
^ p e ú =
India Chapter 

ISf..6 RllCO Institutional Area. Sitapura, JAIPUR-302 022 (Rajasthan). INDIA 
Phone/Fax: 0141-2770790,92 • E-mail : info@poornima.org 

Website: www pce.poornima.org 

Ke "ncfpaf 
norfa PG Mahila Mahavidyalaya Scanned with CamScanner 

-1.c\ IPUR 

LENOVO



K ú =

.. 

NATIONAL smmNAlt ON INNO\' ,\Tl\'•: cm:1m n:CllNOLOGms f"Oll SUST ̂ f k ^ ä ä r ú =SANITATION, llEALTll & [NYIRONMF.NT 
(IGTsm:.. 2016) ,\l'JUI, ll, 1016 

I GTS I m-16/ It 
l'llYTO-llEl'\·mDJATION- A SUSTAINARl .. E TECllNOLOGV TO REMEDIATE HEAVY 

METAL POLLUTION 

. nuu .Jnln 
Department orDotony, Knnorio PG Mnhilo Mahovidynlnyn, Jaipur, Rojosthnn 

ritumjnccshjnin@gmnil.com 

ABSTRACT 
Urban sprawl nml devclopmc:11 due lo aspirat ion for belier quality of life, lhc pressure for intensive ogricullurc, fasl 
paced imlustrinliznlion anll chaotic nnlhropogenic m:tivitics hns incrc.'.lscd manifold. These have resulted in 
cnvironmcntnl pollution, dcgmdation of Jnnd nnd ccologicnl imbnl:mce. The rnpid urbanization nn<l induslrinli7.ation 
with increasing use vnrious pesticides, micronutrienls, which contain essential metals, nre resulting into discharge of 
number of heavy metals. ä ä N É ú Å = mctnls, not being biodegradable, results in bio11ccum11la1ion in the environment and 
cnuscs toxicity. Removnl of these metals is generally through pltysico-chemical reaction which cuuses generation of 

1 large qu:mlily of sludge. Besides, for low É ç å ú Å å í ê ~ í á ç å = of hcnvy mcluls it is :in economically imprudent method. 
Biuremctli:itiun provides an ahcmate s11stain:.1hlc option for climin:itiox of metal toxicity from the waste exploiting 
<lrgn.nism through;\ )'oriety of procciii;ci;, Phyto-rcmcdintion, o subpart of hiorcmcdialion, uses plants and algae for 
the treatment oflhc ,\·astc. r:or low. to moderate pollutimt conccntrnlion, phyto-rcmcdiation is an energy cnicicnt and 
cost c ITcctive technology which is :ilso ncsthelically plcnsnnt. The process of removal depends on the tnrgct pollutant 
nod the mechanism. 

Kr;rirorrls: /nJu.'itrinliz:Dtion, 1lntliropvgcnic, Em·ironmcnrol pollution, DcsrnJ01io11, DiorcmcJia1io11, Toxicity 

ONTRODUCTION 
Prior to the dawn of imluslriali7..ulion, the 
anthropogenic activities wcrn limited in their i;cope of 
causing pollulion ::ind imbnlancc in ú N Å = ecosystem. 
The !urge sc.'llc imbalance wns often due lo natural 
phenomenon and calamity. With the advent of the 
steam power lnrgc sc:ilc induslrinlizrition look steps 
in early J 9'h cenlaury. With the emphasis on the 
development and increased dcmnnd for the 
consumption anthropogenic activities pul pressure on, 
the m11urnl ecosystem and as a result the, the pressure 
is exerted on limited resources 10 drive the maximum 
benefit. 111is lead to nmplilied mining and 
mctnllurgiclll activities, cm1ss1ons, increased 
utilization of biocidcs and ferti-nutricnls, which 
ndtlcd to Å ä ú î ~ ä á ç å = of metal í ç ú á å ë = lc\•cls of the 
ecosystem (Yoon ct, nl., 2006). The pollution of 
environment with metal contamixation has been 
attributed · to industrial processes including of metal 
fabrication, automobile service, chemical works, 
p:ipcr factories, textile 1r.'lnufocturing. tnnneries, 
along with the chemical ass isted intensive agriculture 
and sites of wusle dumping (Wong. 200J; Freitas cl 
al., 2004). Heavy metal conlaminnlion of soils hns 
become a grave problem in arens of concentrated 
industrial nctivity and ngriculture. 111cre is no 
uniform criterion for defining heavy mclnls, but 
metals and mctnlloids hnving ntomic number grentcr 
than 20 and density more lhan 5 g/cm3 arc included in 
iL Although, these may be essential phyto-nutrienLq, 
these can be poisonous for both flora and fauna even 

