o5 ol asllad () e 5 Dl dms Ry Al

Ol laee Clildg ke el
For BYA) Sk OYAY 5l o oslad cpiis 058

074 b Ol A 58 g s

ﬂﬂ&)m‘) JM:J}J ‘QL;L:LS Lea «\‘L@:.;l}.)w?-‘ L;i) ‘rLYOL:.‘M.;ﬁ S g2 L‘év\?.' @b v._:_jo

A/ 1y AF/LO/TA 123l 53 56

O diile Slog, [ bS5 Oleo i slaS08 po o . diian (VOCS) 15 JI@S 5 o sl S5 )T Lol oo I S iks 5 din
03,283,005 5 G50 b gl s Sl s b () 00,5) Ceal ol 4l S0l (510 O s ele oS5 Ol st o 5 1o 15
02 Je Lt OLSLI 3 O b Szl agzlso oS 5 oS tad phaxt Sz ([ L hanlllas ol ool | i cilizes [Lio 5 mlio )
ol DL e (S s slal S

() ol sl 330 105,855 55 Slocead (slon O30 sl alom po 30 plowil o3 = b s b ot 55 adaio alllos i mnns 10 o0
sl Jald oo alo ot (SIS 0,8 Olsie 40 AR gt po Uity (s3le 33 (Y (6,08t s w slool Sl s JEL3 0SS
sk 4 p el o 5 5 gl ol ] ol oS e ot L] aslsl s anllls o eSS 0s S 93 o dgrlse s
3 S eloms SO sk 03 O30 b e gl pe Sl 20 S Ol o st ¢ oS o

el 4 Ko VOVVEYFE/F UG/ 55t s 5 Sty i (Lol Sl s JEL 0SS Sz (slpm s O3t bl oSCleo slaaidly
0 b ol 5 b (it agzlsn Olio ol Sl Bitecslons (Ss ) ¢ oS o o Sloio] Lol sy 53 (160 HG/IT) 350 lons
O3 b 58t g (slaolSol o JELE DRSS oo agalso 25l boayls L5 (STl 03 5dome) Sy el ooty 43 45 30
b s Sy 05 ot o] ] 5o 5 Sl gzl Ot (530 81 ol YV 4l gl o 281 33 Olb ps oot a5 3 S i s
s sl 3uke ] &S LI O s 0] il (5, S oSl s JELS B3I I i Vel aS s S e e SLS
el (i s 3 G217 Ol e 5 LG L

ot ozl bl 5 3l 13U st 03 5me > 5 Yl O3 b it g0 Ol o 45 o o DL alllan ol i fool ol g peS o
S ol 038l sb 0 (5, St g (Slool Sl s JBLE 513 Sliiiad wgrlso 153 Ol p 0 M) Sy 457305 OLLES S 5 o8 o
Lolb pes 5 SU kst bt a3l o b aglse sl g S8 Aol ploil bty (Lol o S8 8 Syl 00 0) ]
el ol 1

i lse bl 2Ol e =) O3t ot oLl iselS SBT3

Olpl 0L Ol (S p ke ol8Els (5 Lame 0aS2n 53 =)

nr_rastkari@yahoo.com Ol Qg Ol (S p ke o235 (o3 Jams 02 5% g S5 1 Sz S e i shs okin 53) =Y
Olpl Ol Ol (S p ke olSiils oty 0aSiils o Codligy omkign 03 S -1

Olnl 0l 0l (Sa 3 poke olStsls gy 0aStils Ll (350581 05 5 ¥

Ol Ol Ol Sy pshe olKils (ol a5 ¢ i3 bl 5 (65 5) sendsl 05,5 -0


www.SID.ir

S Oy b s 53 O3 b agrlpe &5 ol ol
Myelodysplastic) S wds shos o5t 4y Sl
a0 (F) A o yilil 551, (Syndromes - MDS
ol 5 S sl 13 Celosle ol b e ol 58
(S) $ 5 o lasl w DS 5 Sy O
Solew (V) 335 o (Jalas Ol s 5 5 428 o 353
Sl 5 (SAel Y ¢ gl s NV PO o
el b e dily agrlge Lo lse 51 s WaOldass o310
Sl Ol s,50 0 Gb Sysb ey (W) ol LS 5
VU agrlse Sopo 0 8 Ok SO a5l LB g
O e Dl st (5 e 53 D5 cnSe o S ks
Sl i 5T () L8 o 13 255 sas b o 0
Olosle 5 cllig Sl Olosle b anl s Ol o lidss
SLS 5w 53 1 059 I el s Lame 51 bl
s Llesls 51,3 (Ve S) Ol gl 130l o Ao y3ds
3y Slalllas 4l Ol Sl Mol o 15T
e 1y O (Sl Glalama 53 Dosa S 5 el
Acute myeloid leukemia 33 jle sl o sl
Laes Bl Ol .(V0) Cl 03 S b e (AML)
|5a SU ozt sl VT Ol gie a1 O3 55 Sl s
o5 S sduaib Hazardous air pollutants (HAPs)

