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Ecological and Environmental Risk Assessment of Cadmium Heavy Metal in
Soil (Case Study: Shahr-e-Ray, Tehran Province)

Abstract

Soil contamination with heavy metals, particularly cadmium (Cd), is one of the serious environmental challenges that has
significant negative impacts on ecosystems and human health. This study evaluates the ecological and environmental risks of
cadmium in a section of the agricultural lands in the Shahr-e Rey region of Tehran Province. In this regard, soil sampling was
conducted from 41 points at a depth of 0 to 20 cm, and the total concentration of cadmium was measured using Inductively
Coupled Plasma Optical Emission Spectrometry (ICP-OES) after digesting the samples with aqua regia, in accordance with the
EPA 3050B standard. The results showed that the average cadmium concentration was 0.79 mg/kg, with a range of 0.17 to 2.05
mg/kg, which is below the permissible limits set by the Environmental Protection Agency of Iran. To assess contamination,
environmental indices including the Geo-accumulation Index (lIgeo), Contamination Factor (CF), Enrichment Factor (EF), and
Ecological Risk Index (ER) were calculated. The Geo-accumulation Index ranged from -0.82 to 2.77, the Ecological Risk Index
ranged from 25.50 to 307.50, the Enrichment Factor ranged from 0.69 to 8.57, and the Contamination Factor ranged from 0.85 to
10.25. These indices indicate moderate to relatively high pollution levels in most of the soil samples for cadmium in the studied
region. The analysis of these four indices, along with field visits to the area, confirms that human activities have a significant
impact on increasing the concentration of this heavy metal in the region's topsoil. This study emphasizes the necessity of proper
irrigation and fertilization management to prevent the accumulation of heavy metals. Furthermore, the results clearly demonstrate



the influence of industrial and agricultural activities on the increased concentration of cadmium in the region's soils, which could
have serious consequences for human health and the environment. Based on the findings, urgent measures are essential to reduce
contamination and protect soil resources.

Keywords: Cadmium, Soil Pollution, Ecological Risk Assessment, Environmental Indices, Human Health.




PP TP

Ml o (Sy9pd «(55aiS Clgs Ao 43 ogd ( SN aliswe ol glp phluiot xie K lpea S

oMy 4k Cannjlasme y a5 48 5l (glod S slasoly S5 Sa4)l (Ahmed et al., 2024; Anggraeni et al., 2024)
31 S« (CA)panodls o3gdy i lild 4y S Sagll (George et al., 2023) 3,135 o 53U Lo o3y 5 (559l ¢ bl
S olgisds peeedls )l sl Cadls g laptugusS] (e S B e St o Cal apacin st sl
«del (Zhang et al., 2023) 35 0 3,lg LS & (gy0ud g (simino «(65y0liS Aile Sludl slaculled 3,k 5l ¢ o puais
Anggraeni ) aas o &y dgi o0 plul (05 g xio slaculld & S5 clapd S0 g o bl LSB Syl
Lﬁw 9 L;i)).d uol9> » )M.su Juol.w &S .))1.) o‘,u’b & 1) RS9 ub.ul; u.S.w ul)lﬁ dYb gy ™ se .(et aI., 2024
(LI et al., 2024) J)‘b u‘°‘)) uyya:u .)).i.lo.c 9 ;A...O.S » )...’b 9 ul.m.»‘ CoMao d‘);

5 oldl Codlos el e B Slls g 05 andlol irejj slocl
g by, daadS 4 ol Jols oMo (i (5)lse 4 o Nl OSM P o
L gy ol hles dgiome 1) A3 g ST Jise W :
Blizee CMSLe 5 03y bl usgane 4 ol 5 Sllge olals d‘f ey JB
., 2023; Ahmed et al., 2024) 535 o oM
5 3 lslial 1 oS 5 5l oolital @ 5l enlpln 3l o ;LI L] it sl (Sogll e Sbles LelS b
=R 5| Faelr 9 538 iyl & el Glp bpasls
B (Sl Ol oms car s slagasls
Ol g oreb) il (lapiunmgS] (Sagl Cunsy

5 ST 902 (ER) So39de8T1 Sy Jumsily 2L5)) 9 (Igeo) (Sails!
S dlre b jadls opl gy o0 )8 4 Sl mlie olels 3 S Sl s

il pl Slhe clbawlie K6l a7 o)b skey e 3l
(Lukaszek-ChmWglgwska et al.,

ol sl i il 4 S Sogll L)l sl @y Ghgy S el ol ST s
56 el (BF) Sus aé esls (Mansouri Moghadam et al., 2024) 5,5 esliisl Sl
STl 4 S ol Gbil sl ool bt pabls ul pise drmlxe (it SlE (sl
2 ool St 35 S (S5l sty (25 sl (BR) (S5l Sy oty (AdaMO et al., 2005) 5,
S cblis g Sl glacld §l 86 (Soiglss] it Sl b)) sgaied paSls ol gy LI 4 S sladiges
S 3 o SiPS1 s ol 5 g oS 55 K We (ST Sy Jpuslty o] ot oo

.(Gupta et al., 2021; Xie et al., 2022) 25 &l,| piuww
«Sg83b oyl o S > ((C) pgsodls S 38 clale gl polaw (5lw oS 9 owyp b Anggraeni et al (2024)

Tolw &5 10,8 Ly (1ge0) (Suislsl cyoj (2l o (EN) SO5elsST Sy Junsly (CF) §>9ﬂ )58 5l enlazwl b (o334
Sl P b jlas a5 ol Ui SO5elesT Sy Sty (2l ol 2 0gMe D VL dilaie pl )3 (sloaiiS 41,55 H5basCd



(St 18 CLlE 0 poaions (slasllan 33 925 allats (ul )3 (St 18 ) a8 b 42 e 5 oo oDl
(CF) 59l )56 1 Skio oS ol jlis awlllas (ol ol s plosl ol (o8 G 5> @Bly leal Jlas slaSs 5> Cd
Yl zokaw paedls g YIVA o VY/AY V/IAY Cuiyi 4 powedls’ (gly (Ig€0) (Siilsl fpej (sl o (EF) Sud b )e51
5 o sbeddlad o lewd (cdgS canliol 3,8 51 5L pgredls” Sogll aS 39y ol 5 Sl laassly g ols sLis 1, Sagll )

.(Mansouri Moghadam et al., 2024) cul adlaio > Sl

o il (oyite SV game Culf cov (Sl (Fy08 5 i Cael (el 0 51slS Sl B 4 25 L

Gl Jb ol el )13)95ﬁ =YL Coglgl 5l e u-%?” oSy 5 SB coas bes [l 9 pAS (Ol> oo
SVl b o)l sl s s b aias OIS 1 0358 oolitl (] plie 398 gl 5l (ooaeia olse
clasely 2ol g o136 50 @esd Cubll YU e b b 0V G lgic s poronls™S S o9

poradlS’ S3gll a8 g (oS bl diuej > mels Clalllae gy ol

ol 023 ol gtz oSl Sl 55000 b o

ol o sl ole (dlanly laie & Mg e adla) 55 o il | posesls’ catlilie s
235 5158 03litulyjge aliie 3blie )3 (65)5liS syl & UL (oo ol galge (il S50k cy e

