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= Abstract =
A Study on Diagnostic Criteria of Noise-Induced Hearing
Loss among Workers in an Iron Foundry

Ji Yong Kim, Hyun Sul Lim*, Hae Kwan Cheong, Ok Ryun Moon

Department of Prev. Med., School of Public Health, Seoul National University and
Department of Prev. Med., College of Medicine, Dongguk University*

This study was carried out to evaluate diagnostic criteria of noise-induced hearing loss
(NIHL) amoriiWorkers in an iron foundry. Of 1,093 workers under the observation of
noise-specific health examination, 184 workers were selected by way of first and second
screening audiometric examination. A questionnaire survey, otological examinations, Rin-
ne test and audiometric test were performed and the results were as follows ;

The degree of hearing impairment in the left ear was more severe than in the right ear
(p < 0.05). The difference between hearing threshold of the first and the second hearing
test at 1,000 Hz was about 5 dB with a narrow range of deviations while the difference
at 4,000 Hz was about -7 dB with a wide range. Of the total study workers, 84.8 % were
tested within 15 hours away from noise exposure, and the rest after 16 hours. This study

has identified that mean hearing loss at 4,000 Hz showed a significant statistical differ-
ence among the two study groups while mean hearing loss by 4-divided classification did
not. The same phenomena were observed between the group with and without tinnitus
and between the group with and without difficulty in hearing (p < 0.05). Among 184
workers, 10 workers (5.4 %) diagnosed as NIHL by old diagnostic criteria in contrast to
150 workers diagnosed as NIHL by the new diagnostic criteria. There was a significant
difference between the two groups in the average hearing loss at 4,000 Hz and 4-divided
classification (p < 0.01), but there were no significant differences in age, the duration of
employment, blood pressure and the duration wearing the personal hearing protector (p
>0.05). If we apply Early Loss Index (ELI) method, some workers in younger age
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group diagnosed as NIHL by the new diagnostic criteria were fallen into within the nor-
mal range. In the mean time older age group show reverse results in contrast to the

above finding.

It is too early to confirm the value of the usage of the new diagnostic criteria in hear-
ing examination. Further study is called for to verify the value of this criteria.

Key words: noise-induceed hearing loss, diagnostic criteria, iron foundry worker
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Table 1. General characteristics of the study wor-
kers
Number of Relative
Contents
persons frequency (%)
Age group (years)
25~29 3 1.6
30~34 15 8.1
35~39 23 13.0
40~44 68 - 36.8
45~49 43 23.2
50~ 32 17.3
Duration of employment (years)
0~ 4 22 12.0
5~ 9 4 23.9
10~14 52 28.3
15~ 66 35.8
Educational level
Elementary school 34 18.9
Middle school 81 438
High school 68 36.8
Above college 1 0.5
Previous history of ear disease
Both ears 5 2.7
Right ear only 4 2.1
Left ear only 4 2.1
None 171 93.1
Total 184 100.0
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Table 2. Mean hearing loss of study workers be-
tween right and left ear by frequencies (N =184)
(unit : dB)

500 Hz* 1,000 Hz* 2,000 Hz* 4,000 Hz*
(mean £SD’) (mean £SD) (mean+SD) (mean+SD)

Left ear
Right ear

27.7+8.6
25.5+8.1

208+84 23.4%126 526127
189+78 2041106 4844139
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Table 3. Difference’ of hearing loss between 1st and
2nd audiometric examination at 1,000 and 4,000 Hz (N=

184) {unit : d8)
1,000 Hz 4,000 Hz
(mean + SD%) (mean + SD)
Left ear 40 £ 7.1 -74 £ 116
Right ear 5367 -60 + 124

# :means that Ist hearing loss value minus 2nd hearing loss value
@: standard deviation
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Table 4. Distribution of workers by the time away from noise exposure before test, age and work duration

