€2 103 FEHIRETEIL0SHI03-A306

EEIE %Iﬁﬁmﬁﬂﬁ%ﬂﬁi?&

Follow-Up Study on Indium Exposed Workers and Effectiveness
of Control Measure

ISBN 978-986-04-4827-6

ZENE S B R I E T B E AT ST 00200

INSTITUTE OF LABOR, OCCUPATIONAL SAFETY AND HEALTH, MINISTRY OF LABOR

9789860448276
GPN:1010400762
EME : Fra¥E2000T




ILOSH103-A306

SRR RS LBt SR PO BT IT

Follow-Up Study on Indium Exposed
Workers and Effectiveness of Control
Measure

SR B ISR L £ AT



ILOSH103-A306

SRR RS LBt SR PO BT IT

Follow-Up Study on Indium Exposed
Workers and Effectiveness of Control
Measure

BIRERA * SIRE ~ BRts
STEEMEAL - BENE ST MR L S AT IR
BrZEHAR - FEERE] 103403 H 01 HE 1034 12 A 31 H

AR E BT RUSE
HEARBZEEBORILE

SR B RIS L £ AT
HEERE] 104 5 04



w =

8 (Indium) =&E(LHF (Indium Tin Oxide, ITO) - Z A B HBTRES -
BEFAL - S S (LED) ~ KIGREEMAIPIAFERES - SFHS R SE s
(TFT-LCD) FfE#eX#URes (Touch Panel) AYFRKEBLIHIGNN » 55 TARENE(LHR
PEE R AT - EAL#HE AL (A JE - In203) FIE(E# (IVAJE -
SnOz) WIEEY) » M EEIE R 90% In203 F1 10% SnO2 « TIEMHERET - FiEIHHEE
HAEM AR IRERT - TR 6 - B TREIHREE & 1TO $A 8LE5R, - TFT-LCD
BUERE ~ LED BhERg - REGRER SR ~ #710BOREs -

SR L I A B Ky 0.1 mo/im® s A il Bl g BB R K
TESCHTENGE « AU RIE AT BRI N 585 2 1725 AR S 27 L alse sl 28815
BRI RESA SR AR AT A F ISP TR S EREO E K55 LA VMEIIER
B MR HE A M KRR PSR B SR 55 TREEARN - i R A\
FRoH G T SEIREONE (R EERI AT IPFIR M EE ) - P fMEE (Marple) ~ AR
AMEEE (IOM) £ 1T » ETRERE - SRR ER S EREH NS T -

A ERHEIETT 2 A 2 S EHE AR 723 & SO N B RORTHY A B3 -
B T Ol B IS R B i — 00 T RRELE] - e B E TSRS
FRRIAH ARG ZE - 11 2011 £ 2012 FEE) PR EE R (Powered Air-
purifying Respirators, PAPR) Hy7r A% » PR K IME F8RIREA T RIS - MifE
SOD - GPx 1 GST Wyfi&a LB RIEHET - 1¢ 2012 F5A4GF) 2014 A2 ETHHIH
o GERBUREANRIIR LB R ZEN I - NN E BEIR S SEE AL TS
FZ MDA ~ TMOM #i1 8-OH-dG HY 71 - {EE(LEE J1FE15: MDA F1 8-OH-dG #KE - 2014
P E BN A 2B SRS - RSB IHEEE L - HA RERUE -

BRSSP N B —FGE A ED R - Kise A IReES L d e
BEGEERL - CRBIRNS TR EREERIEERE - IRERETERT
BHET 5 LB O R - BT E IR AR E - R R R B R e
AR - FRALHRBA SRR A R L L Em Al ESs* -

ok
KR

BRIt - FACERES - BRI R M e



Abstract

Risks of workers who expose to indium tin oxide (ITO, or tin-doped indium oxide)
increase as the demand for flat panel display increase. Indium tin oxide is a solid solution of
indium (I11) oxide (In203) and tin (1V) oxide (SnO>), typically 90% of In2Oz and 10% of SnO-
by weight. It is transparent and colorless in thin layer. In bulk form, it is ayellowish powder.
ITO is mainly used to make transparent conductive coatings for liquid crystal displays, flat
panel displays, plasma displays, touch panels, electronic ink applications, organic light-
emitting diodes, solar cells, antistatic coatings and EMI shielding. Possible indium exposure
may occurs in indium tin oxide sputter target manufactories, flat panel display manufactories,
light-emitting diodes manufactories, solar cells manufactories, indium tin oxide recycling
plants and resource recycling plants.

The permissible exposure limit of indium compounds is 0.1 mg/m® (TWA, time-
weighted average) in Taiwan. Many reports have clearly demonstrated that Indium particles
cause systemic or pulmonary health effects. In order to understand the condition and health
effects of worker’s exposure to indium, this study surveys possible indium exposure
businesses by conducting environmental and biological monitoring in workplace. We also
access concentrations of airborne dusts of different diameters in workplace to study their
health effects, by total dust, respirable dust, Marple and I0OM dust concentration
measurements. Control measure effectiveness study results are provided to workers and
employers for better protection against indium exposure.

This study is a comprehensive and continuous work, and aims to investigate the ITO
exposure profile and possible health effects of follow-up workers and new employees, and to
examine the effects of a control measure on exposure and health effects. Workers began to
wear powered air-purifying respirators in 2011. Exposure profile and health effects were
examined before and after this intervention. Serum and urine indium levels decreased after
intervention and further decreased with time, while levels of antioxidant enzymes (SOD, GPx
and GST) and oxidation stress indicators (MDA, TMOM, and 8-OH-dG) showed varied
results. Levels of biomarkers of exposure (serum and urine indium) indicated ITO exposure
declined due to this intervention. However, the levels of oxidation biomarkers did not response
to the intervention. Possibly, past exposure of ITO still resides in human body due to its

insoluble property, and it plays as an oxidation stressor. Further study will be needed in this



concern.

This study’s findings indicate wearing PAPR is an effective control measure and it can
reduce ITO exposure for both new employees and current exposed workers. Our findings also
suggest that long-term follow-up, routine health examination, and effective control measures

should be implemented for exposure reduction and health promotion.

Key words: Indium Tin Oxide, powered air-purifying respirator (PAPR), serum indium
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KT Ry s EEFRIE AR » 25 TIRAEH BB EERMEIR - nJREEEL
B EAVEILIEEE -

% 1 FAbRHHER [ R S

Feok | Bz | MR | e | TIFFEE | FENE | SerumIn (ug/L) | BERHTER
1 |HA| B | 27 3 ITO HffEE 290 [1]
2 |HA| B | 30 4 ITO Tt 51 [2]
3 |HA| B | a1 12 ITO HFfJEE 40 [3]
4 |HA| B | 39 12 ITO HffjE 127 [3]
5 |HA| 5 | 28 8 ITO Tt 99 [3]
6 |HA| B | 43 5 In,O3 B3 64.7 [4]
7 | HA| B | 47 20 TAE 92 [5]
8 |HA| B | 30 NA In,O3 B3 70 [6]
9 |HA| 5B | 31 NA ITO HFfEE 63 [6]

10 | HA | 2 | 54 NA ITO B 37.7 [6]
1 | = B | 23 1.5 EILe 54 [6]
12 |3 % | 28 NA EIle 51 [6]
13 | = B | 49 0.75 EILe NA [7]
14 | = B | 39 0.75 ITO #ik <5 [7]
15 | Bl 29 1.83 LCD ITO Igf) 151.8 [8]

ITO fp HHI L H] 73/ 30~100 nm (FoKEk ) fz 0.1~10 um (foREE ) Z ITO ;g -
R 25 T2 55 A Lol BE R 22 IR Ry BO i B b D AR AE 45 F RO 1R ARG -
DET R EBRAN TR FEE A - MET R BE RSP ERA - RAGETER
F S ~ K/~ BDNREIN S » — Moy =1 - A0+ S SR ey i [ e o 5 M EE [ B
fEPEIE ( Extrathoracic or Head region) ; fEFIMH Y RENHERARE YREE
( Tracheobronchial region) ; 4~ sf/& Bt~ &aEFE AT EE (Pulmonary or alveolar

region) -



il BE R RFEZE R T A WAL - B ATSEBIBUN TR f R & (American
Conference of Governmental Industrial Hygienists, ACGIH ) Kz [ % 12 % (b 4H 4%
(International Organization for Standardization, 1ISO ) #gH T =fEfRiR A ¢
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fifii ot Cultrafine ) & & 4B AT EP 15 2R 22 S A Ho A R iz ( Oberdorster et al., 1992 )
[11] -
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RS 22 PR (A 4R ORI D » JRRISOR G — HAE ANES » RN —E R
EMNER B Al e SR frliE i e TEaCBURRS - H RiE AR b
FEHTES ITO SRy BEACE THI IS I AR A Z bHFCELERET -

ITO S J It ZE SE AN DRI T V) B TAN M4 IR - G ERESR
(LSl EE - ARIE S EME S |t 2 AR R T AT 70 Rd b (FR4RREA ) PAR A1

(HHRERN ) - SCHTBHZE 2 ST RS N S R LERYE 55 4 i 2B S ME & S W R T S 4

ARG 2 » SR IMEME S BT & S YA BE TR D - T HICRIA Rt 2
RPFEEN EMNSEYE » HeE REFES (Antoninietal, 1998[12]; Hung and Wang,
2001[13]; See et al., 2006[14]) - FEFELEALHHFIIEE » & BEeBRETR ol AE AT AR AR 1L S
e B AR - HARE LIS BB E & B E A B R E A -

S ROS (reactive oxygen species ) H] HUETiER IS A2 I BB EE A (Fubini
et al.,, 2004) [15] - Halliwell S5 A5 H KR F AR A SA S S8 vl s i BA] - &
A TE € (Fenton reaction) 4 ROS[16] °

Donaldson et al f5H!&E S e K&K ROS I - (HE BRI G A LT ERYThRE & 2L
SfbMEE S (oxidative stress) - & HSAY ROS HEAIFEHE A HIHTELTRE MR B 2 R
s - MG EACEE ) - MEESRPEENYE - FIOEEZEEZEE (DNA) -
BEE (lipid) ~ zZEH'E (protein) » Hf1LL DNA {53 (DNAdamage) fZRIE25 &
i > [N DNA ZEGE » FTREME M EEUEENEEE[17] - RIFFE ROS ik AR EE
Thee N - MR EEEE 2 ket - TEERIR R38R B HAL B ROS RIREHLE 100 21
PR AR % - ASTEE ~ LR ~ SR ~ 383 Rl EOTR bR BEE
EahiE ~ KRR S AR

P B (Malondialdehyde, MDA ) FHE'E 4 & bV & Vi s Y 2 — »
HAGHEEEAENE  GULEYRSZ $H - EEE - BAARE T DNA ZfE - EEes
#4 (mutagenesis) - SRR EE LS FREVREZIIS(EEMS » 55585
BIAREE(L ~ SR ALAEZE - FFHS ARG = - RBELERRELE - 8 A2 EIE(LEE T
GER > \BAE —ETENTELAGTLLEFEET - BAZIE(LR T 77 i
ENGTEI N RISl e Rk =R Wi
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ROS s & i@ % AN LA RRE - RIS R BEIER A LGS » R iERAsET -
AeN Z i ERIE R H LS CEs (Glutathione peroxidase, GPx )+ EI3AT Ak ~ i
CRESHBLMIR T - GPx "] DUFEFHTE/S(E(E £ Selenoles (Se-OH) R G EELY)HL
H20;» {E155RE H IR ( Glutathione, GSH )b N K /KEC Z B3 - [ff GSH &% (b Fy GSSG
ZERERR BRI H.0 IER - HLE LlEER T GPx 41 » %A 1961 (3BT
HALwG A LS ( Glutathione S-Transferase, GST ) T fg{F 1, 2-dichloro-4-nitrobenzene

(DCNB) i Glutathione 454 (Booth et al., 1961) - GST ‘&—BEEL L IhREIEZ » ¥ 5
A] DAfE(E Reduced Glutathione (GSH ) BLfREE M N ARSI MRYITE 45 & R /KRR
GSH-conjugated compound - {5 H i HA AP (RBRE - LUR D IEAHRE A Az AR Y 352 -

