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= Abstract = .
A Follow-up Study on the Personal Noise Exposed Dose and

Hearing Loss

Won Sool Kim, Young Seoub Hong, Yang Seak Kim, Sang Ju Lee,
Kyung Il Park, Kap Yull Jung, Joon Youn Kim

Department of Preventive medicine and The Industrial Medicine Research Institute,
College of Medicine, Dong-A University Health Care Center, Dong-A University Hospital

For the purpose of presenting the basic data for the establishment of control measures
on the long-term noise exposed workers, this study was carried out on the relationship
between personal noise exposed dose and hearing loss on the 67 male workers whose
hearing threshold had exceeded 40dB in 4,000 Hz, from 1990 to 1992. Conclusively, the
level of hearing loss was significantly related to personal noise exposed dose in follow-up
period. We considered that personal noise exposed dose which was measured by the
personal noise dosemeter was more efficient rather than the noise level of workplace for
the evaluating the long-term change of hearing acuity. And although in the case of not-
diagnosed as noise induced hearing loss, it was suspected that the active control
programs such as improvement of noisy environment or early transfer to proper
workplace were needed on the workers who exposed with over 90dB in personal noise
exposed dose.

Key words: personal noise exposed dose, hearing loss, personal noise dosemeter
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A ZEAP Al ME Ak g EAA o]
ob71® A% 4’%014 53] Akd A B #4
8AFAA 2 o] AgFANA dAH L
2 ysA %n}(Sataloff, 1966 ; Burns 5, 1970;
Martin %, 1975). wpebA] &g 2ol 243
A 9 573744 (Well, 1955; Plunkett, 1955) &
3l AdAe] &g A gAY $jle] B
x3E 7ol AL glovt S e AlgFEe] e
7} A2 Y3 gy 4F 7149 Agst 2
a3t 93t AL ofR7EA] AlEAH R
Z7}sta ol AA ) sl

AAe] £LE 22 Qg AAH 5& T4
ol A7 Aole] sl o3 AFAE
(Welch 5, 1970; Molyneux, 1981; Axelssen 5,
1983)9] o] glgiort oldl il A &ah LA
713 0]} gkl Fa) A= FAFEZ N =To] F
I olth &g o2 QI A Aol oA 7}
A ‘3'171;}'3}:115 ‘H§-2—i° }q\% /\g/\—l u]—il o8
ol &g AxY AA, g FEVZE 7Rl
¥ 2 71el 291 (Zenz, 1988; Last, 1991)el)
wpebA] A o] ook & olyjet °]°ﬂ o gt e
e 2Zde] AA, A, AF T g A
o] F@eje} o] Bo] FAAAE 2] WA}
28Z22 FE duste Zldbe] HAAo]
(Last, 1991). wheba} £8A I = 4]
< EE 223 gle AEx gk AR
Z ¥ ohvet HA BAEA R 744 =
AH ez AZR FAVE HA A FAlelch
Selviele] A9 B A Al A gl d3te
AQBS T2 243 HARES] A § AL
2 QI3 27l Aol SRt x¥E 71
ol Ax} AZ-FAd ZFe 22AE 7k
2823 JFAe 4952 19904 1.25% (3,510)
A 19924 1.02% (3,330 F)E b A 3kE ¢
o AQAAF fFAARFY] HEe 23]H
46.6% (1990 )N A 56.4% (1992 )2 Z7}=|of
(NEAAARAF 3], 1990; 1992) &e-FA Z2A}
£ AT Aele= 43 27 FL Xzl

)-

_,>_’4 ﬂllo ol _Q,

L 2ASE T2 A A% Wse 204

Z

oL

e =€ Feluele] AF D54 24
7%l 474 AR 78 2ake A9 A
A8 1B Aol oA Bl Aol =
49 Aol o)A Aol B 2T 37}
9 2 B4 8 Aol7h §] W] 282 2

2 R

o5

A

L,

A5

rL y

Fog A W& An, dst 284
2 JANE A9 x B2 TEAES] 39 %
AN ol F=2 FHAo} AP FA AHS 7]
e AAolth(z A4 &, 1993). whaba] AkdH
A Sl Eojd dd &84 G
Akl A2 Bl A 5upyel gy TEAE
of g #x FasAAL o] Rrls AAZ
Y EAe] gloy &84 oz #A WA

REE P
]

!

