[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
VEY B YA Sl VP ¥ Ly < sl o )lah « oo 050

0

&b

(@

£

\vzp %("
Available online: https://ijhe.tums.ac.ir _3 \\/ ;
u..f.h 9 j.._ag Jlas %Y“wo\ 4 jg

%,
0, O
" Of Enyiron™®

Qﬁisﬁ'“’ OO (30 4O 0l x~>4|).¢é| 9 o)'l’s (IR0 sralbl ‘sJaww) Q‘;ﬂ sglg})

Tosljoml 7,8 ¢ 5,5 dngare o ol 3 0 e ol g dbo

Q‘JJ‘ gd.yoﬁ)l ‘4.:.‘45)‘ olKisls ad.:l.: '5515 ouSlisls a‘swL‘.wg)wa) 05; -\
el cmos | cdmog | SIS ¢(g5LsS Sl (S pgle 09,5 -V

oSl fo sl N b
o Sl slo 5l (S (Hane slmesgaze ;o (S Sl b 4 Sogllidup g atuw) VE+Y [+ AN (bl o fu,b

Ll b als g (s Sl 5 (me slaallly (San VT Jeaily (b)) 5 005 VEAY /1o /Y

tgwl b
03ga e ,3 odd g0 03l glaalbl s sl ol sodod (o el g S jlae oRIRs T

L. _ ) VFY/NY /Y ey gyl
25 8 (bl o5 58Ng e (e CRIRILL) :)| 5 5] @‘)U’

Sl (Bolal &0 0ads 30 05l slaalbly byl a gl Ly (6,10 ety 32 559
Slass ¢ el S g bt S Sladllas plosl jgtaiey .as 5 Ciils 5 diges Y8 slass g oo
Loy (5,58 2 (riiiel (g5 4 ased VP a0 5 anyd (Mieo S5 5 SHLS o bade YY
8 4525 8,50 (XRD) e S0l anisl ol s o9, 4 aigei Vo g (ICP-MS) Sl oot o
REEEN S
350 slmalbly 15 o daimocens; sl Sooll osae Lt lyic 4 sasily o sla Sl iLaazdly il ioms oone albl tguals 5Bl
oS 5 3 o 09l yolie 55T BlE 052y ol Ly ki (Gl S3 LT a8l 5 ol ;1 e et ld ((SajelsST e e Ll
FAAY Ly ol Laalbly ol o Su55dsST s S (sl 5 ongm o il o 51 5L Laalll, codles asls o olorssss
Pb s Cu g As ;olie  ploaiinm) slopasls ay azs Lol (o5 Slamoceny ;las)
2 05058 sl il i las asl il olie s wa a gy OB Sogll mla s gl
03553 (4798 JB ol s o (S I S Sl ) 1S (VLS 5 (ST 5 0]
b Ysb anzlye &j50 )3 azgi B @l oS 0925 ;S 55 Il (a2 Ls
el yolie 51 B 0550 50 5095 (gl Laalbly
el by s 035 (s B ey Sl Lty Gl Laalbl 1 g S ats
4 oo 09l jolie 3959 5 ,Lasil pue jobaior Silwms 09 (o9 ;O pee S pie 1] gm0 iowwnd 98 S 9 35S Cnnny
208 Dygme SLbl Ejlze hasanzadsafye@yahoo.com

Please cite this article as: Hassanzad S, Pirkharrati H, Ahangari M, Asadzadeh F. Assessment of the potential environmental effects of newly
deposited mine tailings from the Sungun Copper mine. Iranian Journal of Health and Environment. 2024,17(1):139-62.

Copyright © 2024 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://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

slealbl sg, p Oledlas ( paaz | ;0 .(VV-10) wis
&S Cewl ools s Sisaes 9 Sis ble [0 95> g0
e olng 4o Sls S CBlE 5 atpand Y ek ¢
Jxme go8l Lol 5 5l iy bl pais Sis lae (o
slealbl _wls S5 slo Sis cplplo ((VA) 0 anls>
@ly ehg (oloy <3S b Ll gan Slpdi 5 ol
S8 Sisdes g S
heleny S pde 5 (S9! Jemily St o )l

el oo Sl iloy 51 95 ol

lsp 5 ol slas, o a8 slealbl,

gl 5l (26 Glaalbly Cu pos (9 5 gumne S0 pas
A ol 4 e wlgie w3l sl luils LAl
yolie ilula, salavly cusjlase § ludl godle sl
2l (V) Wigd ST @y (PTE) YU coons Joily L
acls b 5 oo ol (i Sl a5 cusls L o
oS e o S Lo 3 Sdns gl led o5 L]
B g (SaselsS1 2 )lse sl (sl 5yt Jmsiliy g 0392
ol 6lp 3 aime Lice b anlis ;5 baplusl codls
(Yo 3l yole

oo b laadbl oS5 s 4 oanie Slillas
b)) Syse 1y ballbl ol 51 56 osilly ol jlas g sl
o 5en ¢ Perlatti a5 gladlas (VY Y1) wlools 13
olis essls plol 30 50 SlaSg e (ame 59, 2 (V2 V))
albl 5l e VIV tON sg0> ands Jlo Ve b o ol
Jannesar .(YY) cwl ool Slbl Laxe 8l g oo olj]
5 ol S5 Sleogas (Y41 F) K 3 Malakooti
alllas 550 1) dolizr jo e (ine laalbl (obeordos)
S 05len 0955 g balbly pul wlis SIS Ol s g 0ols )3
OV)) Wlosls J13 w050 |y b SIS (gilule 4

44255 b (19w (e (Siae 03ga5me 3 odd g3 (slaallly
S epalbl S 5 3 Sy SIS 0l s S8 5 VU
5 on &k hrmelanyy Bl jlas coul (63 lse alax
555 gvawie lelllae a5 Cod 3y p3Y aiz o0 s aslllas
, (Outcropping rocks) asl ygeis, losow 53, »

V-

o shasmelan s OIS S5l

doddio

Oddee g e b (pyiege dlex Gl 6pd e plBd
o=l sle sy Jdas (Y ) Wb e B Gl o

Qo 40 14 ‘ “.‘6).‘.9)3.: Wﬁbdlaja.u]a 6&&“&:[5

Ol Sl Son 658,525 5l (2ol (Lol Slge
S adhie g sl geaw albl o Jome yo albl
06 sloalbly (oo ;5 mozd Gl am oS JLsl 1 e
M2 Siddem 5 e e plond Gloonld lys o
rolie g adyl Gla g5 acgome 0 2y JB Sk
5 SOl cogas (nl )0 (BY) Wb se Ll ;o vgzge
3 egasy dbabl o gadew sl S jsslaST
yolie 5l oYU cale b ol slaol Wilgs oo (edans (25
L 695 5 oSS otedge «ZILS (e cpgeasls (521
o 05l yolie silula; rizen (Y F) S (5lula,
5 09250 iy gla SIS 5 e (polas | Sl il
03y sl 00,18 (Sogll el wilgi o il oS
sloosgame 1o Ko Glils a4 Sogll coplpln (A) 0,5
5 55 Ghe sl et 51 (ST Byl 5 (e
b T (S oyl 5 00ss plez 45 ome Canio
Slane ophel ) pobie ol S0 5l (B sein) 9
i o) 00 Q) il gy 00 slad & armecns;
laalbl (Vb px> 4 425 b 6 by (e olee y0 0
oy egat 4 Olshd iy Sl B jpax 5 Gose
AOY A canl o550 oy ol 5l aallbl oS 5 50
S ylas 3T g aalbly cpl jo Jlas feily ol b3, 1Y
b 28l g s lame  baalbl ol 3G 2alS cg
oS Sl Glo e YL Coenl T e lidl oDl
e saie Gl atls bhalbl oleriine) 5 (ool S
Oolre gl albl yo (Jamecin ) yhas Jusly L)

OF OY) s
(S ojler ol L8 sl b yiiSTy 51 g bens ¢ a8l Lal
oVl olild 4t g Shils S o g gl sla SIS (6 S IS
30 Pore glaalbl (VF) vas oo 3,50 cou | albsl

0uiSTy Hlez )0 00,08 O sy Sisdad g S g

1ok g /Ul o lash /a0 o195 %ﬁ Jﬂy

Ol !l bazo Cublags ,olcunml g Ju sole oolilad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

a8l 1) a5 sl jo Lo o sla 2iSTy 36 4 ol ez 5l losls 13 sy 8yge |y (goanie slad
(YY) o S JoSid 0920 ¢ gl S Olalllas 4y 15 o0 5 )lg0

