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AR :

Tl ST B BN SUS Bl FRIR 9 B AR BT R R & oy, sieriavo,
QIERIPRT = ol GHIIaR] IAd e H fquRh uarel Ica= doi 9 (6 & | faurh ud
TSR Od & S9-SUERY & oIy Sa 29 BT SIfde T, e, MfYd wU W FawRa
3R TATERY & el UGl AMT T © | 9AHH AT H G (Coriander sativum), HeIT
(Mentha piperita) 3R ﬁi—‘éﬂ?‘[ (Thinopyrum intermedium) & $T®H] I T STEghNT &Hd D
BROT 37 A START g1 H BIFIH (Cr), HHEIST (Mn), BraTee (Co), da (Ni), T€T (Cu),
ST (Zn), DSIE (Cd) 3R AT (Pb) @7 ATST BT bl BT B [T MSATI—THATH
(A WFERDBIYT / MASS-SPECTROSCOPY) &+l & §RT UAd & & =1 ARl (0.1
IM 3R 1.0 UM ) & A1 AN fBI1 a1 8| 9N argai b Ui SR BT ST
g §RT Mn>Co>Cr>Zn>Cd>Ni>Cu, %Il §RT Mn>Ni>Pb>Cu>Co>Cd>Zn IR Ig—amd
&RT Mn>Cr>Zn>Co>Cd>Ni U1 74T | IcHM 3 | I8 ey (Aeperar & b uraueieres
B DA g9l AT UCUSTARIGRYT dheilh & ©Y H AN DI oI Fhall 2 |

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.
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1. UIAdMde

Qe SIAT & I-db UI¥o] "R TR AR
gTgell @1 Ut ¥ Sig e BT § o ot
AT B S 2| U H gedl g8 W ETg
@ AL, T R @ gateRe & fow e
M TA 99 Al © I8 9N G Ay,
Gl S@el & U R e | qHd
St & forg Wy |wifed 81 S~ vl
g | T YUY UIPfad IR AasSd dal o
U3 & 9adl & | AFaeld Al 9 S
uquYl, A HeEyul g SR I @1 g
fowr | AFgwfa deuur w8 SR | &
ARG, IS IdRBT BT A AR
Al JUANT SR IS Wl & HEA |
IAAT STA—YfGHROT &A™ G &l & qem
b 60% SHENID IURME ST BN IUAR
BT ST & STafd 26% BRG] JAURTE TTel Bl
SUER BT SIar 2 (1) | IR 97q S dsiiam
(Cd), I@T1 (Cu), 9T (Pb), URT (Hg), e
(Ni) 3R ST (Zn) T@ 9N o1g & S
UquS AN MY E R ST 3 Siled wdl $
forg oft gaxT a1 R Fhd B | IRIMD (As),
AT (Pb), DAFH (Cd) R URT (Hg) SN
qcdl &1 offa geawR H W IR # Jder AT
SRIRIATT HMT AT & | HG IRR A g AR
Tgall PI SMaTIHAT T B, clfb TATaRT H
gIdI dgdl gg HAigdl AR AT &1 uHE
9 99 g&1 | 398 DA HRE N, oid
AT TG Sig 3fAHHC AT B UM P BRI
gl AT W@Rey R ARG g9rg gsar S
RE T IR H IR 91gsi B AE A=
I ATAHPG ST (mucosal irritation), STIH
HIDT &fT (extensive cell damage), THA 3R

¢ @ YReferd ulRadd  (necrotic changes),
DA TNBT TF DI TARTY, 37aTE IR U2 9
3T B STl ol AR S0~ &1 Fhdil @ |
el Ig IR Gy STl aikRRerfad 93 &
forg var arge wifdr TR @aRT a7 v € |
IR GTqall # 37U 3Tl Gol-Teierdr &l &l
BIcll 8, Wifdb I8 Ul giRT Aferd &1 1 Aepel!
2 ()| wfsdl ik waa # R argell @1
TII 9 Had Uh §s G BT BRI g Thdl
PN AR B el 4 W argell @ ger
DI FATAT A qAT 8 (3) | SH AhE Bl
qTey SUARIGRYT (phyto-remediation) & T
A ST ST 2| UIeY SY=RIGRe gfyd el
BT fATevor R & U U J9rdt dobila 2 |
UG H AT STt ¥ fIuRh ergell &1 HTSiT
TR P AT AT B |

