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Abstract

This study has collected the control guidelines for nanomaterials in the
workplace from United Kingdom, Japan and USA. The guidelines were carefully
read, analyzed and compared for preparing the domestic “Nanomaterial control
strategy in the workplaces (draft)” for the experts and scholars to discuss. The draft
contains nine chapters, including the scope of nanomaterials, types and characteristics
of engineered nanomaterials, risk assessment, methods of exposure assessment,
exposure control, accidental spillage and release, disposal of nanomaterial waste, fire
and exposure hazards, health surveillance.

The small scale powder disperser (SSPD) was employed in this study for the
powder dispersion experiment and results were compared with those of the rotating
drum and the vortex shaker. Titanium dioxide, zinc oxide and silica were used as the
test materials and the primary particle diameter was found to be either nano-size or
submicrom-size for each material. The experimental results shows that the particle
concentration generated from the SSPD was higher than the rotating drum and the
vortex shaker, and the SSPD had the smaller NMD value than other two instruments.
Therefore, the SSPD have the highest powder dispersion efficiency. Furthermore, it
was found that the aggregation of nano-size powder was more serious than
submicrom-size powder. Titanium dioxide had the best powder dispersion, zinc was
the second one and silica was the worst one.

By Comparing the filtration efficiency of the domestic HEPA filter with the
foreign HEPA filter used in the industrial vacuum cleaner shows that the filtration
efficiency of the foreign HEPA filter was high enough. Regardless of the particle size
and the filtration flow rate, the collection efficiency was as high as 99%. However, the
collection efficiency of the domestic HEPA filter was found to be from 20% to 60%.

In the field for the particle concentration measurement, this study has proceeded
the air sampling in the workplaces such as titanium dioxide mannufactoring factory,
carbon nanotubes mannufactoring factory and toliet mannufactoring factory. We used
different aerosol samplers and real-time instruments to measure the respirable aerosol
and nanoparticle concentrations at different ventilation situations. It is found that the
nanaoparticle concentration was not high in the three workplaces. In the titanium
dioxide mannufactoring factory, the particle concentration has been affected by the
ventlation fan. In addition, the source of nanoparticle was found not coming from the
powder, which was coming from the forklift during the bagging operation.

Key Words: Nanoparticles, Control technology, Workplace sampling, Filtration.
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E St wire diameter = 0,3 mm
X Air velocity = 18.3 cmis //’
a 4} Electrical field strength = 4.2 kW/em
4
g
s 3
£
E 2 L
3 The view window on the top of the ESP was
S 1} contaminated, and it caused the displacement
= meter could not work property.
> L
a8 ° )
K 4
o 40000
g Total patticle concentration measured by SMPS
3 35000} (downscan ime = 30 sec., upscan time = 300 sec.) .
o
8 30000
o
&
§ 25000
8
8 20000
o
© 8
B 15000 ©
0
& o000 N . R N N .
0 20 40 60 80 100 120 140
Elapsed time, min
10
Elapsed time, min
o 0
8F v 120
S
= Electrical field strength = -8 KV/em
8 Alr velocity = 183 cm's
= Wire diameter = 0,3 rmam
m 6F
&=
[}
fd
D
Q.
Rl
B
o
p ™
[
<€
2k
0 s T
60 100 200 300 400 500 600 1000

Particle diameter, nm
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6 FEE Sk B B R BRI (R 48]

5o T SR RF R SR EE AR AE O A _ERBRES RIS E A BB BA RN
i rL e B ay - IR U A SR B R B R B E A RS R B e W e MU AR
PIES - BESRIBRR B - [RIRF R T FERd T SRR AR t A B AR AR EE T 45
FEMEIRA[43] » RILE R ORISR ERR ARt AR E R A - 4t - R
AP EEES AN ERIRE R - B R RO - —IRFFEEBER T 5
R EVE R AR B MR 2, T A S TR o T 7 A e R e 7 R VR B 1 B R,
BEETERTE[49] - IEFE AR SRR R BT BT AR » SRR AT ROKIE
DAZRBRHTE AT EE o /K SREERE R BIFE R MAI S BT HAEs - BRI
{EHF > T R IR BRI /K R RBERE I SRR _E TR » SEE T S B3
R o LRI T ERRIBREEN B K B R AR B R R Ry » RIS E
B ERUNL) - (RIS TR R I BURR A (44] - SE R FERBAR A A2 K TE R B -

Lundgren % AZET T — /KRB BERES - WY EF|(United
States Patent, US005395430A) » B] 45 N EE 1% /K R FS R T EE £ RS RE -
IS BN R B EE 30 KV 3@10E] 75 KV 4% A ASBHARE (Opacity)H 35 %
[0 0 %[50] » Mikropul ZER K1/ ME T IR HF B S EE BRAOBL A BRI » I
EEHERAZBMENR - REEGE SN E - SeER ok
TR E R NEE A — /KL > FTVERR ISR TERE - AOBIORT © (F R B MeiAE
IR BT B/ IR - &R S e S R P T S P EE SR R O IS » 1
FEAEMRI ZSBRANR - FEHE VRN 5] S0 pS/em (ERFIZKEBAEES 500
uS/em ) » RT3 G EE A K BRI (R AU RIRE[S 1] » Kim 25 A S5+ —TEiss
R EEER AU RRRR R - AP EEERE S 5 EFfTiE L4
2 BT S E R o RS 110 B 140 mm - £ 1500 mm - BRKEE
FRARTE RS 30 mm - EFETEIER 20 KV » Yook e H 1 TR » AFERUBH7ENK
SEEIERE FROBRE - SR(FIRAETE SOCLIT - MBI - HB e
£ 0.22 g/Nm’>~0.84 ¢/Nm’ i » ZERZURTTEE] 85.7%~99% o SRR A IREN
STRTARHO 43R I e B A 9 S K 5 [52]
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i A A RS AR R BT P B SR T B 17K BB I g
EIZ (channeling) - (S HI0LIT 2 FRRZBRA AR SR TR T M35 e RS © [RIUL > Pasic
FAWR T EEER AR ELELS - WIS EBHF(United States Patent,
US006231643B1) - {Hilf R+ AR RS BERGHEIT MG - (53 WS E A
Rz EREEREE R AT - WIRA GRRARA T BER EE) - (B B K
i > HAETEERR A R R B T TRk BERR ¥ [52]

‘Bayless % AFIFH/ NI SRR SR B S AT X - VIR B TR Rk
ERRBERHEE, - BRI E =EF T2 R AR HE - IS 0416 m*
FEESA 10 6 B 170C TH#IT RIRRES 2 m/s> BERRIEES 0.7~1.9
Vmin - FIK - EA SR B RREEFERR RIS 553 BIES 20~25 pm > 1~5 pm 7 2~3 pm o
EERAE SLET » AT Deutsch-Anderson EEZa ARSTEHNERER » SERS
42~47 KV B » MR EEER EIRIKA IS KRR 126% © HE
BEFS 41~46 KV [F - BRSNS ERRR S 128%~138% ; HEES
43 ~47 KV [ » S IRER SRR RER SR ES 118%~129%[44] - {F3 i F|
TR R A B S B SR IR E SR BRI BB - T i SR SR RV
5 607C ~ RHESMES 2.3 m’/min FHIFNERE 44 KV I » #55 96 %RIBkI#I
% o

Pasic and Caine Sk /MBI R 2 76 2 B il T FA /5 IR B3 TR
BRI - WIS RS IR R BN 4 TR - 3R 4 T4 WEEEE
SRR SOs ~ SURLRIS Y B He” WIS RIRAR AT EE 93% ~ 96% % 82% -
HEEAESE 15 8 HLL_E[54] - Saiyasitpanich 25 A FI|HBEFIRAFFEERESS
HEEATHENT [ZEHEIMKI(DPM, Diesel particulate matter) ERBERATHIE, < 1BHF

EEEBRSEAL AERA SR B 0914 m » IS 0.178 m - REEH
ERMEEME 0.559 m > 1K 0.25 mm - FIFHFEMRES 500 m*/h » EALHSE
BERES 0.1 s FEBBEEE 0~0.72 KV o [EESHIBEEFI{E 2.27~3.18 L/min
F IR FE A R BRI B PR M SR B TR - B Bkt S T G v B e i 5 [
B TR B AR B 2R R RS | TR A R - 55 [ S A

19



EHE TSKW  REREERHEE 0.1~0.4 s » SRIRIER 20~40 nm I » EEREERE
67~96 % o E5 [ ZEAWEAE - AR MEEIE[SS] -

4 WA RFERRE SRR [54]

AIKSEET K
% 58000 ACFM Ry 15000 ACFM
FEMEETE RS 0.035(f7/ACFM) FEEE RS 0.002(f/ACFM)
WEEYIRE BRI (Vo) WYt WEERER (%)
particulate 96 particulate 80
SO; 93 SO; 71
Hg™ 82 Hg" 61
Wt T W 5 R R AR E HEEERRIR (%)

(%) SRR AR I EE R

(%)

Fly ash H, 82 75 94 %(fly ash+
(33%) H¢™)
H,™" (44%) 69 78 75 %(Total Hg)
H, ' (23%) 0 10

S BER{R B (EPA-425/F-03-030) 2 $1 $ 1R B B WM R TR R I e
R ~ BRI ~ SRR AR AR AN - — ISR IR E
SEEEAS LA E LS 50~250 m’/sec » By NURIEAEEIES 50~100 m*/sec ; HRIEIBEEE
4 80~90 °C - MYEEEHEELS 2~110 g/m’ © A - SRR THHINAI PM,0 ~ PMys 3%
BROCRETEE] 90%LL b - ESERITERERIEIRM: - T 1 B SR & S v
B {5 SR AR B Y RS B AT B A RO Y - R EE S AL MR - 5 - BB
(RECRARLEIER BE  FERRIERIRA | - BEIERAES US$42000~85000 m’/sec » #
YER A US$11000~85000 m>/sec/year o

B. JERER
B RREEE RN A, E1ERECER L &EERNRERE
KRE - T AGHKZTEEN—EZ K HERLELPI (electrical low pressure

20



impactor) I EHE N O HEURE @ SRR BNRSEERAMERLS -
R BRI EEAE1.5282.6 x 10° #/em’ 2 ] RELEHAMER b, 1% M2 B
BIEEEER137 nm 0.8 um » —REH), 83 nm & 1.3 pm(ZE ZREH) » Z5
P B BRI E8.3 mg/m’[56] > LSBT - {EELAZe R R RS B A B
RER RO FERE RS T2 RS B KPR I R R I AR FR AT -

PRI B ZOK AR = FEE A S SR A (B 2 - SRS B IR FE F A
ZREATFERIARE - G0 - EABGEOE - FEMNERSEREEEHRERN
BE - — RIS EFRBAAV] - KSR IR - FRRESRe R
{E WangH1K asperfJ i SERERHIIR/ N 10 B SR GE0RT € 2 A B0 S 3R T (R
REYIHZ(57] - Ichitsubos A K| G B A EITEORMA B R E RIS SR B 1
RIRIFE/ NP 2nmikF - ZROKGMRZHY 227 SR & PRI 15 A S SR 42 T KA B (58] - T
AlonsoSE A FIFIDMA Sl TT B ER 3 B Ichitsubo A [F] i B B {5 i [ it 5%
RIFBAISZE[S9) - MR EREEERT - AR R EHTKN AR IR

EOURAFERESRARER - B THE S TSN R B YRS E
e B ERRBER BRI N FREAYER 2 > Kim%&E A LAZKER MR U T
YRR - B DU A ~ DU IR R — RS IREA » A03RS
KFRoFTR - B (E7) DIEBE R AR RES B I RIRME - AL
Nano-DMABHZSEH FTRERSHETTIRIEM B AR EE - HIAEREE (E8KE9)
MU FE S B HEE 1 e/ BRI RS 33 ~20 nmiZ ZEK R 2 555
RN - ZAKIRORL I T ERIREM Z B RE/IMAS % > RHEFIEHEIR
M CHE10) - AT ERM R E DN E - R BB R MR
/NTIRERAES > ORI S 3nmiks E SRS 2 ([B18-[8110) [60] - MLASRAEARR
IOSHRYASE LIS BIREE » A0RTFTI - Huang®s \H B BSHE RERS& T RTE/IMA10
nmBCATAS pmBIREIEE » ZEE B A E R R R A - 1
REUTRITE 4.5 nm LB S RRAERAA 18 BUE[61] -
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3 5 H&V BRIt [60]

Filter Parumeters Media
HE1073 HE1021 HF0031 HF0012
Thickness (¢m) Ave, 0.053 0.069 0074 0074
%COV 23 4.3 23 2.3
Basis Weight (g/m?) Ave. 63.9 0.3 826 69.2
%HCOV 0.53 0.67 0.86 092
Pressure Drop at 5.3 anfs (mmH:0) Ave. 84 41 s 1.3
*COV 148 135 1.94 147
DOP % Penetration 0.3 ym at 3.3 em/s Ave. 12.8 39 458 79.9
%COV 2.2 1.7 0.92 1.24
Fiber Density(g/m*) - 24 24 24 24
Solidity - 0.050 0.049 0.047 0.039
Effective Fiber Dinmeter (ump 1.9 29 33 4.9
Effective Pore Diameter (um}) - RR 134 16.1 26.2

7+ 6 FRRIRMFFE[60]

Name Type Manufacturing method
Media A Corona charged blown fiber {(mid-size fiber) Melt blowing process
Media B Highly charged blown Fiber (mid-size {iber) Melt blowing process
Media C Split film fiber Film extrusion process
Media D Highly charged blown fiber (fine-size fiber) Melt blowing process
Media E e-PTFE Membrane Filter

= 8

7 WEMEEERPERFEER[60] -

100
HAV fiverglass filter media
Face Velcosity: 5.3 cwvs
Silver Nanoparticles a
0} Furnace Temp: 870 °C e
s s ?
o Lt s ®
g s o
(-4
2 o 3 ? ¢
5 g e
] § ° »HFO012
& I e ;
0.01 ] o HF0031
3 o HE1021
T © HE1073
0.001 ¢ { ¢
3
0.0001

10
Parlicie Size (nm)
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100
HAV fiberglass fiter media
Faoe Velcosily, 15.0 cmvs
10 Siver
Fumace Temp: 870°C s °
3 ]
ot 3 0 5
£ s s L} 4
% 01 L
H P
3
001 g ¢ ,
[a HFOG12
3 f © HF0031 |
0.001 } OHE1021
2 HE1073
0.0001
1 10 100
Particie Size (nm)

9 FKURIFAEEBLR 15em/s ¥ H&V BEHERIHERM & 2B (60] -

Face Velodlly: 5.3 amis é g
Sitver Nanopartictes
1} Fumace Temp: 900 °C z g % I
o pe i
g { .
§ o ii .
: } f
£ 001} l [
2 f i oMadia A
i oMedla Bl
0.001 aMediaCl
: © Media D,
i *Modis
0.0001 . - .
1 10 100
Particle Size (nm)

10 ZOKBERIFA TR RERS 5.3cm/s BPRFIARSEM & B5ER(60] -

RS 2R A B » FTLLS AR/ IR 100nm B » BEARAE
SEWRE E A0S EEOEIRER Bp « MEERmE e B =2P " [22] » Heh

Pe= 4,0 = 37 d
Pe £5 Peclet 251 » D "KTC. " . Wang % MRS ES 3nm~260nm =

SR B S B 2 2B AR T B LB R B R R B — AT
BEmETTEL#L[62] » #${#ETT Kirsch and Stechkina REHTHAFELL Pe fEHS B BT ER
SEBI63] « DB BRBASHHA BRAT R BRI AR, T4 B
RARZ ARSI » Wang 2 A\ BEIEERAT B = 0847 [62] o [7] 11 bt
e S BR A AR A 2 B — AR AR, (Hinds) B S i - Bl
T B E R A — B R TR Sk A SRR S S
)EH °

du,
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(aj 100 — by 10 -
| [ mrom2 . //:;7’—(//-: = HIFO012 /,_,a—;‘;s./.‘::
- 10114 wponst -~ T ~ 1044 o) . ‘/a
£ (1 HE hd :/%/ 3 - HEIQ4 /;
g 0 A //'/ 5 e o[~ 72
£ at - 3 7 o E ot it «’{"
g g 3 g X
77 : /4
£ 00 7 / £ 001 7
./- i/ / Fave ety 10 covs ‘/o/ Iad Face velociy 10 cmd
o001 7 ./ / 0.00t
/ ity
00001 Q.0001
1 10 100 1 10 100
Particle diameter {nm) Particle diameter (nm)
(¢} 100 @) 100
Pl - HRO12 -
1044+ PL) i 1041 + srent -
- o2 « . ~ . / /
2 omen = ) g e .
H AR/ 5 TR
w .
g ot O YA 4 ‘g 0 5
/v i/,
5 { ; 7 E .
£ ool ’,‘ - !/ / + £ nol / / 7
.00 i DL | Faw o 0001 / ,/' Face vekety IS cnfs
/i 7777
0.00M 0.0004
1 10 100 1 10 100
Particle diameter (nm) Particle diameter (nm)

11 ZEERER B Z BRRE (EHE © @K&OE 10cm/s » ()RR
15em/s ; B—HIAERRAR, © ()F(c)B E=2Pe?”[22] » (b)Fz(d)FS E=0.84Pe ") -
(62]

C. RATes

12 BER T — R B RS K ek as R ] - SCRPEkas 2 e iRl
EEas T BERAILMRA B &E - HEME— A DARBRR GRS - HEAREGEER]
RATBREEERREY - RS TR R AR  (ERABRM B ErEM
FEEITREE - SCRYERasHIRCR MR ELRIRRRANE 13 Fom, HERKBORIAIIER

5, BERERESE 100 in. HoO LLE - [64)F5E UK TIRIIBCR SRl R HAHI
RS — R ~ (RRBRERIBEHRAT - A LARIER SR ERA(E 14) -
FIAHENBERESRNESZARES  ESREREE RAKRSRRESE
EEZRRHREIRE » (IR R BERRIGIAL » AT DAFERR AR SR Eikas
o FRHIBINLAZEER » TRMAYB DR RTREZE 10 inH0 LUT - ERATR
TR 15) -
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—

BIRHER  um

0.1 1 10

Air

/lnla of waste gas

—  ——-—
N2

¢ Heater

b

Fine mist nozzle

Outlet of treated gas

®

\74 City water
Leak drain water | ]

14 EIBERG TR HIR SR BER SRR & [64] -
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100 - = = T T m e im ot o om

80

QL/QG, tfm3 =

R

o | ¢ 117

c(_)“‘ ! B 150 =wiﬂ1 nucleation
5 60§ ® 150

3

9""‘6 « 117

. L 1.50 ¢without nucleation
S 40F <180

)

g

5)

~ L

T
fom | !

50 100 200 300 500
Dp, nm

15 S@IIEEFG IR 2L ERPiREs AT ARG DIERoR BRI R ERSCR E [64] -

S M RRIBRERREETNTE

TERT BE BOE B P AL G S SR R H R B (BN ~ & -
HLVRIRE) » PRI B e IE R RS FE i E FoRD B R 5 R LATE R R B2
ARLERRUZ IR ZARYE - BEER M (dustiness) B IS 7E R HLETE & & Bk B
HIEET] > BRI BER A AR REE SRR TR R FHEY -
HERERY NI - R RERSHE TR R BRI B BRI - IREsFH
SR IERRA 14T TRBREIFFY « SRR R IME - DURHEER ~ R2DURARE £
HIfE &R E /N 65] -

BRI TS AR AR E R REIE - Eﬁljlﬁﬂj:ﬁ(xﬁ@ﬁﬁﬁ(ﬁﬂmﬁﬁ E
FEMR TR A R BI A RERE RV G @R - HAA BRI R85
BEESEMERHE SRR EER - TIERMERRRNSE - (EEBE T -
DAL AR S AR - R RAER © TR O SR AT s
PIAI— SACERFISE MR RERE - H ISR DKL FE D Al & A B LBz 8K
KRl BEGEPR IR ESBTRIEYES ) WA NSRRI ENE
TSR FELE— RO SRERSE S - FTLAR S @ VIR T DB IR R SRRt
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AETTHERE BT TSRS ORI AR EE B4 < SRR NS SR RR B R
HYLR I R R FEERIR A AR B0 R ANRE S — S BUT TRE/E SR
YR ~ SRHT R ESRRGHIE - o R R B BRI R B R BRI S e
fF -

= BERFEIE
5T BHESORRAEFEER R PR R WA TR ECEER I I 2L -
B EHHITERBIRE B EA TR AN - Mol R m A e B =R B B EE B
% WHESORBRLEBC B 7 - BER B R R RS LY
(British Occupational Hygiene Society, BOHS)7E 1985 283k » MG EIF AR
HrEgi R R Tk - EER RN S B R A SRR IR B A - B
BEAE A% R FARIR B B e T S8R PRk R B ETE - MR IR R B2 &R
B RIRIER RS HEERIIRRI[66] - BOSH HyRR SRR R 2RI T BB ARk
fii ~ BB RF BRI RZE66] - BETH T DER SR RBEHATI 2
#  BEB A EAINRIERE6T) » TR EH S BEN AR REEA R R
Roie SRR HE 2E AR R ZAR B TR B 55 - K BB RE R 1 B Bk iR
DUF =R A AR R
(1) 1B AR e gk M SR I SR SR — E R A —
FRANERS - B RSTERYERR T - AR/ MR DERRH AR AR R
YR R A RIS AR L - LR R 1 B B SO S SR 328 A S K
[68] - M7 ELAEBR R F L HE F(Deutsches Institut fiir Normung, DIN)ET/AMA
HIERHERERRE /7 DIN 55992-2 (1999) & F sl » HAFRLRIRIEMIE - #5EM
HAGTEHAAEAE - BB SAEEIERCEE S 30~100 g) » FIET
%‘ °
O TR | SRS EE EE RSO RIE T - BARE LA
Tl t— EARBEE —EE R EA R - 2
B B BARRISRAG A B 53 BRI IR - RIFR IO SR R B (B 4D
EREGERER) B T IR & - TR/ B B S RO R B AR R R [69)  Hh vk
HIBRE — RSB REN - BB S - _RRABENER > NEXREEE
—ERTREE TS B R 5 B S T s M S I RS B R 1
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(3) hepEfee et © WIEl 16 FoR - A SIS S HusHAE e e e IR R ER
B BRI - 2R SR fEiE i TR E R AT ~ BT RfE
AAREE o RENRIE SRR T %% - /M R E e KA Ry E ok
@ EH([70,71] - Bh 5 BRI ESRERT SRR AR F AN &
REHFHERIPIEL65] o Ih75 2 AT BRMAZ#E (25 B & (Buropean Committee for
Standardization, CEN)#1 DIN 7£ 2006 283 [RIRFEHE e st Batia Btz
FE[72-74] -

