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Ergonomic Evaluation and Safety Countermeasures of
Personal Cassette Player Noise
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ABSTRACT

Recently, noise from personal cassette players (PCP) poses growing concerns together
with occupational noise-induced hearing loss., Eighteen male and female volunteer
subjects participated to determine preferred noise levels for PCP usage before, during,
and after 2-hour subway riding according to sources (types) of PCP listening
(language/news, soft music, and hard music). Audiometric tests were conducted before
and after the 2-hour exposure of PCP noise under subway riding, Statistical analyses
showed some significant hearing losses with the greatest loss of more than 6 dB at 4000
Hz for both ears, indicating that serious noise-induced hearing loss would potentially
occurred due to prolonged use of PCPs. Practical safety countermeasures against PCP
noise are further discussed.



48 uel g - 34 RAM T2
1. A 2 Berger et al, 1986: Hellstrom and

Axelsson, 1988), tl&c] 3% 8A|Zt o]} £&

1.1 A2A Btoll A AQjehe 229 A, 944 A% (d,

A2 o JHEA F 223} AeE 4G
g AR EAZE H1 Sl A2 SAC W=, #
Aege A% F HilPY F 40%7 2584
HHQ FAeR HEHADL (d, FAHAE,
1993), =24 AW 56.5%7F 254 ‘*75
(Noise-Induced Hearing Loss)ol 71918 R
2 e 85, 1993), 9 RAH Z:i]
7b #FAAA gECE o)F @S S 14
Agold, EE YW 3Zd F4Y 2829
#de] F FHAL 4 F sloy AYFAEITH ¢
Bo| dABAA 22 FAE ¢ fle Aol ¢
A BELR AT 2golth 53, 8F HUika
(B3] dids Aad $)7F sFF o2 4k
M Fh& FAH E (Personal Cassette
Players: PCP; °lg} #ul4 7HIE) & 34, &
A, 3olF, 27 T LAY AN AHEEHE
AE & ¢ Uk Fo& FHEE SonyAtel 23
A 19793 APAAA S 4709 o] 32 Yty
o2 Walkman®2 EHoH, #$d4stA 917

g 529 (Skrainar et al, 1987).

MY Fohg FHEE A9 F] AejdA] ¥
A AN Slof, &34 GAYLEA o
+ A4 -89 die] Hasld (Foldx,
1997; 47tAE2, 1995, $UUHE, 1997, =
dr, 1995, 1997). &=e] F8 GFAH 9
3, FREE Fo& SHESY Ao Q3
A FNE(FS], de Aad ol T
NIOSH  (National Institute for
Occupational Safety and Health)elX A&
AY 234FQ 85dBolde] 4fd x2Hm 3l
o, °|2 A% F74 254 A (Permanent
Noise-Induced Hearing Loss)= 7HA € &
&o] wj-¢ rhn 4EA 3 (Axelsson, 1992;

2 HZ A) FAE SHE AHEE HESE o
T4 A4 dARAS Az AYsitia €
F tH(Fearn and Hanson, 1990; Izumi et
al, 1988, Rylander et al., 1988, Skrainar
et al, 1987; Yearout et al, 1996).

1.2. 8998

£ d7E FU8 FMIE Agd 839 o3
Argo] ALY o P& T, & 52
A AR Be mELE AN Fohs AMA
E g0 A% FAA WASAE stk
dased 2ERAL oM, Fue S
Agez w4 et 284949 Ae A
04 % JYUEE 9% FUE I A8y
Mol T RS 5 ANFAA W W
o2 ANstaA e,

