NAF-Y Y Ol ¥ eJLq..i AA 69 AR Jﬂ‘i’: ‘d‘ﬁ‘ 63}".}‘.‘.‘“"\:’,‘ M 4.1.791

DR ol St paaki i [BE]

S 3 pole olkiife
ol Pl Filag Sbus ¢

[ Downloaded from irjetums.ac.ir on 2026-06-15 ]

https://irje.tums.ac.ir/

02935 oyl

gy dlio

Slwg y Gblio oy ST ailio 33 pg 5 b 462190 4 i Joid! 150 g Jas b )

bl e Tl p 571 S (b bl SOl yemi ) (Shan < Se ()
Ol egns B ecns b Sloss (Fhldgr Slads 5 (S o gle ol (ublitgy 018305 e Sty gdign 03,8 (i)l (alid )87 (g s> -
Ol e ecnsp S s oBils 8715 Sl slons 31 (5K 0dK8n 3 (S i (Slacs slony Dliiond S 50 053l =Y
Olalegns B ecns P Slays (filhg Slads 5 (S o ske oSl ¢ 538 Ol ublilgy 55 ekl i )17 Y
Ol eons 8 s Sloys (Sl Dladst 5 (ST p e oils 5T b (slacs o 51 (5 Sty 04Kt 533 (Dl fgm ol Jalpo Dliiond S 0 5Lu205 -

oS>

(3

Ao okt

Gblie ;o 5iS jo b utess Glp yols adllae ulul pl 5 o)l olen @ 1) lb w4 Sl ez
ol oy s s L agzlse (Sl ps slas 351 Ban b g g3 bl (pbss,

B et el 00 sz (] ol 4 delidin p Sl eolaiul b aglee slo,giSTs o plol OES
Suz g el b Sb)l (o8 gy S eslinul bpg S L (e 5 (SheP alse bl s ess
A eoliiwl of )5S g0 (6 5luas 5l qgladais Has 5,61 5l G50 CaalaBpoe s

Eaame 350 b 55 555,50 YIAEDIF alla Vo ilej 0,9 15 oy o 3 o5 Clble (il naily
D50 ilwdned j0 5 AT slalais 05l 5 )0 addllas 0y90 Camaz 40 yoe IS 50 Lol olb oz
23,5 355150 Agzlse (P yme 53 Cmaz S 50 Ve 2 50050 T/A

s lel e 551 3] g, Al a1 o g 5 oS olgioon ol s ol 56 S e
S L agzlse 5| ol ol s s 55 505 (il 55 oS slen +1+0) Sl 525 o s oli o
Gilwand oy, 5l Jolo @l 5l eoliil (izren b 0,51 WHO 0, LB s gl 1 2y
leige Jol> 1) sas o pe slacs S maeai 58 (5 5VL Gliebsl (slalais 3515 slow o) IS cige

<l o &yl

AAERIEA VAR

Sy &b

AR VAR

bl y ooduns o

g

Ll y oo g5 s
hkaryab@gmail.com
bl ooy o (LS

Sk (S pole olSasls s
Olrl ecn938 ol duged

Sl oy ol iguals (3l
LSS T R
Slwans «hote

5o

aS asl adls 0gzg Lasme )0 ool w1 USS 4 Wilgs o
Cr(VD) b s s Cr(IID b an o8
s 5o yaie ool & (Sogll e o1 KA1 (5 Jglae
el oad BF sds 4 (1) olié mlie 5 (M) S (V)
525 CrVD 1) Gaslsl O 50 59250 09,8 e o5
il prizmen 5 ol gl po 09,5 4 (Sogll (Flams

e ) canloas 6,155 gouse Sldlas 4o 50
(ARC) b, Medlie sl gomaids  Gillas
3 awog,S 0 Cr(l) 5 Slyols s 5 09,5 50 Cr(VI
STy sbml cel Cr(VD L ciwg agzlye .(0)) w5l
Ll S & plgies ol Sl b 5l osd ge S35 )1
Sfkee ;5 PLBl g 035) 5 cane 13 (FF 05 S
b oagzlye mizmen 3g0s o)lal ploje o adg s
SIplasas By B Do dlowl cel YL slajgo
(s s 9 A5 S ol (udlS g SgB Wb
ettt Cpized (V) 098 S e Caels Wilgh o S g 00

o

o0
o lgem oy1 5Lyl Sl Lo 4 K i3I8 4 ST Sogll
L oyolie cpl (V) cwl 00 mykae (go il SO (lgeea

) GRNERTS 9 05 (o) Grla S (bt OLS
3555 kol ol Slasl lacadled (V) wigd o axslis YU
else Jl nl b sl OF @lie &y e Sl318 1 (5 Ly
(1) 955 o1 el Wil s 58 S Gl b Hozmen (oxeb
ol 3l C‘,?’L’;.w‘ QO u|9"L5‘° L_,;;LM..;‘ sledbs ales>
St g Fre sbasleny 9 ONSL ws (o S

() Sgod o)L.i»|
Sl Gl (e ey Ly paie Geelia plisar S
Slp pp Sail clale o T 0939 a5 ol Ol eau¥T (K
s i G mlio (0 WY) cul yas Glal codls


https://irje.tums.ac.ir/index.php?slc_lang=fa&sid=1
https://irje.tums.ac.ir/article-1-7086-fa.html

[ Downloaded from irjetums.ac.ir on 2026-06-15 ]

