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Abstract: This study quantitatively assessed personal exposure of 86 workers to indium compounds
as total dust at 11 Japanese indium plants. The personal exposures to indium concentrations in the
breathing zone during an 8 h work-shift were determined by ICP-MS. The arithmetic mean indium
concentration of all the workers was 0.098 mg Indium (In)/m?, with individual values ranging
from 0.0001 to 1.421 mg In/m>. There were 11 workers whose exposure to indium concentrations
exceeded the American Conference of Governmental Industrial Hygienists’ Threshold Limit Value-
Time Weighted Average (TLV-TWA) of 0.1 mg In/m>. Based on the condition TLV-TWA<Xos (upper
95th percentile of log-normal distribution), five indium plants were judged as “control measures
required”, while 3 other plants were evaluated as “control measures not required”. Five workers
belonging to the worst group were exposed to far higher indium concentrations than the TLV-TWA.
Another group of 5 workers belonging to the best group was exposed to far lower indium concen-
trations than the TLV-TWA, and this was attributed to the stringent engineering control measures
used at their workplaces. The quantitative assessment of occupational exposure to indium dust was
influenced by different occupational exposure limit values without carcinogenicity and particle size-
selectivity of indium particulates or “total” dust.

Key words: Indium dust, Total dust, Indium-Tin-Oxide, Personal sampling, Particle size-selectivity,
Upper 95th percentile

Introduction

Exposure of workers to hardly soluble indium dust was
reported to have caused 7 cases of interstitial pneumonia
in Japan, 2 cases of pulmonary alveolar proteinosis (PAP)
in the USA, and 1 case of PAP in China"). It is of prime
importance to protect workers from health outcomes due
to excessive exposure to indium dust with reference to
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the occupational exposure limit (OEL). Different OEL
values for indium dust have been recommended by several
international organizations of occupational health. The
Threshold Limit Value-Time Weighted Average (TLV-
TWA) of 0.1 mg/m® of indium for indium and indium
compounds was recommended by the American Confer-
ence of Governmental Industrial Hygienists (ACGIH).
The same value of 0.1 mg indium (In)/m3 was designated
as the Recommended Exposure Limit (REL) for indium
compounds by the National Institute for Occupational
Safety and Health (NIOSH)?. The Japanese Ministry
of Health, Labour and Welfare (MHLW) has issued the
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Technical Guideline® for Preventing Health Impairment of
Workers Engaged in the Indium Tin Oxide (ITO) Handling
Processes, which defines two occupational standards: an
Acceptable Exposure Concentration Limit of 3 x 10™* mg
In/m?, and a Target Concentration of 0.01 mg In/m? in
the respirable fraction of indium dust. The Technical
Guideline® designates the particle size-selective capturing
of indium particles of cut-size 4 um (50% efficiency) as
respirable dust, which is hazardous when deposited in the
deep gas-exchange region of the lungs. On the other hand,
ACGIH’s TLV and NIOSH’s REL for indium dust are
expressed in terms of total dust, since indium dust is not
designated an “inhalable, thoracic or respirable fraction
of particulate matter depending on particle size-selective
sampling criteria”, but as “particulates not otherwise regu-
lated, total”> >,

Our previous study®, a generic control banding assess-
ment of workers’ health risks in 13 Japanese indium plants
using the COSHH Essentials”, noted that since indium
dust is highly hazardous to workers’ health, the majority of
indium-handling operations in the 13 plants were subject
to “Control Approaches 3 and 4 according to the COSHH
) and that highly efficient engineering control
measures such as enclosed-type local exhaust ventila-

Essentials

tion (LEV) and respiratory protective equipment (RPE)
with high Assigned Protection Factor (APF) should be
provided. However, there were some limitations regarding
the generic control banding assessment, since the hazard
levels, the amount in daily use and the “dustiness” char-
acteristics of indium dust in the workplace were broadly
categorized using simple scales. The present study was
designed to quantitatively assess the personal exposures
of 86 indium-handling workers to indium compounds in
terms of total dust at 11 Japanese indium plants with refer-
ence to the TLV-TWA. We also examined the industrial
hygiene control measures used in the 11 plants for an
efficiency evaluation in comparison to the OEL using the
statistical exposure indices of the exposure concentrations
obtained.

