10.22034/ijf.2022.303169.1803 :(DOI) Jluzus 4wl oyl Sl ozl oyl S Alrs
ﬂ 20.1001.1.20086113.1401.14.2.7.5:(DOR) Jlzs awlis VEo) iy oY 8l om0 o> Jlo
YO-NY e

! s it ‘fu})‘a Lo

S I3 (g5 Sulsly lgisa QU )3 Cunwgy
(Ohaod Reud¥l 2)00 (Slwg) B> Al (SWEL 153,90 dxlllao)

HIIE VYU T TP SAPRVEINE JPPTLTC IS TIPS

Sl epdle Mo oKty ey Lanme 5 (ol qolin 80K (ann ) Lanmes 09,5 Lozl |
Sl e e olKesls sy L g (el qlin 50SEIS o) ame  F3g] (655 (gommails |

).:)Lo oKisls S ) e 9 ;;.....]a @LLA sasiails [Ty e ‘SNL;J))[S T

OF NG Sopdy Gyl VF JFV D 2l s )

oSS
Gy Jaoe 5l Ko Ol Bis 5 gy Gl 0 055 5 ldé Cosal ) Bas o b lalS o oK Ol38 8L s udss
Ll SLLI S 5 53,5 5 sto Glis )0 Cemgy 53 iy 5 (55 ome (i S5l ClAE o)y Baa byl ey 05 s el
Sl HeSde ddlaie Jl CB 0 Congy 5 b S wiges Troggaze j0 .8 5 sl laes 0 iVL oju (sling, Sol> dil> o
cs=dl iz oo 5l eoliiwl Ly g wiais eolel (puKis l3l8 SIUT 51y 5 ds 5l eolanwl b cadsl (g5lwoslel 51 uy ladiges .0
A ool la et Ly o 5 (Sogll Gloadlis il (g ol sla by, 5l ools Judow jshateds o i (S 318 clale
PER «(oo—izdol (Sogll) MCD «(((Sogll &> ,0) CD (slo sl ploy (cu)p S (puSs i3l a5l dabaie S cmlis wlulys
S ot Le) PLIE asls ol 5 o8 (Sosdl &ab ;o (e (Sog)) IP1 g (Comoms Jumnilis) YTU (o5l (5590551 s )
Ao 3 OM A g OYIY L s o s 090 e 4 bgy o pgio g 90,5 Gl bl S 0 i jay ao 0 YA/ 0 4 FYA L X
OS] 5 10 &5 90 Cawgy ,0 (59, Sdale o oS . Clls pgio 5 90,5 BlLbI S gl 1) 0gdll s Jaore Sy (i
3529 60 e 5 Csio (Stad S 0 ol Clale b pgio 10 Gy clale o fuizen (p<0.05) coils 9925 lo e 5 o]
Olseans o y5cwmlio 855 pgio g b oo inlpal olS jo ol cdale S jo Oy cdale 201581 b ams o ylis a5 (p<0.05) cusls
b dalaie (65,0laS DY gams olae Codnl (glosl> Sl 51 AL LgL(bo.\.:%Y—l D929 b 105d o0 Camte oy BABIZAZS g Sioly

D9 (omiyy en § 2y D550 5 osdy Sy g (S ol yo

139,5 cSm I3l ¢ pgio ( Sogll sl als (s Lol i giedS glaojlg

3 ailesn (B o Lame 3 late (i il dosdo
S cege 9 e b 4 ) plensST ol S35 oS g Caro dang 3 slal o

(Wang et al.,, 2013) wig-5 oo 00ij Slaggo Ll Smroz Ghalidl Geizred 5 S —B009 5 S
osliiul b bls )| 5 alals 4 as> L sl b Gl 22l g o 1, lm g O (S g Sogll
=90 4 gy gated slog,0e> ohgdy ads blug alox 3l loas¥T &, (Moezzipour et al., 2020)

e.solgi@yahoo.com : .| SAVTYTYAATY :ules 5 )las Jme Bdangs



Y.Y VAY B Y) miao 0 F) Lol o 5,led wosloz Jlo ol LS ezl o)l UK il

O 4o dy gy g 5 o9y Boal VT
Moreira et al., ) cwl o331 slala e )y
s 5lid sl Jomol 5 oSy eizmen (2018
A pylte slpa oz y0 ¢ Loz o sl sl
5ol dyo daai 04 cwl Jousa slaoanV]
5o 2y 73 Gy Sl §) 55l 5 S5
.(Khosropour et al., 2018)

345 Sl Gy a2l (o9 S0 Sy
ool wl lga Sogdl 5,50 )0 05gas 0agll 3blis
ol 9L csse g (Solgi et al., 2020) 05 o
=l oo 5 S adbox jl e ys sl it s
=B g s 3 Jlw Job sl 0 a5 ol
o=l = (Parzych et al., 2017) cul s,ls paiges
Sl laiagiy ) pliize | )l ulul
i ]t Sty By Sy Sy
Widom, 2019« Tabibian et al., 2019) alos, S
.(Kousehlar &