_E, b

' 23 Z22AET) ofoE AL Yo wAe

7FsAel 2L TRAES 27]6 25t A4
3 WelE F gl 7lEol} wroke mAlEE A
o] Y& NFetnE FoF FAY Ao A7
et oldgt AFE FHY oA A7 (e]FE,
1976; ZAZFA S 1986; o] ek, 1988;0] 83}
1989)el A F2 AA =SAF o] 43 g AW
AT AYate] BA o dfste] 2L AT
vl glo) v AR A A2 FY AT
AN E 259 SAHAZ, AU, 2L 5
off u}A] th2A) SA ol Wat ol 22
ZF Q1] 2hgi Al A3 &, Ad e A=, A
o) 3, F ARl ST Fol v Al &
Zefo] th2 R 2 (Bruel, 1975; A, 1977) &8
A A g BA = AXNESAE o] 47
B4 2fuohe A 25E 2% S A
o] Hel B &l Zlog odelx glch(Jones 2}
Howie, 1982). =gt ZARA] 71 QAR o] 4
8919 Apeolo) o) AL-FZg) g AP F
9] Fo] RPN} 2A ®E 237 A e
FE gleug vl Z gARelle] AFEE A
o] glrjzlx ztel R 2F 5o Zo) vy 2&
Ao AZEE 5 AR 5d g o
Ao g 7k A = AJA DA 4l A8 T 3 53}
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Sol Z2s]o] 4
Aoz ol ol o)
A AR AP
g3tz Mg £2-8-ZA A (Personal noise dos-
emeter)E o]-43}e] el 2L E RS 233},
A e Ezgel e AL 2T AS
Hog Ay} ZAFAslY 4~L0F gl

AHEAo] oA E Y= A5 ASAQ

Z 2o 2 AYEA A =F A

2 A7 dH-5 Mustax} gt

=

i by
M ode

ATCHA 2

Aol Al 470 AA FERRHY, A
g, A2 i&—ﬂrﬂoﬂﬂ

4G AL 4,0 OHzow 3}, So] & qL @&

o]z} 40dB o]Are] AH LA e] Q= ZEAE
Z 3}7] ojHat o nH A ASET o] AHo)

679 FAE gAe2 19903 HE 1992
QA7A 337 el AeZEggy) JHEA AE
g zA8lt) o) 5e) Pl 43.0 £5.34),
HFEEE 27|72 13645015 en, Q%
W 2gabse] JFd®d @1.9~4434)} FFa
L Z27)71(12.6~1440)2 EAH R §o)7
2to] 7} Sl ek (Table 1).

2 A7 YUY
ZA AL Aol dispe] A= 2ol E

7 BHe g 239 A2 334 A 2}
o AFAIRE 2 F2A7HA] AL 25EAA

Table 1. General characteristics of subjects by in-
dustrial groups

Industrial group No.  Age(yrs) Exp.dur.(yrs).
Transport-repair 18 428+48 14139
Shoe-making 19 436£52 133+£37
Steel-wire 16 419+46 126+36
Briquette-production 14 443 +49 144+4.1
Total 67 43053 13.6+x45

A

(Bruel & Kjaer, Model 4428)% 8- E & 3}o]

A3 F7 A (Leq)el 718t4 7S Mal A
9l
o

g
-_—

a5EEEe g gk YA Agje
A3 AR A 9] <L wiA|Elr] 5t
A5 #4g 12417 o) A S FAAA ¥ &
A A7 B Fol| A 531 7 A4 (Beltone Mod-
el-112)E o] 83}e] 2, $-o] 22} 250Hz 3¢ 8,
000Hz 717 23] b &Aslo] Ab&slgiv). 4
EAA 9 At fevete] A4 G A7
ol w489 (o]3} Y= oD F
500Hz, 1,000 Hz, 2,000Hz % 4,000 Hz 4] 2] &
HA2 5 BE vf3le] 42 v @& 3ok
Ml &gF 2y APEA Ao Aol &
g A|A DA Q] ZAbE 1990 =l A7 HQ
F 23] vhel 199003 2] AHSAA | g A=
W APEEL 2 zAsksh