Time away from - Number of Age (years) - Work duration(years)
noise (hours) workers (%) (mean £SD"') (mean + SD)
0~ 3 91( 49.5) 433 + 6.0 11.7 £ 6.0
4~ 7 32( 17.4) 43.6 + 6.7 11.1 £ 5.0
8§~11 21 11.9) 421 £ 59 13.5 £ 4.6
12~15 12( 6.5) 452 £ 5.7 14.1 £ 6.4
16~ 28( 15.2) 427 £ 7.1 1.1 £ 4.6
Total 153(100.0) 431 £ 6.2 11.3 £ 5.6

# : standard deviation

Table 5. Comparisons of mean hearing loss by the time away from noise exposure before test(N =184)

{unit : dB)
Time away Left ear Right ear
from Mean hearing loss Mean hearing loss Mean hearing loss Mean hearing loss
exposure by 4-divided method at 4,000 Hz* by 4-divided method at 4,000 Hz*
(hours) (Mean £ SD*') (Mean + SD) ~ (Mean + SD) (Mean + SD)
Within
15 hours 312 + 838 529 + 11.1 293+ 76 50.3 £ 12.9
(N=156)
After
16 hours 28.6 £ 5.6 476 £ 7.8 246 + 3.8 404 £ 77
(N=28)

*p <0.05,** p < 0.01 comparison between workers examined within and after 16 hours

t standard deviation
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‘Table 6. Comparisons of mean hearing loss between workers with and without tinnitus and

difficulty in hearing by 4-divided classification and at 4,000 Hz (N = 184) (unit : dB)
Left ear Right ear
Number of 4-divided 4,000 Hz Number of 4-divided* 4,000 Hz
workers classification™ only workers classification*? only
(mean £SD)  (mean * SD) (mean +SD)  (mean + SD)
Tinnitus
Yes 47 32777 545+ 134 40 31.5+5.6 51.2 £ 16.7
No 137 30.1£59 513+ 9.6 144 27956 482 +11.3
Difficulty in Hearing
Yes 36 32685 521119 39 312+74 51.8 £ 14.0
No 148 28.6 + 5.6 523+ 10.6 145 27.7+£5.6

48.1+£123

*1:p < 0.05 comparison between workers with and without tinnitus
*2:p < 0.05 comparison between workers with and without difficulty in hearing
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Table 7. Comparison of workers diagnosed as occupational hearing loss by old and new diagnostic criteria*

Classification by New criteria®

Total
D| L3
Classification 1(): 11‘:)? 117:
by old critera®® :
Total 150 184

*:p > 0.05 comparison between workers diagnosed as occupational hearing loss by old and new diagnostic criteria

by Fisher’s exact test

@ : Workers with mean hearing loss above 40 dB by 4-divided classification or 50 dB or greater at frequencies 3,000 Hz or greater

(Department of Labor, 1989)

@@ : Workers with mean hearing loss above 40 dB by 4-divided classification (Department of Labor, 1985)

' : Workers with mean hearing loss below diagnostic criteria
'* : Workers with mean hearing loss above diagnostic criteria

$:Include 3 workers with hearing loss 41 dB or greater by 6-divided method (Criteria of Work-related Disability, Department of

Labor, 1991)
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Table 8. Comparisons of generai characteristics of workers between groups classified by old and
new diagnostic criteria(N =184)

Classified as D1 by new criteria(n = 150)

