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Noise Exposure Levels of Workplaces Exposed to Noise and
Rate of Exceedance of Exposure Limits

KyooSang Kim" + Jungmin Sung’ + Eun-A Kim'

Department of Occupational and Environmental Medicine, Seoul Medical Center
"Occupational Health Research Bureau, Occupational Safety and Health Research Institute, KOSHA

ABSTRACT

Objectives: The purpose of this study was to analyze noise exposure levels and the rate of exceedance of
exposure limits in workplaces from a 2015 measurement of working environments according to area, industry,
and scale of workplace and to determine changes compared to the past.

Methods: Among the 408,875 measurements of noise in working environments from 27,030 workplaces in
2015, 16,359 workplaces that were linked to special health examination data were selected as the subjects of
this study. The eight-hour corrected measurements and geometric mean values of the individual noise
measurements of the workplaces were used to calculate noise exposure levels and the exceedance rate of
exposure limits.

Results: The average noise exposure level of the overall workplaces making up the subjects of this study was
83.6 dBA, and the exceedance rate of exposure limits was 15.1%. At least half of the noise measurements
exceeded the exposure limits in 13.7% of the workplaces. Noise exposure levels were higher in the
manufacturing industry and in smaller-scale workplaces. The exceedance rate of noise exposure limits was
higher in the mining and manufacturing industries and in smaller—scale workplaces.

Conclusions: Noise exposure has shown improvements compared to the past, but the exceedance rate of
exposure limits was still high, and more than half of the workers were being exposed to noise of 85 dBA or
higher. Therefore, it is necessary to make more active improvements in working environments in terms of
noise exposure.

Key words: exceedance rate, exposure level, noise
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Table 1. Noise exposure levels of workplace

unit: dBA
No. of Minimum Maximum Geometric mean Median R
businesses Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Area Metropolitan city 5,278 77.62(10.10)  89.98(6.64) 84.32(6.59) 84.77(6.44) 81.42~88.09
Province 11,081 76.01(10.06) 89.09(6.37) 83.27(6.02) 83.77(5.89) 80.50~86.89
Industry Mining 97 74.44(12.19)  89.91(10.02) 81.97(9.45) 82.24(9.59) 78.03~87.03
Manufacturing 15,008 77.05(9.68) 89.81(6.16) 84.10(5.79) 84.56(5.68) 81.30~87.46
Construction 157 71.14(11.78) 86.55(6.81) 79.77(6.69) 80.32(6.69) 76.24~84.44
Others 1,097 70.32(12.68)  83.86(7.46) 77.64(7.98) 78.34(7.73) 73.14~83.15
Size 1~49 11,374 78.89(8.63) 89.16(6.42) 84.36(6.15) 84.75(6.09) 81.55~87.88
>50~299 4,386 72.51(9.99) 89.95(6.35) 82.40(5.74) 83.04(5.57) 79.66~85.99
>300~999 435 63.21(12.57)  89.63(7.64) 79.05(6.68) 80.06(6.45) 75.57~83.49
>1,000 164 55.48(13.69)  88.94(8.68) 75.64(6.87) 77.11(6.33) 71.83~80.67
Total 16,359 76.53(10.10)  89.38(6.47) 83.61(6.23) 84.09(6.10) 80.74~87.28

Table 2. Noise exposure levels in manufacturing

unit: dBA
. . Geometric .
bugaégies Minimum Maximum mean Median IOR
Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Glocery manufacturing 599 73.59(8.80) 87.83(4.45) 82.06(4.14) 82.72(4.04) 79.93~84.55
Beverage manufacturing industry 91  71.81(11.74) 90.48(4.94) 84.04(4.64) 85.01(4.54) 81.94~86.41
Tabacco industry 9 67.70(10.12) 9078(2.54) 82.49(3.82) 8344(4.16) 79.72~84.12
Textile product manufacturing industry 991  83.85(0.18) 9322(6.13) 89.08(6.17) 89.56(6.15) 85.06~94.15
éfo%aﬁé Garment Accessories and Fur 30 8038850 8946(7.33) 8531(7.29) 85.82(7.56) 83.56~88.53
Leather, bag and shoes manufacturing 41 7777838 8841(4.16) 84.01(364) 8432(346) 81.93~86.63

industry
Wood and wooden product manufacturing 403  82.56(8.95) 91.92(5.67) 87.53(6.05) 88.01(5.08) 84.69~91.47