2. G+ WY

£ AFe 1839 JAgAE e 42
At 28k 5% 9 FYHAAE A 4
2= 232 /Y FdE JHNEE HF Y
“ﬂ £¥£ Normal Volume Level (5% AF+F)
A WALLLR AEHE Lgo] ANHUE BF
9] Volume Level(AF7Fs +5) 3 WAL
28 2% Volume Leveld d@ Hdids
(Leq : Equivalent Sound Level) & &3
on, i FUE FMHEE MR AR 39
AEE ZATEHN ST F Sl G4 A
&4 (Temporary Threshold Shift) <%& ¢
o} Bttt

d

&,



184, S28E 1999. 8

Fo 8 FHIE &%9] Azbgehy o f g 49

2.1 njdgxt

2 a7 Ao fd8xs 34 AYL R
Azt WYo] Qe WE Yol 20.749 JY ug
A Zk2t 99 A F 189o|v], BF A o
ArE 48 A7t F9A (Informed consent
form) ol EAISHICH

2.2 A8 I

2.2.1 4E2=A}

A¥E 9 71EHEE e GAEA, A
FAE ol-dsie] HAYRe] o], AE 4 AL
33 3= PCP (4 7IHE) Model, ¥¥ ¥
T AHAIZYE, €4 By 4239 (Hard Music,
Soft Music, Language/News S22 E§),
olg3te HFLTY FTFHY dFuF o4 A
PCPAHE: At 5& A} 314

2.2.2 HHHPAL (Audiometric Tests)

Q) FUE FHEE A7) A o o]
& Yo} 87 sl HAYA 250)A Beltone
Model 110 Audiometer® AM33le] HHAALE
ANEAY Y 2L Kl FHES AHeE)
7] Ao F4E i AAsa A7 AHEE nlA
28 ¥ AYSAE = i Ssich A d3
71 Aell, 7|&Hoz B 4o 233 244y
23 Yo 9ag FAAEE FEF A
¥34E 4% 35 dig9E, 1000, 2000,
4000, 8000, 250, 500, 1000Hz woz A€Hs
Fon Z Fug dYolM A3E 40dBE F
o2 -10dB, +5dBY BA sl WHo2 HAeE
(Hearing Threshold Level) & ZAs4th o
oz} £FA MY 1x AFog A2 By
2 HAPAZ} 3 Fo] 28 o)A A2 EJYL
A$-& AYTF(Hearing Threshold Level) &
2 A9 37,

223 HiF A2 EY W =8

Ag At 23T &%) sl 53
d7t4 (KS C 1505, 1987) 71&] %e Adi
A (B&K Type 2236) & AHalo] 2EZ A3t
) A3 134, 284, 334, 434, 554, 7
T4, 834, ¢ FEH FFH §& & 9
s APuANRE ARA a8la 2eAY 5
A& SlowZ 319 (KS A 0701, 1987) 5¥-3te]
HEA2eE & F7M4S%(Leq : Equivalent
Sound Level) 2 §339en, 23% A3 &
€ 7] HEASEE 88dBA, 181 HabS
X9 HEAe 109.2 dBATELE 24 HYrh
SF9AE A AeAY YT HI2M &
e T EY B 4719 A 25E 4Y
< A% WAL Sz AMEE] Y89 Digital
Audio Tape Recorder (Sony Model PC208A)
€ o839 AHA 28E H2¥ F 1A/
(B&K Type 4231) & 43t A3t 483 §
Udg 552 ATE AYH A A8

2.2.4 SUsEe 5%

1872 HAPAE 227 AHgdhe A Fd)
4 FHEE AH8atd ztzte] AYzdd wi
Volume Level& &33dl7] $3l T34 o
44X ¥ Head and Torso Simulator (B&K
Type 4128)¢] Ful& FIMES H=EL A3
¥ Dual channel Real-Time Frequency
Analyzer (B&K Type2l44) & Abgdla] A-
Weighting® 1/3 Octave Band®] 433l &
Adx1Y 3F 4rES 34850, 1
o2 54T ALEAY 02 47 o 5¢
& (Peak) e 3 < 984 Artificial
ear (B&K Type 4143)9% 454 (B&K Type
2236) & AH33ted FAs5ich AEE 3L 9
3t Head and Torso Simulatore} WAg
Microphone22 Frequency Analyzer$} A&
A& Calibrator (B&K Typed231) & AHgd}a



