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ABSTRACT

This century is struggling with the issue of environment friendly management of the pollutants
which are contaminating the environment. One of an ecofriendly and economically feasible method
is the bioremediation of pollutants using bio nanoparticles. Nanobioremediation is a highly studied
and explored area of remediation of contaminants using nanotechnology. Nanoparticles used for
bioremediation are biologically synthesized from plant extracts, fungi and bacteria. These biogenic
nanoparticles when applied to environmental contaminants had shown very promising results. Based
on the various studies the bioremediation of pollutants using biosynthetic nanoparticles is emerging
as a very promising and sustainable method of environment cleanup. This review focuses on the
synthesis of bio-nanoparticles and their use in cleaning the environment.
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INTRODUCTION

Some nanoparticles are found to produce
inhibitory effect on seed germination and root growth;
some of them are used for cleanup of Uranium
contaminated waste water.

Green chemistry is the field of science
reflecting the application of sustainable principles
for the processes, reactions and procedures for
synthesizing chemicals.' It is an environment
friendly method of producing materials which are
less harmful because of the use of ecofriendly
reactants. Now when the principle of green chemistry
is applied for the production of Nanoparticles it is
been found very promising. This green approach

for the synthesis of nanomaterials? is found to
reduce the critical hazards of contaminants and
benefit environmental and medicine segments of
bionanotechnology in future. Green nanotechnology
is the combination of Nanotechnology and Green
chemistry reflecting the goal of creating ecofriendly
nanomaterials and finding their applications for
reducing environment and human health hazards.
The enormous industrial expansion in the last
century has changed the course of technological
development and has changed the fate of human
existence too. The innovation and expansion in the
field of science and technology contribute directly or
indirectly to the mammoth increase in waste and toxic
substances in the environment. The neglectance of
the effect of improper disposal and dissemination of
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the materials in the environment had led to a toll on
environmental health and because of this negligence
several serious issues related to health have been
reported. To protect the environment it is necessary
maintain the environmental sustainability which
involves conservation, protection and restoration
of the natural environment maintaining the long
term environmental quality. Thus, the efforts and
research to grow technologies for the remediation
of contaminated sites as well as to reduce the cost
of the decontamination processes is increasingly
encouraged. Several in-situ and ex-situ technologies
are being deployed for decontamination. For
in-situ treatment, soils are not being excavated and
for ex-situ treatment first the contaminated soil is
removed and treatment is performed off-site under
controlled conditions?. Among the current methods
of in-situ remediation, the use of nanomaterials
has been highly appreciated and encouraged as a
cost-effective and sustainable method.*®

Green synthesis of nanoparticles
Nanoparticles from phytochemicals

The unique catalytic, magnetic, electronic,
optical and mechanical properties of Nanoparticles
are attracting scholars to find new routes for their
synthesis. Green synthesis is an innovative method
of synthesizing nanoparticles® keeping in mind the
environmental sustainability and environmental
hazards. Out of all the practiced methods of
synthesizing nanoparticles the green route is most
advantageous. It is because of its cost effectiveness,
eco-friendly approach, controlled toxicity and rapid
speed of reaction etc. Nanoparticles synthesized by
green route have a well defined structural, physical
and chemical properties”® There are two methods for
synthesizing nanoparticles, the chemical synthesis
and the green synthesis®'". Chemical Synthesis
of nanoparticles uses chemical reduction using
chemical compounds such as citrates, ascorbates,
borohydrates of sodium'-2 etc . Chemical synthesis of
nanoparticles uses toxic solvents,'*'s extreme physical
conditions like high temperature, pressure,'®'® energy
is required which all is not ecofriendly and poses
serious threats to environmental balance'®?'

