[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

ﬂ}k&&duw‘kﬁm‘gu)\u@
Ol Jamee Clildg ke el
YYA B YT Slonis VAT DLl 055 o5leh cotin 053

S S o (a5 S ool b (g leand 3l go b agerlgo Sy (215
6‘)‘ Wﬁjﬁ: LIRS astUan 0)‘.:&6.'\;.?:-

Pl ol Fgls o e (g e Lo jdes S ghiadg o5 Lo oM O s S aals

SAVARVAR NP JYR Y, AV/ P ATV il s

oS>

e 33 a4y 1y 0Ll Sl Kl o edts b b oiees Sy g 41 8 4B ST slacd sl ge | Ll Glbl Las 138 5 4t
BVl Ol O geben G 5 iem IS & Jgitie pliond mbio 3 Oler lam 53 L Ok ¥ S sl oy nl 5L ,S WHO (gla L S
Gida bl o B! 35 sliewd 5lgs 51 30 Cospanme Ogekoo V= 5 263 S o 0l LIS 511G 5 0ds S a5y pland 30 b wles 31 5o
Gl mbie J S Sl slgi 5 68 iy S oLl SIS Jame 53 350 50 gl 3l 31 30 Ol st sl andllas ol )
el g o S 3 Sy S2alS L ol

) AU s sl &S e Sy e ks lolid S et 50 352 se ploand S5 Ml GEa s ool 53 i 2 (B
oo 5 O, i oyt o 53 (Ad oS 3lge opl o bliee 5 TOPSIS 2y, 51 eslizal L 3 B ol sl s 35
A5 S e ad Bl 3 ol 3l b gl e S s Culg 55l aloue gland slse b OLS S 4l e

(Sl Al (S gl 518 e o3l oty Lol I VU kst Sy OUSIS sl moimn 53 335 g 3l g0 31 pliSomen 45 das oo OLES i slmasdly
Al VU Sy Sl s 5 25 i OLSLIS (gl IS 5 5 Sl 5 eale 53 5 (gols e a0 a5 OLSLIS gl Jple 5 IS 58
S s slpe ol A 5l 5 558 3L LT eslinal sl 5Kl ol i A VL st 5 VL Sy b oS (6350 15 S o

.}_5.:4

gl ge oy o bl Cu o (S i Shl ey jn oSy bl 1S 08515

O 05 el oA (s hame 2550l (5555 (8 gl

O, oS (s 3 aes 0SS il ¢ o (5,55 =Y

Ol oS e s 0 a1, L3l GISy ey (5500l 2 (655 T

O ol oy Slame a5 sl (S hamms (535000 1 5 53 ¥

Ahedayati@ut.ac.ir Ol o8 (s arms 0 ASCES (o S a5 30500 1 (653 (5 gl 1 s 0 ) 0


https://ijhe.tums.ac.ir/article-1-5344-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

55 Sy 2l el e 515 Ol andis 5 wlio o

OF) sl 35 Wy oolst Cpatl s
e slse 31 30 Ol et b aadlles ol 51 CBua
slpe b QLS agrlge Olgee 2Lisl O laes 55 552 50
56 by Sy 055 patde (SUjE Slad
Sy 2l L Gl gl e J 28 lalidl sl

NIV N gt LI SV IS

TP RIre

e oSV Sl 3 meime al iST andis 4 mee
3 03 5 2 msp m Sl el YV e ls 5o &3l (ST
e opl 03 Sl ss S Slal JLSa VWA Sy
Sy Sl M5 glaes s S5 ol S Olse
0> oL a0 piS sl 5 olend
R sk AYYYA 5 e sk cosline sl aass
Jlo 5 b ol s (Ol iy Comd) piins
e b Sl (bl e s A sl 4 1 YRY
W23 S 3 g e o WYVY Jl s OF Jil 5B el
g3 5 i M5 5 et e ke 4 S alsl s
Ol gy OS5 a5 eSS @.Njfw sladsly 5
W5 e 53 5 @Il AT b s petme Al o A
el 1 ol A5 Yo Glls 0 S Ten maime opl 23 Sl 3
DI e S I ok e e
s 5SS A sl A1 ot Sy st e
Aol a6 5 5 I Ra Jlss el s o3l
Aol BGI LS Laals IS ISty 5 JSVT (S
SRR R ERCE N P NN
Ol Jl 3 Y FPAc e TON ¢ S| oa