( ( (
( ( (
i':]“d'ﬁ'stﬁf‘/per and paper product manufacturing 315 7500(828) 80.82(4.40) 83.97(4.04) 8460(382) 81.35~86.40
( ( (
( ( (

Print and Record Media Replication 296 77.22(8.54) 85.84(5.66) 82.06(5.74) 82.49(5.67) 79.86~85.68
ﬁ%ﬁitgr'QUEttes and Petroleum Refining 48 733211.73) 86.00(6.84) 8043(7.44) 80.89(7.64) 7581~8559
Chemical and chemical product 716 7351(11.54) 87.03(G.51) 81.27(6.25 81.97(6.18) 77.16~85.25
manufacturing

Medical substance and pharmaceutical ~
manufacturing industry 69 69.06(10.76) 85.21(6.00) 78.35(5.98) 79.13(5.88) 74.19~83.02
Rubber and plastic product manufacturing 799  7551(9.05) 88.01(56.33) 82.39(5.22) 82.93(5.15) 79.99~85.58
mﬁ;?jta”'c mineral product manufacturing 737 7710(11.13) 88.94(8.04) 83.65(7.98) 84.16(7.79) 79.38~88.49
Primary metal manufacturing industry 1,063  76.91(9.13) 91.37(5.77) 84.78(4.88) 85.19(4.73) 82.39~87.83
Metal processing product manufacturing 2,619  79.00(7.87) 89.98(5.56) 84.96(4.90) 85.32(4.87) 82.58~87.88

( ( (

Electronic parts, computer, video, sound and N
communication equipment manufacturing 496 73.03(11.52) 87.64(5.94) 81.37(6.23) 82.06(6.09) 77.60~85.23

Medical, precision, optical device and clock 106 72.70(10.06) 86.44

manufacturing industry 5.02) 80.11

5.85) 80.83(5.86) 76.85~84.11

( ( (
Electric equipment manufacturing industry 484  74.96(9.36) 88.40(5.83) 82.36(5.54) 82.82(5.44) 80.11~85.62
g;hfgfafgffrﬂ‘r%e% digfryequ'pme”t 1727  7566(876) 8842(583) 82.55(5.18) 82.93(5.16) 80.01~85.64
Automobile and trailer manufacturing 2,206 76.95(9.48) 91.63(5.72) 85.04(5.13) 85.49(4.97) 82.26~88.29
Other transport equipment manufacturing 619  75.07(10.45) 93.01(7.62) 84.58(4.99) 84.91(4.93) 81.45~87.79
Furniture manufacturing industry 193 79.26(6.23) 87.88(4.03) 83.93(3.73) 84.26(3.67) 82.00~85.58
Other product manufacturing industry 348 77.69(8.78) 88.27(5.87) 83.44(6.02) 83.84(6.05) 80.80~86.53
Total 15,008 77.05(9.68) 89.81(6.16) 84.10(5.79) 84.56(5.68) 81.30~87.46
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A2 80.01~85.64 dBA, A71AHAZRY 80.11
~85.62 dBA, 7FEAIZY 82.00~85.58 dBA°]ith
(Table 2).
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A FEO IE A =E27E 2IE2 1~499 +F
o] AdAo] 17.18%% 7 &9kom, thaog 50
~29921 10.99%, 300~999%1 6.61%, 1,00021 °JAF
AFRAF2 2.79%2] <=o]tt. S AIRIAE = A F
LE7|8S 2I6k= 0] 50% °14dRl AFdRe] vl
T 1~4991 1,9257§4(16.9%), 50~29991 31174
(7.1%), 300~99921 11704(2.5%), 1,00021 ©]4 174
20.6%)5 5o AFA A7 AE5E AF =27
T2 2ok A0E YeigtHTable 3).

