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N EE R S BT 5 [ R E/EES 7V — 7 (SEG) & H OG-
Indium Tin Oxide ¥ —% > MMFEI/EE TR IZBIT 5 141

BN OEET PR B CPH SRl B RS EE IR M B0 ORET e
M e

VERBERIASE  BERIREH  (FERERTI Ea
MK B B AR

UMK KEBRBEETRGER: B4 B

BIIEERRRAG  PERE AR R

SRR LR TR

BT VEDN I RN L e P e S R

= S BVWHEERERETAHA LT MMLEMERRIZ, ¥ —47y MO FEEIESES A BRI E 21T
W FAEIRZEEEE 7V — 7 (SEG) 1250 5 2 L oMM Z M U7z, B IXFET & P12, 2013 4E4 5 2017
EIZAEFTI0EATV, 209 LEO9RNIMEEREENE % FFHIZER L 72, ZHOMEEFEIZ2-4% T, 7V — T35
2ODFHEIZOWTHE L7z, T b blEERAIOE(EELB % 1 DDSEG & L7251 (SEGL, n=9) &, {E3EE HIHL
DI/ & =7y MR DA T AEROFEETIHT, A Y SEG2(+)n=9, L SEG2(-)n=9 & L= /ETHh 5.
SEG2(+)2.8-276.8 pg/m’ FEPI I E O EAMTFIIME (AM) 1%, 4 HI5E 2.8-27.4 pg/m’ 256059 A VESEBRBE 152 o Bl EH
13.5-54.6 pg/m® & Y RME 72 5 7275, AERATFEIHME0.4-12.3 pg/m® £ 1 97T (2.8-276.8 pg/m’) 7%, BfE & 7 - 7-.
SEG2(+) ® AM I, TESEBRIERIZE O 5 | FHMiE=° BEIZEME, SEGL X SEG2 (=) TILFED H L7 %> 72 100 pg/m’ L LA
ERD20% % 57, SEGL & L CHFli L 72 #IX 5525, ) A7 KB E AT ) LEOH LEHX 52 TH-TH
SEG2 (+) IZ CHHEI§ % & V) A 7 KIEHEE % HR 2 24T ) LEDH L EHIX53 & 7% HBlEDE AL, SEGl O
HIX53209 5 50% % 72, SEG2 (+) BEN &M E OBATEMEMRZIZ T RT3 pgm LT &2 0, 352X 3/hsL
eolz WHEIZBHMEL 72 SEG # f%ET A Z LI & 0, SR LW RS REIC 2 5.

F—7— RN ANBRERREE, MEEBRRAE, 1 » VY 2MLEW, 1 ¥ T & A XA, FENESE 7 v — 7.

(20184FE8 H 10 H A, 2018411 H9 H =)

& L & IZ ENDRL,UAZTEAAY P RITHBICEE L 2 A1
NIGEFEHE OFHM T FEH R S s,
B N2 52 | RS OB C X 2 BT SRR

CEBT HBEOMENTE 2. WE RE S EE

BLEBI ZHED 2 7B DL F I & B R
E2 SHIIPIET 2720, i et kstil s h

(20144F6 1), febeEEME AT 5 —EDLFW R,
CFWE) AT TR AR M 24T 2 EDVEBHILSN
72[1]. 201441213 H ARSI A& FEEF AR AR
KL DMEANESEREICET 274 BT A > 1Rk

¥EEBETLHERB], BERSOBEYZIT T
% ETHE SN AIVESEH 7 )V — 7 similar exposure group
(SEG) 1243 THREZEZ MM L, REZOVIHE LK
DY & L CTEF 2 17 9 K E S A 1 25 American
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Industrial Hygiene Association (ATHA) D /#:%°[4], - &
BB S EEF 2R E L CRHEIT 5 KRIEE L7
B4 4= EWFSEAT National Institute of Occupational Safety
and Health(NIOSH) ® 5% £038% 5 [5]. L2» L, SEG
RIEITEDENNZ X L FH D07 2 E 5 L 72t R 1F%
BREERIE & D & RET L 72WigRid 4 7 <, Sl 57
H, SR ERALK S (PAHS) HUY) PR 2 E
PRIESEVERH 7 EDOMZEIZBR S T % [6-9].