CD alex j Sosl slaasls ;) soli .l
—3,! Plyemerow s PLI P13 TU PER .mCD
Clils 4 aihie S Sogdl cundy 5l oowlis
bl ol s (S0lgi, 2016) ol walgs &5l Ko
Sl (Sl oy LS o 0l iy o
9955 5 pyie OIS0 Cangy 9 S 0 (oS
Ao o Fogdl S Ls alex 5l calizs sl as L
HL el oMol (Sogdl jaslis ( Sogl
gm0 Ll omaz (Sog Il a3 ls (gl
S Sty 5 (oo 53y s sl
Gegimy Adlaie ;o (Sogll Cuxdy gy sl Sl
5 6,550, elacad b Oy os eolinul
S 558 L5 o] 5l il lesls Sl
b 53 i Sl Sl diaj o Jhags,
Ly (0055 Shogge 5 lsp (S D) oy
S gy ol 5 468,55 ol g8Vl 0,0

! Ao L)"" 3O Oy90

Slls slasa oVl oy Lol mlie lag 045 .l
S S0 ooV pl okiws o pd 4o 8w
3y Ngdioe Lazme 3)ly 9,095 (slizl Koo by 59551 5
Tabibian ) wigd oo (g o] HalS § S Sodll
(etal., 2019
297238 9 595 Wwd 53 53 (S DI3l3
olie 59y 5 oo dile (SIHE WSS e I8
oy sleclale o as s 5,550 B paneS
(Dadar et al., 2016) s—uS - obx) com sla 5
9 W (5598 b oy Sile K05 (golaws
o= ZJ_:) C)‘OP}A 9 ul_ml.f (5‘)4 wS cdale o
OZden et al., ) AJB_...J‘;A B by ‘)qu).MJ 9 oéﬁ
Loy o5 conl oS Ol ales 5l oy (2018
Sl cezrge (SBI5 by g sl adg ag 09>
Tabibian et al., ) o5& o Cnn) Lo o
Sz gl 50 S Wlils Sl s (2019

Sl bl o saselas! slagl (Hou et al., 2018)
oS Ol s s Sog I asas s U bool>
5l Leeao VT catiias G,k 5l Sogll cpl ailaxlge
el Bl a4 Jlsl LB S ol 51 T
JUisl oS J S ek Ly o9 SLS
b ol 5l g 005 Slogzge g ol dga 4 lasansV]
JUtl g 0 )3 50 i sST B (0 5 5
o Oyl 5o (Solgi & Parmah, 2015) coulasasY]
L) edidwd W piawsST 5o cwlul Slizl 5l lls
By it & o) pd Cany Lz 5 Soblie Jlal
Martinez- Martinez-) o ,ls sage |y piasS]
ool o el ! o (LOpez et al., 2014
Sogdl il K Ol s 4 00l slalaa
S8 ol LB jo gaied )l Sledbl LS
ol jedaieds (LS 0 g (LS 5l eolatul e o



o O DB oy Kol leieas i 0 Cangy

AR¥

Ll (L8058 (Glndy Jgad dan jo (laes ol
Slo S 5l e Gl 50 5 59,5 SEL o5y
9 Ly o (o fs B3l Elinng; ol 25hae
Ly, slogls sl alols o 5 Suos jo ol slagls
oalyplool ay o yiws oy oola .l ouls &34
Slpin g adbie 505 sl 5l as ol ogS
el 58S g il Gilie L 1 S50 5
5,35 o ailaie slagl LS 5l a5 (loolx Lol ol

O JK8) caol 0ol

29, 9 olge
O 50 =iVl oyo liwy) g ddhie
FA gaz,0VF o as el loes i (6 0slS
BTV g az o A 5 Jlod (oye LB F 5 aido
Ly ol sl 00 @Bly (355 Jobo 4S5BT
S 75 Cmnb L goie slwo o 0529 Jdoay
ANmadi ) osgr s Sb35 5 | g bl
3 eS alols Loas 9 (Mehrz & Rahmani, 2018

268500 70500 272950
BN A
£ Ex T
B . 5 =
g2 s g :
i e ¥ 26
5. . L5
2 - £
L4 -
= -
®\ \e
- ’.
< Sy s A 2 g
1 Scale = 1:50,000 x| 2
A Staaal *
Laial; s
SRyl ® 2
2 A5 2
2eeb00 266000 zegoon 270500 2000

gy ddlate 5 (5l paiged L CuaBye =) SO

slalan &350 p5 gl (05 el 5l e S
Yo Gt 3l 6,0 mdtges o il Yo x Yo
Dinuetal, ) c3,5 &ya0 o9, S (5 ke bl
elas )l o o5 0 led 5l Cang sladises (2020
gLyl ol o a s Bl bl 5lg 6, 90 Sga>
lodises don 28,5 sl (Yousaf et al., 2020)
e GBS ezl o 08 Sy 5 S
Cnn § SLS diged G 230 oo oKiule;]
iged 003 45 0l (g gl S50 Cangy aiged
o bgye ;503 Agei as 9 99,5 S0 4 by e

S—islen 3Ll slas jo bdiges 09 pgiuo S50

P93 1yl bgnsd
‘5)‘Lwo.>l.oT 9 5l pdiged

Hlgld A azg Ladhie jladsl )y jo
SP.) peimo oL, 5 (Juglans sp.) s0,5 gl
olsl ol egi sl p 4565 90 (! (Populus
o Lol 5l ools dlols (s ls paiges (5 TogksS
s logls STy aazg b oy e 2o Ve Y
pleil oola Caams 90 ;2 31 (5,10 mdiges Lm0
Sy g B Aiged Ly diged Sy o Aol 5 288
S0 mdiges jsliiedy 3gr foghS Sy (o B ek



