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DD LT A2 NVRREIEER DG A ZNL
314 xR LGl L7z, OIS
& LT, BT, ET A VIRE (Te-S)
BLOMIGEH U 7 LRE (Ga-S) ZHIEL
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2. B eBIRE ST A

BRI TliE 1L, 421 TiE 0. 5ml
Th b, HEfME T 4nL 36 KON L
WEER L KSFEK 2ml Z UM L T, ~A 7 1%
B fELEE Multiwave PRO (Anton Paar
) CTEEINEN R 24T - 7o, ATLERIR I3
WK CTAIRL7=%%., PTFE0.45um 7 4 V¥
— (ADVANTEC #) CAiE L CHIER & LTz,
In, Te 8LV Ga LEEIX ICP-MS  (Agilent
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A VU hark— MFgEIE, [EEE
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IEEE O PR

Wopk 28 A ORI Z2H 1T 291 4,
BMEIE 270 4 (92.8%) . EHEENT 42.9
% (HPH : 20 5%-74 %) . MRERH 280 44 (B
WRiE 217 4, HERER 63 4) ., FEREEH 11
%, BB S OB 9.4 4
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(0.2-33. 2 4F) , In-S [ ZHH ) 1.5 1 g/L

(#iPH : <0.1pg/L - 45.2g/L). In-S
=3 ug/L OFFTRAEIL 29 4 (10.0%) .
WEMERRD~—H—ThHD KL-6 D]
FEIIE 264U/ml (GEHE <500U/mL) (&P -
120U/mL-1940U/mL) . KL-6 DA T &I
18 4 (6. 2 %) . SP-D D& 31X 45. 8ng/mL

(IEHfE<110ng/mL) (#EPH : <17.2ng/mL
-207. Ong/mL) . SP-D OAHFT AEEIL 18 4

(7.0%) T o7, MitkaEMRAIL 254 412
MEAT L. PERI, 4Fln, SR CfE L 7o Rk
13 4F A AR g s THIE 2 L U, i
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<TO%DHFTREEIZ 114 (3.9%) ThHo
7=

Wk 28 R E D O B, Rk 21 4R
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AT RA 2B, Ak 21 LRI D DA
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RIRFERETIE, 494 94 (18.4%) N5
728 In-S 3ug/L ZHZTCW5BH, Fi=.
FEV1. 0%% B < S2%8EiE1%E (KL-6, SP-D, %VC,
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LEMETH o772, MiEERIEE TR
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JEJIT,

2. WEEHT. HPEMR, FHEHL,
HEEf, T LIRS L B

DA% - AT EBLES, 5 89 [m] H A

FfAT s, 2016 455 H 24-27 A, 1@
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G. HBFTEHED HEE - BRI
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x 1. BEMHAIDOFIE

JERREE(n=11)

IRIEFR(n=138)

1B AR FE (n=49)

FHAZERE) FHHRERE) FHHRERE)
In-S 0.4(0.5) 1.6(3.4)* 3.4(8.1)
KL-6* 282(1.3) 264(1.4) 300(1.7)
SP-D* 44.4(1.8) 45.9(1.8) 48.3(1.9)
%VC 99.8(11.1) 102.6(11.6) 102.7(12.9)
%FVC 100.0(12.6) 101.6(11.6) 100.2(13.2)
%FEV1.0 97.7(13.1) 96.5(10.9) 94.2(13.5)
FEV1.0% 83.0(5.6) 82.5(5.9) 80.5(6.7)
%DLco 93.1(8.3) 95.3(14.6) 95.7(18.6)

& BRI 1 (EAEAERE) . % P <0.05, Dunnett test {#F (FEREERFLLEL

T)o %Dlco: FHADMHENXEM, SP-D IFFEEE 9 & . FIRTFE 126 B BEEFE 47 4
M 182 & THEMT, %VC. %FVC, %FVE1.0, FEV1.0%(3IERRTE 114, HIRFE 1074, BF
BBFE:42 2D 160 & THEMT, %DLlco [FFERTE: 7R IRBFE 1094 BEREE 454D 161

B TR
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®2 BEHINOAMRRE

FREC=1)  BRE(=138) BRERE
(n=49)
n(%) n(%) n(%) p
In-S 0(0.0) 20(14.5) 9(18.4) 0.296
KL-6 0(0.0) 7(5.1) 5(10.2) 0.298
SP-D 0(0.0) 7(5.6) 6(12.8) 0.182
%VC 1(9.1) 2(1.9) 2(4.8) 0.329
%FVC 1(9.1) 4(3.7) 5(11.9) 0.166
%FEV1.0 1(9.1) 5(4.7) 7(16.7) 0.665
JERLESE 0(0.0) 2(4.3) 1(9.1) 0.715
BLEE 0(0.0) 2(3.9) 6(20.7) 0.043
FEV1.0% 0(0.0) 1(0.9) 3(7.1) 0.079
JERLESE 0(0.0) 0(0.0) 1(9.1) 0.095
BLEE 0(0.0) 1(2.0) 2(6.9) 0.494
%DLco 0(0.0) 7(6.4) 6(13.3) 0.260
JERLESE 0(0.0) 2(3.8) 1(7.1) 0.786
BLEE 0(0.0) 5(8.8) 5(16.1) 0.474

P <0.05,.0.01 Pearson Xtest {ffl. Reference: %¥DLco<70, FAHMDHIERX{FEH, SP-D (FIEMREFE:9 4.
RIRE: 126 4. BERE 474D 182 % TR, %VC, %FVC, %FVET 0, FEVI.0%(ZIERRE 11 4.
IHIREE 107 &, BEEE 42 2D 160 & THEMT, %Dlco (FIEIRHE 7 &, BIEE 109 &, BERE:
45 2D 161 & TR,
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= 3. ERVYAVILIHEEESE (0=31)DME Te 5LV Ga RE

JEEE (n=12)

IRRE (n=8)

BEEE (h=11)

Te BER(F) HR{EEEH) 0 45 (2-52) 6.0 (1-50)
& Te ERE &/ME TFEETRUT TETEUT EETFRUT
(ng/L) F1mOu TEETRUT TETEUT EETFRUT
FR{E EETRUT 1.3 EETRUT
FIMIE TETREUT 6.3 EETRUT
RKE TEETFRUT 45.0 EETFRUT
JEEE (n=10) IREE (h=12) BEBREE (n=9)

Ga BBERE () R{E(EH) 0 6.0 (2-16) 6.0 (2-43)
% Ga BRE &/ME TFEETRUT TETEUT EETFRUT
(ng/L) F1mOu TEETRUT TETEUT EETFRUT
FR{E EETRUT 0.3 EETRUT
FIWMEE TETREUT 1.6 EETRUT

=AME 0.8 3.2 0.2

FTE TR Te:1.1ug/L.Ga02ug/L
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AAFZEHIHIZ 2 T80 1T0 FEIVEEL IR W T, (EERBENEHE L IT L-, Fi-,
WHNEEE DA VU LOBEIRNZ BT 572012, 2 THO 5 4 &2 %50 LT ARz
BERNE, B CAY TX A LEEHIE, BIOEERICBIT 05 U A~ A7 NERERIE
ExiTole, BEFTOA VU AREBIOWAMER CAHTOA Py ARET, HIEOR
F2EEY L b THEOMITEERBEUGEICIR M L ERH 5 LMl Sz, (EEEN
FERCAE T 2 22U T BB 7 7 AT S MR ARER D~ XA I NA U0 MRET
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A. BFEER