AR At 2gERRS J|HATE S
stglon, A= 48 Szt 9B FPA
%]9] Bl IE SAS EA|Z 2 73S o] f3}e] HLE
&2 BAE-A (repeated measure analysis of vari-

ance)& A X F i},

oo

2

T @z

1.0 2522

o

1990 A 58] FAFRAF Akl Ay 2EALS2 &
SEEeF] 7| 91.24 £ 7.9dBE 474
4 %7(90.3~93.4dB)ell = #-2J3F Aol 7t ol 2
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v, 7Rl 2S5 2] W= F4 68.8dBelA]
Hd 119.1dB7}A] vlmd y2 FEIE oot
(Table 2). ZAFRAFALE Nl 2GF 2 3o uj}
2] 85dBH]g}k, 85~89dB, 90~94dB L 95dB o]
el 47 (013} T 3L 4T E rIfhe s
T A9 4 Y dAAeE 159, 159, 19
o 18 eR usg B2 E B9, 93 4l
3~4514N3 E2717H(13.1~1433Q)H2 e 7
T7tel] #5213 2to] 7} i} (Table 3).

ZA AAFAE2] 199059 )] ASE 2
of gk 2w dzke) AS-F-2ake] ML 19909 =
9] 912+ 7.9dB oA 19913 =9} 19923 5= 7}
7t 90.4 + 6.7dB 2} 89.6 + 5.9dB 2 thx 3HF
S vehlolel. A Table 4042} z2o] 4
T £4E2T § S22 A2} AR ¥
95dB o} Aol Al 19901 98.2 + 3.4dB 2H-E]
19923 95.2 +2.6dB 2 T}E Fol| u]ste] 713t
A gasidod, ZE FolA dxEE f9
gk zlo] &= gladth(p > 0.05) (Table 4).

Table 2. Noise exposed dose(dB) by industrial
groups in 1990

industrial group  No. G.M.? S.DP Min Max.
Transport-repair 18 903 84 688 119.1

Shoe-making 19 921 64 699 1023
Steel-wire 16 914 62 771 107.7
Briquette-production 14 934 57 842 1048

Total 67 912 79 688 119.1

a: geometric mean
b: geometric standard deviation

Table 3. General characteristics of subjects by no-
ise exposed dose

Exp.dose(dB)  No. Age(yrs)  Exp.dur.(yrs)
<85 15 42350 13134
85~89 15 41.3+4.] 13.5£39
90~94 19 45154 13437
95« 18 428 +£6.1 143 £29
Total 67 43.0x5.3 13.6 £4.5

Table 4. Noise exposed dose (dB) by year

Exp. dose (dB) ’90 91 92
<85 83.5+29 828+32  823+3l1
85~89 - 87.5+21 868+1.8 852+1.6
90~94 92.5+19 923+1.5 916 +1.9
95« 982+34 972+30 95.2+2.6

Total 924+93 90467 89.6+59

2.

0

BN

zZy Faped G AP LAY H == Table 5
ol A2} 7o) 4,000Hz oA =}, $-0] zhz} 1990+
o] 48.4+10.8dB ¥ 48.4+11.9dB, 1991 53.4
+11.5dB % 53.8 +11.6dB, 1992\ 57.3 £ 11.7
dB ¥ 572+ 124dB 24 7} A HFysAl
£ vehligleh 2 o8-8 8,000 Hz 241 35.2~41.
2dB A =o] HYEAHE Ao ohg2 2,000
Hz 24 19.8~25.2dB o]t} 181} 250 Hz, 500
Hz @ 1,000Hz 9] 3G 12.6~17.3dB A =2
A AFgGg S99 A g 2ol E viE
Witk 7t Faey dxd JPEAX ] HE
& Az}e} ubFFR] R 4,000 Hz o) A 714 25}
Al #34}Hp < 0.05).

gHd Faad APEAXE 7 Foll ahel A
x¥H2 2y Fig 1~12¢ Zon E3] 4,000Hz
o] Afo= M A8-F 2k 85dBE AANYS

2, 8,000Hz S} 2,000Hz A= Ml £gETa

90dB & ZAAF-Z Ztzt 1 o]AFTellA AHE
Ao Axrt a4 Jehte oFARE eI (p
< 0.05) 1,000Hz, S00Hz ¥ 250 Hzol| A= 749l
AgZ gk o Al AP A §
23t 2ol 5 e A] odsir}.

