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lkjka'k %

c<+rh tula[;k gsrq —f"k mit dh fujUrj c<+ jgh ekaxksa dks iwjk djus ds fy,] vkS|ksxhdj.k] 
'kgjhdj.k us urhtru nqHkkZX;o'k çR;sd lalkèku esa fo"kkä inkFkZ mRiUu rFkk eqä fd;s gSaA fo"kkä ,oa 
çnwf"kr ty ds tSo&mipkj.k ds fy, tSo 'kks"k.k dks vR;fèkd çHkkoh] dq'ky] vkÆFkd :i ls O;ogkfjd  
vkSj i;kZoj.k ds vuqdwy i)fr ekuk x;k gSA orZeku vè;;u esa èkfu;k ¼Coriander sativum½] esaFkk 
¼Mentha piperita½ vkSj xsgwa&?kkl ¼Thinopyrum intermedium½ dks budh mPp èkkrq ckè;dkjh {kerk ds 
dkj.k bu ls mipkfjr ikuh esa Øksfe;e (Cr)] eSaxuht (Mn)] dksckYV (Co)] fudy (Ni)] rkack (Cu)] 
tLrk (Zn)] dSMfe;e (Cd) vkSj lhlk (Pb) dh ek=k dk vkadyu djus ds fy, vkÃlhih&,e,l 
¼ekl LisDVªksLdksih@MASS-SPECTROSCOPY½ rduhd ds }kjk çR;sd dh nks fHkUu ek=kvksa ¼0-1 
xzke vkSj 1-0 xzke ½ ds lkFk ç;ksx fd;k x;k gSA Hkkjh èkkrqvksa ds çfr'kr vo'kks"k.k dk vuqØe.k 
èkfu;k }kjk Mn>Co>Cr>Zn>Cd>Ni>Cu] esaFkk }kjk Mn>Ni>Pb>Cu>Co>Cd>Zn vkSj xsgwa&?kkl  
}kjk Mn>Cr>Zn>Co>Cd>Ni ik;k x;kA orZeku vè;;u ls ;g fu"d"kZ fudyrk gS fd iknidhysVlZ 
dh dkSu&lh çHkkoh ek=k iknimipkjhdj.k rduhd ds :i esa ykxw dh tk ldrh gSA

Abstract: 
To meet the ever increasing demands of agricultural produce for growing human population, 

consequent industrialization, urbanization have led to unfortunate generation and release of 
toxicants in every resource. For bioremediation of contaminated waters, biosorption is proved to be 
highly effective, efficient, economically viable and environmental friendly methodology. Owing 
to their high metal binding capacity, present studies were carried to investigate the Chromium 
(Cr), Manganese (Mn), Cobalt (Co), Nickle (Ni), Copper (Cu), Zinc (Zn), Cadmium (Cd) and 
Lead (Pb) contents in waters treated with two doses of each of coriander (Coriander sativum), 
peppermint (Mentha piperita) and wheatgrass (Thinopyrum intermedium) by employing ICP&MS 
(Mass Spectroscopy). Percentage absorption of heavy metals by coriander followed the trend 
Mn>Co>Cr>Zn>Cd>Ni>Cu, for peppermint Mn>Ni>Pb>Cu>Co>Cr>Cd>Zn and for wheatgrass 
Mn>Cr>Zn>Co>Cd> Ni. The study also concluded an effective dose of phyto-chelators for 
implementing it as an integrated phytoremediation technology.

eq[; 'kCn % tSo ek=k] tSo mipkj] tSo 'kks"k.k] Hkkjh èkkrq] iknimipkjhdj.k] iknidhysVjA
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1-	 çLrkouk %