\ a
h / /b
Inlet —0p
d

: 3
¢ / LG ¢ [ S — o .
LN,
[ {

16 HEisipeeR B e B S B [70] © a © HESSEABEHT o b BRARSEE > ¢
BT RS RIEIEr - 4 BAE > o : RhRER BRS¢ ¢ (B
ﬁ{] °

Petavratzi S AL T _EISAABIAGR 7) - SEIEIIERRAB R
SR TR TR SRR - IR S ~ AR (AN B (mixing, granulation,
coating) * SRBFUHZER K HE (pneumatic drying, conveying) UK AP {4 537+
(mechanical conveying-elevating)Z[75] o FitLA Petavratzi 3 feidifE e sl B b ERS
BRI AR R LR RS TR B E BB U5k ([75] - Mark S5 AF11 Schneider and
Jensen JRPR|_E st F SIS0 L 5 iRIR SR SR HER DR B R 14 76,77] -
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® 7 =TGR R S TS SRR PR A M LR (75]

s freis e Fuag bR
%= 7 2EN *=
(impact (rolling (fluidized
tests) drum) - bed)
BEEER
(dustiness ranking) v v v
e , J .
(effectiveness of dedusting) )
R ) , ,
(effects of attrition) ) )

BEEL Z TRNERERF

BRI | , J
(screening-classification) ) )

BE - Mkl - B

(mixing, granulation, X v !
coating)

REFRZ R R R

(pneumatic drying, X v v
conveying)

S R J , .
(loading-unloading) ) )
R a7

(mechanical ! v !
conveying-elevating)

B4 ,

(bagging) ) ' Y
SRR v v J
(vehicle movement)

(losses from stockpiles)

V FRHEANEE  FOREAMAME - | FREAMRT -

SE4ESK » CEN EN15051 #4357 RASfEuE S RaHIEA vk » H— S heiiaish
M - ERA B R R R B B B L AR - B S A Rk
(continuous drop) » B2 FIACHELEK HEHEAL DK} (loading-unloading) EAE 5 (bagging)
AR EETAT2] - EERE R AR B — v » F SR PR
B S D A R R R T I3 A — s b BT T
SRHEEE P OIS S5 6~10 g > BEEE A —BHIVEE FA Rt ol
£ 0.05 m/s » KEEHEBRIER HRIRT oM - 12 E R R -
A DR N R AR A SR TIRE S » AR PO
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PR EEET - SRR E R ) 2 S S B E RRh SOEEE - BREE TR
FEABRERZR T - IR IR SRR BRI ISR E BB HEVE T & - ST SRS
HUEEEERF 4 =5 2R (dustiness mass fraction) °

=) %@%ﬁ?ﬁﬁ(dustiness index)

R IBERUP B R - FIFE VR - EHER - BT ENISK
SEBRAHIR BEER ARG AV - BFRE AR - BRI EBOLE BRI A R
WU R AR S E R ORI AET AR B - EN 15051 feidifestbamik
IR B AT R 2 A PO M T R B B TR Ol - BRI BRI B AT IR A
TE ~ Rfee AR PR M =R - (IR SRHIEM B2 FL AR BRI 72] -
15 22 B B L SE %47 4 #H #% (American Conference of Governmental Industrial
Hygienists, ACGIH, 1997) - PR i #E fH %% (International organization for
standardization, ISO, 1983) k& CEN (1992)1 ¥ T{EE AT EE IR H It = k) BEHR
BRAUAIHE[22] - WEFE T HL=FEADEE o S HE ATHERIRE & SR BE TR A AT 0
AR EE(inhalable particulate mass, IPM) » ZEEHRASHRGEHE A X RE & T
TR E IR ) S thoracic particulate mass, TPM) - S BI58 M 5 UG 1R TR
FS AR MR EE (respirable particulate mass, RPM) » Lyons and Mark H&H:(si i %
FLYESREE AR F A3 e A S R R th R AT R 2R B IRIR 23S —RINES S FLINAR
SOOI I BRI A3 T M MR B R TR - B\ BRI SR A S AR S S b
HIREIEL > ERIEEAU P 25 FLUARSURS (ORI RS2 25 SRR 2R I S B3 [ 70] -

Lyons 1 Mark FI| AN [F] SR AR AR fedd Pepg EISE O R iR IR e
B > FEEGON B S 1 B R B SR SR B ] O A PR R BB RSB SR
FHARTT S SRR ES 30 ppi YAREY B PR SHB ROR Bl A BEA R R 2R B SR T A
R REEERSRENERRKIR 9 um » A 90 ppi Moy B IR GHE SR AT
PR PR BER G EE R MR AT & 170] - F A e Bt Sl & 18k
HERI BRI » DARTR AR BE ~ M@ BER ] R MR BE G B B 5 SR %
Nmghkg) » AIFRER TR REREIT SV EFAIMEE » WARER EN 15051 $2
HHIEESHRIEE - 2K 8 Fon » RHRAHB BRI R K (very low) »
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{EZF(ow) ~ H1¥(moderate)F & (high) MU {EH EEEAK[72] - & 9 Sl H (barium
sulphate) ~ fjk(coal dust) ~ ¥FE#(talc) ~ 3855 (flour) ~ — 45k $k(titanium dioxide)
MaEIK (quartz floun)% 14 ARG EEE =M ETHE &5 REEESR
[65] -

2% 8 FIURAPERIEE - i b BEA A WPR MR B B BE AR RS [72] -

HR ATER R iy vy A TREIR 1Ry R
R (inhalable (thoracic (respirable
dustiness mass dustiness mass dustiness mass
fraction) fraction) fraction)
(mg/kg) (mg/kg) (mg/kg)
(‘Eﬁi) <200 <40 <10
({5)%) 200 to 1000 40 to 200 10 to 50
(mj;ite) > 1000 to 5000 > 200 to 1000 > 50 to 250
(ﬁi > 5000 > 1000 >250
x9 VBT EMEAE =B ETRE R REGREER [65] -
AT AR R Rz EE R PIR 1Ay
Yo (inhalable (thoracic (respirable
dustiness mass dustiness mass dustiness mass
fraction) fraction fraction)
(mg/kg) (mg/kg) (mg/kg)
ik 1620 (M) 720 (M) 240 (M)
BEIK 16340 (H) 4020 (H) 615 (H)
W 340 (L) 210 (M) 78 (M)
A 5600 (H) 1300 (H) 120 (M)
24 2630 (M) 1010 (H) 212 (M)
ks 310 (L) 4 (VL) 3 (VL)
=8 3717 (M) 1710 (H) 390 (H)
5y 621 (L) 147 (L) 12 (L)
BARL/NER 55 (VL) 11 (VL) 4 (VL)
[y 19645 (H) 2073 (H) 103 (M)
— Sk 1280 (M) 112 (L) 8 (VL)
el sk Y S 5055 (H) 1224 (H) 229 (M)
ATy A 3222 (M) 1417 (H) 436 (H)
A5 B 100 (VL) 53 (L) 17 (L)
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NOTE H = High, M = Moderate, L = Low, VL = Very low.

2 KRR TR

Ibaseta< A Fl|FH B FH¥& BEHY 77 1T — SLER(TIO) LUK — Sy (Si0)F=
K ie BRI IE - HE B R e E AR SR R RYERR
B —IREEE e i ABIEEae Rt B D =0 T B A R B =E
BA R AEED) SRR RSB LAY (L8 ZE - WARAIE SRR
7] = BB E IR B B IR - ERENE AN EE TEHER160 cmlk
SIOZKM R R BRI TR B H IR B = AR/ MR 100 nm AR » e RfEHIERAESE
— P EHERYR RENE R 38 nm ~ EREEER 18 nm - T TiOFAK HEE
4 HREHREHRIRD - RERIRES /B HEAMN RBER .22
um~ BB ENE E R E50.66 um - IR E F 80085 (Scanning Electron Microscope,
SEM)EZ2 IR TIO MR FISRESINEBUR R E » TSIO 2IRBFRRHISRENE -
FH L AT A RS RR R A IR B 5 5% ik 78] -

Maynard % AT B 5 = LUK LIRS E S Kgdk(Laser ablation) &R —
& {L Bk 1% (high-pressure carbon monoxide, HiPCO)EE 4 Ky #lifb B BE L3 K IR
(single-walled carbon nanotube, SWCNT)#ETEEGREHHIE - FEEZEHNEH
o FIFTRES L RAY B - RS B BESORIRAE B LB TRAE RIS BE M35 (Vortex
shaker, Vortex genie, Cole Parmer, Vernon Hills, IL)Z 5% » Wi e B AEZIR
ZeR A LR IR - EEEISAIE B IR - T ERME R B IR
R EERY  —REEEE RFHTER DK ERR IS BB -
RS £ I E R U R A U T SRR AR B EIR B R U N s E SR
TEANBRBAEFERRETHEE R - BEARIAIL0E 17 5% B 18FR -
17248 FH R S RIEh ek PR EE A RIS WONTZRGAER - BN HASREREE - FTLAE
v e EERF A O E TP IDA T 8/ NBR - USRI i F » LR RN E
BRI SWCNTIERARS 73 #87H — B ZOKIMAL( < 100 nm)iZ HERL - B2 1R ENE
KPR - B8 2 SR — S LB T E A RISWONT R (G ES - HEER
Aok A DA B S WONT & FE 2 Hr i 5 FEE o 3@ HITTTT R CH BE 20 U AR B2 100 nm A
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ERIRAL - BAEISDEZ FIREIRE - RS FSREASB— S s EERN
SWOCNTH ER 5 Il Bl 2 A= HISWONTER 5 R SR B8R - £ TAE BT IR
SWCNTESHITTER R - ROOKAK R & SWCNTZ [ FIfis@ 0 » ESWCNT
FRIMRAETED.7~53 g/m’ & [E] » {EL/R{58 Pl B 2o B B VS B W B R R e B 2kl
Z B EREIEHN79] -

Maynard<§ A FI| FH 5@ BB & B4 Hl{#(aerosol particle mass monitor, APM) K, %¢
%ﬂ%%@ﬁ%ﬁﬁ%(transmission electron microscope, TEM)i#E— 3§30 » A& 45T

» SWCNTAE e BB E2n R BUHHAE100 nmBEVKE R FAYSREMNI LR B IR EE
Eﬁb’éhﬁi@lﬂlw (2)) » {E5—H#ESWCNTFE150 nmEEIKE L FHISREERRI X L
IR FREL A H BHNEORBRE RIZRK 3R (nanoropes) B - (AEI 19 (b)) 5 30 nmEEIKE
BRI AL S B BRERIZ AR B E79] -

Curve Fits: SMPS: Smoothed Data.  APS: Logaormal

60 S—— L e ST
[ | Time APS SMPS
50 S5min — ——
o 10 min --s-- oo
3 40 - (1Smin_ e e
,§ i
ﬁ -
20 | 4
10 F
0 ..‘»..»- "-’ .’ e — ,“.,::' A PRI .. .+ *
0.01 0.1 1 10

Diameter / nm

17 LAThels 5 daas o iR BE ORI E B R R R [79] -
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1 L | T T LN B B N 2
560 -4 e No Agitation -
------- 18% Agitation
s ) 480 —-=--36% Agitation |
EE —— - 64% Agitati
.s. ; 400 L 64% Agitation i
25 91% Agitation
5'5 10 b -
Eg
o0
£3 M0 .
23
£5
£2 160 |\ -
2
AJd
80 .
\ .
Ti mgj.‘-".:.:::-}el PP . PN N P
0.01 0.1 1 10

Diameter / pm

[E18 DIeiEE et i B BRI E SRR R B (79] -

TiK: 0° AN il 20°

N -
N S fi o
s Gt S Ak
N o . 3
X e : G
Y . T LT a
S i E
i i 5
R T A ol - f
il — ‘

[&19 FFHTEMEZEREZSWCNTE80] > (BRI LIIEE R BE BRI 5 (b)

LA RIEFRRR BRI RORER

IsamuS At F MaynardB e i858 i 3 e BE — S AL RRER BE 4 IS WCNTER
TiOFAMEETTREEF RS - HREREUR - SWONTHITIOFKI HEAT R
AR A EE B TR BT SRR ISR BIBOKEE - BEREE IR R (EET
HAERTE RBCKBIOKETRIAR » A5 /MR 100 nmBYZK SRR RS » (ERT LASEE,
WEHIZRARER R R BT % - M H BRI R BRI IHER(40~80 %ol A R BAE
F)LURA FI RS IFRE(0.25~1.0 em®)F » Sk B ¥ O B I a0
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_EF SRR E B TIOZ A B s HE ok B8 B Y P (W em gy R o
WIE B IS - IS WONTH &SR AR @ i E st Ee st » 8
HARRI B B YR AR B BE S MR A 81] -

MarkE A\l F CENFARHE e feeAe S BRI EE LR 45 18 » $1TIO, ~ CeOLIR SR
KRR (Carbon nanofibers) =B AN BEAYIG BERF MEETTIISE - HERSEH 4
rpm » HEEHEARSS om’ o ERBIEVIARIEHYINCeO) » AIREIL k) EEY
BRI - /NR200 noffhzry 8 B IREEFISR IS B T  TIOfkgd
FRBRABHER R 2B - CeOfth 2 Sk » BEIBERSEC0 » H
REFRAMGEHE - TIO /] » RIEL TR R 8 - SEEUEARET - SREEF A SR
ERES T pmA/NBIORL » /MR 100 nm L I ZK BRI IR A (76] -

EA EZAR AR B M BT ST B R SR BB R B e L — RS
R MERHRS - (BTRER KD EERCN T - SRR RR &
HURGHE © A BRERLH MR 100 nm L FEISKSRIGRD - b B 1B 2 &
I B Z oM o (30 FH A BRORE B IRR A R 2 DARIIRR BE GR35 55 3 » BIANSMPS -
FMPSLURAPS o EHJS EltiE SR asn g 18 B WIE i As - B— {60 ek
BE KDL BB AR R (O MEEEY BEF B
K)o L EELESHER o EANE 25 #9580 2 R 5 830K (counting
efficiency/GFTZR - ERBESHBREHERE - FIUNAPSHREF RIS E
IRBEERIRIRE - £ TS B RIRE - TR AE BRI S RE I AR B S Ar E R - B
BFEIMOUDI(0.56 um~18 wm)HEfTRE - IEEBIHIRN AT EES TR AT
DIEE= SR B R~ ~ TR SR SER IR RS - i i B =B I R 28 B R b
Bre HLAEHENE: -

AT B D D S E R R I e B SRR TR 5T S ARG e
TR 25 R AR Y e e S B s - (R DR S S B i H e 1S Bk
R RS AE AT R A PR I I A B8 DA B PV R B = AR R B B
AE > WAGESIETET100 nm U HIZKBIRLEI T - BRI — 2 ST heisie
SR BRI - WIEI20ATR © IFORRIRAR & PR B IR — P SRR RS - SRIL I
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BB RS HTHESMPS + APSHIMOUDIE RISk RS T s 15347
EHI[82] < WERAID A Z SRS BB S LSO - R sk
FifE@Degussa/ A FIAT A » BUBEESAEROXIDE® TiO, P 25 » 447 iaki 21
nm > BIEESFES0.13 glem’ ; SIS S BRI /) F)(Sun Beam)FTHYE » &

B AREEEN » FIIERRFS250-300 nm %@%F*ﬂaeﬁgﬁﬁﬁﬂﬂﬁo 60 g/em’
£i5.61 g/cm

APS 3321

. A .
Take off back up filter | i e g :

[}
Rotating drum =.
.

SMPS 3788

[&] 20 S ERAKIBEERIE i BER IR B -

{EH IR e R Y B BB A SR AR 10 ~ 38 11 AR « TiO, M MREIRE - 7]
R AR EEFT(GHYE & 5% 6713 + 546 me/kg » BEEERBEE © MIEEK BEFTS
HYEBSIAELBIR 576 = 37 mg/kg » BHEFRFBPE © FIRREHER 15 £ 2
mg/kg » HEEER K - ] ZnO FRM AR R E =N R B P FHEE &S5
SRABIE 142220 - 7246 ~ 11 + 0.3 mgkg » BESHSSHIES - ESLIK
K5 - LLIRRITER B R BURE 72 TR ARG RE B B - TiO, WY&k LE ZnO
HAEEATRZ » {EAE I PR MR BE A S B A3 SR AR o 7 v W08 PR B S i
(4pm LLT) TiO; K ZnO FABRLEEE B KA SR E Aif0E 21-F 24 FoR -
B AL BEIMRTIIAR 100 nm LA _E © 100 nm LU TiO; & ZnO Z5Kath:
REERD - HRER - T2 TiOy B Zn0 KBS B TR LIRS REHIR
PRSI RS » 100 nm DUTFRISKBIRIE B 188 KB SRR -
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%% 10 TiO, FoAKM B R R E B R

AR A Mol B R TR A e B
KB TALL BRG] KB BB
%1 (mg/kg-min) (mg/kg-min) (mg/kg-min)

(EEip R, SF RN B

& 11 ZnO FARM SRR EBRAR

TR TR R HafE i B AT AP PER S
HE =L = h-iwavitiam | HE & AREEE
%l (mg/kg-min) (mg/kg-min) (mg/kg-min)

11+0.3 72+ 6 142 £ 20
(BSFHEEER BFHEEFR HEFHEEER

ETETTIY BT TUTIT BT BATSrwerIm

FETTT BRI B IR T S T 600

g

1 | T ° - 1 | o, -
s LZmin] oo O swps | soo |5min O smps |
098 + APS | ] + APS [
3& Fitted curve -“- |« aaaa- Fitted curve
----- S 400 & (lognormal) |-

(lognormal)

;"

g
]

dN/dlog(Dp), #/cm
g
1
qu
K
T
dN/dlog(Dp), #cm
g
]
2>
R
T

- 8
|l
;o
1
s &
| 1
F“

¥ T

10 100 1000 10000 100000 10 100 1000 10000 100000
Diameter, nm Diameter, nm
(a) (b)
600 1 ul L 600 t ul 1
4| Tio, - 1| Tio, i
500 o 15 mi O SMPS - 500-] |30 min O SMPS -
+ Ars i + APs i
" 1 mmaaa Fitted curve - . Fitted curve
E 400 - (tognormal) |- E 400 — (lognormal) |~
E b = .
= =
& 300 % L & 300 =
[~ [
) - - 2 4 4
3 > 3
% 200 — i = % 200 — <O -
J P L 4 L
100 - -~ 100 —
4 L 4 L
0 = 0 -{%-
10 100 1000 10000 100000 10 100 1000 10000 100000
Diameter, nm Diameter, nm

© (d)
[&21 FIFER AR EERASHEE T » TiIOA RSN ERF IR B B B IR S AR -
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300 FETEETTT B ETE eI RS w eI | 300 FEERETIT B Ll
“+
- O smps 4+ . O smps
E 200 —4— APS e - E 2 - A.PS ++ -
= 1 ____ Fittedcurve T ° -3 Fitted curve | »
a (lognormal) . + ) (lognormal) + *
[ + a1 1'- . -
= : I
=] =]
s ' S 4 f
5 I % + +
+

100 1000

1000 10000 100000 10000
Diameter, nm Diameter, nm -
() (b)
300 TR BTt TS w T | EEUTTIT B AT URTTT BT W T ST Uy
0] [ !
g <& SMPS o 1 O SMPS g
E w0 —F APS i L E 200 —+ APS L
S | -a--- Fitted curve £ F- 3 R Fitted curve
" {lognormal) "4 r é (lognormal) d
8 150 +° 2 1501 + o
g +? L ¥ ® +* |
z R+ + > +4
Z 100 — - Z 100 - ¢ -
A R 4 + s o + 4
7 3 4 +
@ + ¢
50 - 50 ~
+
L 4 o
01 - 0 -

100 1000 10000 100000

Diameter, nm

(d)

:

1000 10000

Diameter, nm

(©)

10, 100

22 F] R PR BERSHEE F  ZnO Ry e R RERY R B Rl -

2000 4—rrnd 0 e end 0 el .......r_

MOUDI
SMPS, p,=0.13 g/cm’

€& APS,p,0.13 g/em?
-, 1500 — . L
g  |____. Fitted curve,
= p,=0.02 g/em’ =
3. h -~
b A
=4 ]
N ]
=9 '
a '
] ]
2 [}
= '
E ]
]
° ]
!
'
[}

100000

10000

1000
Diameter, nm

[&23 AIRPR MR BERASHEE T > TiOZKIMRITEI 0 SRR T H R
Zagisl= I

10 100
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4500 b——viwnnl o el 0 eied 0 i
MOUDI
001 4 smps,p=06gem  f
3500 — @& APS, pp=0.6 glem? ;, ‘I
Fitted curve, ‘
3000 p,=0.41 glem’ p!
J i

,
2000 — 4
] *

]

¢
:
4

dM/dlogDp, 10%ug/cm?