AT L 2 AT ) (1T0) O B
TEZEIC X 2 REREFE RS LI B3 2 Bl fe &t
PRk 22412 H22 H)IZXV, £ VT A
(In) DYEEBREENIE OFERNTFRE SN D
FE(3X 107" mg/m’) Z 2 TV A A, 1T0 %
BB O SENE S 57 8 5 13 2 72 R R
HERIRL, EETAHAZENED LN, &
BT, A YT M AR E LY E PR
EPRABAIE OE (CFRk 24 410 ) &0
Bt BB 2 720 Rk 26 451 A &
DAEEBRBERENFRHA T bz, WEE
ITO DR WEZEIC L DR ER IEIC
B9 % Heafrfast CFRk 22 4 12 )ik,
5 1 FHME (BAL) B8 L OVB HIEE 2, AAZie
FE 0. 0lmg/m’ CFFA SAVDPRE 3X 10 * mg/m’
KOs, —hH, A YT LMEEYT
DEREEHF A 20 MREREIC X D1FES
DFHIAEZEE OMEERIR B 5 HE 1%
T A ERMTZB R0,

2T, AL IT0 X —/4y MG TR
23T 2 A EIEE TR Thh T\ 5
T OMBEIEES 2565 & LT, 1EERIC
BITOBRERDA 20 AR, YEIEE
FDA VT LOBEERREZIET 5720
12, A VU NERGE U EERENE
EENBRERIRERE, LAY T AZ A A
WREHE, BLOMEEFRICB T2 LA~
A7 NIRERIE R 21T o7,

B. BtR5E
G 1Y (2 1T.8%)
ATY FRk28HTH 13 B FEii
0T FRk284F12H 12 H 5

1. BROEEL
a) A U LOVEERERIE
EEREYTD A VU NEERNEY T4

20

YT L s AR E OB MEEIZ &
L R PR ER 2 B3 2 Bedirda &t Rk 22
F12 H 22 HI ITED LN TWS TZELH
D ITO FEORLEDRE HFIEITDOWNT] 1L
TeildoTHEM LT, MEIEZ, I=Rr72
3 (MBI RL) ~, PM-4 NWPS-254 %451
B CEHE AR 2385 L o2, &
BIRFEIL 50% 7 »~ MRS 4 um(FEE 2.0 £ 7=
1L 2.5L/43) C, dum LN (AL VD
LPRFE Mg LT WA Py AR
Edum Pl ED 2 BEEIC/T CHIZE LT, 7
A NE—(pum L Z2S 7Y ) ITRE
Tl —ZA AT NVALT VLT 4 VE
— No0225-1930 25mm (SKC #1:8) 2 L | &
ZERRITIT ) — A& 84 (Aum YL EEY
TV 7)) Uic, BIESFTOMIK A 1 3B X
O 5 IR LT, LT oY 7Y v TR
VRRANE UCikle L72 30 40 & L. Biffs
FHZLTEDWEHMIE L, 372bb, 1 &
DEEBRBIED A PIEOW|AMA P T
LIREZHWTEH 1 HMiELFRE T2 & &
{12, BHIEMEIZOWT S, HIEREERTA
SNHIRE L i LT,

* 1 FHbIEAE

(=
i

TEEBRBEERER R - 56 1
{[i

BEEHE 0. 0lmg/m*=10 u g/m’
TRSNDHEE 3X10" mg/m’=0. 3 1 g/m’

AEAMEAE SCH B HIE

b) A>T U LEAREMDORPNEIZON
TO~ A7 Wil X O~ 2 7 Ml (E 1
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mbtoitf/7 HE LT —T%
~ A7 HRIZED fHF, ~ A7 miEN oA
VT LEEIZOWT G FEBRICHIE LT,
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W, EBIT, FRTOIESEBRMERT. 1EER T
% T OVEERMGET, MEEK TRICHERL
TWe~ A7 Nl ZE T L3 — LRI THER
L, A7 NHI~DA T LfF7EOF
it LT,

o) B UAMBANBRERREY 7 V& A NHIE
ATH34, 0 TG 24 DR b A axtG b
L CHIEZEIT> T,
EEFIZY TV 2 A LNHIE D AIHEZR 73—
/%wyxkt/#~LDm( & H B )
2E LT, 10 BRI TOXEH CARE
ﬁﬁb TREERY 728 U A OO N\ B T I JiE
OHERBZRE LT, S HIZ~AZHMANZD
WTHIRERIZY TV ¥ A AHIE %2 Fht L7z,
[E] R (2 L 72 PM4 NWPS-254 |2 K 5% A

M CAREZHW, UToXELy 777
H—ZHH LT, RNR=YFNVLHFA Y

— DOEMEEIZ T U TWRAMER U AREZ
Kbz,

77 A— = {AABREEE (AR
CABREE) XD EHRER—=F L F
A e —IT X B

d) WFHIEERRIG L U T V2 A D C A
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) A D () 34 P A [ 2

0 T 1 amxts e L,
FOHINT 2T T TNVET A I AT HX-
AS00-D(/NF Y = 7B IZ XV R L7t
EEZE OB I, N—YF L Z A e
— LD-6N T LB U TILZ A L8 U AfE AR
BRER X EZ SRS, T72bb, v
A EARRFIZ RS T 58 U AR IR B % [F ]
S, Fl—EEO IR Lz, Z ORI
ZIXWR B AN+~ 7 4t ADVANCE/Web
VA7 a2—YUxk BN,

e) ~AJ wIVENIE

ATH34, 0 TH 240
LCHEEIT> T,

EEEIZOWT, ~A T T4 9T 47
T AL — MI-03 ! (SRHFFHED) 12T
FRIOIEREBR AR & EERK TR, T OAE
KPR EEER TR, RN D D~
7 IAVERHNE &2 35 L 72,

BRSPS IE 2=

2. A VT LRSI IE
a) 7 AIH—

BEHI T 4NV H—D 45D 1 EE AV,
HA L RS AmL o I ONHE s L T R bk
FK ImL ZIRINL T, ~A 7 o ek fig
PEE Multiwave PRO (Anton Paar HY) CE&IN
R AT - 7o, BTALPRIR I MK CTHAIR
L7-%. PTFE 0. 45 um 7 ¢ /L% — (ADVANTEC
B)TABLTCHUERE LTz, 42T 0 AR
JE 1% ICP-MS (Agilent 7500ce) THIE L7,

b) 7L = — L (BEAEHR)

AUEHTME) L7e —8 &2 e, 130BHZ D
= 2 MG ATEREEE LT, 0. 1g & iz,
A RBHZE S AL AR 4mL J5 X OV il
WERL KK Inl ZUSIML T, ~A 7 12
ARBH D R AL CRR NN R 24T o T, RiTAL