B sigy golge
anllas g0 dilaio

; ol s o L |y dalllasd yge 0dgamme (Sldlyas CuxBas N JSE
00 yiwS HlSa BB+ e oy Carwg o e Jlaud dluel 3 g Mo o b &S
4 Jled jl Gl 2 il IS g A5 Dl i dacsis Gl odes b plied gl 2 (65,5lS e (2l
sl e & 08 5l 9 Sl g (nelyg 4 (558 5l epB Gl ped & g jllitd SN
03gs (1318 4 puS do (Dl G Sladgi odes L) (65,0liS dalllas 5yg0 ddlaie Sl Lol (650)8 098 0 dga50e
i Flosd 5 o (G (3Ll 4 g 0> () s S al I olaise (ke g b GBS b Lol
‘;Jy] Ll C)'L’" dalaio L’)..{] 3D (Saze g LgJLa.::é] o dLmCAQ.ILz.é )‘l 65\» Olyl_cdq ubm.m L;}»LI:S ‘Jb Oﬂl b Llodds
Sejl g 2l syl nl sl shoded Slgiom «s5rgliS g inio sl ) (8L paedls diile (S s 4 S

ol 5885 (650)40l 0 9 Co e

IS g ol s S 39



Vo senily g)lol slaosls bl tten Seo g o)l s 4 dilaie (pl GBS Sl g Susb) lage,

Sy > Wl (S5l 50ke g o Cgune dilaie 4 olSiul (2 TS5 & o) dwed plol Sygine oK) dll

2 &S Cul o VeFe Ly maw )l Gl cpl gl cwl sid cud oS Sl as VA Ly . Sle g sie die YeQ
a3 15T o1 (Se5laren g (oouldl (sla S

Al il oo

slasélbg o lan db&éﬁi Jols s U.._e)j N3l (WA e 5 by bwg sadiplel

Olidss b gillao

Ot ol o) OS> 5w ) (00 laely 5 (slaisl W2 oy 5 o5

O S dawly 4 edgize oy
oYl lacdld S5 asgeome b gl

D 8 xee g ot slbolw g oMk SN
ool 5 oMb ol | gl o b5 slaes gl 3
o lasely WG e a8 Conla )] B cdad dacls oy
oo oiyl3 3 (odste oxiiSorgll Laloe Sl ailais ) LN 4S0) Ao g3l 15l 4l Coun ) bassms oDl (o,
b 35 plosl SBg0l mlio oo (sl 38 Rpaolip o5 o ol iy sl 0303 Jlas & ] gal ey G jlarme

s OUSLe (S5 CohS wailain plasnS] bis e

ani slaisly

61y aiges BIE

Fa
a (il oagize




Sl oy wiges bl ploile 5 (5) s yed 53 adllas 350 dilais Combgo ) JS
SE o g K3 309 Olialo T g (5510 i god

2 pgeedls S clale Clynss p oo Sl Jalos lulid jslaieds oy sbaadds Jlov 5 (Sl slasdjl plsl I g

5 olytd L M Gl dnl Cusbge ( WBl)) (58 Cuxdg (glosls Jig Jor 4l dlos I cadllland g dikais S
55 el lal ay wlis) S @lylas g 6800 Jolge p aST L gy onl 5,5 osliiwl j2wdS g5l canaids 39, 5l 0KtV
ol sy ol 13,5 5 GPS olSiwd 3l odlaiwl b g cudldys (g0 8l Yo b e Gos 5l S S po dged ¥V ¢ Jgl dls yo
slos 3 Bilojl @ adiges JUisl 5 s g 0ad plwlis Slusl Jolge a5 a6 b o) pdiges glp camlio sl Ko Gl
5 S o Spg el ;5 3,5 odlel (cam (clapdll (clp b ws,S yeue oyia e ¥ S oG
b Kal )mhu PRRUIRCS ‘_})ls s (EC) ui»)&ll ol cublB (pH) au sl (OC) L;H

S )8 (oS ojlail 5,50 Equipment Ltd)

SB Jaswow ) b el awlbw

5 Gy sloayins jba Slewdss) by asls
15518 (1geo) ( Suslil cpej (adls Jold o s i
et al., 2024; Lukaszek-Chmielewska et al., 2025) siwws

(ER) (SejgsS] J‘é! {EF) (Sai\
Sy ot a3l L ol Yajgo et al.
LTSN L U NESRCHINE NI
1y ogilly o los bl

alox 5l alizee slayasls @b I SB Sogl byl 4 Gudvs ol )l o wal s
3 e 3 oy g0y (COl) pygedlS (i 5 (S350 s B

(19e0) Fuilbilomoj ool

S5 S5 4 S 5o ootV pla b St il bl s o3l sl (s lomo lsiots Kb e (a3l
Wardani et al., 2020; Lukaszek-Chmielewska et ) 3.5 o ;1,8 oslaiwldyge S Sbj)l 55 (glos yins job 4y (sl oyl
.)9»)‘_540 Mbw ):) J9A)B )1 odlaiwl L: ua.>L» L)’] (al, 2025

C
Iy, = log, < sample ) (1) bl

1.5x Cbackground



(Anggraeni et al.,2024) cul 8 aiej clale Chgergrouna § SB ) cpSww OlHS oud ¢S 0jlul cdale Sibled Cogmpre

WS o plyd b sladn] s a1y K SIS 601 s Jdodad o el &S sl ol daly cpl 5> V0 dae
cod oS SB diged dw cdale owiin ke I guios ol > .(Nowrouzi and Pourkhabbaz.,2014; Kuang et al., 2024)

Tume et al., 2006; Su ) 45 okl b 2 ls cpl duolxs jolaiods (+/Y) paredls dipej clale sl Caa ind cubls y adlais

ol 0us &)l Sblil ey el (g WS (V) Joeds o (et al., 2008

(Lukaszek-Chmielewska et al., 2025) _Swslil e padli gauwdS .Y Josa

ol 83945
Igeo <0
0<Igeo<1 03] Tipus
1<Igeo <2 i
2<Igeo<3
3<Igeo <4
4<Igon<5W

(Cr) ST 1956
5391 gl 1 IS (65 Wi s el s W L sl 5o by S (CF) (Sogl 56
byl yi )J}bwqdl‘s deng0 38 clalN\C Ylgied 158l o)) e &) 1) S S oljls

o oy (e dlwgy 3D ()] (b cdale b e

(2) dal,
C backgroun SBy olils g,805lul LB clale Sl € heavy metal daly pl > oS
ol 039l [ Sogll ,g:STe ) Jgdo ;> (Gupta etal., 2021) conl ‘yoj diwgs )3 990 anb job 4 Cljls clale
o]

N

(Ahmed et al., 2024) Ss¢l ;556 a0 WS Y Jos

oW 839450 Syl o
Cf <1 oS Sl
1<Cf<3 bugio (534l
3<Cf<6 s (Sl

6 < Cf by s S




(ER) 939851 S y Jumuily

Sy Junaily oy gl (sl ol ccawl 00 03> aswgs (Hakanson., 1980) lawgs a5 S5eleST Sy Sy
ssktoa ER (35,1 39y 00 )8 4y aolllas adlato Sl oadispglaen S (sladigad 3 (ol pais S lapmocunj 5 (23955
Sy Joodlly A3l o Cangilame Sl cblis o] Ban 5 ool atbbianngs Sludl glio ) (AU (K3 (it b )
S 59518 ¢ So3elsST Sy oty dslno 5> 8 (bled 1) Gl 593551 1 i i 5 s g oo
99550 dewlxo 5 Jge 8 il olisul L g X595 o0 4385 jlas )3 (TR) yolie (o gl Jole 4(CF)

