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1. A7
AFS 22 AANA T &7 dF wojde] AeE =ol7] 93 =¥
Arz AREE gkom, 1 Qe 7], Fu, AR Ao 9 Wy
TheFeh wok® AR I7F 294 SojEo] ghrh 1990 27|17 RE )
A AAH SR AF AR 10h] BX] 2dtH Omae et al. 2011). 18
1990 %= Fwk o] 7B WA I Hd TV, AFH, FuE 52

tl == o] (Panel display) AFe] &t/ =adshs g sl
w2 F7hekler. 53] 54148k (Indium tin oxide, In203—Sn0:,
ITO), ¢lFo}tA4E3e}E ((Indium zine oxide, In,03—Zn0, 1Z0)o] A7 A EA
T Fa TR RAY FRARE Fof FHAREA AFsteH(Transparent
conductive oxide, TCO) 9] thEA < A2 FZEAA <lF d#H Ade

As| FAstAE gy H2 AnfEES} o] H X2~ (Touch screen)©]

o e Toptoof

U B % 79 (Touch panel)o] Z5AQl AA7]7]9 $£07F Tubd oz &
AUHA HA 2303 HA gjde 25802 AMEH = FEPAEA 4

A
IOl % FEellar, 1o whE QlE U AYE & Fo2 FUhekgl
(KIGMR, 2007).

20073 A AA A = °F 87%7} ITO, 1Z0 EFA 5¢ A2ko]
AbeE I gom 1 elo] 3, compound Z RFEA Sol AREE I glvha
gtk Elvetel A F3 daEeel A RIS B Aol wd
teAdE 18T W AF FaFS AFHoR U Ao A

2 2

vl QJEHKIGMR, 2007). A4

el
5
o

==

(MOTIE, 2012).
Ol FS ofddaFA (AHoldd A (Sphalerite, ZnS)) o] d¥ EBELHE i
(eF 100ppm)E o] o] EE3 548 A1 Hx ik &4# &= 3
L
=

1 Aol 3] AL HATEY dFo|th(Yi et al, 2011 & Hines et al.,

fl
t

~
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HANE QFES o7 atA] BH] gol

2013).

Aol dHAA vk 2y F

Tl ARl A

el

Atelob #d ghol] o]ghe Abel 7}

-
T

5

b 2R AR

S

]

o] 2wy E]

Z

57

<

(Omae et al., 2011 & Miyauchi et al., 2012).

Ml &

T
s

i

5]

F713E Sl =4

153 eh=2

o
0

0

0]
A

Aox HIE I

27 =

(MHLW, 2009)

g TV, HA=Tdoly B A

ki3

&

]

= O
= ©

+ LCD, LED, OLED

$-eube}

iy
i

s

FH FE A 1919 A

&

AAATFA, 2010). o]

b

S

A 7FaL Ak

1/—].:_
@0 ©

S
=

A AHEFL Tk webA] Fr

H A A7 wZell AL

JTH(YI et al., 2011).
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=
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1.1. Y F x=%7]=(Occupational Exposure Limits, OELs)

dF H AEsEE A9 =E2Ves B9 va gEbd AT
(National Institute for Occupational Safety and Health, NIOSH)<]
REL(Recommended Exposure Limits, 7] =543 91 A A 714 3] (America
Conference of Governmental Industrial Hygienists, ACGIH)2]
TLV(Threshold Limit Value) Z12]aL ¢-2lu}e} g F-ol M9 mE7]|E2
duE R AdEEHTE 0.1 my/m oz AAH o] JTHNIOSH, 1992 & ACGIH
2014). ACGIH TLVi s=oA #Fd #A28S 7= AdHA
(ACGIH 2001). v]=AFd ok B A 4 (U.S. Occupational Safety and Health
Administration)©] PEL(Permissible Exposure Limit)o| A= <ol tigh ==
7150] A E A ekt e (Hines et al., 2013), W=7} gkt o] 9] o] fj -2
et M= dFe] A9A ==7]50] 0.1 mg/m o2 A o] ITHBGIA,
2013).

i FAFoR Qg fAsto] Hx= Had o
3 Zel=eiklel et S5 Ee] =E7IES 0.01 ngm ez AXAEkaL vt
(MHLW, 2010). AFd5= &7] T2 A& R daFshees Al 1 7P =
= Al 2 F7PER2) | we} et

2 o]
£(0.01 ng/i) & 24T B AGFE A5 49 83 A

#E 3 uE
g A& At 53X F% o8t HEF w¥stal ivh(1d 1), ®
oA 1 HPEY e A 2 HUPoR 98 wEYTE ARt mEe]
S5+ 55(0.003 mg/m)E Z7e APolE x 19 A wet JHe 5
& BHETE AYste] FAEA7|=F Aastal glow, AF HF A
e Bels 354 IdF FE2 0.0003 mgy/m o2 3t Jrk(MHLW,
2010).

D) Al 1 BRI S ) -1g20) nieel 6 vle] ojsle] A0 slmst MRS o) 1 WA
of wpeto 2 5E 50 AMEvIE o) 150 MEIUE o]ste] HelA S, S S vl
GG aol A 53 o)de & A e 4L IT0 5 i Aol AdHez Jdg=a 9}t Al

7]—oﬂ /\]}\]6‘]— 74(0] } ézqoﬂ Z3F =A’0 ]a} zsL)

2) Al 2 WP 1 ITO 5 #219) wAglo] Fshs 450l tlalis, Lo &% 24 sjol, 371 %
10 % $7} /43 52 A0 datsl Aol e Aelo] ARL= A0 248 AN 2
(olak ‘B Z4ol £8 Z4'0let 3



Ty
METHH EHHIUFH HMEX =
e EHET2f 0.01 mg/m® o] %
./ .

l 0.01 mg/m* ©|o}

YE§set 0.003 maim® o4
Him

I

EEETE HMEX|JL HHE= &

0.0003 mg/m® QI8

<1¥Y 1> Required actions based on the measurement results in Japan

<X 1> Selection of Respiratory Protective Equipments Suitable for
Handling Indium — Reference table in case of the allowable

exposure concentration of 0.0003 mg/m’

AISA v = 0,03 ng/m' ]
q
o

[ BAK 100 — 1,0008% B 71 oPde] W s 71U 5= sl A
— o] e Ay SFEET(IAELY 58 99.9 % o)
- AWy B grleEd oojEel vkaA
— 49 879 ookl mpaa
0.003 mg/m’ ©]%
417 25k 50 — 100 e B== 11 ofde] W Ades 7Ithe o Sl A
— AZgo] 2w wAE TERTA(AAREY 8 99.9 % o)

— W W3 ANY ) AR B R 999 % o)
(RET AR} o5 558 WETE F8ela, 7140w waa

FAES SN 2% nHCRE ASE 50 o)A shelst H et
NS

0.0003 mg/m’ ©]%4

A HaAS 1




' Age 7=

1.2.

o] 1) QF AEY, 2) ITO, 1Z0 A A=Y,

S HAAAE

#] ©]

iz
=

Jo] wE mutdr]7)9 T

]

3L
=%

2 OLED ©flX&
aglal 4) AbE F

3) LCD

4r
Mm
b

—_—

o

2011).

T
=

ATHYi et al.,

_/_'[:
ITO =% 120 87 A4S AA HE dd v

o] (LCD, OLED,

o]
v

15

Edaci

k-
=

A=A 2010

& TH(MHLW,

W AA HEA

g

-
AT %

)

s
s

2010).

Indium metal

INing

Ref

ITO/1ZO Target

Panal Display

<13 2> Structure of the indium and indium compounds industry
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o As}EA e Absfotdnt Zjbete] S&AlE] A<l ITO, 120 BAls
Ak Bl faEde] Az Aol FEEHe] FHARA Abshd
AFe Aikstet AR HaEdo] Aol ARESk= ITO, 120 B
o B AXALR 3gHo] £UA] s A Fgeto] A G A
oA dEaHoz AYAT(Yi et al, 2012).

[ Zinc Concentrate ] —»[ ITO/I1ZO Target ]
O O
[ Melting ]‘_ [ Mount on a sputtering equipment ]
O -
[ Indium oxide powder ]— | | Sputtering | |
@ l @ [ Exchange target I Cleuning and maintenance
of equipment
Mixing e
[ (In,0,-5n0,, In,0,-Zn0) ] [ Refining ] Taking out film layered substrate
(open theequment)
O
[ Molding ] Transparent electrodes
O (thin film Iuvered)
[ Sintering ]
e [ Cutting and sizing gdjustment ]
[ Sintered ITO(I1ZO) ]
O Other processes
[ (introducingliquid crystals, etc.)
Polishin ]—' - o
. o
< 2 ~
Bondi I——
[ fik Display panel, Touch panel,
O Solar panel etc.
5 1
[ Finshing | \_ Y,

<" 3> ITO, IZO and indium compounds handling work

T JAF FoFS TIP3 FE A5E T3 FgetA £
o) Brb5aly] WEo] 91 AWAHATAAE WE 2Ase] AFe] GEEE
S ARtk Elveke] <lF A", 1TO, 120 B A=), tl=E o]
Az, AF AYFE AEL AGEH L g2 7 2k 7hel] of$- §-714
o= dAdd 725 7 vk sl Bakd 1w (Virgin metal) 2
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<1¥ 4> Status of the distribution of indium—related products
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L4, JE¥E ALY At

1.4.1. %9 AHd

AE 7

QIS

by
B

o] AdH AlgI7F Rad A dEA 20013 HEA wHF

3t 9k=4 7] (Bilateral pneumothorax) S =

Apgel AR R 1 YRl dE9Qd Zi 2 FAEAYG(Homma et al
19

2003). o] 3ApE o] FEA= - 1997d7bA] ITO B2l AlxY

=
-

(Interstitial pneumonia) 2. & 2l

Aol AupFAo)] A1, TR 7HJ4 At} 1997@(%*1 274 mE
7Y wo] e TS T4 E]'(Omae et al. 2011). FFTAPA FH