W58 Tl indium tin oxide (ITO) £ > 7 & - A Xk
WDy =7y Pl L T A 1EES 2 xR &
L, EE#2H% 1 DOSEG & LT AR E % 3
5 )i (SEGL), U %5 & — 7y MR IZ BT 5 A
YU AEHEOHREEIZL D 2DODSEGIZT B ik
(SEG2) IZ2WTHREF L7z, £ LT/ Vv — 7 DBRER
Pl BN F b9 SEG i E TR, TESEBRIRIE & D
FEAT O & & B L7z,

&R & A IE

TIPS E L SRR (= S Fa

y =7y M OFEBEIER DT DT S WFHIE
FHK) (10mx 18 m) NOLAEREH 2-4 %) 1 L, 1 ~
Ty ar xR e Lol NBREE % Tl L RIS
1F,20134E % 5 2017 4R I & FH10EAT 5 72, 10D 9
Lo, W QAEEH OITEHIPH T d 2 WHITEE 4
WA BAVESES AT & L - VEE BRI E % & b CFE
L7

WHIESES PN TE BB B o R 2 0, 1F
¥EHICL Dy =7y MR OFHEHE, FRbR 7T
A —F AT NEEE R EAfThbiz., 1EEET
YL T L A Y — 7y PRI R R S
W AYYILEGEHET LY =7y MEORY v
EEE(12%), A vV A2EH LWy —7 v k
RO P EER (128) 1I2G T 1B
PN ICPEE L 2 <, H—DZZEAHAD LTw
72720, ATV A RER LY =7y RO
DIEEBTH-TH, 1 ¥ V7 LAOBBEOTREN
b 5 &%z, WIHIVESRES VeSS 4 B %2 48 AR
EDOXRF L L.

TR N B A2 35 & OMESEBRBEI € )7 ik

B NBEEE I E 35 & OMESEBRIRAIE & b R4 um 50%
71w b DIRNEET B B 43Rk 1B PM-4 NWPS-254 !
GEHAF AR 123 =R 73 CRMBMFE) 2 Bkt L,
2.5 /min DFEIZTHE L. 747 —IZRAEL L
O—A-TZZAFNVAYT L7 4% — No.225-1930

=, b

25 mm (SKC#) 2 L7z, A8 AR E L E 1
TCANZ RIS E % JEERCIRE [ R > 7' % 255 1L, £970-200
min DPE Z 4T - 72.

SEGIZDOW T AEELDIFEE ERIZHRET 211
SEGIn=9& L7z, 4 VIV LBEORNEEE LT
EEH % 01T CRRET A HEIZSEG2 n=18 & L, SEG2
X, S5 W0 =7y MERIZA DT A998
EBHENTVLIEERISEG2(H)n=9% , &H SN T
W WHESEG2(-)n=9124 1 THEEF L7z, [ AE<
FREICETAHA FI4 >~ JI2HIY [2], HEE0BlE
AT (AM) & HfEE L 7258 T #e (R 22 (GSD) 12
LY FMI L 72, SEG/rHH O 211 oo H Wi £ #E 13 GSD
fiE3.0& L7z,

> AT L7230 min & L, WEEDIBO D 5K b
N 1349 120-150 min Td - 7-.

PR A RNy

AT LDHHICET AN —D4a5rD1m%
Wz BEMUENERE4 mlB L O E R SRR LK R
KImlZHRIML, ~ A 7 0¥ EHE R E Multiwave
PRO (Anton Paar ) THEINEA #2417 - 72, R
R AIK THAR L 7212, polytetrafluoroethylene (PTFE)
0.45um7~7 1 )% — (ADVANTEC#) TA @ L CTH > 7
Wk L7z, A ¥ T AL inductively coupled plasma
mass spectrometry (ICP-MS) (Agilent 7500ce, LM K%
JeoAT vy —) THIE L 7.

