[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil

YAA L YVA Slao VP 50l pgm o)l (ool 090

(@

&

‘,f‘f‘“Jj’:’, Jle

Available online: https://ijhe.tums.ac.ir

“
@
£

o vewell gy /J»
&
/’ ’
s \
%,
9 £
% (1AEH) \f.‘d(‘

o
&F
7

%, 2
" Of Enyiron®™®

b yare adilaio 4o A8l wiy (cogy (AL BAGS By 3 (595 9 2w 0 yuolis e (pans

Ol @y Jlosd oyl yguy 3

oS 5y orad 0555 7 5 o

Ol cdmgl e )| olSils c (559 532l 5 Lo )T 0uSitimgly ol 13 o pe 5 (S5alsST 09,8 )
U‘)”‘ 54.:..43} 44,,.4\5)| olKisls a’a}J& ouSiials “5..:[.»..‘» M) 05; -Y

O

oS sl gy o b S5 2V sl gy dla 51 gVl oS (6 p5lid 18 3 dicne)
plal a1 Fee Jlo o aS agh cnl o anled byl e (28 o Kw I3 18 Ba > o 0ilgs oo
ol Olhg=25 o S 5l (595 5 0 co, 8 polie Vb o (alS 4SS Ve (Ul )
VRS

uL..ﬁL:f 9 S )‘ 61_54.49&4 QL,J.Q.C ‘6)L>)_g Agod o&wl Y- A_JL_?D.)‘ )‘ UM e U;AS)
dib gy 5l s mSope L adlas 8,50 ,olic jlaie dadies gl solal 5l umy .o plsl
Aty o polie Sas sf ol pimen s b5 (BF) Socs 8,55 Sleslawl L
(MAI) 4lS s ol3 18 coslil asls 555 (TF) JUisl 556 (ECS) s plasl s (ECR)
W05 A ulre

23,5 yaand dalllae 0,9 0 adlate S5 0 Zn 4 PbAg olic ol YL SoglliLaaxdl
S 5l Y6 TF §ECS (¢l )ls Prangos ferulacea 4 Astragalus rostratus _alS 455 g0
&\)ls Scrozonera latifolia 4 Eryngium billaridieri Lyss ¢ coxes 0559 0,8 ,aie gl
oo plail g aiy ) 0 MAT e s i aiogy yuaie 4w 2 gl, TF <) g ECS/ECR >\
cosls sl E. billardieri oL 4 \#IY o YAIV joolie L cod 5 as

S jlopsi ,ate gl el o lls I )ls P ferulacea g A. rostratus ;L ols : g S i
o | pate aw yo cois el S Jatifolia o E. billaridiers «545 g0 Ly (piomos 050
o8 polie gy ceslil o Ul o i 5| E. billardieri o5 MAT pslie au sl b

S92 ,10593 1 595 92

-adL fo ol =M bl
VP /+B/YD el o b
VPV /v A/Ye o lpg &b
VP /e AND iy &b
1F+1/+4/74 syl & )b

“S,EIL alﬁf ‘LS“"'?‘) WL.:‘ ‘SA.AJS d'fj‘s
Jdls LS el el e

Ohsdy;

oo 0 s 98 (SS9 S Loy
s.torbati@urmia.ac.ir
samanch.torbati@yahoo.com

Please cite this article as: Torbati S, Esmailbegi Kermani Sh. Determining the concentration of Ag, Pb and Zn elements in some indigenous
plant species grown in Zarshouran mining area, northwestern Iran. Iranian Journal of Health and Environment. 2022;15(3):379-98.

Copyright © 2022 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

o 2LS #l sl .(V0) 8405 o Lzl (Rhizofiltration)
YL 50 @VLelS slats, (n el 5 G yiets )
st s SLE OV I 8) Col sy b yme o05)T slacSs
ok laale eiman (5SL 5 o, Skl a3 b YU
5l o8 sleasgS &, g Trifolium alexandrinum
ailoads laze clils C‘J’.d““ Glp cwlie slaasss alos
O gy g i8S el agh o e plse 4. (V0)
Odre 03guze S, 0gz g0 DI LoVL 0 g LS
S5 9 (hle A5 AT AD atiie (w9 ;0 sl e
gyl o 1, oYL obls Polygonum capitatum
S350 495 by b (VA o,lo Cu g Ni (Cr .Cd ,olie
b ose ailaie jo aidl wi, Erato polymnioides
b)) Y Hg 5 Zn (Cd olie gl 4o «pelsST o
2llss oaiiS sl gob; Ol 155 izmen (VA) Sl ool
Sz 5l Sl 5 ol (5 S ojlul 5S0gm e one
shls w5« Papaver 4 Teucrium .Achillea
(V) was ob;, Cu g Pb Al ole coss LUy
Sz rolie 5l @b polie bl Uy lals 5l (>
Sl GblS Gl s wls v53 plse plal s,
59> S w8 ,5 0 Byme (hyperaccumulator)
o,y Y aga) oolgils FO 4 Gl oLS 4SO
LS lyie & (Camb )0 05750 (LS laaiss S )

OF) wload b yme S5l
Olpl 5o glie oreee 51 (S S S (5 5 ase
g Jla YO KM alols 10 a5 o5 5 ;LludlS 5 o
UJC JLo.M: ).) Ls)Ua ud.u LJ‘JJ""A'Q’Q ‘w‘ AW éﬂ‘s uLi:
Sle SYsb (glanids adlaie cpl jo (6 Cone .l ol ]
ailaie ol 55 geys 5O b alal, o o sel el
ploul Gldlae 0gi oo oold s i Jlo do iz
onl Slgay g o (Sogl sasSanl OIS adlate 5l a3

YA-

. 0,85 )..al.& )L.\.a.o oY)

doddo
Lo oat¥ loogS o iage oz | ki SIS
oz 5l o Glcdld L3l ans 50y aies S
057 53y A & e 5 ae b e slacld
Slaws ol (Y ) sl ooy sy Jawmme 4o oo YT oy
378 BB e O 5lups 5o o5 Pl s 4 laoal
IS S8 5l sl cadls jo Sgllasls &l 51 iisls g 09
VNS ¢ ta] s 3 4dS (L l55 olSns o Slas o
4295 o)l (P Gl s 5 (Stwgy Slaald ((oras piacn
(V) axtn Lol oo SlA1 alS g Bl pslate 4y o
oz Sl Al olend g (Kb slaghy, o9l
glpl bl g bt ugSae jonl g Jobs slagsts,
oolil Lame § opSiw Sl iYL o s P L
03925 43y 4 (ygyhe by, cpl AT L.V A) Lgd oo
AR 93 )0 Al Ca) darzme b )5l S)lse el yo
G5k 5 omly 4z Jodo 4 Sy lasbs, 008 3
aloz 5l YL oLS .ol oails 28ly ax g5 0 50 S j Jazo b
Jold g (Ve V) sl ojom cnl )0 oo slags sl
Spdise HRLS (So5d 5 plord (i loanl b ples
ol 05 S as o i lae 5l oo VT i yo a8
logSsyee aile alise glaoanVT Bi> (sl (b,
S S Teaol, S 5 g e Sl o ATl « o
0 Ol Canw g gwyiws SoLB (VY- e) ol o
05 Clle aler I il slagails 4 any S
o g Cundae 5 g9 plionds GladisS (S o il
Slge g (S cole PH Jo Sloogas ozes
5 oS Sl b agzlas o olS OF Y cl T
Aoz | o Bpse ope 00 S8 oo slaSsik
{(Phytoextraction) L5 zlscl @ g Ll
(Phytodegradation) ol . §a 3 =5

