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I- Potential Ecological Risk
2- Human Health Risk
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4- Quality Assurance
5- Average daily exposure doses (ADDs)
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2- Relative Standard Deviation
3- Quality Control

VEY Gliusy o o jlad aau b Jlw coans cadilags coudigo dlas @ 100


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 ]

[ DOI: 10.61186/jehe.11.2.146 ]

OLlKas 5 ou)jcuY g dano

SB 59T sl i lis

ST el sl ol 4 €D Sa T st

cdale Cp dslas ol 3 45 A eslial o 0580l ,0lis
e bl oy Co 5 andllas 5,550 St 3 aie o
woa) oo paie p Chle bage (V) 5s a0
5 IS psalls (e s S peslS (o ol Gl
Sy Ve 5 VO Y0 00 Ve /Y AT LS S @ g
wals (oS (S350 035 ) 51 S (Sayll ,ps6 s an
535 Sal ea, Y= anls cawgze (Sa gl es, VY
05SB  pame s s 0L o3 1 1au s o3, 51 5V
ST s e 0L e o5l pobe 5o
alos Vel olid oS 5y (CdEQ) ow ol
SaTes, A5l 28 slie 35 (S a3 355055 A2
03, VI-TY s (oo S5l s, AV auls (oS
- o 0L 1y el I o3, VY 51 VL 5 sl (S
o3 SV ol glacyssdoe 4 a5 L sy
a5 (Yer0) Abrahim o, (Cdeg) Ss 4l 4o
A el 5168 38 by 1, (MC) s Aol S5l
1/0 51 S ol 2Slol (Sl ax s pslis el ey &
G106 c (Sol am s oSl Jla ST 6 o3 1 0
agie S8 GY o Sodlas s (Swl Ss Y
on S s ol S TAGE g (Sl e
YY BTN e ol e ol Dl SaJTVT G A
YY Sl i Sodl amss s sl el G s
ol g b Sl Cho s sl ol o S
O patle Ve e 0L 1 sl Sl (S T s
CF Wslas ol 55 s sl & ddaly ol S50
A Gl Sodl S dslas 5l aS 03y So )l S0
3 Se I OL el polie el Cs 4 e i
osbt LS o i (o301 L) V0 B (o1 8) Liw
5 Sl pde ains LY Sl S S slie J gene
Sl & s ST eias OlEs Y 51 S5 sl

(.,b-\} QjJJ) S 5 Lszh,.» u.,b- )j:SLé ABF E)

\’i..‘
e

23 @Ol e oyl S el

b s jaxls ISHIOT 55 a8 (8 dlal)) A 4l
st S Gl i Sl e s S HQT L
053 Sl e 555 RDE ol o e 4l
Shcal G 5 G0 035 emabls (JSGwom
2 oSl e ol asl Sl N0 HE sl
A i) 55 b HE STesls s s sl

.MJ)\JJ Jj}_-)

§ alal
ADD;

HI = THQ; = RD,
1

ol 0 ey b s gl Ol JS ot i s
ol ol b S et s CR OF 5 &5 s
8 lp s S Ol Sl o0 S CRI
Joble gl oS Wil e cud oy SFI el e
S AV @A N0 S S s S 5 S o ipseealS
AL VTS VL Ol e et slae 81l /0
5,8 513 0 S e b 4 Llg e Olusl Cedl
o Ll o 0Ll Cdl sl VT BNy S
Gl e 2LV Tl a8 STl andls S LB

T ol cude

0 akl,

CR = ZADDi x SF;

'~ modified Contamination Degree

VOV @ AFY (licus) oF o jlach aan il Jlos cdodas cudifags oeosigo dlas


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 ]

[ DOI: 10.61186/jehe.11.2.146 ]

) Gyl g yu (5o b Glase oadacs SASE o o 098Il polic culichs 9o 9 Crodlew phad (sl AL

mCd=XCf+n
A adal

PLI= YCFCd x CFNi x CFPb x CFCu x CFZn x CFV x CFCr

:"&e‘)

EF = (Ci/ Cn) sample + (Cx/ CRef) Background
M bl

Igeo =Log2 (Cn/1.5*Bn)

o9illy 2350551 Saunp) oA

ladaly Golal ol (SO5S1 Sy a2
(S35 86 CF aaly ol 55 i dsloes VY 50X
Sees Rl caddllas 550 oo 0 (S5 9581 S, EY
Hakanson .ass .« olis |, obe ¢ same (S35 S]
oo 0580l olie 03 e L2 La TR luie (18AY)
p33bls e cp S p3pdlS e polis Sl 5 Sl
AL ) 50T 0T 0 LS g s SO
@0 SOASI 100 5l 1S S5 ST S Sl
S Y dagte SO5dST s V00T wals
b (SSAST et e 1 NG 5 il (S5
Fols f e (PSS s e DL | Wi
e froAr s (o st g0 5l S gdes; (RD
SYL 5 s st VY YU et A= e e
Il s et s YY)

N Yala!