Materials and Methods

Subjects of study

Thirteen plants enlisted for the preliminary investiga-
tion were chosen from among the 38 companies in Japan
whose annual production of indium exceeded 500 kg in
2009. Since the generic control banding assessment of
occupational exposure to indium and its compounds in
the 13 indium plants has been carried out in a previous

I HIGASHIKUBO et al.

study®, 11 out of the 13 indium plants were investigated
for the comprehensive assessment of personal exposure
of workers to indium dust in the present study. These 11
companies consisted of 3 plants having 300 employees
or more, 4 plants having 100 to 299 employees, 1 plant
having 50 to 99 employees and 3 plants having less than
50 employees. We examined the personal exposures of 86
workers to indium compounds in terms of total dust, as
a sample of the 279 workers assigned to various indium-
handling operations in the 11 plants.

Analysis of indium

The analysis of indium was carried out with a slight
modification to the method described in the MLHW’s
Technical Guideline” and the NIOSH Manual of Analytical
Methods No.7301® for indium, using an Inductively Cou-
pled Plasma-Mass Spectrometer (ICP-MS) (Agilent7500i,
Agilent Technology, Japan). The analytical conditions of
ICP-MS are summarized as follows: 1,400 Watts of RF
power at 1.7 V, flow rates of 15 1/min for the plasma gas
and 1.0 I/min for the carrier gas, and measured m/z values
of 115 and 118. The membrane filter on which indium-
containing particulate matter was collected was placed into
a flask containing 30 ml of mixed acid [nitric acid (Wako
Pure Chemicals, Ltd., Tokyo, Japan), hydrochloric acid
(Wako Pure Chemicals, Ltd.), ultra-pure water (18 MQcm,
Toraypure LV-10T, Japan) in the ratio of 1:3:4] and subject-
ed to ultrasonic agitation for 60 min, before being digested
on a hot plate at 160°C for 60 min. A standard solution of
indium for atomic absorption spectrometric analysis (Kanto
Chemicals, Japan) was used in the preparation of the cali-
bration curve for the quantitation. The calibration curve of
peak counts of m/z (Y) in ICP-MS versus indium concen-
trations (X) in the mixed acid (ng/ml) used in the present
study was found to be highly linear in the range of 0.5 ng/
ml to 100 ng/ml and highly correlated; the regression equa-
tion was Y=2270X + 15310 with a correlation coefficient
of 0.9997. The quantitation limit of indium was found to
be 0.07 mg/ml. The quantitation limit of airborne indium
was estimated to be 0.003 xg/m>, based on assumptions of
the final volume of the solution used in the analysis being
40 ml per filter, and the volume of collected workplace air
being 960 | at a flow rate of 2 I/min.

Determination of personal exposure concentrations of
indium

Indium compounds in the total dust suspended in the
workplace air collected in the workers’ breathing zones
were analyzed for personal exposure concentrations of
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indium which were expressed as the 8-h time-weighted
average (8h-TWA). The total dust containing indium
compounds was collected on a mixed cellulose ester
membrane filter (0.8-um pore size, 37-mm diameter, Japan
Millipore, Co.) in a cassette filter holder (SKC, Inc.). The
workplace air was drawn at a flow rate of 1.0 I/min for a
sampling period of 6 h or longer, except during lunchtime,
using a portable suction pump (Aircheck 2000, SKC, Inc.).
We used the NIOSH sampling method (NMAMO0500)® for
the collection of indium dust as “particulates not otherwise
regulated, total”. The sampling period for the collection
of total dust was also in accordance with the directions
of the NIOSH Occupational Exposure Sampling Strategy
Manual® that the measurement results are valid only for
6 out of 8 h, or the sampling portion of the period should
cover at least 70% to 80% of the full exposure period. The
indium concentration of personal exposure to total indium
dust expressed as 8h-TWA was calculated using the fol-
lowing equation:

8h-TWA = (Cy; % T,)/8 h,

where Cy; (mg/m?) and Tpi (h) indicate observed indium
concentration of exposure to the total dust during the sam-
pling period, and the period of time used for sampling the
indium dust, respectively.