ot eoncentmlions which arc significantly low (Rascio 
nml F. Navnri·lno, 2011 ). 
The pollution of the environment with heavy metals 
h:is become a universal problem. It not only impacts 
crop yieltls, soil biomnss anti fc:r1ility, but result into 
bionccumulation of metals in the food chain (Grarao 
cl 111., 2005; Raj kumar ct al., 2009). lliis is largely 
owed to pollution of agricultural soils by ever 
growing application of chemical nutrients and 
fertilizers, culminating in 1:1.sting risk to 
environmental health (MeL:iughlin cl · al., J 999; 
Wong ct al., 2002). Unlike organic pollutants, which 
degrade naturally over a period. heavy metal persist 
in environment for a long period of time nnd arc not 
readily ominblc to degradation naturally or by 
microbial communities (Liu ct. al., 2009). Studies 
have verilicll that increased levels of heavy metals 
mny manifest in impacts on flora anti fauna, 
including birds and mammals which include stunted 
growth, behavioral c!Tects, gcnilnl defonnation, 
nncmia, kidney lesions etc. (Pedersen ct ol, 2006). 
B.csides, th?se heavy metals, by woy of 
b1oaccumulnhon through food chain, pose a 
heightened potential risk to human well being with 
tl1c ë ç á ä J ú ê ç é J hum:in ú ñ é ç ë ì ê Å =route (Liu ct nl, 20 I J ). 
ú É î É ä ç é ã Ö = c?unt:1es requirement for rapid 
improvement 111 infrastructure, agriculture rmd 
population explosion, coupled with deficient 
á ã é ä Å \ N Å å í ú í á ç å = of pollution control systems is 
rcsullmg mto ever increasing in heavy metal 
contamination or soils [Ji ct al., 2000). Heavy metals 
infected sites pose 11 hcaltl1 ht1.Zard to plants nnd 
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:minl.lls n..: Wl'll ns. hum:ms.. 11ms., rcmcilintil'" '"f sud1 
• hc.l\'y lllClll\ )h"l\IUtl'll is prime í y K D è ä ä á ú ä ä ä E D ä ä E = fl'f ä ä ú Ñ y ? f � =

` ä K ? y D ä D D ú â ú N ä = sust:\in:\hility. 

lknmll:Hion l1f llNWY l\INnl 
Alm\'•:tt all. barring. n few dl'nnup lcdmiqucs for sllil 
ú ã ä D á K ä á ~ í á I I å = :w:1il :1hk :in: energy intcm:ivc, 
C\J'l..1nsiw. s.,,il dim1rhini:: :in,l thcn:l\,rc h:wc limited 
:h'\.'cpt:ihility in the ú ~ ä = '''l'fhl. Con\'<'ntion:1l 
''"·hniqu,·s (lf n:media1i1'n C'lf S\lil typical!)' employs 
pncumatk fr.1eturing, S\l lidi í â ú y ä á ç å í ë í ~ Ä á ä á ï í á ç å K =
\'itritk:11i,,11, cxc11\·ntion. f\:'lllO\'al, washing etc. with 
d1cl:11,,rs or ndds lSll-clc mid l'ichtl'I, J 998; Khnn ct 
:\l .• ú l ä ä J í X = Dharg:m1 cl al., 10 I:!). These \';tnnus types 
,,f h\.·:ivy metal n:nm.li:ltion techniques c•m be 
Ç ~ ë K K ú á Ñ ç WÇ = in two primary gn,ups (n) 11hysko-
chcmil:':il ('ti) Dill rcmc<li:ltion 

rhysko-Chcmlcnl Ucmedintlon 
Physico-chcmicnl re1nc:diation means tu use of 
phy!iical nn<l/or chemical methods to 
? D D å í ê ç ä á ú ñ í ê å Å í L ë É é ~ ê ~ í Å = heovy mctnl contamination. 
Thc:-e b.1sically includes 

Rcplnccmcnt, conln\nmc111 and lsolntlon or 
contnminntccl ú ç á ä =
ll1e$C methods include :iddition of large quantity nf 
contaminant free soi l In 1hc con1:1111i11:11t:d :.ilc either 
as cn\·ckip to surface or as blending m:1h:ri:1l. Jn 
gr:l\'C distress situations 1hc con1amin:11cd soil is 
allogcthcr removed ::ind n:pl:1ccd with clc;in soil. Soil 
isolntion refers to techniques such ns piling, curtnin 
etc for isolation of con1amin:m1 infec1cd soil from the 
uncontaminated soil, however, for comprd1ensivc 
n:medintion other auxiliary engim:cring measures nrc 
n.-quin:<l (Zheng ct nl., 2002). 

