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1 =9 i
Tanaka 59 A7l o8t 2y o 7Aoo 1 =

SAIA FYA7IA Asta, Jd5, J5A S7F 59 9 &40 AT
(Tanaka, et. al. 2010). 2003%01]—5 AL A Qlgol o3k A A At
7F R ¥ S th(Homma et al., 2003). ©]% 2010\ 5€7b4] L&, w5 18
I T FolA F 1019 dwel o HESk A7 RaE A, o' A
Rl /\}Eﬂ-@r AEH A5 Tl duES XBAQ HAgY dlo] W= A
o= YA} dgol dov|e A= #H2dW S (Pulmonary alveolar
proteinosis), Cholesterol ester crystals ¢} =] 2| & S-o}5 (Cholesterol gra
nuloma), #A 5, #W71F R 71§ 5 B8t (Cummings et. al., 2012, O
mae et. al.,, 2011, Chonan, et. al., 2007).

5

M

2) A4S E T 37 5 w27

A A 7Fs] 8] (American Conference of Governmental Indus
trial Hygienists, ACGIH), "|= =7 §<hd B3 A+ (National Institute for
Occupational Safety and Health, NIOSH)¢} $-2lvtg}l 18 w55 3stE2

2 E8 4 At mEU|FH (ST H-IA] A2013-38%)9 IAH AF ZE

AEshEd =E7]+& 100 pg/m o] tH(NIOSH, 1992 & ACGIH 2015).
A& FA=FY 7hol=gRRlolAE S5 AF 7I£S 10 pg/m o2, Q&
HAFAAAY A A B =&V 0.3 pg/m oz AAEaL QI vH(MHL
W, 2010)
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2.1.1 AEAFH7T 2 s

1) $4WA 5 <% (Indium in total dust)

FHA] F 1F-2> NIOSH Method 73030l whg} 2 A] 3181t (National Insti
tute for Occupational Safety and Health, 2005). & 7] %8 FZ(MSA EL
F, MSA, USA)E ©]&35t] Al5E AFA o 732 2.5 LPMe|3Att.
I} A= MCE membrane filter(diameter: 37 mm, pore size: 0.8 pm, Millipor
e,USA)E AR&atdlth. |2 #&& AlmAlF A5 vlFA% F321(Gil Ai
r, Gillian, USA)E o|&3lo] R AT

2) 3574 WA <+ dw(Indium in respirable dust)

TEA WA F dF 5HS NIOSH Method 5000 whe} 2 A3 EHNN
ational Institute for Occupational Safety and Health, 2005). A| & x1F W
& el FHA F AFFAT A9 gk O £FY WAS AA) A4
3% FPAE oho] Fuli Ao ZE(SKC, USA)S 43aalt.

2.1.2 MAANE L Faxm A5
BoAqtoMs Z2A JdwES SAH37] 9% /A A Z(personal

sample) 2} 2+ F Ao A A S (area sample)E 2| FH s} T}
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ALEEEQIT, A8 S dAF] SRV R 1 LY SFEe =T &7
% Triton—X 100(Sigma—Aldrich, USA) 1 ml 9} ZAX2F(Sigma—Aldrich, USA)

I ns ¥2 5, SFF=2 1Ls A3

2) ¥ ¥EA]E(Standard solution)
g3 A\ B4S 93 A B ABEH Y= F
ventures, USA) 100 xg/mL, 1,000 gg/mL= "HEo] AFE3F T 40 ARE-

AN
St XA HO FEHLI=(0.05-1.6)pg/LolH XA HS WHE 293 A

Ao A}3 BA17]7]= ICP 2 ICP-MS(Bruker, Thermo Science)

£ o]&3e3lt). ICP-MSe] ¥4 %32 <Table 1> YeEbsH

<Table 1> Analytical Condition of ICP—MS

Parameter Analytical Condition
Nebulizer Micromist nebulizer(400 pl/min)
Spray chamber Double passed scott spray chamber

Frequency : 27.12MHz
RF Generator
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

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

Data acquisition i
3 replicate

Analysis mass Inl15

Measurement mode Quantification mode
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[Figure 1] Workers' exposure to respirable indium dust in bonding process.