10 100 1000 10000 100000
Diameter, nm

[E24 W] PR EERASEEE T - ZnOMIAE3 0 S PRI 9 E BIRE S
o

B FEBRIOKMR R B R

falt

FRORBORL 22 8 B W B IRAR R

B HE 7 (British Standards Institution, BSDEHH H i HE _E 3 FMZE
KIBHL R B Bl SR ARas il » M LU ES BB B AL E B SR IRER » 325
RS - EERERIR  BERER BRI R REOREE R AES A
[11] - HAERERESARD AT 73 B ME A SRR SR AR B E B SS  E A SRR SRS

H it 5 S BRI OR B (A A BRERES - T E BRRER SR ER S B i X Bt A2k
WERZADIRIAI R IR AR S 2 RE BT IR R RS - RE R BRIk pih B BB (558
BHEARTTH BB E RIS (TEOM, Tapered Element Oscillating Microbalance)&5 |
#r ° AR — SRR EE - BEHETRRE LR BRERE
HHZRtR - HAERES R AR IR (beta gauge) R AT FIFAZR IR IR R & BIIRS B
B ZRORBIORE B B 1= B (R it A =0 BE B R AR 43 T 8 (SMPS, - Scanning
Mobility Particle Sizer) ~ {J3REREEE R IE 3 H7{E(FMPS, Fast Mobility Particle
Sizer) ~ SLEFATREETE S 0RIsT 85 (OPC, Optical microscopes) A& (LPC, Laser
particle counters) » Hrt OPC HyFARERIFTHALAHA 100-300 nm Z R - 4 F
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PREEHIEROREERE - i1 LPC FUERI N ERAIA LUEZE 70nm ; SRR ETE S AR
B FKEEEE 2R (ELPL, Electrical Low Pressure Impactor) A Z5 4 Aok 3 ik
S HTEE(NSAM, Nanoparticle Surface Area Monitor) @ Hrf ELPI fr & HIEIR R HEE
IRE TS E IR - tiiA ELPI 82 SMPS #7] DSBS 8 B ISR -
H ELPL(EA#YZRENELM SMPS £ KAIE BRI ER - RILE§EREFLL
ELPI LUK SMPS METTHKIRIIRERIEDA] - RIRTLATERS BIFK AR 2 B R L
KRR R EIRF A B EORBIO HITEAR REK - BER R IR 2R AT (B fichz
IRERA AR SIS RE R - BEHURREES = - (224

REFAMRIRIEBE R U RIGIRRBR R SURFAN B —E S A
BRELRIGIRGRE  AEERE - 8 R IRE LUK ERIRE 2 B ReT LA
e -

BT HERENT R EESFTREERZIRIRREEE » A 2% Marjamiki
and Keskinen H S [F]4 #% B 8 N 150 8 (B w2 Rl B9 R (R [ X i A TE T Ak [
25[83] ° Fo | T AT G A A BRI SR R A R S R N B B R T
R (SMPS) ~ EELES A0 INEE 75 TR 5T 8428 (Diffusion batteries and Condensation
Particle Counter, CPC) ~ #1159 5) 7T R 742 25 (Multiple-Orifice Uniform Deposit
Impactor, MOUDI) ~ & F{EEREER Z3(ELP]) ~ fHHE=\E 85 (Scaning Electron
Microscope, SEM) £ 2¢ 3% X, B F BH #{ #% (Transmission Electron Microscope,
TEM) - Er1 SEM £ TEM FZEF DIBREIGIRIAI SV #E DL T MO ST E 1%
FREERTIGIL - PRk s E AT SRR B SR BB s O 18828 » TT 00 15 R U AR
#B (serial diffusion battery) a1 J5 = iEEL255H (parallel flow diffusion battery) » ZE&
B CPC FHIfEF - [HERIGRE B - SMPS SHIGkS EIBEST - B
B EIE 71 (Differential Mobility Analyzer, DMA)EZ CPC fHf £ H i # -
B (o BRI SRR BN BT B R AR [84) - TER AR X B2 ElEzpilit St S (g
low pressure impactor) BfHFLIS AT IAINEES » AILUREERRKRAIZES NG
RERMIBRAR T DU ERAERI (LB 4T - B RTEH B SRR IR S BT
{KRRTETER 2R(ELPI, Dekati Ltd., Finland) f 2 F L5 SIAEER 2R (MOUDI, MSP
Corporation, Minneapolis, MN) » & {H FRYHE E R L&
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25 AREIFMESSFTE AR R EE - SMPS%%E&%%E*E@%*E %
Diffusion batteries and CPC— I & 3% 48 /Il ¥ && S0k 51 828 » Laser particle
counters—E S iz E HES » Optical microscopes— 2 BENEE - MOUDI—#7L15
SYTREEE S - ELPI—E FRBE RS - SEM—RiNE F8mMes - TEM—%¢

(1). SRAKBERIATERER

H FPBERA R SOR BOR AT TR 85 - 20T 4385 LPI & MOUDI - A]LI&
HIERASERINE EIRE 73+ - HepLL MOUDI EH #5{5F - Chow and Watson f#§
B 1972 FE S GHHHDUSEESRBRINT LPI & MOUDI $3H i— A8 A5 12

FioR » HAfR MOUDI K nano-MOUDI #f, %5 LPI [84] -
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x 12 ZASHEERS N HBIIER [84] -

aJ
#
o N
fi7 ET‘

# ww B BEUME L SokmM
T ER L= e HaE EHRIR
(L/min) iz

B () e (nm)
B fy
P
2
10 or 30, 60,
LPI 30 13 <0.03-10 5 108, 170
BLPI 30 §  0.034-113 4 34, 16656 94,
10 or 30, 60,
ELPI 30 13 0.007-10 4 108, 170
SDI 11 12 0.045-8.5 3 45, 90, 150
222 12 0.056-9.5 2 56, 130
20 12 0.06-11 2 60, 120
ALPI 24.2 11 0.11-11 1 110
24.5 13 0.01-10.85 3 10, 50, 120
10 or 56, 100,
MOUDI 30 10 0.056-18 3 180
10 or 10, 18, 32,
Nano-MOUDI 30 13 0.01-18 4 56

#R1F LPLIY - (RIRBIRIE(RIRHIEREE KR - BRI AT REFE TR L 22
FAMRHESSIES Y E R 2 & ([85)] - 1 MOUDI YRR fj [ LPI {REKI tL TR E
T EIREEY ) - BRI LR SR B RGN AR SRR b SR 22 N ibeh fariry
FETRE > TR T LR T AR L SEORE S5 - Hering %5 AR%ETT LPI F—REAOETIR
Wz B —EETRRERE - EiERREIIE 10 L/min R REEHIEIER
SRIES 0.05,0.075,0.11, 0.26,0.50, 1.0, 2.0, and 4.0 pm{86]- - Hillamo £ Kauppinen
@5 Fl DOP 40kt BLPI (Berner low pressure impactor)3fT3(RHIZX[87] « ALPI
(Andersen low pressure impactor)éd BLPT 5Ll - IS HEMEHIEEET » HLHERF
HIR%ET © ELPI S IEEE /Y 30~10 pm HyERES - HAMER B RIEANGE 26 FiR > E
Tr 75 G A5 (56] - ELPI A5G 7 RIBEFETEL 12 FERUETERSS - LUk
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AR RERY G\ BRI - BRI 12 REROE R SR KR R RIS S BBk » %
LA R T KRR A7 B R O F] DS AR A R TR -

| HRE T RPN BIRE - WIFESCERCREGE Ean(da)§ ELPI Fi&
HIZIRVE ARSI R R - FFETE TN T

1 1

AR s M
$rh N S BOKAOBE I, #/m ; 1 £ ELPI FHE BB, A © P SHREBRNS
EHEST 0 BFSEMETTEEOETY ; o SEEETAONER, 1.602E-19
C i Q BEEERIIRIEN R, msec -

7E P ELPI SHEBORIAORIAS A IS - 45 1 BERTIKHE B Ak ST ch s
WEBE( 4"+ EFR o B | PEROBINES © T de 5 -1 BECE | B L —H)
BT « TS § PO E I S B AT T =,
I @

oo B55 | BEROBIORIBLE IR, #/m’; 1 £ ELPI vhas i MR SR B, A
EWRINIEREE o keg/m’ ST BIFEE TR EREE ik
W B

m; = peﬂ”%diani 3)

£ Gulijk F ARV HFEHEE A ELPI BFORRHEETIRAROHI & 5 [ SRR AT HE R
HOBRRIRS » & R FR PRI B o SR R T MR AR TR E A AP A AT L B sl R R
TR b - EE ELPT SAIEISEERAMRI B B IREE LR TR 88 53 it S E 3R AT B
RN TEERE[88] - 5 T P LB MEERRATFE AL - MV/E(H A ELPI B BLE R (Dekati
Ltd., Finland)ﬁﬁﬁg'{#té(]‘E?EE‘J%%@}E&&(OiI-soaked sintered impactor stages) * H] L
#iefs ELPI 50 fEHIAIR B el & o ARHE A By s s A AR I R L A
KOVELGYRIANER 13 FE 27 Fom » E AR e i R AR < S R BB S AT HE
BRAR/N
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Sample %

Corona

s« | Flush pump and filter
charger ¢
1

HV and power source

Impactor [§

26 ELPT FYEIRIR Fr R ISR SRR EIEI[89] -

¥ 13 LB W fE AN [ B {7 ¥ i (Standard  configuration impactor, Sintered metal
impactors impactor) £ [ fERYEEUE K [88] °

Stage number Standard configuration impactor cut-off size/(nm)  Sintered metal impactors impactor cut-off sizeAnm)

Pre-impactor  10.3 x 10° 9.75 x 10°
1 679 x 10° 643 x 10°
2 4.03 x 10° 3.82 x 10°
3 249 x 10° 2.36 x 10°
4 1.63 x 10° 1.54 x 10°
5 1.01 x 10° 956
6 647 612
7 399 333
8 259 210
9 169 106

10 105 56.0

11 60 32.9

12 30 253
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27 WyFE AN [ fE7 B Ay (Standard  configuration impactor stage, left; oil-soaked
sintered impactor stage, right)#EFEIEF[88] °

28 £% MOUDI By B BXIE Fr B NER R &R R B - MOUDI 22— SR It
10 PEfETEEAS - ELRFOIOR - R R [ B 2 F FI AN R AR Oh B R E B 1 J 2k
LTS REIGRIERITEME IR » FRU S S R7E L ERvEmRiR b /N Bl g
B SR B T — PR LR R - FI A EERE B E RA NGB ERAELL
HUBSRI ST R - B L RSB RS W EH RO FLE iR K - EEHRE
30 L/min FUR{EIEMAT » ATRHRISMIN %S 18105632+ 1.8+ 1.0+ 0.56 ~
0.32~0.18 ~ 0.10 ~ 0.056 } <0.056 pum (after filter) «

Nano-MOUDI-II Impactor FJFHH K A& REEEE MOUDI H[H - HAMELNE
2.3.5 Fr > fERETLE 10 Limin BUER(EGRAE T ELL MOUDI £ 3 REEESRED
EERS 32, 18 LUK 10 nm BYETEEES - PRILAESIBE Ay &I BRI E R i
BETMA -

28 MOUDI W B BRI Fr K SRS R B &I [90] -
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M125

29 Nano-MOUDI-II Impactor B EERIEH[91] -

FE A PR R AR 558 MOUDI ISR 28 e BORRS » FAS B8 IR BB JT B
KFIES] RO AR R e E R RS  SETTE AR PRE LR AT,
BRI (I 2R AT 0 B DU R 720 T S e FT A S8 A B B B K B 2 (L R
4y Otani %5 N\ BHEF T —(BH5 FAAITE 30 FRmAgiRss  LIR Shsmtt {E S et
BEHEES 28 kPa -+ th—AREEEEIRIS/]N » AR RIZE K B BT s B TR
P o AP TRFRRE(25-100 L/min) AR ERR S ZOKHT » [RIRFTT
£ PMyo ~ PMys ~ PM, o A PMo, 2 ELE BEEREEISS] -
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PMI0

PM25

|

PM1.0

NAAAAA
99,009,

/ 5l
P 1

| L((g),,b JITI \ -

S e Inertial Filter

Back up Filter

30 Otani F AFTRRE THIZRBRL IR 88 AR (5 FI A S AA 1 Re i UE AR 85] -

EteTERAR AR S IR BRI SR - A5 60 FIANE 31 FRAY TEOM &3
YRR IR 3 1R A E ] DARNRF B IR KGO B R R - thReF IR By
PRRCEIT R IR LER AT (B B RTAES HRFOKR A RE D - ERREEE A
Y R ABET AT PR FROR IR B R o B B -
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| .Pn_

E .8
8
£
£

31 TEOM B4R B A ER RS B [92] -

(2). BNRFFORBRIR AR gl &

CPC(Condensation Particle Counter, $Z&FHRETEES)HE AR ERIR BB M
B HRERERESS - (HEEEEERAMBIRIRIR - CPC By F R R FI Wi
IR > TR R S B A TS RS RS B e b2
— ISR - SR FE N DU ERISS SRS MR E - BETH CPC RIRK
HRf AR AR - FEE SR AIET Ry CPC B FEZRME/kEy WCPC > H
JFEHANGE 32 FoR » — it CPC RS TERES 4~10 nm 2 [ » 20T UBREE ORI E T
$23(TSI 3007 CPO)RMEHITIRES 10 nm > [ 33 B4R AV k ST B S i i
WA BE RS R - TSI AKX Ultrafine CPC BEEITRRATLAE] 2.5 nm « —fi%
CPC Ei Ultrafine CPC F{EHEIERANE] 34 Fiow °
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TSI Modal 3785 Flow Schematic

33 FRAIZEEIRIET BRI [94]

1.2
100%
z T 20% ';{
§ 2 80% F /
2 o8 % e
- 8 "
O o6l § oo /
g & 50% Ogp =25 0m
£ w
€ 04 2 40%
3 g 30%
/
O o02p 3w
10% /
] L1t 1 o1 ittt 05 .
1 10 100 . ' " 100
Particle Diameter (nm) Panticie Size, nm

34 —fi CPC HYfEHIZR=R (A [E])EL Ultrafine CPC BY{HHIEER(ERE[95] -

SMPS £55& & DMA BMZEHMRIE T BRI ERES - FTDABNIRREIE SR BRI AL
&orfli > 55 E AR EEERET » (ER CEIRE TR DI T (H 2
T - B 35 i GMRI RN TR SMPS EIRIR A RiSE R EE - 7o
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A SMPS T8 DMA ZH » ZEHRIE Soiid—E M ErEgas25ER 500 nm DL ERY
PRRL > AI—{ERFE RIS E L T B IR T BN k8 0+ - DMA H Wit A &

— R R #80E » AT FZR &I 2-150 nm K Nano-DMA ZE| AR | — RS -
FIFAZRE#] 10-1000 nm #J Long-DMA - T BEfif iR %k = S HiHITMALEA DMA
1% AR ERE DMA AR BRI EIRNEE R — B - IR E T
HUOMEMER R - BB RERIATRIMONL » BT SO T T —/NER O Bl
2R > B EIR LR BB AROTIRL - B BRI A CPC ZRET RN
FIEE - fE OEBER AN TR E MR - IeE XS0 BRI CPC
BRI ELE - ATHER R OO E AL SMPS & BT - ALSRIZERHI LA
TR RRREF AT IS 1S A - RUZRTEE Al G 2 A L ORI AR AR - 1tk
4 » ELPI™MS S HIEEEAH 7 ~10 um BYERES » ERES T RIBEFETESREEER
a8 > BESBT R PSORIRIRI IS T TRIRF R R » AT LU ELPI™ EREEZIRIGUNL
TR ~ TFE -

35 fmtE =PRI E BN /AT SMPS [96] -

A BIFSMPS LICPCHE R SRz 5 B (58 A BB P RO 2 2R S I DU B9 T B
& QI 36FTRIIFMPS (i F e TR 5 Sk A T RIS
VHERRFER T ERRIETBES - AR T ORI AR 1 8 B P 7R AT
[ > BESIRO1SEI— SR RIS MR - FORIIEHEE /1 /R5.6~560 nm
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l————-—— S1e10Wan0e|3 _—‘

v okl

Exhaust -e—

36 BB Ak BB RS FMPS [97] -

(). FABRRE IR ‘

F AT SRR B B BB SRR I ZOR ORI AR ~ R A R RT3 A it
ERFIS S BB R A B - TR R AR 2 O W S B B B A S P ) 2 T A
IREL - B RTRESTA BB B DR R R R #2887 TSI ARIFTAEENZS
bR ETE A7 ONSAM, nanoparticle surface area monitor , TSI model 3550)L4
& Ecochem /AT T4 ERIRBEEES7EDC 2000 CE Diffusion Charger
Sensor) » NSAM HYSHE LUK AERE EIANME 37 Frs » HIRESAE NSAM
AR FBERGREE AR IR 1 SR DA ROBRNT - BER B ARIZRMAIS S8 »
I BE AT o3 B SR B (o T BB AR AR DR R B B B IR T e BRI B %S
PERIRYRTEE - FOKGR RS T EE AR R B MG (B4
RN - SRS AR B SRR R -

FESIT NSAM FfSEIRY BRI B NSAM A & IBIH 3 S ERE R IR ki
REFURE @ MEVEEREE R Mk R EEEE -
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2.5 Umin
'y

1.0 Lmin
for: Jet Flow

—

1.5 L/min Agrosol Flow

\ |

i mm ! ? ; ;’ - ' M
J St s b s ’M AR mpnin *1 Posi
¢ ”‘3 § sitivaty

{ : L — i : charged
- CamEl - P
excess ons/ |3 Carbon
.J ,-J J —j i small particles |« OI @ Filter
J o ;..-: i ) . J__ .............................................. S @
. G e 25Umn i l

Positive HEPA

(e 5
Neods | El] ______ J)

~2.5KV (positive)

37 FRBR R R R ANRAI S DU B RS R (98] -

DC 2000 CE Diffusion Charger Sensor FJ# 1 BE A E S B 20[E] 38 Ak » 3%
R Se LIERTT ERY 7 SRR HT 3 BB B BN SR AR _ LR
FI AR EHERE A ER.

Cherging Unit Measuring Cell

s A 1| L L
== ]

[‘,a EcoChem . RF
™ 2000 CE & fon tp, <7
Hgh  Grid Ch fier/
vorg;;e vohage E@h :lr(?:n:mgxlere

[E 38 DC 2000 CE Diffusion Charger Sensor HJ# EREENEAESE [99] -

@ EAREEH

(B AZABRIRI R BERIRRR T 2R ERARSRZAL FER TR S AT & EE A A
E iR RO - RITTRZ B SR A BRIRERR - R0 B i E6E & AR A

Fl
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{8 A\ EREEs AT AR HE A RIS BR LR - BRREEAE TOESATRE TiO, Mfk:
(< 4 pm)RIfE AAFHERER T A2 A 4-pm EER BB IS AYfE A ER (20 10-mm [
HEHER\ER) K I IR ARNIOSH Method 0600) - {EZEAEHERKL /7 T i AR HERIIRAR
77 © BUE TiO, B8R REL {ERFFIFIA TEM #BERRE &S X s
(EDXA, energy dispersive X-ray analyzer) » HZ2IEHVRAFHIBNL - FORBIKIHY
EEBIRTINLAHERG © S3—E AR ey Ti & 88077 ERRIEMES N ELRICP,
induced coupled plasma, NIOSH 7300) » {H2& HEEHE(L AR TiO, PSR » Mk
SHTEEERAK TiO; HYRE - BRTEN TIESHTE NSRBI REETE - S
MOUDI - LPIL.. & a3 HR B E BRI FHE R T A\ BRI T B A= e (G,
EAGFKYRIHIREEE - A Misra EAHRSFARERSELYEERE
@JDt@Am??ﬁiﬁﬁ@?Z%ﬁﬁﬁﬂm%ﬁﬁ » R P E B R AT 2 S BB
ARACKRAE AR BE BN GE[100] -

BT EEFE TIEAREFEBFR R EATRBRRE R ARER
2007 £ERRET T — (B =FEEAGOKGIRLRIESS - 20 39 Fim - RS ISR — P
£ IOSH feSERES: @ DA BRI AR » 55 PR AZCRIETR 10 mm £y
PCTE % » EATR NS —ERR 1 mm FOIHENE DU 4 RaRay e s R s
LAGTHEZRATIRL - 55 = RE R IR AR R BRI SR SRR L -

[ FAFLBARS 20 um () PCTE SESE/TEBAA BB MRS 5.3 Limin - 15
TS 112.47 m/sec FF(RIEES 110£10 cm Hy0) » ¥BHAKRIRA /NS 101.05 nm B5T
HISERR BV 1E 49.02+7.33 %2 » 411ME 40 Ffoms » B 100 nm ZRENE LR
B - FEILE R FAOZ AR R it R R BEIBNY B AR SSAE
A AR AN -
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iy
| ﬂ :
|
: Stage 3 :
l Outlet filter :
I—[—_—_— e ey —
| |
! Stage2 |,
l PCTE membrane :
NZ|7Z
e :
7 (=] <= Aerosol Inlet
/-
A /7|

e s

Stage 1
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[ 39 2007 FF B HROZE KPR B ) iR -

100 F Il [l llll' I 1 L L 01t
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X
> < R
Q
S
5 807 ~
=
[17] I L
| ==
2 40— =
(]
8 | I
©
(]
20— -
0
10 . 100 1000

Particle Diameter, nm

40 PCTE JMEFLIRIE IR 20 pm HUIRERERAE 5.3 L/min NHMEREEHH
B 0 BUENETESS 104 nm -

(5). FAKBIRLITIT 5

BRT SRR ~ IR AR R ETE 4% - REMLER R B ZR L
HARRRERATE AR B TR[101] - FESTEoRBMRE L2 RS R —TE
EER T - HRTEHE AASRRIOR 5  BEOEESTAE © ()T
TSRS X-ray BOLER(XRF, X-ray Fluorescence) » HF7EH X-Gf#¥%(PIXE,
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Proton Induced X-ray Emission) » Z258 P 15 {5 (INAA, Instrumental Neutron
Activation Analysis) » JR-FBIKEEEE(AAS, Atomic Absorption Spectrometry) » J&%
FEFR & T R T U Yt 52 (ICP/IES, Inductively-coupled Plasma with Atomic
Emission Spectroscopy) and &FEHES B E L E(CP/MS, Inductively-coupled
Plasma with Mass Spectrometry); (iii) IC(Ion Chromatograph)’%ﬁ?—@*ﬁﬁ%ﬁ}#ﬁ%ﬁ%
Y7 (v)in#h/ k2 Thermal/Optical method) 43 #7745 HHR (OC, Organic
Carbon) 52 JTFHK(EC, Elemental Carbon)iy /5% « KRB PR RHIE—H 5>
BRI VAT ZEEY(SE, Solvent Extraction)8¢ZfRHF(TD, Thermal Desorption)fjil_t
SN EHTE 28 (GC/MS, Gas Chromatography with MS) o

{2/ SEM 2 TEM AJLISATHE — KRB - K/NREREEFRE -
22 [ RF AR R 2R 4 VT FI A SEM B TEM #EECRER S EIEE X bR
{&(EDXA)[84] » SRTMFEME A EDXA DRI ER 5 43 Rp M AR/ VY 1 pm
BB - BESA EIATEL R AERRER BRI /N | nm SR STEM » ST EIHAIE
HIFS XL ER - RIS A EDXA RO/ MRS - i
FA TEM Fef FIRF G DR URY B TR AR T, B AR R LHUIRK - IR
IEREE R BR A SR A R - RILRIE2 R TR R L Re SRR RS

ERETH B T RE & 1E L 5L {# (EEPS, Electron Energy Loss Spectroscopy) @ {#iF3
EEPS AJLIZ3AfrH 2 nm DUTFAKBIHIE RS - B— R0 2
vk

(6). BIRFZRKBERISIHT 54k

B et FEEDLER T ERIZERE - 3T 15 E2RE FASS BSR4 Mok (22
AT HISRIBE 23 (AMS, Aerosol Mass Spectrometry)(ISO/TR 27628: 2007) » S8
E—EHNERTUS BUERE - HAERRAIIUYRMRIE » HRFAH
TOF(Time-of-Flight, FRITHFEDHYT A EHIBAAGEREPIEN HREHER » &
HREBHRHRFRIRI ORI B 5O U R H RS M 1 B (o PR B S i i 7
HHEERRY © EIFY AMS Al IR RE T IR G FEE o bR SR L7 > 75
HEREE/ NI A B RIRL T AMS - RIELEHERT AMS S8 5 4458 4347 100 nm
LA _EBIBSRL -
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BT AMS TEAREORMEEES - 28 TSI AT T BRI
B 325 (ATOFMS, Aerosol Time-of-Flight Mass Spectrometers)Eid 5@ FiR EE s
Fifii(AFLT, Aerodynamic Focusing Lens Technology) @ IR AMS RI{EHI TR

FEEZ 30 nm > A0 41 B -

Diode-Pumped Sokd
%Lﬁ:::sxrm\u s s
Split Flow
Turbo Mp%‘)—_%wl Ragon 102 Ron)
[ s ey
: ) ][I H" Region (~10° Tom)
Rcﬂe’cm le[ﬁbe 0, \ / \M‘:md\amel Plate
1on Detectors
Ulpaviokt Lasar (206 i) Soures Plaies
(Decomtionlonization Lasen .
[ 41 ATOFMS BRI RS REER R ER[102] -

E ARSI IR B BRI 2R LU E B TR AR B3 2 » AR & RIS oL
B AR Hkds - SR HARTERAERRE T - SRRSO ERR R B RIS E
e > FERIEHERUET (G SE TRIZORTINI R R ST IR SR FRAYSZ A - TOKTIIRIRL
o i R AR ER IR S TR BRI B E RS E S H IR R AT
HYBHERS & FREM FE L A TR DI % 58 B PRI thi2 2 T SRS
HEMBRIEZTIEE -
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A (EEBRRIORR R BRI

