=0

al
7t
¢l
2

1rc
BEEZLE
S i
~ogl) ok R
o o 2o Ok
umoﬁ_,&ﬂuwo_‘_ﬁo
]W\Oﬁ o) ;o_._w_\-uOD
CN g R _m
Wz @D o

% B g ot
2 LB g
=) . ﬂNOE‘L!L,
5! o B R T w
om =, EE XL XL ui vl
5 o~ ‘L|~].1TrAvA..
a o W R w0 o
y.f HE o WOW aom LL ,@E W
T T 0T
W AR OE 4RO
= R B S oW
T BHTD
oF T ur =«
= W Ko Mo
%. @ﬂ\mwm%vf%
o @ o oot i om N
L IR R T)
-
& o BN
= of ot W o K g
e Yo = W
w H Ko

o o) o
Mt

o) oo OF o ¢
W 0N o
u&iﬂ&m_}mm@@
7 of o @ WX
S N
W S o N
6} pa i TR

2011 48 ) 11

) 2}

(loop diuretics

Al

.

WL

o}, o
s}

is

ol

o

7]

—
.

]

o
o4

o
it

<3

]

)

o}

©

=

<
=

=
il

ax
S

ZiSEALE

A=

=

=



Ll E.:n‘jr .AvA_l‘ﬁL. Hv_
PR N Y N T LM AT LS
oo RS RN T2 wep pEERD
oF Bl Ol = C = }w<& io,wﬂ@Qﬁuer
o Q@ﬁhéowm g 2 M o BT sdogpe
0 g RN g g s MR WME_Tmyxx_w
] —_ TS I i g S 100
A dlﬁ.w_ﬁ/oﬁlaﬁa T2 OmOE H 5 ~ N 8 -
70 %%mo@%wuo% mﬁwfwm% %Q%L}wﬂm‘w
L pld [ ——
BF L D@ S 55 & Ea Bt BE
[ [alhgas w0 = m~r| ) n —
ol @%yﬁﬂﬁm K a4 KOy ﬁmﬁ%ﬁ%ﬂé% %
Ko T 5 KOOE e TR (ST S gt x
2 a % oo o W a W U~ Wogr oA o T Fo N
4 Yomw HE wWF 3 o o Gy wf o o
SR TR R > o
P &QNWOAJM Aeﬂillrm,_ﬂ%moﬁ,%@@ 5
I~ v - il o~ &R < H ol =y
d oop,23%3 %ga%ma%E@J%wm oo
2 o W A BE el iy ¥ g T 08 i . v o
i i
Lo oA TOTm 50w & o iy
g I or o o o
= of w5 T oo
o ¥y Mﬁ%ﬂ@% TR E
3 N s B - o o L o WS
E¥TE RgmEem SEABSL 2RIZ BE
=y | . T —_ . Y =
EHR O imu%&_@% S e ynas 5B ® 35 g
- 2ox xlé.amaoﬂxxolt umumma_‘_]mﬁlM m,m_wmo%o FIT
SN o Y @ﬁ.%%ﬂ%ﬁ ,ﬁ.‘%él’m.. S w3 W oI
SAwo N TR JE BN BT Tobyg o 5
= <~ 9 oy 7o ) r aho— o o0 o ool Mo T o ™
oo M =3 el H o | oY G2 T w0 ook T
mMo% Bo e Dbl 1“_..,\‘&@&@ ﬁomw.mmL_t D Lo
R, TS R dE=Ran MEgE mRD
s gy do O R A s T8y
ww,wo_ﬁ W@Mﬂ% ol %E@,Q@,E %Jﬁo%@%gi
.mmmu_tw %%%Hwﬁ%@ aﬁa,mm@m.cw%?%l@smaﬁme@‘
5 sELR CLATLERY %%,Am_aA%géﬁ_t@@ro_eﬁ
ETT®® o2 N oap Kio oa,_%o/mﬂ,‘l,.ll_;gqmﬁ
w ol SR O_E e AT ut R ﬂ‘_ ol — B = H D K ,.,._Alw_ KO
E @EE%%K%m%H@%Hﬁ
« Zoan W By @zmamwﬂ




Scanning electron micrograph (X1000) of the 16 kHz region
of the organ of Corti (OC) from a control rat.