FRITEBMAK AR LU7-%. PTFE 0.45um
T A4NE—TABLTCHIEKRE LT-, A~
DT LAEEE X ICP-MS THIE L7,

c) ZU—REHR IV IIAFY UK

AN UERENL 0. 1g W, w1 7 1
BB 73 R L E D 7y RS 25 IS AL T 7lkh &2
E—h7 vy CRELEIELEZ, BE
TOECRNES 6mL 38 K OVEEME 7 o (LK FE R
ImL 23RN L T, ~A 7 ol fifdEE ¢
B INEN R 24T o T2, ATALER#E & PTFE
— B —IZ AN, By b L — b ETHEEL
[ LA £ THIEN L 7% . Arfilig 2 0 2. T 13%
el & Lo, JERKIL PTFE 0.45um
T 4NE—TAHE LT, ICP-MS TA Y
LPRFEAERIE LT,

(L T ORE)

A VT Aak— NMFGEIL, EFFZEIC
B2 Eie st | (SO X HFge i E A
L, UMK ZPEAAE mMEE AL BS
B LOBIC R FEFHmEE RS OERBO
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GEPOREEZRSG L9 2 THEIE LT,

C. WFZEHER
1. AT
a) A VU LDOIEERENIE
ITO WFHIESES DIFEREERIER R & L
TWAMER CAF DA T NS R
212, WIENLE OB 2 X 1 1ZR LTe, ZFRl
HIZAT o T AFEIVEZESE O A JIE 8T 5
M) 1 1.91pg/m’. & 1 FEfHfEIL 19.28
weg/m’, FHEAtHEEERLEIC TITo T2
BOMIEMEIL 3. 57 u g/m*, BIWH{ESEE LRI
TAT->7= BOHIEMEIX 7. 73 ng/m* THY .,
% B HIEEIZEIEREL FHES72H D0,
51 RS B SR 10 u g/m® O 1.9 7%
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D=8, BiElEEL OFHIIE [ECITESE
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REICTHER LT,

d) ~ A7 IAVERIE
KIWEXAI T AT AT T AL —
MT-03 BUZ X B~ A7 OIRAEREZ R L
7o PRI OEEBBRIC T 2IRNED
B NRAEIFA D 0. 10%, F/IMEILB KD 0. 00%
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%ﬁS HENLE O 2 X 5 1R LTz,
FRIHNZ T2 A P LINT=EO A HIE
A SEE (M) 1% 4. 25 wg/m’, &5 1 FEAT{E
I3 14. 66 1 g/m’, 10 ¥ 12 43702 54F > 7= BD
CF i AF MR VR 3628 Ar &) B EfE 1 3.57
pg/m’ L7eo7=, BOREMITHERE 10
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L7 UEAEESG OFNIT THEECTEE
BREZCECH D Ml BN B D | LRl &
oo TFRRITAT S TZAEES D A JIE (0]
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INHXVRDIE AT NEE ~ AT
SN EE (ERERIEED) 13, D K (B RERT
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4.7%, E K (FEREYEFTR Sy-11V BUEEA)
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U LFPEBITER TIOOR LT,
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KOIWTAI TN T AT T AL —
MT-03 Bz LA LTz~ X7 Ol
Fhoar Lz, D ROFRMEERNICE T 58
7 7 AFIERF ORI 4. 43%, & T T
6.33% TH o7z, THUTLHR, 77 VIR
T EERTZE S 0.06%Th o7, FHROE

ERTEHBO T 7 AR IEREOIRIVERIT 26. 79%,

28.86% L EE CTH - T=DIZHR, 77 U
BRI EZERT 0. 10%, 1E3E% 0. 04% TH o 7=,

E KROFRIEERNCEBIT HEE) 7 7 A%
IEBFOIRILERIL 6. 88%, 1EHTL TIL 5. 40% T
b oTe DT 7 7 R RFITAEZER
0.09%, 1E¥7%% 0.03%CTH -7z, FHOIEE
A &% DT 7 AEIERFOIRAVHERIT 21. 25%,
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BREI I % 0.06%, 0.04% T -7,
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a) 1TOWFEEVESESICR T DA V0 AOfE
FERERERRIZONT

VEZESG2RMHE L= FRiH o AJIE
fEOEPHIL, HE A No. 1 D 0. 11 g/m* > 5
HERNo. 7D 4. 94 g/m* Tholo, & 15F
lifiE (19.28 ug/m*) 1% TBAREEE | D 1.9
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PV ERHLERTHoT2, £72. HIEMS
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NZE VUGN AEERTH Y . T
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) 1/3 f%5, T2 o Ut TR
IZTIT> 72 B HIEMEIE 5. 61 pg/m® &, BIE
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EIX, Pk 24 FICHIE L72kEo B HIEE
25.55 ug/m* (WFHIWESEEALE) (2D &
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DY —7 PRI, T OWFBIEXRED
BT — X LU TNNEA LD CARET
—Z GRS EEg (K8) LV bR
ni-,

SRIOFBAERFOMIL, AiE (CFRk 24
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PIFTTWIEb DD, BRIITA VT LG
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—J, v A7 NREX, D KOFdI & Fik
12 0.28 ug/m’, 0.52ug/m’, EEKDFHEF
#%1320.32ug/m’, 0. 44 pg/m* THoT2, T
HOENBIRNELFRET 5 & D KILFH]

19. 1%, 2544 4. 7% . E ECI344R0 17, 4%, 1%
6.5% T V. IWILVKITFENFRINC T

RWME Th > 72, i L~ &7 NES
DAY T APREET 0.28 ug/m’ ~0.58
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~ A7 ERBEE AL 2 E o 72T L
T— VR DA T LD, FRIOVEZER]
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F v NE T CIGS O Hf 8 M 2 A8,

rzeflaEs Hh B
UIMRZER SR R ERE BREEIE 200 BF - GHERN)

WFFEoHAE
= Flin
(FUINRZFR e EEAATSERE R - ARE RS0 - 2%)
e mnhE
(UM R R B RS ZERT SRR R IE 2o B - HEZER)
T SRR
UIMRZER SR R ERE BREEIE 2008 - B30
KA FET
(BRER RS BESEES JoimE P gE e v & — « Kpan i)

WHREE

KIGEMBEMTHAH - A VT HY 7 A-ELY (Cu-In-Ga-Se:CIGS) |EZF DHERL
LRIV T AANVTHEEREESREOA VU LEELTHSL OO, ERNELSN
ez, 2o OWEORREFEEZEOMBIIIEFIZZ L, REEIIMEFEE O CIGS K+ 1 [H]
KhEO /NG & 3ng/kg D 1/3 Kb EE L, 1 Blix5&% 0. Img/kg. 0. 3mg/kg.
Img/kg @D 3fEDNRLTHEL, 7 v FOKENIZ CIGS i 1% 1 [mE5 Lz, 5% 12 #H
MIZ7= 0 | R 72 i DO HERIZ OV TR L CIGS DOIFIR SR A A L, < 512,
CIGS Ri ¥ D/ Nt a K7,

BRI CIGS R 510 L D2 REEIOMENIBIEZ S e d o 12D5, 4% CIGS &G
DA AT B A5 oD it B BV 3ot PR IS LT BEICHIN U & 5% 12 8 F CREEFAYIZEII L 7=,
Jfio> CIGS KL IFRRMERNCID Lz, [MiF In & Ga JR 8 XL R ARIRFROIZ N L 72 23,
M35 Cu & Se JREEITRRRFAY 2R EAIIBIZE ST, KRB L FEROHER 2R LTz, 4 CIGS #&
HRECIIMEMEMiI% ~—h — T HIiE SP-D A I REHC X THEREICES L, &b,
Ilide % EAR & U7 fk I E 2 R/ N G- 0. Img/kg 25 L7-BECB W T H 8l S, i
25 OREFE TR RIS HERE LTz,