CT AAFAZ, Fursl HE %] H(Subpleural honeycomb)@r o] Ao
8 S99 (Ground glass appearance, GGA)©o] YERaL, A 7|40 =
Fine crackle} High—pitched squeaks”} WEFal, +55-4](Clubbed finger)”7}
ANk vY &7 7H W7 (Video—assisted thoracoscopic lung biopsy,
VATS)oll A AR 9] sl Axdat 34 48+, 5™, Fe
ZHE  cleft, WAAE so= A #HErt FAEAAE "HES
(Lymphocytes) &t @A ¥ (Plasma cell)™= A ¥7F=(Interstitial spaces)ol]
2 Eo] AN, FHES wAAEe] HAHAT AAF A7]= til 1 m
o]t L, AEEANA dFI FAHo] AEHAY. o] A= ITO £
EEE % HEAd HHoRE IaHAT AP 1d A9 dHAHE(In-S)S
290 ng/mlol ek, tix=we] EHNE(In—S)> F¢ 0.1 ng/mlgbal o},

1.4.2. QEA 9 679 F7IAH

of

T A A= A HAlel 22 FdelA dE 304 EAbE 199497
1998744 ITO =& 3len, 19979 713 25 & 574

(Exertional dyspnea)”} YEF&TH Homma et al. 2005). S9748L 37t
s 10709 olflt). F5 XA CT #AAMAZ, 1HrEl 9 (GGA) T ol
R 7] Sl dEbsH VATSHAREA S, Al71eAddl A#3F 5 3 Z
WAAEZ7E A= G dxdy A FES FU2HE clefté

_8_



ol &Aool AAEr HAHAT. ARAEL} PAHEANN 2 nHY
A7F HAHAEY RS AFH TR BT dHJAF(In-S)
51 ng/ml(BdA+= <3 ng/mDoldth. KL-6(1dA #Hdde] A=
799 U/mIATH A= <500 U/ml). ©] A= the FA=Z Aujxd
S #H @3 o] HATE

o] FFAM = 20020 T AFEAVF AXE AR, 1 Ay
3719] QlFo| o8 HAsto] WAL ZH 3HA, 4UA =L 5HA ] Ale]s}
B %A} (Taguchi and Chonan 2006). ©]& 3WL2 o] FA oA z+zt
oW, 124 281 8 ZoF =ia b 3HA Fxpel 5¥ A B n)
AL 5HA SR 1del 183 Ao wHlE ¥ FAAGTh
Awel ot HAsoR AFS WokS w dF AFS UehdleE HAF
(In-S)= Z+2zF 40, 127 2 90 ng/mlollat, KL-6< 1,930, 3,570 2
1,190 U/mle] At}

6 A AbElE 22 TdelA 20059 2€ JIEHY AN AR =

2% tH(Nakano et al. 2007). o] &} 4449 W] EZEAAZ 2000
AE2YGE &l o, 2002de] 7133 7Hd S4E =
20043 <A WA vHA7IHAYE TS Wit o]
& SAZE vebsth AEdads g8
O 2 YERAL, AEZFFALolol] ok Al tS 5o Sl YEe e
%ﬂﬂg(ln—S)% 64.7 ng/ml, KL—6% 3,450 U/ml, ZL2]al #AH A
@92 D(Lung surfactant protein D; SP—D)¥ 346 ng/ml% Y}ERRECE

HA) A= 2006 2013 ITO B 2kl SRS 474 EAk=2 41400
S A7y N 2= ek (Takeuchi 2008). o] &A= ¢F 20 FoF vbet
|z FAH g ITO EHE AZxste 3400 da) 2w T2
Aol F (indium oxide)o] =5 Aow FAHLJL. FH X
FAT Ay 7HA Gl BAFYA, Htll A FES A w gt
AAE AL o] AR A AFe] A=HATE AHAF(In-5)2 92 ng/ml,
KL-6% 6,395 U/mlZ YEFSLTH
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1.4.3. "] F oA 2709 AH)

8HA Algl= 2010 vFolA] B E Y Cummings et al.,, 2010). 8WHA)
F AdH AHE 49419 vSd EAelAlA e o® 19991 FH
A2 (K#EIE; Hydrogen furnace)?F] SH2] 97HYE who 5 A

s
TEIE AV dEbe T s = st @5 #(HRCT; high

oy T o
20
hY

rlo 01101,

resolution CT) A%}, o8] 7}x] #H A3 Aol UEbt I, E3] v xu=
(Pulmonary alveolar proteinosis, PAP)¢] ®FAE AT} 20054 %, o] 2 =}7}

et A dEEAEEold ST AR 3] T duEsEe
NIOSH®] #a7]=¢l 0.1 mg/m3E Z3}3dtt. o] A= 2006 10€
PAPZ QI3 T &gt o 2 AMYslglt).

9 A AldlE ITOFEANA 2004 19FE A3} A2k 394 54
A2 HRCT AAMET, 45 wlae} 7hde] o)do] A=A, w75 A A
At FA@AgFAo] YEFSETH(Cummings et al.,, 2010). o] 27}
ITOE dAvtehs 2AHAHe] &7 TEE
etk e dF e es 7&%6:}741 nRke]aL, 5 i—?;iﬂé‘_%
RBAA ZAANE o] Fo A A & i
713, F5h, ol /MY 59 S4el uErsTh BT e § 7 A AR A

o

#H SZ ok
1.4.4. T34 1729 Al

10HA QlFda Ay Al TxddA A=E Az LCD %49
o] ITO 2Xgo] 2 M=Bekry] Aol is) Sl 29419] A 2ol A1A
vebd B Tl (PAP) o] tH(Xiao et al. 2010). o] ZFjell 53+ 22714
T T F Al S, EAR1 71 st e, #H7)s
AR A 557148 o] Yebsth HRCT HAPEH G4 1Hre

Azl yetwth HFAHoR 1e 24
AdaE At @3, o] AYATE Adstd A M=E
s

A4, dgol 2.72%, A\itstEo]l 2.84%

N &
v
N
N
N
A,
o
(]
=
o



H Aoz yelya, AdEikstEe] YA A7|= 0.1-6 mel o=
ok d3Aw(In—-S) HAAAF= 151.8 pg/L o)At}

1.4.5. 2x}ol] oA A

A Rof A Al FE(In203) A %2} ITO sputter EFAl Awlol] FALS= 24}
3HAAA <F #H(Indium lung)7t JAETE R3rF JJATHMHLW,
2009)

1.5. &574-2294H (Methods)

) =
. Ue

—_
(9]
—_

ya

1533 E (Indiun and compounds)

7] & ¢1HES NIOSH Method 7303% AMg3&te]l Al2E AQFH3AT
(NIOSH, 1994 & OSHA, 2002). 1% % <Au3deE FHu 344 T+

AF7 ANFH ol AREE A= mixed cellulose ester membrane filter(MCE
filter, diameter: 37 mm, pore size: 0.8 um, Millipore, USA)E A}&3}%5 0,
ARAE 3¢ FHEC ok A FAF TS FEZ(MSA
ELF, MSA, USA)E o]&ste] A& AFARAoH, o F3F2 2.0
+ 0.1 LPMo2 3Qlth. #71AHE Hx+= vvAF FFA(GIL Air,
Gillian, USA)E o] g3t AmAZ #-Fo) §22 390},

1.5.2. 354 <& (Respirable indium)

371 & I8 Qe AMF+= NIOSH Method 5005 AH&3Falow
(NIOSH, 1994), oJ3}#]:= MCE A¥#A & ARESIIth A8 AF 5] S8
3t FHNE] =9l 37 A= d3 d2EnH /\}O]E%(SKC USA)=
ARt F71AFHE FZ(MSA ELF, MSA, USA)9 %<& 2.5 LPM

st o, BlFAE FFAE ol&ste] ANEAMHA A5 FIFS
=439tk NIOSH Method 50004+ £39] FAZ ARA LR SA6}7)

_11_



9 &) PVC(polyvinyl carbonate filter) o] ¥A| & AF&3taL Qo HAA2]&
AHAA o7 F7)E a7l 8o]3 MCE o 34| & AFE3FS

—
O1
w
o,
il
M
i
L
10
o
M
F
P

71983 AZFF 2273 (MMAD)

dEEX JARE V9 AFFAAAS HUtetrl flske
marple personal cascade impactor(Model 298, Anderson Sampler. Inc., USA)ES
olgate] Qlw R AdwstEE Fw A, 8 Lelar AUl wet Qi
28 543t Marple personal cascade impactor Model 2982 9%t
(stage) o2 A5 gJom, 194 8 wol= MCE < 3*](Pore size:
0.8 tm, Diameter: 34 mm, TISCH, USA)E #&ate] AFEZS S48,
up21 2 9A|o| A= back filter= PVC filter(Pore size: 5 pm, Diameter:
34 mm, Anderson Sampler. Inc., USA)E A3t S F43I3oh
Zb GA A s AFHE = AR FasAAEe (effective
cut—point diameter, ECD)< % 29 T AlEAHE 213t 37]AFHE
Fro] §FE 2.0 LPMo2 A=E AFsdeH, vFrAE FEAE
o] gato] A BAFH #H-Fo FFHS =AU AHY ABE o]
ojru 3|37 E o] &t ARE ‘
34 A (Inductively coupled plasma(ICP), Varian, Australia) %

=

Sefzup-AZE 27 (Inductively  coupled  plasma  mass  spectrometry
(ICP=MS), Bruker, Australia)& ©|-&3}o] 7} &9 QAFS FA5k3tt
AFO A 2 FAHOA AFERN EAS H7E7] 98] marple

personal cascade impactorgl 7} ¢ro] Q1 EH| S (%)l & 29 B AAF(stage
effect) 2 HASF] AFxe A2} 37984 AeF5214 7 (MMAD,

2]
mass median aerodynamic diameter)S AAFsFS T,

_12_



<X 2> Cut—Point Diameter of Marpel Personal Cascade Impactor

at 2LPM
Impactor Cut—Pomt Diameter Stage Effect
Stage No. (microns)
1 > 21.3 0.52
2 14.8 0.61
3 9.8 0.78
4 6.0 0.89
5 3.5 0.95
6 1.55 0.96
7 0.93 0.97
8 0.52 0.99
Back filter 0.25 1.00