Classified as C
by old criteria added by new criteria by both criteria
(A) “(B) ©
(n=10) (n=140) (n=34)
Mean age 44.1 + 6.8 43.1 £ 6.0 429 + 6.1
Mean duration of employment 14.1 £ 5.1 119 + 5.6 113 £ 54
Mean duration of exposure 13.5 + 5.3 11.8+£56 1.7 £ 56
Exposure to noise at
military service
Yes 3 81 17
No 7 59 17
Tinnitus
Yes 5 37 10
No 5 103 24
Difficulty in hearing
Yes 6 110 26
No 4 30 8
Blood pressure (mmHg)
systolic 136.0 + 15.1*" ' 126.0 + 14.0 122.4 + 10.5
diastolic 88.0 + 6.3*" 826 + 8.1 80.3 + 8.0
Wéaring of protective devices :
Yes : 10 136 31
No v 0 4 : 3
Mean duration of wearing
protective devices(years) 3218 44 £ 3.0° 33 +21
Time away from noise
before test (hours) 44 + 55 8.0 + 10.0 8.7 96
Mean hearing loss by 4-divided
classificatio (dB)
Right ear 41.5 £ 19.6* " 28.1 £ 5.19° 25.6 + 4.2
Left ear 44.1 + 12.7*% 30.3 + 4.8° 288 £ 5.5
Mean hearing loss at
4,000 Hz(dBO
Right ear 58.5 + 18.9" 50.6 £ 12.2°° 379 + 43
Left ear 63.0 £ 13.0=" 543 £ 9.2° 40.6 £ 5.5

*p<005 **:p<0.01 '.comparisoﬁ between group A and group B
2:p<0.05 ©9:p<0.01:comparison between group B and group C
':p<0.05 ‘' :p<0.01:comparison between group A and group C

ZeollE 9t AFA QoA 9] A8 E AV FA) 1990). 2-g2 2 913k AL £y A7 yho]
2 dFsle] 4, g7le) v Fa8 FA2 o] A ele] Y&l 2A-& F Bat offz} o
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Table 9. Comparisons of new diagnostic criteria and early loss index method®' by age groups (N =184)

Classified as no noise-
induced hearing loss

Classified as noise-
induced hearing loss

Age group  Classified by by ELI method®? (n =48) by ELI method®3(n=136) Total
new criteria D1 cr2 D c

25~29 2 1 3
30~34 . 13 2 15
35~39 - 2 19 2 23
40~44 . 14 53 1 68
45~49 6 7 30 . 43
50~ 14 5 13 . 32
Total 20 28 130 6 184

@1: ELI(Early Loss Index, at 4,000 Hz)

2 : Workers with hearing loss below 30 dB when hearing loss value at 4,000 Hz minus ASPV(Age Specific Pres-

bycusis Value) according to sex and age

@3 ; Workers with hearing loss above 30 dB when hearing loss value at 4,000 Hz minus ASPV according to sex and

age

*1: Workers with mean hearing loss above new diagnostic criteria
'2: Workers with mean hearing loss below new diagnostic criteria
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T 5 9lo] (Zenz, 1988) Z2A}2] B3 2 A
F8I FAo] A} 2 oS @S 2=A
o] Z43He ZAYCE BFete AR B
7} wpge] glo] Algtolv} BALSY 7] E& At
£ A7} 31tk (Zenz, 1988). ¥ A7} AF o3

2% 228 A o 7 Fo AlRtEia &
o, A& A A7lE sl F2E A
9d Fof A1zt o g ZAE Gl o]df Hf
Ae £ 9 477 g 8sicha o

g ET77AGA] FA HAF o]Fed o
3t E-5ol R URh L NG AR )&
A A oj 4Tl o] HolA] g TEAE
FZ& A 7 1914, = AL A5 55o)
Ak ol A FAFolgolt golxgd 5
o o8l FAto] At 2t x| E o] AR o) =
o1&y A7} o|AFAAE Holx| ¢l H AL
2 AZgich e 3A A o5 oigt A

L&

£

o ‘gdchelz dgaAY A Ao AL F
A& 22EA) 2t ol vl o)gkd A

AL R A S AL AEZ AR
40 slsie}. weba] A7 AR wkEA] )
AZ AL 2 o)A Ao} e 7]t o) At
£ 9o} dria 2o} a2 223 94
Abeffoll whel FellA] (cerumen)7} 2 YA ¥
A Fxo zolR Qlsle] oA TR
Az 3e-E FAsR REile Afde
Tympanogram S& Wa3lojol Fhc}(uly),
1972). :

