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ABSTRACT

Objectives: The objective of this study is to investigate exposure to occupational carcinogens in the nationwide
electronics industries and to establish a strategy for control of occupational carcinogens in South Korea.

Methods: We evaluated occupational carcinogens as defined by International Agency for Research on Cancer
(IARC) using a nationwide work environment measurement database on the electronics industry in South
Korea measured between 2013 and 2017 in accordance with the Occupational Safety and Health Act.

Results: The number of occupational carcinogens found in the electronics industry in South Korea were: 20
for IARC Group 1, 14 for Group 2A, and 30 for Group 2B. The occupational carcinogens (Group 1) most
frequently exposed were strong-inorganic—acid mists containing sulfuric acid (sulfuric acid), welding fumes,
mineral oils (untreated or mildly treated), nickel compounds, silica dust, crystalline substances in the form of
quartz or cristobalite, formaldehyde, arsenic and inorganic arsenic compounds, chromium (VI) compounds,
trichloroethylene, cadmium and cadmium compounds, vinyl chloride, ethylene oxide, wood dust, beryllium
and beryllium compounds, 1,3 butadiene, benzene, and others. Among them, the carcinogens (Group 1)
exceeding the acceptable standard were trichloroethylene, formaldehyde, and ethylene oxide. The working
environment measurement system as regulated by Occupational Safety and Health Act is not properly
assessed and managed for occupational carcinogens in South Korea. A component analysis for all materials
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used should be set up to practically reduce occupational carcinogens. A ban on the use of occupational
carcinogens and the development of alternative materials are needed. The occupational carcinogens below the
acceptable standards should be carefully examined and a new standard for exposure needs to be established.

Conclusions: The Occupational Safety and Health Act should be improved to identify and monitor occupational
carcinogens at work sites. A strategy for occupational safety and health systems should be provided to give

direction to workers’ needs and right to know.

Key words: Electronics industry, Occupational Safety and Health Act, work environment measurement system,
workers’ health and safety, occupational carcinogens
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ol F71ESE AJGAY HFo] AALL qlow,
Q8 WA=EY F840] diFEHL Aok FHIHA
B 7A7]74European Agency for Safety & Health at
Work)= A AANA A4 FAFEY] oF 9.6%7F A
Aol oJst Ao Rusil QtHTakala, 2015). =+
A dA1A(nternational Agency for Research on
Cancer, IARC)OIAE= 2022¥9] Group 1 ¥I=EH
1227}, Group 2A =2 937, Group 2B UdE&E
4 3197} B35kl QoM (JARC 2022), Loomis et
al.(2018)2 FAIFAT+AS] Group 1 HIELE 3
oA 47718 AJPIL=4=E Abetal UAtHLoomis
et al., 2018).

olgA AAA HEIEE FolA AP L4
F87do] Sot=tl H|sHA AA] AFE=E AAA &
=2 =EZAF7E Eo] o]FoA YA
(Ledda, 2021). AFFLANEZHY 2o tigt A7}
A AAZHCE AFof|A] o]FojA| 1L YA Skl QI
E35] A4 4hF Q] AFHofA FAIdATA 19 W=
Ail o] =AA 7oA Fa% YAEEEY] E
= B7l6t7] 9o o B2 A+7F 285t

AR S] AS-, A ARYoME B2 HAE
Zo] AREEDL UA|TE HAEE] tigh wiet 9 Ay
7Fseh Y19 metelr] gt JekAl At Hol X
Y= A Halal JtHLaDou & Bailar, 2007; Yoon et
al., 2020a, 2020b; Watterson & Ladou, 2013).
1970~1980¢ ol wl=t, /¥ G HI=A 2370 5
8% 4TS P A AR AFSGSOIA QAAO o
gt fofidol A HFEA, A A RIFGoA AR
St= FoflEd 9 UdEdo] s AEolA A= B
ol gt A7 APE7E Aol §EA| A|R7]&0|
b, oigh, ofAlo} AHOo g oI, AFTHAE
HHeA] AzolA LAEE] gt A7t wol %13y
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A 5okl tiYoon et al., 2012; Watterson &
Ladou, 2013).

ESE F 2 A9 Hgd R ARARIOA 7]|E0] g
71 ArEE Qo A EdEdEol Sk A
=8, ol=’t MEA Ttk dEde] disiA 2
5 9 o] st QA Eotal ok 27t
A A& =Y, A4 2 BHEA FHA BEilE
A7FEARA Y20l =Ed 2FAre] Het, 17
HHEA| 3749 FolRAMA X&EHoRE HIAlE=
¢t So] EA7} El=d(Nakano et al., 2019; Tsao
et al., 2021), He= oF7Iok= QAtwolut =Y ofF
718 & Sl ARp|as @A FAAFESE ol £
St=]of SlA| gt

o] e, AL RAL, SEAREER
At ASHEEA, E4EX] 52 BolA FEHo = )
SRS mebsigton A =71l Ao Y A At
AJol AHofA FAA 7]&o] e EIEA(: FAIY
ATA 17 AEDY 2 FTE oefstal ofof o
gt H7HE ok S EYSHA Xokal Stk
259t gHolA ZA@A oA AP E A
of PAIE AALEEZH A FoAAHA1862A 1%
) AHAPHEAY AP [EE 21)E S84
=t ol Y ZollA
HOMEAES] b3 o]Fo]
A skl ot LE 7]&0] =
HEl= 2 34, o]Fo]7|
A Fsar Sl

T AF=EE E o, SolA= ofn BEEA AR
HollM= SehEd AR Hrt dAQ] 2t g S
FEE HYE EA oAl Sl AlE Hh
oAl ARANG O] &5t BEEA] ARG AH-eut
Hegte, 5 7R9] vheA] AzRAolA 428,432709] 5}
SHEAY 47709 WFEA(Kim et al., 2018), 1174
A AR AN 210709 EFREE(Yoon et al.,
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2020)°] HA=|L lofA =] A AH, Ee AR}
Aol REEAl Alxde SEHA sfeed AR
A= 3ol Higt A= wef=A] F6hal Qe A
“golct.

olgA & w, =M A =7FAQl ARolA Hi=
A Axde Zddvto] ArpdolM Al e o
SFEESoA THEES mefsiulL, o] EEdEcl
oieh degetE vhelske Aol AlERt FAolt

IER o] A9l F22 AR E oA

FAsk Qe AAJAZAAEE Ed] =A= s
ALY AARAZHARE olgstel, 23E A

b4
2l

¢

8323 3 FADAAIBCEALY 29D (¢
2R AYFA [HE 20)E SN TR

S, e S T UYREEY b
(B 34, B BB B Zol

I‘

—g‘ (o mlo
|

. Ched &
1. S Chat

o] AL o] ARIPHE AN FATAHZHA
Tof mh S4Eo] BalE AR ATT K2B 2
JeA=HAE(2013~20179)2 o]-&3tqict. FHEo
AR S ERs 9ol S=RESAgERT S2R310

A} BEUAER)E ol theTt o] BRSIA 4
2 AL Hesleh A10% BEVSERA] 4

AE EF5E7] 9ot R C ARA(10-34), 5
526 AR BE Axmg gAF S9F U EAIAH] xﬂ_,_
4, 27 9=, % Ual Bt 7171 2 AA Az, 28 A7)
2] A2, AEF 261~266, 271~274, 282~289%
Ao sigich BERAQEE ARSI et
ZtHMinistry of Government. Legislation National
Law Information Center. 2022).

261: B Xﬂxc’*

202 AR H& AR,

263 AFEH 9 FH FA] Az,

264 B4 9 g AR,

205 Y 2 17 AxY,

266: vutvel 9 F5} ujA] AR,

271: 958 717] A=Y

2720 &4, A, Foll, Aol € 71e HE 717]
Az Fst 7171 A9,
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273 ARV 9 ot 7)) Az

274 AA B AA FE AR,
281 AE7], &7 & A7) wHek- - Al
FA Xﬂi%ﬂ

282 A & A2 Az
283 AAA 9 AolE ARY,

284 A4 9 2PgA Az

285: 7148 717] AR,

289: 7|g} A714H] AxY

& o= Heﬂ‘ﬂ %71 ‘Iﬂ—v—oﬂ ing M A
7tA MBS (CAS Noyg AZsto] 7tAs 5o Qs A
AATLAY AFEAEZ(Agents Classified by the
IARC Monographs, Volumes 1-131)< ©|-85 }O:] 1y
A=A SIS (JARC, 2022). ojd BHEL 1
=49 AFEAR] EAo w2t oy 79 {5 H‘ﬂ 7 A=
2 AESHE0] Sl AT AATHA: AbSt4y). 1
Al o] AtoA= g 79l E4o] o7 e FSiQlAt
IEE 7 e AE 1A 24E9 7tA ¥
7t Q= ASole A e E o83y, kA et
d5ol= WE HobA FoIATE thA] FEet

o HFHo= Y —.—_E Exétﬂ% SRRIsiA &4
E4E9 U RS AT FAUAT A0
T4 IEde %Oﬂl:- ﬂi o7t gl B9E
%71 W2zl &8E 5), °olHd 2dE2 HE