5 b B (S 5 S Gl ae et o0l ST
Ve oS ol gatme ol 3 ol ST b el Sl
oK VL 51 Y8 K b 6 ) b G o s 0T Ao
S ol glad sShe il ATy 53 B 553 o el Olgis
SRV 5L 5,50 b il doys Yo Ll 552

Yr

..... K GHIZNG F 583 Ulkes 3t

PPNV

Wb 55 A SRl e DI 5 S 05581 555 A
(e s =gl 5o pland slse plSl Dol 5 8
gﬁf_.urxgs;:o),\{.wlml;&)sbgL@;.-)Lg\dlau
ol sl sy ¢ plimn 31 g0 31 530 030l 5 s
53 Ol Sl p L0l el 5 LBk Sl
slye LIS (Y513 8 dalys Sl st o Cilisin |1 e
J=le e 51 SN Ul 4 il mlio s plas
G b0l DLk Llg o plard 3l Sl
55 oLl ol 5 oot 03550l (il axils OLS,IS gl
e 2lse plgl sy Lo @ w3l 4l S Lo
L)l 55 2 (6 SIS 5 Sl 51 ST
slpe b oagrlpe Ol 2alS 5 o Kb gl o0l
s pll Sy bl O Jaee 5o ol

wul b Dol Copde 5 Sl Sl Sy bl
23 G5 o p S5l el Dol 5 (P 0)5 50 s pll
OLle)y ool o K15 00 S Jomn 5 5o e a8l 5,50
Ll LT a8 sls jaseis Olyn aSgsb a5 8 ol
Cgr (6 DLl L bl 38 5550wl Sy
5t T s 05,6 plil ol S 5 e
gl W15 L sl e sbasl il 1 SG Se s SL3
Slad=ls 5o ke pl 6l p s sledy St 5
Sk Sy Sl ((Hb J s b osgr e axs
Sye Cgo s by ye sladaly b 5 Sl (5 g 5T S
S i) g K 05k A28 o Do plerd
S o duady Ll sl el 1y Sl bl
Sy S S350 S35 2 Olesl s 5 Olej Lol (Seas
Lies fage sk oS (635050 515 ekt Bslans Ll 1l
.(°&).,\J.>j§ Jél.'p

oo bl s el s il glaeisy adS
Slos) ol dug ooliial ad &5 i 530S S
Q) BT a3 1 golasl sla o plu 3 (5ol ale
Sy L5l OF linie 5 I olasd 3150 51740 31 Liw
W5 ey S 53 pleand Glas S 5 el sl ol
S Sop bl s g a8 e a5 (VW)

VPP il (g Lo (mias 693 %ﬁ 8 » % ﬂ_l/

Ulpl bazo Cublags ole ol Glidg fu ol swlibiad


https://ijhe.tums.ac.ir/article-1-5344-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

Ol)5ed g Sulax ol

o 0 WL Sl past ol S s 0l 5 ol 3l
ol ol VU a ol e s s bl asls ol
el 5 S5 (Kb S s a ol 5505 S
PR V- PP PR TV PPN
Loagrlse 5o slse cpl bl cipls Lol st gsle Ll &
sy aly Skt o bl b L s olecd sl e
sbosd o3l b Sl as S Sl W Shy opl Lyl e
g oole 035 SU b gl ol Olse a4 cplply ol
Wzl e gy Jold Laslas 5les Sl ] o ol
RGIUW N PR3]