YRR (superoxide dismutase, SOD ) Hsfic i bR —  HEAWE
PR E ks (- 02) ZHETT - SOD 22—l R =4S & Bl T R S LAY E IS
SOD & —MEFRZEASEH T HRET OIEAES - T ABRINEE T S AT
FoE 0 SOD (Mn-SOD ) - TAE4HARE H DASH ~ $% K S i (Cu/Zn-SOD) -
HRIFATA TFENE YIRS - SOD JER: - O2#HIATT
205 +2H* B H,0, + 0,

EISMAZE SO E R R R LG BE g A R K8 ROS HG2 » (RIFLAWFTRIERET
SRR i R B LMEGES - THRH TR TR E 2 -

554 2002 4. Chonanetal 4 > HAK— I TRGET THHSE - s R8RS - 9t
FEEEY KRB T 05 PR R SR S R REA T F
HME SRR 20 2 RFREE A T2 P MUE TSR (R 78243 ngl » HHE
8.3+4.4pg/L > RFEFE 03+2.6 ng/L) - i HERFEFREAEEIESE Z 55 TR EAMEE
AR B KRB RN 2 LA SRR EL R E - 2Ry 8 (EFE I iRt
HITE BT - 2258 S 5% a1 P H R FE iy 0.01-0.05 mg/m®[3] -

4 Hamaguchi Z A A 2003 4 12 H % 2004 4F 2 H % 2 85 1TO /Y TR 2
2 ITO [BIUE » ST TR 186 4227 THEfTHTEINE - (FE © MUBE TSR - =T
e Eh ST g s - FiEfEhRE ~ KF+ KL-6 - SP-D ~ SP-A ~ k& CRP RfEind:
THE o IEEUR R R EE Y SRR FE A 93 firAY55 T - SEIT i Hr SRR S R HoAth i
EREHE R B S 93 L ARREES L A fF h RS 30 % (5§ 8.25 + 455
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ug/L » FFFE 0.25+2.64 ng/L) [5] -

F=6 BEHE
H A5 B R B R ATHTZE AT ITO (Indium Tin Oxide, CAS No. 50926-11-
9) EETHHRANVAREL - 5540 - fEB L LIEATRTFEIEIR IR SRS SR b SR R e 2
TARFEENIIMEN - ERETIE LRI m &z MEniEs  E2RE
2RV B B S AR E R R T AR f B (B ) I I 7€ B (Powered Alir-
Purifying Respirators, PAPR ) LU/ N BHEEE - B S LB T FHHERE N -
FHMHNEE A E & BHETTHAE - ZROTRE e n e g A A E - AR
GEMSAARE > DISE PM BRI AR E AR - iR T2 Ry B i im iRy TR - g
srAmlEl 4 R BRI R 4R - MR/ NE B3 ARAE 0.96 um iE—J 5 WHE T B AR LD
AR TR R AT A iR 4 PR R i 4R > F BRI AR N—HR 7314 0.96 um 2
—J& » LLE DT BAYEAE 21.3 pm =5 — g - BRE TR — YR R T aE 2 A R iR
Wbt LA ZyRPRAS ORI+ FEH - A i MRS Hofr TFT8 AYAIR A1
[l o > R AR S AL BIEE RS A IR A AT R e TFT8 (sl AR SR
B ELA A R S 2 AR A/ DN » D ARSI AR NRRHD AR AV R - Hr 32 B AR A
QIREESRUAEaw SN
AP 2012 B IR RS N F . 6 (EhH A L 57 RO R Y R
TaE RS TE MK ERERZEYET & ¢ 6 RSB (26.144 + 4171 mgim®) >3
& RS (15.211 £ 2,510 mg/m®) > 5 BRI AR (9.722 + 1.705 mg/m®) » 1 & AR
(7.671+1.764mg/m®) > 4 R B (5.824+0.997 mg/m®) > 2 R (5.307 £ 0.915
mg/m?®)> Hrp 6 AT TR AN A A R TRA B 2 e FUlUR S OSHA
1 NIOSH #1 HSE FI25Bilia ] i 2 SHARMEE A ZF R B4 0.1 mg/m® » ISHURZ A FIAE
TAERES B A SR 22 - BE AR SE 55 A (M SE A B ) i e =Xk 77 7 2
( Powered Air-Purifying Respirators, PAPR ) » {E{Jy2RFE % ] E e /E 72 (SOP) -
EfRss LHYSRERIGE -
6 RS (=26.144 £ 4.171mg/m®) SRS A HAh RIS - HIFRATTEER

A



Fo 6 oy TR S Lol S5 80T By T2 R bt > i =oAL 7R ss THIDE(E B T
H e D SE R F-Ehb Ay T AHE - N R b it 2 A B (A RE -

BEA - W E R B BRI L 0.96 um B F (4[E 3~8) - E¥IFREER
FEAPRE, > DR 738 H B S R oA IR ISR AT (R EERIR A - (S REPR FH
EVE R > PIafrEN e E TEE AR EE (PAPR) -

1B

MMAD=2.93 b m+

GSD=2.36+

w
L

dCfdlog(D, ) mg/m”pum’’

-

T T T T T | P )
E - CEE 35 6 98 w33 605

D, (wm)

B 3 HAR IS A E 2 1 RRE KL {6 ]
2Rk

MMAD=2.35 t m¢

4

GSD=2.47+

dCidiog(D, ) mg/m” um*

0 T T T T T
a3 o am 155 33 6 93 sl @5

D, ()

& 4 FEEREGGE A E 2 2 ERlE K o ilE



)73

MMAD=1.64 |4 m¢

GSD=2.69¢

dCidlog(D,,) mg/m’ um’’

.

T T 1) T T  Fem
[:XE} o052 0% 155 5 6 98 1B213 606

D, (wm)

B 5 HmR IS A E] 2 3 Rl LR il

47

MMAD=2.21 4 me’

GSD=2.48+

dCrdiog(D, ) mgfrr i’

] 6 FLER IS A F]Z 4 Bl RS e
5k

40
MMAD=161 4 me
GSD=2.61+
- 30
£
3
é
— 20
2
(=]
=
b=
=)
=g
9]
T 404
-
o T T L ¢ T S S
an o= 0% i 35 s s wemd @5
D, (wm)

B 7 FERERE A ]2 5 RERAS o i E



()53

MMAD=3.96 |4 m«
GSD=2.45¢ T
- 30 4
g
Re
£
o
E 20 4
“3
2
o)
o
o°
o
a 10
o
o =t r
o2 ass 155 35 s 85 MBE 3 Qs
D, (um)

8 FLEMEIE AN E]Z 6 MRS o {ff

55 T HfEZVA (S b HA SRR g B, (HIE$H 57 TRe R N{E SR BRI & 4l
W ARTE IR © FTAAHTZERR T Al S8 bR §5 5 5 T8 A 10OM H#E7 755 T(E A\ 48
TIEEPRE: K Marple #ETT{ESE &S ERARS T - FHECEMIEN ~ PR91#7 - ROS ~ MDA BEEE
SRS ACGETT S TAYIEMNEHS - EREVITTHHER OGS R - R AT e R K E
ABCREE ZHTRE -

BEST > FRAMIR G (5 A B U A (R M R RS SR T S8 B L
o iR - FEED 9 (ERlE (fRE A1) 3t 15 (EfERALE (SR - BT -
RHEE ~ (HPE ~ J& 5% ~ UIE] - 0RG  J9eilias) #ErTivtx - FrAa L E# 2/ VT 3 L
ERRERTR - FREERET R BUREIHAR 2 B -

HERWIZEEIR - A LB AR ESE > MR S R T Ui B i
EEIRHR - eSS BT BE R BT PR AR 2 ] s B e A A2 22 - Hep
D~ E~ G- H- | SRR NG Z GRS T S R > SR R RS
Z/0 5 1,000 #em?® > H % =% 583,866 #/cm® Ll E o A~ B~ C ~ F RIS Al BB
AR - PRIL B A2 B> 1000 #/om? -

LLC gl (4t 9) Rl - AEELAHBEESRRE > ARIRATACEAT L S By N 2 o=
REAHL PRI Ry 22.48 nm) - [RIEE R H PRI M BRI LR R — B 2 P S
= BANVERIIRZ R IR BRI S B EE (RSN IR T RTRLAS o 35 U
B ZEHE BN - NI G DR A TR BAS I R AR - ARHET T URUR R TR » Faokiz

10



IRy it Ry BB« NS AACE TR i B R fE T R Ay > R DURIIE 53

iR ARRETEIT IR Z S

R 2 NI SRS A

o . Concentration Mean(nm) Geo. Geo. Std.
(#/lcm?®) Mean(nm) Dev.
A PM 15.03 160.21 131.62 2.02
B PM 81.61 95.24 79.34 1.77
L 87.42 291.24 215.68 3.14
¢ A 111.87 22.48 22.27 1.15
PM 7160.29 117.06 75.51 2.52
E PM 12338.71 135.30 68.54 3.21
PM 366.32 186.74 138.03 2.29
SR 1858.59 81.07 59.12 2.14
G 1R 822.47 93.83 67.77 2.29
S 4447.85 97.86 78.55 1.99
PIE 14735.19 92.23 68.77 2.10
" Fe 583866.19 72.07 45.72 2.36
TG IERERZ 22878.10 80.05 65.95 1.85
| B 7426.86 77.88 65.43 1.79
TR 98327.92 78.17 62.36 1.93

*101 55 EhEP AT R | R A bR R R B SRS TIBHER AT

11




GSD =274 J_
ﬂg 0 4
E
£,
D.. (ur;’l)
9 C Rl ki 1L o ffi
BT T S LR A F S B (T S BB - R ER (72555 Tl

KRR R B A TIEHER A > s R PRI T DNASE ~ BIREBELEE &
SULBRTIER 2 A bl - BRI - DEHERIN S Tl REE R EELE

FUUET HIFEES

W AT RES S BRII5 5 A By 1TO JRILHE RIS, ~ TFT-LCD B35 ~ 1TO [=Uiig ~
K REEDE# (CRT I TFT-LCD &2 1TO) » Hrft TFT-LCD SLi& g ] 1TO
ZAEEHHHYIERMHIURERE (PVD) b 55 TEHEERFEHY AT REMEK - EAEE T TR M 4
R 0 HEE BT ITO RECRImERME(ESE (RZzWHE) 1 > 25 S 2 (8 55 -
AIREFRER ITO M RE

AT FE B N B 5 B8 1756 R AF SR 57 Ll Rl R 15 T B S BE el st -
B RN R EE 21T 3R A SRS AT TR SEERE M K55 TAEYIEMIPRES - A FF B
A AN R PRI P IR R > sHEEIA S TREGIRIL - Mk B e h R o B 5
MHRHEESE - TR BB B RBALIE B2y L2 e ANRESS -

12



BE RERET

B SURIEER

AT T A F B E FE BRI R R 00 E - BRI tRERE -S43
RN LB MENARES - EEARIEEEZ SOREET

— ~ IR R ERIR

2011 4% K Nagano £ IR BT BIREHR AR R AL CHIER 14 pm) K
FULHRE CPAIETS 35 pm) 6K 6 /NI » (58 5 K54 2 & (0, 0.1, 1, 10 or 100
mg/m®) = 13 /& (0,0.1or 1mg/m®) » KEFEHTATTEEE ITO A1 10 MU A1+ 5
I TS > 1TO F1 10 FEHLIUREAERT - HEfRM AN SAERAREAH 4R - 5282 ITO #1110
5 EERYRTEE B URRE » 72 AR B R S e R ATt _E R ARG A - R T A
EENAN - ITO BE 10 SR 2 Tl » 25 26 BARFRE &ML B AR (L [18] -

ERAE h SRE M PR A SR il =118 H & 20T 3k R it s R A e A BV REAR L3R
EREBAEE CFRE 64 mgim®) HifEEH - SULBZERBFRE  ZRE
MREEAERE A - (EREEERZ RN HRAYARRS - FERI(EEBAE (FESRavRE R 12
TRFTRMIEIE ) HYSHIRE 73731 By 490 pg/g (10,000 pg/g) {EAHES > 250ug/g (1,300 pg/g)
FESZREMESS - 1.8ng/g (9.2pg/g) FEEHE - HTHE/ 0.33 ng/g (3.1pg/g) > 0.25ug/g

