[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

1W9¢ GG /P s)laids /V sla )5 (ool § Cublagy aslibnd

S 1065 Lo S 30 (o SLOONIYT b 4g> 190 Sy U 3

1P Fodael JloS =7 cog 5 e =T 5ol ol padl Jloz duw = 132 ol 540
Sl e ol (sl o - gaeal Lo ke

shahtaheri@tums.ac.ir

IF9/) /Y s g b IF90/8/10 dly o b

AN
)LYJQWMBJWMQ}suojlwﬁU’JAUAAML;LDOg;)'Lg)L\.w.MMJfJL.:oJJ#)QZMM
2 lso slooanYTL LS IS dg>lge Sy oy pp B b dnlllan ol 0iiS oo ool Sy b5 Lo,y 5]

235 plonl QLS S (ond dlaie o (LBl Sean) (b))l sekaie 4 (3lug 093 lio Sl (S

NIOSH 5 7602 o Lo slajss, 23,5 alosl WA Loy _shite & 50 4 5ol aslllas )8 o,
Slassayo )5 oolaiwl (LSS e ddlaie 5l udew ¢ BTEX oloS 5 3T 5 ()8 Aiges g 1501
Sipt 61 el S S8 & e 31,5 g, Lo el 06T 5 (6,1l BTEX LS 5 g £+
LT o (S0l LSS ki ddlate [0 ki o515 3515 (sl I diges £ olaas .23 5 sl
O  gzlge a2 )3 5 (HR) jlas 455 .28 )5 alonil (6 gy il (g jl ooliiial b el (sloaiges
300058 sl oliond Olge b dgzlae idlogs S ) o e g 00 delone (ER) (oolions olgw b
29355 et 05 L agzlye 51 (23U 93 Gl s Dl (g Sy 351 ol

J.u‘ ‘055.[9; = ‘U,M.J.,..u QS’L“":’“’ oole O l; \)5:> 6)15 wJLaﬁ J}Jo D2 R e ~.\.’>|5 QLS)lS HE 4».5[)
O3 4 03 5 Gl QLS (guniid dilaio 0 3920 slrosn¥T (s ;o wiiils agzlse L5 5 050
4 Ml s Sy 9,591 0 ol 4 4z g5 b iy ollids YU Sy mhans (5118 5 00 VT 1y 5 ST ylas
S w5 sl Jlo o el o @ VYN e QLS (oo agzlse 105 b agzrlye 51 (230 55 b
el (Sl n3] s b dsmlona VY (5320 s 403l glyn SIS 555 (oo 0 e g S
Uil L aS oyeb ar olo las | 1S aile g e b e 0asYT L LSS apalon oo )l e S
(P<0.001) sl o yualS agzlge ylime 5 il g oy

Sy YL s s 5 (3 (Gilwg e o jo aS ols lis dslllas cpl gl 16 S Az
23 e 30 b agzlye 53 poliiene 5k 4 45 (53lug 393 wlio S5, o (LS s il e
il oo 95 Gl s 42 D oS (5500

silwg a5 Corio BTEX LS55 i el o iligs Sy b5, 105335 Ol

Il s (S5 pole olSdls ciutlagy 0aSails (slad > Cudlagy gkien 09,5 ] (Wl )5 -

St 5 S S pake olRtils o gy i gl gy oaKASlS gl > uBligy sesiige 05,5 solil -
Olrl el colts (S psle olRzsls ¢ iblagy Slibiod gl (ablagy 0aSLiils (gldd > culilagy waige 09,5 ¢ Losils =Y
Al et e Kby pske olSnils  blings ki 2l (bl oSS oty Lol 055 e Lkl

Ol ol 8 (i e (S pole olKasls ciiilagy oaSLails «(glad > clilagy (owiiges 05,5 o ol IS -0

Ol m el ns (S pale olSails wablagy 0aSiails (glad > cuilagy (pwdige 09,5 ( lid S -F

Olnle,2 gy 00,29 axly oDl ST olisls coiiilage oaSLails «(glad > clilags (cwaiges 05,5 ¢ bl I8 -V


https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

W e -3y (hasd) eaps —s3a8) Laple —elcl JlaS —(8)5 (I ~S)alb sl (sl Jlas saw —¢)s el

55 56,5 L8 (VYY) wal . (ACGIH)
@l glio ;0 30 gl glacdile (5 e
oM 63y 2 Sasl Ok g otk SIS Wl
BBl | dgrlse o5 (5yob 4 il adly
SIV) 058 (omgd Sl cow Wl oo 0 VL
5 Yimrungruang lewg a5 (gl adlas o (V¥
bl oy B LY A L o il e
plil CB g s e GaolKl> o Slblag S,
Ol JTOlS 5 o 5l aS ab eols lis wys 5
Wil @l ol Sy s el S (5
ol we o willKes 9 Majumdar .(VA)
odls (s pSoslail J1e JTaluS 5 o 5l as wisls
005 Slohd (b sl amalled 5 Solys
Yl e (Sedsmenn] Sldlas (V) il
@bt @lio o Gl 51 (BU 0 9 S pe
g Capde (V) (Vo) cul oo )S o)I55 1,
Sleladl Cgzr sy abp 58 5 RS e
Sy @il Rl @l oY Gge (JyuS
e Sy @byl (V) Wisd e
ol el Copse g ol (I
(Health Safety Environment) cews; o g
Coglyl g Lol sla,Sel, 5l S aS el
s lls 55 el ojble slacan VT susy
OLSLE siesl 9 Coodls a5 all oo o,ble
F) weo o 18 50 Cou el Jelin jo
(ool Slaal 4 Sbhows cye (YF LYY
ot looa¥T b agzlge ol bls)l Wb
5 elold Ll b ke solgy gl
Sy b 25 sla by, ;o (V) 05l S
)0 et b olend Olge b agzlee Silag
sl ol ookl b g agrlse a2y 5 Jlas
oz 5l (s5log 095 lio 00,5 o 051 S