A JAEE} A JAF(particle) YAREEE HIsH7] 951
marple personal cascade impactor?] Z} ©ol ¥ ¥ ¥ B3 £E5 o240 =
Absle] JQuEExle]l WA EAS H7lskeith. Marple personal cascade
impactor?] 7} @] £x Jj¢E ICP Hi= ICP-MSE #4138 Q59 =

o

o]-g-3lo] ofzfle] 4] 17 AAFsle] impactor 2+ e

NmberofParticles — ]3[1@88 ........................................ (};1 1)

Mass = Indium Concentration, ug

d\
r’ = (5)3

d = Cut Point Diameter, um

_13_



1.5.4. A8 A

olF % AFEI}FES 33 MCE oA Axlgl= nlo] g2 ¢ o] ¥}
3]3}7](Mars, CEM Inc., USA)<} 2 2H(Sigma—Aldrich, USA)S A&} TH
nfol 2 ¢o) B3} 3]3}7] 9] HAl(vessel)o]l A 1 mLE go] a12-319ko) A
MCE o #A¢] §718& 9198 & 20 mLe] §FZ e S/ 37
gol BAs3l

2

T7 % JF 92 554 QdF AL ICP ¥ ICP-MSE o] &3fo] #45}
Atk ICPE o438l AT ARE 13k B4 &, A\ s=Fw0] 0.2
ppm ©]3}e] W& FE o] AlgE ICP-MSE o] &3&to] 23 418 3t}
AR LS 93 TFAEE AEEHT 98 OdF ZFE N (Inorganic
ventures, USA) 100 gg/ml, 1,000 pg/ml o2 w50 ARE3lQlth. A%

q T ETEN SFS dusta AlFA SRE 3 279 xFEsdew

FFARE e AREEI e, ICPe EFEAIR =M= 0 — 8 ug/ml

Holo A ICP-MSE 0~300 ng/mle] WY A EA5TE. #Ex
|

©

= S 59 g W] wiEo] A

Aael age] Algs weste] £Aslth ek Alfa Aesar(USA)A}

Hejo] EFAIEQ ITO(Vacuum deposition grade, 99.99% (Metal

basis))E THste] ditel dAFHFS Mt FFAER FAHI F
=

ALEsith HE &9 A FEE 1,050 pg/mlo] ATt

rir
S
>
1)
o
2
>
k]

f
k1
=5
MN
>

O
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<¥ 3> Analytical Condition of ICP—MS

Parameter

Analytical Condition

Nebulizer

Micromist nebulizer (400 gf/min)

Spray chamber

Double passed scott spray chamber

RF Generator

Frequency : 27.12MHz

Power output : 600W — 1600W
Plasma gas : 18.0 mL/min

Ar Flow rate Auxiliary gas :1.5 mL/min
Nebulizer gas : 1.00 mL/min

Sampler cone Pt 1.0 mm

Skimmer cone Pt 0.5 mm

Vacuum

Interface < 4 torr, Quadrupole < 3x 10—6 torr

Data acquisition

Peak hopping, 10ms scan time, 30 scan rate,

3 replicate

Analysis mass

In115

Measurement mode

Quantification mode

1.6. 8% AF(n—-S)¢

1.6.1. A|&2H

7 on A A

=
=

)

021, M
o

oo g

EV](Thermo Scientific, Germany)& ©]-&3} 100
A ety dHS et AHE dHE &
BA A7bA] —80Ceo] Hsd ).

Kl
=

_15_



B

1 Lo &F&eT0 44
Triton—X 100(Sigma—Aldrich, USA) 1 mL%} #2F(Sigma—Aldrich, USA)

KN
-

=K

i

Nhu
A

i

—_—

0

T
O

—_
file)

ojo

—_
fite)

T
i

X 3ol

& 9ol 200 3

d 0.5 mL

8

3 gM 95 mLe &

o]

bt

ol F ¥ FA S (Standard solution)

i
ojo
N
2=

Ui

—_—

0

)

o%

£l
=)
e
A
E

N
B

o

el

Flc.

S

(Inorganic ventures, USA) 100 wg/mL, 1,000 ug/mL= THEo] A&

0.05 — 1.6 pg/LolH 3%

-
s

o F=HS

m

T
o]
—_
fie)

xr
i)

—_
fi%e)

xr
o
I

o
ﬁo
)
=

N
il
oF
TR

1.6.4. €4 ¢

Ptk ICP—MS9]

A}-8-3]

=
=

ICP—MS

]
1 BAe

o

g

ps

g

ol

1.6.5. A

o dE=

g

>

Edjstuel o 2o g

=

bl 1313}

°]-83

2=
==

bl At

lo] ICP-MSZ #4135

S

2 34

@_

J2]el] <

%

goa ZAA

fse)

2)

W)Lz} olel fie,
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use]

e}
o
H

U

—

0

et al., 2011) oA & =l A Ewt ofyzt weolol M A7k X H A
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JdES ofd, o, T, H SstEe] el da, 53] of
(Sphalerite, ZnS)ell $Hf#o] = AdwS> T2 ofde] A=A} A
=, < oo ¥53% A FAER FEEU SddA dE wa5s ALt
b= AR 2740, BARE Al bRl Aol FEEAL o
A= =l ITO, 120 B A=Al w5 Avk(Yi et al, 2011
Yi et al., 2012)

g FHT Sl QlE FeUt wEeke] Bl Alx
Gl o L, T5 52 1
AFE] -2 ITO %= 17
#Ad AR EFE5H BEF3=9 HS Code(The Harmonized Commodity

Description and Coding System)¥ 2002\d%-¥ <w, Z§H 5 © ##H

O
1
i

ZrEy 23ty 5709 HS Code® EFHo] ALLE 1 97 wio] SF
Folgks Wy g goksls A% BE755H(KIGMR, 2007).

=]
=
Sl QEe] AN HS Code BFAAY BAGoR nug 4ut
ot QEES A Bustel AxdA) B WRE Ba 2AH

Arrere mjd oF 1284 A7t 140% 0] AAbE] 2L QJvh(Yi et al., 2011).

2. ITO, 1ZO A AA 2 £

AFS 1 &%7F LCD, PDP, OLED 59 #3 t]x=Zdelo] dw f
el T A rEE wEY] fs APss TR Akt
48, HFAAE Fd=e] 24, CIGS 2 HFdA] 559 19
Amgr 24, g3 AvpEE {98 FEAEY 24 soR i fa
Zelo] AbY, HFAA, AvtE e TR Abstete] S A
o]t}
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2.1. ITO, 1Z0 €A AZTA
ITO, 120 A3} Z=A71t} ITO, 1Z0 BFACA BAA Y& o] gat=
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23 go] Ax7INA AZREHA W AksRIFEI AbsA (B Akglold) o]
a3 Y=gz 77)e] o] wrEo A (spray drying). ©]% A3 A

O:

(molding)el Al F &0l 3 ES Ty 2= A AFe] 54 ”Lﬂl
12 A3k =, JF x2gste] % (water pressure)s ©]-83sto] 231 A

a3z A EL 72(¢F 1,500—1,600C)2 A2ARA ok 1579

o
=
ot AAAE FFEY FEELS AN 7= AZEF A (sintering) =

N

& Al AE(TO, 1Z0 BA) 2 Ant-7F-37 (polishing) =
AR AFY 5ol 2HA 7he-Awkgk %, 334 (bonding) ol A= oF
200C ZXZoA dua5S &8A1A backing plate®t FEstA &

Backing plateo] A3w g7 HAAFEA (inspection) ol A HAAE &
AAbsEAL Al w2 (finishing) 2] & sid t2&#e] A= sHHTh

o

Kol
=

2.2. ITO, 1Z0 A9 A 5

= ITO, 1ZO EP“% el AZGAE 3/MA7F 9o, oo
HE S Y% & 7haste] #llsks ARGAE 274 Aow vkt
HTH(Yi et al., 2011). ©]F =W ITO, 1Z0 €A A
A7E F 7008 AER FAHI Ak B FYY

o
T -
0% AT 2y 1 Ry 489 Fe weluA g v,

3. 3& gx2Z o] A=Y

B tjzZdo] Axge delA A wheh o] LCD R PDP TV
Bl o) B tjaZeolt BES AL
s e AT o AL fel
| 913 sputterolA] o=

TO, 120 QAL WEAT WEH

ke
:
g
&)
;_]
il
alil
oy
=2,
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ofL
B
k1
oX,
r)v
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o
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PA= EPi] ol Ax]E o] Sli= A4 (Magnetic assembly)ll 2]3f
ob7b el HE= PET ZE9o £ 2

A7F freld Foll SR H A Ket
QEO}Q}(BaCk Scatermg) F/le W shield, mask 5 sputter
SaFo] dsA o] FolA A o Al

etz fel F714 % sputters
A B HAEE ST oF gt
frejoll FRARAd Ases FFRste WS #A8e TFT stad=
(pixel electrode) &A&(o]d TFT 3A)¥ Color filter(CF &%)
sputteroll A o] FojXtt, HaFdo] AxAA wek TFT A=
ITO, 120 BMAE AH&3tH CF sAolM = ITO BAle ARSRH CF 542
Frel7t ol EstH TR AEA Astus FEAI7] 7] wiitol sputter®]
Aol o2 7o) elS AAs =S AAE 9low, sputter= PR}
A4 Eow Jfste] ITO eSS a#stAy seelstal itk TFT &%
sputteroll fFelE& Y aAHE FHA T Abstubs F2A] 717
el ITO, IZO B2l sputter®] %% el F2F wof Uvh. Sputters
NAA] wgeg Awste 1TO, 120 e wgy Fggch. TFT
sputter®} CF sputter ¥ J&HA7]E o] &35l [TO T+ [Z0 231&
AAZ 5 BAS wgsi, gl =0 Sl= ITO, 120 32 Ao
IPA(isopropyl alcohol) Hi= o&FE2 A AT & oF FHPAZ Hjo]
G0l Thset=E AlH gt A5 A A= ITO, 120 B
sputteroll FZE AEjolA ALE T& o] &dto] AAH O At A
AFE-3HCH(Yi et al., 2011).

flo

Sputter ¥ ITO, 1Z0 EMAS B35 387 93l sputter ol AXHo| =
shield, mask 53 CF &AM F8& o|%ste] A&3t= carrier 59l
HEo] 9l E#E0TO, 120 1 5)2 oF FgEdAd v