<Table 2> Workers' exposure to respirable indium in bonding process

Indium Concentration (pg/m’)

Worker Sampling Date

Process

Mean

Right sidex

Left sidex

0.59 0.18 0.38

W1 6.17

Bonding 1

0.80
3.40
3.20
2.06
2.27

0.57
3.59
4.62
2.12
3.13

1.02
3.21
1.78
1.80
1.77

6.17
7.17
7.18

W2

W3

W3

Bonding 2

GM
GSD

GSD=3.071

N=8,

Total

GM = 1.25,

* Left side samples were analyzed by lab. A and right side samples by lab. B.
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[Figure 2] Workers' exposure to respirable indium dust in bonding process.
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A= A E A} Boﬂ*i Z+7y 0.31 pg/m'3} 0.29 pg/m (F 4 0.30 pg/m'),

O

o
[t
|\

o} Boll A 4] 27H Al 9] ﬂ?%ko fﬂi%k 2 & u, 7]8tE S 0.17
pg/m'ol i 7)1k FHAE 2.89 pg/m o] LT,

AEFA 20 A= AFA A9 Bl Al ZH2F 1.00 pe/m' 3} 0.34 pg/m' (3
0.67 pg/m'), 0.75¢g/m'2} 0.55 pg/m'(F < 0.65 pg/m') 12] 3L 0.52 pg/m', 0.
45 pg/m (4 0.49 pg/m') = EbSTh 3U3E SA X 7|6k w2 0.60 g/
moli 7]etEFEAAE 1.19 pg/m o] Th.

<Table 3> Airborne respirable indium in bonding process (area sample)

Indium Concentration(ug/m?)

Process Salr)npling
ate Replication 1*  Replication 2% Average

6.17 0.31 0.29 0.30
7.17 0.30 0.35 0.33

Bonding1 7.18 0.02 0.08 0.05
GM 0.12 0.20 0.17
GSD 4.82 2.23 2.89
6.17 1.00 0.34 0.67
7.17 0.75 0.55 0.65

Bonding1 7.18 0.52 0.45 0.49
GM 0.73 0.44 0.60
GSD 1.39 1.23 1.19

Total N=12, GM=0.30, GSD=2.872

* Replication 1 samples were analyzed by lab. A and replication 2 samples
by lab. B.
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[Figure 3] Airborne total indium concentration by sampling position and date.



<Table 4> Airborne total indium of area samples in bonding process by sampling

date
Samples taken simultaneously
Date Sampl.mg in a single position Mean sp
Location
1 2 3 4 5
L1 5 3.36 4.60 5.60 3.66 3.54 4.15 0.94
7.17 L2 5 5.47 5.18 6.12 4.23 5.09 5.22 1.79
Subtotal N=10, GM = 4.59, GSD=1.235
L1 5 3.83 4.86 1.24 1.30 0.92 2.43 0.68
7.18 L2 5 1.33 2.05 1.95 3.63 1.92 2.18 0.86
Subtotal N=10, GM = 2.00, GSD=1.738
Total N=20, GM = 3.03, GSD=1.804
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Ht 1.35pg/m )R om, 2d Bel A= 0.64—1.79 ug/m' (7183 1.08 ug/
m)Z e} A Aol 7]t to] A Bl 7 stHE A atE T 1.39)] =
UERSTE o] @t disfA] FA] HelA HERZ =317 = g,

<Table 5> Workers exposure to respirable indium dust in finishing process

Personal Respirable Indium Conc. (ug/m')

Process  Worker Sagliléng . - . -

Side 1 Side 2 Mean
6.17 R™ 0.83 L™ 1.09 0.96
W4 7.17 R 2.33 L 1.79 2.06
Finishing 1 7.18 R 1.28 L 0.64 0.96
GM 1.35 1.08 1.24
GSD 1.68 1.68 1.55
W5 - R 1.08 L 1.90 1.49
W6 R 2.23 L 0.94 1.58
W7 17 L 3.18 R 1.80 2.49
Finishing 2 w2 R 5.11 » 5.31 5.21
W2 18 R 1.00 L 3.52 2.26
w7 L 0.85 R 0.63 0.74
GM 1.79 1.83 1.93
GSD 2.06 2.21 1.91
W5 7.17 R 5.59 L 5.45 5.52
Finishing 3 7.18 R 3.49 L 2.34 2.92
GM 4.42 3.58 4.01
GSD 1.39 1.82 1.57

Total N=22, GM = 1.87, GSD=2.053

* Side 1 samples were analyzed by lab. A and Side 2 samples by lab. B.
=% [0 left side position of personal sample

%% R right side position of personal sample.
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[Figure 4] Distribution of workers exposure to respirable indium in finishing proc
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[Figure 5] Workers’ exposure to respirable indium in finishing process.
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<Table 6> Respirable indium concentration in finishing process area

Indium Concentration(xg/m?)