YY) el
orled 53 05 DS 5 L 2V sl 3 as (6ol 3l aer
s Sy g sLaellr s LS 53 s
O3 sy ST I 3w oa s 5l
5 O3l dmd s 03,8 el (s i 5 LSl
Sale pde s 4 Sl g 5 WolSis 330 (srean
s b Coslre 5o 5 50 Sl Jad sl J sl
R 3 SRS s plR8 3 OENS S e e
Geb Sl ess 4 R s ) e 51 SL I s 04
el s wlad 55 O3 5l VL T b Bl
23 EaSS e O bl ar Condge S Julse

Olsen 53 onge G2 5 ol cpl 3 39 50 Sl 5o

Yay

e (05 9 (05 Aoy ol

FPRVP)
Lms g Lot VT Sl e o Sogn anis slac e
Sy aly e gladely di s ol 5 d s G
gl ye dadoly op 5ol 51 SO Ll s e a0l
S Col Jaes glaot NI gl b anslr Cilits glaos S
S ol ol glaas s ) St slaaas s
s ooVl £l Ol agrlpo ol 0dd s
313l agarl g (6 5 SN ials pyn |y (gdaze dildg &l
Sn b a aly 5 Dgliza by e sl 0t VT L
L oagrlpo ool il oo dlamsls s gl s Slae
5 M s s g ekes s by e sLae Y
Pl G et slse s o huadl i 2
osle Yool Vel 5 s Jasee glaodo YT
o 5 Ceiidas 35l s b g el a b ole S
23 Ol ol 53 olady 3131 55 o 0L S5
s oled 3 e olen Sl b il 5L
ol Lelge 51 S JTolS 5o i s ke 5
Slinl s VU s o e s 0 g |n sl iSes
33305l ok agrlse Lol O sol oy o 55
Jelie 55 obT coodln 5 Al Ol &I Of Cilaze
ST S 5 adam 505 (V) ds 5 e 05508
b w03 s en s VL RS e GLils oSl 18
Sl 3105 ol Jlay 55y g i Sl SIS 5
RFSU kst Ol e 5 o5 s e JS23 o
O epl oo Conlodd sl 5 hss 53 35 g0 03l
il s 53 Gw oo esliul sy e gladd> o 5 Joal
03 7S sb a4 glacd aauly G Olye 4 5 Sl Oler
orlolhes 1S 5 8 () ls 5 8 Sadly Sl g s
o5l Ol alaly 5o aiien & Gl ol o S S
s 2B s 5o O3 b sl e ¢ s
Loakaly 5o oy 5 ol dalpd aSol 55 4 AL a2dls
SenS $s5la O35 05) PP 1 S slae b agerlse

u@)\ﬁd‘ﬂejw_;(o cf)bﬂ)b}_q-_}(d.l?s@».:»_w)

%ﬁ yﬂ%
lP‘ﬁl‘)‘#l;_t_/[OgaubJM/mana -

Ol humo cail gy ole ozl a9 pale ooliliad


www.SID.ir

Ol 5 (5,0l (i)

o35 53 05,5 55 a3l 3l U s anlas 5,05 VU 4 s
Gl b 5 She Ken 5 il 3 JLw Ye-¥e
Syt 6 S Sy el anrl o L oS Ais
A, 55 oL o 3151 55505 5 S bl ol
S S 20 S el DG (5418 555 G 5o (S s
L5 S e s ada 3 55,7 5 55, ss Sl A oS OS5
Jsb 03 (kS Gl € gas (2 pasin Gl Sleslinul L
o Glotinal O3y Olse 5 3 S (Soslmerr )8 Cdd
oL es sRastkart adlas 3455 Ko S5,k uy

AOY) s g Seslul (Y010)

oS ded S L5
agrlse 5l 0 oS ang il bl elasil ) e 4y
@le 2l 5 S el > LS 01, S5
Ol s Jaws 55 odld L1 g, 51 050 b (Jad agrlse O
il e b5l sl (V) 5 K gl > il
Jolye 48 05 S eslial plerd 5510L5 Jelse b agrlse

ealo boloes sl ge Lol —)

HR: Hazard) Lo e s Lo blswe s s =Y
(rate

ER: EXposure) ag>5 a >33 L Cas b oy a5 =Y
(Rating

(RL: Risk Level) L= o o s -f

(RR: Risk Rating) .., T s =0

O350 paedo gy a5 L st o Lo blbis o 5 (nd
G S g el 3 (O5) (s 3550 stland o3Lo
b gosle opl 5 G20 Ol ble b Coew Ols 4 e 5 L
51 el blies osloe Jsdr ol 53 ds S end ) Jsds
Shwaiws gloed o3le 551045 (o050 b o D 1 b

O sl Jpde) &5 s

h 1PAE jaly /pgow 0l /ida 095
. Jaly /g 0 louks /i 0 9.