[kk| J`a[kyk ds çR;sd iks"k.k Lrj ij Hkkjh 
èkkrqvksa dk ikuh esa tSo lap; gksrk gS ftlls ty 
lanwf"kr gks tkrk gSA ikuh esa c<rh gqÃ Hkkjh èkkrq 
dh ek=k] nqfu;k Hkj ds i;kZoj.k ds fy, ,d 
vke [krjk cu pqdh  gSA;g Hkkjh èkkrq lanw"k.k] 
[kk| J`a[kyk ds 'kh"kZ ij fo|eku lewph ekuo 
tkfr ds fy, LokLF; lEcafèkr gkfu mRiUu djrk 
gSA ;g çnw"k.k çk—frd vkSj ekuotfur lzksrksa ls 
iSnk gks ldrk gSA ekuotfur lzksrksa ls mRiUu 
çnw"k.k] vfèkd egRoiw.kZ gS vkSj Çprk dk eq[; 
fo"k; gSA ekuotfur lanw"k.k dÃ dkj.kksa ls gks 
ldrk gS tSls fd [kuu] vkS|ksfxd xfrfofèk;k¡] 
;krk;kr] jklk;fud moZjdksa dk vaèkkèkqaèk vkSj 
vi;kZIr mi;ksx vkSj dhpM+ ey dk la'kksèkuA 
orZeku ty&'kqf)dj.k {kerk;sa i;kZIr ugÈ gSa rFkk 
dsoy 60% vkS|ksfxd vif'k"V ty dk mipkj 
fd;k tkrk gS tcfd 26% ?kjsyw vif'k"V ty dk 
mipkj fd;k tkrk gS ¼1½A Hkkjh èkkrq tSls dSMfe;e 
(Cd)] rkack (Cu)] lhlk (Pb)] ikjk (Hg)] fudy 
(Ni) vkSj tLrk (Zn) çeq[k Hkkjh èkkrq gSa tks 
çnw"kd ekus x, gSa vkSj tks vU; thou :iksa ds 
fy, Hkh [krjk iSnk dj ldrs gSaA vklsZfud (As)] 
lhlk (Pb)] dSMfe;e (Cd) vkSj ikjk (Hg) tSls 
rRoksa dk vfr lw{eLrj esa Hkh 'kjhj esa ços'k djuk 
vlqjf{kr ekuk x;k gSA ekuo 'kjhj esa bu Hkkjh 
èkkrqvksa dh vko';drk ugÈ gS]ysfdu i;kZoj.k esa 
budh c<+rh gqÃ lkaærk gekjh Çprk dk çeq[k 
fo"k; cu pqdk gSA buds dSalj dkjd xq.kksa] tSo 
lap; ,oa tSo voØe.k uk gks ikus ds dkj.k 
budk ekuo LokLF; ij foijhr çHkko iM+rk tk 
jgk gSA 'kjhj esa Hkkjh èkkrqvksa dh vR;fèkd ek=k 
ls ls'ySf"ed tyu ¼mucosal irritation½] O;kid 
dksf'kdk {kfr ¼extensive cell damage½] ;—r vkSj 

xqnsZ ds ifjxfyr ifjorZu ¼necrotic changes½] 
dsaæh; raf=dk ra= dh leL;k;sa] volkn vkSj isV o 
vkar dh tyu tSlh leL;k;sa mRiUu gks ldrÈ gSaA 

vius vR;fèkd fo"kSys xq.kksa ds fy, tkuh tkus 
okyh ;g Hkkjh èkkrq,a tyh; ikfjfLFkfrd ra= ds 
fy, ,d v–'; ysfdu xaHkhj [krjk iSnk djrh gSaA 
Hkkjh èkkrqvksa esa viuh vyx ?kqyu'khyrk dh {kerk  
gksrh gS] ysfdu ;g ikSèkksa }kjk lafpr dh tk ldrh 
gS ¼2½A lfCt;ksa vkSj Qlyksa esa Hkkjh èkkrqvksa dk 
lap; u dsoy ,d cM+s [krjs dk dkj.k cu ldrk 
gS] cfYd dqN fof'k"V ikSèkksa dh çtkfr;ksa dk [ksrh 
esa ç;ksx dj ds feVVh ls Hkkjh èkkrqvksa dks gVkus 
dh laHkkouk Hkh n'kkZrk gS ¼3½A bl rduhd dks 
ikni mipkjhdj.k ¼phyto-remediation½ ds uke 
ls tkuk tkrk gSA ikni mipkjhdj.k nwf"kr feêh 
dk fo"kgj.k djus ds fy, ,d çHkkoh rduhd gSA 
ç—fr esa nwf"kr ty ls fo"kkä èkkrqvksa dk viektZu 
djus dh vPNh {kerk gSA 