Tréﬂ‘ll AT, 9FQ1AEL o] LA HeHEA S BHo

Flt‘
H.
o

A

o O x i ‘lol‘ =0,

;%
T

o] A= AP E AR o HAIE A dS
A A Rl A1862AI1S ) (AFAeHA

AYTHE R 21)S FE ST ARSESYA=
F=ARIRPARE AT, 2013-2017)004 HAAJ(IARC,
Group 1, Group 2A, Group 2B)& I, “ZF
E=H g SRR A1862A1T T)(ARHAMA
P2 EE 21])"FolA FAGATLL7E A
=S g]lste] AA| A E S A=
Al o] “AATAEET i AlJIAA1862A1F T
ﬁ)”% %}O}%@% @."?_]3}04 O] Aol AAAES
AR S8E T
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obs TIRRUOIM XUSAZYE Soff IofE YYSESE =2 5

=4} . o] HARARdoll A 2013-2017
|7 ST AdESAdEs 4 2dEE 544
T, e AARY] I AdRr, o9 AR AR
T, A g 5= ol ol AdeESEd
=45 oA FAYATAL7E AT EAEHIARC
Group 1, Group 2A, Group 2B)°] o]- Az 3xg+
Eo] glon, o] HtEdE Fol 7V 5784 vzt
2 IS E3-EE e THEEES 0
SH3i.

o] AjolA= AAESEU SHAE 57|E
07 Ui #2 =EFTOE AYSHA, o] =E&2rE
= 100% 23st= EAEdE, =719 10% ol
&3 Holz IEdEE £t o] Y=E4dEY
EFARIER(EER), A3, 93AT4, Biks
= Tefsialth

)
_O|£
)
T

f

= AA AdSHS
BAFOIA FAd A4 F Y] ot e TF
£ mptollti(Table 1).

o] AR AR oA skl Q= ARIQH
B A4tz B 2]9] AASESHAY Rl
ZHA1862AI[13 T=H])' 19078 FollA FAIL A4
A s HMEE Jie7t F 647 (IARC Group 1
2070, Group 2A 147, Group 2B 307)3Att. & =

—~

LAST| Lok AASAEEAZ(2013-2017)2 4= 305

AGATANA FA43E Group 1 HEZo] F 12271
el vl st “AAFSH N FHJAAF 1907 Sl
Al 2070, Group 2A°] 7% 937lo] H|wste] 147,
Group 2B9] 7§ 3197H°] ®]wsto] 307H0]3ltk
(Table 1, Supplementary Table 1).

AFARPAE Ao BAIE AFAPAE A A3
(R 2]9) ZAHESEN S FolARHAN1862AN1F
) FollA AL AN #7388 Group 1 Y
E4 20710l e 249 1, 2-vEE2x=q WA,
1,3-Fedll, EFlgr=odd, dEERRys, X
SdHsls, YA 9 1 3RME, 7t 2 11 3REE,
6713% 3}, AL Aslolgd, HEE € 1 3%
&, H4& 9 I 2U5RME, g3kHd, SE=EnA] i
5, 257, TAHAY, ZYAEERE), EEA,
H, 880l
ZF AFAH ARAQPHARE A A2 [ER 2]9 Y
SIS HAT AR AN1862A18 #2Q}F o] A
T YARER] FAeHESEA RN EA=E A
=4 7N5E vlus) & o, ZF AgE=E oF 107 =
dho] Zpo]7} x| QobA thiEE ALY Aol A
= AP E A A AT AARE ST
4 MR AATAHSAHS ok U= Aol g2l
=3l

ShH=9] AARAAONA 2013~20179 B9 AAEHS
Z7o] H ZIAYIAFA WAFEZJARC Groupl,
Group 2A, Group 2B)E9] U4EH T7} AdE
S 1A5E B7] oA Al103} BEARE R (AR
2 JasteiA ZF ALY ARF ARJollA S8E
AEAT HAEL S WEE B, Group 1 YHE

o

"

Table 1. The IARC Carcinogens in the substances measured in the working environment (2013-2017) in the Korean electronics

industries

IARC IARC IARC IARC No
G1 G2A G2B G3 Carcinogens

No of carcinogens in the substances measured in

the working environment (2013-2017) in the 20 14 30 27

Korean electronics industries in this study

Frequencies of substances measured in the

working environment (2013-2017) in the Korean ?1%%765; 1(??2? 6(2;31(13? 1(2832? %g%?

electronics industries in this study ' ' ' ' '

No of carcinogens in the working environment

measurement target substances(190) in the 20 15 30 29

Occupational Safety and Health Act in Korea

IARC carcinogens (2022) 122 93 319 501
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Table 2. The numbers frequencies the substances of the measuered in the working environment (2013-2017) according to
Standard industry classification (10th) in the Korean electronics industries in Korea
unit: No of measured (N, %)

KSIC No carcinogens Gl QFJS] GroAuF;)CZ A GrﬁESZB Géoi%S Total

261 97,965(64.62) 15,290(10.09) 726(0.48) 8,280(5.46) 29,330(19.35) 151,591(100)
262 184,967(57.23) 39,457(12.21) 5,064(1.57) 23,733(7.34) 69,999(21.66) 323,220(100)
263 3,043(64.01) 327(6.88) 72(1.51) 568(11.95) 744(15.65) 4,754(100)
264 13,810(52.88) 2,564(9.82) 186(0.71) 3,492(13.37) 6,063(23.22) 26,115(100)
265 25,024(68.26) 1,847(5.04) 579(1.58) 2,613(7.13) 6,597(18) 36,660(100)
266 1,303(55.8) 194(8.31) 118(5.05) 338(14.48) 382(16.36) 2,335(100)
271 1,303(55.8) 194(8.31) 118(5.05) 338(14.48) 382(16.36) 21,738(100)
272 10,507(48.33) 4,285(19.71) 561(2.58) 2,098(9.65) 4,287(19.72) 19,115(100)
273 8,301(43.43) 3,835(20.06) 159(0.83) 2,846(14.89) 3,974(20.79) 11,821(100)
274 7,826(66.2) 1,654(13.15) 91(0.77) 973(8.23) 1,377(11.65) 1,184(100)
281 628(53.04) 207(17.48) 22(1.86) 203(17.15) 124(10.47) 63,284(100)
282 29,826(47.13) 11,847(18.72) 746(1.18) 7,522(11.89) 13,343(21.08) 16,500(100)
283 7,524(45.6) 2,496(15.13) 534(3.24) 4,225(25.61) 1,721(10.43) 15,670(100)
284 9,478(60.49) 1,951(12.45) 110(0.7) 2,084(13.3) 2,047(13.06) 11,724(100)
285 5,489(46.82) 1,923(16.4) 118(1.01) 1,694(14.45) 2,500(21.32) 21,560(100)
289 9,525(44.18) 4,993(23.16) 360(1.67) 1,864(8.65) 4,818(22.35) 33,379(100)
Total 14,458(43.31) 6,703(20.08) 653(1.96) 4,883(14.63) 6,682(20.02) 760,650(100)

Korean Standard industry classification

261 semiconductor manufacturing

262 Electronic component manufacturing
263 computer and peripheral manufacturing
264 Communications and broadcasting equipment manufacturing

265 manufacturing of video and sound equipment

266 Magnetic and optical media manufacturing

271 Medical device manufacturing

272 Manufacture of measuring, testing, navigation, control and other precision instruments; excluding optical instruments
273 Photographic equipment and optical equipment manufacturing

274 watch and watch parts manufacturing

281 the manufacture of electric motors, generators and

282 electrical conversion, supply and control devices

283 primary battery and storage battery manufacturing

284 Insulation wire and cable manufacturing

285 manufacturing of light bulbs and lighting equipment home appliance manufacturing
289 other electrical equipment manufacturing

the entire electronics industry

Aol HjFo] & AXAEL Vet A7IHH] AR S TAMAMQ XABAZHAIZ(2013-2017)0HIA
(289), AFAE] 9 33t 7171 AZAQ73), &4, A mel E
A, gl Aol 2 71 A 7171 ARAR72), I LEXS, B LEXRS A RIS
A B SR ARA282), AAH " Aels Axd, 3= AAAOA H 549(2013~20174) B2t
(283), AlAl L AA HE AZJQ74), AT L 2FY  Hm AqsA=HA L] osH 2HH nE 27

2] AxA(284), A=t BE AXRAQ62), vH=A A=Y Zo|A ZALFAFLLNH FAT Group 1 WHE
(261) 5ot 20708 B9, 12-tE2zuxag il 1,3-%E
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obs TIRRUOIM XUSAZYE Soff TiefE

A, EFEEREEH, 2ELHslE, YA ¢ 1 39t
= 7IEw 9 1 3E, o7 EE 9]‘?:1’5, AL, AbSH
ogdl, WiEgs 9 1 3=, Hla 9 11 FUIEREE,
ashald, FEt2HR] EE, FE57R, A,
FYAEdEo|E) EEX, Ad, 83F, AEEEHE
AZHo|E(strontium-90, fission products)®& &
207fe]tTable 3). °]&°llA strontium-90(fission
products)Z ZJTFSHHT FHAAHA1862AI[1
F BT 190700 &5 UA= LA, AISHESH
A=(2013~2017) 0 &adeE EZZ IAGAT+AL

