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ABSTRACT

TFT-LCD (Thin Film Transistor Liquid Crystal Display) has been the mainstream color
display technology since the beginning of this century. With rapidly growing market, large
amount of chemicals and toxic substances are extensively used in the TFT-LCD industry
during the manufacturing process, posing health threats to workers. Therefore, the
occupational hygiene and safety. ‘problems of the. workers deserve attention. The main
objective of this study is to investigate fugitive aerosols'during the preventive maintenance of
the sputtering facility in a color-filter fab. The experiment in this study has three stages. In the
first stage, a TSI DustTrak was used to monitor the background level of the particle mass
concentration. In the second stage, IOSH. (Institute ‘for Occupational Safety and Health)
cyclones were used to measure the exposure level of the sputtering workers. In the final stage,
the SSPD (Small-Scale Powder Disperser) method was used to disperse the collected particles
which were deposited on the wall of the sputter chamber. A TSI SMPS (Scanning Mobility
Particle Sizer) and a TSI APS (Aerodynamic Particle Sizer) were used to measure the particle
size distributions, and a MOUDI (Multiple-Orifice Uniform Deposit Impactor) was used to
measure the mass distributions of the dispersed powders.

The exposure level of the operators to the fugitive particles was studied during regular
preventive maintenance of the sputtering facility. The average particle concentration was
found to be 0.057+0.038mg/m’>, and the metallic Indium concentration was
0.034+0.015mg/m>. In addition, the average respirable particle concentration was
0.028+0.011 mg/m’. The results clearly indicated that the aerosol concentration in the current
working environment meets the domestic occupational health and safety regulation. However,
it was found that using the air blow gun to clean the sputter chamber increased the aerosol

concentration which might exceed the exposure threshold value suggested by SEMI. Such
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cleaning method should be avoided.

It was found that particles emitted from the ITO powders were submicron in number
distribution with the number median electric mobility diameter of 180nm. In terms of mass
concentration, these particles were in the respirable size range with the mass median

aerodynamic diameter of 1080 nm.

Keywords: Dust, Color Filter, Sputter
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WA F o S e A g TR E S Sl KB R R R INE R
TP AR A R 2B A 75§ 1 (freessilica) 2. A= ~ 7 # B4 B (silicate)
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2 RE REMB S £HEL s 5> Sl iHd 3 0 8
EAERE ST EX RE 2 A AT AL L R Bt e LRI 2F RN o REE

AR E R EY RSl R R AN g P RBLP I BBEF e

LSRN BIFHEREY IR B BT R K,% 7 % i (asbestos)® - &£ 7
(talo)*h » FRe B3 € G53p B S BREPPRT S REMS AT ERIER 7§ ~ Tk
@EI:TE IR‘»?( ) I'E.“fz—-/%}iﬁrs l%—-: [ER233E ;l m_‘F\ fﬂ/pﬁ%’gi&_@’(’gﬁﬂ\ £ fﬂ[_ﬁ"xf y —

BARBIEA TR ABELFE

Fo e cide f € 3@ SN o B0 RS AR L T E R R s B Y Aol X
AR R o TR | = A YU TS s B R e B Rl
o i WRBER R 3 5 g SRR A F L A2 P EOTRE R o
F2ZFAERR2 A B REZER C RBERT R ORISR At LB 5 B X AF
2R AL B S Z BRSO RIS FHE e o BN 7 A R e E

AFEE T F AP NS ERRE e e e R M AR

i Boofop 318

ofoff 41t & A
b oKy

> FRLMRER

.

Bl 2.10 4 #gefen s
e x/,,ﬁyﬂgﬁ#grj X, 'F-‘ R s F 4 R #m%g'{\yimﬁ;‘ﬁéh? e
R AR 0 A A R R I R

%
FR O LR B - KR AR A @mﬁ@T’?aﬁwﬁm%%ﬁ%ﬁ

3
F_L

died ez % &% o VAR T e R T A SVRMEI VRS TRk T SiE e
EACE A LR 5 DN R HAT BRI R ERE S 2T B LT L

st RS KB e 3 T MR A FS K BER A J2 - 2580 F viim e (phagocytic cell)

?"&ﬁii\‘#%%i?d L «éz&zﬁi%~ ’ ?‘-Mfﬁﬁip it %/ﬁfﬁﬁ'{’g Z_ A GFILL“JTi%«E#

h
N
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RN T AR E AT AR o NI EFSL AR T RRISO 2 R E
¥ 2 FF £ ¢ (American Conference of Governmental Industrial Hygienists, ACGIH) 2 &

% ‘2 % (Comite Europeen deNormalization, CEN) 2 &P ﬁ;’g%’g RS N S & |
FRPA R TALTRNBE R  YIER LA T A A 4 B2

ARSI L

(- ) ¥ % » {44 A (Inhalable Particulate Mass, IPM) @ #73) ¥ & > {4 B fhdp v ferd e

pragd v B s ARt Kz A B F#E 2 <100 pm e

(= ) "% % #5 A-(Thoracic Particulate Mass, TPM) @ 7 e &ig {538 » L § ¢ s - »

HEFE P 8k #pis=10um °

(= ) w4k B-(Respirable Particulate Mass, RPM) : EPRURUIE Ao YRS I

(6o A r e R g A HUTR R dF e =dum -

B+ [ ] TRAREE Inhalable dust
B +[ ] s & Thoracic dust
[] =Te¢®m % & Respirable dust

PRz A T dp ik g § ¢ 2 (75 &2 8 § & E I (arerodynamic diameter)
S BRI e 2 HORE F 8RS 400 01~5uma B & 3 Suma o 1 e
SE g A 0 @20 1umz ok d B EF R e B e Tt 0§ E T4
0.1~5umfF 2 ik B3 5 B W > TR BB A A AR B HEHABAET B -
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Flks B 7515 2 B ¢ SR BRI I R F e R R
ARG A R B p LR e R B R - o R Y
IEEAF TR B R AAERERE AP AR P EREEY B A2
SR E e At Rl g BRI R 2T ERAME-F L

T 4(Abestos) 3 % A AT 2 § k2P BB RHF 2 A RF R LK 19965 /i

PRI B WAL B - R AR R A R RS
SRR LR b S SRR RS ﬁpwﬁ’ﬂawp
A o] m R RN g g SRR R A a2 p o [28])

ﬁl%iiﬂ%&%ﬁ’ﬁ%%%#i?%ﬁﬁ% U TE S APy
fpk s SRUFHIR S F AR R 0 b B RS o BT B R o B R 2
gqéﬁ+ﬁa7“gﬁyﬂiwmﬁﬁﬁiﬁﬁ’-d&ﬁﬁ%ﬁmJ%%}Mq;@hd
e ¥ 2 #F 5 25-45mg/L~80mg/L 5 A= Bt B B Z 107~10"Joul » H i & Hpc i BUFR
V2 FERETRE R RN DG RARECS RS F W R R B R RIS
HApE - DA R R SRMA BRI I EH R TER LR RF S
m2AvELE Brwlr o [27] [29])

2.3 WP i AE HIRR

B AETEERTF 1L REIE FRRY 1L € WLFESF I LD ER R
ek BETagdRmEAR N TFILX2FLEY P RBIRAELE L2
ARFMUp B EIEEIAe g o A TH I 204 2% Fwp] ) ¢ R kAT
FoRupIghivE W HF L ERTEER PR T ERRR L PR THF
TR EREILE p R A T ER BT SRRSO AT 1 R R
Rl P PRI ETEZF IR TS RERE RS RFF £ > Tk
Bek#F 12 R ERA e a(drd2]) REFR2ZGS L pR- K 52 22T

B REFRIFIALER - o AR RERE S BB PR

=%
fen

DS
v R
AT S

It
=l
o
-_r;g

T A TR A F R BN SR 2 ¥ BT K
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— X ARGBRAZ A - E=A - B E G RN P ELE AR
Z o XhBEA R UM AR MARARERE L =02 — Y Lid R
At 5| Ae 2 B 2h e s o

—~ XBEAZ A - E=A > ARG EN L P B R -

S X AMERAEm A KRS AR ARG E L S5 — M AR dE
Bifi 7| ke 2 A SF B B3k a;_.ltf’«i:»r*’

ZoXAERBARN U MARBAORBNE L =02 — 5 Liad BT

.

- L"fiﬁ‘&-;ﬂ; I BEAKRFWA o B bRz EEHE
g

- XARGARwAH K
glAe ¥ B M oh AR FE g -

LA A L S 2 —AREF 0 A & R4S

B o 22 457

IEE TS #gﬁkaﬁﬁJﬁ%i»%%&9§Wﬁo¥

;= 3 & (Freesilica)l09% 4 L2 gt dhids B 5 % = fdks A Tidg

/% 10/ %*" }4‘}’7}?‘“' %é‘}wﬁl‘ lé"i}’ﬁ‘g{f\« 3_'— /,(‘} " P ’.E:,
W o & ow s AR A RE 45 B (nuisance dust) o B F ¥R &

o

222 LY BAEEFER

L

sirh i
. SRR e

LR e FEMEE

FTEME [SHE S AT 0% L R R

10me | m* 30me | m*
%Si0, +2  |%SiO, +2

EENE | R —-O% BRI S AW IR E 1 mghn’ 4 mgfm’

H=TEE

FrfRisiE BT —IR ]

BT

LR e FEREE

5 1'1'1ga’1‘n3 10 mga’m3

Rt
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CERREF G THFRAD BN AP A5G FEERELT TH L
RIAE LA AERE S SR BER A R R R ERAT

(=) M| PR ETHEFER 1 FX 1A B - B 1 EHRBIER
M ARG AR )@—%‘ o
(Z) ERETEETIBRFER | Rih4 232 98 GHOTHE D k2 JER - AN

1 BFEBELCERANTERLT S4E 0 R

N
e

FAT LR B 7
T2 R R R R T s R e M N1 (TR 2 B o

(Z)EBFFFER 2 ER- ¥ 15 arPFRARELMERZER PSR

o— )y /&)’i ) ‘H E lé‘t :‘%' mg/m )

|
I
P
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B
)
8
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B
Sk
=
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N
T
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4%
ﬁfa
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| 2 5 e B | SRR | 4 =
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I I I |
| 10 LLLE » ¥ 100 5.8 |
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FOEERRZF P oA G 345 an 243 Foe2tfrtipfocs bz
PP AL G AR 2 0 D IFERR I F PG EIFLRRARPFET IR

- 2R FP 2R TIER G ERENE NP EE T FER o

SoER- RRELT AN L FETORR T BRECHTRFET 0% ik
B o

I EPERE TRERS FFEAR o

HY g THER2Z 3 E 3 4T

RFETHER =[$-F5F34#32Ff° kA1 FRER+3 -5 2+

ZHFPRREXALFER L.+ FEnRE T TS Y ERAXD (FER)E 0T

PR o

2.4 454 gk v WATH A5 S 4]