i;kZoj.k esa mudk fo?kVu] vkSj lap; çR;{k ;k 
vçR;{k ekuo xfrfofèk;ksa dk gh ifj.kke gS ftlesa 
c<+rk gqvk vkS|ksfxdhdj.k vkSj 'kgjhdj.k çeq[k gSa 
¼4½A Mn, Cu, Zn, Co, Mo vkSj Fe dh vR;fèkd 
ek=k dks fo"kkä ekuk tkrk gS o mudk tSo lap;] 
yEcs le; rd pyus okyh chekfj;ksa vkSj ekSr 
dk çeq[k dkj.k Hkh curk gS ¼5½A vif'k"V ty 
dks fcuk mipkj.k fd;s ÇlpkÃ gsrq mi;ksx ugÈ 
djuk pkfg, ,oa [kk| J`a[kyk esa Hkkjh èkkrqvksa dh 
fu;fer fuxjkuh djuh pkfg, ¼6½A vif'k"V ty 
ls Hkkjh èkkrqvksa  dks gVkus ds rjhdksa dks fodflr 
djuk] i;kZoj.k oSKkfudksa dk egRoiw.kZ m)s'; gS 
¼7½A egaxh 'kqf) fu"d"kZ.k çfØ;kvksa ds gkfudkjd 
çHkkoksa dks è;ku esa j[krs gq,] ,d oSdfYid  
i)fr dks viuk;k tkuk pkfg, ftlesa de ykxr] 
jklk;fud vkSj tSfod dhpM+ ds U;wure mRiknu 
ds lkFk mPp n{krk gksA fofHkUu tSfod lkexzh 
dh èkkrq ckè;dkjh {kerkvksa dk mi;ksx djds 
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tgjhys èkkrqvksa dks vif'k"V ty ls fudkyus dh 
rduhd dks tSo'kks"k.k ¼Biosorption½ dgrs gS ¼8½A 
blfy, tSo'kks"k.k èkkrq ds vk;uksa dks nwf"kr feJ.k 
ls fudkyus esa cgqr çHkkoh lkfcr gksrk gSA okLro 
esa tSo 'kks"k.k dks gh ikni mipkjhdj.k ¼phyto 
remediation½ dk nwljk :i ekuk tkrk gSA 

jkst+ejkZ dh ft+Unxh esa èkfu;k] esaFkk vkSj 
xsgwa&?kkl fu;fer :i ls gj jlksÃ esa ik, tkrs 
gSaA bUgsa nqfu;k ds dÃ fgLlksa esa vklkuh ls mxk;k 
tk ldrk gS vkSj çHkkoh :i ls tSo 'kks"k.k lkexzh 
cukus ds fy, cM+h ek=k esa miyCèk Hkh djk;k 
tk ldrk gSA dkcksZfDtfyd lewgksa ¼carboxylic 
groups½ vkSj fyXukslsyqyksfld ¼Ligno-cellulosic½ 
vkfn  rRoksa ls Hkjiwj gksus dh otg ls bu —f"k 
vif'k"Vksa esa èkkrqvksa ds vo'kks"k.k dh {kerk gksrh 
gS ¼9]10½A bu ;kSfxdksa ls Hkjiwj èkfu;k] esaFkk vkSj 
xsgwa&?kkl dks orZeku 'kksèk dk;Z es bLrseky fd;k 
x;kA mudh èkkrq lap; esa n{krk dk vkdyu 
nwf"kr ikuh ls fo"kkä Hkkjh èkkrqvksa dks gVkus ds 
fy, fd;k x;kA èkfu;k] esaFkk vkSj xsgwa&?kkl çR;sd 
dh nks fHkUu ek=kvksa 0-1 xzke vkSj 1-0 xzke }kjk 
mipkfjr ikuh esa Øksfe;e (Cr)] eSaxuht (Mn)] 
dksckYV (Co)] fudy (Ni)] rkack (Cu)] tLrk 
(Zn)] dSMfe;e (Cd) vkSj lhlk (Pb) dh ek=k 
dk vkadyu fd;k x;kA ;s lHkh iknidhysVj 
¼phyochelators½ vklkuh ls miyCèk gSa vkSj dÃ 
yksxksa dks bUgsa mxkus dk vuqHko gksrk gSA fo'ks"k 
ckr ;g gS fd ;g nSfud vkèkkj ij ?kjksa  es 
bLrseky Hkh fd;s tkrs gSaA

2-	 lkexzh vkSj fØ;kfofèk %

iwjh çfØ;k dks pkj pj.kksa esa foHkkftr fd;k 
x;k% ¼1½ ikSèkksa dks mxkuk ¼2½ tSo ek=k ds ikmMj 
dh rS;kjh] ¼3½ nwf"kr ikuh ds uewuksa ds ijh{k.k dh 
rS;kjh vkSj ¼4½ okLrfod ç;ksxA