A 254 FH g B R AL 3§
A7 12 HAale ADAHAE B 02 o] AZ A}
o} 73t SSAFAAE Algsta ey 2%}
A Aol 2 Ford S24H A e 9
A AR AALE HYste Agslege A
stz o (eFE, 1989). 18]yt Stephen 5
(1981l oJ3hd E=SAZH7AAL sle] Lfs)of
g Hog &4 i) A, FARRe} £33}
del 5 307149 84F dstiA Y&l
o] F-& A7 st olch B A A E 12 Ak}
22} 7 AL} 2}bo]7} 1,000 HzS] 73-$-X.t} 4,000 Hz
oA Al Ape)7) qlgl o, 13} Aol A F2
HELAAE FA2F7E JeS B 5 Ud
t}. o] Al WA 7] Fo] 4,000 Hzol| A o] A4
Aol | Ajut o] FoiAt & w A A F
AA 4,000 Hzoll A 40 dB o]Are] H2<EA%)7)
e TEAE FEARAS JFsA ] USSRy
F1 4,000 Hze) 2l Fabpol 7 B4 2 4%
ol 9% FARE AlZxe] FA HA 5
Al ki A zEic) ol AL A A
< sl AHPAE Ptz e A5, A
A7 =49 25 5 2] Y2 5dBS
BANFL Qe wels) B of AAY 2AE
33 gdo] o] Foix)7] ot A4} (31
she} 7153, 1991). 919 FA-LE 222k A
I 2AGEAZ) 13 AR 23 HAAA] AR
gepA] ZHE dAA GACl 93 Aolzinx

— 380 -



E g ok zev 2F 1A ARl A AdrEE o
AEste SEAY A Ao ARG
7138 Folot TR E A S B (1A Pz B
o} zhqlo] Bwdx] o] 23l A|7ke] AL viA] vt
ol A ] Ao 1T o, 13 Ao
Aol AEEAXT) 23 HAEA X Bt Fotoprt
Pl BF3 L Zejo] A HriEl AR A
Fo] Mol UAlA FH ) <3t dAtelglagt B
7le FET dEE 519920 3 FadAtY
F) A& 2ARE R4 o]e]jt 4] 52
2 qlale Fd Z2Ab) g B 40.0% 9
EY7} dddoha Barstar gk

Coles 5-(1992)° &3t ¢ AH A= 2 F
gl Sl gt AP S-S S8l Al
cholut 24 w=E WA 749 FAA §-4-317
uh, AlA] 2l Ao A P o2 qlele] opr|dE &
NE TAE e b JeHEEE S
Aol t]-$- Bsl}y R glen £&3AAA}
E ol3g HollA B4 Hrpoln] oy
742 2l A 2Rl &F sleA % A
$43 (fitness)& §7}3k=d] lo]A] A A3}A] Fa}
i FAsla glvh & AgdtdAle] R
X7 A} (voice or speech in noise)E &R} T2 A}
A A4A)7)= A D73 (screening test)S
g stejof gl shgon o] AL s o}
o}z A zhgict

24 AL XA IR 7 G2
g o, YA dAE AL xE2E ¥
FA] Bt FF WA A7 el EE =
dFe] 7tdA g2 FAafelr, o213t A o] Ht
EE = 45 99 vrtdd HolE 71A ¢} o
o]Ak 3 Ho] o] FAA b= ATH FAE U}
Aot =3 dAA dH 5 FFH G} ol
Z}A 2 Cs dip@4o] vt 4,000 Hzol ] A

HEAA7) 71 ZA ebdo) (Gierke, 1976).