L;iL:"‘:“‘:" J‘}ﬂ QJ)J SLJJG;- 6‘)" ol Cl_)m‘ (5LAJL:.&A
S basbas boaslie 53 Al 513 25 lasbas o5 S
I s (6 pis ol s Wjls 13 S5 05,5 >
oéu.lwl L: f}) A:JL-»._!‘LSJ‘ )j.ld»d g)"‘ LS‘J" (\9}\0)“
)\j.s\rf “ LA)L::u d‘i‘ ERps rbu\ aﬁ..c 9 C,.m.i).}a.:m
o Slaglis sl S5 ae3Y Ll Expert choice
(\V)Jj.étja Cl}u\ L5'I.9L~« T 4......3'\.5.0 wjjl.ﬁ Bl o.)l.ﬂ.t.ull;
.MJ& OWUL"UL:'-‘LSU eJ.ATCw.)A.:Qj)c\ J)J}-
&j)d{%.ﬂ&))f})d}fﬁﬁsdsjﬁw

) Slaslis 3,59, wlal 5 b jlae 055 N d g

Dbae 055 Slas 55
YVY S S les
v/aM0 Q}?legitjo\)h;'- o)
Y S S sbaslae
oYY ) S
Y »

DAREY Il slaslas
Y\ il Jail 5 e =Sl
IR S

/o) SAS s

/24y ol

oY)
%ﬁ Jﬂpmwumu.ppgm‘moﬁg

Ulpl bazo Cublsgy ole ozl Gudg fu ole owliad

¥

Kos gladsls STyt slse opl 5l b 45 5d e A
J;'-bﬁd&:ém.bl.&@@;;ual); S 5 sl s
)_}.&& ))L.é )_5*-:5 C)l}-)

Sy ojbreir 2L )

Pl aS it S 3l eslizal b Sy b5l anlllas ol
SOl Slal a4 SleMbl 05,51 S s cax ST 558
3 2 Jol8 Dbl oS Sy ol Gl p bl s
33 el e a0 58 L, s s 4 (V)
G by Slale 5 Sl (55058 A s
Sl BU Ol st Ol 1Al (s cnl 53 35 e planil OF
o slrokizr (5 S emenas (Sla B 3 ealinal b pland 55
St 2 el se Ol 53,5 B 5o b g gt
Slr s IS Sl da e 53 5255 o il
Gl Kb St slsl 5 B b e Slasans a8
Sy el al e a3 Sy 2Ll B
(Hazard Rating)s blswe s w2 o)

S ot 53 550 bord 3lpe il el o 0l s
Sye Jold et 2l YV matms ol 53 ok ol
S LT L OLSIS o8 55 55ms basey 5 T 5l 50 iikas
osliial b sl slse (gl e bl oy b aalsl )5 S o
Loyl 1l 5y opl 3 s aels TOPSIS 25, 5
23 e B L Gos sl s S gl
Lcole 0o s o JSE0 1) el o Sle dy > o
Technique)TOPSIS Ale S s g Slo 53 cnl 03 S 305
for Order Preference by Similarity to Ideal
S o el [ ol 3lse o6 055 (Solution
iSOl 4 e Sy 5l Ad e Waslne gl 5
sk s 4 s eslaad ol el G O SU ket
CJJQSLM&@MQ}L&JUﬁMﬁ)QMM sl
N

waS spd e Jola |y slaslas o5 S ul i sy slaslae
Ol s o 3 a3 550 |y Ol Dl it D) 50
Gl 4525 31 36 Dl st (o Sl 53 Jols 4 o5 S
ol i e 555 ey S L anglie 55 0T el
S Sleo gz daslas 5los 3 opl 1 S5 glaslas


https://ijhe.tums.ac.ir/article-1-5344-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

..... Kl GHIZING F 583 Ulkes 3t

sSb‘ﬁjheS:_ul\JQ

3 s e el TOPSIS 2y, sl =l Jlsle s
¢USJ,A =2l O3 o el s s e Ll s 2
okasOlis Oy cpl cwl sdd jailie gl slge )
S oalael cpl Sl a5 cl slge pl Sl e Ol
LSS et sl el dnil

S el s s (Sl wels] 3 e bl g e
o 3lge 6l 5 5 S eslinal gland slge ol 055
A s bl 3 (N sdr w ax 5 L
:(Exposure Rating)ag>| 4o <o S

oAb 5l S el e WSS TOPSIS
Sl 5 ot Carbse 3 a8 5 Ll "L5J‘3§("3'°"‘a:’
M oay3S ool Xy, S onl 5o LS 1 e b
lbesd slse ol S Lol (VA Nl 4 o
Dre O 53 alard osle Coandy S a8 sles o o
sl iy, Hlae a6l eade wsly D5 4 aS ]