Group 1 ¥&EZo|c}

ESE AA| ARG OA AdESE =2 SOl 7t
Z o] &24H FAIYATA Group 2A TIELLS
1402 7 Eol 44 dHleseoz By FHtE g

I FI715RME, R, EE € O 33%E, JER
Eroec]dsigd), A8, gyExgom|s, 1,1,1-
EZ2 205, sto|ugiil, AgjEyplels, HEs=
ﬂéﬂﬂl%iﬂ(ﬁiﬂﬂﬂ g3), otz ol s, opd®wt

A, CHEEESIo|ER, 2,3-0|FA-1-ZEH

S| Yok MASASHKIR(2013-2017)8 SA4C= 307

S(glycidol) So]t}.
}ﬂ o] S4H A A4 Group 2B TAEH
2 307= & € 1 Fr|3kekE, ol4kE} HERNE, Y
]EJ%O}‘:’J, U, AR, 712 £ [-HER
23 fofgZobyl, &0 to]RAloHo|E, 1,4~

94t Solck. Fh, ZedZ7go] ® IARC Group
ZB LABIE FollA AR AG e FHE 2]

FHASHNAT RN A 186FA1F B=T 19074
#o}x] oro BxEo YeEZuAl vmgd s

7}e|Zo]tH(Table 3).

o] AolA AA HFHe AATHESHS HAIG
3o gE=st zgol ‘AU A=AHAR(2013~2017)
oA FAUATAE 4 EA=AES

oIzt Azet
AFPRFA B AN AIdHF2] [HHE 2]9 ZASA=A
F FADAHA8EANT HHE' 1907 FFoNA =

A|oA L A0 A —'ﬁLX‘]o]- HRMEAES ERIst Ay}, o]

AollA BEASH R ATAZHAE(2013~2017) ollA]
8€ & ‘—‘.:f—-O] FE ARIRHIEAY A2 [HHE
219] ZAALESHNS FIHA86EANT BE

Table 3. The IARC carcinogens in the substances measured in the working environment (2013-2017) in the electronics

industries in Korea

IARC Classification

CAS numbers

Frequencies Total workers in  The workers in  The number

Agent measured the industries  the work process of industries

Group 1

1,2-Dichloropropane 78-87-5 6 72 6 3
1,3-Butadiene 106-99-0 153 340,208 587 22
Arsenic and inorganic arsenic compounds 7440-38-2 3,096 56,864,838 5,593 74
éTIbl?srtr%z, including actinolite, amosite, anthophyllite 1332-21-4 6 306 2% 2
Benzene 71-43-2 71 76,156 483 1
Beryllium and beryllium compounds 7440-41-7 237 1,086,644 112 17
Cadmium and cadmium compounds 7440-43-9 808 533,530 1,608 109
Chromium (VI) compounds 13530-65-9 3,073 226,740 9,745 527
Coal-tar pitch 65996-93-2 35 14,973 162 7
Ethylene oxide 7429-90-5 567 552,984 748 66
Formaldehyde 50-00-0 3,989 6,434,339 16,458 264
Mineral oils, untreated or mildly treated 16,946 9,898,402 81,034 2,001
Nickel compounds 11,843 11,336,582 47,073 1,192
Silica dust, crystalline, in the form of quartz or cristobalite 4808-60-7 11,703 7671,491 27,851 719
(Sstg‘;”i;'igo[ﬁiﬂ'yc;?ggg”i‘fgfgggga'”'”g sulfuric acid 29,504 135,721,909 108,124 2,942
Strontium-90 (see Fission products) 2 8,982 12 1
Trichloroethylene 79-01-06 2,887 275,709 5,789 557
Vinyl chloride 75-01-04 597 31,983 1,928 67
Welding fumes 20,449 16,443,023 65,776 1,439
Wood dust 420 93,601 1,221 79
Total 106,392 247,612,472 374,336 10,099
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Table 3. Continued

IARC Classification

CAS numbers

Frequencies

Total workers in

The workers in The number

Agent measured the industries  the work process of industries

Group 2A

1,1,1-Trichloroethane 71-55-6 345 164,639 2,665 62
Acrylamide 79-06-01 48 121,655 71 8
Aniline (see also Aniline hydrochloride) 62-53-3 36 61,802 45 7
Antimony trioxide, see Trivalent antimony (2A) 1309-64-4 2,008 1,381,214 14,567 215
Art glass containers and pressed ware (manufacture of) 2,932 7,266,032 13,818 225
Dichloromethane (Methylene chloride) 75-09-02 1,633 1,030,357 7,022 331
Epichlorohydrin 106-89-8 28 8,134 83 7
Glycidol 556-52-5 6 538 26 1
Hydrazine 302-01-2 218 1,770,347 721 18
N,N-Dimethylformamide 68-12-02 478 747,465 2,325 70
Silicon carbide whiskers 409-21-2 80 14,162 181 5
Styrene 100-42-5 455 214,489 1,618 89
Tetrachloroethylene (Perchloroethylene) 127-18-4 51 102,077 69 7
Tungsten carbide with cobalt metal

(seeg éobalt r:tgtal vvtith tut;wg;ten tcarbide 7440-48-4 3,783 8,122,775 19,809 296
Total 12,101 21,005,736 63,020 1,340
Group 2B

1,1,2,2-Tetrachloroethane 79-34-5 3 510 3 1
1,2-Dichloroethane 107-06-2 13 4,564 41 4
1,4-Dioxane 123-91-1 347 9,661,436 561 16
1-Bromopropane 106-94-5 981 290,458 3,273 129
3,3'-Dimethoxybenzidine (ortho-Dianisidine) 119-90-4 4 294 1
Acetaldehyde 75-07-0 19 79,705 25 6
Acrylonitrile 107-13-1 87 54,715 401 16
biimens. and theit omisaone during fosd paving 4 12,562 214 5
Carbon black 1333-86-4 1,342 3,396,487 4127 117
Carbon tetrachloride 56-23-5 35 38,774 403 2
Catechol 120-80-9 8 61,552 1
Chloroform 67-66-3 108 159,271 234 21

) ) 11-42-2
Diethanolamine 67-66-3 9,876 46,599,890 40,984 688
Ethyl acrylate 140-88-5 8 1,962 20 2
Ethylbenzene 100-41-4 218 301,849 691 61
Isophorone 78-59-1 2 400 1
Lead 7439-92-1 28,256 12,093,512 117,048 2,633
Methyl isobutyl ketone 108-10-1 297 40,458 801 73
N,N-Dimethylacetamide 127-19-5 1,180 6,763,908 15,754 53
Naphthalene 91-20-3 3 10,812 7 2
Nickel, metallic 7440-02-0 5,404 21,554,209 21,606 740
Nitrobenzene 98-95-3 16 45,768 28 5
Nitromethane 75-52-5 22 45,780 81 7
Propylene oxide 75-56-9 28 14,255 290 6
Pyridine 110-86-1 865 17,087,462 2,819 25
Tetrahydrofuran 109-99-9 168 423,720 388 40
Titanium dioxide 13463-67-7 14,736 24,623,980 61,451 1,467
Toluene 2,4 diisocyanate o 690 228,656 1,949 123
Vanadium pentoxide 1314-62-1 495 2,430,591 1,509 24
Vinyl acetate 108-05-4 149 310,913 1,124 34
Total 65,404 147,581,443 275,832 6,303
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gt MR SA4E 2SS ZAYA
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LAST| Lok AASAEEAZ(2013-2017)2 4=z 309

GAke] A AAFEEAZG@EEAGETH(D) 262)Y
A 3] 2 7| %Hflexible printed circuit board, FPCB)
oA FHNA &7 100% Z3stal Ut

AR} og@le] AL, Q=287 ARG EFAAEF
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= o

z2go] AFRR AREEHI glor, Yi-gHHl
(nanomembrane) 2toA= N, N-tHEotqEo}

uEo] ko] 712e Z3el k.

B 2RRRFY| 4% 78] T HSWcopper
foil laminate) YA =E&7|&S
(Table 4).

