g Oldsd gl § Canlung 0ui1S dlxo
W=V Olrio VYA Olie) £ o3l A 098

Wl B 0 BTEX b Ol 57 5l dexfge Ol 2 (e § Fllos (53 Jolge 6
Sl 90085 Lo O &S

Ol WL e Sap oede B cale oaSEh ol b cally o8 okl bW o B
fgolbabaei@tums.ac.ik., suews
;)lf_uol,q;‘o\ﬂ;J{gzﬁr,l;,&utggwtw,,&uu;6\éfulvwafmjtwuﬁwwﬁhm:@.Blrt.‘a;
Ol 018 Ol (S ke oSkl ¢ Cotlitgy 0aSCails ¢ s 5 HWT 5 (5 gl 05,5 coleal 1O LRulS” Aldly 091955
Ol €015 ca355 Ol &S olby 5 Olo 06 &b o ot inins oblgs 0151 1S HYB yg3 Ol yg0
Ol 018 ¢ 01 (S ke olils ¢ Lty outSCiils ¢ sl 6 bl 05 S ookl 15 o 0l I Jloar

Q‘ﬁhbb@iﬁ@\,@ﬁéﬁﬁc}l&a@bgw‘%awbnd‘éf&‘d«a};djs: AJ}J‘S}QJJ‘J:Q@M)QW
VWAVAIYO : b gy g6 VAMNYIY : el 53 sl

o>
5 bl e s LT L Sde SVb agrlpe 53 55055 0L a5 (T gle I e 5 5l il a5 Licdia 5 4ie)
oo st s 4 el OF 5 4dd Gl 3 - Sl sy ol el 5 OUSLE et B sl LT U S
Oy b agrlsn sl ASE L (So T el 53 SIS S0 Jelse o maga SRS s SIS ol Ol aglge Ol
23355 e 5 bl (BTEX)0 5w 515 Ghls (il
Sl Dl ¢ I8 36 Izl Lalss (5l 500 S50 K el Oy il s anlllas b a3 8 B,
T 3 s 350 Sl iie SR & a5 U e 5 0 Ll T (sle I Ll gl olSal 5 K55 L3 3z se
1501 sy oolad 2 ls Wgad ol pond Don ged Y80 ol (Gls wgai 5 s uite 51 S5 8 l3l & €503 0 5 LT
slesesl s SPSSLILBI o 5 Al s sl oty SVl ulys )U‘,\,”;Jf,tmw,guguicéuT@?NIOSH
kS 13 e 5 e (Wbl BT s Al O S
5aa S b ol 3 S8 b agarle 5 s Calbs S 55 05 b agarlse caadllae 550 sl I s 3 H e
35 3o 55 Sl S Ll 5 O 1L agarlse (P</00 )ad ols el agarlse e 35 5l 5L 2l K
3l eobe @S Ol 5w adllas 3y 5e B Jlex o bagrlse nKle IS0 Lelse o tege (P<t/00)
SRS )l 03 s S5 f 5 5 gt g i ik
A L 03y sline BTEX L agrlsn Ol 0 K5 5 sty g o aibs gla e 50 LY 5118 ot
3 s a4 imman el Ky la I 05V gn 355 ol 5 eslinal 35 A sty g > slite oS¢ Jad aids
3318 56 else w0 am g ol by 3L e le d 5l 2i 0T L agarlge Oy oKy DM 3 il O po 0 050
By e s F ek il S e IS 5 L) e

Sras Ky g g 5 Jad aiby ¢ Jad agxlse o (BTEX) JI ls Jol @ s 08504



Oan 5 SLUE o 3/ 5F

s o me 53 &S Lol sae (Hallermanne 2001
Sl 555 e Slasl i Ay o ol ORI L
il EalS ((Saar (S bl e Jro ele
oSS S5l pramens Ll 0 Ol OIS
O3 sdeass) SRl 5 Wskeel G5 lBl 4 arg L
ol oS Wl anily Ll bl &8 SIS s sl
Van Vleet and Schnellmann 2003-..
5 S5 L ks 4l (Takigawa et al. 2004,
b 2l s Jd Sl ool Jelie s JT sle D
o 5 il ¢ BUS ¢ b S (gl Sl eslizal
Seeber et al.1996jcul w5 15 Lol 5,4