]
03358 o fle al= o opl o3t ol sl Sl O35 s

wstleond 350 0 blowe o pd pens (Y gk

stlood ol 5e o bbs o 5 e
_wi‘““ult‘:‘&_dl”'&‘ulﬁ;'gfli \ )'ljl‘,SLe_"iQ)'jsxSé;lf
S AeeSled =0 5mSt = o g WA
—JJUJ{L;L;—OBJ)J?&J}K—Q}SQL Y w@idj)ﬁd)l}a
SN lsles el YN =Y
R 5| B P VRN WP W B TY A o el 035 45 ol
—JSNS Gl et s ¥ o 035 S ol e
Szl doud = 5180 L5152 RGN IV ARV
3 = A ST = 5B Y =5 0 i T 05 &8 (sol5e
AS S —obkd s — Sl RO Y/

VAP il (o9 6 jlah oida 6593 %ﬁ " ® %J" gﬁ/

Ol bz Cail gy ol ozl gy ale swlibad


https://ijhe.tums.ac.ir/article-1-5344-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

Ol)5ed g Sulax sl

oo Howgrlpe oo By oo R OT 5 8

NG o_/.lél}'m
3 e ool Sy (Suad ) Sy o 2 a5l Ay
(F Jsa)
Sy a2 g
B) &nﬁn—l) -
b Ry
s V/Y=Y/A
L 5 Y/A-Y/0
pL ¥/0-¥/0
Y £/0-0
Laasl

L agrlse oot OUSS Sles S am Sl pards,m o
sl Gl5 o Jolie sl 05,8 Lls 1y olesnd sl
033 55,5 YO R Jsles (Fe MIN L a)azin 55 L 00 S
Aaia 5 )L WA S des Ol el 5 g8 A5 LSS
w)jpf@ow)5¢ycj;,\VhJ;tM(\‘aminJL_
O h Jsleo (V B Sl pa)azia 55 Sl 0 oo gl oS des
Sy Ol oonl B ez BLEE 5 slad lse L
anles QLSS 3l oy S aw ool (sl b 350 b aglse

K(NNSPREDRW
3o50 olend o3l YV 3 il sdal Jsd 55 oS shailes
moS G i S sl 0 adls
o bles B SLls (S 4S8 =058 = ks 2 Gk
ci) glasd o3be ¥t 5l s cpl a5 ds )
15 (U8 sliss = b s b —055,08 5 oS
— ol —l) pleard o3l A el oS a6 ble g
~J5b sl =565 s el 61 =V — s n
osle ¥l b e o PCTR o bl o s (Jsile
Jolss —dSOE lilsise —eb sl pp) bt
S Lzed ¥ oo bl oo ghls (Kool dewl —d 515 R

oY)
%ﬁ Jﬂpmwumu.ppgm‘moﬁg

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

YYY

e b (Al agrlye mhan o Gk Sl 4l o 8
el b S il 3 el el s b
—$0s B Bl s BB s (L 5 (0l g
033 oS aaly Sl eslinl b oagrlye Sais Sl

) el )(YT=14)5 55 s

FxDxM
Tw

E \ abal,
Ol 5 aS
(ppm) Sais agalse Ol 5o =E

(azia 3 3liad) wxin 3> agl e LI SG =F

(Ppm) 4y 2us =M

(Fr h) win 5 8 coli Lo 2o =W

081 (M) gl ye a Sode J b Jav 20 =D

ploil aibs oS Sloy 3 48 ol OF 5 (53 adaly a3
g lagarlpe 4SS 3 5 s

arlye palie el Conds Y adaly 51 S agrlgo ltde
Gk Sl agrlge o b e 355 0 s lie oo L e
Byhe e 5 dsdx