Scanning electron micrograph (X1200) of the 16 kiHz region
of OC from a toluene-treated rat.
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95% Cl of hearing thresholds for the right ear by the type of occupation

20

30

Threshold (dB)

40

50

60
500 1000 2000 4000 8000
Frequency (Hz)

JdEN g & 554 2¢
3ta1 Qlol FeIg QEith
Work type
—o— Manager
—@— Painter = = = o
—e— Welder 019} 7"—4—0] 9}9} Eoﬂ .—]
-4 Shipfitter -{5‘], g.‘j::}‘ %ﬂ—@:% ‘7_}@&}@ X_‘]
5 5502 AR

Q=M= S=4E A
o] ohLigt o] FetEd
of &% Qo] thEt H2
84 dgkg rasez o
Sl AT

yii

(O 6) ZUHM ZiEol 2 HHAXETY §, 2002

ot e ZE TR OR HA= B
A =Fof mhE FEAA HIE 80 dBA
ele) g0 =EHU f718A & g8
230 =EH = BF FAYPAHLO] HIeET
HO =2 FEdoledt 2-8 kHzolA 9] &
2 HYEHdES UBYA Ao, 4
kHzOlA sletEd s T 480 87t
Zol HY ko] UTh= A HAF 9
CHCIIE 6).

o] AFOAAE ZRAYHONA FFE+= o
AE, s)4x 2 FstA9 f718A H&
T SFIETEE L2 ¢ e I
S WEE Esleart 2o, HeE g
FH QR0 = lead chromate?} zinc
potassium chromate?} $&2 AMFREDE

18| derd

2. AN A€
4 (xylene)2 HQAE
L ZEAE 288 84 &
EEoA LAT T A (styrene) S I
B, 4], TRt SetAE MAECR
ojg=lth
AU Ak &2 11899 ddd
e FEsde VPR AT Fa
&3 3 =& Ato]9] OEL HIAoA
Yo FHYR]Y AolE HATHMiu-
jser &, 1988).
28y Aoz W EH ETtAE B
EZE 224 188 & 73o] 3 eduts
AxtoiA HIZAE QI Aot e oS4
AHEIE HRYOL A8 E S TIE ¢
o) 7191st A oZ HOlK= ZUTHMo-
ller &, 1990).



=B84 A IAOIL F= AE )
7] & YA HAZo) ®ist QEd), 34

&
8 \F 6% B0) mE Fulo)d B

A2 sRolAE IFaRE(12-20 kHz) T
AR A 1200 ppmo) EL2 BLoAE
A Fikpol A GRS FHEE = AT

FARSE A7t 2Ed B F 3R 20| #

-

AL AT Pryor =, 1987).

3. EfjZEEAqgd

ED|EZ20Ede R0 f7IgRz
copolagld AAl, dERAH S e
Argstn, HQE, ek AEA|, FYEHA 9
SE RO S5 EUREE AFRREL

ErjEE2ogd &% 50 4
AEE U eR g Szuk-kuberska B
24 AR AR

T S

, %
E4a0] tithpoflA EAA O HAHA
AATSH 40 & 148 FAolgioL) 26

HEo Sd2 O dHYMEA) Hyd
= HReM, @ 2 E= 3 kHzol A 325}
OjRl= EFEQA FHEd (dip)at g
ohe AESAE BN @ A2IE
EriZzEogdo 2ot ¥ FAl
| Z=AIA & O vzl 3
E H3lon, WA TET 1] Aol
EriERzogdo] =58 S Az

|

|
X

Y
ro

- St
i}

.
0

!
o

3

(IS
H1

@
2o
=
(@]
4
jav]
jow]
o
>
%1'% 2
ﬂJE
kL ofl
30, 07
e o
40
ok
o
et
1%

N
2 o

AT

ita)
e
X
H
r
I
o
0z
ot
2
15
el
IS

el
=2

?El
Zh 1132 717F =94 1,000 ppme] d4to] &
EAFE O [T FE719) dAE XA 3
Zof] WA, 48,000 ppm&) Q]
52 [e] A= (amplitude) & ZAAH
CHRebert &, 1982).