Green synthesis of nanoparticles
uses green reducing agents???® which are obtained
from phytochemical?® extracts of different plants such
as extracts from plant leaves, juices from various
medicinal plants etc. Green synthesis involves
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mixing of a fixed ratio of plant extract and metal
ions providing them the adequate conditions and it
has been reported that even at conditions as mild
as room temperature these reactions show positive
indications conforming the formation of nanoparticles
154185 Once synthesized, the nanoparticles are
characterized by UV, XRD and FTIR data analysis
2782 Nanoparticles are categorized in two groups
— organic and inorganic nanoparticles. Organic
Nanoparticles are carbon made nanoparticles,
mostly fullerenes whereas inorganic nanoparticles
include noble metal nanoparticles eg. Gold and
silver,semiconductor nanoparticles®*® eg. Titanium
dioxide, zinc oxide etc. Ruffin—castigline classified
nanoparticles as natural, incidental and engineered
nanoparticles , based on their method of origin. All
the metal Nanoparticles are kept under the category
of engineered nanoparticles because all of are being
synthesized in laboratories eg. Nanogold, ZnQO, TiO,,
Quantum dots etc®-2,

The antimicrobial activity of SilverNPs and
their use in batteries, optical receptors has made
the scientists to biologically synthesize them. Ag
NP can be biosynthesized from the phytoextracts
of various plants like Sinapis arvensis, Lantana
camara, Trigonella foenumgraecum, Artemisia
nilagirica, Nerium oleander, Pithophora oedogonia®®
"0 etc. Gold NPs were synthesized from the plant
extracts of Abelmoschus esculentus, Angelica,
hypericum, Eucalyptus, Mentha, Zingiber officinale
etc''®'3 Jron NPs are being synthesize using the
phytoetracts obtained from the plants such as
Aloe vera, Rosemarinus officinalis, Green tea,
Dodonaea viscose'*+1%2 etc. Likewise CopperNPs are
synthesized from leaf extracts of Punica granatum,
Ocimum tenuiflorum, Nerium oleander, Ricinus
communis'™®18  ZincNPs, and PalladiumNPs have
been biologically synthesized using plant extracts
from tea and coffee, Cinnamomum camphora, Melia

azedarach, Delonix regia and Evolvulus alsinoides
etC.158'166’ 195-212.

Nanoparticles from microbes

Microorganisms have the potential to
reduce metal ions leading to the synthesis of
nanoscale materials. Microorganisms secrete
extracellular enzymes which are being used for
the synthesis of relatively pure nanoparticles'''8,
Bacteria have special affinity for metals and this
unique metal binding property makes them useful
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for nanobioremediation. Apart from bacteria, fungi
and yeast are also being used for biosynthesis
of nanoparticles''3, Whenever it is required to
synthesize large amounts of nanoparticles fungi are
being used because of their characteristic property
of larger volumes of proteins. Microbiological methods
of synthesizing nanoparticles are comparatively
slower than the methods using plant extracts'
41 Table 1. In biosgenic production of metal
nanoparticles by a fungus, some reducing enzymes
with catalytic effects are produced which reduce salts
to their corresponding metallic solid nanoparticles.
This catalytic effect is a major drawback of
microbial synthesis of nanoparticles and needs to
get rectified for the broader application of this
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method'%%157. 167172 Microbes have some advantages
over other biological methods like these are easy to
handle, have a high growth rate, low cost requirement,
easy culture methods, less environmental hazards
and these qualities of microbes make them useful
for biosynthesis'®%4, Yeast threads are also being
use for the synthesis of nanoparticles. Many fungi
are being used for the synthesis of nanoparticles
fungi are better at producing a larger amount of
nanoparticles as compared to bacteria because of
the secreation of a large amount of protein producing
higher amount of nanoparticles2°0-20% 213215 Jsing
fungi for synthesizing nanoparticles is an ecofriendly
route of nanoparticle synthesis.