A

TFT-LCDiE (F 2 5 1% Tinil i 7 S ATE 4 32 %1 5H 4308 P
BEoFRERTE YR 24

FORB LRI e R AL BRI AR TS
(4 kB A - K 2 TFT Array<h3 # (pixel)

j&%%%l,ﬂ;l;\;ﬁ;%ﬁ:_};wé%moﬂw é‘
THRFHENEERTE BRhAF TP X TAFETHFDTH T A o4k eaid
W FIMERREAG TEPE 8 TERE S AR

~BEP A E AR BET S P 0 BT T Bk
Behpd 3 HRFRTEP R > A F AR I - AAFIDE)E 1 5 (In0s)fedf IV
H)F L OnO)R g v AL E TEP R e THTE ) ST §EFEDERF
FHE O ITOE WA B fek#il £ Akt ERp - 7 Lkl £ ERP 04 jca

TGP > A ITOF W E 4 SnOx e » IngO3Fr » d 205 h2 @ Fln’ A4 1 3¢

fo oS i A S aﬁ#’éi?4¢$@®MMﬁ§%KMMG’Wﬁ%%
THETTETEDT IR H 0 T I E IOz T AR5
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2In,05—>4In* +12¢+30,

ITOF] 2 &3 METrEERELF 2 HFH o ar fEP Haw, vHElg 2EP TR

® &
#o PR RA PR LT ARG S BET A 2 RMEBAEY

TR OGS A R F BRILV A 5 432§ 49 #f (Physical Vapor Deposition,
PVD)Ffrit & & #p i ## (Chemical Vapor Deposition, CVD) » CVDE - #&4|* § 40 5 & >
2« £_m 5§47 (precursor) - Jk 14 (substrate) % & £ {7 & & 0 FRI A 0 BEAF S DE
BT BT o A PVDiRFIEE B L& F A G

A. Z4x(Evaporation) @ "M AVK-FAE RS A 0 € 2B S E 4 0 R I A A

B. 4% (Sputtering) * 1% AT AL OB o JEF RS FA R T RS
SF R T ENEGARBH R SRS L
wr &

AL Rk AR 3R A GERE OE 2T A A R (T R ITOM 2 4
L RAR P X ugpH 5 poonie 2 B4y 30n iR 42 (DC magnetron sputtering) iF & 4%
Wz A R RIS AR ZOEMP A I F R(AD) > T4 BB 0 AR S
Ehpd RFEESL  BRFEASF ARSI IHIAD) o F 0 THY g
F(Ar") ¥ bt f R 5] beig B F ¥e bt (target) ) S E B RSB H A G BT -
Z & & (Secondary electron) % & &+ > @ H AR A FAF > R EN A D AT
FPHER(AF )bl > I AR L RFArF M AR S A B R4S (Ar)
PETHIED FFRA B IR FEH oA L B I HREON RN E R
o htmie s b » RROHPESE B R Fhd et RTN BT

fo engg

Sy

o B TH R TR BB S IR A AT AR S 2 B R A

éj#q:ﬁt'] f“éﬁ‘fi"‘ Hig* X2 0w B2 /'Uf;] v 4eB]2.12 o
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plasina T
L | v
ﬁl N %
‘%‘!} Substrate %
i

B212BEdRRET LR

A F 2504 Jpk B R A B * Applied Films g2 47 8 SR 4515 & 0 4o B12.13%7
7 » Applied Films #7353 4848 & & 5 1618 7240 » 288/ 5 & 4p 3 s » 2 AL Bl
BI2.145777 » HeEnAe A 5 "IRMM E 2 86 > 33 d Chamberl. 1%edg 8 ~ i » 5 d
carrierﬂi%]iif » (& B $5iF & ChamberZ ChamberlQ2. & & ~ » %ﬁ“ d Chamber10.1 360 % 2_ %&_
fE - 33 AL F T Chamberl0.2 > & % & ]Chamber2.2 » ¥ d Chamberl .24 8 ~ #-3¢ 53
BEF D T L - R GUENARA o @ BARY £ Chamberd B3 - TARAE 2 B 7 0 i

ARSI E 2 Arg W B E DS 2 B e
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Rbdpnffer ey 48 iﬂg&ﬁwqi\”\ﬁ S SR TIE
I# %% 1% ¥ (Preventive Maintenance, PM) » & B § e 4 1% 5T % « R § 7~ g7
wRFFEEITE B Bﬁ*ux'» 47 B Chamber $ 455518 2. &L 2 (7 F & L H = &

#0% o

PRI FRIEKF LR £ 40 00 RIP 3 @ AFR A - T TR 2 ML S B R
B4 ARET > RAEF A FAL N PR F E G 2409 ITO 0 @ ik
BEP TR LY o AlaElaeY £ 97 1309 F AR T I A
FACEBT09 T & Bk i R~ BRI 2 B 0 T AR EWARY o § A uRg
GaayiRe o Fikfpieh et £509% % E (9@ 50% 18 Td RIEF v W) -
£ P F 90RE(1209Ex(3/4))chF 1 4F 7 F a2 ik ? » § A B A R
FHpE o FEARYEFLELE MG EB LTS %’.’Tf’r%’ﬁzaiv i HIEE A
R igaipgrz i -« [19)[020]

254§ L2 £ 3

SEF Dokl i B R R T ek BT BB R R S L
RS BT RE R E DM A FEFH N E VP 0 RE R B8 £ > d 1990#
1330 & £ ]2006& 2 81074 o § 1 4FpF £~ #F i 4F) (IIIA*% > InyO;) fr§ i+ 47 (IVA
%0 Sn0,) R £ % o ¥ TR 5 90% Inp03§210% SnO; »

§ AR R R - fEn T L R HOE 0 B R M(593.5~4.3ev) i H L R
(degenerate semiconductor) > £ F B # % F(Ix10"Q - cm)~ 7 Lk F FFEF(F B F 95
80~90%) H@H R 5 7. Sg/cm ERRER N | PN LN A ‘éﬁé(cublc bixbyite) » 4-§]2.15
“r5R o (e F4F chds st (doping) @ 17 S Ho 1% MO 9E (Ing O35 2 F #ia=10.118A » ITOR] 4
10.118 A<a<10.31 A) » @ £ A|ITO & W-e4f 4~ -] (particle size) £ /= 4 *:400 A~600 A -
Flo BPARL LA P AR A GEr N FEGES LI AT CRP I Sk

MR EAE RN FF Y EOREY AL EASY HENREEZ AMELT LG
o s 34z 4 etz o [17) [18)
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B 2.15 § i 470 W S 1R

19982 2 20004 p A4 2 1 = A= Fsk » § (4R 5 BRI ISA L % 0] 5 A2 0]
bl g Wik T BRIt AFE R4REe (sputtering target) 2 £ g2 1
GREE SRR BN RS S =i i) il AR E T S
PET(aL i ~ S9N T T Rl )RR E SR s o T SR Y R B B X -Ray
AT TR R T LR TS Flet 2w s 0 g T gF R R R 0% L (interstitial

pneumonia) - [16]

o
1H

2008 ¥ BLFRYE 4 H 4 - AgFP A 2 % b0 %

N

I ERN SRR LET YR
SR EFT LN GF A ABR AR FFERE ¥ 1 AR LR BE
B AT RERRAF 0 PG LR 4 R 5 F 008 0 AR
g% 4P 4 o [25])

2000# # M= pl3# 4 B € (Interagency Testing Committee, ITC)¥ % R %k 5 if3E ¥
(Environmental Protection Agency, EPA)2_3#F £ ¢ :}F, Mo N E PR A B4R
(InP)% His gFp i £H 7 EH e RMp2Z b "G o RIPER2Z B4R ET o0 2 iRk G
Bl dFp Budgrp P2 1 o A RRY RIS T EFRFELE 2L
“7(National Institute for Occupational Safety and Health’s, NIOSH) ~ £ Rsc/i1 ¥ i#2 FF
1 € (American Council of Government Industrial Hygienists, ACGIH) % % BB % % 2 2

¥ (Occupational Safety and Health Administration’s, OSHA) ¥t g 1* 4Fp H & 4Fp 3 & 1
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£ fe 2 ? F R e 2 O.lmg/m3 » 2006F R % H o~ 7 ¢ < (The International Agency for
Research on Cancer, IARC)#-#i i* 4FR i 4~ 58 71 5 Group 2A> a AR F 1 (T ¥Rk 2 5 7
FEFFFRAREY TR R H LR (UFR)Z F R AR S 0.lmg/m’ > fe P
ﬁ@%i%%iﬂﬁﬁiiﬁiﬁﬁﬁiﬂﬁﬁé’*ﬁﬁ%¢%%§°iéjﬁ1$
GlE P REL 2 g R R RFE HART AR gR SRR R

o MW EBEY ZTESF I 2T AR o

2.6 % B $k R ATHE 3

PoEp R R ER BRI - AR HEE - AT EF SN REBER
S RES PR 2N F R RE CHNHRAZ AR
i 4 BABY S A TR B B B R 2 A1 #F (Impaction) ~ 4 &
(Interception) ~ 4§ #x(Diffusion)fe# % ¥ # (Electrostatic attraction) = i 2 & %41 #-pirfe 4e
VAR B E A B A fe B il T e RI2.16%T 7 0 @ Rk
SR E A SR DL BT 4 B o] ok endf Bk o [26]

Filtration mechanisms

Filter collection mechanisms Inertial imPactiﬂﬂ__.ﬁﬁ\‘_ -

el S e PA L R T — -

ury
h
[=]

j |

=
(=]
|

Interception s j“‘x_

)
L=

L

Fractional collection efficiency

|
[
|
|
! i Inertial !
0.4 | Diffusion and ! b Diffusion L
'::L"Q‘{:,‘g" | 'interception | ' and __.n._p,'ltfff"f{ }H
| regime ! interception =~ L Fiber
0.2 : | regime
| i Electrostatic =
0 e e | I attraction ,f{-'-‘%-f‘_-{“-\_‘
0.01 0.1 1.0 -

Particle diameter (microns)

F12.16 Hokcnif 1 & 4148 1 & (£
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N

ARTY L TERBLF P ISP FRARE PR AFFRAZRIES £ TR

%
PR, 2 TR A AfE R AR EBH A MR £ T @

¥
¥ ACGIH ~ CENZ ISO#T% I % sk 2 4 LRI > S0 0 < 207 o~ s B 4 R 20
TEAEEFERE L 2T o TRARE ) Rt TRIEEF Y 2ok RET i

4
g

o

ERER R T AR R REHRE Y PEEBH T RELET G F
&- Hitm A gt

BORRAER T S RHERZ BT 0 P 6 S N S s R
LRI 1 El"k % 10mm Nylon*z_k 4 %t % (Nylon Cyclone)* SKC45 %] *g . 4 3 B (SKC
Aluminum Cyclone)> 28 @ F 3 & fA4R 4k B2 55 o Renpl FRFZATELR T L fr o
W2 AL R E R AR ERARE 0 R S N umZz kg A 4 M B2 IR %
AT ] T A4UmMEIR A P € A 2 B B A 0 D § AORERBNT R T E R BN B

b B O IR L A S R B A 0§ S B O] F B B A
Wk A EE LR KR o [11]