(16 pg/g) fER% > FEHTET Ry O ng/g (3.4pg/g) [18] -

2010 4 Tanaka et al &¢H= EAVIE MRS ST T 388 S Ll F—1Ee s
VEE - PR RRERUE - 2 BRIt IR il R RaE R iy S bl &
PSR - SRR ARERRTE 16 ALIREILREE > (ERIGHEE L RERAYTE F (LT
LR/ NERAGAN 40 3 - 37 B E A F BB USRS LT RS eSS
{ERSBAIE FAEREA 78 18 » & hE S8 A UMUFHRRE LT - 5940 > e tiEt
SLHE SR ETENT 2 18 BEEF A » FEHERIFNFERE = - i
ERAH ARk 5% R B A o B ELaE RIS IETS S LR En R — TR MESM: - T HREE1RAY
FULFEME B N AR RS 2 S/ EH([19] -

ITO DUSR/E R A (instilled intratracheally ) 4 & B8, (syrian golden hamsters ) %55
i BHFEAE IR 1ITO M B EA =B MHEIERIE (systemic toxicity) - Fr 2
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HE B A B - SRS 3R S eSS - L B AR EHE N - BT RSEA B A HENE - 2009
Lisonetal f5t{ ITO #yBERLHr (2~20mgperrat) - i 7 A ELAGELH5R 7SS R S ESD -
WAEFHRSN (InVitro) sz 2837 1TO £E7K05 (200 pg/ml) mIZEA A ERISHE
ME8%E (reactive oxygen species, ROS) [20] -

EA1 > BRI BB B Bt S5 AR BA #R( L &%) > 401 2000 4 Tanakaetal & Yamazaki
LI BERIRER 4 mg/kg InAs 5 3mg/kg InP 23R fE - 3£ 16 X > 152 2 SEE TR i s
B K~ B A4 b B i T MR 22 [21] 0 2003 4F Tanaka et al A {E#E( Indium arsenide,
InAs) DI FEFI 8mg/kg 2R » - HELURE R A8 Bl #7300 HITasR
L InAs H B ENE B AR IUTEIERUE IS AT B0 55 3R S T8 BT Y fis IR 22

( Pulmonary squamous cyst ) f2Ek[1] 5 1997 4 Uemura et al LA InP /T35 ME
(1mg/kg,10mg/kg,100mg/kg ) BHH5% » LISRE T AREME B BT R TR - HToeai iR
InP 3% B B R Y 2 S METE M URE - ST 25 ST BT Sk B ey feg 004 FEL 14 s #H (locallized
hyperplastic lesionsv ; JfefE B R Bl (F344/Nrat) DI A (inhalation) InP J5=EHH
FF5 o IHTTAE SR InP ISRl K BT AT 28 36 S HE - W St ER Y S A M4 (atypical
hyperplasia and neoplasia) AYJERkELZEfE (progression) [22] ; 2001 4 NTP ( National
Toxicology Program ) Eil Gottschling et al 54 & K BB/ NEHZFER 0.03 mg/m?® InP {5 EE
24 RESEFEN 0.1 mg/m® =57 0.3 mg/m? InP f43EE 22 48 » /NEELSEFEA 0.1 mg/m® =
0.3 mg/m3 InP #3[EE 21 & i pl Al Sife Ry - L FTaETR &8 38 S B Bl fE S e i Ae o -
Z/LBE S (Oxidative stress) $y8—E YA E[23] -

2002 4 Tanaka et al {9 ITO Byai 1S4 RIS B B LUEZGER 1ITO(4.5 mg/kg )»
6mg/kg HYEE(ESR (4.8 mglkg) - 4a B EUEM 4 (8 H NEERENER - BZF] ITO &
B ERHEDEE ~ Bl SIS FE R - ITO A InP BHK 2 A HGEEME - InP EE 1ITO HA
EREY =S EEIFEH[24] -

G LI e SR i w8 - EH LS YIREE - 40 ITO ~ InP ~ FZ InAs > #EA
HifiE - PR AR E R AR o AT RErE AT B = B S A BB TT -

- B -
2011 4 Nagano et al DK EEESEFEN 0.01 mg/m® 22 ITO T 104 4 » 3R MK
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BRI 1 S5 A e e e e B 1 K Bl < OB SRR A BB 0 D - /NER RIS (DA e
N+ BAZERFEEERS I - e & 08 BT KA B2 B EN - BUREA T
PERfE I E[18] -

S EERTZE H.0( International Agency for Research on Cancer, IARC )L 4F 2003
FERREH (InP) ERAETS Group 2A - BEMEENY)E S F O BUR G B 20 ER LY
ot EEE NEAIRAERHIEYEN: - e 1TO AR RS BEREEHYEA
e FEASEN

=~ EHEEE:

T EEMAF a1 B AE P E A ITO (6.0 mg/kg bw 1x/wk for 16 wk) » iifi
HHASE ~ 2R - MY SRR ZERY S 8 DUROKS + B TRt 2e i - B A i A et &
A RIS AR > BHEARENVE E 4RO 2 E A3 AR R ERE I i (14.6% 5 7.2%)
[21] -

Vg~ FEREEME:
ST RE 2 mg EbEREH R R GZR I I - N S R R B S R A
HeFEE A=Y & R B R A RR[25] -

A~ AR

2011 4 P. Hoet et al fYRF9E22 T /£IRTENS A 0.82 mgfrat (L3 » FERIBIAAMmAE
R By 0.5 pg/L  SEPUTIFEE 0.13 pg/L - ELR (S HIEIMAE P 4R RE1@08 L7 75 90
AR HRR T » 51 120 R s HT Magep S 8I  0.38ug/L » {H - B
B~ R BT 4 & SR & B 204.3 ~ 0.0155 ~ 0.0145 ~ 0.0082 pg/g wet weight » 5
T L R TR A 26] -
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1.00

0.75 A

0.50

In plasma pg/L

0.00 T T T T T T T
0 20 40 60 80 100 120 140

days after pa aspiration of In,04
(0.82 mg In/rat)

10 MAMENE A S bR 1R AT h AR

HE AR E RN (InCls) #EITREEANAEY (ip) 5l - RIfERFEERPR
I SRR L2 5] 3,010 pg/L » HARFHGRIZRR > REE4RE TEE] 120 RIS ATIMSE - #-F
YRR 2 59 pg/L (SD13) - {ELff ~ RoAG: ~ &5 Mt S AT Bt &P 29 = 3 & & 1.30 ~ 10.43 »

1.61 ~ 2.54 pg/g wet weight o SPERER MRy ATIR--5E3] 2.88 K - H4R18 TR D
B3 -] 60 “K[26] -

=
=200
3500 =
Z
3000 - =
3 =%
Ef 2500 =
o
£ 2000
Z
o
2 1500
= T T T T T T T
=~ 1000 0 20 40 60 80 100 120 140
500
0

T T T T T ' T
0 20 40 60 80 100 120 140
days after ip injection of InCly
(0.82 mg/rat)

11 MEHEPE AR LR M AT PR E S

A~ FORBIRIERE LB ) (ROS) i 4HRaRIREE -

2014 4 > Monika Mesérosova % A\BfF5¢ T #4122 A Eiins JTHIRESESRE= R AR (i
MEZSKEERL ) 7F AS49 N TS F R 4MAf R HEL12469 A KERfidaAE 4R kit 2E R 4R b &
FEAELEE S (ROS) « HrdE A549 M Kfitie I K7 AfARSS 21T DNA EriLl Kz GPx
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SRR A FLZE HEL12469 JSER4L4E4HARIE S AR5 SOD SE 1Y - 7H27] -

t - RIERPEZ EEN:

Kristin J. Cummings S AAYBSES - 55 TAZJ@ A Sl e (R AHEE - SZfE iR R AT
AYEERIG &Y 4 % - HELRIATHAE 2 R B au bR ERYSRATR —2 - BBRAVREE
FIREEHENE - WA EEIERET 2RI o TR AR B - AR
Pl CaE L Ty Eh (E - R AR 58 & BTy TP TR b B /2 0 22 [28] -

6 B AR TRENR

F| 2011 FE Ryl - £IR—IATHIRRE L LIPS MR L&Y TS Z S
SRR HEGIEE A - BEHA T B~ 25 2 GILAR PRI — G - B HA R SE
Bl A — IR R4 H AR ANE —EBSS R 0 20055 T h 27 5y 5B
1> 1998 FEEFHIRIE - (& 1994 2 1997 4 » Z 155 LIESE 1TO iR EE
%0 H 1998 - 1 HREREZZ ~ 50T ~ MR REE - Keker (10 (& H ARSERD 10 A7)
SRZE - BtaEE - K&—2528 (MRS EhSET E s ) 28 EAEAH S

(T.Homma., 2003) - A EHfE S TEmALMEKAHE ~ @B (fibrin) ~ BEREEE
ZUFA (cholesterol clefts ) K ANRRE NA ZE 2524t (fine particles) FYEVEAHAE - Hofi
HRHYFLIS 2= H Cinterstitial spaces ) J277 3T 2 EEEK (lymphocyte ) BT AZ4HAE (plasma
cell) - 3l HFe/F& 5T (lymphfollicle) o FECATiEl eimaT 2 A WoRs » RHEL >
HHLAR/ NS L um o B2 EERR AR =0 TR R X-Ray St » 3R~
E4LY) « HIE R AR AR5 S 2B AT % (interstitial pneumonia) - 325 Tj% 2001
F 4 HAWAHIRAg (bilateral pneumothorax ) & - 355 1 FISET BkiEMEE D EEE

(PAP) - Frsg H TG E i AR HA # SR8 1 2 ARG = BIAYEE 4 [1] -

2002 4 Chonan etal i~ H AR —3RI TR H n e R R B s (L&Y S EE
PERRERBRIR RS T — e AR TR e - E A gy 108 KBS T (Hi
27 fir o G &R EE BB T ) B 38 il RBEE ZITHUB B The sy » B0HE © ITUB iR
J& ~ HRCT ~ ffiEfThEE ~ RfiEH KL-6 st & SIHE - Hpf 23 4455 14 HRCT iy

17



Bz MR AR E AR B E - WA 40 225 THVMUE + KL-6 AyE i - ifi 488
T~ HRCT Fii 22 2HA i 4H 4% LM% KL-6 (Krebs von den Lungen-6) HY{E /ZHTH
BATERY - BHAFREUR » TBR A SRR B0 4C R BR SN A 55 L » [T T SRR P A LAt A 0 58 45
B E AR B L P MUEIRRE 20 7RS5BT PIIMUEHRE (5 7.8
+43 pg/L > MREFE 83 +44 ng/l > KEFTE03+£2.6 ug/L) - W HEEMHFBEIAEIEE
2 TR FAAT R 17> 2 B B G 4K S BRI SR Y 2% A= O B s B P 3 - sy 8
(B E IR ESEIRBEIEBUR - 25 R h SR P fE & f» 0.01-0.05 mg/m® (FR[EH
DASHET AT B4 F5 0.1 mg/m®) [2] -

I£#h Hamaguchi et al 7 2003 4F 12 HZ 2004 4£ 2 B % 2 2284 1TO 19 THiA1 2
7 ITO [BlUsg » ST THA 186 455 T TSR IEE - GfE © 0B R8RS - =i
FERa SRS e e tR R - FEiIhsE ~ RImEH KL-6 ~ SP-D ~ SP-A ~ J; CRP & s
JHH - HFREUR - IER N FER B K FRFE T 93 ATAYZ5 L - S5 SRR R FAt At
HR SRR S = 93 iR FEES T Hr i Rl Rraih s 30 5 (5% 8.25 + 4.55
ng/L > K58 0.25+2.64 ng/L) [5] -

FEREEE— BRI TIRERSE » Sungyeul Choi 55 A S8 ERER = HY LS T #iMI =0 T8
HUtEEE (KL-6) #&E 8l HRCT follEIMATRTE AR - R smEdiaesE (>
3ug/l) MBS TAE ERRINSETE » B HRCT iR SRS s i & 40w - s
TEMUE SRR S U8 - e FEEED (KL-6) fIRANEHEH-D (SP-D)
S E B2 S 7 B (R 73 fir B - R AT & B ME R AR I TR R S E AT KL-6
$ & ~ SP-D # 2 51 HRCT #gr I ZI Hifi el B i B Y 3 2 fi1[29] -