Elcctrokinclic rcmcdinlion 
TI1is is a rdntivdy new. cconomicnlly effective 
technology based on the creation of direct current 
potential to fom1 the electric lichl gnHJicnt in 
electrolytic tank containing the contaminated soil. 
The potential difference causes electro-migration, 
electric seepage or electrophoresis forcing 
transportation or contnmin:i.nl from contominnted soil 
to the processing chamber of clcctroly1e cells nnd 
resulting inlo reduction in the: contamination. The 
method is more suitable for the soils with low 
pcmleability (J la.nson ct nl., 1992). 

Lench Ing 
The heavy mctnl contaminated soil is leached with 
contaminant selective reagents. The contaminating 
heavy mct::ils nre nlienated from the soil :ind recycled 
from extracting solution. 

Adsoq1tl1111 . 
Allsoq11i,,11 utili7.cs the fnct tlmt n 11111nhcr ç ú = 111e111I 
inns show nninil)' hl lix:11io11 nncl Nì ä ë ç N N ú N N ì å = _hy 
vnri,,us min,·rnl fuund in day (hcntonllc, :t.l·ohtc, 
clc. ), sled slug, 1'11m:1cc shitt. CIC (Wnng 111\ll Zhou, 
:!00-1). 
Olhl·1· minor llll'thods 
l í Ü ú ’ ê = lesser employed physil:o-chcmicnl methods 
include wn . .;hing, llhysh:nl solidilkntion, 
C\'lllpmmding, hc:it lrcnt111c111. chemical nt.lmixing. 
chemical curing.. ccc. 
IUot·l'llll•dln!lon 
llinn:mctlintitltl is the use of natuml 11ml recomhi111111l 
mkromg:inisms. fulll!i. nlgac nml plu111s for the 
ckam111 of c11\'irn11111l'1ttnl pollutnnts. It is ct,11sidcrctl 
ns envirm1111cn1ally friendly, cnsl·effccl ivc nppronch. 
It relics on cnh:mccmcnt in dctoxilicotil'll nnd 
Ul.'!;r:ul111io11 í Ü ê ç ì ú Ü = nccunmlotinn in cell :1nll 1issucs 
or viu tr.msfonn:nion by Clll)'mes of metabolic 
11cti\'ily 10 lesser or cu111plc1cly non-toxic cm11po11mls. 
Biorcmctlialion is primnrily divitkd in two cntcgorics 
Mkrohlnl rcnu:dlntion 
?\licn"'rgnnisms rtd:ipt to its surrounding for survival 
in jg h:1hitat inl"cctcd with mct:1l toxins. through 
different 111cch:misms such ns hiotr.msfl'nnnliun, 
hio11ccu111ul:11io11. biosorption, hiomincr.11iz111ion. etc. 
This utl:lptnticm In c11viro11mc111 can he .gainfully 
111iliscd in h<1lh É y J ú á í ì = :ind i11-sit11 rcm.:d it11 io11 (11crti 
and Cunningham, 2000: Rulkcns cl. nl., 1997; Snit 
ct.al, 1995, J 997). Microbinl rcmcdintion is. 
technique of using these micrcmrgnnism for 
n:duction of toxins through nhsorption, prccipitlltion, 
oxid:ition-rcducti(ln, etc . Vnrious melunolitcs 1111d 
nmino acids cxcrc1ed by fungi repor1cd to net on 
hcnvy metals lhcir resident minerals (Siegel cl nl. 
1986). 

Phylorcnmllnllon 
Some species (lf nlgae nn<l· nlnnts grow on heavy 
metal polluted sites. These ·possess property of 
nccumulntion of these pollutantc; present in soil. The 
dccontnminntion is cnccted by . harvesting ancl 
burning of these plants subject to ripening or 
enrichment level of the contaminants in the plant. 