Calculation of statistical indices

In addition to conventional statistical analyses, the up-
per 95th percentile of the log-normal distribution (Xos)
was calculated using to the following equation:

log(Xgs) = log(GM) + 1.65 X log(GSD),

where GM and GSD are the geometric mean and
geometric standard deviation, respectively. The condi-
tion “TLV<Xys5” was used to define “control measures
required” in the workplace, an unacceptable exposure in
accordance with the concept of exposure risk defined by
the NIOSH Occupational Exposure Sampling Strategy
Manual®, Bullock and Ignacio'”
We also compared the indium concentrations of individual
workers with the Action Level (AL)”, which is defined
by NIOSH as one-half of the REL (0.05 mg In/m*). When
the indium plants had less than 5 workers, we made our
judgment of “control measures required” based on either
AL<Max or TLV<Arithmetic mean (AM).

, and Hashimoto et al'v.

Results

Indium-exposed workers examined

Table 1 presents the basic demographic data of the 86
indium-exposed workers employed in various indium-han-
dling operations at the 11 indium plants. The indium plants
were grouped into the two different sectors of the indium
industry: 4 plants performing recycling/reclamation,
and 7 plants manufacturing electronic devices. Various
forms of indium materials such as metallic indium, ITO,
indium oxide, indium hydroxide and indium phosphide
are handled in these operations. The indium-handling
processes characterized by weighing, bagging, crushing,
casting and sintering were found to be dusty, while other
processes, dehydration and electrophoresis, were deemed
to be clean. Grinding and cutting of indium crystals were
performed within either a glove box or an enclosed-type
LEV to prevent excessive exposure to indium materials.

In Fig. 1, individual 8h-TWA indium concentrations
of the 86 workers are plotted on a logarithmic scale.
The individual workers are labelled with numbers and
uncapitalized letters, a—k, which represent each of the 11
indium plants. The logarithmic concentrations of personal
exposure to indium compounds in the total dust were
found to follow a sigmoidal curve, indicating a log-normal
distribution.

Table 2 shows the indium concentrations in total dust
as determined by the personal exposures of the workers
in the breathing zone at the 11 indium plants. The AM
indium concentration of the 86 workers was 0.098 mg In/
m®, with individual values ranging from 0.0001 mg In/m*
to 1.421 mg In/m>. The exposure concentrations could be
regarded as following the log-normal distributions accord-
ing to the Kolmogorov-Smirnov test (Excel-Toukei, Social
Survey Research Information Co., Ltd.). We used two dif-
ferent methods for defining and judging exposure profiles
to determine the acceptability of occupational exposure
to total indium dust. First, we compared the personal
exposure data of individual workers with ACGIH’s TLV-
TWA as the OEL, and AL as one-half of NIOSH’s REL.
There were 11 (13%) workers whose exposures to indium
concentrations exceeded the TLV-TWA. Seven workers
were from 3 recycling/reclamation plants, and four work-
ers were from 3 plants manufacturing electronic devices.
Nineteen (22%) of the 86 indium-exposed workers had
indium concentrations exceeding the AL. We also used the
condition TLV<Xys to determine unacceptable exposures
which required control measures in the workplace. Five
indium plants (a, d, e, g, and i) were evaluated as requiring



556 I HIGASHIKUBO et al.

. 10000 B e

=

k|

an

g

< 3]

E 0.1000 TLV-TWA(0.1mg In/m?) =

% — — — = — — | — — — |- AL(0.05mg IV/m’) —| — — _———1—

=}

=

g

=

(]

g 0.0100 A

Q

[&]

g

=

g

(]

k=

Gy

é 0.0010 A

s

<

an

]

