
2011). Advances in microbiological techniques have led to
the identification, biochemical assay techniques, molecu-
lar characterization of metal-resistant, metal accumulating
or transforming microorganisms. Molecular and genetic
approaches have given us knowledge about the details of
interaction of microbes with heavy metals and concluded
that it is highly effective for successful environmental re-
mediation measures (Gadd, 2010).

2.2. Bioremediation - types

We can classify bioremediation as: in-situ bioremediation
is the treatment of a contaminant at the polluted location,
and ex-situ bioremediation is the offsite treatment of con-
taminated soil or water (Azubuike et al., 2016).

Bioremediation, though may sound simple, is a col-
lection of biological processes. This causes difficulty in
precisely predicting the effectiveness of an in-situ system,
which hampers desining future planning activities. Tradi-
tional chemical treatment methods offer a relatively faster
process than in-situ bioremediation.

Presence of microorganisms degrading the toxic con-
taminant, optimum environmental conditions including
nutrient levels are determining factors for the success
of in-situ bioremediation. Thus when designing a biore-
mediation technique, it is important to study the site of
contamination with a strong emphasis on assessing the
possible limiting factors (Frutos et al., 2012). Polluted
environmental samples obtained from the contami-
nated site should be assayed to understand the group of
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microorganisms capable of biodegrading the contaminant.
Assessment of polluted subsurface water at the site of con-
tamination should be done to study the role of the physi-
cal factors that regulate biodegradation, such as presence
of oxygen, nutrient, temperature, and pH.

Not all of the environmental limiting factors are present
in easily accessible forms. For example, pollutants are often
present in associated and complex forms, and one compo-
nent in the pollutant may prevent the action of microorgan-
isms. Similarly, less bioavailability of the pollutant is another
factor that can reduce the effectiveness of bioremediation,
because to be easily biodegraded, the contaminant must be
readily accessible to the microorganisms.

Presence of oxygen for aerobic biodegradation in the
saturated zone of the soil is one of the most inportant lim-
iting factors for in-situ bioremediation. Oxygen on getting
used up, is replenished via aqueous diffusion. Due to these
reasons, presence of oxygen often limits the application in
groundwater remediation systems. Several methodologies
have been developed which replenish oxygen in the soil.
The simplest method is to inject air directly into ground-
water by the air sparging method. Other methodologies
involve adding chemicals into the subsoil that give oft oxy-
gen upon chemical reaction.

Nutrients such as nitrogen and phosphorus when
exogenously added increases the remediation processes
(Barr et al., 2002).

Many polluted sites contain wastes having high carbon
content but having less amount of nitrogen and phospho-
rus. Solutions containing carbon, nitrogen, phosphorus are
usually added to make up for the elemental composition.
Majority of the in-situ bioremediation applications of the
past utilized aerobic biodegradation which is now being
slowly replaced by anaerobic processes which is proving to
be advantageous. First, maintenance of aerobic conditions
is sometimes difficult in the underground zones of the soil.
Secondly, some toxic pollutants are resistant to biodegrada-
tion in the presence of oxygen. This has necessitated the
proposal for the use of several electron acceptors like nitrate
(NO;™Y), sulfate (SO,72), and iron (Fe*3) ions, as well as
carbon dioxide, in anaerobic degradation. In some cases,
the carbon content of added substances such as molasses
are degraded by microorganisms in the presence of oxy-
gen which is used up and leads to setting up of anaerobic
conditions. Sequential anaerobic/aerobic biodegradation
processes has been applied successfully. This approach has
been found to be useful for mixed-waste sites.

Cometabolic biodegradation, is another approach of
interest in which one component is utilized as source
of energy, while simultaneously biodegradation of other
compounds is carried on. This approach is useful for
the remediation of chlorinated solvents. This can be il-
lustrated by the example, methanotrophic organisms use
the enzyme methane monooxygenase to degrade methane
(CHy), while also degrading other chlorinated solvents,
such as trichloroethane (C,H;Cl;) (Hazen, 2010).