e
ol 53 pliesd Slse 05 lagygelie 039!

Sk olosle )55 2 L (V) Wb oo ados Lis
50 ebend oolo ol )l52 9351 v (WHO) colilogs
Yooo B Voo 5l oo s ldle 5 canl o o
Sgu oo adlal cad ol @ 5 S0 ol oolo
stlize oleard Slse )5 ok o (Y)
sbliml Jgol ol poe Jodo 4y a5 5,15 542
Wy o0 Slge (nl b agzlse 5 sl yo (LS,
(F) 00,5 alsee slag)lon 5 Comgome o
3ok 5 58 T OlaS 5 wlse ol oo 5l
wilgi oo g 009 lgp 0aisS eogll Lol Jelse
Hege S (FoV) wio)F (goanie B)le 4 pxie
U5 sy sedl G5y p ol b el
ol Isp (5eST Qi sl 1) a4, slacdly
3 Slold o5 13 JTaleS 5 (A wes
S e Jelss g ails cai 4y anly mls
3 TS 5 s 51 ilgo 5SS S
ol jor @ o lgen a5 azlis OLS 5 5l 6l anws
shlo a5 009 BTEX GloS 5 caiils jqa> o2
5 0og sl olend 5 (Sopd Slogas
V) wBboe Ghls g O U Rde o ol
o, San g (s0gate lawgl a5 (gl dsllas 4o .4
Wb pll spdale cendig i mlio I golass (o
2 JTolls s cdale a5 oo ools lis
0991 Gl 5l T Ol Juad jo 15 Lz
SUS S agzlye oad lolis SlaS 5 om 5l s
Slalllas () +) ol 518 b oYL 5o o5 b
Sl OlaS 5 ol 5l as wilesls las glos s
Chle walize mlio o oad gySojlul Ll
o 3 ond apogs lre w5l Sk O3k
Kool cdgs (rio clagy paasio pone

1bp

)5 oy g Cublagy asliling

1096 HGuG /P oylaid /V sla


https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

=
iE

)15 iag) g Cublagy asllnd

1096 HGuG /P oylaid /V sla

SIw0)308 C12in 5 )3 lawd $eosiilT b agalys Gy (b))

ol slodls o> sledlyd I eolatul L
W a5 608 g)lop diged oy g B Jl5
oS oplo ol el b olSilejl o
adllas 0,50 ol 8l owa adhio lga 31 ol
g 0ad (5,lA505 Wdiged e 0l (5,10 5 digel
s S oBisle;] 4 o lastinl Jgo!l cole, b
4.1.3....43 L NIOSH 1501 O)Lo..i} 0.09) U’UL“J‘)" 9
3w Gl S wedlew 0 ) e )
oo 3l eslatwl b baiged 5 2o, gzl zel
VARIAN CP-3800 Jow (31 5sky,s I
(FID) (ol aleds ygumliig o, o] @ jae

o 5JLT

ST s GIUT 5 (551050 digad (o

s 4t 55 ks (15 et
3,90 01,8 s ddlaie (o diged £ oolaws ol 3
oolawl b (gylopm diges .85 13 (5 ,.505lu
VYV Limin s  (MCE) oyes 2L Sl
A el Cele ¥ oghlop dses oy Do
oy oNs 5 el el (5510 wiged e
Dg Glasl LB slaaly 5 55,8 )l dges
S o5 il gy 5l eolitnl b laaiged 5 JUT
L85 plxl

e Sy bz

Ol s Ghol (nl (el e
ddlhie ;0 09350 lrounYl 4 by S,
Silwgyoss Sueke jo Jeld LSBT i
G Al Swy olime wlwlp ooVl og
S mlas Bl cemr bag, pl g e
s 518 colaw] 550 (gum

2 mlio ol s Jils BUS,E o el nlio
leo 3 ls 13 palise olerd Slge (5 e
ls 18 5 e e ST (oyme jo (s5legy0s5
OlFse & Sl (b (Sl Sew; b))
@bt laSen; S5 @plial G o
Jelis o8l apzlan @ a5 b (VD) Sged oolaul
(D oz SlS S b sileg s mles o
pac 4 azgi by eelew 5 9 Gh) o3n JS!
eolags S,y 2Us,l L adaly jo gl asllac ploxl
($ilwgyoe> mbio ;o SlaS 5l el aglse
S Sy 2Ll o Boa b asdllas ()
wll 5 Gilusyoe mbo )0 olge (ul b aglse