Table 4. Occupational Carcinogen exceed 100% of the Exposure Criteria in the Korean electronic industry: Working

environment measurement data, 2013-2017

Occupa- Exposure

_ _ Measured tional  compared _
IARC agent CAS No KSIC Products Working process  Site work process value Expo;ure to OEL  Unit
Limit (% of
(OEL) OEL)

1IARC Group
Trichloroethylene 1979-01-06 282 Electronic component capacitors Cleaning Cleaning TCE 57.277 50 11455 ppm
Trichloroethylene 1979-01-06 262  PDP case painting TCE skimming TCE skimming 96.364 50 19273 ppm
Trichloroethylene 1979-01-06 262 ’Sa“;‘;mo“ve parts, telecommunications gﬂdcc?;gﬁ?n'g‘”g gn“fcg:ﬁ?n‘g”g 772 10 177®2 pom
Trichloroethylene 1979-01-06 262 ’Sa“;‘;mo“ve parts, telecommunications gﬂdcc?;gﬁ?n'g‘”g gn“fcg:ﬁ?n‘g”g 18007 10 18007  pom
Trichloroethylene 1979-01-06 271 Implant material cleaning(1F) Cleaning TCE 27.833 10 27883  ppm
Trichloroethylene 1979-01-06 262 gﬂ;f;;ﬁg&;"mo”'c Asserbling AL &Z:gggmg W 13609 8 17124 pom
Trichloroethylene 1979-01-06 264 ggegoﬁgﬂ?“”‘ca“"”s equipment and (- ing TCE Cleaning 17454 10 17454  pom
Trichloroethylene 1979-01-06 262 chrr:s(r)ﬂ(;oﬂir;ponents, semiconductor Press/Washing Press/Washing 8.645 8 10806  ppm
Trichloroethylene 1979-01-06 271 Implant material Cleaning(1F) Cleaning TCE 16.013 10 160.13  ppm
Trichloroethylene 1979-01-06 271 Disposable syringe Cleaning Cleaning - Unit C 10.767 10 107.67  ppm
Trichloroethylene 1979-01-06 271 Disposable syringe Cleaning Cleaning - Unit C 14.289 10 14289  ppm
Trichloroethylene 1979-01-06 262 Communication component processing ~ Cleaning TCE Cleaning TCE 16.653 10 166.53  ppm
Trichloroethylene 1979-01-06 271 Dental equipment manufacturing E)é):r:processmg f{:l)ias?l—rgolgsmg room) 18.381 10 183.81 ppm
Trichloroethylene 1979-01-06 262 Other than electronic components Cleaning Lathe processing 12.874 10 12874 ppm
Trichloroethylene 1979-01-06 262 Other than electronic components Cleaning Lathe processing 10.827 10 10827  ppm
Trichloroethylene 1979-01-06 262 Electronic components Final inspection Final inspection - Insert ~ 9.390 8 117.38  ppm
Trichloroethylene 1979-01-06 271 Disposable syringe Cleaning Cleaning = Unit C 11.243 10 11243 ppm
Trichloroethylene 1979-01-06 262 Communication component processing  Cleaning TCE Cleaning TCE 48.236 20 24118 ppm
Trichloroethylene 1979-01-06 262 Communication component processing ~ Cleaning TCE Cleaning TCE 33.661 25 13464 ppm
Formaldehyde 50-00-0 262 PCB Unit Chemical Unit Chemical 0.660 033 20012 ppm
Formaldehyde 50-00-0 262 PCB Unit Chemical(1F) ~ Unit Chemical(1F) 0.415 0.33 12570 ppm
Formaldehyde 50-00-0 262 FPCB Etching(2F) Etching(2F) 0156 01333 11703 mg/m
Ethylene oxide 75-21-8 271 Syringe aﬁ?hﬁtgn room = e, 1.428 1 14280  ppm
Ethylene ode 75-21-8 oL Mﬁgf:s‘c‘jgﬁ'ctiié'”gaegggrfa Sterlzation Steriization 6260 1 669 ppm
Ethylene oxide 75-21-8 271 Medical devices, medical equipment Sterilization Sterilization 2477 1 24766 ppm
Ethylene oxide 75-21-8 271 Medical devices, medical equipment Sterilization Sterilization 1.305 1 13050  ppm
Ethylene oxide 75-21-8 271 Manufacture of other medical devices  EO gas sterilizer Sterilization 1.046 1 10460  ppm
Ethylene oxide 75-21-8 271 Medical devices, medical equipment Sterilization Sterilization 2.740 1 27402 ppm
Ethylene oxide 75-21-8 271 Medical devices, medical equipment Sterilization Sterilization 2.821 1 28209  ppm
Ethylene oxide 75-21-8 271 Medical devices, medical equipment Sterilization Sterilization 1.3%4 1 13939 ppm
Ethylene oxide 75-21-8 271 Medical devices, medical equipment Sterilization Sterilization 2.909 1 29087  ppm
Ethylene oxide 75-21-8 271 Dental needle Sterilization Sterilization 3578 08 44730 ppm
Ethylene oxide 75-21-8 271 Dental neede Sterilization Sterilization 11.714 038 1464.25  ppm
Ethylene oxide 75-21-8 271 Medical devices, medical equipment Sterilization Sterilization 4.000 1 40002 ppm
Ethylene oxide 75-21-8 271 Medical devices, medical equipment Sterilization Sterilization 2486 1 24857  ppm
271 Dental needle Sterilization Sterilization 3.767 1 37669  ppm
Ethylene oxide 75-21-8 271 Disposable syringe Sterilization room Sterilization room - 1.078 1 10784 ppm

Unit A/D
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Table 4. Continued
Occupa- Exposure
Measured tional  compared
IARC agent CAS No KSIC Products Working process  Site work process value Exposure to OEL  Unit
Limit (% of
(OEL) OFEL)
Mineral QOils 262 Electronics components Press ProgressiveLine 1.011 0.8 12632 mg/m
Mineral Oils 262 Mobile phone components MCT Processing(1F)  MCT Processing 0.707 0.64 11048  mg/m
) . External internal External internal N
Mineral Oils 281 Wind power generator dameter (grinding) ~ diameter (grinding) 0.926 0.64 14466 mg/m
Silica dust, crystalline, in
the form of quartz or 281 Other transformers and components Molding, grinding Other processes 0.055 0.05 110.00
cristobalite
Silica dust, crystalling, in o Reinforced earth Other processes
the form of quartz or 289 Construction industry block construction (Remforcgd garth block 0128 0.0444  287.39  mg/m
cristobalite construction)
Silica dust, crystalline, in ' Other processes
the form of quartz or 289 Construction industry Reinforced earth (Reinforced earth block 0520 00444 17185 mg/m
) ) block construction :
cristobalite construction)
: Electric control panel, plant . - ) -
Welding Humes 289 (injection molding machine) Welding and Grinding  Welding and Grinding 13.886 5 21771 mg/m
Welding Humes 289 Electrical panels and frames Welding and Grinding Welding and Grinding 10.719 5 21438  mg/m
Welding Humes 259  Metal casting products, indusria Welding and Grinding Welding and Grinding 14370 5 28730 mg/m
electronic devices
Welding Humes gy Metdl casting products, indstrdl  pygjert welding  Project Welding 18 5 168 mg
electronic devices
Welding Humes 259 Metal casting products, indusria Welding and Grinding Welding and Grinding 15741 5 31481 mg/m
electronic devices
) Environmental equipment, industrial ) ) . - s
Welding Humes 289 electronic equipment Cutting/Welding Cutting/Welding 7472 5 14943 mg/ni
1IARC Group 2A
Eﬁfg!%r;metha”e (Methvlene 175 0900 262 Molds, electronic components Skimming Etc. 700 50 11142 ppm
Dichloromethane (Mettwlene 176 0909 960 OPC grum Clearing Cleariing organic 5908 50 1158  ppm
chloride) solvents
Eﬁfg!%r;metha”e (Methvlene 75 0909 285 Heat exchanger Clearing Cleaning 721% 50 14427 ppm
CD}:fngi(éreo)methane (Methylene 1975-09-02 262 Electronic components Cleaning Cleaning room 60.158  44.4444 13536  ppm
Dichloromethane (Vethylene 1g00 0 0 260 v Cleaning/Inspecting ~ Cleaning/Inspecti 75488 50 15098
chloride) alve parts leaning/Inspecting eaning/Inspecting ) ) ppm
Tetrachloroethylene 1o . .
(Perchioroethylen) 127-18-4 262 Electronic components Cleaning(PCE) Cleaning(Other) 40.521 25 162.08  ppm
Tungsten carbide with ) )
cobalt metal (see Cobalt 7440-48-4 266  Functional film, printer toner, etc. LCO-QA Quality Innovation 0.027 0.02 13500 mg/m
! Team(LCO QA)
metal with tungste
Tungsten carbide with Battery Material
cobalt metal (see Cobalt ~ 7440-48-4 266 Functional film, printer toner, etc. LCO Producting Production Team 0.119 0.02 59250  mg/nt
metal with tungste (LCO Producting)
Tungsten carbide with Battery Material
cobalt metal (see Cobalt 7440-48-4 266  Functional film, printer toner, etc. LCO Producting Production Team (LCO 0.068 0.02 34000 mg/m
metal with tungste Producting)
Tungsten carbide with Battery Material
cobalt metal (see Cobalt ~ 7440-48-4 266 Functional film, printer toner, etc. LCO Producting Production Team 0.092 0.02 46050 mg/m
metal with tungste (LCO Producting)
Tungsten carbide with Battery Material
cobalt metal (see Cobalt 7440-48-4 266  Functional film, printer toner, etc. LCO Producting Production Team 0.130 0.02 64950 mg/m
metal with tungste (LCO Producting)
Tungsten carbide with Battery Material
cobalt metal (see Cobalt ~ 7440-48-4 266 Functional film, printer toner, etc. LCO Producting Production Team 0.265 0.02 132450 mg/m
metal with tungste (LCO Producting)
Tungsten carbide with Battery Material
cobalt metal (see Cobalt 7440-48-4 266  Functional film, printer toner, etc. LCO Producting Production Team 0.378 0.02 1891.00 mg/m
metal with tungste (LCO Producting)
Tungsten carbide with v . ! ) )

ol . Dissolution/ Dissolution/Reaction/Te s
cobalt metal (see Cobalt  7440-48-4 282 Secondary battery material Reaction chrlogy Lab 0018 0016 11063 mg/m
metal with tungste
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Table 4. Continued

