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Abstract: In today’s scenario the industrialization, Healthcare sectors, agricultural sectors and municipality discharging hazardous
chemicals and wastes in water, soil and air which are polluting the environment. Accumulation of heavy metal in living system
mainly humans, animals, Plants and micro organism are at a risk. These wastes are also deteriorating the fertility of soil and
quality of air and water. Current biological approach for bioremediation is comprised of mycoremediation. Therefore mushroom
consist of competent enzymes that significantly promote the biosorption of heavy metal and biodegradation of various substrates,
pollutants, agricultural wastes and house hold solid wastes. As well degradation, mushroom produced beneficial food for human
consumption. However, sometimes mushroom mycelium also absorb toxic materials through biosorption are not consumable due
to toxicity. The current review emphasized the mycoremediation as a potent tool for bioremediation of pollutants through
biosorption by mushroom cultivation. This review also focused on mushroom as a safe food product for consumption.
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Introduction

In present scenario industrial wastes, heavy metals, dyes, dairy industrial sludge, lignocellulosic wastes, petroleum products and
simultaneous inclusion of pesticides and its drastic usage in agriculture to enhance the productivity is a serious concern for
environment. Petroleum products are the back bone of world’s economy besides it, the present hydrocarbons posing a detrimental
impact on environment through discharging huge quantity of oily sludge as well as crude oil in water and soil. Hydrocarbon
molecules and a huge volume of oily sludge, which are carcinogenic and potent immunotoxicants (Propst, et al.1999; Ojumu, et
al.2004).

Pesticides increase crop yields and protect them from pests and organic modifications, preserving soil health and quality. On the
other hand, this involves a high consumption of pesticides to ensure food supply for the world’s growing population (currently
over 7.4 billion people, with this figure expected to rise to 9.7 billion by 2050); consequently, there is a need to increase in the
organic matter content of soils is required to improve their fertility and avoid their degradation by agricultural practices (Oerke,
2010).

Agricultural activities involve the exercise of pesticides to eliminate pests and diseases from crops. Nowadays, farmers have gone
habitual of pesticides as essential compounds for controlling the pests and diseases that intimidating our yield. Although products
for Chemical protection of crops from pests, is easy to maintain, however it is quite expensive in commercial way. Large
investments are made annually throughout the world. In 2012, the sales of pesticides reached $47.26 billion (AEPLA, 2016).
Among a wide variety of pesticides, the highest percentages of application correspond to herbicides (48.5%), followed by
fungicides and bactericides (26.6%), and insecticides (18.9%) (FAOSTAT, 2016).

Pesticides production and supply is the origin of point source as well as diffuse source of pollution. Point source pollution is
characterized by high pesticides usage in limited area, which is also considered as a result of an inappropriate handling of
pesticides during their storage and use, or during the equipment cleaning process after application (Castillo, 2004; Ramwell,
2004). On the other hand, diffuse source contamination elucidate the use of low concentration pesticides over large area, it is also
coupled with the use of pesticides in agricultural practices. Therefore, the reported ways of minimizing or avoiding the risk of
contamination by diffuse and point sources are different. Agronomical practices are applied in the case of diffuse contamination,
while other physicochemical systems or strategies are implemented to avoid point contamination (Castillo, 2004; Alvarez.2016).
However, both strategies are based on the same physicochemical processes, namely, the modification of pesticide behavior in
soils after the application and/or use (as components of the biobed biomixtures) of different organic wastes with a high OM
content (Karanasios, 2010; Rodriguez, 2014).