Ul bazo bl sgs ole ol iudg o ol oolibad

Y4y

Lol 53 05 b agrlpe Olgee sl aslowil 35155
6 (el by s Sl B s 44 sges
ol S Ll 515 030 b agrlpe il Sl pse w4z i L
LT oo sled @ Olusl (gl 2 150U jan baka o3ls Ol 5 40 S 5
30 4y o=l Ol S0 Dl 5 e sl se L sl 3
95 Lol el gla gt w a5 L3S S5 s
Lagrlse 5l —3U o dlag ol S a5 Olsl 3 Oladlas
wabljubjbjwuﬁbéjs&yduoﬁb
coeldll dal 5 gl ol b ol g LT gla g5
‘L€->\j" J\—“:?‘)Lsrfwj—“ L;Lholii\? aj.lal}wﬂ:}
BE) QJG LSYL' LSL“C,.H&[JLAOK_L\;- u;”‘ DL Jf—l—ﬁr Q‘;)ks
jb@dﬁbd‘;@j;ﬁ.ﬁ&ﬁ@}j—wdhb&bd\ﬁ)g
Qbﬂ%}d%‘))}‘f}}bwwgﬁ&w&)‘y&
53 opl B anlie 5 050 L 0SS agrlpe 5l 30 Lol

b8 el s L3l B

b B, g5l

Plial 512 53 075 6 xS eIl

SOy e P Sl ¥ s alade axllas
S Sy s NIYAY Ol 5o 5 Ol g5 e o) s
Olgms o5 S Y 5o amelm o131 51 @AY zma aslllas
o OLS8) 5 et T L VL agrlsn 5 me 5305 8
(o agrlyo 050 ) a8 05 S Ol 05 5 S5 (5
@3le sl 3l 5l e ¥ 1S 0,8 s 8 515 andlas 5,50
S Sl ot 68 Sl a5 (6ol Bl s a sl
Jels SO ¥ 5 als 1S a51,08 e golsl 5ls s e
Gl 3131 Ol w0 slate SO (6 S s sLaolKlr o


www.SID.ir

e (05 9 (05 Aoy ol

2310L5 S2olse b e I3 Gy b 51 as 4z i —) Jgi

Jle b e Dbl (gl 53 e slse DS o 5 BUTPESN

Gy L gledd alis zilag 3 aﬁ@ﬂsdﬂf -

Ll gduaib 551005 L sl Ol s
S (g Sl (D e S P BIME QIO & gt 3 O

Skatid Ol b 0Ll (6l 150Uy DS 5 55 oS (g5lgn - \
reetS
(ACGIH* )) AS ajjf) .Lv. Y Vot
leal:u;l.:&)r:an@..dﬁL;‘j)ﬂ-lg‘@;ff@lﬁ]‘\s&;l)» =
55 g o] s oS s Lk AT 0L Js Ll
s ekl 5 ol A4 b s |, T ACGIH o ol -
sl
s 03650 G 15w Ol b 0Ll (ol s Y] oS (5l 5e -
.b)‘.,\l S99 340 Q.:]‘)b j‘SC)LﬁW‘ LSU
: 13 ol w A3 b 51, T ACGIH oL L o (o -
o R . e . 2P BUOB e 2 3L o) Sy
Ity SLsel O ol kS (A8 .
- - RGP
O yosiT ool szl e
ol osls 51 3B2 oy $ 5 1 WITARCH* &S (o5l5 -
oS s oS e 3 oy Slge
S5 W0k 0 A2 il s |, T ACGIH ol o5 g3l5e -
el 633
L sl o3l )3 A2 05 S 551, WTTARC o (gslpe - ¥
Je sk S
(11/0 <PH<\f L« <PH<Y) ol 3= L sl -
3515 5 (Gl ) S350 o230l s Jas oolse -
el o antlid LT (ol ekl a30)
_ 15 ol ,w Al b s 1, T ACGIH Oljle S (g3l4e -
o Soml i e O e ’ ’
. RGO P o
o hLIS o5 (s
ol osls 1 3AL 055 551, GTTARC &5 (gsl5e -
o o bt ol -
*ACGIH: American Conference of Governmental Industrial Hygienists
**]ARC: International Agency for Research on Cancer
Ol s aS c]a_‘j\eau;_w\l{(ER)%l}»v_-);O_xﬁ)jﬁ;AA_g
(ug/m3) s 4‘@"-")“ dlﬂ =E \JC:;‘ BE) 4(“5_.93 BE eJJ.iy\ LSJSU'UJ\ C_.ll:.:) u:.;\_} ‘*-—6-’.'\}‘
(azia 53 35,) s 55 agalse las sl =F 25l Slesli b agrlse Sais Sl G5y Sk
(ug/m?) oa Vi cdale =C D g8 03] (eSS