Er=TR x CF

Nkl

RI=Y Er

0Ll 30 was Sas pe st Tell S
el 2 S LBl e 05l olis (S5 55 5D)
s osSt EF dalee cpl ps s ailue Vel
L gad 3 0l 5,8 o3Il e clile G (S
(St gk gei 53 odd i ool clle Cp (St
e ke CRef 5w )3 sy 50 paie ke Cx
oAl e rags opl 53 el 4 53 (aD) wr e
Juduawﬁasuw;#ﬁ@jﬁwg\ﬁ
I ﬁdeL:‘,Yo‘\/v/\"a Sladl sl cJls 5l e 5 S
208 e 8V el wies CBl g sy oSS
2 s a Bl buge romes ASL g SHkS
e e TIPS
Ve 5V0 Y0 00 Nev /Y OY C 5w g5y 5 S8
@S SAE BT Sl ReS Sk aals A 4 S k5o
ol Sas 280V chuge Sas 28 V-0 anls 5
R e L e N R b
s Olis S b, sSb bl ol sly s«
S e o3ill jole SV a5 o gl as
VY oakaly 5l aS a5 e eslanal bl s el
o oerle 1080 ey ol sl sl
Bn (S s ssmse S b clile Cn o Saill
Az sluadb pelol il o (o b s2e) aiey ale
b =) s 1,8 1ge0<e ( Ss Il oIS s gls
G oosdl oS Y= o3l oS 1= o3l oS b o3yl
Tt B os )T Lt £-0 sl s Y=t ol L

.MCM‘ 63 4 osjﬂ (.,\.;.L..I: >0 E) a.)_jﬂ

A alal,
Ci=Cn+Co

Valal
Cdeg=X Cf

Addal

VP Gliusy o o jlad aau il Jlw Jouas Cudilags coudigo dlas ¢ 1OV


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 ]

[ DOI: 10.61186/jehe.11.2.146 ]

OLlKas 5 ou)jcuY g dano

laaxsl

50028 v o 058 olie (bl sla sl
Sl il eS0le Jals (55 5 S5 e 23Uls < cp S
clss ;s Sais 5 S ojlibal sla ol
el 0l LI Y Jdar )5 ()i 8 Ol b
@ by glaesls S s Ol S 5 Suis olie
s3lie |5 ccnd dbo 5 S ek gl o u;.<~w <l ke
Jos 5 s Aol s ¥ 5 =Y O odal Cowsay
e GBS 3 Ggi el = Gl S 5 S lad se5]
olie s g Jlo S edel Csay slie a5 sls oL
Jeds 5 4 Ll Cwsas Y5 =Y o3L s gubl
(O crﬁJU‘j grﬁnlS O 4S sy OLAS aesls bl
S Ol elas sla S 305 S 5 s (55 (S5
ol gme Ol alllae 3550 slaclSanl (55 paie
¥ Jsas) (P<0.05) coals )

Solol Jul=x5 9 4355
S3le s 31 eslizal b Gk ol 5 Jol slaesls
63 ;)8 4y el O s JLAJJ sl a_éjiﬁwl_g_éljf}d;
ANOVA-) & LSS bty BT agesl 51
5 WelSasl o Jls gre Ml uas (gl (ONEWAY
(Tukey) S5 0551 5l Sl oSk ooy 2 512
C)Lw«bu 9 J_}U}- . LS‘J" Cima L esladl
sslizl Excel 2007 Jigle 5 51 (Ss il laasls
DUl s Sl o S50 il sl 43 S
!, 5 Pearson u_<....wu 3 U,KMN Sl glaesls

Al el gl w4 Sl el bl

e i Qs o (S 03 (0 SAS 2 0 8 Joe) o5l o jolis clle S0le Y ot

&9 o~ 95 pg2Uly S e popedls R
a1/ vV/$4 a8/+0 VANY MI5A N 1Yo Js ol
./ aYIvY v/ 1a/5Y AYIYS FANY o 1% P ol
Na/sA $a/FY MW/FY YO/5Y AF/FO ABIYD \/FY g olStuns
WOIYY £AIYA AJ/VA YY/$) AANA A+l \Y oyl oSy
1OV FY VRS Vee/a5 Yany va/va FY/0Y NN FESHINT I
VEAIYD VAIFO \Ya/sq ¥5IAR A9/A# NnY/sa YI5A iy ol
A+/AQ DV/AY Vv/04 VYA VTS YAV oYY JEFTSNT I
NWA/YY SOITF a9/1f YY/vs ASIVA £a/1 V0 el
rY/aa Ve/+q VAIYS Voo Ve/VF Yo/vA s oo Gl il
o[+¥ N oI o+f o1 BIFS Y% 3laili! (slas
I JAAY “V\IVEA — /YO V58 —e[oYY —e /10 Nsz
<50 Sy Nt JAYA — [+ V5V SARI S
v I Yoo wo Vo W A " oy Ay, (rSilso
q. v y. q. I v AN "ol LS Silke

