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The Effect of Noise Exposure and Age on the Changes of Group Mean
Hearing Threshold Level
- Annual Follow-up Studies for Seven Years -
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Ok Hyun Kim®, Byung Mann Cho®, Su Ill Lee®, Don Kyoun Kim®
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Department of Preventive Medicine and Occupational Medicine, Pusan National University’

This study was carried out to evaluate the effect of noise exposure and age on the
changes of group mean hearing threshold level(HTL) over 7-year period. For this purpose,
consecutive annual audiometric tests were performed from 1991 to 1997, among 718 male
employees of a metal product manufacturing factory. The subjects were divided four
groups as follows according to noise level category(NLC). NLC-I : officer, exposed noise
level was under 60 dB(A) of time weighted average(TWA) ; NLC-II : technical assistant
or engineer, they exposed to workplace noise occasionally : NLC-III : worker, exposed
noise level was below 85 dB(A) of TWA, wore hearing protection device(earmuff or
earplug) : NLC-IV : worker, exposed noise level was over 85 dB(A) of TWA, wore hear-
ing protection device(earmuff and earplug).

The results were as follows :

1. The improvement of group mean HTL was continued until the fifth year, showing

the peak at the third year. The magnitudes of this learning effect were 1.5~4.6 dB.

2. The mean HTL of each age group tended to increase after the third year and the
tendency was more prominent at 4000 Hz.

3. In noise exposed group(NLC-II, III, and IV), mean HTL increased from the third
year after decreasing, meanwhile, in noise free group(NLC-I), it was few changed
for the entire period. Among the noise exposure group, the mean HTL of NLC-IV
was lower than that of NLC-III and NLC-IV.

4. After learning effect, the mean increase of HTL in noise free group(NLC-I) was 0.4
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~1.7 dB that suggests aging effect, and that in noise exposure group(NLC-II, III, and
IV) was 0.9 ~4.1 dB that suggests noise effect.

5. Statistical analysis of the general linear model implicated that the effect of age was
statistically significant at 500, 3000, 4000 and 6000Hz, and the effect of noise expo-
sure was statistically significant at all frequencies except 6000Hz. However, the
age*noise interaction was not significant at all frequencies.

From these results, it was concluded that the effect of age and noise exposure seems to
affect the mean HTL independently and these two factors contribute to an additive effect
for the mean HTL change. Furthermore, more concerns should be needed for hearing
conservation of low level exposures without any specific protection.

Key wards : Noise exposure, age effect, annual follow-up for seven years

M B
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£2%x% F 98 7R a1E9 4L ¥ H=
2(Ward, 1980) o] 2822152 Hgo| A3eUL
b Aq 7IQgeE FEITHE Ho] & do] of
Ue, &8 =25 4% JYA3} A== JAY

Za/gel we} Aolzt U, EF AAHoz wd
AEHAE AAIBE 4% 5~10 dBY AZHYX
W7 AL W ojFo] &% xEE AF YL
o] Z7] WsRIA|, AYHAPIe] A2 A% A<
2 TR A% ul$- o2 E doirh, wEhy =
24 AN &84 dH9 AFE 274 A3
t He @47 genz oj59 HYYA] WS
k27 Bkl fdMe IS HIAY AE
g7l Fanz & "arst Atk (Roysterst
Royster, 1984). 3 o[2|& BH718 B3l 2%
o =2¥ 224 DA 284 dAH AFE
Z719] Fobd 4 Um, 1 FAdelA AAIF HH#
g Mujx9 ANE AT & e AHol gt}
(Royster®} Royster, 1986).

A& x2E 223 Jag Aoz P/t
2] AY Age] AYE delstax & we A
HE712 A AYANE w=A] njslof stui(z
yetkn) vrg2 1994), ol g A% F7lo] wWeE A
g ZEe A2FA 892 (presbycusis) @ 8733
82 (sociocusis)oll 713k AR EBix ey
(Cohen &, 1970), A3 Z2AEAA olzFt
89g FEHI] ol fBRE gyFoR o] F 71
898 ¥ U3 AP A (age effect)F £ol2 FH
33 4tk (Berger 5., 1977).
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T J1EQH AP Agd =2EUTH, o
EF 2 7|3HEe A#Fvte o7 YA Y
4 HIHASEES guste Aot (Corso,
1980). A A dis) JFE X e o] F 7HA
8919} A0 disiM e TqAEDY A dAE
¥x Z331 glth(Ballenger, 1991). Mollica
(1969)¢} Macrae(1971), Mills(1992) ¥ 371
Al #A (additive)etn #HAAT, Goldner
(1953)%} Schmidt(1967) & A&l 3 &
A (interaction)7}F Jctz A},

a3y A0 Q% FYEH LS d¥9 IS
w3 Q1S Wit olue} Q1F, A wel dara
o8] dFzle] oF A2AGY dAY AYERAP L
A A7) gle] sty 271 &4 A4 (early loss
index)& o] 43l AHBAL A=Y L WY o}
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£ 5, 1993) $ehviel BRle] A A% i
AANE AT FJHLES F, 1995: |4
A 5, 1996). BF &% ZELFHUE YY) W3
& Aoz zARBtL YU T2aPe] /A
g F/RIANASE F, 1994) A=HuELHE
ety A AFgAQA A (YT gFS,
1994) = glo] gAT 2 FAP|3le] FE-81R] %3}
Hohe AdH Aol P W3l g g
FF 2 Ay9] 9T welstux & W shgad
(leaning effect) 2 A& HHYA 170z Usy
o] ¥ 7] ATy} A =o] FEF JTgE vt
sted A g ik

