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4R AraghlaCeE7]E 0.005 ppm) A4 HEHA S35 CLEAN 34N E 2 eE7
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UAGZ7E 1 mg/n), F4&EE7]1E 2 mg/m), 7E(==7]F 1 mg/n), &(=%7]%F 0.1 mg/m)
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37120 10%E sk 33 9 S
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3AA 7P wekar, PHOTO(Ew 2.20 uT, i 7.24 ul), CVD(E+ 117 uT, Hth 517 uD),
ETCH®E 0.68 uT, Hdi 6.22 uT), CLEANCE+ 0.61 uT, i 2.64 uT), METAL(E+ 0.49 uT, i
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Mold(® + 0.08 uT, o 151 uD <=olH, ol 7t& FA 3 vl gl

o

o doiE o v 9.

ot A 72 Linedl e & 15749 AdxE HrhE Aetde. WETEHZ 087 uT, i 280
ul) 4ol 7 =33 REWORKGE+ 0.58 uT, o 152 uT), CFEH+ 0.26 uT, Hdi 2.90 uD),
PHOTO(E+ 0.25 uT, o 1.78 uT), CVD(FE+ 0.25 uT, Hoi 2.30 uT), DRY(H+ 0.23 uT, FHoj 3.42
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TAL WAL e T Vs He w giiHon ¥ FAYL.
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uT), PHOTO(Ew 0.4 uT, #Hth 049 uT), METAL(E< 0.19 uT, Hth 0.28 uT), CVDEE+ 0.18 uT,
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1.04 uT), WETEE < 0.02 uT, o 0.08 uT) ol
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1L a7 23 A4 2 4% ¥
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O &9 AAMol= Embase, The Cochrane Library, Pubmed % RISS, KoreaMed, NDSL, Kmbase 52| ©|©]

Ejo] =& o] &53laL, Aol AHER 7|9 Ee tedt 2w

- ¢ AHA 7)19l=: semiconductor and (occupational disease or cancer or neoplasm) &

l

semiconductor and cancer = semiconductor and occupational disease ¥+ semiconductor and
neoplasm ©J$la 54 H9 ¢S 93] Leukemia, Non-Hodgkin lymphoma, breast, Brain 7] =
F7+e

- A4 A2 7]19)E: semiconductor and (occupational disease) and Spontaneous abortion &

semiconductor and Spontaneous abortion < A}&-3k

2 8 A4 I

O & AAMA gRle 32 L7TTUINE, o] F ofgle] &4 Y 9 wjA7|E3 850l oA
15709 £42 A% vey thdoR H3sae.
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E 2 &3 A9 2 fAr)E

TE W&

o WIEA] CRAE PR 3 AT

Auz o Y =& RIEA AT & BA, & A AT 52 Ak AT
o G5 HE 7]'&"% g AT T ZIEATO SA-tzTAT
o EFSHAFEHISMR), & ‘%"gﬁl(SIR) 2ZH|(OR), HIR$I=RRE AAT =&
o QAT Y AL 0}
o YUA7} ofd AT (FA, letter, comment), =4 BlGEY A% Alx 9
FEAY AT, AP A, vkeA 24 7]eS o] 83 Al AT,
v A 7| —E—fﬂié?‘i—?

1,771 relevant studies by search
strategy database searching

1,658 studies excluded basad on
o raview of title or abstract

v

113 potentially relevant studies 5 additional studies identified through
identified for further review other sources

118 studies reviewead 46: Duplicate studies

12: Letters or reviews type

2: Mot abservational studies
7: Incompleted siudies

14: Mot relevant studies
15 studies included in meta-analysis 6: Not epidemiological studies

_|2: Published in Japanese language

6: Did not report health effect of semiconductor worker
4: Exposure assessment studies

4: Used same daia as another included study

4: Cancer incidence studies

: Cancer deaths studies

: SAB Iincidence studies

: Leukemia incidencea studies

: Leukemia deaths studies

: NHL incidence studies

: NHL deaths studies

: Brain cancer incidence studies
: Brain cancer deaths studies

: Breast cancer incidence studies
: Breast cancer deaths siudies

NEBABLADOOOOD
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2. WlEREY Wl

O "WEHEA S 98t HF ARE 157 28-S o2 AR, 2RAE, A7AY, A7t 9 2=27]

7 22T 9 budd, #837], TFSAPIEMR, standardized mortality ratio), EFESHEAYH|
(SIR, standardized incidence ratio), ©ZHI(OR, odds ratio), IR EERR, relative risk), ¢IslivI(HR,
hazard ratio) 53 95% A& 73& FE319-

FEARE HRoE, 22 oF Fol &l L SATES AN £30] H4 29 ol AT A
%, Random effects model & Z4%ke] QFFAZFS AEsIA=. THoF EE:3APY] (52 8P
AuDe] 95% AlEFzto] EHANA AANEA 2 g, obd e HE3ste] 95% AF T AFES)
of WEREA O Zg st

CE 3 BEBAGE, FEIHLPN %% VHT7L 4E B

SMR or SIR

% Cl= +
9% CI=SMR or SR + 1.96 ( vV number of observed deaths or incidence

2 A= SAgel sdsite Aol AAZ THEI vekEAe AVt HE=, 7 SAHRY

2)
A4S A f18lA o9l Higgin® s I statistics 713} Cochran Q statistics 4 &2]< ©]

<& 4 Higgin’ s I* statistics 173} Cochran Q statistics A7 &4}

@=Cochran Q statistics

0= 3 Wyi= e 1A, Ve WA Arel e
= =T

I’=Higgin’ s I* statistics

g 110t oI ABAR AR ARE

wiof 7 Ao SAgk] AT Aol aoleEAne A oA, A7 HA 2L Pyel
Aol So2 U B BE AR MERLA S o AEEAcINY SAES BPsTe

27 9 49, AT A, A7 Aol td FHEAL AN
e AT AL B HoHH % 9% ¥

olg3te] 7t Edel A WIS ABT.