50 LRI A P YN
RARL 23.2 HHUSHAES 9B AHAY

RG2S Tauss o i SPas

2.3 AEA (9, 229, 32423 AR E E29 o] 2x

2.3.1 SY4+E STw HE A A

SErEE F5ESPAZ 39 Y SEF
(3, A8, 259l o8 2x3x3 89
W Egen, # 1899 AYHAE i B
13 o] Mixed-factors Design® AH3dld 7}
z23AY S44F @EAEE 9 Ad 28D S
2339k 2, Ad 2 2899 54 A
Az g (v 499 4, 2594 6% A)
HAYA AGS AHEE o ALER7e] i
HalAE 694 e TA¥A FeS AMEA
t}, Within-subject W4 A7 s &
FEIE ZFol7] 98 ALPRANA AFHE 4
¥zA £M8 counterbalancingdlgien, EE
Ay 279 dAYA AY2Y ¢Ax A
o ZAgPagch '

11 Z&HT SESE

2X3 Mixed-factors Designo.& ®jX|3le] A¥
£ AA)8%t}h. Within-subject ¥4 3E34
AR A8 BgadE Fol7] H3 dA @A
A Ag=e 482U €48 counterbalancing
dgeon, BE A¥ 219 A4¥A d¥=d
£ME dgsisie APsgct. FEAL Y
Z4 A= Pure-tone (250, 500, 1000, 2000,
4000, 8000 H) o= 233H ],

2.4 H¥ WXl

HAPAEC] AHE-FQ 71 FUE FHEE
7} 2 normal volume level (B% AP
2 AFAE WALEd & FI F9 Az
volume level (2539 FH7bs 45 & W
o2 A¥L APHAt 4YL F 5 A= 7
ARed, 1 A GAZ BB A4PAEE A
o2 Fu& FME AHE Ao audiometer® ©]

o Z29| dAHr2t 25

etween—subject variable) , GixL
News/Language, Soft music,
284¥ (Between—subject variable) Hard Musigc ¢

A28
(Within—subject variable)

Normal Volume Level
tHAZ0l = EAl Volume Level
HiZAASO =&%F Volume Level

Me(Between—subject variable)

Az

A2%(Between—subject variable)

News/Language, Soft music,
Hard Music

HHEH ANH
(Within—subject variable)

AFH0| &5 M
ABHO BE £




184, 208, 1999. 8

F4 FMHE 280 A3EA Bk 4 HAdE 57

4% AYSEE S en, § WA TAR
AR g AEdle 229 o2 T34
oA &A% normal volume level2 Fi& 7}
NEE 308 3¢ FF (WFa% o4 A 30%
3 FOE FHE ALEE M) B sislen,
Digital Audio Tape Recorder® =&3% A3H3
23E AYY A el (RPN ZHP
A &3 volume level 2 1AIMEY A (WS
L 1At o] 4 %o Fud FHE AEE
744) = et bl AR, AaE WALE
o x&d ¥ M= volume level2 3083
AH (MF2E o8 F9 3081 #FUL FAAHE
M-S M) A & F, 28] F4 F oA
i wAYAle] R FHSEES SN

2.5 SAH 24

AgolX Ao dojHd dhate] SAS
Package® AM&3td ¥AHEH (Analysis of
Variance) < AA8%1, #94% ZIe 3
Multiple Comparison Tests (¢], Bonferroni-
t test §) & AAs] ARLEAE E4EU

H3 3y of

3.2 &
3.1 42ZA At

AR 189 UYALE AERAIE AAH
A3, Fid FHES AS A5 HE 2d I
oo}, 3F HT AMRAILE 27543, 9FY
Eoke] W AME7IZHE < 3,59, 2Eln 1Y o
259 Yol 1443 Aoz yel
Bk,

3.2 SEo e BNEY dat

YR R8s (A4, 254, AH8EF) 9 2
ol Y FEFE dokr] AAA AT £
AR A3k, E3oM dEhbRe] Frig 7HA
E 259 HIAFUFEE 4Y R 25499 A
Aol izl FARLE {4 AolE Eh)
Ak