{FSRBRGEN TR 2% BR VR B 5 il RER 43 DUE B [ E A= A B E -
Kuhlbusch F{1 Fissan 2 = {&AN[Elfix R (Carbon black)z AN [E] TAEHFHIE A
RI1E <10 nm~500 nm Z B BHRLZ EREURE » FARBBVINA 500 nm REHER
ZRIRD » AT RS E i TAES AT HaF 2 <100 nm Z HBMTKIF
£ > FERr Be S E R R MR IIR R 2 380 103] - Mohlmann £$3% BGIA (f2E145 T
ZEFAERFEFNFER B LIRS FTRIZABMR R R M IR E AR - RS
IE LIRS - PVC R BVERIGE: LIRSS BT RIE RS IR
KRR  AIEWTFTRTE IR KGR B IR SRR 2% - BE Dekati TR
(I EEETHE 25 (ELPI » electrical low pressure impactor) - SMPS - S5 P /ETUR 3822104] -
Peters #1 Heitbrink &7E—{5%H5 (28 TRV T RARSE T 2 @I R RFH R
FEEDRAR Ml & - W SR E R R IR Al - A SRR R » HREAR
PR NZAES I A A K BRUZKPRRL » LA condensation particle counter 15 2 &
FERIR 1,000,000 p/ec [105] © h4% » D’ Arcy % AFEVSE TREHY 15 {8 TIEBFTHE
TR EE - REEKMEREZSEE > FRCESEE APSGREEZHIE
1) » SMPS » MOUDI - P-trak(TSI A5 » FLFRAN CPOE » IFEERFIHN
[F] B ARG EEAER M I ELERE (die cast)Z FRAKBURT(<100 nm) B AHBAL( <1 pm)Z $
ROBEE RS  RRTIESATR » ZRMKI(<100 nm)E EIREFE 0.02~0.1 mg/m’ -
TAEE &£ 0.08~1.1 mg/ m*(VMD=440~10,000 nm) ; YRR, Rt RISk
FERS 0.007~0.058 mg/m’ » ACRTELE A £ 9,000~380,000 1/cm® f5(NMD=42~160
nm) > FEEEEES 460~12,000pm? m*(SMD=130~490nm) [106] - EEEZ AR
SO IR L ERE R EETT PMo ~ PMa s BESOKBIRIAIR BEITE - I RS RIS K
PMo 82 PM, s BRSNS PM2s = 06> PM0 #1463, 100 nm LR 2Ok ok B s
A 7.76x10° #/em® 2 4.65x10% #/cm® » RIGYEEELE 1.78x10  #/em® o §855
PM £l PM, s HOREMRTNES PMas = 065x PMyo +63.71 , 100 nm [ RZS e ks i S8 S
A 2.31x10% #em® 2 2.96x10° #/em® » ZSHJPEEEE 9.21x10% #/em® - §55%

PM0 B PMo ) BRI E PMor =003 PM,o + 488 , 518 pM, B2 100nm DL FAYZS
Kok B BE R B — B TE R RIE[107] -

57



UTZE > Hsu 1 Chein F|RIEEEFEETT — S SK(TIO IS B B M E BN
RIHFEES - tHZERSRER - R ERAE T - SRR BRI TR
RIBHEER BN Z SR B BAEARM BER MR BRI FKIRHELE » #5255 nm
HIZSKBNTT S > RERTERIHHERES 22 #/cm’ « [E4) > FIA UV SRS BB
Z SRR BV ESRE - EEIIRR/INMA 200 nm FIFAKGRIBEER - Fit -
e R R B B B R T K BIRL BEIREE ki [108] © Lee A
R EETTRRIE SRR WIS N EE R RE N M= ARSI R 34
WFEREREUS - B SR LGS SRR - R RRR R EamIF B ER A B
BHETHIBRIH B RES 7.78x10° particles cm™ » #{AZSIPREES 181 nm - %%
ARHERERS 1.8 < X1 - FIF THCEEEER - [ERTIF RN B HENHE
HIBORT B B VA TS 1.48%10° particles cm™[24] -

FERBEBEEN A GRBEESEOBERFRNRRT » WiEE
5K~ WP BB S » L FR IR E R B B N TR B (M W)Y RA 1R KR AERE
1 o #E19984F » SEEINIOSHE M WA B 9 EF30.4 mg/m® » $IHISE
SUE R T P oo 2 EE B E S B 7 e 1 T LAY e R 2 R -
SR TS B 35 SR SR R 2R O & S A B PR il A (R B Ly
R 109-111] SEH RIS 8 A R FTE O R o S SER S Y
112,113 REEREAR[114] SRR ERE Pl R g EL
KA pmEBoks » (R ATRE R BE R RIS B2 SRk » TESF S HEMRAE
S R EEVERIFEESERE - AIEEEIRI115] - BURTE[116] - HHEE - (54
[117]% - FEE(FEERIR P @ 2 4/ NI | nmBIBIKT » FTLAZE T /RS T a2k i
W R BT B A H AT - DIRER TR A BT -

Peters %5 A7EH— 3 [ 41T RIS R FF EITES B 38 S 75 M AT
BORE T RCEAOEAMETY TR EAREAE - S RIS R - 3|
ORR-3 [P E RS - AT R RIS CPCUEE RSt
B(E2) - OPCOLERIKIEHES) « DOk B RMAERSDA DustTrak (GBS
FEEF) » Hrh CPC S EBIBRRAZHE 0.01~1pm KIBKE J4FE » OPC FEERIMAL
KIEHE 0.3~20um KO E J4FE - SLAISIH S AT (2004 4F 12 F) @ ERIITR - 1
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FPE IR E RIS E—EEFFNRIYREST B —REFERK(2005 4 3 B)HETT
Bl REERAEREZEBELARAERVHE B REHE BEEESMER
[105] »

WIFAE R  FER RIS [R5 (R BB E e RS LS
831000 #/cm’) » ¥ EFF B EMAS B F AR B BB R B API&rBIR - 3
UL TR AIAB AR B B Sk B M ML FE B (R0 14 FTSR) - SAMEEE R
{7 2 25 ) ATV B LB /0 R S 0 ) 15 20 e e 2 s AR AT S
T [ 42(A)~ (C)ZEIE 43(A)~ (C)ESHIMSBS  BHAIEEBAE 59~102 fE:Z R [B 42 (D)
52 [H 43(D) MRS EEEBIEENCES 192 M o 5 S ES PE R VAL B 4TS
SR ELHAR BB % — BEREIROR  FRLAERORI S B R S B R
ARG BERTHEAR B BRI 2 B0 o PGS SR TS0 » P RTIAE 48 SRR T A £ P O
PEROR A B P £ I B (YA S 0.180 meym®)» = BB R A S A B HES
REES KRNI TEEEIEN SIS R RS AT S R
TR - BT =R - E P O A A AR KR 1 BV T
KBRS SN TR B RS R R R A K BRI
W > FTAE B G F AT PR MO B B R R A HA S & - YEZe R RS L
Al & HATRS B LA B B R T S S0 B S R 451G ] - P R S E Ak 2
BB RS SR - ShAE B RHE B S -

BEA  ERTETR TR B RS S5 T 00 o B O A 55 I Y PR R g e o
B BB R R RS (R 2 BIES 290000 #/em’ F1 0.196 mg/m’)» 3 B [ K £5 53l
HRAI R R EIE A 4 R BRR R TN - 755 [ 5 [ E SR W AR SY
EEE AL RN 4.8 (% FEFFRSEE R ILEWERR SRy A
PG BAR » BRSO R E & A B T A Aok 8 B M T = 4k » RS
SRS INEES PR AR L R G AU S » (B 2 — T SIS TE O Aok 35
REELRNEREEZIURIE - SRt R Tae R R S S5 | 5.
ARG AT SRR R T SR BRI TRBIIE R EIRHE Frs R, -
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® 14 FREHIIRLIREE [105] -

Data set Number . Respirable‘ mass
concentration concentration
n GM (GSD) n GM (GSD)
particle ¢cm™? mgm™
Winter
Assembly 64 318000 (1.71) 64 0.015(2.06)
Block-head-rod 183 831000 (2.01) 178 0.036 (1.93)
Cam-crank 170 318000 (2.04) 150 0.180(2.39)
All 417 484000 (229) 392 0057 (3.37)
Spring
Assembly 19 143000 (141 19 0.022(1.87)
Block-head-rod 38 172000 (1.72) 38 0.056 (2.20)
Cam-crank 35 290000 (128) 35 0.196 (1.80)
All 92 202000 (1.65) 92 0074 (294)
(A) B8) &

GaniGrank

particle e
1,000,000

42 ZREFRIEE R MEIAEASES 10 BMEMSEE 2 5 (OFHKSEL 3 5 (D)
f&%6 [105] -
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(A) .« s - (B)

] Block-Head: 1 ... .=
] .Rod, | . OUDE AN

- N R - - * + ] -
4 Pt — 2
Assembly i / = s

(C) Coe (D) T e mg m3

4 +-0000

43 ZRIFARAMESREYE BIREE S MEI(AERES 1 B)HIgE 2 5 (OH
&% 3 (D)RIEES [105] -

ERZR 14 FOIE 44 TSR S ] S0 T S Fr o 4 8 T o
PRIy SR AN R S (R BIES 290000 #/em® 1 0.196 mg/m®)» FEE KL
R I B R TR A AR K BRI TS - 765 |- | B i A
R E B LLER KA/ 4.8 (% FEFRRSEE R ENERAINEIL S
PR ELFIEBAM - BRI e S e B RO 8 B e T - It - 7
SRR A SRS MRS S DAV E S R L » (B RS — R A G Bk
HEHBEEL KNSR EFRE - S8 RIS R THE R RS 6 (S5
B R B RSB R B RRHI SR BT SR I T A, -

. .
(A) ‘e e particle crm
RS -1,000,000
Block-Head: A
i -3« Rod - - 750,000
[ CamCrank "{ ~ " 7., !l
IENS 1 500,000
« s+ Ed It 250,000
+Agsembly £ {
L . B :_{é 0
(B) e mg m3
: ﬁ 0.500
T»o.zso
o L~ 0.000

44 HREFHGIREMGE - (ABERE © (B)FIRA MRS EIRE[105] -
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534} » Heitbrink £ A7E 2005 45 KR4 K X AL T RET ROk ISR 8] -
SEREHIERS T IR (PM, s AR SSAITIIPIR SRR S:) » BHEE %
T BT YRR R S A BRI A R B MBS T ER T I
I B B BB UGS SR 18] « ZE ORI IR RIAR A B _EF I ELPI(EEF
R TR 28 PR BB R =8 » ELPI Fob R I EE 0.07~10 um » BT
b5 L FE TR AR b SRR - (e YE MR R — R B IEREE - OPC
- A o S P A 3 T A P T LR R B T B b T i
HEFTLLE: - FHEARE OPC FTHE (ki B S Y R AR iRAE 2 AT B I B
8 » 15 15 FioR L ELABIFE R M Bk ] PM2.5 351155 0.6 F11 0.62

% 15 OPC Frif(EryE EIRE R ESENNERREZ LR [118] -

Statistic Respirable M2z
Geometric mean ratio 0.66 0.62
Geometric standard deviation 1.52 1.35
Number (n) 11 10
Upper 95% confidence 0.93 0.80

limit on geometric
mean ratio

Lower 95% confidence 047 048
limit on geometric
mean ratio

Probability of larger 0.51 0.81
deviation from normality
{Shapiro- Wilk)

QIR 45 FNR 16 AR AESSORLIRRE 53 B3R A8 B R AE i v I R TP
o B PR TE(84000 #/em’) » E B[R RIS A AN BRELRAE G I - £ KBg
E5 |S535 - HA R B AT Ot A 55 B 8 (750000 #/cm’) » - EEJF R
EAE AR R RINZAEH BR > (B B R il L I B R PRI
RA SERRIR PUB IR AV E B R & P 26 - (E R B T A AR (R -
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(B)Summer U D

FIGURE 1. Maps of mean, very fine particle number concentra-
tions during winter and summer. The letter codas on the summer
mapping refer to the locations described in Table V.

45 2005 4 H K KA KA S B IREE R (118] -

3+ 16 2005 FER KA REEEEBHBRIHSMFSEERE [118] -

Winter Summer
Geometric Mean Grouping Geometric Mean Grouping
Area of Plant (GSD) Particlesiem’ Code {GSD) Particles/em* Code
cc 3.0 x 10° (1.56) B 0.84 x 10° (1.95) A
BHR 75 x 10° (1.23) A 0.78 x 10° (2.16) A
Assembly 44 x 10129 B 0.29 x10° (1.92) A

A1 46 FIZE 17 FT » 45 RRIA A D o R Pk 25
BER RS (0 BIES 0.15 mg/m® Fi10.12 mg/m?®) » 2 B85 B 5 v SR A A R B TS
AR - I E YRR S T A M B L (8 B LR 5> B B AR A
SE B TR M s E TR P B Y P R R R B 48 L
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(A) Winter

Block-Head-
/an -Cragk/ Rod

D’ Assembly

(B) Summer B
c —0.25
B -
Al &Z/‘/o/ﬁ 9, 000
D- @ ° O/G

FIGURE 2. Mean maps of respirable aerosol concentrations
during winter and summer. The location codes in the summer
mapping are described in more detail in Table V.

46 2005 £ B K R &R AR HEpon a0 E SR ol [118] -

2% 17 2005 FE R F AR BRI PR AR R AT EERIRE [118] -

_Winter Summer
(reometric Mean Grouping (eometric Mean Grouping
Aren of Plant (GSD) mg/m* Code (GSD) mg/m? Code
cC 0.15(1.33) A 0.12(1.61) A
BHR 0.04 (1.13) B 0.05(1.12) B
Assembly 0.02 (1.66) C - 004 (1.07) B

2005 F£E K - {EEFIA CPC 1L LRk R TERYHLIE SRS B B BREE SR 6 T 7R
7 92 T TP T A B R R T B » LA S 7 T R R T ke 3
IR 54000 #em’  EMABEASRHEATE S SRR E BT h A B B IR S 88000
#lem® > RIS BRI 7o 38 A BE B ST OB B YR £S 2600000 #/em”® » HH L ETEIMR
BES S HAN B E IR BRI B ERA » SIMEE eSS IR TR
ELPT ERHlvK/k (2 45 b 2 B T AP EL b — R 0 b TR 3 » B SR A0
47(FE)FRAEVOKEE b T IR SRDRSERZ LA 70 nm U RGN 55 H AR EUS
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£ 7~23 nm Z 6] - TUFRIORRIER B IREERT R LI B B IR R — 4P SRt
=R R R BRI SR R T MR RS R & 2R
BHRATLASRANME 47CE)FRELREIRIIMR B B IR S T B REHE 30~40
nm ZH > SSHRESMEIRIR IR SR HT AR BLUK K b R A SRR AR 4341
TRABMEL - FHEL AT RORRS M AT GIORLZ R R PI T 22 -

10x 108 A. Number Distribution
1.4x10° -
ox 108 "E 1.2x108 ~a— F, upstream of chiller
" B O *©- F, downstream of chiller
Bxi @ 1.0x10° ~x: H, outside plant
'§ -#-bumer on-after chiller é
g 7% 1” g 8.0x10*
[T -8 bumer on before chiler “36.0010¢
£ osxe o) . .
g ﬁ amxitla
;i §x10° ;:2.0):10‘ . "
- <0 ok ‘
q 0.01 0.1 1 10
g W B. Mass Distribution
d o 007
w40 t
? 0.06 1 8
LS = 005 - o b
o I
o . P - E 0.04 N
001 o 1 < oo 5
diameter (um) G oo Ny oes
0.04 \ e
o ¥g*x
FIGURE 3. The number size distributions of aerosol produced 0 \*-a& Pl s
by the operation of the direct-fire gas heaters in the air handling 04 g t; B
unit. These measurements were made before and after the chiller tameter (um)
during the summer sampling session. The burners were operating gfk‘;ﬁ; & ssgz r:i;:g';‘;ﬁ?;'wag:srﬁ'aigtigﬂg r‘gmﬂ‘“ﬂ:’f
a only T% of capacny The air was nomina[ly operated at 100% the summer sampling session. The burners did not operate during
recirculation these particular measurements. The location code in the legend is
' described in Table V. The legend for Plots A and B are the same.

47 UROKER BT IFRISIRLIRAE © (ZERIRERBERE ()BRIBEERRAEA [118] -

Heitbrink BYBSE E SRR R RGO H 3 B2 AR IR A5 5 | AR5 [ 5
PRERERZURASRINEES T A RPIR GEohzY 2 B AR YR S i B A B E
BN TR AL s s [118] -
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5t - Fujitani F AFEEEIG LR BIBRRRIR - SRERE D REAES 4 -
T 28 IR B 5 W 70 AR ER B E T ARRTEL - S8 —RIEFE LIERREAREE 28
—RAETAERFBERES - TAERF BRI R B EANEEER - (R EE AR F IR <F - &
BITARI R B R BRI R [119] -

{EEFIH SMPS EI/NGL 294.3 nm LU T Z SRRz - OPC EHIKSL 300 nm
LA b2 SHOERI AR » FEFE T RIRFER A 2 PO B 5 S hors 85 U R B B AR A B S
SRANGE 48 ~ 8 49 AR » AIEERIE LRI = AR S — (AR R/ NEER S E B
BEEAEETRE » RI/INR 50 nm BB RHIFE 10° om™ 7245 - #RAIEEER » F4MY
HERERMCK

a
4.0x10% b
l l ® D, =10-50nm
& ° ® D =50-100 nm
§ 3.0n10% °
i 4 D, = 100-2000 nm
f4
3 ® 0,>2000 om
B 20010 o0 O
5 o
) (ol
ki] o 00P%00°
; 10% Qoe0, o °
g 1.0x10% %0000000%
o
009980 00g 00 ® o
0.0x10° .
15:00 15:30 16:00 16:30 17:00 17:30
Time

48 F—RERFEFET R E IR E R (R (- EABSHIE - b-Z/ BB HEE)
[119] -

3.0x10'0 °
_ l l - D, = 10-50 nm
L]
1 [ ]
g Dp = 50-100 nm
™
E 2.0x10'0 4 A Dp = 100-2000 nm
g e " D, >2000 nm
8
] L]
.g Sen
1.0x10'0 [ I
é A g N e e .
5 Sddasniiaasash asdhAdAAALL PRI
0.0x10° - ——2Rfslea
15:00 15:30 16:00 16:30 17:00 17:30
Time

49 F— KRR R ELRSTEIR B R(a- B NBAIAHIE » b-FEH BHIGHIE)
[119] -
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TAEIFERAYE NEL S S4B IR 3 B IR B RS TR B B A0 50 - & 51 F
R TEE B SRR R - KA/ 50 nm B E YRR BT R RS FR IR B A B
RNy L7 BRACERTEIREARE TAFERK @B T - Bafa{ g e s8
% BAS/INR 50 nm AR IR TGE BT - ERARMIRIAY RS TNR B AR AN LS
P BRI O % - BHEEEDRBIART - RIR/INGA 50 nm BRI S H SR B BAAS T -
FEORRIAY RS TRIR A Sos BT

c d e f gh i
40xlo4ﬂ l l l ll l © D, =10-50 nm
& ' ® D, =50-100 nm
=3 04 o
S 3.0 4 D, = 100-2000 nm
[o]
g = p 52000 nm
o P
3 1)
[ o]
2
2 ~
[
«Q
a
0.0x10°¢ .
10:00 11:00 12:00 13:00 14:00
Time

50 ERERIRIF IS R B H IR BRGR(c- BB R B MRIESE - d-BifRsE
45 0 - SELURETR » 1 P ZORERES - o-BAGTRRIIEE - h-BRIATIR - i-BAA
ZHMHIE) [119]

h
s d e f g i

1o v © p_=10-50 m
& ; ™ P
b . _
8 100012 . D, = 50-100 nm
g : ae A D, = 100-2000 nm
= ™
g 10001 . " D, >2000 nm
8 - hr .

k [ ] | ]

§ 1.0x10'0 st e
- 3 -
> :
o
(33
B
[
a

Time

51 BBIRIRERIG ISR BHERIRBERIGR [119]
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SRVSET ORI B

IR 5 B HIThRE H B2 R BGES EMYE - T RRRMEZBERK
RAMABEMEEEWER  BHE DR 8 R 3 (air-supplying) 1 1 & =
(air-purifying) » 5@ 5LAE B E RIFIHERCRE TR IR ZER © TRz
PR B3 AT R ) 7 B T e - R Eh DR 055 L 52 ARSI E B SR
TIRBEPIR FRTRRIZE S, B JI0fR B3 BRI DA BLR BAS S it (LR
R o B0 R IR 5 5 B 53 BB BE 1 2 (dust mask) K 5 BE T & (dust
respirator) * ZZ5@A% FE IR SR IBREE A TR - PAEE BB RS RAR - i E -
HERTREIRER Y - BINEERE - ISR B A RREE(120-122] -
H BTARER > HIBEEE L R B R EMEE SRR - — IR IR M B 5 27
BEHEAIHEFE0.1~0.5 pm Z [ - BIFZ ARG BRI RBFENEIIAN » H
thEfE - MAERR/N - WER - TTHEEE - REEEFF(123,124] - HEm L B
REAMHL BB AR RE - R RE S —iReIPhEE O EFrsE[122] -
HAER G REE MR NN - FEB MR - DHEE D SR Res HIEZ IR
AE(MIE R BRI T O EA S M/A R R@ AR 24 R e E
RHEENPERR - At - EORERC AT EGR - HEREAMRLZ
RN R EEERIRE -

IRIR[21FHE B ATZER84 96 KA HBRA S R B T I [ A BGRER 6k - T[8]
BB R FOKAERR E SEFTIAY R S RE R T ARRY B Z R B T HEBCRE ARGRE
B ENETEMERF -

T BEIAS ARG O RIS

BRSE < BB B8 TR L e (o YIRS REREHISATAE - BEARANT{E A RYHIE
T3 ERBHERA R AR - (ERTAIEHIE E A | @R B B o EER A
RIME 2R PRLIRPIATETIGEST - TR PSR B ik & B AT E AR - B
IR L SR (5 il =88 TR R R e » BRIPSA MO EE L ER IR HE L TS -

A.ZE[] 42 CFR Part 84 [125]
ERBEFEBELEZHEWERE (National Institute for Occupationeil Safety
and Health, NIOSH ) FiriiE iy B B IG5k 42 CFR Part 84 HIEE
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#E R PHEE ] SRR LT FIHVER BB N~ R B P % =408 18
FTR) > TSR R MR IR IR I RE S 53 100 ~ 99 B 95 25 = {1
W HARESER AT IR 99.97% ~ 99%EE 95% - N JERIIEM FE2 LIE LR
TR 2R IR (8 B P FEE /R count median diameter CMD=0.075+0.02 pm; %
A9 HE(R 2 geometric standar deviation GSD<1.86) » [K|ji: F S5 A B
AR RIS O 8 RAETE R B it AR A BR BE b (i 5 R B2 P JEAOYRA B
7& LL DOP(Dioctyl Phthalate) % £ #I 5 #4 %z (CMD=0.1850.02 pm;
GSD<1.60) » KIFEAERE A E S Ealt N 2R AOTRE] - B TIRE A SRR
POR B B HOET M - B3 E A& s e fE 2 —E LB B R
3 > 7£42 CFR Part84 FiiZ FSFH R RS MR HERE » RIEREH
AHITLESR 85 + 2 L/min - FTAFHIR KK REAMEEHS RIS 35
mm-H,0 - 25 mm-H,0 - |