A bl s Sl

SLETY
Sy Hl) slaxly 5l (S adllas (ol o
Eaiio a5 gilug e Cavo SO (G S g
Jolse b LS, apzlse i 51 axly o
5,50 WWAY lies ;o co0gr (obond 55l b5

8558 o

BTEX ;JUT g (5,15, digas (i
BTEX clooai¥] o515 (ol Cuz
Sy 90 diged Toooolawy ol gl oway aghic o
LSS S slas CES I5 5 ,Seslul
25T G5l 9095 Caie S5 Il )5 S92 g
S8 clebs 5 azlye plog 4 4 b og
sl 5l 6,10 diged (LS ,IS agalge cilit
plsl Cog V50 S 2 lp s S0V
Sy g pSoslail oy el gz 03,8
NIOSH 1501 s, 5l « i ailaio ,o BTEX

60)5 6[.@4.’9.0.’ L)""ﬁ) L)"‘ wL.u‘)) A eolaiwl


https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

W e -3y (hasd) eaps —s3a8) Laple —elcl JlaS —(8)5 (I ~S)alb sl (sl Jlas saw —¢)s el

(V7) 2ot 391 b3 (2198 b (oo O 51 82 5 5 las 4 50 i ) Jgar

ay®
JLe st bt Olgo Ol yble (gusy pandl5 50 (2 Lol Slgo Ol 1 o g .
s

Sl (g cpmndS 2 IS |l ot (ot il 15l (b5 L com lge (laie dr g 33l (gl e anslis  idlag i 4355 s 45 (golge- \
oeelS Sl S g ool 08ls 13 Laly o s AS ails jo 1, Lil ACGIH oS solge-

Sl dl (B g2 gl 45 s s 8T HLasl il g ails bl slid g e cawgy (59, » s SuiS s O3 aS golge Y
cg peb ol sy V. aS ol Gl gam P wlg
ool 00ls )13 Lol oyl s A4 ails o 1, Ll ACGIH oS solge-
gl oo Camgy S50 g Cmlus 0] s a5 (g0lgem

O sl b 38 obeles 3,18 3929 9550 cpl o (B Sledbl Js s 5650 b 1 Gl s lem b Ll Yol oS golge- Y
il ooy «Sigal sl 0313 13 Wl s A3 4t o 1, il ACGIH S golger
RSCHPRWI | el 00ls )13 Lol b o B2 09,5 01, 5T IRAC a5 solge-
g et ol 00iS Ll dlge 9 (A KPHNY L ¥ PH<8) 00555 slge-

Ol ipgeedls aSulle b Slallhs 5 5 LT (2l il 4a8l) (55315 5 (55 Gir Sl (350 s pliolb s (Sl a5 slse- | ¥
Wl ol IS ool b s ) 5 i Sl (55, 00 ol
o yisgh ST el ools 13 Lals oy A2 ails o1, LT ACGIH o5 (solge-
IRAC aids ;o A2 o 5-
OV <PHS\F |+ <PHS Y) o555 olge

e AN O ol oy 4 lid Ll (5515 G3Use s ol TS g0lsem | O
by ST ¢ rlinn el o0ls 13 lals el s Al aids o1, L5l ACGIH a5 golge-
0502 IS Ly ¢ ya0s 2 IRAC ail 5\ 09,5~
> kP ol olge

aan o ap>lae Oleds olows F

FooppS e bpl g 2) wzlee ol M
(csSeo

(Celo ¥0) aan o 6,5 celu (Sl (W
(Celo) a42lge 2 oloj 255k D

ol v p B (Sis agxlee liee e
Gk I ER agzlye 4z ) ol PEL J53 L5

(Y7) o (5 oS 031l o515 (ool 2 dgr1g0 42 50 (s Y g0

<N \
SN E< -/ Y
oL <) Y
yu<y ¥
2y A

(Hazard Rate) HR oz a> o caxlg o solaal
b Conn Ol @ a2 b Ll 5l plas e
o S5k 5l olge pl 5l sl ol bl
(sl oole 55T ol o)l L
(P) W8 s
ER agzlye az )5 ol az o ousd 5l
solatwl b oo VT 51 olas ,» (Exposure Rate)
(0¥ (5 pSojlail i) (Bly ag>lge o
(Y%) Ai—“sn Cawdds Jgud LB oled dgu> 50 g
RIS
1038 S p) Joesd ) eolaul

_ FxDxM
W
e e bpl o () K agxlse Glue E

(oS o p

| g Cudlagy asliling =
o)

)5 S

1096 HGuG /P oylaid /V sla


https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

PO

)15 iag) g Cublagy asllnd

1096 HGuG /P oylaid /V sla

SIw0)308 C12in 5 )3 lawd $eosiilT b agalys Gy (b))

0 Ol (o Seay ()l eyl oS, Gl
Sy b Soonl 30 b azlse S (SBU
G 59 ol 4 Ml (Relative Risk) oows
azlge 095 Olbyw g58g Jlotol Lo )90
O b a8l agzlge 09 5 a4y Cad (9,90) (3 b