H A&t S E B Sy CEEERSS LA S P iR - S L EH
KFTHEHEVaSm ¢ EALIRSHTERT P BT BRE - 6 BA5 S LR e AT 5% T
NG HEEREUEME - AIE ARSAES R AR~ A (D. Lisonetal., 2009) [20] - {f&H H Ay
WHgE - SIS FTREERR N D @A RE 10 £ 2 A - H2E RS - EiE
UG A B R A EASHY B AT LAFEHALS] -

BRI HASTHE 13 WOETHIES CT i » S8R M (EEs G » Bl H A —K =
REEETIIEAE o AT Ay — Gt - (BRI EEARBCR D - B Al A e R
% e
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2011 4F Cummings FI|fH 67 fir & A{F2ES5 T 2002-2010 fEE B R & a0ek - 48
BUARTIRE R F IS - FEVLH 34% » HEVEAE 2007 FLIFIHERE - EnRIHRE
SIS > B2 ET] -

FELERTER IR 2B - 2N Tk 30 s - 7Y 2002 AEFEHFIEFI 2005 4F
A o [R5 T H 1994 % 1998 s ITO MRIFHUR AR AAEIEE - 1t 1997 L HHZ
% ~ I PR(#E (Exertional dysponea) fEAA > 7~ 2002 45 1 HLEs - #8242l Ryt
SRS R R o I T RS B 51 ng/L > HOUEIR MRS ERGEM - I HE
VAR o o 3 Ry AR

% 3 R 1P Z SAAHRH R BIFTEE I RS R

Bl EE|] EERE | mPEERE (ng/l) G A
27 | 3 SR BT 290 2011 SEHPET [1]
30 | 4 SR 51 At { o R i S e [2]
31 | 12 o 40 At aH 4B 62 [3]
39 | 12 B 127 Fifi B 4H &g 8 [3]
28 | 8 Bt 99 g [3]
43 | 5 FTIEZE 65 Fifi B 4H Ay 62 [4]
47 | 20 BEAFEULE 92 FifiE aH 4 62 [5]
49 | Im | GIEHERERE >REL 2006 PAP 3ET [7]
39 | 9m ITO 3PS >REL PAP [7]
29 | 22m | FH1TO 8 151.8 PAP [8]

RIS b o BB A e o - HESm R SEI ] nT R SN R BRI 5 P fy 1TO JRIEHERIS
Ji ~ LED ~ BRI ~ SHERRIZRE TR - TFT-LCD 2 ~ 1TO [BlUt ~ K5
Pylaleig (CRT A1 TFT-LCD &3&44 1TO) » Hrf TFT-LCD UG EH] ITO Z4E
wEANVYBELRAE UG (PVD) o ST EREREERY A RV (BT TR 43 -
RN BHELT ITO RN ERTE R (FZ2WTE) B > &RFEN 1TO ke
HIR B B b 5 20 E R AR A RIS 2 Ry B » 5 e & ([E 558 - ] RERE F
R ARG A Sl Z A BEHE A ARG - EHEHEMEE 2 ATREIEASE -

A [F] A N EECERE (156.6°C) IR IRSEAE B mr iR AL S YRR > (200 N F
A eBEEEL  EREEDE e TR ANES - 155N > ITO JRFEHEEIUT
RRIEEZEY)EIU R (CRT Al TFT-LCD EHa#bEaY)) - Mt ITO JRIEI SR
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IRF - {FSE55 AN & 55E - S I EEYImEE n] s G P ROR TR ANAS -

HRIFELE AR E ITO BUSHRBHE YR SREIR 2 — » HBES i = BIEES
ITO ZFEEREK - W55 TaJRERFER 1TO BrEErh - MR 3 & A S E AP
H o HIRPEEH S T2 (a3 R AL -

KT FARAVERE S 4S8R ITO BT TIEEEE N EEERRE  H
12 JrfE 13 EREURENEIFE N\ BRBENRIRE  HiEERER - RITT#E2E G
FEHME KRR FHYIA RS HEE - For IWEYYE H 28 A S R
HIEEANBN S AR E - IRBESURERHETR ARy F A 60 HsFE %
(K. Yamazakietal., 2000) [21] » H A&t 2RSS TELHRSS 1A 3 S0y i
FHAFRE (Taguchiand Chonan, 2006 ) [3] - i 7] LGS E HogFrie tiifvadsm « (Ll
fEffith AR ZRNE - 0 H A5 M S LB ERE PN GHR IS - nIE AR
il E &% > 4 ( Dominique Lison et al., 2009[20]; Hamaguchi et al., 2008 [5] ) - fi¢i&
HATHIbT S > S/lss ATREERR N E g ERE 10 20 B2 EHZHEAREEE -
HLIEEDAAG A QIR ] B A R BASHy S o] DEgHA -

1.50

1.00

0'00 j 1 i 1 i |

group 1 group 2 group 3 group 4

In-urine (pg/L)
=
h
(=]

[ 12 FEEAHAY 5 TAF SR B BIPRIR TP R Z BE (RlE
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In-serum (pg/L)
=W
(— N (— N
[—} (=} (—} <

=
n
(—]

ull

groupl group2 group3 group4

=
—,
S

13 FRERAHAYSs TAESR BB SR L 2 BE (R lE

ERTEALRE IR E - felE o a] LI 55 THUHiSE(ERE 2R GPx » GST » SOD j&
MELRFEFRER S 2 BIHE TEEE (B 14) - GERb#igamEH
BUERIESIR > FAMRIE A5 S mi A& R sm N Ry BN =R S B B AR
HYELE - AT A B ERsH AR 20 M A B RS b - R AJEEER » SAEsREmEA
it R E G E L R « B REREFIGRETTE - MR ITEERERF RS
EMEIMHE R SRS - HEVEROERBET T &0 8 A - iSRRI R AT R
BEA S > AT ERT LN E hE > WA GERGTE( Ll RSN M EfEE
FEFHEAA - RN EREREET S - SREINMYIE IS RE LR B HERE R
A ERE N RES AT HYRIE - B[R A LRI B BIERG - RRHHiEIL
W2 A& TS MR FE LYK E B AR - R A REREIRAEE H P s BB T
GEBERAEN: - IR REERNZ RS LR IH ERGYIE ME (E 14)
= S P S E U SUUEIN e =N et ST EE T Ra SOt IS IS EE- ST =pEe 1
PHY DNA HiEp A LB EFEEERA LGS -

fRIZLA_EWTIEE R, - Befittsm S bl g RIPEFAER Tl B B RRUE - £
R HAE A BRI At ] AR A& B BE4E S8 BN 95 £ i o 28 7 2 DU
B o BT am s Lol 5 A RaffiEl Z R ALK R A S r TR RR - (R B e o
BRI EHEEBRLE - BE(LRERPENEA R — P TR (&
TEA e A H R E Ae[20] -
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A B
3,000
2,500
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1,200 A EZHEE/AYE L ESE R
1,000 | A FEEREIAESR
E 80| B ERMH R E MBS
£ 600 f T EIRBERRAER
—5 =% R A
g C ZRtH B L BeIEE
Z 200 ELAE 2B AR -
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14 B A\ RePis(brE N E S bE

JeRTAVEG S BRI FE P IR {2 AR ROS AR BLZFIENSE - (HRAEHATIEY
GEER PR UE RIS EHRS 1T & EE 42 ROS 4G FE RN B2 & 1 R A S 91 8-OH-
dG i Ry Fts > It HEEHe NI E (LR & BT S - RIFHIVEZEAIE RRUET 2
#e NS Ll ZREEI SRS - frEErRE B A EERae NIt CBE R TEN:
2 N -

IRHE S M & iR 2 AR T 2R o0 R MM (T RAIRER ) LUR A A= M (TR ) -
bge % st R PN E 2V E s S AR N E M & SR T SRR A Vi iy 2 & -
B R4S AL Ry S (b R i B AR - EAGE R ADREE S (b
W EART AR (F A & B R A 5 R H HRAR[30] - ATA2CA R 1TO WiFE thBREdss
el — S L HHEIE Ay AT REM: - [ERFRM AT ST -
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B=E WRGTERTER

B—E WIS

AFEREBAVAEE ~ (EHEEEER - St~ SEHE 2 HRBEU RIEHEET T
5 WIFTARE T IHE AN T > S IH TR 15

~ RO B (5 P8l e R L3 85 2 AHBET TSR S MRS ISFT ©
- MGHHE - B 1TO FER MG 8 &S T TR 2 FFREBE= > 25 T

SRR B ESEREGR A

~ AEVMEM ¥ 1TO FEFH R B THET TPRIRU MURGERER - AT PRIRUR IR - 37

mE - FEEBELEE - MENaSWERBEEEZ A el -

+ VEFEIRBTE I R (E N\ TR Ba s A« S E R m] MR P BE (SR EEE ~ 20

RAEEEERE (Marple) Kz IOM £REk

~ S SR EURRZE 7 1R PR HH SRR S P & TAE R A -
ARG E & AT R ER R
|
{ 1
RACR G B R E 1 X EP0)
i—% I
¥ ¥
AN $ AR 218 i &
g !
1on Marple APS R{ &
o g B
% * S84 i‘
3 & F#ROS) &
=
[
L S ERE D RRE = ji‘ — -
2. AR EREZMER D D x o
3. A RASH R 2 K N X i -
A i % .3
B 'y " #
5 " P s
™ ¥
£
I BEBLEEHRREE
2. HRUBAFHBE
3. AN P@EZLE
4 EHBIEAHBERA
R BE

15 W22
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BET WA ER

— ~ ITO HHBAEREFHIE

(—) RS EATHEZ AR E T R RS - OimELEE - EE - 2R
BAEEREICE - BEIUEE - B1LE - 8L TIFR - BTAHE - MH
Tl o RERMUEE - IEE TE B ICRS 3 F i i =l 5e i Ekt
Wk -

(&) M ENAERE &3 ~ e S R B S N A e B A R A ~ 8Bl ~ Sb8s
FZ Tz ZafEREGER - WIESHBETTR AR - LUERE
SRR TG oS AR ~ R RE B AR -

~ PESRIRIRAEH]

(—) ZERPRARREAYEEEE -

BRI LR A DLyl - 212REE 1ITO RfER 1TO FIHAI TR » 73 Al
A5 TR 26 2 IS A BB AR 2 R » BETE T 2 PR, -

() Wby R R mT PR A ERR AR

1 BREEAVE © SR EELL 37 mm R SARAEZRBRIEAR (0.8 pm) ~ AIIPIR Mk EE DA
ey as ke 37 mm R S MR E PR TE -

2. PR dHEtrpRbies RO (Gillian) - MEPEERECHTM B IE - Sk EERR
PR R TORIM RS 2 2.1 LUmin > m]IE0R Moty BE DUTE Oy e PR K - RFER IR
R 2 2.1 L/min -

(=) IOM {E A F#EE

1. BREESM - (EH IOM {EL AT A MR IB BRI s (SKC A F] » USA) » FREEA
CTEC Ry 15 mm - JREHRHE Tz /K5 e (s & R Bl MR 5 SRR s M S
B EE4T R 30 mm > =LY By 15 mm BYEIEIRES - BRAE SRS S A — I
BURER R IR ARE > #LIE By 25 mm HEHUHIEE Ry 5 um /Yy MCE JE4K -
AR A R S E ABREESE » BRERER ARy 2 Limin - SREERER Z A ACHGEE] © 100
pm DLR e
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2. EIMREM  BERTS LT 2 MCE JEARIAN A b AR IE R R (25
C > 5096) —FAEHU > DSABR TR PRI S - AERFTE=
AT » SHGARET R 0.000005 g » FREIA /LU AN KR B8R o
SRR AR  FEEVE SRR T, - MR (A
PR REPRERE  feka e hEE 2 07 RETRRESEA
CILURHAR ST » o8 TS BT e A BRBE SR LR BT o LA
T AT PR