1. BB 8 € & VSR BREEIE & D PR

SEG2 BENE AR FE I %2 O AM n=18 & [7] {52 5 ]
HUZAT o 7o VESEBR BRI E O A W72 AT -39 i (GM) @
BAR% Fig. 1IIRT. @ 18HIED 9 B 1315 72% 14,
TE AR HISE O AM 0.4-276.8 pg/m® AIVESEBRIM E O
GM 0.4-12.3 pg/m’ IZHRTEWEZ o 72, FRISA >~
T NERMEETL) o T b SEG2(+)n=9, 2.8~
276.8 pg/m’ 1%, M3 5 EEERSNE D GM n=9, 0.4~
12.3 pg/m’® &R T, §RCOUETEMEE 2o 72,

SEG2 & [al 3l 72 B¢ [ FH 12T o 7o VESEBR B 72 © Bl
EfE & OFR % Fig. 2127”3, SEG2(+) BN D 4ill5%E
2.8-27.4 pg/m’ IR % Bl EE 13.5-54.6 pg/m’ 12
AT, SEG2(-) 12 9lI5£0.4-8.9 ug/m® & b Bl EfH
7.7-54.6 pg/m’ |2k L TIRETH - 7.
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Fig. 1. Relationship between working environment mea-
surement geometric mean (GM) and personal exposure con-
centration arithmetic average (AM). This figure shows the
relationship between GM of log-transformed indium concentra-
tions on working environment measurement (measurement A) in
unit work area performed, and AM of log-transformed personal
exposure concentrations of indium, measured by breathing zone
sampling with total 18 workers during the 5 years study. The
dotted line indicates the directly proportional relation between
the vertical axis and the horizontal axis. The solid line indicates
the linear regression. ©: SEG2(-), ®: SEG2(+).
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Fig. 2. Relationship between working environment mea-
surement B and personal exposure concentration arithme-
tic average (AM). This figure shows the relationship between
log-transformed indium concentrations of measurement B in
unit work area, and AM of log-transformed personal exposure
concentrations of indium. 0: SEG2(-), ®: SEG2(+).

2. SEG #% € DE T X 5 M N # 5E o Sl

1T o 72BN E n=9 OFHIIE H Td 2 45 1 57
fii (BEar) & BHMIZESE (B), Ml ABRERMED 7V — TE5E
751 SEG1, SEG2 (-) B & UFSEG2 (+) DEEPI 4 HI5E Ml (ic)
D AM DEE % Fig. 31273, Eal n=9 AM D EI & idic<
10 pg/m* 25 11%, 10 pg/m’<ic<50 pg/m’ A%56%, 50 pg/m’ <
ic<100 ug/m*A333% Td > 72. Bn=91Lic<10 pg/m’ A%
22%, 10 pg/m’ <ic<50 pg/m’ 1% 67% TdH - 7225, 50 pg/m’
<ic<100 pg/m* 1Z 11% D& & 7 > 7. SEG1 n=1013, ic
<10 pg/m’ 2350%, 10 pg/m’ <ic<50 pg/m’ 2340%, 50 pg/m’
<ie<100 pg/m’* 2510% & o7, FRUTHLTA v ¥
7 L EHEMEORY) o OF BT IT 72556, SEG2(-)
A 10 A ic<10 pg/m’ & 72 5 72Dk L, SEG2(+)
n=101%, ic<10 pg/m’ DHIFHA520%, 10 pg/m’ <ic<50 pg/m’
1260% 12 H1 2, 100 pg/m’ <ic 2520% % 57z,
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Fig. 3. Comparison of indium concentration in the total
sampling data. The percentage of arithmetic average value
of indium concentration on each evaluation item and group.
EA1: 95% confidence limit of the indium concentration of
measurement a termed as the first assessment value, B: mea-
surement B is a sampling data at point adjacent to the source of
dust emission, where the highest concentration of indium was
anticipated within the unit work area, SEG1: arithmetic aver-
age (AM) of personal exposure monitoring by breathing zone
sampling with all the workers in the workplace, SEG2(-): AM
of personal exposure monitoring by breathing zone sampling
with SEG using material not including indium, SEG2(+): AM
of personal exposure monitoring by breathing zone sampling
with SEG using material including indium. [J: 0-10 pg/m’,
[: 10-50 pg/m’, M: 50-100 pg/m’, M: 100~ pg/m’.