Occupa— Exposure

Measured tional  compared
IARC agent CAS No KSIC Products Working process  Site work process value Exposure to OEL  Unit
Limit (% of
(OEL) OEL)
IARC Group 2B
N,N-Dimethylacetamide 127-19-5 262 Nanomembrane E;Sdsi:i;g‘:n/ Dissolution/Radiation 18.007 10 180.07  ppm
1-Bromopropane 106-%4-5 262 Cell phone, electric vehicle battery parts Cleaning room Cleaning room 82.474 20 41237 ppm
1-Bromopropane 106-%4-5 262 Cell phone, electric vehicle battery parts Cleaning room Cleaning room 28717 20 14359 ppm
Purified unit
Chloroform 67-66-3 262 Copper foil laminate (cleaning room, OLED Production Team ~ 10.632 10 10632 ppm
purifying room)
o Flame powder Flame powder
Lead 7439-92-1 282 Car battery manufacturing manufacturing 0.062 0.05 12480  mg/nm
Lead 7439-92-1 262 Battery Pole plate Release  Loading room 0.063 0.05 12600 mg/m
Lead 7439-92-1 283 Insulated wires and sheath wires Extrusion, melting ~ Other Support 0.095 0.04 23750  mg/m
Lead 7439-92-1 282 Car battery Unit 2 COS Assembly board Part 0.057 0.04 14175  mg/m
Lead 7439-92-1 282 Car battery Unit 2 COS Assembly board Part 0.070 0.04 17425 mg/m
Lead 7439-92-1 282 Car battery Unit 2 COS Assembly board Part 0.044 0.04 10925 mg/m
Lead 7439-92-1 282 Car battery Casting(1 block) Casting room 0.055 0.04 13825 mg/m
Lead 7439-92-1 282 Car battery Mixing(2F) Mixing 0.062 0.04 18675  mg/m
Lead 7439-92-1 282 Car battery Mixing(2F) Mixing 0.084 0.04 209.00 mg/m
Lead 7439-92-1 282 Car battery Mixing(2F) Mixing 0.124 0.04 31025 mg/m
Lead 7439-92-1 282 Car battery Mixing(2F) Mixing 0.047 0.04 11850  mg/m
Lead 7439-92-1 282 Car battery Input Coating Unit 1 Coating 0.067 0.04 167.75  mg/m
Lead 7439-92-1 282 Car battery Input Coating Unit 1 Coating 0.104 0.04 259.25  mg/m
Lead 7439-92-1 282 Car battery Load Coating Unit 1 Coating 0.050 0.04 12475 mg/m
Lead 7439-92-1 282 Car battery Load Coating Unit 3  Coating 0.070 0.04 17375 mg/m
00— e Factory 1 }
Lead 7439-92-1 282 Battery Mixing room(2F) (Mixing room) 0.044 0.04 111.00  mg/m
Lead 7439-92-1 262 Lead-acid battery Mixer Other Mixing(Mixer) 0.093 0.05 186.00 mg/m
Lead 7439-90-1 262 Lead-acd battery Pole plate release,  Pole plate release, 0055 006 10040 mg/w
Ripening Ripening
Stacker, short circuit Other Processing
Lead 7439-92-1 262 Lead-acid battery ; ; (Stacker, short circuit 0.106 0.05 21280  mg/m
inspection - -
inspection)
Stacker, short circuit Other Processing
Lead 7439-92-1 262 Lead-acid battery ; Ny (Stacker, short circuit 0.140 0.05 27920  mg/m
inspection ) .
inspection)
Other Welding Other Welding
Lead 7439-92-1 262 Lead-acid battery (Polar group welding, (Polar group welding, 0.080 0.05 159.80 mg/m
connecting welding)  connecting welding)
Lead 7439-92-1 262 Lead-acid battery Mixer Other Mixing(Mixer) 0.209 0.05 41780  mg/m
o 5 Pole plate release,  Pole plate release,
Lead 7439-92-1 262 Lead-acid battery Ripening Ripening 0.149 0.05 29720  mg/m
Lead 7439-90-1 262 Lead-acd battery E?"e plate release,  Pole plate release, 030 006 77940 mg/w
ipening Ripening
0 - Stacker, short circuit  Other Processing s
Lead 7439-92-1 262 Lead-acid battery inspection (Stacke? 0.062 0.05 12340  mg/m
Lead 7439-92-1 262 Lead-acid battery Strip Other rolling (strip) 0060  0.0471 12760  mg/m
Lead 7439-92-1 262 Lead-acid battery Strip Other rolling (strip) 0.051  0.0471 10870 mg/m
Lead 7439-92-1 262 Lead-acid battery Mixer Mixing ect.(Mixer) 0.110 0.05 22020 mg/m
Performer and Lead Other Coating
Lead 7439-92-1 262 Lead-acid battery Caati (Performer and Lead 0.081 0.06 16140 mg/m
oating Coati
ting)
Performer and Lead Other Coating
Lead 7439-92-1 262 Lead-acid battery Caati (Performer and Lead 0.004 0.06 18880 mg/m
oating )
Coating)
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Table 4. Continued

T RRISHAEHRIR(2013-2017)8 422 313

Occupa— Exposure

Measured tional  compared
IARC agent CAS No KSIC Products Working process  Site work process value Exposure to OEL  Unit
Limit (% of
(OEL) OEL)
Lead 7M39-0-1 22 Lead-acid battery Fole plte rdlease,  Pole plate release, 0100 005 21820 mg/
Ripening Ripening
Lead 7439-90-1 262 Lead-acd battery Pole plate release,  Pole piate release, 0101 005 20120 mg/w
Ripening Ripening
Lead 7901 22 Lead-acid bettery Stacker %ka;)mess'”g 0054 005 10700 mg/
Lead 7439-92-1 262 Lead-acid battery Mixer Mixing ect.(Mixer) 0077 0.0421 18337  mg/m
Performer and Lead Other Coating
Lead 7439-92-1 262 Lead-acid battery Coatin (Performer and Lead 0114 0.0421 27055  mg/m
g Coating)
Performer and Lead Other Coating
Lead 7439-92-1 262 Lead-acid battery Caati (Performer and Lead 0137 0.0421 32542 mg/m
oating )
Coating)
Lead 739-0-1 22 Lead-acid bettery Fole plte release,  Pole plate release, 0058 00421 13800 mg/
Ripening Ripening
Lead 7439-92-1 262 Lead-acid battery Polar group welding  Oxner Welding 0049 00421 11520 mg/m

(Polar group welding)

KSIC : Korean Standard Industry Classification
OEL (Occupational Exposure Limit): TLV-TWA
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F(implantation, IMP) 2
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o, Fdll, Aol 2 718 A 717] ARA(272)0014<]
2824 50| JAHSupplementary Table 2)

St AARARAREEA] A2 Z3H) HA oA =AY
A4 Group 2A HIEZHS L27|F9 10%E &=
TAEL FoIAES  USEZEHER(ASHER),
1,1,1-EZEE 2, AgH, ofdylx} 1 554, I
HE 9 7 2r|sRkE, fe4R, AREviels, ¢
B3 1 3¥HE sol Stk

- HER=M AL 49, AR A Az
262)3%F 7178 7171 A=A(285)°0A AAFF A1 A
A

* 1L11-ESE2z0ete] 4%, At 75 A2A4262)
I &g 7171 AEPQR7OIA AR Al&atd
FEHAZZA 2

« ZE[R] B, 7B A71E] Al2d289)elM H71E
A FFEY

www.kiha.kr

« opddEF} 11 55A9] A, HA BE ARAQ262)004
AAEES] 39, F7, A2

+ ouEEEsto|E/e] A, A FF AERA(262)0
A HAEZ] AlH 9 AR, o] QEERAAE Y
AARE =M 2

+ HEZGZEEsto|E19] 49, AR F& AX(262)
oA MAFREL] AlF A

« Slo|=ele] A, AR FE ARPQ2062)004 =
(Gain Band Width, GBW), ©|tjo] Al°|E ¢o]
(Media GateWay(MGW) &Y

« IYE 9 7 BUREY AL, AR BEE AXY
(262)0014 71eF AR 9 AREE &3, 24, HA|
= 9 27E Al Az 2 23 A&

« AR A9, AR BE ARAQR62), 54, AlY,
Fofl, Aol 4 718 A 717] A=Y Fg 717] A
(272), &4, A7), TH7] 4 A7] e - 35 - Al
o] A AxA281), A+ H ZFHA| A2AH(284)
59 AxHolA ot Al A&y, A, Ant 7k
T 59 A, ARV H AT, AMI=T|H =
A, MEETAE 2]