(Phytovolatilization) oL . ¢ S

==

slads, asai o (Phytostabilization) LS o

e o)l N N % é Jﬂ
1E0 1 by /ogaw o jlod /pas by o <
sk )| 3k 09 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

e 5 ()5 ailows

a2y QLS (Fr pUlE e 5 (@VhelS (o I
3185 polie LS VL 0 axdllas o0 dilais jo a8l

el gy ol Lol Gloal S

L b9y 9 dlge

delllas 5, g0 dilaio (il

Crz 5 QS Gl gl (005 )0 Glhgd) Gaee egae
a3l (¥50 FYNLFYO A E) Lé olmldT bl 3,5
Gl il (K dos (glgn ¢ o b dilate oyl el 00
sloo Sl gl o Jls laplis; 5 Jaee
VO USS ol Fee

Ol owywd ool g axlllas 550 ddlaie aldl oo jioles

mm Sab buge 54 °C 4Vl

39 6,0 diges srolSis] 380 L3l s> Dlaiue 5 00y
RO PR ob)jT \ JSJ‘}

45°

YY) el lgant] 5 Sl aile ams yolic 5 agml
ALl slge 5| 53L; wom> (Fojlsn ¢ Sdne (glaclled (TY
Olye & pame adlaie )0 CleS SIS (VL Jlade 5 (Joms
oo lore dibate opl o WS Sl Sogll Lol sl

(YY) el
Gblie )3 oy & (S SIS G938l 59, (il 4 axgi b
dooan¥T ol ctilage 5 Sy b Ol g Jose
sl al, @)l 5 035l Gblio o sl CoaS laly & )92
Dol &y Ceny anzme b 55 5 g0 iz caiSabal
GVl GRS 3550 0 o Sl 5l Geizmen 355 o0 el
sien Ghlie 3 €5l g, ey LS Ly S
Olie oz lple sl a8 pdy O 90 (Sl sl om 2
SLedlS’ (Gans og0ome )3 (59 § oy 0B pats A (o4l

05 eSO b pase tn e Olyie 4 olhed )

63°

Caspian

. _Tehran
Tehy

39°

.........

w7y
Z =

=2 Ay
Ee Alochalo Olya

Agh Darreh mine

Hassan Abad

To Shahindezh

-36.50

A/rpgh»a{ _ Agh Otaq

QArabshah  ,”
A

\

= NS

Garaghayah

Zarshuran
Alochalo Sofla

Takab

1
Sampling locations in
Zarshouran mine

|
|
1
|
iy 1
|
|
|
1

Ahmad Abad To Dandi

o
Mine
© Village
— First class road
Second class road
= = = Third class road

5 Km

Olgy) (SFore ddlaio a1 (o yiuwd (ol g CorSgo adi -) S

Aé é J’ﬁ’ﬂ ko o las /s il 6495
h 1€l juwly /pga /a3l o).
. ks d

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YA


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

§
©
N
S
«
c
(S}
q
%]
S
2
[0}
<
S
S
B
B
=]
E
(@]

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

w0, polie lade s

G109 diged Groliims! (oLl ro laiso -) Jou

¥ e TYAAL TN £V O A a/EA " E \

Y’-\o i‘ﬂ'V\/Qiyi "N ivo '/\' '/\/i.\i' "E Yt

FUOEY VYA N EVO A ¥ E 0

Y‘-\oiwr\/\-\‘\ "N zvo./\l 'Y’/vii IIE v

Y12y Yo/YAO " N §VO LA VY404 "E q

Y12y Yo/vee "N §VO A" Vs/000"E X

Y’-\o f,T" Y\/-\-\Y’ "N ivo 'A' \A/i-\\ "E \Yl

v-\oir'Y'/V\O"N ivO.A|\£/£\uqllE \o

AR AN VO AV E/ T " E v

T Y Ave TN £V AT\ WY ' E 14

101 jaly /g o jlad /s joly 6,95 2 g é — m
s /g 0 ot /1 L eJs, .

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir

YAY


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

e 5 ()5 ailows

oailo, Voo ML o> 4 ke ]SS 4 5 Glo ¥
055 Y1) HNO, o, HCI s a8 ol plas o 00

(Y2 YD) el
% 0 (69l oS 5l sliges ylalS oluliss jolate o
P lagis plos wzly 0ud (s lmez olS) oSyl o
ol ()8 Laas g oy (5 5 S cddl a5l el
ol Al ) olitolS eixe plie ) eslital b olals
et slo gl o b s 5 6,5 aleil (YY) S,
Nl dwlie 35 (VA) Glhe jold o (YA) a5 5 j5ls alex
S5 5,50 a0 e LT oy ki ol e
L SLLS 2925 b 5 aiged 09 S5 50 Jletol alex

A5 odslin lavly o> sl S5

03gdzme S ,0 2N g Pb (Ag jolie Sogl] i (7

Oh3d)) (e
e 5,50 S sladiges jo Sogdl e s sl
P SOV Y S-SR S W B SN | P I
¥) wo 5 oolanwl (Enrichment coefficient (EF))
Bged ;o L5 050 pate cdalé cad 5l co o opl ()
4 a0 00k yo aie plee clale 4 adlas 550 S
‘_QLQU,_MJ)).A o &.AJ).»& U"‘ )l oolawl (YJY) ..\JTGA Cowd
L()‘,J )‘ oolazwl Ls 9 S| o )L).MAJ sz.a‘ ‘(5““") h.\.m
samolis EF<Y polie 0y o yolie Lice 4 g5 o
V<EF<Y (S5 aiged jo a5 050 paie Solb 28 pas
€ oamoslis Y<EF<) ans  Sois o8 saumolis
b Sab e oammoylas 0<EF<) s chuge Soi
YO<EF<d+ 3 o Sas e V-<EF<Yd 4 woi
olye 4 5o slde cnl G150 g wad (LS (Sas gl
A5 S s Sl 50 pate dxgi BB Lo (Sad e

EF = (C(l:")(;f)sample

C
(T);)Background QD)