If specific contaminant degrading organisms are not
present at the required site, they can be added exogenously.

This technique is known as bioaugmentation. This meth-
odology has certain limitations. Firstly, the newly intro-
duced microbes are weakly established and thus may face
difficulties in their survival. Secondly, microorganisms can
be trapped in small pores within the soil which makes
them inaccessible at the site of contamination. This prob-
lem can be circumvented by adding mixtures of bacteria
to promote bioremediation at contaminated sites (Herrero
& Stuckey, 2015).

Bioventing is the association of soil venting technology
and bioremediation technique applied in the vadose (shal-
low) zone. Air flows through the contaminated site with
a blower or vacuum system, which enhances the presence
of oxygen and the rate of biodegradation. (Brusseau, 2019)

3. Bioremediation strategies

Bioremediation is a technique utilizing mainly micro-
bial or phyto enzymes to detoxify environmental pollut-
ants. The concept includes biodegradation, which is the
biotransformation or microbial or phyto detoxification of
pollutants. Mineralization is a technique which converts
an organic pollutant to its inorganic version by a consor-
tium of microorganisms. Co-metabolism is a technology
which does not require the exogenous addition of carbon
or energy for the microbial growth (Skipper & Turco,
1995). Bioremediation amplifies the process of the natural
microbial biodegradation by the addition of nutrients to
the microorganisms (biostimulation, biorestoration) or by
supplementing an external microbial culture that speed-
ens up the degradation rate (bioaugmentation) (Mackay &
Fraser, 2000). The aim of biological rectification is to bring
down the toxic pollutant level to undetectable, nontoxic
levels, or to permissible levels (Pointing, 2001).

3.1. Bacterial and fungal bioremediation strategies

There is a growing research focus in studying the environ-
mental regulatory effects on the efficiency for remedia-
tion of xenobiotic compounds that persist in the terrestrial
ecosystems for a very long time period. Fungi colonize the
soil ecosystems by their mycelia and by producing extra-
cellular enzymes such as laccases and ligninases. Lesser
work has been done to study the effect of changes in water
and temperature relations on the efficiency of bioremedial
fungi on xenobiotic compounds (Gouma et al., 2014). Re-
search in these fields could provide much needed ground
breaking discoveries.

3.2. Bioremediation by periphyton

De Lorenzo (2008) provides a newer approach of bioreme-
diation with the help of algal species. Periphytons inhabit
the surface waters and are an important factor in deter-
mining the primary productivity of aquatic ecosystem
(Zhong et al., 2020). The components of periphyton are
algae, diatoms, fungi, bacteria, protozoa as well as small
multicellular animals, and organic detritus (Wu et al,,
2014). These group of organisms are important aquatic
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inhabitants who determine the rate of nutrient cycling and
transfer across different trophic levels of the food chains
or foodwebs (Arnon et al., 2007; Azim, 2009). All these
make periphyton communities an important bio-agent for
remediation in aquatic ecosystems (Kanavillil & Kurissery,
2013; Small et al., 2008). Periphyton filtration is an estab-
lished remediation method for cleaning of contaminated
water (Bradac et al., 2010).

3.3. Phytoremediation - a newer approach

Environmental pollution which affects all aspects of the
biosphere is presently affecting the maintenance of global
biodiversity, ecosystems, and human health. This problem
cannot be rectified through existing and conventional
tools and strategies. Thus this necessitates the in-depth
study and understanding of the prospect of the phytore-
mediation potential as an important alternative technique
for bioremediation. Plants have a number of inbuilt path-
ways and processes to counteract the stressful effects of
environmental toxicants. Phtoremediation, the application
of plants for bioremediation, uptakes the toxic pollutant
by the plant root systems. This along with the processes
of translocation, bioaccumulation, or detoxification helps
restore the environmental quality. Phytoremediation is an
economical, environmentally friendly, remediation tech-
nique helps to clean metal pollutants from contaminated
environment (Jan et al., 2016).