AF JPEA AL E AxE2 8 Table
6N A2} 7o) &, $-o] z}z} 1990 o) 23.5 + 6.3
dB ¥ 23.6 + 6.5dB, 19913 26.9 + 6.2dB ¥ 27.0
+7.4dB, 19923 29.8 + 6.0dB @ 30.8 + 7.2dB
24 19909 o] visle] AxEE FH-L 2, 5
o] F3] A} A} E = JAHE Blon, 53] A
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Table 6. Average hearing loss level (dB) by frequency (Hz) and year
‘ Frequency (Hz)
Year Site 250Hz 500 Hz 1,000Hz 2,000Hz 4,000HZ* 8,000Hz
90 Lt 132+74 129+ 6.8 14.1 £ 8.6 203+9.2 48.4+108 353+ 98
Rt 14.1 £ 8.1 126 £ 7.0 13.0 £ 8.0 198 +8.7 484119 352+ 10.1
91 Lt 15.1 £8.1 141+74 169+ 7.1 23.1+89 534 %115 38.1 £10.7
Rt 15674 139+6.5 16.2 +8.7 232+76 538+ 11.6 388+ 11.1
’92 Lt 15.6 £ 8.2 14.1 £6.7 18.9 + 8.1 252176 573 £11.7 40.5 £ 10.2
Rt 156+ 7.6 14.1+7.2 173+ 6.6 249 +8.1 57.2+12.4 41.2+£11.3
*P<0.05
o o
~104 104
g -201 g 20
g -30] g 30
g 40 é 40
2 -s0] 2 .50
3 §
T -604 T -60
—*— -85dB -4~ 85-90dB = 90-95 dB —+— 95- dB ~#— .85dB  —A-~ 85-90dB --m- 90.95 dB —— 95- dB —I
=70 .70 .
A 1990 1991 1992 80 1990 1991 1992
Year Year
Fig. 1. Hearing loss level by exposure dose in 250 Fig. 3. Hearing loss level by exposure dose in 500
Hz (Lt). Hz (Lt).
0 0
-10 -10
o 20 m -20
= =
2 a0 S 301
3 3
8 -40] g -0
2 -s0] 2 0
© <
£ -0 T 60
[ 8508 -~ 359048 ~w- 90-95dB —— 95- 0B —*— -8508 -~ B5-90 0B - 90-95 B —— 95 dB 1
-70{ -70-
-80 . , . -80 . , ,
1990 1991 1992 1990 1991 1992
Year Year .,
Fig. 2. Hearing loss level by exposure dose in 250 Fig. 4. Hearing loss level by exposure dose in 500
Hz (R1). Hz (R1).
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Fig. 5. Hearing loss level by exposure dose in 1,000 Fig. 8. Hearing loss level by exposure dose in 2,000
Hz (L) ) Hz (Rt). ‘
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m 204 @ -204
- X
] | ° |
g g
» b 3
g2 401 2 40
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5
T -60 I -60
—»— -85dB A 8§5-90 dB ~w- 90-95 dB —— 95-dB
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-80 y S . -80 y v .
1990 1991 1992 1990 1991 1992
Year Year
Fig. 6. Hearing loss level by exposure dose in 1,000 Fig. 9. Hearing loss level by exposure dose in 4,000
Hz (RY). Hz (Lt).
0 - o
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—%— -85d8 A~ 85-90 dB ~m- 90-95 dB —+— 95-dB
o 201 o -201
T 2
3 T _apl
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[} [23
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2 s & 501
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£ -60] : £ 60
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C 1990 1991 1992 1990 1991 1992
) Year Year
Fig. 7.. Hearing loss level by exposure dose in 2,000 Fig. 10. Hearing loss level by exposure dose in
Hz (Lt). 4,000Hz (Rt).
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Fig. 11. Hearing loss level by exposure dose in
8,000Hz (Lt).

Table 6. Average hearing loss level (dB) by year

0
_10_
o -201
2
2 .30
@
é 40
£ 50
3
T -60 .
—— .85dB - 85-90 dB -m- 90-95 dB —— 95- dB
704 -
-80 T v v
1990 1991 1992
Year

Fig. 12. Hearing loss level by exposure dose in
8,000Hz (Rt).