AzA9 ATHEFEDE o3 =27& 2HES
B HGAEAZY 45.09%% 7Y =9kow, thao
2 B4 9 URABAZRY 36.15%, & - QJEAA|A
g 9 HOAEAZRY 27.64%, BIEFSLEAEAZRY
22.76%, AFaA 9 EFUHAIRY 20.46% S°] 20%
£ st qlgle, 71e LEAH|AIRY 17.72%, 1
AFEARY 16.85%, F&7FAIRARY 15.95%,
718t AEARY 13.37%, S=2ARY 13.17% S°l
10%E 9A detdth Axd AR dA &2 =
2718 232 15.94%0190t AFdE &4 A F
L2758 233t Aol 50% olAto g EA YRt A
299 452 BH, ARAIE AR 480714x(48.4%),
24 9 yRAE ARY 164714(40.7%), &, o
AAAE D ZOAE AE2Y 9714(30.0%), BlEE %
EAE ARY 1767044(23.90%), AFsAt 9 Ef L
A2 393704x(17.80%), 257FAIE AXY 38770
2(14.80%), 718t 5744 A 85704x(13.70%), 1

Table 3. Exceedance rate of noise exposure limits in workplace

No. of No. of
No. of measurements Exceedance .NO' of businesses
No. of measurements exceeded rate(%) businesses not exceeding 50%
businesses (>900B) (>90dB) exceeded of More
Mean(SD) Mean(SD) Mean(SD) No.(%) No.(%)
Area Metropolitan city 5,278 15.04(110.78) 2.45(17.20) 19.68(30.33) 3,029(57.4) 985(18.7)
Province 11,081 15.28(71.40) 2.08(12.94) 12.91(24.60) 7,519(67.9) 1,263(11.4)
Industry  Mining 97 14.26(20.33) 2.55(5.03) 16.72(27.41) 57(58.8) 14(14.4)
Manufacturing 15,008 15.46(89.47) 2.34(15.06) 16.94(27.32) 9,409(62.7) 2,178(14.5)
Construction 157 18.99(29.26) 0.99(3.01) 7.25(19.12) 123(78.3) 8(5.1)
Others 1,097 11.23(28.88) 0.47(2.08) 4.53(15.22) 959(87.4) 48(4.4)
Size 1~49 11,374 7.87(7.85) 1.46(3.03) 17.18(29.35) 7,364(64.7) 1,925(16.9)
>50~299 4,386 21.12(26.63) 2.88(7.14) 10.99(19.45) 2,775(63.3) 311(7.1)
>300~999 435 60.86(74.00) 6.17(21.02) 6.61(13.58) 290(66.7) 11(2.5)
>1,000 164 244.9(801.57) 24.76(131.04) 2.79(7.12) 119(72.6) 1(0.6)
Total 16,359 15.20(86.09) 2.20(14.45) 15.10(26.77) 10,548(64.5) 2,248(13.7)
Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(2): 185-195 www.kiha.kr
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Table 4. Exceedance rate of noise exposure limits in manufacturing industry