2-1 ikSèkksa dks mxkuk%

xsgwa&?kkl ds chtksa dks Nyuh esa Mky dj lkQ+ 
ikuh ls èkks;k x;kA bl çfØ;k esa dhVuk'kd& 
eqä chtksa  dk ç;ksx fd;k x;k FkkA chtksa 
dks fHkxksus ds fy, lkQ+ ikuh mi;ksx fd;kA  
fHkxksus ls vadqj.k dh çfØ;k vklkuh ls gks 
tkrh gSA  tSfod [kkn dh nks ls rhu bap 
eksrh ijr dks Vªs ds vanj fcNk dj] dqN nwjh 
ij bu chtksa dks cks;k x;kA chtksa dk jksi.k 
leku :i ls vkSj gyds ikuh ds fNM+dko ds 
lkFk fd;k x;kA  chtksa ds vadqj.k gksus rd Vªs 
dks gyds flä v[kckjksa dh ijr ls <d fn;k 
x;k Fkk rkfd vanj ueh jg ldsA  vadqj.k 
ds ckn xsgwa &?kkl dks 9 ls 10 fnuksa ds le; 
ij dkV fy;k x;k FkkA èkfu;k Hkh blh rjg 
chtksa ls mxk;k x;k Fkk tcfd esaFkk dks mxkus 
ds fy, rus dks dkV dj bLrseky fd;k x;kA 
tM+ksa ds lkFk vadqfjr ikSèkksa dks12&13 fnuksa 
rd mxkus ds ckn mudh dVkÃ dh xÃA

2-2 tSo ek=k dk ikmMj cukuk%

èkfu;k] esaFkk vkSj xsgwa ?kkl dks tSfod feVVh 
esa mxkus ds ckn bldks èkkrq eqä ikuh ls 
lÈpk x;kA bu lc tSo ek=k dks c<+ tkus ij 
dkVk x;kA dVkÃ ds ckn bls fovk;uh—r 
¼deionized½ ty ls vPNh çdkj ls èkks;k 
x;kA fQj bls 60 fMxzh lsfYl;l (oC) ij 2 
ls 4 ?kaVs ds fy, vksou esa lq[kk;k x;kA lw[kus 
ij çkIr buds ikmMj dks tSo 'kks"k.k lkexzh 
ds :i esa mi;ksx djus ds fy, bUgsa vyx 
vyx laxzghr dj fy;k x;k FkkA

2-3 Hkkjh èkkrq ifj{k.k ds fy, ?kksy dh rS;kjh%

fo'ys"k.kkRed Js.kh ds fuEufyf[kr jlk;uksa dk 
mi;ksx ?kksy cukus esa fd;k x;k] K2Cr2O7, 
MnSO4, CoSO4.7H2O, NiSO4.7H2O, 
CuSO4.7H2O, ZnSO4.7H2O, Zn 
(CH3COO)2.2H2O, Cd (NO3) 2.4H2O   vkSj 
Pb(C2H3O2)2 A
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 bu jlk;uksa dks Øe'k% Øksfe;e (Cr)] eSaxuht 
(Mn)] dksckYV (Co)] fudy (Ni)] rkack (Cu)] 
tLrk (Zn)] dSMfe;e (Cd) vkSj lhlk (Pb) 
çkIr djus ds fy, vklqr ty esa ?kksyk x;kA 
bl çdkj rS;kj èkkrq;qä ?kksyksa dk mi;ksx 
tSo ek=k ds }kjk tSo 'kks"k.k dh {kerk dks 
tkuus ds fy, fofHkUu ç;ksxksa esa fd;k x;k 
¼11½A ?kksy dh lkaærk dk ewY;kadu vkÃlhih 
,e,l ¼ICP-MS½ rduhd }kjk fd;kA 

