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gricultural practices, industrial manufacturing, and

lifestyle of human beings have raised the accumulation of

hazardous compounds into the surrounding. It has
drastically increased health issues and environmental concerns.
Therefore, there is an urgent need for eco-friendly approaches to
solving these multiple issues at a time. Contrary to the harmful
chemical methods, bioremediation has emerged as an eco-friendly
substitute for sustainable development. Bioremediation utilizes
living microbiomes for cleaning environment and their
sustainability. As advancement in science and technology,
researchers have developed various bioremediation techniques but
because of nature and type of pollutant, there is no single ‘silver
bullet” which can be applied to restore the polluted environment.
The ever-increasing population and our reckless acts are turning the
Earth into a huge garbage dump. The indiscriminate exploitation of
resources making this condition worsen. Moreover, it is a major
cause of climatic irregularities, environmental destructions,
biodiversity shrinking, disease outbreaks, and agricultural issues.
The present waste management efforts are proving insufficient to
handle this situation.
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Nevertheless, several of them are known to generate toxic by-
products. Therefore, besides limiting waste generation, the present
scenario requires an efficient, feasible, and environmental-friendly
approach for its management. Bioremediation is well recognized
and widely accepted alternative to clean environment without
harming the nature [1]. Further, it can be used under in-situ
conditions with cost-effectiveness as the cost of excavation,
transportation, treatment, etc is reduced due to its on-site
application. Although, this process has its own limitations as it is
less efficient to non-biodegradable compounds; requires metabolic
specificity of the source organism, modern technologies are needed,
and slower in comparison to the other alternatives. But still it has
proven itself an important claimant for this scenario [2].

Bioremediation either eliminate the contaminants or reduce their
concentration to a significant level. Plants, fungi, and bacteria are
the most important contributor to this process and can be classified
under phytoremediation, mycoremediation, and remediation.
Further, myco-remediation and micro-remediation techniques entail
several sub-processes to enhance the on-site removal of the
contaminants viz. bio-stimulation, bio-augmentation, and bio-
sparging, etc. (Figure 1). The bio-stimulation process invigorates
the indigenous microorganisms by supplying additional nutrients
and growth factors, while bio-augmentation is the addition of
exogenous microorganisms in an ecosystem to degrade the
contaminants. On the other side, pressurized air is used in bio-
sparging to deliver oxygen and/or nutrients to a certain zone for
enhancing microbial activity. In recent past, the bioremediation
field has undergone extensive research and advancements. Several
technologies are in use to accomplish and monitor the
bioremediation processes viz. nanotechnology, genetic engineering,
biochemical engineering, spectroscopy, spectrometry and
chromatography. Nowadays, bioluminescence-based assays have
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attracted scientific attention for the eco-toxicological assessment of
pollutants. Microbial biosensors have also explored as a sensitive
and reliable technique for identifying and tracking the contaminants
within an ecosystem [3].

Excessive use of agrochemicals, especially pesticides are dangerous
for environment, biodiversity and human health. Due to the
indiscriminate use of pesticides during1940-1960, that period is also
called the “pesticide era”. Besides, polluting the surface and
sediments, they are also known to reduce microbial diversity. There
are huge number of publications on bioremediation and waste
management for environmental sustainability (Figure 2). The
previous reports have proven the pesticide degradation ability of
fungi and bacteria [4]. Fungal and bacterial enzymes viz.
oxidoreductase, esterase, peroxidases, hydrolases are the key
elements that accelerate the agrochemical’s biodegradation. Heavy
metals are another serious threat to biodiversity and human health
due to their bioaccumulation property and persistent nature [5].
They are present in both soluble (ionic) and insoluble (colloidal)
forms in the soil. Further they may be classified as essential and
non-essential metals. Essential heavy metals viz. copper, zinc,
manganese, and nickel are considered toxic only under very high

concentration. While non-essential heavy metals viz. lead, mercury,
chromium, cadmium, and arsenic are extremely dangerous to the
living organisms and therefore, require special attention. The
available technologies for managing heavy metal pollution involves
chemical washing/flushing, leaching, adsorption, dilution, and
immobilization by reducing their solubility. Moreover, chelating
compounds nitrilotriacetic acid, aminopolycarboxylic acids and
ethylenediaminedisuccinic acid can also be used for extracting the
heavy metals. However, despite taking the various precautionary
measures and use of such diverse technologies, heavy metal toxicity
is remaining a threat for mankind. Therefore, in recent years,
various bioremediation approaches have been tested for removing
heavy metals.