Table 1: Biosynthesis of nanoparticles from plants and microbes

Name of bio specie with reference

Name of NP Plant

microorganism

Siver NPs Sinapis arvensis®

Lantana camara®
Trigonella foenumgraecum®®
Artemisia nilagirica®®

Butea monosperma®”

Nerium oleander®®
Pithophora oedogonia®®
Oryza sativa®

Cydonia oblong®!
Helianthus annus®

Ixora coccinea®®
Saccharum officinarum®*
Macrotyloma uniflorum®
Sorghum bicolour®®

Zea mays¥”

Allium sativum®

Basella alba®®

Aloe vera'®

Capsicum annuum var. aviculare'’
Magnolia kobus'’?
Callicarpa maingayi'®
Hovenia dulcis™

Medicago sativa (Alfalfa)’®®
Ficus benghalensis'*®

Staphylococcus aureus

Brevibacterium casei''?

Streptomyces sp''®

Streptomyces naganishiit'*

Actinomycete, nocardiopsis sp. MBRC-111%
Trichoderma reesei'®

Cladosporium cladosporiodes''”
Neurospora crassa''®

Cinamomum camphora, Pinus eldarica'®

Geranium sp.'%
Sesbania drummondii'®®
Semen cassia'’’



Gold NPs

Iron NPs

ZincNPs

Copper NPs

Titaniun

Palladium NPs
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Abelmoschus esculentus'®

Angelica, Hypericum, Hamamelis'°

Eucalyptus ,Ocimum, Mentha'?'
Stevia rebaudiana'??

Zingiber officinale'??

Terminalia chebula'?*12
Morinda citrifolia L.128

Diopyros kaki'®"

Anacardium occidentale*?®
Jatropha waste'*?

Ginkgo Biloba'*

Aloe vera '#

Eucalyptus tereticornis'*
Rosemarinus officinalis'*®
Green tea'¥

Dodonaea viscose'*®
Sorghum bran'*®

Caricaya papaya'>®
Sargassum muticum'!
Azadirachta indica'®?

Aloe vera's8 1%°

Limonia acidissima'®
Nyctanthes arbor-tristis'®
Pongamia pinnata'®?
Parthenium hysterophorus'®®
Plectranthus amboinicus'
Trifolium pretense'®®

Ixora coccinea'®

Punica granatum'”

Ocimum tenuiflorum’”*
Nerium oleander'”

Ricinus communis’”®
Ocimum sanctum?”
Gloriosa superba’”®
Tabernaemontana divaricate'”®
Calotropis gigantean'®
Ficus religiosa'®’

Carica papaya'®

Rubus glaucus Benths?
Green tea and eucalyptus'*18
Moringa oleifera’®
Nyctanthes Arbor-Tristis'%
Trigonella foenum-graecum?%7-1%
Solanum trilobatum?®°

Aspergillus tubingensis?%
tea and coffee 2%
Origanum vulgare®”
Cinnamomum camphora®’®
Melia azedarach?®®

Delonix regia®'®

Evolvulus alsinoides?'" 22

Rhodococcus sp.'?®

Klebsiella pneumonia’°
Rhodopseudomonas capsulate!
Rhodococcus sp., Streptomyces sp.'2
Streptomyces viridogens'3?
Nocardia farcinica'®*
Thermomonospora sp'®
Cylindrocladium floridanum?3é. 137
Aspergillus oryzae's®

Neurospora crassa'®

Penicillium brevicompactum4°
Aspergillus clavatus™!
Shewanella oneidensis's®
Klebsiella oxytoca's*

C. globosum's

E. coli*®®

Plerotus Sp.™"

Lactobacillus'®7:168
Streptomyces sp.'8%:170
Candida albicans'"-172

Shewanella oneidensis’®
Pseudomonas stutzeri'®”
Pseudomonas sp., Serratia sp'®
Streptomyces sp'%°

Fusarium oxysporum'®®

Hypocrea lixii'®

Penicilium citrinum?%?

Sterium hirsutum’®?

Penicillium aurantiogriseum, Penicillium
citrinum, Penicillium waksmanii'®*

Bacillus subtilis?®
Bacillus amyloliquefaciens®?
Aeromonas hydrophila®?