VAo b ... |°5)5 L: 4.¢r>|5,o LRI QSILQ.&‘ LS")UUQJ‘W ).Ia> QS’L’))‘

o bt OLaS 5 b aglye sla)gS plads 4y 4z
Wy Cuotl gl asdllae ol 925 Hliws) @bl )0
0955 50 )k s gl pole aslllas )5 a5 (G920 a4 ]
o9 47150 Sl 6 jleslinl b jlas b anl)d o)l
S @bl Gizren 2300y el (pliwg; bl j5 0t
pae hpdy sl o SVl b oLl SeSS
MCS) J ) 5cige g 5lwans SSS 5l wanl  olacalad
oolitul Jlas (glakais 5515 ;0 Comladpae eni jslite o
Ol & qeniie Jlaz 5 05,5 w8 Galed Sl Geien o
el ARC GIS 153l 5 51 el b (sanary 5 2boysyo
LTy

o3 O 31 5ol paigas

Coxez 9 @y FeskS VOAY: Colue b (ng8 ol
bl 5 (P )l 13 ol sé Jlad o i VYeveen
RV ROWSUSTIFHE & PR NRUEIRY L YN P 30
hol e s @l 5w (Lo labisg, 5o (bl
Ol mle 5l 6l pdigas (V) colydl ©pi Ol opls
Sldodlygins Gl 5 ras abi INF s Suels]
Sl 5o s pbl Ve BT gla b b g s it
30 a5 0,00 dgzg A lile plws, alaii Ve o olaws (938
e 5o ST clale LSy o 598 alls Ve 0y50 (b
S50 g ooy allls & goas (6,00 piges b sl lag] Ol
Sladad Bl )3 wiged Jd o Gl lpases b
Al Sae jo g oalosls j1,8 Z LS o alblddl g cudls
Cll g ,eSeilal el o JUisl olfigle] 4 cels Y¥
logiale;l o lilial glagss, Joallygiws b Gillae pg,S
Sl eslitul by (FO+ - idu XY alpg) oMol 5 o
ICP-) oWl ooty i slowdly (5,85 miwcil olKiws
oW1 Cleve cs s sl Spectro arcos Jo. (OES
laaiges ;5 po,S bl CuisS JS lp 28,5 o pll
Alides 595 99 50 5 Ao 93 50 lCws (gl IS
A bl (Sed cap5 YL el anglie b g alol
Og Code dged )d pg,S Chale A gojlse 3 izren
s9edy e (8 ndy plonl Aiged 55 b o JyuS
JPles Sl pgS cdile ganay 5 S miE oz
Locdale Sboygy o ooliiwl XYY axus ArCGIS
Inverse Distance Weighting 35, 3 ocolicul
4 Wlooges Ll (soanie Slallae .2 iy plil (IDW)

3,15 ol s Slogl Jlaiod g5 b (wsy wled 45 el 0
Cr) oo olil (Ko g LSle anlllas gollas .(\Y)
£9,S a5 Al ooy ylid g dw, O3l 4 > (59, (VI
695 2 sie Sldl Gap el g 00 S jee Cdx Sl wilg e
Srdgers Sools & a2y b wizes (F) 05d (i
il 4 p S hee <1V 4 ] Hlae 1oz il 0 Cr(V
S9d S e e Wlgioe whp % 039 5l PSS 2
e oyd ol o pg)S lre polie Jods eee 4 .(0F)
() csl x5 0 059,00 Vee BO. I as cenl onls
s pan Sl ol Jlixl 5 Sad oyl jsliie 4,
oS Sl3ls Al 3l land looan,¥T b agzlse alauls,
WHO iy 5 gillas .05 o ooliul s lj,1 S 5|
@l s b)) sl dlse (ol (Ml 4ol
ol S gl Sgzae s Sysly Ban L a5 cul
pae @lold Juld 5 09500 S0 Cumex b e
ceole laylpl 5l ol l L(00) wilee lbialad
e g s 6 Seilail 5 olulis slp )bl 5 i
slosliiul b coles 55 9 000 ot 44zloe Jloio (sl pns
ool ol 05e @l ks gode 3,50, Sl
=9 bl o pluls dspe Jkz e ks b))
Spdiee bl DL (iluoeS 9 axlye Dbl il
9 12l (o e g (o Sl g0 p0 gulije0 (25,1 OVF)
b Eab3e0 095 o @hiolbe SIS Ghle LSS
L aezlge 399 (nyieS 30 (> 0)lge (nl 50 Wghioo (o)
Sl itolne Wbl gt 5 ool 3505 b5 2ms il conrY]
hobyw Olhhs wss (VA DY) o)l 9525 aglge
L Sl oo wiziwn oliolb,w SIS Glls a5 slacasYI

&,90 {Excess Life time Cancer Risk) ELCR o4l
1y 058 58 55 by 43l Jlax! EELCR .(V8) 3,4
@hiobrs bt Slse b agzrlse Js a0 (S5 b
ap yelS 0 (Yo VP) o)Ken g 50 (F) aiS oo sl
A WY oy Ol o1y pe)S b agzlye aliolbym b
alge oz a5 Wols lid 5 0090 0,9l p jle o> 5l i
2 (5 sl (SThos aezlse 5l G 20 7 opsS L S
b agzlye bz (V-VY) ohlRes 5 (obl (6500 aslllas
Wols (Lt 5 guy 1y Olal J9S po DB Cps OF o ey S

OV o) x Vo5l i sww AY sELCR s a8
S 2byyl Gaa b ol asllhs (358 Alae 4 4z L
sy Ghlie )3 (Fualsl O o 055 L agzlye Sl s
Lot 2ty (b o oop aglye slo)eS L L icngid ol


https://irje.tums.ac.ir/article-1-7086-fa.html

[ Downloaded from irjetums.ac.ir on 2026-06-15 ]