SVl 15U 5 Jasrecon; Sldlas o FA-YE) Sl5als

L sig) g dlg0 Sl @by, 5 (M V) Gase Slay ol g Home ]

aulllan 3,30 dibsie Condga (il o by, 5l eolizul b g oVholS o San¥T I Lials
Sl il ol st Jad 5 s e e P ekl SaVT RS cgr (S 5 s
O ol )18 0559 38 Jled (s yeskS Te g (B0 Joiliy b)) opaz 50 (9SE eszy cnl b Lelo S o LA
85 R sy m s sl 0sSee Al 90 mle 48,55 &)g0 ladlae Sose sloalbly e s
05Ngm e s« lsm 5 ol Bl 5l @) JS5) col At Sy (Dbl 090 4 pole adlllas el Il
Shilo g o x8lg (§loo 3 slaogSars ) SbuwngS dalais o 5 &dly ool g0 |f.>| sl albl o5 4« gose albly

L adlaie o8l ol Jutas slopbnl 5 05 slaglins Loz Sldllas ool €10, (eKgw o Sdre 035dx0
oD oS O o 5 S Dy 8y 0 el slaipalil 4y 4z Blg3 oo e oalet ST 385 Sl g a5 a5 aas oo ol
NARES oo slaalbl (S3jlen 0920 ogas ;o suulS slaiin

(a)

40000 50000 140000 230000
1
N "
g i /
! /
%
(1]
JL‘M I T T T
§' g = o - o
B B

4180000
4180000

30 610 paiges s Joxo g axlllan 850 allaiv CaxBgo (D) oyl | Al 40 axdlan O yg0 ddlaio Coxdgo (a) -) SO

Slo,lgale ) guai

® ﬂﬁ%
y%ﬁ J 1E o lgr /Ul o loih /i 0,93

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

Location of the
(b) study area
S0uUNgan copperming

i,
mine waste dump <

phte mine &
Tiver o

6)‘&;.34.39.03 ‘_QLQJM 9 axlbo S)90 adlio u«uﬁ}o (b) ‘O'J'.’J AL 4O axilao Sy90 adlaio s.«.o.'ﬁ,.o (a) -\ JS-»; 4ol

sleslgalo pgai 5o

A pl 40 090 sboo bl gillae Lo 3L g ST5U
sl im0 plxl o Wloads 4y Ve M Cwlxs b g
o8l sl 09,5 olfinlej] o ladiges «JS S
0ads iale i g ials 5 diges Y8 oled 5 (g5lwoolel dreg)|
Sladiges (6 pate S 5 un jolate 4 a5 plol ez
sleaw! Jolae T S L ldiges (gl R cal>
Ol 3l o g a8 O g0 HNO, -HF —HC]O -HCI
A ool Hee Blo 3l e g 00l Oyl e SO (s,
Gy9 pid b L:...)y ods ool sledigas colys o
J..\_n (ICP MS) L_;al_o.” 0d—% Ce—a> sl M 3
A &8ly Loyl ol8ilesT ;o ICP-MS Agilent 7500

575 el (gl diged 1+ olaa (riomen A0l 4 525 (o)
5l olinl b (XRD) (uSol anitl il gy 4 JS St
b3) e Ll 5l a5 Philips Xpert pro Jos ol%ws
o el 05,5 ool (VOFY A zge Jsb 1uSile LKal

VFY

S g (&
2 Joe 5l Gl 33l 5 (o) Sl om0l ey 5
09 (e slaalbl 4l oy ((y980gm e ase albl
Ko 0080058 538,55 0,0 b s 5 ol
Gl pdigal Cpa liond don 4y o s Sl csloaiss 550
sl 1o an e 09 YU Lo 5 0090 See Seilodiw
5 Folai Ghy) Djgar )l pdiges Gl 00 (pleend
el 00 Al e (paiz )0 (g )lopdised 28T O a0 dilals]
030 laallly 3l g ls paiges jelaie ay .ol plxil VFe - Lo
S glaaiges (B USE) clil Sy b g oads 30
g b oaly 18 Sl s g (6,105 o, leds oalls clls
by 09,5 (armmecuny (owlidipe) oislosl 4
ol Cbld p slediged o b Janl aeg )l Jisls
@ ire S5y SHU ablic 4 Coz wged VY sl
ablio .0u5,5 Jlo)l Glowa ofuils il 05 olKisle;l

1Eol lgs /gl 0 loib /i 693 %y Jﬂy

ulylhaaouwlwuol.cun:ul g Jy ole oliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

S (YF) (V4A+) Hakanson lawgs a5 ¥ Y &Yolee Sy o 9 00,5 JUT Y mA 5 fO KV Ll
10305 dnlims cunsl 0 5l 51 ool il by WSl ansl il 5l ol

20,5 Jd=s Xpert High Sorce

Cf = Cp/Cr M ooy sloatls 4lxs (z
' Jeily (i pobiie 4 5 (aometans ) laom 2 12

Ey =G xT; ) Jols oy sloasls o3l glaalbl SunYi
m S 2Pl g aberbine) ol ((SileST Sl

PERI = ) Ef M) ambre 2y by, 5l eslial b pldl ol 5 2l
=1 bl Sl ol adlllas 45 a5 Col S 4 a0 S

aigai yo a0 350 38 Sl laie Gl calsbas ol yo o8 Syge e lagasli alre Cqx S 350 yaie
E' ;L (pre-industrial) o iy azye jloie C! el @23 515 oolail
Sl S yySBT g 05000 paie jo (sl Jlas Jemily el b feilty (2L ()
plos ggozme b plp PERL.coul wglits jaie 0 sl n oS (PERI) (S3slsS1 s Jomily (o)t sl oa5ls 0l
S yaie o lp (SielsST bt Jeily sla s Sbul ladiges ;5 39290 (K SIS Coons S1 3 oS
Slr oo HeSB 5 (Sroin @2 e jlake Zeul 85d0 2 8l So3dlsST b Jeily (atll g, o0 )G 09 o0
LI ooz 5o polie cpl ol Oglite alide pobie Sl (SiglsSt s Jeily (a3ls 5 (Bri) ojine pate
ol o 5 eolazwl L as (RIL PERI) codle b paie i ggome

(YO XF) 3l ad )5 o calio polic (gl y Conouw 19551 9 (UG/8) (sixiwo iy &2 yo T -) Jgu>

\ v Ve WO A A YA Ve o by ar e e

Sl s (I ) ctlilome; (asls dw sl ous PERI<VO: pslis.(V4A+)Hakanson cllas bl
e aasls (CF) Ssgll 1556 4 (EF) Cyo 4 V0-SPERICY: + (5 SuiglssT ,las b il
Cale daasls ol 5l ool b i osliiul 3,50 gl Jas bl Yoo SPERISF - clangio SujelsST Sl
(WIS pg)S cpsreols Skl g5, cme ) I3l 259581 s & 00 4 PERIZF « + 5 azgi L (So55)s5]
b (Sogll gl fnd 50 (il isly 5350 (ol (LS (FF) Wsdoo byl Vb Sl
6,5 5 dli 50 Mgy (e Silos Al oo sl
Cedlidlaj gl g b (Sogll ax o raasd (6l ol loasle

Muller Lug b odsl @lp a5 culilipw; oasls Ao dafllas 890 dilaio ;0 3gmge (OI3ls i L) wlyls o

® ﬂﬂ%
;/%9 J VEol Jlgy /Ugl 6ot /[osd > 6 )93

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

Lad Cole o (Sab g oy S E0- 5008 L
o]

ol 5356

S el paie o 5| 8 (Foll s ol Sogll 5
S (VAA+) Hakanson lawgs a5 ¢ aloles 5l ool L
10,5 dwle (YY) ool

G = Cp/C *)

b lp g ool (Sogll ;oSG L plp CF cdlslas opl jo a5
oo (b Shile 4 diges j0 Jl3 0590 pate clile Cos
(V\AA+) Hakanson lawgs oo il (saies, .ol paie
ol 4z CFQY @jp0 4 (Sogll copd e slis
4z Y<CF<S | o5l Lagie ax o VSCF<Y Sy
OFF) ol VU Jls Sogl ax,0 CEF25 YL Soyll
ol b pals (7

5 5 e S el e el bl s )
o olliat 5 Shl L agrlys 5l 26 cwdls s Jeily
St sl gk 5l 4 (FR) Sowe adhaie Gl,Ll s
Gl ololis Jels o5 o0 F e s, (HA) ol
-390 2b;, (exposure assessment) ag>loe b,
b3 aiog 5 (dose-response assessment) sul
cilizes 3,k 51 ol31.(F+) el (risk characterization)
it 5 o8 e 3 Bl (g5 s ol s
35 on B I3 osilly SIS e j3 gy i b
i3 By oSiln dls S o3l sl FY )
GV oYoleo 5l (HI) Jlas a3l cwiin <qe (CDI)

)
Cme X INgR X EF X ED
CDlingestion = = BW x AT X CF
)
Cme. X INhR X EF X ED
CDIinnatation = PEF X BW X AT

\¥Y

o shasmelan s OIS S5l

aslos B alsles 5l oolinul b 5 (FF) wi 3,me (V359)