Fusarium oxysporum?4205
Desulfovibrio desulfuricans®'3#'
S. oneidensis?’®
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Nano-remediation of the contaminated Sites

The industrial boom and population
growth has introduced a wide range of pollutants
such as hazardous heavy metals, various harmful
inorganic compounds, organic pollutants and many
other complex compounds in ground surface
and ground water system*44. |t is vital to remove
these toxic substances from the environment.
Nanotechnology has been reported to play important
role in addressing different effective and innovative
solutions to many of the diverse environmental
challenges*“6. Nanoremediation also can help
in lowering down the level of pollutants in the
environment*’*8, Three major applications of
nanoremediation include detection of pollution
using nanosensors*®, prevention of pollution®'2,
purification and remediation of contaminations354,
In the past two decades due to the efficiency, cost
effectiveness and eco-friendly nature%®% the use of
nano size particles has largely been encouraged
as an alternative to existing treatment materials.
Metals such as Iron, Palladium, Silver, Gold, in their
elemental or zerovalent state in nanoscale form,
because of their surface area charge crystallographic
behavior and size specifications have shown
promising results in the treatment of polluted sites
contaminated with various toxic substances®%°. Iron
nanoparticles are the first ones to be considered as
a tool for environmental clean-up®-%2, Environmental
clean-up methods for the remediation of contaminated
land or groundwater are using Iron either as a
sorbent for adsorbing contaminants by injecting it into
subsurface environments at the contaminated sites
or as an electron donor to reduce contaminants into a
less toxic form®-¢5. Few methods of decontamination
use both the sorption and electron donor nature of
iron nanoparticles®*’. Apart from IronNPs, ZincNPs,
GoldNPs SilverNPs,CopperNPs are also ben
extensively studied for their role as decontaminant
879 Zinc nanoparticles as photocatalyst have the
property to degrade organic dyes, phenolic and
medicinal compounds’72, Silver, Copper and
Gold nanoparticles have shown promising results
in the degradation of organic dyes into less toxic
compounds”74,

Challenges with Nanoparticles

Although nanoparticles have shown
promising results in treating contaminated sites,
there are few problems associated to their loss of
reactivity with time , transportation and their effect on
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microorganisms’578. Iron nanoparticles show a loss
in their reactivity level after a certain period, show
a blocking effect in the soil by clogging the pores of
soil and restricting the passage of fluids, showed that
stabilizers, such as lactate, can be used to increases
the mobility of iron nanoparticle in turn felicitating
their better transport in soil’”78. Another major issue
with nanoparticles is their toxic effect on the growth
of the microbial communities.Various studies under
controlled conditions have been performed on the
effect of nanoparticles on microbes and the results
are found to be conflicting”®. Some of the studies
have shown inhibitory effects on microorganisms
like Staphylococcus aureus and Escherichia coli®®#2.
Few other studies, have shown stimulating effect of
nanoparticles as electron donors on microorganisms
such as bacteria and methanogens?'521¢, Soil
microorganisms are extremely important to the
natural cycle of nutrients in the environment and they
can also naturally degrade the organic contaminants
or reduce and immobilize heavy metals.Thus, the
drastic reduction of the microbial population can
result in the weakening of the soil's resistence to the
contamination?'72'8 The toxic effect of nanoiron can
disrupt the cell membrane by producing reactive
oxygen compounds causing death of microbial cell.
Nanoiron compounds can also hinder absorption
of nutrients through the cell membrane in microbes
inhibiting their growth?'®22°_ [ron nanocompounds
have not shown to have any effect on the growth of
fungul colonies®?'?22, |t has been studied that the txoic
effect of nanoparticles can be minimized by coating
them with some organic polymers. Studies also have
showed that microorganisms sometimes produce
certain specfic enzymes and polysaccharides to
resist and counter the toxicity of nanoparticle??3224,