I 5 o A4S

Gilhae g ,S b Stwg 5 STho> alse slakais jlas o 50
Jas byl s, 5 eslial b USEPA lasgaia,
LADDorat 5] o 45 (F) o alowl 435 Luls, gllae YLz
el OF al @yl 5l pg)S L aliy, eie dg2lge 99
3 pe,S b dlyg, cyeie 4glse 590 LADDdermar ((M@/Kg.day)
cble (Sl Cw (mglkg.day) ol b g wled &b
a5l ol ailyg, Bpae xSk IR (/) ST jo 09,5

g (daylyear) ps,S L ag=lge oleds EF 4 (I/day)
Cw X IR XED XEF

LADD yyq =

AT xB,,
LADDdermal
_C, XS, XPC XF xED xEF xET %10
B AT X B,

ELCR= LADD x CSF x ADAF

AT (KQ) 555 5eSiln B YEE) 03,5 | aglye ol ED
ghe Colus Sa g @ay) g5 L axlye oy (Sle
PC (YF) at @) ¥ Jgaz o sl cilizeo olie a5 Cagy
Al Bl /oo eV L ply g (M) 055 (635080 < po
b oled )0 dgzlge jo 30 a8 Casl Cuwgy Sl 5,8 F g ()
s eSS CSF (V) o Ll +/2 a5 0,5 o 1,8 O

Shex axlye po ol Jlde a5 cwl g8 Gl s
(mg/kg.day)? wg ag=lge ,o 9 (F) +/0 (mglkg.day)™?
555 gzl Coplis g5 ADAF (Y0) ol Ll Y-
L) 5 Y 0 0g)S ez ln i 4 ol i
Sy ol ek s 3l 358 gy b (TP 4
Sl OF) sl 05150 oy, 4 e Coalabpae gl
S eglabais s 0,51y 5l Al CoxbBpas e Cez
YS aseas SPSS 5l 5 5l ooliil b o) (S Cign (g jludends
iz A 515 740 liebl alols b mls 5 eslil
s aws 0 0 ELCR polis s sonaid cqe
a8 gamadeb oy LS g ok dhwgte (ol (omb kS
N Tl S g 4 ELCR (e il o a8
AR O S e N e KA IIOPI R

YY) el
bl
95; chlé GR.AMSJ )LoT

5 oSl e b i a ops O o pg)S kil
2 olelid i p)85,Se o100 5 VIA YA Jilas
WHO sy, b anslin o a9, cdale 1 Sko () Jgu)

Al Ll gy jloes 0 5l S el (o VO o lailiul

sl e cdale gonaigy ,o 1) awbe (o3l IDW Jos
VY TY) aoo o ) cn) ) ailin )0 olanisSs 58
>lgo 5151 (g5Llws0g

Obl (plimwg; Gblis )3 agzrloe sla,iS (5 xS0l
lze Sladlas ;0 M3 a5 aoliiuw 5 SO 3l oolaiwl b 1958
aged pz (V) Cdpndy 50 gy 00 oz ol s,
) Sl a0l VYo 565 Jge, 5l ool b
Pl alllas 5l opd O B pas jlae Bl 5 ail s jslate
Aiged x> CptS 50 Cpizmed (V) 0l Clllo o)) Se g
bt oolictl a0 A0 olinedsl alsls g 0oy 1+ (gllas
gy S bl 3 il ol aibie ¥ 55,5 i s
YO slaws g ool Bolas & soas o8l 2 51 Sosles o
aslllaos g Llgil s VYO olowi ggamme ;s g Liwg, yo 5l lsils
Lol ool ol & jgmty Lo Joils Ll 25 13
SIS o olodbl (g slanr Ssp gz S iy
b oy 595 S Jeb 50 SUSE 4 (o) 2090 o slne
59y S Jsb )0 opmd ol Brae S5 0550 50 Jlie ol
OB Ngd iy (Sl SSE @ 59, o Jsb 50 Bpan Gl
a8 8oVe-Ve 0,8 0 gl anlas Goe 0l il
230 dm dzlie Ly (690> Ojgoh (K p 39 it
6l e lallln dilate _SiST, & azgs b b plnil Jjle
At oolitl Sy i iz ) dgzlsn (gla,5iSTo clas]
e e 0 g 5 S SLET 31 LS 5131
5 e glablail 5l 5ol (gl 9 428,518 3590
o0 sl als o lgls 5l ledbl a5 s 4y, Sasg ol
S8 B s p0ys0 Gl jpam b Sledbl (g j5laex
g Sloal 5l GBaLS S 1 o6 Ny £555 5| S8 Do
2 bl Jols cols, L g ol ST 0l imghy Cavenl
ovles calizee sla,lid, S1icoled s Widges &S b Gudodd
sl g agzlye plojias ol oy Ol L (i
0 Lt g plasil o gt (S e Gy
0 03799 L ¥ 51 a8 s 05,5 F 3 il i
VE ) 55 s (F 09, 5) Jlo VB 5 oY 05,5) Jlu F L Y
Olojims gl g 0l (o lrme joboasy (F09,5) JLo
ploioul g) )3 4l vz 2 Sj50 5 S (Goituds

o35 ole )3 4B ey Ll g 59, 50 4RSS e
S 3l oyt Of Byas Lol g Gl uizmen 85
5AUT Colesyd s (gm0 liome jobody 09,5 F )0 55
Cdpdy plol Y8 azeus SPSS S58le 5 51 eolawl b eools
Cosbbpas 5IUT 5 glakadi yhas )50


https://irje.tums.ac.ir/article-1-7086-fa.html

VAP 5,5 b agalge 4 i Jloisl ol Sl b5

[ Downloaded from irje.tums.ac.ir on 2026-06-15 ]

s @ g8 Clale Sl dy S e ol oo Vb a8 s liliud 5 i s eSS FYIA e b py S il
ol aalllan 550 ailaie o clale oby SuiSTy  og i p,SeSee O F s pg,S e Le Gl il g