No. of No. of
No. of measurements EX?;@?;?% b 'gli(r)wég;ces businesses
N_o. of  measurements  exceeded (>90 doB) u ded exceeding
businesses (=90dB) - not exceeded gy, o more
Mean(SD) Mean(SD) Mean(SD) No.(%) No.(%)
Glocery manufacturing 599  18.20(21.33)  0.81(2.58)  3.75(10.06) 476(79.50) 8(1.30)
Beverage manufacturing industry 91 29.68(31.60)  4.35(9.27) 13.17(19.31) 49(53.80) 8(8.80)
Tabacco industry 9 45.00(25.51) 1.56(2.46) 5.51(11.93)  5(55.60) 0(0.00)
Textile product manufacturing industry 991 8.80(11.43) 3.65(6.56) 45.09(41.60) 353(35.60) 480(48.40)
Spparel, Garment Accessories and Fur 30 607(4.62)  1.73@3.13) 27.6437.05 16(3.30)  9(30.00)
Leather, bag and shoes manufacturing industry 41 15.83(20.16)  0.66(1.62) 5.94(17.68) 33(80.50) 1(2.40)
Wood and wooden product manufacturing 403 7.49(9.50) 2.47(3.27) 36.15(39.21) 179(44.40) 164(40.70)
E‘gﬁ’stﬁ?per and paper product manufacturing 348 4501(1664)  152(302) 9.73(1868) 21266.70)  17(5.30)
Print and Record Media Replication 296 9.06(8.66) 0.33(1.17)  3.84(14.51) 265(89.50) 9(3.00)
ﬁ%ku‘ztrsrique“es and Petroleum Refining 48 16.19(53.09) 040(1.01) 7.99(21.60) 40(8330)  5(10.40)
Chemical and chemical product manufacturing 716 14.02(23.26) 0.70(2.58)  6.84(19.09) 598(83.50)  51(7.10)
Medical substance and pharmaceutical
manufacturing industry 69 14.04(14.94) 0.42(1.46) 2.75(8.94)  60(87.00) 0(0.00)
Rubber and plastic product manufacturing 799  12.81(24.84)  0.69(1.88) 6.00(15.81) 629(78.70)  30(3.80)
mgg;?‘ryeta'”c mineral product manufacturing 237 4090(12.83)  2.15(4.18) 22.76(34.10) 438(59.40) 176(23.90)
Primary metal manufacturing industry 1,063  19.27(47.25)  3.34(8.31) 16.85(23.63) 561(52.80) 136(12.80)
Metal processing product manufacturing 2,619  10.83(17.90) 2.01(4.96) 15.95(26.52) 1,651(63.00) 387(14.80)
Electronic parts, computer, video, sound and
cormunication equipment manufacturing 496 13.65(21.90) 1.01(2.74)  8.71(20.07) 377(76.00)  42(8.50)
Medical, precision, optical device and clock
manufacturing industry 106 8.73(7.52) 0.32(1.03) 3.45(11.03)  92(86.80) 2(1.90)
Electric equipment manufacturing industry 484  15.79(28.54)  1.08(3.46)  7.49(17.02) 360(74.40)  26(5.40)
Other machinery and equipment
manufacturing industry 1,727 12.59(20.16) 1.35(4.23) 8.39(18.73) 1,263(73.10) 97(5.60)
Automobile and trailer manufacturing 2,206  19.56(80.42)  3.10(5.50) 20.46(26.95) 1,048(47.50) 393(17.80)
Other transport equipment manufacturing 619 55.51(398.58) 10.71(69.90) 17.72(22.70) 291(47.00)  85(13.70)
Furniture manufacturing industry 193 7.84(6.56) 0.36(1.11)  4.75(15.83) 167(86.50) 8(4.10)
Other product manufacturing industry 348 9.91(11.74) 1.51(5.07) 13.37(26.56) 246(70.70)  44(12.60)
Total 15,008 15.46(89.47)  2.34(15.06) 15.94(27.32) 9,409(62.70) 2,178(14.50)

2} 24 A2 136714(12.8%) 59 &0= Yehygth
AR A T ARG S AFAE A 379 2
oL YFE AL L&7|FS 2B o2 u|x3}
AFAFL 9,409704(62.7%), & 2= 58 1 T o=
stuEte 23sh AFFARS 5,599704x(37.3%)°1 4.2
24 A F 2% Aol 50% oA HQl AMRIALS
2,178704(14.5%)°] 9 tHTable 4).
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235 H7] 8l 7199 20082 AH(Kim,
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A e v 27 2 AR 53 A S
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Table 5. Comparison of noise exposure levels and excess rate of exposure limits in 2008 and 2015

Noise exposre level

Noise exposure exceedance rate

Exceedance rate (%), No. of businesses

Mean(SD), dBA IQR, dBA Mean(SD) excrre]g?g’ngggZ% or

2008 2015 2008 2015 2008 2015 2008 2015
T R e T
o2 BD aammmsn 89 55 &
ety g ©7) (o 003~B088 7BO~BL08 020l 05NN (23 (44
s B8 00 gsgm e B SH A8 AL
Construction 0 (oo 7001~8700 7624~8aaa SO B O e

Others s G& 800~858s 3a~eats 2O % B Iy
S EE wesvesen @8 85 1F 15
0m wE B8 puoess 55 8% @& 2
SR IETEER N N
21,000 51 Gy 7889~8337 7183~8067 ol 573 00 06)