PLEDRER L0 | K G- &D CIGS b OKE NG L 0 ffifEEN g & 2 S, #ilg
PEFMEN T T 5 Z L 2RO, /R 5E0. Ing/kg O 5LV, HEENREE L
X ARoEEEOHFAIZIS W TR/ EMEREIT 0. Img/kg TH Y | CIGS 0. Img/kg (0. 025
mgIn/kg) DWW ABRFZIEE X 0. 014mg/m® & HEGH S A7z, Z OHEFHRIEIZEF74E O@ED BAZ
B (In & LTO0.0lmg/m®) LIZIER L L~V THY | (KIEED CIGS DIREIZHBNTH+
TCEBEZLOMETHDL EEB X BN,
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A. BB
KEGCHE R & AR LT —~D WifF
DEESTWVDLD, FRICHl-—A >V L-F
7 L—t L (Cu-In-Ga—Se:CIGS) Z 38 E)=F |

it > 7o KGRI T ZE AN R AN @ T2 8D | AR

AEPENSHINL T b, LAL, CIGS 1X%E D%
OLE I RIERE LSRR CTHDHA YU A
HHEATND DD, FERADMES L, CIGS
DAEREED I ZINZ L, CIGS Dt a2
R OETH D E B X HILD,

SRR 27 HEFETIE CIGS Kif 1 [EH% 5 &
3mg/kg. 10mg/kg. 30mg/kg D 3 DI\ Tk
L. BREOEMERRRIC L D 12 A o g
WEIZOWTCEME L=, T ORER., KIERS
5 CIGS i1~ 3mg/kg D512 X - TH Hlziy
SRV E R BA B SN, S 61T,
[BlD CIGS &G 51T 7T-72%, b H )
5D CIGS kit DJitin & OFJHA TR D 5
B3, FlEl 5B 2> 6 O 2R O H 7
Mo T,

Alal, BEEIXRTROK/NMEE B 3mg/ke
D 1/3 A RK#EH&EE LT 0. 1ng/kg.,
0.3mg/kg. lmg/kg O 3 fFDNTHE L.
CIGS 5 EN 1 F#& 5425 Z £I2 LV [ CIGS
DFRRZGETEMRERZ L DR a2 foihs
B ELMIGREDOHER Z .0l Lz 3 4
H W D fg M52 B 21T - 72,

B. EBRKFE

WEBRE & L C CIGS ki (FEA KLV
B 1 KL ORI 0. Lum, 2 KK
YR F4E 0.6 um) ZHWo, CIGS Kiv D
FNUTIH AT H YT A L=
24:18:8:50 (CIGS 100mg ' Cu:19. 7mg;
In:25mg; Ga:6.4mg ; Se:49mg) T D,
FEEREM & L ClfEWistar 7 v b (Kyudo,
Tosu)60 PC% 6 Al CHEA L. 8 M T
Hx2iTo7, 1 BEEEITR &L LT
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0. Img/kg(In & LT 0. 025mg/kg) . 0. 3mg/kg
([A, 0. 075mg/kg) | 1mg/kg (A, 0. 25mg/kg)
D 3fEDN TR EAERE L, FEEREE
1545 CIGS & 5-#F 3 HE & *TMBEZ MR 72 4
B, 1 BE 15 PECHERR L 72, S4B E 1 37%
HAKTRE L. InL/kg DRREIR 2 &5 L1z,
KHRBEICIIAR KD A% InL/kg #5 LT,
8 WEREFIZ 1 BIKE NG 21TV, 1, 5
W, 12 B ICARE 5 LT DI S e,
T v MIRHEIE L% KRR X 0 B
L. FEgesz M Lz, & o8 Ao
18 & gl T —80°C TIRAFE LTz, T B HliEiaR
I 10%H PR R L~ U YRR CEE .
FAEIZ XL 0 IRBEEAR AR L7z, HE et
PAS Yutt, | JHERFRIRHG 21T o 72, & HREmA
D DIF BRI AN HOW TR L 7=, Bifi
IR DFEEIL 5 B (—:none, *:slight.
+:mild., 2+:moderate. 3+:severe, slight
=1-10%, mild = 11-24%, moderate = 25—
50%. severe = 51-100%) Ta¥Af L 7=,

ffi¢/BE (Cu, In, Ga, Se) #3#T

FHELRIEEZ DI, ~A 7 vk
B fESEE Multiwave PRO (Anton Paar
) CTE By R A AT o 7o F& . 1CP-
MS (Agilent 7500ce) T4 @i B 2 HIE L
oo FELRIEOEEE IV MEEOEE
‘AR L,

MmESE (Cu, In, Ga, Se) Z3#HT

& ImL 2 AW C~A 7 a v x— 7 5 fiF
%, ICP-MS THERRELNE LIz, &
TEE S E B FBRLL T OFEFHAENTIZIL TR
fBED 1/2 iz ATz,

SP-D HIE
ELISA |2 CIjE SP-D &R E 247 - 7=,



Be G-I L OB R EZR,
Jifi B & fifi > CIGS 75, flyF SP-D L.
MG REE, MOREE(L X FHERERE
BIZHOWTCEHMI 21T > 7=,

% FE AR O B FF R AT IS IE 5 5O M %
Student’ s ttest &\, HE/KUEIL
p<0.05 & L7z,

(fi B~ DALRE)

BRI, TSR (28 1T 2 B B
ORI BT D HATRE, JUNKFEEY
FEERBLAI TS K OV R -1 4 52 BR A R
ANCEES S B S2BRAT M 2 (R L. JLIHR
FRFFEAM IR FE M FERER 2O
AR AR T,

C. WFZEHER

CIGS KiF D) 1 Whi1#£51% BET {AIZ
EBHETO 1um, 2R FEEIZL—Y—
AT - BCELECRLEE AR EHC L D HIE T 0.6
pum ThH o7z (Fig. 1), FHEORE G- EITRL
&L LT CIGS 0.1mg #f ; 0.03+0. Omg
(CF¥) = ¥R 2) . CIGS 0.3mg BE ;
0.08+0. Omg, CIGS 1mg &£ ;0. 27+0. Omg T
»HoT,

BH B X OE SR oK EHER
IZBE L. 4 CIGS BEITxHIERE & R OHER
ZoR L., CIGS #8512 X B 2 E MO BT
DO T,

% CIGS 5 D4 RIS i oD il B 1
STRBEICH R THEICEI L, SRERA I
M7z, BT, AaHiliiRE 5T CIGS 0. 3mg
FERB L O Img BETIX CIGS 0. Img BEICH A~
THEICHEMLZ (Fig 2),

BREDOE G- 1 B DN CIGS Kivib#E
(1% 0. Img & ; 58%. 0. 3mg A ; 57%. Img #f ;
27%, 5 12 W H X 0. Img £ ; 52%. 0. 3mg
B ; 28%, Img F ; 22%TH Y . Aifi CIGS i1
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TR LTz, CIGS R Dfiti D -
JHEAIE CIGS 0. Img 368 3@, 0. 3mg #f;11
., Img #;29 W TH -7z (Fig. 3),