Anundi et al. 2000; Miscetti et al. 2003;
OLalE s, » g dlas pus (Ekberg et al. 1986

L Vaams 3131 5105 8 opl el ol S ale 5y35 5
el e JT gbadd= 5 oYLl
Winder and Turner 1992; Husman 1980
Saerlse 2l Jl Yo=Y s Ll (Beving et al 1991;
S Dm0 JI gD Logsn e 0L
oxlizul 2alS by sl (63,3 cbli= Lloy 5l eslinal ¢
bt opl ol il J s 55 L JTsle I3
Sl S BBl s plnil Ll 53 oS (6 asdllas
Triebig and Hallermann2001; BratveR004)
oSS m 5 sl oK s Bohemianet al.
L Jodll Ko Ol 3l 5 alabl 5 55 03 hals J3
Sl D b e il agrlse S 5555 0L o s
Ll esged il dals oy S L awslis s Ll ails
w3 lels g5le 5,0 mbeo s (Alberta 2008
Sladd= b VU slelale b oo SV b 4l 55 K
Jle e (Beving et al. 19916 .5 . 515
Gl s a0 5l 5 al 3 ps T sls DD L]
2004 .l K, Qverspray o> 5l i

Ssbe 4 &S glaadles L oL 5 Michal .(NIOSH

-

YPRY-N
RS 2 Lrﬂ sl Pl et > 08

L Oy o b 0T 5 )8 5yl 5l s sl oS
Ky A5 Cme il SN Ol s
L8 e (il Sl (b ol el
Y B g T RN C V-l VU R L e N
oo s sls s bl (LiNZ et al. 1986
s 53 S8 Opdee MK el s Jas euls el
o 5. Lo I ls IS Loagarlge 5o Ve aas sl
W S 5o JTsle IS glail o5 84 51 i VaAE
o e b D= (Beving et al. 19911 .1
1 lard oS5 5 L8 on 15 oalitl 2550 S 85
2ol Sl e e sleml 3 )l 5e
‘wﬁ,uq)‘u&&ﬁuumamw}s
pp 55 Jange 5 oS lelle 53 48 555, 5 (=S g6
> (Moen and Hollund 2000 5.5 .« sl
Slesbon Jup €003 Cs 2B r b T sl
S e S Wb glglale o 5 S s el il ey
s oebetl (hsee ol o s S e Slasl alels
ol el (Buzio et al. 2002¢,: . S
Ol ol 5 dited 5 olantl o Sl glyls add>
Looldl e sagrlse il oSS 5Slan O
S5-di Ol gha ol b e LS Lams 53 O3
G i b s S P el S il 5o S
S5 L Lo (Baelumet al. 1982ks . 55—
(e ol Cleds sl el (aje D) s
Cranmer and) 5. ¢3S, olasl

Goldenbery 1986; Arlien-Soborg et al.

5 Sl sy g a8 el Oldle s (1979
O sl 0y et 05 Jol b laimad ulad 2,
Sl ol ol gl 5 LaadS S WO oy 2
Kaukiainen et al. 2004; Triebig and



PO ooy s 5 Slles (5 Jolge 56

3 gt gl Sieel K 557 A g Isn slaxe
asdllas 3550 sla e VT 5 g3 B 55 SIS e

el 0392 5 Sla sl e e O Sl O3
Sl s 2 2550 Gl pate SIS 4wz 5 L 4 ged pe
O ws, Sy Aad oS 0 anllas pl s