45 E5 asomanos 2550 15

o] &S ¢ & Itk BH &F LEFFES 20084
84.55 dBA, 20159 83.61 dBA°|YoH, =272 %
-2 20084 12.19%, 20154 15.10%, /\}‘”ﬂ =3
A F Ayl o|io] E&7|EE IS H|E&2 20084
11.4%, 20159 13.7%9] =% A3= EO%Z—E At
FAT ARG 25% o1iFe] AFdAo] o ds] w2 &
= &2 zﬂa—o Holx glow E3] 50%1 H|gt

AFE AR 428 LE27]|E TS Z/UFE A
PAoll Bls €55] =A UEFHT ol= AFA T

AL =F A9 Ftts HojFEs ARAE A &
B A F E75E 2A6ke 1ol 50% o= Ho
F= AR Hle e olot HISE AE HolFal
(Table 5).

V.o #

A2 Higt =5 Qe AA AFJelA 291,7937
ARl A Lk 2,539,89070] & o] AR
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15.7%, 2/ 16.0%7F =&E= Aoz 2HE9]
t}. 0|8 oA AZRYF HARYPo R BEFstd AxY
oA 136,55978 ArdAollA dok= 1,317,64578°]
LE2H o] AGF 40.0%, AR 32.7%7F EEH=
Aog FAECt HARAN A= 15523471 AR
ofl A dak= 1,222,24590] k&= o] AFFAS] 10.2%,

S 103%7F &5 e A0RE FEIHKIim
et al., 2018).
oY LUl 2EAL 48 o AT of
F gon T3k AZ =EF QIS % =+ fad
Aok egaos dael el Wikl e
& S o B pelUEY) 48 wE7ES 8A2
igﬂin 90 dBAE 835t Qlof =2 HRJo=
E-512(Kim, 2017) 22718 238 & {9l
el vl o1 32 ol
o 3 US AL AYPY] B 22 5
3 7&4 Eb FY AP wF 289 SFON L
27|18 2389 AAY Wl e fAE AT E
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192 24 - 401 - 420t

Aok Iy =7 FAHo R = XY, AFRGEY 4
I, AT 5ol U2 A LE5ET WSk meke g
871 ok A TELFTRE AR ATHET FA A
G4 AAehs AFeAE S A 7L &7
= 23 AR A%t ol ATEY, I, 2
B [olQIRp, AHEE AATAFSY AAE Y
St BYAE 97 b it

TELeEHo] AP ESA ANHIAE B, IA
20159 o|F AFE & 4 AT &9 LEVES
ZIRE AR 201449 AR AA] 23} AFAAC]
93.1%(6,711714), sHHt71= 94.2%(6,643714) 2 T
ES AA5H, I thg &0 7 BA J& £07 e
Ui ok &F9 kEEE 2IRE AR 2010
dzAl oF 21%°l1¥ou 1 & FY hsidlon,
201499] -9 44871 18.5%, oHet7] 20.2%= FH < 5
Wzt 3 2013W=7F 7P W2 23985 Holil Q%)
tH20109 A7) 23+ 20.6%, 20109 sHEt7] %3}
€ 22.0%; ‘114 20.0%, 113} 21.5%; ‘124 18.3%,
125} 19.4%; ‘134 17.1%, ‘135} 18.8%; ‘144 18.5%,
143} 20.2%)(MoEL, 2015).

20029 5E 2005W71A]9] 2l
A5t AitofA= o] 7|7t Bt AA A & Howk
AA| 24719 AEEF)OE 8498 dBAS k253
< Bt o] 7|79 AF =EV]E 23 ARIR(AS
o] g Mgt =&712%0 90 dBAS IS AMY
) vle2 25.9%, 234 HlE2 18.3%= UERITH
(Jang & Chung, 2007). £ doA= 7 AFARS]
B AF(EH A9 7IoPEdgho R AETt HA =
A O AR A2 E3RE2 83.61 dBA, 7HE
AAO] Wit Ag LEFOE LEV|E 23t R E
2 22 LE3E 2982 15.10%, N A43e] =
A S 1AogE A% &S I AR
35.5%, 54 A § &5 2393 o] 50% ol
A AFFAS 13.7%°.2 Yehd zol7t 9SS & &+
At 22 A YTt LE25E AP 9 2
718 Z3H)E9 2 o7t EAT LEFES
A AZ 2AeY Ao g A A 2T} v
wote] AAEI 9SS HolFd Qo E3E B A
oA HA SFAFAIIET 15.207) div] =345
(AR 2.207) HIE-L 14.5%S Kol 2002~2005
Wo] 234 v]89l 18.3% Hr} W22 & & Q)
o iE G &4 A S 1A01EE A kE

oM,
N\

" o
N

B
U
s
50

~
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&S 2T AR HlE2 2 AFOlA 9 w2,
ol A B 4w ST 201 old(2002~

o

g F
200592 AU 62671 54) F7HIR] RO

e

(o]

