Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

ey ailins] 1o pus 9 T (S i1

-

\

Sk lwo g w 9 JIT SIN> b glio by (o o 4g>1g0 pili (ow y 39
O 5 g AT

MBS 2 i b s 5 _ _
=R S5 21l (01l S, ke ol IS b Sl S e IS oy 8 skl

é..i}; NUEH PRI Lf<‘:f1 el Sl O Cb s s

o.&ﬁq\

NYAVARIERUFA R W

N s ol s Sd slel o il r S e 3 552 5e (Glo g 5 T GladMe bglins L Ol jas agrl go 457 Llos sai - as
335 0 B b g4 anlllan 135 8 g5 4 S e 3l g0 SIS o L g e

oLl 015 ($5lg o5 slawls I8 51 (S s Jols SIS FFY (55,5 0 VWAV dlu s o — oo 5 anlllan ol 1317 (59 § Blge
odhe 4S5 e &) Il 058 05 8 cdizils agarlge 1o g o b Jais S 5l g0 Il OS5 105 8 4w w0 015,18 .ol a3 8
S L glone b oy v s 033 457 038 &5 o 01,5187 05,8 5 izl agrlgo Sloms s 55 JT (sladS b glins by oy
lss 6T L)y J.uwu,,&\ﬁattﬁ#;\égufuxuMa:‘.u;_m%@;t?m.x,;\;yg@bﬁj
YO 3l piy 5 oa kST A o8 P sla ulS 5 5 olsis 6kl 5 Sla) Ydde 5 (s ows YO 31 i 58 LS Y 5) /0 sla S 5 s
ks e SouS L (o

Slome d 51 VG g 53 (AT sladd bgline b o s o osdle 457 SIS 55 Y Jube ulil y 5l 928 S31 Ol 5o 1l 4Bl
Jeolse s 51 ey o 5 (P <7003 10 530 ()1 gime s a0 izl gl s o g s L g o7 31187 0 o izils agrl o
(P <o 5ORZFAY) Wile SL Oloman Jls gime (oMt ol 6Kt of 0 g 85 6LeT 5IUT Sl oslial b odiS™ 5 gudns

Sl o5 a5 )1 agrlsn o 5 5 T (SladM bghina L Oleson b 4 &5 SIS 53 350 0 40 5 18 5 domid
S D508 (bl sla 38 Sl eslial b 5 5 ol S Juol b b oS5 2 gl Sllan bl dhaor 1 ol CBli sl 5555 5 oo
(VA B o IFAA by € 0o 1) 0398 (8 5% b dlxe) 5,5 15 L

S dg>Tgn (lghd ool (I Gl S :lo ojlg;,,ls/

FPXV-PY

(Sl mls UEHE 53 55k sk 4 glsid Al Gl

Pos gt o oys ol gl 5 B 5 Jom (6538 Odne

S SS 5555 alaed Sge b (Jab o agrlpe 1wl

Sl L alpen > il on (N sLadd LT 0 2o
)

g_s—STLSLAJ)A’ ol DM;JQ\&S&A)‘ g_;’}"J"gs.’“}"‘;'

A_iq_lz;uc_uﬁsla_;@;:psm@wo\,;;

% email: drmsattarchi@gmail.com

@uﬁé;_;éué,wdﬂujté&|pa|
Y?~~~,:f\a~~~ cbm\)s(\).sﬁ@gwg}l&n
s Sl M IS Laes (o 5 e bagrlse J1 5 05