3. IRURSRNS © PROEFR A SRR EIRREAYE 12 /NG > MR
Ky 6-8 /NS ) » BRI bR B AT A0 = 2% AL 1OM 348
75 PRas Y5y THYRHO | » (U EMPIR AT - H A [ &5 -
BTG THES TR  BHERHRO SIS T & L RRF ERe
TR+ ISCHUBRS NI » SRBRA R B A UM FE AR 5 A B bR
HMPRBAR TR IR R A SR T R I BBk

(19) ZFERAERIEES A (Marple) £REE

1 PRbgaet - AUTSEA A PEPE @& Bk bk<s (Marple cascade impactor,
Thermo Anderson Inc.,Smyrna, GA, USA ) HRESALINEI BERL R T ARIEA »
PR s 2 Umin « HNEESEERE ALE (E % 30 mm » 10 porew per
inch (ppi) » EfE £ 12.5mm) ~ Hpb/( [E#EEA (dso=21.3 ~ 14.8 9.8 6.0 ~
35-155-0.96~0.52~0.1pm) K —JEJELRSE - SPEEE YN KIEERE
RSB BRI 0.5 pm 2 PVC JEARIGIETC S = (B AR -

2. MR BRICERERAT R PR o B A TS R AR O R R RS
LIFRR I AT REEAE SRR EIREE - SRERRTEJoiifds 2 PVC AR AL
P ORFFIRDRMLE (25°C » 50% ) —RIZHL » ISR TR PRFE IR %
855 - AERITE =AY > =Rz 0.0000059 > FEEATE JELL
HEMPRE A ER AR AR RN ER - B E ARG TR AT
Fe o HPEEMEE AR RRETRRIE (2Umin) - BIESERERR
as AT DU ERR A ES - M AZE B & b DUE R AT EA



PRERTRHES © VISR NS A R Z ARG AR E BRI E - AT
A ERIAE R NIERAS D72 PAREAS 55 T A2 AHRR AR BE R R IRIE - PRARIFE Ry
% SRR PESERT ] (TR fy 1-2 /NRF > BEAFIRREY Ry 6-8 /NKF) > PREEES
HEREIR | SR L5 m > FEIT 55 TIPS AT - iRk PRk as B LI RARIA
Ji o By T RIS AT M H PR = i BRI — (PR R M
M=% Marple #E{TEL#E > B AR HUEFIIEMERE - SRR as ARG RRG—EH)
FURME TR/ > DAL PRI R A A BBy S 2 28 > PRERETR IR PR AR
AU SERARTE DA e N Rl T > SR A A T 1 B B s T TR
IERCRARARFPE -

= EYHEA
(—) WHFEEIERAVEEN : A 1TO BT TR ESEHESEE

T REEASTE R R EHE a2 B ITO TSRS T (F#Ead) &
T AL CHEH) - DL RS TEIT IR R e S E a2
PRI R R TP AR B AR S B FE R AT > P55 T2 -

(&) MEsETEHEE - (Afsk—EL )

1.

S THEDEEMHEAGE - RE B T2 H TR > a0 B AR
TEHIRL Z TAERFE » TAENE ~ AEEHVER SRS - REE 2
S5 A TAER R R EEAGHE PR AL B > W TIHCEREE 25 (%
RFf] ) ERERBCHNRESE RAVIIRE R 2R EER SR ERETIL -

5 TRFa B E - BRI EEEAS S - BE - BMI - ZEEK
R ~ U ~ E(EME IR - TR S TIERRE - TIFEIR - TIEM:
B~ Bz - WmitErEER -

(2) BN ATRESR S 58 Z (TR M AFSRG AT 2 57 THET A VIE NI ZREa A © Tbstid(E

SR 2 (ESE A BEVHNEC ITO HPER E R RE 55 TEERE R -
AateEst i nlRedl 2 REEHREE A A E AN B (FREURFEREE) RbTTT 5
HELTIIR R PRI R e - $HETIUF IR » FORSIRE Rk 8-OH-dG
IIMT ~ R RRABRET I H (T 04 - RELLETAL 55 TN fE FR BRI B Bl g 52
REERELFRL -

26



(V) PREREL AT -

1.

(1)

)

MRS PR R PRARAT A e 2R . b TR - Rt se 2 R S=Ea
B> T HRBRGR ARSI T R BRI Bl (o WA AR — s T
S TEARURS [R5 2 A 5 SRR A TER A

MR REE © SBRE - 3R BIEiRES - lREBSEIT -

MR EREE DRI M gt e fil A TR Z Ak eh > B LURBEZE RIME (N
JILA EDTA) RATSHEZEFRIME SHIE 10 mL ZF#ARI - MURAUSZ1%
RFRBHEZEPRIME 228 L ml CATIIPTARE)) A E & TMOM 734f >
HERMIRAIEL 3,000 rom HEFTHEEC > SrEiE plasma i & fisa (BiE a4
Pk - BE1R - RRFE 1 /N Z ALBHEZ2 BRI E LA 5,000 rpm HEFTHEEME
HUH: b % B0 o3 (F Rl e R A ~ e B HERR T A AR - SR RIERF DL
KIS > A K B B B EE R KA Y- T8 C R T -

PRIRERER © R IRE 1T ~ FRIR 8-OH-dG F3Aft K AILBEHT 73

(i & T80 —(E AR K —{1 500 mL (V¥ERRNE (SERIFRLE R AE
NGB A s B B R S ) - SRR ST E Z 55 TH PRI -
RRIBERASEIG TIEAR - RIRER KT (£90-4C) - wEIEREH
LL-20°C AT i ARUST R LA PR HEA T 0 AT

PR 8-OH-dG 3t HUPRIRAA 500 pL - LA 500 pL ZEET/KimfEL -
JILA 20 pL15N-8-OH-dG PFRREmM L o DUSGREIMHAZHESETERC LC/MS/MS
LTI -
PRIG PRI oA © Zeat P LB E R B R R 0 PA HPLC HEFT 73 4T -

(F1) MR R PRI A< B R o AT

1.

MRHAE - RFE B 2R > B 0.5 mL )% ~ 0.25 mL30% & 4E (L&
2.5mL 68% B S B I AR H L E T - AEFEF T RIERFE 15 788 (FUH
{betgan) - BL400W 100%Zh% » 4£ 15 Fr# N7 m % 200°C » {£ 200°C 4Efr 15
gr#E > DLSERICHAL - AFE 20-30 32 AR - BEHUHBREIAIR - REH
B BAAEREIA 10mL EEH > Rl ei Ve TRt ERS > ZHAD
SFEEET/KHRE > FR AR EILA 10mL EEH > WIbEE 2~3 K - Bl 10
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6.

ng/L 7% 100 uL fiiA 10 mL ESHLME AR - AT KEER 10
mL > FEEIRAERELL 0.45 nm JEACE IS RSG5 -

IR B E A ¢ DIERE L 1,000 mo/L #YSAFEAEZR S0 pl - AIATR
50 mL g & - BL 17 i ERAEMRE R LR - BoRk 1 mo/L HYSHEE SR
1 5% - DISERE R 1 mo/L AUSHEEH R 1 5% 50 uL JI AR 50 mL E &
o FRENEE 10ug/L /A0 500 uL fIA - Sf% DL 17 il A R E R 2 4% - I
Y 1 ng/L AVSREEHE AR 2 95 (27 8E 0.1 ng/L DIEBINEE) - Il AEERTEE
AR S0 mL E = - DL 17 % i SRR S b S AR Y (R
ERAREEIE fy 0.01~4 pg/L > MEARARTREHER o DR E R
5 [ BAEE RIS 7 CLE G B B4R - MERR R G 2 IR G BUE B E
0.995 -

JIEZE AT+ EEAER RIS s S PR A iR R il <2054
R VRATAT (77522 A 7347 » 228 A (B T HE AR I N B
A ZAE T A IRERE -

PLSE AR 2 8 ~ SRR - S —riAsE N BEC B B R EE N 2 RS
2 85 > DUMBCR i RERE (QA) » BAZEFRAE 10%LLA - 0% 10 Bk -
A — TR D S 2SR R SR E - DM A B #ERD (QC) -
ERTEURIEES - AT RS R A LR E (10 mL/0.5 mL =20 f%) -
FRABOHAL * B 200 pL FRIGERAS » AN 2 mL /Y 65 %6 flBE B> = A -
RHETTRUME < OB LE B2 BEA > FIFERET/KERZE 2mL » AR 20
uL =2 1,000 ppm palladium ESZEfRE - FERI_ BT

BT FIFRERM G B EEE (ICP-MS) #EfT4HT -

(73) IR DNA {52 (Cometassay ) MHgE#EE /L (MDA) 434 ¢

1.

Comet assay 341 * REAIA AR 2 MR i FH-80°C JKAS T HILEE A 208 T
0 A 25-30°C K » HY 150 uL 1% nonmalmelting-point agarose ( NMA.) jA {3
H F o SHEEEFEE 130 uL 2 19 low-melting-point (LMP) Ed 50 uL 4:(frt
SRSV EB R F o BE %0 150ul 19 nonmalmelting-point agarose

(NMA) » & EZEB R KR TEE - A 4°Ccold-lysing solution 1 /NF§1% »
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4.

NEKR (300 MM NaOH and 1mM Na2 EDTA) =815 8Ek% » L0
Tris-HCl buffer (pH=7.4) thfll » £ 1% DU eI 22 IH TR - DLERSEGG
(Image Pro Plus software ( Media Cybernetics, USA ) B HEREE » HFE
1R : Tail moment ( TMOM ) =TDNA ( % of DNA in tail ) x TDx ( tail distance ) -
e #mE b E (MDA) : H 0.25 mL (4% » i A 25 uL 0.29% butylated
hydroxytoluene (BHT) k& 12.5 uL 10N NaOH - }* 60°C T 100 rpm 7K;& 30 43
# > FHOA 1.5mL 0.44 mol/L HsPO4 B HA /KA 10 43§ » L4 2,300 rpm &0 10
or#E > BUEEIR L mL i AtS R E T > FEIIA 0.5mL0.6% TBA » 2 95°C
T2 E 30 438 0 AaliE A 1.5 mL butanol - Y _F)&E7® L HPLC-ECD (C-18
(4.6x150mm) column fitted with a guard and eluted at 1 mL/min by using 65%
(v/v) 50 Mm KH2PO4-KOH and 35% (v/v) methanol ) 537~ °

MR EARE H ik a8 (LB Z 73 M7 (Glutathione peroxidase, GPx ) : GPx & 4774
R mE=E &4 (Glutathione peroxidase assay kit, Cayman, Ann Arbor, Ml,
USA) -

B EIRE GPx ZAERETOEILR - Wit BRI HE o E 2 5
{& ( AA340/min) - ¥ Assay buffer (50 mM Tris-HCI, pH 7.6, &% 5 mM
EDTA )~50 ul -2 Co-substrate mixture( &7 NADPH- Glutathione £z Glutathione
reductase FZlEEf) K ) ~ Cumene hydroperoxide 20 ul DL % 20 pl BEAE 7Y 96
FLEDREI95) > T LS MIEELE 340 nm i & NI EE R DRV ERR
sTEGEHATT ¢

A,,o(Time2)— A, (Timel)

Time2(min .)— Timel(min .)

AA,,,/min. y 0.19ml
0.00373M~  0.02ml
MR EHEH IR R EEG537 4T (Glutathione S-Transferase, GST ) @ GST J& 47
MrER FH 2 i &4l ( Glutathione peroxidase assay kit, Cayman, Ann Arbor, Ml,
USA) -

1F 96 ZEfZ N A 150 ul Assay Buffer (& 0.1% Triton X-100 > 100 mM

AA,,,/min. =

GPx Activity =

x Sample dilution = nmol/min/ ml

29



potassium phosphate, pH 6.5 )~ 20 pL Glutathione 20 uL plasma Jz 10 uL CDNB>
JRETIA o DIEHEEERIERTE 340 nm i & TEIEBOLER/DATHEAE  SHE
EAT -

A, (Time2)— A, (Timel)

Time2(min .)— Timel(min .)