ER = Tr x CF (3) abl,

Gl polaid] g wglate S 318 2 gly polie pl & cwl 8 LB e Fwl Jole

5 Tr ‘U’l ).) 45

N Jbeolyiea
Ahmed dlal., 2024)

Cal

(EF) Foiié ;950
P gone g Cunl (0 42l Sy )3 paie S (SMdE 42> Sbles )55
Sl b () gt (EF) (St 551516 35000 )8 & pienoss] 13 ool oliosd
S ) @ dilise slabme 0 (59 bl ly o SKtmeh 5l (ol basg 5516
B0 o po [dinoj u polic flgica (TN) poslis o (Al) posegl (SC) walSul (Fe) oyl L5l
i 2 po polic clalé g diges ;5 0aiSedgll polic Clale o Cuns lgieds (Sab e 956 (2024
sl 25 Oygods o dplxe Jgo 8 95 0 duglio diej 40l o e kile )

(cx /Cref>sam,,ze (4) b,

(*/s,.,)

5 )_\5_3_))9,4 WSS clale Bx cdamaao.))yo 4394.3 P o pais clale Cref cd.zmaa.))yo 4394.3 P pais cbale Cx ‘\]9-{1)0’«')')

s polis 3l oslatwl b 9 C
Ahmed et al.,

Cons b 48" 9

background

Olgeas (Fe) ol (suios ol 5 (Kuang et al., 2024) ol digo) p3 g yo puaic clale Bref g (o) &iwgy b S15) dinn;
B (05 dtogy 1o Fe (slyiome 29800 oalito ] gty sl slocdled | (g5 b6 18 1) b Sl g2 ot



Fe dbbm 9 Sk u*i-“ Ql}lé O c\]agb ..\.SL»)L;o J§|A> LY u_?-)lS YW ﬁl).g 2 |) OT dfxwi )A‘ Qﬂl 9 Cawl )L\iL;
Hamid et al., 2022; ) &5 Jos ol yaie o p Sladl lacyld 6,380 e paseis lp )lee lgicds Slgs o
el 00 03,9] [ Sad s sl can wMS (¥) Jgas 55 .(Pan etal., 2022; Mansouri moghadam., 2024

(Kuang et al., 2024) Sxi sé jasls can oM F Jodo

o Wi 835450 S byl o
EF <2 Sb e Jole
2<EF<5 Legio (Sad e

5<EF <20 sbj (Sas gd
20 <EF <40 sbj b Sase

40 < EF ol e 5 Sah j8

A}

Rujner et al sile (piisee Sy bwgd obiyeyd (o) (N
Sygods lmodls &5 Lalpd 3 5 ol dog S Soglg

dlold LF’)? L)"‘S'c 9 L_<.A.A.'>U)5 Jole LffliL.J?)‘) P g yo LSL“U:’B) A} ch IR W) @)9.’ 9 ul.’xu‘ con..\.l.gdﬁ.,Jo u_%l..m
Lietal etal, 2021 ) cul gy slas 4
Veor By 00 03l 50 (Soluod gl cadlllasd
po> ady sboyline 5l g 05 T S (b «
Leave-One-Out C&‘Iidatio
W55 oy Sy o WK S

\ 8> gyl aS Robods wad o Gl |y 5Vl LS g anily cooe )

9 b 2bj)l g S il (i )liel cpa ((LOOCV)

-
Bl 3T Julxigas y2xi

Jolis leMbl pl g o adlyy o 1)l glaosly wll p SB Calisee sla She Juloo g (wyp 4 (D) Jodz jo
Gl SB Sho s lp polie Jols 5 xSlis 1Sl e Bl ol o Ko ¢ Sauis

(ol Y+ b+ Gas) o (5,Seill SB (sl Sy inoss ol B Jgaa

SB Olhogas aaly JElas JU KPS ol e Dyl S  SaaiS
pH - VIvY AISA AJY -IV¥ - /50 —/ey




EC dS/m -Jay /oA Y/0A VIS0 Vo \/SY

Cla B e mglkg  ¥/sA VEV/YY " NAns YAIVY -[54 -y
S ens % AR \iYe aig -IvY ALl —+/ho
Sal % N7AR YY/vY \WIAY VAN - EIANS
o8 % YIAY YE/YA VEIVA £IN -/¥Y -/¥
s % ARVAY FYIAA VAN oV - /¥y YIvE

o % \a/o8 FY/FA /A AL -l-¥ AN

ol ylis (MEA =YIVY) L plys pH o3 .l (alS (ol polie awoyiwd il s )3 (gallS Jolos 51 (S S pH

&S Cuwlize ol pl g Caslrodly pl gV (SuSTy snasqlis YAVY L
ol ol F/5A o] lade o 2eS g VEV/VY

IS oS Sl S )8 jaud i S e
ool g adlas cpl > e o ad bl (gixe _ > ol Llly g S cedo obj)l s oS jasls

Ol oaimd s (+/V+) S8l o (XY/35) JING Go i L oadhaie SB 3 JI 0p)S Cansg 0grge slaodly
S Fomb plie G 4 baodly o)l oo @9 NS o (54038 ) )3 093 U bawgto s> > Jlosle
ol JI
5oL Sal b o B s 5 (VEN = YY) awols 5 aSK l ) 39390 Sal
s Sl e a5 Cusl S bosly Y biws (SaiSly ,Slis o8 canl 3aly VA Jlne Gl ilass S
i S Lol 5os ¥V il s g oo sl Jaose cldl b SB e 5 3 e slacgls
(Y JS3) ol i b 8L S 53 addllass jge SIS digel odas (55 )5 odd U ) 5 S (B

O 318 ; SB el 8 LKe o0 Ol @ b o il SB ey @l glgie &S o
Cand & Llgh o 239390 ) liwe IS ysbas (Chen et al., 2019) Wgss ds SB &l bwgy Wlys o ]y
ol 4 asg L (Ve o g awlob) dad ials 1) cuwjlase 4 Glld pl fadley Jad g 008 SeS S w3l

D9 &S gl S SlHs cilsl I ol (gygp dilaie ol lacSE 13 23368 ¢ )bl o o pe WSS



Sy AVAVAY
# 50 LNNNNININININ,
: NANANNNIN/
NNNININININ ZAN
NN VA‘*’

T Julxi g 32

25 (F) Jgi 5o
4 ER 4 Cf (EF (geo

(Cd) pgmosts

L sladiges )3 porodls yuate (fje & €85 a (oo
L[ o.LJ..g‘\ﬂ éJL.A g .b‘yuo %S ] 2odld u)l-"-*-")t-" F3LY DM)OW /5 b ).3‘).3 u;i\? 9 VAR l.g).g])g
il w2l o)l3l gy et ol