% é J’ﬁ/{'{ ko o las /s il 6495
h 1€l juwly /pga /a3l o).
. ks d

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YAY

bl 5 olS 5 S5 clodipes cgjler oolel 5 args (o
ALS sladisS

Jlo ole sloym o 2LS sladisS § S sladiges ags
5 S8 5 el asme oogase I oyl Yoo o VY
455 S 2lsr plail g ady; yslaex Sl an o] e
S aiged (olasy Lot ol Ll b QLSS a) (oL
Aegiy a0 5l g 0¥ CM Gas 5l olS ol 4 by
957 oad 6 y9laex GlalS 0o S 4 (1SS A 0) ol
alllas 3)90 ailaie )3 Vb Sl 2 L e alS slaasss
aed (5 o paiged jo CSIESy Luylpd olnl jslae 4y aisg
V0 Cushy Glie b (DBl 55, 50 SB 5 alS sladises
Sl S @ Saen 3l e O (goga> alolB b g ws o
SbansS 4 S sladiges .o atils (5,10 paiges Y]
ez b XL oSl 4 (aLS sladiges 5 (Sl
Wl eols Jlasl solais!

sladiges o5 Sad Sllae olaglesl 4 JEl 5l e
sl Y MM I L Ll 50,5 Sl 5 e slos ,o S5
Syge 5o a6 jlweske] ICP-MS ol&iws b 5JUT 51y
plail g ata; (o 99 il 5l e 5 (LS slaaiges
Arie Ol G 5 b oSS @ Ll laaised o s
A Colesye g Wl Sas MalS Lo sles jo g gl
5 SIS (Sl laans 3o o cadsl Giuls >
slodigas (gl oolol it aslel ICP-MS 5JUT plol 1
an o lalisl by, b gllae ICP-MS &l ol 5 S
i eein ke b s (YF) wo )T plxl ol
Sde 4y g s S adlol sud Sis aiges V g 4 HNO,
i 5l e b ool &yl A0 °C sles B Y+ min
LI L ol o 20 °C sloo b saze &yly> g 90,5 8, b
T ot e (50, o o) S sl 5,5
Sy 5l amy il ools &l g adlsl s 0 Y- H O, 5 s
5 om s ols &l > g aslsl Lade HCL 1Y e mL (o

o )lods yaily blo eI L lame slos b badigas o S pus


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

(Translocation factor (TF)) Jlasl o516 pixen

oo b1 Slgm plail 4y ol a5l addllas 8,90 pate
Al adn ) 50 ol Jlade 4 lsa plal o jae o] lade
g TE>Y Gl a5 Slal 5 a5 coils azg5 ol
s> 0,5ee glyls il yaie S gl ECS/ECR<)
o> lep plail 4 aiy ) 5l Laie ol Jis! g zlyasl e
Vb Clle b oagzloe jo (ool B3l 5 Jood g 039
5 TE>V L glals oo an aims o olid 05 5l 5l
oS Sl L Sbls Ko B)b 5o S 1,8 solarl
aS ol g wwa ECS/ECR>Y 5 TF<) l)ls oLS
Uly olS il Gl eS Jlade glyls eSS g
Sl yaie (T Gda 51elS L g 8,08 pate i lp (o5

(MAI) &l cusls! jazls (o

5 i i)y el S o Sl (JS S50 polaie o
a3l il aolr el 5l sy lils o sl |
o eolawl Metal accumulation index (MAI))
0,5 oolil Y asles 3l jskiie ol gl (F1-YA)

1 N .
MAI = (ﬁ) Zj—lll )

| APRONINEIPIX SIRCRCTTERNIVE (VNI
2 @l el ade) )0 paie o (Sl 5l el O le

Laools )l_._sl_n d‘)Ju‘ = w.__m_o_s (X) QSQL'_? 4_:95
.(Ij:X/AX) (AX)

loools Lol Jud=i (5
Gl » s 5 w08 plol 1SS aw o Slasles] alds

Solel oy yolaie sl oo ools aSll laosls uSiles

YAY

. 0,85 )..al.& )L.\.a.o oY)

Sys0 paie cale CX (( Sas o 556 EF aoles ol po
Yoors g, 9 S sladiges o Fe cldale anl atils
i o5 ks ulie 457 09, sei il 5 039 YU laie (sl
Fe jl gy p cnl 5o (07) woles Ll o (S i o ot
solawl ;MG&)}JBML?M)O &>y . u‘&*—““

VRIS

‘S&lww..u) u»w;&bo[j)d;w&ﬁ w).o(.)
Sbale Gl dulio aliwg 4 polic iz 53 oS (SUlg5 Vgone
SB o gl adale 4 cas (ol plail b i ) olS (o e
(Biological absorption coefficient (BAC))
- ;I)orf i\ v S S Y-
L— 5 (Enrichment coefficient of shoot (ECS))

;‘5 mrsl N

A

R R e L S
¢b 5o (Enrichment coefficient of root (ECR))
olS o paie Jlade il cenl Ojle (oo ) 0ed e 00
S o yaie lea ke 5 el (292 plal b aly )
(Y aoleo)

BAC = 2 )
Cs
plasl aiy ) olS o jaie Jlade Cp cdolee (pl yo a5
Bllhae (YF) casl S jo jaie jles Jlade Cs g (s
oy lake ab p olalS «(YF) Perelman gosatws
O e R I )
Lgie 0d> (BAC: V-V+) 648 d> (BAC: Ve-Y e v)
wiz s BAC: +/+\-+/)) iprd iz (BAC: /) -Y)

‘39’“‘15" Eo o Yy (BAC ’/"\"/‘\)‘W&

e o)l N N % é Jﬂ
1E0 1 by /ogaw o jlod /pas by o <
sk )| 3k 09 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

e 5 ()5 ailows

Yo 0 EF Sl jloges ol Billae .Canl (5,10 paiges
w4 Zn 3 Pb Ag ole il sl paises oS!
8,5 L 15 Laus S ansd YIS+ g OOIAY BAUYE Ll
R )90 paic dw ;o sl adhate (ul S EF (polis
olSingl ¥ S5 llae .ol gzgs BB Sogll s
Sl Pb g Ag paic g0 sl VY g Ve A (5,10 paiges
Sool polie ity fuizmen sy (Sogll i
e V2 9 V0 Y (gls paiges slaolKiws] o ZN jaie

() ,loged) w05

& g 0B a3 5 o0 GraphPadInStat 3 1580 6 5 5l ol
e plasl o polie cdale fyole o cre Dglas a b jshate
(ANOVA) 4 b s uily s 56T S L olS 0 ay,

o bl p< /o0 Jis! maw jo Tukey ge51 L

Lasl
Ot 9 ST slodigas ;0 2N 5 Pb Ag yolic jluio (]
T s

o] Yo 0 sy 9550 polic BF oocms lis V loges

(EF) fas b, 651

q LR Y LS N M ' IO ' R 1. WA 19 ¥
;_l;Jle_: LI_F:_L' D'lﬁ'_._zl

‘4_..»_)) 6Lm4_>9_o_s o o)_o_a )‘A_LA ¢)9_§~.\_a Ja&_’>
o N-YIE mg/kg o)l_: e u__s)_| L S 9 6"9’“ lﬁ‘..\)‘
Y/¥ mg/kg o & E. billardieri oLS ais, » Ag ypaie
s sl ) 0, e (n oy (iored WD (e
23,5 pens YN mg/kg i & Plantago maritima