Mushroom as a mycoremediation approach

Biotechnoilogical and environmental approaches is now concentrating on the development of “biologically feasible technologies"
which emphasize on the maximum production, reduced waste generation, treatment and conversion of waste in some useful form.
Further, these biologically feasible technologies based on the use of biotechnological methods for the remediation of waste. One
such biological method is mycoremediation which is based on the use of fungi and mushroom for the removal of waste from the
environment. The mushrooms and other fungi possess significant enzymes, are capable of the degradation of waste/pollutants and
therefore, can be applied for a wide variety of pollutants (Purnomo et al. 2013; Kulshreshtha et al. 2013). However, presently
popularity of mushrooms from basidiomycetes , are significantly increasing for bioremediation purpose because it is not only a
bioremediation tool but also provide mycelium or fruiting bodies as a source of protein. The efficiency of mushroom species in
producing food protein in the form of biomass or fruiting bodies from different wastes lies in their ability to degrade waste via
secretion of a variety of hydrolyzing and oxidizing enzymes (Kuforiji and Fasidi 2008; Zhu et al. 2013). This quality has attracted
research attention in the field of mushroom cultivation and waste management. Many reports have published to emphasize the
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role of mushroom in bioremediation of wastes by the process of biodegradation, biosorption and bioconversion (Akinyele et al.
2012, Kulshreshtha et al. 2013a; Kumhomkul and Panich-pat 2013; Lamrood and Ralegankar 2013). Many scientists have studied
the role of different enzymes in the degradation process; degradation products formed by it and conditions affecting the
degradation process (Novotny et al. 2004; Akinyele et al. 2011; Zhu et al. 2013). However, safety aspects of the process and
products have not been reported so far. There is a little availability of reports concerning with the pros and cons of mushroom
cultivation on wastes and the role of spent in bioremediation purpose. Moreover, mushroom as an edible product is meagerly
reported on usage of waste as substrates. Keeping this in mind, the present review is discussing about the use of mushroom as a
mycological tool for bioremediation. Mushroom and its spent are not only a mycoremediation tool but also a product for
bioremediaon.

Biotechnological approaches employ the chemistry of living organisms as tools to develop alternative and innovative methods
intended for more effective ways to maintain natural environment. During twentieth to twenty-first centuries, the researchers have
studied a series of technological advancement that have facilitated significant benefits to improve the environment. Use of
mushroom in this concern is a new biotechnological approach for bioremediation.

Remediation through fungi is also called as mycoremediation. Mycoremediation refers to growing of mushrooms on wastes
materials and degradation of a wide variety of environmentally persistent pollutants through their enzymes by transforming
industrial and agro-industrial wastes into valuable product known as fruiting body.

Bioremediation and Biodegradation

Mushrooms degrade the Waste materials by using different modes which (i) Biodegradation (ii) Biosorption (iii) Bioconversion.
The ‘Biodegradation’ is a biological process of degradation and recycling of complex molecule to its mineral constituents. This
process leads to complete mineralization of the starting compound to simpler ones like CO2, H20, NOs and other inorganic
compounds by living organisms. Many researches have been done on the degradation abilities of mushroom and their enzymes.
Many reports have been published on the compounds produced by degradation of various wastes and factor affecting the
processes. Mushroom can produce extracellular peroxidases, ligninase (lignin peroxidase, manganese dependent peroxidase and
laccase), cellulases, pectinases, xylanases and oxidases (Nyanhongo et al. 2007). These are able to oxidize recalcitrant pollutants
in vitro after typically stimulated by their substrates. These enzymes have also been found to degrade nonpolymeric, recalcitrant
pollutants such as nitrotoluenes (VanAcken et al. 1999), PAHs (Hammel et al. 1991; Johannes et al. 1996), organic and synthetic
dyes (Ollikka et al. 1993; Heinfling et al. 1998), and pentachlorophenol (Lin et al. 1990) under in vitro conditions. Recently, it is
reported that mushroom species are able to degrade polymers such as plastics (da Luz et al. 2013). The biodegradation mechanism
is very complex. The reason is the influence of other biochemical systems and interactions of ligninolytic enzymes with
cytochrome Pso monooxygenase system, hydroxyl radicals and the level of H202 which are produced by the mushroom.
Bioabsorption is the process of removal of metals/pollutants from the environment by mushroom, is also considered as an
alternative to the remediation of industrial effluents as well as the recovery of metals present in effluent. In Biosorption, metallic
ions/pollutants/xencbiotics from effluent are absobed by live or dried biomass which often displayed a marked tolerance towards
metals and other adverse conditions (Gavrilescu 2004).Bioabsorption and bioaccumation are the combined process of uptake of
pollutants/xenobiotics by mushrooms. Mar'in et al. (1997) told that polar groups of proteins, amino acids, lipids and structural
polysaccharides (chitin, chitosan, glucans) may be involved in the process of biosorption. Mar'in et al. (1997) reported that the
biosorption capacity of dead biomass may be greater, similar to or less than that of living cells.Therefore, Biosorption process is
now becoming very popular for the management of pollutants. Biosorption is an efficient method due to the high absorption
capacity and very cost effective source of the raw material.