(YY) 08,5 o i ymi olows o0bo

P -expose
RR= —
P non- expose

o alye el gz addlhs cnl s
30 5,5 S a5, Sy sSlas o (P-expose)
Wxlse O b Sl Sen 393 G, 050 S
O b axlse Sl 5o 1) (JLo Yo sl axsls
s Sy e (YA YY) 00y 0 (PPM)

VN ICOURYVE N PRSI PN Foow P
a5 SPSS 1581 6 5 51 oolaiwl b baosls Lyl o
dalis sl 85 )13 el 5 35 030 YY
51 (TLV) o laibinl polie b osls S5l

Sold S C.lcu Sl eolalul ces g Qyoﬂ

RAPEEI SNy BT P

—59 oSbe b s BB ks a> WPEL
(TLV-TWA) _k;

wlosd olge s axjo o Gl e
«(ER) oleonds olge b ag>lge 4,0 ¢ (HR)
0,5 awlxs (Risk Level) Sy, o

Risk Level =V HR x ER

S e sl S b Gl e
5SS 0 o a5, Slp (o2 3590 slooan Yl
o a8 (S Sl oLl polie 4, Sl
Sl Sty Sy 45, Jgaz 5l eolaiw! b S,

0875 Olbpw 4 Mol gy 0500 (0
leoan ¥l alex 5l (30 aSepl 4 azg b
Snl o 00V (pl b (e agzlse a5 ol
35550 O9F Ol 5 (Sielsilen Sl ool
ol oo HhE s 4 e (VY A0 A F)
OB (i adlaie loa jo (] 0525 9 00be

Sy Gy 4y Y Jgur

b sl Sy 45 Sy 0 503
BTEX b 4p>ls0 (I 52U -\
| . ol elo ‘ b VIV-Y/A
3 Sl 3130 dges Sla=s
) ead spTelal sladiged JS gt YIA-YID
~J9 05‘)-’ u-‘-i’l*" D9y digod f- )‘)'é Ls” ‘—’L*-S)-’ b Y0¥/
2 okl g o3 dst g oz (TWA) Gl Mt F1a-0
(YY) (somwgd) (395 b yaw 4 SLigl tod Seanny 5 F Jgurr
) (Jlopl (2 (2) (205 ag2Igo @,

) ¥ )

Yy fe-v.- Y

ARTA YeooFo. v

$5If Foo sl b ¥



https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

W e -3y (hasd) eaps —s3a8) Laple —elcl JlaS —(8)5 (I ~S)alb sl (sl Jlas saw —¢)s el

bl San, S &

O ol jo5de Sy (2l gy 4 4z L
Caio o Jels LSS pwiss ddlaie o sa Y1
argi b cd S 8 Sy 2b)) 0y5e (s3lws 09
copd S b O3 g el 0ol £ Jga @
Ohly s O Jet Yl Sy a8, LIS YAV Sy
9 bgie Sy 45, Sh ¥ Sy oo ST
Ol Sy 4, G VWY S o 2 b (gl
e ay 5 0 0)blre cn p o b el 5 O3 Sl o0
Sl raastie geze Al 0g)S ;5 (ai 098
o,ble lgie a4 (ACGIH) IS ,0l cdgo o
20,5 lelid (3lg 095 Caato y3 0lge o el
3 90 Crio 53 pleesds oole (5, la% (oS i e
oo VY Sea; b b (gl 0 boga o 1

05 Ol 0 Mol Sy e L, (0
ol Gaw 5l O30 Sl 4 Ay L
IARC 3 ACGIH EPA 5> o yins slagylejle

oas ools HLas O Jgam jo (LSS wiats ddlais
4.@;‘3.& )|..\.E.n PP O as RER s uL...g @L_a ]
=l Wik ol o 2 TOAEAIL 50 ST L
oS o Gl e B! bl slaggas]
10 e polie b LSS pwiss adlaio jo 50

P= /ol el el o o

ST oo b dg2go (o

o\ﬂ oo 6l (TLV) jle slw! o>
o (Jaio Cllag praatie gee by
Fo oy pS e +1+YO ply (ACGIH) (Sl
loiges IS olans el oa odlel (Y1) corSo
i ddhie o ol ediw 5l 65l
el 515 il Al e g P SIS
e [NV (oY QSIS ks dilate ;o 3]
S5 Sl 5 i o5 ol caafio s 05
P el G T gl Rl eSS
bl oo S

OUS,H (ol adilain 3 (o153 9 3% T (P9 (a3 S 03Il (Sl (539 515 (el B g0

Jilao - yislas Glro Slyzl) (Gloj- (359 w5157 il ouiy ¥
NI ENLYS SIYYE-NY (el & ) O
N VIYEY/)A (¢l 2 &) Sy
va_s. FOIAEAID (pl & ) Oy S
£/ 0-5Y FY/DEYY/A (' & ) okls

axlllan 8590 (5 5lwg 095 Cariuo 18 392 g0 (S0 YT Sy 4y g Sy waww F# Jgur

Sy 4 ) Sy e (ER) 44230 4250 (HR) ybs 4z o oua¥1
W YIAY 5 et
N YIAY 5 o5
omb V/IVY Y eles
by Y Y o5
by Y v ok;