2-4 okLrfod ç;ksx%

tSo ek=k dk Hkkjh èkkrq ds ikuh ds ?kksy 
ds lkFk Å"ek;u 30 fMxzh lsfYl;l (oC) 
rkieku ij 6 ?kaVs ds fy, fd;k x;kA fQj 
bls eè;e vkdkj ds fQYVj isij ¼Whatman 
Paper 125 feeh Ø½ vkSj var esa 0-22 ekbØksu 
flÇjt fQYVj ¼Syringe Filter½ ds ekè;e ls 
Nkuk x;kA vkÃlhih&,e,l eki] Lopkfyr 
DokMªksiksy ,fxysaV 7900 vkÃlhih&,e,l 
¼automated quadrupole Agilent 7900 ICP-
MS½ ds mi;ksx }kjk fd;k x;k FkkA midj.k 
dk buiqV oksYVst 200&240 oksYV] 30 ,fEi;j 
vkSj 50@60 gV~tZ ij j[kk x;kA BUMs ikuh 
dk çokg 5 yhVj çfr feuV] rkieku 15&40 
fMxzh lsfYl;l (oC) vkSj ncko 230&400 
fdyks ikLdy ¼KPa½ cuk dj j[kk FkkA 10&12 
feyhyhVj çfr feuV lgk;d xSl çokg] 20 
yhVj çfr feuV 'khryd xSl dk çokg vkSj 
0-2 feyhyhVj çfr feuV dk uscqykbtj çokg 
cuk, j[kk x;k FkkA va'kkadu ¼Calibration½ 
ds fy,] 10] 50] 100] 250] 500] 1000] 1500 
vkSj 2000 ihihch ¼ppb½ ds ekud feJ.k rS;kj 
fd, x, FksA lHkh feJ.kksa dh rS;kjh ds fy, 
fovk;uh—r ¼deionized½ ikuh dk mi;ksx 
fd;k x;k FkkA lHkh feJ.kksa dh rS;kjh ds fy, 
mi;ksx fd, tkus okys inkFkZ mPp fo'ys"k.
kkRed 'kq)rk ds FksA lHkh uewuksa dks vidsafæ= 

¼centrifuge½] fuLianu ¼filter½ fd;k x;k vkSj 
vkÃ lh ih 'khf'k;ksa esa LFkkukarfjr fd;k x;kA 
blds mijkar vkÃ lh ih&,e ,l rduhd 
}kjk budks pyk;k x;kA lehdj.k ds fy, 
fuEufyf[kr x.kuk dk mi;ksx fd;k x;k Fkk%

100& ¼Ce / Ck x 100½ ¾ X

tgk¡] Ce dh x.kuk ekè; çk;ksfxd èkkrq lkaærk 
¼mean experimental metal concentration½ 
¼tSo ek=k mipkj ds ckn ICP ds ekè;e 
ls fuèkkZfjr½ gS] Ck tSo ek=k tksM+ ds fcuk 
Kkr èkkrq ,dkxzrk gS ¼èkkrq fu;a=.k uewuksa esa 
fuèkkZfjr ewY; ls esy [kkrh gS½ vkSj X fudkys 
x, èkkrq dk çfr'kr gSArRoksa ds chp lacaèk 
dk vkdyu djus vkSj rRo mRFkku çfØ;k 
esa csgrj var–Zf"V nsus ds fy, çk;ksfxd MsVk 
ij lglacaèk fo'ys"k.k ¼Correlation analysis½ 
ykxw fd;k x;k FkkA