(Risk Rating) s ; <u 2

2 e bl o ol Gl Sl S 2 2
o ol o o Il 45 &y n pils ol oo e 0 ag 5o

gRE GT‘\?#}U&S@ Co o 3 el s s
(Ve DNV S e

R=+ExH Y b,

o 3150 b agarl 90 g mend W st

rlp o | B) Saia aexlse
\ Y ) eSS
Y VN RYARE
¥ VG0
\ TG
) Yol i



https://ijhe.tums.ac.ir/article-1-5344-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

..... K GHZING F 583 Ulkes 3t

Sl odis 03 Aisee Jolin gl (ploand 350 b agrlse S (2b5,1 05

3k Sl sl 5 (5 SO e e | Jels
Sl | e e LSS I e s i | e | ekl sl 3l e
Sy | S arls Sy | S axlse Sy Sy | 4l

oS Y/F¥ Y L e \rAtd f p® Y/AV o v s
oS VY ) Loy v s L e ¥ Al s Sl
oS \VY | Lo g Al Al L e \¥AsZ f Y s
oS Y Y oS Y Y L g Y/AY f Y oS o
oS Y/YY | Lo g Y/\$ Y L g \VALZ Y o R
52U /¥ ) presy \7Ad \ oS Y Y Y O35, 58
oS Y | oS Y \ oS Y \ f ol s e
oS \VY ) oS VY \ L e Al Al s Ve
5t \ | oS \VY Y oS Y f \ b S sl L
=t \ | oS VY v oS (% A \ oS il L
e \/$ Y oS Y ¥ oS Y f \ e s b
oS Y/YY | L e \VALZ Y L e \vAts Y o RFIEHYE
oS Y Y oS Y/£0 A Lo g \vAts o Y by b
52U \ | 5t V/E Y oS Y/YY o \ REy
oS Y/YY | oS /Yy \ oS Y/YY \ o ol ans
el V/E Y 52t \V/¥Y Y oS Y/YY o \ oSSl e
oS Y | Lo g \¥AfZ Al Lo g \¥AsZ Y f IS sl 5
L g \rhld Y p® YIAY \ p® \Ax% i o Sl 58
oS VY | oS VY ) oS VY ) v ol J 50
5t \/E | 5l V/E \ oS V/F) \ Y IS Lt (gs
oS Y ) oS Y \ Lo Y/AY Y A\ sl sl o
oS Y | Lo g Y/AY Y YL A\ f f Sl !
oS Y/Y¥ ) oS Y/YE \ oS Y/Y¥ \ o ol s
oS VY | oS Y/¥0 Y oS Y/$0 Y A sl db s
oS \VY | oS Y/¥0 Y oS Y/f0 Y v Jsbip 53
o Y/YY \ L Y/AV Y YL Y/AV Y 0 58
oS Y/¥0 Y L s \VAiZ ¥ N[ Y/AV o Y Jsile

38 5 SLisel3E esle 55 5 5 o ,ar L LS, ),
5 Ao Vb Ky Sl ppend 5 28 S5 OLSLS ¢l S
b o DL sl pland sl 51 G pliSen
I8 5 SLisal 58 Sl slse o 53 5 215 VL S

Lol Sas e OLS 8 (6l IS
s ol kil ST 05 asle 0
Sy UL, 638 5 aw ly ol s (JSOS
it O3l Ol U b pl S Al GLSS

el 3l g0l L OUS IS (gl 8 agrl s

AR

—r) wherd ol £ Cnl YU st fisly sdiasglis
S —old s — S el 58 =l ST = sl 5 V)
el sl S mn D o bl b Shls (IS
Jeilyy odasOlis B o slael cpl ol i WU L b
b dlaml Dk nl (Goge 53 5 Lt dlse ) Sl

.,\jﬁi{)l} slge wl b ules 55 OLS,8 &S
slge 3l <=‘.,\§>=,.A s o 0L Ky oL ale b
Ll il VL ot S QLS (6l maizme 53 357 0
Jpbe 5 S 55 Sxul deml SLsal 5 ki asle 2y

VAP il (o9 6 jlah oida 6593 %ﬁ . » / ﬂ_[%


https://ijhe.tums.ac.ir/article-1-5344-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