E=(FXDXC)/W

%9 yﬂ%
lP‘ﬁl‘)‘#l;_t_/[OgaubJM/mana -

Ya¥ Ol gl bumo il Sgy ole ozl Lindg fu ele soliliad


www.SID.ir

1502 g (5wl cigd

ro dsb s SLBIOb pw Sy oS 25

b 2ol Ol Jast Jlaxsl 5,51 5 ) late 4 aslsl o
J3dse b Gk Sl e dsb 5 O b e e a5 )
(LADD: Lifetime ,«s Jsb ;3 s 30 agzlse Ol 5us
A3 S awls 05w b sl 3l Average Daily Dose)

CXEDXEFXIR
BW xAT

LADD=

DOl ys &S

cble Sl =(Contaminant concentration) C
(HGM’) o 2 i 5 pn 53 0N

(Jl) g 50 Ole3 e = Exposure duration) ED
(I35, ag150 Sls) 2 =( Exposure frequency) EF
(vm’/day) <35, i3 ol e = (Inhalation rate) IR
L gia psb ) JU s 00 055 = (Body weight) BW
v+ kg

39,) 4l 5o o gm0 0Ly = (Averaging time) AT
(L Vo 55, Y20 130 e DS 5 sl

Sz o Jsb 5o e se agarlgn 555l 0 5l ey aslal 3
3 e s 3l eslial Loagarlpo ol 51 56 3LaI Ols o
1> Sausl

Excess lifetime Cancer Risk (ELCR) = LADD X Cancer
Slope Factor

(Inhalation slope factor (ISF)) i L | zSU
ol 3 e 31 @Bl OL a5 O3 51
010) Cal 0dé s /4 YWY (mg/kg/day)”!

Ladl

OLE8 lcazal gl 53 O5v chalé o3 5dmee 5 o Sls
Olse o als sl il 5 oS s (el 5o Jols
Oleslw .l sds 5158 ¥ Jgds 53 S 05, S
(American Conference of Governmental

agxl g slme maw ACGIH Industrial Hygienists)
Veoopug/m' L o ppm | S s 53 05 b Jas

h 1PAE jaly /pgow 0l /ida 095
. 2 /Py o) (oL 09.

Ul bazo bl sgs ole ol iudg o ol oolibad

Y40

(aztn fosls ¥r) atin 53 (8 colu  Sle =W

Gos /osle) agxlsn 5o Ol :S5Le =D

WM’ s o (B) Suin aglpe (Sl annilons 51 o
A3 S gasia ¥ d s 3l esliad b aglse ax o

agrlge 4y et —Y Jgd

ER E/PEL
\ </

Y N B</0
Y /0 <)
¥ Y LBY

0 >Y

Slee —slis PEL(Permissible Exposure Limit)
ke Ll agrl e ol

(RL: Risk Level) s mlans x5

o BB oL s L e,
byl 5hesle ol L (ER) agrl o 4205 5 (HR) Lo

Risk Level= HR X ER

A rl}u‘ Y d}.&;- )‘ oaleal L (Ratlng

103 S alee Je3

bt oV 4 bgy o s L5515l Y Jpu

N A\ A Y \ HR
ER
Y/Y Y AR YA \ \
\VA Y/A AASI A /¥ Y
AVA N IRV A
Y/A Y ¥
YIY | Yy 0

O w s O s 0O smb e
B ) Vb e [ NI

wwWw.SID.ir


www.SID.ir

Ok 555 g0 aleme oS 5 5b Olan (V7)) 53 S5 slhaels
390 0 o3 6 S s el s 05 chile

el sdal s 4 ol sl sl

e (05 9 (05 Aoy ol

Slo—ul cole &S il ez S 55058 (A-hour -TWA)
5 alie, )8 Celu A s pladosls jle chals b s
@550 5 pates dgrlge a5 (g55b s atia o )5 el Y
ol sl ol O3S adS s L e (pl Lo 5,