Environmental issues are becoming an increasing obstacle for man
due to globalization and rapid industrialization. The waste water
from industries is highly alkaline and has high biological and
chemical oxygen demand as well as total dissolved solids. The
waste water consists of effluents from the textile industries and
heavy metals. In order to produce best quality products, a number
of dyes and auxillary chemicals are used which in turn has become
a critical concern for the environment [6].
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Dyes are highly resistant to biological activity, light, ozone and
other degradative environmental conditions. The azo dyes and
related chemicals may induce mutagenesis leading to toxicity in
aquatic plants and animals. Heavy metal contaminated wastewaters
are the most hazardous among the other chemical industries. Heavy
metals because of their solubility in the aquatic environment can be
absorbed by microbiomes. After entering in the food chain, they get
accumulated in human body in large concentrations. The ingestion
of the heavy metals beyond the permitted concentrations can lead to
serious health disorders [7, 8].

Wastewater treatment is of major concern and one of the most
important biotechnological processes used worldwide. The
microbial communities from diverse habitats play a splendid role in
biodegradation of diverse compounds in wastewater from
engineered as well as natural systems. Microbes are capable of
removing diverse pollutants from distinctive biological wastewater
treatment system. There are different groups of microorganism used
for treatment, in which filamentous fungi are getting attention due
to their high efficiency. The treatment of wastewater with fungi is
highly beneficial. The fungal treatment leads to conversion of
wastewater organics into high-value potential fungal protein and
valuable diverse biochemicals are highly resistant to inhibitory
compounds additionally producing fungal biomass for animal feed
and human diet [9]. Microbes can transform heavy metals from one

oxidation state to another. They also pose capability of tolerating
harmful effects of heavy metals. Microbes can convert insoluble
toxic cations of heavy metals into less toxic soluble form [10].
Microbial communities have been shown to oxidize or decrease the
concentration of SeO, AsO,, Co (IlI), Fe(ll), and Mn(Il) making
them less or non-toxic. The species of Alcaligenes, Bacillus, and
Pseudomonas have been reported to cause reduction of Cr(VI),
Hg(ll) and Se(VI) and U(VI). Many studies have showed the
potential ability of yeasts to accumulate different heavy metals and
have been regarded as superior metal accumulators [11].

Population growth along with the rapid urbanization has led to new
consumption patterns, which usually affect the waste stream by
successively adding new types of waste. Electronics industry is the
world’s largest and fastest growing industry [12]. Polychlorinated
biphenyls (PCBs) are used as coolants and lubricants in capacitors
and transformers. The use of PCBs was in fact banned due to firm
configuration and low bioavailability. PCBs cause serious health
effects due to their toxic, mutagenic, and carcinogenic nature for the
growth and development of plants, animal, and human beings [13].
Biomedical waste comprises any waste that has been generated
during medical treatment, diagnosis, and/or immunization of the
human as well animals. Moreover, it also includes the waste
material produced through research activities involving human or
animal trials. The rapidly growing healthcare sector and the
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continuous threat of pandemics have enormously increased the use
of disposable medical and surgical items. They are mostly made up
of synthetic polymers having a very slow rate of biodegradation.
Therefore, any carelessness in their management leads to
environmental pollution. The major proportion of the biomedical
waste generated is of non-hazardous nature and therefore, can be
tackled through the commonly used methods. Moreover, Patil,
Mahamuni [14] converted organic biomedical waste into fertilizers.
Further, Rajan and Robin [15] have reviewed the biomedical waste
generation and management strategies in Ayurveda hospital of
India. They have revealed that incineration and landfilling waste are
the most preferred methods for managing the biomedical waste.
Furthermore, bioremediation has also been explored by several
researchers for this purpose [16, 17]. Microbes enzymatically attack
and convert the pollutants to innocuous products. Microbes rely on
the participation of various enzymes respectively for the
remediation of recalcitrant and organo pollutants [18].
Bioremediation using microbial enzymes is considered eco-
friendly, costeffective, innovative, and promising approach. Thus,
applying microbial enzymes in bioremediation can be the apposite
alternative for waste management to safeguard the environment and
public health.