VOY @ V¥ Y (licus) oF o jlach aan il Jlow dodas cudifags oeusigo dlas


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 ]

[ DOI: 10.61186/jehe.11.2.146 ]

) Gyl g yu (5o b Glase oadacs SASE o o 098Il polic culichs 9o 9 Crodlew phad (sl AL

d)w‘jﬁjQ\@@bﬂéuﬁu)ée)ﬂhWﬂt&wwj\i}bb}?@r Jsd>=

Slo e gelaw 4y ol 4y Egomo Ao g5 Flhb
F Olay yo &9l Olay yo
o[\Y /11 YIVYS | \VIVY. P35 e
IYYY \of \w/say P95 (59 poyrodls
1.0 \O/FSY £ 90x0
RN VS50 YO¥Y/O5Y | YOSOIFYY P35 e
YYAIFYA \of VASOE/YYY 2955 (390 g
Ve INA/VAF £ 90xo
o[+F 78 Y/VY | \AA ®95 obe
IFVY \oF YY/SAY 2955 3950 s
TN OF/FY Egnxe
ofoYY VEFF YFONY- | YEALIYYY 295 ol
FYAIYYD \of YAA-/FY- 2955 3959 o
1.0 SEY./POY £ 900
o[+¥Y FISVA BSYANYA | WYA/QA: 2955 ol
FYIF/A4. \of FYAR/IYO 2955 3950 895
1.0 AR & goxo
R 2 SAYY) oYYy | <IYYA <295 ol
R Vo f <[AAY R85 (190 P95
1.0 VIYFO £ 90xo
ofee) YIAVS AAV/BFY | SYANYS 29,5 ol
YY/Ya. \oF AAV+/FO- P9 19 2Ll
1.0 VOFA/DAS & 9o

8l S ‘f-_}:ﬁ)\s (S J’.oLJ« “ 'bj{;‘ g_,.;.'-'j @
rﬁulSeuLyf‘ejﬂbéjjjﬁl;ﬁmwupuﬁzm

RS 6342 ('/Vi) c‘ybuj B) (\OV/O')

- ) o5l o ol S5 0T sla s ol

Sopain G Olds o G SL 53 (p S5LS e S
sl jerls aul=s Cu Ll el 1 E Jsus
olie S s L ol e ke o

bl ey patli 5 Sas b sSB (Sl st

VP Gliasy o o jlack aau il Jleu Jouas Cudilags cusigo dlao ¢ VOF


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 ]

[ DOI: 10.61186/jehe.11.2.146 ]

OLlKas 5 ou)jcuY g dano

Gogain 3 Ols el SLSLE 3 (p SHLS 5 p S e) o 58L o jolis Sadl gla yastls slis £ Jsi

&9 o posS  paslly S G pgmedls oIl sl Lo
WA/YY FOITE Aa/1¥f YY/vs AFIVA £/ Ve oSileo
v. 00 Yoo "o Vo Y oY " ey A gy (Sl
VIFA VA +/94 Y V10 B/ A S0l g5
\lids VIAY Vos oYY VI AY MY Alva S Gl yguS
8 ALS —+/b4 -¥/.q AR \V/AY VA Cedlsl ooy as L
VIFA B4 V/aA V¥ A Y500 NS P9 Sy (Lo
o9l
144/y- Sy § 9oz
038l (39951
/vy gl as 5o
YIYE oud Mol Sogll as o
\/¥Fe ST b sl
3 AL gy o) Sl e o5l ole O 355050 5 0SS S HQ) L0l b o jaxls
role w by o0l s asls 5 sl STV C/EYYO S 5w 08 S Gl d el Sl e
3 OS5 ol (7)) (g5, 5 (/AT oy S el s SV g 5 e ol 4l 2/YOYE
(0 Jsdr) 5 0S5 S Sao pae a by G0l s s janls 5
ol Ces 4 (VP ™) s ol 1 VLS5 sl
058l somw pols B me 53 55 5 15 Gl s 0558 5 OYLE 55 (HQ) of) Ol e b s L2l .0 Jgi
gy S &b polis
oYlS 5 obogs oYlaS )3 obogs OYlaS ) 3 obogs o 09l
TR of+s¥) V/$ax)e™” ¥IVEx)e of++qA o[AYF pguools’
ofesf A ofes¥$ LATS D V/eFx)e® o[+¥YA IYOYF @ g
Ry N 4 ofes¥¥ Y/AAx)e8 A AFx)e® +[+FYD ARNE Jses
of+¥o5 ofes MY ofese) ofeeeY /YD [N\ pgs0blg
ofees) Flo¥x)e® FIVExYeY V/Fix)e” ofeees ofeslye $9)
ofvesY ofese) Y/$¥xYe~ OIAY XY~ ofesYA o[+Y oA s
J[oASY o[+¥YA ofeseld of+sVY o[+085 YYD 0955