3717 2382 WA e, B 28] &

SEe Azguct A Uehts olgt @9 234
o BAZ AmE & Y3t A8YY IF 594
wHAlo] BAL A AHg7IV1S £25ES B
2NN A 2le] s 84K AXIEBREL
o Wi ek Jo nolt 53 449 4% &
& REFES AYAZL, AATU A, F 2290

2ZRE Ad 5o 9T Tor FFo| ot 80~90
dBA®] :=&r(Neitzel et al., 2011)& Holw 74
71719] AS4EL 85~110 dBAY| ol2x it}
(CPWR, 2015). AAIEASY &34 dHS 71 &
St A3ko] stz qiAFe R FY th2o R FHE0]
=0 Ao ITE A Ao mEH 38404
40419 A L2 SO 26%Te] A HYe] HHS
7FA1AL QltkRingen & Seegal, 1995). titof| A A3
St Ato] wE2d AA 22X F 38%7F A4
< Holiu QI (Wu et al.,, 1998), Ugdst: A4 <=2
Aol tigt A58 EE Aol E Aol =EE A4
LEAE &F0 EHA] g2 =X, dRkelof H]s]
£35] 3000~6000 Hz FYolA FHilo] glom
20089 A SE2AY] A W FHES 15.1%0]
tLeensen et al., 2011). o]XY ALHS 44
H2 AxYEo FEEC] AT SulA= A
AlARI 2ol =] X] ob= APl EAI EF Al
oA 134Q1 AATASHo 2= A I35
AP7IE L EJE g ESAGATE A4 ety
o] &g/ AL SARK}Ol Hls| H2 AxE et

= A4 SEA dig A ESAAAS
I A 4 9 Z7PEHY iAol Hasital & 4

a7t e 1
of Qs Fo|7} QUAIT AFHFTEL RolX|AL ot
Kim et al.(1986)9] fA+olA+= B LS5E0] =&
7IEs 2% gFor Avbdx d £AA95.6
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dBA), E7UAA94.0 dBA), AHEAAIZA(93.1 dBA),
oA £4(92.9 dBA), ARAIZRA(92.5 dBA)OIIL,
AER(89.5 dBA), FZ(89.3 dBA), E&AIEAIZY
(89.1 dBA)Z B AgEo] &7]0] S-stH e
o, AR P 7FEA(87.0 dBA), ITFAEAZRA(85.3
dBA)o] 85 dBA oJAt9] A24FES HAATH ARY
A 5 45 IS ez 3 A= BA gou
AsAF ARFAS Fo 2 A HSH 2t 24
S 3 AFoA A3l g AB)RFEARR}T CAFEARS
AAA A254F:2 247 88.4 dB, 82.5 dBES Ho] AF
GAE Zpol& HAT ARJA W THER ASFES
atolg Holw E3d| F7|FE ARgdh= LHE}OIOM
=UoH, FFARE @A et iRl A &
9] zpol7} Floh. Ao thgh Tﬂr# 24 7Ur 1kHz~
4kHz FIoNA =2 UL HAHOh & Lee,
2004). 1213 2001 AR 229704, 4,947
TS IR T AHoMe B 2352 874
dBAC|QIth. A HEIt SUFEEE ARl et
LE7]& 30| #=o1A 20091 o143y éz&%&%ﬂ’«
i A22x%0] 90.0 dBA°IGlOH w&7|&E %
T 49.7%E E‘,’iﬂﬂ’hee & Kim, 2003). & ﬂ‘?‘oﬂ/ﬂ
A2 AAY &L L&8532 84.10 dBACIRL
N %&01 90 dBA o4& HQ Xﬂi?ﬁ
AATE 85 dBA oS Hl P2 HAAEA=
o] 89.08 dBA, =A E UFAIEAZY 87.53 dBA,
OlE - oJEAA|A T d RujAEA|EY 85.31 dBA, A+
B2 94 EFAHARY 85.04 dBAECITE.