(Y¥) N
RECCIE SR PN v

Al Y Gl 5 U i 4l ge e & Pl

o‘x‘ é.w)a pole olile 5 b wlidxy 35 0 1] g 00 o u»)éT


http://zjrms.ir/article-1-505-en.html

Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

AA QLA-MA-O) ¥ o)l.n..i’: Al 0y9° ‘63)'“’ w.a.lo

e Ogan il gy et 53 Yl 15 T sladd
Al o0 Coenl b o528 a9 2 Jole 5o

FLITIY)

o S e 5 g5 ) 5 e s o asllln ol
Gl b Sl 51 S s WAY Jle s oS il
S adlllan ol 53 ol 48 5 plail 065 s w53 sl
sl 0l (’t’"‘ Soled ()13 p diged gy 3l eslazal b
&y sagle 5K a s Jels 01,5, alS i
S dile ole 51 i oS 1y 6,8 5lges (28 o)
S Iy o950 PN pldses Aidged anlllas 5,15 cdzils
4 (Simds odalae b Glate 5 (1 Sl 4l ke,
...Uaﬁ)\f
Jf,\s\w‘ﬁg&,du);fﬁwmw{at,;
o b 3l ge Il s 55 S8 WA 5 was K e o
sl 55 a8 T 51 ks g HI 4 Jgrie ol & 51 i LIS
(sl S w Jlzsl 55 8, s a5 oK)
e ol O F ST S Lo s 3 m oyt 350 3131 S
alS el L5 S5 e L8 S s el A spd= e
Glow SIS s SleMbl dex I addlas o sl 3
5 g A s abae iy Sleslinal b s 5 (Saj
sy odd b addlae ol Gl Cgr S (gl anliian o
11 s 3 L5 g Syl aslition ol oMbl s S
Ol e o JT 6l M 5 o 5w b (LS agarlse ailes
wlo (Jud Jad 5 JT s Doy o b agage
(G isie 4 Mol able SuS 55l slas)ls O e
4 el Al JSU 5 S8 e (2S5 S L s
Al g5 DN (b oo St Golow 45 2
Side e 4 LD 4,5 bl (o Jos 65 8 ol
s Oble 5 A5 A Loy pgs Jad (e Jad 5 )8 0L

(&35 o o S

W5 i 4 015 (e ol o 315,
(b e (ol W5 5 il oo S5 SIS
Lol 5> Voo ged o580 (3 Sty 5 St iy A 5
WV 5 il (o p s 435 1> Sy i 51 ol sl
1 Sl s nl 53 s 5ol & SIS 0 sokos
National Institute of Occupational (sla pwss ulul

®)
r

s 53 K 6T s 558 05 /A Safety and Health
ag>l g0 ® i 0355 AT Lol b agarlgn 53V ans Jf
e 53 P Lol Wl (o0 JT laddo b e Ja
U ey alie L;ué,}s(").;>fo\f)K&tp
Loagrlsn 2l 552y (0l 5d ot 650 2 JT b
5 Lo e T sl il e JT sa I
G jre y3 gl gdely 5 ST S 5o e e gla 4L
adlas s m‘m.:J\: s 5o LIS ST 5y o Jlazsd
31w Ola o agalse )y 4 S 0L, s Makitie
(Pillar) g se sla Jslw T cazstls O el JT I
50s la Jpbw dewy o baiay Ll Ml ons 18
AT Gd b agarlgn 53 Jb oy 5 5 ds T (Deiters)
® (VFNO)

aS Wl esls Olas (6oL s Sl Slalllas

S5 Sl S 1o 5 5 JT SN b agarl g

sl
Lol 7Y 8l asls e — e gl gth 58S sl (s
el ol (al>_=§\ 63 gdme Olalllas Laplusl s S plisy e 5o
el Bl e a5 S s Sl ) s S
O plial b (Jad Ole e ag go 305 0Lis 0, 5 Makitie
53313 3 gl EaLST 15 Ll el Mo e
93 01, Ken 5 Sass-korstak  aadlles Vs s o 5 e
A s Ol il s Sslie ol 1490 JLa
S Sose 5 lib Sl sy =) sledl
1,558 Cksien o 55 M 6318 0l 5 S e sla, 556