10mm & 45 % b ﬁ%ﬁﬁ%%ﬂﬁ;@iﬁﬁagéz%@a+’ﬁﬁf?§

G OT B R R BT I RS 5 F TR 2 T m/saykin A
FEF o WIS T E R BRI (b 2 130 m/sPF) 0 ]t 245 O0gden Vincent 1983 # %
1989 “ 4% &1 e B » 450 R bt R X B % IR X AP S i A B pLen
FRAOBRBTFY adpb Rk “BRELNEFTRERZDBE > AFRLIFET
10mmE F=%2 b B An £ 5 1.30L/min% SKC*T kb ;% B A % B A& 5 2.2L/minpF > F%8
%ﬁﬁ%ﬁ$@w?uﬁgmmm1%%’@%&%&ﬂ#ﬁT’ﬁﬁgia%%ﬁ%
P i ARERH - I HEERBPLAERER HFHRETEEERPEALL FE A
Aol F BE BAFA % o RFRIEA EY it o [9][10]

50 f3AF R4 0 3FE L Z Tsaietal, 3K 30— 373 IOSHJ s LR cgm R
EE T Fdex PR 2 T F R 0 MO R AN B R o R ok
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v

Yo e P 8 0 ATAIOSH* R BH £ 1.7 L/min FF > 55 # 2 T 5k A b i

=k

ATig S PR LR RI0O mmA FER B0 o e ondod Mt ¢ & ATACGIHAR # -

[14]

Pt Bk Bk AU FInaAd g i EHcF S RS vy B g
Ao TR BN BRI R FINR R FTORERBLE.LE Y
ERFERBFL P oadd R 20 B REBT e B RRR - WIRSF EHRERE
¥ 4 feMarple & * F f# &% % (Marple Personal Cascade Impactor) » 82 2% 5 fg e fF B 5 €
AR TR P R B LA % o @ SR e B F AR S 2 B 4
MOEM O VAR R R LY AR Al R K Marple & FA R P F B B

fiwig > £ % ATACGIHAR & KRR 7 resnfifs Lk R - [13]
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31 Fi %

hATF 1 & § AITO Sputter {l A2 F *5 i iF sk % 2 Lo Hhpd > 1% %h 5 B 4 3%
BREPREFANRBT P ELATERZ FEHFER DR > T ook ik p k

Y1 EEREROR G 0 AL B ARSI o

B B AR 0 [E 2R

4

A8 B SRR I &R &
R AL

AR/ 2 #7 Iy iR E

4

B I M

4

R

IR

B 3.1 71 2B

25



I L

AEIFT M R(HAADP) PR 2iE4AS R K23 AR 1B KF 2 A TFT
LCD M4tF etz 454 o % > flied 5 @ive TFT Array % 4 T 1edn $Hlens a7
o AXPERT RS AR FITOET W ITOFH 5§ L 472§ L8R
Fo B2 Bant GIF L ERCES B 5 M- T2 AFE EF o § ITOf i * 5
EETERFRFER LS RRFABFAFRER ML RFREIR T R
PAEG FREA R CREHPFEE R B £ 0T 5 s o it
RINE Fe MR B R F R RN R TR P e FIREMEEY 1P
FEO RER S B R TR FEL > B XERLIDY 13 e f TR E
PR EERAERF I JAT LRSS B R 3297 > K AFE T RFHDL R

kSR WHRRA 2 (R FERR Y P EZLATER A BRI -

B32 MIFAFT2ZEE BN
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33 FHAE2 % 2

AR 3w AA1* DustTrak 45 Bt R R E RIRGH & TERBZ A J @ RO FER
B FRIERA T - IR o F v R ik % pF 2 JIOSH b 5% B 4 1k
BReF N FEAR L P RFABRARBERZERO HFHRIAD A5 5 0B AEZ TR
Beo 3R A8 E ’]\ Ja 3 Bk ¥ 4 47 & (Inductively Coupled Plasma-Atomic Emission
Spectrometer, ICP-AES) 4 17471 &k & » I 45 iz DustTrak £ /R (F £ mBE R 2. $ 1 - &
(S H B IR S i b 2 B e b & A 47 % (Small-Scale Powder Disperser, SSPD) i
HA 4 &S TR RID A 7 R (Scanning Mobility Particle Sizer, SMPS){r # #
Mk 47 &k (Aerodynamic Particle Sizer, APS)% 5 jig3t 32 3 it f#% # % (Micro-Orifice
Uniform Deposit Impactor, MOUDI) £ iRl 4> 88 2 42T ~ 8P HHE )RR A (7 o

BABBZFEAERZ FELT BB 33 2 3497 HERETY -3 ) >
R 34 P HL R A e PR B 2 P eSS LR B #2 A e T e s A 2 4R
SRR FHEBRNANFELS 29 5 #3 Wp L 1% DustTrak ¥ 7 £k 5 7 >
SRR SURECREERS Sl 0 St R S T R RS RO O
AIFES IS 2 R Bl PR RAMAEEE ¢ B8 > HARARTILY Im o §E
PR 59 1Sme R gl FIRF T o i E B Er R R IAELRARTE O

4T

C= (\Nz _Wl)_(BZ B Bl) ><103

St
pr

C:%#° %34 KER(Mmgm)
\BEZS TR L5 {19
B g £ (mg)

Wy @ 53 i8R A (7 %) E £ (mg)
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VI EBR RSS9 RAT 5T E (mg)
CERESESET S RATEE E (ng)

ERPN THLTERR L FY T ISR FEARY 2 RETERR ST T
ZER P A T 2ARIITE 2R TIORE P FAREAE N D R TIOEHER
Eim- LT AP L BRETOER A ARG EBTRE T LR Y T
3572 FARE B 2 F kR - nFE T FER T O8N T dr7 ¢

PEIIER S[5- KRG EFEF 0 KR EHE LSS 28T 2
27{? ¢ /%}ix'l T%EE‘;_F'E&_{—_{“%: n:}\'#—”ﬁ %’;}’;”3‘;/%’ /%)ixl j’gpj;—]?é&]/ﬁ",&l i

PER o
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ARG RE

HARRRERE

i e

B R 4y Bk 5 HIE MR
(P EPVCIRE&: HE
37 mm ~ U4&5 ¢ m)

A

B4 E (N EPVCiE
4B 4837 mm ~ FLIE
5 1 m)

JEAE (N EMCER
% 24237 mm ~ 7L
4%0.8 £ m)

4
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HAERAERE
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R KE B
TR MABR

RIE R
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H#1 T it
HD oTerom R RAT AT
#3 Dustirak

#4 Tomian g

B 3.4 IR T L E

Ao BRI S ¢ o p LiRPeEedd ) L5 Y SSPD & (7 4 4TH S v (7 Al
AR AT § A Mg 5B 5 S T ¢ {o F (Neutralizer, Model 3012, TSI
Inc.)fé » £ 4 i X #F B ;8 T % B k% A~ 47 & (Scanning Mobility Particle Sizer, SMPS,
Model 3936, TSI Inc., St. Paul, MN, USA)fef @i~ 7 ik (Aerodynamic Particle Sizer,
APS, Model 3321, TSI Inc., St. Paul, MN,-USA)% 7 g3t 12 3 % % % (Micro-Orifice
Uniform Deposit Impactor, MOUDI, Model 110, MSP Co., Minneapolis, MN, USA) - SMPS
fe APS ¥ R 18 Bk crdic b JE & 2 S A 7 > MOUDI AAF 5 4855 8% kg & ok i@ g
FOERA G o 22 APS F @ § 4k — [ Hokik )iﬁ%% % (diluter, Model 3302, TSI Inc.) » +
B R T AR R RS APS AR R 5 5 1:100 o 7 % 5 HEHl4oF] 3.5 4rom 0
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Air Supply ﬁi
Air Supply
Air Supply
Air Supply

Filter

SSPD 3433

Neutralizer (18.5 1Ipm)

il s s
SMPS 3936
N APS 3321 (0.3 Ipm)
MOUDI 110 (5 Ipm) '
(30 1Ipm)
$nvE

MOUDI # % {4 b= ) & 8 5] & P& #rdr § ook 5 £ 2 1245 Marple et al. (1991)
3.0) 0 R & A TR PR T R o GEA R TRk T RIER A T 3

¥ %ﬁ‘i E B N T Ao

Am.
c. -2M

mi

x Kk, x1000

S

H e
Comi © ¥ 1 FF(I=0~1D) e F LR » pg/m’ o
kit ifFepol L B .

Am;  d FEE EB R E PR E R o opg e

Qs : i # > 30 L/min °
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t:3FEFRF > 30min o

100
8 Liquid Particies
8o | * Solid Particles
&
@ I
s Stage Number
-l
= 10 9 8 7 6 5 4 3 2 1 Inlet
° Stage —>>
R R rvast A N N I O B S B R B
]
o
20 |
_ m ___________ -

- L
.01 A 1 P e

%031 % pIv 3y Ak B & PRERHORAR 4 BRI Gk

LFP s BREFREE, UM ARAEY, % R Gk

Inlet (0) 18 15 118
1 10 20 1.25
2 5.6 15 1.18
3 2.5 3 1.03
4 1.8 2 1.02
5 1.0 2 1.02
6 0.56 2 1.02
7 0.32 2 1.02
8 0.18 3 1.03
? 0.1 4 1.04

Fiber (10) <0.1 0 1
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7 #-SMPS 2 APS #T £ |2 #cp ik A4 = R IEA - #f1 & MOUDI 4p 3 v i
H g de o ;84T #07  (Khlystov et al., 2004) :

Cy =Cy xV, x pp,
=C, x%DS x pp x107 for SMPS

D3
=C, x T 2P 2107 for APS

oNF
e
Cv: FRER »pgm’ -
Cn:#kP ER > #em’ o
V, Aok A o m’ e
pp i Moz R > glem’ o
D, © Bokkds > nm e
Dp, @ #okf # 2 /2 > nm

FRERAEESWHPIRAR VMR E B R d F 387 2o SMPS B e p k&
AR TEERA G Bk ARSI o @ APSendicp kR A > FEIER

B Pl AR R R T S 43 R L
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SABFHREANR

(=) § %k B-3+(TSI 8520 DustTrak Aerosol Monitor)

Dust Trak 5 2 3# 32 43 Bipl 25 % > 4o B 3.7 %77 - # RIL 5 17 90 & F 6f£4¢
ﬁ%%ﬁﬁﬂ;ﬁé%@i%&’Eiﬂﬁﬁéomqmmyf’ﬁiwﬁﬁé
0.1~10pum » ¥ i& * 3% PMjo » PMys » PMy o fo# s i B (34 B2k §)2 £p] > & T
efds Ak B (B it mg/m’) > XS B A 1T B R T R AR o 2R A 1T ok Bplok
FRERGDRE  §LFIMBIFE 2 foppl PP DEIRTH Y FLEFRTR
T o FEERRRZEFME A TR ETZEKRGE S LTLPM > 5B & 9 150cm - 1@ *

2.5um 2 F R o

B 3.7 Dust Trak ¢t gz H i@

(2) #3488 %R X 7 e 8 A3 3 B (I0SH Cyclone)

IOSH i A &k B4 3.8 %77 » £ RIL L 1% 1.7 L/min 2 jn & Sk 5d 2§ ©
#or b B2 M AFHLA P ACE dum 2 Mo € FIG RS 2 M A B A BEY
R A dpm 2 Bl R € B T AR R B B R R R R T e

Bk R -
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B 3.8 I0SH % % *h E

(2) B e TR R34 o634 17 R(Inductively Coupled Plasma-Atomic
Emission Spectrometer)

REMER % Fa = 4 5k 3% 47 1% (Inductively Coupled Plasma-Atomic Emission
Spectrometer , ICP-AES, Thermo-Elemental IRIS Intrepid II XSP)4- 8] 3.9 #71 » H hIZ 5
e TRmEES R A ARG B AR R T
TR AR B s ks AR D R R PR AR TA A 2 R RETEE 2
AT BEFR RS TR SRR A R AR SR E Y AR AR
M %P8 NIOSH 7303 4~ 45 3 & & 7 1t > & 5o R JZ iR AR Bl 4o ] 3.10 9771 o 7 L g i
B 145 ) g Byt g e o A w4~ 1.25ml 2 HCL ~ HNO;j 0 17 95C 4 #4
15454875 > 283 10mlfs>* g Rsd ’]:fﬁda%%i;éqt;‘é’é%@ﬁﬁﬂﬁ@,;};};ﬁﬁﬁ o
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%] 3.9 Inductively Coupled Plasma-Atomic Emission Spectrometer

Hefi B )
mE1/4% )

¥ »50ml 2
SR AR

Y

4e ~ 1. 25m1HCL »
F gy
95C4e #4154 48

B~ Samplei4 #rHa
480 Tk 4

1. 25mlHNO;s.