Ol)5ed g (ulaa ol

2l ot g el bl Glaslae 4 xS
Y Aas e olas &...w;) ‘fi]*b} 4.@}\).4 g,\_.v.ﬂ go;lal:'u:

RGIU IrSS WP JEU&- 4.3[.@_.:])2 Lo S ¢Qy).€.>r.4
KM‘QLA‘JQ‘AE\)‘LQ\):&A&Jk_dbuéubjﬁd‘f

4 byl gl pnad by el Ol 108 26 sl sl

Sl Bl ol eSSy Ol 5l oS S HSE s o
el optege 4 aolsl 3 aS syl 13 mlb tix gles
@ h bl Lloy ags OS5 25l 55 e o)l
S 5 cbli= bles coa dgl 5l eslinad wl 1)1
PO R WS R AP P cusﬁh}iﬂjg@u&f:yi
J\ é)‘éfm‘jmjai.wﬂrbu‘ LJL§<=L>u\ éh&))@uﬁj)
6)\#‘ -b-,"\j‘;’ 6“&.’.“)}&&5 v.«k—-; L)Ls laeu B \j.ih
S Sl @S L 53 (L el sl sacas
3 A8 Sl Ll WAL i Sy oo dix e

(sl el Sasen

& S 4o

sy e 530S 53 58 5 i phe wle sy @ xS L
b el sl 5l o s Gl et Dl S
Sl (a8 530S 5l S Rl 00380 501
DS, gl Ol sk s il s slpe LS 3 b
Dol Gl erban GeS i Cilnie gla s
Sl s Ol 3 QLS IS 31 plaSoms 5 ol il
Gl e sl b agrlpe Seos oo L3 wiS S
LS, Lis gl gocp!l Sl ccml @ogline (Ciline oLl
o Gl S (53lge L LIS (K 4 g e slacu S
nrﬂ T RGN R v PR T LM);.:)VSQHU Sas
5 ) Ciiies sladsly gl oS 2 HSE i Lo s
S Jlis Gl YU s 5 VU Sy gy o (53050 Ul
(S o S8 win p YL Yo bl i Sle &0 @
5 ops anl Ll eslizal gl o5l ol jzg ()l
25 6,8 s dlse pl A

@0
%ﬁ Jﬂpmwumu.ppgm‘moﬁg

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

ot 3 e bl o Sls pliard slse Sl ol
Ol e bl S Gl s sl 5 s s 4o
it SLls e 45 galpe Lol ki VL agarlpe o
S g2 dizen Vo agrlse oy o 5 VLo bl
T b agrlse L3 i il 4 5L 5 Ll iy
23,5 Sl onks o gaizme 53 LSS (slaes,S o 3
b S e olend olse boaglse 5o (ol e e
DB 53 s 5 5505 S G oy i r Jete
L Sy o 2eS ibi0,8 5 Aol 13 Sy op it
el 5 leds sl 5| 3L L5 e g s ool S 5505
L agrlpe 55 m A3l olac 30 b L6l agrl e oosline
e olse b (g i Olos S 058 8 OLSS oliard 5l 5

21 G e Sy e 53 AL B s

Cou
Sl 2l 0550 (S padse Coenl 4 oax s L
Saolesle 5 OLLl,ls b Sl pland sl ge Sy 2450
) 55 el ol &l Sl s el Fles b ka3 e
) Db G Sl Lo ble g b als sl LA,
ol g el eslal (Lﬁ-lﬁw slge O3 b'dUoJ..u Jbe Ol oo
b5 A= B ekl s 4 S oS LS o g5
2 P b skl o ool Sl sleel LB
Rt o o bl o b e Sl o sbme ki
OLSS (gl 5 osle O o 31l e a5 e S5 sl
S A= B b 90 08 4 Sllbe 55 1) 555

R PO S
S Sy Gl bl p o oS edes glalex 51 &
CiES pe 3l 36 slallat 5l ke Wlekd €1l 0556
S s moee So3pde Jle Ulge 4 (Gl s
St gl 51 A6 slalla ol e Sl skl Joue 5 ol x|
BG4 s b oslad ol Sl bl 38
Sl p s bdde da iy (V¥ geme 53 d 5 (sl
Sty il Al S &) L andlae onl 55 o lslous
b Slse 5 S i n e elebs 5 5ds
Sl PBlas ol lallas pledd v O )5 3 92 90


https://ijhe.tums.ac.ir/article-1-5344-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