SR E I EE eAcs
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Substrate

Surface Atom Electric Feld

Ejected From

Target Primary
Magnetic Feld

P Target

Magnetic
= Assembly

A Argon lons ko /
Accelerated to T o -
~ &5 F
A 2 .
fow— - = T e

<% 6> Sputtering target for transparent conductive thin films

3.2. ITO, 1ZO g7 A&

taZeo] AXFAZYE-E ITO, 120 EFle] Jusd el $3F, db&,
A5 g o4 55 Setew leta kg Aozl A backing plates
wagith BEebaw $golA e Bl 2SS RS wAse] B
SAES 1AE AAT &, ZHAv FAAA LRI E o] &ate] FHFA
o 9AE, ¥4%, A9 T AAGTH 1, 2x AFHe] & B2l xW 9
B8 o385 A ASaL backing plate AEIE S 93 B}l FASH T2
AALE ok AAE B Bl FREA st gaZgo] gA
g3tk ITO, 120 B2 AlH# e e 1" 73 2o

[ Wear Test ] #[ Disassembly(Backing plate) | = [ Blast o [Polishing(Grinding)
4

[ Shipping @ [ Assembly | 4= [ Inspaction

<"y 7> ITO, 1ZO target cleaning process
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3.3. Sputter ¥ (shield, mask, carrier %) A&

HaZde]l AxQA=ZHY sputter® HIe=H AR <
shield, mask, carrier °] QJa¥H 7} &S Falgth. CF 3ol A}
3l carrier bare] TWel ¥ ITOE FAPo R AAS AL, o]
sputter F-#%< 540 wet AstdFvg S22y 3 £ ZAF AFH
FANA sputter H-% FHe ITO T+ 2]\l
o] Aol AAF AF A AHelHy FAg0] e Fus B
oAl LAES AASY. AHE 2l 7t BES dFugE 84
(thermal spray)ellA EW¥ol| ¢Frlg Fubs A & st t=Ed o

JA ol FE3eh Sputter F3EF Al H A ¥ 19 83 AT

4z o
M

o
ol

[Disassemblv{Shield,Mask, Carrer) ] = [ Remove(Nitric acid wash or Blast) ]

4

[ Inspaction ] @ [ Aluminum thermal spray ]
¥
[ Shipping ] = [ Assembly ]

<% 8> Sputter parts cleaning process

U A 70%(700%)e QAL e g4 Az3AF SolA 35sta Q)
(Yi et al., 2011).
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Electrolysis
A

=i}
=

4=

ITH(1™ 9)(Yi et al., 2011).

g% 2 A4 7=

<1¥ 9> Refining process of indium recycling industry
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<3 5> Airborne Indium Concentration of the ITO, IZO Target

Industry
Process " Airborne Indium Concentration, pg/m’
AM SD GM GSD  Med. Min. Max.
Powder
Company A 12 932 971 66.8 22 538 27.0 366.9
Company B 8 130 74 109 20 118 2.7 223
Total 20 611 843 323 32 316 27 3669
Mixing
Company A 8 1640 1660 9738 32 1090 194 5021
Company B 5 321 237 2538 21 179 131 66.4
Total 13 1130 1440 586 33 473 131 5021
Molding
Company A 7 1170 1070 610 49 602 26 2802
Company B(1st press) 6 1310 1250 956 23 939 306 376.0
Company B(2nd press) 2 19 18 18 15 19 14 25
Total 15 1070 1110 458 58 604 14 376.0
Sintering
Company A 11 299 249 218 24 234 5.1 924
Company B 10 7.9 3.8 7.2 1.6 5.7 45 157
Total 21 194 210 129 24 115 4.5 924
Polishing
Company A 20 1540 1420 109.0 24 1050 274 6093
Company B 14 557 485 449 18 370 265 1739
Company C 7 8.0 6.6 6.0 2.2 34 31 195
Company D 4 2280 846 2162 15 2130 1546 3297
Total 45 1070 1210 56.0 37 497 31 6093
Bonding
Company A 17 499 643 257 36 236 09 2394
Company B 13 248 111 229 15 204 139 46.9
Company C 4 6.9 4.9 6.0 1.8 4.8 3.8 14.2
Company E 1 6.6 - - - - - -
Company F 4 104 47 94 18 112 4.2 15.2
Total 39 319 456 185 28 181 09 2394
Finishing
Company A 12 1010 1360 50.1 34 363 10.0 4382
Company B 11 1170 57.0 107.0 16 1030 67.5 250.5
Company C 5 84 7.5 6.7 20 5.8 4.0 21.8
Company E 1 43 - - - - - -
Total 29 879 1010 433 39 675 40 4382
Total 182 733 997 333 38 352 09 6093
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<3} 6> Table 6. Probability of Airborne Indium Concentration
Exceeding OEL in ITO, IZO Target Industry

Occupational Exposure Limit, 100 pg/m’

Process n
< 10% 10~50% 50~100% 1~2 excess > 2 excess
Powder
Company A 12 000%)  4(33.3%) 5417%)  2(16.7%) 1( 8.3%)
Company B 8 4(50.0%)  4(50.0%) 0(0%) 0(0%) 0(0%)
Total 20 4(200%)  8(40.0%) 5(25.0%)  2(10.0%) 1( 5.0%)
Mixing
Company A 8 00%)  3(37.5%) 1(12.5%) 1(12.5%)  3(37.5%)
Company B 5 000%)  4(80.0%) 1(20.0%) 0(0%) 0(0%)
Total 13 000%)  7(53.8%)  2(154%) 1(77%)  3(23.1%)
Molding
Company A 7 1(14.3%) 1(143%)  2(28.6%) 1(143%)  2(28.6%)
Company B(1st press) 6 0(0%) 1(16.7%) 2(33.3%) 2(33.3%) 1(16.7%)
Company B(2nd press) 2 2(100%) 0(0%) 0(0%) 0(0%) 0(0%)
Total 15 3(20.0%)  2(13.3%)  4(267%)  3(20.0%)  3(20.0%)
Sintering
Company A 11 2(182%)  8(72.7%) 1( 91%) 0(0%) 0(0%)
Company B 10 7(70.0%)  3(30.0%) 0(0%) 0(0%) 0(0%)
Total 21 942.9%) 11(52.4%) 1( 4.8%) 0(0%) 0(0%)
Polishing
Company A 20 0(0%) 5(25.0%)  4(200%)  6(30.0%) 5(25.0%)
Company B 14 000%) 11(78.6%) 1( 7.1%) 2(7.3%) 0(0%)
Company C 7 5(714%)  2(28.6%) 0(0%) 0(0%) 0(0%)
Company D 4 0(0%) 0(0%) 000%)  2(50.0%)  2(50.0%)
Total 45 5(111%) 18(40.0%) 5111%) 10(22.2%)  7(15.6%)
Bonding
Company A 17 3(17.6%) 12(70.6%) 1( 5.3%) 1( 5.3%) 0(0%)
Company B 13 0(0%)  13(100%) 0(0%) 0(0%) 0(0%)
Company C 4 3(75.0%) 1(25.0%) 0(0%) 0(0%) 0(0%)
Company E 1 1(100%) 0(0%) 0(0%) 0(0%) 0(0%)
Company F 4 2(50.0%)  2(50.0%) 0(0%) 0(0%) 0(0%)
Total 39 9(23.1%) 28(71.8%) 1( 2.6%) 1( 2.6%) 0(0%)
Finishing
Company A 12 0(0%) 5(417%)  2(167%)  2(167%)  3(25.0%)
Company B 11 0(0%) 0(0%) 5(45.5%)  5(45.5%) 1( 9.1%)
Company C 5 4(80.0%)  1(20.0%) 0(0%) 0(0%) 0(0%)
Company E 1 1(100%) 0(0%) 0(0%) 0(0%) 0(0%)
Total 29 517.2%) 6(20.7%)  7(24.1%)  7(24.1%) 4(13.8%)
Total 182  35(19.2%) 80(47.0%) 25(13.7%) 24(13.2%) 18( 9.9%)
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<3} 7> Respirable Indium Concentration of the ITO, IZO Target
Industry
Process " Respirable Indium Concentration, pg/m’
AM SD GM GSD Med. Min. Max.
Powder
Company A 15 262 276 155 30 161 33 98.2
Company B 8 34 2.7 1.7 6.6 31 002 7.8
Total 23 182 247 7.1 5.8 73 0.02 98.2
Mixing
Company A 11 635 134 188 40 141 3.9 4486
Company B 5 3.0 1.2 27 17 3.0 11 43
Total 16 446 430 102 4.5 8.6 11 4486
Molding
Company A 11 145 209 8.0 3.0 7.6 1.6 74.9
Company B(1st press) 6 51 28 45 1.7 4.6 24 9.9
Company B(2nd press) 1 10 - - - - - -
Total 19 106 169 5.9 2.8 5.5 1.0 74.9
Sintering
Company A 13 113 177 5.0 35 4.1 0.8 583
Company B 10 43 8.2 16 3.6 0.9 0.5 26.2
Total 23 83 145 3.0 3.9 3.2 0.5 58.3
Polishing
Company A 22 195 137 147 24 184 1.8 61.1
Company B 14 4.8 24 4.1 21 4.7 0.5 9.8
Company C 14 2.2 29 1.2 3.2 14 0.2 116
Company D 4 182 76 171 15 161 115 29.1
Total 54 111 121 5.5 4.0 6.0 0.2 61.1
Bonding
Company A 17 125 279 5.2 31 3.8 13 1189
Company B 7 4.8 34 4.0 20 33 20 9.5
Company C 4 11 0.2 1.0 1.2 11 0.8 1.2
Company E 4 3.2 4.7 15 37 0.9 0.6 10.3
Company F 4 21 23 15 25 1.0 0.8 5.6
Total 36 7.7 196 3.2 3.1 3.1 08 1189
Finishing
Company A 8 204 214 121 33 186 138 68.6
Company B 5 378 146 354 15 354 182 57.9
Company C 4 17 12 12 34 1.9 0.2 3.0
Company E 7 5.5 6.6 33 26 23 11 19.7
Total 24 164 192 6.9 4.6 5.5 0.2 68.6
Total 194 143 369 5.2 4.1 48 002 4486
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<3 8> Probability of Respirable Indium Concentration Exceeding
OEL in ITO, 1ZO Target Industry