g5 Y (O ST b 505 0o @Y el K 0ls 2y

Gl 0l

Lolid oS 5 5L ) gt 58 T (ol 5 Zil)any
L2 S 5 s 3550 (LELL) K55 g5 50 5 (VL
JLo Ll . (Combination s 5 ¢+ skl «
Lol 03 a8 o 5o o ded Yoo S5 0 1SS
CAs s Sl s Wgel Y dals sl 4 el Sl
lsa 5l ol wsad il sl VT 4y 5 (513 4503
G o xSl e e S L 0SS s
NIOSH ) ol iz ¢t (NIOSH) (gls >~ cilag
IV B ) e/ sl ) SKC -USA L.
sUse 5 SKC 5 8 cxl S e VO Jl Jled
SOl g gl e 3 op bl b A 5 (gols dsel
SIS Ay 1) e /Y s gy s w8 S LIS
AJW:SLS NIOSH 1501 Uij) wLw‘ B SKC é‘j_f‘g\
44.)».? (,.>;> J,.S‘A} LA L:@.o szbﬁ 44.}04. (VL ol
O o5 kE ORI VoY gy 4w b IVY L
b Jols G5 Sl S e Sledbl (gyls & se
@}J}Jﬁ&&%}%&uﬂikéd‘mw)ﬁ&})‘u
Olge 4 digas ) aigas Ve ﬁdljlqw)s.d‘isﬁéjﬂ
. (NIOSH 2005) Cmal\ ol wﬁ j)"’ DL ML::
a3 0 5 5 el sl o s sl NIOSH 1o+

S AP 30 a0 Sl S oy Kad (eSS 3 Sla

eV bl o e sl ol b el
ploil A8 o IS Wty dowsy 5 JLEE kS 4L
s a=b 5 o1 JLanl Oy 45 Lsls OLES isls
IS eslanal 5,50 A gy & Ll dolge 4 O3
5 A el (sl K slp B s s e kin
St 198 Ol S 4 L SO 8 8 13 g
A A= Sl P el bl s Jalse ol s ssls
5 o8 e Sl 4 ki (Michal et al 2004
G 5l 6 Ol bl J 1S sl ol @ bl
ol 5 ol ot NT L plels g Olie L3l e
S S 3l e b agrlsn Olie 45 5005 3525 OB
(oAl Ul Dl s s il Sllesy b Ll
23 ey Sdog S 4 plies lp Jelss ol @ a5
ol ol S Wl e J S5 sl
STl D boagrlsn i 2 g bl bl
s bl el 5 S s 5l s Ol S
= L el 5les S cpl agelas Ol 5 335 sla

ST
Slelle 5o )50 phle e 4 Jlash o)
wbw.l.wlaurteu'léjup)fw&&)
aadllan L 1s) i o |l 5 2 el o
D 6 Il gla e ¢ 5555 sl Sy Aul B
spmse S sle P age 5 (lild agrlse Ol
e e R g Bl 5l els i lse s
- bl 1S i sl e Llld Gl ol
FR 2 VRGO K VI WACH- 3L PR S ST R Pt - I
Dyes 5 Sy edkas LS55 el 5 Aol b 58s andllas
sl 05 oslinal a2 dS js el el Jad sls 5ol
oot sosm asllas pl > oS IS 36 o5l (sle i
S pp 0 Srd g aidy Sl sy Sole s S 13



Oan 5 SLUE o 3/ 58

s (high volume low pressuyg:s s i o>
S & R L (conventional,Lzs ,, 1o, A
P s Sl b ek el S5 Gl S 5l b s
LRSI
s sla eV L il agrlpe ke
Oy b s VT 51 o b s agrl e (oSSl anlllae
oo a Jad aibs el R s S oz S
dlons SIS 3 ppam Cele A Jsb s ey S35 S0k
ACGIH 2009 ¢y 5l ol 4 g5 e 350 L 5 A
Y oled Jsdr w0 4> 5 LAACGIH 20095 3 4 lis
S5 oml as by el 5o O U815 ks b ey
AV as ol plas 5o 05 b oagrlse 5 Slrs o5
33 5 L agrlye S ol I3 cpl ol Slme 35us
3V Slre s 1l S 5wy S5 ks b
S A= 3 gy s slgend 5 oo K Lo
LSl e gLy
tandlas 35 el b el agrlse BLSSE on)
Slek VT L agrlye :Slke Ok LUl s g
Main ) Jol ol wadlas 5,5 elye 5 BTEX
SIBTEX L agrlse oKl s el Lliwe ol 1 (effect
Jsdor 53 01 s 45 Al eslizal @b Jlexr Sbols U
cogedl opl ) ol = bl eds 63,531 (Mol
aerlye pSle p gy 5 Ko i aibs ol e
ol gme 56 BTEX adlas 5550 gla sdoVT L et
3 okl Gl Sl b Jule 5 (P70 Jaxils
S P 5o P<en0 ) el osg s gme 5SS
L solsime Bl 05 5l 05 Jid agxlse :SSLa
aile slaite o (P00 ol il S g
BTEX (53 aerlsn nKbe b lsa slos 5 25 Jas
(Y dsde) (P>e/eo ) aid sdalie (ols ore b3