1147

)5 oy g Cublagy asliling

1096 HGuG /P oylaid /V sla


https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

=
<

)15 iag) g Cublagy asllnd

1096 HGuG /P oylaid /V sla

SIw0)308 C12in 5 )3 lawd $eosiilT b agalys Gy (b))

G el Ve sgas IS b 1 5 ol il
5o ol Sen g Wagstaff oil o )5 Laowe o
SYob olels a5 wisls lias 555 0 YV L
OB cdl 59, 2 st d FB g pae SIS
9 ot 0 by pe Seay lge 51 TV0) )l
a9 b g 00g YL ooVl ady 4 s (50
polie o Lo cewgy) Sbul 4y 0l o aS el @
4 TARC 5 ACGIH (jozpt pize slboilejls
Sl 00l goiy il 4y, ahad Iy by lgie
ol Slldl plxil lgi co ogaz ol o (YY)
L agzlye by (2ol cazr B Gijsel 3 s
YU a a5 b .oges olgin 1) Sblas slaoasY]
@ IV e w5l sk eI (515 e (05
=R L ol o0 cosle (ul GV Sl a0 (ol o
5 oo Sloladl 5 jlas oS ol oole b oole oyl
a1y, 5550 sonYl S, (20 pae Sleladl 1
o3 yol asllas 5 Sl Gl (5 pSpte sk
Sl Gkl s o del Vb Sy LIS Gk
Sy 4y S Gl (Pelss g lawgie S
5 Sde ol Lawg a5 (gl axdllas o 0l oo
Wxlye Sy 2l eeon S L ITAY L.
plsl olnl o @bt belse b LS, e
ap>lge i Sugy g &5 W5 asie Wb
35 e g Cablage caSiidls glwolS iolesl 4 by yo
Sy o8 5 K3 02Kl 5 el sl iz
oSty )5 (S3algigenl 09,5 4y bogaye axlse (n
SrSlez lawgs a5 gl adlas 1o (YA) 0 (S 3
2 e Sy byl Sae b e
Al ooy lis (8 T ploil et 2 e S
s 39 omissia Soxio (e sy SIS o5
Q18 aglge oleands oolo Vo L ogs ()15 codlad
sl oobo b agrlon Sty 4l (398 dlge G jlaS

odd (o aib (g3 (oabad (6l Ol Slgie @
O Oy yadtiee 4343 b 3ud o (Yo-TY ) ol
St 40 Slge (n g seel oyblie I (Sl o
el (50 b agzrlge 50 QLS (6l 095 Ol
PO eSIF Sle &5 g9d90 (pl @ azgi b 0o S
Jbo o el @ (2 TV 2l (LS5 (e aese
OB 93 Ol a0 Ml (s Sesn; 5 0092
dlboe VY plp 3 b adly agzlse
«5)“3 Sxo e 6)1'“] u’,‘LﬁQﬁ.@}" @L.'
ol plas 1y o3l e g oanVT L agaloe oo
bl slepsel @l peizee (P=2/o0)
ail g oanVT L agalge o sl sine OS]
(P=2]eeV) 0,5 azminl, ol 8l IS

G A g Sy
Slr SRS eeal gz Wlgi oo S 23
S Gl ez 5 S el bl
YY) 098 &8ly s 6)lnl BIA) (gins) baoe
axly LSS 09l oo oanlice a5 joblan (YY
il e 3slg e 00 VT B (om0 50 (gusy 2 3590
ol e g Lerner .aiylo 108 a9 s ey30
YY Ol 5l as ail ools las iyl el yo
ol Cand o oy cdale ouls bl (oS 5
OS5 (YF) wll oo oo ;550 5l 5k 9,04
O <l o Vb pal> aalllas o Coenl >
ele e VLK, LS5 i adlaie o
alinl oo b anglie jo a5 wil oo L) Juad (o
Cle o ne oty sl iy VY Ly Slone
dogs jbre o plp VOF oy cpl o 50 eaY]
oS, )5 celu il o ACGIH (g4 3l onis
el & Ozl b gg, 0 50 addlas opl 5,


https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

W e -3y (hasd) eaps —s3a8) Laple —elcl JlaS —(8)5 (I ~S)alb sl (sl Jlas saw —¢)s el

oyl als (15 4 g o] 31 4 il ool it sl 3
WS oo B il (i lacan] (om0
odes He 5l (o a5 5,5 e lgsse cnlple (FF)
5 58 950 (glaoan¥T L agzlse olie o5 YL
(15 oo S sl 6l s 5 e b o3
Jad 50 Y (L55gel slaoyg0 (8,55 (b (paizen
8,5 Al Glgi oo £9090 (nl 5ol oo S35 550
Olge b agzlge als jo wilgs o ,I5 Al gy a5
Lug oS gl adlae jo ol 38,50 oleed
gy Sy (Sbl Soe b il Sen 5 SsSde
pll o8 ol )0 (oleond Olge b agzlye 51 20
PV o e le L0308 w0 5 et (288
duslie 10 (65 290 5l e 5 Gl LIS akle
19595 e 3 G, s 5 5 ol oo 0SSk b
@ Glg oo pole asdlas gLl alox 51 .(YO) wiue
39290 slooan,¥T Sl las (sui Coglyl g (o 4,
o,Lil (silwg 095 o LSS cwats ddlaie o
e G lgice Fge (bigel slaasliy oges
Sleladl (g3l ool g (ol laSins ) GRalS o
s 31 S leladl (F8 YY) wsl asls s
oS g cwinge slad S (o3l (e
shls a5 oleean¥l o8 jshaie 4 b pos
aS L] 5l 00,5 oo slpdan diee oYL S,
R s R BN SEAC UL
ez alS o Wlg e e JyiS lehadl
rege S Guals T @ a5 5 L8 o o o3