@l:.a
1. Nabati P, Sadeghi Moghadam M. Chemical
Safety Management, ICHSE 2009: Proceedings of the
2nd International Conference on HSE; 2009 May 14-
15; Isfahan, Iran (in Persian).
2. Ghani M, Golbabaie F, Akbarzadeh Baghban
AR, Aslani H, Moharamnejad N. Evaluation of solid
waste management in the chemistry laboratories of
Tehran universities. Iranian Journal of Health and
Environment. 2011;4(3):351-62 (in Persian).
3. Chavoshi B, Massoudinejad MR, Adibzadeh
A. Evaluation the amount of emission and sulfur
dioxide emission factor from Tehran oil refinery. Iranian
Journal of Health and Environment. 2011;4(2):233-44
(in Persian).
4. Tabibzade Moghadam N, Haghgo S.
Application of GIS in the environmental impact of
using dangerous chemicals. EMP 2012: Proceedings
of the 2nd Conference on Environmental Planning
and Management; 2012 May 22-23; Tehran, Iran (in
Persian).
5. Al-Sharrah G, Edwards D, Hankinson G.
A new safety risk index for use in petrochemical
planning. Process Safety and Environmental Protection.
2007;85(6):533-40.
6. Crowl DA, Louvar JF. Chemical Process
Safety: Fundamentals with Applications: USA: Pearson
Education; 2001.
7. Crowl AD, Louver JF. Chemical Process
Safety: Fundamentals with Applications, 3rd ed. New
Jersey: Prentice Hall; 2011.
8. Health and Safety Executive of UK. Five steps
to risk assessment: A brief guide to controlling risks in
the workplace. London: Health and Safety Executive of
UK; 2005. Report No.:UKG156.
9. Zainali N, Abdolhamidzade B. Risk assessment
events of possible chain in two adjacent petrochemical.
CPSL 2009: Proceedings of the 3rd National
Conference on Health, Safety and Environment (HSE);
2009 March 6-8; Tehran, Iran (in Persian).
10. Khan FI, Abbasi S. TORAP—a new tool
for conducting rapid risk-assessments in petroleum
refineries and petrochemical industries. Applied Energy.
2000;65(1):187-210.
I1. Able M. Innovationrenewableenergy insurance
facility introduced to cover risk in developing countries,
Munich: Media Relations Munich; 2009. Report No.:
MRM12.

YY'#

..... Kl GHIZING F 583 Ulkes 3t

12. Huang R-H, Yang C-L, Kao C-S. Assessment
model for equipment risk management: Petrochemical
industry cases. Safety Science. 2012;50(4):1056-66.
13. Babsu JR. process risk management for better
insurance benefits. Proceedings of the 1st International
Symposium on Safety Instrumentation in Gil & Gas
Industry; 2008 Apr 12-14; London.

14. Mohammadi M. Geographic specifications
the Arak Petrochemical Company and the scope of its
activities. Arak: Arak Petrochemical Company; 2013
[cited 2013 Jul 15]. Available from: www.arpc.ir (in
Persian).

15. Gharabagh MJ, Asilian H, Mortasavi
S, Mogaddam AZ, Hajizadeh E, Khavanin A.
Comprehensive risk assessment and management of
petrochemical feed and product transportation pipelines.
Journal of Loss Prevention in the Process Industries.
2009;22(4):533-39.

16. Saaty TL. Relative measurement and its
generalization in decision making why pairwise
comparisons are central in mathematics for the
measurement of intangible factors the analytic
hierarchy/network process. Review of the Royal
Spanish Academy of Sciences, Series Mathematics.
2008;102(2):251-318.

17. Moeinaddini M, Tahari Mehrjardi MH,
Khorasani N, Danekar A, Darvishsefat AA, Shakeri F.
Locating landfill for solid waste municipal by fuzzy
analytic hierarchy process and data envelopment
analysis (case study: Alborz province). Iranian Journal
of Health and Environment. 2012;4(4):483-92 (in
Persian).