=

:Qb;‘s‘o

lgeo = log; [Ci/1.5C] f)

390 digos 4O i )JB AW djﬁf")'“'\:"""‘& Ci dJolao u.:‘ I
ez ke b (plandiine) akpejmy cdile C g addllas
ol 5,155 (V4A+) Hakanson lawg a5 cool i 3l
3 el Ay glrosls oo VO oy (V) el
Muller Lug coolslipe; sasls .cwl ol3Kiw )l
e‘_;%ﬂ O Igeo <o e 00, Oygo 4y 00, S 4 (VAF9)
Y 09, “L:_wj.»_o ‘;.)9_,—‘ G ‘;»)9_” 9 ‘<Ig60S\ o) 03,
Lgie Sodl Y<IgeOSY’ Yoo, thawgie Sogll \<Ig60SY
f<Igwsa B o3, YL ol \"<IgeOS\° F oo, YL
Y s (Sl Igeo >0 03, 9 YU e B YL Sodl
(V) ol 00

S 8 eislE

&> o 00le yo yaie floa clalé 4y dasllac 5,90 aiges ;o Hhas
1090,5 dwloes O dolre 3,k 5l g

Ef = (Ci/Cie)s/(Ci/Cic)rs )

pais ‘5‘5.'1.‘19 Cie 9 Aged )ei)..a.:.c 6‘93-’“’(21 aJolao U‘" 5o
posiagd] aie 5l ol dalllas ;o .Cowl diged ;0 S e yuf
cJaene yob .l ouls oolaiwl S i 8 paie lgie @
(v++Y) Rudnick Loy a5 B aiwg cuS 5 nSika
3o Jlade gl p Sas s ax o bl (YA
oo &)l (V4A+) Hakanson Lug a5 gawes, & b
Sl Ef<y saes, ol e s S Oise (YF)
Y<Ef<O (o8 Sos e V<EfSY ( Sas sé 045y pas
(o b lawgte Sab e O<EfSV - chigle San s
Sabgé YO<Ef<O: wpan Sas e V-<Ef<vo

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

ool e s sl allsa s/l
G pas 590 Sl eeeds 5 (hazard quotient (HQ))
Gilae oS 5B e sl (RID) a0 5e0 5 ailis,

_ CDI

= — a+)
RfD

HQ

HI =Y HQ = HQing + HQinn + HQgermar (\))

o>y yaie ;o sl (RID) &0 590 aolre ol o
oo slas HI 6lp ) 5l eS8 polis .ol mg/kg/day
oas sl Vol YL polie 5 Sledlw jo saise ,..,l; pas
P S Camez lp @l LDl s o9y

(FD FY) ol b 5 1 3

Crme. XSAXAFS ABSXEFXED
BW XAT

xCF ()

CDlgermar =

ekl by C Y oo slhae YU &Yl o
(mg/day) Cgw, IS &b #, IngR(mg/kg) s
Jhw Js—b 5o a2l slnjs, slaxs oy, o EF
BW (years) ay—=>ly » ;Lo os ED ((days/year)
CF.(days) olo; oeSibe AT(kg) oo 0js oSl
il l—e InhR(kg/mg) Joo—s 2
ol SA (kg/m?) 0,8 Lasl o o PEF ((mg/cm?)
Jole AFs ((cm?) Cow, /S L oles 10 gy lans
wd> oo ABs 5 (mg/em?) S5 a4 cuvgy ( Sons
S el a5l 5 s calys (FR) el Canssy
alayly 50 (FY) ol oo 48,5 (Y« - Y) USEPA 5| _edlws

a5 ) (S Ol b agrlge (oMl s b5yl 5o eoliwl 9yg0 s yelyb (goue 9 Olio g mogi =T Jour
((FY ,F5) ;I

. |

kg

BW) 0w 033

years

(ED) aglse 0oy oo

m’/day

Rinh) .5 &5

mg/cm?

oY Y

(AF) Skt Gl 556

A A

None

Vot Yot

kg/mg

(CF) s 5556

® ﬂ%
yéfg t—_///) Vo Jla /gl o o /p5in 0493

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

YFo


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

g Jold andllas (10l )3 (2l by a3 535 oo
scancer Risk (inh) .cancer Risk (ing)
s 3o,k 5l ag>lge w5 5 4 a5 cancer Risk (dermal)
§95003, ol (Al oo 00g)l Bld gy i g b
o sl CR<Y7 lade 51 as el &jg0 pas CR
CR>V- T as Jys0 10 5 o miz BB lolbyw
03 33 Jlas ke 93 (nl G 50 5 0Ly Jlexsl il
255 50 513 o8 JB s090>b 5 Loyt

Lausgs 0as @, yolie 5 CSE g RID ,olie ¥ Joam o
el 0 &L YT Lo o 55 el ) bamo lojles
(FY)

Ml s Jlasl iliél a5 (LCR) Syl yu jlas-
Jolse b agzlse s )3 38 o (S Job yo ol
39 g0 dawles VY dolas gl el 35l 4

Cancer risk = Y,CDI X CSF = LCR ayY)
= Cancer risk;,q + Cancer risk;,, +

Cancer risk jormal

i L9516 (cancer slope factor) CSF aolas ol ;o

ol o s 61y 55 CDL g s s 50 paie 6l ol
ML?!A q 9 Aj Y &Voles )I oolawl l.t i g.:LP‘ye ).)

(FY) mg/kg/day cwws s CSF g RFD polio-Y Jguo

oy wdd 50 o3 sloalbly jf ond bl claiges
(FAUFA) wims o L 095 511y (6508 90 o sl Ll ]
3 CaSg ySs 5l oolaiul b ndiged dalllas 51 Jol> @L.,
ey 85> Stz 8l (53Kt U sl SIS S 5
gl oty Jleasald DL dadigad nl y0 0l i
P G S 5 ol Gla 5 35S e Jlade 4y 5 Cogn
Baas) ;08 cla SIS wiols LS |y e sl ol el

M97 0 @Yl Sl 2 5l (CupmgSI a8 Jlade 4 9 oy

VY5

6)5/’6&’&})—

51 ool b ladiges (g e (slay il s Jdow g 450
S S S O ye0 Bxcel 2016 ¢ Spss .20 133l
Pearson) :ygmw o (Siacod oo 3l polic o (Siwaon
.253,5 oolazusl (correlation

laily
R 99 o)'U dedJJala AS“”‘“"L)"‘A) 9 ‘swL._w(S:lS u.«.j)_:

% 92 ﬂy
Vel lgr /gl 0 )loih /i 0,95 o

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

b 5 glo,Fo Cad wilads L) Gud 4 baiges o
B Lais adyl S5 5l a8 ol aad g ak 3 lse S o
sy 5155 Sl SIS A gozma (A=Y JS2) ol oiloul
(adgad [Zeilon) (o] (slassT g Sla Sl wlysSune
oSis il 55 oo 55 gl o alacr 51 IS 5 S
69 2 Sekid Gl 5o 13l Siloions 53 Sloogas aiis

(0+) el S )

Ao a4y el Sose glaalbl ;o d9zge glacy n aiis
Jols o Jeal @Y JS8) S pie 4o 0asSly 1 e
B oy | (S8 GladS, o 4 5 (BT S b S
Ol e el 5l (Sl (os8ws S Slalllas .aizus cdaliv
ol g0 Sle,So BT g 00gs oo 920 o3l (slaalbl o o SIS
@4t llace 1 3 )lpe (B p )3 Censd svaline LB o SIS

99230 a3l (5la SI57(C-Y JSLE) wiloads (hau g o oSUS

JSh395 Sy y (2) . 9gm (o (Fro 03900 53 0uld g3 03U Garalbly 31 (5 95wy So gl Y S
SLCe ym J1owd (©) Mg D FU 0 JLBol ©ygo a4 S5y oy o5IB 9 Ca s (b) calbly (G STow a5
L SE @ Sl U (s g0 a2 a5 (Hlowald g Cadigm) Allaw b B (d) o oAU L arbls 51 5l 32,
HQZ (g 3 5B :Cep oy Py L(BY) b S (g Lais] oidle - ailonds 4 07 (S pwr 9 S g8 Cmnd) 1 30
395 RL o0 4355 )loawld :A-FSP coudh (s 555 s gt FA-BE coopundS :Cal (oS T:AD 555330 P15 158

03250 5bgd 595 XPL co 3 3 LSy 565 :PPL ¢ oSl

® gﬁ%
/%9 J 1ol Jlas /gl o )laih /pasin 63

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

VY


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

Q5,10 0925 e polie 40 1 CudeS g CuiiKe dile (gunS|
b S S o] 5 555 gmen slusil sla Sl (7 JSC)
oaseis XRD g,y a5 baigad 435505 5l ool ol )0 2odl
Jesis o5 polae o a8 LS lasls ol .ol ool ool
erd yslsaz o b dlse 5 59y 5 e ol ol il
L (stegs (polas sloalbly oS 5 jo o SISl S 2