VOO ¢ V¥ Y (jlicus) oF o jlach aan il Jlos cdodas cudifags oeosige dlas


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 ]

[ DOI: 10.61186/jehe.11.2.146 ]

) Gyl g yu (5o b Glase oadacs SASE o o 098Il polic culichs 9o 9 Crodlew phad (sl AL

seedlS 51V (AN ) OIS 5 (o/Yex) s

(-\ J;b)mfgﬂ;mcﬁ:u)ju}iy‘uﬁ

S5 pas HD G 0 e o [ Gl

058l o yolis b ) VL OVLS 5 5 05 5 61
IS oals olie 5 omly s e el s
e asls il b (HD b ol s

aﬂbwﬂbﬁ blS;_,S;u\lL.f,}» (CR) &;‘»“j dw}w#}(Hl)&U Olb)w,:";)h"‘}s UA"L}& A dj-\?

oYL, 32 NLETY 0gdlly polic o]
e Ao
Y RN pamosls
oofe IYB0 Oy
o) JIYY- JSes
T N pg30Ul3 HI
NPPRY ofeed $9)
ofes¥ ofo¥e o
NPY IFBY pesS
A Fx)eh $1¥Ax)e~Y pamodls
Y/$Fx)eA YIVYx)eY o
£/83x)+A FIEYx)Y IS CR
V/YOx)e® /Y Ax)e8 PYPRIHA
BIY B /)1 pesS

VP Gliasy o o jlack aau il Jlew Jauas Cudilags cusigo dlao ¢ 10F


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 |

[ DOI: 10.61186/jehe.11.2.146 ]

oLlKas 5 o0l jcuy g sano

weﬂbﬂu)m\éj)fMCuébjs‘bw‘
L‘L:.LE.’ Jil.w) )‘ JQL’ Q\)L;,:J G| LR )U.fﬁl} S DL
o5l ol mbe dox 31 Bl 5 Ol sladsl 3
s ke 5 s Oldles Maes S s e
oAk pobe Sol 5 M a5 T s e sl siS
..,U)b@\}}v.mé)jm&é}
S ol 0lis Sl 586 Lasls s Jhash opl oo
S35 IS8 e ol ;;)ﬂ S s f_}:.ﬁ.)kfj e
Q)L&auM\;§§>§T¢ﬁsb\})r};}hwﬂuf;)ﬂ
S Aoy ;;J‘JT Ol oy QLS L;:jﬂ)}:ﬂéjf{;
uﬁ‘;Md&)ﬂbJach&YL;bjﬂWfﬂjls
dqu,;u;;;g,a;;pwus;\;ow}”ﬁﬂs}
9 e pole 35505 adee ol S L sl30L
ST 510l Gl 5 eme 05l ole L]
..>)l.>éngbo\@éu6l})sfﬁ;lsjgﬂ6m{
s o8 b s LIS o (Bme e 058l ols o
W&b\b}.ﬂ)‘: eu\::)' CJ‘J}?‘}A}QL«J‘ Q.l.g)b g_;’yjb
Sk s ;.Jjwj€):.a>ls g,:-.’.\-l 6[.»;,.1:1.9“‘”@\;&&'%
dlpe Saslen dile oI5 ees mie cpdir 5l A6 LS
ASL;LD-)J.MJ&C)cM}&N\)JL}éé‘)JLﬂ
J‘)QLWJ‘ (_}A‘)P olas QLL.’ e r):.obls 6&[; le:.,,
TPAl e sl 5 st sl Sl 5 (5sS ( ame
Sl s 153l 53 ank 5k 4 Ll 5 o e 5 psedlS
S 5 o 03l Lo (63150 a4 a5 LSL ails s s
S ssms ol b cdilosls |51, S iy s Ol e
Sbuﬁwb‘ﬂél}WQQMLﬁ)ﬁQM}wa