Site Exp. dose(dB) 90 91 92

Lt <85 19.5 + 7.1 223+ 74 29 +72
85~89 21.4 + 4.0 237 £ 38 259 £ 3.2
90~94 249 + 7.1* 28.6 + 6.9* 325 £ 83
95< 284 + 7.1* 329 + 6.6* 379 £ 5.0
Total 23.5 + 6.3 269 £ 6.2 29.8 + 6.0

Rt <85 194 + 6.5 222 £ 7.1 239+ 79
85~89 21.8 + 3.8 239 + 43 264 + 4.6
90~94 26.0 + 8.2* 29.2 + 9.8* 345 £ 9.6
95< 27.1 £ 7.3* 32.8 + 8.3* 386 + 6.7
Total 23.6 + 6.5 27.0-1 74 308+ 7.2

*: P <0.05

Ql £25Z 2% 90dBE AATHE I AHE

YA A xo Aol AR F3HA] ¥

AXe FZ2gd ety o AelE Jeiial oH(Fig. 13, 14).

o} &, 1990 d =l gt 199203 2] BF A4 _

S e B} 3 MM QI AZERY, AT E27
2)9] zpol= MQl ALEZEF 85dB w| kol A) o1 ofz47ko] 2|

= 3, $o] 247} 3.4dB 2 4.5dB, 85~89dB ol
A= 4.5dB 2 4.6dB, 90~94dB ol A &= 7.6dB
2 8.5dB, 95dB o|AFT-ol Al F, $o] BF 9.5
dB 24 /el A&&E 27 90dB v|uldl B8l
90dB o]AFFlA Y AHEA AR Aol F
2717k0] 274 2 A =ZA Al A p <

0.05). 22} /]l AL EZ G E F, $o)

19921 x=9] J7 FHEH Az e} Aal
2o AL T2 A% *Ja&aarﬁl =N
td H A LAY Fxe) A £L-F23e]

#, $o] 2z}t AAA T 0.4385 H0.3999 24
23 AT S e NS £ F27709 A7
o= o ARAE vepl A ¥ttt ol F
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Hearing loss level{dB)

~x- -85 dB A 8590 d8 -m- 90-85dB —— 95-dB ‘!

1990 1991 1992
Year

Fig. 13. Hearing loss level by exposure dose in
average method (Lt).

Hearing loss level(dB)
E-Y
<

1990 1991 1992
Year

Fig. 14. Hearing loss level by exposure dose in
average method (Rt).

Srd R B i Awel el A8Eg
@70l 1,000Hzol A =, $o] ztzh AlgA|4
0.3437 & 0.2984, 2,000 Hz <l 4 0.3275 % 0.3735,
4,000Hz el A4} 0.5520 2 0.4821, 8,000Hz )]
0.3306 ¢ 0.3673 224 t}A §-03t AAPLS B
f2v} 500Hz ¢} 250 Hz o A= Ya<=ale]
o Rl AgE2et fold AHAde gl
3, 8,000 Hz ol ko] HAle) Hro} i)
o f21gt Al o] 2= ¢} (Table 7).

Bd AYEAY A5} A £gF 2 &
+ FE27 4 A%z AR A F, $o)

Table 7. Correlation among hearing loss level, ex-
posure dose, exposure duration and age

Freq.(Hz)  Site  Exp.dose Exp.dur. Age

250 Lt 1563 1870 0892
Rt 0744 2578 1639

500 Lt 1794 1803 —.0648
Rt 1677 2199 1476

1000 Lt 3437 1377 1272
Rt 2984 2228 .1408

2000 Lt 3275 0896 1812
Rt 3735 1509 2517

4000 Lt 550" 1091 1733
Rt 4821 2747 1811
8000 Lt 3306 2847 3260
Rt 3673 2381 3094*

Average Lt 4385 2576 272
Rt 3999 2085 2453

*:P<0.05, *:P<0.01

8] A 25F2Fde] $AHLR FT
T &, fo] Fzte) WYL 46.51% %
41.19 % o] g} (Table 8).