Phytoremediation, uses plants to detoxify water, soil,
and air pollutants, is an increasingly used bioremediation
technique. In-situ and ex-situ bioremediation techniques
are governed by soil and water characteristics, nutrient
sustainability, soil profile, and pollutant characteristics.
Most techniques are inexpensive due to the utilization of
sunlight and nutrient recycling. Utilization of variety of
grass and tree plantations have successfully remediated
variety of wastes which are present in low concentrations
and are not highly toxic.

Phytoremediation has also been successful for safely
remediating organic and inorganic wastes include heavy
metals, sewage sludge, and other varied wastes (McCutch-
eon & Jorgensen, 2008). Phytoremediation finds applica-
tion wherever the sessile water reservoir is facing short
term or long term pollution. Pollutants such as heavy
metals, chemical pesticides, organic solvents, petroleum
products, have been remediated by phytoremediation
techniques. Many plants such as plants from the Brassica
family (mustard), alpine pennycress, hemp, and pigweed
have proven to be successful at hyper-accumulating pol-
lutants from contaminated surface and subsurface soil and
groundwater (Speight, 2020). These plants can be harvest-
ed and the toxic wastes extracted and dealt with.

4. Environmental pollutants - a wide spectrum

4.1. Degradation of xenobiotics

Bioremediation is the application of microorganisms
for restoration of polluted environment. Constant research

have characterized xenobiotic degrading microorganisms.
These include aromatics, halogenated aromatics, halogen-
ated aliphatics, and pesticides. However, one main limi-
tation of this technique is the slow rate of degradation.
This is mainly due to widespread distribution of the pol-
lutants and their very low concentrations to stimulate the
degradation mechanisms. Xenobiotics present as complex
mixtures require varied microbial species for efficient bio-
degradation (Nielsen, 2003).

4.2. Management of industrial contaminants

The presence of different inorganic and organic chemicals
in petrochemicals, textiles, pharmaceuticals, agro-based
industries, and tanneries effluents is highly hazardous
to the wellbeing of the environment and human health.
Physical, chemical, and advanced oxidation processes are
used for industrial waste treatment. However, presence of
limitations, led to the need for the development of envi-
ronment friendly and economical techniques which uses
lesser amount of chemicals.

Thus the biodetoxification approaches are considered
as the emerging techniques. Most bioremediation tech-
niques utilize microbial communities such as actinomy-
cetes, bacteria, fungi, and earthworms. It is the technique
of the future for degradation of harmful pollutants con-
taining solid wastes and effluents. Many microorganisms
react with pollutants to produce CO, or CH,, water, and
biomass. These toxic contaminants are enzymatically de-
graded to less toxic products. The solid product generated
has been found to have a potential application as organic
manure (Singh et al., 2020a).

4.3. Remediation of petrochemical industry effluent

The addition of toxic organic compounds in industrial ef-
fluents to water reservoirs has led to the worldwide ne-
cessity for development of newer, improved technologies
to restore the water quality. Constituents of the effluents
released from petrochemical refineries exhibit the harmful
properties of carcinogenicity and mutagenicity. Phenols
and their derivatives like cresols are highly due to their
carcinogenic effect on human health. This necessitates that
the phenols in wastewater must be detoxified before dis-
charging into the environment (Singh et al., 2020b).

Petrochemical industry plays a major role in the
growth of the Indian economy. However, with growing in-
dustrialization and urbanization, there is growing need for
petrochemical production which has increased onshore
and offshore exploration, refining, and oil production.
Effluents from petrochemical industries contain a wide
variety of organic pollutants such as complex polycyclic
aromatic hydrocarbons (PAHs) which are characterized by
their mutagenic, carcinogenic property and their persis-
tence in the nature for a very long time.