Occupational Exposure Limit, 10 ug/m’

Process n

< 10% 10~50% 50~100% 1~2 excess > 2 excess

Powder
Company A 15 00%  3(200%) 3(20.0%) 3(20.0%) 6(40.0%)
Company B 8  2(250%  4(50.0%) 2(25.0%) 0(0%) 0(0%)
Total 23 2(87%  7(304%) 5(21.7%) 3(13.0%) 6(26.1%)

Mixing

Company A 11 00%  1(91% 2(18.2%) 6(54.5%) 2(18.2%)
Company B 5 0(0%) 5(100%) 0(0%) 0(0%) 0(0%)
Total 16 00%  6(37.5%) 2(12.5%) 6(37.5%) 2(12.5%)

Molding
Company A 11 00%  4(364%) 2(18.2%) 4(36.4%) 1( 91%)
Company B(1st press) 6 00%  3(50.0%) 3(50.0%) 0(0%) 0(0%)
Company B(2nd press) 1 00%  1(50.0%) 0(0%) 0(0%) 0(0%)

Total 19 00%  8(444%) 5(27.8%) 4(22.2%) 1( 5.6%)

Sintering
Company A 13 1L 77%  8(615%) 1 7.7%) 1 7.7%) 2(154%)
Company B 10  5(500%  3(30.0%) 1(10.0%) 0(0%) 1(10.0%)
Total 23 6(261%) 11(47.8%) 2(87% 1( 43%) 3(13.0%)
Polishing
Company A 22 00%  3(13.6%) 2(91%) 8(36.4%) 9(40.9%)
Company B 14 1L 71%  8(571%) 5(35.7%) 0(0%) 0(0%)
Company C 14 6(429%  7(50.0%) 0(0%) 1( 7.1%) 0(0%)
Company D 4 0(0%) 0(0%) 0(0%) 3(75.0%) 1(25.0%)
Total 54  7(13.0% 18(333%)  7(13.0% 12(222%)  10(185%)
Bonding
Company A 17 00% 10(714%) 3(214%) 3(214%) 1(7.1%)
Company B 7 00%  4(57.1%) 3(42.9%) 0(0%) 0(0%)
Company C 4 1U250%  3(75.0%) 0(0%) 0(0%) 0(0%)
Company E 4 2(500%  1(25.0%) 0(0%) 1(25.0%) 0(0%)
Company F 4 2500%)  1(25.0%) 1(25.0%) 0(0%) 0(0%)
Total 36  5(13.9% 19(528%  7(194%  4(111%) 1( 2.8%
Finishing
Company A 8 00%  2(250%) 1(12.5%) 2(25.0%) 3(37.5%)
Company B 5 0(0%) 0(0%) 0(0%) 1200%)  4(80.0%)
Company C 4 1(250% @ 3(75.0%) 0(0%) 0(0%) 0(0%)
Company E 7 00%  5(714%) 1(14.3%) 1(14.3%) 0(0%)
Total 24  1(42% 10(4L7%) 2083%  4167% 7(29.2%)
Total 194  21(10.8%) 79(40.7%)  30(155%)  34(17.5%)  30(15.5%)
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<3 9> Concentration for the Comparative Evaluation of Airborne

Indium and Respirable Indium in the ITO, IZO Target

Industry
No. of Indium Concentration, ug/m’
Sample type
Sample  AM SD GM  GSD Range
Airborne Indium 69 18.1 56.0 31 5.0 0.14-329.7
Respirable Indium 69 17 45 04 23 0.05- 29.1
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<¥# 10> Mass Median Aerodynamic Diameter of the ITO, IZO

Target Process

Process Company A Company B Company C
Powder MMAD 5.40 6.28 -
GSD 312 3.94 -
Mixing MMAD 10.13 5.08 -
GSD 3.69 5.13 -
Molding MMAD 7.54 442 -
GSD 6.29 5.76 -
Sintering MMAD 347 8.93 -
GSD 8.56 6.00 -
Polishing MMAD 7.24 6.70 10.41
GSD 3.25 3.05 3.10
Bonding MMAD 6.00 9.47 15.21
GSD 5.40 4,52 2.80
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<¥ 11> Particle Size Distribution of the ITO, IZO Target

Industry
Mass, % Particles, %
<35 <9.8 >9.8 <35 <9.8 >9.8

A Company

Powder 3745 8445 1555 99.97 100.00 0.00

Mixing 20.79 6238 37.62 99.99 100.00 0.00

Molding 3458 6444 3556 100.00 100.00 0.00

Sintering 4399 7292 27.08 99.99 100.00 0.00

Polishing 3127 7458 2542 99.95 100.00 0.00

Bonding 40.59 6812 31.88 99.96 100.00 0.00
B Company

Powder 42.15 7327 26.73 99.98 100.00 0.00

Mixing 4501 77.01 2299 99.99 100.00 0.00

Molding 3886 63.18 36.82 100.00 100.00 0.00

Sintering 33.27 6432 3568 99.99 100.00 0.00

Polishing 3741 7810 21.90 99.93 100.00 0.00

Bonding 2813 6386 36.14 99.97 100.00 0.00
C Company

Polishing 2744 6223 37.77 99.89 99.99 0.01

Bonding 1679 46.10 53.90 99.24 99.94 0.06
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1.5. €3<d+w B7t

ITO, IZ0 Bl AZ2 1) =l Bl AlZSA, 2) 424 8 Ax9A
agar 3) sWdAe FHEFAR rodnh sdAE A%t B AAG
o], d¥A A= C D A 28l FUidAle] FEAA= E, F
G, H Atgdelth Qs FHuo=a ® #2# 176H S o= dH0es
Jrsk A= 1 129 19 317 2k AT 1769
dgdwol AEHdew, dHIFY i%—?%% ND~49.8 ug/L
(n=176)°]%1t}t. dHAFol HAE=H 994 IHAF s=F
49.8 pg/L (n=99)°lf o™, 7|stg 1.9 ug/L= dE A=
AETH =27)F 3.0 pg/L vivkollon) At 4.6 pg/L= 11%7]%
338l 1TO, 120 B Alx4 i Aw<L=24] dHAF =
Z RS 22.7%(209 ) o] T},

=W B AZGA A AN 3999 Qe HASSEA T 33"l AlA
deliEol A=HAN. A L2224 dA30E =TS ND~49.8 g/
(n=39)°0I0t}. FHelgo] AEH ZEAY =E5FFS 0.18~49.8 g/l
(n=33)°l o, 713t (5 pg/L)¥ AF=H (8.0 ng/L)> BESA v&
S 25T A ARG dHRE =EV)F 2I|EL 69.2%(279)

B A4 5399 A/ HFL2A F 419l A FAHAF
dA4JE wETv2 ND~17.0 pg/Lol St
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(1379)= dAAwol HEHA FUvh L&A AN A
AZHA &2 AL d¥E FA=SAHY ITO dgx ol wat Add=
delstar g7 wiEolt.

= JEHE 2R AAE des dAklEs wrkeled,

AT 2R 9F 30%HS o R HAHJFS H7)s
A

A 2l 3
Az o) 7] we] A e tidos Fridnd BESH =E7)E
ZIHEo] F7HE 7ol 3l

AT =22 176 T dHAwe] AEFH 998 FEA] Ame
AR EE St dow, FARSFEER wE #AAL

s
= =
y=1.37816x — 0.32683, r’= 0.936°] 2\ T}.

<¥# 12> Serum Indium Concentration of ITO, IZO Target Companies

Serum Indium Concentration, pg/L

Company " AM  SD GM GSD Med. Min. Max
Company A 34(39) 8.0 9.2 5.0 29 57 ND* 498
Company B 41(53) 41 4.6 20 4.2 29 ND 17.0
Company C 0(38) ND ND ND ND ND ND ND
Company D 0(13) ND ND ND ND ND ND ND
Company E 6(14) 1.3 0.6 11 1.6 1.2 ND 23
Company F 8(8 05 0.3 0.3 33 06 002 038
Company G 506) 0.2 0.1 0.2 1.8 0.1 ND 0.3
Company H 505 09 0.9 0.5 3.2 0.3 0.2 23
Total 99(176) 4.6 6.7 19 47 27 ND 498

*ND = 0.01 pg/L
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AF-AQL Ao s vrol ddstal vk B nEE g tlaEE o
A=A oA Aglo] o] FoA ™, sputter -3 (shield, mask, carrier) A% ¥}
B2l Al o5 Y gAe] sdelA Afde] o] —E%OVJE}.
' FAeLEAY 27 5 v =% A
#® 13, 149k 2 §7] 5 duY =575 0.2~2782.0 pg/m(n=119)
Ko, QF FHutEAe] 11.7%(14%)7F ACGIH =%71%  100.0 pg/m'<
zjﬂraﬁq_ u]i:j—g1]o] ANz =Z97F A8 718H 7 (11.7 peg/m)T}
2 = J7HE A faEdo]l Ay 9
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pg/m’, *P%Jﬂil,l%o pg/m)ol 7+ A &% e, Bl w3 A
(718} H 1t 4,4 pg/m', A= 13.1 pg/m)o] 7P B =EE = Aow

B wdtgAe] 22 ITO e [Z0 36 =251 9t} 7] =

O w432 0.2~206.8 pg/m'(n=57)°]9om, 2229 1.8%(1%)0]

wE715S 295t e wskyA ) F <F =937 A5 7)s)
o+

| 153
(4.4 pg/m')3} A= (131 pg/m')S wEF7]5S nwtoly, 219

e

A =EFFEE 206.8 g/moR wE7|F oF 202 AT =E
7S 293 A Fd7de]l 22+ TFT sputtere] ITO ERAlo] &2k
o] 9l Al A o] WS ALE 58 AMEsle] Elow AHgtow
A FEe ITO Exlo] +2A7F =&¥ i YT

Sputter 3% (shield, mask, carrier) A& &4 Abol] o]l H-3Eo] H-2
T 54 wet FFste] A ) Abstdfuly Eefag S shar v
[e) (e}
T -