% é J’ﬁ/{'{ ko o las /s il 6495
h 1€l juwly /pga /a3l o).
. ks d

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YAQ

Zn 3 Pb. Ag yolic jiyYl jo oolS slodiss o, Shoe (o
(zo aihis ST/

3eal ol g eal g b paigad  oLS sladisS
ool yioled ¥ S 5o a5 (Sose adhaie sbaolSins!
ol 00

D0 S Jol> 25 Gaaidly (o) 219 50 pais d 28,5 L5 oL,
0y parte _

plail g ai ) « S 0 Ag paie (sgime saiaojlis ¥ Jsox


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

.0, }.aL;.c )L\.b'.a ot

NESINLE A\

Euphorbia cheiradenia  Hypericum perforatum

o ¥ 4

aritima Pseudocomelina glaucophylla Centurea virgata

67

e

Scrophularia azerbaijanica i =
Prangos ferulacea

Q; (;.‘, 4 ‘

’ LA
Astragalus brachystachys

Ciium aduncu Cichorium intybus Euphorbia virgata

axdllao 5 90 (o0gy LALS -Y Sl

N N %y Jﬂy
1Eo 1 jily /ogaw 6 )lods /a3 5L 6 9. D
=2 Loy -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir

YA#


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

)Ms‘slg)sd.io.w

w55 & 0 TF e a5 canl > 15 ) ool a5 Jobt o5 aisf ¥ 0 BCS 5 uSB.Y Jouzr 4 azgi by
FIRVLRCIRVIE J5 N FRPIRVIN SOy NIV PO 1 E. billardieri .Euphorbia cheiradenia . A. rostratus
olie csing TE < ) (glls a5 aliS ais F o coluws oy Sewiny SO 5l YL sae Prangos ferulacea
Ll 350 58 5 Sl Cedy Ky 5l 5 SzsS ECR 4 ECS .E. cheiradenia __olL__5 sECR ;43 =56 0]
s A. rostratus ol 5 .Sy 5l 5V 5 o ECS e b .Glycyrrhiza glabra .Chenopodium foliosum

Y Jsoz) wiog P ferulacea 5| i oue Scrozonera latifolia o E. billardieri

sdigei ;0 (MeantSD) ypaic (p! polio (Kl o 9 Ag paie 5l TF g ECR BAC polio (Sl -Y Jooo
S g addllo 390 (LS

§/vn /i \vay h/Y:l:h/hY’b /A ih/hAa /0 :l:h/Y.ab A.?‘OStI"atuS

VVY AV A BN R Yt Ve £ A0t L perforatum

JYTOYAY Y AW EN0R N E YD A R ® G. glabra

AN YRR R PR/ =R VA DAL VA T= VP VA == VAR S. latifolia

V2V NV R YIY- S 07 3= SR VRS SV S= VRS LI d= SR\ e J. inflexus

VY0 Y YR N RN Ve SN P oolaucophylla

TRV ARV WY TSRV CELENNYA (=R YIS SL AN VAN RVAF A P. orientale

Ve OAA S AA R E A R A AW £ 8N S azerbaijanica

Y/ AR /A Y £ /e0 b AL ey E VA==V i C. aduncum

- TR, o VAV YA U= V) DR YA o= T LR VA SV Y A E. virgata

C«.«d‘(p< '/'O)‘_;)LAT)\:L;'MCJ}LE s lasOLis 4%&)\@&}};&;@;&)} (...)ch ‘a) Jﬁ.&.ﬂﬁ& Jw.:kfa‘ LJ)J}*

h ﬂ 1Eo 1 juby o /a3 o
ég é — Il /gaw 0 )loss /3 L 0 )93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad YAY
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

& oy Yo7+ mg/kg
5| YL oue S. latifolia 4 E. billardieri .G. glabra
s A. rostratus _al 5 4545 50 0 a . xogs SO
Yo obe 500,85 s ECR>Y 55 E. cheiradenia
slls H. perforatum oS lazs asllas 5,90 LS 4555

SO TF>\

w0, polie lade s

G pale
Vool ) e yaie jlade cn i F Jo Gillae
5 olSianl 5| o] Jlake o yiaS 5 Y- 55 ME/KE e 4
2 paie nl ke Geizren ab (e T mG/RG L Joles
@baiges (58,5 S50 90) (2les plail g Aty sladiges
5T gy i a5l S0l ol slls o5
5 Y-V mg/kg o3l ,o iy 4 (Wlosy (<\mg/kg)

sLaigei ;0 (MeantSD) paic (! wolio (;uSilw 3 g Pb paice ol TF g ECR BAC polio (il -Y Jgu
*SL g addllao 390 (2L

OYVOONYY e vt YoV D oY £ VAR A. rostratus

VAY /Fe A VYA S YIEYY D 08 o/Ae ® H. perforatum

DYE gAY VN EAEVAS S kAP Y yal D G. glabra

VAT-RERLYA PR VAT IYA ==V) PULENNR & E VL T y A S. latifolia

00 /YA a/eY FEVEYO/e D ZAEY/60 © 0 AQY )Y/ E J. inflexus

LAY o/ Y /el Y':l:O/\' b Y’:t'/Q' b VWY + ARV a P. glaucophylla

R - YYEV /AL D <\ AOY £ YA/ R P. orientale

- AR - YE/8Y b <) \WY £ oy ? S azerbaijanica

_ _ _ <\ <\ 08 =+ \VY/4¢ C. aduncum

- - - <\ <) YV £\Y/E E. virgata

C.wa\(p< '/'O)LSJLATJDL;'\MCJ}L&: o.,\J.AJQUL.; 4J¢;9)\Jiﬂqjaﬁjnjla~ajb): (...}ch ‘a) SJL:.AJ:; M‘ h.é)‘)P-*

YAA

e 5. N N ég é E_—/ﬁﬂﬁ;
101 july /g o lad /s joly D
ek /1 Jlads /3 jily 69 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

)Ms‘slg)sd.io.w

(F Jgoz) w5

ECS=A\NH)ECS>\ &l,ls E. billardieri ol 4545 s
S. latifoliay E. billardieri .A. rostratus sla«sS § 5
2o s ECR>Y axly Slals lgie

H. perforatum . L5 slaaisS o5 TF (556 iman
5| i Astragalus brachystachys 4 C. foliosum

S5 rae
SE o s, e xSk M Gyl deaidly Gllae
s YIVY mg/kg L Jolae 9 VY oleds oKl o
A olS ainy 0 pate cpl jlade o i dores LD
Slea ;0 0as (9] @ Papaver orientalis oL5 ais,
Y. ‘5"9@ ﬁ‘du‘ 30 (Gyy pais )LAB.A Msn Joy).n oLi’Lm.)"
e YV-VPO mg/kg O $0ue casdllas 550 2L 45T

saiges yo (MeantSD) paie (! wolio (mKilw i g Zn pais 5l TF g ECR BAC polio (uKilwo -F Jgo