S (gl (S35 g arecun ) s asls 5 posedls (pKiuw 318 Lo )bl & Jgaa

e Sl Sl oSbe Jheedlpdl (S Sanis
Cd AN Y/+0 -/va -/ V-5 /¥
ER Yo/a- Yev/o- VAN S IAY V-5 V/¥]
lgeo —+[AY YIvY AL - Iva 2 —+/va
EF -154 Aov ATAR \Vig V¥ \/YY

Cf <IAD /Y0 Y/ Y/-¥ V-5 /¥




i ¥Y gy S Sogll K505 5 nimacin) sl yasls duslone b powesls 4y dilaio clacSls S3g)1 cela ;)
o)) oadalne sl jasls ) Sy n oll s bdises s @jsi jl lod {F) US55 03 )] 5 dpslne 5 asdlland,ge

Gl 045

(ER) S33g0s51 Sy Jawiliy

SB pogodls’ Clale (gl ¥oV/De il 5 YOO dipeS NANR (5, Slio (gl &S (ER) SKujo)sS] Smsy by a5

oy ol plo Pan et al., 2022) 54 0 odlitwl S > S @l S5eleST s b, S| S
e Sloldl @ygrs y aS S o bl 1y oYU jlw U sy LB PUSIVESFS., L oyl
e oy Sy g S Olls 3¢l Ly 4 (gl asdlas > Kumar eNgl (2019) .5 RS U oo ddkaie )
sl Sy Lol oanVT 5l (S5 pawedls a5 55,8 u.,)l)S‘ SS598] Bl 1 ooli BUER s S > ]
Sk s S olils Syl 5l ok Sk S 1u.»‘)la.> oy & ONEE N L Sen 568wl A Calizee

S35 Sy il 5 o2lizl L S _Sagl &
poedlS (sl ER (adld oyl bl o ad G3)l3S i

| y5ee 23 slaally > Joue 31,
0 &y s poeadlS” cdale L0l JbjHl (ER)
By i 1y was (Sl

(1920) SSESH (03 3L
)\

o9l byl > SRS 5sbd SIS (n e | (S (Sl rej (el (S sk

YV i 5 - IAY S 1 N100) NP5 ool i s bl 1 35 e 5 o3lizals g a5

09 NS 5 ediges doyd ¥ 9 S )0 adiges jl doyd Ve dgus el oyl gandib ads gl &5 Ll

PERMEARON W o bdiges ,-1 103 W0 5 03901 Tod oS 53 baiges 5l o> B codgll Lo b 53]

A lp adls ol Gl ol ogva |y dihie 3 adedgll i Jasrecun) lajasls opl 5l edlitsl Lab S

YL polae ) Sl Caliseo mlio 5 mudo slaailyd s 4 sl (e adllas (pl 0 Sy sadosnlin
SIS ysbas .(T(m al., 2023) 1S o 2l |y mio g Sladl lacdls (Sodp 1 SB p wio slaeld ,sbigeo
655158 5 Sy Sdosily G pume w3le el Lo L ol &y olgi o ) pis ol (sl (S2ill cype sl 92Vl
S polie Sy Lite g (S b5 4 35 (V) )lan g 0lipmls ()RR (ylSen g 015 o) Cansly dilate >
o3l w3gima 3 pguaslS o (SEB oj sl ariegl 53,8 GBI gl sl s G (555liS slaSs

i58)S )58

(EF) 5 i ol



o) st gl 4 sl MY dipy g +/5% aiaS FIYA 5 Sikio b (BF) Sadie sosls Jlai ) ol bl
oy V0 g bawgie (Sab & WS 0 b dges duo 3 SV ( Sus g JBls oM )0 b diged jl duopd VY dgds as i
aS Cuwl cpl odimdlis cyls 18 VA B +/0 edgasme > aS EF yolie pols .aiid )3 )18 o (Sads s oS 0 b diged
loanl b clite oaimd ylis ol (Sae V0 I GYLEF polis 9 o (56 anb (slaan]d b (clatmg dlge 5l e cljlé
5 Jsilnl heigesegy oKVl «ylyad g M albdbny 4y (S35 4 465 b o594 J(Ahmed et al., 2024) ailL L]
o diged 1oyd AD 390 45 35 ol olgise Alius ol 38,5 o 55 b 5l alllas 350 adlaie 5 ool b dilaie (gl
BT byl aiomen g S elanin VT Lise cpuss Cags Jgliie sla g, 1 (S5 153,85 oo 393 adllas 3 55 (VWAY) oo

83,5 I S8 e sl sl SR 52 Ll e

(%) T 9506
ads gl (Tomezyk et al., 2023) 1S o walyd 1) Jols Slild b ol Kew kF) Sl 481
N 29l )5S (anails
50 B diged 1 aoyd V0 g 3b; (Sagll WM )3 ln g Wit OV " IS 3l diges doyd YA (1S 54l
bS8 ol s (Sl (e
o s (53916 o S35l Conisy osimsli

oxmd i Cowl ySae CF 5YL polie .x50gs 3L (Sagll o
1 S Jb o il (Sogl Gl gl Sl G nee 28

SB o yobe b i ObjL 4 bl

o b (VFY) oo (8 g Slooy il OUSL (od 5 (alesd sladsS ]
Sl 53 puedlS clale oS WS 5155 ol Cusel p @eedlS S g las! b
5 SB cladiges 1 j poredlS 38 gl CF Ladls (awyp -dol Cunddy Conjlame ol
Dy dalale



ER Igeo

20% 15%

100% 100%
B0% B60%
A0% 40% 20%
20% 208
7% 10%
oy o |
Ky Lauigin Sy dongi Bl Sy 31 Sy Sagllaghe  oaall bumi 6 Sagll s o3l e g 6 Jamggin Sagll
100% 5% 100% 15%
B0% B0%
B0% 60%
40% a0 29%
: - .
5%
o o5 I
S gk Sl Jaugia Sa 38 oy San g o Sayll Laaigan Sagll abs Sagll a5 oo Sagll
oxddple cla jadls I S ya o Y USGS
o9l Candg (Sagl 195 5 (Sutlloee; gl <S5 ) Jeilly  Sas i 956 ol sl o 5o
Osxen 9 (o9l pasld Jlea cpl (uyp i date )3 pgadls yais & S ladiges pST (YL
haw s )s)lﬁu,‘u.c loe &S Cawl &S5 pl Lo cddlaio 51 Slie W35k

byl b s Ahmed et al (2024) .S o ) ddlais
(EF) SAb e yasls g (Igeo) Suislil e (CF)

(Cd) pouedls’ oige cdilaio S o 1) Siw
3ol 5 piomen 5 Ll o S Sagll 5 Sl lacyJld o8 3l snims L
alhbs Sbs)l Gaa L Karimi et al. (2020) .l bl dibie S Sl
5 o yasls 5l oslial b1y, S sladiges 0 opSiw l3ls (59 oo ( S3g)l cla s li
...\51039.3 03911

Sl )55 st !
ol 5l g bl SR ('990)
SN0 Y (EF) Sas
S 1) posedls
5 ol (oMo d‘f ;
ESIALE
O O3l 4