7 T A\ =ETTS 3.56~2782.0 pg/m(n=46)= vj
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pg/mo 2 wF7|F H|Ttelglon} AbEwA2 195.0 wy/mE =EV]|EE
Z 38Rk Sputter F-F /‘ﬂf‘—i% d 222k i wEFEFET 2782.0 pg/m'
o &7 oF 27.8ME ST F A 37 F J0F =
T2 4.4~2782.0 pg/m'(n=28)°|™, F=EAE] 35.7%(107)°] =E7|FS
=338t F A =537 A9 7|ehddte Ea" $4(403.0
pgm)oA wE7)ES 2uelglon, Aegie Belat 34(935.2 pe/m') T}
Wl T A (125.0 pg/m)ollX =F7|Fs ATt DA 4] 78t
F7H(30.8 pg/m)F AEHHE(81.3 pg/m)S =E7]FE mukoldnh G A
37 F 9F =EFFFS 35~1992.0 pg/m(n=18)olw, =29
| ==Vl 238 G A =E5R17F AR sk

Bepay AR BATAAN wB/FE vwelglon), AAAHFA

ZselTE. G AFAAE e AR Aol =4

337}% AL F 7HA dlezw ddHET. AA, Ao R sputter F-3E9

v ITO 55 &3 5, &5 A AlFsH7] wio] B2 A

Bdo] Z2Atd =&Fe ddY AHFY & FHE ITO £8AE
Aot HAgAA F2AVE =E57] ol

Bl A X TS AbstdFrE Sdka" e B 399 Eeess

AAsL FHATE FAGAA 22RIHE ARESke] 1Z0 ERlS] WS vt

3
ot Bl AlIF T Qlw ASSEAY 7] F JdE RETFES 0.2~
235.0 pg/m'(n=16)2o1, SF FHAFTEZAL] 6.3%(194)°] w&E71+S =4
sl B MH S 37 T dF =E97F A= sk (6.7 7}
At (291 pg/m)S =F7]E wvbollow, 222 HA kEEEs
235.0 pg/mo 7 wZ7]F9 ok 2382 It Bl A 2 F Aol A
=E7)ES 295 H AMEY] 222 71d87F A8 gl 2 el A
EoasHE Bl 39S dvbehs A9E sha itk 120 B
AF AFLEAE =&V e R HrtE A

2l 00 pg/m'e] 0.5u) 3]Fal=



50 pg/m' o]Ae] F7] T g =EFIFa Jv LEAE B udT A
5.3%, sputter %-3%(shield, mask, carrier) A& 34 43.5% 181 B

AHFA 6.3%°) T}

—

<3# 13> Airborne Indium Concentration of the Display Industry

Airborne Indium Concentration, ug/m’

Process n
AM SD GM GSD Md Min.  Max.

Target Exchange

Company A-1 4 135 15.3 41 87 110 04 315

Company A-2* 4 713 952 243 66 369 45 2068

Company B 7 6.5 9.0 24 6.2 22 0.2 252

Company C 38 82 128 39 33 32 0.6 725

Company D 4 129 103 105 21 9.5 49 280
Sheld Meck & Gamier Qeaning
Company F(Disassembly 15 1251 1185 833 27 859 158 4680
Company G(Disassembly
Company F(Washing
Company G(Washing
9352 12500 403.0 51 4505 57 27820
19.7 153 157 20 128 6.2 49.8

Company F(Blasting

N =l .

7
9
4 5920 9466 1041 124 1834 92 19920
4
7

Company G(Blasting
Target Cleaning

Company H(Manager etc.) 2 20.3 9.9 193 16 203 139 26.7
Company
H(Grinding&blast)

Company E(Cleaning etc.) 3 199 144 154 26 203 5.3 34.0

Company H(Cleaning etc.) 2 225 79 218 14 225 169 281

Company H(Finishing) 6 47 104 08 6.0 04 0.2 259

Total 16 291 56.7 6.7 87 154 02 2350

Total 119 856 3223 117 70 135 02 27820

3 97.7 120 50.7 44 461 120 2350

* JTO Target Exchange & Cleaning
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<3 14> Probability of Airborne Indium Concentration Exceeding OEL
in Display Industry

Occupational Exposure Limit, 10 pg/m’

Process n
< 10% 10~50% 50~100% 1~2 excess > 2 excess

Target Exchange

Company A-1 4 2(500%)  2(50.0%) 0(0%) 0(0%) 0(0%)
Company A-2* 4 2(500% 0% 1(25.0% 0(0%) 1(25.0%)
Company B 7 6857%  1(143% 0% 0(0% 0(0%
Company C 38 28(737%)  9237% 1(26% 00%) 00%
Company D 4 2500%  2(500% 00% 0(0% 0(0%
Total 57 40(/02% 14(246% 2(35% 0(0% 1(1.8%

Sheld Mesk & Garier Qearing
Company F(Disassembly) 15 00%  4(267% 5(33.3%) 3(20.0%) 3(20.0%)
Company G(Disassembly) 7  1(143%  6(85.7% 0(0% 0(0%) 0(0%
Company F(Washing) 9 1(111%  5(55.6% 2(22.2%) 0(0%) 1(111%)
Company G(Washing) 4 1250% @ 1(250% 0(0% 0(0% 2(50.0%)
Company F(Blasting) 4 00%) 00% 1(25.0% 00% 3(75.0%)
Company G(Blasting) 7 2286%  5(714% 00% 0(0% 0(0%
Total 46  5(109%  21(457% 8(174% 3(6.5% 9(196%)

Target Cleaning

Company H(Manager etc.) 2 0(0%) 2(100%) 0(0%) 0(0%) 0(0%)
company o oy 2667% 00% 0%  1333%
H(Grinding&blast) K e K K =
Company E(Cleaning etc.) 3 1333%)  2(66.7%) 0(0%) 0(0%) 0(0%)
Company H(Cleaning etc.) 2 0(0%) 2(100%) 00% 000% 0(0%
Company H(Finishing) 6 5833% 1(167% 0(0% 0(0%) 0(0%
Total 16 6375%  956.3% 0(0% 0(0% 1(6.3%)

Total 119 51(429% 44(37.0% 10(84%) 3(25%) 11(9.2%)

* [TO Target Exchange & Cleaning
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A& FAETAHY T3 dv ==715 10.0 pg/me] 0.5 i
&= 5.0 wg/m o] THA dFel =FHAL e LEAE B2 wdk
T4 22.0%, sputter F-3(shield, mask, carrier) AZ&4 65.2% 12| il
B2l A HEA 37.5%°] AT
<3 15> Respirable Indium Concentration of the Display Industry

Airborne Indium Concentration, ug/m’

Process n

AM SD GM GSD Med. Min. Max.
Target Exchange
Company A-1 4 16 0.9 13 25 20 0.3 22
Company A-2* 103 135 58 33 44 21 30.5
Company B 32 6.1 12 37 10 03 18.1
Company C 38 48 86 07 210 11 001 342
Company D 5 41 28 34 21 33 15 7.8
Total 59 47 81 12 79 16 001 342
Sheld Mesk & Camier Qeaning
Company F(Disassembly) 16 188 141 149 20 144 53 555
Company G(Disassembly) 7 620 1580 44 80 19 11 4194
Company F(Washing) 9 7.0 7.0 51 22 47 19 243
Company G(Washing) 4 303 434 155 34 9.6 6.7 95.2
Company F(Blasting) 3 432 653 142 6.7 81 30 1185
Company G(Blasting) 7 6.0 35 5.2 19 5.0 20 121
Total 46 237 63.8 8.6 34 7.8 11 4194
‘Target Cleaning
Company H(Manager etc.) 2 56 15 55 13 56 4.6 6.7
Company
H(Grinding&blast 3 429 614 171 5.6 110 40 1138
Company E(Cleaning etc.) 3 3.0 16 26 21 39 11 40
Company H(Cleaning etc.) 2 53 15 5.2 13 53 4.2 6.4
Company H(Finishing) 6 6.8 10.9 11 101 0.5 01 26.7
Total 16 125 278 23 6.2 41 01 1138
Total 121 136 416 29 7.1 39 001 4194

* JTO Target Exchange & Cleaning
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<3 16> Probability of Respirable Indium Concentration Exceeding

OEL in Display Industry

Occupational Exposure Limit, 10 pg/m’

Process n
< 10% 10~50% 50~100% 1~2 excess > 2 excess

Target Exchange

Company A-1 4 1(25.0%) 3(75.0%) 0(0% 0(0%) 00%
Company A-2* 4 0%  2(500% 1(250% 0(0% 1(250%
Company B 8 4571%  3429% 0% 1(14.3%) 0(0%
Company C 38 18474% 12(316% 253% 3(7.9%) 3(7.9%
Company D 5 3600%  2(400% 0% 0(0% 00%

Shield, Mask & Carrier deaning

Company F(Disassembly 16 0(0% 0(0%

)

Company G(Disassembly) 7 00%  6(85.1% 0(0% 0(0% 1(14.3%
Company F(Washing) 9 00%  6(667% 1(111% 1(111%) 1(111%
Company G(Washing) 4 00% 00% 2(500% 1(25.0%) 1(25.0%

Company F(Blasting) 3 00%  1333% 1(33.3% 0(0% 1(33.3%
Company G(Blasting) 7 00%  3429% 3(42.9% 1(143%) 00%
Total 46 00% 16(348%  13(280% 7(152%  10(217%
Target Cleaning
Company H(Manager etc.) 2 00% 1(50.0% 1(50.0% 0(0% 0(0%
oocomeany S o 1333% 0% 1333%  1333%
H(Grinding&blast)

Company E(Cleaning etc.) 3 00% 3(100% 00% 00% 00%

Company H(Cleaning etc.) 2 00% 1(50.0% 1(50.0% 0(0% 0(0%
Company H(Finishing) 6  4(66.7% 0% 0%  1167%  1(167%