* S g alllo 5590 (ALS

¥4 1/64 0 ) Ve dYy. @ YVEY s I VAR A. rostratus

VAL Y A Yo YRS RV YYD A o H. perforatum

YAVNEERYA T IEREVALZRN o 3= 5 /N SLENN =S VA RSLENER LB VA T G. glabra

AV A NY R YRy D \EER T S. latifolia

UYY A w/N0 0 OAY 0D AYYEYYS © Qv EVAY P J. inflexus

WA RERYIY NRYIY-SCY I 5 VARSLN of == YA S VY £VHES Poglaucophylla

OYY O e/e ey Y EAY D VoY S VY Yy P. orientale

YV ey VW RN AR D YERGY P YVAE Y00t S gzerbaijanica

GJAY NNAY o4 QeEVAY D VEEA/YS D VAY £ AqVe 2 C. aduncum

SN feE Y VYR O D fAEA D VY £ YT B yjrgata

C,wv‘(p< '/'0) 6)1.;‘)1:‘.513.,4 Q)uﬁ o.lLA.\OLiJ ‘J@;)l.\bqbﬁf‘)&ﬁ); (...}C cb ca) tSJ’l.‘LAf:F vﬂn:li‘ h.é})}*

h ﬂ 1Eo 1 juby o /a3 o
ég é — Il /gaw 0 )loss /3 L 0 )93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad TAQ
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

bgu_s)_:d._su ~'~‘9—QP‘\ 's‘sd W 5y 0

E. billardieri o5 a4, \$IY g V¥ sl & &
ks alss

. 0,85 }..al.& )L.\.a.o oY)

MAI 5L
sloaiss (2lsp plul 5 aty; (i 5o sl MATL (asls
$lp parle ol lade (Y Jloged) wo S aulrs oLS

s YN-YAY o5l 0 ooy 4 oblE Ll slul 5 ady,

ma
w. [ fes
;g) ra - pocia
;j' f.
:
g e
4
z e
A 4
& & o & & 5 o oF & o
;,‘te;‘é@z @‘& ;*B“ \rﬁ’ \“ q;.i“ RL&? ~:'?~ ﬁ&ﬁ“ﬁl\@ #\E"ﬁ.$a&§m
i [
5 ¥ & gt «zé e» S

axllon )90 LS lad plail g aly ) )0 MAL 5 Ls -V Hloges

o5 mEIkg Jolee fre) diwgy ;0 AZ Sk lode
LS o ol g jlade pisred Cal odd 5,158
oS ol Jb> 5o ool (FY) el -NY mg/kg ol
Y5 mE/kg adllas )00 S sladiges 10 0,8 ke
o) yais & Az S Sogll adbaie pl S5 005
Sl a5 e

(AL 5T @ az g bolS )0 0,8 e az ST.(FY (FY)

Y- 10 HlS o o, laae o)l

¥a.

@ e o olygd, ) (Game ddhaie ;0 (5 Sane (SVob &)l
() Sane glaclled LIRS sl iogh C"L"‘ Glao o
o) e ol alils YL e 5 albl slee (Sojlee
A U"'i‘""’ ul,ls ;QBJT é’l-*-" P podes )‘ 03 gdone

.(YV)

e o)l N N % é Jﬂ
1E0 1 by /ogaw o jlod /pas by o <
sk )| 3k 09 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

e 5 ()5 ailows

Sl a6 sba sl oad anll SS9 055 olnl 5o s,
o5 855 kS oS olnl adlate o alS aS PV
e sl ——Usle 5 Scrozonera tortuosissima
5 (FF) ool azils 055 S 0 |, oyw #0- mg/kg
95> SbeS ashie ,o Achillea willhelmsii 455 L
ade) 3 ) o 5l @Y polie &5 Wb e SlalS
o 2 e SUIS eizmen (FV) wiS o0 il 055
oolgils ;I Euphorbia prostrata > ,s oy YU
ol 5o eawl Cewss @l b 3355 4o 55 Euphorbiaceae
&S Sl awadS Sldlhe b (FA) o,ls 0924« ingh
2l oo dawgie ok 4 i (g0 S Al sl
wlsp plail uzly GlalS Ll s cuslsl sgs 45 1, Pb
WS (oo Joo G o Sl 0 Ygene Fod S

(F9)
Olee e 3 g (ney Awg 0 S5y (el lode
Ve mg/kg Jolo o, 5 4 SLS o o] Slgs
JIs o yagee 5 (FY) sl oo (3,055 #+--4+ mg/kg 4
3 ey 05 5o Sl slacled 5l 3L s, (Sl
poo almg po 5 olnd o5l mlio glacdls sl alay
on Oyge S ladiges ;o ll (65,5laS slacllas
s VYAY mg/KE (g5, yaie (oSl cailaie pl 5o
Sldllae o)l yaie opl YL Sodl | las &5 w5
OlessS wile ladgle Hlals )5 59, (eSiles Hlake LS
Slos S 5,155 V\Y-FY mg/kg e 4 1) Slbgo
s E. billardieri .A. rostratus LS 45 4w (YY)
5 w03 o 3l SYLECS L 5 ECR il s S. latifolia
S¢S o LS &5 aw ol 0 TF Jlaie a5 J>
ot S8 g5 555 i a3 dus y2 ]ty sl K ]
#LS 0olgls slacl (& ol ainn 9, paie 2L
S. latifolia  E. billardieri ;|5 a5 Asteraceae

% é J’ﬁ/{'{ ko o las /s il 6495
h 1€l juwly /pga /a3l o).
. ks d

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Ya)

Dylitte Wlg co (6,18 paiges oy i g S )0 0,8 e
2lS a5 S 0 Lo i3 ool Cowss ol Gollas .ol
SYLTF 4 ECS l)ls P ferulacea 4 A. rostratus
S50 A e o35 k50 b enlply e S
Lls 1y ol zlewl sl d o solaul coblE lals oyl
C. foliosum _ol 5 sladasiy S piioan .diun
se>3 L S. latifolia 5 G. Glabra .E. billardieri
TF<\ lls o5 5 5L ECS | 5 ECR Jluie il
PS5 s Ul hls 550 g8 ez oy aen

e Ag paic
SE 50 589 ey Mg )0 oy Sl Sl e
510 mg/kg Jolaw sy len ilase 3bli
S sladiges o (FY) col oo 3,155 YV mg/kg
£V 55 ME/KG o5L 15 oy prolio caallan 550 dilais
A. rostratus ;al coasl Cowds i b illas .o (el
oL5 Fabaceae oslgils 4 3lazs 9o ,0 G. glabra
Euphorbiaceae oslgls 4 sl E. cheiradenia
oL 5 g Apiaceae oolgils g3 o E. billaridieri o5
ECS l)ls e Asteraceae oolgls o3> S. latifolia
ol i TR (glls 5 0055 5 51 5YLECR L
SE 30 oy paie (LS Sl Cobl s kS ()l
Jole oz 5l Sl GlalS bawgs o pale D s
Syge SlE )l sole Hlade 4 ylgi oo alox o] 5l A el
olE S5 Jelse PH (S conails Condg (S o
Slalae illas (FF) sgai o,L5] 4y, clacysssSl g s
« Vachellia campechiana oL5 VU oUly caidS
oo ilsl yo Fabaceae oolgils 5l (6,50 gac lgie
Pb VU gz (FO) sl oo, LSl @ o9 Sy y0
& sl g0 ,») Achillea 4 Scrozonera sls > ;o