« Alg|ErptolEl] 9., A BE ARH(262)004 B
T4, LCD & vty

* Qe 1 3RME9] A, AAE-FAZA262)14
Bola i, A7|AAE F 2, BHeA| S
A4k, BEo)l3 @49 &Y, &F<90-2,4-Ho|&Alof
Hlo|EQIFHH 5ol At (Supplementary Table 2)

St AARAAREEA] A2 23 HA A =Ad
A4 Group 2B HHEE 27159 10%E Z3ot
= WrEAS B, HERZHEL N, N-Hu"opq Eo}
u|E, fofetZotql, 1,4-t&4k g o|AaRd AE,
[-EErIag HdolA|Ho|E, otfEXH|s|E, of
JEEYEY, ogddldl, EHEZSo|lEE2Rs, E5<0
-2,4-tJo]AAloHo|E, 1,1, 1-EF|E22Ye, & &
O BUEkE, IUE 9 O ke, YA a5, o4t
SteebE, QA4S Hhbg, ofAZE, JHEEY Fo|tt
(Supplementary Table 2). 3= HAXAIAEIE=A] A
Z9 23 AA A FALGAFA Group 2BH T
B4 27129 10%5 9= 34 FolidAE 2H
olzjel Ztt.

c UEsEE] A9, 5], W] @ 2] e 3
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Ao} 2] AxAQ28DANA HARE 21, AAF &Y

N,N-tH "ol Eotu|=9] AL A HE AxXY

(262)°l14 YaEF ol &) HAF 2

togteotnle] A9, 7Iet H71%dH] A2 A(289)°A4]

AREE Aurbg 2

1,4-084K] 49, A7k H& A2A((262)°14 OLED

ASA JdF

He o]lad AEMIBK)Y A%, Ax & A=Y

(262)014 AAEET} LEDZ® Q1f, AAE A=

1-HE2RZ230] F9 HARE A 2AQ262)004 A

ARZ(FHE, 17122t wiE e 28, 7Ht 58

) AIF, A8EY

H]d ofAH0|EQ] -, HAFRE AXAQ62)} o=

& 7171 AZJQ71)oA Hteol = g2}, FH |

3 95871+ ¥ 5 &Y

O EL 5| =] %, BeA| AxA(261)°14 LED

Chip #¢

olZdRHEZY] AL, AREE AXA262)°1A

EMC/A+ARIA 2ol A batch 5 A8 2

ogulAle] A HAM E AolE AZA(283)0lA4]

A2 A4 19 9 el 71er A7) Al2A(289)

oA A7|dd Adh, Wi, Al 5 FY

H Eglslo| =277t 49, AARE A2A262)el

A AARE AN AT A

EF4-2,4-tJo] RAJo|o| EQ] A9 HAFE E F

A2 AXAQR63)NA FEAE77] F& F3 &

1,1,1-EZEZER2Heo] 3¢, AXEE AXH(262)

oA SEHESH AlH, A, OLED AJ4k 2

< 9 9 I RISRES] e, IARARA] W A AR
(282014 st viE ], o 47 29 9 8594,
Az, HAAEE A2AQ62)004 g, =24
JHEE 9S4, AAEE g, AFEE 4 Q14
327 g3 2, Ae7], w7 9 A7) §Ek - 35
- Alo] A A28 e F= Gz

« U 359 A9, 71e 71| ARA289)lA A
Y el A gy A

« oiSEIENES] A, HE7], W] 9 A7|HE/5F
/Aol FAAZ Q2810014 7| R A o ol A
==

« QAR HhpES] S, AREE AXAQ62)004 s
ARE @ AxO] MLCC 134 15]-AXVERAL
QA_GHiAIAAHZAY, 94 9 237171 AXA(265)

[

o &
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LAST| Lok AASAEEAZ(2013-2017)2 42z 315

oA ZAEFEASAI(Near Field Communication)
=3

« ofATEZ(bitumens, extracts of steam-refined
and air-refined; steam-refine)?] 4%, AAA &
Aol A2A283)00A4 dAA & Alol&E A& &Y

« ZFEEH Y] Y, AAAE ARFQ262)0014 ZE 4
2hy, AERAAEA 2D (262) 7IBFAAIAH| A 2
(289)9] HAAIE A4

v.o E
1. B MR MYBAZOR LiEH WS
U B wers TR et

Group 2A, Group 2B)ol| dgol= UIEAEC] F
647W(Group 1 2071, Group 2A 1471, Group 2B 30
7Melal, olE LAEHo] AA| SHU4+Y oF 23.25%
o sigstal, k3t o] HWAEE Foll ke 24
o] =&7|%9] 100%E Z3stal QlojA AlgstAl &Y
b7 E a5ttt

o] A+ ZA¥}, 2013~2017¢ T2 HRFAIA oA
g &SP E IAEEFT FAYA+FA Group 1
FEE= 7MY Eo] 49 AHEEE EEE SAYE
B g4 84 257k UA 9 1 3REE, A
AHA Y, FYAEYTO|E), ZELHs|E, HA 9 1
FeRbE, o7taE St EdEERAEH, 7=

B9 0 ohE, gohly, Aslo, BEx, ¥
£ 9 7 SRHE, 1,3-Regel, WA, e s

B Ad, 12-g222n2g AEZER JRU0|E
(strontium-90, fission products)@ & 207{o|c}.

olFoA =&7]F2 100%E ZFol= HUH=EZ, S
L2718 2 26l YELES EYEERE
A, ZFLHS|E, AL, Abs} oddll, S57FR, AL
(A, AYAELUIE), &3F oItk

ol =275 100% 2ol HAELEL 3=
O] HAMAGNA 7 Wol SA4E EAEEES0]oA
7P HidieHA] AREEIL Q= FAYAT4A Group 1
HerEdo] w&7|ek 2skal e AL Hojs1
ATt

£5] EfEEREHe AY HAARE AxRY
(262)°014 AARE AxIGF AZZGoN A Hol A}

ul

www.kiha.kr
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|51 oA, AlF5HA EYEE=0dEd A &4
AHES S9ota, EFEER0Ed AEES ARESH
= ZAo] dQslt} oA EEE=EAS 2013
Aol oF 24537 ARAAolA ARESEAL o, ERE
22 g =&7|&(TLV-TWA) 10ppmZ ZF< ),
Z23-g0] 9F 2.81%0 2ot JTHKim 2019). TH=o]
Ae EZEER0EdY =&7|82 TLV-TWA 50
ppm, TLV-STEL 200 ppml& FA3EHAHE 2016
d 2¢ 17¥0|& TLV-TWA 10 ppm, TLV-STEL 25
ppmE Z3Fetal QUA|TE, Zikgo] "ojX|A| il Sl=
Ago|tHKim 2019). EFEE2209d 20128 =
AFALA0 QA Group 1 HIEARE FHEHU=
o], gt sEAYZAT] o5 EERERE LA
o] AlRte]l FgRlozw ‘FHESE Al FA
(sufficient epidemiological evidence' 7} Uth= &
Aol o8 FF=U. ETEE=oEd At 9
of, 7ty msxIdxrete At FA(imited
evidence)7} 9t H 1131 QJHIARC, 2014)
Rusyn et al.(2014)2 =AAA+A(2014)7 EF
22223 Group 1 YAHEZE F4sk=r 29
St F933%F A4S AA5F Tt Rusyn et al.(2014)
< EZEE20day At AdAdS QXA
FHS SAE AABIL A, 7Hge] gisiAe A
=04 Fwe A7 lvkal Harskal Qi
Lash et al.(2014)= EZ|ZZ 2029 Ay
9ol IRl ¥hgo] doju U= AS B
ofFHA TCEY BT AXHARE EAA = SA7)
=Ho] i, e 348 9 W A7 5old =4
< E33E BAEY A&5Z gEE 4 Uokal Hialst
N
ol EEERgo] A5l R840 B
Fe HA L, FHARClE it A=l AUtk
Elkin et al.(2022)2 EZEZZod# ] AME
o] ZAHAER AAHEE L N7 5N E Fdot
of BAHQ EAPEAE T Uty HUFch
Elkin et al.(2022)2 EZEZ 2] thAriEEo]
NEZRE7FAE A= ATETE Easiainh
ZELH S| =9 A HAMIFOA] BHEA] P AR}
F AxYolA AH27BARZTHNA AREE=H],
o] AtolAE ZELH S| =} JAMI 27| AR 374
oAl HoJAREE L QUL o] TFo|A kET|E0] 2
=3 At A5 2 7|3 Printed Circuit Board,