4 Tomezyk et al (2023) .5, aST pguodls” o901 b Lagpe oo lihas 35 (ER) (So5oleS] Sansy Jamnslis

{19e0) (el po5 pals (Sogl (slnasli S ooliza b i) > $i,sliS SBSE 5K Sl Sogll L)
#03 SSB (S3g o)) b izl (EF) (St ol 5 (ER) (Seshss Sy Jemily (OF) (S5l 158
» 30 Chen et al (2019) s b jasls oy b EF 5 1ge0 sla adls &5 ob uLw aabis cpl )0 S olils b
S s adls jleolatwl b e 5y ad ailog,y dbes (65y0liS (S S alils oLyl jekaieds (gladllas
allacs g0 SIs ] 6 5 o5 Sl s s ) b a3 sl (BR) o3 Sy bty 5 (EF)



Jeloistejos 5 lspails ()l ladiosipar 25 md e ol adllaadge ailaio |y (K555 s n e poredlS
Caol odds Buie ddi blug g Cous jy0liS” dlas 5l ( Sludl mlis 5 bies powedls” &S oy lis Sab s jasls
@ dahio pl olel 5l S SB oS b lis (g550lis” S yo 1geo g CF (gla yaslis aw)yp b ;0 Taghavi et al (2024)
g8 ¢ olowd (cladgS wlil 285 pgeuw 5l odlitwl (S 3 @ljls Jloas! mlio imgh cpl ) sl oad 039)] S ljlé

A5 )35 ool O Cpmiomen g

S £ anodlS (0 (5 90N yunk (G (w3 33

ol 040013 L dalllag 3)50 0395w

3932000+
3931000
3930000
3929000+

‘ 3928000+

3927000

T - T — T T T
540000 541000 542000 543000 544000 545000 546000

i

Solaads 5 5005 b, 5l ookl b adlland yge dilaie ) poredlS paie JS cdale nje5 adis JF JSWG

T T 711 T T T 1
0 1000 2000 3000 4000 5000

Gy olpl canj laore cblis flojle jbre sl 5 ol lade cpl a7 WSl e (Y/+0 MO/KG) pomedls Hlude yiSTas
ciligg olojle dS el saoxie VYL o jlame cbilis uil3T U jlre s 51 YL cpian g 039 yladl § Conn ) bawxe



adlaie S )3 (ol sg2g oaimalis pol ol (Y Jgi2) cosl ez oS ) (ke 5 0 gy 5o (S
30 (+/VA MOIKG) powedls Jlade pSile il s VT mlie ;500 b (6jyglisS ¢ simio slaculad I 5L Wl o a5 Asb o
» adbie SB s (5o 5l Sk a8l (+/5Y moikg) Sk ke g (<15 MIKG) Cpej diwgr oo 51 5V
CoMws (59 2 Slgs o &S Cunl S 13 YU porodls 299 sniad lis polie cpl bl o (Mol oy ladylilin] b auwslis
oo Sler sbadylilinl b auslio g S5 53 poredlS 4 bgsye (claosls J.ba DK ite b ox5 Shbgzge 5 lblS
SielS g (gl Copre clp oY Sl 4 5l whe oS cunl adlaedyge ddhaio > Sdgll calisee la > dgng onimayLis

b o S j3 paredls pdaw

o) Ay ik 5 il (Sles s (sl il o5 ) (MP/KY) S pauadls yais JS“/ Jo

Holmgren et al., 1993; Boerngen and Hansford., 1981; Mohammadlet al., 2018; Abbasi and Mohammadi )
(Galangash, 2024

(ma/kg) ,lake
JIs
-I5Y
¥/
¥
V¥
IFA

WHO, 1993°
C, 1986)L,,

w0 Ll SB paedls gnalyy il e mjg Jobs
bl geg B Ol o 3l 39y adlaedjge adaie Sl (slacuend
sialio boley b d)‘» LB sLlo 5 gl j5iseis; olKiaVl & Sodp oy Jleb b 3 poradls’ dog 5
> P9 2 g 09 ponedls (Sagll ol plie plgisas sblie ol esimdlis oIyl 295 e
g Comrjlaoe (lp ordiuns jld poeadls’ ohagdy (S SIS (Sogll (VU gl ) 25T
A5 o slog)

Wardani et al., ) Cuol gmio GO 5 Glus! ()5 ane gyl Jols Sludl glacudled I 5U pouedls’ zess
LY) ).’>r...n .b‘yua d”l )0 ISV AIRAY u_c‘)) UYM L~ u‘ Sk da).\o )l LmoJ.u\f‘ L)" uo):m » ‘_5).5)‘)3 (2020

185 o sio YL o Lo cbslis iyl )

Sl il olojle T



59 wyp b 35 Zhuang et al (2009) .(Ahmed et al., 2024) b o byl 5 wimmmwgS] oo 5 Cgllasl j5,lse

Glp clild ol mess sladely (g9, p adlles 5 cpa > Dabaoshan (yaxe Slbl olie OY¥game ¢ SB K oljld
0l (5))ssS OV gz g SB 3 padls clale i3l & e (g5)0liS 5 JSare lacdled w08 ol bl codlw

|

wollaol clasoly Wlg o paradls (YL clale oS Wlools &)l el pl L3l (gly 1) )00 Salad (daxie ole lddss

Slgs o o paie pl & Cuol o Col opl poogMe bl atily SB slapiuawsST > Sl gz ge jl (slacsome (4lp
Khan et ) w8 sbxl (S (5lub 5 (Se3lsST (sl i (ied a5 cndy 9 S 3985 (e 05095 3 GlalS bawgs asla

ao Wl o S poredlS  Sub f oy (Cumil ‘)MO&] RRSVIRY B 5 cos laggs
7 ; 3 L e olus! slacd)les
=h S > paedlS w38 clale ilidl o
B3 crio (gjygliS dlar I dlie bl |) LS .
&S 4 oo dSlawd (gladeS 5l e SV b eolaiwl &5 W55 )S I J180 et al (2012) .55 )8 8yxe MBS od g 0 y0ud
Congj Ollad 5 00 (6)ygliS SSE ) posedls

b polie (VAR jor o) slasingy (olol
oty ppizan Casl OSB3, 5 wlind
: 5 olS ady) g (olon (slapliil > bl res pgredls clile (S
0 ) LGS jiud waw (39:YL wilite (pl 3 D9de olS )3 paredls
iy o poredlS (Vb ackile b wlge jaud (Vb polie .S o bul eadeuis
S ) jhus il Yo S 1y oMb L bl (1Y) el (on)lSn it pguedls (g5l Ygons
355 51 o3litl ¢yizman Cusl 03,8 (Bpmo S (Sogll (sl (xito g ooluy L osdis)l]
1035 515 pgredls 4y ol)j oS (Sl wlio  pinke

o ylis

(Leave-One-Out Cross- (¢ldai 5 Gis | suwlosl STl Slaod (05005 o) 3 Sles  oriwojlis] cas
Iy Lodls 1 JolS” oolasiwl picme 9 (oriwjliel (gl Lo isw G 3 Slas 4 56 pae Cuje S Validation (LOOCV))
s Oluye (ke pgd adyy Jold (oxtwjliiel )3 jline 93 5 pgradls” 56 pdlie i sl el )3 ad plosl )l
poredlS yais shodly (ganding ) (Nbuod (S5 by (Prslisl @l A el (R?) s cups 5 (RMSE)
S i |y RMSE=0.35 3 R%=0.42 glalais S GBls b, 5l edlael L S