“Cyw ore ddhis (o Cuig 4 (Asteraceae oolgls


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

2 BLS GbaS (pl clS n lasais Wi e (oop
3 glooa¥l s Cupoe 5 eagll Gad 4 ooy
ol 4z 31003 dalhie jo Ll el 5l Lot
3 By (LS Glaaiss (S oLl 4 e gy
Jdo 4 Jg 105 59, 9 o o)l Olls 2VLeLS
slotis iV o Shee aslllae olSel o (gl sgame
STolegiess o nlpln il ogzy ie LS
aalhio ol 5 sleass S pluasdlsa s
Sy (LS sladisS (Syae g oLl i a
Sl ol el S o5y 4 ol s YLl o

00,5 oo duogs

ol (Sogl EF (Sl (als oy ol b 3l
ool cuils p S sladiges ;o Zn 4 PbAg Lolie ol
AT (rizmed 38 e Oligd ) (Some edguce ]
P ferulacea 5 A. rostratus alS 455 g0 o5 o
Ayl ly 0,8 paie LS Zlsaul anld o colasl oLl
.E. billardieri .C. foliosum . a5 sl aa 555 4
SB 01, Ag yaie aily o S. latifolia 4 G. glabra
.G. glabra 4 A. rostratus :\lal 5 .o le oo is
« S. latifolia o\ ¢ E. billaridieri .E. cheiradenia
S 0 oy paie 2l co ClbB L SlalS lgie
A. rostratus .« alS 455 dw piores (A sl
LS e oLl Gl )l S. fatifolia 4 E. billardieri
dwle MAL a3l polie wloly .a5og (g9, paie
cwlsl jo Ul op i 5| E. billardieri oL3 55 oo

9 10,95 1 (595 5 0,8 polic i

S SllisMe
Jlacsl ¢ ol Cd iy pas Jols IS OIS ads By

Yay

. 0,85 )..al.& )L.\.a.o oY)

Siagy ;o s olLS odlgils cnl 4 @l
b bl a5k @ ol onn) DL 4y ands
,» Crepis setosa ¢ Matricaria inodora 445 4o
loasS olsie 4 5 a0l S I ZN o oYLl
(00) Wloads Byme ZN jew (VL 6l conlio

&lp ol dwle MAT aiiis sonl cowss s sllae
A Olg3 oo g d9d oo bgspe E. billardieri 4 ol
yolie calil g Qi )0 syt Ul olS (plaS 288
ool Sl g5 s ca 115 (53, 5 w0
Sl 4 005l 5o paiz o MAT jiolis (s, » 48,5
Qg5 oo MAT zglaws a5 ols lis oyl 5l 5o aysle alo
NESPENCRSIURIC SITWRNINK X S
3l Sl conisS ool Lol mlie ¢ ludl slacales g
aS ol oo ools lid ldlas jo . (BY) Wil Sglaie .. g
REIMESER SN SSRPNE S RNNNE,
Alr o ailse lsie a5 0 (5510 S 1) (5t o plse
(F) anles Joo (Ko il Sogll 5l ol ol
dly gy (nl o Jbo g Gloy slacusgame 4 axgi L
OBl caslllas 590 adlain )5 goiie Jlews (2LS e
S GVl e i lS b o Sles b))
oLS caddllas 5,50 aLS cloawist o 5l .cdla ssms
O e 5w olelid (g5, b g o o8 S
aslllas 550 Slls s b gl o laaisS (S (339
25 bdses ol ol cuul g 2005 oS
adllas 550 (sog (ALS (sloais olawd Ll 5 ol
Sy olawi plolils 5 5580 bl & jovie adlate o
e Slls (VLolS el jo (3890 (BLS sladisS S
2L slais plo adllas 4 cod (plply 050 oo
wily (AL SlaasS (Byre g plelid jslate 4 cadhaie
sbaiss olulis 005 oo awoy S8 SYLLS o

Slilpl (lalS ohg 4 alS (WYL 0 Gge aLS

e o)l N N % é Jﬂ
1E0 1 by /ogaw o jlod /pas by o <
sk )| 3k 09 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

e 5 ()5 ailows

5o 4l al, alS sbdiss o Sl ollls 5l S
2 Colrl o b glhsdy; b LS esgase
O P RCI PRV P JES O L L DR B VAV CRRUSI R B g (e
el Ggaro cnl prime sl Sl 055 (Shsy08 il

.M)lo

References

1. Fashola MO, Ngole-Jeme VM, Babalola
00. Heavy metal pollution from gold mines:
environmental effects and bacterial strategies for
resistance. International Journal of Environmental
Research and Public Health. 2016;13(11):1047.

2. Sarwar N, Imran M, Shaheen MR, Ishaque W,
Kamran MA, Matloob A, et al. Phytoremediation
strategies for soils contaminated with heavy
metals: Modifications and future perspectives.
Chemosphere. 2017;171:710-21.

3. Rascio N, Navari-Izzo F. Heavy metal
hyperaccumulating plants: How and why do they
do it? And what makes them so interesting? Plant
Science. 2011;180(2):169-81.

4. Balali-Mood M, Naseri K, Tahergorabi Z,
Khazdair MR, Sadeghi M. Toxic mechanisms
of five heavy metals: mercury, lead, chromium,
cadmium, and arsenic. Frontiers in Pharmacology.
2021;12.

5. Sobhanardakani S, Tayebi L, Hosseini SV. Health
risk assessment of arsenic and heavy metals (Cd,

Cu, Co, Pb, and Sn) through consumption of caviar

% é J’ﬁ/{'{ ko o las /s il 6495
h 1€l juwly /pga /a3l o).
. ks d

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yay

ilos S coley allas ol o1, (g5lwonls g laosls Cay o cailS g0

‘SS‘Q)Aé 3 M& y

3 ocale Gpaie Gl ik I Jol> dlie ()l

sty Sl Gl lste b s olisld 5 ol Saags,

of Acipenser persicus from Southern Caspian Sea.
Environmental Science and Pollution Research.
2018;25(3):2664-71.

6. Sobhanardakani S. Potential health risk
assessment of heavy metals via consumption
of caviar of Persian sturgeon. Marine Pollution
Bulletin. 2017;123(1):34-38.

7. Hosseinniaee S, Jafary M, Tavili A, Zare S.
Geochemical and ecological assessment of some
heavy metals in the soil around the lead and zinc
mine in northwestern of Iran. Iranian Journal of
Health and Environment. 2021;14(1):159-72.(in
Persian)

8. Sasmaz M, Arslan Topal EI, Obek E, Sasmaz
A. The potential of Lemna gibba L. and Lemna
minor L. to remove Cu, Pb, Zn, and As in gallery
water in a mining area in Keban, Turkey. Journal
of Environmental Management. 2015;163:246-53.