1444 background A\A340 HYEHE -

AA,,,/ min. y 0.2ml
0.00503M ™ 0.02ml

5  MREBEICYIEALEFZR 3 (Superoxide Dismutase, SOD) : SOD JEMEZ 57
R ot E4H (Superoxide Dismutase Assay Kit, Cayman, Ann Arbor,

AA [ min. =

GST Activity = x Sample dilution = nmol/min/ ml

MI, USA) -

5T SOD 2 R SR 4R - 6 Radical Detector 200 pl ~ Xanthine oxidase
20 pl B 10 pl BRAORINE 96 FLERIN » M AR SR BN =00 NMERRE 20 7>
o DUEESEARHIEEAE 450 nm iz & NEZERUWOE Z i/ VAR » IR E TR
1% SOD Z BEAETE ML 4RE TR H SOD 2 &

VO ~ SRt (GEET4ERI p < 0.05 REEAS T LSS

(—) EZIE T (Univariantanalysis ) : 1255 T2 BSEREE B - 25 LIEHGEE
HIEE 25 T4 55 T RIS HRM S vaet it — R B HhE 55 exposure
index) - {KIFFRBEHETEE D4R - TARERBRRE 2K HIMRIBEHR
i ER B E BLAE YN R T 04 1% - TNl s H R B 2 Al & kY
HEATIRE

(7) ZIA A« BT LALIAEREME 347 (correlation ) B2[a]gF 7347 (Regression ) #E1T
Z 0 BREZERP M EERE MR - FRIRZBIGHMEST » AR SR v Ao fE
TARRIBEE RS N R BRI & 2 HR 2B P R A5 4B 7 N [E] (R &
FEZERE > IR T A LA (A K TAEAERIR 7 2 R Ol 5hT > Hés
SRR o] F 2R BT R s TR A T [ iR ~ ARG ERETHR S T8
NETRB A L E . Rk E o] -
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FUUE SRR
B—H BITHR
PRESIE S PRIk 2 TR A B §7 08 9 BE B R s — R S BUR as AR BUS ROETT
BHEEREIREE R IR R Y 2 B E 2 FER BREFE NS - #ET5Ek 1TO
(EHRRE 2 FE R T 224 N\ ZMGHE AR e - G E SRR A R A
IR RS BRE A - AR TIHE KEREER 4

R4 PTHH e EE ST

HITHH N THESERL SERK

BRI (EFEE ~ Spiasl - SN | 200 £ 224 {3

TESERBEAE (FERRE ~ mImpuR it

ERYEEPNESE i 8 X 11 K
FIEE)
. SISk EE AT (Marple) BRER
LN E R e 8 JK 10 J&K

B (R S5 —
TR AERIEE (IOM) SREESHHT | SR | 10X

PRIRS3HT 8-OH-dG (&

200 200

creatinine )
& 738 MDA 200 {[& 200 {[&
& 73 TMOM 200 {[& 200 [

W
: 13725347 SOD 200 | 200
{5 —

MR 57T GPX 200 1 200 {[#
& 73 #r GST 200 {[& 200 {[&
NNEE S bl 200 {[& 224 [
PR AR S 317 200 {# 224 (i

# = ITO B LIRSy TEEUS MR E > P s MR FREE ITO ZHYEE
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H
» SNSRI R TR -

R EA LS R R - HPOARRT AR SRR BT

(—) ARE
(Z) BAHE:
(=) FAH -

» IREEUR S ISR -

(—) DAFE
(Z)ERAHE -

+ (b SRS [ RS e -

(—) G447 -

BET SNSRI EE R R MR B PR R A

AREEFETSERL 11 BRAVEE (A AR EEHE - Ho bR aRraEEHerysH £

FREFHSEREN © SCHBI I ROER - REEUR s RS & S LR 40 [E]
W BBl - S/ NI AR R R A T R — el S el 5 0 RS R B S
s N B R e R (E A SRR 5% - (SRR BUAE &R MYk

5 BN ES ARG R E R BT M E S R

MR d T o [ B A
LRI %%::EF‘% D AHE (3K EAE (2 X))
TR HER JEE AR A HEKyEE AR PRy
(mg/m?) EE(mg/m®) | (mg/m?) | [EE(mg/m®)
PR RS 9 5 11 11
S 0.908 0.330 0.037 0.004
EASREE | = 0.764 0.250 0.030 0.002
ANH 1.885 0.703 0.109 0.006
H/ME 0.005 0.011 0.002 0.001
PR RS 26 28 12 12
SEEE 0.224 0.102 0.003 0.001
IR | e 0.497 0.179 0.002 0.002
S PNE] 1.811 0.660 0.007 0.005
e/ IME 0.001 0.001 0.00024 0.00024
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% 6 A(LINF RIS R EER e R

% LA P RS HE B i g
B | ZRT A 57 B AT F A
B ORE | g | TTRIE | g | TR | PTITORE
% mom) | P gy | B gy | PR
(mg/m®) (mg/m*) (mg/m*)
PRI R 11 11 3 3 9 9
o S | 0.019 0.009 0.012 0.003 0.014 0.014
x A 0.010 0.006 0.013 0.001 0.013 0.009
mAME | 0.033 0.018 0.027 0.004 0.048 0.029
/ME | 0.006 0.002 0.004 0.003 0.005 0.001
EREERLEy 14 13 11 11 11 11
& ¥ | 0.008 0.003 0.003 0.001 0.027 0.015
ijz TAESE | 0.011 0.002 0.003 0.001 0.059 0.027
- S oNE] 0.043 0.008 0.009 0.002 0.203 0.095
B/IME | 0.0002 0.001 | 0.0003 | 0.0003 | 0.0004 | 0.0002
F2 7 SALHHIZEEA o B B S R E R R E 45 R
7 AR A O B EE g G A H]
K| 22 i [E SRR Yok i R B A i AR HE A B i
B ORE | e | TR | g | TPREE | e | PIIPORIE
e mom?) | B (mgmd) | PR mgmey | IR
(mg/m?®) (mg/m?®) (mg/m?)
PREEERE 8 8 8 8 12 12
" SEHE | 0.890 0.188 0.858 0.536 0.171 0.017
i fEAEZE | 1.649 0.347 0.975 0.685 0.324 0.024
ISEUNIER 4.017 0.823 2.510 1.935 0.968 0.092
R/ME | 0.002 0.0004 0.070 0.052 0.009 0.002
REERLE 12 12 16 16 13 13
_ | FHE | 0632 0.183 1.004 0.489 0.091 0.011
g fEAEE | 1,009 0.274 1.810 0.862 0.268 0.018
- BAME | 2280 0.610 5.672 3.109 0.983 0.069
B/ME | 0.001 0.0002 0.011 0.003 0.001 0.0004

S EAE BT By RS RS i e B M EE R e ZERIFCE X PM J575%
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AHME > R saE R RIS R TR M 4EE (PM) 2AERZE [ T B R TRz T




PSSR - MEZNA HR MY SRR M e B B R e A% & EoAth S ek - (E S st
JE RS SREFTEE AR AU EE AR HE Y - ISR es iR SR PM {ESERS - BEE 2 R &
{LSRSH M EE RS IE T & SV EEJRRE = 17 1.885 mg/m® » BT R EEIE 18 %
(PEL-TWA > 0.1 mg/m3®) -

S LR #EA [m] U B s g A [ Ar B i B By 0P - ERIRE G A S8R » T L
VRIS E IR - SR BRI S - RIS SR BE VR £ = T 2 5.672 mg/m® >
IR AT T ERATAE 56 % - SLIAF RIS I BSOS & AN G A TR T
{EZE (WHESCDIBIGAESE ) - SEZATR ECAN S A B ZE [ T » B2 » dlEPH
MU NERR A T -8R e & Bl L e A A RS - ESERE R L A DI ZE R A
(SRS EE RIS HIETY 0.01 mg/m® » FUE/DE ST BB A BE e > SIS SR EE
TR A T 0.203 mg/m® > HUBATF R 2 1% BIEES LR B =R
ST EE o

AT R EHEERBUNMEE N R EIR AR ZFR/NATEEERN Ry 10 F20H
TESFEEESE » NIt B TSRS » oA FADE 35 sk DA 1 » BEE A S B2
& HFEEEFRAK - EEEURHAER ERVZER - AiiEEER 30.8% K 13.8%H
NEETE o LA RERES TAEHD -

% 8 I LEAENR

HH n Mean(SD) or %
FEHR(yrs) 224 34.80(6.03)
H=(cm) 224 172.08(6.58)
#G EE (k) 224 72.79(12.79)

BMI? 224 24.36(4.66)

F& 224 7.04(4.31)
RS EE iz 154 68.8

H 70 31.2
Iy 18 iz 193 86.2
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=i 27 13.8

HEEE i 78 34.7
7= 146 65.3

T E% B &PM T F2H & $HHE 167 745
T TR & =R TRERR & FAL | 40 17.8

TN B &EH 17 6.7

¢ BMI: Body Mass Index

SBUUET SRIFRBFTEMEAGER

ARAEFE S B ge (el 2 SEE B AL —
Company A ; Company B ; Company F ; )& S48 ~es mfk #3& K © Company D ; Company
E) - ii¥fHEh 3 i/ E] (Company A ; Company B ; Company D) #fTiEHE5S T FEF

A AP E AR LR -

Z< 9 Company A Bf55 T,

Tt

7N

5 [ (FALHAES R B

LTS YU BRI B

99 100 4 101 & 103 4
n Mean(SD)

Serum-In (ug/L) | 27 | 5.379 (2.587) 6.104 (3.188) 5.564 (2.904) 4.229 (2.458)
Urine-In (ug/L) | 27 | 0.396 (0.747) 1.147 (1.258) 1.847 (1.77) 1.307(1.12)
SOD(UIL) 27 | 34.242(23.989) | 19.831 (5.308) 27.923 (12.927) 93.667(25.723)
ﬁprﬁme minly | 27| 1093(3L13%) | 148672(853.349) | 188.439 (167.871) | 3256.667 (1162.289)
ﬁsrﬁom minly | 27 |2153.005 (780.855)|  §7.572(65369) | 117.575(52.732) 74.037(27.683)
MDA (uim) 27 | 6.496 (2.271) 7.311 (1.311) 5.837 (3.098) 11.336 (2.834)
TMOM 27 | 6.643(475) 15.095 (5.175) 13.402 (4.697) 5.884 (4.315)
?r;gl:'gdgeatimne) 27 | 3.21(1.783) 3.088 (0.757) 3.168 (0.928) 3.529(1.111)

% 9 Ky Company A S IRAYISETEIRELIG PN 2 5341 - 4£ 100 2 101 FE[EE) ]
HEEFFREER (PAPR) HY/AfR » FIIGFIEREETEIRHY IR TR e A M iEss -
EPERRIFHIRFEEAHEE (MUF TR 237 M EESS - RE AN Z /bl imny
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£t 101 SRR R D (18 16) - HEERATLUEH] 100~101 97 A FHHYE A S/
R EEE (PAPR) ZRERY - AL SOD ~ GPx A1 GST Ayt (LEFZRFEIRT -

eRale 101 FhiaT] 103 £ 23 EFHYEIE - JCHELL SOD Al GPX B ffi - &5 REUR
RENHIPIE( R R BFN © R R BN B HEB % - R SRR
(el ZAAE T E s - BRI CE R ERE LT - EERERES g ENALET]
fatt MDA ~ TMOM 711 8-OH-dG #Y_ L7 - S (LEEJ3E1E MDA Fil 8-OH-dG g5 =31 F
THHRS - B ETE IR FIS LB RRIER 2 £ S (LB T IH51E MDA A1 8-OH-dG
AE - 103 Y P BN HALF E 23R TS HEs) » ARACBEIEEFE - 5
A RZIEARE
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16 A[FIFET > Company A 35§D THIS A YSERE LSS,
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MDA Ky NEEEL GPx HRCAHIR % - HIF Ry GPx GiEFEE A LAV E B
#5pY 100 5] 101 FAHHE TR - T GPx BIFE(LH HEE - FrafyEmZ