Nano-bioremediation

While deciding the best suitable method
for the remediation of contaminated sites various
aspects like efficiency, cost effectivity, complexity,
hazards, availability of resources, time consumed
are carefully analysed and evaluated. It has been
observed that using a single technology for the
remediation of the contaminants may not be that
appropriate for selection. Therefore it is essential
to combine applications of multiple technologies
to overcome the issues related to the application
of a single method??522¢, Nanobioremediation
is one such method using the applications of
physiochemical and biological methods and currently
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it is being highly studied in various contaminated
sites. Nanobioremediation technique first uses
nanomaterials to break the contaminants to a
level favourable to biodegradation and then leads
to biodegradation of the contaminants. For the
nanobioremediation, cleanup of the contaminated
water and land sites is being performed by the
nanoparticles which are bioligicaly synthesized
from phytoextracts or microorganisms. Zero-
valent ironNPs are promising and imperative
means of nanoremediation and have shown
to effectively treat acidic-water contaminated
with heavy-metals by adsorbing the heavy-metal
pollutants on their surface®?”2%, CNTs have also
been proven to be extremely effectual in the
remediation of contaminated water owing to their
exceptional affnity and adsorption-characteristics
towards the pollutant molecules??*2%. The high
thermal and chemical stability of CNTs makes
them an important replacement to activated-carbon
for the removal of different organic and inorganic
contaminations like lead, chromium and zinc.?%"
233 Even though nanoremediation is effective
in mine-water treatment, still there are several
issues related to their toxic effects that need to
be sorted®. Several nano-applications for eco-
remediation are quickly growing from pilot scale to
full scale accomplishment in treating environmentally
demanding chlorinated sites. NanoscaleTiO,, CNTs,
dendrimers, swellable organically-modified silica
(SOMS) and metallo-porphyrinogens and potential
are nanoproducts for remediation of pollutants in
ex-situ or in-situ process®+?%, TiO, nanoparticles
have the potential to remediate a range of chemical
fertilizers, herbicides, insecticides and pesticides
through the process of photo-catalysis and are tested
for ex-situ management of infected ground-water
resources as well*724_ Biologically synthesized NPs
of iron, copper, titanium metals in combination of a
metal-catalyst such as gold, Pt, Pd and nickel,
increase the reaction rate of the redox-reaction.
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Pd NPs have the property of catalyzing the
reduction process of trichloroethene to ethane with no
production of intermediary byproduct, as vinyl chloride.
A parallel metal-glass fusion material, Palladium-
Osorb is successfully tested and used for ex-situ
remediation of chlorinated VOCs.241244_ Silica NPs help
in remediation of lead®>2*, zinc NPs for CS, from air
and nanocrystalline hydroxyl- apatite for removing lead
and cadmium, zerovalent nanoiron, CNTs, fullerenes,
TiO, and ZnO NPs, and bimetallic nano-metals for
remediation of DDT, carbamates, heavy metals like
chromium, lead, arsenic and cadmium from soil?0:251,
Biologically synthesized Iron NPs and Iron-Pd NPs
have shown wider application in treatment of dyes,
hydrocarbons, 2,3,7,8-tetrachlorodibenzo-p dioxin,
pesticides,TCE PCB and Lindane etc using bacterial
metabolism 252254,

CONCLUSION

To conclude, it is very much necessary
for mankind to use the environment sensibly and
sustainably. For that, remediation of contaminated
sites is also an integral part of this sensibility and is
very much necessary. Although nanobioremediation
is an interesting and feasible method for remediation
using applications of nanotechnology, the safety
concerns and health risks associated with their large
scale production and usage are not fully assessed
and managed. Going by the promising results in
degradation of pollutants by biologically synthesized
nanoparticles it has become necessary for the
researchers to find innovative methods for their
synthesis and to further analyze their toxicity and
inhibitory effects on environment and the microbial
population are also recommended.
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