Y-f VAY B Y) miao 0 F) Lol o 5,led wosloz Jlo ol LS ezl o)l UK il

5 Aoy e ale Chacground 5 (oS 318 o lale
(Hakanson, 1980) cul ) &gy 10 (S
ey SllE e 5 e 59, S SIS (1
ol p S5 LS 1 a5 e 00 5 VYO Ve o5 e
(Taylor, 1964)
CD=)"CF Vb,
>l CF g SogJli >0 CD WY &k, o
.(Hakanson, 1980) <ol Sogll ;551
Eri =Tri xCfi ¥ ala,
i CF wsilly s ,g:SBEri ¥ dkayl, o
) Sl (o Gl S T 5 (Fos 1T 516
<!y (Venkatachalapathy &Gurumoorthi, 2016
e Fan T ke s 5 o 05, (S D318
Niuetal, ) cewl o5 LS s p, 5 Lo 50 )
(2020
RI =>" Eri ¥,
b gl s a5Ls RIS dal, o
Eri g oud o)y oo Olpds slass N i
& Gurumoorthi, 2016) <l 0gals , las 4251
.(Venkatachalapathy

n
mCd =—Zi:1Cd 0 aka,
n

N o ipdol Sogll jasle mCd b ik, ;o
SO A0 Cd g oas cwyp (i I35 Slows
.(Abrahim & Parker, 2008) <.l
PEL,
8 e bale Ci woow azlg TU o d bl o
Long et ) el Jloi>! 151 mdaw PELI 5 S
Gt § Dy 169 i SI318 6l y L@l 1995
Sl VAV 5 VY VO s ey PELT Jaie
.(MacDonald et al., 2000)
D TU =TUg, +TU , +TU,; +... Y i,
Cwl ol Coomw Jomdly ITU LY dlaly o
.(Long et al., 1995)

TU # alay,

Slewl 5l oolaiwl b Congs sloddiges (pws .o
Sl 5 S sledsses g aias olew! By
oul 0l jee Voo e Sl ah SiSlgr
9 Gl pan Lo L5 o (Yousaf et al., 2020)

0 (615 oltulejl 5o (paSiw Sl3ls rontes

‘sbli&.‘{b}." ‘SL&’}QUT

s S 0 pSKiw ol s clale o jglated
a2 (gl ol oolatul a2 9, Jos 0 Cave
Aol 5l e s eolax_wl HCIO, ¢ HCI HNO;
odls Blo TV (roily XI5 lawgs ladiged qouan Sllos
o oailuy yiod e YO W@)M)lggogibs
O ol s e lale colys o (Solgi et al., 2020)
Lrgw‘ g_JJ._‘> Ko Ja_wy &y § =0 ¢ 59,
S 3 ad s (lalT 2L ContrAA 700)
dges i85 ploul ‘_gLa;)'ﬁJL;T CatsS S © g diges
W ).Jbl)..., o9 bl Jolis Ladd a5 salis

el b9,
L Loools Loy moss8 esslol lojdbl 5l iy
3590 5> 3 gy Sy —55mlS Ggail 5l ool
Joas b 09 10,55 5 Jloy gas8 5l a5 oleosls
5wt Loy laesls LOGL0 dlo 5, 5l laools
9 2 459y i DS cale dlis jglaieq
Sleslaiwl L olS 9 SLs o X ol clale

Coady sy ssbiieds D (g2 O (090
| i Syl L ) 4 ilaie S5 Sog ]
s PLIJIPI 3’TU PER mCD CD Lo Ll i
O 6 loalal)) ad osliie! Plyemerow
CF = Cmetal

- C \ A.EJ)
background

Crretal <5991 ;558 asLis CF o) &byl yo



o O DB oy Kol leieas i 0 Cangy

ARIA

S S Swgy 9 SB 3 e 9 @ 1S9y e
2 Gt e Gl e 5 (59, 45 s oe LS
bvgle 5 95,093 5 @y d S LS 9 S
T g po e 5 S 10 i Sl3ls ol yolie
(V) J992) Sl feS ey &gy )3

SLbl S (e Jos (5 0903] @l ololy
TB S 5 S o e 99,5 9 pgio AigS 5
2l (P> 0.05) o5 5525 (I cinn (6 el M5
CS 50 Cawgy 4O S Sl3lE lade 050 y0 laazdl
Sl Sl 5l 93,5 5 pgie 43S 93 (e a5 Sl (LaS
Golel BT Lz j0 Cigy 50 09250 (55,
5 e 9,5 ;3 9 (P< 0.05) 5 )ls 5924 (5,0 sixe
(P>0.05) conss o g IS ] oy

5 Sl sloazlss polie ¥ Jaz o
RICIVETTENE NV S PERE N JOS
g Adlaie « wlwl pl el ool ools lis
PLI 3 YTU PER /mCD CD (sla_asls L 5|
i g el o 5t 5 05 gl sl
Sos T 5 Ll 5350ms 10 1P| sPlyemerow
Syl )18 langis