(ME/MT) 1 Cind K 3 IS 05 8 5 S g Lol s JoLs 01 S, Slazal glgn )3 sz g0 Oyp ks ¥ i

cble o5 gumes G”K.L,nijl?«.“_ﬂfd RS Aa.“h.aéjyo‘”f
Fe1/F-YAVA VOYVEYYS/¥ ¥ GS st o ol ol 3
VY/e-\ov OV/FE /A ¥ JS oS

33 e e end e e Sledal s il plesl L
OLS IS (8l 0 dsloms Sy o agrl g0 42 55 (S
b S n ¥V Ll S g el s Jels
At gl e engdome 55 Sy GodS ) e Sle J s
ol dcusles &M.,)clg_.ﬂ Al S8 Sl s YL Sl
WZ3ls 1 (YY) (S st besgdome 53 55 ol oLl sl
Lagrlse 51 20 Bl O ol Jlazt s 5l ) shae &
bl Gl s S aalome 05 b e ie 4l se Ol 35
Na/or ugkg/day oo b Ll e ie agl 3o Sl
Ol e Sy ol s o 5L Al 03 e
S0l Oy L wil5sy agrse e gl il 3Lo|
s YN T ol S s Sl s el
A Ol LS Sy anslm s3le 33 ) S I o

(O J53m) a3 S dla VY XV L

22 O bagrlse 5l (il oS e Sl 555l 5 ) glate s
o o8 sl Sy @Sl s el 0l S8
Sl Opabaaly js .ol bis; e esle Jast ax s
s €l s ol 2V Jsdr 53 el d s o elides
olES 33 5, K S8 sl cllig 5 sl Al w5
SO b sl 05 e s &Y mg/mT L ),
gzl Sle gdm o8 3 (HR=5) ol (SLS o
Sl st g sl ol 3 Lol 018, s 0pu b Suia
VAVY/F /M U ol 5 55 55 S celw A 5 g8 55, 7
sdal oy sl Slast a3 rmnd sl 4 3 S 550
Y dor elal s S lie gl e Sl 550> L
Glaallr s Jeld sl 3l agrlgo a3 4S U5 S st
=X o NN L i ol ol S e

s (vsjla}=\ 0_5;) '/'\f'Y/j (‘YLJJ:}

Oye b o g GlrolKlr s (J8) g3l 13l 5 Lo 015,18 Slizul agalsn oS 5 oS dos Sms) U351 =0 Jod>

VAYY /¥ (g/m?) aia 3 agrlye ks
f/0 Sy 2
VAN (Mg/m’®) wis 3 agrlse Sle
Y/Y Sy o2

Cot o ol 5o Jls sl 3l

Opa bagrlge s oS dad oL

(o agl 50 O (sole 5l 3l

V4/0  (ug/kg/day ok 05 o il e e gl s

Y/x T O s oS S
F/0)  (ng/kg/day Jok 055 o=z Gliss e e 4gx 50
V/¥x) Ol s oS Sy

W P L PR A N

250 ot Jlist oS 2L 5))

07 b agxrlse

(o gl g0 O50) (sole ol 3l

Y45

%ﬁ yﬂ/
lP‘ﬁl‘J#\;_t_/pgwaM/mana -

Ol humo cail gy ole ozl a9 pale ooliliad


www.SID.ir

Ol 5 (5,0l (i)

ook 4 Cadls 13 SU sl 03 gdons )3 (5 S S s
Oy &l s a5 aelse cnl 51 (o8l (bl I 31 50
Sy Lls 513 Oldl gl 5 130U ledas LS 5 azas s
Rl 3 Jeol s s S s 55 050 250 e oS
0> Jela sl 3l 53 Ol w4 Dl S 48 515 LS aallae
Sl amal= (g3le 5l 31 L YV/O (g Sy ol -
0> JEL BBl BT i N e e Sl o B b4
Al 1y ol il S sl
S o 31 VL Ol e 5 4 5 oy oo G5 ) sl Sl
S s Sl el 55 O s 51 36 e
ﬁ‘*"@:“‘s@—“‘ét"ﬁ;ﬁ\ ..Ule.sjiui)\)_fb
53338 S Ol e 50— B 5105 s
O s s Dl Sy 55 050 b gl ol glaclals
O s s Ol Sy cagrlse Olsee Rl 3IL 55505 552
Slojlw b3 LS 5 5l sl 6l il s el 53l
a3 S i 3 ml Loy Ao G el e s 5 bl
oS yshilen WV T BV Tl e 3 A S 5y S
Sl Blal Ol Sy sl sl 551580 J g 3
Lo & 03 g 5l i Sl Aad agarlse 50 050 L agalse
YL d 5o g B (gale sl 3l 3 S Jb= js ol e