O vWlEHEAM S 913t BAIZZ I o 2% Stata SE version 14 AZEYAE o] &5, AA A7} of

_53_



U E9E A7He gHoR S B AT S4¥ EAT & b Ewuololze] g
o
i=

AAA BATE 2 UEEAS o) BAZA =gl Hojgtdl ok MY, MEANYLE, HEY:
LR WA AV D AARFA] Ao o 242 shte] FRRoKES HEAAL 5
EAH0R fofsA @A, oAy, FBulolols Fol gAY, we el AT

QB ol g, WA WA Aol FASE Ak A7) AW 7+ B4l el Aspyel ek
9 & glole. o] AT, A4 wEAl Aglelne] 2RA 2BE TEe| FaHe AN

WA B WY D AARAE 5 Aol 5 Aole] el tE Bt

L Hi=A 2229 o 24 2 A A"

WA 22Ahe) HAUN ob), M, WA PEE (NHL
A8 A 9IS B A1 B os) A 2daE 3
=4 oe) WA % ABES YUk AFABUL UekS. T HEHEAe

o 31;
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), 47) A o 2 x
IR ATE T oldAel B, M Fol ¥ ATETH AT RIE AT FhetRAe
A #EE A3t SAFCE fFoskA got (Table not shown), =&to] il Ql& AFpAdel dig 2
2o U £ agts.
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<E 5 iRITAD d¥] i=AZ=2Ae & AT Al dig Wekgy as:
B 2F31EAn CR), EZSAMEH MRS} o144 (> p-value)

P-value
Nadl | TR Feo | o

Cancer Incidence

Total 5 0.89 (0.82-0.95) 70.6 0.009

Male 3 0.98 (0.78-1.23) 66.8 0.049

Female 3 0.94 (0.86-1.03) 0 0.498
Cancer Death

Total 6 0.71 (0.64-0.79) 73.3 0.002

Male 4 0.56 (0.33-0.95) 83.0 0.001

Female 4 0.77 (0.63-0.94) 20.7 0.286
Leukemia Incidence

Total 5 0.89 (0.73-1.08) 0 0.545

Male 3 0.76 (0.44-1.32) 0 0.397

Female 4 1.17 (0.75-1.84) 0 0.971
Leukemia Death

Total 4 0.84 (0.71-0.99) 0 0.926

Male 3 1.13 (0.34-3.78) 57.3 0.096

Female 3 1.26 (0.62-2.57) 0 0.832
Non-Hodgkin Lymphoma Incidence

Total 4 0.94 (0.80-1.11) 0 0.781

Male 2 0.89 (0.53-1.48) 0 0.831

Female 2 1.73 (0.86-3.49) 46.0 0.173
Non-Hodgkin Lymphoma Death

Total 3 0.96 (0.66-1.39) 66.6 0.050

Male 1 1.33 (0.43-3.09) - -

Female 1 2.50 (0.68-6.40) - -
Multiple Myeloma Incidence

Total 3 0.95 (0.67-1.34) 0 0.743

Male 1 2.13 (NA) - -

Female 1 0.95 (0.11-3.42) - -
Multiple Myeloma Death

Total 2 0.83 (0.48-1.45) 62.4 0.103
Brain Tumor Incidence

Total 4 0.91 (0.69-1.19) 0 0.907

Male 2 1.55 (0.85-2.83) 0 0.533

Female 2 0.43 (0.11-1.75) 0 0.499
Brain Tumor Death

Total 4 1.07 (0.91-1.26) 0 0.910

Male 1 0.92 (0.25-2.35) - -

Female 2 0.81 (0.25-2.66) 0 0.463
Female Breast Cancer Incidence 5 0.99 (0.87-1.13) 35.0 0.188
Female Breast Cancer Death 5 0.88 (0.74-1.05) 23.8 0.263

WE A7 AR

EAANMOCZ GOJ5tK] 49Fe (p>0.05 in both the Begg and Egger test)

I ¢} CochranQ test= o
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2. MI=EA 2R A4 A3

1980-19931d Ate] WEZ=A AMFA oA TS S2AE oz 3 A4t g AFE wEREY
g+ A3, FAB 34 2Fgo] gle ZE2AHANTZ] T supervisor?l A4HaDe) wls| A FAB 34
ZEA] AAAE Y1go] 1299 (summary RR=1.29, 95% Cl 1.05-157% ¢kt A #EEHAS.

ey Ak #Hgo] gt Hols XE FAL A o] 1.388) (summary RR=1.3,

95% CI L10-1L739= F7k=o] SdAaL, SBdEr} dALSFS TEFH S22 A 74k Yol
=0l 7]5% Hb, 1999l A EE At AP #dAde #EEA S ol =
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A2 QA EAZE dE AFH FlEZ2 EGE (Ethylene Glycol Ether) =3 AFAf4F 71e] A
AL FelshtAl BEHA &ty F=H = E40] 4k T, vigo|al A 9Eg £ 7

w3k 47
&4 EGE §) =&°] Yt olYZdE - =HE - v ﬂr%oﬂ/‘i 237 1}03 2 A9

o] WEHEA ] AFuldA= 198019938 ZHAR, AAEE AA St TR & ZEAE &
F37o] A3 th2y AME 22 AAE th2r] wid, 94 224 =
A7 QS 3k A} stol|A] AAFA 5 A2 BEAFS
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<& 6> BEATEAS] AQF4E A9 HeERE4 23 non-FAB o) tj3 FAB 224 31 vl

Summary Heterogeneity Pubgiczlzistion
In each study RR (95% CI) > |p value| p value | p value

(%) CMH Begg | Egger

Among female workers (FAB 2A}e} H|FAB 24} 8|1)
Studies for workers during 1980-1993 (N=6)
AT EHL 4 (Pastides 1988; Correa, 1996; _

