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AUSTRACT
Urban spraw] and development due 1o aspinstion for better yuality of life, the pressure for inlensive ogriculture, fost
paced industrialization amd chaotic anthropogenic activities has imcreased monifold. These have resulicd in
environmental pollution, degmdation of land and ecological imbalance. The rapid urbanization and industrialization
with increasing use various pesticides, micronutricnts, which contain essential metals, are resulting into discharge of
number of heavy metals. These metals, not being biodegradable, resulls in bioaccumulation in the environment and
causes toxicity, Removal of these miclals is generally through physico-chemical reaction which causes generation of

"large quantity of sludge, Besides, for Jow concentration of heavy metals it is an economically imprudent method.

Bioremediation provides an altiermate sustainable option for elimination of metal toxicity from the waste exploiting
arganism theough a yariety of processes, Phyto-remediation, o subpan of bioremediation, uses plants and algae for
the treatment of the waste. For low to moderate pollutant concentration, phyto-remedintion is an energy cflicient and
cost cfTective technology which is also acsthetically pleasant, The process of removal depends on the target pollutant

and the mechanism,

Keywerds: Indusiriolization, Anthropogenic, Environmental pollution, Degrodation, Diaremediarion, Toxicity

INTRODUCTION

Prior to the dawn of industrialization, the
anthropopenic activitics were limited in their scope of
causing pollution and imbalance in i ccosystem
The large scake imbalance was oflen due to natural
phenomenon and calamity. With the advent of the
stcam power large scale industrialization took steps
in carly 19 centaury. With the emphasis on the
development and  increased demand  for  the
consumption anthropogenic sctivilics put pressure on
the naturol ecosystem and as o result 1be, the pressure
is exerted on limited resources to drive e maximum
benefit. This lead o omplified mining and
metallurgicnl  octivitics,  cmissions,  increased
wtilization of biocides and ferti-nutrients, which
added to elevation of metal toxins Jevels of the
ccosysiem (Yoon ot al, 2006). The pollution of
eovironment with metal contamixation has been
altributed to industrial processes including of metal
fabrication. swtomobile service, chemical works,
paper factorics, textile manufocluring, lannerics,
along with the chemical assisted intensive agriculiure
and sitcs of waste dumping (Wong, 2003; Freitas ot
al., 2004). Heavy metal contamination of so:ls has
become o grave problem in areas of concentrated
industrial activily and agnculture. There is no
uniform criterion for defining heavy metals, but
metals and metalloids having atomic numbcr greater
than 20 ond densily more than 5 gfem® are incladed in
it. Although, these may be essential phyto-nutricnts,
these can be poisopous for both flora and fauna cven
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at concentrations which are significantly low (Rascio
and F. Navari-lzzo, 2011)

The pollution of the environment with heavy metals
has become o universal problem. It not only impacts
crop yields, soil tiomoss and fertility, but result into
bioaccumulation of metals in the food chain (Gratao
ct al., 2008; Raj kumar ct al., 2009). This is largely
owed to pollution of agricultural soils by ever
growing applicalion of chemical notricnts  and
fertilizers, culminating i lasting  nsk  to
eaviropmental health (McLaoghlin et ol, 1999;
Wong ct al., 2002). Unlike organic pollutants, which
degrade naturally over a period, heavy metal persist
in environment for o long period of time and are not
readily amiable to degradation moturally or by
nucrobial communitics (Liu et al., 2009). Stedics
have verified that increased levels of heavy metals
may manifest in impacts on flore and fauna,
including birds and mammals which include stunted
growth, behavioral cffects, genital deformation,
anemia, kidney lesions cle. (Pedersen ot al, 2006).
Besides, these  heavy  metals, by
bicaccumulation through  food  chain, pose o
hcig!n{cned potential risk 1o human well being with
the sml-c:rop- human cxposure route (Liu et o), 201 1.
!)c\-clopmg counirics  requirement  for  rapid
improvement in infrastructure, agriculture nnd
populalion _explosion, coupled with  deficient
nmplc!ncnlahon of pollution control systems is
resulling into ever increasing in heavy metal
tontamination of soils {Ji ct al,, 2000]. Heavy metals
infected sites pose a health hozard fo plants and

.
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_rauimls as well as humans, Thus, remediation of such
- heavy metal polluted i5 prime requiremient far agro-
- evological sustainability,

- Remediation of Heavy Metal
~ Almost all, barving a fow cleanup techniues for soll
remediation  available  are  enemy  intensive,
evpansive, soil disturbing and therefore have lmited
acceptability in the mal  worhl  Conventional
wvhniques of remediation of soil typivally employs
prsumate  fracturing,  solidification’stabilization,
vitrification, excavation, removal, washing cic. with
chelators or acids (Stecle amd Pichiel, 199%; Khon ot
al., 2004; Bhargava et al,, 2012). These vanous 1ypes
of heavy metal remadiation teclmigues con be
classificd i two pomary groups (8) Physico-

chemical (b) Bio remedistion

Physico-Chemical Remediation

Physico-chemical nemediation means to use of
phasical  andlor  chemical methods o

comrol extrcUseparate heavy metal contamination.
These basically includes
Replacement, contalnment and  Isolatlon  of
contaminated soll