S ol SISk s S8 by s
Lol dhes & 175A Ji. SHIMATZU
dsb b oo 055w gbls o (FID) Glabad 0 sl
A ag A RSl s Yo Gy sl 5 e Ve
boamss Ve Sl olus opl 55 Ogim glos romen (23S
sl Bl LKl ams Y w adds s e ) e e
53 1 dld Js Wyl 5 e sl A 3L
C3L3k Sl e s a2 S Al o0 2 e v/0
g koS aps SIS gl S des e
2 eSaSe Vs Y G S5 s Sl Ol IS

(NIOSH 2005435 5 . 2
A5l e 5 abes 4 3 J e Sl ool S Sl
-Q}»ﬂ sl b S 13 Jeloss a2 35 50 SPSS\ /o
ol T OsasT els eslinad sy bl sl

AL e ki O S5 5 bl

oW
Sl ko3 £ Lo g 5 e Ses andlas 5,450 01 S8
oS asein Voojled Jads il slael S8 w0 Ll
ailo il o adlas 500 O SHIS SIS g0 SleDL
5l B0 o Jl 0 5l zaS 05 S aw s gl Jas
dod i S 13 anllas 3y Jle Ve 31 i
Lo 3 o peS 5 (LEYV) e 0 31 2eS 65 S 55 015,18
Glesazals 13O0 YY) Jle Vegl mi 658 s o
BYA CYA SIS s a3 (Sulo ised o 53 50
SWESTIRTR- e SRPVEN [ W WHPPSSTI (NS (AN PRI o
S 5 (LA Y B YA sles =) 3 b 45 se
(Y Sl s Yo 50 W0 ) 5o Wl de s
S calby s olal sl b Ao sl LS),T@}.
Sy sl gl S s s Syl K
FYVATEPIVAT-IAVA SENVA L BAVA RESW I IPURSIPCY

C}.: )‘ Loy Yo oalaal S0 JM C}.} L}J‘j‘-fﬁ Loy



Y oy s 5 Slles 5 Jolge 5

Beving et) e ;S |5 5 Laagrlse ol
Sl S Aas e 0L Al ol s Js @1.1991
S aalllas 5550 Slgtend S OIS 55 05 b gl o
Sy 54y S, ULSOLS 55 S5 bagrlse 5 55055
3lome 30 51 VL S e LIS (el B 4 oS 2]
Sl S gla e ble s O 5 s Gl il 4l g
L Olaen agrlpe Jy cddl o agarlsn Slme 250>
3L O b agarlse Ol 055 YU s  BTEX
s I 5l estinal ol ol s il o Slome 550>
s = ool fpiamen 5 O (g polds (sl 5 LRI
Sby Olpe an A3l o0 O35 5l o3k ol sl &S 25
a5 bl (S slaelal 3 gty - shan oS
e Ls Dl K05 4 o O Slme 50 oSl 0
L O sl slme sla b 5l sl 2L o S
Sy phe Grmmen L3l (o s Ol 5 oS sl
Ll sl o e dse clie J 28 (5 wlels
OoLen s Vital Lo Ul s o8 alie (g) anlllas s
sl oS58 s T sls IS L agrlse ol
2oy cillas (8 3 g 5055
gl Ol S, oS andlas s 0K SVital
sl o T sls P b s S Jsb s 015518
as sl s sl il s Ll e Sl s O3
e ssd gle Chle s G50 b agrlpe b oSS ples s
- sl Dl Koo boagarlse Joossls sz SV 5
Col aelw A 5lome 59l o/0 )=/ 550> 55 5 5l
.(Beving et al.1991
2 OHS  ine  Fege Olge @ i aibs g
sl 0s g cogline A wtlis BTEX U aglse Ol
Tl 4 S B B8 15 gl Cubge  aiks e
A3 B ran Ky Ol 03 Sslie 5 G5l K 3
S Bble S 5 JaS e 5o Sl 5 el Cund s
S5 el ol 36 N 510l e 1 o) a5 IS