VOV VY sy Y o jlack ala il Sl cdasane Cublags i ddae

(et i3S A o a0l ole Ol

oSl b 51 VL i o) D3 g5 5 JSKS (sl
3o polie Chle guia oSl 53 5 5 anllas 3,5 la
iS55 Oy e Olg e il |y palie 5 oyl aslllas
orl it o8l 53 o 05l jolie slie 055 WL s
olad sl s bgs e oSl ol SIE (sls £5a5 oS
S s @50l pioman Sl 03 55 (S 30 28 Ol VYT
S o3 Lo oy pate gl ailate 4 by e a2in oS
SOl ol o adke CuS e Ul il
5ol o gl oSl S sls Wl 3l (g e
Sl ol 5 ($ols e Ghle Djslms Sl S a0 ey
Sbt sk poi Bl g L35 Ol 3 352 0 ok
Gl 3 S (g5 Slwss sbe 51 gl oS
Gl 5l anlsl 53 5 5 S g 205 13 () saie 5 Ole
o Ol g jied o3l sl 5l p s oSl S
S Oldee Sbt gls &gedyn s 53 el el o
(e ‘{’3; ‘¢j:ﬂ>l5 (e pole cilite slie 5l al
Rl @l LS el ed 518 us 5 JSS p bl
sl chle o 6,5 Sldlas s ol Jlsen Guiss
L Olds s sla SLE 3 e 058l s Cilisis
sl IS 058 Wlagy o s Jled OLL 5 0lysTsL
LS5 sl Gl s Gk ol gl L s S
o ol pole il 2 gla o Syl 5 Slinie
035 1835 Al e IS salS (S L
bt O 3 oS dien S35 51 (5 ey 5 ST (550
s dlE e gle p Saodes il b etV S|
S35 2 S b s 3 ol 658 o a3 5 L s
2 Sde SYsb Sl S ) s S sladd S
il bl 5l G nl 53 4l a5 LTl S

e Ol o Kl g S gls & s (g paie 38 Ols


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 |

[ DOI: 10.61186/jehe.11.2.146 ]

98] G i o1 gdn yu (5 getrio (idd ltso abacs (SLOSE o pacs 0980 polic culicis g 9 CroMlew i (Lo ld

VTN 18,8 5 36 o e b 4 M
ASasladls J5d LB mlav Ll5 e Ol Codls il
T Ol St (580 e AL VT I S
355005 0Ll et Sl Lol (Y0 YY) ol Kes 5 JiaNg
O 058 53 il e gl S 3 e o5y ol
5 @Ot ot atls il o8 TS s
S o b |y o ol G0l e s S asls
olie &S s S 518 (YY) ol 5 GaN oo
4 08 Gl o 05l ol 0 e Dl e
Sl s s OVLS 5 ) VL e 5 BB b
oS ol b J g8 LB s S ols DL e 058l ol
o s b o ot nl egdle 3l s 5 DL 6l
VLS 55 3l iy ey BB ysb a4 0558 53 Ol
s L, s 4 ol S .sﬁ@;»)kg_?cazj
Olas & s plad g ar e gy b las 5 b 51 085S
S s yhesls Jhigel O3S 4l p3Y cpl by Tl
e Ol st B i 5 S sk a1 s sl s
5 2ol Ol ol edle Al Rals
‘wjdﬂ)lstjjmc,&O‘Yng)ﬁ;QlSUS&UQLbﬂ
iy 53 Slarle by (e VL 55leS Gl L
.G‘J\A.sda ol |, &b & df&f&i;zéuwjjcjh
Sl LS e b eSS 3 (s Gew o
St S Gatli Gl ps S e &S AS NS G )5S
crﬂsﬁgw&bo&ﬂpdbuju{ljg&ﬂﬁb
S s paS s ol ey VL Sl s IS e
S N amdls 0835 5 OVLS 5 6l 6 5VL el S e
:)y):‘)&bdd‘@u).a)b@\?r.aérbéwl@ul{
S o anl e S 5 JSS el b)) gls Lasla
O Sl astld 55055 0 p5eadlS 5w roen
e Sy s et s oy Bl ol Ol s s 1
33 Mﬁ;ls 5 e cde S sl Ol sikises

ol @l bes sy Sl il slac e 5l it
Olkee S S SI (655 1 A )3 Al Sl e Goosd
S Gilege I S ml 4 S s 8
L Tl ol 1S 58 5 UG it e cp 38
o 058l pole GlaiE s Gl es Gudo Ll i
i 3l 3 Ll e Yzl g 550 oS s
Slllas 3 Msl ailate ol s bas e Sl glac Il
5 Oligd 5 55381 (g le e a8 o (K03 sdae
5 e Gble la S s e paslS 5 o VL sk
TS o1 L IV SR TG I - S L S VP S ot ¢
A3 Gl e G pl S L oS Wl edd Skt S
0 8 Lies (5 oble 55 es S g p sl (S e (S
Ol gla Sl s Sldl gla el 36 cou ailg
G cpl 3 el i pd S (g3le o8 o 5 0L 15
ol olie pl C3ll e s SAE b gla arls
Sy parls alis azsly o5 Soyll ol il e
(YV/00) s 5 (VOV/01) p5adlS obis o5l S5 50551
Sopae 58 WM gla St 5 1) e 93 (pl e 05U 55
LS o Al
5 HQ) ol it o ol gl ool 53
o ool pobe HD G0k e o J5 ol
SSUE 3 e S 5 e S bl (JSO e o spelS
el s 0\ Sl 5wl (o saie a8 Olise e sla
A JS el s gl s et el olie S
ol Jlat ae Sl JHaasb ) 1 NG Lol w8
o2 le s o0l s s axls slie STosyls s
2 Al S5 el L0l e ke S
R R e e R L P
robe 4 bsse (CR) ol 0w o (2l jislie o 5
Shdel Cs 1 WTEX) ™) o gasls 5 (774N 0 75) 5 S