B.EX%H EN 149 : 2001 [126]
TEBRINEEHE EN 149 : 2001 5 - 53844435 FFP1 ~ FFP2 B FFP3 =#{RhNE
19 AR - M fE BRI T3 BILL NaCl $#HI(CMD=0.6 pm)g Paraffin oil
(B FRTE(CMD=0.26 um)7EFiE 95 L/min FHIE » R ESHEATEE
HIBERIIBILS 80% ~ 94% ~ 99% - FERELHIITTH » A EN149 : 2001 chif #RH
HERLE R REI SRR - (BRE—SREME A =BT RN
(30 ~ 95 ~ 160 L/min)ZRHIE - MI& SR EEIRE R ERTER -

C.hHER R R FIEHE CNS 14755 72125 [127]
CNS 14755 72125 BB B HR b R AR BRI P AR AR S B 2 e 1
fEYE » HUSEAESCIES R D3 - D2 ~ D1 S{ESMHANSE 20 Fm) - D3 248
OSBRI 9% 15 » D2 4 1 B IS RIRRTE 95%~99%:2 [ » D1
BISEHERA BRI 95%LL T - BAESRER Y MY &S 85+4 L/min » Tl
SN NaClo I3k 2R LA TS A A T e AT BB o e Y
CIEAARAIE - ZEREHT AT TR RS RO ISR » D3 & D2 &4
R IPE G RIS 35 mm-H0 K 25 mm-Ho0 » D1 SR 5 T
STPEHTHISRS 19 mm-H,0 - FIREHTHOHIE TS » BISIS BRI 2 Vi i
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FHIR] » 5341 BB BE T B 2 BIZ AR HE CNS6637 22024 (87 SEETE )G E P
IR ERR > HRERSHIE 99.9 %~ 99 %k 95 %, HEAFELS 30
L/min,#RF NaCl § DOP F5MIEMAL - RASSARERBSAIEAE 0.1 pm AR
A&t 0.5 um DURHISR BifiG 90 %LLE -

D. HA JIS B8 B R iane

H A ARG B O SR ERat e thrE 2000 4F 9 AHEATIERT - Hpgrigsesf
FRIREHEE O ER0REE (CBas-R 5 13EX-D) - RS (&
RS YREE-L) ~ DIRSEIEEE (280.09 5 295.0% ; >99.9% ) igphEEE
S 12 B2 (4135 20) - ZERIBAEIMAVRER | - LIEILSHILE DOP
[5] f ERVR RGP - SETTIRATE BRI © 57 - B E R LY
ZERINR 6 AR ¢ R TR IAIEEERSOMARIRE 2 4 - EHEIES
EFTEHE AT IR E - 2R ERA SR AZERY 30 L/min 3§70
Z 85 L/min - M{EERATEREIRE » FiFHEE T b BRI ERET -
I BERPIR B 5T 5T » BRI RSB IRSERE T 2 B2 SR I SR S
RBEAFL (AR 21) -

% 18 ZE[E NIOSH 42 CFR Part 84 [AEE [ EHFERRR EHE [125]

Bl &
RIE NaCl DOP DOP
99.97% N100 R100 P100
99% N99 R99 P99
95% N95 R95 P95
N RHEyUHME - R - BfudtE - P - 2205
& K FH #T, 35 mm-H,0
RR
w AFEBL, 25 mm-H,0
ISR,

AR PR T~ B & = 85+2L/min
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7% 19 BREH EN 149 : 2001 BAEE SR SRR 2 1THE [126]
A RAYIEEER (%)

iz NaCl (EElii
FFP1 20 20
FFP2 6
FFP3 1 1
AR BEST (mbar )
Ji& (L/min) 30 95 160
FFP1 0.6 2.1 3.0
FFP2 0.7 2.4 3.0
FFP3 1.0 3.0 3.0

1mbar=10.62mm-H20

#+ 20 FERBIBEZFEEYE CNS 14755 722125 BSEECSERGREMER S ATHE92 4E 5
R i) [127]
NEE  [HERE % % B w® M #

iR (%) (mm-H20) (mm-H20)
D3 99 LIk 35 4F 25 DF
D2 95 DIk 35EBAF 25 LR
D1 80 DL E 19 LT 19 LU

* HIEAHRL © NaCl

21 B - M SRS

e i E o
#E
ISk NaCl DOP i

% H#a, RSl RS2 RS3 RL1 RL2 RL3
K oz, DSl DS2 DS3 DL1 DL2 DL3
| PR E =800 =950 =999 =800 =950 =999 =95

(%)
F 22 HAFHEHE IR R A 2 R4 Lhik

e PrAEHE FEfTIHE
HIFAHkL NaCl DOP =L
R (pm) 0.06~0.1 0.15~0.25 <2

B ] A HE R 2= <138 <16

o
ié)ﬁ (mg/m®) <50 <100 30£5
i (mg) 100 200 _

Ji&E (L/min) 85 85 30
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2 23 HASHTIRRE IR AR SR fH T

] £ I s@FE$T (Pa) M fHBT (Pa)
g, Iliﬂ <70 <70
Ersé <380 <70
glsj <160 <80
gg;ﬁﬂ(ﬁw% oo <60 (<45) <60 (<45)
BE% <70 (<50) <70 (<50)
DS3

<
DL3 <150 (=100) =80 (=£100)

534+4E NIOSH 42 CFR Part 84 F; CNS14755 72125 Z##&i 4 » JMREEH A N
£ R SFEM AR EEE IR E R LA 200 mg FIIRH#E » LIN9S B RIS 41 > A
EME GRS 200 mg 1% > HAHHIKEERERIIGER 95% (FERH
FRILALSEHE) - RILAERRER L - S0E0E O S5 &HER 200 mg ZE
i > SUEZIZ LR - RS REAREE NSRS 7EER 200 mg BHEERR
KA AERARERYE 2 > Fr U E L AN ERR GRS RIBE R A Ay
HHE - ZEHY P IERYIEM - FERRIA B SRR N B LGE R H BRI R EE - LU
P95 Ff - BBNE SRR AR S TR ERERE S » R RAZBERIEER
95% > TIHR BRI G IR EI RG] - RIFERETOIREIFR ISR T - 28
B F 4R R R RO IR I [128] -

2 ERs e HhEE O ERIRE

B BTBIAISM 2 & B G eI H R ] ¥ TR R DR SR HIIA S - FREI S T4 %
AT AT BRI T BB B RER R ARZEIE  FRE S B E O E
7F 3 cm/sec GHIERGR & 30 L/min), 8.5 cm/sec (85 L/min), 9.5 cm/sec(95 L/min) =&
A EIFRTH EGE FRIMEMCE - MEREURIERHEEES 3 cm/sec Z AR
5> 0.1 £ 1.0 pm fEZBEERE 10~20%EEH 15E), 30~70%(E FH M 5E),
>85%(LHEMME) - EREERERS » EENERFEEEEERS) » WE 52
FIE 53 FrR[123] - fisA REET =R RS2 D& (A3 3M N95 - 51
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=W SH9250 ~ HZ TRUSCO X-1502) MBRFKIMIHTRERT MR - (B
IAER (8 54) A0 > 3M NOS [ B2 S BRI R 3R 4 L LAt R B e
CIE#AE » BT SMN9S » TRUSCO B =HEH [T 2 ¥ 50 ~90 nm H{ & FE B
RABENTREER » fAIER V-curve » EEAGEM 95% » [l 3M N95 4l%H
SRR > FRERITERY 3MNOS O SRS RGBS BRI » UL T AR M
BRI B0 [129] - ZEVPIRFETIAIZE 3R > 3M B2 TRUSCO RRRRf Y
MERABARAYRIEST | MPEEA RIERCHES - RN EY - —EyO=E
BT IREO R MENER  MEIE 2 28 - Kmem T wRIES - BEEE
HRCRATEH -

100

LI - B )

LI A W O 1
e — & o X

- K F

+ B H o ¥
. BAHE N =
« FFP1-B

a FFP1-A

» FFP2-A-TBR

o No5-

0.1
R B, um

52 MELNEZEHER » REEE 3.0 cm/sec [123] -
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100

80 |
N
f=
. 8o s a w4
LI - - B
ﬁ%’ . - 4 w X
-!.':9’
ot - X 8 ¥
t - 8 A ui
A KA B OB
20 - «~ FFP1-B
« FFP1-A
o FFP2-A-BHE
0 «  NoS-EEE
0.01 1 10

0.1
i ®2 R & ,um

53 MEAREZEEER » REEH 8.5 cm/sec [123] -

100% T I TIT1I100
99% | + 3M NO5
o TRUSCO JIS DS2

_ 98% Mo =mENFrP2  [TR] (el
2 97% Eﬁ
R
£ 96%
w E%

95% -

94%

93%

1 10 100 ' 1000
Diameter(nm)

54 =TERRIR OV EFIGRERLEE [129] -

TERRBEM - TBES R G5 T L2 HEEMERESH BRI RRIFGH#
BEFAMRAIRERFGETTIE - AMEE R « ZEGRIIRSEHRE
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FRLINOSTM R EAT R EIRA » BRTNOSOE4 - BRI SO ZG:T
ZFE100 nm U TRASHIBR S5EREIRS % » HB5EE B 2 & 5 Bk S a R
FORRLEEEINTSS - & e BRI RTES0~80 nm [ - HEIFEAs SR BB 4E
SRIRUCESS) [130] - NOSBEM i BERFRT M EBHI{L 60 nm (BRI ERREL
98% ) i WM R H A BN S BRI 340 nm (MK ERER
74% )~ AR JIENOS T B KRGO BRI B BEARH — O RA e SR RS es SRAE
[7] °

Faon wikey » 0.8 S

Aerasol penotration, %
ferossl panelration, %
L

Particie diametear, nm

Particle dlameter, nm

55 AR ERGEE O SR ZEE R LLBE, FRIEEH 9.5 cm/sec (95 L/min)[130]

B 5 K Huang S A FEHNOSPARE I B IRAF #HFARIE10 nm DITFLAKS pm
LA EZBERL » bt o R HU R BRG] 99%LL | i B8 HIEA TR
FA30 L/min 32100 L/minfF » $$7410 nm DUF k2 B 2R R 2t R EEE
BEAS SRR ARG X AN & AR BB ARR [61,131] » NOSTH R IM HY B
REERIPHALAES0 nm7EAG » EdBalazy AHIRFFCAS RARRFI[132] » EIRMATHT
EHIRR R R EEERAPRIR #5200 nm7ZE A5 ([E56) -
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25

gNsnoD’MA’ oL Long DMA i APS 4

2}l

#+ . Treawnd with [P%

5 Reminny &

B~ Testng Row rate « 83 U

g 15 | Foce sty = B8 smy

[

a

'§ 10 +

$ \
| ——‘-/\\'-\‘%\t—v
0

1 10 10D 100D 10000
Particie diameter, nm

56 N95 [HEE I BRYZRER » FE EZE 8.6 cm/sec (85 L/min) [61] ©

FEOBWEAEREIH » ARSESS TR £ MR TaEN
WIS FT5k, DUB AR E AT A TR AR 58, B IE— AR EOr IR B R T IR
BORE O B A TR e 2 W THEEER » WU & B (RI(FF, fit factor)
(EST)[132] » SRS BT 5T BEAFRING 5 [ S AR5 (R (PF, protection factor)
AJE20, EAMMOETRERSE, FERTFEOES. 02/, AFS1EL. 55202
e, BCERAAE © TERCRRAO 2 & B /5T, NOS 1B R 3220.5, ot 11 S 45 7%52.0
2R BABETIT - ROSESESI.S » EmtEes O SR E N T ER
WA BB T SR IR B R I A A - R R s B e T B 1
B, TR T A ERRIE(ESS) -

¥ rrzmamsmy ]

— TSI Portacount Plus™

*—_/()7{

[E57 ARS TZEHEMTMESEIERGE 132] -




25

) Ngsx. PR —
.B ~ $ i B
v R
e e R
il 15
iy AE k=500 ml
L FAED= 15 /340
@,
ta
o o RE5
g A4 < /
X J )
v © W ©
B 1
0 5 & 15 20 25

TR AP (MmMH0)

8158 A FEITFIRBEE N E F S B HEASR [132] -

[B SO AR A/ N IR FL B FENOS I BE L BB 2B R 2 - RHEES
8.6 cm/sec (85 L/min) » BEREIRFLAIA, SbIEsERERIA[131] - 7EMEEIRS W
T 10 nmEfkE 2 ZEHR0.17 %(HES1RHS588), FILEELITSI Portacount
PlusTM $4ECN9S-CompanionT™ Fll{§ 2 (Eth FEERBH B ARE[131] - [131]
HEHES R ISR AT S A AR BN RELATSEER940 nm{E 548
13, MRERZREELI0 nm MIBREETHE G BAREHAEIEE60) - BERE
BEERIRM T ERFANEE - BIEZT WA E SN R SR R g
SRIMAE100 CHITRBE T » REE-H/ NSRS st AE S A Ay R B » MR
WA SRR S - A R R SR S T S PR M T (R B A A P B
F > RIS RE BE AR AR 2 B A0 K P [131]
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50

Respirator A
Air flow rate = 85 Limin
40 +
Hole diameter. mm At a <Y .
0} 10.0 AT -
»

Aerosol penetration, %

1 10 160 1000

Particle diam_eter, nm

|

B 59 REA/NGBIRTFLEISE NOS B EE 1B EsE RIS £ HEE 8.6 cm/sec
(85 L/min) [131] ¢

B

10000
Hole diameter. mm Respirator A
. Air flow rate = 85 Limin

1000
s
O
B
(3]
Al
| ot

o 100 |
o
[4]
-
[@]
)
Q.

10

1 1 A 4 1
1 10 100 1000

Particle diameter, nm

60 RNEIAR/INFIEIRFLES I NOS b5 EE O E R (R 2 8 R JEUH 8.6 cm/sec
(85 L/min) [131]
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Balazy<¢ A\ 2A10~600 nmi; S SRS AR ¥ T 6 Wi 2 NOS [ B2 3¢E1 T
PR ZHE BRI, - BIARFERIERN-95 1 SR Er T EFE » Hh—N95O
B 130~80 nm b IS EEETATYRLE KRR GIRN5% > H B REBRARFTEIE
Z PRI FEAEA0~50 nmiZ fif] LR A ARG B 1 R BaR R {58 F 9300 ne3fER 20K/ )N
RZ[132] » WCAERALRMILHEENE S O EEERFE 300 Bk 258
H (K24, [E61) - HLiFRE R EAR I SRR FAREM -

i . —a— Q=85 Umin ——
7] Respirator A P . Respirator B
D TSRO | S ]
‘5 44 44
£ >
ﬂc’ 24 24
[g__" 14 14
e — =4 0 : ,
10 100 600 10 100 600
Particle diameter, o A {nm) Particle diameter, dp {nm)

61 AFEIFTHIEGE T NS O EAZER [132] -

% 2.4.7 N95 [ EKHISUE AR 5 %erBRIGHEtE [132] -

Respirator  Inhalation  Coefficient of  Fraction of

flow rate, variation of respirators for
g min"} the penetration which the
for particle test demonstrated
diameter penetration
20=10) nm in excess of 5%
A 30 0.21-0.48 /10
A 85 1L10-0.29 6/10
B 30 0.32-0.54 0/10
B 85 0.16-0.264 9/10

ARIRELE BT STRAEIRE - AR 5 USRS E B DA SOk S BRI HE U R A

FeAlE -

(1) BIPSMIANFIRFSERSE AR T B FOR BRI E S BRI - BB R
PG - RETIEEIRMRTR - BLEME—SEABR - LIS
BABIRIZRABIRI IR SRS -

() ERRER ARSI B R R R e R 7 B B B RN E
ZRE T B R BRI R A 25 A M B B AR S A TS B B

79



P, » A BRI B PR - USRS SIS R R A -

(3) B LS AR SR A e B P EVE AR RO R » TT LA
TERABRIERIE - BN TR HCR EZE HEPA URESSSNZ 0 BB
SR - BB E T RIS TR - LR R HEPA 1
BESSEVEE - AR TARRPE RAMEER » 10097 T B R T4
FT-H AT oL 26 R O B A (dust. extraction system)fg—i4> » FRIML{EAS
AR » AR Rt AT IR A+ R R T e
RSk e o

(4) TS BRI F TR I E AL - 22 NIOSH B2t Tio, 25k
B ESRREIRME © FZR B RER it RS & > ELE
AR SRS B R A B A MR T R BB T ST
YRR TR MR -
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B=E WRGE

B (FRBE TR RIS

ARG B SCETTRK ML FREBR A R BRSO ISR - ASTHEHER
R E RIS - SHERT & K EEHEESN T MRS B (B
HIMEBRBAT A FEERE ~ 33 - BT - HSE - AHBC Fes R E R 2B
TM4EEE AHA (hitp://www.aiha.org/content) ~ SERIBIRIRSEL 2L
%2FT NIOSH ( http://www.cdc.gov/niosh/homepage.html ) - EF RIS HER
USEPA  (http://www.epa.gov/) ~ I O OHE &% 2 I HSE
(http://www.hse.gov.uk/index.htm) ~ BEx M & & 5 4 B & EASH
(http://agency.osha.eu.int/info ) ~ - F# 4 4H5% WHO (http://www.who.int/en/) ~

PEN(The Project on Nanotechnologies, http://www.nanotechproject.org/) ~ ICON

(International Council on Nanoteachnology, http://icon.rice.edu/) ~ ISO(TC229,

http://www.iso.org/iso/standards_development/technical committees)ZE{dékE o

FERRZ HATIER 28 2 5 7 Journal of Nanoparticle Research, Occupational and
Environmental Medicine , Occupational and Environmental Medicine, Journal of
Aerosol Science, Aerosol Science and Technology, Environmental Science &
Technology, Toxicological Sciences, Environmental Health Perspectives, Journal of
Aerosol Medicine, Inhalation Toxicology, Science, Nano Letters, Journal of

Occupational and Environmental Hygiene, Annals of Occupational Hygiene &5 [&][&
ST R BB A SR BIORIA ST & 3 5« BRI N B IR 2k B (e S R eI,
T ~ ZRAKTIRLETE - MEERBEFORMN R BT S - BBRILSIHE  RBAEHE
FIRR -

LUFBAGTE S B0 EEWI RS -

1. NIOSH, 2006, Approaches to Safe Nanotechnolgy: An Information Exchange with
NIOSH. [4]

2. NIOSH, 2007, Progress toward Safe Nanotechnolgy in the Workplace: A Report
from the NIOSH Nanotechnnogogy Research Center. [5]
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3. NIOSH, 2005, NIOSH Current Intelligence Bulletin: Evaluation of Health Hazard

and Recommendations for Occupational Exposure to Titanium Dioxide (draft).

(6]
NIOSH, Safety and Health Topic: Control Banding

>

http://www.cdc.gov/niosh/topics/ctrlbanding/ [133]
5. ASTM, 2008, standard E 2535-07, Standard guide for handling unbound

engineered nanoscale particles in occupational settings. [10]

6. BSI, 2007a, Nanotechnologies-Part 2: Guide to safe handling and disposal of
manufactured nanomaterials, published document, PD6699-2. [11]

7. BSI, 2007b, ISO/TR 27628, Workplace atmospheres-Ultrafine, nanoparticle and
nano-structured aerosols-Inhalation exposure characterization and assessment.
[134]

8. NIOSH, 2008, Qualitative risk characterization and management of occupational

hazards (Control Banding (CB))}—A literature review and critical analysis. [14]

B EREFKGEBGERE

H AR e iR BT M EE G X E By R = A R e — i
&~ TS UK R R EABa ik - el pe Sl A (rotating drum) 2 —7&
FAZRHAFeR e o BT B (dustiness index)HIIRHE STz — « ART > (E5E(E 7 L3R
EFS BB RIS ORI ERL - Eit - RMIEBREREE TS EERII5RE
FP3I > (e A LA B R e e AR AR ORI A0 AR - IS — AR S - heid
s the — R R RAT 7T ik R BAT i e e A SR R 1S B SR B B IHY
RILE - FA LT RIS RAGRBORYT © Bl e TR 1 B R A 2% ]

62 FiTR e
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& 62 TEERAFAE AT TERES

AR FE {6 FH A E B 5 2 10 3R ¥k (vortex shaker) - Maynard J Isamu S A
FELLZ AU FIF B 75 T8 B R AR SR 79,81] » LR HE SR A8 (L PR AR
L TERRHR R RIEAT B R LA — R E T » BB A e
Rigas b WEATZRER > FALIEHE P EEEMRS S ST -
B U B GAOR B E R R R AR AR MR AR T R FE UL 5 AR R (R A
ERATRFIRE - SRR B SR ERN T LIZEE 63 ik -

&l 63 B Bir (o FH RSN EE Y s

&3



i NS 43 54 22(SSPD, small scale powder disperser, Model 3433, TSI Inc.)5
S—EEANERES  EoEa—RINHARER BB K > B A
APS(aerodynamic particle sizer)#fll &¥ B KM » LRSI E B BLAS
RER SRS BB » S TEHAE BE < 3 B R © BV M R BRI B IR AN Y T
DIZE[E 64 Fii

64 TR FAUDV MO R HER (135]

AR R R R AR — S L SR #E(TiO, , submicron) ~ oKl — & fLERK
H#2(Ti0,, nano) 7)1’?5“»’51*%&%1&%?%’3%(2110, submicron) + ZXKAREAFEHE(ZnO,
nano) ~ KK —E MR BE(SIO,, submicron) BIZRK K — SR K3 B2 (SiOo,
submicron){f FH B BE ¥ 52 » H P RECKRHI — S S iE R G- AR E sk
Taiwan CO., LTD.)AZ » ¥ #4AEETE R (apparent density)£S 0.95 g/em’® » #J45%]
FER/NES 200-300 nm ; ZAFRH) " E s B RIZ EBTERIRY Degussa A FIFTAE
7 » B2 AEROXIDE® TiO, P25 » ¥ 9k RS 21 nm » ¥ RS EEAF B RS 0.13
glem’ § RELKARAIE SR BE S 5 ¥2A0 3415/ F)(Sun Beam, Tiawan)Fifilis » 4]
IERIRES 250-300 nm  BERATEHEES 0.6 gom® ; FORE SRR - KAk
R EAYHBERAR _SAYHEEHR B KRMEAREAT
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(Yong-Zhen Technomaterial .CO., LTD.)#&#: » EHA04k&43> BIES 30-50 nm ~ 0.8-1.2
pm Kz 10-30 nm » HITERAIFEEEEELS 0.35 g/em’® + 0.58 g/om® ~ 0.056 g/em’ -
BT BB iE Sk BN MRLERI S SHEETER AT SRR mA
BEFETR - BL10STCHEE 2 /N DLERRIG B8k 4 -

BeR R B R E R R MR T BERESF lsamu FAREERZERR(81] > TR
A EBRRMEE - ARSI IR AR A B - AT R
B R 22 B 22(High Efficiency Particulate Air Filter, HEPA) - 275544
90m] KBRS (P25 mm*200 mm) L EH R 58 (vortex shaker, Vortex Genie 2,
TSI Inc)RTHERL » M7 A HHORLAY SRS E A B MR 7 8 o F1 28 (neutralizer, Model
3012, TSI Inc.)% » B4 3R 2 it B B BRI T (SMPS, Model 3936, TSI Inc.)
FOSRBI R HTHR(APS, Model 3321, TSI Inc.) 28 B IEERIR i - HERR
HZRAZBNANE 65 AR » £ APS EEA BN — S AR ETESS(diluter, Model
3302, TSI Inc.) - FAZRE R EEHIFHIMAIRE LS APS - FREEERE 1:100 -