B EREDMIE In B X OV Ga JE 1% CIGS
B H-BARIFIEIC BR- L7223, g Cu B &
U Se JEFE 13t FREE & IR OHERS 27~ LT,
(Fig. 4),

4 CIGS ¥ 5 RE Tl MLIE SP-D I B | L4
JUCKHRREICHENCTHRICER L, 1 #H
H5EETHEMLIZ, 5BEANS 12 T
BRIZVCHERS L 7= (Fig. b)),

Table 124D DRERFHIZLOHE
BaRL D, JWREE(LICEI L, gt
DORIRE X ERZARIE - Biha b R HE iR o3 4
o T RIE, MfaENC e~ a7 7
— TV DEWF EE B YOI PAS B
P DRTEE . Bl D bR, FRMERLRE D
AN ST (Fig 6), il o dkg
T 1 EE TITEBE L o728, 5B L
PElEL STz, BIRA ORRE I35 &IklF
PEIZHEBL L7, MiRAEDOREIX 12 HE F
TR R LT,

D. £

A A CIGS 52 X HIREHER I KIES
HEBIBRINR Do), R/hEREE
0. Img/kg BeH-HED O il B &I IE SP-D 2
FED EF- MREORBNBILE SN, &
B COIMWE In & Ga J2EE T3R5 BAK AN
AN L7228, I3 Cu & Se JEEEIXHH &7
Ie e BB HEO AT o T, TDZ
EIMIE In 38 KO Ga PR I XMRER OFEHE L
LCTERHEEBZLND, 2 FRIDOW AN
2T, 7 v b OMN E % 561nL 4y /ke R,
fili~DERE 60%E L7-#4E . CIGS
0. Img/kg (0. 025mgIn/kg) TlX In O AR
FEPRFEIX 0. 014mg/m® L HERF S D, = OHE
FHEEIIE S E OMEED BAERE (In & L
T 0.0lmg/m?®) ZIFIERUCL~)LTHD .,



RIRED CIGS DIEFEIZBWTH 1ok
BELOIVLERSD EEZ LT,

TEZEBR LT DO fifi T S TR B PR AR
fBIZ ITO RER{LA T LD AIZ L - T
FlEEZ SN MmAE B L, FiTiE
CIGS KiFMBIAH L CTEX A YU AT K
STHHRENS E R Sz LHERI SN D
D, A YT ANTIMAT, o CIGS fEpk It
BB DS DDEERELEET DM
EnbbHEEZ LI,

7 v b &AWz CI6S DRENHKEIC X
o T, MFEE SRR R L fiig 2
DRI D5 ENHLNI o7, EHIT,
A [R] CIGS fe/Me & 0. Img/kg HHHEMN D
P ENFEH L2 LD RIREED CIGS
DIFBZICBNTHEBELHLIVLERDH D &
EZ iz,

E. #&3&
K% 58D CIGS KL 1 D512 L - THififE
ENER A REBL L, MR ENTED 5
T

F. BFoER*E
l. Fm3s®R 7oL

2. FRIER

1. SETHE, B, SFHEBRL, FHE
BT APy ARET v MilZBT
H~A 27 v RNA FEELONERERIFRAT & 1%
BB R DOYREZ ., 55 86 [A] A AfiAdFas,
2016 4 5 A 11-13 H. JBJIITH,

43

\)

DN =

HH AT AR 2P F 3 F R AR | TR AR
AT LEIRILE E T HILEY
AR 1620 O HFAEVERMERAM ., 25 89 Bl H
APEHEMT A F45 2016 45 5 H 24-27 H |
i,
RS, AP, FHERL, FH
B A AP0 LRERET v MRS
H~A 71 RNA LAEREASF DIE B
Hr. 55 89 Inl HAPES M A2, 2016 4F
5 H 24-27 B, f&&T,

HAIEA, SEEESRR, AvE, HPE—
E.ALRER. ATV ULT 2 RIFDT
> FEFRGIZ X HRNENRE, 5 27 [
HAME CH T2, 2016 4F 7 A 30-31
H. B,

K. Koga, A. Tanaka, M. Hirata, T.
Amano, T. Sarinont, H. Seo, N.
Itagaki, M. Shiratani, Long—term
evaluation of In nanoparticle
transport in living body, IS Plasma
2017 /IC-PLANTS 2017, March 1-5,
2017, Aichi, Japan.
RS, AP, FHERL, FH
B AP0 LRERET v 2R
2 BAn R B ORI, 55 87 [al H
A2, 2017 42 3 H 26-28 A, 'H
5.

G. FRIBTAMED HIRE - BRI
Frafius 7oL
FHFERS S L



JEOL

Fig.1 SEM photograph of CIGS patrticle.
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Fig.2 Changes of lung weights from an instillation.

The results shown are mean + SE.

a: Significantly different from the control group (P<0.05)

b: Significantly different from the CIGS 0.1 mg group (P<0.05)
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Fig.3 Change of CIGS particles contents in the lung from an instillation.
The results shown are mean + SE.
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Fig.4 Metal concentrations of Cu, In, Ga and Se in serum from an instillation.
The results are shown as mean + SE of rats euthanized at each time point.
a: Significantly different from the control group (P<0.05)

b: Significantly different from the CIGS 0.1 mg group (P<0.05)

c: Significantly different from the CIGS 0.3 mg group (P<0.05)
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Fig.5 Change of serum SP-D from an instillation.
The results are shown as mean = SE of rats euthanized at each time point.

a: Significantly different from the control group (P<0.05)

b: Significantly different from the CIGS 0.1 mg group (P<0.05)
c: Significantly different from the CIGS 0.3 mg group (P<0.05)
d: Significantly different from each group at 1 W (P<0.05)
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CIGS 0.1mg/kg 12W 5

CIGS 1mg/kg 12W {5

Fig. 6 Photomicrograph of the lung. (A) Alveolar macrophage infiltration in the alveolar spaces
in the CIGS 0.1 mg group at 12 wk. H & E stain. (B) Alveolar macrophage infiltration in the
alveolar spaces in the CIGS 0.3 mg group at 12 wk. H & E stain. (C) Inflammation in the CIGS
1 mg group at 12 wk. H & E stain. (D) Inflammation in and alveolar macrophage infiltration in
the alveolar spaces in the CIGS 1 mg group at 12 wk. PAS stain.
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Table 1 Pathological change in the rat lung after an intratracheal instillation of CIGS.