These pollutants are result in ecological disturbance
in aquatic biodiversity due to their toxicity. Traditional
chemical methods are now being replaced by biological
techniques due to their ecologically sustainable approach.
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Studies are being conducted for developing advanced bi-
oremediation technologies for attaining better success in
varied natural conditions. In bioremediation technique,
though use of bacteria and bacterial consortium is well
established use of fungus — mycoremediation is still in its
infancy (Gupta & Pathak, 2020). Future advancements in
research will be very helpful in this field.

4.4. Measures for remediation of marine
ecosystem toxicity

Marine oil spills have resulted in severe adverse economic
and environmental impact. Major oil spills have led to
worldwide awareness of marine spill effects.

Bioremediation is a technique that efficiently cleans up
marine toxicity (Chen et al., 2019).

It uses marine plants or their enzymes, to rectify the
condition of the contaminated environment (Atlas & Ha-
zen, 2011). Hydrocarbons which includes alkanes, most
monoaromatics and some polycyclic aromatic hydrocar-
bons undergo aerobic biodegradation, whereas polar res-
ins and asphaltenes inhibit microbial action. Bioremedia-
tion results in microorganisms metabolizing hydrocarbons
from petroleum products into biomass, carbon dioxide,
and water. The microbes utilize the oil as food. Light crude
oils get degraded easily than diluted bitumen and heavy
refined products, such as automobile oils (Abdul-Wahab,
2015). Bioremediation holds great promise for the future
as an economical and efficient technique for removing oil
from the contaminated site.

4.5. Bioremediation of heavy metal pollution

Heavy metal pollution occurs due to various anthropogen-
ic activities and also from natural sources. Heavy metals,
which displays toxicity at even very small concentrations,
should be quickly removed from the environment. Heavy
metals are recalcitrant, and can bioaccumulate in living
tissues being mostly biomagnified at various trophic levels.

Heavy metal pollution is the direct effect of various
industrial discharges (tannery, electroplating, dyeing, and
mining), fertilizer, sewage sludge, and waste treatment
plants (Gray, 2002). Industrial wastewater pollutes differ-
ent segments of the environment such as soil and rivers.
Awareness and keeping regular track of the progress of the
remediation methods is the need of the hour.

Studies have shown that industrial effluents contain
heavy metal concentrations above threshold limits for
drinking or irrigation. If water used for irrigation in the
agricultural fields is contaminated with heavy metals, it
will get bioaccumulated in crops and subsequently trans-
ferred along different trophic levels in the food chains.
Rivers are one of the most important fresh water reser-
voirs which are severely affected by duping of varied type
of pollutants.

Conventional techniques like adsorption, electro-dial-
ysis, precipitation and ion exchange are used to treat heavy
metal pollution. These methods are not just complicated
but also quite expensive, and require regular maintenance

and monitoring. There is a growing interest in the use of
biological agents for heavy metal treatment as an alternative
to these older methods (Adesiyan et al., 2018). Adopting an
appropriate and efficient biosorbent is currently under fo-
cus. Microorganisms impact the bioremediation processes
by carrying out redox reactions. Metal-microbe interaction
influences microbial growth, colonization and biofilm for-
mation for remediation (Wuana & Okieimen, 2011).

5. Analysis of the benefits and limitations

Biological remediation has advantages over traditional
technologies for the management of chemical spills. One
of the major benefits of bioremediation is that it is a cost
and time saving pollution remediation method. The eco-
nomical aspect of bioremediation is highly beneficial as
compared to traditional clean-up processes.

Bioremediation is also ecologically friendly since no
chemicals are added for the clean-up processes. It also
does not lead to habitat loss of natural environments
which sometimes occurs when using traditional meth-
ods of clean-up. During bioremediation, natural living
organisms degrade the toxic contaminants into non-toxic
compounds at the contaminated site, thus eliminating the
necessity for transportation of the toxic compounds to
another site.