Fhé JMHEE v BT &85 Bl o
A Bt fosh] wgkod, E3e EAEAHAR
E Ued BAHLE #A% FARF T 3

| Between—-Subject

g4 1 203,739 203.73911 8.31* 0.0138
A2H 2 1905.9722 952,98612 38.86* 0.0001
LS4 2 25.211381 12.605691 0.51 0.6107
SASH* M) 12 29431882 24.526569

Within—Subject

Ar8EE 2 737.31684 368.65842 Ky 0.0001
AEHZ 2 53.754859 26.87743 2.1 0.0867
ARS8 ASH 4 17.547689 43869222 0.44 0.7765
ArSEA* A HE 4 12,292496 3.0731241 0.31 0.8684
S'AERIA(ASH M) 24 237.83531 9.9098046

Total 53 3487.9888 65.811108

(* 1 p€0.05, ** : p {0.0101A 2 BN



52 el g . A ATAM IS4
100 7 100
% - A ® - A
%0 - 0
aB a5 dB B - C
" b C o - I .
. | l________x ! . )
A 2en HAB A8
= : 0 @Azh 5#A Volume Level B MB25 S+ Volums Level
£ Hard music B soft msic B Lanqusse/News [JM!LM
T8 1 AU FHME Aol et asEa g 1o 2 FHE THS ASEd0l tE

(MZCIE 2xt A, B, C = Z ASHo| tiEt BaSY
20| 5% RoA+-Z0IM SAXHLE [25H
X0l 2ln|E)

ol 4ql A4 F AR Wi FFEH A3
€ 23 ol 19 13 19 22 89 4 gl
. 39 1dAe 25494 distd AA G
Bonferroni t-test 23#<] ¥F &¢5Fe] R
g 2ol & Hard music, Soft music,
Language/News 22 HoFdh, 1y 2& A}
{87 A Bonferroni t-test® AAIE 2%
5 {93 2ol YRR

Foi& AME AHEAlY Ha A2% (Peak)®
HAAE dlms] ¥ A, 230 wet daie
3% 98,1 ~ 116.8 dBA, 9#t¢] 24 98,5 ~
109.0 dBAZ ¢ ¥2(H¥¥) &% +5& Y
128 1)

3.3 HASHXI0| et Sy
EAEY

@A 5 44 @ A 59 Ar
(3d, A833 A, 239)9% 6719 F5ae
(250, 500, 1000, 2000, 4000, 8000Hz)3te| &
AE seazl fEiA BAHEAS dAskglen,
LEE AYEHA AF 4 E 4004, 9F

F384 2
(MZCHE 2XL A, B, C £ Zt ARREZ ot T2E
Y+E0] 5% RYFENM BAHE [oatA
ol ool

AE5PA ¥ 2de E 5ol 8450 3tk
BAEY 29 2% AYEPA = E g
froled 0.05004, AHFY A dMe #
FE 0.0104 FAE FelE ER ol iy
® 23FgL fodiA 4A veidd, 9% A
H33A9] B4x & SolAeh o] e 8%} F
4 FAF AolE Holy, R E wiZ¢ ®
§ GAEA] efsi

3.4 Yy=Hslof izt 20 * Y

224 B FHE FHE 25 x2H7 A
3 Fo] Y WHE wmIutt. o dgd
2 FE JHE Afo] xEH7 AT Fol A
g ZolE Lolrr] el t-test® HAIT AR
SEZ 79 Z¢ 2000HzE A|%sla RE F
T el foAg (p<0.00) Ael7t AN (2
¥ 3), 9% AF ZE Fu tholA] fol@
(X0.05) ztel7t AT (18 4). &3, HAF
e Y F 7R 939 FiolE 8§ 5 %e
40000 F&oAx LAH HY &4 (Temporary
Threshold Shift: TTS)®] 7} & & (©%: 7



$18%, H2HE, 1999. 8 Fog ME A2 AWFYY Y1 A 53

4, OEF FHAWA| i3t Fusy BMSNEY F 2

Between—Subject

o2 1.90 6.83* 1.62 1.62 14.88** 0.01
A5H 0.50 0.39 0.42 0,42 3.07 2.97
ASH g 014 0,19 183 1.86 117 0.62