Extremophiles are capable of adjusting, and thriving in hostile
habitats that were actually thought to be adverse or fatal for life to
exist. The study of extremophiles is difficult due to complexity in
reaching their ecological niches and isolating [19-21]. Microbes that
thrive in extreme ecological habitats have evolved as a result of
beneficial microbes for diverse potentials in environment and allied
sectors [22]. Due to their unique physiological and enzymatic
characteristics, extremophilic microbes are amazing bioresource for
applications in bioremediation of diverse toxic pollutants [23, 24].
Extracellular polymeric substances have been revealed to be the
most relevant structures for biosorption of metals and
radionuclides with proved efficiency on species of psychrotolerant
bacteria, Pseudoalteromonas [25] and acidophilic bacteria,
Acidithiobacillus ferroxidans [26]. The regulatory mechanisms and
chemical characteristics of the siderophores produced by the
extremophilic microbes evidence the potential of these microbes as
bioremediating agents for metal chelation [27]. The production of
enzymes by extremophiles is another major mechanism involved in
bioremediation. Diverse thermophiles, hyperthermophiles, and
acidophiles including Geobacillus stearothermophilus, Sulfolobus
sulfataricus, Thermus thermophilus, and Thermus thermophilus
have been known to play a potent role in bioremediation through
production of various extremozymes [28].

Nanotechnology is a highly promising discipline of technology and
science which is emerging as novel trend in every sector [29]. The
application of nanotechnology will redesign the future and change
every aspect of lives for sustainability [30]. Nanotechnology is
getting attentions in field of protecting environment from harmful
compounds and thus managing environmental issues globally.
Bioremediation is significantly a clean, green and sustainable

technology and is in general recognized as ‘environmentally
appropriate. With the advent of bio-mimetic nanotechnology in the
recent past, researchers have been drawn to intensively explore this
hidden path. Nanotechnology can reduce expenditures that
industries make to mitigate these pollutants by eco- friendly
manners. The iron oxide nanoparticles synthesized from Aspergillus
tubingensis could remove more than 90% of heavy metals from
waste water [31]. Copper nanoparticles synthesized from E. coli
were copper resistant and able to degrade azo dye and textile
effluents. Additionally, the treatment of the industrial effluent with
these nanoparticles showed reduction in the suspended solids in
treated samples [32]. In this way, integrating nano-biotechnology
together with bioremediation, it is possible to achieve an efficient,
effectual and sustainable solution for a clean and green environment
[33].

In conclusion, bioremediation is significantly a clean, green and
sustainable technology and is in general recognized as
environmentally appropriate. Various industrial and anthropogenic
activities have resulted in increased contaminated sites due to
unawareness about production, utilization and disposal of hazardous
chemical substances. Academicians, government and scientists
globally are strictly advocating tackling such contaminants that are
putting the environment at risk. Bioremediation is thus an important
strategy for sustainable development of our society with a minimal
environmental impact.

CONFLICTS OF INTEREST
There are no conflicts of interest.

REFERENCES

1. Kumar A, Yadav AN, Mondal R, Kour D, Subrahmanyam G, Shabnam
AA, Khan SA, Yadav KK, Sharma GK, Cabral-Pinto M, et al. Myco-
remediation: A mechanistic understanding of contaminants alleviation
from natural environment and future prospect. Chemosphere. 2021,
284:131325. https://doi.org/10.1016/j.chemosphere.2021.131325

2. Kour D, Kaur T, Devi R, Yadav A, Singh M, Joshi D, Singh J, Suyal

DC, Kumar A, Rajput VVD. Beneficial microbiomes for bioremediation

of diverse contaminated environments for environmental sustainability:

Present status and future challenges. Environ Sci Poll Res. 2021:1-23.