(OY) as Jglaie

o shasmelan s SIS L)

Sl g 35055 sla SIS 0929 XRD lalllae 5l Lol gl
63 sl 4 a5 b oS o 0l Lol (sl e 4y
ol Jol aslllas s g0 sloalbly oS 5 1099290 SShens
Jols Baae 451, (sl g IS 5 ol cegns ey 995ns
W38 (2 y5lsl 53 5 oy 5 Canaglys )0 (B 50 g ComlS
S oSl 5 oy Jold boalbl oS5 0 95290 (gl

S S5yl o ;081155 g o gSIS ey e gy 0

Sl s o JoSis 1) balbl 0 s g0 (sadlgu

o ¢ Qz
¢ [m] Py
x Gth
O Ms
¥ Cal
¢
o} A+ % Q ¢
2 Ol O x| o 0" x09 & OI ¥ ?ﬁ’n O
P sh7
X
£ | W, U», O N A A eomearonrrtensinnstmnsneet SN3
W sh2
WMW.MMWWWM—_—W-MWMW sh1
Y . ’J“%JM e o A A A, A .. sh5

0 10 20 30

40

20 (degree)

OO0 (IR0 0090 6 ¢30 03U glaalbl ol Cews sdiges gl (XRD) (w50l o5 99 (ol G-y sl

YU ool 43355 sladiges 4o (duoy <14 -F/23) Ca g (oo )0
oY §) g 03gr e cilizes cladiged oS 5 0 S e
sl s 0 polie (Figaop3 V5l A U polie (Gjg oy
P9yt a0l 530 03l glaalbbl o coww 05l Lolie yolie
S 5 Sy CpeSies S5l gl alie .ol WU b
Uz sy (clos Jailil b o 558 o3 (glaalloly
(O -FOY PPM) oy Sl lgl 4 cend ol il (¥
Camd (AR -YOYA ppm) 1250 o (VWY -YFVY ppm) e

OPSgw

YFA

Mﬁ,umu&us&lb‘fs\»&u@w@u
3 el 00l Bl Jau 0 00l g0 056 sloalbly (0 09> g0
S5 e 2 (OF) losh gy S 5 eSee g
UL Ll sl sl 9.8 oo § (slos lailiw] g disj s
920 030 sleallbl slacols b auslae cpz 50 (V) ngJJ 3
Jolo mli dazgi bl oo ools lis 1)550gm (ydre 00l
Fe ((ao,o 01VY -9/-Y) Al jobie jlade o IS Sow a0 3
Lo A-YIEY)Na (o o Y/ ¥ -0/ 7) Koo o VFY -9/39)

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

Oz Albly Ko gladiges 13 39290 yolie Jlol 2 (ke
S> Ti> Ba> Mn> Sr> Cu> Zn> Pb> Ni> La> Cr
2ol Co> As> Cd Al> Fe

il Sl aiten pYL oo ) e fustinl 4
5 eans 3 ikl & Cans 55 (Y7 -YOIY ppm) S
ol bl (S iy (IS cdls ol YL e jeiS

0 (R0 63900 53 ouh 935 03U albl cuS ) 43 (PPM e ) 39250 polic 5 bl gl -F Jgu

Ll yiol g OB (1 ol (5o )9S (anroomn § (slos yluilivw] g ((BY) 31 418 )5 1) (liuwgy (il S 5 - (s g
iload 0018 (LS dms Lo Cg ((YR) 3l aid )5 4)

- - - A...
AR 0/4 Yo V/A
- - - Yo
/EA A Y /Y
- - O Yo
AR Yv/v Lo Voo
YV Yo Yoo 00
AARE \YY Yoo Ve
Yoo Yo o e VY
- - Ay Vo
- - - Orven
- - Qe L

.

VeoY/YY Qs YEA  0\AY Al

WYY Yo YA Ag
Wie VY 0 Ba
Fouer A YV Sr

- - - S
0\ \Y AR 7r

/190 Jal D od
WA VYA 8N Co
YA o1 VY Cr
Yioe Y&V W Cu
4Y/AL svY £ 7n
CAVAY: gov 0 Pb
Y8/8Y VY Vs Ni
FEOYV/PA  4444)  I¥Ved e
YY/eY 04 W' La

046/)  YOYA AL Mn

Ni-Co .Fe-Cd .Fe-S .Fe-S .Fe-As .Cd-As .Pb-Mn
393 .0, 35 >3 §-Co 5 As-Co Cu-Co Fe-Co
o ()LaS wlgi ge iliSis jolie ( Cote (698 (Swnan
stbeasdicney Jlidy 5 Lae (sl polie cpl a5 0l yal ol
G, (OF) aes Sojler ool Job o alis

® gﬂ%
__/%9 J 1€l lgr /gl o las /e sis 695

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

V¥4

3 09zge Sla gl 5 Sl o 39z ge Lulyy end S
S mima® gy 00 50 05l loalbly o S5
NI PRNES FUNEE JUL g SN S S g0 s asa

O B98 (Smad 45 003 o (i gy
LPb'Zn 5Pb'Cd ch_Ba ‘Zn-Ml’l cZn'Cd


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

sl Oyg0 @ g baiges 21 mhe o S50 4l
Co 5 Ni As S Fe o Son .ol 00,5 o,
S Cagmy G370 Sellye LU @ Glgiee
de>g Sl .).3!9'6@ yolie cpl o M Q) ol
Sezy pas Sl gadlen Gl G oS 5 s el
5 I8 252y poe Sl Wilgi o S g PD (i (Sten
ol St Sl b i ol sl balbl oS5
il 53 XRD a2 5l Jol> mbs 5 wls S

SN

> ot Al ey adlae 55 sladiges
w‘ d.dl.: (:o.’?u o..\al.o.._‘al.a )13 9 ‘S’Le‘.) 41.7)0 ).) Pb ‘_gYL;
(sl 00 ) ol anllln 3 i ¥ gl il i)
5 polie ladlew wllw sla g5 Jols 5B
O ‘;.:.MQ (00) cwl jlas o Q_:J slao s
nad D> g IS &y A oS L Cd ¢Ba .Pb Mn .Zn
Oingw a3l a4 by e silgs 0 AS §S L polie (ol (oo

(SS90 8090 y0 od 90 0l slaalbl cuS 5 j0 99 g0 polie 31 (B (6l (g (Sohuaed co po -0 Jou
0P gu w0

Vv Al

vieer  aras La

Vs aAve —yova S

Vees o Syg00 AAY A ST
Ve UAYS s vy aves T

Vieer AN AYY YAV oA o 2T

Vieer  SONTA SOVY  —efoAe oNVE Yo —wgan AS

—+/0\4 AN inms AR EELVAA AR VAR ¢ V/YAL Ba

A/
Veer o oEY 08 SN So¥AY —wdA anay ey gy Cd
Veer  OYSA e /SAE AEY —Nde oYY —ovey sy ew o Co
Ve FEE A /ASY A wO¥Y 8N aveY vy ey sy Cr
Voo YR OVEY N Y 8N —gvss —ves —evee sy apve s Cu
Voer Y 0 VAY 40 —o/EAR AVL —e/VEe S Fe0 —o¥s MY -y —aowg Fe
Voo Y o /NEe YA SosRY sfoee wAYE /Y8 oA OFEA e0d e —eeer onge MDD
Varr AN AT Saed WA N VL T VL AAY AT S A08 —e/NeY  —esYy —egeet 2D
Verr NSV EY oVEE 081 /06 YAOY MR —e/850 &S oW S NSV —ofeo oASF ¥t —epete N
Vv YV UARY  S0AD —a/eY e o FVE SasAR 08A 0AV e/s0A VAR e/sEY —/egF —yYve v —omiy Pb
. D - £ JEL =,

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

died  Sob e a8 (VAA+) Hakanson  suses,
L ople Fadse )55 o) 5 peedls polie sl (M)
o) Ol el S San o Sl g e0e Y<EFKY
035 T<EF<Y + 050 4y oo 5 St olis gl 5258
S S ams oo LI VLT bawgie (Sad o8
YO<EF<O: &5 ot oy ya i gl ouds dule
b Ay o Sa b iAo glls gess

el YU

# Joax y0 a5 (CF) Sogll ;o516 Slawlne 4 a>g5 b
5&1 slaj; u.,JL»S ).‘al.».c FLERW ua.?b.wo ol 00l o.b)jV‘
o3l slaalbl plpls 5 aciwe CEQY )l 5Kk 5 IS0
5 oeoolS polic aiies o5 Lws Sogll oo oad g
o9l 5009 VKCFLY & jg0 4 Sl 1151 6l s (s,
o0 dwlme  Sogll 55 aimo o ylis 093 5l lawgie
ax)llas 3,90 LgL(bA.s}_o.: 9O Sw g e “_i‘g.w)T raL..C 6‘,3
axg JBB Sogll a0 g e0p YSCF<P &jso a
S del mls 4 axg b ccolydys aims oo plis 055 3
yob 4 cdslllas 0,90 dilain ;0 00l g0 03U Jowe galbly
2 Ol e il pl 6l 1YL G bwgie Sogll maw S
S &S el (B Con b Billae (g S e cpl 08 5 L
sla Joadlygiws 515V slacdale 1o ladiges ;0 09550 3l
W3y e (U3