2l Sge (s oole ol

S1oy03 g SLT
9>y pime Galgguns 9 oy | i
wlllas 590 (S3lug,093 Caio Clligy 5 el
oy 3iod ol 5 5 Sed 5 Saclne LS 4

Ayl g el 1y 095 Jloy0d

S5 9 O)Be 0 0500 Jad 95 10 (1 0umg IS
Ol 00le g agrlgn S ) 0 YL Dl e
(V) 23 o0 plaiBl g5 & 1) Sy 45 0n S
assls ylid Ls,a s oRidls jo il Sen ¢ Lan
s o labial 5l S slaclale o (o 5 a5
9 (59 Caro o WlgS oo 35 1S ol samxie U]
2l bl (F) 55 Sy5alsilon i ooy
3 sble o ()l sed (ubize (Ggw 3 oals Ayl
S8 S0y sk o9 pel cdile plpie 4] 50
Canddy (oo Sy 09 Jlaixl 4y axg5 L (F+)
055 Olb s (ol Sy 3 S (sl o]
SOk 4 VY il aoly al LS (ol
OB 58 (omg) 5 93 by 4 Sl St
azlge B 09,5 5l St 2l VY 30 b aglse
ial331 L 45 il ool Lt lalllas il o oy b
Sy 0oy Sl b LS5 (ored ap>lse
52 BV V) wbiee Gl o3 ol 4 M
L il Ko g Tunsaringkarn lawgs a5 gl aslllas
gl (pn @l Gl Sy oy p oo
YOV Jlo 0 Cogw dd e ol o saallenl
oS LS 500, aseie b bl aill i o
wppalle 8 4 S e (330 o515 L aglge 5o
Da- (YY) ai,lo by a0 Ml (6ly (655 e (maill
YA) do o o YL as wisls ylas il e g nael
lo,9i5]) Ol 5o Ol 5l (86 slaS e 51 (%
ook 4 wilosls plaizlogs 4 Slawl g ol
sty Ol 3l (20 SoS o 5l gelee V7 a5
CF) ol o 363 4 bgs o S o 51 ypalo JAY
ag>lge (61 Fre WS anlllas ] sloazsl
4ol i IS il 5 s b roa¥T L LSS
azlye e I alle 5 e Gl L oS (g 55k
475 9 (99 Olgz e las Gl g Wby oo 1alS
1 il (K 5 Chue sl o YU agzlos b ol 8l o5

<
>

)5 oy g Cublagy asliling

1096 HGuG /P oylaid /V sla


https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

19 bl s | ©
§ Cublagy as E

)&

1096 HGuG /P oylaid /V sla

SIw0)308 C12in 5 )3 lawd $eosiilT b agalys Gy (b))

REFERENCES

1. Man, A.B.C. and D. Gold, Safety and health in the
use of chemicals at work: A training manual. 1993:
International Labour Organization.

2. Negahban, A.R., et al., Evaluating Occupational Exposure
to Carcinogenic Volatile Organic Compounds in an Oil-
Dependent Chemical Industry: a Case Study on Benzen
and Epichlorohydrin. Journal of Occupational Hygiene
Engineering, 2014. 1(1): p. 36-46.

3. Jahangiri, M. and M. Parsarad, Health risk assessment
of harmful chemicals: case study in a petrochemical
industry. Iran Occupational Health, 2010. 7(4): p. 18-24.

4. Fabrizi, G., M. Fioretti, and L.M. Rocca, Occupational
exposure to complex mixtures of volatile organic
compounds in ambient air: desorption from activated
charcoal using accelerated solvent extraction can replace
carbon disulfide? Analytical and bioanalytical chemistry,
2013. 405(2-3): p. 961-976.

5. Guo, H., et al., Risk assessment of exposure to volatile
organic compounds in different indoor environments.
Environmental Research, 2004. 94(1): p. 57-66.

6. Ismaeilimoghadam, s., et al., evaluation of effect of nano
sio2 on the physical, mechanical and morphological
properties of hybrid nano composite from polypropylene-
wood flour. 2015.

7. Mehdi Jalali, e.a., Health risk assessment of exposure
to BTEX compounds Jayga gasoline fuel distribution
chicks in Mashhad. Journal of Neyshabur University of
Medical Sciences, 2014.(Persian)

8. Naghizadeh, A., et al., Determination the Level of Dust
ond Free Silica in Air of Khaf Iron Stone Quarries.
Iranian Journal of Health and Environment, 2008. 1(1):
p. 37-44.

9. (OSHA), O.S.a.H.A., Regulated Hazardous Substances
US Department of Labor,, 2012.

10. Maghsoodi Moghadam, R., et al., Investigation
of qualitative and quantitative of volatile organic
compounds of ambient air in the Mahshahr petrochemical
complex in 2009. Journal of research in health sciences,
2013. 13(1): p. 69-74.