Lﬁ}}g}b‘dk‘n})ébuUFUTCUJQC};WW}SJUT—‘ b)l&.:dd,v\’

Sde ARRA+ 4 gad Sl

e85 S Y/A bl Kl

e F s X e

WX > g Sy le j0 pg,S cdale YL zohaw oddosls ioles (@Y UK jo pg S clale plad a5es
Al oanlie ol ol bl co i3ST o pg S cale Jilas Slis a5 el

<+

Legend

Crconcentraition "

ELCR
« | I 0001 -00012 [ Joo0-0005 ) g
l-oum-ocm ! 5 ] 0005-0.01 J E
[T 000001 - 0.0001 I 001-003

. 003000

«  sample stakion

:
A L e . o
/o T L
( . ok e
/ y R .
L P T o™

.. . &y
v. o4 .
[ 0000001 - 0,00001 X
I 00000001 - 0000001
I >
LA
1

e

< <l
Sl owlag o5 jobolen (V) 99 o0 Sleiiny 53, 5o 54 o Ol b agrlge gloygus

Wb oo oolainl s aiilre glp golgiing polis ol 5l 03gaste 0 wyd ol Brae xSile F Jeuo L @llae
el ael e G A 09z ge Comdyg )l gl alol> gl Ol onl 45,90 40 el Caws @ 59, 4o s /NVO-+/AD
i lagles pl .o, ol 5 EF polie jo cogles oyl L s obsl slesgein, 1o saball)l slasliy ;o

A ol dalllas o st 5515 0 Coablpae hals 4 VoY) slr g 5sy 0 ) GBS slx USEPA

j-.é\:- anllle C/ND Y /A VAV AT j‘,)JJJ.:.:j s.)‘ k_'}}-.d-ﬁ

ol asllla 54/¥D Ve ¥ Y Ju w30 Ole5e

ol el YVASVAVO YVASV/VO YVASV/VO YVASV/VO e JS 53585 g Sl



https://irje.tums.ac.ir/article-1-7086-fa.html

[ Downloaded from irje.tums.ac.ir on 2026-06-15 ]

O 5 gdo VAA

WAL +/+4V0 +/+4Y0

YF a
¢ VAYD 104 NF

</+AVO

/Oy

(prre) Sose 5 S

(prse) 04 JS

Aoy F) e Ol e

A 5l S e slaeg S den ;5 (L8155 agzlse oud
3 P lse 4 bgro o Slas 09y (s a42lse
St Bl s VO -T ke b Lo 518 i 0g)S
e b Jlo oY (s 098 50 (S 4lse 4 bgaye

b 3,5 YIFY x )

\7i2 S0 Y/xy .t 7 230 Yo%y F 1A%y F
2 S0 VXY q/¥Xy.? VXY Ar 2 T
(7230 Y/¢XY P VXY Yo%\ VAXN P

(72 . S TR V% > S T AVAXYTT oy vAxy T VAN LS
Y/PEX Y0 VVEXY S Qe T Ay FIYAXY 7
F/HFXY T ey T VVAXY T Y VAR 1/AYXYF

P95 b a2lgo labaii yhs L)l
Slr et @ ps,S L aglye lalais Jlas ¥ Joax Gillae
I 55 s Jlo $1F ol Y-8 Lo +-Y o sloeg,S
s e
80 ELCR s 5,515 apzlye (oyne )0 Comaz ,i
38 Okl glngy Gblie 5 OT )3 055 b (s 5 (515 gl pe (slaal st 5 a5e 593 3,57, =V 05led Jgu

30 VIYY g VIOA +/AAY /0¥ L ol Jlo VP

AN VAXY 8 Urxyt Sl

_
470X 7" 0XN TP o/FXy " 5Sole 52;1;
VXY VAXY Y Yy il

VA% e S DI V7Y 2 S DIV £ 2. D g KPS
YAV Xy araxyT S § sorese
WVEXNT ALY ey Y s

o Cige (g 3lwaned
S5 Cise Jow 5l oolinul b Sl Slas 560 jslateas
bopg,s cdale )5 jlcar Jow 4 (5995 sloyuel,l e
colie (P opicwmlie olieas EMpirical o9
Triangular ;e b s cdale (556 o5locwlin 2o
plowl Uasgeygajl Sk Vewoes Lossloand ol op
S o a3 sl 05T (it (25 Sdndy
s Gly obblegel Sl izmen 5 Sl 5 JBlos
3 Jeome Sl aials saiaolis b jloges cpl g Sl e
0 bkt ol ey gy Jltal 5 i 055 m

zobw ololy ELCR jolie ganay (0) V JSo 0
PST e &Sl et g cddodls Lisles s alise
SOWHO i 5 0o | a8 5 b5 ¢slans o 3bli
e S Sexex i e Ve o (Sl lbye jlas
Cr g S gble 5l alagise jo Ll ol 13 (g
@ piY el iy fB ol YL Sl polie liul )8
b ylesul g dlox 3l saxe LYo 4 ol musel
oS aold g asdlas ;o (gl paiges blai ol olawy «yg38
5 p9sS Shile anane (st Bble )l paises LS

ol 0adsl )l 138 yliwl JlS esgaa sl ELCR


https://irje.tums.ac.ir/article-1-7086-fa.html

[ Downloaded from irje.tums.ac.ir on 2026-06-15 ]