Air Supply
(5.3 Ipm)

Neutralizer

- é Vortex Shaker
9,0
Y =
[ e = .
SMPS 3936 APS 3321
(0.3 Ipm) (5 Ipm)

& 65 dEHEEEER AR T ER

@g
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EA SSPD MR EEEA RN - BRI aNRR e B B
SSPD - & Umtr) B BR SRR L ANIE s 3R vk B AEIR] - B8 A SMPS 1 APS 1B
i B YU Rk S A L 68 - SEBRZEER EIAIE 66 FTors -

i TSI13433
Excess Air «—] s+ Copilay flow
Filter ®
o & S
Neutralizer /

SSPD 3433

0.0
H
®
SMPS 3936 feemered
(0.3 Ipm) APS 3321
(5 Ipm)

66 /N RD AR ERAMIROREE

FH ISR B R 2 B BRI R R R B B LR BZ L T SMPS 153 — %
R R ZE DT R 45 B 300 Bz Rl - #m L A R UR SRR R 5
HEORE3E - ERULRR T 65 A0 SMPS RS BRI IR R RO a2 41 -
FER M R 53 B B B B RN L R B R B AR AR 43 AT B8 (FMPS, Fast
Mobility Particle Sizer Spectrometer, Model 3091, TSI Inc.)E2 SMPS [ERFHE(TE
H - WAHERAETTILE - E5h - BT RAE R OB N E RIRE AR
FELLRAF N MOUDI T34 - HEEBRRAE B 2%HE 67 -
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TSI 3433

[ &

Air Supply _’C]_’ Capilfary f
Filter
Neutralizer /
SSPD 3433
N

: .® O,
== H
= () * luaul]®
e Ay e S SMPS 3936

N APS 3321 FMPS 3091 (0.3 Ipm)

(5 Ipm) (10 Ipm)
MOUDI 110
(30 Ipm)

67 IR R E R AR HMAEE R EE (N FMPS K MOUDI)

(TR ik TR R I AR ISR 1 om’ BETRATIORY » SEABESVE
th o ZIRSERIE SMPS [ 0.3 Ipm BB SEHEGAE RIS AR RN - g
HORERORI B2 20 #em’ 77574 - FEBARY APS TGRS - BRLSISER
ARE SSUCETERAHIR B EE 100% » A 5.5 By BAERAIRT E 1 55%) -
RIS SMPS ERERS 45 MimH—HEIR - HHEN SRR RS
21.7~429.4 nm » APS BISFROMLE—ZEUCIS - SATB AR R R R S
542~19810 nm > FERHUMIRERRFRIATE 15 /348 - ST SSPD HEEREF - AR
RIS R A SE BARHE L - WATSRHTE RS RAOK RS & » REEhERReEIL
0.37rph HY BB = EHIH SR - APS ] SMPS RO R ES 2 /iRt —
FRER > HARSERIMR R SRR 5515 15.10m-661nm F[] 542~19810 nm
RESRERIFREIAORE 30 136 - BERETR S OB REE -

AEEr = OF A e R R R TRk TiO, SRk ZnO HEEEES
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[136] - EhEiiEepesBatiiny B BR IS0 68 Fvn » BlHHY 2 &k 2 &
YR RIIE » toAL R e B LRI - ZE L E e
EDEYEARIE - BUF] LIS BT B E AT BERRI AT » BVARS AT FI PR A BE
HIBIORL AR - RUBCA 20 ppi A1 80 ppi YA » AR AD BER IR AR 73 AR -
HEERUA 20 ppi 1845 AR FIR AR BERIBRL S AR R TR YA » KHH5E
{5 AR iR e e S B R T B B - 58 P mT WP A BE R BN 23T - ERIBLAETT
E BRI 7R Z0E 20 ppi 711 80 ppi YEARE eI RS BRI AU DR IR AR & -

EESEITHSBECIATT > B 35 om’ BRSO TEtSieas as » 36 B39
P45 - FEEEMEARMREZR - IKFRA e SR S R &
o BRI O e E0RE - BB 2R E R - fhR ENEES RIS
38 L/min UK, 4 rpm © $REXIH] 30 538 - WACSKERIRHIRIRRL - H APS £ SMPS
HUERIRIF ] B RCE RS 2 o El — SR - FARS R SRR R S AR 4331
£ 15.1~661 nm F[1 542~19810 nm

@ Rotating drum

Air flow #—0.11 m—¥———0.085 mF
g = > 32.7 L/min
38 L/min :
S e
o o
Drive T 1
motor
Y A
Sh
neath flow SMPS APS
3 L/min TSI 3936 : TSI 3321
1. HEPA filter
2. Backing filter
3. ID=10 mm

4. Q=0.3 L/min, ID=3/8"
5. Q=5 L/min, ID= 9.6 mm

68 helg e Bk E B RS
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B=H (RN REAR

T AR EEHIER S

AT EF AR BB AT ER(TSI 3936 SMPS) » HE{T{ESEBRITIZKY
RIRIE I ARELE B IR AR - Uk BB /TR S B A R FORM R R
SAREASY B PR E B - TSI SMPS AT HIERI R &iE 3-1000 nm - SHAET
TESBFTERBRIRYERS ~ BIRFESAIZ A - ARRZERTE RS SMPS Rt s TSI
3081 DMA ~ TSI 3022 CPC - R LIFB AT S MAL IR B R A SE R ET B B —
Kt SMPS B {452 E £ Sheath flow 15 L/min ~ Aerosol flow 1.5L/min * ¢
HAREEIES 5.83 nm 3 228.8 nm » TR 135 1 - FEHE AR A R
SRR BEHE RS SR & SoEE— B AR 2R KR A
AL o FI—fERF T RIS B IR B IR T R I &0 » TR 2R S5tk
EAMD BRI RS RRHEE BRI EHE S O FIARER
BIfEINEE R — 655 » LRI AR BB AR 2 B BB ERIFRIths > g
HET TTRIBAEREE L,  ZEHEI BRI RR R B AR MBI TR - B B ISR AR
BESRLET AR (RIS IR - FEFRCCE T TR ERE - G R RE R R 818
A BRI S B SRR HIIRBEARIIR 5 - bR T e\ BB 68 - A<t
IR A PSR BRI RS ATE(TSI 3091 FMPS) - #EfTEZEERBEZK G0N
RS ARELE H R RAIE - FMPS (i ROt EHY 5 2RISR I E &
WA FET 2 WA TR R F R LT BLES - BRI T R R Ak O b S Fp
ERIRFE - RSB — SRR MR B R - ERARTEN T 5.6-560

TESAGRRIAI SR IR B BT T » AR SEFI F TSIA B A4 R ZR e ik
FETEEL (TSI 3550 NSAMETT » FORBIh R RS B EEFIFR IS
EBRFER ORI - B E BB HERE R N AR TR - &5
KGRI (R F 5e A2 SLPMAY R E MR EABEE T - LRREHI K
1LPMLAS R AH AR (R IR ARAIHEPAYEAK) B & Bt 1186 83 R0 1. SLPMRY 2= KAk
R ERERIE LR SR L RIESR B RS » KISk ke
EEER P ERF SR - FIFE &S ATE £NESFEF BRI
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B ARELEWEMNISHET eSS ERS R ER T  RIREABHER
it o FEEEETEHE AR ERBOS EH AR ELR 2 B B BRI R
FEIAVI » TR R B AR - DAR B S M o RO R S 1
BRIE2H > FiEL2 BN ETORMRHIERE TR - T HERE A B B
DERRI i e B SRR 1 SRR BRI 2R TR = SRR ok % TR R B A T R A2
KUK RBEA LA - (BERIRERIIRNL » SRS AN EE BB Rl -

FEZRAK IR R H R T - AW FEF] F FHR SR Bh E T B 28 (TSI
3007 CPCEEFTEGHI » CREMBHMRITHRE —TSMIE T BRI RE P » £ 37C T
IETERRMZASR I IBNRSR RS 10°CHGEE » BH51E T BEEESERh
WRE L - BB AR EBE RN I B IR -

5391 » ZBRFEERF DustTrak JRESESEERE A TINEIRL MEAS B - DustTrak
=TT - IR ENER > DNBRERRBEAIRAE T - FIf
{ECRIBSRL 90 TR A AR TR ] SRR AR HOREELOL RS » DustTrak AJLUH
LA B[RS SR RO MR R LA T ARG R PO AUk I R 88 - AT PR s B
PURIE SRR » @R EIMRR M SRS Y2 > BRIAE(S T DustTrak
SEHERBRZET  WASASEREETT FIRRIE - s T e B S
0.001 ~ 100 mg/m’ - RI{SFEESS 0.1~10pm » FEFAFSREERENRE 0~50°C » AW
FEPUEEESE 1.7 Ipm - FEEMMBAIRIE /3% - DustTrak SEHEIRF H %580 B
BIBORIE AT B R - I FLAESE BRI Y LR - AEH SRR
P DustTrak {F ] IAR MERD EEA 2 R B By L R -

A SRR R T

AGtEEA I0SH 8 A feEasRE g e - &FIF MOUDI (MSP
Model 100) T TAESATHRIZFRIRIERGIREE - BIRIFERE R P TR
I BRI - MOUDI SRR FRERA T IR 30 Ipm BURREIRIET AT BRI AIRI AR
£$18-10-56-32-1.8+1.0+0.56~0.32~0.18 ~ 0.10 ~ 0.056 }; <0.056 um (after
filter) - MOUDI 22— BBtz 2 BB 1 B2 25 (Model 110 K 100 275 10 & 8
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MEfErEEER) - HRH A S B R A R R R A b LR SRR S 6 R RIS
YT RESGIRIRHEME IR » FrUAEE SR n@meis b o /N Rl
PEE RO R TR T — R IRER - B T ReMUERI MBI - ARSI
IR > SRR/ NERIATE YT - B MRIREET IR BIKEER - > BTl MOUDI #0466 2%
oh T IR SRS TR P R SO IR B R Sen ey S H ed » 7L,
TR o BRI T WPIR, 1 R SR B AT B K I PR ER 15 B ok B R o
MOUDI Hyi 1k — P& Bt R AR U AR GE P SR AR BE ARSI KCER 100 25K DU AR
R - MOUDI 9z —FERIEERIIS A 56-100 nm HISRL » MR EHIEATR KL
/INFS 56 nm BIRT » L&k AT BR AR B 5 F VBB TERA SR » 2B 1k filok
WIS B S RO PR S SR HE R 1 - ST YR S (ke B B B - Rl
BRI ER AR 34T =

AFTE AT IOSH {8 ABZEZRANE 69 A7 - IOSH {8 A B2 A LUREE AT
MO PR EE - SEORIBE SRIRLL 1.7 L/min B3 SR dE 58 0 A GE RSy 3 A
A FEEREREA > @5 4pm BIPRRIE IR ME BT EIRAENEE F - 76 TERAY
(B A R SRR SR » (AS/ NS 4 BOBHORT €A% E HH ST e SE 7
PR b o FEERIRIE/NY dum BUBRRLIIRES » RIAIESK TAES R P iR A A B
HIIRRE -

IOSH {8 A Jig/Elas 5 MSP MOUDI Frfsf FEHIISARAERREE M2 9] TR IAR
ERFZEAET R U FR L —RZE DR E S R A AR - R E
I TR IR PEHITE RH=40£5% » T=21.5£1.5C » DA 1 SARIRIBOK R,
HYFR > FREHERERMGID R & - SRR e B L P — SRR E R
EEEE  HREEOBRERRAEAK  MIBEN K ERPER & Fiae
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[8 69 IOSH ﬁﬁzﬂ%&,m)#l

5 T D ESEG PO BRI SRR - SRR FIPIR MEA) BE(IOSH. g fE\ER)

KR (MOUDDIRANEHEI TR 4T F T AR E B A FR Bk

REIEHRRE - ASTER A RIEM S BRGSO EEEEJCP-OES, OPTIMA
2100 DV, PerkinElmer) (20 70 AR):E T HAARARI SBEUZ 4T -

,L,\J?’@% T R -

RETER S TEATHURDERE R T B0 EIEERAR  EA BB R =T
o+ R R s R S s E L EARERSERT  BUESES
REE TR R R M BT T2 2 e B e ey >
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TEBBREARIE BT L E R T HER EILBRE P rE TREEH
TRt R BB IR oL SR PR TS0 Aok Bl RE 4o ae
(HRIESANHEAIE & - A TR e & B A RS T AT S AR A Tt
TR B - AT FEE TR TR - BT ERAZEE 71 Fr
N o BRI E 4 (8K | (BB SIS 30 /548 © ke
INEGEERE - MRS HEROR 0.5 mL K » DIRBIHEAR > F82
ElE ettt - (7 R IEA S B AR B R T DB T i T -
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BRI T E

bl ST

BEFR

H0A4 mL HNOs + 1 mL HCIO4

= EREE

EIRFEED02#E

HIEHUINEAE120C » ERIT450.5 mL

HIAL.6 mL HNO; + 0.4 mL HCIO,

BHE VISR HEEEREE

TR BRASEEH

A

RRBET 7R E R

4

IERINELZE 150°C Z3M82(#50.5 mL)

HIA3 mL (HNOs 4% + HCIO, 1%)

A 4

TBRESR Y

EERE2SmL

71 BRAHIEE TR E
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2 (FRGFTRKGRI IR

AW7Es B 97 5 4 A 28GE—X)H 6 A S HEZRNKE8 A 7THEZ=X)
FER— RS i A B I TR SRR R B ERL IR 1 IR BB &
#l - GEAFERAFEEREERCHES - HESEFRRE 72 Fir » FH
RS — S LEREYFURHO R BT IR A5 % » P R R b /K e (e T
HYSTERTE ~ MMM SEAT > P EEIE ~ Yok RbR — S SR e B A - AR
A ELRRK ~ BEBREBRARIR I HIK S - PR RRE /7 20K — S gk
BB S B NI B8ORE - B P 22 SRR /7 20 — LA LR B e |
ETREE -

R

Hﬁﬂiﬁ’z}#‘?‘%
+

1

‘-9 ?ﬂ

e 4
= SR

284

72 BARGEE

73 BT REHASTHIE - B3RS 1~6 B BRSSO B B R HIGIE - 1 -
3~4- 6 MEERMERIE - (FEEESATIRE 74 s - SRRER 508 75 AT
TR ©

£ 1~6 ZBEIELERIATEE FHAEESHE FMPS (TSI Model 3091, Fast Mobility
Particle Sizer) 1 {5~ Aerosol Trak (TSI Aero Trak 9000, Nanoparticle Aersol Monitor)
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1 & ~F=H CPC (TSI Model 3007, Condensation Particle Counter) 1 & ~2 & IOSH
TeEgs - BRI Ll REER e E LR B ETIEREE
B > FRIEEREH EHIES 1 a2 2B 6 7R - SEEHEHERERIRRE S
¥ BRIEERBERKIFERS 35 08 — KA 4 RIGEREH] - F4E3( CPC K
FMPS S50 H 8 B R R I3 4H » Aerosol Trak EHIRkE R Aok HUNESRTH
TEIREE - IOSH fig i\ 8555 FH ER S A 4um DU HY TIPSR HY B S IR (RPM,
Respirable Particle Mass) - 2 15 I0SH JfigEl2%77 5!/ A S8 s REVE AR AR (L AAeE 32 1R
R RERRABHERBNAMERTERBNERSE RPM RE - FIH
ICP/OES ST L ASHE RURARIS B WP M foks o) — Sk SR R HL At R IR S -

£ 13~ 4 6 [EEBEERIFTE ARYEEEH 2 [ IOSH fER28/8E » FflEh 3
5345 2 &5 MOUDI (Model 110, MSP Corp., St. Paul, USA) J 1 #& Dust Trak » S
FREE L EENEEN B EENE T RNEETED 8 /NSHER
f% - IOSH [eRZBEHIREEES 1.5 AR » KRB RS A Eg E B Sl
—f - BOHISE 3 B 2 4 MOUDI IR IR MMM RS 18~ 105632+ 1.8 -
1.0 ~ 0.56 ~ 0.32 ~ 0.18 ~ 0.10 ~ 0.056 £z <0.056 um (After Filter)Z: 10 {EHI R & R
HITSRLEE BRI » MOUDI B9 SE RS 1 AR » H# MOUDI A Y
AL B EE—REEIEE )\ R R R iR B SATE AR » S5 JUREE] After Filter {58 FHER
SRBEVRAR ; MOUDI B B A LI R 25— W15 / \ B o PGS Y2 IR AUSE TR AR - 28
FJUBEE] After Filter {58 FFa L AGHE TRUEHR - BRERTR SEIE IR AR R S8 75 BE SR IRARCHI FH O
BRFBMMIEIRFEEHIGN ERIRE - #35FH ICP/OES S iTBS LASAERIR
SRR ES BB -
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21

48.75

4.7

o

2s_ ) ®
8.4 @
© . .
; ] ,
AP B AR

IOSHiERE3E 28 BH1.E2.558 64m ABC ¥MEa=E
BNRSE5R 38 Bh2.B3.0EEE 104 m D. s
BIRS E5R 1% 28 BR324 058 43m E ESE
IOSHiERER 28 BH4.BS R 63m F. 4£EREE
Nylonfie/228 2 & 245.%66.568 96m G. #&
MOUDI 3 & Bh6.BN18EBE 47T m  H, BELEREESE
BIREERImER  BSRPIEEEE 66m O ARME (FCER)
IOSHiEESE 2 & . AMEF
MEEms | DORENES: ! IEF

B38| 42 SMPS - CPC ~ Dust Trak
B &R R - Aerosol Trak
IOSHiEELZE 2 &
BN ES R {B 2

73 ZEACE RERE T T B AR AL -
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97 5 9 A 19 BFER—ZOKIRE SCERGETT DR BRI - S5 55
FMPS SISk E IR DSOR B B B IR BEARI R 047 » Rt R OB — 1R
FEE B EARE SR, © FEBRFRTSe BB AR A A ERIBR IR B B « SOk
BRI R ERE R EHE L e b BAEEREE SRS
PUER ZRIGAIE S ERE PINEE £ T - FKREIERIE T4
FREFTRAO E S B AR SRR TR E B AE1T8% IR TR R (L 22 B
LEOKRERE - [ 76 BAURIRE SOE R HE -

R LN R

76 FORMRE SLERR A HlE

97 £4£ 10 H 22 SiE R —ia s i BLE ROET T IR IR R Sk FE Bl > AR
TR P s PRI BN = 2R B FMPS(HUHE B E NI 1E2%) ~ MOUDI(BFL
195 T T 3R TOSH HE/E 28 - FMPS 3 BFH 2 55 B il fckr i i B A FE AR K
S HEWFTHEES 5.6~560 nm - MOUDI X BHREEMAHIE B4R » i IOSH
BEfE\ a8 FRAREERIISTE 4 oKL TR BT PR Mo B 2R - SRR P S BRO B
I ICP-OES(RIERE S BRAUBETERE GO - ARBINIIRE BN AR RARL
g & EMAIE R EELIE 77 FiR . B ES RS BeRRRfa sR iRE
BB BRI 1R 1200 CHYENRIEASEORAR RS THLEE R #EE S 90m -
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b by RAR BAER H"AR

90 m

77 faaiERR e R EE

B QA/QC

1. JEARZ QA/QC &l

BRESRFHIRKEARE S B IERZ B E AN ? B BB /MBI Rk 2
REMARE  TEREREEZERA - F—RIEREES LB R R
TRER - —RIEARAURS R E SRR L WIRRARE N A S
PBILNERFISOmmEE T S/ NETF) » RARST R ERAR LRSS TS - A
FSEIRERRF S FIMOUDIF & ) IOSH fEE28 /4 - FREIRIRARE =% » /45 ¢
# R FE(Zefluor P5PJ037, Pall Corp., New York, USA) + ES{b 84t Z 14K (Methyl
Cellulose Ester) K $mdEiRafk - Hrr$aiE it A MOUDIHES 1E Ok B R B
) ~ EEFKMRIATEHCREBR ) RAFE - Rt/ USR] - R
Fras B EARST - WA E S » SREFEI78F TR -

{5 FHIOSH e R ASERARH » B MRS 12— 152 B TAIMZRHESR 4 4,
REFNEELARAERATIEAR - LE51 - SRRBEEBR E (LAB)ZE 1 R BRI (F)Z8 B AR thgh
BRM > FREZZH -
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97 % 10 B 27T &4k - AR [OSH A F % | RevS RRA K

97 10 27§OSBRIM

97 # 10 A 27 Shbesk o AP [OSH B R B st 2 RevBa bl A

97 % 10 B 27 stk - (A7 MOUDL 4%k 2 RE 2 FS ey 488l 1 SUA s6v

[E]78 AR TR HRSAT =

2. TREMR

(D#T RAEA B LRI R S BRI TR - EEIIRERAT30 RVFETIR
Eo

QT RA LA E F SRR HE RIS RIBRS P - BER WA RE L IR
B FAERE R R ERTE BRI R B N BRI -

CYBRERIR IARTE B < R R R AR R (FRERE ERE R (EE5 % D) -

(IR AT R IEAR TR E LA A RIRO R - 6 AR E 2 AR e
B o TIRBRARET R C BEEEH R —E AT -

C)RFEABNBRBEAMITERRE - B LRI Z AFHERR IS BT X
BRI > BN E A LR IE RIS S TERRE - 2 BHIEEERKIE
&%Eﬁ%ﬂ’émﬁiﬁﬁ%ﬁ?(ﬁﬂiﬁi F—R) LIMERSE SRR Fl @A S5 4
SRR ©

(O)PRERRTFF B ZAS SR LR S AR AR B Bk R -

(NEERSERE RN IR A S EERER R R RIRAR - LU RIS E B A S

() FiRfx A LR T RUIRIR SEROR AR TS M 32 IR IE Y - R—H R E 5

102



EWE - HE THRMEREERER ) WAL > R 2N
SERK > LARETRIEAR E B Y, -

3 AT QA/QC
(1) A S E SRR MR LR B % 25 5 R -
(2) AERESEHERIDLEDE 3 EHAEHNSE IDL —RIURIFCEH -

IDL {HEBOHT 7 REBIZE QAW > DI 3 52 B REEROR -

() AEERZ T E{GRIMEFR (Method Detection Limit, MDLYHIE 4 BRI F7EM

B TR AT A A RS TR /5 R UABIOR » 2Bk b e

B> SOBEEE D SR T S 5 (SR - B R FHGES
W BR  FLAEH B R (AR o H A5 SAEIR (MDL) FfuvEfzeey
3% -

(4) SATERE AR NN AESRE C BMUEE - RSP TR TR

ZAE DT E AR EAR P IR (S SR5RE 30%LU T ES » R RER 4
HERIE > @as (SRR G R E TR B Mok - B4 b
o TR TSI SR SRR R R © BT R AL
RARZE I Z PARHE(S 5%  HERR R IS A (Analytical performance)