Beaumont, 1995; Eskenazi 1995) 1.29 (1.05-1.57) 14.1 0.32 0.13 0.08
SR 2 A 28 (Shusterman,1993, Elliott, 1999)
A study with enrollment >2016 (N=1) (Kim et al., 2017) - HEFEA A A<
Among wives of male semiconductor employees during 1980-1993
(FAB Z-2X}9} H[FAB L2ART H]ul)

Studies for workers (N=2) ~

JSEAT 2W (Pastides 1988; Correa, 1996) 0.94 (0.64-1.36) 0 0.33

Photolithography work (N=2) _ _ _
F35EQISL 2 (Pastides 1988; Correa. 1996) 0.92 (0.63-1.35) 0 0.34

Z O[O A (publication bias) A&-2 Begg and Egger testS O|83l0] AN E
I” & Cochran Q testi= TIEFEAS o] g-5to] S3 @0}t (Summary RR (95% CI)& Ar&sh7] s g 71&
b ol el gt HIF AlmQ.

5

Mo
il

E T AEAZZAY AAFE AT B A Az v g U 2 3H 254 3L
So) 388 x2d U 4242 Y

Heterogeneity PUbEi%asﬁon
. Summary
Included studies RR (95% CI) 12 p P b value
(%) value | value e
CMH | Begg

By specific work task or chemicals among female workers during 1980-1993
Photogthogrqap()hy work (N=6)
IS EHL 41 (Pastides 1988: Correa, 1996: _

Beaumont, 1995; Eskenazi 1995), 1.38 (1.10-1.73) 0 044 1 006 | 0043
SR 2 A L 28 (Shusterman,1993, Elliott, 1999)
Etching work during (N=4)

IS EHL 28 (Beaumont,1995; Eskenazi 1995), 1.28 (0.77-2.15) 48.1 0.12 0.31 0.03
At AL 28 (Shusterman, 1993, Elliott, 1999)

Masking (photolithography+ething) work (N=4)
A3 EAL 2 (Beaumont,1995: Eskenazi 1995), 1.12 (0.69-1.80) 60.3 0.06 0.31 0.01
SR 2 A 28 (Shusterman,1993, Elliott, 1999)

Dopants (diffusion) /Thin film (deposition)
work (N=5)

TS ENL 35 (Pastides 1988; Correa, 1996; Eskenazi|1.38 (1.01-1.90) 0 0.86 0.81 0.86
19953, SHA- A2 AT 28 (Shusterman, 1993, Elliott,
1999

Exposed to EGE (ethylen glycol ester) (N 4) X
FSEHAL 21 (Eskenazi 1995; Correa, 1996'* 1.43 (0.95-2.16) 53.5 0.09 0.09 0.15
SHA}- E}L_—}ﬁ? 29 (Shusterman,1993, Elliott, 1999)

Exposed to Fluorides (N=2)
A EHL 18 (Eskenazi 1995), 1.20 (0.73-1.96) 0 0.70
SA-g A2 1 (Elliott, 1999)

ZIHEO|O{A (publication bias) 82 Begg and Egger testS 0|83t0] A E
1> @} Cochran Q test= HEFZM S 0]8310] 88227t (Summary RR (95% C)S AtEsH7| Qo ZtEl 7|&E B2HE
Zt ol2dof et B X[ &Y.
1. EGE =& 28 7|Z low, medium, highZ dILt2 29t Ztg =& ko2 MRS [j2] Summary RR
2. EGE =& =/ 7|& medium, highE StLtZ 294 8 =& U422 MRS T2l Summary RR
(RR, 1.57; 95% Cl, 1.03-2.41, I = 472, P value CMH = 0.13)
3. EGE =& 28 7IZ highS =& o2 A2 12| Summary RR (RR, 1.58; 95% Cl, 087-284, I° = 576, P value CMH = 0.07)
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T Ay a4y A7)
17 My %f—% O TS, g4 = 104 )
70| PAASIT, AN EFAANE, S
2_‘;_1. l;]%oo‘t QZ! ——?—* 10@ IH
LRty B2 £ 10d W
AA = o Ha B ]y
[ZHAITH 28 -Hﬁ-? T )
, N A% AFZ Add (TH9AD
A 718, aoled
o] ol s
- (3] A2 3]
T oaAsE, AdAsE 2932848
gz & 549 4
HAUSolSS, £S5, 28y, ST4YLA AT,
A EhtEx 2 B F8LE, 371EN, TokR ok
[3]AY]
Nl gx 5 1049 4
HRTAEHEE, SAF FHESY T4, w2 T
O ol& {3 Ed4A He U3} 2
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faol B i HHEL 5% 1% Bxsted, FAoA WY ATHE Aix HY HHE ARE=

Aol BT AR AZHM, 53] Ao B Hgo] BEHY L, Aol HFo|A o}PA

2 &0] 55%2 =7 BAEo] o5l U stol=Eil e AlFe] Wad Ao ARH.