—
—_— 6 13 f4el 2 1737 h2 ilek1J2d132 h1il4g11d8 bl j4 85 g8a8 i6 ha d9 d586i13i12a7g9ad al e7e3 dlle2gdcles £7i17 k2
OTXET 519 8 £1 j3 j1 il1j5d7d2d6 d4h5i2 g3 h6 i5h8il0 i4 d10h3i3810J6 h7j8 b3 gl €682 e5ilil5d12 b2 h9 a5a3 d3 a6 €9 €8
No. 1 10 20 30 40 50 60 70 80 86

Fig. 1.

Individual 8h-TWA indium total dust exposure concentrations of the 86 workers. The individuals are identified by a number

and a letter, which indicates the plant where they were employed. The two dashed lines indicate the TLV-TWA (0.1 mg/m?) and the AL

(0.05 mg/m?).

control measures. Three plants (f, h, and j) were evaluated
as not requiring control measures. The remaining 3 plants
(b, ¢, and k) which employed less than 50 workers were
evaluated as requiring control measures using the condi-
tions of AL<Max for Plant b, and TLV<AM for Plants ¢
and k.

The worst and best personal exposures to indium dust

Table 3 presents the worst and best the 86 of 5 cases of
indium concentrations from among the personal exposures
of workers employed in various indium-handling opera-
tions at the 11 plants. In the worst group of 5 cases, all the
workers were exposed to almost 10-fold higher indium
concentrations than the TLV-TWA. They wore reusable
half-face masks with particle filters with an assigned
protection factor (APF) of 10. However, the engineering
control measures of LEV were inadequate.

Table 3 also shows that all 5 workers of the best 5 cases
were exposed to far lower indium concentrations than the
TLV-TWA. Three workers wore no masks, or disposable,
unwoven mask in the dusty operation of grinding and
cutting InP crystals. However, at their workplaces a glove
box or enclosed type LEV was installed and this type of
installation can further reduce the exposure concentration
to 1/10 of that of a hood type LEV” The other two work-
ers were employed in an indium residue-handling opera-
tion and they wore half-face dust masks without any LEV
in the workplace.

Discussion
The present results indicate that 11 out of 86 indium-

exposed workers were exposed to higher indium concen-
trations than the TLV-TWA. There were also 19 (22%)
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ASSESSMENT OF OCCUPATIONAL EXPOSURE TO INDIUM DUST

557

Table 1. Summary of 11 Japanese indium plants examined for indium material handled, operations in manufacturing processes, number of

employees and number of workers exposed to indium compounds in total dust

Number of examined workers

Lo . Number of  Indium compounds Operations in indium- Lo
Plants Sectors of indium industry . exposed to indium/Total number
employees handled manufacturing processes .
of possibly exposed workers
a  Recycling/Reclamation 21 ITO, Metallic indium, Crushing raw materials, 8/14
Indium hydroxide Filling and bagging,
Solubilizing indium materials
b Manufacturing electronic devices 118 Indium hydroxide, Ingot filling, Solubilizing, 3/18
including ITO ITO Drying and crushing
¢ Manufacturing electronic devices 135 ITO Pellett and powder filling, 172
including ITO Crushing
d  Manufacturing electronic devices 486 Indium hydroxide, Weighing and powder filling, 12/33
including transparent electrodes ITO Formulation, Bonding,
and panels Grinding and cleaning
e  Manufacturing electronic devices 150 Indium hydroxide, Deposition by beam evaporation, 9/14
including transparent electrodes ITO Filling into a 18-1 container,
and panels Maintenance (powder)
f  Manufacturing electronic devices 70 1TO Shot-blasting, Dust cleaning 6/10
including
sputtering target
¢  Recycling/Reclamation 579 Indium oxide, Indium  Filtering and drying, Crushing, 11/32
hydroxide Powder filling
h  Manufacturing electronic devices 192 1TO Sintering (Ingot, solubilized 9/14
including sputtering target metal), Crushing and bonding
(clumpted metal), Grinding and
Powder fillling
i Manufacturing electronic devices 318 Metallic indium, ITO, Pressing (cake-like), 17/114
including sputtering target, Surface Indium hydroxide, Bonding (clumped metal), Drying,
materials and semiconductors Indium phosphide Filling,Grinding and dust cleaning
j  Recycling/Reclamation 45 Metallic indium, ITO  Ingot melting and solubilizing, 8/11
Electrophoresis, Sintering
k  Recycling/Reclamation 25 Metallic indium, ITO  Crushing, Solubilizing, 2/3