\M}ﬂ&ﬂ))dbﬁ)k%})ﬁj@&@)ﬁ@


http://zjrms.ir/article-1-505-en.html

Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

OB g suoxo plo 5o

s il 1 laog oo 9 JT SledDl> i1

American Conference of  adlee 5l ;5 ol
Sia ij .>» Governmental Industrial Hygienists
6 i Sl paass ame Ol & ACGIH o
S 9350 e gl @ Cilig 4 by e glas ltlzul &
338 oo el Olajlo ) Lo 5 4 glas Ikl o 2ege |
Threshold Limit ) TLV Olea L agrlge s 55>
semsn ST sl Jasw Jiote g sl e (Value
Ly 5 e Cda Js) a4 ol 50 QT L o
ol p w5 Cuger Ao el b Jj ol 3l Al
51 m 3,5 eslizal YYY-¥ Jue SKC Sls ) 0 om
B> 55 gl (e Vv sy 2 OT G iy 035 o,
235 Dslite lasay 53 5 Cus 93 53 )15 1 4 ged A 025
5T g e A plsil (ol A) (5,8 il Soe plas
Sl s s eslizal 318 5l 8 58 oKans I b &gl
4 Y/OY L EM Ol Slbs plonil 51 oy o0t &5,
2 AT Gl blis Chle o b ool 4 claT S
sz ool Slome o I 2y a1 ol 8 Ky
S0l &S T s w +/FRF L EM Ol s 6K,
IT dd by Clle 034 jlme do I S odias
OT bl bk Cble pumen 3L e Sl mlhs
o2 I cladds chle ws g Sojlhl S Jlays
2y Pledl BB a3 b s o 4 05 e
56555 6l e s o L 515 e 5 b e
sl ol o A oslined CEL-440 glis 1 5l 5o
Cose BB, 53 e gl @ Cildg o8 by OT
b ke 487 503 0L s (6,8 50 ol ks 28y
Sl 53 (VA= AP)AF ABA) 550 Il 53 ol &b glio
Y Koy Il 3 5 (W —AZ/0) AY/0 ABA) Wi K,
Slos S awle andlas cplys cpl by .50 (VO -AA) ADAB(A)
Jsl 55 2313 513 amlie 5 gy p o ol 5,

Sl) dzils agrlge Moy m b b & Wsy S5,

O pan aile 1 dis g Dole aalllas ol g 2 laslas
el (B ubs 4 Ml il (S 5 51 (slag )l
Sigie 4l b g 2SS ol Jee dble cAdy S I
PIECIG AP AC PO N2 5. CIPREE
$E il 5 JTGls P b 5 agrlpe il mle
JRa b S Jad 5 Oslane g A o e b agr e
S b o b Jrd b grlse 65 0 4o 5o
o SO e i) Oojlaie e 5 iy (Slbog 5 JT
23 S (il (Gl b eSSl eslanal ¢ w85 O 0 4
Blod 51 g o (g ager pbie Jast 3 5 cailing 57 0K
s sl F NPl G o slaslne 035
B8 L5 W s oK) gl S8 i ¥ (S
S oIl andllae cpl o3 ik andlas 3,05 Sse L
Cilg o by O Lo 53 e Y- 4I5S
40T Sl 5 a8 S35 ol wls,S 55 Jols gl ~
TR

Sole ks Koy Il s oslizal 3y50 JT sladd>
ST sbadd 5 oI55 5 Al 5 05 5l s
Wi 3l Ay Dobe e 6K, Gl s eslinel 3
O 5355 e G Sl a5 L els ol e s
RS Sl wslg o A o 5 asls wlie O
Uil e JT b b (ST15 51 Sy
Jsop b 5 oolinal jlows 4T pslie b amlio 5 aglye
™ 44 aclows EM = C1/L1+C2/L2+...+Cn/Ln

Lgliua b agalgn dolbs 2ol 0L EM Jse  pl o
2 JT sl o515 oSk Sl C 5 JT gladM
Al o JT IV jloes ailinT v L g 0355 )8 Laes (5150

