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Investigating the potential exposure risk to indium compounds of target

manufacturing workers through an analysis of biological specimens

Yong Lim Won - Yoon jung Choi - Sungyeul Choi - Eun-A Kim’

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: Along with the several cases of pulmonary disorders caused by exposure to indium that have been reported in Japan, China,
and the United States, cases of Korean workers involved in processes that require handling of indium compounds with potential risk
of exposure to indium compounds have also been reported. We performed biological monitoring for workers in various target
manufacturing processes of indium, indium oxide, and indium tin oxide(ITO)/indium zinc oxide(IZO) in domestic factories.
Materials: As biological exposure indices, we measured serum concentrations of indium using inductively coupled plasma mass
spectrometry, and Krebs von den Lungen 6(KL-6) and surfactant protein D(SP-D) using enzyme-linked immunosorbent assays. We
classified the ITO/IZO target manufacturing process into powdering, mixing, molding, sintering, polishing, bonding, and finishing.
Results: The powdering process workers showed the highest serum indium level. The mixing and polishing process workers also
showed high serum indium levels. In the powdering process, the mean indium serum concentration in the workers exceeded 3 ng/L,
the reference value in Japan. Of the powdering, mixing, and polishing process workers, 83.3%, 50.0%, and 24.5%, respectively, had
values exceeding the reference value in Japan. We suppose that the reason of the higher prevalence of high indium concentrations in
powder processing workers was that most of the particles in the powdering process were respirable dust smaller than 10 pm. The mean
KL-6 and SP-D concentrations were high in the powdering, mixing, and polishing process workers. Therefore, the workers in these
processes who were at greater risk of exposure to indium powder were those who had higher serum levels of indium, as well as KL-6
and SP-D. We observed significant differences in serum indium, KL-6, and SP-D levels between the process groups.

Conclusions: Five among the seven reported cases of “indium lung” in Japan involved polishing process workers. Polishing process
workers in Korea also had high serum levels of indium, KL-6, and SP-D. The outcomes of this study can be used as essential bases
for establishing biological monitoring measures for workers handling indium compounds, and for developing health-care guidelines
and special medical surveillance in Korea.

Key words : indium, indium tin oxide, indium zinc oxide, target
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7]+ S AA *@*Pﬂ~ﬁl B i aEYolud
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(Mixing), A4 & (Molding), /\73(Smtering) &uK(Polishing),
7 ¥HBonding), WH7-2](Finishing)3- 42 74 ThE01x
HFigure 1). =t dAaEgolslid AlxAA= g1zt
of Bagt g YFHES YR ZRE 240
olEsf grovt =i Bl AlE=dA9] Z1s7ida) A
H] 502 A= 70%0Vd= =lolA] s 2L
2 ZAEATK(Yi et al., 2012).
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(adopted from MHLW, 2010)

Figure 1. Target manufacturing process
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2. MM B BN

oA 84 e % 7|58 0.01 ugl
2 HEIA mirel A 231 0.80 ng/Le] EEE S
o KL-6= 7|3}H < 237.5 U/mLe] 101.0 U/mL9]|
Al Z3l 5043 U/mLe] ExE ®RFc) SP-DE= 7|5}
Yot 68.7 pug/LE 10.0 pg/LojA 231 206.9 pg/L2]
2xE 2ok d&o ¥ <&, KL-6, SP-D il
Z] 3 pg/L, 500 U/mL, 110 pg/LE =343t A2 7+
ZF 0%, 2.6%, 24.0%°] itk

L& AAOA EF AE9] 7IskEHF2 013 1
gLE HEIA m]gto| A X[l 49.81 pg/Lo] X &
Bk KL-6= 7|38+t 3314 U/mLol 1185 ~

Table 1. General characteristics of subjects

§

Control group* Exposed group

N 38 153

Age(years) 38.4+7.7 34.5+7.1"

Smokers(%) 57.9 56.9
Pack year 15.948.5 11.1£5.9"

Working duration

(months) 58.7+£52.1

51.9+£33.3

Mann-Whitney test, *p<0.05, *p<0‘01

¥ .
Control group: office worker, sales person and carrying
worker

§Exposed group: target manufacturer
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1,769.4 U/mL W9, SP-D= 7|3}%F 118.4 pg/Lo]
252 ~ 651.9 ngLH = A= o] mE iz} 9
0] = AelE Eoh B Al ZEAA
29 A =& @34 Qs KL-6, SP-D 77}
o thall 24.8%, 22.9%, 52.9%= thx it & 2jo]E
Hlg gR1sk 4= Tt