Bioremediation for petroleum-related spills is a slow
process. Such spills are a great threat to the existence of
different ecosystems and wildlife. Based upon the sever-
ity of the requirement for clean-up, bioremediation is not
always the optimum option. Pertinent to the environmen-
tal conditions at the site where the spill has taken place,
providing proper nutrients for helping in the growth and
maintenance of the oil degrading microorganisms may be
difficult (Delille et al., 2009). All of the spilled petroleum
products are cleaned up by microbes slowly, and the re-
maining fractions that are not degraded initially become
more resistant to microbial attack (Aydin & Icgen, 2018).

In majority of the conditions, ecosystems rarely favour
for microbial degradation. Frequently, polluted sites con-
tain a mixture of several natural and artificial contami-
nants. Within such combinations that are present at a site,
microbes may selectively decompose the constituent that
is easiest to digest. Complex microbial interaction path-
ways may cause some carbon compounds to be left over
while others are selected for degradation. This phenom-
enon hampers the success and completion of the bioreme-
diation efforts if all the contaminants are not reacted upon
and detoxified at the same time.

In some cases, contaminants do not undergo complete
degradation. Partial degradation might decrease the con-
centration of the pollutant but sometimes it creates toxic
metabolic intermediates. There are some reasons why in-
termediate compounds accumulate. In the first case dead-
ened products may form during cometabolism, which are
products that the bacterial enzymes cannot degrade any
further. In the second case the toxic intermediates build
up because some of the important reaction pathways
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mediated by the bacterial system are very slow. In some
cases, where the contaminants are present at very low con-
centrations, microorganisms may be physiologically inca-
pable in reducing pollutant concentrations to acceptable
and permissible levels, even under optimal environmental
conditions, because the uptake and bacterial degradation
of organic compounds may not be possible.

Finally, it is important to understand that no single
set of pollutant site characteristics will favour biorectifica-
tion of all chemical contaminants. Some compounds are
metabolized under completely anaerobic conditions, while
others are metabolized under aerobic conditions. Another
reason might be that if there are two co-occurring con-
taminants whose degradation mechanisms are mutually
exclusive, sometimes one is chosen to be degraded over
the other. In such cases sequential treatment schemes
need to be devised. Therefore, a case specific approach is
needed for bioremediation to be successful.

Bioremediation is carried out by living organisms, pri-
marily microorganisms, to degrade and convert the haz-
ardous substances into their less toxic or nontoxic form.
The remediation agents which are utilized can be bacteria,
fungi, or plants, that decompose, detoxify, or converts the
contaminants into their nontoxic form. In some instances,
the microorganisms are already the members of the con-
taminated site or in some other cases, can be obtained
from external sources and added to the site for biological
treatment functions. As bioremediation primarily relies on
the physiological ability of the microbes to degrade and
detoxify a harmful environmental contaminant, its effec-
tiveness is correlated with the prevalent environmental
conditions that influence the microbial growth and func-
tion. Overall, the success and efficacy of the bioremedia-
tion technique depends on having physiologically active,
and fast growing microorganisms to be present at the site
of contamination under optimum environmental condi-
tions (Zouboulis & Moussas, 2011).

Conclusions

Bioremediation technology has great promise for the fu-
ture which can be simultaneously used along with vari-
ous conventional and traditional treatment methods for
complete degradation of a wide range of environmental
hazards. It is a sustainable approach for managing, con-
trolling, and reducing environmental pollution. Extensive
study and research needs to be undertaken to generate an
optimum condition which facilitates the best interaction
between microbes and the pollutants so that the hazard-
ous and toxic pollutant can be successfully detoxified to
restore the environmental quality as desired. Along with
this, suitable techniques need to be formulated for moni-
toring the performance of the microbes so that this tech-
nique can be sustainable and successful.
Vermi-biofiltration and advancements in biological
techniques can be widely promoted and adapted for large
scale waste recycling and treatment of solid wastes which
will lessen the burden of environmental pollution. Future

research and development in this area will help us in bet-
ter understanding of the potential threat of the pollut-
ants on natural ecosystem, human health and setting up
suitable techniques for remediating the problem. Further
study in this concept will help in deciding and improving
various techniques to restore and maintain the well-being
of various ecosystems and all its component factors.
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