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Time Trend in Airborne Asbestos Concentrations among Asbestos-containing
Material Handling Industries in Korea, 2000 to 2005

Young Gyu Phee’

Faculty of Health Science, Daegu Haany University

ABSTRACT

Objectives: The purpose of this study was to evaluate trends in asbestos exposure among asbestos-handling industries from 2000

to 2005.

Methods: The data included the number of industries and workers exposed, concentrations of asbestos and the amount exceeded,
and the type and size of industry by year. These data were collected by 46 regional employment and labor offices in Korea using
work environment monitoring reports. A total of 1,481 samples from 284 industries were extracted from the reports and were

analyzed with no data modification.

Results: The means of asbestos concentration decreased from 0.84 f/cm' to 0.03 f/cn’ during the period 2000-2005. Among the total of
1,481 samples, 11 samples(0.7%) exceeded the KOEL, and 178 samples(12.0%) were ACGIH TLV. The insulating paper product
manufacturing industry was found to have the highest level of asbestos, followed by the fireproofing manufacturing industry, brake
lining products manufacturing industry, commutator products manufacturing industries, and construction materials manufacturing
industry. The number of asbestos handling industries decreased from 48 industries with 1,155 employees to 37 industries during the
period of 2000 to 2005, but the number of asbestos workers expanded to the point that 1,182 employees could be found in 2005.

Conclusion: Based on these results, the strengthening of the KOEL and new regulations turned out to help reduce asbestos
exposure levels. This study recommends that retrospective exposure to asbestos based on various industry types should be

assessed.

Key words: asbestos, concentration, work environment monitoring data, time trend
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oA HUT} Sutut Hupof oS E, AW, HY
L 52 AWA S (Frumkin & Berlin, 1988; Doll,
1995)3} QIS5 el Wael, A% (Maclure,
1987)5 = urabeha waElo] ik olo] AR
7]5-(World Health Organization, WHO)2| =44
Z>(International Agency for Research on Cancer, IARC)
£ RS Q7 HASHIEA(Group DE 45 9]
omw ulZ Aok B 7 (Occupational Safety and
Health Adminstration, OSHA)S X5+, U=t A998
2718 9] 3] (American Conference of Governmental
Industrial Hygienists, ACGIH)*= Al° & FLE3}31 Q)
tHIARC, 1987; OSHA, 2006; ACGIH, 2007).
Ao oigh wjsj7F Shibof whef 2005 e Hi=
A =7t AW =4, Az, wim 9 ARS
A8kl It Tossavainen, 2004). L&} ofA|o}A| =+
7hel A Aol A= WA Fof tiste] U
3k 271 SjolA] SPUSHA AR 2S BlgatiL ik
(Takahashi & Karjalainen, 2003). $-2]42t= 1997 o
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A} Aol mE7])FL 20030 2 femoll A 0.1 fen
2 A3, A w275 vl AR
H AN (National Institute of Occupational Safety &
Health, NIOSH) 2] #11%*27]|Z&(Recommended Exposure
Limits, RELs)¥} ACGIH®] X|3F=(Threshold Limit
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Values, TLVs), OSHAS] 3]-&=%7]|ZF(Permissible
Exposure Limits, PELs)¥} F43F <=Fo|tHOSHA,
2006, ACGIH, 2007).

HAL] keEAmE A 2T A 3
S E A 59 o5t dFE 3T q Age] 5
3} 2} E o]t Hornung, 1991). E3F 747 30@ 7k
A AAH Aot #HHE =237 de A
AEE o] grom Z4x7 o] &8 F7F Alte] w
Bt =20 FaAY o wE A A&
SAARZE A5HA Ao F&s ge&E 4 3

A2 SFAAIA  Yth(Rappaport, 1991; Blair
Stewart, 1992). Ao 2 213t Z|H o] 93L&
Aol .- Z(cumulative life time exposure)©| =2
sojutal, FHx =EH ol ® w=EAto] Zof
= S7HEh webA Azt vl AugaAlL
HEAARA 57 oz HAE AU =&
=2 Fofdtttes AL B AW eI 2AY
1 olghof| WEF A A Ar2A BEES =2
AT WA AP oty e oS5
Uth= Ao = ofm7} Qleh