Al BA 7 Fo we} 432 A 40 dB o) Are] HY
£Ao] glA} 3,000 Hz o] A4Fe] 31-8- 9ol 4] 50
dB °]Ate] AFHEAle] Qe TEAE 284 W

o] AHEAE Kol A$2 23ute] 7|F22
AR Bolr] 489 23 71 AHAA T4
u)3hA "ok B A A% 3,000 Hz o] A8 2
w394 50 dBojstelH A 471 A 40 dB ]
ol AlRe 3P glEd ol ASA A
SR 43 22 (- S A7} 40 dB o] Ae] H
7] $13141E WA 3,000 Hz o) AF2] 893 ool A
50 dB o]gal z7leo] HtEEjojo} 37| wjFole}
31 Beyx1t}. 3,000 Hz o)Are] g-edooAf 50
dBo]alo]lmA] 4% A} 40 dB o]AHQ) ASE &
+4 33 ARAAAE dA el Robe "A5A
FA S 2 AlsHA "ok (lutr), 1972).

wrebA] Al BA 7| ol 27 224 A #
A& 4,000 Hzell 335 v]X]= 840 o3 =4
FHo8 oz Hrl B xxlo] AL 2] T A
HAAHE A18317] A7ER] A" A|7ke] 4,000 Hz
Aol AHEAA 71 A GIgE v]A=
R4t o] UAIA dA ] Y7 el
DA A AL stdAT 2 Ao g
AEF F2 $5L 2A3NA g3 dursir 717
dl& Fej7} ahEcia Roln o] tigk ¢}
Y g gsteizta £}

Zenz(1988)0l] w2 Lol o3 A off
A8} HALE 1 A dAA GRS 2
AL ) g8 28F2 F Hox dFAZe
F1% A E7| S M Ho EA3EE A543t
3 gl ont iAo A 23k 22AEY] 97
A AR A 2.8 o] oAl 3 91 =] 3 A Aot}

webx] dA ARG B e o] & A A3
7] 918 dwkd o2 JpgA ohgd A A= 6t
2 Aol HA & B E AF3la gled, BE 3}
2339 25 (T FA17ke) $-2;06:00~14:00,
14:00~22:00, 22:00~06:00)2 33 Sl A
22218 7S, AR 7)) A7 (08:30~12:
00, 13:00~17:30)7} ZAAIZHE 2377} A&
Ao}, A TF2H(22:00~06:00)2] A F

>
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2 2371 Bdx A7kao] Mol A ABe 9
5w, & ZF2H06:00~14:0009] A5 24
Zbol) WA x| 947) Asted FA A7He Ea A

g WA Vet A4 B wEsAY A2 A

o wrEska glsich =3 A9 ZF21(22:00~
06:00)2] A% 77 713e] F4] AzHE g3}
- S8 A Fol WEsHE A 3] ek B 2Al)
Ae ZAAF 16417 o) A3 H 243 At
< 289 (15.2%)9l 233t o] 5L F2 FUE
Fxz dsded A& WA FrF F B o)A
of W} E-3F Z2A1E0)¢}

4,000 Hzol| A 9] AP EA Ao J3Fs F+ o}
€ 84324 A3 vz I3 :dAdH 9
ZAE E ¢ drt 294 EAHS A8 GRS
w7k 2 o g Fuk d QG He) 4,000 Hzell A
HA > EAlo] o] Fox ) (Gierke, 1976). w2}
A zZr|APo|ebE SHoA] ko g o)At
2gd o oAt Z2sle A$ 313 Yol A
T 7 2A 2 5 doke d77) HedA 4=
AefellA] 2t 7|2 BE 3 Foll I A4
A71E AL A7) ok A o B $Ys}
Al 4,000 Hzell A1 8] 50 dBS] A &Alo] =45
204 ¢} 504 9] 222 AS, F EEAEF X
7l Adolebe SHAA of 33t A& 1A
A e ApAT ALH 255 M He A
+ 33} FHE 719 § dohes S8 2 Qe 3}
 Agtoly ZEAIZHY] &g g7 "ot
ey 2% 7)3ke] 23l ERAASE do &
Ax) A-gol A HE w2 o =gl Ase
At 2B2AIZHE 5] == A5 AAIHQ
Eo)o] & W = glrh B AP A E kA ¢
Aol A3 AHEAAE 227 ELIY (Herman,
1976) 2 83+ A3}, d3jo] ¥ Fo #$ ELI
P4 284 FAe) YA 22At Al B
71E A CTE2E R ubd, ddo] £
9 A$ A B2 DgAS WA = Abet
°] ELIY & &84 A fadAe & 5 ¢
et wietd At 7|2 AT o A=) 97

o dalie o2 E28 wesly o] @
N1ES AR Qo] & FUFE N1ES
A8 A= Zo) nldAsittn A4 ol
W3t A7 of asie , -