Sintering ingot

workers out of the 86 whose indium concentrations ex-
ceeded the AL, suggesting that certain provisions must be
initiated at their workplaces, such as consecutive exposure
measurements, training of employees, and medical sur-
veillance, according to the NIOSH Occupational Exposure
Sampling Strategy Manual®. It has been reported that the
condition TLV<Xys can be used as a definition of “control
measures required”®'". By this definition, eight of the
eleven indium plants required control measures, while the
other 3 plants were evaluated as not requiring control mea-
sures. Notably, all 5 workers of the worst exposure group
were employed in various indium-handling operations,
such as collection of indium oxide dust, crushing and
sintering and cutting of ITO targets, were exposed to much
higher indium concentrations of total dust than the TLV-

TWA. The present results are consistent with the findings
of Cummings et al.'® in a NIOSH survey of personal
breathing zone analysis of indium total dust concentrations
in US companies. They reported that various activities
with increased potential for indium exposure included
the manufacturing of inorganic indium compounds, ITO
sputter target resurfacing, and abrasive blasting to remove
residues. They also reported the pneumatic sanding of
ITO targets resulted in high worker exposure to indium of
3.1 mg In/m® of total dust'?. The present results are con-
sistent with the findings of Miyauchi e al.'® that breath-
ing zone indium concentrations of total dust are higher in
the processes of ITO milling (0.67 mg In/m> as TWA), and
pulverization and heating (7.1 mg In/m> as TWA) than in
the electrolyte refining process (0.043 mg In/m> as TWA)



I HIGASHIKUBO et al.

558

BN AT 2dK-pasoroug $000°0 (urwr ()9¢) 1e1sA10 9[3uIs Jui Jo Jjo Sumno pue JurpuLD) |1 IOIOMN
ysew udAomun ‘Q[qesodsig X0q 9A0[D) $000°0 (utw )9¢) [BISAIO Jui JO JJo Sumnd pue Jurpurin) 61 JOIOMN
S[sew isnp aoej-jjeH AdT2d&-pasojoug €000°0 (urw 08¢) Sunse[q-10ys €J 1O3IOM
Ssew Jsnp d9ej-JleH QuoN 2000°0 (urur ¢1) yo)Ip oY) WOy GNPISAI WNIPUI JO 1JSUBI) PUB AI9A090Y GJ 1o3I0M
S[sew Isnp doej-JleH QuoN 1000°0 (urtr 91) YOIIP Y} UT ANPISAI WNIPUT JO AIOA0IY 0F IONIOM
dnoi3 isog
S[sew jsnp doej-JjeHq AT 2d&-pooH 09L°0 (utwr (1) Sui3eq pue SurySropm 9E IOIOMN
S ISP d0kj-J[eH AAT 2dK1-pooy $96°0 (urur og) 1081€) QLT JO Surysnio pue jjo Sumn) LTTI0}IOM
S[sew 1snp dovJ-JleH QuoN 957’1 (urur $47) Joureyuod [-g1 & ojul 1pmod 9pIXo WNIpUI JO UONDA[[0D) 69 IOYIOM
J[sew snp 00ej-J[eH AdT2d&-pooy €LT'1 (urw ¢7) Sutrayurg “(unu ¢) Surysniy) O 1I0M
S[sew Isnp ooej-Jleq QuoN 1291 (U ) IOUTRIUOD [-8 ] OJUT JSNP APIXO WNIPUT JO UOTIOA[0D) 89 JONIOM
dnoi3 3siop