Process Sampling Date

Lab A Lab B Average

6.17 0.25 0.24 0.24

7.17 0.50 0.42 0.46

Finishing1 7.18 1.78 0.10 0.94
GM 0.61 0.22 0.47

GSD 2.71 2.06 1.98

6.17 0.74 0.72 0.73

7.17 1.36 0.93 1.14

Finishing?2 7.18 0.46 0.42 0.44
GM 0.77 0.66 0.72

GSD 1.72 1.50 1.61

6.17 0.05 0.14 0.10

7.17 0.95 0.62 0.78

Finishing3 7.18 1.05 0.74 0.90
....................... G N 0.7 040 o1

GSD 5.64 2.50 3.42

Total N=18, GM = 0.46, GSD=2.553
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[Figure 6] indium concentrations in finishing process area.
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<Table 7> Comparison of workers' exposure to respirable indium dust between

bonding process and finishing process (ug/m’)

Sampling Date

Process
6.17 7.17 7.18 Average
Bonding 0.59 (47) 3.40 (89) 3.20 (179) 1.42 (54)
Finishing 1.25 (100) 3.81 (100) 1.79 (100) 2.61 (100)
4.0
O Bonding
= m Finishing [ —
g 3.0
S
*Ej 2.0
S
L
E 10 I
=
0.0 ﬂ
617 717 7138 Average

Sampling Date

[Figure 7] Comparison of workers’ exposure to respirable indium dust between

bonding process and finishing process.
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<Table 8> Comparison of bonding process and finishing process for respirable in

dium of area air samples (pg/m’)

Sampling Date

7.17
0.49 (62)
0.79 (100)

Process

Average

7.18
0.27 (36)
0.76 (100)

6.17
0.49 (136)
0.36 (100)

0.42 (66)
0.64 (100)

Bonding

Finishing

O Bonding

m Finishing

i
=

i
=

B A Uy e
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(L /Oy Uo|eIURIuo D Wwin|pug

Average

718

617

Sampling Date

[Figure 8] Comparison of bonding process and finishing process for respirable in

dium of area air samples.
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Respirable
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0.49£0.05
(20%)

Indium Concentration(unit: #g/m')
(MeantSD)

N

Sampling
Date
7.17
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<Table 9> Comparison of respirable and total indium in bonding process area

ST (o] &8 2015).
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<Table 10> Comparison of personal and area samples in bonding process (unit: xg

/m’)
Indium Conc.(gg/m’)
Process
Personal sample Area sample
Bonding 1 0.38 (224%) 0.17 (100%)
2 2.06 (343%) 0.60 (100%)
Finishing 1 1.24 (264%) 0.47 (100%)
2 1.93 (268%) 0.72 (100%)
3 4.01 (978%) 0.41 (100%)
2.5
— OPersonal sample
£ 20 B Area sample
g
S 15
£
S 10
@]
O
E 05
=
0.0 |

Bonding processl

Bonding process2

[Figure 10] Comparison of respirable indium dust between personal and area sam

ples captured in bonding process.
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[Figure 12] Coefficient of variation of sampling and analysis for airborne total indi

um.

<Table 11> Degree of variation of sampling and analysis for airborne total indiu

m
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<Table 12> Comparison of indium analysis results between Lab A and Lab B

for two—paired respirable indium samples (area sample)

Indium amount, r#g (%) Difference (%)

Range of A8
Indium Amount Lab A Lab B (Aﬁs)/ P Average

>
0.01 (100) 0.07 (700) 150

<0.1 wg 122.5
0.05 (100) 0.14 (280) 94.7
0.26 (100) 0.25 (96) 3.9
0.32 (100) 0.30 (94) 6.5
0.34 (100) 0.39 (115) 13.7
0.36 (100) 0.34 (94) 5.7

0.1 ~1.0 ug 0.42 (100) 0.37 (88) 12.7 13.7
0.55 (100) 0.47 (85) 15.7
0.74 (100) 0.72 (97) 2.7
0.80 (100) 0.60 (75) 28.6
0.84 (100) 0.60 (71) 33.3
1.03 (100) 0.34 (33) 101
1.03 (100) 0.67 (65) 42 .4

>1.0 ug 89.2
1.43 (100) 1.00 (70) 35.4
1.48 (100) 0.08 (5) 180
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[Figure 13] Comparison of Lab B result to Lab A for two—paired respirable
sample (area sample).
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Lab B result (ng)
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Lab A result (ug)
[Figure 14] Comparison of Indium Analysis results of Lab A and B for

two—paired respirable sample (dotted line represents a trend
between A and B except for outliers).
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<Table 13> Comparison of analytical results of respirable indium concentration f
rom Lab A and Lab B