S ZEF I3 e 2 derlse Olg L addlas 55
el o 03,51yl s 3 O il

Pl O S J-f_JUT)'l ool s 4 ¢ la al
aerlse ke iie ol Olgs 03505 Gasiia ol
05SU e e 5 (BTEX) b salVT L5 3
D S5 ST 51 38 wgrlye Sl IS0
b Cows HVLP ¢ Wy s oslindd B
e s WSl WS sl ey
(P</00 Jles o sbml 1) (28 agxlse S5
Sl Sy 55 okl 5 05 ol e 050 b agrlse Sl
alld gols pme M (6l s Sy 4 ol il A
Shs Sl Ky S5 L agrlse 5 Sle b oalaly 53 Iy
et (P00 )dles oo bl (6 28 agrl e ()l
Loy Jrs by S5 e L oagrle (Sl
o> e o b S i 4 e 55l 5 (608
Sl 4 e 0L ST 2B 5l 2y (P<i/e0)
O Jol 5 05 3 VG slehale b agrlse o OLS
sy oljf,Ls 4l ge J.<.La COP<esro ) Wyl L3
Shls oS5 Sl A L 0L Adp @ cad 03 o0
(¢ osleds Jgd).(P>0/00 ) 555 (Sols gme D

agrlsn ke say SIS U e o tegs
3 ol s el anlllas 3550 sla sV L (5338
5 aiby U Ol S W 05 S
21 A S Ll e K55 g gty
omamen (P00 )ajls b odNT 51 20 L agle
oSlke Loy gae U B able 5 lee cles
(8 I3 )(P> /00 )3l baagrl 5o

o
b lgtlale b e il agrl po 53 5505 OLIE
o aS e a5, S el T el DY 5l VL

€8s B SRS 5 G5B Slsae dlesl s



O 5 LU o 3/ FA

s M8 5, pst . (NIOSH 20035 el s 45
Rl 03 o elil 3y5e K5 p aexlse Ol sy 2
g5 S 2l Ol s @3 8 515 e ) 65 5 andllas
Olsens s g5 ms 0252 SIS 30 agrl g Oy 55 K
O oGP0 05505 sy (ol pre BLIS) agrl e
A eslinal Sy s bl s OIS Sl Sl asllae
s LB S5 033 530 31 S5 sla L 0186 2
LS 4 o O (o3 Yo L ) it gl 5 Ao s 5 LS
dops Sl s jtege L3S (o SIS
2o 5 b Ky s ekl eslial gla D> LSS
O3 S o addllas cpl 3 L e an S
L3 335 s p 4 OEAS W5 ) LSS, O 50 3
o antls LT b oagarlse 5 5Lasl Olys 5 o I S 5
LS HLsle Ky a8 el Ol e Olabl b s (ol

Cdoles e sl o osline ST sl

S 5 domd

Sl oS 35 oo e addlas cpl s bl
e Jads e calby s O b Jad g 4y
5 Sy 5l S 53 S bl 5 s
Shedd slgiiny agrlse sbme ssa> 1 VL (O w0y,
5 ke baagrlse ool 5 il o ACGIH  (g4m
ER R T N SR SRS Rt
il g 53 3pd ol 1 ASk e (B e S
ooy ekl am i la e ol xS sbaalele ~1b 55
b aiby L Jad sl agrlse Sl ol mls LS
S Sl pramen 208 0l K p5 5 A 8
el Gla K551 5 e ao s Jad glangrlse o SSLs
Ll V0 e33L b gl st ¢ ol Al e Sy ale 5
sl SSUl 5 (HVLP)S LWL g la iy
555 03wl ACGIH (g gur 5l s 40 5 (BOOD) K

OLen s Michel Lug 8 i b ooen 5
6 b ea VT chle Ol 3ldie g 1444 Jlu s
33 Sl Sope 4 L K Sl b oot AWy
5 Ol Cgr S80S Sse OIS ek adais
4l o e Bl S ¢ SISm0 S
5 Gl S, Ceu o o3l ¢ SIS o3Il ¢ i
o3Lital 3,50 & iy £ 55 5 el ) B (6 el Sl sl
i 4 s b ed VT Bl Ol s el |
dm Sl G Gl 0 NI L) ale o age A anlis
G Julseil jlhe s &S as wxlis (Overspray
Michel et al. 2001 L .