3055 e Sadde 5SS a sl ke ralons I ey
V3 i EM Ol5e & )50 55 G Jpep 3 S
baie Chle Osp Sl = 1 i edlasolis AdL

oslanul! )l’r.ﬁ S 9>~ ‘SL.\.A ..\.&L’u.a )K Ja.?u BE ij Lgl.kd)\:—


http://zjrms.ir/article-1-505-en.html

Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

AA QLA-MA-O) ¥ o)l.n..i’: Al 0y9° ‘63)'“’ w.a.lo

SPSS 1331 p 3 3l eslizal b S de Sliwlows S5 43 8
N rt;;;tlS

b €L

6K s Jola ST PR oy 4 opdioes anllas ol o
Ay XV ,8 VPP oS dasls 5 (g5l yn s albs, S
AV 5 e &Gy ey (UNY0) i 1 F el S,
oo b Ly S 4 JsrieSlge e s 5 (AFAY)
LOT L able Kb 5 JUe YT/ V andlan 5540 3131 S o
(/VOI0) & YYY 5 o, (LYF/0) 55 V2A 3 Lo A+
3y (6 )8

A5 addlls 550 (slaeg S amlie 4 ) ojled Jgus
el als & Dz 5 S able (e sla ke
3opn Slaes S ph e blial Jpde ul 51 &S 480k
s 5 (P=2/2A),8 4l «(P=+/+A%) L5 51 aslllas
S AL (55l e OOl S SS L (P=2/44Y) LK
53 4l 6Ky el s JT sadde oo ioiw
L S5 5508 4y sbolen Conl oks 03,57 ¥ ojled s
j@*i‘&wﬁﬁﬁ&)dbﬁyud‘fﬂf
Ao 53 Jols 0 5,5 aals agrlse JT ladde bl
ST Sbdd bse s do 1S Chle | b
Gl Jbe ool lgis C3l Sl 5 awlie . dinils agal e
o 0313 OLE Y Jgdom 5 anlllan 5550 Sla 05 S 53 93 9 &S5
WG opled Jbe ol olsid ol 4 Ml sl bl
038 S\n 5 ot (a8 &) I 018508 05 855
Mt ol Lol 3 Olgen 02 208 Glige Sl O15,18) Ul
ol s (P>0/00) 545505 gne adlllae 3, 40 05,8 4w 43
o 03,5 53 33 Jke Ll y o928 31 s o OLES g
25,5 53 5 Ol o2V Gyl (s &5 b 01 5,8
ol 9 5 Olge cp S ol Glise Sl 01,5,18) Jl

weor L;‘j’ (P<'/'a) .)}{ J‘.) U’..M Lg_)l.oT Jka j‘ ;})A.:.>‘

L Oljer agrlsn S Lop SIELE g3 05 (Gl
S do S ol s JT sbdde b
5 (s ) ) dzdls agalsn oy w5 (EMSY)
o g b Sal odle & Lay G5, o 055
ST Gl b L Olojen Lsb 4 Axils agalse
) sy agelge (EM>Y) jlme a1 i slac s s
(a8 &5,

(e (S gl pliHS e b sed Ol Gl e
Sl ,8 3 01S L L8 0l oo 5T 51 e el VF il
AD 229b, Jie) 5 1kl (6 e 95351 o&mns &K 1 eslizul L
sl ¢ s dinteracoustic Denmark Co. Ltd
A /b gl Wl 5 s 0L EL 28 s a il S ST
air-) gl Colda Gb 5l 5 adS A 57 F Y
s 7 55! (Bone-conduction) i sl 5 (conduction
33 ) 5 Jeol SleMbl 4S5 55T Jas 4 PTA g5 N
odd b anlllas ol ol ol S oS Glanliion ;55 Al e
ol adlas pls glgs Gkl Sl s 8 ol sy
P38 aglie aalllan 3550 03,8 sy 25 S8 slons
FAAS Y ) /0l S S s ol sl (o Sle
35 2l 6T G Kle 5 (65 o) o owd YO 1 i
Jae) b o3 YO 51 i 5 oa ST A o7 F Fola LS
(93