M7 Fe g UARE 3 7Y, 145 712
SO Fitof mEAFE o FHgErrES
A Vake] D& TR AR QATHPryor
=, 1983),

?lol Atg EOiE g4k o5
Qth= AE & 4= QT

o

151

B

SH
2
ol

LIS,
185} EkA (carbon disulfide)E= SR
b RAZ HIATA Q1A AEH|, &
|, 158 71g SXA| 2 AFESITH
HIATA AAEOA ojESEr R0 W
25980 Tt&Atol thet ATE HH, o]

o
P>

ol

2 A

A

o011 48 | 19



o7 JeE 10189 Z2%}
oF o|gatetao] EFA e 7o =&
|05HH, =ETolA &2t
3 o] HEsHA LERATY
g 2 =ETOA 60%(42% - F0|2
), 8570] 81%(63% - F0I2H), =
T2 TR 46% (33% - S0|24) AT Hl
TL A AHolA olgstehao] REE
2R AT uFu AYHART) Hs
SiH, WHERT ohvzt d¥Ed g&k
AR Eatol] what AR 2

A
-
o] 45 HBE e HojFa ot

M
i}
o
i
H1
i
I

R

SEAHA BHLRISOA Ve
FE717F 1uke] FEVIHD U AAEA
oL, IREET]S) A H0] Ut ZdHzt
B2 A= Sulkowski(1979)7) A5 &
243 ZE2HA]
3

%l

A4 W SRATH
BYZNSO) oF 45T 30 2
£Y U4 Ak OB} S
| wEdol B gEe vs Ao 1B
AgHo) BANZY 4
ol .
D719 B3Rl Wske BEs e
5 0] B olEE
& BYOE AT @ olE AN

20| NgEd

Hett,

CHOAA Tt 7|9 BE Iup 2E
7] R¢19) ey FZ} old, 2]l 2o
M 5549 uit Z2E7|¢ B mte] &
£7] R¢o] LEFTE,

HGu)7ESo) HIEER e o
B E50F U4AIRE 0|4 9Alg &
2o © ARCHChoi, 1985). 71UT]1
oA ABIENS 550 F Ty 9 F
)21} &+ (inferior colliculus)ZF A
ks Br=rH Makashima, 1983).

o

N ooy ok

7. 14 opAAiY

HE oA (butyl nitrite)= BEHA|
o] YFo|t}.

SEAF A BY opaEligdo) =EE F
= reflex-inhibition audiometryofA 10
T 40 kHzO] HAZAZE &40] AL, 40
kHzE 3ETICL 10 kHze 69 014
HAZ S4o] QI HESESER
SES BE oA B E A7 308 29

30-45%7t S7F=IATHFechter S, 1989).

5349 954

1 "4



Hl4x(arsenic)= FolLh FA0jA RtA
Hog Wdshs dlgholn, 32 o},
Edlutant, Aujselet § 714E9 o
MAZ AFSEILE Hl4o] =58 AlES
Al o] TARIQICE

=4 900-1,200 g&] HiaES 7H A&
3 2A AFE e Arst 21t 6t
e 280 Mdo® 05 E BEE HL
LHRNQ] ofolE wimirtel, o, 4 B
AollA HjAo] E718E k& TS HIEE
Obs3 WS W 125, 250, 500 Hzof

olet FEH o] 2] Hl&vt Ikt
A FQolmd EHolRle A2 ¢ 5

(Bencko &, 1977).