/o

b

7 10 Company B iE#E5 T » T SFEEEYEME TSR ELRL

99 4 100 £ 101 4 103 £

n Mean(SD)
Serum-In (ug/L) |13|  5.124 (4.202) 5.54 (4.631) 4.358 (3.671) 3.793 (3.316)
Urine-In (ng/L) |13  1.405 (1.063) 1.204 (1.02) 0.778 (0.755) 1.051 (1.047)
SOD(UIL) 13|  17.64(8.169) 27.276 (5.521) 6.867 (3.973) 179.462 (47.791)
gpr’:mle/mm n 13| 334.011 (400.895) | 4087.449 (744.709) 175.13 (34.337) | 5725.154(1.323.905)
(Gnsntole/min ) 13| 1967.082 (895.523) 256.92 (41.497) 77.467 (43.943) 95.077 (55.146)
MDA (pum) 13 9.327 (3.55) 6.303 (3.975) 2.771 (1.094) 21.515(5.802)
TMOM 13|  6.117(1.863) 9.657 (3.751) 13.368 (5.09) 10.335 (3.062)
8-OH-dG

(ng/mg oreatining) | 13| 5997 (2426) 3.217 (2.024) 2.953 (1.135) 3.395(0.959)

7 10 f5 Company B S IHAEVPSUE ST ELRG SR 2 73 AT o IR P R ER R SRR
A G R PR B R R RV 25 - ££ 100 £ 101 FEHh )38 e AU 58 A
(PAPR) HIfM AfERIT. - Al 101 B 103 SEEEIEHEST THY-H PR R #e 99 &
100 £EJEE Rl - RERMEAZN ARG R (PAPR) HEE AESY] 1 E Ll SRk
H#E AT\ AG P ER G RO R ] R B U » MR ol Ry RS I R BRHVTEAE - S Al DAY
101 £ 103 SEFEAYIIIA PHfRE A T HRIFEREE A MRS (B 17) - R
R RIGE R (PAPR) BTN AMR - WA IS THRAVIRE - /e bl
% SOD - GPx Al GST W& EACE » e Ve A B IAYESS - JLHAE 101 1
103 & Z [T A AR BT i bR BT RER N AL B ARG R
e T —fekeEs > SN ERG N E AR H A S R RE - HRRUER 2
RIIHY - H&isk DNA IRIBMEEEE(LS - IPELB I RERE » HE 103 4
{EEEJIH51Z MDA #1 8-OH-dG & _LFHi#2h -
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FfE 17 IR s (bR © 1 103 YR BT HHVEss © misE RS
MDA % 103 A BHIRT T &S - RRE(CEEIZM R - 1€ 99 F 2 101 F451
£(LFEZR SOD M1 GPx St EFH& NS E 2 A (LB TIHE1E MDA #1 8-OH-dG 2
N HAEYEZEDEERERNE 99 FhlGH I /Mt E(bE hEZu ME - T
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7% 11 Company D iBE%5 T > 1T &S AEYUENEFSIERILLES

99 4F 100 4£ 101 103 £

n Mean(SD)
Serum-In (pg/L) 7 3.61 (1.547) 0.394 (1.043) 0 0.095 (0.163)
Urine-In (pg/L) 7 0.084 (0.144) 0.171 (0.221) 0.029 (0.054) 0.077 (0.145)
SOD(U/L) 7 22.065 (7.631) 27.463 (4.413) 12.108 (7.452) 226 (37.851)
(ann)iole/min/L) 7 11091.622 (372.039)| 3470.647 (687.294) 276.25 (70.21) 212.286 (112.783)
(Gnsr-nrole /min/L) 7 | 1392.8(739.946) | 347.628 (65.851) 234.838 (103.665) 39.143(43.326)
MDA (pm) 7 6.129 (1.524) 6.699 (0.613) 6.915 (1.111) 9.996 (0.885)
TMOM 7 11.52 (5.903) 8.165 (2.445) 21.691 (8.288) 9.643 (4.915)
8-OH-dG

(ng/mg oreatining) | 7 | 704 (5:687) 2.856 (1.124) 2.608 (0.669) 2.833(0.7)

7 11 Fy Company D £ IH AU fa Bl ge sl 2 73 AT - PR #HRE A LUE
101 £ 103 £EFEEAHREY 99 B 100 A Ryfl - AAREN T AR5 H (PAPR) Y1
A P E T DR R L i R A ARG T % st o] DUE A E R IRF [ 5
FRiERE b ABHBARYIR(K - 281 > 101 5] 103 FE 2 [ - (i BPR Al A _ BT
o IR R EHE A B GBS TAVIF SRS SR - So— 7w - Pa(biEiER
SOD i 101 %I 103 FAHRHYIE I - RFE AR NS L#HT R B A
(EiiE bR BT - 42 103 A LEETIH51E MDA A1 8-OH-dG Y E7t » fRFEHH
HIP 2 SRR R RTSUEMRAFAE - (H ETHAVEIEE: Company A (EFEZHEE
iz ) A1 Company B (MRFEACELISNT ) %1% - A] A1 Company D (#rrgs itk B4R, )
Heor TRNS(LEBENEED - AFREAZIABRAN SN ERIR - R
ERESEIAI A [R5 a8 B FAHERE -
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18 Al DUE ! - A FIAR o AR LA REARARY T - felE & S bR IHE 1R
YHEIAEN _ EA SR CEER GPx f1 GST fMAZANY S, - fEEF T LB
101 £ 103 4F TMOM $5157 N aV#EES HIFNAIRE fy SOD $iia (Ll ZR LT DNA
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RIS IAEYIAER S MIAE] - EITERIEAR I &y R LR G
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7% 12 103 - /bl S #0M UG MR BG 55 TS A Y e FE AP L

Company B Company A Company F
n Mean(SD) n Mean(SD) n Mean(SD)
Serum-In (pg/L) 30 2.228(2.663) 49 2.954(2.878) 25 5.315(4.245)
Urine-In (ug/L) 30 0.658(0.805) 49 0.851(1.085) 25 1.434(1.075)
SOD(U/mL) 30 | 174.033(88.873) | 49 91.388(26.589) 25 84.4(34.288)
(ann’iole JminiL) 30 | 3053.3(2844.2) | 49 | 3677.041(1639.572) | 25 | 4955.6(1407.862)
GST

(n mole/min/L) 30 94.633(70.978) 49 73.224(25.193) 25 149.8(164.673)

MDA (um) 30 | 20.122(4514) | 49 11.223(3.236) 25 9.95(4.077)
TMOM 30 | 11.064(5.805) | 49 5.955(3.813) 25 | 6.777(4.478)
8-OH-dG 30 3.95(2.526) 49 3.655(1.296) 25 3.83(0.984)

(ng/mg creatinine)

12 > DIFCH R RS 5 THIK TiZICE - Company F EEEA 2 [l /X Sl & #24T 2
&5 > RS TR SR B S LGN B - EROER RIREEE (PRI BV E
R - MR E RV REETEEE (MUF T #) 2G> Company F #ES thEEH M 2 fE A= R
= o DUEEEGHIALRF & SOD ~ GPx ~ GST A » Company F tEEHA 2 ZRAFE]E - R
% 103 F2 BRIV T - Company F 55 T2 fRHVE(EE B & - AR &E
S B RIS LN B A RERGS - (£R(LEETIF5E MDA ~ TMOM A1 8-OH-dG
Company B #ILE Company A 71 Company F 15 » 2SR LB T A RN AT RE B 55 1Y
P TAEEER -

7% 13 103 - RE R e A T as I B R R G 57 T8 IH AR W E IR RE

Company D Company E
n Mean(SD) n Mean(SD)
Serum-In (pg/L) 26 0.445(0.418) 70 0.444(0.432)
Urine-In (ug/L) 26 0.051(0.099) 70 0.015(0.058)
SOD(U/mL) 26 167.038(55.538) 70 180.686(51.404)
GPx 26 1008.385(1240.412) 70 1524.871(1149.267)
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(n mole/min/L)
GST 26 44.808(30.097) 70 56.843(37.808)
(n mole/min/L)
MDA (um) 26 8.905(2.368) 70 9.362(3.588)
TMOM 26 5.715(4.916) 70 10.715(5.06)
ng /rf]éoc"r'égﬁmne) 26 3.504(1.298) 70 3.884(3.981)

HH% 13 o > AILLUEH 2 RIAMRMSS TAF MR ESUE(R ) ELEz T - Company D
Lt Company E %y » {3 Company D 25 T 82 S LRSI il - ZA0f - T RIFH]
FORE (M) AR EAYE - (0% Company E 2B FIE(LMFHERS - 1|EHT
ELEFRIETE SOD ~ GPx 1 GST HY{EAKE » Company E FEELEL Company D 5 » 5]
Bgize 17 Company E SLIRSREAVAHE » (TRENE(CE BHEMI BAARBENERS -
=R R R SR A LB T 1451%E MDA ~ TMOM 71 8-OH-dG {J{FLL Company D &
PRIt - SR s Y LR85 2 B 1 i A LR ) BV S rTse A IEIMIPER -

19 Ht > CompanyF R Hr Y & & 2y 5 [T E] s » 5850 1 RIS fE Y = 2 2R
& WA DIERIFEIERNIE R &S] CompanyF S iE » RFAKHREHEH
T AR BBV S B s - —MRMS - AT 2B SRR - EREIELE
FEM MR - [8 13b o7 - BEZR CompanyF $ii%{bE% 2 SOD HyER Al 4 A EE - B
Dlgsgs i (EE% 25 SOD ~ GPx il GST 2% » CompanyF {J34REEELAM /A B - HARERA
ERBIMRYBERNESZ fb8 HEFEENEBRIEEES AT » EERED
He Company F AHFEM E/LYE (L8R ) HEAFIAFS - i BeAs EA LR T IF51E MDA~
TMOM #{1 8-OH-dG #ll/2 2A CompanyB #%s; » 7 LARIEHE(LERIH) RigE S » M EAT
ZREGEZRANEN - LA LR CompanyB 24 ¥yaERnyss T & AT RE
Ry 5 RN E P - HA 2 AR A (Company D £ Company E) - Company E (%,
{BBESIFEHRELL Company D & » [ DIE N HEALBEGZE N R ES  Hit Company E
£ 101 FFFENH AT B ATRTER (PAPR) 41 A » ARSIV R R v RE K lizE H
S EHVAS -
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19 103 £ /L AR BUS RN R SR U~ a3 T i SIS U Ae 57 TS IR AR REEE

L

% 14 103 A bR S UM BUS RO St B a5 TR S B HE S T 1 AR VI E AR

Ebi
e G iR A
Company B Company A Company D

n Mean(SD) n Mean(SD) Mean(SD)
Serum-In (ug/L) | 13 3.793 (3.316) 27 | 4.229 (2.458) 0.095 (0.163)
Urine-In (ug/L) 13 1.051 (1.047) 27| 1307 (1.12) 0.077 (0.145)
SOD(U/L) 13| 179.462 (47.791) | 27 | 93.667 (25.723) 226 (37.851)
GPx 3,256.667
(n mole/min/L) 13 |5,725.154 (1,323.905) | 27 (1.182.289) 212.286 (112.783)
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GST
(molminLy | 13| 95077 (85.146) | 27| 74.037 (27.683) | 7 | 39.143 (43.326)
MDA (um) 13| 21515(5.802) |27 | 11.336(2.834) | 7| 9.996 (0.885)
TMOM 13| 10.335(3.062) |27 | 5.884(4.315) | 7| 9.643(4.915)
8-OH-dG

(ngimg oreatining) | 13| 3395(0959) 27| 3529(L1lY) | 7| 2833(07)
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% 15 ~ ZAEIEREIE IR AR AL IOM ) EERREE

AT Ve, PRI ] Eiﬁui;%g}f

(min) (mg/m?)