G M 6 Llse 5l Kos (S g g
g5 3 eslinal & Al e3ls OLE 5 b atld agrl e Ol e
agrlye Olpe W L2 L psm e ¢ 4 s HVLP
rlye Ol s g 750 5 il (0 bl S
Olme 55 sl ool s 5505 355 (gls one LS
350 gty f 5 55 Al 4 0l sl Overspray
033L L LIS 51 ke sl sl (g sl K sl anlllae
Sl oy 53 K HLid e e 40 a5 sl KO il
G e wen Sl BB a5 Doles ¢ mhe g5
Jolo 8 i pa sl (S elizad 550 sty ¢ 5
0 oty ik S5 5l (S Olsie 4 oS Ul o33l
Wy Oversprayiil wiy spd o i mhe
oS I sle IV w agrlpo Ols a2 53 5 S ol
g dal gt

1AV Jl s &S (o) aalllae U ol G mls
O S35 2 VAV Jle 3 LahKes 5 Flynn L s
Sope Ky Gl 3 AU Sl 4 s agxlse
A o3l 0L uSes 5 FlyNNs s Sl o 03 8
&t Jal Olekily slils HVLP g 5 gls a8
a5 dten YU SLE L e g e sla gty 4 s

ool n el (gl K5y 3l U gt b agalge Ol e



74 /...ﬁ@)@%ﬁg&&‘fﬁl:

Copde 5 K5 gla e LSS s 4 IS

Lyl e RS s IRV

EILPEE R

eshe oRils Ctlig saSKils Sl ¢ G o)

ol Sl e Slasdsy S Gl el ge v s

LSJL-A}JJPW)J J.'PUG A&“.hﬁ 3)‘,.‘ b‘;J\S \S:J"Jf‘,ﬁé Qb)\b‘—\ d}u\?

Slre Sl il e
/0 Yo (JL) oy
Y/Y /0 (JL) L8 aale
0/) e/t (o S AS)035
AIY Wy ( eulu)

by g s bl sl Cae S K w05 s BTEX b e agrlgo slns Sl ol o0ke - Jpi>

PPM i pp S

Sl PP O3 ! O NN
Olrs S pSSle Glas S pSSle Glas S pSle Clane Sl Sk JPERPERP
(MAQYE/ v (V/0+)¥o/00 (4/04)V0/V (+/01)Y/¥ 4y K
(£/04)Y4/0 (A/+)Yo/0 (F/NVONY/Y (+/VOV/AY Sl K
(O/FEIY/a s VDY /0 (8/Y0)\0/4+ (IVYOY/YY Py
AZARPILVAR (/0 )\V/A (Y/FYIV/AN (+/+Y) /AN et
CXARAVAD (F/Va)No/00 (Y/vEV/AY (+/V0)+/0) S Sds
Voo Yo Voo /0 TLV'TWA




OLan 5 LS oy 3/ Ve

oo S Ky Wyl B 0SS s andllan 5590 slapiie 5 agrl e Olies Ole BLS)| (o) 2 )l> me gela Y J g

Solwsso >
los alo o g ey nRe ERIPTR-PEEC
O]
Y Y <s/eny <a/en) /A <s/en) Oya
YV <efeny <o/ee Y <s/en) Oz !
VY Y <eed <afe) <ajee <e/en s
VO A <agen) <agen) <afes) <o/ ks

Kyl p s BTEXL 015,18 agalse 5fle (535 2 (oo 2050 $LusS6 Ll ons blite Ol 56 ot g

Sl ss g Caine S

a.,\.liyi

o> e e A e
AT ks Sy Jrs ar b
AT ks oy /- 2
e k3 C/ e aiky
%Y Oy g/ S Jad aibs

References

American Conference of Governmental
IndustrialHygienists (ACGIH)., 2009.
TLVs and BEls. AmericanConference
of Governmental Industrial Hygienists,
Cincinnati, Ohio.