>

et

(@)
T

o2 x i H

sodium arsenilate(atoxyl)Q} OFAE!
F %A (acetylated derivative, ar-
sacetin)o] &5t 52 ATE BH atoxyl
2 FLH oo &4 U/QRE ALY
HE T 8A HEBE AFetd] ofed
(helicotrema) @} Q7% A7} 74 HA]
ATFg UL, A JHe AR wEE
ol oJEs}

HHF (stria vascularis) ATz} &
LA ES] S5 BEo] atoxyl2 H2EE

o &AMS 31 Reissner®hS A

s
itk
a

A0
2.']'“1:‘

A O =
oo HYH LER REURE, B

jus]
5
®, A7 gamss 2 gein o553

o} A FeEaol WEEL, o] 5
2559 g438t £7F= Hunter-Russell
syndrome 2 2A] BUHERHE (Minamata
disease) O 2 Zgtr|o] QatE oz diy]
*ACH

1968-1978'd Ato]e] mJUIIERE O = 7
The 35Hof thet 2] FH AL S0l A
sESAY WAAE HAIS A, 587 0lA
16517} Ao] ZLE(28%) EIALE.

o] Hetago] FEHJAHMizukoshi &,
1989).

w5 A IEE A} nME7E AERS
(short increment sensitivity index:
SISDEANE B8 e 559 XV1/5
710l otEE, EViole FUE HH
EME AJAFSHD /2 (Mizukoshi &,
1989), E5A1] (W) Rde S8iM HES
LolgH(transverse temporal gyri) oA &

s 287 SEHY BLEHS BT}

Z2AH0A] trimethylitin(TMT) & &
= NZAE S4AA FE719 A9, BHs

o Adret & da 59 e nzlth

9

2011 4% | 21



MEAN 2kHz PURE TONE HEARING THRESHOLD dBHL

2k

1 H I\ ] i ] i

ofulg} 11,1, IVi}e]

| 718 dX35] REARIT
A TMTE TETHU 249
. sketEolth ,
ol=4o wWE AlE } e
d4e |7IFHAE0 =719
7 WszMZL AEEAME
- (ganglion cells) 71=& 1}
HEHEA CAP 9RIE H&

Q 5 9 18 20 25 30 35

40

(a8 7 5 o 550 MHAX(Schwarlzet Otto, 1987)

TMTE bahavioral testingollA] EHFC]
i@—:@l; ssh=d], 40 kHzE AQishal
2 719EQ01 YEfe] HELE RBoltt

@71@31 P ASLOA] 24 kHz O] Aol A

+ CM/(cochlear microphonics) 9X|7}

M55 3l 4 kHz olddAE CAP(com-

pound action potential) GX|7} A)EHO
2 AETTHFechter &, 1986).

T UIE 871FA FEEz tr1ethy1-

tin(TET)2 54 Z8A A ¢Z(myelin)
9] &g TAAA WE BEQ] §110] Hr).

22 | UgRY

NI
| 4
, ge =9 g0 A
® Q= FEOT B 0]
M Ze8 ASEL 01 1
B0k Tj7lo] 9=l 9l
AeHE OMOM*—VE =
S14 Q7o) =B BErt S7he T Aok
2H0Z Yo =¥ SZAE d83
N3 uES FFs 23 TFRukRlA,
L& 7)710] 71 ZEAGIAN HHEEL
©7b 1 At

oA Ho] HELH LUFoz Y
EL0| 710 wak 500 Hz, 1, 2, 4 kHz9)
HE AR 7 SV1ET HEEL HEETD
ohz} oks9) a7, o], dsol: FEF
g Tra HelRlth & 585 5 85
BEQF 4000 Hz HYYR|9 dde S

c



f

AEEN YO 4588E Hil(For
S, 19AU 88 | &
adriel g8oxiel o

wartz@} Otto, 1987) 8t T},
4,

1

0z

(18 e 14-1941¢9
ANES 11 ARE 0185+ H4AWEY

st

=2t otks71/3
& X 31(Sch-

51989 NH-

2

kHz FHEARIe} S35 @ 550 #AE

= 2ueltl, 8-UsIAE 2ot

X

ZHmanganese) 2 A7 |=Z0Lt H

2
R 2L 2] 2R =&Y

Bt B50 Zae Yol BEY)
o) F4 & ofgh ol9) BE B &4
e A-3Fue AZAN HEed
Holnf olo] vlsh BFuly HEsue
A,