WM”)AL’ ool @

L oagalge 51 ool plasl cedlo Sl ol ccvond pl jo
0l 930 03l game glaalbl oo o Dl3ls 4l 5 l5l8
Cadls 09l jlat (03 (Sl a5 3 () 0 3590
Ly oldlas jl lld o cdale 51 ol s oLl
clale sl sedws 05l ot ass Cax U swl Cewsy LS
BF) 098 (s xS olr ailyg) 5 reje Bras dnale ;5 58 S
wljldas g olils 5l 56 (LCR) jedlplole ol s ylas 4
2 (G oled g glastul (1) 4zlye e 4l
Ol 7 Jgoz 5o @l g ond aaloe (5095 5 (VLS5

® gﬁ/
yégg J 1E o lgr /Ul o loih /i 0,93

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

VO

shrecusj slo s Sbj

ST el (i

5 S 5 oy 15 ST osilly s e (5o
o o ya Ao 00l 930 03b albbl gl jo ljls 4l
S8 Sl 9550 SIS 5 USG5 s, wpeedlS oSl (s
5 5 i polie sl (ST b a5l ch S
poa 53 olie gl (RI) (Sojply ST 5 5
25 0dal Casds ol gl sl ool ols lis £ Jgax
cpedlS o yolic ((VAA+) Hakanson sases, Lol
sloalbl, ;o Bir<s:) o5 s olls St 5 s 53,
SIS s JS (e e P Jpaz sl (FF) aiin o
L a5 oo FUNY Ll oids 530 o5l (glaalbly o olsls
ALl egas ol o a8 S Djso Glaganes) 4 Az g
3 933 ol ey S aazaslis 10+ >PERI
e Sl g J5S sl laee 5k Lad> g
o 03531 50 2ezs 1 0 b sl a5 590 ome slaalbls
200,55 dhoredian ; OISiL

b slogaz i (o

slogazls Jold olerdiine) aPld 4w (a5 cnl o
5 e (Sl (556 5 S 556 (bl
oads LI 7 Jguz yo Jol> mli g a8 5 )18 obs)l 050
Ceilidl ey yals @3 O o Slawlbre bl 5.l
7S adlllae 5y50 sloalbly jo geoolS paie olp (L)
(V4A+) Hakanson awes, a4 a>g b 5 009 ,a0
Syl sl a3 Gl e (1F) 955 00 (A 009l
Jolic ady o)l 13YL Sogll oo, 0 5009 F g ¥ oy
AL SIS 5 55y ol o eSS el
AV ey (Sam¥los) 55 5 o 0 Y cililipes;
5 ol ol Ctlilme) (aSls IS Sl 3 S e
oo 8 ST sl a3
w5 ol polie sl (BF) (Fusid j5islh b
J992) 059 (one 00l 930 035 slaalbly )3 35290 (318
5 ALS yolie lp (Sabgé Glie a5 da5 0 plis (7
Gk a5 BF<Y) 005 Sy ) a8 ol 5 53800 5 09,5


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

5 meoolS oSt v pais ez (sl Ygoro 45 S
§ Jole s (P 1) 5,5 e 1B ralone 90 035
o 2l (22l g @il a3l dle
5 00 duwle HoKgw dre 0uds 990 05U slealbl 1y
ol Slawlre mls cowl ol &l)l £ Joax o
oo sy polic ooles gl LCR lpae o5 el oy
3550 Gloalbly ;5 35250 (3,5 5 redlS (Sl e 0)
LCR o .ol VLS5 5l yidie 55055, canlllas
) aS VLS sl 4z 5 5555 (sl 4z il ]
oads ol lawgio Oygo 4 g 009 (W x Vo) bl o>
Oype 53 gl sl @l b hls Gl pl sl
ol iy aties albl ol b Sos SYsb agalse
OB2sS 5 YL )5 sl Sl 0590 s @l s a0

.2l Pb>Cd>Cr>As & g

VOY

o shasmelan s OIS S5l

polae (IS jsb 4 oI5l e s gl canl oals ools
aglio ;5 5555l (306 ar) B3l 251 ez HI
LS 50 sl HI polis (0A) el 55,5 (YLS, 5 L
x VT UFO x VT sogame 40 dnlllas 0,90 sladiges gl
w35 LEVIVE x VT 5 VR0 o 5 ol HI 5 ¥1V0
yole Gl 5058 gl HI polie a5 sl moly .ol
s s onims HLis a5 el V oYl S 5 2]
el aalllas 5550 Glaaises sl azgs LB oliolb s
Fold i (YLeS 55 5 (5355 (s HI olas
Sliae .2l Cd> Zn> Co> Cu> Cr> Pb> As> Fe
Sewgy Gk 3l @iz Ol ) i il Gk 5l i
5 OYLS )5 50 ol by, 4 iz Gl 5l i pe ol

] 5568
S5 bl s a3l (LCR) ol asls

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

oo

1 Se g ol pun

o

salbl gl (
0 6l (Sodlw jlas
s sty .‘

wis tymn 3 (B L (S5 .

& Sl s s ll) (et ) el

039 gmw b (S0 039U o 933 03U 15 GBS L awlxo 31 Jol> gulii -F Jgus

YOO/VY
WYY
AY/A0
VYY
YV V¥ e
VIV
\R¥ZA0%
(EIR) s34
59055 | S s Ly
sy oarls

-f
FITe AR VAV R P
. . v/osx 1"
Y/0) x A7t V54 x 1t oo . x /YA x Yo Y x yeT
VRV x y x A\ Y/ar¢ x VoY 1\v1x7w1 Y/ ¥
' GTEx 1T TR x T WV x 1A x e Lx YR x e
VA x Yo7 x A V/gh x AT VEL x VA ) 780 x 3T OUA
FEN Ay x 1o A XAt g . I ing
- ¥/ar x o7 #/08 x \+7" V/5a x 4t ARt O/FY x \o7t
VAR x VT - S5 x Y AP x 1Y oy S CDlinhate
- VOY x VoY Afe Ty VP Y48 x4
YA x ) - MYx T - ) CDI
X\ Y/FE x Vo0 ALERE /¥ i dermal
- AN x AT YO x ATy ; AN £V x4
O/NA x o7 - Ve x AT 60 x VoY ) HQ:
_ /Y X\ 457 A Qing
P VY Xy VWA XA ey XA A e 55
0 1e fpA X Yad Y . - V20 19 xyot R X AT ot x y T HQ inn
S ATERE Ao x4t ) YA AV x N H
P TR 71 TN R N B P TR e BVex T e T IOA X AT VVE T Quer
UAY 5 X\ VY5 x4 ' YV x N0 e N \/¥0 H
X\ 1/4% x o0 OF x 1a VYA x Ao DAY x 1o /5 x A\ Y58 x N \d 1
x Yo = . SIvE = Vx el .
144 x Yo . . ¥ x Nt VAY 5 yeT - . x \ AL X 1t A x e CDling s
RIEE x \eo \/04 - ' VY x VTt o K
¥iAx AT ~ - SN x4 . VA TR VL R Tt CDlinha < - 3
$/0¥ x A+ AR x AT A S x Vo
AN x YT - (AR - A CD =
X\ V/0F x 00 VAL E R TR 772 t 1 dermal -
- AVY x AT (U ER TN Y/N x A 17E A O/ve x V7"
YAy x 7Y B - Y/VE x V" » . V8% x VoY Y x )t mo ing
0/ar x AT _ PR X AT O X AT Thvvex T OS5
40 x V" VYA O/ x VT Vea ) Hgjnha
x Yoo N
\/AY v Y/ x T
X\ AV x YT A x 1T Hqdermat
' Vo x )T
HI
§9 &
m 13
N
tie
B N
R
M =
5

g wole ozl L
'stk@l‘&nw
l_.]'