Anundi, H., Langworth, S., Johanson,
G., Lind, ML., Akesson, B. and Friis
Edling, C., 2000. Air and
biologicalmonitoring of solvent
exposure during graffiti removalnt
Arch Environ Health, 73, pp. 561-69.

Arlien-Soborg, P., Bruhn, P., Gyldested,
C. and Melgaard, B., 1979. Chronic
painters’ syndrome. Chronic toxic
encephalopathy in house painteksta
Neurol Scand, 60, pp. 149-56.

Baelum, J., Andersen, I. and Mllhave, L.,
1982. Acute andsubacute symptoms
among workers in the printingindustry.
Br J Ind Med, 39, pp. 70-5.

Beving, H., Tornling, G. and Olsson, P.,
1991. |Increased erythrocytevolume in
car repair painters and car mechanirs.
JInd Med, 48, pp. 499-501.

Bratveit, M., Hollund, BE. and Moen,
BE., 2004. Reducedexposure to organic
solvents by use of water-based
paintsystems in car repair shopst
Arch Occup Environ Health, 77, pp.
31-8.

Buzio, L., Tondel, M., DE Palma, G.,
Buzio, C., Franchinil Mutti, A. and
Axelson, O., 2002. Occupational risk



v\ /...Jf&m}gwt‘jég}ﬁ‘}ﬁﬁju

factors for renal cell cancer. An Italian
case-control studyMed Lav, 93, pp.
303-09.

Cranmer, JM. and Goldenberg, M.,
1986. Proceedings of theworkshop on
neurobehavioral effects of solvents.
Neuro Toxicology, 7 (3), pp. 45-54.

Ekberg, K., Barregard, L., Hagberg, S.
and Sallsten, G., 1986. Chronic and
acute effects of solvents on central
nervoussystem functions in floorlayers.
Br JInd Med, 43.

Husman, K., 1980. Symptoms of car
painters with long exposure to a
mixture of organic solventsScand
JWork Environ Health, 6, pp. 19-32.

Kaukiainen, A., Vehmas, T., Rantala, K.,
Nurminen, M., Martikainen, R. and
Taskinen, H., 2004. Results of
common laboratory tests in solvent-
exposed workers. Int  ArchOccup
Environ Health, 77, pp. 39—46.

Linz, DH., de Garmo, PL., Morton, WE.,
Wiens, AN., Coull, BM. and Maricle,
RA., 1986. Organic solvent-induced
encephalopathy in industrial painteds.
of Occup Med, 28, pp. 119-25.

Vitali, M., Ensabella, F., Stella D. and
Guidotti, M., 2006. Exposure to
Organic Solvents among Handicraft
Car Painters: A Pilot Study in Italy.
Industrial Health, 44, pp. 310-317.

Miscetti, G., Garofani, P., Bod, P.,
Mencarelli, A, Ballerani, A.,
Ceppitelli, A., Angeloni, R. and
Peccetti, V., 2003. Esposizione a

solventi organici volatili in un gruppo
difalegnamerie artigiand/ed Lav, 94,
pp. 216-23.

Michale, R., Flayn N. and Erdic, S.,
2001. On the Use of Computational
Fluid Dynamics in thePrediction and
Control of Exposure to Airborne
Contaminants Pan lllustration Using
Spray Painting Ann.occup. Hyg,
44(3).

Moen, BE. and Hollund, BE., 2000.
Exposure to organic solventsamong car
painters in Bergen, Norwaynn Occu
Hyg , 44, pp, 185-9.

National Institute for Occupational Safety
and Health (NIOSH)., 2004. Control of
Paint Overspray in Autobody Repair
Shops DHHS (NIOSH) Publication No.
96-106.

National Institute for Occupational Safety
and Health (NIOSH)., 2005,. Method
1501, Issue 3.

Seeber, A., Sietmann, B. and Zupanic, C.,
1996. In search of dose-response
relationships of solvent mixtures to
neurobehaviouraleffects in paint
manufacturing andpainter§ood Chem
Toxicol, 34, pp. 1113-20.