Weeks after an instillation (W)

Pathological Changes Group ”
Inflammatory response with ~ CIGS 0.1 mg *
diffuse hyperplasia of CIGS 0.3 mg T

bronchiolo-alveolar epithelium  CIGS 1 mg 2+ 2+ 2+

CIGS 0.1 mg - T T

Expansion of alveolar spaces  CIGS 0.3 mg - + +

CIGS 1 mg - + +

CIGS0.1mg - + T

Interstitial fibrotic proliferation  CIGS 0.3 mg - + +

CIGS 1 mg + + +

- none, :slight, +: mild, 2+:moderate, 3+:severe
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Abstract: Objectives: To report the occurrence of an
advanced case of indium lung disease with severely pro-
gressive emphysema in an indium-exposed worker.
Case report: A healthy 42-year-old male smoker was
employed to primarily grind indium-tin oxide (ITO) target
plates, exposing him to indium for 9 years (1998-2008).
In 2004, an epidemiological study was conducted on
indium-exposed workers at the factory in which he
worked. The subject’s serum indium concentration (In-S)
was 99.7 ug/l, while his serum Krebs von den Lungen-6
level was 2,350 U/ml. Pulmonary function tests showed
forced vital capacity (FVC) of 4.17 1 (91.5% of the JRS
predicted value), forced expiratory volume in 1 s (FEV/)
of 3.19/ (80.8% of predicted), and an FEV-to-FVC
ratio of 76.5%. A high-resolution chest computed to-
mography (HRCT) scan showed mild interlobular
septal thickening and mild emphysematous
changes. In 2008, he was transferred from the ITO
grinding workplace to an inspection work section,
where indium concentrations in total dusts had a
range of 0.001-0.002 mg/m°®. In 2009, the subject’s
In-S had increased to 132.1 pg//, and pulmonary
function tests revealed obstructive changes. In addi-
tion, HRCT scan showed clear evidence of progres-
sive lung destruction with accompanying severe cen-
trilobular emphysema and interlobular septal thick-
ening in both lung fields. The subject’s condition
gradually worsened, and in 2015, he was registered
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with the Japan Organ Transplant Network for lung
transplantation (LTx). Conclusions: Heavy indium
exposure is a risk factor for emphysema, which can
lead to a severity level that requires LTx as the final
therapeutic option.
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Lung transplantation

Lung transplantation is an acceptable therapeutic op-
tion for patients with advanced pulmonary diseases. More
than 45,000 lung transplantation operations have been
performed worldwide till 2013", and 403 lung transplan-
tation operations have been performed in Japan alone by
the end of 2014”. Changes to the Organ Transplant Law
in 2010 resulted in a relaxing of criteria for donors, and
the number of lung transplantation operations has since
been increasing in Japan.

Given its adverse pulmonary effects™ and its potential
as a lung carcinogen™, indium was added to the list of
substances regulated by the Ordinance on Prevention
of Hazards due to Specified Chemical Substances
(OPHSCS) in 2013. Indium is regulated by OPHSCS by
checking levels of respirable indium dust in the work-
place and by biological monitoring twice a year”.

Indium lung disease™*” (interstitial pneumonia, emphy-
sema, pneumothorax) is a recently described occupational
lung disease that affects workers exposed to indium com-
pounds, such as indium-tin oxide (ITO; used to manufac-
ture electrodes to produce flat-panel displays) and indium
oxide, indium hydroxide, and indium chloride, which are
involved in the production or reclamation of ITO. Em-
physematous change is listed as a long-term adverse ef-
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fect on lungs resulting from exposure to indium®. How-
ever, no case reports focusing on emphysema as a compo-
nent of indium lung disease have been published till date.

Here we report an advanced case of indium lung dis-
ease with severe emphysema in an indium-exposed
worker who participated in our epidemiological study.
This study was approved by the Ethics Committee of the
School of Medicine, Keio University (approval number
20110268). Written informed consent was also obtained
from the subject of this report.

Case History

In August 1998, a healthy 36-year-old male smoker be-
gan working at a job site where his main task was grind-
ing ITO target plates, a role which he pursued for 9 years
(1998-2008). In addition, the subject also experienced oc-
cupational exposure while grinding panels made of chro-
mium, molybdenum, tantalum, and zinc oxide for the
same period of time (9 years). Exposure to such metals
has been suggested to be possibly related to emphysema”.
The subject did not wear any respiratory protective device
until 2003. The factory began measuring indium concen-
trations at worksites from 2005, and the indium concen-
tration in total dust at his job site was found to range from
0.01 to 0.1 mg/m’. In 2008, the subject was transferred
from the grinding job site to an inspection work section,
where indium concentrations in total dust ranged from
0.001 to 0.002 mg/m°. Since December 2011, he has
worked in an indium-free office.

In February 2004, we performed a baseline cross-
sectional study to reveal the relationship between indium
exposure and its effects on the lungs of workers, includ-
ing our case subject, at his factory. He was 175.0 cm tall
and weighed 51.0 kg, smoked 10 cigarettes/day for 22
years, was an occasional drinker, and had no significant
medical history and no occupational history of dust expo-
sure before working at the grinding job site.

In this baseline study, the subject reported having a
cough for the previous 6 months, producing sputum for
the past 7 years, and experiencing wheezing for the past 5
years, but had not visited a medical clinic or hospital to
treat these symptoms. He did not have clubbed finger-
nails. His serum indium concentration (In-S) was 99.7 ug/
[, serum Krebs von den Lungen-6 (KL-6) concentration
was 2,350 U/m/ (normal range, <500 U/ml), serum sur-
factant protein D (SP-D) concentration was 149 ng/ml
(normal range, <110 ng/ml/), and C-reactive protein
(CRP) concentration was 0.03 mg/dL. Pulmonary func-
tion tests showed forced vital capacity (FVC) of 4.17 [
[91.5% of the Japanese Respiratory Society (JRS) pre-
dicted value], forced expiratory volume in 1 s (FEV,) of
3.19 1 (80.8% of the JRS predicted value), and an FEV -
to-FVC ratio of 76.5%. An HRCT scan revealed mild in-
terlobular septal thickening and emphysematous change
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in <10% of the upper, middle and lower lung fields, and
no ground-glass opacities (Fig. 1). In February 2005, he
was diagnosed with emphysema by a Japan Radiological
Society-certified radiologist at a hospital and had follow-
up HRCT scans once a year. He quit smoking in May
2007. His In-S (serum indium levels) measured by the
factory were 90.3 pg/l (2005), 94.7 pg/l (2006), 124.8 g/
[(2007), and 116.5 ug/l (2008).

In September 2009, we performed our first follow-up
study on baseline participants. The subject’s In-S had sig-
nificantly increased to 132.1 pg//, while he had a KL-6
concentration of 1,830 U/ml/, SP-D of 152 ng/ml, serum
lactate dehydrogenase (LDH) of 287 U/l aspartate trans-
aminase (AST) of 33 U//, and alanine aminotransferase
(ALT) of 39 U/I. Pulmonary function tests showed a vital
capacity (VC) of 3.95 1 (87.1% of the JRS predicted
value), FVC of 3.67 [ (82.7% of the JRS predicted value),
FEV, of 2.14 [ (56.2% of the JRS predicted value), FEV-
to-FVC ratio of 58.3%, and resting room air oxygen satu-
ration (SpO») of 97%, suggesting obstructive changes. An
HRCT scan showed clear evidence of progressive lung
destruction and chest wall expansion with accompanying
severe centrilobular emphysema in both lung fields, par-
ticularly the upper and middle levels, paraseptal emphy-
sema in the periphery of both lung fields, and interlobular
septal thickening in both lung fields (Fig. 1). Because the
rapid progression of his emphysema as revealed by the
HRCT scan could not be attributed entirely to smoking,
an occupational physician from the factory recommended
him to visit a JRS-certified pulmonologist. He was found
to have a normal blood level of alpha-1 antitrypsin. The
subject was diagnosed with emphysema, and he started
taking tiotropium bromide hydrate and also took losartan
potassium and amlodipine besylate for hypertension. In
August 2014, he was admitted to the hospital for pneumo-
nia, suffered dyspnea on exertion, and walked slower than
people his age because of breathlessness (the Medical Re-
search Council breathlessness scale of grade 3). He began
home oxygen inhalation therapy (HOT) at 0.5-1.0 //min.
In November 2014, he claimed workers’ compensation
and was diagnosed with indium-induced lung disease.