VY licusy ¥ o jlah cada b Jlos cdasans Cudilags oouaige dlas L ZERY-YN


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 |

[ DOI: 10.61186/jehe.11.2.146 ]

oLlKas 5 o0l jcuy g sano

S yerls il gHsan g8 Olde e LS
5586 (Sl 58t palie Lo pdll e olis S
5o 4 sl Ol bl e esls  Sas
el il Skt (Sl 6o, 2 1) 56 (p ti o gelS
CﬁAJSJ‘:Qu}wb:)yﬁumﬂl{éjj}ﬁ\&ﬁ)
Q‘M@;ﬁwéh&(}d})ﬁbwuffﬁbgﬂ%@
LWEJ)\)&Ywao}ELJJuC}]ﬁ.ﬂé
O‘i‘ sy Olis O.i\ASgL..i\J u"L@"' mf’ttﬁﬁ“‘:"‘) ﬁﬂfu
}wi“*“J&“MA?LLJiL"j)JJ;‘(’l}MMASW\
s B Ol et ol s e e Ll sla Sl
(e g(aﬁﬂhls (s g e};ﬂLg J..pt& ija.w u,’;;”l).e\ 3
@L:ju.o.-j:Q.w\esﬁ&&sudkﬁ-wl);d))jjig
e 8 jexls (HQ) Lol e s b axls
(CR) b5 olb oo o asls 5 (HD 500 o i
r)js%aﬁbu‘gc&g:}cwcrﬁﬂJSggﬂwoﬁ\{fﬂt&
Ao S O b la S 5
il OOSin 5 S el il 1 Oldl Dl a5 U

sl e gz a0 ) ool

V08 AT lias) Y o ylack anujls Sl cdasane Cublags aodige ddae

20l s e et asls bl VLS 5 5 OS5 S
el s 4 s <y < W Oope w4 (HQ)
Gib 51l o 5 pealS S L3S Oy O Sk,
s Lipd oo Mo OLdl O 4 6 e gla S Gl
AL 5 4 0Ll SL Lol w5 o) s il 5 o 5 S
Gk S NS e 8 S W5 ps e Gl D3 5 053
e TS sl el (6 gl ol e Gl
Gib SIS r ppeslS ol ol 1S (6 505 G

.v°>y;¢,,\{;)lj‘_§mljc\€g.p\wﬁ

S 53 o o5l polie JL Gl Gl Resn onl 0o

L5 S5 anlllas 5,50 (g gate b Ol ke gla
IS e sl o o 05l ole Bl (UL
aaslie 53 (gm0 Ol b gl S 5 655 5
ool s 0 VL s a5 olis cpl palie Kl L
asllan 3550 SL= (slasd god 53 p5e3lls 5 s S Olspe Lol
Solar s 5 Sadlar s rmss pasls 5355 Soml
53 o 038l polie Lo e (S35 S 55 eds YL


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 |

[ DOI: 10.61186/jehe.11.2.146 ]

98] G i o1 gdn yu (5 getrio (idd ltso abacs (SLOSE o pacs 0980 polic culicis g 9 CroMlew i (Lo ld

References

1.

10.

Gan L, Wang J, Xie M, Yang B. Ecological risk and
health risk analysis of soil potentially toxic elements from
oil production plants in central China. Scientific Reports.
2022;12(1):17077.

Azimi-Yancheshmeh R, Moeinaddini M, Mazloomi S,
Feyz Nia S, Shahbazi R. Health Risk Assessment of
Metals in Street Dust of Karaj City in 2018. Journal of
Environmental Health Engineering. 2022; 9 (3): 313-332.
[In Persian].

Lorestani B, Cheraghi M, Soheil S A. Effect of traffic
density on heavy metal content of soils and vegetation
cover along roadsides, case study: City of Hamedan.
Journal of Environmental Health Engineering. 2023; 10
(2): 100-113. [In Persian].

Nikfar F, Sabzalipour S, Gholami A, Nazarpour A.
Assessment of carcinogenic and non-carcinogenic
hazards of heavy metals in surface soils of Bandar
Mahshahr industrial zone in 1398. Journal of
Environmental Health Engineering. 2021; 8 (3): 245-256.
[In Persian].

Ke W, Li C, Zhu F, Luo X, Feng J, Li X, Jiang Y, Wu C,
Hartley W, Xue S. Effect of potentially toxic elements on
soil multifunctionality at a lead smelting site. Journal of
Hazardous Materials. 2023;454:131525.

Lajmiri Orak Z, Sabzalipour S, Panahpour E, Attarroshan
S, Tavakkoli H. Investigation of Ecological Risk (ER)
and Available Ratio (AR) of some heavy metals in drill
cutting of Ahvaz Oil Field in 2019. Journal of
Environmental Health Engineering 2021; 8 (3): 329-342.
[In Persian].