Ae 74 Ftd 2R FH AN AL AR
8 o] 439 28kE T, dWUTE HYWle

AR AL woksn Sand olFe] FEW

sl diE 2FE25ET A%l AHE IFE v

Aete BN ATse] PF 28xd 2AE)
AYBE AP 12dae AT oz £ A
78 A=,

ITCHAL Tl upy
1. AT

FAA 9o B FEAF AR 2F3tn 3
 AIRAZ 2R 507THY 2SR AMdA 282 g
© @Y S 2A 10559 & AT s o
B9 AYWF ARE 743 vid A A=A 3
Aok, FAFF F Woh} AQAQ] A To2 Q
& F3 2 HAF 224 55297 YA £
4 A7) AR, Mg EE ojgFRY Huigs §
o2 ojojEoly FH=EL AHET AT A&
2927 A7 7189 S HFEAA ez 3%t

AFZAL AAAES 257U =3H e &3F
i(noise level category, ©]3} NLCZ %3 ut
2 23} Zo] 4] £ g B3l BFEA.

NLC- : 4utdZAa-g Wt ALRA 2248
Z PR, A #hsl kEHE A8F
Fo] 60 dB(A) "9 I,

NLC-II : 28l vA71Hog =& @F 7]
A9 2 A Foz PR, A
[ L25EYPR| Qo] FAR =UEVE Y
AYRITE 43R Fe Ad.

NLC-II : % 2FAE F =% 2558 A
7F3 H#A) (time weighted average : TWA)
85 dB(A) °l3l2 =2y Z2AESCH HAupl
e AUNE Fe3he I

NLC-IV : 8% SFAE 3 =848 £330 A
7 BEA 85 dB(A)E &2u3ld x&He 2

Table 1. Age distribution by noise level category(NLC) at the beginning of study

Noise level Number of Mean age Age groups
category subject (Range) ~19  20~24 25~29 30~34 35~39 40~
I 251 29.0(17~47) 20 59 74 29 44 25
I 97 30.2(17~47) 17 10 15 25 16 14
I 191 27.6(17~45) 45 27 43 33 32 11
) 179 24.6(17~46) 68 36 36 17 14 8
Total 718 27.9(17~47) 150 132 168 104 106 58
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ZAREAES] AT ANE 7IEeE & 9B
AE 17~47A% 29 AA FEAH 27.94
A8x%d $£EU2E NLCIFo| 2519, NLC-II#
o] 979, NLC-IIIZ°] 191, NLC-IVZ°] 1799
ole, dAYFRE 194] |3} To] 1503, 20~
24M o] 1321, 25~29A41 Fo] 1684, 30~344)
o] 1049, 35~39A4] Fo] 1069, 2] x 404 |
A Tol 587 <] #2& EYHTable 1).

2. ATYH

7t 28 &%

A% &%& NIOSH sampling manual (Hin-
cheliff, 1971)9 we} Audio Dosimeter(MK-3,
Dupont) & o83t 289 o719 A FFd vt
o|ARES AAF] 3T 6AIZ o) FFEUL,
FNAA A7 A $38E HPaATE. Audio
dosimeter®] BA& Al AMEAFe SFEAA
(acoustical calibratior)& ©|-§-3le] B3}

Lt M HAl

FYAAE SAE N3P SAWEE FES
%A% %] ANSI-standard 83.6-19692] 7]&e
AP £23¥A (Tracor RA400 Microproces-
sor Audiometer)& °]-83tl A AAZAAL W
R F7INAZAALAA wid HABIRT. AHAe
e At AAHen, HAMY WALISE
ANSI 53.1-1960(R-191)] APl AL A
134 A7 B 3 A F 19& dAeE 7
A YEHH 2L AT, AAFHEE 500,
1000, 2000, 3000, 4000 6000 HzH3, & %
FolA 0 dBYH 5 dBY &% F7IEA A%
A 23] ¥kgo] e S¢S 9AE FFHAG
CEAYAAE dAIAEQ AXJolFol Qjt AYS
231817 918 14413 o] A%d] x2FH A g%
£ 39 o9 Al HAALE dAsd.

3. XIE 24

ZAne AL AW AAe HFF YR
28 HslE 7 33 FoedE e £ 4 F
Wi E ASeEFEY AWM 9E AEY
29 dAxby WslFYE IR A FdeA

AYFAe WEAQ Aoz Qe FYH ARz}
3AsHA He ggade AARY 28xE T
2 gyl A3E FHAIA HEZ B AT
€ SR olFe ARAHQ WSS dddn
A gQor, ol& A WESY AR FAHE
A (repeated measures ANOVA)E& °|434
o A7 Bl AExE: FFE 2 A¥YE9
wE FYAR WFS vl g8 4 Fus
42 Al yeigd 7] 3~4d 9 2
ey YR £F 5 AAFH AT o
LIHdA A& FYFR FFo] Ao N(HAHAA
34 E Falglen], NLC-IZ(HEE)d49 3y
43 WEFI & NLCZ#He Aeol& vmsixn
A AP Rd S o] g3l HiWsFFe] AolE
vladtgvh. £ A% o &S MAlsr] A
3 AYTER TP F £25xF & UE A
ol EAMIAUTY. 7 FIFNM HYHA W F
d A £23xE25ET A9 AANYA 9%
A A FE FHUFE Fa 27| A
4389 AFxE FEE SHAFE 3o FIAAE
AL AAEAY. Alse] e ¥ FAEE £4e
Foxpro version 3.0 SAS package release
6.118 o] &3}3ic},
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1. Fo ¥R Hal ZE
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Bt AYGA S AL AAH =g
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71 U] 23 dx9 33 WE Alole] Ws)o)
W, FEgx9 FAH £&3h= AVl 2000 He
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Table 2. Mean hearing threshold levels(dB) exhibiting seven consecutive annual test of all subjects(718