The subject’s condition gradually worsened despite
treatment, and a JRS-certified physician judged that lung
transplantation (LTx) was necessary. In April 2015, he
was examined for adaptation of his condition to LTx at an
LTx center in Fukuoka, Japan, approved by the Japanese
Central Lung Transplant Adjustment Advisory Commit-
tee. He was registered with the Japan Organ Transplant
Network and additionally diagnosed with pulmonary hy-
pertension, for which he started a course of the medica-
tion sildenafil following examination.

In July 2015, we performed our second follow-up
study on baseline participants at the factory. In our case
subject, we recorded an In-S of 37.6 pg/l, KL-6 of 1,640
U/ml, SP-D of 222 ng/ml, LDH of 241 U/l, AST of 33 U/
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Fig. 1.

[, ALT of 21 U/l, CRP of 0.10 mg/d/, a leukocyte count of
6,800 /ul, and hemoglobin of 17.3 g/di. The subject’s In-S
had dramatically decreased since the first follow-up ex-
amination. Pulmonary function tests showed total lung
capacity (TLC) of 5.14 1 (82% of the National Health and
Nutrition Examination Survey predicted value), VC of
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HRCT scans from 2004, 2005, 2007, 2008, 2009, and 2015. HRCT scans in 2004
(top row), 2005 (2" row), 2007 (3" row), 2008 (4" row), 2009 (5" row), and 2015
(bottom row). Scans of upper, middle, and lower lung fields are shown from left to
right. The HRCT scans were performed at the National Hospital Organization
Omuta Hospital from 2005 to 2008.

3.77 1 (87.8% of the JRS predicted value), FVC of 3.52 /
(83.9% of the JRS predicted value), FEV, of 1.73 /
(48.7% of the JRS predicted value), FEV,-to-FVC ratio of
49.2%, residual volume (RV) of 1.48 [, %RV/TLC of
28.8%, a single-breath carbon monoxide diffusing capac-
ity (Dieo) of 4.2 m//min/mmHg (15.2% of the value pre-
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dicted using Nishida’s equation for Japanese adult
males'”), and resting room air SpO, of 87%, suggesting
severe emphysema. An HRCT scan showed evidence of
lung destruction and accompanying severe emphysema in
both lung fields, particularly the upper and middle levels
and several large bullae (Fig. 1).

As of January 2016, the subject’s HOT concentration is
set at 0.5-1.0 //min at rest and 3.0-4.0 //min on exertion,
and he works in an indium-free office.

Discussion

Among the indium-exposed workers we followed, the
subject described here developed the most severe emphy-
sema and was registered for an LTx via the Japan Organ
Transplant Network in June 2015. Emphysematous
changes have recently been highlighted as a long-term ad-
verse effect on lungs in indium-exposed individuals with
In-S > 20 ug/l in our 5-year follow-up study® as well as a
separate 8-year follow-up study'”, even after adjusting for
age, duration since initial indium exposure, and smoking
history”. Smoking is also an important risk factor for em-
physema, and the subject had a Brinkman Index of 265;
however, the rapid progression of his emphysema as re-
vealed by the HRCT scan at the first follow-up study
could not be attributed entirely to smoking. The mecha-
nism of the progression of emphysema may have been
that indium particles in the lungs perpetuated the phago-
cytosis and phagolysosomal acidifi cation'” cycle per-
formed by the alveolar macrophages. The proteases re-
leased by the macrophages and the cytotoxicity of indium
may have promoted macrophage-mediated elastolysis,
which is known to cause inflammation and destruction of
the lung parenchyma'”, leading to emphysematous dete-
rioration. Simultaneously, the high level of KL-6 has also
been maintained. Although he has not had lung pathologi-
cal examinations as of yet in 2016, indium lung disease is
strongly suspected based on his occupational history of
indium exposure, the results of medical examinations in-
cluding In-S and KL-6, the observation of interstitial and
emphysematous findings on HRCT scans, and the results
of pulmonary function tests”.

Though the subject started wearing a respiratory pro-
tective device in 2003 and transferred from the grinding
job site in 2008, his In-S level had significantly increased
in 2009. This may be because the clearance of indium in
the lungs was slow. Also, the type of respiratory protec-
tive device that he wore used a filter that was at least 95%
efficient in filtering airborne particles but was not suffi-
cient to protect against the inhalation of indium dust.
Thirdly, the subject was continuously exposed to indium,
and the cumulative lung indium exposure concentration
had reached a maximal level from 2006 to 2007, so the
high value of In-S continued until 2009.

Given our observations in the present case study, we
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hypothesize that the subject may not have developed ad-
vanced indium lung disease had he been transferred to an
indium-free workplace and quit smoking on showing
mild symptoms and features of emphysema.

Conclusions

Heavy indium exposure is a risk factor for emphysema,
which can lead to a severity level that requires LTx as the
final therapeutic option.
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Abstract: The aim of this study was to assess the relationship between indium exposure concentra-
tion in the respirable dust fraction (In-E) and indium in serum (In-S) in workers. Methods: A total
of 39 workers were studied. The study subjects were categorized into 3 groups, namely, smelting
workers (n=7), ITO workers (n=6) in an ITO grinding plant, and other workers (n=26). In-E and
In-S ranged from 0.004—24.0 x#g/m’ and 0.1-8.50 ug/L, respectively. The simple regression equation
was log(In-S)=0.322 xlog(In-E)—0.443. The simple correlation coefficients for the smelting workers,
ITO workers and other workers were 0.489, 0.812 and 0.163, respectively. The differences in the
relationships among the three groups suggest that In-S may vary with the chemical form to which
the workers were exposed. In-E and In-S seem to be positively correlated. The correlation coefficient
was higher for both smelting and ITO workers than for other workers.

Key words: Indium, Biological monitoring, Indium in serum. Smelting worker, Indium-tin oxide target

plate (ITO). Personal respirable dust

Recent epidemiological studies in Japan revealed that
the inhalation of hardly soluble indium compounds causes
interstitial and emphysematous lung diseases' *. Based on
the dose-effect and dose-response relationships between
indium in serum (In-S) and Krebs von den Lungen-6 (KL-
6), the Japan Society for Occupational Health (JSOH) rec-
ommended an occupational exposure limit based on the
biological monitoring (OEL-B) of indium of 3 ug/L of In-S
in 2007. However, no information is available regarding
the relationships between indium exposure and its biologi-
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cal exposure or effect indices.

In 2013 and 2014, we performed cross-sectional stud-
ies in 10 indium metal processing plants and 1 indium-tin
oxide target plate (ITO) grinding plant where the external
and internal exposure indices of indium were expected
to be correlated, and measured the 8-hour time-weighted
average (8h-TWA) exposure concentrations of indium in
the respirable dust fraction (In-E, zg/m’) and of indium in
serum (In-S, pg/L). The aim of this study was to assess the
relationship between In-E and In-S.