P EIBEEEE 2 355 0.12146

Company A EHIEE 3 360 0.15474
JafE = 340 0.13933

TP L)) 390 0.05933

Company B FEE 390 0.14987
W L 385 0.42956

WHEEZELE 1 355 0.78715

Company F B SE I 2 352 0.72548
2 NMEZEE 350 0.51905

vyl 355 0.1355

Company G-ifg R [#2iE 5 349 0.15631
pagia 125 4.13553

g A 340 0.16117

Company G-{ KR 'EFEZ L& 345 0.28062
TP [ 103 0.37568

I R 419 1.18432

Company G- &R |FEmIH S 385 0.16527
PRl 255 0.18537

PRI (1) 100 0.24759

Company D-TFT6  |FfEEE (74) 100 0.17007
BHE I (Y1) 115 0.21371

WHEE N (GEIT TAEE) 115 0.17002

Company D-CF8  |WFEEL: A (EEE T/EE) 113 0.13124
WP PN (BRI P D) 110 0.22532

=B EE L (2 5 ) 310 0.02409

Company E-Y2 FFBR I (14 5 22 {H) 310 0.03689
FERI R (Ao H) 310 0.03114

b (% 2 2 ) 100 0.01166

Company EVL I e (e ) 100 0.04578
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MMAD =5.17
GSD =2.08
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0.1 mg/im*) 5 H 3 (i £ BRI A 3 #h B e 2 - T H UGB 1y
AR (18 23) - NIL » fESESy TRAMERE 3 MfFRIEE [ LIELRIME & H 2 Ik
i > flan - Bl g e (PAPR) o DURITE AR R (AR - JE
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Ao R R RO NEZOR - & 4 T - Ho B AR RIRE AR DL
K EHYRENEN: - EERERE BT ELEERR S - a0kl T RAREFE
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g MIE 0.96 pm % 1.55 pm A1 9.8 um % 21.3 pm Z ] > [AAIALAL 0.96 pm LU NET
53 Ik VIR T BE R REbi 2 AR B PR - NI 3 (EfF SR Ik m] RE AR AL oK AR
LSl 5% A L
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ek — SALRGERE TERREFEERS (R
Health Survey Form for ITO ( Indium Tin Oxide)

Interview Date: Year Month Day

Employee Name:

I. Basic Data

6. Sex: (1) Male (2) Female

7. Birthday : Year Month___ Day
8. Height: cm ; Weight : kg
9. What is your educational level :

(1) Not Educateda (2 ) Elementaryo (3) Junior Higha (4) Senior High
( Vocational ) o

(5) 2-years collegen (6) Collegeo (7) Research Instituteo (8) Others

10. Working Time :
o Fix Shift (o Day Shift ; o Night Shift ; o Late Night Shift )
o Shift Rotation (oDay Shift days/week ; oNight Shift days/week ;
o Late Night Shift days/week )

I1. Occupational and Related Exposure History
1. What is your working condition in our company :

Work History Exposure History
5 Job Titl Year of | Exposure | Exposure
i epartment ob Title
Job Details p service | to Dust Time
2. How many hours do you work every day? Hour
3. Condition of using protective gear:
Type of Protective |Frequency of use : Using time |Frequency of changing to a
Gear 1. Never use it Hrs/day |new one :
(Multiple Selection) |2. Use it sometimes 1. Daily
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3. Use it less then half of my
working time

4. Use it longer than half of
my working time

5. Use it the whole time

agbrwmn

2-3 Times a week
Once a week
Monthly

Other: please state
clearly

6. Dust proof mask

7. Carbon mask

8. Ordinary mask

9. Cotton gloves

10. Other :

4. Have you ever worked at other company or factory aside our company? (30 hours or more

per week, 6 months of experience or more)

0 Yes 0 No (if yes, please answer the question below )

Working Area

Item of work Period (Year)

Dust exposure working area

( )

None dust exposure working area

( )

5. Have you ever worked at similar factory as like our company over 3 months? (0)

no (1) yes (if ‘yes’, please continue

5-1 What is your work condition with the said company :

Work History Exposure History
Denartment Job Tit Year of | Exposure | Exposure
i epartmen ob Title
Job Details P Service to Dust Time
6. How do you wash your hand after work?
(1) Wash with clean water only
(2) Wash with soap
(3) Wash with other material, such material was
Il. Life style
A. Smoking Condition
A-1. Do you have a smoking habit? (If below 1 cigarette/day or less then 20 packs
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for the entire life, please answer No)
(0) No (1) Yes

A-2. Have you ever tried to quit smoking?
(0) No (1) Yes, I don’t smoke anymore [ Go to B item ] (2) yes, butl

smoke again.
A-3. How many years do you smoke (deduct the time you quit smoking)? Year
A-3-1 How many cigarettes do you smoke a day? Cigarette/day

A-4. What kind of cigarettes do you smoke?

(1) Regular (2) Light (3) Menthol (4) Other___( Please write down the
brand name if you don’t know what kind of cigarettes you smoke.)

A-5. (1) Today, Before drawing blood, | have already smoked cigarettes
since | woke up.
(2) 24 hours before | draw blood, you have smoked cigarettes.
B. Passive Smoking
B-1. Do people often smoke a cigarette near you? (0) No (1) Yes[Goto
B-3 item ]
B-2. Currently, approximately how many hours are you exposed to passive smoking at
your working area daily? hours

B-3. Currently, is their a family members who smoke and live with you?
(0) No (1) Yes, people smoke (excluding yourself)
B-4. How many hours are you exposed to passive smoking after work?___Hour(s)
B-5. Do you light incense at home (including sandal wood)?
(0) No (1) Lessthanlhour (2) 1-2hours (3) 2-4hours (4) 4-8
hours
(5) More than 8 hours

C. Alcoholic Drinking Condition:
C-1. Do you have a drinking habit? (Only answer “Yes” if it is over 1 time a

week)
(0) No (1) Yes (continue the following question)
C-2. If you already quit drinking (deduct the time your trying to quit) , for how many
years had you been drinking? year(s).
D. Other Habit:

D-1. Do you have other sport habit? (Once a week considered as “yes”, but you must

sweat)
~__(0)No (1) Yes

IV. Health History
1. Self-aware Syndrome ( subjective symptom )
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4-1-1. Before you enter our company, do you have any illness with your body on ordinary

day?
(0) No

(1) Yes

4-1-2. After you enter our company, do you have any illness with your body on ordinary

day?

(0) No (please go to question 2) (1) Yes
4-1-3. How is your self-awareness syndrome after you entered our company:

Frequency: 1. Everyday; 2. More than once a week; 3. More than once a month; 4. More

than a month

Occurring Cycle : 1. Almost a month; 2. Almost half year; 3. Almost one year; 4 More than

one year
Syndrome N Y Frequ.ency Qccurrir?g Cycle
(How often it happens ) | (Period of having Symptom)
1. Conjunctivitis (Red, swellinganditchy eyes) | N oY 10203040 10203040
2. Hard of Hearing (Hearing becomes worse) oN oY 1o 203040 lo 203040
3. Nasal Mucosa becomes stimulating oN oY 10203040 10203040
4. Throat becomes stimulating oN oY 1020 30 4o 1o 203040
5. Repeatable sore throat oN oY 10203040 l1o203o4o
6. Coughing oN oY 1o 203040 1o 203040
7. Coughing with throat phlegm oN oY 10203040 10203040
8. Asthma or breathing like having Asthma oN oY 10203040 1o2o3o4o
9. Hardtobreathe oN oY 1o 203040 1o 203040
10. Chesttightness oN oY 10203040 10203040
11. fﬂfv}lﬂeﬂitﬁiqﬂ“uﬁ\ oN oY 10203040 10203040
12. Headache oN oY 10203040 1o 203040
13. Emotionally unstable oN oY 10203040 10203040
14. Bad memory oN oY lo2o03o4o lo2o3oc4o
15. Swelling or painful joints oN oY 10203040 1o2o3o4o
16. Numbness of hands and feet oN oY 10203040 lo2o3o4o
17. Skin Allergy (itchy or having rash) oN oY 1020 30 4o 10203040
18. Having a fever (high body temperature) oN oY 102030 40 10203040
19. Getting tired easily oN oY 10203040 lo2o03oc4o
20. Others oN oY 1o 203040 1o 203040
2. Have you ever seen the doctor because of the following symptoms? (Only the cases

being diagnosed by a doctor)

. Is it based on Already been

System Sickness N Y | family history | doing this job
£ 1. Cataract oN oY oN oY oN oY
ye 2. Glaucoma oN oY oN oY oN oY
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N v [ | A b
3. Conjunctivitis oN oY oN oY oN oY
4, Others oN oY oN oY oN oY
1. Deviated Septum oN oY oN oY oN oY
2. Perforation of Nasal Ulcers oN oY oN oY oN oY
ENT 3. Allergic Rhinitis oN oY oN oY oN oY
4. Chronic Sinusitis oN oY oN oY oN oY
5. Hearing Impairment (Hard of hearing) oN oY oN oY oN oY
6. Chronic Otitis Media oN oY oN oY oN oY
1. Migraine oN oY oN oY oN oY
2. Polyneuritis oN oY oN oY oN oY
3. Epilepsy oN oY oN oY oN oY
Nervous |4. Parkinson-Type Syndrome oN oY oN oY oN oY
System |5, Balance difficulty oN oY oN oY oN oY
6. Carpel Tunnel Syndrome oN oY oN oY oN oY
7. Sciatica oN oY oN oY oN oY
8. Others oN oY oN oY oN oY
1. Insomnia oN oY oN oY oN oY
Mental 2. Depression oN oY oN oY oN oY
3. Mental Illness Disorder (Schizophrenia or Paranoia) oN oY oN oY oN oY
4, Anxiety or Neurosis oN oY oN oY oN oY
1. Pneumoconiosis oN oY oN oY oN oY
2. Pulmonary Edema oN oY oN oY oN oY
3. Chronic Bronchitis oN oY oN oY oN oY
. 4. Asthma oN oY oN oY oN oY
Respiratory _
5. Tuberculosis oN oY oN oY oN oY
6. Pleurisy oN oY oN oY oN oY
7. Emphysema oN oY oN oY oN oY
8. Abnormal Pulmonary Function oN oY oN oY oN oY
1. Heart Disease oN oY oN oY oN oY
2. Hypertension oN oY oN oY oN oY
Cardiovascular |3. Coronary Artery Disease oN oY oN oY oN oY
4. Arrhythmia oN oY oN oY oN oY
5. Other heart disease, please state: oN oY oN oY oN oY
1. Dermatitis (irritation, allergy) oN oY oN oY oN oY
Skin 2. Keratosis oN oY oN oY oN oY
3. Ringworm oN oY oN oY oN oY
1. Gastroenteritis oN oY oN oY oN oY
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2. Gastrointestinal Ulcers oN oY oN oY oN oY
3. Liver Cirrhosis oN oY oN oY oN oY
Digestive |4 Liver Stones, Gallstones oN oY oN oY oN oY
systtm |5 Jaundice, B (C ) Hepatitis oN oY oN oY oN oY
6. Pancreatitis oN oY oN oY oN oY
7. Hernia oN oY oN oY oN oY
1. Cystitis oN oY oN oY oN oY
2. Kidney Stones oN oY oN oY oN oY
Reproductive &|3. High Uric Acid oN oY oN oY oN oY
Urinary System |4 Urinary Tract Infection (UTI) oN oY oN oY oN oY
5. Infertility oN oY oN oY oN oY
6. Kidney Disease oN oY oN oY oN oY
1. Anemia (Hemoglobin: Male14; Female12) oN oY oN oY oN oY
2. Aplastic Anemia oN oY oN oY oN oY
Blood 3. Purpura oN oY oN oY oN oY
4. Leukocytosis Syndrome oN oY oN oY oN oY
5. Leukopenia oN oY oN oY oN oY
1. Diabetes Mellitus oN oY oN oY oN oY
Endocrine |2. Goiter oN oY oN oY oN oY
system  |3. Hyperthyroidism oN oY oN oY oN oY
4. Hyperthyroidism oN oY oN oY oN oY
1. Systemic Lupus Erythematosus oN oY oN oY oN oY
2. Rheumatoid Arthritis oN oY oN oY oN oY
3. Tendonitis oN oY oN oY oN oY
Musculoskeletal 4. Fracture, which part oN oY oN oY oN oY
5. Other Arthritis (degenerative, gout or other ) oN oY oN oY oN oY
6. Protrusion of Disc (Spur) oN oY oN oY oN oY
7. Abnormal of muscle tension oN oY oN oY oN oY
Other: e.g. 1. oN oY oN oY oN oY
Cancer 2. oN oY oN oY oN oY
(Please fill up) 3. oN oY oN oY oN oY

Interviewee :
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