A58 AR S WL 2EAL T
AAdZe A 27 717k FkEH He A 3
3} Aol xe] HYPEAC] oA HER o] oA
o AHLEAE ol HAtAQ 33 A A4
g AEE sk Zo] wigkAlshd, Al T
2] Are] A9 o 28 3002 ofst Favlgde] A
Akl o] 80 % olAHE xSk A AAelH o
2 2 234 oA zpgie] o] FA X gl
= YHo|uZ ofuts BEHog 4 go] AL 2t
] FARe Ao} TFA|7 Y Ao Brls
g AAoltt £ dFdAMEe Y &84 I A
TS e A9 by AEe Ysterle A A
2AA 183 %7} 2t ABe 4] oper)
I SRl 2 olfEe U 34 el
afo] AL o] givke olfrd o (80%) &
1€ &2 FA47 ih(12%), el 7k
A &2 ole7t Yot (8%)S Ex 9} wekA
S2AE A A AR BAYo] o] FoX| | o= A
ol Mg f2AxE $9=EE 93, 9
A, 54 A3 23 AAAH Eoleg Bl
= At B A uhE sle] A7pAde] gk
AT o 79 58 29 9oy ol A
ZAzde] B9 oulE A=A & 5 e 7}
FAel ek Az

2S5 IAHAR BAEE A4S o5 i
el N 2E3T 249 A 2kq] A8 =
d A7) & 55 ARl e 2 3
A= 7R BREFe FH4-S ARt de A
Aolc}. ol &g A TEAES AY BA|
7} EHAQ) upH e 24 Glorig(1985)s 7€
RE GAo] A3 Y BRIT A4utozw
qurd £ glcka tgdc). 22v Howell 5
(197502 AY BRI FE 24517 & Ael oA

QA FA e EAE wsle] d¥e] Y& T
°.
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= &5 FollMe Z2AY w3yt Adds ¥
9 71AIS3 AFAI A A FF FEol
3 Ec}3 v} (Lindeman, 1976). Atherlay %
(197002 Y 2375 283 35 &9 ¢4
o & wakztzte] llAA =ol gt —r]’«‘d
A% & 78S 5 A "otz stdoh =
zZ]le] AAA 1A A E Lel2A ﬁ]"&‘ﬁ"?
e Ay 2EE EowA el sle A
T AY E37E A7 ¢ 9A Ao =3 ™
A FAANA F2 A AY BITE 29
A3l A4 £ge] "olAA =4 (Karmy,

1976) olo) hgk alAle] ¥Zolu} AAH o] f2

kel A A7 AHR o] F AL QA
W AAoldt ofel s M RETE FH43)
= ¢ SEAZTY dishd AFAZE dolES
g ol dg o) se] A)F38l o) it el
Z 38 7pEe] o Fo Aok & slo]vt (Health
and Safety Commission, 1981). 18jv} Flxc}

= ool g gelE AA 3 st Ao T8
sioka 2o A6 vlE 5 Akl el udEE
odsf opF Mg el 71A el M
o] a2 (Paul, 1993) XH-&A1} 25 whgeo] 7
gA o g AAEATG. gdepy FAE A A¢
A F MRS & o), 1A E A= sk
AT A =41 of o]2idt HE& HA 3| s}t
o FAE 7 AY AlA AL F= 5o AN
o A3A BAFH Aozt dasicha 4z
o}

A4 S-S 2 o 2 B opve
2 AR Wye] 9AT el stk 4
Fefel o) 204 3 A9y <1 12 &
F 23 (A BYNBDE o ol E2 U
oJ5hg He 4 9le Bk o} 284 WA
2 gANE FEAER dtF 5:—3— Z2o A
T A4S B8 dofivke Mol A3 8t
A shoka B 4 Yok 2 ol dt =g 7
& A4stedle ded 22 2 /R HE 2
Hsajjo} i o}