Miao X, Hao Y, Zhang F, Zou S, Ye S, Xie Z. Spatial
distribution of heavy metals and their potential sources in
the soil of Yellow River Delta: a traditional oil field in
China. Environmental geochemistry and health.
2020;42:7-26.

Saleh HM, Eskander SB, Mahmoud HH, Abdelaal SA.
Study on rare earth elements, heavy metals and organic
contents in the soil of oil exploration site at Matruh
Governorate, Egypt. Results in Geophysical Sciences.
2022;9:100039.

Jiang HH, Cai LM, Hu GC, Wen HH, Luo J, Xu HQ,
Chen LG. An integrated exploration on health risk
assessment quantification of potentially hazardous
elements in soils from the perspective of sources.
Ecotoxicology and Environmental Safety.
2021;208:111489.

Luo H, Wang Q, Guan Q, Ma Y, Ni F, Yang E, Zhang J.
Heavy metal pollution levels, source apportionment and
risk assessment in dust storms in key cities in Northwest
China. Journal of Hazardous Materials.
2022;422:126878.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Wang HZ, Cai LM, Wang QS, Hu GC, Chen LG. A
comprehensive exploration of risk assessment and source
quantification of potentially toxic elements in road dust:
A case study from a large Cu smelter in central China.
Catena. 2021;196:104930.

Baltas H, Sirin M, Gokbayrak E, Ozcelik AE. A case
study on pollution and a human health risk assessment of
heavy metals in agricultural soils around Sinop province,
Turkey. Chemosphere. 2020;241:125015.

Fedele D, De Francesco A, Riso S, Collo A. Obesity,
malnutrition, and trace element deficiency in the
coronavirus disease (COVID-19) pandemic: an overview.
Nutrition. 2021;81:111016.

Nazarpour A, Ghanavati N, Babaenejad T. Evaluation of
the level of pollution and potential ecological risk of some
heavy metals in surface soils in the Ahvaz oil-field.
Iranian Journal of Health and Environment. 2017; 10 (3):
391-400. [In Persian].

Shahidi Kaviani I, Paykanpoufard P. Study of The Rate
of Soil Pollution to Heavy Metals Cadmium, Lead and
Copper in Oil Industries Land at West Karun Region,
Khuzestan Province, Iran. Journal of Research in
Environmental Health. 2020;6(2): 161-172. [In Persian].

Sawaedi F, Cheraghi M. Study the concentration of heavy
metals in the North Yaran oilfield sediments in the Hur
Al-Azim wetland, Khuzestan. Journal of New
Approaches in Water and Environmental Engineering. 1
(2): 103-111. [In Persian].

Aswal RS, Prasad M, Patel NK, Srivastav AL, Egbueri
JC, Kumar GA, Ramola RC. Occurrences, sources and
health hazard estimation of potentially toxic elements in
the groundwater of Garhwal Himalaya, India. Scientific
Reports. 2023;13(1):13069.

Chhimwal M, Kaur S, Srivastava RK, Hagare D, Shiva
Prasad HJ. Water quality of springs and lakes in the
Kumaon Lesser Himalayan Region of Uttarakhand, India.
Journal of Water and Health. 2022;20(4):737-54.

Agency for Toxic Substances and Disease Registry
(ATSDR). Toxicologial Profiles, Toxic Substances
Portal. 2015.

International Agency for Research on Cancer (IARC).
IARC monographs on the evaluation of carcinogenic
risks to humans. 1-115; 2016.

Soleimani B, Moradi M, Ghabeishavi A, Mousavi A.
Permeability ~ variation ~modeling and reservoir
heterogeneity of Bangestan carbonate sequence,
Mansouri oilfield, SW Iran. Carbonates and Evaporites.
2019;34:143-57.

Kong F, Chen Y, Huang L, Yang Z, Zhu K. Human health
risk visualization of potentially toxic elements in
farmland soil: A combined method of source and
probability. Ecotoxicology and Environmental Safety.
2021;211:111922.

VY licusy ¥ o jlah cada b Jlos cdasans Cudilags oouaige dlas ¢ \r


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 |

[ DOI: 10.61186/jehe.11.2.146 ]

23.

24.

25.

26.

217.

28.

29.

30.

31.

AR

oLlKas 5 o0l jcuy g sano

United States Environmental Protection Agency
(USEPA). Method 3050B: Acid digestion of sediments
sludge's and soils (revision 2), 1996.

EPA US. Risk assessment guidance for superfund volume
I: human health evaluation manual (Part F, Supplemental
guidance for inhalation risk assessment). Washington
DC. 2009.

EPA US. Exposure factors handbook. Office of research
and Development, Washington, DC. 2011 Feb
13;20460:2-6.