<{F 20> vt=A] 2R A5

ol=z}E S| H y
R A i R U R
o =" 71&%] 7|3 ELE- N
% % % % % % % % P
A B AlgH 43 33 30 48 41 42 52 45 0.91
0o wWe] We (<105 29 33 23 28 27 24 36 36 0.49
Axg ! 48 13 42 39 27 59 55 74 <0.01
olxl AAl > 53] 39 17 21 27 19 31 30 55 <0.01
o ofR] AA 11 4 0 10 9 12 16 23 0.04
AAg(o]) ! 60 17 48 83 74 <0.01
ol RIAA(0o]) > 53] 42 8 29 50 55 <0.01
g opRl A(o) 16 0 0 50 23 <0.01
ArNE() ! 57 92 64 61 73 41 50 0.97
ORIAA(Y) > = 53] 25 25 14 27 19 31 26 0.10
i opd ZAl(d) 10 8 10 9 12 11 0.15
a9t
otyl &% 37 75 16 46 64 36 39 11 <0.01
27 &2 3] &uf 16 8 9 11 28 18 25 11 0.83
Z13] ol H3e
3}el 58 83 74 52 50 49 59 51 0.04
TA() 54 75 64 52 50 49 55 0.91
(o) 67 92 86 83 51 <0.01
o] 84 92 88 87 73 92 75 74 0.06
XX} 59 63 51 63 41 66 52 66 0.15
A 31 38 42 30 23 36 20 28 0.35
mx} 5 4 2 11 7 5 0.86
3B /A E 9] K] 7 4 2 15 9 9 0.73
)71 36 46 28 40 14 44 30 38 0.17
2t 59 50 47 73 50 54 73 53 0.09
ahe(d) 62 67 41 73 50 54 74 0.04
2}H() 51 33 52 67 53 0.89
Lo 22 8 19 34 14 25 21 15 0.20
g Ad3e
o] A7|x] 24 0 40 31 9 10 16 20 <0.02
Ea7|n] 32 71 28 19 14 26 23 63 <0.01
=R} 3 4 2 6 0 2 2 2 0.88
o =0 7im] 5 13 2 2 0 3 16 2 0.07
7F A0] 80| 0%Q1 Hee ol e 7l Ftor £AS
L. 37 & 7 32 270t ARt
O 948 + €74 T4 &5 24AHE, 433 €4, 3¢ €457, €49 A&E71HE 13N
i, A7) 3 S AR ASHEE F3 AfolE Hole 5 §ls. 2010-2012Y9 1A G d=
Arel 20151 [ 24He 9 71 R EA] A RAM o419 vls=g d5die] A} vlwstd<s
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O [H7F 34 I AZALEY AlHel wet O o] 2YEHE 3AY =37l e Hla, @ #A
=E7Fsdel e 22 WAl B TCE, @ ol 2YEHE sA4F wEA] AAllA o] 8HA = W
AL, @ B ARQERA 2ol tigk AAAE A )l HegEEY s, O o udedd 5 A4
HATAMARC A A S AAZE vloj 2 gl vhegfols A8 5.
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29 | AAX=® AR HY ZAEE & 7|9 A g W AE A5
Qu~ 7j¥e o|gsle] we fo CjAbEo EY
ALERYE 17 3] Aol igt A Al &
> 250 AT oA Balsjo] 2lon], AU LFR|, a0 ms 95 do AR(E
Il IAyst A7t Auto] ojsl 2 AB2stA H =25 Wo|AY T(EO;)T = rEte
ARH o 2L A 9ol 0] 50 ElaiE oddg E
g 3 9lgol AotE| 1 9lg. ¥ QoML EReYAs
olgsto] AFo uf2 m2mel AE|S miofstiAl &
5 & A 5otet #d gEadl
= HBV (HBsAg, SAGHTLA(TARC)OIA Group 1 I HOZ(IARC|, 5 ul = A AFRH &
HBSAb) Monograph), —a;%}aitll,lzi f]—l‘olia, B%Z_}O\jﬂ/ g%;ﬂﬂ)g \_]- Oﬂ ]—l— ]' EH o/_\]'(o
= HCV (Anti-HCV) |CEZIggufolels, QizidoiAgulolel AHIV), THIZ, S0% o) aton Ax(x 28271)
= HIV (Ag/AB uiedy dlo] 2 A(HTLV)Q} AERS] b} vlo|2]A(EBV),|, ;;\?m\__ Z5 Tuld a
combo) F}ZA) S-S Hpo]A(HHV-8, KSV), MCV Hfo]3A, A

’ bl
= HTLV (Anti-HTLV) |17+ = Zu}o] 2| A(HPV)2} 7]A8%9]1 Clonorchis sinensis géALI?A((HIEgV E;ﬁ)})

* H. pylori (HP IgG) | o] AMAI=AZ. 7] 291 & KSVO ¢ WAzl A=|  porla (HIV #AAP)

* HSV 172 (HSVD 1749  &Aste ol of o= WIRAIZ2A 1ga (1 pylori AAD
IgG/IgM; HSV2 HAAgo A = mefE o] 91X ofof o] Al Clonorchis|  priga '(ﬁgv 1 /2“ 24}
18G/IgM) sinensis oF QIZV-R-=F uol2 AHPV)= 2428 2WAARY g 1 Guicn BLISA (EBV ZAH)

» EBV (VCA IgM/  |8A17] Alg AiF|7F Basth Alg AlF ol2ige o5 A (HTLV ZAAD °
IgG; EBNA IgG) A Q] &t =

r

2. BA 4 W
D) WA, TCE, 2-EE

O KOSHA 4 ACGHeA AAg AE=e4 =Z3HAakBiological exposure indices, BED ©o]’d?] &<
AhEdte] 9]l o tidk flaiAdol tisl Briskalar, A A9 A BEL ol =EF AoVt 79
Aol tiel] APEAG ZAIAEAH R AFE 2ol HAsIN e, BE oY ==E59 A ¥

H

A
o
=58 54 vwalr] 98l GEE(Genelizaed estimating equation) %42 Al383+5]2-
O BEl # 7IF°] fie ASe, AFE Joas A4S 71& B a7+ 3t vlwss
pzs

S AAARES] FE9 A A HFE Ao|E HY] 98] I¥ 2A GLM(Genelized linear model)
A

4
Mo AL, A AT} A0 BEE MLs] 9Aa) Mined model 2 EHE A WAL

O YWY %9 #d AAEFHY dAAHe I8 BA GLM(Genelized linear model) £4% thA A

FI AR o Z AN A A5} AT =5 Hlwskr] 918 Mined models o83+

O i W FAel i FeEY 7]E ATl cutpointE o] 3] W AetEUT(AetEY $

FHDe AEstla, dekEd AT 28 A AHASE nlwE 9l GEE £4& A
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O
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1l
B
A

A4 T4 el wet AW FEY HiE AESAaL, w3 B Zolrt o3 AE #Es] 9
3 93 B GLM 24L& A3319S.