Shas O3l ity 5 Kke ¢ oS (sla ke (gl andllas ol s
andllas 3 ) g0 (slaog S 55 la piie cpl dmglie g 5 b
S S sl i awlis Cgx s eslzel ANOVA
Jolse baw Cgr mman i oslital g3 O9a)T
Lolous b agrlse o LU 385 (omp 5 oS hgdin
BT iy S ealsis S L o e s JT gldd>
o ba 05057 plas s . oslisel ESteam 80 85 LT

Jka).ﬁ'/'a)‘f".q.fé)b&mcb).&p)bﬁﬁj‘ydl‘:*b\


http://zjrms.ir/article-1-505-en.html

Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

OB g suoxo plo 5o

s il 1 laog oo 9 JT SledDl> i1

lod SOl Lol ol a4 Moy b agarlse 4 Cond Sl
ol LECP <ovay) 55 o o mi (oo Je ulal )
5> I Gbdde Ljls L &8 SIS 355000 ¢ b0
348 Bole il agxlse Sl e Gl xS bl
Gz 5 GO Olgn (o il 3l omen (P=1/050)
Gols ame Bl (o5 due elal ) olsis ol L &

AP >v00) calw

5 T SlodS bsliun b agrlpn 5 ol 3l bl 5563
O3 S5 LT T 51 oS hgdne ol 31 fookes
sbali ¥ Jsr 3 0T s & 4 eslind St o)
o Olse 4 S Gl OIELT T ol s e
3 s A gr O LT () ol s ol i
Ol jon agrlse 8w O3 pze 5,18 Al ¢ Jalse froked
a5l YL Chle s JT le Do bl lds g e L

B dpas glines §)5 abyln (pw 013306 5§l aadliows )00 Sleag)s amlde -1 Joss

J ~ , S oy &
P 4w 09§ 93095 &G 09 5 4!
e Bpsl £enibe | sl Bl £l | slexo Bl £ pSlo : .
}:&hﬁ
JAS /OVES/YY ¥A/AVED/FA ) (JW) cyw
/+QA A OEY/80 V/FVEY Y AFaEE/ay (JW)b sl
K &
Ry Y/F /6 \/SYE LAY /50N 5V P S 20
(Jw-cs)

WlB)S Sy slo ) Gx585 @y T sladlls (hans il 20 - Josa

(PPM*) JT S
Olile 1S | el | bl | oiele | o -
S 490 Jowo
- o A FY AR Nd> &5y e
5 M A “19Y 8 oSy (e
Yo e Voo o /0 dg>g0 o v

* Part Per Million

P gl sladses pulnl y azdlos a3 (slodg)3 )y (16l 18] (,3lghsd amylis - Jgss

- - - | sBosS
P 4w 09§ 93095 & 095 ' 4
d¢=lg0
(wes0) (we39) (wes9) e
P>./0 \AVA7ALS) Y(AAP) Y (1\/0%) <O Jow
P<oed | MY EEYA) | FYUFONQ) | #0 (IFF/PA) 98 Jow

Gaimag) gou)5) 3BT gnlnly 1sogus § ()T sls Jils belas b olojas agalys g (93 Jas gulwly) (gl C181 g bLT) -I€ Josa

S oy 5

P C1 OR |SE| B 2y Sl o
4g> 190
[vY /AN -Y/2Y VOA | /Y0 YAitd 93095
<efeny Y/#\-7/07 FAY | R 4w 09 5



http://zjrms.ir/article-1-505-en.html

Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

AA QLA-MA-O) ¥ o)l.n..i’: Al 0y9° ‘63)'“’ w.a.lo

o2t el W B s gl sd 3N amils 18 Sy
23 @l Sdl msly 6 Wl s st YKHZ 575 s
s KHz a5 3

05 93 dde lal gl ol Slgl b ol anllas s
Lt 55 e 015 4 o 8 K e 0SS
N> e Do & Sse Jle OLELE am Jsl 65 8
Sliwinska-asllas s b Lled ol I &7 55 i