persons) at each frequency Mean(SD)
Frequency Annual audiometric test (year)
(Hz) first second third fourth fifth sixth seventh
500 14.2( 6.4) 13.1( 6.2) 10.3( 6.3) 9.6('6.3) 9.6( 6.2) 10.1(6.2) 12.0( 7.0
1000 8.0( 6.1) 7.8( 5.9 6.5( 6.1) 6.2( 5.8) 6.7( 6.1 7.5( 5.9) 8.3( 6.3)
2000 6.8( 6.3) 6.9( 6.6) 4.8( 6.3) 5.5( 6.4) 6.2( 6.3 6.9( 6.9) 7.4( 7.0)
3000 7.1(7.9) 6.3( 8.1) 5.1( 8.0) 5.0 17.8) 4.9( 1.8 5.4( 8.5) 6.0( 8.6)
4000 8.1(11.6) 7.2(12.1) 6.6(11.5) 8.4(11.9) 9.1(12.2) 10.0(12.5) 10.7(12.8)
6000 16.0(15.0) 14.3(15.3) 14.3(15.2) 13.8(15.3) 12.8(14.5) 13.8(14.9) 14.8(15.1)
20 - 3000 HzollMw Z71GA A AMA 3] ZHasticirt
18 F7Fhe vlmA kg Wsldolda, 4000 Hz
o ANE AFTHR 219ARE e Foie]
g N Hlg @Ak, 33 G o|fd B} & rer=
3 QA7k F7keke Pdelitt. 2t 6000 HzolA
3 12 1 A 4¥FdA 5aF QA HEdR|e] e}
§ 10 1 F7HE e 9E 2A4E aty) 63 Ak o
£ 8 Fdl F7ksle WdolAdrt,
i
7 3. 2t FoolMel A2 HEY AR
27 HHAx| HE
Y T T Y T T T Y |

1 2 3 4 85 & 7
Duration of work ( year )
Fig. 1. Mean hearing threshold levels exibiting

seven consecutive annual tests of all sub-
jects(718 persons) at each frequency.

o7l 63 U= £ 73 9=dA e dxd H)3
AAEA Frlshe S Holn, ol Ay
< BAYAZE el tH(p(0.05).

500~2000 Hz Ate]e] AT HaHYHA e
1941 w9t 2, 20~244 &, 25~294 FelXe 2t
AR TR 27]8] JA A7t BEYIFL A9
LASA FAEEA AT UANe 30~344)
T, 35~394) T, 40A4) o] FeME 7] 3~49
e g9 FE: 2 I A2 g8 dF%
HQ X FEo] A2 nAEE FEE eI

3000~6000 Hz Ale]e] FAAFE AR = A4
2 2019 dAAolr} AAVINESN A&H o2 H
AHAG. o] Fur Jgolre wslFYE WA

SExETEE QA ¥FIL 4 Fold
4zte] ztole glovt Ao RE 7] 3~4d F
¢ FRAAFE] A2t A ke F3
ojew FAHoRE FoBATHp0.05).

2dz=T NLC-19l 7-¢ 500 Hzet 6000 Hz
oM x719] HEAA7t 22 3d, 5 Fdell 4.0
dB 24 ¥, 1 9o} Fohrdae dAFA
X7t 1.0 dB "IRte s A9l Wiyt giAct.
&g =Z25J9 NLC-I, II 2 V&L 500~
2000 HzollM #&711%<t 2 230l JX 559
e R I Aot g8 N2 aAEHEe F3E
YERISIARE, 3000 Hz ol 3dXE F9471 2ot
ATE 7 T HTEHA A7t AAe Fdl
oF, Z71HAIAM veistd 93 Aozt #3713
B¢ AL dHUA /AAHNL. oY B
4000 HzolM 7H @Asiied], NLC-12 A<
W3 gle] 9T vl NLCHIL III &/ IVEe &
THE 4FF AFE AFEA 33 d=AA] o
gl A2 drt A&H oz Frhsiie
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Table 3. Mean hearing threshold levels(dB) exhibiting seven consecutive annual test at each frequency

according to age group Mean{(SD)