TR H IHHT faeed, iR Fe ueuet a1
el H=a Tfafafert &1 & aRemm & R
T BT SIRIBIDRT 3R AP UG-T &
(4) | Mn, Cu, Zn, Co, Mo 3iR Fe @ rafdd
HIAT DI fAYRH AT ST 8 9 SH9@T oig |49,
TN 9AY O dow dlell dEIRAl SR HIG
B TR HR AT g1 B (5) | JURME T
&1 fo T ST=ERY &y RGers gg SuanT =@l
PRAT MY Ud @re S{@ell § AR a1l 3
Fraffa FIRET B =3y (6) | STUfRIe e
A 9RI grgall BT 8BS & a¥idl Bl [AHiad
FHRAT, AR JSMAD BT Aoyl S
(7)1 N g Frpyor ufhameil & sfeRS
gqEl Bl eI W WId g, Ud  ddbioud
JGfT BT YA ST AR T8 &H T,
RIS 3R Sfdd dras & JAad Scrad
& A Iod c&ar g | A Sfde |
DI U IR GHARH BT SYANT IR
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e gTgelt BT Ul I | e @
dd+Id B SIaAgoT (Biosorption) & & (8) |
SATCTY SIFeNYOT €T & 3MA1 Dl giod s
J f@re # aga wwrdt |ifad grar 8| arad
H S9SN B B UICY SUANIGRUT (phyto

remediation) T SART ®Y AT ST 2 |

IRt @ Rl | afer, Her eiR
Tg—a FRIfAd w9 9 &R s H Y S
21§ T & Py A W A W SR
ST Adhdl & 3R U9 ®U | Sig 90T AR
g B oy g " § Suetel W SR
ST |WhdT © | Prifdulield GH8l (carboxylic
groups) 3R feF RIS (Ligno-cellulosic)
anfe Il W MRYR BF @) a9 W S i
araferset # argeil & SNV @ e BIeh
2 (9,10) | 37 ATl ¥ QR aferm, Her @ik
TE—9T I a9 Y BRI H SKHATS fhar
AT IFADT G Hed H GECT BT bl
T g | fAurh WRY gl B ge™ @
forg foram | afvrn, s iR TE—a9 u_®
P T A= AR 0.1 UM SR 1.0 UM ERT
SYARA u= § B (Cr), HTIST (Mn),
PraTee (Co), da (Ni), df€T (Cu), ST
(Zn), HSHIF (Cd) AR AT (Pb) B AT
BT e fbar | I I UreudIeieR
(ATadERISTad) T W Sudel & 3R ®s
AR @I $8 SIM HT g9 BT 71 faey
qd T8 g b u® e IR W oW A
g A fHy o € |

2. JeRft 3R feenfafer :

o wfhar @ IR =Ron § i faan
T (1) G BT ST (2) ST HET B UTSSY
B IR, (3) T T B AN B TeToT @y
TN 3R (4) IR WA |

2.1 el B Jorre:
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A & dISll BT BTl H ST B AP
U S G 3T | S99 Ufhar H dleATrd—
b ISl &1 9ANT fBar T o | dislt
B A & oIy A% g SYART fa |
R | 3fgReT & Ufshar mar & 8l
S 81 Sifdd @rg @1 &7 |9 oOF 39
Al IR BT ¢ B fex 981 R, B
TR 39 ISl BT 9T AT ISl BT 9T
T BY A IR gD UM & foeha B
A1 fbar AT | IS & SRR B TDb o
P D RITh SGERI &l TRA A & T
T o dlfs JfeR THI X8 Hb | BRI
@ 915 g~ DI 9 10 Al & 99
R pre forar Tar o | gf=r W s ave
S A ST AT A7 STy HeIr dl S
P foIU a9 I ®Ie B TR fhar 137 |
TSl & AT JfHRA Ul dr12—13 Al
TH ST & 91 SAD] Helg BT TS |