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

Abrahim, G.M.S. Holocene sediments of Tamaki
Estuary: Characterization and impact of recent human
activity on an urban estuary in Auckland, New Zealand,
Ph.D. thesis, University of Auckland, Auckland, New
Zealand, 2005; 361 p.

Muller G. Index of geo-accumulation in sediments of the
Rhine River Geology Journal. 1969;2:109-18.

Rudnick RL, Gao S. Composition of the continental crust.
Treatise on Geochemistry, vol. 3. Treat Geochem.
2003:1-64.

Sparks DL, Singh B, Siebecker MG. Environmental soil
chemistry. Elsevier; 2022 Dec 23.

Iwegbue CMA, Williams ES, Isirimah NO. Study of
heavy metal distribution in soils impacted with crude oil
in Southern Nigeria. Soil and Sediment Contamination.
2009;18:136-143.

VEY lieas) Y o jlack asujhs Sl cdasans Cubilags aodige ddae

32.

33.

34.

35.

36.

37.

Alhassan M. Potentials of rice husk ash for soil
stabilisation  assumption  university. Journal  of
Technology. 2008;14(4):245-250.

Douglas RK. Perspective Chapter: Rapid Measurement
of Potentially Toxic Elements (PTEs) in Petroleum
Hydrocarbons Polluted Soils by X-Ray Fluorescence
(XRF) Spectroscopy. In Heavy Metals-Recent Advances
2022; IntechOpen.

Babaei B, Sobhanardakani S. Determination of heavy
metals contamination in children’s toys marketed in
Hamedan City in 2015. Journal of Research in
Environmental Health. 2(2): 165-172. [In Persian].

Bouida L, Rafatullah M, Kerrouche A, Qutob M,
Alosaimi AM, Alorfi HS, Hussein MA. A review on
cadmium and lead contamination: Sources, fate,
mechanism, health effects and remediation methods.
Water 14 (21), 3432.

Cai LM, Wang QS, Luo J, Chen LG, Zhu RL, Wang S,
Tang CH. Heavy metal contamination and health risk
assessment for children near a large Cu-smelter in central
China. Science of the Total Environment. 2019;650:725-
733.

Yuswir NS, Praveena SM, Aris AZ, Ismail SN, Hashim
Z. Health risk assessment of heavy metal in urban surface

soil (Klang District, Malaysia). Bulletin  of
Environmental ~ Contamination and  Toxicology.
2015;95:80-9.


http://dx.doi.org/10.61186/jehe.11.2.146
https://jehe.abzums.ac.ir/article-1-1037-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-27 |

[ DOI: 10.61186/jehe.11.2.146 ]

Journal of Environmental Health Engineering, January 2023; Vol.11, No. 2: 146 - 162

Health and ecological risk indicators of potentially toxic
elements in the surface soils of the Mansouri oil field in the
southeast of Ahvaz

Mohammad Velayatzadeh!", Mohammad Reza Moudi?, Mahdi Mirnia3

1.Master of Industrial Safety, Caspian Institute of Higher Education, Qazvin, Iran.
2. Occupational health and environment expert, HSE unit, Zahedan gas power plant, Zahedan, Iran.
3. Industrial Engineering Graduate, Zahedan Branch, Islamic Azad University, Zahedan, Iran.

Email: mv.5908@gmail.com

Received 23 April 2024 , Accepted: 29 April 2024
ABSTRACT

Background: Potentially toxic elements are part of dangerous environmental pollutants and are
carcinogenic to humans. This research was conducted in 2019 with the aim of estimating and evaluating
human health risks and environmental ecology of potentially toxic elements in the surface soils of
Mansouti oil field.

Methods: In this research, soil samples were prepared from seven study areas. In each station, five
random samples from an area of 5 square meters were mixed in a composite sample and 1 kg of surface
soil (depth 0 to 20 cm) was collected in polyethylene bags, thus 105 soil samples were prepared.
Results: The average concentration of cadmium, lead, nickel, chromium, vanadium, copper and zinc in
the surface soils of Mansouri oil field were obtained 1.05, 69.11, 86.79, 99.14, 23.76, 34.05, 65 and 118.22
mg/kg respectively. The highest and lowest values of the potential ecological risk index were related to
cadmium (157.50) and vanadium (0.34). The carcinogenic risk index for chromium element was higher
than cadmium, lead, nickel and vanadium for adults (5.25%10-%) and children (3.91x10-4).

Conclusion: The pollution indices of potentially toxic elements such as the values of the pollution
factor, enrichment factor and land accumulation index showed that lead and cadmium had the greatest
impact on soil pollution and the levels of potentially toxic elements were high in concentration
compared to the background values and had a global average, which indicates that crude oil spills, light
and heavy vehicle traffic, and related human activities in this area have significantly contributed to the
increase in the levels of potentially toxic elements in these soils. It seems that there are potentially toxic
elements that do not threaten human health and do not cause health problems or pathogenicity.
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