% »sample » ¥ 4kt
33> 95 C4e #1154 48

Y

B~ disample » 4 #r3 b
54 48

A

[P S SR X - -8
TRl g

% ¥ % 10ml

B 3.10 4% &5 2w 4% 1)
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(=) B ] #% %&£ 37E (Small-scale powder disperser)

Mol A SCE LAY SEERANE T F d 2 NPT HE N 2 L e
(venturi throat)?) = — i M /R B & ch7 § /i d F o ;%‘u Wt ORI E s o gt o)
Flo 2 N Rty WURE T RS ] o TR D] MGE AR S AR R R ORI 0 ¢ Al
dedkom AR T4 A BRGSO KT Ml B R A STE A P 38 BlHACR]

3.11 #177 o

AEROSOL
OU"‘PUT

Tl

EXHAUST
TO FILTER

NOMINAL ISOKINETIC
SAMPLE REMOVAL

COUFLER —.__

EXPANSION CONE —-

COUPLER—-___

VENTURI THROAT ——. -
-

FILTERED DRY AIR INPUT b

CAPILLARY
DELIVERY TUBE —
. |
POWDER SAMPLE —_ /
e

/
/
!
]

STEPPER
MOTOR—._
N
| 1

————CLEAN AIR =5
FLUSHING COLLAR |

ABRASIVE SUPPORT ﬂlNGJ _/ L//r 1 iy
: N
TURNTABLE lﬁl

MOTOR SUPPORT PLATE — =i

B 311 el #s R A ATF LA PN F)

() ## T &R PEL 7R (Scanning Mobility Particle Sizer, SMPS)

§ JZ ok i ~ SMPS A DMA 2% ¢ i B ff e BfeBE R ? B> A p hi
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%é%@%&ﬁu£%&ﬁ%?%$%ﬁﬁaﬁoé%&ﬁﬁ@ﬁ&*ﬁ%* 3 B
Ak F R EX BRI M Fl R R~ 3 RRAODMA P i e & e
Mg R BT, A 2 TH 2 o didpF R T B R T BRSOk A
Bedlo SR ST S - A T AR ST R @ ) DR e B B DA T eDp > $

H @ okt 3~ 5258 Hokit 3o B (Condensation Particle Counter, CPC) % 3+ & ok e

PR - CPCeHRMEAN " M AF ¢ Rk > LRiRpMWEF FILEH LA REN R

R T AI% R E KR MO gD o Fl R Al B RBRZ RN T EIIER
Papck el kR R RUDA 0 fe £k R A Bl fe CPC RIS ok sl > T 3
B RS ok i ~ SMPS 2% fjk & o SMPS F SRR Y 2 Had ot & BlAo @] 3.12 An o

.-11'rp||m- i weprwanily Model 3836M25

Controller Platform

Aerosol

Display Neutralizer

Poly disperse
Aerosol In

Optional Computer
Bypass
| =
Filter ﬂ
Excess DMA
i . m— [=——1 —
—
o
Heat Exchanger Temperatum ‘?,':::;:i Shosth
atl
S ————
Flowmeter cPe
—
saged
Power Supply Monodisp
' | Acrosol

Bl 312 ffa sV R B R AT RDFER T 2 HEd 7 LR
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# Hok 4 47 &k (Aerodynamic Particle Sizer, APS)

B3.13 5 F Bok AT RenF R S 2 i m LB - APS cipl & R A A% 51 %
MeAR I3 = o o) it g

@RS TSP L TG BREEES
@ &k 2 pF A (Time of Flight, TOF)2 3+ & &1 f Rk cng T » f $ T A%
DS T TR Sk LD ARE  § fR T AR S P
ok elicp R R B F BT S ] R D EE R
0.542 ~20 um > e & Z 1 Z, APS #

e n R

+ 533

<] B
Sl F 2o d i
§ Ik B A iF o APS #ripl £ 2 T T
AR AT RPIETRERTF LR T

I a) il ol
“r3) ehdp & 3% Z (coincidence errors) A 2 0 AR & R

sz )

REE TR
= % B2 % (phantom particle)fr i & fict e P )k & 1% % (Peters and Leith, 2003)

Aerosol In

Inner Fi
(1 Limin)

Outer Nozzle/Sheath Flow

| Sheath-Flow
iy Pressure
(ALl Transducer
Total Flow
(5 L/min)

Beam-Shaping Optics

I
Pressure
# ] '—'__ — ——— Dump Travadicer T;‘:;ﬂi"‘
] |
Colllmated = it Elliptical Transducer
E::deer |l Mirror ]

Detection
Area
=

Detection Area Detection Area Total-Flow
{On-axis View from Beam Dump) (Top View) Pump
Avalanche
\ ! / Photodr ctor WY
Jﬂmh

B 3.13 § ok AT RenF BR Y 2 7 LW
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(=) % #&3 353 mf &7 ¥ F (Micro-Orifice Uniform Deposit Impactor, MOUDI)

Bl3.14 5 et ia g pots el Benf B R S 2 NI o0 £ B - MOUDI £- & ¢
B R R0 BEEE) F N E R STRIRRAS T 0 B 3§ R FR
trgdes 30 Limin> 4ot 23 6 R E S R0 ap B A o B RILEAY 7 b RS
Mot des 3 Fenff fhd KB FE AT < ARG FIE A < o T g BB TR Bl
FAr b o | o R EEF F e A BT - P E o I 2 i g p X T T
¥ ePFEHE (jet to plate distance) ki T jc B o RITFE B 0 B 5 S FF DIrE Bep o i
Pl 3ijss g o e BT R EEAE, YRR o K3 £ 30 L/min 2 gk 1 E 2
T VREREER A S 185105632~ 1.8~1.0~0.56~0.32~0.18 ~0.10 ~ 0.056
% <0.056 um (after filter)e Marple et al. (1991)4 1 3% i* MOUDI & & /L &, ¢ ok i 8
b F A AR DT AR R B AL St B AR 3 0F SR b LY MR R A o B
b e BB BT e B Bl j SR M B e f £ 5 02405 £ 3.0mg

PE o FIA R e g BB A WD 5025~ 025 A 1.0 mg/em? -

MOUDI™ Typical Stage

Impaction Plata
with Removable
Foil Substrate and

Clamping Ring

®] 3.14 MOUDI 1§ %% e 3 2 N 3R4f3g et & B
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M OART Y ATR Y 2ok R SRR B2 RS &R ?”Fﬂ FiFiFE 2 2HEE > A7)

S

1~ SMPS @ pt ik B s s dd jies 7 B R RS 4 17 B (Long-DMA, Model 3080, TSI
Inc., St. Paul, MN, USA)fri & fichk 3+ #c % (CPC, Model 3786, TSI Inc., St. Paul, MN, USA)
friea o FITIE 238 7_5 Sheath flow: 3 L/min, Aerosol flow: 0.3 L/min > ¥ 45 47; Fld 15.1
nm3i 66lnm> & &0 GRIFRFRL 2480

2~ APS D FHERE 5 5 L/min > MRk T & D 0.5um I 20 um o F £ 4
FRERF S 1§88

o

3-MOUDI: B[ & F & kA& A~ & P i £ 5 30 L/min > # % dof s 45 Fld 56 nm
I 18000 nm ° p* & % & * chfk B (substrate) = 485 0 M 4RJEMN B F i # K Diamond
2F > BT 4Tmm e 484 S G RN ARE b AL 5 KF96SP o hF7 i
P4 E TR A TF 5 % ik S (aferfilter) + 2 5 % BIPALL 2 7 2 & - 1|55 PSPJ04T B

B 152um> 3tk + -] 5 1ume 3 % 0.3um DOP fejecrd# »c % 5 99.99 % £ /= % 47 mm-

4~ BAEEBRAZ AP D 37mm jg A4 ¥ (Cat. No. 225-3LF, SKC Inc.,Eighty
Four, PA, USA)$: * PVC Filter media, 5 micron pore size, & /= 37mm(Cat. No. P-503700,
Omega Specialty Instrument Co., MA; USA) ;5 fig i* 4 ‘2% /g A (Methyl Cellulose Ester), 0.8

micron pore size, E /% 37mm °

5~ i 4 & & (personal pump) : Gillian Gilair-3 # * # & & (personal pump)  Fif’
(pump)7 7 - B ?;ﬁg?] Mg o 2 PR E € F ¥ 2k A (backup filter) sl i
¥ (particle loading)4r ~ & = & % & (pressure drop) + = @ <X | R 5 -

622 F MR E D A5 5 Gilian P/N D800288» # »M & B A Fx Rt E o

7~ #c® = T ! Sartorius CP2P-F = = #cicE &+ 2 T » Bk 5+ 1lug -

CIRATE R R R Y IR 2 AT AR 2B RA T o R ArAE

PEFREFRFENTIFIBEAP I OB 24 ) PFRH=3555%) « d 2 f=E 3 P eif
RERRT i HpAL S P U FRLR g R RR T RIRS oL 1y
18 B foR B (T=21+1TC) -
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O HTWHE T Y RIRARLATF DT > FTRERBETHPFLAL PP

35 FEHFEwEF 1 IF
EERSHFRL TR FEHRERRF LT LD LR 0 7 FHE Pump 2 E K
I RAZ B IR Z 2 JOSH b B A B2 ek % For) Zlms g A R

W FIRI R
3.5.1 DustTrak 2. g # 1 iF

B FIBFR T 0 F Fril DustTrak f 2 5245 Pump 2 7 4 £.F 2 &0 £ F PR {
BALA TmipE 2l oRUMAT LR FERGTER Yy BBt LR
ARG 2 By T 3 B4 T AR R-DustTrak 2 3 R fe 1 30 i FR R TR A
(7 e H N E S ED 1 H DustTrak £ FR R REZ [FFRD > o R 2
B2 D Faft MBI FREREF B PELA S R E NSRS 2.5um IR
e E BT R PP FREZREE