Phylorcmcdinllon 
The tem1 phytoreme<liation is coine<l from lhc Greek 
"phyto" for "plant" and the i ú í á å ="rcmcdium" for "lo 
heal ng_ain." Ph)1orcmc<li11tion is guining currency as 
on mtegrated economically viable nnd 
Å å î á ê ç å ã Å N ú í å ä ä ó K =sustainable technique for dredging 
ond <letox1fic:ll1on of dredge, waters and soils 
Å ç å í å ã á å å í Å ú = with _heavy mctul pollution (Clayton 
OMú T F K = ú í î Å = important process namely, 
Rluzofiltrntion, phytost11biliz.1tion, phytocxtrnction, 
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11lirt11n1l;,11l 11.,1 illll,mlll phy1111kg1 ;itlntinn cncomrMs 
l'hyh1rc111l·1li;i111111 â Ç ã å ä ç ú [ ’ = (h1l.:k:ir cl nl., 2oor>; 
j ~ ê Q N N á ’ ú =ct :11.. :!()()'); Ch:tncy rl 11/., 11197). 
ä D Ü ú =toc\I r:tctlon 
mÜ ú =tnr\tr.it1L111 which nltcm:irh·clv termed :is 
phyll•:11: ... cu111ul :11ion, is prnhnhlc hcsi rnitnblc way, 
witlwut dl\lurh111g the frrtility and the stniclure of 
!'>11il. li•r i!-11l.1li1in Dll\I removal uf n1nta111in:int); from 
the i>l1il (llSEPA, ú l ä ä ä ä F = 'Ilic technique is more 
cmrlny;1hlc in lhl' ll'lllCJi aliun of dispersedly 
C'<'nt:unin:irnl site h:l\'ini.: soils wilh rclati,·cly less 
n1n1.·cntr.tl111n tlfpol1111i1m E e ì ä â Å å ú =cL :il., 1997). 
mÜ ú =h>c\lr.tclil1n n.·krs 10 rcrnnv:il of pollutants wilh 
s1isl.3in ck:ming of waste waler ur soil urili7.ing plnnl 
pmpcrty l'f :ibs('lrpbon of Å ç å ä ~ ã á å å å í ú = through root 
system and its lrnn.-;portailiun to the lc:ivcs, stem and 
rranchcs. TI1ere 11rc: two prim:iry taclii:s of 
phytt•ntrnclinn fir.;t one exploiting natural ability of 
pl;mt for remediation nm.I ú É Å ç å Ç = induced or nssisled 
c.\tr.icti('ln aided with nrtiticinlly introduced chelating 
Wí ê I É å í K ú =(S:ilt cl.al. 1995, 1997). 
l11c prime factors for camlit.l;itc suitable plant species 
:ire :>hility of rools to suck in high conccnlration of 
he3\')' metals, transloc:ition of these 10 shoot biomass 
:mt.I production of Ä á ç ã ~ ë K ú = in large quantity. Other 
factClrs cfTccting suilabilily of plant for extraction arc 
metal sclcclivity, rate of growth, resilience lo disease 
i.-l c. (Curmingham and Ow, 1996; llnkcr cl. al.. 
199..t ). Recycl ing of the é ç ä ä ì í Wã i ú = can be cOccled by 
recycling ofpollurcd biomass (Brooks cl. 31., 1998). 
mÜ ó í ç ë í ~ Ü á ä á ú ~ ä á ç å =
JI is generally refers to the stabilization of 
contamin::int in soil and primarily employed in 
remediation of dredges and soils (USEPS. 2000; 
Mueller Cl. :ii. 1999). The cmploynhilily of the 
species is decided on the basis of nbility of pl:mt 
roots in restriction of contnrninanl mobility :ind its 
bioa\'ailibilry. TI1c primary mechanism is to reduce 
tl1e rate of percolation, thwart erosion of soil and 
rcstr..1in noxious metal transportation lo 
neig.hhorhood. Plants will1 high density of rooti; 
re.strict erosion and promote soil stabili1 .. 1lion. ll is 
more employable where accelerated immobilization 
is required wit11 preservation of the ground rind 
surface waler qu:i lity. frequent monitoring 
requin:rncn r due to conlnminant slllbilizcc.J in lhc soil, 
without removal, is major constrain I of lhc method. 
Phytodrj!rndation 
Ph)1odc:gr:ic..lation is dissocialion of complc:it 
molecules s-uck up by the plant in simpler products 
which tJ1an nrc ú ä ì ê É Ç = in plant é ~ ê í ú =(Chaudhry cL al., 
1998). In this, metabolic action in pholosynlhcsis 
breakdown, rrnnsform and slahilii'.c lhc cont.1minnn1s 
ac..lsorbcd by é ä ~ å í ú = effecting the reduction of 
contamination in soil nndlor ground water. 