Poedl 035 03] (eSS g (Alg p3lio (e g s 5 Al

25 y = 0.4808e0.5558x
) R2 = 0.4277 °
[ J
x_’i 15 o o
5 1 ° ... 0o .
S s
[ o
0
0 0.5 1 15 2 25

S5 4o
ookl b epylyas bl gy oSl 5l aisu )0 panedls I o SB Sl byl Gua b sl imgh

Sty Jonslty 5 (CF) (S35 1555 (1020) I xe5 5L NEF) (St 15556 Jobs amocin sbogasls
dy90 ddbaio d poredls 4 S Sogll maw | Wslizg sy cxn BBl b (a3ls ol wls b plxl (ER) (556068
23gd5e 3 poredls 4y (SORPLS 49.14m )9l B oS O Sl e D90 slaadls g adllas

wsipskis ba SLIRIRC.L Mgt 1 A ol o)) Sl gnge aalys s 515 5bj b B Lauwgze

Gl 2 | gne s s NI o5 5o (EF) St 5555 5 (1020) (Sesbiliens sl o 31 ol
5 bl oM (T WY L 5 Wlg3 oo poredlS (5ol S amd o s Bl pl ditus S 3 peredls clale

Jaly dlar 51 ST patian (sl 5 Slin sla 3| odiel il sl s oo
Il g el g jlame adsly (sl pizmen Aitn SB 5> S Gl iy cll
ol “_,uLe(» 2 A8 S8 bpiuawsST codlw bias g (Iogdl Jials & Wlg o oluy 5 b3Sl agy o eolaiwl &l jlas
Slgie «SB (Sogll Gl 5 b)) 0 Ll Gl lsedr Jaomeciun slaasls I oslinel & ams e olis iagh
led Bl Jaedun j wlhlad (ials 5 S glie jlub Copde 3 (caqe (3



&bo

Cansj ylod g iy 5 25 (WWAF) ol Loy 5 dumw cdlauws Dy ¢ e lowslioss (aabld ¢ Ky uSme LSy Cawgy 5,80
NEANDY (SN e o o dp s - o5t (3 (o3 3> (591 (b sl Sl kil b S (s I3 e
Catl 1 oendlS 3 5 ool LT Glalilli S (S S 3 St slalh oy (YY) yas aisiommo s 5 Loyteas oy
SAANNAED (V)00 . ol ST 5 O el L)ié

gailio (LSE cla Shy b il (ul daly 5 S Sl Spa SB S () Ljnes ol g ol (bl
N EAY (INY g il (4jppiSC 5 pole doliliad Sl o

S b)) (WAQ) g deso ¢ a3l 1B g dl g, (63 oo 03 85 e dasto 03]jaSs fuon codlj ol3gu ym o0l ol o
5 Lot ol dile omig 5 5 (Sog1 clamsls S eslinul b 38 S5 (555 5 o s 0ol R 5 3

OFF-OYY (Y)VF .
.sz 09 0 0395 (65liS (daw gl SB o S Gl clale wgy . " 9 0 (e

bbb ol daieys o goe Sl SlaiSs 5 PN o)l gy (ol
Oy D (5y9liS” ol Sitiby ¢ wlb S L )| ol )8
GyoliS S WS pole Sy Lise 5 Sl b ) B il sy e s me s 5] ey ol

DLy 5 SB oo dlo ol pl 558 Jlod lgjom g
5 gl Ky §pmn oo ¢ Blu {opms Jazte (5555
b ol i oo Bl aiSls 3 (i
Aﬂ) gy cu#&] 9 uﬁ.)Lo ‘UL)-P(" ‘cwlss cu.sl.))A

MW=V A (VY oMb 5 O dleo . S il 316

s Sogll 5l ol S Sogll s g yas o
Y20 (VYA gk

4 e laolly) e oales g aiky

NFAAYNY o)) oS Ay alxo (5555 (S

.J}).‘b[u.'? i ol :‘},.o)',a}[&: PRLOA)

Abbasi, N., Mohammadi Galangash, M. (2024). Investigation of heavy metal concentrations in agricultural topsoil
of Miandoab landfill area. Iranian Journal of Health and Environment, 17(2), 343-58. (in persian).
-

Adamo, P., Arienzo, M., Imperato, M., Naimo, D., Nardi, G., & Stanzione, D. (2005). Distribution and partition of
heavy metals in surface and sub-surface sediments of Naples city port. Chemosphere, 61(6), 800-809.

Ahmed, N. O., Fagorite, V. I., Chikwado, A. G., Apata, D. M., Yunusa, L. J., Itiveh, E. S., & Biliaminu, Z. B.
(2024). Pollution assessment and index properties of Okpulor soils, Rivers State, Nigeria: geochemical
characterization, geotechnical and geoenvironmental implications. Discover Environment, 2(1), 60.

Anggraeni, D., Oginawati, K., Fahimah, N., Salami, I. R. S., Absari, H. R., Mukhaiyar, U.,... & Adiyani, L. (2024).
Analysis of heavy metals (Pb and Cd) in soil layers of Indonesia: Spatial distribution, potential source, and
groundwater effect. Case Studies in Chemical and Environmental Engineering, 9, 100652.



Bagheri, Y. R., Meskini Vishkaei, F., Mohammad Esmail, Z., Saadat, S., & Rezaei, H. (2017). Assessment and
zoning of environmental risk of soil heavy metals using pollution indices in agricultural lands south of
Tehran. Journal of Natural Environment , 70 (4), 757-868. (in persian).

Boerngen, J. G. S., & Hansford, T. (1981). Chemical analyses of soils and other surficial materials of the
conterminous United States.

Cano, T. G,, Lonin, S., & Kim, K. Meta-Analysis of Harmful Heavy Metals in Colombian Sediments (1996-2024); a
New Approach for Ecological Risk Assessment from Cartagena Bay to Similar Coastal
Environments. Available at SSRN 4916752.

Chen, L., Wang, G., Wu, S., Xia, Z., Cui, Z., Wang, C., & Zhou, S. (2019). Heavy metals in agricultural soils of the
Lihe River watershed, East China: spatial distribution, ecological risk, and pollution source. International
Journal of Environmental Research and Public Health, 16(12), 2094. k

Farsi Pour, S. (2010). Study on Changes in the Concentration of Cd, Sb and Sn in the Soils Surrounding the
Sarcheshmeh Copper Complex in Kerman. Master's thesis in Soil Science, Faculty of Agriculture, University

of Tehran. (in persian). \ \ )

George, S. D., Ahmed, N. O., Yunusa, L. J., Senbore, S., & Yomi-Agbajor, E. B. (2023). Ecological and human
health impacts of oil spill-induced heavy metal contamination in the Niger Delta environment, Nigeria: post-
remedial assessment, risks, and mitigation strategies. International Journal of Ecology and Environmental
Sciences, 5(3), 24-42. A\

AN A\
Ghasemzade, A. , Karimi, A. , Ziyaee, A. and Fotovat, A. (2021). Pollution Assessment and Source of Selected

Heavy Metals in Agricultural Soils, Southern Sabzevar, Northeastern Iran. Journal of Soil Management and
Sustainable Production, 11(1), 1-26. (in persian). \

Gupta, N., Yadav, K. K., Kumar, V., Cabral-Pinto, M. M., Alam, M., Kumar, S., & Prasad, S. (2021). Appraisal of
contamination of heavy metals and health risk in agricultural soil of Jhansi city, India. Environmental
Toxicology and Pharmacology, 88, 103740.