9. Khalid S, Shahid M, Niazi NK, Murtaza B,
Bibi I, Dumat C. A comparison of technologies
for remediation of heavy metal contaminated
soils. Journal of Geochemical Exploration.

2017;182:247-68.

10. Pilon-Smits E. Phytoremediation. Annual


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

Review of Plant Biology. 2005;56:15-39.

11. Susarla S, Medina VF, McCutcheon SC.
Phytoremediation: An ecological solution to
organic chemical contamination. Ecological
Engineering. 2002;18(5):647-58.

12. Chandanshive VV, Rane NR, Tamboli AS,
Gholave AR, Khandare RV, Govindwar SP.
Co-plantation of aquatic macrophytes Typha
angustifolia and Paspalum scrobiculatum for
effective treatment of textile industry effluent.
Journal of Hazardous Materials. 2017;338:47-56.

13. Shahid M, Dumat C, Khalid S, Schreck E, Xiong
T, Niazi NK. foliar heavy metal uptake, toxicity
and detoxification in plants: a comparison of
foliar and root metal uptake. Journal of Hazardous
Materials. 2017;325:36-58.

14. Sheoran V, Sheoran AS, Poonia P. Factors
affecting phytoextraction: a review. Pedosphere.
2016;26(2):148-66.

15. Yan A, Wang Y, Tan SN, Mohd Yusof ML,
Ghosh S, Chen Z. Phytoremediation: a promising
approach for revegetation of heavy metal-polluted
land. Frontiers in Plant Science. 2020;11:359.

16. Peer WA, Baxter IR, Richards EL, Freeman
JL, Murphy AS.

Phytoremediation  and

hyperaccumulator plants. In: Tamas M]J,
Martinoia E, editors. Molecular Biology of Metal
Homeostasis and Detoxification: From Microbes
to Man. Berlin, Heidelberg: Springer Berlin
Heidelberg; 2006. p. 299-340.

17. Chirakkara RA, Cameselle C, Reddy KR.

Assessing the applicability of phytoremediation

Yay

. 0,85 )..al.& )L.\.a.o oY)

of soils with mixed organic and heavy metal
contaminants. Reviews in Environmental Science
and Bio/Technology. 2016;15(2):299-326.

18. Wu B, Peng H, Sheng M, Luo H, Wang X,
Zhang R, et al. Evaluation of phytoremediation
potential of native dominant plants and spatial
distribution of heavy metals in abandoned mining
area in Southwest China. Ecotoxicology and
Environmental Safety. 2021;220:112368.

19. Chamba-Eras I, Griffith DM, Kalinhoff C,
Ramirez J, Gazquez MJ. Native hyperaccumulator
plants with differential phytoremediation potential
in an artisanal gold mine of the Ecuadorian
Amazon. Plants. 2022;11(9):1186.

20. Alizadeh A, Ghorbani J, Motamedi J, Vahabzadeh
G, Edraki M, van der Ent A. Metal and metalloid
accumulation in native plants around a copper
mine site: implications for phytostabilization.
International  Journal of Phytoremediation.
2022;24(11):1141-51.

21. Modabberi S, Moore F. Environmental
geochemistry of Zarshuran Au-As deposit, NW
Iran. Environmental Geology. 2004;46(6):796-
807.

22. Karimi N, Ghaderian SM, Maroofi H, Schat
H. Analysis of arsenic in soil and vegetation of a
contaminated area in Zarshuran, Iran. International
Journal of Phytoremediation. 2009;12(2):159-73.

23. Torbati S, Alipour S, Rostami M, Hajializadeh
S. Bio-accumulation of major, trace, and rare earth
elements by two Astragalus species grown on

Agh-Dareh and Zarshouran gold deposits, Takab,

e o)l N N % é Jﬂ
1E0 1 by /ogaw o jlod /pas by o <
sk )| 3k 09 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

e 5 ()5 ailows

NW Iran. Journal of Mining and Environment.
2018;9(2):417-29.

24. USEPA. Method 3050B: acid digestion of
sediments, sludges, and soils. Washington, DC:
EPA; 1996.

25. Khalid N, Hussain M, Young HS, Ashraf M,
Hameed M, Ahmad R. Lead concentrations in
soils and some wild plant species along two busy
roads in pakistan. Bulletin of Environmental
Contamination and Toxicology. 2018;100(2):250-
58.

26. Hosseini NS, Sobhanardakani S, Cheraghi
M, Lorestani B, Merrikhpour H. Feasibility of
using Achillea wilhelmsii and Cardaria draba for
biomonitoring and bioremediation of heavy metals
(Zn, Pb and Ni) in the roadside environments.
Iranian Journal of Health and Environment.
2021;13(4):607-20.(in Persian)

27. Rechinger KH. Flora Iranica. Graz, Austeria:
Akademische Druck und Verlagsanstalt; 1963-
2010.

28. Davis PH. Flora of Turkey. Edinburgh.:
Edinburgh University Press; 1984.

29. Townsend CC, Guest E. Flora of Iraq. Baghdad,
Iraq: Ministry of Agriculture and Agrarian Reform;
1966-1985.

30. Pekey H, Karakas D, Ayberk S, Tolun L,
Bakoglu M. Ecological risk assessment using
trace elements from surface sediments of Izmit
Bay (Northeastern Marmara Sea) Turkey. Marine
Pollution Bulletin. 2004;48(9):946-53.

31. Anbuselvan N, Senthil Nathan D, Sridharan

% é J’ﬁ/{'{ ko o las /s il 6495
h 1€l juwly /pga /a3l o).
. ks d

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yao

M. Heavy metal assessment in surface sediments
off Coromandel Coast of India: Implication on
marine pollution. Marine Pollution Bulletin.
2018;131:712-26.

32. Ghosh M, Singh SP. A comparative study
of cadmium phytoextraction by accumulator
and weed species. Environmental Pollution.
2005;133(2):365-71.

33. Sistani N, Moeinaddini M, Khorasani N,
Hamidian A, Ali-Taleshi M, Azimi Yancheshmeh
R. Heavy metal pollution in soils nearby Kerman
steel industry: metal richness and degree of
contamination assessment. Iranian Journal of
Health and Environment. 2017;10(1):75-86.(in
Persian)

34. Perel'man Al Landscape geochemistry
(translation no. 676, Geological Survey of Canada,
1972). Moscow: Vysshaya Shkola; 1966.

35. Baker AJM, Reeves RD, Hajar ASM. Heavy
metal accumulation and tolerance in British

populations of the metallophyte Thilaspi
caerulescens J. & C. Presl (Brassicaceae). New
Phytologist. 1994;127(1):61-68.

36. Sasmaz A. Translocation and accumulation of
boron in roots and shoots of plants grown in soils
of low boron concentration in Turkey's Keban
Pb-Zn mining area. International Journal of
Phytoremediation. 2008;10(4):302-10.