https://doi.org/10.1007/s11356-021-13252-7

Bose S, Maity S, Sarkar A. Review of microbial biosensor for the

detection of mercury in water. Environ Qual Manag. 2021.

https://doi.org/10.1002/tqgem.21742

4. Kumar M, Yadav AN, Saxena R, Paul D, Tomar RS. Biodiversity of
pesticides degrading microbial communities and their environmental
impact.  Biocatal ~ Agric  Biotechnol.  2021;  31:101883.
https://doi.org/10.1016/j.bcab.2020.101883

5. Suyal DC, Joshi D, Kumar S, Bhatt P, Narayan A, Giri K, Singh M,
Soni R, Kumar R, Yadav A, et al. Himalayan Microbiomes for Agro-
Environmental Sustainability: Current Perspectives and Future
Challenges. Microb Ecol. 2021. https://doi.org/10.1007/s00248-021-
01849-x

6. Kumar A, Chaturvedi AK, Yadav K, Arunkumar KP, Malyan SK, Raja
P, et al. Fungal phytoremediation of heavy metal-contaminated
resources: Current scenario and future prospects. In: Yadav AN, Singh
S, Mishra S, Gupta A, editors. Recent Advancement in White
Biotechnology Through Fungi, Volume 3: Perspective for Sustainable

oo



https://doi.org/10.1016/j.chemosphere.2021.131325
https://doi.org/10.1007/s11356-021-13252-7%203
https://doi.org/10.1007/s11356-021-13252-7%203
https://doi.org/10.1002/tqem.21742
https://doi.org/10.1016/j.bcab.2020.101883
https://doi.org/10.1007/s00248-021-01849-x
https://doi.org/10.1007/s00248-021-01849-x

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Yadav et al. / Journal of Applied Biology & Biotechnology 10 (Suppl 2); 2022: 1-5

Environments. Cham: Springer; 20109. pp. 437-61.
https://doi.org/10.1007/978-3-030-25506-0_18

Barakat M. New trends in removing heavy metals from industrial
wastewater. Arabian J Chem. 2011; 4(4):361-77. https://doi.org/
10.1016/j.arabjc.2010.07.019

Babel S, Kurniawan TA. Cr (VI) removal from synthetic wastewater
using coconut shell charcoal and commercial activated carbon modified
with oxidizing agents and/or chitosan. Chemosphere. 2004; 54(7):951-
67. https://doi.org/10.1016/j.chemosphere.2003.10.001

Sankaran S, Khanal SK, Jasti N, Jin B, Pometto 111 AL, Van Leeuwen
JH. Use of filamentous fungi for wastewater treatment and production
of high value fungal byproducts: a review. Crit Rev Environ Sci
Technol. 2010; 40(5):400-49. https://doi.org/10.1080/1064338080227
8943

. Chaturvedi AD, Pal D, Penta S, Kumar A. Ecotoxic heavy metals

transformation by bacteria and fungi in aquatic ecosystem. World J
Microbiol Biotechnol. 2015; 31(10):1595-603. https://doi.org/10.1007/
s11274-015-1911-5

Rajkumar M, Sandhya S, Prasad M, Freitas H. Perspectives of plant-
associated microbes in heavy metal phytoremediation. Biotechnol Adv.
2012; 30(6):1562-74. https://doi.org/10.1016/j.biotechadv.2012.04.011
Mundada M, Kumar S, Shekdar A. E-waste: a new challenge for waste
management in India. Int J Environ Stud. 2004; 61(3):265-79.
https://doi.org/10.1080/0020723042000176060

Kour D, Rana KL, Kumar R, Yadav N, Rastegari AA, Yadav AN, Singh
K. Gene manipulation and regulation of catabolic genes for
biodegradation of biphenyl compounds. New and future developments
in microbial biotechnology and bioengineering: Elsevier; 2019. pp. 1-
23. https://doi.org/10.1016/B978-0-444-63503-7.00001-2

Patil PM, Mahamuni PP, Abdel-Daim MM, Aleya L, Chougule RA,
Shadija PG, Bohara RA. Conversion of organic biomedical waste into
potential fertilizer using isolated organisms from cow dung for a cleaner
environment. Environ Sci Poll Res. 2019; 26(27):27897-904.
https://doi.org/10.1007/s11356-019-05795-7