FEY 5o st F& AAESS 395ty 9 A8 BA GLM(Genelized linear model) £33} t}
HFA Y3 A EA S A

4) YA

FAA B4 A e E7IAE A 29ARE ol8ste] HE EAA ol S
SFaL FISHO 28 1A Adzte] Wi=(Fp)ot thdzte] el me olF Ad A #&fpel 2
ato] WA A=9] aberration FFG) S 4FE3dte] Q1A o] WA E FHS FAFGS(olY <&

<E 2D A k2d UiF AR QAA o3 H= AN 34

A AE T Y GAA o] W= (Full genome abberration frequency, FG)

Fp
2.05 X fpx (1— fp)

Fp=the translocation frequency detected by FISH

FG =

fp=the fraction of genome hybrized according to gender of the subject
173 PNAS 88, IAEA Technical Report No. 405

7] S3-RES BA S wek 11,0007 FIME S 570 mivke] Qb E AANA| o] HAMAl A
# (chromosome translocations) 1°] & 749 LOD m|gte 2 A3} LOD 1|9y 799 mE wr
A FAEL 0] Gy & 2 5 9.

5) ez~ AA T2

oA 3 YA F& o HiHE FAstn REHAAs FHEA(partial least squares
discriminant analysis, ©]3} PLS-DA)S &3l thAA 23Uy} % 7

K
ox
i
M

X E H|ngh

PLS-DA BEA oA ofgf <& 203 o] 24U S A2 Hlwstgy, 2o AIZARITY 4=4(Q)
S AEAS RS Q7Y 42 10 hesE BARdo] Agts} o] Ath= AL 9u|gh),

lﬂ
2
I\
o
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{E 24> PIS-DA &4 nadd

oA + 2ol vs AHEA 2 olE vs &4 =Y
AEHE/NH vs ANF-Z] AEHE/ANA vs 2% =H
A BT vs AHFZ FA RS vs 2% =29
9 T 71%& WA A4 vs AHFE 718 WEA A4 vs 2 =9
ol2F LCD HE=A] A4k vs ARF-Z] ofxk LCD HEZA] A4k vs 29F =Y
ofxk LCD 71E} vs ARF-2] obAk LCD 71E} vs =9F =9

@)

Z} HlagAoll A q value<0.05 QI WEFEER s TEadS {Fo3t Holonty] $HEEE HAES]

i, I % q value0.05 & power=0.9995 Q1 74-¢ 54 FHEZ(Phase | metabolomic marker

candidate)) = AAsQ o™, q value<0.05 but power<0.9995 ¢l A$ 249 FTHEZ(Phase Il
o)

metabolomic marker candidates)® 41783l 5% targeted analysis®] +A&4 45 IS

F A AR

N
T

9 TR EZ(Phase I metabolomic marker candidates)oll thsiAs THEZ] H
Ashe] e E718 RS

6) ZAEA=E

DO
S
'_l
3%
to
S
—
>
rL
ofd
re oo
2
_IR
1:1
B
>
i)
o
=2
o o)
o fIr
_l
N
E
H:l
ok
ShA
o
o
an)
2
X
r
b
i
o
oo

- W ZAANAA ABE A F HAEE(eDe] Fhol ACGH BEI Fax|@5 w/Ro &4 #2
HA=d, 37k} 57F FriulAe] 3l F Fr]ulAe] ghe] ASTDR BEI 3y X|(10 pg/L)ETh =4 4H&
B oA 12 A4 veEwed =YW 24 SEANAL, A 23T veET 3 A
T A7t TAA LR frolahA] %t A AF mlaolA A =
F7lE2 ] Hla F57F A Foll U gdad Aol wFolE o, o= %
d

T Atk Hl& AEo] dlxF AFH T2 AT AJAC HaiMe 28

N

T



O o] ou|zA] A, 7|E AT A= 28 I8 ddANke 1 Uido g sk i 471 o
S A3 oo met Wl wxe] B¥s) dl$ wrl BRHYCH, =E3TH WxEE AFE 24T
ATE olyr] W&o wEtA FE A 5 58 ATE A Ao 2o o7 Algd

<E 25 & &3 AAES &4 vl&9 F4 7313 A

AsBE AJQlgt 29 A HA =&

% H|&(pg/L) N As 3+ As 5+ MMA DMA AsB

) 1 GM 0.82 0.73 1.97 15.45 51.23
a (P25-P75)  (0.49-0.89) (0.1-1.98) (0.98-2.83) (11.39-18.51)  (29.38-145.55)

AP 1 GM 1.42 0.49 2.74 24.61 30.56
e (P25-P75)  (0.9-2.15) (0.26-0.8) (1.72-4.69) (21.45-28.16) (18.82-46.06)
ESITEN - GM 1.06 0.6 2.14 18.77 30.55
71&%] (P25-P75)  (0.63-1.55)  (0.32-1.06) (1.05-3.5) (12.21-36.17) (13.44-57.52)
Qlzale 3 GM 1.21 0.71 2.94 24.04 43.59
du)71&x] (P25-P75)  (0.77-1.75) (0.55-0.9) (2.13-6.08) (12.26-32.43) (25.42-47.53)
- 104 GM 1.08 0.61 2.2 19.53 33.9
= (P25-P75)  (0.62-1.62)  (0.32-1.03) (1.09-4.24) (12.63-32.92) (16.01-58.93)
Qutel L e GM 1.04 0.72 1.46 26.64 45.34

HaLE (2013)) (GSD) (9.63) (5.40) (4.00) (2.68) (4.36)
. GM 0 2.66 2.02 36.37 -

FEASZIT g %C)  (0-001)  (182-387)  (160-255)  (31.99-4136) -

2013-14)? Range ) ) ) ) )

( ) Modeg  (©0-8103)  (0-5126) (0-114.6) (0.07-435.10)