- Age No Annual audiometric test (year)
group first second third fourth fifth sixth seventh
~19 150 11.96.7)  11.2(5.9) 7.9(5.1) 7.7(6.2) 8.0(5.1) 8.8(5.2) 10.1(6.0)
20~24 132 13.9(6.1) 12.7(5.5) 9.4(5.5) 8.7(5.4) 9.1(5.9 8.8(6.1) 10.9(7.2)
500 25~29 168 13.3(6.1) 12.9(6.4) 11.3(6.6) 10.1(6.2) 9.5(5.8) 10.6(6.4) 11.3(6.7)
30~34 104 15.2(6.2) 14.5(6.0) 11.0(5.8) 10.8(6.7) 10.3(6.7) 10.4(5.9) 13.1(7.0)
35~39 106 16.4(7.3) 14.4(6.5) 11.8(7.1) 10.2(6.9) 10.5(7.6) 11.3(6.8) 14.0(7.0)
40~ 58 17.0(6.3) 13.5(6.3) 11.8(6.8) 11.5(6.2) 12.5(5.9) 12.8(6.1) 15.3(8.2)
~19 150 6.0(4.9) 5.7(5.1) 3.9(4.6) 4.0(4.6) 4.3(4.6) 5.7(4.8) 6.7(5.2)
20~24 132 6.4(6.6) 6.5(5.4) 5.2(5.2) 5.3(5.8) 5.8(5.8) 5.7(56.1) 6.6(6.1)
1000 25~29 168 8.0(5.3) 7.6(6.2) 7.0(6.8) 6.1(5.6) 7.0(5.2) 7.7(5.4) 8.2(6.3)
30~34 104 9.1(6.4) 9.4(6.2) 7.5(6.5) 7.9(6.7) 7.8(6.8) 8.7(6.4) 10.3(7.1)
35~39 106 10.3(6.9) 10.0(6.0) 8.6(6.3) 7.8(6.0) 8.8(8.3) 9.2(7.1) 9.6(6.4)
40~ 58 10.1(5.7) 8.0(5.2) 7.9(5.6) 7.5(4.7) 8.4(5.2) 9.9(6.0) 10.1(6.0)
~19 150 4.6(5.2) 5.2(5.9) 3.0(5.4) 3.2(5.0) 3.8(5.0) 4.9(6.0) 4.9(6.0)
20~24 132 5.2(5.9) 5.7(5.5) 3.2(5.3) 4,2(5.8) 4.7(5.5) 5.2(5.8) 5.5(6.1)
2000 256~29 168 6.9(6.5) 6.7(7.4) 5.2(6.9) 5.7(6.9) 6.3(6.1) 7.7(7.4) 7.4(7.2)
30~34 104 7.9(6.3) 8.3(5.9) 5.3(6.2) 6.2(5.9) 7.6(6.8) 7.6(6.4) 8.9(6.7)
36~39 106 9.3(6.5) 8.3(7.5) 7.1(6.6) 7.4(7.3) 8.3(7.3) 9.3(7.7) 10.1(7.6)
40~ 58 8.8(6.2) 7.5(5.4) 6.4(5.7) 7.8(6.0) 8.5(5.8) 9.7(6.9) 10.5(7.0)
~19 150 3.8(5.4) 2.2(5.5) 1.1(4.4) 1.3(4.6) 0.9(5.3) 1.8(6.2) 1.9(5.9)
20~24 132 4.6(5.8) 4.4(5.9) 2.6(5.6) 2.5(5.6) 3.1(6.4) 2.7(6.3) 3.3(6.7)
3000 25~29 168 6.1(7.1) 5.6(7.5) 4.6(7.1) 4.1(7.1) 4.4(6.1) 4.9(7.4) 5.3(6.8)
30~34 104 9.5(8.0) 8.6(8.2) 7.2(9.0) 7.3(7.9) 7.1(8.5) 7.7(8.8) 8.4(8.6)
35~39 106 10.9(9.6) 9.3(9.9) 8.4(9.7) 8.0(9.9) 8.009.7) 8.6(10.6) 10.0(10.9)
40~ 58 13.009.2) 11.0(8.6) 11.1(9.3) 10.9(8.7) 10.9(8.3) 12.4(9.2) 13.009.)
~19 150 2.3(5.8) 0.7(6.2) 0.9(5.5) 2.4(6.3) 3.2(6.6) 3.3(7.4) 4.6(7.8)
20~24 132 4.2(6.6) 3.6(7.3) 2.3(6.9 3.7(7.5) 4.0(7.9 5.7(8.9) 5.7(8.8)
4000 25~29 168 7.6(11.7) 7.3(12.0) 6.0(11.1) 7.8(11.4) 9.0(11.2) 9.5(11.6) 10.5(12.1)
30~34 104 11.7(12.8) 10.4(13.4) 9.2(12.3) 11.9(12.7) 12.8(13.8) 14.5(13.1) 14.4(13.6)
35~39 106 13.8(15.1) 12.0(15.9) 12.4(14.8) 13.8(15.5) 15.1(15.9) 15.6(16.0) 16.9(16.2)
40~ 58 16.4(9.9) 12.8(9.6) 15.6(11.6) 17.0(10.9) 17.8(10.1) 19.9(10.5) 19.8(11.6)
~19 150 9.0(8.8) 6.2(8.6) 6.4(8.0) 6.1(7.9) 6.9(9.6) 6.7(9.2) 8.1(10.6)
20~24 132 10.9(10.5) 8.3(10.9) 9.2(9.2) 9.2(10.6) 8.5(10.7) 8.1(10.2) 9.6(10.9)
6000 25~29 168 16.5(16.1) 15.1(16.3) 14.3(16.3) 14.3(16.2) 12.9(14.7) 14.2(15.5) 15.7(15.6)

30~34 104 19.1(16.0) 16.2(15.2) 17.1(16.5) 15.7(16.9) 14.2(15.1) 17.0(15.1) 16.8(15.2)
35~39 106  24.3(17.4) 22.4(17.1) 22.7(17.3) 21.4(17.9) 20.0(18.0) 22.1(17.2) 22.8(18.0)
40~ 58  24.0(13.2) 21.8(14.4) 23.1(14.2) 21.7(14.1) 21.0(13.7) 23.2(14.6) 23.5(13.5)

Repeated measures AVOVA : models for mean hearing threshold of annual audiometric tests(p<0.05)