352 miK2 By 10T

B AR B TR Y 2 p A 5 K& ¢ % (Polyvinylchloride, PVC)ijg /A % fig 1 5k e %
(Methyl Cellulose Ester, MCE) i & » # = R L E 3 48 F F L R g S5 - Jp S
Bt N6 FHAER D RABTR B G 4oF 3.5 4 o
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980517 TP 9805171 RP

/LN A

BEESAITE R AR PVCHE® 034SA1TEHHE 2 RAIOSHRE SR Togis PVCHEH

B
98;517|4N<\ 980517 FBP
D34SAITE A FBHE f‘;;gﬁﬁ 0345HITEHIE BREREEEE  PVCEE

980517 LBP

LN

DEESAITEHA TRFTEaEs PV &,

Bl 3.15 i 45 %5 R B

353 e B ARERE By 1 (E

B A $#H &K 2 DustTrak 8 FHfm g 1% 2 fer REB2 g 7 REWER
SBERZ A BN R Y RIS E RN E PMys R B F R E 0

MRS E I ERERE VR REL R R AL, on BARERERAME

e

ED b FIEAERT S LE AR T 2 E - B A o
354 R Aan

PRI KEDIE Vi P HOok it RE S BT F b R EA
- -0 }M}ﬁ"q}g PRGNS LRI A P AL B ARE S AR S
TR A F K BRI TR R 0 AR E i B R A1
ey o 0105 Cg 20 B iR dl Y vk o TR R T Ok B B A 4T
R IS D ITO f M 3 e X5 # Big Aoy » FRHREFERT
SSPD § 5% i e ¥ H M eng B 5 - A4S - 485 v MBIR4oB 316 48% + 5 = i
oo Flen VAl wb g > > i F SRR B T T R BT S A o F
TRBE B AFEZIVNE] L AEESECEYOVAREY 7 T8 LT EERBELY
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HRGE Y SR IRD R TR BREAT TG R PE L S Rk TR

FEELMFLEL o

B 3.16 fic] 4 A AT B R B ¥ crsm 4

3.6 QA/QC
36.1 RN 25

BAREZRAE PSRBT FEF A EA10% 20 2 B2 5d 4R IE
RRFZ RS CHWERERBE A T E R OR RS EER LR A N 241.0C
PERR BAS%II N FAFE 24 S PERFAFE  SWAFT L P
RIRIER Tl G AR L L oA K fEE R B0 B £ E%E ] 0.03mg » B
BIoE ZRFEFS 2R W E P RRiTeha 0 £ &> 0.03mg HFETIHE -
BISHRRRAT r mA ™ P T4 FE R B IR A TR Bk
AR @ FORMT o JCHE SR IRLIRRELA 0 IR E L BT DR R AR NF
EONRIA AT RERAE AN FREA B RrRESRSRA S B LR %
BB AT S o

~

MOUDI #7i& * 2 4852 44 s » % BiRSHECFRYEFET 25> 2@
i ZEEREL LB ET F ANl pg o FALB AP E PR RRFE
IAREPRETLN > TBHTEHE o JgAEERY LB - PAARNEERY > 0F

AEERA 2 o
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3.6.2 # 54 4% QA/QC

(D) “77 SEEAp BT3P RETSAR -

(2) *FHKREHRHE'IAIDL)EL & 3 B* £ 479 FIDL - = ¥ i35 & &k o
IDL A~ 45 7 XMz Bk > "H3R2RERLIELT -

(3) *% 22 = 2 i Pl1&'Y(Method Detection Limit, MDL)i] %% 3¢ {1 * A i&
ER R R B ORR TR 32 MRHRT o ARARY KA
Bg HERI D ENSPWNIRR 2 URHR o Bom BHREA BEEAS
FHF e PR R UE o B R PRI RER L3R

(4) A 178427 FTRIMRE SRR R B S TR ) BEAZ
2 THLR R R A RER P AREET 505 & 30% T B AR 2
AT REZGRAERGFAT PRI F L 7 e o § 2 b

A T RT IR A G AERPMEEETRERZ R AT 211

ek

Mz e R 22 RS S EIRIR B 2 P »Tit (Analytical performance)

gul

AFFPHEOESRE > FHRERNT Y BR? 2P RECERR T NP A
FRRE R FELEAF A FEAP R P EAERKE A 700
R FEE A FEAME I RERN D TAPERATUEL RS o ERP
BRECERFARF? LR REr>Ci 2B BT Rl AN LY
temd RFRR > NEIIBRERATFE2D Do TGRSR
R R AAEREY 2R EEF RS DL R E N RS
AT ek B - AR RZ AT RN TR LA E A

A2 f BRI MRS R RS I e ESRER R P RE &SR BN R 30%
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(5) =

(6)

(7)

JPER B A PR ET 0 TN TR ERKRREFTLS TR T2 B
1o d N FFAKRY A AFET T A EF A UK AL Rk REARY
Bl AT N EES
a WIR S AATEy 0 A5Y R ERIE AT 2 F S 1L A
BT RE AN Py F REAITERET THETH A ES
PR TR Ak TP AREZ FREGEETE AL A
WE Rl AR AR~ R 2 FRF
RERERL P

'l*ﬁﬂ%ﬂq_‘—" /pni’f‘?’fﬁﬂ ﬁ-pn\.\/ﬁ’/l’?‘g“f‘}—*ﬁéfﬁﬁfé °

B. & A+ 10 fﬁl"]‘i v R 'l%ﬁﬂ’ﬂﬁwu/p /’5%’]:‘7"]% T ’351_1."" /F. R f”’l‘gﬂ’ﬂﬁ’]"_ °

(8)

Foho AAPRETE P RALIIHEEERAREFKREREY

W R SARIR R 2 A AT R e R e 2 10% 0 F RS O Bk 24T o

FRAEBIE P EI Y R ERMRAREFRBZ R A o ¥ b0 ¥

FRBERBPEET S £ 8

bl
=g
N,
e
gl
o
=4
[N
She
I
P
-
N,
i
ut
A
=
j
P

245

%222 3 MDL P> % fith AL RFL L 50 £ BB R
& 37 4 o

felze A4 & SARRFRARSELET RSP ERY EX TS o TR

\y

R R ATRIE S G e - B 22 T e DR AL
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FREZEZHRESUGRAIL - 220 BE2ZWT 2 RSHEAFE
BT R PREPRSHE ARSI A ABEFER E R
FEAPARREE AT o AT HIE 0 RIL ~ T R ~ R EHFR - B
R 7R T E o
9) FHRESERSEIEFPRSARR 20 &JL 2 %~ Bl 2 S0 F F1ARRE
Fafr o AR fREt bR 20 BHREBES- BRRESERSAIT -
(10) Fo— =02 20 BHRSf- X EAF AT FRMFT PR AT RSE =
BAT 2 BRI EFERASI - 00 HFER < KRB RETE 100
Bz feEn s 0 HERAITLAAHEE AL 4 B F 20%1 p o
(1) R RER(EF 214 E) ¢
ek R A E 2 RR SRR BALEFR 0 TE I R AR AT
FAFHEL TR A - RAT 2R S B s TS AT ES
FrE A2 A B ATHE 10% 1 FPESRIF iR A LTS Bk o B - AT 2
PR D0 E 20 B SR - BARRGE AR G AT

,t}_—‘f-% °
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5!
e
,\m
1%
-l
Pl
B

4.1 BEF B EE R

3+ 2009/09/19 2 2009/09/26 & p & {7 R4x S TEHREFT R E R RO IFERR P

R FRERAG B ERFREFY 5 5 3% 16 o DustTrak {1 % &rdetitd— -
EM%&%@4J£@42%%’ﬂﬁﬁ*QWWMMmyﬁiﬁ’ﬁﬁ%%HZA’
d 32 3T DustTrak R B2 L £ P2 B MO @ A TE¥RB 2 F F BEINFVRE &R
Be 2 %ﬁ°d“ﬂJ”%&*ﬁ&i’ﬁkiiW@’&ﬁi&émﬁmm’Tﬁ%
i R 5 03m/s 0 £ A P KRG B S o7 § W p % (Hight Efficency Particulate Air,
HEPA) » #c & (T ¥ % B L F ENP ¢ HITR B A & P2 S MA&"UE -

0.08 — TSI Dustrak 8520
: background value
o 0.04—
£
{@)] -
E
S 0
8
[72] -
g
-0.04 —
-0.08 —
) I ) I )
3:12 PM 12:32 AM 9:52 AM 7:12 PM
2009/09/19 2009/09/20 2009/09/21 2009/09/23

Time
B 4.1 2009/09/19~2009/09/23 3E.3F-% ¥ & B &
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TSI Dustrak 8520
0.08 — background value
v 0.04—
£
(@)) -
e
e 0
8
w -
3
=
-0.04 -
-0.08 —
| |
1:58 PM 11:18 PM 8:38 AM 5:58 PM
2009/9/26 2009/9/27 2009/9/28 2009/9/30

Time
B 4.2 2009/09/26~2009/09/30 .35 ¥ & P&

4.2 BIFFHPEF2 FH

TH I A % 30 2009/10/175 2009/10/25 £72009/11/02 = p > > gkt 5 ie (7
%ﬁﬁ%%%%éﬁﬁﬁ’ﬂ*%Aﬁﬁﬁﬁﬁﬁ%&‘?ﬂ&ﬁ%&éﬁﬁﬁ’i%
“ri § )2 $ 501 ICP-AES i& 747148 ik & A 45 > 3 B 4 12 DustTrak 3£ {7 o % 45 4%
PR R S 2 AR o

421981017 R %% %

98/10/17 % #7 = 20:07~21:32 d BFBFLA fie 74 53k & &% - JRAE 2 74
AT ko > PR R IR Ack 410 d £ 41 TR RE B T eS8 BB 4F]
Bk Bz Bt F ol iR Rz Mo @ o surfer SR PR B A SR HEIE B A G B4 43

S
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Z 4.1  2009/10/17 smEFFHRER &

P ¥ 2009/10/17 BHEMEF 20:07~21:32
P e
o BEERE| TR | TWA |PEL-STEL
5T T L = 2k B \ .
A& (mg/m’) | & (HR) 5. | (mg/m’) | (mg/m’)
(mg/m”)

B R 981017TP 0.1 1.42 0.012 10 15
4F12 Bk R A~ 17 | 98101711RP 0.051 1.42 0.006 0.1 0.3
e s Be#1 | 981017HM 0.029 1.42 0.003 5 10
ek 3 s e#2 | 98101712RP 0.019 1.42 0.002 5 10
7 e B-#3 | 98101713RP 0.075 1.42 0.009 5 10

(m)
10

\\ -

- //\\\%
°°\

QO?G

0 5 10 15 20 (M)