SEGI, SEG2(-) & SEG2(+) ®GSDIZDW"C, 3 pg/m’
Eopgm’ XN & LRI T5EE50HRE%
Fig. 4127"9. SEG11ZGSD<3 pg/m*1%30%, 3 ug/m’<
GSD<6 pg/m*7520% T > 72 DIZHX, SEG2(-) 1£ GSD
<3 ug/m’ 7%90%, 3 pg/m’ <GSD<6 pg/m*H310% TH 1),
SEG2(+) 139 R THGSD<3 pg/m* 725 72,
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Fig. 4. The comparison of GSD between SEG1 and SEG2.
GSD: geometric standard deviation of indium concentration
in each group (%), SEG1: personal exposure monitoring by
breathing zone sampling with all the workers in the workplace,
SEG2(-): personal exposure monitoring by breathing zone sam-
pling with SEG using material not including indium, SEG2(+):
personal exposure monitoring by breathing zone sampling with
SEG using material including indium. []: 0-3 pg/m’, l: 3-6
pg/m’, Ml: 6- pg/m’.

Figure 51ZSEG1 & L C&Hili L 72 #l%€ %, SEG2 & L
TEHM L 723 B OB HIX 5 OZ b Z R L7, BEERER
FEIZBTEMIIC 10 pg/m® EAGE L7z, SEG1 THEIX 2
MO INETE L o 72IEA50%, EHX G105 21F
25% 23 L, HHX G305 1, F132~NT 255 7258
1350%, HEIX 32005 11333% 725 72,

100
S
it 801 - 50
&
53]
w2 6()?
=
(=}
g
= 40r 75
2
= 20+
(=}
g 33
o 10

control class 1 control class 2 control class 3
n=4 n=6 n=10

Fig. 5. Comparison of control class classification by SEG2,
about each control class established by SEG1. Control class
1, control class 2, control class 3 were classified by SEGI. It
shows the percentage of evaluating as SEG2 each class. SEG1:
group of personal exposure monitoring by breathing zone
sampling of all the workers in the workplace, SEG2: group of
personal exposure monitoring classified by workers using target
material containing indium or not. []: control class 1, [H: con-
trol class 2, [l : control class 3, indicates the classification when
evaluated as SEG2. (Reproduced modification from ref [2]: Ex-
pert division of occupational hygiene & ergonomics, the Japan
Society for Occupational Health, “The committee for personal
exposure monitoring” (2017): Guidelines for personal exposure
monitoring of chemicals: Part I. J Occup Health 59: 471-476)

=, b

% £

L2 2MEEWIE, NA AR Y —I2 X B RENKS
WEFRFEBRIZB W T ITORF L 2 I3 RALA ¥ U 2D
LT BRGS0 S i, o lililiEicB81) %
FH IR 124~ 142 B L IEF BN L A 2T A
L&MW T % copper indium gallium selenide (CIGS) 71~
WIS TRV CHER L, BatolimEs s %
% EOWEN SN TS [10-12].