Eolgtg AL 3000~6000 Hzo] Fordde] thEes wgten, 1¥AHoz &fd =&:UD
A E2ExETF 2SXEFEC] MY EE NLCIY HIEFA 3 7FF &4 Jend
NLC-IVe] #Ha#927F 74 w1, NLCIIIZF 2 (Table 4, Fig. 3).
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Fig. 2. Mean hearing threshold levels(dB) exibiting seven consecutive annual tests at each frequency
according to age group.

o N 229 FINELd A6 xBHA Ggu
4. ST R AETTY O AX Kol BT Goe B3Hee (500, 1000, 2000 Hz)ol
2282 A 49 T4 HA PG o/ T A 0.42~1.46 dB, 122%(3000, 4000, 6000

AYGR| ) z}o|E Z Fulpd wlE} £28%xF % Hz)dA 0.45~1.67 dB9] AojE Holxm leon,

W2 Rl JEF AFe= Table 59 2t} ol Fgiid) olFo] ¢4=3tA AHFI o7 o
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Table 4. Mean hearing threshold levels(dB) exhibiting seven consecutive annual test at frequency

according to noise level category Mean(SD)
Hz Noiselevel No Annual audiometric test (year)
category first second third fourth fifth sixth seventh
I 251 14.3(7.5) 11.7(6.2) 10.3(6.5) 10.5(5.8) 10.7(6.7) 11.1(6.5) 11.7(7.7)
500 1 97 14.9(5.9) 13.4(5.9) 10.1(5.7) 8.7(6.2) 9.5(5.6) 9.8(5.7) 12.4(6.9)
I 191 14.1(5.9) 14.4(6.5) 10.7(6.6) 9.3(6.1) 8.8(5.7) 9.6(5.9) 11.9(6.4)
) 179 13.76.7) 13.2(6.7) 10.2(6.1) 9.3(7.3) 9.1(6.2) 9.5(6.1) 12.2(6.7)
1 251  7.5(6.1) 7.0(6.7) 6.6(6.2) 6.3(5.3) 7.2(5.9) 7.5(56.3) 6.9(6.0)
1000 I 97  8.9(5.5) 8.1(5.5) 6.1(5.5) 6.3(5.7) 6.1(6.1) 7.1(6.1)  9.1(6.1)
I 191 7.9(6.0) 8.5(6.4) 6.3(6.0) 6.1(6.7) 6.8(5.6) 7.9(6.3) 9.3(6.2)
v 179  8.2(6.5) 7.8(5.9) 6.5(6.5) 6.2(6.8) 6.4(7.0) 7.2(6.4) 8.7(6.7)
1 251 6.2(6.3) 5.2(6.3) 5.0(6.2) 6.0(6.2) 6.5(6.4) 7.2(6.8)  6.5(6.6)
2000 I 97  1.6(5.7) 7.1(6.0) 4.5(5.7) 5.5(6.8) 6.5(5.9) 6.3(6.4) 8.1(7.1)
I 191 = 7.3(6.3) 8.5(6.8) 5.2(6.5) 5.4(6.5) 6.3(6.3) 7.5(7.3) 8.4(7.2)
) 179  6.6(6.5) 6.9(6.5) 4.3(6.4) 4.7(6.5) 5.4(6.3) 6.2(6.8) 17.3(7.1)
I 251 6.5(7.4) 5.6(7.4) 4.8(7.6) 4.9(7.4) 4,6(6.8) 5.3(7.8)  5.2(7.8)
3000 I 97 8.8(7.8) 6.7(8.0) 6.2(8.1) 6.0(7.4) 5.8(8.0) 6.8(8.6) 17.7(8.3)
I 191  7.6(8.0) 7.1(8.3) 5.5(8.1) 5.0(8.1) - 5.3(8.5) 6.009.3) 6.6(9.1)
v 179  6.7(8.7) 6.2(8.8) 4.5(8.5) 4,4(8.4) 4.6(8.3) 4.4(8.5)  5.5(9.3)
I 251  6.7(11.5) 7.0(12.5) 7.4(11.1) 8.0(11.6) 8.3(11.6) 9.0(12.1) 9.0(12.1)
4000 I 97 10.4(12.2) 8.2(12.3) 8.2(13.3) 10.1(12.7) 10.9(13.7) 11.8(13.7) 12.8(14.2)
1 191 8.8(11.7) 17.5(12.6) 6.3(11.8) 9.2(12.5) 9.9(12.9) 11.1(13.2) 12.0(13.1)
) 179  8.1(11.0) 6.6(11.2) 4.9(10.6) 7.2(11.2) 8.5(11.2) 9.2(11.6) 10.4(12.3)
I 251 17.2(14.6) 16.8(15.0) 14.7(14.4) 13.6(14.5) 13.2(13.9) 14.6(14.7) 14.7(14.5)
6000 1 97 18.1(17.0) 16.2(16.8) 17.2(18.2) 16.7(18.2) 14.5(16.3) 15.6(16.9) 17.1(17.0)
I 191 16.9(15.6) 14.4(15.7) 14.9(15.6) 14.5(16.1) 12.9(15.5) 14.4(15.6) 15.3(15.6)
v 179 12.4(12.9) 10.5(13.6) 11.5(13.5) 11.6(13.2) 11.2(13.3) 11.2(12.9) 13.3(14.1)