Takigawa, T., Horike, T., Ohashi, Y.,
Kataoka, H., Wang, DH. and Kira, S.,
2004. Were volatile organic compounds
the inducing factors for subjective
symptoms of employeesworking in
newly constructed hospitalsZnviron
Toxicol, 19, pp. 280-90.

Triebig, G. and Hallermann, J., 2001.
Survey of solvent relatedchronic
encephalopathy as an occupational
disease in European countrieSccup
Environ Med , 58, pp. 575-81.

Van Vleet, TR. and Schnellmann, RG.,
2003. Toxicnephropathy: environmental
chemicals.Semin Nephrol, 23, pp. 500-

8.

Wang, JD. and Chen, JD., 1993. Acute
and chronic  neurologicalsymptoms
among paint workers exposed to
mixturesof organic solventsEnviron
Res, 61, pp. 107-16.

Winder, C. and Turner, PJ., 1992. Solvent
exposure and relatedwork practices
among apprentice spray painters
inautomotive body repair workshops.
Ann Occ Hyg, 36, pp. 385-94

Yu-mitan, Michael, Flyan and Buller
2002. a field evaluation of the impact of
transfer efficiency on worker exposure
during spray painting Anroccup. Hyg.,
44(1), pp. 103-112.



Scientific Journal of School of Public Health andtltute of Public Health Research
Vol. 8, No. 4, Winter 2011

Influence of operational, technical and environmerdl factors on
exposure of motor-vehicle painters to volatile orgaic solvents

Golbabae F., Ph.D. Professor, Department of Occupational Health, Schw of Public Health,

Tehran University of Medical Sciences, Tehran, IrarCorresponding author: fgolbabaei@tums.ac.ir
Kazemi R., MS.c. Student, Department of Occupational Health, Schoabf Public Health, Tehran

University of Medical Sciences, Tehran, Iran

Golestan G., Ph.D. Associate Professor, Department of Epidemiology @nBiostatistics, School of
Public Health, Tehran University of Medical Sciencs, Tehran, Iran

Pourtalari M., MS.c. Industrial Hygiene department, Iran-Khodro Company, Tehran, Iran
Shahtaheri J., Ph.D. Professor, Department of Occupational Health, Schdcf Public Health,
Tehran University of Medical Sciences, Tehran, Iran

Rismanchian M., Ph.D. Student, Department of Occupational Health, Schdoof Public Health,
Tehran University of Medical Sciences, Tehran, Iran

Received: Feb 22, 2010 Accepted: Nov 16, 2010

ABSTRACT

Background and Aim: Considering the acute and chronic effects of oganlvents to
which vehicle painters are exposed for long periafdsme, their evaluation and control
is crucial for protection of health of the emploge@his study aimed to find the most
influential factors on exposure to, and spreadiodupon with, benzene, toluene, xylem,
and etylebenzene (BTEX) in order to be able to skdbe best control measures.
Materials and Methods In a motor-vehicle company the vehicle paintinggess was
studied in detail and the solvents used in paintsia spreading organic solvent stations
were identified. Based on the types and conceotratof the variables being studied,
using the NIOSH method a total of 240 air samplesewcollected5 samples for each
variable and the respective controls) and analyzbd. SPSS version 11.5 was used for
data analysis, the statistical tests being mugfiession and analysis of variance.

Results: Exposure to benzene in all occupational taskswels as to toluene in top
coating and undercoating stations exceeded, wRipesire to etylebenzene and xylene
did not reach, the respective permitted exposurgtdi(p<0.05). The most effective
factors on exposure to all the four solvents wereyrder of effectiveness, occupational
task, gun type, and the type of paint sysd(05).

Conclusion The effects of the variables studies — occupatitesk, gun and paint types
— on exposure to BTEX relate to differences in petional task work load, the type of
gun used, and the paint organic solvent formulatidre reason for the potentially high
exposure to benzene is its presence as an imputite paint solvents. Thus, it is highly
recommended that in the process of control anduatiah special attention be paid to
these factors.

Key words: Volatile organic solvents, Occupational expos@egupational task,
Painting gun, Paint type