Lab A Lab B | AB] . Reference

No. .+« Indium, <., + Indium, g (A+B%

Side g Side (%)™ Process  Worker Date
1 L 0.64 R 0.19 (30) 108.4 Bondingl W1 6.17
2 L 0.72 R 053 (74) 30.4 Finishing2 ~ W7 7.18
3 R 0.84 L 3.00 (357) 1125 Finishing2 ~ W2 7.18
4 R 0.90 L 0.90 (100) 0.0 Finishingl =~ W4 6.17
5 L 1.08 R 0.60 (56) 57.1 Bonding?2 W2 6.17
6 R 1.09 L 0.55 (50) 65.9 Finishingl ~ W4 7.18
7 R 1.13 L 200 (177) 55.6 Finishing2 ~ W5 6.17
8 L 1.52 R 4.00 (263) 89.9 Bonding?2 W3 7.18
9 R 2.36 L 1.00 (42) 81.0 Finishing2 W6 6.17
10 R 2.58 L 200 (78) 25.3 Finishingl ~ W4 7.17
11 R 2.94 L 200 (68) 38.1 Finishing3 ~ W5 7.18
12 L 3.47 R 2.00 (58) 53.7 Finishing2 ~ W7 7.17
13 L 3.57 R 4.00 (112) 114 Bonding?2 W3 7.17
14 R 5.68 L 6.00 (106) 5.5 Finishing2 ~ W2 7.17
15 R 6.06 L 6.00 (99) 1.0 Finishing3 ~ W5 7.17

* Side : Personal sampling position. L and R indicate left and right side respectively.

B
x* Lab B analysis result to Lab A (le(ﬂ’/%
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[Figure 15] Comparison of analytical results of respirable indium concentration fr
om Lab A and Lab B.
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<Table 14> Results of spiked blood indium sample analysis

Error(%)

result(pg/L)

Analysis

Injected
amount (ug/L)

-50
—-35
-20
-25
—30
—32.0

0.010

0.013

0.016

0.02

0.015

0.014
0.014+0.002

(14.3%)

AM=£SD (CV)

17
14

0.233
0.227
0.215

0.20

10
17
13.0

0.220
0.234

0.226+0.008

(3.5%)

AM=£SD

15

2.310

2.085

44
23

36

2.880
2.459

2.00

2.727
2.491+0.319

24.4

(12.8%)

AM=SD
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[Figure 16] Error of spiked blood indium sample analysis by the concentration le
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ABSTRACT

A Study on Workers’ Exposure to Indium in Bonding and
Finishing Processes of an I'TO Manufacturing Industry and

Accuracy of Measurement of Airborne and Blood Indium

Oh, So Rah

Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

Personal and area samples were collected for both airborne
respirable and total dust to evaluate indium exposure in bonding and
finishing processes at an ITO manufacturing industry. During taking
samples, a paired two personal respirable samples for each worker were
simultaneously collected for evaluating interlaboratory analysis accuracy.
Also, multiple area samples at each position were simultaneously for
evaluating interlaboratory analysis variation.

Workers™ exposures to respirable indium were 1.25 pg/m' and 1.87
rg/m' at bonding and finishing processes respectively, which was believed
to be much lower than 10 wg/m', a tentative guideline recommended by
Japan Ministry of Labor and Welfare. Geometric standard deviation
(GSD) were 3.071 and 2.053 at bonding and finishing processes. The

high GSDs imples that there is a need to daily variation control.



Respirable indium concentration levels of area samples were 0.30 pg/m’
and 0.46 pg/m' at bonding and finishing processes respectively. Personal
samples showed 2.24 to 9.8 times higher than area samples. Respirable
indium was 16—20 % of total indium.

Intra—laboratory analysis variation for 5 multiple samples taken
simultaneously for total indium at an area ranged from 13% to 74%.

Differences of results by two laboratories ranged from 0% to 100% for
a paired respirable samples taken from each worker. Differences of the
analysis results by two laboratories for multiple area samples were 2.7%
to 180%. Since the indium amount is smaller in the area sample than
personal sample, the difference of area samples showed bigger than
personal samples

Analytical errors for spiked blood indium samples were —-32%, 13% and

24.4% at 0.02 ug/L, 0.2 pg/l. and 2 pg/L level respectively.

[Keywords] Indium, ITO target, Indium Tin Oxide, Bonding, Finishing
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