&l (Fosdl 55U (el jlaie ¥ IS5 o
03,9l 4555 g0 B, bl S SIS a4y (K &I5l8
3 i e 3l e bl ol aST sl ouls
ol o555 (Sogll ;556 jasles L

oy S Ay 15 gl EMIIPER s o
Ol O Sl o 00 g1 ¥ IS 50 e 5 )
39,5 5 g A5 g5 Ll S s i Sl
098l (Fj Lo Sy o ) S0 (e 0
D)l iagh dalate (o aigS g0y Bl bl SIS ol

PLI =1/CF1xCF2x...CFn A aa,
slaces ¢ Sogdl | asLaPLL A &kl) o
(Angulo, 1996) <l Sl

1 .
n o Ci .
IPI :(Zi:lpl )” Pl =2 %

Ci i omazs Sos Il a3l IPL A& L, 5o

5 oS 518 diej clale Bi (oS oljls il

He etal., ) cosl cw,p cod pnSw Olpls slass n
(2019

2
PI :J(Cfaverage); (o) Ve dka,

Ua-i’LA.A Cfaverage 55)40.4 L)GD'LA PI c\ * i.laab )Q

Cfinax 9 oy Ol A8 6l Sogll 156 ozl

s s 5l (Sosdl e asls 5 S5
(Nemerow, 1991) el .S

TU/YTU 4 EN/PER cors auo o 3l fuiomon
IR (s e 02 )3 a9 SSE 6l S S
0l ) laore S, (0 S I8 5l plas
(Niu et al., 2020) .S S5 Coons Juudls
Solel slayge;l dan o ooliiwl imgh ddhie jo
)‘ ool l; osls JLo).a é})?.l 9 O = ‘J.Q....u.at
285 pll YO Y ST 51 oolainl b b asLis

ol s clale bl absS g0 duslie glp Jaiuw

00 gy (P S5hS 5 p )5 o) eFiw SIlE bogs Lol =) Jgu

D o a8
\Y/axF/vYa A\RZRA EARVARNEY ¥/ 0kY/0a Jepsov P
VV/AEAIYA f-/0£VV/Ya fY/VEFIY a 99,5
-/A£-/7) a AAAESARIAN:! YAAEN O/ fa Jepee )
_ S0 Cawgy
V/f£-/7A A \Y/VEO/Y a \#IYEAD b 99,5

Cowl 4365 53y o cime BB basaslis Ggline By >



Loyl Ui alons

<

VAY GY ) o O F) Lol oY 5 )ed eas oz Jlo o)yl

Y-8

ooy dihie slp Sogll sla

PER
AAA

CD
YIYA

mCD

STU

IPI
VI
VY

PLI
VY
AN

Pl Nemerow

ry-e

V&

<IVF

QAN
</fY

<IN
< |NF

009 (o oS b

Sogll g Luge So4ll

\Val

Voo

B R S o
[ QR A O AR R R
Rl

e

AR R R K R
Bleteleteleetetetyietetetetiotetetehiotetetatetetel

O T

ety
IO

A

ofetitoletetetilctalotitetitetetetetitototed

e o]
toSetotetatetitetetatetetetitatitete!

ottt atetete et te ittt

@* > > -
~ ~ ~ ~
kel

Zn

Pb

Cu

Zn

A

Sl sl (Sosll 55l asls yolie -Y S

9 S o

<

Sk o

% ddd / WH

Cu

Zn

pb

Cu

Zn

3255

doye -V S

B

..’ .

ol gl Eri / PER

U0 9 (59 6y (S

ﬂﬁ“ﬂ“ﬁ‘<’<0<0<0€0<0<‘W0€0<‘<‘W
A

%NIX/NL

e 3 e —

Cu

pb

Cu

Zn

52,5

rig-o

oy -F s

..’ .

o 9 9y v i Sile sl TURTU



o O DB oy Kol leieas i 0 Cangy

Y-V

=22 Sl ol G903l @S Y Jga o
oL 5 S jo S Olild cdale o Son
)é & clale O ‘L}“’L")‘ L)J‘ > w0 cé)ji
S99 (5)‘&‘5_;’.0 9 Clo M S 9 ypoio
(p<0.05) s ,ls

i Ol 8 6, TURTU o sy
&)‘“")‘ w‘ o 00)5—“: ijéw.ns S9)y «
A565 g0 Gl bl SLo )0 00l qw) p (S 318
oo Jomally oo A0 (3 i 90,5 g pgio
Sl 0ols plaisl o 4y e |

odd gy SA3S 9 S jo S Ol clale n  Seen @l Y Jgo
SZn SCu Slspb oLSZn oLSCu oLSPh
\ eAY “IYFY —IYYA —v SIVEA SZn
3 -¥AA NN IEAY EA SCu
\ -IFOV -IOY¥ < IPEY Spb o
\ EYY IS oL5Zn
| e JL3Cu
3 L5Pb
3 SVYET SIAOYT ey S0V Y SZn
| - vys” A -1644 SRS SCu
3 — s “IPY Yy Skpb
| —NYY . I¥av oL3Zn 99,5
\ N3 oLSCu
\ oL5Pb

g 3 wlwl ol 5 (Kousehlar & Widom,
S5y oS il Jalr s S iz ke 2l
Cwg l; MLM ) | P 4590; CAé-)o Cowgs
e WS 4 S S0 05 o yidon Wb gl
Cmwgd )0 (0 § 2y 659 u..i_m u‘)._lﬁ )‘s.\_b;A
ool B (g, paie 3550 10 il 90,5 5 pigio
Cewg ;0 (89, )‘».\.—ZLA 9 (p<005) Sls (_g)‘.)‘_rz.sm
ASl Ay azg L ogm 99,5 Cawg i peio
| Yloz| (Noulas et al., 2018) cuwl oy
(89 yiis oz Jdod d5eT 90 s sudolxyl
Cles o 5 8l o )] ez 5 S5l g g
(Romeo et al., 2014) cuwl oz 0 Cuvgy 4y Jlal
S o (g cbilé a5 0 oanline loazily ol
O ol ax STl 90,5 5l iy pgio G&lb
L Geizmed (P>0.05) 055 o e (5Ll L 5
ssbatedn ol Bl pagio (09 pelteyd 4 ax g
Aol plyedn eizmen 5 (oS DB is