2¥ F A vE= dE2a A Alxd 2
B2} Afolofl A oJn] Sl ZpolE HolA] gtk

LE7|7bl g AESHA A& w= Y wE)
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E Rl fal vol, FAS FAISL IARAS
3ol @ 34 LR FFS ElEkoy 84
%1+, KL-6, SP-D K5 ¢J3ke Hhx] b= Zow H
A =] ik

B2l Al AF 350 wet 2, 23k 4%, &
4, Auh, Jg v 4 34 AAA R B4 E
£ st d=tl, 84 &, KL-6, SP-D= F94¢=
5%sto| A FAR SR o7t Qe Ao FAES
th @4 w9 7S EEEd LEAVF
524 gL 7P Eoton 1 thgo] &3t ¥
o =9tk 34 E A s A 2
227F 49.81 ngL=E 7H =9t &, Auksd
08 HilFEE HYrh g2 3z 3 g/l o]
Aol FEE Hole Mg BEUFA IEA}
833%= 714 =grom E3aA 50.0%, odulA

24.5%<=o1qltt. A 5 ollAl 3 ng/L ool d3 <l
F ¥ES Hol:= 2227} FelEgtiTable 2).

KL-6 %o 7|587e 23 5835 UmL,
SFEA 4356 UmL, GubEd 3682 UmLeA=
Eom Yo arx] 500 UmLoldS Hole &
E2HH| LS HukT A 50.0%, S3FEA 37.5%, &2
A 333% A2 =9k

SP-D s=9] 7|32 g4 178.0 ng/L, <
o34 136.6 pg/L, T334 123.0 pg/L &0 =2 =9F
o A& LA 110 pg/Lolidel =4 Hl&2
Bt 833%, oIul 59.2%, A3 51.9%=A 2 =itk
57 KL-692} SP-D9| sE+= 4 QAF 5=
AFeE PR FaEsho] &l E ¢l th(Figure 2).
Table 204 7|el2 79 AFE2 54 5730l

$ N
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gz}, AR Yol 5oz ARRAAT I3 9E2] 7]
S-S 0.0097 pg/LE EF ZA ) Blg)] HEs ot
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Table 2. Levels of biological indices according to the working process

Control Exposed group

F
group Total Powder  Mixing Molding Sintering Polishing Bonding Finishing etc. T palue
N 38 153 12 8 12 6 49 27 32 7

Serum indium (ug/L)
Mean+SD 0.0740.19  2.76+5.84" 8.8247.22" 900£1676 126£1.37° 14242447 2984528 1.59+1.93" 0.65:1.26° 0524138 < 0.001
GM=GSD 0.0145.03  0.13428.10 5.2443.75 0.50+64.39 0.20£20.69 0.17+22.88 0.15+25.76 0.18423.27 0.02+17.60 0.01+-13.68
Range ND~0.80 ND~49.81 0.27~23.68 ND~49.81 ND~3.87 ND~632 ND~20.39 ND~6.50 ND~5.02 ND~3.65
Prevalence' (rate, %) 0% 24.8% 83.3% 50.0% 16.7% 16.7% 24.5% 22.2% 6.3% 14.3%
KL-6 (U/mL)
Mean+SD 251.4486.6 433.74377.5° 750245084 654246392 319742260 355442559 4M4.7+4319° 40524238 263941610 36164203 < 0.001
GM=GSD 237.541.4  331.442.0 583.542.2 435.642.6 272.041.7 2932419 368.242.1 358.5+1.6 234.6+1.6 245.842.3
Range 101.0~504.3 118.5~1769.4 167.0~15709 1185~17604 151.5~939.1 160.4~791.2 1260-16656 1393~11732 120759055 137112736
Prevalence’ (rate, %)  2.6% 22.9% 50.0% 37.5% 16.7% 33.3% 26.5% 18.5% 9.4% 14.3%
SP-D (ng/L)
Mean+SD 8424515 1462+1032" 241652 1556+1252 108.7+39.3 128.5+85.7 173341166 13014675 11442699 100.0:914 < 0.005
GM=GSD 68.742.0 1184419 178.0+2.1 123.042.0 101.741.5 107.2+#1.9 136.6+2.1 115.741.6 99.2+1.7 71.9+2.3
Range 10.0~206.9 25.2~651.9 45.8~651.9 59.8~426.0 50.6~167.8 58.3~259.0 25.2~445.2 34.9~326.6 26.9~401.4 27.6-2579
Prevalence’ (rate, %)  24.0% 52.9% 83.3% 50.0% 50.0% 50.0% 59.2% 51.9%  40.6%  28.6%
Urinary cotinine
(mg/g creatinine)
Mean+SD 0.73£0.74  0.54+0.66 0.56+0.86 0.97+1.35 0.76+0.68 0.18+0.22 0.58+£0.64 0.55+0.48 0.46+0.55 0.17+0.22 0.206
GM=+GSD 0.3943.64 0284325 0254334 0.36+4.64 0.48+£3.04 0.10£3.39 0.3243.10 0.3243.20 0.26+2.89 0.11+2.99
Range ND~1.99  ND~330 ND~2.97 ND~3.30 ND~226 ND~0.57 ND~2.38 ND~1.45 ND~2.51 ND~0.67