W7} oS54 O] A8 E AEA

2390 ) 049l Fa Ao
WS, TS oS4 BRBAY A

AEolLt 22 EE Q] o oSt

LR

AAAE o544 WL ES etds]
YUHAA Zor ASHe AU HR
she]2t

e
0 O

ol _[l?li
u

ol

Q'I_{

1

o)

10,

1
0%

rlo

M
=t}
)
N,
o
ofx
.
0
to
QL
i
o
o
B

ok o b
40
it

S~
Py
4
i
031_5
f‘_l 0
o

o b
L2

20T o) 1= o

o iz

oY I
© ol g 2 o
0 I
=
o
og

rr
ol
el
et
it
A=

i
i
=)
=
o
in}
o
=,
g
ok

ole} Zo] F718HFIe 282 &
ol BSEee =E7]F fvolt
5] Al Elofdol 5ol ¢ ot ==
o] MerElo] QIRBI= AE AARITH
R o|EY FFEHN =EE IEANE
A A7 H Qs

) =AY 1A AFE 8] (American Confe-
rence of Governmental Industrial
Hygienists, ACGIH)& X9 tet&d
LE7IE0] 283 EFEER Qi &F
A dHoz oshe Thsd g Fadicohs
d AEsHA] dEstal o, E54, |,
W7H 59) o4 setEdE M g0 B
CEEE o2Ao] thelal F715el Ft
st AArE #alskal RACH

A

of

=

Mo
L1 o
o o e &2

ol E3Y BY o FAFol A
B 2 3% 7SR ST Ve Al

2 FYPo9 FQeles
age g ZECH

2011 4% | 23



S8 080 U BRAEE S5l o wgol Au) YRS DAlre 7Y

=4 B2l ¢ Fgeithe FolA Xg7t o A 283t setedo) ke E e &
A9 agoll Het F9 1:}‘8@780115 Fol 2R FEet AN 20]= thefet 7
< QUTH s ststEZol theh 2219 e 27 o
3 en Sal S8 Qi sekEd

FA ZBetAAT  =2gheEo] TS Z1Eo] e gl oof

2T 483 ASASIA AElEEE tiE AFo IeAe At g Aot ¢

P TR
1. AR, Aa, oma AN, ojEe, ST ZMY EA 22Kl0| XZ0| HE H2 Y. o3t
HzZI5t5|X] 2002:6(2):95-110.

, 238, Z7AM, HiC|QH0|Z MZYH XML F718X ZE27t ol oIx

Het ofigrelstal X} 1997,30(1).:61-68.

3. Bencko V, Symon K. Test of environmental exposure to arsenic and hearing changes

in exposed children, Environ Health Perspect 1977,19:95-101,

4, Choi, IS, Brainstem auditory evoked potentials in acute carbon monoxide poisoning.
Yonsei Med J 1985;26:29-34.

5. D'Alonzo BJ, Cantor A. Ototoxicity: etiology and issues. J Fam Prac 1983;16(3):489~
494,

6. Fechter LD, Young JS, Nuttall AC. Trimethyltin ototoxicity: evidence for a cochlear site
of injury. Hear Res 1986,23:33-38.

7. Forst LS, Freels S, Persky V. Occupational lead exposure and hearing loss. J Occup

N
>

24 dgen



8.

Environ Med 1997 Jul;39(7):658~660.

Huang CC, Chu NS. Evoked potentials in chronic n—hexane intoxication. Clin
Electroencephalogr 1989:20:162-168,

9. Johnson AC, Juntunen L, Nylen P, Borg E, Hoglund G. Effect of interaction between

10.

1.

12.

13.

14,

16,

16.

17.

18.

19.

noise and toluene on auditory function in the rat. Acta Otolaryngol 1988:105:56-63.
Makashima K. Otoneuroclogic manifestations following carbon monoxide poisoning. J
Acoust Soc Am 1988;84:38.

Mizukoshi K, Watanabe Y, Kobayashi H, Nikano Y, Koide C, Inomata S, Saitoh N,
Neurological follow—up studies upon Minamata disease. Acta Otolaryngol (Stockh)
1989;Suppl 468:353~357.