37. Yoon J, Cao X, Zhou Q, Ma LQ. Accumulation
of Pb, Cu, and Zn in native plants growing on a

contaminated Florida site. Science of The Total

Environment. 2006;368(2):456-64.


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

38. Aghelan N, Sobhanardakani S, Cheraghi M,
Lorestani B, Merrikhpour H. Evaluation of
chelating agents with different biodegradability
rates on the enhanced phytoremediation efficiency
of ornamental species (Amaranthus caudatus and
Tagetes patula) in cadmium Contaminated Soils.
Journal of Environmental Health Engineering.
2020;7(4):427-42.

39. Liu Y-J, Zhu Y-G, Ding H. Lead and cadmium
in leaves of deciduous trees in Beijing, China:
Development ofa metal accumulation index (MAI).
Environmental Pollution. 2007;145(2):387-90.

40. Hatami-manesh M, Mortazavi S, Solgi E,
Mohtadi A. Assessing the uptake and accumulation
of heavy metals and particulate matter from
ambient air by some tree species in Isfahan
Metropolis, Iran. Environmental Science and
Pollution Research. 2021;28(30):41451-63.

41. Liang J, Fang HL, Zhang TL, Wang XX, Liu YD.
Heavy metal in leaves of twelve plant species from
seven different areas in Shanghai, China. Urban
Forestry & Urban Greening. 2017;27:390-98.

42. Kabata-Pendias A. Trace elements in soils and
plants. 4th ed. Boca Raton, Florida: CRC Press;
2010.

43. Smith IC, Carson BL. Trace metals in the
environment: silver. Ann Arbor, Michigan: Ann
Arbor Science Publishers; 1977.

44. Steinnes E. Lead. In: Alloway BJ, editor. Heavy
metals in soils: trace metals and metalloids in
soils and their bioavailability. Dordrecht: Springer

Netherlands; 2013. p. 395-409.

. 0,85 )..al.& )L.\.a.o oY)

45. Santoyo-Martinez M, Mussali-Galante P,
Hernandez-Plata 1, Valencia-Cuevas L, Flores-
Morales A, Ortiz-Hernandez L, et al. Heavy metal
bioaccumulation and morphological changes
in Vachellia campechiana (Fabaceae) reveal its
potential for phytoextraction of Cr, Cu, and Pb
in mine tailings. Environmental Science and
Pollution Research. 2020;27(10):11260-76.

46. Ghaderian SM, Hemmat GR, Reeves RD, Baker
AJM. Accumulation of lead and zinc by plants
colonizing a metal mining area in Central Iran.
Journal of Applied Botany and Food Quality.
2007;81(2):145-50.

47. Mahdavian K, Ghaderian SM, Torkzadeh-
Mahani M. Accumulation and phytoremediation
of Pb, Zn, and Ag by plants growing on Koshk
lead—zinc mining area, Iran. Journal of Soils and
Sediments. 2017;17(5):1310-20.

48. Machado-Estrada B, Calderéon J, Moreno-
Sanchez R, Rodriguez-Zavala JS. Accumulation
of arsenic, lead, copper, and zinc, and synthesis
of phytochelatins by indigenous plants of a
mining impacted area. Environmental Science and
Pollution Research. 2013;20(6):3946-55.

49. Alexander PD, Alloway BJ, Dourado AM.
Genotypic variations in the accumulation of
Cd, Cu, Pb and Zn exhibited by six commonly
grown vegetables. Environmental Pollution.
2006;144(3):736-45.

50. GliSIC RM, SimiC ZB, GrboviC FJ, RajiCIC
VR, BrankoviC SR. Phytoaccumulation of metals

in three plants species of the Asteraceae family

e o)l N N % é Jﬂ
1E0 1 by /ogaw o jlod /pas by o <
sk )| 3k 09 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

e 5 ()5 ailows

sampled along a highway. Notulae Botanicae Horti
Agrobotanici Cluj-Napoca. 2021;49(2):12180.

51. Safari M, Ramavandi B, Sanati AM, Sorial GA,
Hashemi S, Tahmasebi S. Potential of trees leaf/
bark to control atmospheric metals in a gas and
petrochemical zone. Journal of Environmental

Management. 2018;222:12-20.

% é J’ﬂ/{'{ ko o las /s il 6495
h 1€l juwly /pga /a3l o).
. ks d

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yay


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-04-28 |

[ DOR: 20.1001.1.20082029.1401.15.3.1.4 ]

o, o
" of Environ™

-J \\\ / - Available online: https://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2022, Vol. 15, No.3

HETH AND EXVIRONMENT

Orginal Article

Determining the concentration of Ag, Pb and Zn elements in some indigenous plant
species grown in Zarshouran mining area, northwestern Iran

Samaneh Torbati'*, Shokouh Esmailbegi Kermani?

1- Department of Ecology and Aquatic Stocks Management, Artemia and Aquaculture Research Institute, Urmia University, Urmia, Iran
2- Department of Biology, Faculty of Science, Urmia University, Urmia, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 16 August 2022
Revised: 1 November 2022
Accepted: 6 November 2022
Published: 20 December 2022

Keywords: Bioaccumulation,
Phytoremediation, Phytostabliza-
tion, Phytoextraction, Zarshouran
deposit

*Corresponding Author:
s.torbati@urmia.ac.ir
samaneh.torbati@yahoo.com

Background and Objective: Phytoremediation is one of the eco-friendly treatment
methods that can play important role in removing heavy metals. In the present research
that was done in 2021, the potential of 20 plant species for treatment of silver, lead, and
zinc elements from the soil of Zarshouran mine area was evaluated.

Materials and Methods: Sampling of the soil and plants were done following the selection
of 20 sampling points. After preparing the samples, the amount of the studied elements
were determined by inductively coupled plasma mass spectrometry (ICP-MS). Metal
pollution levels in the soil were assessed using the enrichment factor (EF). Moreover, the
enrichment coefficient of root (ECR) and shoot (ECS), translocation factor (TF) and metal
accumulation index (MAI) were calculated.

Results: A high contamination of Ag, Pb and Zn elements were determined in the soil of
the studied area. Two plant species Astragalus rostratus and Prangos ferulacea had ECS
and TF higher than one for Ag. Also, only Eryngium billaridieri and Scrozonera latifolia
had ECS/ECR >1 and TF <1 for the three elements. The highest amount of MAI in root
and shoot belonged to E. billardieri with values of 29.7 and 16.2, respectively.
Conclusion: A. rostratus and P ferulacea had the potential for phytoextraction of
Ag from the soil. Also, only two species E. billaridieri and S. latifolia were able to
phytostabilization all three elements. Based on MAI values, E. billardieri had the greatest
ability to bioaccumulate Ag, Pb and Zn elements.
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Copyright © 2022 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
A=W creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.3.1.4
https://ijhe.tums.ac.ir/article-1-6691-en.html
http://www.tcpdf.org