Mann-Whitney test, between control and exposed group(total) or each work group, tp<0.05, ' p<0.001
Kruskal Wallis Test, among work groups
SReference value regulated in Japan, serum indium < 3 pg/L; KL-6 < 500 U/mL; SP-D < 110 pg/L
! process engineer, site manager etc.
KL-6, Krebs von den lungen-6; SP-D, surfactant protein-D; GM, geometric mean; GSD, geometric standard deviation; ND, not detected
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Figure 2. Distribution of serum indium, KL-6 and SP-D of study subjects
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Table 3. Differences of biological indices between Korea and
Japan polishing process in target manufacturing

factories
Japan Korea
n 17 32

Serum indium (ug/L)

MeanSD - 4574597

GM=GSD - 1.06+£8.88

Range ND ND~20.4
KL-6 (U/mL)

Mean+SD 223.9+63.3 638.6+474.6"

GM+GSD 215.2+1.34 489.7+£2.11

Range 126.0~326.7 131.4~1,665.6
SP-D (11g/L)

MeanSD 99.0+58.3 212.8+121.0°

GM=GSD 82.9+£1.92 178.0+£1.89

Range 25.2~257.0 54.4~445.2

Mann-Whitney test, "p<0.001
KL-6, Krebs von den lungen-6; SP-D, surfactant protein-D;
GM, geometric mean; GSD, geometric standard deviation

ng/Le} 28.6%°] ATt

3.00} 28 s H|

AR S-uetellA ElE ARSI Qs UEA
Aot e-uhel G| Ak gEAE L2AL] YA A
& EMA3E vasigich vt 71 24
dH AF 7|5k 1.06 ngLE AE3A vlgkolA]
204 pgLo] FEEEE HYou A2 7Y SARE

= A JE3A mnte g FAEh vt 71y
:lix}_J KL-6 %% 7|318-2 489.7 U/mLo|| 131.4
~ 1,665.6 U/mLS] H9|S B o} dEA 7|ge] mE
TR AR 2714|500 UmLE YA 99fch SP-D
& A Zolg B 7|5t Al 719 178.0
ng/L, Y2A71 82.9 ng/Lolglen Filse oA
4452 ng/L9} 275.0 ng/LE H=A|7|d o] 2227} A
A 71 SEART 250] 2R1E ¢ltk(Table 3).

v.o &

U2 20109 FAEFAHNA AEFHII=AE
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FAolA= 7hol=o] FEote] Adehds 7iAlstka
o2& A7EEE AAska oy sEuEe <l
AT 2EAE gt ABESA AT} obF] npAE]
A B3t Adstolt. whebA £ AFE Foll vkt
A TEAE Yo w A HeE wotst
A o]E F8f Bl AlxdolA AdeHEI=A
9 54l e AE3 Hadgid 7
7 gt 7122 RS AlgstaLAl skl
2012 AP EAATF Lol e AL xt
H1AS 2y g AR2YANA & B = AE
o] w&4Fo V|5l 253 pgm' 2 AR vt
o] w=Z7]% 100 pgm’Erh @gtot HAA RO
18.6%7} =&75S 20l on 22434 A9
g A FAHANA =5 2R SRIEATHYI et al,
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