1
Within—Subject

HYEH AIH 52.94** 46.20** 78.13* 78.13 8817**  14.45"
HYEY Ay 0.24 0.57 113 113 1,50 0.05
HYEN AR*ASH 1.24 3.68 2.37 2,37 6.17* 0.95
HyYSd ANEASH Y 0.06 2.7 0.38 0.38 1.50 0.65

(* : pl0.05, ** : p¢0.0101A 242t S8

E 5 9% HHSHAO) (fft SO BMEA Ft(F 2

Between—Subject

=k 1.00 6.78* 5.90* 0.04 11.36** 215
A5H 0.51 1.14 1.53 0.82 0.56 3.20
ASHNY 0.81 1.34 0.27 0.44 1.11 219
Within—Subject

HA=H AH 40.33** 44, 44% 45.00** 46,29 89.29%*  13.07*
A= Ay Y 0.33 0.00 0.20 2.29 0.14 0.00
HAUSY A ABH 1.58 7.44* 1.80 0.43 7.00** 0.07
HAEH A ASHYE 0.58 0.33 3.80 014 2.7 0.60

(* - p(0.05, ** : p{0.0100M 2tz Sojz

B e S C el (a9 @ » w88 ¥ |

8 3. 28F 72 tiA@LS0 &L a3 4. 2% 79| HBAS0 =EE7
M1t 29| &0 Mt 29| x|



54 %l g

A KA E4

dB; 28%: 6 dB) <& Eoln NeEER AV A
$A 284 @A fio] feiEnR & 4 ok

4. B9 U ZE

2o A% ¥ (AEAH W)L 7o AR
F Ee $d veleld AAEel Ae AYW
ZdA HE & RS A3 AW F 3t
ot} §3|, A84 WAL YNtHoE & &P
FZ (o, 85 dB o] oA A7 (o, 35§ 8A]
7t o4 6714 o) =259 o] (inner ear)
oA AAe] £AHe] AT AHFLE oY
FAE obishe AWeln dHLR o827 Az
A qgol gleng A28t §E ol §
E Yo)71% $t} (Berger et al., 1986).

FYolA A2 FA& FNESY 23E AA
Hog EA /g £ dA7e F8 AF 93}
o Fg FHE A8 oM AHde 259
(Hard Music, Soft Music, News/Language)
of WA 8 SqFFe AolE VehidlE
g, 53 82% 32 %° 24 Ex Hard
Music®] 4% 3@ 2&8%71 95 dBY Ho} 4
ehARzAYond vlFe] OSHAZF A% 4wt 3
A 28k §E 7)RAR FF 423 0|42 )
+ ¥ ¢Foln, t1%o] Cohen T (Cohen
et al., 1970)0] A& Fui4 FHE T3 22
HAg4 2% (Non-occupational noise)? =
2 34 7|3 mad gL FEdN 0% o4
< fYsgn Ped £ 979 HE A 3R
BT 247 o4& AMESER AU AMRA &
A3 E Y HEL v w01 ¥ 4 sl

T, AHE@AC] BE Fu8 JMHE ARLE
AL Bod, 53 AA o84 HF 24
7} 88 dBY S WiALE Fold e FoE FA
EE 37 99 dBY v|$ F& FFELE A
Az A& Ho|a Y © 3T HTE 1443

9 hF ZF o4 A 100 dB 7 48 x
g AL A3 e $E9 Aod =
& sxide AF A9g hoz 3 FA AF
A 59 UF nF off Ao § B ¢ 5 U
£ A2 2ohd olo] tig T4 o] 4
otz & 4 gidh Fuld FHHES FaiAET
o gloiM= WFAs} H1 116.8 dB 7R &t
Zthe AMIE dut A4 25 OSHA 718
ME A 84 8 4 gt oy 9E FEe
g 5 It