18. Momeni M, Sharifi Salim A. Models and
Software of Multi-Criteria Decision Making. Tehran:
Forozesh Publication; 2011 (in Persian).

19. Stewart TJ., Scenario analysis and multi
criteria decision making. In: Climaco J, editors. Multi
criteria analysis. Berlin: Springer; 2002.

20. Bluff E, Franklin P, Macdonald N, Murdoch
C, Niven A, Pisaniello D, et al. Guidance note for
the assessment of health risks arising from the use of
hazardous substances in the workplace. Australia:
National Occupational Health and Safety Council
(NOHSC) of Australia; 1997. Report No.: NOHSC
3017.

21. Arnant M. Risk assessment of the use of
hazardous chemicals in the workplace for workers
health. Kuala Lumpur: Ministry of Human Resources,
Department of Occupational Safety and Health; 2000.

VPP il (g 6 lods (oias 693 %ﬁ 8 » % ﬂ_l/

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5344-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

Ol)5ed g Sulax sl

Report No.: MHR158.

22. Jahangiri M, Motovagheh M. Health Risk
Assessment of Harmful Chemicals: Case Study in
a Petrochemical Industry. Iran Occupational Health
Journal. 2011;7(4):4-0 (in Persian).

23. Ghanavati Hormozi A, Naddafi K, Nabizadeh
Nodehi R, Jaafarzadeh N. Determination and Emission
Factories of SO,, CO,, CO,NO, NO,, NO_Gases in the
Fanavaran Petrochemical. Iranian Journal of Health and

Environment 2010;3(1):83-92 (in Persian).

oY)
%ﬁ Jﬂpmwumu.ppgm‘moﬁg

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

YYV


https://ijhe.tums.ac.ir/article-1-5344-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

Iran. J. Health & Environ., 2014, Vol.7 , No.2

Risk assessment of chemical exposures using Multi Criteria Decision
Making
Case Study: Arak Petrochemical Plant

Shaho Karami', Gholamreza Nabibidhendi?, Hamidreza Jafari’, Hassan Hoveidi‘, Amir Hedayati**

"Msc Student in Environmental Planning, Faculty of Environment, University of Tehran, Tehran, Iran
2 Prof. of Department of Engineering, Faculty of Environment, University of Tehran, Iran
3 Associate Prof. Department of Environmental Planning, Faculty of Environment, University of Tehran, Tehran, Iran
4 Assistant Prof. Department of Environmental Planning, Faculty of Environment, University of Tehran, Tehran, Iran
SPhD Student of Environmental Planning, Faculty of Environment, University of Tehran, Tehran, Iran

Received; 17 Novemer 2012 Accepted; 11 February 2013

Abstract

Background & Objectives: Human environment is surrounded bychemicals that could directly or indirectly
endanger human health. Some statistics of WHO is indicative of the fact that four million people are em-
ployed in the chemical industry throughout the world and one million people die or become disabled annually
due to contact with chemicals. Moreover, 1-4 Millions chemical toxicity occur annually. The purpose of this
study was to understand the risks involved in chemicals in the workplace, to assess the task risk, and to pro-
pose appropriate control measures in order to eliminate or reduce risk in the petrochemical industry.
Materials & Methods: In this study, the chemicals were identified in Arak Petrochemical and features that
are indicative of hazardous materials were identified and using TOPSIS, The hazard rate were determined.
Then the job duties of employees and employee exposure rate with chemicals were calculated and finally, a
risk rate for exposure to chemicals in job duties was determined.

Results: It was found that chemicals do not have too high risk to employees; however, but the high risky
chemicals were five chemicals including naphtha, ammonia, acetic acid, chlorine, and methanol for opera-
tional staff and two chemicals, i.e. ammonia and chlorine for operation and maintenance staffs .
Conclusion: It is better to have an alternative for the materials that their risk rang is high and very high, and
their production is suggested to be avoided.

Key words: Risk assessment, Arak Petrochemical, hazard rating, risk rating, exposure rating.
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