Repeated measures AVOVA : models for mean hearing threshold of annual audiometric tests(p<0.05)
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Fig. 8. Mean hearing threshold levels(dB) exibiting seven consecutive annual tests at each frequency
according to noise level category.
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Table 5. Comparison of changes in mean hearing threshold(the last audiogram - the best audiogram of

first four) at each frequency according to noise level category(NLC) Mean(SD)
Noise level  No Frequency(Hz)
category 500 2000 3000 4000 6000
1 251 1.15(7.15) 0.42(4.47) 1.46(4.62) 0.45(5.00) 1.67(5.98) 1.36(8.19)
I 97 3.83(6.28)* 2.82(4.25)* 3.60(5.58)* 2.17(4.28)* 4.84(6.69)* 2.55(7.58)
il 191 2.70(6.54) 3.2004.57)* 3.28(4.94)* 1.37(4.37) 5.76(6.41)*  2.47(7.66)
v 179 3.08(7.55) 2.81(4.64)* 3.12(5.57)* 1.14(4.94) 5.77(7.06)*  2.25(8.30)

* p¢0.05, by GLM with Scheffe' s comparison between NLCs, statistically significant difference between
NLC-1 with other NLC, but not significant among NLC-II, III, and IV

Table 6. Comparison of changes in mean hearing threshold(the last audiogram - the best audiogram of

first four) at each frequency according to age group and noise level category(NLC)

frequency(Hz)
Age group NLC No

500 1000 2000 3000 4000 6000
[ 20 1.58 2.11 1.50 1.20 1.71 1.72
~19 1 17 2.1 4.35 2.20 3.35 5.41 2.46
| 45 4,01 3.64 2.59 0.13 4,73 2.94
I\ 68 2.08 2.38 2.46 0.45 4,66 2.58
I 59 1.21 1.97 2.07 0.34 1.78 0.25
20~94 I 10 3.50 2.50 3.89 0.17 5.28 3.00
i 27 2.04 2.68 4.95 1.48 5.37 1.94
I 36 4.64 3.20 2.70 2.63 6.51 2.21
I 74 0.44 1.09 2.27 0.69 3.23 1.13
9599 1 15 2.33 2.34 2.67 2.12 6.00 2.33
i 43 1.29 3.35 3.03 2.60 7.35 1.91
v 36 2.17 2.97 4.39 2.32 5.07 5.24
I 29 2.42 1.55 4.14 0.69 5.25 0.67
30~34 I 25 4.00 3.60 4.40 2.40 5.80 1.60
i 33 2.73 4.39 3.63 1.37 6.67 1.06
N 17 4,71 3.24 2.65 1.76 7.08 4,12
I 44 3.49 1.52 3.05 2.45 3.12 1.57
3539 1 16 5.62 2.25 2.82 1.87 6.25 3.75
I 32 3.43 2.54 3.07 2.41 6.87 2.18
v 14 2.86 2.86 4.38 1.43 9.64 1.07
I 25 2.10 2.50 4,32 1.43 6.38 4.00
40~ I 14 5.69 4.40 7.01 2.50 8.58 1.79
i 11 5.91 5.46 6.37 4.54 8.63 0.90
v 8 3.75 3.13 5.63 6.88 6.25 4.38

H2lo] i8] repeated measures ANOVAE A3
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Fig. 4. Comparison of changes in mean hearing threshold(the last value-the best value of first four) at
each frequency according to age group and noise level category(NLC).
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Table 7. Significance levels for repeated mea-
sures ANOVA at each frequency for
hearing threshold levels as a function of
age and noise level category(NLC)

Frequency Model

(Hz) Age NLC Age*NLC
500 0.0001 0.0491 0.0060 0.7035
1000 0.0001 0.1046 0.0001 0.7547
2000 0.0001 0.2838 0.0001 0.1992
3000 0.0001 0.0265 0.0493 0.3815
4000 0.0001  0.0207 0.0001 0.3929
6000 0.0001 0.0138  0.4901 0.3310

Fo g ol ANSH, 2EFTS 6000 HzE Al
9 BE EYFHSF 994N FARHE f9
& 4L HAR WG, RE FooA W
Qg P FAHA7 F9 oz Yeht AHHA)
HAEFE 7Me B¥es 9FE vAR U
=& ¢ 4 U

o F#

2529 AHFV F o= F AT FE3iy
g% ox Ax FFH )R] WA e =
A2 o3& Z#Erlel FE3HCorso,
1980). &, ©] ¥ 71 8202 A7 dejoln Il
Q9] ZHpAel 9L v AA A, £ 4,
A4 A, AAUAL, AA=WAE], do|o] ¥H
Fa dehd M4, Fd 5 F FAE dFA
2830 Wgo #E F3) A5 M4y F
F A& Polgkn s} rHHenderson %, 1993).
A8x23 dFF71e Cortidl 7189 ojmA ¥
EAZRT ol o Yolrka B4R 47
AAZAA Adsld dTHoR vy Ee W3
Acke FdME 33 AR, =4339l
AL YRA XS} YRAH X R gu 13 A
7BA, ANA FF, HE5594 o277AA 2 A
A7 B} o B9 sivhet] &polrt Ak (Gacek
3} Schuknecht, 1969). °l8lg A &x=ZF2 Q¥
BYHEHAT AR Aol erje el &
Aoz FEE £ el 2822 AT Afde
FYzA7L doljue 273l EAAQJA C5-

Table 8. Results of multivariate regression analy-
sis of initial age and noise level category
(NLC) for difference of hearing thresh-
old levels(HTLs) between the best audi-
ogram of first four and last audiogram
at each frequency

Frequency Variables b* S.E** pvalue #**
(Hz)