Igf_—“’/fﬂ%

2
ule

[80-v0- :
920z UO JI'Je'swnyseulnol woly papeojumo( ]


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

sl Jad o pgas Cusb) (oyme )3 (585 )18 D90y
ailgs e 1y pae Sl3l8 (ool Jlade gl Sl o (3)by

(5F) ALS ey Laaa 55
oo e oogaze Sbaalbl oS 5 ey (o2
osilly yolie 5l (gl Chile (oe Y Sl (505w
ol @l @ g bl baalbly (pl oS5 50 o
sloalbly ;5 (Fogll e ¢ SsslsST s (arls Sloslns
(Al (pl 4 az g bl eogs az g BB ol 5o o5
e & ot (S5 (s s sDls Sat] 5
i hags S sl gl yolic bl ditas ol
shls As  Sogl wsls Cd ‘Igeo sl polie wlal
zbw slls Pb 3 Zn Fe .Cu Cr (Co 4 YL So4l
yolis (Fab g, )y ok YU ey (SunYl
yobe Glp YL U lawgie (Sadé Sle 5 (oo o9l
abati 5l el Pb 6l p Vb ot & Sas e 9 As 3 Cu
Sy ] Y jlny (ST oy (CF) (Sogll 256 ks
5 bogio (Fogl 0adlS 5 59y caz g LB (ol s g
ol 055 5l o8 (Sogll Sie 5 U coal gy LS
O a5 Sl g Wb Gy jate pgad s s
go2 i3S gl oailedl 5B 5 ST al>ye 0 paie
@ yais Ol (S jsonl B ok Jloil 4 by ool sty
SeMbl sl ol SU5 ) (00) cwl sgaxe g0
9 Ngd oy d,ly Al o oo YT 45 (6 s )90 0 |,
5 ol adllas gl ams e @l Ll b e o s
305 L 5 055 slaalbls (gl madbos s o3 osas
Jol> sl oals &3l Jgao 10 4> & jgo 4y 00l
sed Sliis Ly oad @) mls b ol aslas |
(Y+¥+) ,Ken g Uugwanga 4 (Y1) ;|52 ¢ Kusin
sloslas elgil 5 laalbly jo lils (Sogll mlaw ) 4 a5
.Y YY) o)ls cillas cxslazslo y ae) ool jo 35250
o058 o yole ase glp HI o polie ( IS 15k
ogMle (M) ol VL (S5 b slaipo (VLS )30 a0 S
&l yoe Jsb 5o Gl s 4 Myl Slas oMl L5 5legnl 5
A5l g eog VL VLS )5 g 5055 jo Sl jaie

VOF

o shasmelan s OIS S5l

s asls ( owlis S5 Sldlas 5 ogdle ol> aslllas (o
(So5eleST s glaasls Joli) Jaore o) s
Sl (G s slaazld 5 oleardne; slaasls
D180 ¢ (355 gus (pwo (ydro 03gd5e ;O ol 13 03U slealbly

85 )5 )
WS Djygo oulib S 5 (ol G Sllllas 4 a5 L
OFVg e a3 odd 0 ofl slaalbly 55,
03 pllw Sy oSS g Copm ozmen Ganilgm Sla B
cgycnl Sl sed lis ver 5l gl gle S LT
O)ge albl ol )l Lyl )0 (6 td 455 S
e 5 Siz 5 05 lsr 5 ol Lulyd 4 az g b ooy SS
2 Salse GG GarlannST 5 Sle)So 0S5 Ce sy
sl SB e WJlo a5 gandlaw sla I8 LSy a8 )8
alox 5l 49l Gl SIS 4 g 009 00jlen als 4y WSO
4 e load aips el GlaarST 5 CygSiuns cpnls
Ol dadige jo CondS g Cuyu Blen a5 cll SO
Sl oplosims oylis ai8 8 & g (Vo VA) IS o Bidari
Oz 5 Ol eash) 4 Cu sy sl STL(FY) 958 0
PY) ol (Kons (6y9k ey 5 63y ol (S oles
2 SE L olyen sla S5 a5 cuals Hlai 1o b izren
s Li pgas (nl o e J5e Cusm OgesloeST )
35,85 9 e ¢, lwadd 0424 a5 wisly L (YY) ) Ken
oy (5““")) UM‘M‘Sl 4 lo o‘,«b Oexo Cds L»
030 sliuwign Glawald b S L(FY) WS o ST
Pl sl aez 5l 5l g Cu kS 5 oS 4 0ad
1 aeles L oaldl Luylos olyem 4y b S5 oyl g
o)'t»’ LSL“‘LUGL? 9O D990 6lbw)g QWD:.MS‘ d.Ss) S9)
Ll sl SIS a5 cuils i o w0 8K f_,L, 0dds 920

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

G5l (Ol al) e L agzlye 5B wigd o poe
g Sloladl aslllas 0,90 adlaie jo el S 4y p3Y 000
oz 5l balbl 5l 6l Ol ey Ol 5l als
Cawd by @5 laue Sol sl L8 olge 5l oolau!
Cod 45 85 O j50 bz 4 0l 099 oo 5 530 Joxe
iz bl oy ddlaie o (SooV gals cel aids
3,18 093y Jlaiml cpl «Soo 5 eain] [0 e0d drogs alsloe
slealbl ly anar ogall oo g, 51 (SO0l asld]
3 owileddl ()35 (55l L ool en Sl5ls bl ¢ yoee

285 sals> 8 ) 50 ST

S @l
Coley Alie cul o 1) gilwesls 5 losls oy o0 ailS g0

..).;Lm)f

S0y 9 S
b S plee bbbl 5l pise i ol
Joily i0s8gm e e slaalbl asreans;
Sl § 755 ahate )3 " albly gl Olay (SanYl
ol pll (909w s (ae g dneg)l oAl Culex L oS

® gﬁ/
yégg J 1E o lgr /Ul o loih /i 0,93

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

VOO

Ol aejls 4 conl Jood BB esgase (o (g )lal Claal
Bl (o e 3 pate oyl A2 S

(Ling) 039970 50 (gSgm e (e 45 Zel 53 Ll
Lo 00 Cbli> dilate 5 bl slafSir S
hermetany b oLl Galpl ol a5 15 Ca
Os Pane Slles iz aelol Sl liebsl 6l Ll
sl mtpe sl ] 5 SBLLI clalame a4y il ]
Slewle a5 il 5 0 b e pgas Gl o Wiz »
cdly cloebile ulul ol ol byt 4 gy e
YU byhs polie o ped 4 g 00l plxil g3 (0 o0l
5 ol ol as el S5 a4 aY adl aslad oL
ol 58l 5,00l 1 5 03555 (gino slaallsl b ains ols
Sl (T35 s joloy Woalbly (ol 8 3550 (o ol
o 1) (Game o JELs ol 3l 5 oS5 Bowe) (gosiome
Jols ol Clajecenl S5 @ a3Y adloms o 3 3G
B babl Sl cwond | puiins johay a5 joxs
SSogll 4 i g aiils ol 2 (Ysb lacdlus b osds oo
35,5 oo Byl Lams o (Fogll (58 5 syl sl
oolil &y o8 ailate ! 45 SL (yleegs 45 (o sk .(5O)
Sme 0395l sals z,15 5,1 slac] g ailsog, O
4z S e 55 095 65)slaS g pls B)lae sl (>
Sgaze Wiz o Sl pase Garul Slay ST 890
b 50 @ laie Sal sile SLS Slge 5 oolatwl yaen
wdF O)ge bae 4 Slaj gy Joe 9 @ Jore Zews
Oloagod ;519 0068 B Sloladl pl g9 I b.(FF) ol
L)l silusgame g loalbl (g5lugs 0525 (ogas ;o 3Y
5 S WlgE e 5 5 Oy dilate 6yl slas] L baallil
les JyuS g0l o B, (Sl

Glalbl aslllae 550 slaaiged S 2b5)l 4 4y b
S Jeily (S e (Sine 03g32e 0l g3 035
S97g 4 dzgi b g il g2y BB Lewd asmecen)
Sl ezl by pladl gln (oMo ogdll Sl las


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

References

1. Lowell JD, Guilbert JM. Lateral and vertical
alteration-mineralization zoning in porphyry ore

deposits. Economic Geology. 1970;65(4):373-408.

2. Singer D, Berger VI, Moring BC. Porphyry
copper deposits of the world: Database and grade
and tonnage models. Virginia: U.S. Geological

Survey; 2008.

3. Dold B, Fontbot¢ L. Element cycling and
secondary mineralogy in porphyry copper tailings
as a function of climate, primary mineralogy,
and mineral processing. Journal of Geochemical

Exploration. 2001;74(1):3-55.

4. Johnson RH, Blowes DW, Robertson WD, Jambor
JL. The hydrogeochemistry of the Nickel Rim mine
tailings impoundment, Sudbury, Ontario. Journal

of Contaminant Hydrology. 2000;41(1):49-80.

5. Khorasanipour M, Eslami A. Hydrogeochemistry
and contamination of trace elements in Cu-
porphyry mine tailings: A case study from the
Sarcheshmeh Mine, SE Iran. Mine Water and the
Environment. 2014;33(4):335-52.