2 s (Voal Sales 0,Kes 5 Kowalska
Las |ea Caio OIS, gy, oS 01, 8eas Kim axllas
S 53 olsis Sl Ol 45 s odaline (23 Oy s
o 5 o5 ST sl Bl L b Olejanysb o S
Lis oS 51T 4 s Ll azils agarlge Slowe do I zaS
sy i ol san ssb 4 dnils agrlse Mo 5 b
o S 0Ly Sass-Korstak aslles fzo Slallas in
g oalsy JT sbddey oy w b Olejen agalss
MV 5y 5k s C3 s garln cul o b5

o 15 me LU0 g S5 5IUT bl andllas ol o
Saales Sldlas s L oS Al eds olsid S3l g

. ale gof = Z. . [CARY)

oY
b Rl hags Cod B ol e SO
53 odd odalie UMl IS ek a4 il 5 Sde Olalas
U Olg o 1y 5,5 cpl y3 el rl,,a\q.l:.;uowum o
op od JT sladdes blie b P clle 5 55 5
sls
Wl ¢y oS e Jalgs oo S oy aslllan oyl
L Olojen dgrlse o )13 sinn bl ;& s uany L
Lo gl 5 5 Slome o 5 5YL JT ladde b sl
G b e YU gl WS B s sk Sl L

LUyl ol adlee s el Sl €208 Sl

Jole ABAB (A) s d 51 iy o 5 o b agarlse
Wl dsdor Cpmems GELE Comex 3 glsd 31 o
S el o3g pabse ol 5 (S Sl Sy b
Lslss 5 Gloms & s 55 (o) oy o b Obojon agrl g
2 Pissd gled SHl s Eel Wiy e JT sladd
Lol agrlse 1,8 Sl 51 6, K g andlle (]
oS igdiee fole Olge 4 Cudlg e S JT Gladd
b agrlse Ol Bilim cdas 15 30 S 1y adllas il
s § L el s JT gladds
ST S Lslin b gl po Olijan 50 aslllas o) 5o
o) @l S35 S s o S e gy e
Sl Dl bglies b Olojen Jrd agalse ol Ol aslllas
el " Lame (o g 5 Slome d 1 VL puslie 53 JT
S ok SIS 4 S glsh A Sl
adlas cpl 5o Wyls aglse LIS bowe Glhoy o b L
O pan 31 Al (o S0l a5 ) aalllan 5 ) g (gla 0 8
3k B oplply Bl (6l gae OO o b L
arlsn 4 e 1) ol sl plpd 31 0I5 e o35
O s oy o 5 JT Gadde bylis b Ol jas
Gl 5 Sl sl olsis 3l andlae ol 5 ol
55 (YJue) YU sl bl 3 Kk glps (V Je) b
adlas 55 .38 15 amlie 35 rags S 05,
A OLFE 52 & Je olalp gl 31 Gl 5 ol
S Sl s e o5 Sl 01 F8 4 s =8 )
5 Morata asdlas s 555 515 gae Ol ol Ll g 2l
63 5 S5 b agrlee L5 el Yo ¥ Gl s &8 01K
Looml =5 s s Sl Zel S il
s Chang  adlks s m>.:ﬁ o (g, Sl il 3

b dad agrlpe 5o Liagh Cou OLSLE & 55 0LKes


http://zjrms.ir/article-1-505-en.html

Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

OB g suoxo plo 5o

s il 1 laog oo 9 JT SledDl> i1

5 ol Sl Sl Y e B4 ST b 4 s
S a3l Dlylas plonil ez I pl5id CBlis by 558
Sl Bl sl 38 Sleslial by 5ol sS fol g L
AB(A) jlus d 5l S 4 o 1o g 2alS (gl i
bgos b Olejan 55k 4 0T OIS & (mlio (51, AD
e w8 It 05 agalge Ids 5w 5 JT gle D>
oS