o &

Fvete] A5 1960t FE Al G4
2 Y=g e 2 Aok g
R FAe E Ao Z1l" N2 RS
LA ] A AR & FAZLHa gt 1 &
A= M} F2F AAE AAsH LA F
HE agRAel 2FsE T2AE 19909
1.25% (3,510 7)), 1992 3¢} 1.02% (3,330 )2 =)
¥ F 7H B2 FHES eI o) aw)
v o R ST A A8 Iy
o] HAL 1989 A% ANA oA e wba] ol 454 o
o3 FF AHEAA) 40dB o) B 2
A o2 AAs I oY) wlEe] AAE o
Azl AYEAe] gl HE B8t £28A4
dAdeg 94 4z Za BolL Fpites

O

|
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Table 8. Regression among average hearing loss level, exposure dose, exposure duration and age

Site Variable B SEB . Beta T Sig T R?
Lt Exp. Dose 1622 0391 4681 4.153 0001 0.4651
Exp. Dur. 4051 2221 2319 1.824 0742
Age 3914 3364 1486 1.163 2502
Rt Exp. Dose 1252 0333 4589 3.763 .0004 0.4119
Exp. Dur. 2510 1892 1825 1.327 1906
Age 0951 2866 0459 332 7415
2AEE AT S Ao G, i 2 - v‘—:‘ﬁ“— A G WS AA AV 2= A
22 A EE A" & EHE =71A o A G o] FA ol o] F aidleiof & Aol F,
£ 3 F9, AP A B4 5o AR 23 ¢ £ AT A 253k 7‘431%3 Al a‘ﬂli%‘, A&
o g A W& FAe A7 B2 As 29 ¢ AP 5 2 FEH S ALY
1 b O e 8 ZUHE Ao|BR o)F o] opd i3l &g i%«] EAXEZHN ARt
of Uit el A F]o] AlFE Jor A A7} F7F 90. 3~93 4dB 2 fAbsl o =AM
Hod 284 Ao fdgclegs A5y F A ZF R ASEEEe] HHe 68.8~119.1
28, 22717 9 Qe A4 58 E 4 U dB 2 o} tlokit By elate ¥ olg W ohja)
) o] FoAE g EZeko] sl F 2 4 JEelAE e 3ol & vhepich
AAE dHA 9o, AF7A Y LgF2HY w3 AP EAY A 280 A & A58,

FH eIt B AFdM e AgFEY
A E2EAE o] 48 $HLLE 71FoF
B EEoldiek Teiv Akl £ 8EE
d dFelgte AHgste ZIAY 717 R A
Qo e} o} 4 dow S, EHRL,
Hupdl Soll @iy LgeFe] A Hrie
4 912 ® ohjet (3, 1970; Bruel, 1975; 3}
WA, 1977) 53] 2he]xbe) 2hqjgFe whebA |
d & Ei%kv- o-$- ohekdt ez deA 9l
t} a2 g A28 HAd Z5ste 222
9 HYE 44_ AEE G7ggel lolA] Fad

ok
o
1o}
tlo N il
o X

oft

ot ofn

Al £gER R 244 B A4S Tl
QU1 BALLE ABHoz ALrhd ¥A)
Nol g2 veh Wl sl
Jelao] e 22AHE e
717 4ok @b w2 BALgo] WA Bl
% Q) 282AAE g5t A

SE 2o 2o} 51 o &

NFoeg &

F4E Sol GAE Aolsl B el AE
Zaspel 2AA 49 AAE o] Hrst &
$Z2ge Azsleol s Aol FASAR,

BAH o2 o] Aol B ol2igo] B2
7 W & ATelAel o] 483 Aol B
B PN LAY S ANLEAE o) 43
ALEE SAT IR A2 )L 24
247 o] 4% el £SE
Shofob & ALz A7, U990 E AHE
Aol 2L ofel. *—;—7 o) B4 AT

B9 WAl 4E Ao 2 FRAE FIYNE
2ysta A4 vlasAd N2 Fad =277
Apolgt A Ao 2 a0z 2Agh Az
£ Wol o] 453 k. el # AT} 2
o] A7kol2hz Wk Se] o] HrI 3] A5}
st AztEe Agde e FUAE 24
oo o] FA7]zkolzhe AlADA R A
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