2.2 O/ AT &I UI3sT JeTell:

gfeT, Horm SR g '™ Bl Sifdd et
Hd S D g gDl 91 Joh Ul W
AT AT | 39 99 I J3T Bl 96 SF )
FHIST TAT| Fels & 916 39 AT
(deionized) ST & ! UHR | GRIT
| R s 60 I Sfewad (°C) WR 2
H 4 °C & Y a3 G@rT 1T | I
W U §9d UTSSY Bl oid YT AHT
® ®T H IUINT B & oIV S= 3Tl
TS AUBIA B Tl AT o |

2.3 A a1g uRetor & fou d9ia @t duR:

faveyoes Ao & fferRad =T &t
SUANT Hre 99 H fbar T, K, Cr,0,,
MnSO,, CoSO,.7H,0, NiSO,.7H,0,
CuSO,.7H,0,  ZnSO,.7H,0,  Zn
(CH,C00),.2H,0, Cd (NO,),.4H,0 3R
Pb(C,H,0,), |
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S AT B HH: HIFHIH (Cr), HTHS
(Mn), ®iaTee (Co), de (Ni), TiaT (Cu),
ST (Zn), DSAIH (Cd) 3R AT (Pb)
T &R @ (oY ARG STl § =lell 137 |
9 UHR IR 91qg 9l bl SUAN
S HET & §RT SId eN9UT O efHdT Bl
S & forg fafv= gamnt | far
(11) | 1T BT AiGdT BT JeATd ASATT
UATH (ICP-MS) ddild gRT b |

2.4 drXdfde YT

SIg JAT BT IR 9] @ Ul $ °rd
3 I HEE 30 fEft Afeaws (o)
A= R 6 TS @ forg favar mam ) iR
3 AeUH AMMHR @ fheey YUR (Whatman
Paper 125 fi#l @) iR 3fd # 0.22 ATSHIA
RS fheex (Syringe Filter) & #AegH A
BT TAT| MSAII—THTH HY, IATford
FITSIUTE  TfTele 7900  SMTSTUI—THTH
(automated quadrupole Agilent 7900 ICP-
MS) & SURINT gRT AT T AT | IUEHROT
BT 3YC dlecal 200—240 dlee, 30 YRR
3R 50,/60 &Sl WX @I TAT| S TN
BT Y418 5 oilex Ufd e, ara|H 15—40
et dfemsg (°C) 3R gard 230—400
eIl URel (KPa) ST BRI T | 10—12
fielleller ufd fide w9 9drg, 20
dex ufa fide ders i &1 garg 3iR
0.2 fiefleller ufcr fiFe &1 AgergoR yare
gAY X7 TAT AT| {eMMhA (Calibration)
@ foTg, 10, 50, 100, 250, 500, 1000, 1500
3R 2000 UG (ppb) & AMG 0T IR
fg o o | 3t s @ I @ forw
faemaiga  (deionized) 9T T IUIRT
fopam T o | |t syt @ A & forw
STIRT fy S dret ygref S fageryo
A YT & o | T4 AT DI fTD e

(centrifuge), e (filter) fovam am iR
s <1 0t Nif¥m & ~ereiaRa foar |
D SWIT 3 Al G-TH T ddAld
ERT S0 IR TAT| FHIHR0 & forw
FfeIRad 9T BT SUART T T o