VA S b gz lse a4 ceniie Jlaiml liolb e b )|

i)l 5o ead syl Hlas . Sile 5 (Sl 5 JBlas)
b a5 el Sglie g SCise (5lodnnds b (glalais
ol g5 g0 SST o Sl 3505 sllas 5 (50

4 Cod b polis 51 Supe e ¥ IS8 5 ¥ a0
ot s ooy el 0038 00 351 (gloylas S
ploi yo aSlle o 05 Mlawgie st 4y bgype (5155
56 ol Jhs (Lo oY s 09,8 szay g slaog S
2518 (st F BB o

FoNF S 09,5 50 £5)ls8 aplgedy o Gl iSTos
agrlyeds bygrye jhs JBlas 5 Y00 x)F Jluie b 5 Jlo
Og Y/¥x \'_A )‘d.n.a L\ JLA-A-’ -y LS""‘" 05; ‘5|)J ‘5...»5;
i @ B Y laog 5 gl 5 pe)S b azlee M5 Sk
VT gAY Ve STV X Ve IFY < VO Ll
pesS L alye Jla 0 Sao (izes 35 Jol> V)
sloog,S )0 ghlScise iluand pulul slp opb ol 4o
S VIO x VT B0 x VT AFY x Vo0 ey
aals welag s 5l a8 jsblen o 051, YIVY x Vo F

S g il 53 0kl 5,557 5 (st § sazes) Jlot o glow g —F 0 5lads Sy

ANV \aAZdA OV/+ VY.

YA <\

VE/ AL Ve Lo g

/. >\ "

Probability Density

006 L l | 1500
2 00 = 2 2
= £
= o04 H 1,000
e}
8 o0s
° B soa
o 0.02

0.01

0.00 0

.00 20.00 40.00 60.00 80.00 100.00
ELCR Teotal Groupl
(scale factor = 1E-6)
Probability Density

ool L e t-11,500
> o0 =
% 0.04 2 1,000
8 o0
E 500
o 0.02

0.01

0.00

—0
00 5000 10000 15000 200.00 250.00 300.00

ELCR Total Group3
(scale factor = 1E-6)

Aouanbaig

Rouanbaig

Probability Density

0.06
005! 1,250
E 0.04 1,000 g
o 750 ©
g 0.03 g
2 oo 500 O
o <
0.01 250
0.00 0
00 50.00 100,00 150.00 200.00
ELCR Total Group2
(scale factor = 1E-6)
Probability Density
0.06 l I |
005| 3 3 = 1,250
- = Ed 1]
- 70 ©
8 5
[=) =
e 1500 O
m <
{250

0
400.00

00 100.00

200.00 300.00

ELCR Total Group4
(scale factor = 1E-6)

st 3 NS g e 9331055 30U s w5 Sl JE Y 0 sled S


https://irje.tums.ac.ir/article-1-7086-fa.html

[ Downloaded from irjetums.ac.ir on 2026-06-15 ]

SKes 5 sher Yo

§) dilisen Slalllae o pg,S il polie a5 oblen il
g pTeSae IYAVYYIYY cagume 5 olal oy o
TNOVAY o3gumma 5 liezsh 5 limmms lind o ((VF)
FAIV-YO+ oogamo j0 did jaiS ;0 (V) jod 5 p )5 9,50
A58 ggemmeys (F) Sl oal 3155 2 n 05,5
GE 2ET 9 G0 50 bl sl gl paises LI
5 11O (o ojlabiad 5l S oyl ol pg)S olie (ol
FY ¥4) 09 WHO sgeinr

cein ELCR (g sloog 5 plas ;o a5 ol lis mls
035 b iy, aglye ELCR Jl 3Vl 2355 agzlyet
Gk 3l pesS i @i s 4 Wl e atdl (nl ol
Uzlpe jae 90 2 3 Guizmes Bl (BT ag2lee
S5 Gl s Sl UELCR pslie g 5 5555
S R I N MRS RPN
3 Sy jhs conal saimslis 4Bl cpl ol 5355
Ol 5 (alsgals andllas ol 535S a4y Lo JLoS 5
OYS 5 50 po,S 2ol s as ols lis (Y-YY)
ol aallle gl s0iiS 4l 45 el S0sS 5l i,
St Jlade 50 (V1 F) oL Ken g Naz asdllas o (YY) ol
A e #oss ST e s L GBS azlye Slbse
ol cdillae pol> aslllacl a5 al ()5 cws agxlse
s syl (7Y Sen 5 s asllhe o ()
dilats LSLe o5 ol plad opd ol 5o pgS 2liplo
P erh 2l p9)S VL 590 b aglye Clde 4 dalllae 590
S5 L 45 O ails 5 il sVl s o pne
5o oaddll)]l slaadl Blas o)l Jlgen Lol> dslllas
V7 g ooV o loog S 50 sl o nien F Jgon
30 el (Ve T ogams) Mhawgie Jas" 4 bgye Jlo
P 9 FNF (S 095 99 )3 Yl e (i &S J>
3o wg (Ve el s ssgase yo Lo VE )
AY g0 0 oliolbw Hhs LSee 5 ooblS adlas
aS o 0,90 VxVeTT 5l YL eads (g puSeslusl blas sy
ol polo aslllas 4 Cond 65V Sl ol onaslas
(%)

Y G 0gS Gl G 9 (SIS azlee slabais s
iy @ Jle V8 3 55 n s Je FVF Jle Y5 ol
5y5T VYTV -0 5 VBAXY -0 AIAY x) - /¥ ax) <7
3 0SB Nangie g b b3 ol 0 45wl
6y ELCR gy ool 5o (g jlodnns 3,05 |y aSl>
SIVY <V e FIFV) 2 55 & b s slbeg,S