B 4.3 2009/10/17 7 v 44 Bk & A i Bl

DustTrak PMps & P ZRIPFRF S E SR 85 a4h» £ 514 ek - HHEFEFPN &3 ik
B % 21:04:50 B8k & 0.019 mg/m’ > Bk B RE L Omg/m’ > H kR & AR 4o F)
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0.04

workplace, 98/10/17
i TSI Dustrak 8520

0.02 — 0.019
E
=)
e
e o0+
8
[72]
L -
=

-0.02 =

20:07 20:40 21:13 21:47

Time, second

B 4.4 2009/10/17 DustTrak )k & % i 4%

422981025 R %% %

98/10/25 & #p p 20:14~22:01 d MHF- ATIA BB SR F FR - oL 2 FE B
BT R Bohe T o SRS R IRk 420 d £ 42 F o i il B~ T R B B 4]
ERHERZ BB FRONER AT D d surfer A BEHE B A FIRER & T Bl4c-B 4.5

Sl
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% 4.2

2009/10/25 mH-4Rtkk R B

e p Hp 2 2009/10/25

FERPpFRE 1 20:14~22:01

T
o BRI | x| TWA |PEL-STEL
AR A = Bk R s s
A& (mg/m’) | & (HR) 5. | (mg/m’) | (mg/m’)
(mg/m’)
ok R 981025TP 0.032 1.77 0.005 10 15
4F1& Bk R ~ 17 | 98102511RP 0.022 1.77 0.003 0.1 0.3
Vet e M4 B-#1 | 981025HM 0.014 1.77 0.002 5 10
v oek e Mk B-#2 | 98102512RP 0.044 1.77 0.006 5 10
v ek e M4k B-#3 | 98102513RP 0.012 1.77 0.002 5 10
(m)
10
[
5 _
[
=
“IAIS
| | | e
0 5 10 15 20 (M)

B 4.5 2009/10/25 7 v% 44 Bk & A~ i Bl




DustTrak PMys & P & BIPE 2 S5 106 A 480 £ F 641 ¥ 3okk o 3PP £ 0k
B % 20:17:39 Rk & 0.007 mg/m’ > B ik B RIE L Omg/m’ > H kR % AR 4o F)

4.6 #7% o

0.04
workplace, 98/10/25
- TSI Dustrak 8520
0.02 —
o
£ J
(@]
E 0.007
S o
8
[75]
& -
=
-0.02 —
-0.04 T | 1 | T | T
20:14 20:48 21:21 21:54 22:28

Time, second

B 4.6 2009/10/25 DustTrak )k & % i 48 %"

42398.11.02 % % %%

98/11/02 & #p -~ 21:53~23:18 0 MIHF-BFLA Rt (748 Sk F % » R E 2 474
AT e > PR R Ac A 430 0 £ 43 T A BB TR s 2 4
ERER 2 BE SRR RL R A O surfer M B B A SRR R A G Bl4o B 4.7

)
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% 43 2009/11/02 FEFHERER B

& p HF 0 2009/11/02 PR PR 1 21:54~23:18
P mEE
o TR RIE | TEE | TWA |PEL-STEL
BT P R B - 2k R s \
A& (mg/m’) | & (HR) 5. | (mg/m’) | (mg/m’)
(mg/m”)
Bos A 981102TP 0.038 1.4 0.004 10 15
§F1E BBk A 47 | 98110211RP 0.029 1.4 0.003 0.1 0.3
¥ oel Mk B-#1 | 981102HM 0.022 1.4 0.003 5 10
¥ oel Sk B-#2 | 98110212RP 0.015 1.4 0.002 5 10
¥ ok e ok B-#3 | 98110213RP 0.024 1.4 0.003 5 10

m)

(
10
\0.0225q —

19

0 5 10 15 20 (m)
Bl 4.7 2009/11/02 ¥ #2445 &;‘%fi&\ i 8l

DustTrak PMps % P S RIPBFR S 2 S/ 84 o4k > £ 3 506 Lok AN 53 k
B & 23:11:07 Rk R 0.005 mg/m3 B MERPIE S Omg/m3 0 HIER B AR 4o B

4.8 #7% o
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0.04
workplace, 98/11/02
- TSI Dustrak 8520
0.02 =
™
S
s -
e 0.005
S o
38
(5]
2 -
P
-0.02 =
-0.04 T [ T [ T
21:54 22:27 23:00 23:34

Time, second

8] 4.8 +.2009/11/02 DustTrak & /& % i 454

4.3 SSPD # 4t ITO R % %

ITO #: %8 12 SSPD it {7 & e S L SMPS 22 APS o plick B P ER 2 B s s w2
FHRACB 49 47 o BlY SMPS ez B U R &R E AT S APSIRA R F B E A
7+ 0 d B 4.9 k1 SMPS en#icp ¢ & & /& (Number Median Diameter, NMD) %) 5 180nm »
srit sz B e A E olie B R S 352,058 #(cm*g) s @ APS 1 i B clic P ik R B A
iS5 623nm - ¥z H 4R E Gl B R A 5 60,391#/(cm™*g) > £ o ITO #5485 % it £
7 NS AP IR R RS s RRITORAT 2 BF 1 F 2K
% B & (apparent density)fix = > #xiE 7 PM (T £ pF 72 5 342> ¥ F 4477 s o "E 2 IE
E£%B - FPEY MOUDI 4 & 2 b B ER A G R R LS4 410977 > 2 FE
¥ 4 # 2 j&(Mass Median Aerodynamic Diameter, MMAD) 5 1080nm > A i &2 %
(Geometric Standard Deviation, GSD) = 2.5 #-F % %% 3| chlcp kAR » i+ F &k
BAG @R ITOBMAGRE 2R 5 0.5gem’ s 4oB 4.11 #7 > 31 ITO B 5
d SSPD A 4tis » Mol R MR E L > ERAESHERIC SRS HEEFHRET Fi0
Hop TR T e ek B b @ 2K RIS TR B BT L F o
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dN/dlog(D,)*g, #/(cm3*g)

dM/dlogDp, pg/m3

®l 4.9

ITO powder
particle size distribution

—@— APS
—A— SMPS

— — = fitted curve

! i
il
L
||= b
| I

iy |

100 1000 10000
Particle diameter, nm

14 SSPD % 4% ITO i 88 siafics e s &~ 1w )

1600

1200 —

800 —

®l 4.10

— — =fitted curve ]

MOUDI

100
Aerodynamic diameter, nm

10

1 SSPD & #7 ITO = 8 £ )k B 4 & B
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1600
ITO powder

i MOUDI
— — —fitted curve

—@— APS
12004 _o SMPS

800 —

dM/dlogDp, ug/m3

1 10 100 1000 10000 1000001000000
Aerodynamic diameter, nm

Bl 411 5 4% R4 APS 2 SMPS 2 7 kR A

4.4 DustTrak k& &4 822 (5 3 V53

d Bl4182427v @5 ITOSputter 2 AH FFla bz FEIR2Z EF ZAaFFE
ROEIT R B2 B PR > H 5% & 0.000~0.001 mg/m® > @ DustTrak # # % % %
LA R TE2 L DR TS W SR 1Sme d Bl 445462 487 F
R BELAEFFZ R aFE  a FIRMFEEZ ST JERHER 2 B BRIT

¥ F M o 3THEKRY L ERER B2 ZAHFERZERTEEL 44 9757 o
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% 4.4 DustTrak & =tz ERE THEZ2 &3 &

prpp | FARIE [ BAERISE .
(mg/m’) (mg/m’)

2009/10/17 0.019 2.08x107 B rT

2009/10/25 0.007 3.74x10™ A 7T

2009/11/02 0.005 1.02x107 B rT

ITO Sputter 43k & 2 Fr4c§] 4.12 771 » MB-& {7 L 4 R 5 4ol 4.13 #7o1
He AhI= 2 HFe LR ARAZ IR KRR (FEL R HI= Y S Bdvirdld
iR GF AR 2R FIRE CREZFTEFFANE A AhFe P o 0T
F AR T F B~ AirBlow Gun % ¢ o8 B3 2 VR T 0 B LG R 8 g
FAF2Z T 2 FEVES EERBERER B2 L3 AR EY BEI A

Frw ? o TEAR E 0 R 2RV R e A4 om0 A B
(1) F% 3 34— Air Blow Gun+ & + & /i &8

(2) e R 1P R S s

|

(3) f®%3 3= ¢ & & E+AirBlow Gunt T + % P #5=4F

PP TES N ERH AR 45T o 0 ITE S - B2 TSk R
BB TE N2 FEASN BT R R M o JER R TS FE D - ¢
AirBlow Gun 2. @ s ¥ i m E R B E RPAze (F% 2 58 2 82X 5 12 Air Blow Gun iF3%
vERE o EIE G ¢ L BBk SRR e b Bk AT MUt D (TERE &P L
T3k R it o K 5 (FE 2 V- arp Bk & B2 509 -
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%45 S REERMRA

, e P T ok R
T% 2 5t , 5 =

(min) (mg/m”)

2009/10/17 F¥ 3 N - 85 2.08x107

2009/10/25 F¥ 3 N = 106 3.74x10

2009/11/02 fF¥= 50 = 84 1.02x107°

WA EE

# B Chamber

4

T

Al

& Kt~ e

& BLIpER

2 4&PM

# 2% -

N
=%
%)

# 5=

B 4.12 1ITO Sputter & %% 2_ % s
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A5 BAFBEREAGEITES NFEH

3B AFFERER B4k 4.6 277 0 12 2009/10/17 #ripl B v et e - TEE R B
£ % > 5 0.041 mg/m’ : 2009/10/25 # = > L& & 5 0.023 mg/m® : 2009/11/02 7] {7 & $
M % 0.020mg/m’ o = KRR A W A 85min ~ 106 min 2 84 min 0 E e % 2 i
EANRFHERERZE T HFRITEIN - R F 2 v BT HER B 5
BB HAZEESN D FE SN2 L5 & DustTrak B F 2 %% 5 #9740 » o F)pt
AP -B 43452 AT EE S MFESIFRXREL KRS KU G 4oBl 4154416
2 417 % 0 d W A415 3 417 FF I At o ovea At d surfer B T R e
Be b B AR PO B HS 5 K 0 A B 4.16 BIEFLATS S A TR T T e bl
&kﬁmﬁéuwpw”JMﬂmW&m7“i,mgﬁﬂ%ﬂiﬁﬁﬁkm%ﬂﬂ
Bl % 5 2 209/10/25 12 ¢ & & B2 5\ iﬁ“‘}ﬁ”’f}i’%ﬁﬁil €3 =~ 8L R4 A > ¢ DustTrak #7
BIE 2 BB R e Ad TR ARS KRR T AT R B B (TR R 2 4T 07
SlAz2 fons € BROGF AR Ml b R R ARG A AR B A RR B R 4o}
2009/1025 T¥HFREMEHE » » ERIEEA B HEZZPFFHES > 2 2009/10/25 #7