100— (Ce/Ck x 100) = X

STEl, Ce @1 UM AR ATAIRID o1 Aled
(mean experimental metal concentration)
(Slg 9131 IUAR & 91 ICP & HRegH
¥ FgiRa) 8, Ck Sig A1 Sirg @ o=
ST 91 Uhnidn & (arg fEEor A @
IR qea & 7t @1l 8) &R X T
M o BT R ¢ [dal & 4 g
BT MMPBead B AR ded S Hfeha
H JEcR Jdgie o & oy urifie $er
TR ey fawetyor (Correlation analysis)
N fobar wram e |

3. ufRdumd 3R uf=Et :

39 A ¥ gfEn, wr iR g w9
@ oI HET §RT BIFA (Cr), HTST (Mn),
PETee (Co), Mda (Ni), d@1 (Cu), ST
(Zn), HSFIA (Cd) IR AT (Pb) &1 Sid
eNyor fhar AT | grg Al & forg 39 |
TSI gfedl & Slg "ET B qRISRI &Hdl
B BrEidoiiord URe Fel (COOH) 3R
TSIl Ag8l (OH) @ S=a A1 @l
IR & foy =GR SExm 91T &, T8l
A g U1 ERSo e ff g ax wad ¥ |
gRomHl 9 I8 W © & Id@ UY & 1.0 I
g AT A e 9 fqurh ad@l & geM @t
yfcrerd I g & 0.1 UTH DI JoAAT H BB
s &, o daa fierar € & faeas o
fatrer It @ awe aigar (5 drdigR) B gem
& forg 0.1 U™ & fd® Sferd AT 1.0 I 7
(= 1—4) |
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il orre fawrh d@l @ forw sfaa #H
fo— 4 % wega fdg W F) Cr @ AT
TE—a H 76.4% U4 ofr 3R Hem H 33%
3R 6% W gs | 3 Cr 3@V & forg
TE—HTH B Seaad qeTdT &1 gfie BRil © | Mn
% forg, \ad o1 AT AE—9 (99.5%) H
q1g TS | afaT (69%) TR #Hermr (20%) H gad!
HAAT HH U §S | 1T Mn @Y & forg
fl g—ar o STdd < @ gfte Bt 2
Co @ ANV & foIy, I8 &N (45.9%) @,
gfrIT (43%) 3R HeIT (9.3%) & JoiaT H FaH
31fere perel Ul TAT| Ni & Sfaeoo & forg,
HoIT (15.9%) 3R &R (10.6%) @1 T ¥,
g O B T Y91 (28.7%) U1 AT | Cu
TN & forg, Herm (9-7%) &1 g =914 (5.
8%) 3R G (1.6%) @1 T H Ha ATl
U AT Zn F SfERINOT & forg, I8 =@
(61.3%) & gf =T (18.7%) iR Herr (1.0%) &
S HIreT UrAT AT |

Saenyur # wia=ra gfe (uf=mam

16.07
33

1.64
43' 69

mCr mMn mCo mNi =Cu m7Zn =mCd

o 1. aferan # IR erqeli o1 ufcrerd sraiyor |

44

Saenyor § ufaera gis (dHam
\ /4

ECr »mMn ®mCo mNi mCu m7n m(Cd

o 2. Herm # WRY arqgail &1 wfrerd araRiyor |

Sraxnyor # ufawa gfg (Mg 919)

412
I 76.44
5.9 ’(
28.7 99.57
45.9

mCr =sMn mCo mNi =Cu m7Zn m(Cd

o 3. TIg w1 § WR grgei @1 wfie
SENICUE

Cd T JFaINT I8 o= H 41.1%, afrn
H 16% IR HoIT ¥ 4.8% URIT AT | dhael Hel
B Pb (13%) &I @AINT &= H HeH e,
STafds gfrar iR I5—9TF BT Pb & Gyl
H Bl JNTE & UTdT AT |

1

9.8

20.2

9.4

61.4
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T 9™ gRT AIRIH (Th) &R RFH

d Cu & GO & &qdl qad 0D I 83 |

(U), S el a@l & dfgd wa @
TSR AT UTe € | T8I & 3fATal qIoRT
#F R a1g & dod @ ff TSR I 2 | gd
¥ Y T WY BRI A U8 AT g © (b HepT

qaaE Y e H gg At ur T B Pb
BT TGNV TR B fory 79 A R e &
PRIR T 8 b1 3T Rk 3R g7y
2| DI SYINT WReY 3R TR & forw