A5 AATHSH 2 AT A RE &
Ud 20019 o] AAASH A3 L 27]F

ﬁ&ﬂ 54 B1gh A2tk Xjo|E Ho|

rlo TEL r

] 2 AN 5,7897M4,
g0 3}01 A, AR R, A9
23 FAFE dSEE oot 43} A9 &%
23 A2 HRAIEAIRYC] 20.3%(1,176700)E 7
woron I o2 XYFEAEFARYC] 12.0%
(697714, AFs2t E EFAHARY 11.9%(691714),
A 12 FE5A] 8.5%(490704) =202 WOTHRoh &
Phee, 2003). €& 52 ARAJAL £ =&7|F

2 1995~1997¢ 37t Hdt 24.9%°A41 2000
~20019 B 2IHE0] 19.7%2 RolA ol 7jAE
At Wobdl 9 AN I 7I7Fet Y AT Z3t
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20| 73.4%°14 16.7%= 7HAH®E Zo|tHOh & Lee,
2004). & AFIME 23 3% —’FE utegt Zio] ofd
A = B ARAIEARY 45.09%% 7P &9k
on, ooz =4 4 ‘4—‘?11]E7<1b-‘§ 36.15%, 25
- EANME] B REAEAEY 27.64%, BlESE
SAFAZYE  22.76%, AsA H EFHLHAZRY
20.46% S°l 20%E =3kl AL, 7|e 54
]XﬂJ—ﬁﬂ 17.72%, 1AH=EAZ2Y 16.85%, S57FA
FAEA 15.95%, 718 AFAZRY 13.37%, =A%
o 13. 17% 5ol 10%5 &35}kl °19iﬁ‘r. AzA AHd
o] HA Ag =E271E IS 15.94%0]91TF.
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BolA Exol 9H3] 15% Wel =&
71 —7::&]‘54 FEo] L2217} 85 dBA o149 A0
%QF’— o] H AF4R] &3 =& 9 7j4o]
042—7 olq. /\_9_ h:z}\ff_)_ :lel_x]._q]
t7L< ]7]—_14— 01‘7]]] Z-]T;E]Cﬁ;(]g- L]-Zq tglxﬂoﬂ 7}1]—
3A 03'53‘1% H|2l= Qglojth. ol JFS ]X]L
80 dBA o49] 4of dith9] AFAE = E AL
of FYHETF g 59 F2A AR ot 5‘—%"3
4 oS %t aapEo|: A&ARI XV\—Q‘OJ
B3R/ AAES] WA, A5 8T S5/
ol&tt A2 4 59 T4 t#HS It ax A7
tj@o] wlgE|ojof o Alo|t},

A A3 42 AAESH 1A o] o) 8AIxE
AV E et &35y 183 o] g
37|15 vaste] 23 ofF S IRt ZoE @9
ZAAAA0 A s ZGAe] s 7Rl P Aot
A o v s 15170 AR ARl A=
AFHHHO 2 A S4H FroltHMoEL, 2016b). w2t
Al o] AtolA ARERE S = Z=EAL 770l AA|
ZAgots E3ARE O] R84S E Frieks U=
o, T3t SA| EAA] Ao et it oE S 3l
HJeong et al., 2001). &9 AIA = S &3
A APeE AR AR Ago &5 224
9] &34 S sl At iIA = S8 7t
9] 7§4o] dasitt AR A2 Y AdFEAl
M &9 A A7, 54 B, 5 A4 5ol o
A T2 4= old #at opd =t L&A 71R19] 2
d A A &, A9 A, A4 sl € Rl
9] &AL 5ol wWEbA 7l =Ego] tEEE Rl
FHLES SPck= Aol BEFoE dHA Ao
(Shim et al., 1995).
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£ 183 S7ASE(C B e FEYE 54 ¥
71t Q7 JtkKim, 2017).
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