AA, 254 A AR F713F whd o]
o gt XA} 715 (6H)2 v A A ¢4 A 9l
Al H9, 1 Alele] 22AEE 294 G @
AL s W AEEe] R4S WA Rile
g AL A7, AW fadAE s
ol-fr 2 Qs 3Atell A A, 77 4, BAHEA
I 2L AR Bolo g 3 sheAe] Folx|
A A (Eedd 5, 1990). o] ¥ A AZx<
< 299 9ulE wojy Z22AER stdF A
ARAGE 7193 sk dAde] dod 5 A
"ot g2t A gy Fazdzlel A #el s
SRAFIAY BA 78S 43 L
of g}l A Zglc)

A4, 27] Ade] 23E B7] Hsixe 27
B7AE G ARz AR Fe] F 2giAke] o
wA gelrt A3 o] Foj Aok gt 12t |
A g HAF dle 254 A6 g’
dpge] 852 433 nuidt Aol (e
£, 1992) o)A Aeell A SALAAT} FZ3H] H
= 745 AnAQ g 7dElE o8 e ¥
T ohe} AY] 25§ 53 U G
< 719 slol A A3HE VA & 5
alch whebA] A G FAaA A gt Fe
71 2 HA3E Ay A% B9 2o
Mol Al F3tet. =e] A9 A8A FA e o
3 HrEE AAlsle BAVE ole AS 283
zd g e g Hele) A MU BETFe A
AR AF, AL BAE AT 2 HHAs #
95 B2 skt gl ohiel Azt wez
E318HA ke vhi)E AFIAY S A=
2 73] 743+ a1} (Health and Safety Com-
mission, 1981).

AA, 7 BAF71 &3 A FA 722 Kol T
@3 i AR EE SSAYHAAAL 42
o} gt AHEA A 9} 4,000 Hzoll A1) A2 F
ojtje] 71&S T derle zolapa B¥ 4
sich webx] el AF3E upe} o] A4}
o] Ayl Fx G2 A 2 For2

e #AE
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9 FAE HEe A g ZAA E 7 A
o o] 2 QI 2y PA Y AulZ} AP LA
ZF AA A "t

s, A #7159 73 4,000 Hzell 33
FE 84024 gl g7 ulke} o] dAIA
AT A 3 EAE E 5 s olol oA
& uhy-& Zsiol gt 53
*elA A FAIQ AS A A #A 7 E
o] A 327} o] Folxo} jlr} oA A=js}
28] FHo g B4 ARG ] Al #A | E
< 4314 B3t ole A Aebshd AF §
2]l #AG7Fe Aol T8, o] 7|Eq
£ dzd, A, 2, dA1A G- o] meEe
of 3}n] Al e}l A E FU F Je AW
o] spis|ejo} goia Pz} gl o3t
QAo vlAE Gz G bl ohz}
o2 A7 (8 F9 A, 257k s 5399
AF{AE LT e olz3t AEE 2 7]
Foll Z3A)717] 43 7% A gFejo} & A
o]t} (Gierke, 1976).

E QATE 14 ARARS B A" 22
E AR slglernz Ad u|EYo] ord
7FeAdel ok a2y B A7 H3o) 2a A
AR B3 A7 F9) FAE Alvlsted ol
Q7] wFe] AEEZR e T RAMNA A
A 224 ob19 5 Qe ARNEL) 4T
Qg Aozjety 2k =Y A4 TEE 5o
2LE2HEE FRSHL s ot AA 2y
2179 (Job Title)7} 7iQl &8 T2 &4 o
FAdel dldled 7 D AR} LA FEFE
£ ZA A X3t o= s AHEAA ) o
g AR F4E AlgA X AHEAR]
g dAJH G e B glejA wHEAI7RE
<22 73t HEds s 21 4%
zlo] & Moz gAul, Y 2R WE
A17ke) Apold]] wpE A LA X E v asof o
v A8 ] Xshac)