(Zeamays) ¥ @TT (Fe), H9IoT (Mn) T4 didl
(Cu) BT T BT B AT & | 3P IIRD
s (Avena sativa), ST (Hordeum vulgare), 3R
WAl (Brassica juncea) W I ST (Zn) @
g @ N TR a7 | Hefl, FTel S
3R 3rotareg # Y I 0T B 2|

aRfdg HAR 3R A (2016) ERT fhy
T TP gAA H, o9 gfr @ mufine
S | [fa fear o dar IR grgelt &
g Y AT s (Cd) & foTT 0.58—1.
47 e/ fearm, T (Pb) & forw
1.2-50 e/ fdaium™, ST (Zn) &
forw 41.2-702 U™/ fhairum, df€r (Cu)
& foru 3.8—8.8 e / fharum, sifes
(Cr) & forw 1.35-238 e / fohamm
IR Mdad (Ni) & forw 24—45 feium /
el U<t g5 ot (6) | ST=I+ STUfdTe STt |
fafea afesral § R argeil & He g &1 A4
WY GIRgH adic (Human Health Risk
Index /HRI) 1 &, St 69 %9 % 8 Pb (0.
726)>Cd (0.327)>Ni (0.1083)>Cu (0.094,04)>Zn
(0.0652)>Cr (0.00798) | 3T TE & URVITH U
fl 9y 77U € (6) | Torabian 3fR Mahjouri,
2002 =1 garT & srufdre STt & Rifera aie #
Cd &7 STHTG Herm & fory ey o1ferd o (12) |

4. forsm:

gf=ar, Hel iR Ig—9149 & S A 6l
SR A 13T H AT e g, a9 Ui
A AT VR &gl Bl et fhar
AHAT & | TG—a149 4 Cr, Mn, Co, Ni, Zn 3R
Cd & o & &oar Af&bay urg T | Her

ATEID 2 |
l4l.2

cd Ml 16.07
n hls.?s

(LT
Cu FTea
I 28.7

O

T 45.0

co  |i— 1

"]

" S oo
J76.44

o — -

0 50 100
sraeiver 3 faea qfg

: = 4. @i H
sraeiror 3 gfcierd i (g o)
B srereiroor 31 wfaerd i @em RIAE Eﬂ‘lg‘r
B yrqeiaera afae gig (aferm  PT el

Jo6l1.4

3

$9.57

YT |
B ersaractt arferer

Absorption ST
Automated garferd
Binding capacity TN T
Bio-accumulation SI—FTg
Biodegradation HT—3TTHAT
Biomass SII—H =T
Bio-remediation FT—IIIRIT
Biosorption NEEIRI

45



UGC-CARE Listed Journal ISSN : 1549-523-X,, Terai semret - fori wa draifiment et St ;19 , 37k 4, stear-fa@wr, 2021

Calibration

RNICET
Carboxylic groups praifutiors Aa!
Centrifuge AUBEH
Concentration Aiedr
Contamination HeoT
Coriander sativum gferT
Correlation analysis | ggwigey Qveryor
Deionized ﬁarrq:ﬁ?f—d
Exchange ICIGE D]
Extensive cell | grues wIfdraRT afy
damage
Filter foreeq
Human Health Risk |qmg wrey  ifRgw
Index (HRI) SCCaEd
Ligno-cellulosic ISR SINED
Mean experimental | gy yrifires &7 SATST
metal concentration
Mentha piperita Herr
Mucosal irritation JqeAIH FToaT
Necrotic changes gRerferg uRads
Phytochelators greydieied
Phytoremediation P ICURI MG
Syringe Filter RIS fhoex
Wheatgrass T
(Thinopyrum
intermedium)
Toxicity fyTRHdar
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