=2

www.kiha.kr

}

ol

PCB) A|Z378°N14 ZEFLH3| ARG
H, ‘PCB7I®O] & #Y 5w fIgt
SYHSIEE AYste] AFAIEH| FF
of A7 BotA s s ZELTIS|IEE ARESL
ATHKOSHA 2008). BHeA] AlzAddt AAEEAZY
o] HerE ZEUYS|E9] AREo] F7tstal Ut
SHito] g AR, E9] WA Alxgo] WsHH
Al ARgo] Sl =T, AR HHEA] ZAolA o]
o A& E, AMgo] SHEIL Q). §F & Tkl
20229 59¥ A ofg= 7RI EA ] BHEAE- i
PAFATAS Fint “HE ARSI REeAlY] 5
o w} QteA| FolA] olH Ao ARgER= 1L
&= 9] =971 =39 Nongmin News. 2022.5.2.
£ o|folA FAEA Aol SHistal Q= Aol
245779 A%, a47F50] S7KeHAA 257
£9] ARgo| &5l tHPark et al., 2016). E3] gt
oA ‘HFE S} A|A o) (Computerized Numerical
Control, CNC)71%5°] SHIHA, A A2AE =
SRt HAMEFONA HFE vlo|A 2 Z2AAE WAL
2] Alo] T2 71AE E8oto] FEEE i P4ilo] F
stHA S57H72] ARgol SHistal Sl
FE7FF9 It 71AE B, 84 7Rl
71E = FRAAR] obdAtd =84 =5 7HRol
A EgE HAS Alofsr| s H7tE= oNIFTE &
EAlo e =4Q YERAORIFE AdstdA] o
Qo] WAYSITE. FharollA] ofdlFel oA o] ERkA|
A W3E 5777 ods] AREE ot E9]
“N-nitrosodiethanolamine(NDELA)9] %7} 1~10
mg/L o=l ottt §57H 7 o5 dF #
E53 = Ao] EAloltiYang et al., 20006).
THAKSilica)e] A5 T AAAAS HIESE tefgt
Aol A ARgRFo] A Frbstal Qlth. Es] AR
HeA D AR Y AR A2 Hlo]H(silicon
wafer)o] &o] AMEEIL JYHChoi, 2012). £3] 2
A AbdollA A &2 Y AR EY AREE
71&91 38k 71A14 Helsd(chemical mechanical
planarization CMP)382 584 dA}, 35t A7HA]
4 315}t 7|AH o R AAH ItES ook B2 &
9] H71&E /g5t EAI7E HaL Stk o] 3k 7]
AA Herepado] dAF vl Foll sh=R AbshHfa
(Si0)7F AFE-E2 tHDumitrescu et al., 2018).
o] AofA AARFESHAEE 24T A, &Y

rlr
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W
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%
[
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obs TIRRUOIM XUSAZYE Soff IofE YYSESE =2 5

riek

N\

HSE TAGATLL HAELY] tFEo] &7
9 100%E 2IsHAl= Yzt =579 10~
99%7HA] Z78 == 7497t ol o], ol =&71E9
HIZ olfof|lx A== LeEdo] disiAz QA
SAEE 5k 52 S35, AA0) Et=H F3
=5 wofsia UerEAe IS sfokkith

S AARARAONA 13 EEE L] S4Fo] 27|
=9 10%E 2ste IAEEE2 1.2-HERRLRE
, AL 1,3-FEl, Hla D O BUegkE, WiE

9 7 3gkE, o7taE IRkE, 7w 2 11 3Rt

, SEIEHR] g, AR} ofddl, dgHld, EYE
22ogdl, ZELH5|E, 2575w U8 ¥ 11 g}
otE, TAHAY, AYAESTO|E), A HEX, &
A& SoltKSupplementary Table 2).

A 2013~201790] ZFeHE S A =04 BHe
A Az sollA vEH0.25~10 ppb) S%°] =il Q)
=4, o] 2008~2010W Ale]o= H|=3F 9K0.31
ppb)ol &€ Aol oA (Kim et al., 2011) ¥=
A AzHolA HiAlo] n|gFo] A9t A& 02 LeEE Il
A= AL HoF Qlrh. BE=A] A|xGoA diFlo]
5449 A9= T 2ol BoloA e vt A FH A
9ol 371% WA 5%7t 0.7~1.7 ppbZ A ATt
(Chiu et al., 2005). ¥IF2 WEy 5 FHGZ G
A7l 78 38 A== duFr] ool AR
4 AxE AW FAsf ot

o] A+ Ay, AA| HAARIANA AFSHH =2
Zo|A FAGAFA Group 2A UIELL 14712
7V @o] 2AH HiE407 H FYE 9 7 5]
SiiE, FEAR, e 9 I 3kkE, dEEEYd
(cldstgd), AgE, gyExgos, 1,1,1-Ed
S=E0¢, slojtgkzl, AgjEriiols, HEHER
2olgR(HE220gd), ofm o s, opddxt 1
A, olYEE=EsiolEd, 2,3-9FA-1-ZEEE
(glycidol) Golt}. olFolA k&7]&S 100% Z3}of
= YIELAES tEEayd, EHGZSE2EH(H
22094, ILE 9 I FVeRIE0|t

ZE22Hee] AL HAAIE AlFx HAzdo
A 27)Es A 23T Qg fEEEHEe]
& UAEHo|AT, FAATFAl SA AFTE = Stk
2022 39Y JQHAA AXAF BEAEH AFAAollA
Az F2AFF =it 19o] Adxy JFE H&

zrrgo] FHFTFE] AR AREIZE . HER

N

o o e

W
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HIolSxiag| Hioh XISIAZRXMKIZ(2013-2017)2 Aoz 317

2ogte] e27]&(TWA)°| 50 ppm<lH] H]sf o] Al
2 YH 5k 3,468 ppm(SA] A7l S 1A=
5%:2,300 ppm)O|AtHMinistry of Employment
and Labor 2022).

F71943518NE0] 4R HESZERREHAS E
ZEE22EAT FASHA Aol A |FAAA Al
L, BIEA AR A8 oE 2 AQE =R
AREDL Ql=dl, =E71EE 236k Sl Aol
FYEE= AR A9 4Rl & ol ARE Tt
o= ARSEL Qo FLEQ] Aol ofzgt g
o2 A9 I+ Ut © AREEL Ut

F ol AA= AHRFH, AX AE, 7=t 59 AL
&5 & ofyd}, sfo|BHE &AL, A7) AsAt 5 v
#f 71e9 F YR E8EI 9loj(Dae Myung
Chemical. 2022), ZHE] gt =&g7F E ALY
FH7P} o]FoixoF & Aot

o] A+ A3}, HA HAAIANA 7 wWo] 3=
SADATA Group 2B HUHEAES 3072 @ ¥
1 F713REE, ol4tet HERNgE, HollekZortl, YA, 4
ARSIQIEIR, 712 &9, 1-BEE2 R I 23 toEkgolyl,
EF<0 fo]iAJold|o]E, 1,4-t&AE Foltt. o]F
A 2E7]EE 100% 2ok HIELES 9, N,
N-tH ot Eotu|E, 1-HEHIgy JE=IXE
ol

oA AXANGOA HH FEAA] 5 Foll kE
o] o= A2 wj$ & IHAI FhrollA] JAl A
AHEAEONA HHAY 5ol thgh AR B Ae vt
ZQ35ltLabotoday News 2020.11.26.):

1-BEERE=go) A tpolgdyd, 7] g4,
AR 9 G4 27d ARGolA dEtE]l A= AREE
1 QJtk Ha et al.(2020)°] &43F e=9] 20144 2
AP A RARR}; 20179 AP E S Aol = gt
IELEFH =E7]FQ 25 ppmE Zol= AlEe §
oy Byskyl QJOtkHa et al., 2020), ©] 7= gt
=9] 2013~2017¢ AJSAHSHE% AAE ZHo}
I QlojA HARREARYCNA AR Al&2Ed oA
587|¢0] 2= s AL HoFa ok

AR =] AL AN AREE L Sl SFekEA Tt
FEAEY 7= olv] 9] AR B A 5
e AASHEEH W folidA H186A1F #
) GrAPAEAH AIE R 21)'Y i (&
1907], =2 207)E XA da ot

i r|r

ol

Y%
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A0 &5l REEA] AR A9t Hret
T, 3 27 i sEEAIARGolA S 428, 432719
S}skE4(chemical products)o] AMEEAL L 1 &
oA 47702k 28717F A=EEE EF7F HA o
BaEA (Kim et al., 2018). T3t g9 9 11
7N SrEAA 2 GONA 210709] SfeEdo] AREEAL Q)
ot H3EtHYoon et al., 2020). 18y}, oAz}
Al =0l AA| A, = ARGl BIEA] A=
A2 THoA FEd AR IEd = ERAR
A= 2APE APER] x5t Q= Aot

HHeA] AxA9 sekad =E2AHA o EA7L
HI Qe A2 FYEUEZ0] 30% ©]/de] Eof o]