6. Moncur MC, Jambor JL, Ptacek CJ, Blowes DW.
Mine drainage from the weathering of sulfide
minerals and magnetite. Applied Geochemistry.

2009;24(12):2362-73.

7. Smith LJD, Paktunc D, Blowes DW. Trace
elements in sulfides and release to porewater
from sulfide oxidation in a historical waste-rock

pile, Ontario, Canada. Applied Geochemistry.

o shasmelan s OIS S5l

2021;126:104899.

8. Pourkhosravani M, Jamshidi Gohari F, Sayari
N. Evaluation of spatial changes of arsenic in
underground water resources of Sirjan basin.
Iranian Journal of Health and Environment.

2023;16(2):287-302 (in Persian).

9. Xiao M, Xu S, Yang B, Zeng G, Qian L, Huang H,
et al. Contamination, source apportionment, and
health risk assessment of heavy metals in farmland
soils surrounding a typical Copper tailings pond.
International Journal of Environmental Research

and Public Health. 2022;19(21):14264.

10. Sarkar RD, Zhang Z, Warke M, Datta R. Health
risk from toxic metals in wild rice grown in Copper
mining-impacted sediments. Applied Sciences.

2022;12(6):2937.

11. Jannesar Malakooti S, Shafaei Tonkaboni
SZ, Noaparast M, Doulati Ardejani F, Naseh R.
Characterisation of the Sarcheshmeh copper mine
tailings, Kerman province, southeast of Iran.
Environmental Earth Sciences. 2014;71(5):2267-

91 (in Persian).

12. Lottermoser BG. Mine Waste: Characterization,
Treatment and Environmental Impacts. 3rd ed.

Berlin: Springer; 2003.

13. Walder IF, Chavez WX. Mineralogical and

geochemical behavior of mill tailing material
produced from lead-zinc skarn mineralization,
Hanover, Grant County, New Mexico, USA.
Environmental Geology. 1995;26(1):1-18.

14. Khorasanipour M. Environmental mineralogy

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

of Cu-porphyry mine tailings, a case study of
semi-arid climate conditions, Sarcheshmeh mine,
SE Iran. Journal of Geochemical Exploration.

2015;153:40-52.

15. Meza-Figueroa D, Maier RM, de la O-Villanueva
M, Goémez-Alvarez A, Moreno-Zazueta A, Rivera
J, et al. The impact of unconfined mine tailings in
residential areas from a mining town in a semi-

Sonora, Mexico.

arid environment: Nacozari,

Chemosphere. 2009;77(1):140-47.

16. Hayes SM, Root RA, Perdrial N, Maier RM,
Chorover J. Surficial weathering of iron sulfide

mine tailings under semi-arid climate. Geochimica

et Cosmochimica Acta. 2014;141:240-57.

17. Root RA, Hayes SM, Hammond CM, Maier
RM, Chorover J. Toxic metal(loid) speciation
during weathering of iron sulfide mine tailings
under semi-arid climate. Applied Geochemistry.

2015;62:131-49.

18. Hammarstrom JM, Seal RR, Meier AL, Kornfeld
JM. Secondary sulfate minerals associated with
acid drainage in the eastern US: recycling of
metals and acidity in surficial environments.

Chemical Geology. 2005;215(1):407-31.

19. Souza Neto HFd, Pereira WVdS, Dias YN,
Souza ESd, Teixeira RA, Lima MWd, et al.
Environmental and human health risks of arsenic
in gold mining areas in the eastern Amazon.

Environmental Pollution. 2020;265:114969.

20. Kaasalainen M, Yli-Halla M. Use of sequential
extraction to assess metal partitioning in soils.

Environmental Pollution. 2003;126(2):225-33.

® gﬁ/
yégg J 1E o lgr /Ul o loih /i 0,93

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

OV

21. Uugwanga MN, Kgabi NA. Assessment of metals
pollution in sediments and tailings of Klein Aub
and Oamites mine sites, Namibia. Environmental

Advances. 2020;2:100006.

22. Chileshe MN, Syampungani S, Festin ES, Tigabu
M, Daneshvar A, Odén PC. Physico-chemical
characteristics and heavy metal concentrations of
copper mine wastes in Zambia: implications for
pollution risk and restoration. Journal of Forestry

Research. 2020;31(4):1283-93.

23. Perlatti F, Martins EP, de Oliveira DP, Ruiz F,
Asensio V, Rezende CF, et al. Copper release from
waste rocks in an abandoned mine (NE, Brazil)
and its impacts on ecosystem environmental

quality. Chemosphere. 2021;262:127843.

24. Hezarkhani A. Petrology of the intrusive rocks
within the Sungun Porphyry Copper Deposit,
Azerbaijan, Iran. Journal of Asian Earth Sciences.

2006;27(3):326-40 (in Persian).

25. Hosseinzadeh MR, Alavi SG, Moayyed M.
Petrography and petrology of the Sungun porphyry
copper deposit and post mineralization dykes
with a view to Skarn mineralization (north of
Varzeghan, East Azarbaijan). Petrological Journal.

2014;5(17):17-32.

26. Kamali AA, Moayyed M, Amel N, Hosseinzadeh
MR, Mohammadiha K, Santos JF, et al. Post-
mineralization, cogenetic magmatism at the

sungun Cu-Mo porphyry deposit (Northwest Iran):

protracted melting and extraction in an Arc system.

Minerals. 2018;8(12):588.

27. Kamali AA, Moayyed M, Amel N, Mohammad


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

F, Brenna M, Saumur BM, et al. Mineralogy,
mineral chemistry and thermobarometry of
post-mineralization dykes of the Sungun Cu—
Mo porphyry deposit (Northwest Iran). Open
Geosciences. 2020;12(1):764-90.

28. Mehrpartou M. Contributions to the geology,
geochemistry, ore genesis and fluid inclusion
investigations on sungun Cu-Mo porphyry deposit,
(North-West of Iran) [dissertation]. Hamburg,

Germany: Hamburg University; 1993.

29. Khairkhah J, Amiri M. Environmental risk
assessment of Songon copper mine tailings
dam using EFMEA method. Geography and
Environmental Hazards. 2020;32(8):173-89.

30. Afshon M, Nasser. Quantitative and qualitative
investigation of acid mine drainage (AMD) in
Songon copper mine tailings dump with emphasis
on its treatability. Environmental Science

Quarterly. 2021;19(3):143-60 (in Persian).

31. Aghajani Bazzazi A, Adib A, Shapoori
M, Farjoudi Ahangari Ma, Bangian Tabrizi
AH. Selection of suitable plant species for
Sungun copper mine reclamation by multiple
attribute  decision making methods (AHP-
SMARTER-TOPSIS). Environmental Sciences.
2022;20(2):185-98.

32. Jamieson HE. Geochemistry and mineralogy
of solid mine waste: Essential knowledge for
predicting environmental impact. Elements.

2011;7(6):381-86.

33. Amiri W. Evaluation of the hydrogeological

condition of the hip leaching site of Songun

o shasmelan s OIS S5l

copper mine (East Azerbaijan) and analysis of
environmental pollution potential. Hydrogeology.

2020;5(2):154-74.

34. Hakanson L. An ecological risk index for aquatic
pollution control.a sedimentological approach.

Water Research. 1980;14(8):975-1001.

35. Qingjie G, Jun D, Yunchuan X, Qingfei W,
Ligiang Y. Calculating pollution indices by heavy
metals in ecological geochemistry assessment and
a case study in parks of Beijing. Journal of China

University of Geosciences. 2008;19(3):230-41.

36. Muller GJG. Index of geoaccumulation in
sediments of the Rhine River. Geojournal.

1969;2:108-18.

37. Rudnick RL, Gao S. Composition of the
continental crust. In: Turekian HDHK, editor.

Treatise on geochemistry. Oxford: Pergamon;

2003. p. 1-64.

38. Bern CR, Walton-Day K, Naftz DL. Improved
enrichment factor calculations through principal
component analysis: Examples from soils near
breccia pipe uranium mines, Arizona, USA.

Environmental Pollution. 2019;248:90-100.

39. Kusin FM, Awang NHC, Hasan SNMS, Rahim
HAA, Azmin N, Jusop S, et al. Geo-ecological
evaluation of mineral, major and trace elemental
composition in waste rocks, soils and sediments of
a gold mining area and potential associated risks.

Catena. 2019;183:104229.

40. Luo X-S, Ding J, Xu B, Wang Y-J, Li H-B,

Yu S. Incorporating bioaccessibility into human

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

health risk assessments of heavy metals in urban
park soils. Science of The Total Environment.

2012;424:88-96.

41.Li Z, Ma Z, van der Kuijp TJ, Yuan Z, Huang L.
A review of soil heavy metal pollution from mines
in China: Pollution and health risk assessment.
Science of The Total Environment. 2014;468-
469:843-53.