(ady) (AT (cwyur ) (ooeydy1om o3 Je Juads owl]) sased ¢ jo dnoi3

juowdinbyg 2A199)014 A10jeadsay

UOTIRIIURA JSNBYXH [B00]

VM.L-Yg Se uonenuaduod

amsodxd wnipup

suonerodo Surjpuey-wnipuy

150q 10 JSIOM AL

SAINSBIN [01UO0D)

1SNP [€30) UT WNIPUT JO SUOTIEIIUIIUOD 2INS0dXd [RUOSId

sddejdIom

J19Y) J& PIsn SUII( SIINSBIW [0.1JU0I JUIISAY [ELIISNPUI pUE ‘QU0Z SUTYIBI.IQ IY) UT }Snp [€)0) ul spunodwrod winipur 03 31nsodxd [euos1ad Jo sased G 3s9q pue )SI0M Y], € IqeL

"PRIB[NOTED 10N :DN

fuonnqunsip jewrou-3oj e jo anuadiad yige 10ddN:geX UONRIAID PIEPUE]S OLOWOAN) (SO UBAUI OLNAWOID) (AD {UBIW MWL ATV ON[BA WNWIXBIA (XBJA ‘ONJEA WNWUIA [UTA [9AJ] UOTIY TV

01044 £6¢°0 019°L ¥10°0 860°0 eyl 1000°0 6l I 98 [e10L,
ON ON ON ON 8¢9°0 ELT] 20070 [ I C A
01°0<ds Se0’0 Lov'e S00°0 60070 9200 10070 0 0 8 r
01°0<dy 020 8999 010°0 12070 $96°0 ¥000°0 I ! L1 !
01°0<dx L90°0 ¥68°C ¢10'0 020°0 060°0 20070 I 0 6 4
01°0<ds 60C°0 €0r'e 8200 690°0 69%°0 900°0 € I I 3
01°0<ds 100°0 1cee €000°0 000°0 100°0 1000°0 0 0 9 J
¥260°0=d LY0'€ €696 €L0°0 Sre0 Iyl 100°0 S € 6 2
01°0<d L0 LETY €100 €€0°0 v61°0 000 [4 I 4! P
ON ON ON ON 0Zro 0Cro 0Cro ! I I 2
ON ON ON ON 7700 S80°0 110°0 I 0 € q 1SN {101 UI suon
01°0<dx 10L°0 98y 500 Iv1'0 09L°0 ¥00°0 14 € 8 € -BIUSOUOO WNIpU]
159) AOUITWS-A0JOZOW (gtuyug 3w G0°0) TV oW (gtuyug Sw 70)
ooy Aq or-0<de  (wyup Sur) (gwup Sw)  (qwyup Swr)  (qwyup Swr)  (gw/up Sw) - PIPIRIXd SUOHBHUIUOD WA L-ATL Y} POPIOXd SIOMIOM
uonnqLISIp [euLIou-30] Sy aso D NV XeJN 5197\ amsodxa asoym SUONEIUAOU0D dInsodxo  Jo JoquInN S1eld sl

Jo ooueoyIUSIS [EO1ISHIRIS

SIO[IOM JO IOqUINN  OSOUM SID[IOM JO JoquinN

VAL-ATL SCHIDOV 0} 99U2.13J3. [}1M 3U0Z UIy)ea.lq dY) J& Wnipul Jo }snp [£30) 03 3.1nsodxd [euosiad £q pauruLd)dp se (;Ww/uj Sur) SUOIILIIUIIU0D WNIPU] “T IqEL

Industrial Health 2018, 56, 553-560



ASSESSMENT OF OCCUPATIONAL EXPOSURE TO INDIUM DUST 559

in an indium-recycling/reclamation plant.