[EPRN

Hakanson, L. (1980). An ecological risk index for aquatic pollution control. A sedimentological approach. Water

research, 14(8), 975-1001.
A\ .
Hamid, E., Payandeh, K., Karimi Nezhad, M. T., & Saadati, N. (2022). Potential ecological risk assessment of heavy

metals (trace elements) in coastal soils of southwest Iran. Frontiers in Public Health, 10, 889130.
A\ N A
Holmgren, G. G. S., Meyer, M. W., Chaney, R. L., & Daniels, R. B. (1993). Cadmium, lead, zinc, copper, and nickel

in agricultural soils of the United States of America (Vol. 22, No. 2, pp. 335-348). American Society of
Agronomy, Crop Science Society of America, and Soil Science Society of America.
.

Jiao, W., Chen, W., Chang, A. C., & Page, A. L. (2012). Environmental risks of trace elements associated with long-
term phosphate fertilizers applications: a review. Environmental pollution, 168, 44-53.
. A

Karimi, A., Naghizadeh, A., Biglari, H., Peirovi, R., Ghasemi, A., & Zarei, A. (2020). Assessment of human health
risks and pollution index for heavy metals in farmlands irrigated by effluents of stabilization
ponds. Environmental Science and Pollution Research, 27, 10317-10327.

Khan, M. A., Khan, S., Khan, A., & Alam, M. (2017). Soil contamination with cadmium, consequences and
remediation using organic amendments. Science of the total environment, 601, 1591-1605.

Kowsari, M. H., Saghi, M., Rastegar, A., & Sotude, S. (2022). Investigation of Heavy Metals in the Soil around
Municipal Waste Landfill. Journal of Sabzevar University of Medical Sciences, 29(1), 65-76. (in persian).

Kuang, Y., Chen, X., & Zhu, C. (2024). Characteristics of Soil Heavy Metal Pollution and Health Risks in
Chenzhou City. Processes, 12(3), 623.

Kumar, V., Sharma, A., Kaur, P., Sidhu, G. P. S., Bali, A. S., Bhardwaj, R.,... & Cerda, A. (2019). Pollution
assessment of heavy metals in soils of India and ecological risk assessment: A state-of-the-
art. Chemosphere, 216, 449-462.



Li, S., Xi, W., Li, C., & Bi, T. (2020). Study on pollutant model construction and three-dimensional spatial
interpolation in soil environmental survey. In IOP Conference Series: Earth and Environmental Science (Vol.
467, No. 1, p. 012154). 10OP Publishing.

Li, W., Zhang, S., Gao, F., Chen, Z., Jiang, J., & Sun, G. X. (2024). Spatial distribution, sources apportionment and
risk assessment of heavy metals in the Changchun black soil area, China. Journal of Hazardous Materials
Advances, 13, 100402.

Liao, J., Cui, X., Feng, H., & Yan, S. (2021). Environmental background values and ecological risk assessment of
heavy metals in watershed sediments: A comparison of assessment methods. Water, 14(1), 51.

Lukaszek-Chmielewska, A., Rakowska, J., Rachwal, M., & Stawarz, O. (2025). Assessment of forest soil
contamination by heavy metals in the Polish National Park near Warsaw. Scientific Reports, 15(1), 4099.

Maas, S., Scheifler, R., Benslama, M., Crini, N., Lucot, E., Brahmia, Z., ... & Giraudou;P. (2010). Spatial
distribution of heavy metal concentrations in urban, suburban and agricultural soils in a Mediterranean city of
Algeria. Environmental pollution, 158(6), 2294-2301.

-
Mahar, A., Ali, A., Lahori, A. H., Wahid, F., Li, R., Azeem, M., ... & Zhang, Z. (2020). Promising technologies for

Cd-contaminated soils: drawbacks and possibilities. Environment, climate, plant and vegetation growth, 63-91.
a “ W=

Makarmi Yamchi, H. (2016). Investigation of the Effects of Wastewater Use on Soil Quality in Agricultural Lands
in the Shahr-e-Ray Region. Master's thesis, Faculty&‘ Earth Sciences, Shahrood University of Technology. (in

persian).
\ ‘ N ~
Mansouri Moghadam, S., Payandeh, K., Koushafar, A., Goosheh, M., & Mohammadi Rouzbahani, M. (2024). Level
of heavy metals and environmental pollution index in Ahvaz, Southwest Iran. Scientific Reports, 14(1), 14754.
AN y 4

Mardani, G., Sadeghi, M., & Ahankoob, M. (2010). Soil Pollution along the Surface Runoff in Southern
Tehran. Journal of Water and Wastewater. 21(3), 108-11{ (in persian).

Mohammadi, A., Hajizadeh, Y., Taghipour, H., Mosleh Arani, A., Mokhtari, M., & Fallahzadeh, H. (2018).
Assessment of metals in agricultural soil of surrounding areas of Urmia Lake, northwest Iran: A preliminary
ecological risk assessment and source identification. Human and Ecological Risk Assessment: An International
Journal, 24(8), 2070—2&37.

Moslehi, A., Feizi_an, M., & Eisvand, H. (2019). Effect of Phosphate fertilizer in salinity stress conditions on
Cadmium fate in the plant and qualitative characteristics of tobacco. Journal of Crop Production, 12(2), 89-
106. (in persian).™
AN
Nomas, A. H., and Al-Shamma, A. (2023). Calculation of Pollution Indicators for Heavy Metals in the Surface Soil

of Nasiriyah Qil Field. Journal of Survey in Fisheries Sciences, 10(3S), 1077-1086.
N Y

Nowrouzi, M. and Pourkhabbaz, A. (2014). Application of geoaccumulation index and enrichment factor for
assessing metal contamination in the sediments of Hara Biosphere Reserve, Iran. Chemical Speciation and
Bioavailability, 26(2), pp.99-105.

\ W

Pan, Y., Chen, M., Wang, X., Chen, Y., & Dong, K. (2022). Ecological risk assessment and source analysis of heavy
metals in the soils of a lead-zinc mining watershed area. Water, 15(1), 113.

Rahmani, H. R. and Khanmohammadi, Z. (2024). Investigation of heavy metals in the soil of some paddy fields
around Isfahan and the effect of cadmium on food security. Iranian Journal of Soil and Water
Research, 55(10), 1845-1861. (in persian).

Rehman, Q., Rehman, K., & Akash, M. S. H. (2021). Heavy metals and neurological disorders: from exposure to
preventive interventions. In Environmental contaminants and neurological disorders (pp. 69-87). Cham:
Springer International Publishing.

Rujner, H., Flanagan, K., & Viklander, M. (2021). Comparison of spatial interpolation methods for soil moisture in
Green Stormwater Infrastructure. In 15th International Conference on Urban Drainage (ICUD 2021), October
25-28, 2021, Online/Melbourne, Australia (pp. 598-600).



Salmasi, R., & Pyrowan, H. (2021). Soil pollution to some heavy metals and their relation with soil properties in
Sareskand, East Azarbayjan. Journal of Environmental Science and Technology. 97-106. (in persian).