Rajan R, Robin DT, Vandanarani M. Biomedical waste management in
Ayurveda hospitals—current practices and future prospectives. J Ayur
Integrat Med. 2019; 10(3):214-21. https://doi.org/10.1016/j.jaim.2017.
07.011

Ethica SN, Saptaningtyas R, Muchlissin SI, Sabdono A. The
development method of bioremediation of hospital biomedical waste
using hydrolytic bacteria. Health Technol. 2018; 8(4):239-54.
https://doi.org/10.1007/s12553-018-0232-8

Gadd GM. Metals, minerals and microbes: geomicrobiology and
bioremediation. Microbiology. 2010; 156(3):609-43. https://doi.org/
10.1099/mic.0.037143-0

Karigar CS, Rao SS. Role of microbial enzymes in the bioremediation
of pollutants: a review. Enzy Res. 2011; 2011: 805187 https://doi.org/
10.4061/2011/805187

Yadav AN. Biodiversity and bioprospecting of extremophilic
microbiomes for agro-environmental sustainability. J Appl Biol
Biotechnol. 2021; 9(3):1-6. https://doi.org/10.7324/JABB.2021.9301
Yadav AN, Rastegari AA, Yadav N. Microbiomes of Extreme
Environments: Biodiversity and Biotechnological Applications. Boca
Raton, USA: CRC Press, Taylor & Francis; 2020.

Kumar M, Kour D, Yadav AN, Saxena R, Rai PK, Jyoti A, Tomar RS.
Biodiversity of methylotrophic microbial communities and their
potential role in mitigation of abiotic stresses in plants. Biologia. 2019;
74(3):287-308. https://doi.org/10.2478/s11756-019-00190-6

Peeples TL. Bioremediation using extremophiles. Microbial
Biodegradation and Bioremediation: Elsevier; 2014. p. 251-68.
https://doi.org/10.1016/B978-0-12-800021-2.00010-8

23.

24,

25.

26.

28.

29.

30.

3

ey

32.

33.

005

Giovanella P, Vieira GA, Otero IVR, Pellizzer EP, de Jesus Fontes B,
Sette LD. Metal and organic pollutants bioremediation by extremophile
microorganisms. J Hazard Mat. 2020; 382:121024. https://doi.org/
10.1016/j.jhazmat.2019.121024

Raddadi N, Cherif A, Daffonchio D, Neifar M, Fava F.
Biotechnological applications of extremophiles, extremozymes and
extremolytes. ApplMicrobiol Biotechnol. 2015; 99(19):7907-13.
https://doi.org/10.1007/s00253-015-6874-9

Qin G, Zhu L, Chen X, Wang PG, Zhang Y. Structural characterization
and ecological roles of a novel exopolysaccharide from the deep-sea
psychrotolerant  bacterium  Pseudoalteromonas sp. SM9913.
Microbiology. 2007; 153(5):1566-72. https://doi.org/10.1099/mic.0.
2006/003327-0

Sand W, Gehrke T. Extracellular polymeric substances mediate
bioleaching/biocorrosion via interfacial processes involving iron (11I)
ions and acidophilic bacteria. Res Microbiol. 2006; 157(1):49-56.
https://doi.org/10.1016/j.resmic.2005.07.012

27. De Serrano LO, Camper AK, Richards AM. An overview of

siderophores for iron acquisition in microorganisms living in the
extreme. Biometals. 2016; 29(4):551-71. https://doi.org/10.1007
/s10534-016-9949-x

Kour D, Rana KL, Kaur T, Singh B, Chauhan VS, Kumar A, Rastegari
AA, Yadav N, Yadav AN, Gupta VK. Extremophiles for Hydrolytic
Enzymes Productions: Biodiversity and Potential Biotechnological
Applications. In: Molina G, Gupta VK, Singh B, Gathergood N, editors.
Bioprocessing for Biomolecules Production 2019. p. 321-72.
https://doi.org/10.1002/9781119434436.ch16