el i (V0 e 5ee oy
Jels 018518 s Lol ol v Sy o5yl e 53
A5 Bl glandlas Ol ol s (oS ot s (ladl Kl s
Kyl OltaylS 3 Y oA 3l e landlls Ty
s sy 528 5o oS pgr L& 31 s (S 5]
= 5 A el OLa sMoolla vy el anw g
Sy b gte 5 b 4y a8 sl gLl aadlae ol 51 ol
Bl oy aerlse 5SOle 4 55 L Ol o 4 Sl LS
YVAXY s Tl OFAX Ve Tmg/kg/day) o L
Ve sl B sk aS ad e i pl e
Ml il Gl gl o al 53 Jels OLSLIS 51,8 ¥ i
05 Ol o Dl Sy andllas ol 53 35l 15 Ol w4

o2 e gl Ly 85 A Sl Gy s 51 OUSIS 4

h 1PAE jaly /pgow 0l /ida 095
. Jaly /g 0 louks /i 0 9.

Ul bazo bl sgs ole ol iudg o ol oolibad

yav

&

Cou
)zdkwwﬁpgslaouﬂb&g}d@u
slgni Slme d LAY/ 015 ed (S st o slaolS L
(/0 ppmM) i (glas - Cdldg o6 aeS by ol
S5 a8 53 O Lo agarl g0 Ol e adl s ls 4 Lol
63)@@\&‘@ Jf)bu&)\&wb)bowdﬁ
plomil (5 St s Slaollr 3 Oy (8 S o3I 4t 5o
Jo )5 a8 glaallaa L5 51 ol @L:.'- ool gl el
C,w:lo.k..ilCbﬁ\;ﬁﬁi)sdﬁ%a@_ﬁlvajg\ﬂ\v
Sedd i ISAY pg/m' L o ckle o Sle
J;-)‘J:JVY' je:ﬁMybwb@upwaJ

(\V) byw ))BJ ('/O ppm) o r)&.&‘ )l;u
:\}\r@d|ﬁ);amiwyoﬂﬁswm&_q-)}l€
4.@_?\};[)‘54{6:&:\}\}5;;“}}“6&:@[}.);&&
qul;kp‘yjb)‘éj.s&ydub@l}-)ﬁyuhbﬁ‘
(\C/O M)ﬁﬁ)@‘ﬁ};gujk})wobjw);
cilises ol spdir 51 S0 Ll g5 oo dliins ol ssls 5l 3
S35l s e ke ol sl 4y aber |
sl kS 55 M el Dol ules gt g
2l 5 05 b agrlse Ol (Rl 0o 5 e Jalse
ﬁwbwbw@aw«uuﬁﬁ);:y}»}lf‘}ﬂu%ﬁ
YO Y Jle s ol,Kea s Golbabaie L. 5 S glantlae
JJ}A&‘L:A'::AQQLAY' Qp)\wr@‘w&jﬁc'h,éjb
S il e3le gl blie Ol 43 05 aalllne
&.{)ck_‘ﬂjh\"/a—o&_wﬂ)%ﬂwsb.)u\ihﬁ
Sl a5 LL.OA) cils )13 Sl 5 SU L Sl
sl s Jell sl 31 gl g odd il ;§_.~.”»)c]a..~


www.SID.ir

S S 4o
o 5148 el s ol S aalllne ol 5l Jool ol
Sl Mt Sl i ) a8 050 b s 4l oKL
L Bzl agol e ol 51 3l e dely 35550 s
SU R o oS 5 L agrlse Olje 4 s o DL O3
ssb a0l Ml Sy 5 0050 el A 3 05

sl - ool a5 1 s e sl e B
Colel Bl rbu‘ .,LA)[:.: EXXE™ w\ ij;- )L:WJ 6;&;.7-}_.&

ol 130U 5 el bolies Jlos gl o3be o

Sla,h g K
B 0 IS ln s s Slido b ol el
A LAY Jlw 3 0l (S ple ol il o
Sl Gy Lo saSha 55 5l al g .l YAAY

.J;ﬁ@@\;)ﬂjﬁx‘ﬂjkw\duagﬁ b

@L'.o

1. Badjagbo K, Loranger S, Moore S, Tardif R, Sauve
S. BTEX exposures among automobile mechanics
and painters and their associated health risks. Human
and Ecological Risk Assessment: An International
Journal. 2010;16(2):301-16.

2. Soldatos AP, Bakeas EB, Siskos PA. Occupational
exposure to BTEX' of workers in car parkings and
gasoline service stations in Athens, Greece. Frese-
nius Environmental Bulletin. 2003;12:1064-70.

3. Wilbur S, Wohlers D, Paikoff S, Keith L, Faroon O.
ATSDR evaluation of health effects of benzene and
relevance to public health. Toxicology and Industrial
Health. 2008;24(5-6):263-398.