A AETRAE Aol ek =& 7 ol
it A7 SellA AR Atxlo] ol aiE
vp et AHsdolE Alx D ALY (Park &
Paik, 1988)1} Ho]aA|x AFFA 2 Aps2F AGH|
o] ZA}2KShin & Paik, 1989; Paik & Lee, 1991; Oh
et al,, 1993)7} thAtol ey, E3F Ao WA =EF
&5 A3 Yot AF%= Park et al.(1995a), Park
et al.(2008), Park et al.(2009)0] ©|A] =3 u} 9]
o). e ujZe] 49 OSHAS] 7= BHozm =
A% 2} = (Integrated Management Information System,
IMIS)E 34 =537t 2 AGAdAAIZ=1H
of B3] 919 WA mEEE el A7t
Wo| BE7 QItkStewart & Rice, 1990; Gomez,
1997; Teschke et al., 1999; Coble et al., 2001).
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AR o md DRA SE WAL AW = mm S HEID, LA AR Phase
ES42S A, A R, ]Oﬂ,‘ﬂeﬂ A= Contrast Microscopy, PCM)S &-&3lo] AH43=
upefsto] o AW WA keFeEs F 24 NOISH 7400%H& AHE-S Pi‘iE}(NIOSH» 1994). E3H
Abg 2 AA SRl ST A 717 59 AR S 71l A AR 2 A
Hofl it AEAS =A Aedd] zZzad
I0I.CHA 2l Hi (American Industrial Hygienist Association(AIHA)-
Industrial Hygiene Proficiency Analytical Testing
1. 017 CHA Program, IHPAT)®]| Zrofsto] ekl U= e
2000E 5 E 2005WU7A] AL AW HIAFGA Skal Q= E47|ef ool upak Eaof gt A=
ot AEE Qe U 21 sA =% 7|1 A2 ATHE A0 R 7HYste] &35 =g -85kt
2 Bato] sustect SuE AR 5H 44
Ak, AMAA W, AF FAAE, A F 2EA 2) A= &4
22 AR, BA Bl 2A, SR s, Fg 2 ZAVSE AR 59 EAE AL SPSS(Version 20.0K,
ARRA SRR S, S el USH ZEEE GBSl Ude s foud
3t ygo] maEo] gtk 2 Aw Am= 9 FEc HeAFEEE HolAN digqt et
La8a7] ollon BAGuONR S8 Aosin 5 BANE BRwES Y & Ushhs gE e
= 14817112 Axto] disle] BAL Sasldh Aedatoln, Ziskg o] iAol theE
GUTH AT ATAIY Sl 2 2sala ey R R g VSRS Agshe A B
1 AgERE AAK o] 45.1%(1287) )2 7HAF L3S 4 FASHA o dS A@este] 2 W
wolon 1 thgogml Aoz o] 40.5%(11571 T4 AdeEs Adesdd(EEHAhT "= AA
), A G 9.2%26714), HAEkA QD 3.9%(117]4), st A MHEert 7|stEdE S AAIS
e 14%EN2)2 FelEdeh. A grEzs S tH(Mullhausen & Damiano, 1998).
5091 gl A}eIRFo] 66.2%(18874)2 714 Wkl AHEEl] A%, AFE T, A 2 AL 2po)
50~30091 gk AR} 21.8%(627]4), 30091 o)A = a=0.05 FFEoA THEF FEAHEA(ANOVA)YS
AR 12.0%(347) 22) 0] QA THTable 1). scheffe®] thEH| L= HASHATE AT 49
2o upzh EZJEE HuE SAA = #4915
2. Q171 e A L FLsHA A sk, &R g2 A HEF
DAAAR PH D B2y o] AEHQT“*%I% 7Hgste] 2t =] et OSHARHY
A IgERol By = Ao tist A2 o EAAETA o ZABE F45kH= Z& Coble et
2 EAYS o kR o] o3t Al o] 3 al.2001)0] AFsFAAIRE, £ Lol 4= Hormung &
o] QI THMoL, 2007). Ao A2 = 217 25 mm Reed(1990)7} AQbet HESHAIE 28 Y 3& 4
<= 0.8 /m2] cellulose membrane filterS AF&-5}6] 50 = Fo=E sk
Table 1. General characteristics of the asbestos-containing material handling industries ():%
Area Total Size of employees
< 50 50~299 > 300
Seoul 4 (1.40) 3 (1.10) 0 (0.00) 1 (0.40)
Kyung In 115 (40.50) 78 (27.50) 28 (9.90) 9 (3.20)
Chung Cheong 26 (9.20) 24 (8.50) 1 (0.40) 1 (0.40)
Geon La 11 (3.90) 0 (0.00) 5 (1.80) 6 (2.10)
Kyung Sang 128 (45.10) 83(29.20) 28 (9.90) 17 (6.00)
Total 284 (100.00) 188 (66.20) 62 (21.80) 34 (12.00)
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Figure 1. Number of industries and workers exposed to asbestos
by year, 2000-2005
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)9 tH(Table 2).