500 age 0.074 0.036 0.037 0.081

NLC 0.681 0.231 0.003 0.115

1000 age 0.027 0.023 0.249 0.044

NLC 0.914 0.151 0.000 0.232

2000 age 0.098 0.026 0.000 0.147

NLC 0.691 0.165 0.000 0.161

3000 age 0078 0024 0.003 0.127

NLC 0.331 0.152 0.001 0.084

4000 age 0.114 0.033 0.001 0,131

NLC 1.591 0.211 0.000 0.284

6000 age 0,102 0,040 0.011 0.098

NLC 0.459 0.257 0.075 0.069

*

parameter estimate
standard error
standardized estimate

£ L )

»EN

dip @7l ke etk oy ey
Yepte AYFES A3 A FVM
FPELE ole} o] EA oFE, ARUAFEH A
o} FAY NAA ApAe JYAE BgE A |
g, Jdx Bpdn Ward(1973)= &&=
HAE Yol A& FH e WHLZE &FHA 0]
o) S97ige &L Mt Ao Wil
g 3t AFeEY d¥EIVIE AT FHSY S
A7l ol & 2] eiiio] Hojx 27| R
@72 B4 e Wyeldkn skt

AGE o LgeFolvt AW Q7 9
< efends §ilo gxuzte vefsina ¥
W AR A dFE nd F e A8 AR
E< ndlao} o}k, evle el &4y @Ad
AR Y &4 7Y, BY, JAM wiAcs,
ANNRAES) HA 23748 Solv, TANGH
#HE AAREe 4%, A, dA € FA9] =39,
Tgaget ALt e AYPRIT FH B
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HRoyster} Royster, 1984).

&R FYPAE Ee 3] gl A
A AYPAAE WEAoz AlYERS W Hayy
X7} A B DI, TRz 2~63)
FAANES A5 4~8 dB 37 He AL
2 ¢4 3itH(Robinson %, 1973: Robinson
%, 1975: Thomas &, 1975). =& <33 &4
27} Jehte 71bgctde 28 § diez ¢
& A7 X0 FEAoR T g4AHd 44
AI71A B Roystert Royster, 1984). ¥ |
dqre] FAARE T 2WE A gane A
Faped A 23 deRE Jdehly] Algtsle 3~5d
B¢l 94X AEE 1.5~4.6 dB2 vEyith
I 4000 Hzolld SAWEE LSxdsd @
AHToR TEIY By AFTHRE 404 A
Mk 23 Ao folg QA4S Bl F 9x)
371 Felda vE dFHMNE 33 d=7A g
FA2347} APHAJ e ol 404 o] dolA o4
YA gl UNA AEo] Wol THHU o)
Foz AZdEc 428x3 $EdaE NLCIZ
Me FA7INEA A&Hon A7t Fed A
= g8l NLC-I, NLC-III ¥ NLCIVEIN &
AY & FFE Jeplidden, ole &3 3
FERENE MYy] oe]en], dFLE &
HoZ =39 v AW L A4 AAAL 2
A3 she-#e] F23, 7154 WAaRE v EHo]
aFd x2H e AF0 3 4% H3ANE 7}
AA HE toughening 4 wWEog Ayztdc)
(Subramaiam %, 1991a, 1991b).

E Apor dFTEE ZF Fulro|Ae] Yyl
F+E B2E 2329 (500, 1000, 2000 Hz)elA&
HAZ 33 W= o|FRE XA Frhsld 6, T
Qo 2 718717t F7kske FdE Boln, 189
(3000, 4000, 6000 Hz)X+ A 3717t 2
71€717F @ubstAl MA3 S7kshe Y€ Holm
It nEGT 3N BE 2rld) EFE
Y ATt YRR Y Ao|7t oz FAIHUA
Y=o 54 A% TN F4% G FeE HolR
© 43ttt B x=2558 YEsl= NLCIH
NLCHII, NLC-III, NLC-IVIA A2 & dge
2 ¥gstn gled, AFdedA NLC-1E Hlw3
Sukgt FHE WA AYsicy)l & NLCAA

AYHYA7L FH3A e 6, T3 d=d) W)
A9l glol YFIA fA=E P Jehn AN
. ol e WIAFF L Roysters
Royster(1982)7} AA7 S5az © 1 ojfe W
3% g oz sk RAolurt.

S ddez Y] 4Xsle seljtd 3l
olq Ag FAT FYGA 9 HFHo= 2T
HYx|9 zo]E vlwste WYol dn(Moselhi 5
1979), GA1Az}q] dis] R} 4A3) Ag e sjotet
24 & v 27 3~4319) YA 3 HAYA
¢t F 29 FU¢ FAGAE vwsle Wiol 3l
tHSavell®} Edwin, 1987). =& Ax}4 A4
3 BFF oM AExEE AT Yy ¢
224 & v Ao k&HA] gL RIS AP
edle 27 Wyl Aoy Wi dg=E & o)
SHe 2N YA EPoz QF Ao WE
WA Ax, FEAA WAL Wz 9
g AARY] Wolst B4 AAMNA o) g3k 7Y
o W& PAARY AolE HAHY 4 Yot
(Roysters} Royster, 1986).