PR 20k R B2 2009/11/02:4p:F o ks B3R A > 2009/10/17 #rip| kR BB 0 & 0.1

mg/m 5 2009/10/25 % 2009/11/02 #7ip] 8 2.k B (8 #iediT - & B 5 0.032 mg/m3 % 0.038
mg/m o ¥ Av d LA N ,ﬁ‘,’%”i 18 ¢ Fapop kit o4 £ > @ 2 Air Blow Gun
g & A U R T R R O AT (TR RB Y 0 #22009/10/25 2
2009/11/02 #7ip| B 2_ kB EH 5 4PIT o ¥ ed o AL (b i Bt G A B 5 41% ~ 72%%
53% > 77T PM (T £ B P @A Mok I T ek e ek B S o 4R BIER A T2 o
A 45 2 BdE A B 5 0.051 mg/m’~ 0.022 mg/m® 2 0.029 mg/m’ A AL EERTE A
W w5196~ 69903 T6% 0 T OFE EAF)S AT Be2 A & 2 o

B4 #h s Lietal(2000)67F5 § ¥ 47 17 e R B2 3 B ok f Bt b @~ b v 2 ok
B AARZ RN THEREEEFIHERBLFAZARF MG o R F B2 /0
= %+ 30 um ¥ > 37 mm closed-face # e B2 Hf B A € MO S Pk B2 T AR Mo
* 37 mmclosed-face #Htx B2 F 205 2 /R * A REBHFRS B A R BB R E
Aegbit o A& FIR IRAE A HAT S R T (20~100 pm) s G B g R o Flpt AT
7 & * 37 mm closed-face % & B # ~ Mok g R 4p 4 % > ¥ A € Sk Bk R EAL X
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RS Sl I T

3046 B ARER R

«

2 2009/10/17 | 2009/10/25 | 2009/11/02 et W3
=
A ] i ’
Bk A 0.1 0.032 0.038 0.057+0.038
e Bk R AT 0.051 0.022 0.029 0.03440.015
GRE: WX o %03 0.029 0.014 0.022 0.022
H o
ok M B#2 0.019 0.044 0.015 0.026 =
mg/m’
ek M B#3 0.075 0.012 0.024 0.037
¥ oel e M A
,r,j - 0.041 0.023 0.02 0.028+0.011
T iaiE

0.074

0.07

0.066
0.062
0.058
0.054

0.05

0.046
0.042
0.038

0.034

0.03
0.026

0.022

0.018

B 4.15 2009/10/17 7 »% {45 A=k & Fh AT B4t B
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0.044
0.042
0.04

0.038
0.036
0.034
0.032
0.03

0.028
0.026
0.024
0.022
—0.02

—0.018
—0.016
—0.014
—0.012
—0.01

0.0235

0.022

0.021
0.0205

0.02

0.0195
0.019

—0.018
—0.0175
—0.017
—0.0165
—0.016
—0.0155
——0.015

(m)
10

[

P
0 S 10 15

ke R R AT R

5 10 15

Bl 4.17 2009/11/02 ¥ v {434 Bk B 30 o B
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46 5 iL4FpF B SEM R ® 2 EDS & 47

57— G EBA 2 R 2 ITO Sputter 38 7 5 R g & P 0 e P e B
F IY4FEF 2 bRl U3 R R N © 5 B icsi(Field Emission Scanning Electron
Microscopy, FESEM, JEOL JSM-6700F) % g2} %8 2_ kg i & Jfﬁlﬁ. %o 4rB@ 4.18 2 4.19 #7
o0 ] §e & F78 ok 3 R (Energy Dispersive System, EDS) 2 48 % 6 (5% + .8 (& 97
Bz Xam A4rths? LESRPRAGFEZE o d B 4182 4197 #F 0> et}
AR RS AR A AR Tl F AR FI I AREA BRFE NS AR
A4k & B B B k8 (Aggregate) - B] 4.20 B &3 *ﬁk I R T E T 1 B AR GE 2k -ESK

FRAM? T3 P RLME AR Ao AL R R AL R A0 o 421

-

! ~ 5; E 'E{'&’T’IC\:‘H' '5%’& ’Et‘,g I/,E'i E /?J ‘L% °
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LEI X45 m WD 80mm

SEI 150KV X300 10gm WD 109mm

B 4.18 3 i“4FpF k- x45 B % 300 & SEM & 7

65



Ly
m WD 10.9mm

B 4.19 3 i 4FEF 4 88x750 & 2 2000 & SEM fe #
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Full Scale 2203 cts Cursor, 0.000

Element il 0 E In on Te Pt Total
Weight{%4) 4.01 2831 4.7 49 46 339 1.66 847 100
Atomic{¥) 10.64 65.73 4.47 16 1.06 0.48 1.61

B 420 w 2AHEFRAITRSE

1

2 3

5 T B a9
: Full Scale 2203 cis Cursor: 0.000 ke
Element = o In Total
Weight(%0) &4, 84 31.02 4.14 100
Atomic(%o) 7321 263 0.4%
Bl 4.21 5 2H0H R F REFEST F E LR
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4.7 Rp 232 SEMI 23k 453

P RP S0 R F R E L 22 907 0 NG AR T ek e B SRS
A w4 10mg/m’ 2 Smg/m’ » @ SEMIS26 ¢ 4 % v £k 2.4 T H kA~ # T2 %
[ - Wl #%ﬁﬁvt’  ITETRB 7 KE%P ,Lg;},,?fr P, AL ﬁcicxw%‘rﬁ,‘,am‘gp

BREIMNITF

=

e RN R MOTBCE K & 7 770k & (Occupational Exposure Limit, OEL)< 1
%M EiFEARFBDEF A ER T BEILK PR AIREFTERROTFHL Fp
TFRATE M OEL 602506 » 47 7 2 L RliciE & P 2 2 SEMIS26 2 223k &
o 479w od ATV Ao B R T ek B2 2 BRI YA AR 2
2 .40 % SEMI S26 2 23k & » L 4Fl4 JE B IR i 2009/10/17 3 2009/11/02 & p #1 &
Bl BoEREA A BN E RS o e frdg ) SEMIS26 2 2R kB FFIRAR 0 A A P
2 iT¥ %5 % Air Blow Gun %8 (74545 5 2 R

047 RiplHcms MpER  SEML £ 8k & % 7k A v A

SEMI SEMI

10/17 | TWA 1017 | 10/25 |TWA 25| 11/02{ TWA 102 [TWA|STEL| 23 & | 2% ®E | #3x
(TF) [(REYI)
A e 0.1 | 0.012 |0.032| 0.005 [0.038] 0.004 | 10 | 15 | 0.1 2.5
4718 Bk R A 47 0.051 | 0.006 |0.022 | 0.003 |0.029| 0.003 | 0.1 | 0.3 [ 0.001 | 0.025
v oeE s A#1] 0,029 | 0.003 |0.014 | 0.002 [0.022] 0.003 | 5 | 10 | 0.05 1.25
T ef e g A#2( 0,019 0.002 | 0.044 | 0.006 |0.015] 0.002 | 5 | 10 | 0.05 125 | ¥
7 ef e g A#3( 0,075 0.009 | 0.012 0.002 |0.024| 0.003 | 5 | 10 | 0.05 125 |mg/m’

3 5 |34 ‘H‘%}?’; E;:

PRVION 0.041| 0.005 |0.023 | 0.003 |0.020| 0.002 5 10 0.05 1.25
T 12
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F3 A-$F 1TO Sputter 4 & 18 {7 5% Mk (& PP (740 A dr 2 278 > 5
DustTrak 2 B A 3BT RFERZ 2 FE X B2 kB © > 545 2 SSPD A 4¢
ITO #4511 7 Aol s ~ P B ERA AT o F FoEET T B ARG A7
BRI 2 kR ES 6D RPN RS LA TR G FRE G AR A
HATEARZ FBRL%  FRPIEARD SEMIZR2 k& F3F kA o @ 12 SSPD &
fob 2 2% ¥ o NMD 5 180nm > @ §]* MOUDI 4 & b i £ER A G > d
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o 70D ITO # Mok 3R & 2RB 0S5 gem’ - 4 F b3 5% 7 5o 5d Rl aper
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TFT-LCD A $ Z AWA NV EFEE A X2 —> HAEZ M2+ ~ 7 R Rk
Ragm gz PHFEI2E8 L £ HITE KRBT AR R agdid o o IR
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d A RERT R EA 2 BB ESABERN E RIS 2 R
2 TEAE ¢ ERITORME B4 a4 SEMI 2 kB 3% kA - ¥
b, AFE 3 @ * 37 mm closed-face # 1 B4+ Aok engi R IE & ot o @ 5
B R BN o BRI EE R R -

j-%?,pgg;;ﬁ&r,x,)g FiERMP LB NEF T MITE AR 2 Fe b o

B B Afw%f*w%ﬁj%%¢i91wﬁﬁﬁ’mw&\k&
FHREIETARAFERABMF G PP 21 FEX 2 TR H 2T
ITO #8480 F S5 % 18505 5 B3 MK Biiof > @ i~ @ &g TR 2
Sor g0 ITO BARZ I ek Ap 3 § 11 Tt i R i R e i
BT P2z o EL > PZHEFFT o
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WA B H B - R PR el PR AR D WA ¥

+a
<
e

=

70



(1] A

(2] 4%

(3)

(4)

(5)

(6]

(7)

(8)

(9]

/"%—’a‘ v TR ST

VRN E

T AFA4 LA

TR

£ e

TR L BT C 2y TANER S

S E o RSk BRELR . LSBT S

o

O F U REARY ¥ 11X 2FELIFY

Ak Mok (B R IRB R H L R

F

ZTHFERY 2 AME R R Bk

FHAERBFEFT A AR AL - E o

%ﬁ'?;ﬁ" ’ ;/%,

P:'l-i—, 3\];;]/\__1_2‘

E R e

2 FF 0 FZ

A TF g AAHITOSPETELTLHE | > B2+

¥ HREPEEE: I mE Lk o AR, - # o

Erze o> TREITO S ETWRY e F27F

ETPEFL AT ALHe o AHL S E

0O A B
EERLE Y-S
89 &
sy

RREET

FEHEE AL F2 2 TPempy

RN 4

L W = S

$8ER 1P % I-I8F » ¥1Xx 22757 %

4o~ FHRIRAG > B o Amapar > TR B ek

IE AL AR L E o

71

CEBRRELE



(10) 22 > B4 TiIFESFarg kit s Rz s | ¥

EREEN EX-E R N - FEE

(1) mag TFRsrEHES i fHFEFy )  F1 X 2FW2/FE 7 A
Wi += &
(12) s~ 2 A2 ~ H 2L 4RkBIF - T B J 75 2 ST H 10mm 235