200058 20029714 f-Eutet AHel =27
+ 2 WAER Etoy 20039 1.4%,
20044 0.3%, 200592 2.9%9] 78S Hgch 1
it AHe] ACGIH TLV?l 0.1 fen®] A=y %3}
£ 2000 27.8%F 713 =931, 2001 T} 20029
S 17% $EOE FABHL O 20044 o] F HE=
FAE o)k

) Ao G2 AAY FEE U &5 E

Table 304 Hit Hfe} Zro] Ao Hit &5
S A tEE SRR 5021 w|ehe] gtk
AFdAo] W 0.06 for= 50~30021 w9kl 30021
ol ArgAel ] FAALE FO5HA & F
< Holrh E3F 20004, 20029 2 2004F 5091 H]
T AR AW Bt EEEe B PR AFE
of vlg] FAHLE FOoHA & FEoE ZRlE
ek 283 Sejytet e L&) 23 A
5091 wlwk ARdAFol BF SR ARGl Bls| =3t
W, ACGIH TLV ZI&%= 5091 ulqk AFgA o]
15.6%2 7 &9k, 30021 oA AFAA 9.5%, 50

Table 2. Airborne asbestos concentrations and levels exceeding of occupational exposure limits by year

Year N' Mean(f/em)+S.D."  GM'(far)  Min(flar)  Max(flar)  ER1(%)*  ER2(%)'  KOEL'(f/cr)
2000 212 0.84"+0.13 0.03 0.011 0.94 0.0 27.8 2
2001 233 0.07*°+0.13 0.03 0.004 1.07 0.0 17.6 2
2002 250 0.06°+0.11 0.02 0.004 0.96 0.0 17.2 2
2003 291 0.03°+0.057 0.02 0.001 0.55 1.4 9.6 2/0.1
2004 286 0.02°+0.025 0.01 0.001 0.23 0.3 0.3 0.1
2005 209 0.03°+0.078 0.01 0.001 0.84 29 29 0.1
Total 1,481 0.05+0.10 0.02 0.001 1.07 0.7 12.0

" Number of samples, ' . S.D.: Standard Deviation ¥ . GM : Geometric Mean

S . Exceed Ratel(%) : (Number of samples over KOEL / Number of samples) x 100

'Exceed Rate2(%) : (Number of samples over ACGIH TLV / Number of samples) x 100

1. KOEL : Korean occupational exposure limit
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Table 3. Distribution of asbestos concentrations for industry size by year