These methods include addition of large quontity of
contaminant free soil to the comaminated site eithes
as cavelop 10 surface or as blending material, In
grave distress situstions the contaminated soil is
altogether remaoved and replaced with clean soil. Soil
isolation refers to techniques such as piling, curtain
ete for isolation of contaminan! infected soil from the
uncontaminated soil, however, for comprehensive
remediation other auxiliary engincering measures are

required (Zheng et al., 2002).
3 Electrokinetic remediation
! This is o relatively new, cconomically effective

technology based on the creation of direct current
potential 1o form the electric field gradient in
electrolytic tank containing the contaminated soil,
The potential difference causes clectro-migration,
electric  scepage  or  clectrophoresis  forcing
transportation of contaminant from contaminated soil
to the processing chamber of electrolyte cells and
resulting into reduction in the conlaminstion. The
method is more suitable for the soils with low
permeability (Hanson et al,, 1992).

Leaching

The heavy metal contaminated soil is Jeached with
contaminant selective reagents. The contaminating
heavy metals are alienated from the soil and recycled
from extracting solution.
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Adsorption
Adsomption wtilizes the fact that o nomber of mctal
ions show allinity to fixation and adsorption by
various mineral found in clay (bemonite, zeolite,
eie.), steel slag, fumace shayg, cic (Wang and Zhow,
200:).
Other minor methods
Other bessee employed physico-chemical methods
include  washing,  physical  solidification,
componnding, heat treatment, chemical admixing,
chemical curing, etc.
Bioremediation
Dioremediation is the use of natural and recombinant
microorganisms, fungi, algae and planis for the
cleanup of environmental pollutanis. It is considered
s environmentally fricadly, cost-eliective approach.
N relies on cobancement in detoxification  and
degradation through accomulation in cell and tissues
or via transformation by enzymws of metabolic
activity 1o desser or completely non-toxic compomnds.
Bioremediation is primarily divided in two calegories
Microbial remediation

. Microorganisms adapt to its suerounding for survival
in its habitat infected with metal toxing, through
different mechanisms such as  biotransfonmation,
bioaccumlation, bosorption, biomineralization, etc.
This adaptation to eovironment cm be gainfully
wtidisedd in both ex-sit and inesito remediation (Berti
and Cunningham, 2000; Rulkens et al., 1997, Sal
ctal, 1995, 1997). Mirobial remediation s
technique  of using these  microorganiss  for
reduction of toxins through absomtion, precipitstion,
oxidation-reduction, ele . Various metabolites and
amino acids excreted by fungi reported to act on
I‘\;;\(?)r metals their resident minerals (Siegel ot al,

Phytoremediation

Some species of algae and plonts grow on heavy
metal polluted sites. These possess property of
accumulation of these pollutants present in soil, The
decontamiination is eflfected by barvesting and
buming of these plants subject to ripening or
carichment level of the confaminants in the plant.