4.QuQ, Shore R, Li G, Jin X, Chi Chen L, Cohen B, et
al. Hematological changes among Chinese workers
with a broad range of benzene exposures. American

YaA

e (05 9 (05 Aoy ol

2l 08) 55 K ol g Jams 5l cbli> Olesle Lo s
O 230l e Sy 2Ll a3 257 50 Dlalllas
il agrlse slaes S 55 Ol s Sy & Llos S 55158
ol 4SS e i Ve T s Sl SISl s 0
Lk mlo 53 O 00,28 )8 s 4 Ll e ali e
S Loz S 3,158 0lan 5 Gue abayly ol s (YF-Y)
Gy AT 51 o s 53 O b ek 450
das o polatl sy al) Jos glakas 55 Ol
aS Wlosls pleis Oldlas ool @l’” ol pesdle (YY)
3 250 e Sh O3 b el 5 psle agrlse Sl
B el b plio o o)l e S 5
& Ol Ol Yol g &S Loy 6l os 4l oo
by Sl Sl 5 .08) dis CJl J it
A el OB s oV Js 3 OSG Karakitsios
o308 omez 55 Ol 4Vl Sy S 5 S asie
S Gl S ety el a3 T S5 s oS
S S Lwil 1 ol iy (Y0) LS o s il 31 VY & 2T
Q\}‘jMew‘ﬁJ@chA)Jdﬁ&yéuoKig
03 sl Bl wam 53505 550 5 S S e slaails ]
5Ol e el el oSt s el

Journal of Industrial Medicine. 2002;42(4):275-85.

5. Lan Q, Zhang L, Li G, Vermeulen R, Weinberg
RS, Dosemeci M, et al. Hematotoxicity in work-
ers exposed to low levels of benzene. Science.
2004;306(5702):1774-76.

6. Schnatter AR, Glass DC, Tang G, Irons RD, Rush-
ton L. Myelodysplastic syndrome and benzene ex-
posure among petroleum workers: an international
pooled analysis. Journal of the National Cancer In-
stitute. 2012;104(22):1724-37.

7. Bahadar H, Mostafalou S, Abdollahi M. Current un-
derstandings and perspectives on non-cancer health
effects of benzene: A global concern. Toxicology and
Applied Pharmacology. 2014;276(2):83-94.

8. Bassig BA, Friesen MC, Vermeulen R, Shu X-O,
Purdue MP, Stewart PA, et al. Occupational exposure

%ﬁ yﬂ%
lP‘ﬁl‘)‘#l;_t_/[OgaubJM/mana -

Ol humo cail gy ole ozl a9 pale ooliliad


www.SID.ir

Ol 5 (5,0l (i)

to benzene and non-Hodgkin lymphoma in a popu-
lation-based cohort: the shanghai women’s health
study. Environmental Health Perspectives. 2015;
123(10):971-77.

9. Krzyzanowski M, Cohen A. Update of WHO air
quality guidelines. Air Quality, Atmosphere &
Health. 2008;1(1):7-13.

10. TARC. International Agency for Research on Can-
cer Monographs on The Evaluation of Carcinogenic
Risks to Humans, Volume 100f, Benzene. France:
International Agency for Research on Cancer; 2012.

11. USEPA. The Clean Air Act amendments of 1990,
list of hazardous air pollutants. Washington DC:
United States Environmental Protection Agency;
1990.

12. Federal Institute for Occupational Safety and
Health Notifiation Unit. European Union risk assess-
ment report, Benzene. Dortmund, Germany: Federal
Institute for Occupational Safety and Health Notifia-
tion Unit; 2008.

13. Rastkari N, Izadpanah F, Yunesian M. Exposure to
benzene in gas station workers: environmental and
biological monitoring. Iranian Journal of Health and
Environment. 2015;8(2):163-70 (in Persian).

14. Tang TK, Siang LH, Koh D. The development and
regulation of occupational exposure limits in Sin=
gapore. Regulatory Toxicology and Pharmacology.
2006;46(2):136-41.

15. Edokpolo B, Yu QJ, Connell D. Health Risk Assess-
ment for Exposure to Benzene in Petroleum Refinery
Environments. InternationalJournal of Environmen-
tal Research and Public Health. 2015;12(1):595-610.

16. ACGIH. Threshold Limit Values for chemical sub-
stances and physical agents and biological exposure
indices. Cincinnati: American Conference of Gov-
ernmental Industrial; 2011.