Size of employees

Year Content "
N <50 N 50~299 N > 300
AM(f/cr)+SD’ 0.12%+0.15 0.03%+0.04 0.06"£0.07
2000 Range(f/cr) 120 0.005~0.94 52 0.005~0.29 40 0.005~0.27
ER1(%)" /ER2(%)* 0.0/40.0 0.0/3.8 0.0/22.5
AM(f/cr)=SD 0.08+0.13 0.050.10 0.06+0.17
2001 Range(f/cr) 124 0.004~0.58 65 0.005~0.67 44 0.005~1.07
ER1(%)/ER2(%) 0.0/22.6 0.0/12.3 0.0/11.4
AM(f/cr)£SD 0.08*+0.12 0.04°+£0.07 0.06™*+0.15
2002 Range(f/cm) 112 0.005~0.78 74 0.005~0.43 64 0.004~0.96
ER1(%)/ER2(%) 0.0/23.2 0.0/12.2 0.0/12.5
AM(f/cr)=SD 0.04:0.07 0.03+0.05 0.170.02
2003 Range(f/cr) 160 0.004~0.55 105 0.004~0.31 26 0.003~0.11
ER1(%)/ER2(%) 2.5/12.5 0.0/6.7 0.0/3.8
AM(f/cr)£SD 0.02°40.03 0.02*°+£0.02 0.01°+0.01
2004 Range(f/cr) 164 0.001~0.23 81 0.005~0.08 41 0.001~0.08
ER1(%)/ER2(%) 0.6/0.6 0.0/0.0 0.0/0.0
AM(f/cr)£SD 0.03+0.09 0.03£0.06 0.01£0.01
2005 Range(f/cm) 142 0.001~0.84 39 0.001~0.38 28 0.001~0.08
ER1(%)/ER2(%) 3.5/3.5 2.6/2.6 0.0/0.0
AM(f/cr)+SD 0.06*+0.10 0.03*+0.06 0.04°+0.11
Total Range(f/cr) 822 0.001~0.94 416 0.004~0.67 243 0.007~1.07
ER1(%)/ER2(%) 1.2/15.6 0.2/6.5 0.0/9.5

" Number of samples,

". S.D.: Standard Deviation

¥ . Exceed Ratel(%) : (Number of samples over KOEL / Number of samples) x 100
§ : Exceed Rate2(%) : (Number of samples over ACGIH TLV / Number of samples) x 100

Ql o] 30091 wiRk ARGl 6.5%= LERT

A=ERE 20037 30020 o) AFYAS] Ht
AW weEwrh 7 29k, 2000, 20014, 2002
|, 20049 9 2005 R 5091 wlRE ARl 7t
e ol AR AUFFAIEY
oF 56%7F 50Q1 vt ARl HeHE Aoz 24l
=k