11. Chan, D.W., C.S. Tam, and A. Jones, An inter-comparison
of VOC types and distribution in different indoor

environments in a university campus. Indoor and Built

Environment, 2007. 16(4): p. 376-382.

12. Fromme, H., et al., Indoor air contamination during
a waterpipe (narghile) smoking session. Food and
Chemical Toxicology, 2009. 47(7): p. 1636-1641.

13. Thepanondh, S., et al., Airborne volatile organic
compounds and their potential health impact on the
vicinity of petrochemical industrial complex. Water, Air,
& Soil Pollution, 2011. 214(1-4): p. 83-92.

14. Aksoy, M., S. Erdem, and G. DinCol, Leukemia in shoe-
workers exposed chronically to benzene. Blood, 1974.
44(6): p. 837-841.

15. Hayes, R.B., et al., Benzene and the dose-related
incidence of hematologic neoplasms in China. Journal
of the National Cancer Institute, 1997. 89(14): p. 1065-
1071.

16. Li, K., et al, Increased leukemia-associated gene
expression in benzene-exposed workers. Scientific
reports, 2014. 4.

17. Schnatter, A.R., K. Rosamilia, and N.C. Wojcik, Review
of the literature on benzene exposure and leukemia
subtypes. Chemico-Biological Interactions, 2005. 153:
p- 9-21.

18. Yimrungruang, D., et al., Characterization and health risk
assessment of volatile organic compounds in gas service
station workers. Environment Asia, 2008. 2: p. 21-29.

19. Majumdar, D., et al., Source apportionment of VOCs at
the petrol pumps in Kolkata, India; exposure of workers
and assessment of associated health risk. Transportation
Research Part D: Transport and Environment, 2008.
13(8): p. 524-530.

20. Carere, A., et al., Genetic effects of petroleum fuels:
II. Analysis of chromosome loss and hyperploidy in
peripheral lymphocytes of gasoline station attendants.
Environmental and molecular mutagenesis, 1998. 32(2):
p. 130-138.

21. Guénel, P, et al., Leukemia in relation to occupational
exposures to benzene and other agents: A casel Icontrol
study nested in a cohort of gas and electric utility
workers. American journal of industrial medicine, 2002.
42(2): p. 87-97.

22. Heydari, M., M. Omidvari, and I. Fam, Presenting of a
material exposure health risk assessment model in Oil
and Gas Industries (case study: Pars Economic and

Energy Region). Journal of Health and Safety at Work,


https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

W e -3y (hasd) eaps —s3a8) Laple —elcl JlaS —(8)5 (I ~S)alb sl (sl Jlas saw —¢)s el

2014.3(4): p. 11-22.

23.A.,N., Determining the Risk of Occupational Exposure to
Benzene and Toluene among Gasoline Station Workers,
a Case Study in Kerman. Occupational Medicine
Quarterly Journal, 2015; 7(2): 57-63.

24. S., P., Occupational Health. 1th ed. London: Chapman &
Hall 1995: p. 157.

25. McKenzie, L.M., et al., Human health risk assessment
of air emissions from development of unconventional
natural gas resources. Science of the Total Environment,
2012.424: p. 79-87.

26. A Semi-Quantitative Method to Assess Occupational
Exposuer to Harmful Chemicals MINISTRY OF
MANPOWER Occupationl Safety and Health Division.

27. Golbabaie, F., et al., Health risk assessment of chemical
pollutants in a petrochemical complex. Iran Occupational
Health, 2012. 9(3).

28. Crump, K.S., Risk of benzene-induced leukemia
predicted from the Pliofilm cohort. Environmental health
perspectives, 1996. 104(Suppl 6): p. 1437.

29. Lee, T, et al., Performance of high flow rate samplers
for respirable particle collection. Annals of Occupational
Hygiene, 2010: p. meq050.

30. Kim, J.-A., et al., Evaluation of formaldehyde and VOCs
emission factors from paints in a small chamber: The
effects of preconditioning time and coating weight.
Journal of hazardous materials, 2011. 187(1): p. 52-57.

31. Lovreglio, P, et al., Assessment of Environmental
Exposure to Benzene: Traditional and New Biomarkers
of Internal Dose. 2011: INTECH Open Access Publisher.

32. Ryczkowski, J., Polish journal of environmental studies.
Applied Catalysis A: General, 1993. 106(1): p. N3-N4.

33. Demidova, O. and A. Cherp, Risk assessment for
improved treatment of health considerations in EIA.
Environmental Impact Assessment Review, 2005. 25(4):
p. 411-429.

34. Lerner, J.C., et al., Characterization and health risk
assessment of VOCs in occupational environments in
Buenos Aires, Argentina. Atmospheric environment,
2012. 55: p. 440-447.

35. Wagstaft, A.S. and J.-A.S. Lie, Shift and night work
and long working hours-a systematic review of safety

implications. Scandinavian journal of work, environment

& health, 2011: p. 173-185.

36. Rinsky, R.A., Benzene and leukemia: an epidemiologic
risk assessment. Environmental health perspectives,
1989. 82: p. 189.