Phytoremedintion

The term phytoremediation is coined from the Greek
“phyto” for “plant” and the Latin “remedium™ for “to
heal ng‘ain." Phytoremediation is gaining currency as
on lmn:'eyd ec:::'?imlly vioble and
environmentally sustai techni ' i
and dgtoxiﬁution of dnd;:,’m &me::“m?dmxg
contaminaled with heavy metal pollution (Clayten
2097). Five  imporiant  process namely
Rhizofilirtion, phytostabilization, phytoextraction,
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Phytosolatihzaton,and phytadepradation CRCOmMPIsY
Phytoremedsation tevhaology (Falekar et al, 2009;
Margues et al , 2009, Chaney et al, 1997).
Phytocvtraction
Phyioeattation  which  altecrnatively  tenmed  as
phyteaccurmlanon, is probable best suitable way,
without disturtung the fertility and the structure of
soal, for isolation and removal of contaminants from
the sl (USEPA, 2000) The technique 1s more
cmployable in the remediation  of dispersedly
comaminated site having suils with relatively less
concentralion of pollution (Rulkens et al., 1997),
Plhateesteaction refers 10 remeval of pollutants with
sustain cleaning of waste walcr or soil wilizing plant
property of absorphion of contaminants through root
system and its transpoctaition 10 the leaves, siem and
branches. There mre two  primary  laclics of
phytecinaction first one exploiting natural ability of
plant for remediation and second induced of assisted
extraction aided with astificially introduced chelating
agents (Salt ct.al, 1995, 1997).
The prime factors for candidate suitahle plant specics
arc ability of roots 1o suck in high concentration of
heavy metals, transtocation of these to shoot bivmass
and production of biomass in large quantity. Other
factors effecting suitability of plant for extraction are
metal seleciivity, mte of growth, resilience to disease
cie. (Conmmpeham and Ow, 199, Baker e al,
1994). Recyeling of the pollutants can be effecied by
recycling of polluted biomass (Brooks ct. al., 1998).
Phytostabilisation
It s generally refers to the stabilization of
contsminant in soil and primarily cmployed in
remedistion of dredpes and soils (USEPS, 2000;
Mucller ¢t. al. 1999). The employability of the
species is decided on the basis of ability of plant
roots in restnclion of contaminant mobility and its
bioavailibilty. The primary mechanism is 1o reduce
the rate of percolation, thwart crosion of soil and
restrin - noxious  metal  tmosportation (o
neighborhood. Plants with high density of roats
restrict crosion and promole soil stabilization, It is
more employable where accelerated immobilization
is required with preservation of the ground and
surface  water  quality.  Froquent  monitoring
requirement due to contaminant stabilized in the soil,
without removal, is major constraint of the method,
Phytodegradation .
Phytodegradation  is  dissocialion of  complex
molecules suck up by the plant in simpler products
which than are stored in plant parts (Chaudhry et al,,
199%). In this, metabolic action in photosynihesis
breakdown, transform and stahilize the contaminanis
adsorbed by plants effecting the reduction of
contamination in soil and/or ground water,
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Phytovolatilization

Phytovolatilization s process whercin the soil
comlaminants  ate  transformed  inlo  volalile
compounds by the plants ond cvapo-transpired. The
mechanism of this contaminant transportation and
volatilization occurs ot very moderate concentration
(Muelicr e, al,, 1999)

Rhizofiltration

The utilization of densc root mass of plant for
filtering, concentrating and  precipitation  of
conlaminants  in  polluled liquid media s
Rhizofiliration. It can be painfully employed for the
partial (reatment of sewage, industrial waste water as
well as of mine and agriculture drainage. The
rhizofiltration can advantageously be used in both ex-
situ and in-situ applications. Besides, the techaigque
has been reported to promise in containment and
treatment of metals like Cd, Zn, Cu. Ni, Pb eclc,
through retention of these within plant root zone
(Mueller et al., 1999, USEFA, 2000).

Sustainable phytoremediation

Phytoremediation tums oot 1o be valuable for the
reason that 3t primarly depends on abundantly
available solar radintion for accelerate remediation
and preserve charactenistics and structure of the soil
(Zhwang <t al. 2007), Bioavailability and meial
sequestration potentinl of the plant are prime factors
goveming efficacy of phytoremediation. It has been
obscrved, more ofien than not, that the plants
promising cnhanced copacity of metal extraction
yield low biomass and show sluggish (Denton, 2007).
Only a few of plant species arc found 10 be benelicial
for promoting sustainable functional ccosystem and
arc also suitable for remediation, among the naturally
occurring species of plant, reporied from the siles
which are contaminated. Family Cruciferne of plam
kingdom and genus Drassica, Alyssums and Thiaspi
has accounicd for majority of more than 400 phant
specics reported in aiding phytoremediation (Xin et
al, 2003). In additon fo suitability for
phytoremediation, it is desimble that these species
ought to maintain succession and arc perpetual, with -
valo; to the socicty by yielding products ond
services,

Major body of rescarch has been on the species
observed to be in different climatic and ceological
zone. Introdxcing such specics in alien environment
has socio economic issues and  environmental
challeage. The more sustainable bolistic system for |
phytoremcdiation of metal contaminated sites is
employing suitable maturally occurring species which
cither have very sparse or nil food chain contact, yet

provide socio-cconomic beaefit (like essential oils, , *

fuel biomass, biodicse! ctc)
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o For achicving sustainable phytoremediation it is
impertive  that locally  ocenming  species  of
L morketable crops Nike fragrant plants or biomass
o producing  plants or species  having  social and
eeological impontance are employed. The oils denved
« from such grown aromatic plants are free frons risk of
 metal contamination (Khajanchi ¢t al,, 2013).
- CONCLUSION

© Phvioressediation i o fast developing field with
initiations all reporied from all over warld. In case of
~ countrics, such as India, which are not so developed,

Mytoremediation 18 an economic aml sustainable

option  vis-d-vis  conventional  technique  of
- remaodiation.  Knowledge of suvitable plants in
phyvtoremediation s particularly limited in India.
Naturally occurning perennial plant species with good
+ metal uptake ability, cither fast growing with high
. biomass or with economic product value are required
for cnsuning covironmental, economic and social
. sustainability.
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