3 AEe] e A HEo) mabE

Aulo] Wit mBEEt e A 42014 0
= AL, %, et @ 42l o] u]s) FAHO
2 §95H RUTHTable 4). o] Aol Helo]=
gfold e Azsh AA7E Qglon] 20039 W g
Aoz BlE|gth LEFR| WP wBV|E 2
Thgo] M L Ao FHA 0w 38%0|9la
AAA o] 0.8% Ebeth Ed AWe] ACGH
TLVE 273Hs A9 F3o] 252%2 7H4 &9k
3 Ago] 238% 1 the ol itk
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Table 5% 2000 5-E] 20053712 67 A0l w
EEEE JSHEE Totdt Aot Ay Hi =
57t 7P B AFS FAA ARAFEA0.13
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Table 4. Distribution of asbestos concentrations for area by year
Area
Year Content N Seoul N Kyung N Chung Geon Kyung
In Cheong La Sang
AM(f/cr)+SD" 0.05+0.05 0.09+0.13 0.13+0.14 0.06+0.06 0.07+0.12
2000 Range(f/cr) 8  0.005~0.18 96 0.005~0.58 18 0.005~0.43 6 0.005~0.17 84 0.005~0.94
ER1(%)' /ER2(%)’ 0.0/12.5 0.0/32.3 0.0/50.0 0.0/16.7 0.0/20.2
AM(f/cr)£SD 0.13+0.18 0.07+0.13 0.10+0.11 0.01£0.01 0.06+0.14
2001 Range(f/cr) 8  0.005~0.53 103 0.004~0.67 19 0.007~041 6  0.01~0.03 97 0.005~1.07
ER1(%)/ER2(%) 0.0/25.0 0.0/19.4 0.0/42.1 0.0/0.0 0.0/11.3
AM(f/cr)+SD 0.29°+0.34 0.06°+£0.09 0.06°+0.06 0.02°+0.01 0.05°+0.12
2002 Range(f/cr) 5 0.03~0.78 103 0.005~0.43 26 0.004~024 11 0.005~0.04 105 0.005~0.96
ER1(%)/ER2(%) 0.0/40.0 0.0/18.4 0.0/26.9 0.0/0.0 0.0/14.3
AM(f/cr)£SD 0.04°°£0.07 0.07°£0.07 0.04°°£0.04 0.02°40.03
2003 Range(f/cr) 0 - 134 0.001~0.55 24 0.01~025 20 0.003~0.12 113 0.001~0.13
ER1(%)/ER2(%) 0.7/11.2 12.5/29.2 0.0/15.0 0.0/2.7
AM(f/er)£SD 0.02°+0.02 0.03%+0.05 0.01°+0.01 0.02°+0.02
2004 Range(f/cr) 0 - 140 0.001~0.10 25 0.001~023 23 0.001~0.03 98 0.001~0.08
ER1(%)/ER2(%) 0.0/0.0 4.0/4.0 0.0/0.0 0.0/0.0
AM(f/cr)£SD 0.04+0.07 0.06*£0.19 0.01°+0.01 0.02°+0.04
2005 Range(f/cr) 0 - 89 0.001~037 19 0.003~0.84 13 0.001~02 88 0.001~0.38
ER1(%)/ER2(%) 4.5/4.5 5.3/5.3 0.0/0.0 1.1/1.1
AM(f/cr)£SD 0.14+0.21 0.05"+0.09 0.07°+0.11 0.02°+0.03 0.04°£0.09
Total Range(f/cr) 21 0.005~0.78 665 0.001~0.67 131 0.001~0.84 79 0.001~0.17 585 0.001~1.07
ER1(%)/ER2(%) 0.0/23.8 0.8/13.4 3.8/25.2 0.0/5.1 0.2/8.0

* . Number of samples,

f . Exceed Ratel(%)
¥ Exceed Rate2(%) :

A Al

A(13.1%) 2

¥

: S.D.: Standard Deviation
: (Number of samples over KOEL / Number of samples) x 100
(Number of samples over ACGIH TLV / Number of samples) x 100

&0z goton], felyel 3% 2

g Al

%90

2 43.8%E AA|skal AT

7t 6.5%, 712k W AFsaE =271 4.0%, AsjE 4
27} 24%9] 2L Hth

2000 0] AW} Pt =t TP =& 4F
o YEAEZA 2023 fem)o] T, 20029 AE3}
22 €1(0.20 f/em), 2005 HE=42]<(0.08 f/em)o] L
a7, 20019, 2003¢ 9 20043 AAAA|ZYHo] Z+
7}y 0.16 f/em, 0.13 f/em, 0.08 fler= EIEQch A=
W =24 Bolageld Axd, F9A A=
o, AFA A2, A4 Axd, WekAlE A=,
xZek Az, A¥AE Alxd, A Y, s
2 7Y 4 2 e dAAHew H+ ’“E‘Ll
L v g —ir’\ﬂoq o 7EAA Az, AEA
] Az, A% A9 B¢ F
ojofEE FAlEY, Eol
= HIE Ho|x] ¢ttt E3 6
Wol 39 FL Haolaeiol
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v.n #H