Total 16 4(188%  6(37.5% 2125% 2125% 2125%

Total 121 30(248% 44(364%  18(149%  13(107%9  16(132%

* [TO Target Exchange & Cleaning

_68_



o] A

3T

= Eat—>

-

s

Y 32~34

oA He R T g AR T N WU
Moo o= T o W . o
~ T ‘a io ;OE ;O* N \_fIA_Vn
oo 5 KOy TH Mo B o
Ho N2 W o) T+ ) A=
ﬂﬁ ol %A H% MM ux :L m@ MM = o]
B 2& s BT N ol ° N ey e
ooy oot T Neox oo o
& B ol ez yr — o A [

of &% H K 3o N o 5 2 i
= i . A oo
2 o H o Hp B
o0 X T o o ~ i W £ 0O
b M W o O N T TE o
IR IR S i T o
I A SRR R I
C KT % OE T
Woos e X T WO o}/
TP TR eT e EA
T TR L s o B

R o ® 3R il iAol e N
mﬂufc._aoo,#ﬂx AR L A i
oL g e B PSSO
G R T i :

= wox o P N 2E
g W M i (TEmY o "y H = w..m
ol %%&E%% %W%mw g

H ] —~ g =
Y E gy Ry = <
P & - 3 N W ] 0oe
r L B B e N =

T oo MM B Mo Mo > mow oo MO OO O OO0 Qb NdB

zTFlWAIX 221_] io _ %%%% o0 O & O~ b OWN o o
- o
370 2 W W wO N o) oK ool N % ‘Anligeqoid sare|nwind

100 1000

10

the target exchange process
—_ 69 —_

0.1
Indium Concentration, ug/m®

0.01
<% 32> Cumulative probability of indium concentration in



Cumulative Probability, %

99.99

99.95
99.9 A
99.8 A

QO Respirable Indium

@ Airborne Indium O o

99 A
98 A

95 A
90 A
80 A
70 A
50 A
30 A
20 A
10 4
5 -
2_

S o °
63/

o e

0.1

1 10 100 1000

Indium Concentration, pg/m?®

10000

<71¥ 33> Cumulative probability of indium concentration in

Cumulative Probability, %

the shield, mask & carrier cleaning process

99.99

99.95
99.9 A
99.8 A

QO Respirable Indium

@ Airborne Indium O o

99 A
98

95 A
90 A
80 A
70 A
50 A
30 A
20 A
10 4
5 -

0.01

0.1 1 10 100

Indium Concentration, pg/m?®

1000

<% 34> Cumulative probability of indium concentration in

the target cleaning process

_70_



9§89§ 1| O Respirable indoum (r* = 0.921) 0)
' @ Airborne indium (r* = 0.993)

Cumulative Probability, %
g

1 T T T T T
0.01 0.1 1 10 100 1000

Indium Concentration, pg/m®

<% 35> Cumulative probability of indium concentration i

the display companies

_7‘]_



2.3. Q1E2 A7 vw

& ATl ARAF HEolA 7 T dEd 234 dE e

BAE Blaslr] Aste] AR ARG (EE )9 =R T57] HA0lA
571 T v 25 Adw AEE FA AHste] % 17, 19 363
e AnE A 37 T AdEH S5 dw AR A v

<3 17> Concentration for the Comparative Evaluation of Airborne

Indium and Respirable Indium in the Display Industry

No. of Indium Concentration, ug/m’
Sample type
Sample  AmM SD GM  GSD Range
Airborne Indium 87 52.8 110.8 12.6 6.2 0.19-641.5
Respirable Indium 87 9.5 18.2 39 45 0.06-118.5
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<1¥ 36> Correlation between airborne indium and respirable

indium in the display industry
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<3} 18> Mass Median Aerodynamic Diameter of the Display Process

Process MMAD GSD
Target Exchange 34.53 5.85
Target Cleaning 8.08 3.45
Disassembly
(Shield, Mask & Carrier Cleaning) 844 3.07
Carrier bar cleaning
(Shield, Mask & Carrier Cleaning) 6.30 2.84
Blasting
. . . 5.60 1.97
(Shield, Mask & Carrier Cleaning)
Acid washing
11.02 240

(Shield, Mask & Carrier Cleaning)

2.4.2. JAF9Y YAEE

2Eo]l Axy 67 golM Bt

- =
T =
marple personal cascade impactorE ©]-83}e] H7}sgTh ZF FA A

AFHE AE= 1) impactor 2F & 44 A7 R ¥E (%)= ot
2) 2t @] dF THH (%ol BEABATE BAYste] Z2F 349 A (mass)
AAEEL(%) AASEATE 3) impactor 7} ©@o] QJIFES HAste] A3t
A (ug)= 73 5, AdAS ol&sto] AR (Particles) A78E3E(%)
Aistdet. 7 8 AdEe JAEEE HUEsh]l f8 3.5 m ¢85
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<X 19> Particle Size Distribution of the Panel Display Industry

Mass, % Particles, %

<35 <9.8 >9.8 <35 <9.8 >9.8
Target Exchange 879 2586 7414 99.97  99.99 0.01
Target Cleaning 2035 7153 2847 99.97 100.00 0.00
Disassembly 33.13 7063 29.37 99.91 100.00 0.00
Carrier bar cleaning 4035 80.69 19.31 99.92 100.00 0.00
Blasting 29.13 8794 12.06 99.90 100.00 0.00
Acid washing 075 8199 18.01 9819 9998 0.02
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<3# 20> Serum Indium Concentration of the Display Companies

Serum Indium Concentration, ug/L

Company n

AM  SD GM GSD Med. Min. Max.
Company A 030) ND ND ND ND ND ND ND
Company B 030) ND ND ND ND ND ND ND
Company C 030) ND ND ND ND ND ND ND
Company D 030) ND ND ND ND ND ND ND
Company E 1(15) 02 ND ND ND ND ND 0.2
Company F 1727y 11 07 08 26 12 ND 29
Company G 1334) 37 45 14 55 29 ND 16.2
Total 31(196) 22 32 10 38 1.3 ND 16.2

*ND = 0.01 pg/L
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<3 21> Airborne Indium Concentration of the Indium Recycling

Industry

Airborne Indium Concentration, pg/m’

Process n
AM SD GM GSD Med. Min. Max.

Pulverization 11 9015 776.1 583.6 29 641.3 81.0 2089.9

Dissolution 4 1538 1186 105.7 33 1437 197 308.2
Substitution 24 94.0 2054 340 3.6 29.8 59 1003.5
Electrolysis 13 1246 187.3 324 81 445 0.5 6434
Casting 16 593 974 284 31 230 5.6 3439
Total 68 2258 4511 547 57 38.2 0.5 2089.9

<3 22> Probability of Airborne Indium Concentration Exceeding

OEL in Indium Recycling Industry

Occupational Exposure limit, 100 pg/m’

Process n

< 10% 10~50% 50~100% 1~2 excess > 2 excess
Pulverization 11 0(0%) 0(0%) 1(9.1%) 1(9.1%) 9(81.8%)
Dissolution 4 0(0%) 1(25.0%) 0(0%) 2(50.0%) 1(25.0%)
Substitution 24 2(83%) 16(66.7%) 0(0%) 3(12.5%) 3(12.5%)
Electrolysis 13 3(15.4%) 5(38.5%) 1(7.7%) 2(15.4%) 3(15.4%)
Casting 16 2(12.5%)  11(68.8%) 1(6.3%) 0(0%) 2(12.5%)
Total 68 7(10.3%)  33(48.5%) 3(4.4%) 8(11.8%)  18(26.5%)
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<3# 23> Respirable Indium Concentration of the Indium Recycling

Industry

Respirable Indium Concentration, ug/m’

Process n
AM SD GM GSD Med. Min. Max.

Pulverization 14 1134 63.8 701 5.3 118.5 05 2537
Dissolution 3 1011 1413 459 4.6 23.8 154 2642
Substitution 24 26.3 65.3 8.4 3.7 6.2 1.8 3179
Electrolysis 13 1061 1555 224 7.8 111 19 4363

Casting 15 193 38.6 5.9 3.9 4.2 13 1288

Total 69 63.8 1031 154 6.0 112 154 436.3

<3 24> Probability of Respirable Indium Concentration Exceeding

OEL in Indium Recycling Industry

Occupational Exposure limit, 100 pg/m’

Process n
< 10% 10~50% 50~100%  1~2 excess > 2 excess
Pulverization 14 1(7.1%) 1(7.1%) 0(0%) 0(0%) 12(85.7%)
Dissolution 3 0(0%) 0(0%) 0(0%) 1(33.3%) 2(66.7%)
Substitution 24 0(0%) 10(41.7%) 4(16.7%) 6(25.0%) 4(16.7%)
Electrolysis 13 0(0%) 4(30.8%) 2(15.4%) 2(15.4%) 5(38.5%)
Casting 15 0(0%) 11(73.3%) 0(0%) 2(13.3%) 2(13.3%)
Total 69 1(1.4%) 26(37.7%) 6(8.7%) 11(15.9%) 25(36.2%)
a9 50~54% SIF AAY A5l we B 3 F Ed
SEAY AFY FHAEFEEEO|L BHFH(1Y 50094 s Brte
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3.3. IF9 =A7E ¥l

AdFE ARG F2AAA 37 T dFH TFAH AF AEE SA
AFste] 7 25, 1¥ 567 T2 AFE AT V] F AFEHL 554
dEe AHHAE vy S ¥V 5 UAdEY =EFTS 0456~
2098.9 pg/m' (718 H 7 69.1 pug/m', A= 234.4 pg/m)olRom FTEA
dF =EF5TS 1.60~436.3 pg/m'(7]8E 1 22.6 pg/m', A=
86.0 wg/m)oldrt. QAw MY 7] F AFH 54 AF =37t
Afne BF dFdrEEE ol

AF ANY BE FAHANA AFAE 7] T dvHd =54 A3t A
BAAE y=0.16340x + 0.47.66525, r’=0.3020]4t}. S1F AL B

AZA(r*=0.798)7 YxZg o]l AZRL(r*=0.514)9 nHd AFBFA 7}

<3 25> Concentration for the Comparative Evaluation of Airborne

Indium and Respirable Indium in the Indium Recycling

Industry
No. of Indium Concentration, ug/m’
Sample type
Samples  AM SD GM  GSD Range
Airborne Indium 37 2344 4150 69.1 5.65 0.45-2098.8
Respirable Indium 37 86.0 1232 226 6.17 1.60- 436.3
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<1¥ 56> Correlation between airborne indium and respirable

indium in the indium recycling industry
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PE(AF B 9AF)E B oW, mE $Ho AF AFoEA: 5§