£ A7 E 7] 3~49 Alold] 23 Y
A F HAAA S} AFHoe 24T AHAX ] A}
ol& ¥lmatd & A, Ay FAE 22 =2
HA @™ NLC-IZME 3339 dA 0.42~
1.46 dB, 2&YdA e 0.45~1.67 dB9) H# 9
2WSE YeElled ole A7 dgas
o[ o] AHF7I o8 WAYF IXF/l= HAE
& k. NLC-123 vladted NLCIIZM & 3
32oA 2.14~4.02 dB, 2SgoA 1.20~
4.10 dB AelFoew 6000 HzE AL vhe +5
FA 8] Aole FTAFHoE Rt NLC-
MIFEAAM e 33&9qA 1.82~3.94 dB, &Y
oA 0.93~4.10 dB Aol 1000, 2000, 4000
HzolX 9] 5717t BAdE ez Fosixnt.
NLC-IVZeM e 33-g9gda 1.55~3.71 dB,
IEYGeA 0.70~3.17 dBY] ztol7} IR NLC-
II2s 22 Foedr fo@ Aolg ngon,
ol Pell(1972)2] QAFolA 2339 0.6~2.7
dB, 229 1.8~3.8 dB A3} vlad o 33
oM Rt EA JERgoy nEGore H&
T 2. a8n AP &S xEd T
YA Aslg FolA AFF7I A3 ™Y
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Wslgkd) sds e FES NLCI19 &3X& 7%
o7 sl WEEZ JeERA 500 HzelA 30.0~
42.6 %, 1000 HzelA 13.1~14.9 %, 2000 Hz
oA 40.6~46.8 %, 3000 HzolAl 20.7~39.5
%, 4000 HzolA 28.9~34.5 % 2 6000 HzelA
55.1~60.4 %Xtt. 47 ARoA B uvie} o]
A773E Fetel AP A T X olF
L A2ExEE AT X o|FFERY Yoz F
A Jeised ole dFdide diie] x=A4d
Ao AF7} 71EHE 3501 AP HABEe
Fgo] Wl wioln], EF duFoez Agd]
A Arael ¥ A% £80] =37] wielg
o A 4 AcHCorso, 1980: Hetu &, 1977).

ago] Ao viAe JIL =2d 2875
v)sle) F718IAIE B dFolMe AP g
EAE =FHAY NLCIITAA dize] H|
& gAolFel /M ZA JEiRd AL ASFEe]
@A we FAPYFA 238 S=AEe] HHD
ol A FoAT A AFEHBRE AF o9 st
A AT HAI APHA g d& Holgke
A (T ES 1994)9F YA s Roj).
EF AFGAAE F AAZ 2F =23 AN
2%&E NLCHIIIT ¥ NLCIVTS HEHEE =
239 gigelRenz Ao RE dgidAE] A
YR 7E AA3 FL3=s BHAoY, Ko
EL Agd =2HAW NLCIVEo] NLC-IIZ
vla) Aol o @R AL Avpie) AR
MNE BAld AMS3he A% A9 BaT zEasd
o] R} oy, FArpl @5 AMH-RY 7~17
dB, A€M 95 AM4HT}; 3~14 dB A= o &
ZA2aHN e 2w Bug Berger(1991)2) &
TARE A9E 4 s 4Zd

YR AAFHQ WNZFFL A FupdoA
2do] BAYALRE fosiion, JyAA F9
el 3L 500, 3000, 4000, 6000 Hzel ¥
Aoz fo3 JFTE X Ud2, 2&F
& 6000 HzE A% g FupaX {23
g&e wXn YAt 2y AFEH L2gxE
F£9 43AE4L FATAHALE {I3tA Yol
Corso(1976a), Mollica(1969), Macrae(1971),
Corso(1976b) o FA3 A<D 2713 7H4
(additivity hypothesis)3 ¥A3lx At =

g E aAFdA dydste F2 2894, &&F
F& A Fegd9ged 9% A de Ao
gpetsiict, o]#H 3 FATRAQ Fod= B3}
I AEFE 2 A% W3t A Fue dYelA
AASA A AL 2854 Aol dREE 1~5
W Alolof] WAt 10~15 Alele] FEEAA
&AL APAF=(1S0, 1975) whd| B A7
dlxe] EA7zre] TdoR AFEHY oA A&
o2 A JAFIIE F=AAA RP, AT
2ol Aol tIFE 404 °]3E FREH| Jlo] =
A PR A X olFo] 2A| G¢7] WE
ol, ztEAHA ] W3yl E Ax X st} fle
2 349,

B A7 Afgoze 44 =FHD e
Ago] U2 YRS Sl AdHE Aol o}
Yzt &84Fd uE A4 B3prE AFEHH7)
e =& AT A3 AFYrigez AL
&%) tE F Ut B Az 7] YRE 40
Al ol3ithe Ad FH7)0e] TdoR R
ol %o HAAslE FE3I] BFY & vk A&
£ 4 At

ool F&AJF nis} o] JEE Ao Azt
A A WE AT AAAN FFEH,
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BEF 28 53 ge of AREY o3 J3¢S
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e 9L AR EYPFoz Lsn A71EQ
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oz AyzErt.
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AFUALE A BEAFAZRY SEAER AR
A 222 25193 AATEA 56THoE F 7184
o] en °EE 2gx2 Fxd wa} NLC-IZ(A}
24 224, 60 dB(A) WHez x%), NLC-I
71X UA L A, &% @30 FAE &
q]), NLC-IIIZ(@A4224, 85 dB(A) o3& =
Z, Al B AU F8) 2 NLCIVE(REA
224}, 85 dB(A)E 2938l =&, Arie AY
A FAFL) 02 FEI ENF FAAe oy
2}

1. 3&¢ade 23 QERE 3~544 dX et
vn g@en 2 H9E 1.5~4.6 dBRIL g
2, 3R Folg IXALE Bt

2. 9%TE YW PFE 33 dx o|FHH
X7t 7k AFgelAn, °olET AT 4000
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