&3 ol

5 Sl Slasls e oY sy atlie O8 e
oo o Sl o e OS85 o e (slacs,1Sen
Al S5 oo Sha g3

References

bsles Sloms sk )3 agrlpe 5 ol 5h S3 o ol3 gne
Schaper asjlas I Josl> EB LS et ST gdM-
Wb 8 Jo Ml Sale s
ol,%es 5 Morioka adlls 5 0, Kes 5 Rabinowitz
O sl olas 1y bls,l oyl
590 035 bie 4 Ol oo addllas pl gl Cusgdmea
daily 3,50 3 05 (03 (BB 5 sb ) ) 2l 5 e 0,51 alllas
el 4 5L anllas ol il 3B (6l 5 0 5e0 JhiHLBI 2le
0335 o fnd 3 Lo & oo AL e 5oy T ladllas
ST d bk 5 lho 5, b 0L, agrlse ol

1. Rabinowitz P, Galusha D, Slade M, et al. Organic solvent exposure and hearing loss in a cohort
of aluminium workers. J Occup Environ Med 2007; 65(4):230-5.

2. Palmer K, Griffin M. Occupational exposure to noise and the attributable burden of hearing
difficulties in Great Britain. J Occup Environ Med 2002; 59(9): 634-9.

3. Palmer K, Griffin M. Cigarette smoking, occupational exposure to noise and self reported
hearing difficulties. J Occup Environ Med 2004; 61(4):340-4.

4. Mizoue T, Miyamoto T. Combined effect of smoking and occupational exposure to noise on

hearing loss in steel factory workers. J Occup Environ Med 2003;60(4):56-9.

5. Kim J, Park H, Ha E, et al. Combined effects of noise and mixed solvents exposure on the

hearing function among workers in the aviation industry. Indus Health 2005;43(3):567-73.

6. Morata T. Chemical exposure as a risk factor for hearing loss. J Occup Environ Med

2003;45(7):676-82.

7. Morioka I, Miyai N, Yamamoto H and Miyashita K. Evaluation of combined effect of organic

solvents and noise by the upper limit of hearing. Indus Health 2000; 38(2):252-7.

8. Lundberg I, Hogstedt C, Liden C and Nise G. Organic solvents and related compounds. In:

Rosenstock L, editor. Text book of clinical occupational and environmental medicine. 2™ ed.

China: Elsevier; 2005.p.991.

9. Sliwinska-Kowalska M. Exposure to organic solvent mixture and hearing loss: literature
overview. Int J Occup Med Env Health 2007;20 (4):309-14.


http://zjrms.ir/article-1-505-en.html

Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

AN Gl F o loss V) 090 (@i b

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Schaper M, Seeber A, Vanthrlel C. The effects of toluene plus noise on hearing threshold: an
evaluation based on repeated measurements in the German printing industry. Int J Occup Med
Env Health 2008;21(3):191-200.

Fechter L, Liu Y, Herr D and Crofton K. Trichloroethylene ototoxicity: evidence for a cochlear
origin. Toxicol Sci 1998;42(1):28-35.

Prasher D, Al-Hajjaj H, Aylott S and Aksentijevic A. Effect of exposure to a mixture of
solvents and noise on hearing and balance in aircraft maintenance workers. Noise Health
2005;7(29):31-9.

Makitie A, Pirvola U, Pyykko I, et al. The ototoxic interaction of styrene and noise. Hear Res
2003;179 (1-2): 9-20.

Chen G, Chi L, Kostyniak P and Henderson D. Styrene induced alterations in biomarkers of
exposure and effects in the cochlea: mechanisms of hearing loss. Toxicol Sci 2007;98(1):167-
7.

Chen G, Tanaka C, Henderson D. Relationship between outer hair cell loss and hearing loss in
rats exposed to styrene. Hear Res 2008;243(1-2):28-34.