4 £

A 3R faARe dubd B4 9 93

A BAAS AHRTA A7} A o
EA7 A A 12 A7
Hol¥ A-5A ‘{}é 278 Holx|
b, 0177 A}, =)
45 BAE 23 ol

1. #2 Fet - %‘H zt Foad ﬁﬁ AHE
AA A F2 A AYEAo] 55 Fdl v
& BAIH 2 Fo8A =t (p <0.09).

2. 1,000 Hz2} 4,000 Hzol| 4] AA1%F 12} A2 A 4}
2} 22} A7 A el A 1,000 Hzol A 12 39
Z3Akel 221 FH AL 18] Aol o] HAL7} A8}
A 9= ubd, 4,000 Hz o A& xto]o] #xpr}
Ads ’

3. 04 22abe A & AR 34 AR
327k ol5}7} 919 (49. 5%) o2 b4 BWke
] 15417 olsle 156 (84.8 %) 224 =y
F A A A7ho] 16A17F o] el 22
A= 289 (15, 2%)0)19lch 2] F &4 A2
o] 15A]7}- u] el ;Tf,,]. o]xl—o] 9 ;'d?q'l/‘\/g
A& w2 243 4o 2 v w3 A% 4
gl {23 o] & HolA) o= b, 4,000
Hz2 v 2 73-¢ £27 xpo] & Bk (F S
A:p<0.0582 A :p<0.01).

4. o]9Fo] slv T Y& TI= 4,000 Hz= v

w3bE 23 Apo] § HolA obe wbd, 454
L2 nEdle AF Fo3 xolE Badkp
< 0.05).

5. AY¥AHAE =7le T =7A g T

4,000 HzZ v) 23}y §213F xlo] & Holx] ¢
= 8HY, 48 o2 v el A9 23 Ao)
= 29 (p <0.05).

6. 284 I $42AAE BA =Y 9lo] AFe
Hi e $A7E (eSS AYAEAH A
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4} 3,000 Hz ©]4<]
o} FHEAe] 2l

Z
e 24 F
s

359 )4 50 dB o}
A A E3ol9d Ha
T 489 o 28] 40 dB o}

o] FHLAo] ﬂ d5& 219893 AAY, ol
sk ‘Al B E)eR #He ¥ BF A9
FA faA A 1500 <l whH, N H e 3
ANE(EeS9Y 37 AYEA A
434 o) 2}5}ed 40 dB o} Are] EAlo] AAH &
2P, o)} ‘F BANENLRE BAHE e AF
284 A FaAAE 10 0] e

7. T BRI FA g8 24 A FAAR
S&Z = T3 Al FAANE 8 254 3

2AAR 2olaAE FL und A 42

PJr 4,000 Hzol| A2 FHEAA7 BAA
2 g-o0g i (p<0.01), Aot ZF 717E,
el B3T 34 QYoM {7 Xl
Holx) e¥stch(p> 0.05).

8. x4 A MdE =3 ELIE S A &3t
AL, 224 G FAaARE 13690]3] 2
Al B2 o8] 28 EA AR
DA FIe] A3 v oA o] ¥EF
2 A A7 2A A BER 23247}
ELIA 284 WA $42A%2 2557
X ouhg, odedo ] b‘-——~,—i Al A7 BA A8

i A %= ix}ﬂ

ELIYA fra X}i TREAG
olAte] AxE EdZ E o A #AVEE A
3l AF T #A7ES A4 Wi oF
A A FLaRAR 9 FIHE A HER
o] 5 ZTEAIS gt Felf A F]e] AF3}

o} 2y Al R EE Aol UAIH *A

Fo] G g - 9long AF Axe) A

grE 2d F e Ao ghe]x el #A

719 Ao Fasl}a A2t

"

o 1|

n:Ezlo

=i |
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