3-	 ifj.kke vkSj ifjppkZ % 

bl vè;;u esa èkfu;k] esaFkk vkSj xsgwa ?kkl 
ds tSo ek=k }kjk Øksfe;e (Cr)] eSaxuht (Mn)] 
dksckYV (Co)] fudy (Ni)] rkack (Cu)] tLrk 
(Zn)] dSMfe;e (Cd) vkSj lhlk (Pb) dk tSo 
'kks"k.k fd;k x;kA èkkrq vk;uksa ds fy, bu rhu 
tM+h cwfV;ksa ds tSo ek=k dh ckè;dkjh {kerk 
dks dkcksZfDtfyd ,flM lewgksa (COOH) vkSj 
gkbMª‚fDly lewgksa (OH) dh mPp ek=k dh 
mifLFkfr ds fy, ftEesnkj Bgjk;k tkrk gS] tgka 
ls ;g èkkrq gkbMªkstu vk;u fofue; dj ldrs gSaA 
ifj.kkeksa ls ;g Li"V gS fd çR;sd ikSèks ds 1-0 xzke 
tSo ek=k ls foy;u ls fo"kkä rRoksa dks gVkus dk 
çfr'kr mlh ikSèks ds 0-1 xzke dh rqyuk esa dkQh 
vfèkd gS] ftlls ladsr feyrk gS fd foy;u esa 
fo"kSys rRoksa dh leku lkaærk ¼5 ihih,e½ dks gVkus 
ds fy, 0-1 xzke ls vfèkd mfpr ek=k 1-0 xzke gS 
¼fp= 1&4½A 
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lHkh vkB fo"kkä rRoksa ds fy, vkSlr eku 
fp=& 4 esa çLrqr fd, x, gSaA Cr dh ek=k 
xsgwa&?kkl esa 76-4% ,oa èkfu;k vkSj esaFkk esa 33% 
vkSj 6% çkIr gqÃA vr% Cr vo'kks"k.k ds fy, 
xsgwa&?kkl dh mPpre n{krk dh iqf"V gksrh gSA Mn 
ds fy,] lcls vfèkd ek=k xsgwa&?kkl ¼99-5%½ esa 
ikÃ xÃA èkfu;k ¼69%½ vkSj esaFkk ¼20%½ esa bldh 
ek=k de çkIr gqÃA vr% Mn vo'kks"k.k ds fy, 
Hkh xsgwa&?kkl dh mPpre n{krk dh iqf"V gksrh gSA 
Co ds vo'kks"k.k ds fy,] xsgwa ?kkl ¼45-9%½ dks] 
èkfu;k ¼43%½ vkSj esaFkk ¼9-3%½ dh rqyuk esa lcls 
vfèkd dq'ky ik;k x;kA Ni ds vo'kks"k.k ds fy,] 
esaFkk ¼15-9%½ vkSj èkfu;k ¼10-6%½ dh rqyuk esa] 
xsgwa ?kkl dks lcls çHkkoh ¼28-7%½ ik;k x;kA Cu 
vo'kks"k.k ds fy,] esaFkk ¼9-7%½ dks xsgwa ?kkl ¼5-
8%½ vkSj èkfu;k ¼1-6%½ dh rqyuk esa lcls çHkkoh 
ik;k x;kA Zn ds vo'kks"k.k ds fy,] xsgwa ?kkl 
¼61-3%½ dks èkfu;k ¼18-7%½ vkSj esaFkk ¼1-0%½ ls 
vfèkd dq'ky ik;k x;kA

fp= 1- èkfu;k esa Hkkjh èkkrqvksa dk çfr'kr vo'kks"k.kA

fp= 2- esaFkk esa Hkkjh èkkrqvksa dk çfr'kr vo'kks"k.kA

 fp= 3- xsgwa ?kkl esa Hkkjh èkkrqvksa dk çfr'kr 
vo'kks"k.kA

Cd dk vo'kks"k.k xsgwa ?kkl esa 41-1%] èkfu;k 
esa 16% vkSj esaFkk esa 4-8% ik;k x;kA dsoy esaFkk 
gh Pb ¼13%½ dks vo'kksf"kr djus esa l{ke Fkk] 
tcfd èkfu;k vkSj xsgwa&?kkl dk Pb ds vo'kks"k.k 
esa dksÃ ;ksxnku ugÈ ik;k x;kA 
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M‚ uhuk dqekj èkheku ,oa M‚ jf'e lSuh] Þikuh esa Hkkjh èkkrqvksa dh fo"kkärk de djus esa iknidhysVlZ dh {kerk-----Þ

xsgwa ?kkl }kjk Fkksfj;e (Th) vkSj ;wjsfu;e 
(U)] tSls jsfM;ksèkeÊ rRoksa dks lafpr djus dh 
tkudkjh Hkh çkIr gSA xsgwa&?kkl ds vykok cktjk 
esa Hkkjh èkkrq ds lap; dh Hkh tkudkjh çkIr gSA iwoZ 
esa fd;s x;s 'kksèk dk;ks± es ;g Kkr gqvk gS fd eôk 
¼Zea mays½ es yksgk (Fe)] eSaxuht (Mn)  ,oa rkack 
(Cu) dks lap; djus dh {kerk gSA blds vrfjä 
tÃ ¼Avena sativa½] tkS ¼Hordeum vulgare½] vkSj 
ljlksa ¼Brassica juncea½ es Hkh tLrk (Zn) ds 
lap; dh Hkh tkudkjh çkIr gSA esFkh] dkyk t+hjk 
vkSj vtokbu esa Hkh ;g xq.k gksrs gSaA