AL EZEY] 45 B4 HEx ¢7] o
2Rl Aotk ¥ A A= t=ee] kEdES AF
Sh= ZA0E AR A2 PR HH
101 Aeet giekEdo disix= d=Xl v A9
GPHKim et al., 2018). Kim et al.(2018)9] A%,
5}sh=4(chemical products) 2F 40%(A342] 35
43%, B3 A 39%)7F ddud=Edo|dt. &
5] ZEZE1 T (photolithography) 3ol AH&-H
St AA e 21%A), 26%(B)H L
o] ¥ 97% ol/do] ¥UHE A&o] aH s
o]ATHKim et al., 2018). RI=A] Ax Gl FLH]
YEAES0] 40% old= AASHAL UTh= QU= ARE-
= sehEdo] gt HgE 245 metstr] ofy
o= S 9uldtth. Yoon et al.(2020)9] F9-oll+=
2E 3RMEAY 9F 33%(16-36%)014 Fhv|U=EZE
ot o] FURLEAEY YFES ZEZELT
1|(photolithography) &80l AR&-= At

S A ARG Z3E ARG AR E =
EAE2 QA9 S BIRS A3 AFEE 7
sty B3 =1 9tk Kim et al.(2013)2 HEEA] AY
Aol W& A% fal/gdol g Ik 1 Ayt s
A7l GZF(NHL), HEY, 5L, 5ol gk 2
T3t ol HEE AT Byskal Atk (Kim et al.,
2013). Park et al.(2019)2 §=F Z2EA|FH (Korea
Workers' Compensation and Welfare Service,
KWCWS)oll 73t & 5599 o Ev= AL v
A =E5AE FollA WEH149), 749H109 ZAgho]
HOH6W), ABEFIRE(6D), HSAHEZZ(4TE)
5= BT Son et al.(2017)2 AFAAGIZ 521
H 189 5 169 A= 25 A o= fuet

PO}

S oo o it

%
ot

www.kiha.kr

(3), HI3: =9 dFHT MRS, IS HI
O ZE), HFYP), HIB: vlaAEZHd, &Y 71
A B 19 &9 obd AE, H9), S44S99
dH(2), T E5 TEay wWEH, ISR, HE
H, PIHES, Al FEF(FES), dAaoltt (Son
et al.,, 2018). Lin et al.(2013)2 1980W¥} 19944
Atololl tfgt 871 WH=A| Al FRFE @A F=A
5(6,834%) T4 F4l A F & 5% 18H 3
2R AolA AHA o odds ratio: 3.26,
95% CI 1.12-9.44)7} A%} o]AKOR: 4.15, 95% CI
1.08-15.95)2.2 APy fJ3o] S7H3ltta gt

Ladou & Bailar(2013)+= WH=A] & A|lzo] @2 A
A4y SAEdo] AREIL Qlal, AT
A2t HugiA gL HA Thsd f9E ZEFHo
2 Aolslr] At FHAR o} A= o] FHAA] gL
ATk -2stal Qi

T Aol A= BFeEde] ARgol S7ete] w
2 22 sterEdo] st QlojA MEA 5785
= 3= it APEeEH7 E Hel: Ha
sttt gt A2 MRG0 AP EAGA](liquid crystal
displays, LCD)AFE712 ARSIOlE F4]9] AJAREEO]
7kt =t o] 1ol H T HE T
o] Qltf= ®EilEo] Itk(Nakano et al., 2019; Tsao
et al., 2020). Nakano et al.(2019)2 <l&(indium)
L2 He] A 7hsAdS EASITKSIR:
1.89(95%CI 0.52-6.88)). Tsao et al(2020)2 Ats}t
FrlE(aluminum oxide) 2 & AMEE2EAE(sandblasting)
£ 319 ITO #9H(ITO thin-film) AJAF 71419 A4
245 AASH= MEETAE(sandblasters) = 5AS
o] ¥ &2 QEol &5 gloH, #H 7|53 HRCT
A7o] ¢ YHo:= A BTEHSUHTsao et al.,
2020).

Ao A ASET Y BE Wt B o
A2 SAsHs Bl w22 BAs et 2t
#Ql 2] o]sojxokict, BEA AxUS E3e
o HAAIIOIA AMgo] F7HstT Sl FsREe] T
3 AR, AR YR ATE 5L 9% Ak
QPARARAA} Theisolok Tt ¥ @A 3t

St ARG = ARl SHEE HE LB
A =7HER1 Aol A e AR wefeka, ¢
H=2ARE AASH] HAEE a3 WESIere
A< HsloF & Ao,
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o] A= Th=ro] AR A A SH A= (2013
2017)& &5iA =AL7|FHIARC) LeE=4Tt 5187
=2 U= EUEdES Helsto] AlgsHA HEsiorsdt
RS molet A2 997t lvka 2ot I8y, g
9] AAAF=GA7(2013-2017)9HS EHREZ AL
S ], =9 ARAQPHE AN - AE FATA
=4 g4 FalQIAF (H186FA1d #el) AHderAr
A Algt2] [E3 21]) o FAIH ol AREEQ1 Y
A2 EZSHA] ot Sl AR sl 2
ol A A1 AFAQPARE Ae]of & AlgHdo] WAy
o & Ak

o] AT yehd =9 ArdbAE Ao ©
1= AFSAHSFAEY A= Etﬂ X’H /?_}
AFAE A A 8% AT EEZTY A |9
AN8oxANT =) ( FAQPHE A AJg8413] [‘ﬁjﬂ:
217 SAF R Fld =@ FAdAT A
F=4)o] A ZFER Eotal Q= Zolth. A
TAGATLANA FHTE Group 1 EIEZL wid
1 A7 Eolval s FAIRIE @A =9 4k
AR o]gt FAH 55L& BHPSHA] Kot
I Ut g AP E A O] eSS EEE
o] 190702 @A AtolA AREstAL Sl IEdE
Hoh O 71 84 HolA AdES HE O £
mef7EA] 5kl Qltt £9] o] A A A4
A TRskal Qe dEZEol 2022¥9 @A IARC
Group 1 12271, 2A 9371, 2B 31978 <Id|, 2=<]
AASASANGEE2 1 571 olo= A H|]A]|
ok= 190710]a 11 FollA FAIdAF+A7E g
HRoEZo] F9 IARC Groupl 207K, 2A 147K, 2B
302 F 64710 Edstr] wiZeol, dA AAESA
Ar2e AolA 38 Ad0] As M= e
A5Z 25 28T 5 glojA, ¥d=d ] gt e
7F A= o]FofX|A] & 7FsAdol U= Kol
At

AF7HA] A HAEHo] gt =28 EH, A
OlAELA9] Loomis et al.(2018)2 TARCOA +43H
17 A=A FollA 2004¥90 287HFE Aol 2017
doll= 47712 &7ty R 1K Loomis et al.,
2018). Loomis et al.(2018) ‘m]=olA] <k 8000074

0|
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ol 3letE4do] EEEo] YA QLEA] A2 Fi(a
small fraction)ol A%t 2FsHE2 9] Hel/do] H7h=
Q¥ 11 B 313 Wilson & Schwarzman(2009)2] 9+
£ Q&stdA sehEde] W dBt 88 At
sk 9lc}.

CAREX+= fHoA EdEHY &9 AT
Z7¢ A=2<ld], ©] CAREXE 19959 IARC ZYE
AZ 7102 139709 =4S =obotal Q=T

o= IAYATAUARC, 19959 2E Group 13
Group 2A ¥E43 AE Group 2B HYEAS X
St Kauppinen et al., 1998; Kauppinen et al.,
2000). CAREX©IA= 19999 FAl IARC IFEH
(Group 1, 2A, 2B) S°lA FHolA 7Pg Eol AME-E]
= YEdES YEH

Y=o A= Cherrie et al.(2007)°] CAREX A5}
HES o8t FAIUATAL Group 13 2A9] Sf
Fote EAEES 6471 T, T FollA 3071
E4E0 tiof Aol =&2AGE FAAK Cherrie
et al., 2007)

Siemiatycki et al.(2004)2> = AUAT4 Monographs
7S g835ko] 28719 Group l(definite) 4,
27719] Group 2A(probable) ¥IF=4, 113719] Group
2B(possible) HAELS 3 %Vé HAEAR AR
(Supplementary Table 3).

Shtol 4] 11%538] S5(Koh et al, 2021)% CAREX
ATHHES ol&sto] 20709 IAEES A7Fsto
AAA} 2015 A PHKoh et al., 2021).

2 dAolM= AF7HA] TARC Group 1 HHEZ
1227 FollA Aol ool eE== Ao=E JEEI
A= AAA FIEZE(Loomis et al.(2018)2 4771,
Cherrie et al.(2007)2 307}, Siemiatycki et al.
(2004)2 287l, Kauppinen et al.(2000)2 3871
Abat §H=9] AMARPAREAMoA T FATHH
274 A FolJIRHAI1862A11 TP EA
A2 [EE 21119070 FollA4 IARC Group 1
HRFEA 20708 H])woFRtHSupplementary Table 3).

o] AP E AR ONA AT A A ES o
A TR (A1862A118 TR)(AHAMFE A Al
72 [EE 21]) o= IARCOIA 3T ALELE, &
| 2448 TdEHo] ¥ F7h=|ojof gt
A HIZ FEsh= H =sAEel tig A7t 5
F2Q1 JTZ sttt 197195 ¥ 201797FA] T1ARC

ol
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