NIOSHE AH 9] AL #Hoke
100%7} K QQof 7]elsctar
AAF 717Ee1 20001 of

10%, otAZmEe
74 3cH(Fine, 1997). &
As ARel=e] Ao
ghelgt Aat, vl= 24
Ab OPXL]LHE oy Moz 9
ol o]Zuj(Kang et al., 2001),
% 2004&7}11 % 8487(H ¢k 353
957) AFAAHS s,
20040ll= HQF 597, $HF 1277002 st
THMOoHLW, 2005). =% Ad#H 2 15t BAF At
7} 20044 7507011, 2003 AWH = QT ApgAt
T 11390 o2 Ao @ WY THHSE, 2006).
oAZEuF o2 Qg APA= 20014 1,862, 2002
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Table 5. Time trend of airborne asbestos concentrations for industry types by year

Year Content 2000 2001 2002 2003 2004 2005 Total
Industry
N’ 103 119 117 114 109 87 649
o ) AM(f/cn)£SD’ 0.11£0.13  0.09+0.15  0.08*°:0.12  0.05°+0.07  0.03"+0.02 0.04£0.08  0.7"*+0.11
Friction material Range(f/er)  0.005~0.58) (0.004~1.07) (0.005~0.78) (0.001~0.55) (0.001~0.09) (0.001~0.38) (0.001~1.07)
ER1(%)' /ER2(%)"  0.0/41.7 0.0/22.7 0.0/21.4 0.9/12.3 0.0 5.7 0.6/17.6
N 30 28 28 46 40 29 201
AM(f/cr)=SD 0.02+0.04  0.01x0.01  0.02°:0.04  0.02°:0.04  0.02°+0.02  0.010.02  0.02**+0.03
Gasket Range(f/er)  0.005~0.20) (0.01~0.03) (0.005~0.19) (0.001~0.23) (0.001~0.08) (0.001~0.08) (0.001~0.23)
ER1(%)/ER2(%) 0.0/6.7 0.0/0.0 0.0/7.1 0.0/4.3 0.0 0.0 0.0/3.0
N 19 17 19 31 34 29 149
Construction AM(f/cm)=SD 0.04£0.05  0.04£0.07  0.05*°+0.06  0.05°:0.04  0.02°40.02  0.05+0.15  0.04**+0.08
material Range(f/om)  0.005~0.14) (0.007~0.28) (0.008~0.24) (0.004~0.12) (0.001~0.10) (0.0001~0.84) (0.001~0.84)
ERI(%)/ER2(%)  0.0/15.8 0.0/11.8 0.0/10.5 6.5/19.4 0.0 3.4 2.0/9.4
N 14 14 13 10 8 8 67
AM(f/cm)£SD 0.04£0.07  0.06£0.07  0.03°:0.04  0.02°:0.02  0.01°+0.02  0.01£0.004  0.03**+0.05
Clutch Range(f/cr) 0.01~0.29) (0.01~0.21) (0.01~0.11) (0.003~0.08) (0.001~0.05) (0.001~0.02) (0.001~0.29)
ER1(%)/ER2(%) 0.0/7.1 0.0/21.4 0.0/15.4 0.0/0.0 0.0 0.0 0.0/9.0
N 4 3 4 12 23 11 57
) AM(f/em)ESD  0.01£0.003  0.0120.01  0.01°£0.002  0.01°:0.00  0.01°:0.004  0.01£0.01  0.01°+0.01
Diamond tool Range(f/er)  0.005~0.01) (0.005~0.01) (0.005~0.01) (0.01~0.01) (0.001~0.02) (0.002~0.03) (0.001~0.03)
ER1(%)/ER2(%) 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0 0.0 0.0/0.0
N 10 10 10 14 10 7 61
AM(f/cr)=SD 0.15£0.30  0.08+0.14  0.11*+0.17  0.03°+0.08  0.01°+0.01 0.01£0.01  0.06"°+0.16
Commutator Range(f/er)  0.005~0.94) (0.005~0.36) (0.007~0.43) (0.005~0.31) (0.005~0.04) (0.005~0.03) (0.005~0.94)
ERI(%)/ER2(%)  0.0/20.0 0.0/20.0 0.0/30.0 0.0/7.1 0.0 0.0 0.0/13.1
N 4 4 4 8 8 8 36
Compression AM(f/cm)=SD 0.02+0.01  0.02+£0.02  0.01°:0.00  0.004°£0.002 0.005°+0.003  0.01+0.01  0.01°+0.01
packing Range(f/cm) 0.01~0.03) (0.01~0.05) (0.01~0.01) (0.001~0.01) (0.002~0.009) (0.002~0.02) (0.001~0.05)
ER1(%)/ER2(%) 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0 0.0 0.0/0.0