vjÇcn dqekj vkSj lhek ¼2016½ }kjk fd, 
x, ,d vè;;u esa] tc èkfu;k dks vif'k"V 
ty ls Çlfpr fd;k x;k rks Hkkjh èkkrqvksa ds 
lap; dh lhek dSMfe;e (Cd) ds fy, 0-58&1-
47 feyhxzke @ fdyksxzke] lhlk (Pb) ds fy, 
1-2&5-0 feyhxzke @ fdyksxzke] tLrk (Zn) ds 
fy, 41-2&70-2 feyhxzke@ fdyksxzke] rkack (Cu) 
ds fy, 3-8&8-8 feyhxzke @ fdyksxzke] Øksfe;e 
(Cr) ds fy, 1-35&2-38 feyhxzke @ fdyksxzke 
vkSj fudy (Ni) ds fy, 2-4&4-5 feyhxzke @ 
fdyksxzke çkIr gqÃ Fkh ¼6½A mUgksaus vif'k"V ty ls 
Çlfpr lfCt;ksa esa Hkkjh èkkrqvksa ds lap; dk ekuo 
LokLF; tksf[ke lwpdkad ¼Human Health Risk 
Index@HRI½ Hkh fn;k] tks bl Øe esa gS Pb ¼0-
726½>Cd ¼0-327½>Ni ¼0-1083½>Cu ¼0-094]04½>Zn 
¼0-0652½>Cr ¼0-00798½A blh rjg ds ifj.kke igys 
Hkh n'kkZ;s x, gSa ¼6½A Torabian vkSj Mahjouri] 
2002 us crk;k fd vif'k"V ty ls Çlfpr ikSèkksa esa 
Cd dk teko esaFkk ds fy, lcls vfèkd Fkk ¼12½A

4-	 fu"d"kZ%

èkfu;k] esaFkk vkSj xsgwa&?kkl ds tSo ek=k dks 
vxj leku ek=k esa feyk;k tkrk gS] rks bu ikSèkksa 
ls vyx&vyx Hkkjh èkkrqvksa dks vyx fd;k tk 
ldrk gSA xsgwa&?kkl esa Cr] Mn] Co] Ni] Zn vkSj 
Cd ds lap; dh {kerk vfèkdre ikÃ xÃA esaFkk 

esa Cu ds lap; dh {kerk lcls vfèkd çkIr gqÃA 
orZeku 'kksèk dk;Z esa ;g Hkh ik;k x;k fd Pb 
dk vo'kks"k.k djus ds fy, bues ls flQZ esaFkk gh 
dkjxj FkkA;g rduhd vR;ar lqjf{kr vkSj çHkkoh 
gSA bldk mi;ksx LokLF; vkSj i;kZoj.k ds fy, 
ykHknk;d gSA

fp= 4- vo'kks"k.k esa 
çfr'kr o`f)  
dk rqyukRed 
vè;;uA

Çgnh 'kCnkoyh rkfydk

Absorption vo'kks"k.k
Automated Lopkfyr
Binding capacity ckè;dkjh {kerk
Bio-accumulation tSo&lap;
Biodegradation tSo&voØe.k
Biomass tSo&ek=k
Bio-remediation tSo&mipkj.k
Biosorption tSo'kks"k.k
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Calibration va'kkadu
Carboxylic groups dkcksZfDtfyd lewgksa
Centrifuge vidsafæ=
Concentration lkaærk
Contamination lanw"k.k
Coriander sativum èkfu;k
Correlation analysis lglacaèk fo'ys"k.k
Deionized fovk;uh—r
Exchange fofue;
Extensive cell 
damage

O;kid dksf'kdk {kfr

Filter fuLianu
Human Health Risk 
Index (HRI)

ekuo LokLF; tksf[ke 
lwpdkad

Ligno-cellulosic fyXukslsyqyksfld
Mean experimental 
metal concentration

ekè; çk;ksfxd èkkrq lkaærk

Mentha piperita esaFkk
Mucosal irritation ls'ySf"ed tyu
Necrotic changes ifjxfyr ifjorZu
Phytochelators iknidhysVlZ
Phytoremediation iknimipkjhdj.k
Syringe Filter flÇjt fQYVj
Wheatgrass 
(Thinopyrum 
intermedium)

xsgwa&?kkl

Toxicity fo"kkärk

lanHkZ lwph %
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