Oy M‘? wLuo )L».m.a OJ}H LsLéJaw 00 (o)

olels s S o fw ol ls clale ool
5 6 505 slaccs,b o, jiagi ddlais
iil 0 00,8 Glagl jpax g lool> Sl
D8 Shgo Wboojlaer 50l g0l Cusnl ool
&olel s ol jiagis slaadl uloly
3 ey G AgS g0 SlLbl Sy (g lo e
(p>0.05) el sg2g (S Dl ez las
YAIQ) Fg=o CA})Q Cawgy )y wbbm SS9y )L).a.o
S VIV) 93,5 5l judn (p 56k 2 o5 oo
o mme g)lel Sl 5l Sl g 09 (p,55LS 5
CB 0 Cawgy 5o (o Hlaie (yizmen (0<0.05) oy
(p>0.05) 095 o sxe (5 ,Lel
gy 2 DS Qi ke S5e Jelse 5l (SO
4SS 5 9ba sl JZH s g mdaw g (L0
Sl (6o 89 gehans (P8 Cewgy )l S50

2019) 0 s los 5l S Sl3ls ol Ligo S



YA VAY B Y) miao 0 F) Lol o 5,led wosloz Jlo ol LS ezl o)l UK il

M LS j0 s all glool> SIS xie
@Bl g aiy, SouS 5l «(Lietal, 2020) ous;
S5l i (Halez 5 el jo Sy i S

.(Madhu & Sadagopan, 2020) &S
2 i Sy s Jedlty 1, ot
pyo g 90,5 Blbl S glyas s pl ol dalais
Sl sla il ol ao )3 YA 0 o FYIA o
MacDonald et ) el (59, 5| eS e sl (PEL)
Sy 5 =S cdale o e oplplo @l 2000
PEL jlude ol aalss lis 1) 0ss izl slo )il
MacDonald et al., ) cwl o 3l eSS s sy
3 Gl e cdile gy ol el jo Ll (2000
LURGTOWE IO E VSRR el 00l 0)51].3 & ).g‘).gso
S Coo Jomily Sl (6 b ot (595 9 o
8095 Cmn ) il S o lo g ddhaie o S
God i Cow plalS s ailis o 5 Jgene oLS

guilonuST o iwl (Nazir et al., 2019) cul e
Gk 3l olS wg e o> 5l s a5 oab
o sSgeg,S e 4 (uiles; sl 5 Saxte (Sl
slacdl ;o o p )5l 06,5 L YO LD jlade
Wuana & ) Sl oL:f )Lu &ML 9 wnl.m GQLS
Ol 50 e 3l a> i B pae (Okieimen, 2011
sl e (B9 (B slacs lon 5 95 LS
e RDA) 2l3é 05 badanogs jlaie a5 (5 jgboay
YL gl jlade g 59, 0 p)5 oo 1 VLT 5
Sl 555 0 oS ko Ve (UL) Jozss LB (5yae

.(Wang et al., 2020)
5 o .:.A é
A2 e lis a5 (p<0.05) il 092y (5,00 cxe
oS o ol el SLs o oy cdale ol38l L

o Jl_‘>-9).’5.._¢o C,«_.w%)b

MCD CD ST slaasli dulxe gl
i SLsa 5ol L PLI 4> TU PER
Al eS b s oaly (Soodl Aib s Gtagh
L Lol oyls 1,8 awgie Sogl g bl sogama
SL o e Sl 6 pdyaens ool 4 4z
dalhie ;o Sl 0e>9 (Raj & Maiti, 2019)
i D318 (Sl )5 e gte Olgieas Glashy
Cwl g (Tabibian et al., 2019) leosl> disl> o
olals 3 S5 o S ol s Sog T Sl
S8 )13 aiae Wb adlkaie
S 50 0w 5 e 89, e Ol sl
Sogdl yeSLe asls jlacie (i 5l g cubls
Dastgoshadeh et al.  glaasdl L a5 54 0,95 5
(2018) 4 Behravesh et al. (2015) ((2014)
oy aSSLz oyl Jlgen Taspinar & Bozkurt
39> 4 |, CF Lazli Jade o iy ool> Glibl o
L .(Tagpmar & Bozkurt, 2018) 54 ools olaiz|
Slaal Gegin ddlaie o lools S8l 4 ax g
‘_s_a_la...n)l.ol_fwj 3,10 89 >g adlaie ;0 Oy
‘S:Lasj)o? )‘ Lé_“"l" o..\.....p)...........n e éj‘j B oW
A5l 00 aslaie 4o aS ol