N 5 6 5 6 6 28
) AM(faf)SD  0.21°£0.09  0.16£0.15  0.08*°+0.03  0.13%+0.09  0.08":0.08 - 0.13%0.10
Insulating paper Range(f/cr) 0.11~0.30) (0.02~0.41) (0.04~0.12) (0.01~0.25)  (0.02~0.23) 0.01~0.41)
ER1(%)/ER2(%)  0.0/100.0 0.0/66.7 0.0/40.0 16.7/66.7 16.7 - 7.1/57.1
N 4 4 4 8 4 24
Fireproofing AM(f/em)=SD 0.23£020  0.09+0.04  0.14*°+0.02  0.02°:0.02  0.03"+0.01 - 0.09**+0.11
material Range(f/cr) 0.06~0.43)  (0.05~0.13) (0.11~0.16) (0.01~0.07)  (0.02~0.04) (0.01~0.43)
ER1(%)/ER2(%)  0.0/50.0 0.0/50.0 0.0/100.0 0.0/0.0 0.0 - 0.0/33.3
N 3 5 4 4 4 2 22
AM(f/eai)=SD  0.01+0.002  0.01£0.002  0.01°+:0.002 0.003°+0.001 0.001°:0.0002 0.001=0.00  0.01°+0.01
Cannonball Range(f/er)  (0.005~0.01) (0.005~0.01) (0.005~0.01) (0.002~0.005) (0.001~0.001) (0.001~0.001) (0.005~0.01)
ER1(%)/ER2(%) 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0 0.0 0.0/0.0
N 2 2 2 4 4 3 17
) ) AM(f/cm)ESD  0.01£0.001  0.04£0.04  0.02°£0.01  0.02°+0.02  0.01°+0.01 0.01£0.01  0.02**+0.02
Sealing material Range(f/cm) (0.01~0.01) (0.01~0.08) (0.01~0.03) (0.01~0.05) (0.006~0.04) (0.006~0.02) (0.006~0.08)
ER1(%)/ER2(%) 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0 0.0 0.0/0.0
N 2 2 4 8
AM(f/cm)£SD - 0.01£0.00  0.01°+0.00  0.01°+0.005 - - 0.01°+£0.003
Polyester resin - - - -
Range(f/cr) 0.01~0.01) (0.01~0.01) (0.001~0.01) (0.001~0.01)
ER1(%)/ER2(%) - 0.0/0.0 0.0/0.0 0.0/0.0 - - 0.0/0.0
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Year Content 2000 2001 2002 2003 2004 2005 Total
Industry
N 4 7 5 13 10 11 50
) AM(f/cr)=SD 0.01£0.00  0.10+0.25  0.20+0.43  0.01°:0.01  0.004°£0.003 0.004+0.003  0.04*+0.16
Auto repair Range(f/cr) (0.05~0.05) (0.005~0.67) (0.005~0.96) (0.001~0.03) (0.001~0.01) (0.001~0.01) (0.001~0.96)
ER1(%)/ER2(%) 0.0/0.0 0.0/14.3 0.0/20.0 0.0/0.0 0.0 0.0 0.0/4.0
N 2 2 4 7 14 13 42
Electrolytic bath ~ AM(f/cr)+SD 0.09£0.12  0.02+0.01  0.02°0.02  0.02°:0.01  0.01°:0.01 0.01£0.01  0.02*°+0.03
repair Range(f/cr)  (0.005~0.17) (0.02~0.03) (0.005~0.04) (0.003~0.04) (0.001~0.03) (0.001~0.02) (0.001~0.17)
ER1(%)/ER2(%)  0.0/50.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0 0.0 0.0/2.4
N 3 6 10 4 8 31
) AM(f/cri)£SD 0.02+0.01 0.02+0.01  0.05*+0.06 0.004°+0.001 0.006"+0.003 - 0.02*°+0.04
Furnace repair Range(f/c)  (0.005~0.03) (0.005~0.04) (0.005~0.18) (0.003~0.005) (0.004~0.01) (0.003~0.18)
ER1(%)/ER2(%) 0.0/0.0 0.0/0.0 0.0/20.0 0.0/0.0 0.0 - 0.0/6.5
N 3 2 15 2 2 | 25
) ) AM(f/cr)=SD 0.01£0.01  0.01£0.002  0.02°0.01  0.05°:0.07  0.06*+0.02 0.08 0.03**+0.03
Railway repair Range(f/ctr) (0.01~0.02) (0.007~0.01) (0.004~0.04) (0.004~0.11) (0.05~0.08) : (0.004~0.11)
ER1(%)/ER2(%) 0.0/0.0 0.0/0.0 0.0/0.0 0.0/50.0 0.0 0.0 0.0/4.0