X

b Gog 9 o515 4lse ELCR goame adllas nl o
F-VE e Y-l 2=Y i 0 slakais 5915 j0 pg S
QAIAYH) 7 DY)+ s s Jlw V8 5 55,5 g o
SYL oaumolis 4 ol sygln VYFxY e g VOAXY <P
S WHO g oadsadl,l by bl o> 1 s cpog
aS aes oo lid 4l cpl cwd Jlo £l 35S0 i
| it aen e Wgiei pyS b it
Sy ol 33 09,5 3 Ikl a5 lnl 5928 5 ke (eels
olojle sl aidply plwl WHO spain), 5 Gt
O ) oy ol o gy Sl clile Sk clay
Gty Slaep i cpl &5 00,8 (315 5 p eSS
Comez 585 150 Ve e 0 09,5 bagzlse 5l by Slas ) S
a5 aes o lis yols aslllas 4l ol aglgs om0 0
S 50 Wb gt s I coles Sl
Do dilaie o )0 aglse sla)eSl Lo slas il
G 50 onl g eolaul jlas glad gl )0 5 ot e
agzrlss sloygiSl s bl Slallae ST o oS el
Mol sladgein; (238 polie 5l 5 oais (¢ xS o3Il
Car wpd ol Bras gl Jle jsbar gde ool
b oS 098 oo ety 9y 50 Sl ¥ lasgein, jo b b))
5l Spbe ol jaiS jo ealplxl o Sldlas 5y
ol Bras Gle Jlade (Y41V) o )5en 5 Solo aslllas
S ¥ /R /AP anlllansge i 05,5 Lz o (IR) &
oaipolis 398 polde a5 Al S g, 4o yid VITY
s slrogS 5 wolsr o ol Bras Gl (09 Dglis
Oezmar (YA) o)ls Slgoran yol> dslllae L aS conl alizes
wzlge st bl Bas b oS e 5 LS aslllas o
Ol 55 dndy elail L8 s o5 ST s PAHS L
WHO lasgein, 5l a3 5 5 o slas lailiwl a5 o ool
Cdls wiilgt el agzlye slayeSl silusen o
Ortlor sl Oliae 398 axlllao 0 S crnals 1) g e
03 D sl Gaehe 40 Ceend ) Sl el sl
VLl WHO sgeia, 5l 43,8 o o il 4Sl>
(V) ol ygudn jo Cad

L o /20-FYIA o050 ;o 09,5 chale jolan pol> asllas o
Shas sboled el Cuss 4 5l 055,500 YIA (:Sils
SSTn slan (1 JS8) 08 chile ganaiy and
Gl Sy cde 4 Wlgige a5 conl o) Ly pg5 cdile
o lled 5 S Sglie loasds o 5 (5 libinn)


https://irje.tums.ac.ir/article-1-7086-fa.html

[ Downloaded from irjetums.ac.ir on 2026-06-15 ]

AER] |°5)5 L: 4.¢r>|5,o LRI QSILQ.&‘ LS")UUQJ‘W ).Ia> QS’L’))‘

5505 50 oo U5 j0 (Bl plbojes Slas ol aslllae o
S o ol el cos a4 e Ve ey FIAY glakais
2 300,00 Vo /A o ISCige (g5lwads jo (lie ol a5 ol
@ 1y i o5l 5l ol laaisl a5 og e V-
Slp oplie 305 o0 Sidn (plply iS5 e
ok o)l
ul.w.a&‘ Ls ASJL.?LQ.Q: ‘MLM (Ve 6‘4.]@.0) .))51).3 G’L».s
uL.w‘ @L’l.wjj d.lab.c L USL» ngcu \RARER Coxo>
6)5.4 \&//\ as ‘35)6‘ )Uaa.a‘ 6‘4.]4.0; Q)jT).g 0).3)[5 LJ ‘u49)$

4 L@)..o PR PN L;Lmo.\;.i}ﬂ 4

5O AR Fy Camez 50 yee S 0 dlal by 4 Dl
Syga Voo gl l5ige (giluand @S 50 0y515 cnl S
Sl U yas s D

10598 9 S
Ols=e L (eSS oMmams aalipbly 5l a5y allie )l
P35 b agzlye 2liolb s 2é 5 2ol Sy 13"
@ S aS b as ol e g3d il oy O o ST
Lol odiw; e 4 IRRQUMS.REC.1400.235 oL

el Ciglae 5l aS auls o p3Y 0e5 1 B s
il asllas sl glzl ol 6, Ken colyd as olKasls

References

1. Zhu F, Zheng Y-M, Zhang B-G, Dai Y-R. A critical
review on the electrospun nanofibrous membranes for the
adsorption of heavy metals in water treatment. Journal
of Hazardous Materials. 2021;401:123608.

2. Verma R, Dwivedi P. Heavy metal water pollution-A
case study. Recent Research in Science and Technology.
2013;5 (5).

3. Moffat |, Martinova N, Seidel C, Thompson CM.
Hexavalent chromium in drinking water. Journal-
American water works association. 2018;110(5):E22-
E35.

4. Naz A, Mishra BK, Gupta SK. Human health risk
assessment of chromium in drinking water: a case study
of Sukinda chromite mine, Odisha, India. Exposure and
Health. 2016;8(2):253-64.

5. Jaishankar M, Tseten T, Anbalagan N, Mathew BB,
Beeregowda KN. Toxicity, mechanism and health effects
of some heavy metals. Interdisciplinary toxicology.
2014;7(2):60-72.