XE9w 9l A =t x}o] As(3+), P=0.17; As(5+), P=0.92 ; MMA, P=0.52; DMA, P=0.09; AsB, P=1.0

GM, Geometric mean; P25-P75, Interquartile range: GSD, Geometric standard deviation: Min-Max,

minumin-maximum
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F (4 41%

SRR RE (7t 44%;

+HH=67.44] (SD 12.3) - AsBS

<E 26> Hl& 33 BAEY ABE AT F Bl&9| BH ol A&

= BEI o]} 2% ' (Z&)x BEI o]gt (BA) 7 2%

A AZXQ (<} °© ) DL o’o T
ASBE A3t 5 PRl O1 AeE d-% x¢
Lk N 2o 203 oTAe RA-RA A AS AX A} AX - AS
(113/].-) T T T 73%_% ;‘(].o] 6] o~ 6] <] S ey o287 SE-GE

% % % % % %

AFRA] 12 17 - - - - - -
Z2Y™IR] 12 25 33 8 58 17 8 17
{RES 7]&A] 67 33 4 -29 64 3 31 1
gEgre
R 104 32 10 -22 64 4 26 6
A28 A A Aol P=0.16; A5E &Y F Ao] P=0.7: &Y A-F Ao] P-0.92
A5 & A-30 HSAE p0B
ASBE RQJ3t & H]4 BE = As(3+) 5 + As(5+) 5E + MMA 5E + DMA 5E
BFI (Biologigal exposure indices)=35ug/L (ACGIH)
olZ=ZgleE ALK
o2 uw-— O O



<E 2D ¥& 3 3ASY F F7I¥I&9 BE o3 AEE

20 BEI o]4} H& EH”(’*%M BEI 0|9F (JA}) 7+ 2%
} A T
272 SE BEL o1% da¥ ) 3-3 5%
(371¢} 57t
Hla 29) o Jo s in g JAF-&) A} A}-A5 A& KA} Ax-A
T \j. T ¥ 73%_% 7‘:]»0] % o_x;)] o] X;)] ey a5 7% ey
(ng/L) N % % % % % % %
AMELE] 12 0 - - - - - -
AWK 12 0 8 8 92 8 0 0
{RE4 71&E 67 0 0 0 100 0 0 0
1=
2351%%5! 13 0 0 0 100 0 0 0
AR 104 0 1 1 99 1 0 0
AEd Zd A sk xlolet AF5H Y § sr xlo] @ AP HA-& s o], AFy Y WA-F9] FsAgo
izt p-valuexs 2% NEE715

= DIH|A 2% = As(3+) =& + As(h+) =&
BEI (Biological exposure mdlces) 10ng/L (ASTDR)

2) WA, TCE, 2-EE

T
Fe e E=fis

e o,
m}#
i
rir
=

ZAHo A AZHR &= Al TCE, 2-EE o oIt AAAE AAlo| A= BEl #3x

O tt-7E4ke]l A AA F 1%°14 BEl o] &7 #ZEJ=H), tt-F24F 4 247 WA =&
< omet= Ao diste] B EA7E AZlEel o, gy dlAle]] ths) AAC =F vhse A
doz HAAsNd XE FHOE Jus F3F BA5AS W, BElol AEA #EEA 4k A
0% nRo] Hol HYVANE NG G WAAC0E AT AY AL A

<X 28> WA, TCE, 2-EE°] tigt YAAE AA 27
BEI o]At A& g BEI o]} 4% Eﬂ’_‘l(f‘j _)g}}]?}il ojgt (g4 1t
N 453 2R3 BYBY BY-AE AERY dE-EE
% % % % % %
Jol wiAl(ug/L) 237 0 0 100 0 0 0
S-HdujFEA
(e /gCr) 304 0 0 100 0 0 0
Ad WA GL-BEA (ig/eCr) 304 I I 98 1 1 0
AR tt-BEA
(ng/eCr): L E 34 0 0 100 0 0 0
-7
29 2-EE  2-FA (mg/gCr) 304 0 0 100 0 0 0
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CHAHA

A¥ TCE

o 1‘\—}7:1] TCA (mg/gCr) 304 0 0 100 0 0 0
A58 A A B E Aojot AFE AY 7 ¥ E Ao A AY A-F 5& Aol A% AL -39
ASARo] 3t p-value: 2% ofstA U
BEI (Biological exposure indices): %ﬂoﬂ WA [KOSHA 7]&] 5 pg/L; A8 S-HIHZIEAF [ACCIH 71&] 25 ng/gCr;
t,t-5-2AF [ACGIH 7|&] 500 pg/g Cr; AW¥ 2-EA [ACGIH; KOSHA =% 7|Z&] 100 mg/gCr; TCA [KOSHA 7]&] 100
mg/gCr
3 dAEd
O wUlTHF AR T/, 4d oH, 77t 2 4 dgEd A 28 AARIES. A8 U A

A 2229 Day/Swing/GYiLtﬂ A A, AdSFE oA ge A 2229 A¢ A

34 ©Ek aMT6s A &&0] 0%21E] W3] Day ZFAHE 1%, Swing 2FAHE 6%, GY 2FA4E

T2k Zol7) FrolsiAl FHEEAT(P0.0D, wojF 7|7te] Ao
[eR=4

mRk aMTbs HE80] w3hor sk =3 Yobglal ol BF AR

fupal

HU

o] w5 skl 3= AdRol7] wiEel H wth Z(Day/Swing/GY)ell
% =
BAAEZA FF 2 ZAIME SAHF & AY.