Miujser H, Hoogendijk EMG, Hooiisma J. The effects of occupational exposure to
styrene on high—frequency hearing thresholds. Toxicology 1988;49:331-340.

Moller C, Odkvist L, Larsby B, Tham R, Ledin T, Bergholtz L. Otoneurological findings
in workers exposed to styrene. Scand J Work Environ Health 1990:;16:189-194.
Morata TC, Dunn DE, Kretschmer LW, Lemasters GK, Keith RW. Effects of occupa-
tional exposure to organic solvents and noise on hearing. Scand J Work Environ
Health 1993:19(4):245-254.

Morata TC, Fiorini AC, Fischer FM, Colacioppo S, Wallingford KM, Krieg EF, Dunn DE,
Gozzoli L, Padrao MA, Cesar CL. Toluene~induced hearing loss among rotogravure
printing workers. Scand J Work Environ Health 1997,23(4):289-298.

Lataye R, Campo P. Combined effects of a simultaneous exposure {0 noise and
toluene on hearing function. Neurotoxicol Teratol. 1997:19(5):373-382.

Pryor GT, Dickinson J, Feeney E, Rebert CS. Hearing loss in rats first exposed to
toluene as weanlings or as young adults. Neurobehav Toxicol Teratol 1984;6(2):111~
19,

Pryor GT, Dickinson J, Howd RA, Rebert CS. Neurobehavioral effect of subchronic
exposure of weanling rats to toluene or hexane. Neurobehav Toxicol Teratol
1983:;5:47-52.

Pryor GT, Dickinson J, Howd RA, Rebert CS. Transient cognitive deficits and high—
frequency hearing loss in rats exposed io toluene. Neurobehav Toxicol Teratoi
1983:5:53-57.

20. GT, Howd RA. Toluene-induced ototoxicity by subcutaneous injection. Neurobehav

Toxicol Teratol 1986:8:103-104,

2011 48 | 25



21,

22,

23.

24,

25,

26.

27.

28,

29,

Pryor GT, Rebert CS, Dickinson J, Feeney EM. Factors affecting toluene~induced
ototoxicity in rats, Neurobehav Toxicol Teratol 1984,6:223—-238.

Pryor GT, Rebert CS, Howd RA. Hearing loss in rats caused by inhalation of mixed
xylenes and styrene. J Appl Toxicol 1987;7:55-61.

Rebert CS, Houghton PW, Howd RA, Pryor GT. Effects of hexane on the brainstem
auditory response and caudal nerve action potential. Neurobehav Toxicol Teratol
1982;4:79-85.

Rybak LP. Hearing: the effects of chemicals. Otolaryngo! Head Neck Surg
1992;106(6):677-686.

Schwartz J, Otto D. Blood lead, hearing thresholds, and neurobehavioral develop—
ment in children and youth. Arch Environ Health 1987;42(3):153-60.
Sliwinska—Kowalska M, Zamyslowska—Szmytke E, Szymczak W, Kotylo P, Fiszer M,
Dudarewicz A, Wesolowski W, Pawlaczynska—Luszczynska M, Stolarek R. Hearing
loss among workers exposed to moderate concentrations of solvents. Scand J Work
Environ Health 2001;27(5):335~342,

Sliwinska—Kowalska M, Zamysiowska—Szmytke E, Szymczak W, Kotylo P, Fiszer M,
Wesolowski W, Pawlaczynska—Luszczynska M. Exacervation of noise—induced hear—
ing loss by co—exposure to workplace chemicals. Environ Toxicol Phamacol
2005;19:547-553,

W. Clinical usefulness of audiometry and electronystagmography in the diagnosis of
carbon disulfide poisoning. Medycyna Pracy 1979;30:135-145.

Szulc—Kuberska J, Tronczynska J, Latkowski B. Otoneurological investigations of
chronic trichloroethylene poisoning. Minerva Otorhinolaryngol 1976;26:108—112,

26| UEEE