aS ols lid 3 S EN/PER cod voyo ol
Sy Bome S ) )0 ) e (b 0
S gl doyo cpl o)l ddlaie S gl 0salls
ddhio o S Ol s ol o ol il
om0 8 e g i az g bl e
Slybl o oy lasl Lol aus a5 cosl Jb o
Nazariyat et al., ) cewlrg 09> J 259 o Wosl>
e ddlaie Hlals § S 0 Oy il Jele



o O DB oy Kol leieas i 0 Cangy

v-q

Dgd g Dge ;505 50 LBl sl Hladib
Sl GLSGal e (nl slaaist £9i5 45T (5 9k
(Alizadeh ol 05,91 ool,8 calises 3ble o 1, )]
oS Ollé &y ailae S _Soll et al., 2015)
Coal @ azgd Lo o Jocnl b ogr 05 00l
5 Sl slegiuly wb 65)las SY¥gaxe olié
S A e g 2 S el 6 A Sl
Jeeily 5 S 3eleST Sy 5o 1) e (i
CBo L ool gum o el 5o 5 2l Lo
So— e Sleitay (S Hobdr Nsd (o
DY gaze ;503 (pizmed g (S Sl s oS

Nigd )z AeBVb o je> (Sliwg; )3 (65,5laS

&l Pl

b gzt 855, Jol> atlio s
sy s g el qlie 5SS slid S
e olEtils Jls eyl L 5 oy Do olStils
ol 4385 ol

References

Olmsan Tl 85 ngio 5 boe SRS
09_“"@“ D i D éd_&é&o.?rj 9 ).i_m.:l.’
3 Sl g biiedn poio )0 Sl (nlplo
Lol (65 clin &5 (S8l 5 sbrosl> dil>
IR e S0 b (3995 (St 4 axgS
Soe dolse et 9 e S8 K00 mea 5500
S Ol Geigred 09 oo Sty die; cnl 5o
ety ol pgio 355 a5 ol o 5l (S
e s (Sog T glp conlio (ny (a5l
(Barbes et al., 2014) ¢l oois arogs bg,l 4o
3 Slosla S35 ol laghy o S ek
dg>5 9 (5, 50,8 oy s b | Joas adhis
)P g Laool> ail> jo oo}.';mf LSL"’él’.
99 CA_W%)Q Uﬁjwsés)u&w«_)‘#;«u&
o S (S cmmlin () Kol e @l
=30 sla ez 5l (S paio iz Sl g0 5

Abrahim, GM., & Parker, R.J. (2008). Assessment of heavy metal enrichment factors and the degree
of contamination in marine sediments from Tamaki Estuary, Auckland, New Zealand. Environmental
Monitoring and Assessment, 136(1), 227-38.

Ahmadi Mehrz, M., & Rahmani, M. (2018). Investigation of tourism capacities of Heidareh village
above Hamadan city, 2nd International Conference on Tourism, Geography and Clean Environment,
Hamadan. 1-14.

Alizadeh, S.M., Zahedi Amiri, G.h., Shirmardi, M., & Shahriari, M.H. (2015). Effect of heavy metals
(lead, cadmium and chromium) on some root morphological characteristics of Populus alba L. and
Populus nigra L. seedlings. Iranian Journal of Forest, 6(3), 267-277.

Angulo, E. (1996). The Tomlinson's pollution load index applied to heavy metal “Mussel-Watch”
data: a useful index to assess coastal pollution. Science of the Total Environment, 187, 19-56.

Barbes, L., Barbulescu, A., Radulescu, C., Stihi, C., & Chelarescu, E.D. (2014). Determination of
heavy metals in leaves and bark of Populus nigra L. by atomic absorption spectrometry. Romanian
Reports in Physics, 66(3), 877-86.

Behravesh, F., Mahmudy Gharaie, M., Ghassemzadeh, F., & Avaz Moghaddam, S. (2015).

Determination of Heavy Metals Pollution in Traffic dust of Mashhad City, and its Origin by Using
“Selective Sequential Extraction” (SSE) Procedure. Journal of Geoscience, 24(95), 141-150.

Dadar, M., Adel, M., Saravi, H.N., & Dadar, M.A. (2016). Comparative study of trace metals in male
and female Caspian kutum (Rutilus frisii kutum) from the southern basin of Caspian Sea. Environ.
Environmental Science and Pollution Research, 23(24), 24540-24546.



Y\ VAY B Y) miao 0 F) Lol o 5,led wosloz Jlo ol LS ezl o)l UK il

Dastgoshadeh, F., Tooni, O., Moghadam Sheikhjan, S., Taghinejad, G., Hemmatian, N., & Hatami, R.
(2014). Contamination Assessment of Heavy Metals in Dust of Selected Roads in Karaj, Iran. Journal
of Environmental Studies, 40(2), 331-344.

Dinu, C., Vasile, G.G., Buleandra, M., Popa, D.E., Gheorghe, S., & Ungureanu, E.M., (2020).
Translocation and accumulation of heavy metals in Ocimum basilicum L. plants grown in a mining-
contaminated soil. Journal of Soils and Sediments, 20(4), 2141-2154.

Gurumoorthi, K., & Venkatachalapathy, R. (2016). Spatial and seasonal trend of trace metals and
ecological risk assessment along Kanyakumari coastal sediments, southern India. Pollution. 2, 269-287.