AFel =25 A= AS & F doh weA Adg AP A
A= 254 AdvS #Es= Ao Elds

<¥ 27> Particle Size Distribution the Indium Recycling
Industry
Mass, % Particles, %

<35 <98 >9.8 <35 <98 >98

Pulverization 33.25 74.30 25.70 99.92 100.00 0.00

Dissolution 70.02 78.88 2112 100.00 100.00 0.00

Substitution 9121 95.68 432 100.00 100.00 0.00

Electrolysis 99.12 99.54 0.46 100.00 100.00 0.00

Casting 8560 9164 836 10000 100.00  0.00
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Particle Diameters, um

<9 57> Mass percent per stage width at each particle

diameters of the pulverization process

l%/////////////////am

yIpIM abels Jad 1uadiad sjonied

Particle Diameters, um

<Z1¥ 58> Particle size distribution of the pulverization process
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<1¥ 60> Particle size distribution of the dissolution process
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<% 62> Particle size distribution of the substitution process
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<Z1¥ 64> Particle size distribution of the electrolysis process
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3.5. @3JdF FJ}

AF AP =22 66WS ez FHJAFS Frisk dyes 1 287
a8 673 #oh AF QY ZEA 66W = 37He ZEAV dH F
olFo] AEHAOH, dHAF FEE ND~125.8 pg/L(n=66)°]31t}. ¢
ABY 222 T FHoNA AFe] HAEH 3789 FHIF =& 0.01
~125.8 pg/L(n=37)°|R o™, 7|8} (5.0 ng/L)3 A=+ (23.8
A FA-FAo AESHA wEFV|FE 3.0 w/Le ZHs AdF AL
AT 2229 30.3%(2094)2> AESA w27 |5S 298

C AFge 12 d7IRTHeE AFs A= A
Aw2AY dHAFE FEFTS 24.4~125.8 pg/L(n=11)¢]
FAAF B7F L2 100%(11%) 0] A=Y w&7e¢s 294313l
A A QF HAFTEA 37.5%(3%), B A 2229 9.4%(39)
agla D A 2R 42.9%(38)9 S2AF AESH =E7)FS
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N
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ol
32
v
ey
>
i
o
rlo
=
n
-3
il
%0,
rlr
=
ot
Lo
ro
o

2EE s,

L] g #AAE y=0.94640x — 0.50670,

<3 28> Serum Indium Concentration of the Indium Recycling Companies

Serum Indium Concentration, pg/L

Company n -
AM SD GM GSD Med. Min. Max.
Company A 7(8 4.2 4.7 23 35 2.6 ND 127
Company B 12(32 61 150 11 72 0.9 ND 53.3

67.0 325 598 1.7 557 244 1258

)
)
Company C 11(11)
) 7.8 7.2 40 46 8.7 ND 17.6
)
)

Company D 5(7
11 0.3 11 13 11 ND 13
23.8 345 50 87 5.2 ND 1258

Company E 2(8
Total 37(66

*ND = 0.01 ug/L

- 107 -



3981 v =094640 x - 0.50679
99l r%=0877

Cumulative Probability, %
33
O
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02 T T T T T
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Serum Indium Concentration, pg/L

<% 67> Cumulative probability of serum Indium in the

indium recycling companies
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y=0.16340x + 47.66525(r*=0.302)°] 21T},

(@)
3
(@)
N
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o,
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u:&

S22 176W F 997 o] Ao A ClFo] A&
Hyom, HAF S5 ND~49.8 ng/L(n=176)°]th. A oA 2

Fol A&49 999 2229 7etH 7S 1.9 pg/LE AL w75 vyl
oo} AEHF L 4.6 ug/LE w=E7)S 23 ITO, 120 EFA A

22kl dHAF ZHHEL 22.7%(n=176)°] T},
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ABSTRACT

A Study on the Workers’ Exposure to Indium in ITO targets
and LCD panel manufacturing and Indium recycling

industries in Korea

Yi, Gwang Yong
Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering

The Graduate School

Hansung University

Indium has been rarely used until it started to be used as a raw
materials for the transparent wire in the flat panel display
manufacturing and related industries. For last decades, the use of
indium has been sharply increased as the high—tech display industry
such as touch panels advanced. Recently the toxic properties of
indium  have been reported such as pulmonary  alveolar
proteinosis(PAP) and interstitial pneumonia, and it has been known
that occupational exposure to iIndium causes lung diseases
(collectively known as ‘indium lung’) and it may be fatal.

There has been increased consumption of indium and there are a
number of indium related industries in Korea since the Korea is one of

the major production country for the electronic display products.
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However, survey and research has been conducted neither for the
workers’ exposure to indium nor for the workers” health effects in Korea.
Even for the status of indium imports and productions of indium have
not surveyed.

This study was conducted to survey the indium related industry status
and workers’ exposure to indium in indium related industries in Korea.
Airborne indium in the total and respirable dusts were measured and size
distribution were analyzed for each process for ITO target manufacturing,
display manufacturing, and recycling industries. Blood indium
concentrations of some workers were also measured. Results of this study
were as follows

Total amount of annual consumption of ITO and IZO target is
estimated around 1,000 tons. Roughly 700 tons were produced
domestically and 300 tons were imported from Japan. In the display
panel manufacturing industry, after 30% of indium ITO target were
sputtered into display panel, the ITO targets were removed and sent to
recycling industry where they were recycled to indium metal. Therefore
around 700 tons of ITO targets were sent to recycle industry. Around
500 tons were recycled in Korea and 200 tons were exported to foreign
countries for recycling.

Airborne total indium exposure levels of the ITO and IZO target
manufacturing workers showed the range of 0.9~609.3 pg/m'. Arithmetic
mean(73.2 ug/m') and geometric mean(33.3 pg/m') were below the current
Korean occupational exposure limit of 100 pg/m'. However, 42 workers
among 182 were exposed to indium above than the exposure limit.
Respirable indium exposure levels were 0.02~448.6 pg/m'. Geometric
mean(5.2 pug/m’) was below Japan’s recommended exposure limit(10 xg/m’)
but arithmetic mean(14.3 pg/m') was exceeded this limit. Sixty four

workers(33.0%) among 194 were exposed to indium above than this
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limit.

In the ITO and IZO target manufacturing industries, the probability of
excessive exposure of indium for the total dusts by the process were as
follows; 15.0% in powdering process, 30.8% in mixing process, 40.0% in
molding process, 0% in sintering process, 37.8% in grinding process,
2.6% in bonding process and 37.9% in finishing process. For the
respirable indium exposure, the excess probability were 39.1% in
powdering process, 50.0% in mixing process, 27.8% in molding process,
17.3% 1n sintering process, 40.7% in grinding process, 13.9% in bonding
process and 45.9% in finishing process.

Airborne total indium exposure levels of the flat panel display
manufacturing workers showed the range of 0.2~2782.0 pg/m'. Arithmetic
mean(85.6 ug/m’) and geometric mean(11.7 pg/m’) were below the Korean
occupational exposure limit of 100 pg/m’. Fourteen workers(11.7%)
among 119 were exposed to above the exposure limit. Respirable indium
exposure level were 0.01~419.5 pg/m'. Geometric mean(2.9 pg/m') was
below Japan’s recommended exposure limit(10 pg/m') but arithmetic
mean(13.6 pg/m') exceeded the exposure limit. Twenty nine
workers(23.9%) among 121 were exposed to the above the Japan’s
exposure guideline. The probability of excessive exposure of indium for
the total dusts by the process were as follows; 1.8% in target exchange
process, 26.1% in sputter element cleaning process and 6.3% in target
cleaning process. For the respirable indium exposure, the excess
probability were 13.6% in target exchange process and 25.0% in target
cleaning process.

Airborne total indium exposure levels of the recovery industry workers
showed the range of 0.5~2089.9 pg/m’. Geometric mean(54.7 ug/m') was
below the Korean occupational exposure limit but arithmetic mean(225.8

rg/m') exceeded. Twenty six workers(38.3%) among 68 were exposed to
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indium above than this limit. Respirable indium exposure level were 15.4
~463.3 pg/m'. Geometric mean(15.4 pg/m') and arithmetic mean(63.8 ug/
m') exceeded the exposure limit. Thirty six workers(52.1%) among 69
were exposed to indium above than the exposure limit.

Good correlation between total airborne indium concentration and
respirable indium concentration was shown in ITO and IZO target
manufacturing industry. The regression analysis shows y=0.07252x +
0.43197(r2=0.798). In the flat panel display manufacturing, it was
y=0.120195x + 3.75255 (r2=0.514) and in the indium recovery industry,
y=0.16340x + 47.66525(r2=0.302).

Blood indium levels in ITO and IZO target manufacturing industries
were ND~49.8 ¢g/L(n=176). Geometric mean (1.9 ¢g/L) was lower than
the biological exposure limit of 3.0 pg/L but arithmetic mean(4.3 ug/L)
was exceeded. Forty workers(22.7%) showed their blood indium levels
above the limit of 3.0 wg/L. In flat panel display manufacturing, blood
indium levels of 196 workers showed the range of ND~16.2 ug/L. Six
workers(3.1%) showed their blood indium above the limit. In recovery
industry, blood indium levels were ND~125.8 1g/L.(n=66). Blood indium
was detected for 37 workers. Their geometric mean was 5.0 pg/L and
arithmetic mean 23.80 pg/L. Twenty workers(30.3%) showed their blood
indium level above the biological exposure limit.

Mass median aerodynamic diameters(MMAD) of dusts in ITO and IZO
target manufacturing ranged from 3.47 to 15.21 gm. MMAD in flat
display manufacturing industry was 5.60~34.53 um and in indium
recovery industry was 0.09~7.30 gm.

Size distribution analysis showed that mass over 10 um occupied 15.5~
53.90% in ITO and IZO target manufacturing. However, in terms of
particle number, it was found that 99.94% was distributed under 10 um.

In flat panel display manufacturing and indium recovery industry, mass
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over 10 gm occupied 12.06~74.14% and 0.46~25.70% respectively.

However, in therms of particle numbers, most of them were distributed
under 10 gm.

[keywords] Indium, ITO, 1ZO, flat panel display, indium recovery,

indium exposure. Size distribution. indium in blood serum
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