42. Khan S, Cao Q, Zheng YM, Huang YZ, Zhu
YG. Health risks of heavy metals in contaminated
soils and food crops irrigated with wastewater

China. Pollution.

in Beijing, Environmental

2008;152(3):686-92.
43. US Environmental Protection Agency (USEPA).

Supplemental guidance for developing soil
screening levels for superfund sites. Washington

DC: USEPA; 2002.

44. Timofeev 1, Kosheleva N, Kasimov N.
Health risk assessment based on the contents
of potentially toxic elements in urban soils of
Darkhan, Mongolia. Journal of Environmental

Management. 2019;242:279-89.

45. Man YB, Sun XL, Zhao YG, Lopez BN, Chung
SS, Wu SC, et al. Health risk assessment of
abandoned agricultural soils based on heavy metal
contents in Hong Kong, the world's most populated
city. Environment International. 2010;36(6):570-
76.

46. Chonokhuu S, Batbold C, Chuluunpurev
B, Battsengel E, Dorjsuren B, Byambaa B.
Contamination and health risk assessment of heavy

metals in the soil of major cities in Mongolia.

® gﬁ/
yégg J 1E o lgr /Ul o loih /i 0,93

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

V04

International Journal of Environmental Research

and Public Health. 2019;16(14):2552.

47. Kamunda C, Mathuthu M, Madhuku M. Health
risk assessment of heavy metals in soils from
Witwatersrand gold mining basin, South Africa.
International Journal of Environmental Research

and Public Health. 2016;13(7):663.

48. Wilkinson JJ. Triggers for the formation of
porphyry ore deposits in magmatic arcs. Nature

Geoscience. 2013;6(11):917-25.

49. Sinclair W. Porphyry deposits. In: Goodfellow
WD, editor. Mineral deposits of Canada: A synthesis
of major deposit-types, district metallogeny, the
evolution of geological provinces, and exploration
methods. Canada, Newfoundland: Geological

association of Canada, mineral deposits division;

2007. p. 223-43.

50. Wallace CJ, Maher KC. Phyllic alteration and
the implications of fluid composition at the Copper
flat hydrothermal system, New Mexico, USA. Ore
Geology Reviews. 2019;104:273-93.

51. Whitney DL, Evans BW. Abbreviations for

names of rock-forming minerals. American

Mineralogist. 2010;95(1):185-87.

52. Benvenuti M, Mascaro I, Corsini F, Ferrari
M, Lattanzi P, Parrini P, et al. Environmental
mineralogy and geochemistry of waste dumps at
the Pb(Zn)-Ag Bottino mine, Apuane Alps, Italy.
European Journal of Mineralogy. 2000;12(2):441-
53.

53. Smith KS, Huyck HLO. An overview of the


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

abundance, relative mobility, bioavailability, and
human toxicity of metals. In: Plumlee GS, Logsdon
MJ, Filipek LF, editors. The environmental
geochemistry of mineral deposits. Littleton, US:

Society of Economic Geologists; 1997. p. 29-70.

54. Gomes P, Valente T, Braga MAS, Grande JA, de
la Torre ML. Enrichment of trace elements in the
clay size fraction of mining soils. Environmental
Science and Pollution Research. 2016;23(7):6039-
45.

55. Rubinos DA, Jerez O, Forghani G, Edraki M,
Kelm U. Geochemical stability of potentially toxic
elements in porphyry copper-mine tailings from
Chile as linked to ecological and human health
risks assessment. Environmental Science and

Pollution Research. 2021;28(41):57499-529.

56. Diami SM, Kusin FM, Madzin Z. Potential
ecological and human health risks of heavy metals
in surface soils associated with iron ore mining
in Pahang, Malaysia. Environmental Science and

Pollution Research. 2016;23(20):21086-97.

57. Halim NA, Kusin FM, Mohamed KN. Heavy
metal exposure from co-processing of hazardous
wastes for cement production and associated
human risk assessment. International Journal
of Environmental Science and Technology.

2018;15(4):733-42.

58. Kusin FM, Azani NNM, Hasan SNMS, Sulong
NA. Distribution of heavy metals and metalloid
in surface sediments of heavily-mined area for
bauxite ore in Pengerang, Malaysia and associated

risk assessment. CATENA. 2018;165:454-64.

VP

o shasmelan s OIS S5l

59. Covre WP, Ramos SJ, Perecira WVdS, Souza
ESd, Martins GC, Teixeira OMM, et al. Impact of
copper mining wastes in the Amazon: Properties
and risks to environment and human health. Journal

of Hazardous Materials. 2022;421:126688.

60. Sadeghi M, Noroozi M. Carcinogenic and non-
carcinogenic risk assessment of heavy metals in
water resources of North East of Iran in 2018.
Journal of Environmental Health and Sustainable

Development. 2021;6(2):1321-29.

61. Bidari E, Aghazadeh V. Pyrite oxidation in the
presence of calcite and dolomite: Alkaline leaching,
chemical modeling and surface characterization.
Transactions of Nonferrous Metals Society of

China. 2018;28(7):1433-43(in Persian).

62. Borek SL. Effect of humidity on pyrite oxidation.
Environmental geochemistry of sulfide oxidation.
ACS Symposium Series. 550: American Chemical
Society; 1993. p. 31-44.

63. Li J, Yang H, Tong L. Microbial solubilization
of gangue minerals and their influence on pyrite

bio-oxidation. Geochemistry. 2021;81(4):125790.

64. Moreno-Gonzalez R, Macias F, Olias M, Ruiz
Canovas C. Temporal evolution of acid mine
drainage (AMD) leachates from the abandoned
tharsis mine (Iberian Pyrite Belt, Spain).

Environmental Pollution. 2022;295:118697.

65. Aghili S, Vaezihir A, Hosseinzadeh M.
Distribution and modeling of heavy metal
pollution in the sediment and water mediums of
Pakhir River, at the downstream of Sungun mine

tailing dump, Iran. Environmental Earth Sciences.

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

O g ol5 s dro

2018;77(4):128.

66. Azizi B, Vaezihir A, Siahcheshm K, Aber S.
Designing an acid wastewater treatment system
for Songun molybdenum copper mine. 8th
National Conference and Specialized Exhibition
of Environmental Engineering, Tehran2015 (in

Persian).

® gﬁ/
yégg J 1E o lgr /Ul o loih /i 0,93

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

V2


https://journals.tums.ac.ir/ijhe/article-1-6795-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

£
£

AN
@ ;
£
(lAER) \"‘dc

ot e (¥7)
7
oy o

&
&

o, o
" of Environ™

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

Iran. J. Health & Environ., 2024, Vol. 17, No.1

HETH AND EXVIRONMENT

Orginal Article

Assessment of the potential environmental effects of newly deposited mine tailings

from the Sungun Copper mine

Safieh Hassanzad"", Hossein Pirkharrati!, Masoumeh Ahangari', Farrokh Asadzadeh?

1- Department of Geology, Faculty of sciences, Urmia University, Urmia, Iran
2- Department of Soil Science, Faculty of Agriculture, Urmia University, Urmia, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 07 November 2023
Revised: 17 January 2024
Accepted: 22 January 2024
Published: 10 June 2024

Keywords: Copper mine waste,
Evaluation of ecological risk index,
Geochemical indicators, Health
index

*Corresponding Author:
hasanzadsafye@yahoo.com

Background and Objective: One of the significant challenges in mining areas is the
pollution of the environment by heavy metals. Therefore, it is crucial to assess the pollution
risk associated with mining wastes and take action to mitigate their environmental impact.
The current study assessed the risk potential of recently deposited tailings in the Songun
copper mining area.

Materials and Methods: Based on the conditions of tailings, 26 samples were randomly
selected from the recently deposited mine wastes. Twenty-two thin and thin polished
sections were prepared for lithology and mineralogy studies. Inductively-Coupled Plasma
Mass Spectrometry (ICP-MS) was employed to analyze all 26 samples, while X-ray
diffraction method (XRD) was used to analyze a subset of 10 samples.

Results: Sulfide minerals, as the main source of environmental pollution, remain intact
and unaffected in the tailings. However, the majority of potentially toxic elements (PTEs)
exhibit higher concentrations in the waste composition than the standard levels, resulting
in a total ecological risk index of 49.93. Geochemical indicators highlight significant
pollution levels for elements such as lead (Pb), arsenic (As), and copper (Cu). The values
of'the non-carcinogenic risk index for children (except As and Fe) and adults are lower than
1, indicating a non-significant non-carcinogenic health risk. However, the carcinogenicity
index also indicates a significant carcinogenic risk in the case of long exposure to wastes,
particularly for children.

Conclusion: Therefore, wastes pose a significant environmental risk potential, and due to
this risk, proper management of their storage is necessary to prevent the release of PTEs

into the environment.
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deposited mine tailings from the Sungun Copper mine. Iranian Journal of Health and Environment. 2024,17(1):139-62.
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