Yadav AN. Nanotechnology for agro-environmental sustainability. J
Appl Biol Biotechnol. 2021; 9(4):1-6. https://doi.org/10.7324/JABB.
2021.94ed

Rajendran P, Gunasekaran P. Nanotechnology for bioremediation of
heavy metals. Environmental bioremediation technologies: Springer;
2007. p. 211-21. https://doi.org/10.1007/978-3-540-34793-4_9

. Mahanty S, Chatterjee S, Ghosh S, Tudu P, Gaine T, Bakshi M, Das S,

Das P, Bhattacharyya S, Bandyopadhyay S. Synergistic approach
towards the sustainable management of heavy metals in wastewater
using mycosynthesized iron oxide nanoparticles: Biofabrication,
adsorptive dynamics and chemometric modeling study. J Water Proc
Engin. 2020; 37:101426. https://doi.org/10.1016/j.jwpe.2020.101426
Noman M, Shahid M, Ahmed T, Niazi MBK, Hussain S, Song F,
Manzoor |I. Use of biogenic copper nanoparticles synthesized from a
native Escherichia sp. as photocatalysts for azo dye degradation and
treatment of textile effluents. Environ Poll. 2020; 257:113514.
https://doi.org/10.1016/j.envpol.2019.113514

Tripathi S, Sanjeevi R, Anuradha J, Chauhan DS, Rathoure AK. Nano-
bioremediation: nanotechnology and bioremediation. Biostimulation
remediation technologies for groundwater contaminants: 1GI Global;
2018. p. 202-19. https://doi.org/10.4018/978-1-5225-4162-2.ch012

How to cite this article:

Yadav AN, Suyal DC, Kour D, Rajput VD, Rastegari AA, Singh
J. Bioremediation and Waste Management for Environmental
Sustainability. J Appl Biol Biotech. 2022; 10(Suppl 2), 1-5.



https://doi.org/10.1007/978-3-030-25506-0_18
https://doi.org/10.1016/j.arabjc.2010.07.019
https://doi.org/10.1016/j.arabjc.2010.07.019
https://doi.org/10.1016/j.chemosphere.2003.10.001
https://doi.org/10.1080/10643380802278943%2010
https://doi.org/10.1080/10643380802278943%2010
https://doi.org/10.1080/10643380802278943%2010
https://doi.org/10.1007/s11274-015-1911-5
https://doi.org/10.1007/s11274-015-1911-5
https://doi.org/10.1016/j.biotechadv.2012.04.011
https://doi.org/10.1080/0020723042000176060
https://doi.org/10.1016/B978-0-444-63503-7.00001-2
https://doi.org/10.1007/s11356-019-05795-7
https://doi.org/10.1016/j.jaim.2017.07.011
https://doi.org/10.1016/j.jaim.2017.07.011
https://doi.org/10.1007/s12553-018-0232-8
https://doi.org/10.1099/mic.0.037143-0
https://doi.org/10.1099/mic.0.037143-0
https://doi.org/10.4061/2011/805187
https://doi.org/10.4061/2011/805187
https://doi.org/10.7324/JABB.2021.9301
https://doi.org/10.2478/s11756-019-00190-6
https://doi.org/10.1016/B978-0-12-800021-2.00010-8
https://doi.org/10.1016/j.jhazmat.2019.121024
https://doi.org/10.1016/j.jhazmat.2019.121024
https://doi.org/10.1007/s00253-015-6874-9
https://doi.org/10.1099/mic.0.2006/003327-0
https://doi.org/10.1099/mic.0.2006/003327-0
https://doi.org/10.1016/j.resmic.2005.07.012%2027
https://doi.org/10.1016/j.resmic.2005.07.012%2027
https://doi.org/10.1007/s10534-016-9949-x
https://doi.org/10.1007/s10534-016-9949-x
https://doi.org/10.1002/9781119434436.ch16
https://doi.org/10.7324/JABB.2021.94ed
https://doi.org/10.7324/JABB.2021.94ed
https://doi.org/10.1007/978-3-540-34793-4_9
https://doi.org/10.1016/j.jwpe.2020.101426
https://doi.org/10.1016/j.envpol.2019.113514
https://doi.org/10.4018/978-1-5225-4162-2.ch012