Two workers, e8 and €9, were exposed to very high in-
dium concentrations of 1.421 mg In/m® and 1.256 mg In/
m®, respectively. These values were 14- and 13-fold higher
than the TLV-TWA. Those 2 workers wore half-face dust
masks with an APF of 10 and no LEV system was installed
at their workplaces. We recommended the employer to
implement two kinds of control measures: provide dust
masks with an APF of 25 in accordance with the NIOSH
Respirator Selection Logic'?, and install a hood-type LEV
at their workplaces, since the exposure concentration can
be reduced to 1/10 of that of general ventilation by this
kind of LEV”.

Three workers, k2, 117, and a6, were exposed to higher
indium dust concentrations than the TLV-TWA. Their
control measures were found to be inadequate. They wore
half-face masks with an APF of 10 and were employed
in indium-handling operations at workplaces having only
a hood-type LEV. Since the measured capture velocities
were found to fall to approximately 0.1 m/sec, and the
canopy hood was positioned distant from the contaminant
source of the crushing operation, engineering control mea-
sures of increasing the capture velocity of the LEV and
replacing the LEV with an enclosed-type LEV near the
contaminant source were recommended. Effective mitiga-
tion of the exposure concentration to below the TLV-TWA
was thought to be achievable through the wearing of full-
face dust masks with a higher APF in accordance with the
NIOSH Respirator Selection Logic'®.

It was noteworthy that 3 workers, {3, 18, and 19, were
exposed to indium concentrations of total dust far below
the TLV-TWA, even though 2 of the 3 workers wore no
dust mask, or disposable, unwoven masks. The effective
mitigation was attributed to more stringent engineering
control measures, such as the installation of a glove box
and an enclosed-type LEV, both of which have been
reported to reduce the exposure concentrations to 1/10 of
that of a hood-type LEV”.

Two clear differences can be recognized between
ACGIH’s TLV-TWA or NIOSH’s REL-TWA and the Tech-
nical Guideline’s occupational standards. ACGIH> ' rec-
ommends a TLV-TWA of 0.1 mg In/m® of total dust on the
basis of adverse skeletal and gastrointestinal effects and
pulmonary toxicity associated with inhaled indium without
notations of carcinogenicity. NIOSH recommends a REL-
TWA of 0.1 mg In/m’ total dust for indium compounds
without designation of occupational carcinogenicity”. On
the other hand, the Technical Guideline’s occupational

standard® “Acceptable Exposure Concentration Limit™"

of 3 x 10* mg In/m® respirable dust was derived from an
empirical dose-response relationship between the inhala-
tion exposure concentrations of respirable ITO dust and
incidences of bronchio-alveolar cancer in a 2-yr inhalation
carcinogenicity study of rats'®. Our previous control band-
ing study® revealed that the OEL value for indium dust in
indium plants should be maintained below 0.01 mg In/m?,
since airborne indium dust was highly hazardous with “high
dustiness”. Cummings et al.'® suggested that particulate
matter containing indium compounds with a mass median
aerodynamic diameter less than 4 ym can penetrate into
the deep alveolar region when inhaled, and that this would
be toxicologically relevant for chronic respiratory diseases
and lung cancer. Further study will be needed to quantita-
tively assess exposures to airborne indium dust with refer-
ence to a particle size-selective OEL value expressed in
inhalable, thoracic and respirable fractions of particulate
matter, in addition to the quantitative risk assessment of
indium dust for human carcinogenicity.

Conclusion

The personal exposures of 86 workers to indium and
indium compounds in total dust at 11 Japanese indium
plants whose annual production exceeded 500 kg, was
determined as time-weighted averages by ICP-MS. There
were 11 workers whose indium concentrations of personal
exposure to total dust exceeded the TLV-TWA. Based
on the condition TLV<Xgys, five indium plants judged to
require control measures for their indium-handling opera-
tions. Several workers of the worst exposure group were
exposed to much higher concentrations of indium dust
than the TLV-TWA. The control measures of LEV and
RPE were found to be inadequate at their workplaces. An-
other group of 5 workers was exposed to indium concen-
trations of total dust that were much lower than the TLV-
TWA, and this was attributed to the stringent engineering
control measures adopted at their workplaces.
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