l'f1yln\'C1ln 1 lllzn I Ion 
Phytovol:itili1A1tlon is process wherein the soil 
Å ç å ä å ã á å å å í K ú = ore transfonnt'd inlo \'olntile 
Å ç ã é ç ì å Ç ú =by 1he pl:ints and Å î ~ é ç ú ä ê ~ å ë é á ê Å Ç K = The 
mechanism of this con1amin:m1 transportation nnd 
\'olatili1 .. a1ion occurs nt very moderntc concentration 
(Mueller ct. al., 1999). 
lthllonltrnllon 
The utili1 .. .11ion of dense root m:m of plant for 
filtering, conccnlr.lting and precipitation of 
conlnminnnts in polluted liquid medin is 
Rhi7.ofillrntion. lt can be gainfully employed for the 
partial treatment of sewage, á å Ç ì ú í ê á Wg f = waste w:iter as 
wdl as of mine and agriculture drninage. The 
rhizofiltmtion can aih'antagcously be used in both cx-
situ oncl in-situ applicalions. Dcsidcs, the technique 
has been reported lo promise in containment and 
lrcalmenl of metals like Cd, Zn, Cu, Ni. Pb etc, 
through rctcnlion of these within phmt root zone 
(Mueller cl. al.. 1999; USEPA, 2000). 

Suslnln:ihlc phytorcmcdi:ition 
Ph}1oremcdintion lums out to tx:: \'aluablc for the 
reason lhnt it primarily depends on abundantly 
ovail:iblc solar radial ion fur accelerate remediation 
and preserve chnraetcristics and suucturc of the soil 
(Zhuang ct :ii.. 2007). Bionvai lability and metal 
sequestrat ion potential of the pl:tnt :ire prime faciors 
governing efficacy of phyton:medi011ion. It has been 
observed, more often th:m not, th:it the plants 
promising enhanced capacity of metal extraction 
yield low biomass and show sluggish (Denton, 2007). 
Only a few of plant species :ire found to be beneficial 
for promoting sustainable functional ecosvstcm and 
nrc nlso suitnblc for remediat ion. among í Ü ú =n:iturnlly 
occurring species of plant.. reported from the sites 
which arc contaminated. Family Crucifernc of plant 
kingdom nnd genus Drassica, Alyssums nnd q Ü ä å K K K ú é á =
has accounted for majority of more than 400 plant 
species reported in aiding phytorcmcdiation (Xin ct 
al., 2003). In addition to suitability for 
phytoreincdiation, it is tlcs irublc that lhesc species 
oughl to maintain succession and arc perpetual, witl1 . 
vnluc to the society by yielding products nnd 
services. 
Major body of research has been on the species 
observed lo be in different clim:itic and ecological 
zone. lntroc.Jxcing such species in alien cnvironn,cnl 
hns socio economic issues nml cnvironmenl:il 
challenge. The more sustainable holisti c syslcm for 
phytorcrncdintion of met.al contaminated sites is · 'J 
É ú å é ä ç F D á å Ö =suitable nnh1rolly occurring species which , 
Å N N Ü É ú =hn\'c ú ’ Å ê ó =sparse or nil food chain contact, yet . ... 
11rovHlc soc10-cconomic benefit (like essential oils, r' • 
fuel biomass, biodicsel etc) 
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._ For achieving s11s1:iinablc phytorcmedinlion ii is 
irnpcrnli\'c that locally <wcurring species nf 
m;nh1able cmps like lh1grnn1 plnnls or hinn111ss 
rn1ducing pl:i111s or species having !mcinl nm.I 
cc\1logil·al i111po11ancc :ire employed. The nils <lcrivc<l 
rrom such grown aromatic plants nrc free rrnm risk of 
metal contnminntion (Khnjnnchi cl nl.. 2013 ). 

(9) D.C. /\llrinno. (200 I). Dio:wuilnbilily å ú Ç =Risks 
of l\ktnls. 2nd ed .. Springcr-Vcrlng, Bcrhn 

. .. ' . 

CO:"Cl.USION 
Ph)ion:ml·diation is n fa$l developing licld with 

• initi:11ions nil reported from nil over wmld. In cnsc of 
countries. such :\S lndi:i, which nrc not so developed, 
rhytl'remcJintion is nn economic nnd sustninnblc 
<'plion vis-j-vis conventional lcchniquc of 

' remcdia1ion. Knowledge of suitable plunls in 
phyt0n:mcdin1ion is Jlnrticulnrly limited in India. 
Nnturally occurring perennial plant species with good 

• .mct3l uptake ability, cilhcr fosl growing wilh high 
Ä á ç ã Wá K ú =or with economic producl \'aluc ore required 
for ensuring cm·ironmcntnl, economic nnd socinl 
rustainnbilicy. 
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