Presently, the research is focused toward the conversion of industrial or agro-industrial wastes and sludges into some other usable
forms. Mushroom ia most significant most bioconversible product. Any lignocellulosic waste, generated by industries, can be
used for cultivation of mushroom which can be further use as a product. The selection of the substrate for the cultivation of
mushroom is usually determined by the regional availability of the material. Mushroom has also been successfully cultivated on
various industrial wastes (Singhal et al. 2005; Kulshreshtha et al. 2010; Dulay et al. 2012 and Kulshreshtha et al. 2013b).
Accidentally discharge of crude oil in the environment is known as oil spillage.oil spillage badly affects the aquatic ecosystem by
contaminating it. Economically important crude oil is the product of hydrocarbons and non hydrocarbons compounds, which are
toxic to living beings. This toxicity is depends on the composition of petroleum product or crude oil, concentration, biological
state of organisms as well as environmental factors at the time of contamination (Obire,2009). In the aquatic ecosystems, fungi
play an important role with their ability in removing hazardous compounds from the water. Several authors have made lists
containing bacteria and fungi that are able to degrade a wide spectrum of pollutants. Recently, many researchers studied the role
of fungi in the biodegradation of petroleum products and the most common fungi which have been recorded as a biodegrader
belong to the following genera: Alternaria, Aspergillus, Candida, Cephalosporium, Cladosporium, Fusarium, Geotrichum,
Gliocladium, Mucor, Paecilomyces, Penicillium, Pleurotus, Polyporus, Rhizopus, Rhodotolura, Saccharomyces, alaromyces and
Torulopsis (Bouchez,et al.1996; Yateem,et al.1998; Juhasz, et al.2000; Adekunle,et al.2007; Hadibarata,et al.2009; Adekunle,et
al.2004; Atagana,et al.2006; Husaini,et al.2008; Romero,et al.2010; Saraswathy,et al.2002).

This environmental deterioration has attracted the researchers with leading technological advances that facilitate significant
benefits to anthropological interests in terms of health, food production, transport, housing and tourism. The anthropogenic
activities demand the development of new chemical, materials and enormous quantities of energy, exploitation of natural
resources tha create large amounts of waste, which result the environmental pollution. Direct or indirect release of heavy metals
from metallurgical ovens (Lee et al. 2006; Govarthanan et al. 2013), radionuclides (Mclean and Abbe 2008), sewage
sludge/wastewater (from industrial, municipal and domestic origin) (Deng et al. 2007; Kumar and Mani 2010; Mapanda et al.
2005; Robinson et al. 2011) and un-hygienic approach of rapidly growing population having an unfavorable impact on
environment . The existing condition requires severe action to repair the proper functioning of biological cycle, which is the only
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approach behind life on our planet. Biochemical cycles are depending on metabolic activity of microbial communities, are able to
assimilate pollutants and give rise valuable products and prevent pollutants from reaching the biosphere (Li et al. 2013). Yet, the
functional potential coded within microbial genome is poorly understood (Jeffries et al. 2012). Polluted environment are causing
grim impacts on plants, microorganisms, aquatic organisms and life support functions such as immobilization, mineralization and
nitrification that is eventually disturbing human health as well as the health of the ecosystem (Batayneh 2012). Scientists are
approached on a consensus to decrease the release of pollutants by ameliorating their effects mediated by living organisms such as
plants, an approach known as phytoremediation. It has been observed as an ideal solution for pollution control and the most
effective innovative technology that uses biological systems for treatments of contaminants (Cardenas et al. 2008; Dua et al.
2002). Bioremediation is an ecologically sound and state-of-the-art technique that employs natural biological processes to
completely eliminate toxic contaminants. It may be any process that uses microorganisms, fungi, green plants or their enzymes to
return the natural environment altered by contaminants to its original condition (Chakraborty et al. 2012; Kensa 2011).
Mushroom as a food product

Mushrooms are the produced on biological wastes, agricultural wastes, agro-industrial wastes and industrial wastes. Besides this,
these mushrooms are the main source of proteins, amino acids, carbohydrate, fat, vitamins, minerals and several biological active
molecules which not only provide nutrition but also use for therapeutic purposes. Therefore, mushroom can be considered as an
important food product. Mushroom fruiting bodies developed on industrial and agro-industrial wastes are considered as a valuable
product. We have also paying attention on the safety aspects of mushroom cultivation on waste.

Conclusion

No doubt pollution is the serious threat to environment. As the pollution increasing the various vulnerable flora and fauna has
been lost. But it is the time to protect the environment from polluting agents by converting to useful products. Present review has
focused on a biological approach in this context. Researchers are now concentrating on use of macro fungi as well as it’s spent
against waste management. From this point view mushroom spent is used in remediated soil to convert into fertile. Exploitation of
mushroom for bioconversion of wastes is futuristic potential tool. So in this regard, further research is needed for excellence of
environment.
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