Lataye R, Campo P, Loquet G. Combined effects of noise and styrene exposure on hearing
function in the rat. Hear Res 2000;139(1-2):80-96.

Cappaert N, Klis S, Muijser H, et al. The ototoxic effects of ethyl benzene in rats. Hear Res
1999;137(4):91-102.

Cappaert NL, Klis SF, Muijser H, et al. Differential susceptibility of rats and guinea pigs to the
ototoxic effects of ethyl benzene. Neurotoxicol Teratol 2002;24(4):503-10.

Lataye R, Campo P. Combined effects of a simultaneous exposure to noise and toluene on
hearing function. Neurotoxicol Teratol 1997;19(5):373-82.

Sliwinska-Kowalska M, Zamyslowska-Szmytke E, Szymczak W, et al. Ototoxic effects of
occupational exposure to styrene and co-exposure to styrene and noise. J Occup Environ Med
2003;45(1):5-24.

Morata T, Johnson A, Nylen P, et al. Audiometric findings in workers exposed to low levels of
styrene and noise. J Occup Environ Med 2002;44(9):806-14.

Sass-Kortsak A, Corey P, Robertson J. An investigation of the association between exposure to
styrene and hearing loss. Ann Epidemiol 1995;5(1):15-24.

Cohen B. Industrial hygiene measurement and control. In: Rom W, editor. Environmental and
occupational medicine.4™ ed. Philadelphia: Lippincott Williams & Wilkins; 2007:1768.


http://zjrms.ir/article-1-505-en.html

Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

OB g suoxo plo 5o &g pHew| 2 laog g Gﬂ s> 1

24. Chang S, Chen C, Lien C and Sung F. Hearing loss in workers exposed to toluene and noise.
Environ Health Perspect 2006;114(8):1283-6.

25. Sliwinska-Kowalska M, Zamyslowaska-Szmytke E, Szymczak W, et al. Hearing loss among
workers exposed to moderate concentrations of solvents. Scand J Work Environ Health
2001;27(5):335-42.

26. Schaper M, Demes P, Zupanic M, et al. Occupational toluene exposure and auditory function:
results from a follow-up study. Ann Occup Hyg 2003;47(6):493-502.


http://zjrms.ir/article-1-505-en.html

Downloaded from zjrms.ir at 17:31 +0430 on Friday May 24th 2019

AN Gl F o loss V) 090 (@i b

Effect of Contemporary Exposure to Mixed Organic Solvents
and Occupational Noise on Hearing Thresholds of Workers
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Background: Mixed organic solvent exposure, as well as noise, has a wide spread in different
industries. In recent years it has been propounded that simultaneous exposure to mixed organic
solvents and occupational noise can establish a hearing loss that is more severe than hearing loss
due to exposure to each of them separately.

Materials & Methods: A descriptive- analytic study was conducted during 2008 in an automobile
industry on 441 employees in three different groups. First group were assembly workers that only
exposed to noise. The second group included employees in new painting saloon that exposed not
only to noise but also to permissible levels of mixed organic solvents and the third group were
employees in old painting saloon that exposed to noise and mixed organic solvents in more than
threshold limit value (TLV) level. The prevalence of hearing loss was compared between three
groups on the basis of model 1 (mean hearing threshold in frequencies 0.5, 1 and 2 KHz more than
25dB) and model 2 (mean hearing threshold in frequencies 3, 4, 6 and 8 KHz more than 25dB).

Results: According to model 2, in workers exposed to noise in addition to mixed organic solvents,
the rate of hearing loss, was significantly higher than workers exposed to noise alone (P<0.05),
even after adjusting for confounding variables using logistic regression analysis (OR= 4.12 ,
P<0.001).

Conclusion: In workers with simultaneous exposure to mixed organic solvents and noise, special
attention must be paid to accurate accomplishment of hearing conservation programs including
doing audiometric exams in shorter periods and take advantage of hearing protection devices with

higher noise reduction rate (NRR).
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