This study was approved by the Ethical Committee,
School of Medicine, Keio University (approval number
20110268), and written informed consent was obtained
from all study subjects.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) License.
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In the 10 indium metal processing plants, the In-E
was measured in the study of work-environment assess-
ment conducted by the Japan Industrial Safety and Health
Association and commissioned by the Ministry of Health,
Labour and Welfare. In the ITO grinding plant, our
research team measured the In-E.

The respirable fraction of dust in the breathing zone
was collected using a respirable dust cyclone (GS-3, SKC
Inc) at a flow rate of 2.75 L/min or a TR sampler (PM4
NWPS-254, Sibata Scientific Technology Ltd.) coupled
with a minipump (MP-X3, Sibata Scientific Technology
Ltd.) at a flow rate of 2 L/min. Because sampling times
ranged from 251 to 483 min, we converted the concentra-
tion to a conventional 8h-TWA. In-E was measured using
inductively coupled plasma mass spectrometry (ICP-MS)
at the Kyushu University Center of Advanced Instrumen-
tal Analysis” or at the Japan Industrial Safety and Health
Association® >,

All In-S values were measured by our research team
using ICP-MS at the Kyushu University Center of
Advanced Instrumental Analysis®. Detection limit of In-S
was 0.1 pg/L.

The number of currently indium-exposed workers in
whom both In-E and In-S were measured was 64. Among
the 64 workers, 23 were excluded from the analysis
because their In-S levels were less than the detection limit
(<0.1 ug/L). These 23 workers were categorized den-
tal technicians (n=9), workers of bonding (n=1), solder
manufacturing (n=10) and other indium metal processing
(n=3). One worker with an occupational history of ITO
manufacturing from several years prior and one worker
with practically no exposure as of the sampling day (In-E:
0.00002 pg/m®) were also excluded. Ultimately, the study
subjects included 39 workers. The study subjects were
categorized into three occupational groups, namely, ITO
grinding workers (n=6, ITO workers), workers in indium
alloy smelting plants using high-temperature furnaces
(=1000°C) (n=7, smelting workers), and dental techni-
cians and workers of bonding, solder manufacturing and
other indium metal processing (n=26, other workers).

Statistical analysis

To compare In-S and In-E among the three groups, the
values were log-normally transformed to an approximately
normal distribution before analysis, the geometric means
(GM) and the geometric standard deviations (GSD) were
calculated, and the Steel rank sum test was applied. A sin-
gle regression model and a single correlation analysis were
used to evaluate the relationship between In-E and In-S.
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Statistical significance was assessed with p<0.05. All sta-
tistical analyses were performed using JMP version 11.0.0
(SAS Institute).

The mean age of the subjects was 38.5 years (range
20-63), 87.5% were male, and 47.5% were current smok-
ers. The mean duration of indium exposure was 8.2 years
(range 0.7—-34.7).

In-E ranged from 0.004 to 24.0 xg/m’, and In-S ranged
from 0.1 to 8.5 pg/L. The GM (GSD) of In-E was 0.97
(8.68) in the smelting workers, 1.22 (2.19) in the ITO
workers and, 0.10 (6.49) in the other workers, respectively.
The In-E values of the smelting workers and the ITO
workers were marginally (»p=0.0709) and significantly
(p=0.0069) higher than the In-E values of the other work-
ers. The GM (GSD) of In-S was 0.93 (4.50) in the smelting
workers, 0.58 (3.26) in the ITO workers, and 0.12 (1.62)
in the other workers, respectively. The In-S values of the
smelting workers and the ITO workers were significantly
(p=0.011 and 0.022, respectively) higher than those of the
other workers.

Figure la shows a scattergram of log(In-E) and
log(In-S). The simple regression equation was log(In-
S)=0.322 xlog(In-E)—0.443, the regression coefficient
was statistically significant (»=0.0002), and the simple
correlation coefficient was 0.555 (95%CI 0.290—0.741).

Because the distribution of the In-E and In-S values was
different among the three groups, scattergrams were dis-
played for each group (Figs. 1b, lc, 1d). The simple cor-
relation coefficients were 0.489 (95%CI —0.417-0.908)
in the smelting workers (Fig. 1b), 0.812 (0.002—-0.979) in
the ITO workers (Fig. 1c), and 0.163 (—0.240—0.518) in
the other workers (Fig. 1d). Due to the small number of
subjects, the distributions of the In-E and In-S values in the
smelting and ITO workers were not statistically significant,
but they seemed to be linear (Fig. 1b, 1c).

As far as we know, this is the first paper concerning the
relationship between In-E and In-S. Our research team has
been interested in the relationship between In-E and In-S
for a long time. However, we believed that it would be dif-
ficult to clarify this relationship because we believed that
In-S may strongly reflect the amount of indium load in the
lungs and, thus, the current In-S would not correlate to the
current In-E. The reasons are supposed as follows: (1) due
to the hardly soluble characteristics of indium compounds,
the clearance rate of accumulated indium compounds in
the lungs is very small”; (2) the In-S levels of formerly
indium-exposed workers do not readily decrease® and the
biological half-life of In-S in formerly exposed workers
who perfectly removed from indium exposure is around 8

Industrial Health 2017, 55, 87-90
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Fig. 1. Scattergram of log(In-E) and log(In-S) classified by job types.

The x-axis represents log(In-E) and the y-axis represents log(In-S).

r- simple correlation coefficient. *: p<0.05.

years®; and (3) many indium processing plants have insti-
tuted labor hygiene management systems, and In-E and
indium inhalation concentration may not be parallel due to
the wearing of effective protective devices®.

In this study, we had a chance to measure In-S and In-E
in 11 plants that had not yet taken action to improve the
work environment. Workers in these plants wore no or
ineffective respiratory protective devices, and the In-E lev-
els were expected to be low, so the indium load in the lungs
of the workers could be expected to be small. However, it
should be noted that extrapolation of this study’s results to
other indium-exposed populations requires careful consid-
eration of whether the indium lung load in the population
is actually negligible and whether the population wears
appropriate respiratory protective devices.

After the log transformation of In-S and In-E, a signifi-
cant positive correlation was observed (Fig. 1a). This sug-
gests that In-S may increase In-E-concentration-depend-
ently in the workers in this study.

Figures 1b, 1c and 1d seem to suggest that the relation-
ship between In-E and In-S may vary due to the chemi-
cal form of the indium compounds. ITO, indium trioxide,
indium metal, or indium alloy was the major chemical

58

form in the ITO workers, the smelting workers”, and the
other workers. Though the number of workers was very
small, In-E was correlated to In-S in the ITO workers
and in the smelting workers, but not in the other workers.
We have no information about the difference in the kinet-
ics of each chemical form in the lung, but indium metal
or indium alloy may show different kinetics unlike ITO or
indium trioxide.

This study has some limitations. First, the number of
study subjects was not sufficiently large, and information
of relatively high In-E levels was lacking. This may make
it difficult to smoothly interpret the results, and indicates
a need to expand the study. Secondary, day-to-day varia-
tions of In-S are considered to be negligible, but day-to-
day variations of In-E cannot be ignored. We may need to
measure In-E on multiple days.

In conclusion, In-E and In-S seem to be positively corre-
lated, but more data are needed to draw final conclusions.
Studies of the kinetics in the lungs of each indium chemi-
cal form are also necessary to elucidate the relationship
between In-E and In-S.
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