<E 20> A4 U A 2EAL AR AF 3 Ad2F Az &
ad 92iEd 7)1&A o3 HEeH =

71EA] olst 228 e

A4 gojgatey aexy oo s - a0 2
% % GM (P25-P75) GM (P25-P75)
FEECRVER

nf2E orst 2 0 0 18 (26-70) 8 (7-13)
Day 69 1 6 45 (22-111) 14 (7-26)
Swing 71 6 3 15 (8-23) 17 (7-23)
GY 69 10 4 12 (6-28) 19 (8-36)

A A ZO29E Alo] POOL &Y F ZO2FE Ao] P01
222 77

<54 12 3 0 4 (9-59) 18 (7-21)
5-99 82 7 2 3 (6-56) 16 (8-25)
109 o]4t 115 8 6 18 (5-56) 13 (6-31)
7|&A] olst AE& A}l A¥ =10] xjo]
A A wyZ s Aol P A A wgidfE Aol P<0.01;
A 5 ﬂEH—EE—%" ol P A4 $ wof2ed xjo] POL
LOD (Limit of detectlon):l r1

71EAl = 4.1/ (4X03) = /mL (19] 297 300mL, 18A]RE 10A7HA] 4AI1T 19] Bk 7]E)

4 ZEd
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O PEAS B ) AAR 29 FEU FAE @A HAEAS WISk Ameln, AAw)
o A% oA 57h Aol BAYS BAT & QL.

a3 W ZEd F5 7]E#0G0ng/mb)& o83 A7 thdAte] Fd ofF Aol AE2A 7|Hke] &
A AR A3 3 dAEE T Alg AHEe S8l Uk o, AEE 7k Al 0.83(95% AE
T2+ 0.76-0.900 .= A L

ZAF 7|49 %—% H AR &
=83
QR =

Ul
(table not shown). W&tA ZEY £ A Sl

CE 30> SEATZASY T FA Al BE 25 A 29 FEY 54

B|Z ARt I FA} AN SR
() 59 (el £9) (el £9)
GM Med Med GM Med
N 5P (MnMa) MED N (P25—P75) MnMax) MED N ooy (MinMax) M D)
A9 gy 174 1 0 1 64 5 1 35 64 131 136 132
(ne/L) (ND-1) (ND-16) (2) (ND-89) (ND-155) (53) (121-148) (91-157) (19)
P_Group 0.74 0.15 <0.01
ND (Not detectable)

AW Y FEY 5% 164ng/mL Ol SARR FOAF (FUNYYYEA 2008-20104)

<E IDVE=ALCD Z2AEQ] 24 |4 BHd BE 2F A &9 IEd 37

AR SAAL et RA2HE AR 235HA] 42 EX|
oixﬂ SAHR} 5%}
N
GM (P25-P75) (Mh"ffﬁax) M (SD) (stGf‘dws) (MandMax) M (SD)
4 131 1 132
AWIEY 6 3 36 3 64 131 136 132
(ng/L)
(121-148) (91-157) (19) (121-148)  (91-157) (19)
P_Group <0.01 <0.01
5 A

0|3} WA =E=E 7hsAo]

O wol Q= AMIER ZAE NS, 100070e] FIHE S F ANA ol 57} 5 ol
QA P WEHFS FHY 5 e, AA 199

JEUE 24 224 1393 299 APA gz 6ol

futh B

O:

A = AR 193} JZAE THA

22} 1%0] 22} 57f old o= dEE ol 159 vFAF2 0.154 Gy(95% A3t 0.112-0.2039) =

el

199 9] vlol o EAWER] A AT A4 vlaE A8} v

TSR, B AT thaAel e o
A o)l & ]E OEJ AA Bl wa-(F 383 S KX Ao 2 Jjoltd 3 S|

100815719 F7|MEZE 4

~

o
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3t SHAE AAlA o]k 7S 1000719 FVIMER e An Hi 232+1867E AEE
Sorokine-Durm, C. Whitehouse and A. Edwards. (20000 THE VARIABILITY OF TRANSLOCATION YIELDS AMONGST
CONTROL POPULATIONS. Radiation Protection Dosimetry 88:93-09)%} H|w3}$1S wf, B onjzA AN <&
3IV)+= FHet 100715719 S7IAEE B4 GAA o] &2 1000718 S71MEE EHAksh

A Ft 21618 E 4tEE o], WA D FAFE iRl EH sttt Add & S
T BN g7y FE 58 ASAEQ AREES F4351H ATl Ui 147 dEE 4, 7
el xARE 24 S IS Aow Aoy

<E 32D v LEANHER] AA tgAES G4A £4E& 58 AN =& A4 A3

= Az ol R E=S 71&) T
GD0O07 M 41 1008 6 6 0.0060 0.154 (0.112~0.203) IS
GD008 M 39 1002 2 2 0.0020 * LlRsss]
GD009 M 39 1002 2 2 0.0020 * LlRs]
GG07 M 34 1014 0 0 0.0000 * HAEH(107H4])
GG M 30 1007 2 2 0.0020 * ElEs]
GG0Y M 36 1003 0 0 0.0000 * LIRSl
GO00I M 50 1010 2 2 0.0020 * LlR=ss]
GO002 M 42 978 1 1 0.0010 * ClRsss]
GS007 M 38 1006 3 3 0.0030 x
GS008 M 38 1061 1 1 0.0009 *
GS009 M 37 1009 4 4 0.0040 *
HDOI5 M 34 1008 0 0 0.0000 * SA(1-2714])
HG0O17 M 33 992 3 2 0.0030 * LlRsss]
HGO18 M 37 1009 1 1 0.0010 * ClRsss]
HG019 M 35 1007 1 1 0.0010 * LlR=ss]
HO005 M 47 1009 6 5 0.0059 0.154 (0.112~0.203) |
0G001 M 46 1005 1 1 0.0010 * HAEA(157Ha])
0S003 M 40 1007 4 4 0.0040 * ElEs]
0S004 M 41 1005 4 4 0.0040 * ClR=ts]
=3 1007 2.26 2.16 0.0022
SD 15 1.85 1.85 0.0018

* AE7Fs AU (0.1Gy): R oY FAA o) 4 =2 19] Dose-response curve (*)= 1000719 571
A F 570 olate] A FAA ol Fd A= AEVs R EE.