SHABHERHE S BN DA NS5 R LB A
FRIRE > AIFRIEFTEONTIOE » RAEHER - RSB asohTakes
WERRFRR - IWREREIGERR - WO EBEERIEZ T AEER
TR LSRRI R 2 IR B B8 ee RS - BIRTRI RS R K
PP EERE - LUERRREE T B - i - TARRPIEE (558
< BREREEEE MR SR TR jﬁ%iﬁ?ﬁﬂﬂiﬁiﬁq%ﬁ
dE T » ARG — AR BRI TR - BVAE A
12 [ B AT HE (LS RS LR T A0 B AR AT VA P A HE (S B
30%LA L -

() 8 12 /NFZNFIE TR RET » BUTEERICETH THT B

TAE - AT AR PERT TR FIRE S B4 URIIRE - SEAREAE
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FEEERSHEUMERLE -

(6) REEEMEDITERR - FERERIFFAESTYILAN T T - (FRIER
BABERREGENRER - EERSoMBEEaERETE - ROER
HLRSHE T B TR MRS e FEEUSFTE A ERCE D
FEERRIEFREAPREAKELZ HEDE -

(7) ERSHREREM
A, DURERRZE EVETAIRR SRR A IO TIR B ARER -

B. &4 10 {ERS - ALURBRHESISRATR EARZE S RETTIRER
B - B4 0 TS ITRREETR - WAL BB RETTIR B R ER

C. RERMERIAIRZ SRR UE/NRREEZ 10% SRILAE RS
T > FFRREEIER - HENNAGERERDSRETERREKEER - 55
4 BEHRTUREREERIGE - 2B IRMENAERRIEZRE
MR IGEIT AT -

D. BEFTRIEERZEDELFING 2 {5 MDL fH - EEERERZEEE
KIA 2 £ MDL {#FF - IWAKRERZFRWSER 2B AR
BT

(8) EeBZE m st BRI R AR BRE P E RS - BNE
— RS ITRE - BEOFEFE—EL L2 EREORS LR
IRAMRIESE R RS TE PR T - J7 12 Dk i B R B Rk A R
FEEEIT 22 EHRAR » W B EE R Sk b S B ARES BREITZEEY - FLASE
BOIERFEIT - SIS REERTEE « s - R - B8R
HASHTHES -

(9) HE=EAERGLCS)ELIEEAFR AR R Z BIBEE 5k - HIE Kb B
BFETON  SHERGRESE 20 EREEET—EERE M EERD
il

(10) [E]—HEKE 20 fEER AR — REE DT - ERIFFENEEE KM > 18
HERAIITETEESN - HROTIRE AR RS EHERRE 100 4
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Ik E - HEEDIT A B R EREE L EAEL20%LU P -

(11) IR AR S BASHRTR R S R AN DIE B AR » HL B SRR 75~125%
ZEERAEE R E BRI 2 E RN o QIR IIZEHE 5 B SRR A
BEP  BRAEIRRRL B O - DR R S A RBAMER B IE - IR
A E B R IR T E B A -

(12) FARRIEA(P 5 7 fe) -

AR AT IR AR A AR M R Y BT RTF R SR e R
RIFERMECTEEE - — RS > EWEE 5 ST EERRRE RS
AR 2 2= FEE 10%LL LR » BITTRES 4 IR R TR - B — 882
R AT > B 20 ERGLLEBR—EREIR - DHERREEEER
T -

SRVUEN FORBRLEIRIE IR R

RIS AR B B R AR AN 79 FT7R » LA Nilfisk GM80 T S5 =%
R HEPA HZ2RBE SR F R B SRR B UL FEZR IR 7E 0 R 23R AT AR — (B AR
£ HEPA filter DARHLIRBEZRAY R BZER, » ST MA E LS — AR —EHE
R BRE—EBREREGE - ERIERME (1200°C Split Hinge Tube Furnace,
Model HTF55322C, Krackeler Scientific Inc., Albany, NY) ~ 2 Fii & AR FiE
28 ©
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Cooling Air

- Neutralizer
TSI Model 3077
_’gr - _D—

Fornace

Laminar Flow

Carrying Air Element

Testing

HEPA Fitter | ' @]

VYacuum Cleaner HEPA

HEPA

Electrostatic Classifier TSI
Maodel 3071

= ~
° o cpcTsiaozz  Gomputer
°
-'oo—m - -
7 A
o o (T
.

79 FABRBRERRNEE

HRTESCRIHY B R 253 - REEER @ A B & IR Bl I T 2 AR ok - HR
S R ES RIS RE N M BRI BE4s HEPA filter #8255 — HEPA
filter UBIRIGZERTEE A fiks - ERIRHAIGIREE s HEPA filter T RN
IRERTE AR - HIFRBRLE ARTeRSE B IS (Aerosol Neutralizer,
TSI Model 3077)AEBRIYAIEFES - BL@ 15 HEPA filter HYHZIP 22 EIRAIE A RHRIE
HEPA filter - EEEFFF|H DMPS/C %#4% (Differential Mobility Particle Sizer, TSI
Model 3932 s 434 Electrostatic Classifier, TSI Model 3071 £ Condensation Particle
Counter, TST Model 3022) 8 I B S5 CIERL UK R EE 3 » FEHBIUEH
R EE ST HEPA filter BZROKTIRIRIBREERR - BRERIF » LI T & LA
DMPS/C FZAffmitihi B B IR & AR WF =B - FREEFHERES
HEPA filter % 8 @i EET (Laminar flow element, Meriam Instrument,
Model 50MC2-2, A Scott Fetzer company){fil#5 » FEHE T EFT LRIBIBZET
(Pressure transducer, Type 223B, MKS Baratron)ff{§HBRZE=(H ] A H S| R iedy

s =
PiLE °

106



81 FAPIMIELTR - ARB—EHERM

LES R BB PR IR - U eSS G 5 & DRI T 7 A Aok - ERILE SRR EL e
BIAIS+ T2 A 3R HEPA 220K BR 2R B s P s A BRI B B VR R 45 A - B
FERTHIRRYBIS TR =5 HEPA E 22K BR8] hEES Nilfisk GM80 HEPA 1
BEZR(IE] 82) > DAKIAS =B - WA G SRR EEIRLS - 1R - BB EE
HEPA filter(£I[J[E 83) - Nilfisk GM80 IR EESSE A B # S 2280 L/min » WG B
AR 25(GM80 Variable Speed Control, Nilfisk) » A] B FHE% & B i - FEHIER
i HEPA JEMAYEISRES Nilfisk, Type HEPA-H13 » 2E2EEH > B 14 4
7 BTG FEEHEE 230 37 SBIEZE RASIR S MG RS 3450 cm”® - R
FAXLHE DOP>99.95%, MPPS>99.95%, DIN24184>99.997% (Qumax =40 Lisec) o
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(b) (©)
82 Nilfisk GM80 HEPA IR EESS (a. IREESSAHES b&c. NESSSNEIHEEEEARLS

BYRAR - RIS SR AR B R TR I8 AT - RA L U e 2R s iR
w4 HEPA filter)

83 HEPA, Nilfisk, Type HEPA-H13

1T B P T 3% R 2% R o A R S R 4 PR )RR BT S 1Y
TOSHIBA TVC-10.0 T3¢ 20 EESR(AIE] 84) - PAMIEE RERME - MAE L
AL - AR TR 0.3um DL -k Ze RIS ik BEE - IR
B PIE T ] bR B 0% B 58 P R sk . HEPA YR » Rl BISRE R B T3
O S BRI RS TR 0.3pm LA _E0RE > 22 S R S R R - BRI
22 RIS BRI R B R AR AT A B2 RIRIE 2% » BU5E V03063P > [F]
BERBWM > R 20 A% - & 18 A% » MEEFE 180 3T » B2 RICHZ
PEHIES 4320 om® » AZRE AT RIRFBRIAAS AR, 0.3 um 3540k - TOSHIBA TVC-10.0
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(BN EY RS > 43 B#95 2200 L/min ~ 1900 L/min o {f fIAEY HEPA filter 3&i%
REERSAECIGHNL - LA DMPS/C R S IR BE AR T Sy 88 B YR G B BE 35
EFTHHEC b B E IR AR -

Bl 84 BIPYELZEIE EE 58 TOSHIBA TVC-10.0 EH[EREEE

@@%%Lﬁh%ﬁ%gﬁ IR R s 1 B 1 ok S5 R IR

C = e

moter vacuumoutlet vacuuminlet

T B 5 FE 20 5 A S AR B TR AR ISR, » MRS Aok 4 I 58 HEPA
filter BIFBLA - 3B SoASEE M ch AN ES KB HE B B 4 IR 8 S HH i S8 AR
¥ A HEPA filter holder» L\ DMPS/C Z 4% & HEPA filter |- T 4ok 83 B 34>
1 DETEE S ZORGRIH B SR -

downstream )

(Cupstream -C

77 Sfiltrationefficiency = C

upstream

73 AEIE B A AR EE 2% A 22 %’%ﬂgi@%— PEEVURE AN [E] P& T 22 SR ok s
R TEE  FRELHIfE A Nilfisk GM80 FEZF5HE8( GM80 Variable Speed
Control, Nilfisk) -
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FIYEE ARG

B HEREASEEEER
AR FERRR IR AR =R ﬂ’ﬁl(:%ﬂsﬁt SR Z8R) - EEM
5 2 FEE RS SR CGROARAOR B - T BRI SEn S AN E RS
PR 25 DMt 2% - ZRRAIYEIRIERIRI 2% 5K 26 - THESFIKEED
A BRI SRR BEFOSOR A AR AR R RR IR B B » DA 2 53488 ~ 5 4% 15
73§ = IR EFI— B AR IR R B L B 2R 23 » H APk — SR FICR RS
st LR BERY B B B S AR hEi e s B ti v i RO MR R A
B BARELELER[136] - LUTBE T AR FIERE T BRIR R ik - SSPD Al s sEnts
BEH A RISER - R =R ERRA AT RO B E R AR AT
BRI RSB E R F 2 Bk B RN A E R O REAL) - AT
EE(A e B B SRR RGIR YL -

® 25 HERE AR ER

SRR SSPD Vortex shaker Rotating Drum
TiO3, nano 4.2mg+1mg 130mg+timg 4.5g+1mg
TiO,, submicron 26mg+tlmg 950mg+lmg
ZnO, nano 11mgtlmg 350mg+lmg
ZnO, submicron 20.7mg+1.8mg 600mg+lmg 21.14g+1mg
SiO3, nano 2.84+1mg S6mg+1mg
SiO3, submicron 33mgtlmg 580mg+lmg
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26 FpReRIYIER R AR

¥ RetE A KL EREN RN BEFRE LEEE
AN R
%—Sﬂéﬁ,&:ﬁ{hﬁj& %[5 Degussa, 21 nm 0.13 g/cm3 3.95 g/cm3
TiO,, nano AEROXIDE®
TiO, P25
KK — &gk BEAlRESE 200-300nm 095 g/em®  3.95 g/em’
TiO,, submicron (Isk Taiwan)
KB ENEE AR RIELAT] 30-50 nm 0.35g/em®  5.61 g/em®
Zn0O, nano (Yong-Zhen)
KK EAEE EBEEGAH 250-300nm  0.60 g/em®  5.61 g/em’
Zn0O, submicron (Sun Beam)
i N =R (Y IR BRI E] 10-30 nm 0.056 g/em® 2.2 g/em®
Si0,, nano (Yong-Zhen)
R SR KIREEIAT 800-1200nm 058 g/em® 2.2 g/em®

Si0;, submicron

(Yong-Zhen)

B KB ZEAEK(TiO2, nano)
SRR RS R = R E B R ARAUBRIR B AR 6 TERL 2 5048 - 5

ML 15 38 - Z(ERFHERIEIRIRE S RER 2R - R = EE R
R IR EEETFE » FrLUGEE IR - E RO A e & - DU LR
TR IS E B R RGIAD - IREZIE 86-[H 88 MILIBIRTEEEREITHY 15
77 SSPD MBI #E B S B REI B ORE B = i MR RS
BIREREIRE R » (BRI R eSS - 5 L =R MR IR
BRI PRI RIARDL - ATLA BRI ER M ERAE 15 S S PURBISR B R B iR K
75’&%5’#@% » FHE 89 FILAERRRILEEHS: - —EERARE IR
RIR R BRIAE - EBEAERDCRHIAR N » TSRS SRR 16 15 5348
N SSPD FIfEi e R mA B ki) SR BB R A o2 S B AR S FA I 2 ki
B AR R R A R BRI AR S A e/ MR ZE S 0] 188nm > H
FLAR BRI A & B2 IR S I A DA SERI, > DA IR B R R A s, -
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N %, ¢ S
I I l]llllll LB lll”ll LI lllllll rrrvrm
10 100 1000 10000 100000
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[&] 87 KA SR 5 7> SERFHOR BB H IR S A -
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100000

filled symbol---SMPS
open symbol---APS
B Vortex Shaker

% @ Rotating Drum
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88 ZOKIN —SEMLIERTE 15 D EHLERB B IRESAE -

10000000000
Concentration Variation filled symbol---SMPS
1000000000 — (TiO, nano) open symbol—APS
—l— Vortex Shaker
100000000 —@— Rotating Drum
5 —&@— SSPD
S 10000000
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(=]
K 100000
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g
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=
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1 | ! 1 T T T
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Time, min

89 KM — SRR RRPERT RRRE S H R i3S -
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JETFERLL water-based CPC {55 SMPS FAHIMUIEH BES TAR RO T8 -
FALALG#E water-based CPC 8 3022 CPC R S BRIMASA it B R E A%
% 3 RS FMPS SRS - AR SMPS (SHIHgRRRIES>
1 - 5% 27 FIlE 90 B9 NMD {EFIE S s & r 337 - {3 F water-based CPC
{EFS SMPS FRCHIREH SR B BRSO S  E IBR B et m
2 > (B2 $HHE SMPS £ FMPS Y EEAT LSS, - FMPS 72 S0nm LU oAk
FELE SMPS B BIFLLAT - BIFSEERSRANER - HHTEZES FMPS
7€ 100nm L\ T E (IR SRR T IRE =55, 100 dN/dlogDp » BRI 2 ik
VARETRBAE H SRR A (R T IRAERS - FTASAt s s e B 4 -

3 27 {31 water-based CPC {E£S SMPS HURTE(350F » 3 TRIRERTE 2 70885 048
15 73 SR E BT HREOKR — S 4kgk NMD 1 GSD -

SMPS APS EMPS
WISy
. NMD NMAD NMD
fi#s (SSPD) GSD GSD GSD
(nm) (nm) (nm)
2min 271 1.19 570 14 192 1.48
Smin 473 1.26 556 1.4 193 1.48
15min 314 12 561 14 193 1.49
Total .
ave 236 23 561 1.4 190 1.53
(wepc)
Total ave.
ol ave 247 214 550 147 169 14
(3022cpc)
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3 a IMES
l].ﬂl-g:l « ShiEs
5 v AFS
1 10 100 1000 10000 100000
Particle diameter, nin
100000
0000 =,
o 1000 -
= 3 &
= 100
M E ~
- 3 3
10 5
g 3 %,
:a l'! " -
b 3 «®
z 3
= 0l $SED Tilly¢nanc) Lmin
3 INDS
0.01 T s
3 + AFS
0001 |
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1000000
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[~ E
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8 ]
[=]
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o, 100 k
@ 10 E
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e 0.1 ~ SSFD Till¢namo)
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1 e« AFS
0.001 —rerey—rrrrr—rrr e
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1000000
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H:
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= 1
»«Z‘i 1 >
L]
= 0.1 SSPD HOxnano) $oo,
» IMES o FMPSGIRCPC)
0.01 e SMIS « SMPS(3022CPC)
v ABS o APSGORCPC)
0001

100
Particle dinmeter, mn

10 1000 10000 100000

90 {85 water-based CPC {E£S SMPS BT BT > 3 RS2 08 - 5
S35 + 15 S HRIE BRSO (A B E B B I -
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LA SSPD S HGRAM — S MEMDHE - EA UL BN B SR AR A0E 91
A7k 5L MMAD £5 1.105um> GSD £3 2.0< (8] 92 HISE A5 RS0 BB/ ZE RE S SMPS

FMPS K APS FYBURISRE BIRE 1R - 82 MOUDI 15 I BHRHETTELEL -

4000
TiO2, nano
- MOUDI
_ __ fitted curve
3000 — (lognormal)

dM/dlogDp, ng/m3
S
=
]

10 100 1000 10000 100000

Aerodynamic diameter, nm

91 L SSPD 3 BAHIZAR — Sk e B IR 1l -

4000
TiO2,nano Mass concentration
| —@— smps, p =013 grem3
——@—— APS, p,=0.13 g/em
3000 —| —=— FMPS, p,=0.13 g/em> &
. MOUDI |
= i
)
=2
&
= 2000 —
[=]
3
E —
=
1000 —
0 —

1 10 100 1000 10000 100000
particle diameter, nm

92 1 SMPS - FMPS F APS it 8 2SR B MOUDI #'8 B R LE S -

Bl RECEK —ELEK(TIO,, submicron)
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LR RS SSPD MR E Bk Mg - iR R sr B RS
SRERE 93 FILIEH - KUK — SALSRRIRETE SMPS HSoRz {5 I HE [ Y b
oA » HLAE R B AR B SR - R 28 R/ THER 2 08 - 5
SYERT 15 4368 - FLRIEARRAY NMD 1 GSD HY#4{{,53 5155 165 nm ~ 210.6 nm -
107.5 nm 12.39 ~ 1.53 ~ 1.96 » LA LIZEEE SMPS fy NMD {4 Fais R i
EF 0 2R GSD HUMIBAHIAER - FF#EE APS BRI - BIEHFE
I RS IITT IR S, - I ER (I BRI AL BIES 61.9 #om’ (K
E 4.74 #em’® > J§A 92% 5 1197nm FHEFE 1486nm - 3G 24% T 7, APS BBk

W EHRERIEE - FEERRIE I T RIEE R -

£00 4000
. Ti02(fine) 5min
TiOx(fine) 2min
SMPS (vortex
u  SMPS rortex skaker) . @S’;l;h"“"") )
400 — o APS Gortexshnker) - Fitted curve
_____ Fitted curve 3000 === (ogmomal)
(lognorml)
'% o
£ 300 < K
£ E
a c: 2000 —
E; -. ) »
= 200 — - o 3
-4 R
= . = L
4 - [
.."I.? 1000 — T
o o \
100 — \ . a™ -\
" /. - l,\ -
4 "pa \ [
s | AT |l
0 . v-—.I l#ll“l LRI AR L lmm 0 —
10 100+ 1000 10000 100000 10 100 | 1060 10000 100000
Particle diaineter, nin Particle diameter, nm
200 10000
TiONfine) 1Smin Concentration Variation (Ti0, fine)
B SMPS (vortex shaker) ~—l— SMPS
160 o APSGortexshaler) | 1000 | M7 —8— aPS
_____ Fitted curve - P\
(bgnormal) g
'“E ®
20 — g
£ 120 L § 100
f 4
5 & g
5 80+ ¥ id ] T
d ! . =
I.‘ | 3 g
A g
40 — 1
0 ] e 01 I T T T ] T T T T
10 10 1000 10000 100000 0 200 400 600 SQL

93 DAVEIREE S AR B R DEOR AR — S A SRR BRI T (L RURT ISR T -
7 28 DUBEARE BB BRI — A 8K SMPS BT APS FENFRFEIRIHIR
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Pk — & Akek NMD F1 GSD fH -

SMPS APS
S I 2 S 5 3

BERRREE | e R MD BERER |

(vortex shaker) - RifE GSD VA=Y GSD
3 (nm) 3 (nm)
(#/cm” , nm) (#/cm” , nm)

" 2min 225.8/269 165 | 2.39 67.6/1486 1150 1.54
Smin 1157.9/232.9 211 1.53 201.2/1382 1181 1.50
15min 121.5/135.8 107 1.96 4.7/1486 1116 1.58

RIGARR — EMSN B PR RIAOAR S B IR B MBS AB LR 2 BRI
RS » FEEBRMEITRIFIEIED 5 SMHAIFF(Z - SMPS FlI APS MR A 2e7t
HIERZ > JHRE FTRER R AR M EAER TR E SR P EIR S - ZER BRI BT
B> {15 SMPS 1 APS BISSKIAEE B IR SR S » LUK I Beo# ik kg
ﬁiﬁﬁﬁé o SMPS HIBSKIRAERE T 1163.8 #em’ B E 65.1 #em® » JRA T 9 94% >
APS HIBSRIAEIRETEH 692.4 #/cm’ [EZE 2.39 #em® » A HT 99.7% - ARTE{EHIRESS
PSR IR B HTIEE A - T RRBOKR — S SRR B PRI B MR kb
FEEERY 15 28R WLIKGEE ARG T e 2B - (EREHIRI AL
IR ERRE - LA SSPD 3# Rk — S SRR BRI IR i [ FIIZ0E 94 At
3% 29 55 3 TR S (AN EEET NMD F1 GSD &4} - #1452 SMPS -~ APS g8 FMPS
{9 NMD F1 GSD {ERVELIETE - "JLAZEE SMPS #) NMD BHE)EaEE » 55
ATHEFR SMPS MBS S BT e R PO RS BRG s rk
BAHER - BRFRK SRR BRI — A SRR BB T L
B A LIBIRBOk — SR APS 2 NMD &5 - EBRAHCk Z Ebsiin
HSREETURAIBIRIELR » (B RBICK — SR BERY SMPS 2 NMD {EEEHJa5k]
TEIRAELT - MK & LEREY SMPS 2 NMD fEATAAWIERIIRAT 10 544 -
EFTEA T RASRAIRERE B EERMCk — S BB AR -
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1000000 1000000

100000 ‘ 100000
» a
.
10000 ‘; 10000 . i
l'.h - 4 L - %.
-~ 1000 % - 1000 g H
5 Y £ X
%100 P, %100 Re' » . Y
. L Y Bl
§ \ » 'Y % . i
.a 10 : V) - 10 : &
= " » ol b Y
Z % Z -l
~ 1 LR ~ 1 o
0.1 $SPD T fsubmiram) 2min 0.1 $SPD B0 Jsubmisrem) Smin
v poio ] "] FIIS
0.01 : s 0.01 : o
0.001 0.001
1 10 100 1000 10000 100000 1 10 100 1000 10000 100000
Particle diameter, nm Particle diameter, nm
1000000 1000000 —
100000 .
10000 }
1000 - J
% E
# 100 =
& 2 100000 —
10 g 3
3 3 .
e
5 1 b= -
0.1 $SPD Ti0 {submicrem) 1 Smin b
a e i
0.01 P
0.001 10000 T | ' 2 T
1 10 100 1000 10000 100000 0 400 800 1200
Particle diameter, nm Time, seconds

94 LL SSPD SrERIMAM — S siby B Bares f B L AR IS AR R L e -

7% 29 SMPS - FMPS £ APS 7EANFIRFRIBS A Bk — S L e 1R

NMD #[1 GSD {# -

‘ SMPS APS FMPS
iGN A
- NMD 1 NMAD NMD
i#s (SSPD) GSD GSD GSD
(nm) (nm) (nm)
2min 195 1.67 667 1.35 178 1.38
5min 237 1.39 660 1.35 177 1.38
15min 214 1.39 660 1.36 177 1.38
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2 FKBEASEZNO, nano)