Shayestehfar, M., Shafiee, N., Shirani, H., Rezaei, A., & Kargar Dianati, M. (2012). Distribution of As and Se
Elements in the Soil of the Sarcheshmeh Copper Mine Area, Kerman. Water and Soil, 26(3), doi:
10.22067/jsw.v0i0.14862. (in persian).

Sohrabizadeh, Z., Sodaiezadeh, H., Hakimizadeh, M. A., Taghizadeh Mehrjardi, R., & Ghanei Bafaqi, M. J. (2020).
Evaluation of Heavy Metal Contamination in Soil Samples around the Lead-Zinc Mine of Kushk, Bafq, using
Pollution Indicators and Principal Component Analysis. Geography and Environmental Planning, 31(1), 15-34.
(in persian).

Su, Y. Z., & Yang, R. (2008). Background concentrations of elements in surface soils and their changes as affected
by agriculture use in the desert-oasis ecotone in the middle of Heihe River Basin, North-west China. Journal of
Geochemical Exploration, 98(3), 57-64.

-
Taghavi, M., Bakhshi, K., Zarei, A., Hoseinzadeh, E., & Gholizadeh, A. (2024). Soil pollution indices and health
risk assessment of metal (loid) s in the agricultural soil of pistachio orchards. Scientific Reports, 14(1), 8971.
-_ A ||

Tomczyk, P., Wdowczyk, A., Wiatkowska, B., & Szymanska-Pulikowska, A. (2023). Assessment of heavy metal
contamination of agricultural soils in Poland using contamination indicators. Ecological Indicators, 156,

111161.
- \

Tume, P., Bech, J., Longan, L., Tume, L., Reverter, F., & Sepulveda, B. (2006). Trace elements in natural surface
soils in Sant Climent (Catalonia, Spain). Ecological Engineering, 27(2), 145-152. <
N -

Wardani, N. K., Prartono, T., & Sulistiono, S. (2020). Sediments quality based on Geo-Accumulation Index in
heavy metals (Pb, Cu, and Cd) of Cengkok coastal waters, Banten Bay. Jurnal Pendidikan IPA Indonesia, 9(4),
574-582.

Xie, Q., & Ren, B. (2022). Pollution and risk assessment of heavy metals in rivers in the antimony capital of
Xikuangshan. Scientific reports, 12(1), 1‘4393.

Zhang, P., Wei, X., Zhang, Y., Zhan, Q., Bocharnikova, E., & Matichenkov, V. (2023). Silicon-mediated alleviation
of cadmium toxicity in soil-plant system: historical review. Environmental Science and Pollution
Research, 30(17), 48617-48627. -

Ay A N
Zhuang, P., Zou, B., Li, N. Y., & Li, Z. A. (2009). Heavy metal contamination in soils and food crops around

Dabaoshan mine in Guangdong, China: implication for human health. Environmental geochemistry and
health, 31, 707-715.




Ecological and Environmental Risk Assessment of Cadmium Heavy Metal in
Soil (Case Study: Shahr-e-Ray, Tehran Province)

EXTENDED ABSTRACT

Introduction:
Soil, as a non-renewable resource, plays a vital role in agricultural production and meeting human food needs. However, soil
contamination with heavy metals, particularly cadmium (Cd), poses a serious environmental challenge with significant negative
impacts on ecosystems and human health. Cadmium, as a toxic element, enters soils through human activitjes such as agriculture,
industry, and urbanization, and high concentrations can cause major changes in the physical and chemical rties of soil. This
pollution not only threatens human health but also adversely affects the quality and yield of

i[¥¥8!|ution status and
the implementation of necessary measures to reduce it are crucial for protecting tge ey ic Welth. This research
investigates cadmium pollution in the soils of Shahr-e Rey‘unty in Tehra pollution levels using
scientific methods. The results of this study can aid i etter‘agement of soil teryresources, ributing to ecosystem
preservation and improving the quality of life for local Fegidents.

Recent studies have shown that high concentrations of cadmium in certain ar &

Materials and Methods:

This study focuses on investigating soil contamination in Sh
(Cd) concentration and its influencing factors. Shahr-e Rey Co
Tehran Province. The study area covers approxi
depth of 0 to 20 centimeters, and various physic

, Tehran Province, with an emphasis on cadmium
gnized as one of the important agricultural areas in
In this research, 41 soil samples were collected from a
jes of the soil including texture, organic carbon (OC),

acidity (pH), electrical conductivity (EC), availab¥g phosphorus, and |ijié content were measured using standard soil analysis
methods. Subsequently, total cadmium concentratio ined. ironmental indices including geoaccumulation index
(Igeo), contamination factor ‘) enrichment€actor ( i k assessment (ER) were calculated. Finally, a spatial
variability map of i was created using bor interpolation method. The accuracy of the spatial modeling
was validated using me@such as mean sq SE) and coefficient of determination (R?) along with leave-one-
out cross-validation (LOGBV).

Results and Discussion:

In this study, cadm ion in soil samples was examined. The concentration range of cadmium varied from 0.17
to 2.05 mg/kg. The maxim ration found was 2.05 mg/kg, significantly exceeding national and international permissible
limits. The average cadmi centration was reported at 0.79 mg/kg, indicating considerable soil pollution in the area that
could negative ealth and living organisms. The ecological risk index (ER) revealed that approximately 7% of
samples fell into w -risk category, 17% into moderate risk, 56% into significant risk, and 20% into high-risk categories,
indicating substanti8 ironmental hazards. The geoaccumulation index (Igeo) averaged 1.20. Based on the classification of this
index, approximately 10% of the samples fell into the unpolluted class, 24% into the unpolluted to slightly polluted class, 51%
into the moderately polluted class, and 15% into the moderately to severely polluted class. The enrichment factor (EF) had an
average of 3.29, with about 22% of the samples classified as having minimal enrichment, 63% as having moderate enrichment,
and 15% as having high enrichment. The contamination factor (CF) also showed an average of 3.94, with around 5% of the
samples in the low pollution class, 29% in the moderate pollution class, 51% in the high pollution class, and 15% in the very high
pollution class.The cadmium distribution map created using the nearest neighbor method showed significant accumulation
particularly in the northwestern and central areas influenced by industrial activities and irrigation with wastewater. These
findings underscore the need for management measures to mitigate pollution risks.Furthermore, validation of the nearest
neighbor method using LOOCYV resulted in a coefficient of determination R2=0.42 and root mean square error RMSE=0.35
Overall, increased cadmium concentrations in surface soils can be attributed to human activities such as wastewater irrigation
practices, pesticide use, chemical fertilizers application, as well as proximity to Iranol Oil Refinery.



Conclusions:

Geochemical analysis focusing on indices such as geoaccumulation index (lIgeo), enrichment factor (EF), contamination factor
(CF), and ecological risk assessment (ER) indicates relatively severe cadmium pollution in agricultural soils resulting from
human activities including agriculture, industry, and wastewater usage. The results highlight significant levels of cadmium
pollution in the region's soil necessitating careful management of water and soil resources. Additionally, impacts from human
activities such as industrial wastewater discharge on soil contamination were evaluated. Given Shahr-e Rey County's proximity to
Tehran metropolis and extensive industrial activities, pollution from these sources could pose serious environmental health risks.
Therefore, precise planning for water and soil resource management is essential to preserve regional ecosystems while enhancing
residents' quality of life.
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