** Dose-response curve of chromosome translocations fitted using a linear quadratic equation: ML_Linear-Quadratic_Fit_
Yield=0.0041 (+/- 0.0004) + 0.0057 (+/- 0.0028) * D + 0.0429 (+/- 0.0013) * D2 is described with the 95% lower
confidence limit and upper confidence limit. Weighted Chi Squared=118.8000, Degrees of Freedom=6, p value for
goodness of fit=0.0000. p values for coefficients (z-test): p_A=0.0375, p_alpha=0.0084 p_beta=0.0000.  Correlation
coefficient, 1=0.9998. Dose-response curve was calculated with ‘Dose Estimate Ver 5.2°, Cytogenetics Dose Estimation
Software created by Liz Ainsbury.
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MEA mgin dupleR aeoied Asn g oojen A
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% % % % % % % P
BY 719 Hlolala
HBsAg 47 4 0 5 2 0 2 2 0.3
HBsAb %/d 79 91 68 66 72 83 70 0.2
gl 79 91 68 65 72 83 76
ul 22 17 9 27 33 28 15 22 021
2 0 0 0 2 0 2 1 0.31
et 4 0 5 0 0 0 1 016
ca el wpoja &
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<FE 6> 93U duijle] A H A4 & A S FHE £ T8 A vjn
404 B9t 404 o)
% =2 o4 = 4
SIRAR| gkl SIRAR| gkl SIRARS) gkl SIRARS) gkl
(n=14,058) | (1=3,014) | (n=6,986) | (1=3973) | (1=4,201) | (=4,827) | (n=189) | (n=6,339)

A3 fFHE
g 39.5%* 38.9 15.4* 17.8 40.6* 40.1 15.3%* 315
ki 29.6%* 216 15.2% 12.1 29.7% 26.5 13.2% 23.2
BEDR 47%* 114 0.8%* 19 11.8%* 36.6 3.7%* 25.8
gy? L4%* 19 0.8* 15 475 15.0 LI%* 8.6
FED PR 111 75 1147 20.2 12.6%* 17.9 47* 3.8
AHDL-Z& ~H Ed =Y 2.1%* 6.3 2.1%% 49 19.4%% 15.8 14.3%* 27.4
JDL-ZY g 28% 13.5%* 5.7 3.4* 2.6 20.4** 7.1 5.3* 10.5
TEALEZD 19.4%% 26.0 6.4%* 20.8 6.4% 114 3.2% 12.1
hAEE T 1L.9* 145 3.3* 46 21.2%* 27.7 7.4%* 20.2
T8 g
19T 16.9%* 23.0 10.3 10.1 19.6%* 26.8 2.7 6.0
AR LY 35.9%* 46.8 22.6%* 39.5 32.6* 36.4 32.6 36.4
Fae? 15.3%* 46.4 2.3%* 75 19.2%* 41.0 LI* 43

**p<0.0001,*£)<005 between workers and the KNHANES participants from chi-square test

U BMI=25, ? slglEd ¥AF =90cm, oAb =85cm, ¥ 5718 =140mmbg E ol¢| ¢ =90mmHg, ¥ FEIF=126mg/dL, ¥ FAA
>200mg/dL,

9 HDL-Z#| =€l <40ng/dL " 2 2HE >240ng/dL, ¥ LDL-Z#2EE >160ng/dL, ® NCEP-ATP II,

072 139 9 18] 308 o) F 59 ol 1A71E AHT A%, DA gl 57 ol Wiz, A FA T

D3z 17 28] o £F3a, WA SRl WA T2, ofA} 5 o4 A

[e]
73,

3. YHYEe) AP} AR e B

O thisr 2A2E SARA A, A W AGW, 19WLF, FA 5o RAL 4FYHE A
YHYLe T8A B YA Ws HITHOR=L25-129), BEHuIFHOR=-124-130), AEEF
(OR=L18-152) 59 w423 f950] B3ke. ww, 2715 FAHoz Adss d4de A3
A o= QA Yol 3| vIFHOR=0.89), H-3HITHOR=0.89)2] 80| Folak wol, WAAT o

<E 7 4249 A2Peo} WA

AA B AR 2o AR 197 g4

OR (95% CD P

(vs. BF 2538

(vs. 27181 =)

(vs. HE=FAD)

(vs. H]&AAD

H| gk 1.29 (1.18-1.41) 0.89 (0.81-0.97) 1.25 (1.10-1.41) 1.26 (1.14-1.40)
ks 1.24 (1.13-1.37) 0.85 (0.77-0.93) 1.26 (1.11-1.43) 1.34 (1.20-1.49)
=Ry 1.04 (0.84-1.30) 0.96 (0.78-1.18) 2.05 (1.61-2.60) 0.90 (0.72-1.12)
F=H 1.15 (0.81-1.64) 1.10 (0.79-1.53) 1.06 (0.68-1.65) 1.32 (0.91-1.9D
IZYHEES 1.14 (0.99-1.3D 1.05 (0.92-1.20) 1.38 (1.15-1.64) 1.27 (1.09-1.47)

1.05 (0.90-1.2D)

0.97 (0.84-1.1D)

0.65 (0.52-0.80)

1.46 (1.25-1.70)

AHDL-Zd 2H 22 %
JADL-ZHZHEES

1.13 (1.00-1.30)

0.98 (0.87-1.12)

1.08 (0.90-1.29)

1.08 (0.94-1.25)

AFHALES

1.17 (1.01-1.35)

0.88 (0.76-1.01)

1.47 (1.24-1.75)

1.99 (1.72-2.30)

EFT

1.18 (1.02-1.36)

0.89 (0.77-1.02)

1.52 (1.28-1.80)

1.49 (1.29-1.73)

U Multivariable-adjusted odds ratios (ORs) and 95% confidence intervals (Cls)
M, UAALRF, AREFHET, 4, AAED), FFeA A, o

P A%, A,
LR
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