1% rFELFY

¥z

BB ECIEE, c ESEE2Y 0 ¥ 2738 o

> A F 86 E o

M

(13) % seze > 3

o

FhiEo BT p AL TP PR ARERKTLRS
BlEFT 63520 $ 2337 F ¥ty EA 0 R
87 & o

(14) FFie - TRIMRACREZFZRFT | 0 F 1L 2F2F T A
IR

(15) Foca¥ 14 R € > “F1OERBIF Y F I FFEAFE" > 2003 -

(16) ¥1 % 22y T4 §F CFW 2 4 R B ETHED, 0 2
IR

(17) sk7eie» HBedf > S &g FRBETHRE D » TR RIZHIFZ 73
FTREBREEMFHEHY B AR, L - & -

(18] AKX > T3 M4FRFR* > 3 Ap B R P AR2ZFY ) > B2 ZH4EH
SERTIRFETTORALH 0 ARL LT E

(19) sEfawd > “4rpnw fcpem” > ITIS 474 > 2008.11 o

(20]) g% > “BIP 7455 R4 3 #3547 o ITIS 474 » 2006.08 -
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(21) if/fﬁ'v}—ﬁ' v 2007 #m =2 EARFPD A ¥ waper E YT 5 ITIS &% > 2007.11 -

(22) ¢ Zpg ipG A @ P IKT TRFH -

(23) 585 2 “BEmppam” > F2 WK PF TAF 0 1998

(24 ] Applied Films = @ $jisE p o

(25]) # R % % - (http://www.pharmnet.com.cn/)

(26]) £@% > 2B “Mob@EREE%FHRPID ZERE" > ¥ 11> FE
FesRf A AR e E o

(27) 1% 22yt T1TERRRIEL 2, > AL L= &

(28) %1% >4 &3 %7 (http://oldwww.iosh.gov.tw/)

(29 )W = ¢ B FF 4=~ § v § 2 (http://pauling.chem.ntnu.edu.tw/oldW W W/antiFire/04.htm)

(30 ) Marple, V. A., Rubow, K.'L., and Behm, S. M:; 1991, “A microorifice uniform deposit
impactor(MOUDI): description, calibration, and use”, Aerosol Sci. Technol., 14, pp.
434-446.

(31 ] Khlystov, A., Stanier, C., and Pandis, A., 2004, “An algorithm for combining electrical
mobility and aerodynamic size distributions data when measuring ambient aerosol”,
Aerosol Sci. Technol., 38(S1), pp. 229-238.

(32 ] Peters, T.M., Leith, D., 2003, “Concentration measurement and counting efficiency of
the aerodynamic particle sizer 3321 ”, J. Aerosol Sci., 34, pp. 627-634.
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Inhalable Aerosol Samplers”, ATHAJ., 61,pp.506-516.
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 CERTIFICATE OF CALIBRATION AND TESTING
‘ ‘ TSI Incorporated, 500 Cardigan Road, Shoreview, MN 55126 USA

Tel: 1-800-874-2811 1-651-490-2811 Fax: 1-651-490-3824 hitp://www.tsi.com

Environment Condition

‘Temperature 721 (223) |F(°C)

Model

Relative Hurmidity 43 Y%RH

Serial Number

Barometric Pressure 29.12 (986.1) |inHg (hPa)

BJAs Left Ein Tolerance

O out of Tolerance

Concentration Linearity Plot

01 1

Device Response (mg/m3)

o = In Tolerance
@ = Out of Tolerance

0.01 T T T
0.01 0.1 1 10 100
Aerosol Concentration (mg/m3)
System 1D; DTI01-02

Zero Stability Results

Average: Minimum: Maximum:

0, 000 mgm*| 0. 000 mgm’ |0 O Of  .mgm?

1P and workmanship used in the fe
eed upon by TSI and the customer and with all pubi

TSI Incorporated does hereby certify that all materials,
strict dance with the applicable specificati :
performance and accepiance tesis required under this contraci were successfully conaucted according io required specifications. There 1s no
NIST standard for eptical mass measurements. Calibration of this instrument performed by TSI has been done using emery oif and has been
nominally adusted to respirable mass of standard IS0 12103-1, Al test dust (Arizona dusy). Our calibration ratio is greater than 1.2:1

SystemID  LastCal.  Cal Due Measurement Varible System 1D LastCal.  Cal. Duc
Barometric Pressure ~ E001329 04-23-09  04-23-10 Temperature E002873 02-24-09  02-24-10
Humidity E002873 02-24-09  02-24-10 DC Voltage E003314 01-06-09  01-06-10
DC Voltage E003315 01-06-09  01-06-10 Photometer

E003319 07-02-09  01-02-10
Microbalance E003403 06-25-09  06-25-10 Flow and Temperature  E003512 02-16-09  02-16-10
E003511 11-20-08 11-20-09

B
lChoc.k @ August 26, 2009
Date
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45— 2009/10/17 g MA=E % 4F1 A 17 R &

B : 98/10/17 BRI H20C | R 36%

21°C 38% | L, | T
A3
ik 1 2 3 4 5

w0 | 13.103 | 13.104 | 13.104 | 13.105 | 13.104 | 13.104
981017LB 0.001
¢ | 13.104 | 13.106 | 13.105 | 13.106 | 13.104 | 13.105

| 13.665 | 13.666 | 13.665 | 13.666 | 13.665 | 13.6654
981017FP 0.0004
6 | 13.666 | 13.67 13.66 | 13.667 | 13.666 | 13.6658

@ | 13.741 213,738 [113.739 | 13.74 | 13.739 | 13.7394
981017TP 0.0148
f6 | 13.753 | 13.754 | 13.754 | 13.755 | 13.755 | 13.7542

| 13.072713.073 | 13.072°|13.073 | 13.071 | 13.0722
98101711RP 0.0046
¢ | 13.076 | 13.077 | 13.077 | 13.077 | 13.077 | 13.0768

@ | 13.08 | 13.079 | 13.081 | 13.078 | 13.078 | 13.0792
98101712RP 0.0032
f$ | 13.084 | 13.082 | 13.081 | 13.083 | 13.082 | 13.0824

w0 | 13,714 | 13.713 | 13.712 | 13.713 | 13.713 | 13.713
98101713RP 0.0112
6 | 13.725 | 13.724 | 13.723 | 13.724 | 13.725 | 13.7242
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2009/10/17 4714 % ICP-OES 4 #73sé%

& 47 B 8 :2009/10/20

¥ 5 A% © Thermo Elemental IRIS

Intrepid IT XSP
Wit T WA @mL) ¢ 10
e & Sk & ERE SRR WELR R
(mg/L)
STD1 0.10 0.8242
STD2 0.50 3.8910
STD3 1.00 7.9180
STD4 1.50 11.7200
STDS 2.00 15.7100
20.00
15.00 |
2
2 10.00
5.00
0.00
0 0.5 1 1.5 2 2.5
concentration (ppm)
Y=mx+b ; m=7.8343 ; b=0.0217 ; R=1.0000
1 & S5 ABS P2 kR te & 2 £ (mg)
(mg/L)
981017HM 5.7490 0.7311 0.0073

76




Std=  2009/10/25 S A=E 2 4R8B4 15 4

BERY : 98/10/25 AR W2C | BA D T36%

21°C ©37% | ., | £
ip
5L 1 2 3 4 5

| 13.47 | 13.469 | 13.468 | 13.469 | 13.469 | 13.469
981025LB 0.0018
6 | 13.472 | 13.47 | 13471 | 13.47 | 13.471 | 13.4708

| 13.624 | 13.623 | 13.624 | 13.622 | 13.622 | 13.623
981025FP 0.001
8 | 13.624 | 13.625 | 13.624 | 13.623 | 13.624 | 13.624

| 1377 |«13.771 | 13.771+(13.772 | 13.772 | 13.7712
981025TP 0.0068
¢ | 13.779 | 13.778 | 13.778 | 13.778 | 13.777 | 13.778

| 13.4637] 13.465 | 13.464 | 13.463 | 13.464 | 13.4638
98102511RP 0.0036
f6 | 13.467 | 13.468 | 13.468 | 13.466 | 13.468 | 13.4674

a0 [ 13.093 | 13.092 | 13.093 | 13.09 | 13.092 | 13.092
98102512RP 0.009
f$ | 13.102 | 13.101 | 13.101 | 13.101 13.1 13.101

| 13.084 | 13.084 | 13.085 | 13.084 | 13.084 | 13.0842
98102513RP 0.0032
f$ | 13.087 | 13.087 | 13.088 | 13.088 | 13.087 | 13.0874

77




2009/10/25 414 & ICP-OES £ +73té%

& 7 B Hp :2009/10/28 = A]%% ¢ Thermo Elemental IRIS
Intrepid II XSP
At i T E MM (@mL) 2 10
Ho B SUHE -t o AR R
(mg/L)
STDI1 0.10 0.5317
STD2 0.50 3.9660
STD3 1.00 7.8470
STD4 1.50 11.7390
STD5 2.00 15.4650
e £ R
20.00
15.00
A
2 10.00
5.00
0.00
0 0.5 1 1.5 2 2.5
concentration (ppm)
Y=mx+b ; m=7.8345 ; b=-0.0814 ; R=0.9997
¥ e ABS BEER * & 7 £ (mg)
(mg/L)
981025HM 2.9740 0.3900 0.0039
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g 2009/11/02 3 SA=E 2 4R8B4 15 4

FERF 1 98/11/02 ER 0T | RA D T35%

522°C 37% | 2, | £
i3
5L 1 2 3 4 5

I

13.656 | 13.657 | 13.655 | 13.656 | 13.656 | 13.656
981102LB 0.0016
¢ | 13.658 | 13.657 | 13.658 | 13.658 | 13.657 | 13.6576

0!

13.581 | 13.58 | 13.58 | 13.58 | 13.58 | 13.5802
981102FP 0.0002
6 | 13.581 | 13.579 | 13.581 | 13.581 | 13.58 | 13.5804

0!

I

a0 [ 13.021 |+13.02 | 13.019{ 13.02 | 13.02 | 13.021
981102TP 0.0056
| 13.026 | 13.026 | 13.025 | 13.026 | 13.025 | 13.026

W | 13.2517).13.25 | 13:249 | 13.251 | 13.25 | 13.2502
981102I1RP 0.0034
f6 | 13.253 | 13.254/]13.254 | 13.254 | 13.253 | 13.2536

I

13.301 13.3 13.301 13.3 | 13.299 | 13.3002
981102I2RP 0.0024
¢ | 13.303 | 13.302 | 13.303 | 13.302 | 13.303 | 13.3026

4o

13.729 | 13.73 | 13.729 | 13.728 | 13.729 | 13.729
981102I3RP 0.0036
f¢ | 13.733 | 13.732 | 13.733 | 13.732 | 13.733 | 13.7326

0!

I
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2009/11/02 414 &, ICP-OES A 45 2e4%

& 47 p #p :2009/11/05 ¥ % A% Thermo Elemental IRIS
Intrepid IT XSP
J it w2 MAmL) : 10
E RIS W B sk e Tk A MELW B
(mg/L)
STD1 0.10 0.7283
STD2 0.50 3.8400
STD3 1.00 7.8390
STD4 1.50 11.8600
STD5 2.00 15.8800
20.00
15.00
s
Z 10.00
5.00
0.00
0.00 0.50 1.00 1.50 2.00 2.50

concentration (ppm)

Y=mx+b ; m=7.9860 ; b=-0.1162 ; R=1.0000

A ABS Bk R & 7 2 (mg)
(mg/L)
981102HM 3.1200 0.4052 0.0041
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