37. VAN-WENDEL-DE-JOODE, B., et al, DREAM:
a method for semi-quantitative dermal exposure
assessment. Annals of Occupational Hygiene, 2003.
47(1): p. 71-87.

38. Malakouti, J., M. Rezazade Azari, and A. Goneh Farahani,
Occupational exposure risk assessment of researchers
to harmful chemical agents. The Medical Journal of
Military Medicine, 2010. 13(3-4): p. 31-5.

39. Lan, Q., et al., Hematotoxicity in workers exposed to low
levels of benzene. Science, 2004. 306(5702): p. 1774-
1776.

40. Neghab, M., K. Hoseinzadeh, and J. Hasanzadeh,
Assessment of Hematotoxic effects of occupational
exposure to unleaded petrol. Iran Occupational Health,
2013.9(4): p. 1-12.

41. Rolle-Kampczyk, U.E., et al., Passive smoking, excretion
of metabolites, and health effects: results of the Leipzig’s
Allergy Risk Study (LARS). Archives of Environmental
Health: An International Journal, 2002. 57(4): p. 326-
331.

42. Tunsaringkarn, T., et al., Cancer risk analysis of benzene,
formaldehyde and acetaldehyde on gasoline station
workers. Journal of Environmental Engineering and
Ecological Science, 2012. 1(1): p. 1.

43, Danaei, G., et al., Causes of cancer in the world:
comparative risk assessment of nine behavioural and
environmental risk factors. The Lancet, 2005. 366(9499):
p. 1.1793-784.

44. Chau, N., et al., Roles of age, length of service and job
in work-related injury: a prospective study of 446 120
person-years in railway workers. Occupational and
environmental medicine, 2010. 67(3): p. 147-153.

45.Malakouti, J., etal., Health risk assessment of occupational
exposure to hazardous chemicals in laboratories of Qom
University of Medical Sciences. Iran Occupational
Health, 2014,11.2.

46. Hong, Y.-J., et al., Developing a safety and health training
model for petrochemical workers. The Kaohsiung
journal of medical sciences, 2004. 20(2): p. 56-61.

| g Cudlagy asliling €

)5

1096 HGuG /P oylaid /V sla

o


https://jhsw.tums.ac.ir/article-1-5654-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-14 ]

Journal of Health and Safety at Work Vol. 7; No. 2; Summer 2017

Risk assessment of chemical pollutants in an automobile
manufacturing

Bahram Harati’, Seyed Jamaleddin Shahtaheri>*, Ali Karimi’, Kamal Azam?,
Alireza Ahmadi®, Maryam Afzali RadS, Ali Harati’

! M.Sc., Department of Occupational Health Engineering, School of Public Health, Tehran University of Medical Sciences,
Tehran, Iran

2 Professor, Department of Occupational Health Engineering, School of Public Health, Institute for Environmental Research,
Tehran University of Medical Sciences, Tehran, Iran

3 Associate Professor, Department of Occupational Health Engineering, School of Public Health, Institute for Environmental
Research, Tehran University of Medical Sciences, Tehran, Iran

* Associate Professor, Department of Epidemiology and Biostatistics, School of Public Health, Institute for Environmental
Research, Tehran University of Medical Sciences, Tehran, Iran

° B.Sc. of Occupational Health Engineering, School of Public Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran
¢ B.Sc. of Occupational Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

7 B.Sc. of Occupational Health Engineering, School of Public Health, Islamic Azad University, Boroujerd Branch, Boroujerd, Iran

Abstract

Introduction: In recent years, many national and international expert groups have considered specific
improvements in risk assessment of chemical pollutants. This study considered to assess the risk of workers
exposure to air pollutants in an automobile manufacturing in order to evaluate the health risk assessment due to
the inhalation exposure.

Material and Method: To perform this study, a cross-sectional research was done in 2016. Methods number
1501 and 7602 of the National Institute of occupational safety and Health (NIOSH) were used for sampling
and analysis of compounds BTEX and silica in the air. A total of 40 samples of compound BTEX were taken
and analyzed by Gas Chromatography-Flame lonization Detector (GC-FID). A total of 6 samples of silica
were collected during the campaign. Silica analyses were performed by using visible spectrophotometry. Risk
ranking was calculated using the hazard and exposure rate. Finally, the relative risk of blood cancer caused by

exposure to benzene was estimated.

Result: The result demonstrated that, workers were exposed to 5 chemicals including silica, benzene, toluene,
ethyl-benzene, and xylene during their work in manufactory. Among the pollutants in the breathing zone of
workers, Silica and benzene were hazardous chemicals at high risk level. Following the estimation of relative
risk of blood cancer caused by exposure to benzene, workers cumulative exposure to benzene was obtained
to be 23.1 ppm per year and the capture relative risk was 1.1. The consequence demonstrated that, significant
relationships were seen between workers exposure to benzene and both age and work experience, so that degree
of exposure decreased steadily with increasing age and experience (P<0.001).

Conclusion: This research demonstrated that, benzene and silica in the automobile manufacturing were the
highest risk. Also, painting hall workers, at automobile manufacturing, were directly exposed to the blood
cancer risk of benzene.

Key words: Health Risk Assessment, Silica, Compound BTEX, Automobile Manufacturing
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