6. World Health Organization. Chromium in Drinking-
water. World Health Organization; 2020.

7. Karyab H, Hajizadeh Y, Babaee SA. Human health
risk assessment of cadmium exposure in dry deposition of
atmospheric dust (Uncertainty analysis). Journal of
Mazandaran University of  Medical Sciences.
2021;31(199):66-80.

olie ol gl Lo 45 0k 5,515 11k - T g 1/ V) o F
LsUa? 9 U?‘A)] ‘LS“‘-I"-"-’ ).la.‘> Gbl.‘))‘ o OM]WQC\J )JQLCLA Lu

O jelbitedy JSCdse  (gilwand  owl laools
Loglahais obs)) slas guils, Bl 4 g laceakldane

L oas cosls el Glece 5 Sy plowl Las o ype3

el gl )8 slas 5 gl 5 byess 3,5 Sl
205 Coly 4 s L) =l Had 5SSy

35 pe,S Clale ax 51 dms e lis ol aslle slaazsl

35S 1938 Bl bisy, blie bla 151 50 0y O
25 b il Ll el oyl Lo 8 bl 3 WHO sgaia,
O 4ok )0 0,8 b aglae jhas ol Sige (g5luand
2o ge las il cul el Lpd BB St we ) i
AV ss O o a9y Sl gl g8 (eb o ikl b oS
Comaz 585 150 Ve jo Gy 950 ) (Spdy BB ke |
61,5556 5 osliil pac o] e oS el agzlge b yme o
S orlple il (o slajlaibinl (g0 5o (sop g ge
Lo e T e (sloo Jailinl g 45 (5,58 lalad

5 S @bl 5 it slagalil )0 agzlse slayse
A 0y5e asdlas ol jo aS w0 SIS o4 oliug,

Oeizmen b Bl )b 50 655l55 SO lgreas g aid 518

8. Ali W, Zhang H, Mao K, Shafeeque M, Aslam MW,
Yang X, et al. Chromium contamination in paddy soil-rice
systems and associated human health risks in Pakistan.
Science of The Total Environment. 2022:153910.

9. Zeinali T, Salmani F, Naseri K. Dietary intake of
cadmium, chromium, copper, nickel, and lead through the
consumption of meat, liver, and kidney and assessment of
human health risk in Birjand, Southeast of Iran. Biological
Trace Element Research. 2019;191(2):338-47.

10. Tan C, Avasarala S, Liv H. Hexavalent chromium
release in drinking water distribution systems: New
insights into Zerovalent chromium in iron corrosion scales.
Environmental Science & Technology.
2020;54(20):13036-45.

11. Denholm R, Schuz J, Straif K, Ali F, Bonas F, Gjebrea
O, et al. Environmental carcinogen exposure and lifestyle
factors affecting cancer risk in Qatar: findings from a
qualitative review. EMHJ-Eastern Mediterranean health
journal. 2016;22(3):219-27.

12. Obasi PN, Akudinobi BB. Potential health risk and
levels of heavy metals in water resources of lead—zinc
mining communities of Abakaliki, southeast Nigeria.
Applied Water Science. 2020;10(7):1-23.

13. Paustenbach D, Finley B, Mowat F, Kerger B. Human
health risk and exposure assessment of chromium (VI) in
tap water. Journal of Toxicology and Environmental
Health, Part A. 2003;66(14):1295-339.


https://irje.tums.ac.ir/article-1-7086-fa.html

[ Downloaded from irjetums.ac.ir on 2026-06-15 ]

Q\)K.Q.A} S Y.y

14. Fallahzadeh RA, Khosravi R, Dehdashti B,
Ghahramani E, Omidi F, Adli A, et al. Spatial distribution
variation and probabilistic risk assessment of exposure to
chromium in ground water supplies; a case study in the
east of Iran. Food and chemical toxicology.
2018;115:260-6.

15. Fowle J, Dearfield K. Science policy council
handbook: Risk characterization. Science Policy Council,
US Environmental Protection Agency. 2000:54.

16. Koki IB, Bayero AS, Umar A, Yusuf S. Health risk
assessment of heavy metals in water, air, soil and fish.
African journal of pure and applied chemistry.
2015;9(11):204-10.

17. Boobis AR, Daston GP, Preston RJ, Olin SS.
Application of key events analysis to chemical
carcinogens and noncarcinogens. Critical Reviews in Food
Science and Nutrition. 2009;49(8):690-707.

18. Conolly RB, Lutz WK. Nonmonotonic dose-response
relationships: mechanistic basis, kinetic modeling, and
implications for risk assessment. Toxicological Sciences.
2004;77(1):151-7.

19. Kazemi A, Esmaeilbeigi M, Sahebi Z, Ansari A.
Health risk assessment of total chromium in the ganat as
historical drinking water supplying system. Science of The
Total Environment. 2022;807:150795.

20. Nazari R, Ramezani Etedali H, Nazari B, Collins B.
The impact of climate variability on water footprint
components of rainfed wheat and barley in the Qazvin
province  of Iran. Irrigation  and Drainage.
2020;69(4):826-43.

21. Saeedi M, Abessi O, Sharifi F, Meraqji H.
Development  of groundwater  quality index.
Environmental monitoring and assessment.
2010;163(1):327-35.

22. Khasanov S, Li F, Kulmatov R, Zhang Q, Qiaco Y,
Odilov S, et al. Evaluation of the perennial spatio-
temporal changes in the groundwater level and
mineralization, and soil salinity in irrigated lands of arid
zone: as an example of Syrdarya Province, Uzbekistan.
Agricultural Water Management. 2022;263:107444.
23. Patel T, Patel H, Trada M, Hirpara J, Bhura P,
Prajapati A, et al. Groundwater Quality Indexing Using
Weight Overlay Analysis and GIS—A Case of Rel River
Catchment. Advanced Modelling and Innovations in
Water Resources Engineering: Springer; 2022, p. 447-
61.