" : Number of samples, '

¥ . Exceed Rate1(%)
§ : Exceed Rate2(%) :

-

4 1,866, 2003 1,8747g 011, AHO R QI3 ¢
o opyZuZE ubyHTh Ho| 200490 AL T5AS
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le-A(-)] ZO:o] 19933 FLA1Fel Aoz Hl—ﬁgm
CH(Park et al.,, 1995b). 18]l 2000 K€ 20077}k
2] 87 Aoz olsk X AWA7l & 68 v
o o]F 27.9%(198)7F AFYgE Aoz TS
THKOSHA, 2008). wjetd] $-gjuete 87]74 71
AR B AT AR ot A&z o
8 019, ool A Ml iy sorshis
28 ofu)} 9l
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QE}(Checkoway et al,,
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& A ZPAR AF, TEAS, FYAE, ¥
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: S.D.: Standard Deviation
: (Number of samples over KOEL / Number of samples) x 100
(Number of samples over ACGIH TLV / Number of samples) x 100

1985 1457) AFGAE ARt o2 A& o7 ZhAs)
L AgS Holu 1993do]= 100714, 19981 o=
827 a& wpotstqict f-ejutete] A9 AT A
A 42 20004 48714, 2001 55702 F7HEAS
Ko}zl 2003 43744 o]F tha 7& stz Ao
2 yehygth S2iuel AUFFAIES YR 1
3 Aul 2Fo| XUk A AHL 1%}.;%1%94 87}

gAEAE HYS O3] 29ste AAGA= Hx] ¢
o
AN

3, oyt Hu# wEIagzr 2 2000d
1,155%8 AJZFo & 20024 2,659 0 & ALLE o
Zskck7E 2003d 1,913 02 F78Hel L, o] % 2005
W2 1,182 02 FRIElrh Yo % 19854 %
B 1998W7HA] AW leEt2 AL % gelgt Axt

1985 2,795 o)l 4] 19890 2,986 O &2 Z| 3120
ol2tirt 1997 A K F745H 19981’-‘9_- 768”“5
2 X 31(Yoshizumi et al., 2001)3}%5 =4 ©
A I Seltel A wzEEA 57t A
AU el S We Ao FHT 4 Stk
3 Choi et al.(1998)2 A HFAIAA T =&
A5 A= 1965 17]4: 207788 A|ZFe
2 1990 80704 1,4467, 1993 11874 1,476
2 mustel B Azl vlsh ALY Sl @
T wEIRA Sl 2 Bk B ATA A
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