S5 Mx LT, BIGTEEE OMZ & E57 T
FERNOA TV AREEE LN OREIT e B R
&0, IO ~O B % B CIZEIE R 1 >~ 2
L% 3 ng/ml LT I2§ 5 2 &S ETl13], Mk
DA YT LIHREFE L2 LX) EREEISHEST L 72 Al
FHE LD R B ORER 70 L [14], 4 ¥ 2 AEEEIC
L BRERENHEE 2> Tnh, FHEORES L
T A YYD LBERE L MERA >~ 27 A REOH
BiE, BET AL 0Ty A0LFWETERICE 5T
EVHEL B EDHEDS HDH[15]. HEROEEREE D
RS NI2A T 2) A 7 VIR LT, [T
PR IZ L D BRBILGED 2 S, —EDRIRD LD
Shzzl16], KEITIEA » PV 2B o EEH R
D63 v 7NVd) B IT0OY — 7 v b Oif#:z T
-C, K ] 37 57 )27 445 AE WFZEFT National Institute for
Occupational Safety and Health (NIOSH) D#¢ME 3 % 5%
FR %t recommended exposure limit (REL) 0.1 mg/m® % 8
ZAMEPEON, T T IERITHRREE & O E
PRLEEOHmELHH[17]. KEIZBWT, 1T
2AE W IS AL B e 7 B B SR O BE (2012
F10 ) (18112 & 0 oAb B PRES 2 40 I /0 &
L 20144E 1 H X D ESEBRBEIE D RHHN 1T 5.
Z D BARM 22 W H P ITOE DR P EHEIZ L 5
TR B IR B3 & Bl et (20104 12 H) I2E®D
Sh7z[19]. Lol 4 vV 20HBE TREERE
AR ITBIIREE O, FHEI L ) APiRE Y E
L 728 8) 2 P AR & B4R, 2635 L CIEE = AT
DRINER LRV E ENTWA,

VESE BB 2 (IS 0 72 Sl E D 72, Bl 2
POVEEB DS o & b FIREOBREIES & &R
TE&2E LB ABEMED S ISVERBREE R O S)
i OWIESEIR T S, ZEARLHEZ L TEMILz &0
AR P KD REE 72 5.

—J7, W—OVEEGITThH > TH, ATO N AIEENE
W&o TIEZEM - IEHAIC D 3 L WEEWOLE) /R
THEN DL, FONERITE 2 W T 2 Bl HIFEY
ELTRIME LTS v 235284, £ P74
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DEHICHEEL TR BEETBEIEEOE AL, A
WEFEMIZE N & 0 22 - ReRI A 2R BB % & A 2R IR 9L
PRS2 L LEETHD.

A B 58 0 VL A ESE TN OB 5 2-4 %4
DI N TN —TZ4H T OL % TIOVETH
EL7. RENZBTAMEANE EMEICET 574
FIA v RNCTHESRE SN LYV T s k72
B3, EERZAT - 7249 300 DFENTEIZ DOV T, SEG DK E
BRI T7E 15 L oFED H 5 [20]. F7o, 1L
B X B2HEDL IEHINFEMEESED L7120
[21], AME T/ OVEES % MBI L TR
L7

i B 82 2 O E ST HHZ BT, B4R, SEG I &
LEME L COFMTEICET 2 e85 ST
Wh. SRILOMEEE Z R E LT, WA AR
AEZ ) 8 U AN & B0EeE %25l 9 5 72 D SEG
A E O RGES 6], W O FRAN R FFH 2 H
WCHELBEOB LARBER A ) —= v 755k
ENHE SN TWA[7]. ZOMEBREEFRERILK
F(PAH) % HLY # ) VESEH o i N\ MR EE i B % 5-fili 3
L0 MEADSEGT — ¥ N— A HE LT 5
FER0 (8], AR RE S D H R R U % Bayesian
decision 73T LT A7 ZFHll L, SEG % ik 5 HiE
ENHDH9]. InoEBFE 2, A TIXSEGRE
EHEDEN X BEFM 0, B X OVEEBREEE &
DFN T &R E L7

ZORER, 1T o 728 AR E X SEG2 n=1812 &
D AT 7234 133005 2.8-276.8 pg/m® (72%) H3EZESR
BHEDOGM 0.4-12.3 pg/m* X D & & o 72, B
SEG2(+) n=913¢ T (2.8-276.8 pg/m’) A3 EME & 72 -
72, SEG2(H) IZFERIA v Iy A EHBWE B Hho
TNEEZDNGETE S B W REVEDS D B P ske 1 % st |
TV 70, EREEEAD) A 75l % 3 5 L TldfE
ERBEWEOGM LWV AR EZ 2 517,