24. Karyab H, Yunesian M, Nasseri S, Rastkari N, Mahvi
A, Nabizadeh R. Carcinogen risk assessment of polycyclic

aromatic  hydrocarbons in drinking water, using
probabilistic approaches. Iranian journal of public health.
2016;4. ¢00:(VV)e

25. Yang D, Liv J, Wang Q, Hong H, Zhao W, Chen S, et
al. Geochemical and probabilistic human health risk of
chromium in mangrove sediments: a case study in Fujian,
China. Chemosphere. 2019;233:503-11.

26. USEPA. Risk based screening table-generic table.
Available at. 2015.

27. Tepanosyan G, Maghakyan N, Sahakyan L,
Saghatelyan A. Heavy metals pollution levels and
children health risk assessment of Yerevan kindergartens
soils.  Ecotoxicology and  environmental safety.
2017;142:257-65.

28. Sadeghi F, Nasseri S, Yunesian M, Nabizadeh R,
Mosaferi M, Mesdaghinia A. Carcinogenic and non-
carcinogenic risk assessments of arsenic contamination in
drinking water of Ardabil city in the Northwest of Iran.

Journal of Environmental Science and Health, Part A .
_ﬂ-iYﬁ;(D)GV;\'JI\

29. Mirzabeygi M, Abbasnia A, Yunesian M, Nodehi RN,
Yousefi N, Hadi M, et al. Heavy metal contamination and
health risk assessment in drinking water of Sistan and
Baluchistan, Southeastern Iran. Human and Ecological Risk
Assessment: An International Journal. 2017;23(8):1893-
905.

30. WHO. Guidelines for Drinking-water Quality, fourth
edition. In: Organization WH, editor.:
http:/ /www.who.int/about /licensing /copyright form/en
/index.html,; 2011.

31. ISIRl. Drinking water -Physical and chemical
specifications, 1053, 5th.revision. In: Iran loSalRo, editor.
http://wwwstdisiriorg /EN /indexhtm|2010.

32. Bamuwamye M, Ogwok P, Tumuhairwe V, Eragu R,
Nakisozi H, Ogwang PE. Human health risk assessment of
heavy metals in Kampala (Uganda) drinking water.
2022.

33. He X, Li P. Surface water pollution in the middle
Chinese Loess Plateau with special focus on hexavalent
chromium: occurrence, sources and health risks. Exposure

and Health. 2020;12(3):385-401.



http://www.who.int/about/licensing/copyright_form/en/index.html
http://www.who.int/about/licensing/copyright_form/en/index.html
http://wwwstdisiriorg/EN/indexhtml2010
https://irje.tums.ac.ir/article-1-7086-fa.html

Iranian Journal of Epidemiology; Autumn 2022; 18 (3): 194-203

Iranian Journal of Epidemiology [ | A

Iranian Epidemiological Association
Tehran University of
Medical Sciences

Original Article

Probabilistic Carcinogen Risk Assessment from
Exposure to Chromium in Drinking Water
Resources in Rural Areas of Qazvin Province

https://irje.tums.ac.ir/

Zahra Hamidi', Mehdi Ranjbaran? Fateme Qotbi nia', Akram Bahojb?, Hamid
Karyab*

1- Ms Student in Environmental Health Engineering, School of Public Health, Qazvin University of Medical Sciences, Qazvin, Iran

2- Assistant Professor of Epidemiology, Metabolic Diseases Research Center, Research Institute for Prevention of Non-Communicable
Diseases, Qazvin University of Medical Sciences, Qazvin, Iran

3- Qazvin Health Centre, Qazvin University of Medical Sciences, Qazvin, Iran

4- Associate Professor, Social Determinants of Health Research Center, Research Institute for Prevention of Non-Communicable
Diseases, Qazvin University of Medical Sciences, Qazvin, Iran

Article Information Abstract

Received Background and Objectives: Chromium is a heavy metal that toxic to
19 June 2022 . . . .
humans in small concentrations. This study aimed to evaluate the cancer

[ Downloaded from irjetums.ac.ir on 2026-06-15 ]

Accepted
5 December 2022

Corresponding author
Hamid Karyab

Corresponding author E-mail
hkaryab@gmail.com

Keywords:

Drinking water, Heavy
metals, Chromium,
Carcinogenesis risk
assessment, Monte Carlo
simulation

risk of exposure to chromium in drinking water in rural areas of Qazvin
province.

Methods: Water sampling was performed according to the standard
methods for water and wastewater examination and chromium analysis
was performed with ICP-OES. Exposure factors were determined using a
validated questionnaire. Finally, the risk assessment of oral and dermal
exposure to chromium was performed using the risk assessment technique.
Monte Carlo simulation was also used to determine the uncertainty caused
by point risk estimation.

Results: The mean concentration of chromium in drinking water was
2.815.04 ug/l. The excess lifetime cancer estimated by the Monte Carlo
simulation was 30.8 cases per 100,000 in the studied population,
indicating 100 cases of cancer in the population living in rural areas of
the Qazvin province.

Conclusion: Based on the obtained results, it can be concluded that
although the concentration of chromium was lower than the maximum
allowed in the national standard (0.05 mg/l), the risk of carcinogenesis
was higher than the acceptable risk level of WHO (1 case per 100,000).
Also, using the results obtained from the Monte Carlo simulation instead of
point estimation provides higher confidence in risk management decisions.
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