4, & dPdde A4 FdE FHE 2%
& A (FA JUT WAL ET MY =
22 MYz A, AMgAle] 3Y WHE
ZAG A% FF A 2F dREY #94 dg
drx FARLE FoF Ao|& Yehigith 44
A A9 dzlo]rle AW £ 4 kHzolA 6 ~
7 dB 7139 /M 2 RSl TAH AMe
olFF Lgxdo] YHEEUW ArHeR ASA
A€ vz /9E 5 dvke 2339 9471
¥ 4 Ut} (Berger et al., 1986).

ol el B A3 AAES FTHEI & ), A
Fo& FHHE AL A ST F gl g o
& AAFHASA 154 d) BadId
a4 Aojuhy ¥ AHEE ekl i A3
ol shikyo] A4s apdrh &, FU4 JMHE
AHgo] i F7EAMIIAMS BEY Ee HIWY
o] A%, FUHE FHAE AFA i FHEL 74
A g AAE Az sk 94 ol 4
¥ Volume Leveld i3t 713 Ao] AA =
3l S0l 91 & AL £ FHA FA W
24 #A B 88 dBv He A wig A&
& 2017] 4% dFoz A A5 FPFIu
9 F&A4 B9 AHE-E B8 4599 934 §
A Fo] Y8E Aot}



184, H2W, 1999. 8

Fol8 FHHE &89 ABEA WF L QARR - 55

5. &1

Ho
[

(1) =%%(1993). 92 224 A7 I AAA7 B4,

(2) BolUE(1997). 129 P ALed Pz,
AnE 53, Foldr 19973 249 4¢x}

(3) Y2X2(1995). Q2P HA=E FAL 4 o
Hel| Fa), ATz 1995 49 1394

4) FUYE997). 7R B FdLo] Bol gaw
FTOoE WAES. UYL 19979 94 2394,

(5) FAHAE(1993). APz AT & Ay
3. FAHNE 19934 84 19¢Ux}

(6) F=3A7H(1987). KS C 1505. A &84,

(M F33YTZ(1987). KS A 0701 28% 34
W,

(8) ¥=UH(1995). AlnHe &9 FP #i.
FIYE 19959 119 2924},

9) F=YE(1997). Foh$ Edolo] ARE, 8=
A 19974 14 254z}

(10} Axelsson, A.(1992). The risk of hearing
loss from recreational noisy activities.
Hearing Conservation Conferences. 79 - 83,

(11) Berger, E.H., Morrill, J.C., Ward, W.D.,
and Royster, L.H.(1986). Noise and
Hearing Conservation Manual, American
Industrial Hygine Association, Akron: OH

(12) Cohen, A., Anticaglia, J., and Jones, H.
(1970). Sociocusis - Hearing loss from non-
occupational noise exposure. Sound and
Vibration, 4(11), 12-20,

(13) Fearn R. W, and Hanson D, R. (1990).
Hearing levels of young subjects exposed to
industrial noise. Journal of Sound and
Vibration. 134(3), 533-534.

(14) Hellstrom, P.A. and Axelsson, A. (1988).
Sound levels, Hearing Habits and Hazards
of Using Portable Cassette Players.
Journal of Sound and Vibration. 127(3),

521-528,

(15) Izumi, K. and Osada, Y.(1988). Research
on effects and control of noise in Japan.
Journal of Sound and Vibration. 127(3),
401-404.

(16) Rylander, R., Andersson, K and
Torsmark, U, (1988). Research in effects
and control of noise in sweden. Journal of
sound and vibration, 127(3), 405-406.

(17) Skrainar, S, F., Royster, L. H. , Berger,
E. H. and Pearson, R. G. (1987), The
contribution of personal radios to the noise
exposure of employees at one industrial
facility, American Industrial Hygiene
Agsociation Journal, 48, 390-395.

(18) Yearout, R., Kwiatkowski, C., Lisnerski,

(1996).

Continuous exposure to noisy work

D., Sprague, K. and Davis, S.

environments does affect preferred leisure
noise levels, International Journal of
Industrial Ergonomics. 17, 499-511.