Hakanson, L. (1980). An ecological risk index for aquatic pollution control. A sedimentological
approach. Water Research, 14(8), 975-1001.

He, J., Yang, Y., Christakos, G., Liu, Y., & Yang, X. (2019). Assessment of soil heavy metal pollution
using stochastic site indicators. Geoderma, 337,359-367.

Hou, Y.X., Zhao, H.F., Zhang, Z., & Wu, K.N. (2018). A novel method for predicting cadmium
concentration in rice grain using genetic algorithm and back-propagation neural network based on soil
properties. Environmental Science and Pollution Research, 25(35), 35682-35692.

Khosropour, E., Attarod, P., Shirvany, A., Bayramzadeh, V., Moeinaddini, M., Hakimi, L. (2018).
Morphological and physiological properties of Patanus orientalis and Pinus eldarica leaves to urban
pollution in Tehran, Iranian Journal of Forest, 10(2), 123-137.

Kousehlar, M., & Widom, E. (2019). Sources of metals in atmospheric particulate matter in Tehran,
Iran: Tree bark biomonitoring. Applied Geochemistry, 104, 71-82.

Kumar, V., Pandita, S., Sidhu, G.P., Sharma, A., Khanna, K., Kaur, P., Bali, A.S., & Setia, R. (2020).
Copper bioavailability, uptake, toxicity and tolerance in plants: a comprehensive review.
Chemosphere. 262,127810.

Li, L., Zhang, Y., Ippolito, J.A., Xing, W., Qiu, K., & Yang, H. (2020). Lead smelting effects heavy
metal concentrations in soils, wheat, and potentially humans. Environmental Pollution, 257,113641.

Long, E.R., MacDonald, D.D., Smith, S.L., & Calder, F.D. (1995). Incidence of adverse biological
effects within ranges of chemical concentrations in marine and estuarine sediments. Environmental
management, 19(1), 81-97.

MacDonald, D.D., Ingersoll, C.G., Berger, T.A. (2000). Development and evaluation of consensus-
based sediment quality guidelines for freshwater ecosystems. Archives of Environmental
Contamination and Toxicology, 39(1), 20-31.

Madhu, P.M., & Sadagopan, R.S. (2020). Effect of heavy metals on growth and development of
cultivated plants with reference to cadmium, chromium and lead—a review. Journal of Stress
Physiology & Biochemistry, 16(3), 84-102.

Martinez-Ldpez, S., Martinez-Sanchez, M.J., Pérez-Sirvent, C., Bech, J., Martinez, M.D., & Garcia-
Fernandez, A.J. (2014). Screening of wild plants for use in the phytoremediation of mining-influenced
soils containing arsenic in semiarid environments. Journal of Soils and Sediments, 14(4), 794-809.

Moezzipour, A., Pourtahmasi, K., Motesharezadeh, B., Oladi, R., & Ramezani, A. (2020). Effect of
irrigation with municipal landfill leachate on the chemicals content of the tree shoots of Populous
(Populus deltoides) and Fraxinus (Fraxinus excelsior), Iranian Journal of Forest, 11(4), 458-475.

Moreira, T.C., Amato-Lourenco, L.F., da Silva, G.T., Saldiva de Andre, C.D., de Andre, P.A,,
Barrozo, L.V., Singer, J.M., Saldiva, P.H., Saiki, M., & Locosselli, G.M. (2018). The use of tree barks
to monitor traffic related air pollution: a case study in S8o Paulo—Brazil. Frontiers of Environmental
Science, 6,1-12.

Nazariyat, S., Hodaji, M., & Besalatpour, A. (2017). Modeling the Pb Distribution Using Support
Vector Machines in Surface Soil of the Lands Surrounding the Dezful-Ahvaz Road. Iranian Journal of
Soil Research, 31(1), 143-153.



e S O3 ) Kol lsieas 0 Cangy ™

Nazir, F., Hussain, A., & Fariduddin, Q. (2019). Hydrogen peroxide modulate photosynthesis and
antioxidant systems in tomato (Solanum lycopersicum L.) plants under copper stress. Chemosphere.
230, 544-58.

Nemerow, N.L. (1991). Stream, lake, estuary, and ocean pollution. in L. Nelson (Eds). Environmental
Engineering Series: Vol. 13, Van Nostrand Reinhold Publishing Co, (pp 472). New York: Wiley Online
Librara.

Niu, Y., Jiang, X., Wang, K., Xia, J., Jiao, W., Niu, Y., & Yu, H. (2020). Meta analysis of heavy metal
pollution and sources in surface sediments of Lake Taihu, China. Science of the Total Environment,
700, 134509.

Noulas, C., Tziouvalekas, M., & Karyotis, T. (2018). Zinc in soils, water and food crops. Journal of
Trace Elements in Medicine and Biology, 49, 252-60.

Ozden, B., Guler, E., Vaasma, T., Horvath, M., Kiisk, M., & Kovacs, T. (2018). Enrichment of
naturally occurring radionuclides and trace elements in Yatagan and Yenikoy coal-fired thermal power
plants, Turkey. Journal of Environmental Radioactivity, 188, 100-107.

Parzych, A., Mochnacky, S., Sobisz, Z., Kurhaluk, N., & Pollédkova, N. (2017). Accumulation of heavy
metals in needles and bark of Pinus species. Folia forestalia Polonica. Series A. Forestry, 59(1), 34-44.