SEG2(+) % Bl %Ml & i+ % & 5% (56%) 23k
i 722572, 15 min O FIRE A A BE 2 8 13 R 5 it D
72OFHIIT & WA, 1D TIGEE TEILL 217Ul
oA T ADYE, 10-15 min f2 B O ST [
THEREOBREE LT A EELREZIHEL, VA7 28
BV S N DA, MBS LR 0720 05k
e ECEEFEORBE L PEETH L. BElEILF
H Ol ANBEFHIE £ D 22N FRE S 720, 3
RAEEFFOUFI L BFAEFRTIITAEREEZS
N7z, —75, SEG2(+) @ 5% 8.6-276.8 pg/m’(44%) %
BIHIZEM7.7-24.2 pg/m® £ D B\l & 7 - 7225, BHIE
LD ESITEBEDA vy MEEEPRET S

TR EBHPFELZEHHN SRS, £ b2
DOMEL, BIHIEEDY14.0, 24.2 pg/m® 1% L TH 5-
205712768, 128.9 ug/m® & 4FICEEZ - 72, BHlE
PR B AN, FFEHEER 2 SO S llER 2 v
CTHHOR & B b LT OBlE 217\, MEE % 2%
12 o & DIRFEEDEWER LR L RIS TBHIE %
ERiT LI EMNTH L. T EABRENEERC,
T TTNEA T OBERmEEEL) TIVY A LD
A ERZESEL, Lo b L ERERFEOIFELE
ET A HELEZ N5 [22].

SEG2(+) TliXEal, BHll5EMH, SEG1, SEG2(-) TIdH
RENT 572100 pgm’ ZHB 2 % b DAT20% 1L,
MOHEE SN2 GSDIE3 pg/m* LT & 72 - 72, SEGI
& LCEHX A ISR S 72 %E 25, SEG2 IS H 3
% & 2127 5 72 E A3 25%, SEG] TEHLX 532 Y SEG2
I2 T3 %o 72 EEDS0%HFTEL7:. DF ) SEG2 &
LT N—T5FT52ET, 1B620E04 M4
DOWEDH A FEE R  FHliC & 7-.

DR, BRSNS % K3 5B I3EES *
B2, MR ERTEESHOBRAF 2 EFuRE Y
FaicAr e, ELSBIMEL 27 v — T %% ET 5 2
EDEETH L. S, MEEBRBEME I 2 T AR
BHEXFERT S LT, LEREMCIEE T EO®
ERAIEL, BEZE) A OBREA RSS2
EREDIREE 2 ), EEY E B AOWMHIEZIT) 2
X DR AL EE SRR EE A OND.

. & M R
AU THIE S A FIZRAR DS 72 0,
51 B X ®
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(2017): Guidelines for personal exposure monitoring
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Study on the Establishment of a Specific Similar Exposure Group (SEG) in Personal Exposure Monitoring:
A Case Report of Indium Tin Oxide Target Surface Grinding Process
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Abstract : Surface grinding workers of Indium Tin Oxide target material are exposed to an indium compound with
high toxicity. We divided individual exposure workers into similar exposure groups (SEG) and examined the ef-
fectiveness of the classification of SEG. Sampling was carried out twice a day for a total of 10 times, in 9 of which
a work environment measurement in unit work area was performed at the same time. The classification examined
two methods. One method was to set all the workers in the work place as one group (SEG1), and the other was to
classify them depending on whether the workers handled the target material contained indium or not (SEG2). The
group handled indium-contained material was SEG2(+) n=9, and the other was SEG2(-) n=9. Only the arithme-
tic mean value (AM) of four groups 2.8-27.4 pg/m’ in the SEG2(+) was lower than the measurement B value of
the work environment measurement, but the AM of all the groups in SEG2(+) 2.8-276.8 pg/m’ was higher than
the geometric mean value of measurement A 0.4-12.3 pg/m’. The concentration range of 100 ug/m’ or more of
SEG2(+) AM was 20% of the total. This range was not recognized in the other items, and the variation of SEG2(+)
was small. Even though the evaluation of SEGI is control class 2, if revaluated on SEG2(+), 50% of the SEG2(+)
were evaluated as control class 3. It is possible to efficiently manage chemical substances by establishing specific
SEG properly stratified.

Key words: personal exposure monitoring, working environment measurement, indium compounds, indium tin oxide,
similar exposure group.
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