17. Mosaddegh Mehrjerdi MH, Tahmasebi N, Bark-
hordari Firoozabadi A, Fallahzadeh H, Esmaielian
S, Soltanizadeh K. The investigation of exposure to
benzene, toluene, ethylbenzene and xylene (BTEX)
with Solid Phase Microextr action Method in gas sta-
tion in Yazd Province. Iranian South Medical Jour-
nal. 2014;16(6):419-27 (in Persian).

18. Golbabaie F, Eskandari D, Rezazade Azari M,
Jahangiri M, Rahimi M, Shahtaheri J. Health risk

h 1PAE jaly /pgow 0l /ida 095
. Jaly /g 0 louks /i 0 9.

Ul bazo bl sgs ole ol iudg o ol oolibad

¥4q

assessment of chemical pollutants in a petrochemi-
cal complex. Iran Occupational Health Journal.
2012;9(3):11-21 (in Persian).

19. Moolla R, Curtis CJ, Knight J. Occupational expo-
sure of diesel station workers to BTEX compounds
at a bus depot. International Journal of Environmen-
tal Research and Public Health. 2015;12(4):4101-15.

20. Lerner JC, Sanchez E, Sambeth J, Porta A. Charac-
terization and health risk assessment of VOCs in oc-
cupational environments in Buenos Aires, Argentina.
Atmospheric Environment. 2012;55:440-47.

21. Demirel G, Ozden O, Dogeroglu T, Gaga EO.
Personal exposure of primary school children to
BTEX, NO2 and ozone in Eskisehir, Turkey: Re-
lationship with indoor/outdoor ‘concentrations and
risk assessment. Science of the Total Environment.
2014;473:537-48.

22. Huang L, Mo J, Sundell J, Fan Z, Zhang Y. Health
risk'assessment of inhalation exposure to formalde-
hyde and benzene in newly remodeled buildings,
Beijing. PLoS One. 2013;8(11):¢79553.

23. Wiwanitkit V. Estimating cancer risk due to ben-
zene exposure in some urban areas in Bangkok. Sto-
chastic Environmental Research and Risk Assess-
ment. 2008;22(1):135-37.

24. Guo H, Lee S, Chan L, Li W. Risk assessment of
exposure to volatile organic compounds in differ-
ent indoor environments. Environmental Research.
2004;94(1):57-66.

25. Karakitsios SP, Delis VK, Kassomenos PA, Pilidis
GA. Contribution to ambient benzene concentrations
in the vicinity of petrol stations: Estimation of the
associated health risk. Atmospheric Environment.
2007;41(9):1889-902.


www.SID.ir

Iran. J. Health & Environ., 2015, Vol. 8, No. 3

Semi-Quantitative and Quantitative Health Risk Assessment of Gas
Station Workers Exposure to Benzene

M. Zare Jeddi', M. Yunesian>?, R. Ahmadkhaniha*, H. Kashani®, N. Rastkari>"
"nstitute for Environmental Research (IER), Tehran University of Medical Sciences, Tehran, Iran.

*Center for Air Pollution Research (CAPR), Institute for Environmental Research (IER), Tehran University of Medical Sciences, Tehran, Iran.
3Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran.
‘Department of Human Ecology, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran.

3 Department of Epidemiology and Biostatistics, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

Received: 19 August 2015; Accepted: 10 November 2015

ABSTRACT

Background and Objective: One of the air pollutants is volatile organic compounds (VOCs). Benzene,
as a part of petrol, is a VOC, known to be carcinogenic to human beings (Group 1) and it has widespread
application in various industries and professions. Hence, the aim of the present study was semi-quantitative
and quantitative health risk assessment of petrol bank workers exposure to benzene via inhalation in the
Tehran, Iran.

Material and method: For these purpose, this descriptive cross-sectional study was conducted in three
stages. First stage consisted of measurement of benzene in two groups of participants: (1) petrol bank workers
and (2) non-exposed people as control group. The second stage included the evaluation of worker's exposure
to benzene and semi-quantitative risk assessment, and the third stage was estimating the lifetime cancer risk
caused by exposure to benzene.

Results: Benzene mean concentration was near the threshold limit value (1600 pg/m?®) and the mean benzene
personal air level was 15274246.4 ug/m* in the petrol bank areas. With regard to semi-quantitative risk
assessment method, benzene introduced as the most hazardous chemical with risk ratio of 4.5 has 5% rank in
risk levels (Extremely dangerous). Lifetime cancer risk estimation showed that in petrol bank workers the
excess lifetime cancer risk was 27.5 times higher than unexposed group and the chance of cancer was one in
a 1000 petrol bank workers.

Conclusion: This study indicates that petrol bank workers in Tehran have a potentially high cancer risk through
inhalation exposure. Thus, preventative actions regarding to this hazardous and carcinogenic chemical must
be started as soon as possible.
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