Raj, D., & Maiti, S.K. (2019). Bioaccumulation of potentially toxic elements in tree and vegetable
species with associated health and ecological risks: a case study from a thermal power plant,
Chandrapura, India. Rendiconti Lincei. Scienze Fisiche e Naturali, 30(3), 649-65.

Romeo, S., Francini, A., Ariani, A., & Sebastiani, L. (2014). Phytoremediation of Zn: identify the
diverging resistance, uptake and biomass production behaviours of poplar clones under high zinc
stress. Water, Air, & Soil Pollution, 225(1), 1-12.

Solgi, E. (2016). Contamination of two heavy metals in topsoils of the urban parks Asadabad, Iran
2013. Archives of Hygiene Sciences, 5(2), 92-101.

Solgi, E., & Parmah, J. (2015). Analysis and assessment of nickel and chromium pollution in soils
around Baghejar Chromite Mine of Sabzevar Ophiolite Belt, Northeastern Iran. Transactions of
Nonferrous Metals Society of China, 25(7), 2380-7.

Solgi, E., Keramaty, M., & Solgi, M. (2020). Biomonitoring of airborne Cu, Pb, and Zn in an urban
area employing a broad leaved and a conifer tree species. Journal of Geochemical Exploration, 208,
106400.

Tabibian, S., Bidarigh, S., & Torabian, S. (2019). Investigation on the adsorption of heavy metal in
lead in a plane species in traffic areas in Rasht. Human & Environment. 17(4), 39-46.

Taspinar, F., & Bozkurt, Z. (2018). Heavy metal pollution and health risk assessment of road dust on
selected highways in Dizce, Turkey. Environmental Forensics, 19(4), 298-314.

Taylor, S.R. (1964). Abundance of chemical elements in the continental crust: a new table.
Geochimica et Cosmochimica Acta, 28(8), 1273-85.

Wang, S., Sun, H., Ang, H.M., & Tadé, M.O. (2013). Adsorptive remediation of environmental
pollutants using novel graphene-based nanomaterials. Chemical Engineering Journal, 226, 336-347.

Wang, S., Wang, N., Pan, D., Zhang, H., & Sun, G. (2020). Effects of Copper Supplementation on
Blood Lipid Level: a Systematic Review and a Meta-Analysis on Randomized Clinical Trials.
Biological Trace Element Research, 199(8), 2851-2857.

Wuana, R.A., & Okieimen, F.E. (2011). Heavy metals in contaminated soils: a review of sources,
chemistry, risks and best available strategies for remediation. International Scholarly Research
Notices, 2011, 1-20.

Yousaf, M., Mandiwana, K.L., Baig, K.S., & Lu, J. (2020). Evaluation of Acer rubrum Tree Bark as a
Bioindicator of Atmospheric Heavy Metal Pollution in Toronto, Canada. Water, Air, & Soil Pollution,
231(8), 1-9.



Iranian Journal of Forest

Vol. 14, No. 2, Summer 2022 ;
pp. 201-212

Research Article ..,

((((((

Tree Bark as a Biomonitor of Heavy Metal Pollution (Case study: Roadside Gardens of
Heidareh Balashahr Village in Hamadan)

E.Solgi', F. Beigmohammadi %*, Z. Taheri?, and F. Aghaie®

! Associate Prof., Dept. of Environment, Faculty of Natural Resources and Environment, Malayer University, Malayer, Iran
2 Ph.D. student of Environmental Pollution, Faculty of Natural Resources and Environment, Malayer University, Malayer,
Hamedan, Iran
% BSc of Environment, Faculty of Natural Resources and Environment, Malayer University

(Received: 6 September 2021; Accepted: 4 February 2024)

Abstract

The study of heavy metals in plants is done with two objectives of studying food safety and
application in biological monitoring and elimination of heavy metals from the environment. The aim
of this study was to investigate the concentration of heavy metals zinc, copper and lead in the bark of
poplar and walnut trees and surrounding soil samples from road of Heidareh Balashahr village in
Hamadan. A total of 40 topsoils and tree barks samples were collected from this area. After initial
preparation, the samples were prepared using wet digestion method to analyze the heavy metals and
the concentration of heavy metals were determined by using an atomic absorption spectrometer (ASS).
In order to data analysis, statistical methods, pollution indices and ratio of indices were used.
According to the results the Degree of Contamination (CD), Modified Degree of Contamination
(mCD), Potential Ecological Risk (PER), Potential acute Toxicity (3 TU) and Integrated Pollution
Index (IPI) indices showed low pollution and Pollution Load Index (PLI) and PINemerow indices
showed moderate pollution and precautionary zone, respectively. The highest contribution to potential
toxicity was 43.8 and 38.05 percent in the soil around walnut and poplar was related to copper. Also,
the highest potential environmental risk was related to lead with 52.3 and 58.08 percent, respectively
for the surrounding soil of walnut and poplar. Based on these results, there was only a statistically
significant difference between zinc concentrations in the two species (p <0.05). Also, significant
positive correlations were observed between the Pb contents in soils and those of poplar bark (p<0.05)
that indicated Pb in plant increased with increasing Pb in soil and, so poplar is a more suitable species
as a biomonitor and lead accumulator. Despite the contaminants caused by road traffic, food safety of
the region's agricultural products should be checked in spatial and temporal monitoring, especially for
lead and copper.
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