SLRERHEBEF SSPD 1T BN ETER » 7N AR FIZLSREY CPC (water-based
CPC } 3022 CPO)BTEATTEES - FALILLUAIRE CPC $f SMPS R AKIAI
$){fitIR 8 - Bl 30 FIE 95 FLUGI FMPS Il APS BORHEESMARIEAE 2-15
8312 S TBIE + NMD 71 GSD £ F-4bERE5E— B - 7 SMPS g NMD
R GSD T — Bt 2 5 St B ESA O LB Bk 51 » T
ZoRHEE— (BRI - (S IR T 50 SMPS (I R G Bk 7
EEERG + ELERRIRRI S 2 R MEARII ELIE, » R4 FMPS & APS SERGREAT
USRS — S AR - LR SR CPC fBIAR A
AR ST » R RS SMIIR » EARETHES 30 FTLUEE 2
i CPC BEIIRERZEETA » NMD HIRBIAAIES 3% - GSD BIRERIES 25% o fi
il MOUDI S/ LRI SRA T LSS4T + K5 S5IATE] 96 FFom » 2 MMAD
£ 1.344pm ~ GSD £ 1.84 - 5 SMPS ~ FMPS F APS I EHEE AT 5=
F P BE R - R/ E14 B ORISR BB 551 - 20 97
2% 30 {55/ water-based CPC {EfS SMPS HUET8asHs 3 FRMEASEE 2 0485 /548 -

15 43 BATETBR M T IR ZEA MR 48 L NMD F1 GSD -

SMPS APS FMPS
i UN A A
. NMD NMAD NMD
e (SSPD) GSD GSD GSD
(nm) (nm) (nm)
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Total ave.
ol av 261 1.62 754 138 170 1.39
(wepe)
Total ave.
ve 270 2.15 755 1.39 170 1.38
(3022cpc)
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i FKRZEALHI (SiO, nano)

AR HG (A SSPD ST B E SR - Hhsk 31 FNiE 102 ATLUE%1 FMPS Fl
APS {IEIRIRR S AR ELAE SMPS BEASERI% - LU EIBSRHY CPC
REIRR RIR R T - LB R RN R R I - FIAER SR
31 LI 2 7 CPC {EBIEGE R R NMD HIZERIARHIFS 4.5% ~ GSD 1y
S5/ 8.5% - {# MOUDI HEFT LA RAVEE BIREE M » #5RRIANE 103
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IREEMisR LAk SR B E R R RIS SIS Ba E R e
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403 (ssppy | NMD csp | NMAD asD NMD asD
(nm) (nm) (nm)
2min 95 1.26 739 139 145 1.90
Smin 250 2.8 724 1.35 153 1.92
15min 155 136 674 1.42 156 1.99
Total ave.
olatave 167 223 712 1.42 155 1.99
(wepce)
Total ave.
ot ave 175 2.04 758 1.45 162 1.85
(3022¢pc)

127




10000

1000

100

10

dN/dlogDp, #em3

0.1
0.01

0.001

10000
1000
100

10

dN/dlogDp, #em3

0.1

0.01

0.001

10000

1000

100

10

dNsdlogDp, #em3

0.1

0.01

0.001

10000
1000
- . S
;1'~qu’ . J“::>b
% e ¢ $, 100 e + “l
\':’: *wt ", % . o= F
o’ . £ 10 %
b o) ‘a.
-» é 1 » ..
FY” 1 2 . @
~
0.1
SSPD $i02(nano) 2min SSPD §iO2(nano) Smin
= FMPS 0.01 = FMPS
+ SMPS ¢+ SMPS
e APS + APS
I LI lllln] L llllml T llllllll L) ll||||| T T TTIm 0-001 LI ) |I|"|| T IIIII"I LI ) I||l||| T T TV
1 10 100 1000 10000 100000 1 10 100 1000 10000 100000
Particle diameter, nm Particle diameter, nm
10000
-F\ 1000
- >
“om g Ay
" A’: - 100
o <
* v # 10
S, £
*e ] 5 1
- Z
o ol -
0.1
SSPD 8iO2(rano) 15min SSPD 8i02(nano)
s FMPS 0.01 s FMPS
« SMPS « SMPS
e APS APS
 LRRARALL I uum|—r-rrm1'r[—|—|'rrrrrr[—1—rrmrr 0-001 | DAL DL AL LLL I B L LLLL S ITIIIIII T
1 10 100 1000 10000 100000 1 10 100 1000 10000 100000
Particle diameter, nm Particle diameter, nm '
10000
1000
100
2
£ 10
2
. a0 )
SSPD Si0(nam) total conc. variation
= FMPS © FMPS@3022CPC) 0.01 4 —e— SMPs —9— SMP5(3022CPC)
¢« SMPS © ASPB3I22CPC) il APS —©— APS(3022CPC)
e APS o SMPS(3022CPC) —&—FMPS —8— FMPS(3022CPC)
| T II|I|III T llllllll T IIIIIII| T |||||||| T ||1T|1'|'| 0.001 I T I T ] 1 I
1 10 100 1000 10000 100000 0 400 800 1200
Particle diameter, nm Time, seconds

102 {5/ water-based CPC {EfS SMPS WSk 5T HBLeSHT » 3 TRBESE 2 948 S
5388 ~ 15 S EEEA ISR R IR O B B i i ML -

128



250

SiO2, nano
] MOUDI
- __ fitted curve
200 (lognormal) T I
- 1A
E
B 150 — )1 \
£
g ] \
<
s 100
=
50 —
0 T_Fllllll Ll llllllll I llllllll LILELALA
10 100 1000 10000 100000

Aerodynamic diameter, nm

103 LA SSPD 38Kkl — S Wi ia v B BB E S -

250
SiO2,nano Mass concentration
- ’ .................. SMPS, Pp=0-056 g/cm3
______________ - - 3
200 — @ APS, p=0.056 g/em
—=—— FMPS, p,=0.056 g/em’
E
‘& 150 —
3
=
a -
o0
2
S 100
=
50 —
0 —

1 10 100 1000 10000 100000
particle diameter, nm

104 FH SMPS ~ FMPS J; APS $#ifip B SR E 81 MOUDI (98 B L -

129



B2 KKK —FALHY (SiO2, submicron)
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mee ssep)| NMD [ | NmaD [ NMD osD
(nm) (nm) (nm)
2min 247 1.50 803 1.50 149 1.44
Smin 201 1.39 823 1.50 147 1.46
15min 190 1.75 856 1.52 153 1.46
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Concentration, mg/m3
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Concentration, mg/m3
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139 E#l%5 6 Mpie BAHUR AT IRRELLEL, 97/08/07, & LERRaRK

RRGEAE S — A » 7E B IS 3 EH8% IOSH 1SS - EREE S & - Dust
Trak 5 MOUDI Fff Bk 8 B 7 5 - EERfE ST IOSH fegs - esete
JE2% ~ Dust Trak F MOUDI & lfh 8 2B B 486.72 pg/m’ - 280.49
ug/m’ ~ 991.5 ng/m’ 1 484.48 pg/m’ - FFFEAEEEET > Dust Trak FS IRk 5 &
T EEBASEARA TOSH SE/EES - EHENEEES & MOUDI FyHIHE » FRRATAE R B Bhi%
2SR N R AR (4015 36 Ffw) » T MOUDI £2 IOSH S /a\ SRR R I8 14
P B RIS T BT - AR SR Ho Lo b BE VA R (L AR R R R SR L
SWZER - TWRERET R ERIEE, BRI S MR AR
IR S BB I 37 FIR) - AT B RERUEERIRATETR
KIS BRSO > UG RSB REAR TR E - SIAMG & BB oAk B B i TR
- AP o ol L SR (RF) BV R 18- T e e Ao A B R - BN R AR -
R EB SIS — RIER BB 3 BIHEH AT IR M R B R B R S 484.5
ng/m’ > FRES 695.1 pg/m’ 0 HERE 214.1 pg/m® » HEHEMEILEEEE IOSH FE/E,
FRAE RIS, 3 FREEA ATRIR, M ok B B EEARRT (5 — RS 486.7 pg/m’ » 5
ZRES 688.0 pg/m’ > EEZRE 267.9 pg/m’) + B MOUDI ATHREH ok B B Y
T 4R TR, e POk B T - HRE AT
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IR A PSRRI EEBII(TF)
IF(da,U,) = 0.5(1+exp(-0.06da)) +10° U,*™ exp(0.055da)
da : REFELR » um
Uo * RIMHEE » m/s
R PR EESR(RF)
RF = (IF)(1- F(x))
Hrp
x = 2.466 In(da) —3.568

F(x)=0.5(1-0.1969x +0.1152x* = 0.0003x* +0.0195x*)* ¢ = < 4

F(x)=1-0.51+0.1969x +0.1152x* + 0.0003x> + 0.0195x*)™ for x>0

7 36 IR 3 TERRERELEER, 97/04/28, — S s ARk

SHTEE RPM CBRIRE | Ti(thHl, %) | SBEEE Ti (EEA1, %)
(Teflon) (Teflon) (ng/m>) (MCE) ;
IS 3 (ng/m’) (ng/m’) (ng/m’) (hg/m)
22. 39.13
RiE2S | Nylon 280.49 35.82 (61.5(;;) 59.96 (65.26%)
I0SH 486.72 90.70 89.97 93.06 84.49
(99.20%) (90.80%)
Dust Trak 991.5
MOUDI 484.48
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3 37 PEHEARRREMRIE IR, 97/04/28, S LR

IOSH f/E 28 ,
SrEE RPM(Teflon) &> FBHAA R (Teflon) £ B HE S EE(MCE)
B (pg/m’) (ng/m*) (ng/m’)
SEHIES 1 334.97 23.34 31.75
SRS 3 486.72 90.70 93.06
EHIES 4 375.20 23.24 35.26
HHIEL 6 294.53 50.44 38.60
& E B 372.86 46.93 49.67
T e 367.15 26.50 45.71

TESE ZARERIT - 72 HIEE 3 ELik TOSH fieE\ds - JEFEfEEZs » Dust Trak
B MOUDI FrE&RIfH E EIRAE AR - HEaiE MR IOSH figE2s - JEREieA s
Bz Dust Trak 5z MOUDI Fi £k B B 124> BIES 688.03 pg/m’~226.34 pg/m’>
873.16 pg/m’® K 695.1 pg/m’ (403% 38 F57) * il MOUDI &2 IOSH fe B\ SRty o]
WP PRGN B B B A T BT -

7 38 [EIERL 3 TRIERERAS LB, 97/06/05, & MLERE e

SHTEE RPM . | &BHRIEE | Ti (LA, %) | SBREE |
3 Ti (ELB, %)
(Teflon) (Teflon) (ng/m’) (MCE) (/)
B 3 (ng/m’) (ng/m’) (ng/m’) He
- 1.32 5.99
BEEZS | Nylon 226.34 1.92 (68.70%) 8.12 (T3T%)
6.03 6.64
IOSH. 688.03 10.08 11.54
(59.87%) (57.56%)
Dust Trak 873.16
MOUDI 695.1

TEES =ARERIRF » TR HIES 3 Lk TOSH fig\ 25 - JEfefie/E 85 & Dust Trak
B MOUDI fr& #lIiffh B BB 2R - HEHE R IOSH fgfEds - [ereie/Eas
& Dust Trak § MOUDI fiy £ #kck 88 S EES RIS 267.88 ng/m>~ 149.25 pg/m>-
282.1 pg/m’ K 214.09 pg/m’ (403% 39 F7) » £ MOUDI £ IOSH Ji B S8 & 1l
72 RPLHIZIREEK -
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R 39 [EERL 3 TR LLEER, 97/08/07, & ik s

SATEE RPM SEIRE | Ti(LHl, %) | SBEMRE Ti (E 61, %)
(Teflon) (Teflon) (ng/m?) (MCE) ;
B 3 (ng/m’) (ng/m’) (ng/m’) (hg/m?)
B2 | Nylon 149.25 2.42 2.42 (100%) 2.89 2.89 (100%)
IOSH 267.88 3.78 3.78 (100%) 4.61 >0
(86.91%)
Dust Trak 282.1
MOUDI 214.09

% 40 55 TOSH [ie E\ SRR B 45 T 7 B2 Y HE 2 R T TR, e e A B
B B ZIREAE AT - SIS | IR M SRR Y B B R £ 334.97 pg/m’
EHEL 3 £ 486.72 pg/m® ; BEIEL 4 £ 375.20 pg/m’ 5 BIEIEL 6 £ 294.53 pg/m’
75391 372.86 pg/m’ - SBAEEIREEHEEE - BHIRARS AR TN B E O
Mok B TS S B BT - FUBREES 367.15 pg/m’ » HEIERSER 4 (FE E R E IR
SEYRE 372.86 pg/m’ AR o BT RIRMEHE AT » SRS 1 ORI M
BEERER 195.1 pg/m’  EHIEL 3 £ 688.0 pg/m’ 5 EIIEL 4 £ 587.0 pg/m’ 5 B
W% 6 £5232.8 pg/m’ » FSIGES 425.7 pg/m’® > BHBLATAIEE — RIEK B AT E
BB e B IR (425.7 ng/m’) s — SRR A SR 55 (372.86
ng/m®) > FAE — X BHI I S T BRI ARSI A TSR
SR - AR AR B R th AR « 55 S IR AN
T EIES 1 FOR M A A B SR S 80.27 pg/m’ s BHIEL 3 55 267.88 pg/m’ >
SRAEHERE 1 BRI PR R SR 7 4 B B RS 84.11 pg/m” -
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3% 40 IOSH fie /Bl as A B e FIWPIR ME DS B SR, b RN Be ik

97/04/28
SEE RPM
IR, (ng/m’)
SHIES 1 334.97
SHE 3 486.72
=HIEL 4 375.20
SHIEL 6 294.53
[ B9 372.86
REHEE - 367.15
97/06/05
SR E RPM
BB, : (pg/m’)
HHIEL 1 - 195.1
HHIEL 3 688.0
IR, 4 587.0
=B 6 232.8
] E BE Y 425.7
97/08/07
SHEE RPM
B, (ng/m’)
EHIEL 1 80.27
FHHIEL 3 267.88
HIHE 4 223.5
FHHIEL 6 : 80.04
& = B 1 133.81
e 84.11

53545% 41 55 MOUDI 1REERI M B B - B— RIRH I R EIZS
PR EE BIRAE RS 8.9 pg/m’ » BETRES 9.5 pg/m’ > BERE 15.8 pg/m’ » IR
{EJ> NIOSH Fiifsft) TiO, BANHORII B2 H B (100 pg/m®) » ol i B i
FE ST B VT AR 55 — AR — R P SRR Ao B I AR T = K
Fr BRI B 3 B B A BT - R BN M — » ERABREMES
B - SSHMELEREE — R BEEE — Zk MOUDI fijoki B B AF R 353555 — 7K MOUDI 54
FBSR B B YRR A T E UL TSI L A A B0 DI REL Ao R, AT R, e g
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SRAL > (B FORTIRIFYREOE IR LEBIE - 55 =X MOUDI $#REERIFEBRIT
TR P ke B B R RS BB IR AN EE AT R R :E R R R A B
RNy SRR AT R TR RIRR 8 H ERRRRRIE Rt LUK ERas FTIR SRR
EthpitERE -

% 41 MOUDI fREERIHIN B IR, TR LEk R

S EE o EROKBRRL
RPM i EERE ‘
N 3 3 BEaEE
EHIEE 3 (hg/m”) (ng/m”) .
(ng/m”)
97/04/28 484.48 383.1 8.9
97/06/05 1695.1 865.4 9.5
97/08/07 214.09 200 15.8
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R (= S5 8B R LA A DA

AWFEFIFR ICP/OES AR i S I R » 5 FAYA LI 25 ml R Rak AR
K 8 /N5 T > IOSH fgElas B MOUDI # Ti JTERAEHIREIRE S BIES 0312 pg/m’ B
0.0177 pg/m® » EHEELARAE SMAHRIECRBIE T Ti TCRERER R 96%~106%
2 PR 42 FR) - #8008 BEMRAR ELKCR B E T4 Ti TTREERA 81%~99%:2

IR 43 FR) ©
7 42 FECHBAEZRIRAR Ti [EIKER
RE— IREZ RE=
MCE TEZER | RuE | SR | BRR | RE | SFWE | BEE | Rog | SR | BE®
{u g/mL) {1g) {rg) (%) {xg) {x8) {%) {rg) {xg) (%)
1 0.0211 30 31.8978 |106.3260 60 57.8807 | 96.4678 120 117.7863 | 98.1553
2 0.0213 30 31.8320 | 106.1066 60 58.4016 | 97.3360 120 115.4306 | 96.1922
3 0.0213 30 31.7083 | 105.6944 60 57.2335 | 95.3892 120 115.8923 | 965769
4 30 31.4791 | 104.9303 60 57.4625 | 95.7708 120 115.5114 | 96.2595
5 30 31.6891 |105.6302 60 57.2736 | 95.4560 120 117.7510 | 98.1258
6 30 30.4765 |101.5884 60 58.3841 | 97.3068 120 116.5849 | 97.1541
Pi9fE 0.0212 315138 |105.0460 57.7727 | 96.2878 116.4928 | 97.0773
1EiERE 0.0001 0.4821 0.4860 0.9761
SRRBN(%) 0.4475% 1.5297% 0.8412% | 0.8379%
ZEREZHEENRE = 99.4704 %
SHER{RER(CVa Y= 112
7< 43 PRFABEVEAR Ti [EfR
RE— mE— RE=
PTFE | nHEza | GmE | A%8 | BRE | 5mE | AR | BRR | &g | SR | Bk
(ug/mL) (ng (g (%) g (U0 (%) (e (g ™)
1 0.0202 30 29.5001 | 98.3338 60 54.4258 | 90.7097 120 98.2148 | 81.8457
2 0.0203 30 28.9101 | 96.3671 60 55.2280 | 92.0466 120 99.0988 | 82.5823
3 0.0203 30 29.2370 | 97.4567 60 55.0464 | 91.7441 120 97.1168 | 80.9307
4 30 29.9492 | 99.8308 60 56.1137 | 93.5229 120 97.5053 | 81.2544
5 30 29.0258 | 96.7526 60 55.5580 | 92.5967 120 97.9478 | 81.6232
6 30 28.9304 | 96.4346 60 55.6299 | 92.7165 120 99,2690 | 827242
i9{E 0.0203 29.2588 | 97.5292 55.3336 | 92.2227 98.1921 | 81.8267
SR 0.0001 0.3695 0.5267 0.7821
REESON | 0.3852% 1.2628% 0.951%% 0.7965%
CEBEZTHERSR = 905262 %
SRR CVa b= 1.02
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140~f8] 142 £3FI|F ICP/OES 43477 I0SH fE B askImS (LAt Z AR AT S
TR Mok TP & B ST - 58— R BB A0 140 FOR - B3R 44 HI4HE
EFIG 1 #Y Ti SRR 25.37 pg/m’ » HUERR TiO, JEREES 42.33 pg/m® » SIEE 3
iy Ti JREEES 84.49 pg/m’ B TiO, YRS 140.97 pg/m’ s BIEE 4 19 Ti JBREES 4.76
ug/m’ B¢ TiO, JEREES 7.94 pg/m® 3 SHIBE 6 B9 Ti JRRER 30.72 pg/m’® B TiO, Y
£ 51.26 pg/m’ » TRSENELAT Ti 4R ES 38.98 pg/m’ B¢ TiO, JEREES 65.04 pg/m” -

3 44 IOSH fre E\ZsHUIRIR BUR, 97/04/28, — & Laikrigik

IOSH /& 28
srtrEE RPM EEITR Ti (EEB, %) TiO,
B, (wgm’) | HEEE(g/m’) | (ug/md) (hg/m’)
EHIER 1 334.97 31.75 25.37 (73.0%) 42.33
=R, 3 486.72 93.06 84.49 (90.8%) 140.97
=R, 4 375.20 35.26 28.56 (81.0%) 47.64
=R 6 294.53 38.60 30.72 (79.6%) 51.26
[EE Bty 372.86 49.67 36.34 (73.2%) 60.63
EZ LA 367.15 45.71 38.98 (85.3%) 65.04
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‘Concentration, pg/m3

Concentration, ug/m3

Concentration, ug/m3

100 —

30 —
(A) B)
- 80...
(2]
E 4
20 — 2
o
4 E b
S 40
[%]
10 — s J
(5]
20 —
0- 0= T | —
Pb Ti Al K Fe Si Na Pb Ti Al K Fe Si Na
Metal Element : Metal Element
25 — 40 —
1) {(D)
20 — 30
n —
. E
g2
15 - =
o
J EZO—
10 - |
Q
=4
= o
010 -
5-
0- 0 -
Pb Ti Al K Fe Si Na Pb Ti Al K Fe Si Na
Metal Element Metal Element
407
{(E)
30—
20 —
10—
o_

Pb Ti Al K Fe Si Na
Metal Element

140 BRI, 97/04/28, S fLERM BERk
(A)EHIES 1B)E IR 3(C)EHES 4 (D)EME, 6(E)BENHEE
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B RERERLNE 141 For - B 45 TTARERBIEE 1 89 Ti LS 4.34
ng/m’ » HEEK TiO, JEREES 7.24 pg/m’ > BIFIBE 3 B Ti YRS 6.64 pg/m’ B TiO,
RS 11.08 pg/m’; BHIES 4 19 Ti JEEES 8.90 pg/m’ B TiO, YA 14.85 pg/m’;
BT 6 (9 Ti SRS 4.79 pg/m’ B¢ TiO, PR 7.99 pg/m’® - TIRSBIEERY Ti yaps
£5 6.17 pg/m’ B¢ TiO YRS 10.29 pg/m’ > LARSTEIN S BIREBE — IR
EHRAKR S » F BRI R e e A B R R H ST [ B -

3K 45 IOSH fig B\ EsHIEREK BUR, 97/06/05, S LEriaRk

IOSH figa 2%

SEE RPM SEITR Ti (ELA, %) TiO,
I (ng/m’) | HEREE(gm’) | (ug/m’) (ng/m?)

HHIES 1 195.1 6.90 4.34 (62.9%) 7.24
IR, 3 688.0 11.54 6.64 (57.5%) 11.08
I, 4 587.0 15.11 8.90 (58.9%) 14.85
HHIES 6 2328 18.86 4.79 (25.4%) 7.99
& B4 425.7 13.10 6.17 (47.1%) 10.29
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Concentration, pug/m3

Concentration, ug/m3

10 10
{i ) { B
8 — 8 —
[32]
J £ J
o
6 — ::: 6 —
o
J 3 4
4- E 4-
Q
[=
- ° -
O .
2 - 2
0 T 1 0 I —
Fe Mg Ca Ti Al K Fe Mg Ca Ti Al K
Metal Element Metal Element
10—
1 ©
8
™
4 £
2
6 g
L
| <
4 g
13
c
. o
(3]
2 —
0 i 1
Fe Mg Ca Ti Al K Fe Mg Ca Ti Al K

Metal Element Metal Element
141 AR GR RIS B S353 47, 97/06/05, —E e iRk

(A)EHIRS BYEHES (C)RHFRM4 (D)EHIES
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5 =R EE RANE 142 o » BIZR 46 FIAEREIES 1 B0 Ti JBERS 130
pg/m’ - BB TiO, JEREES 2.17 pg/m® » BLIFIEE 3 9 Ti YRAEES 4.61 pg/m’ B TiO,
TS 7.69 pg/m’ ; BNEE 4 B9 Ti JEEER 3.63 pg/m’ B, TiO, JEEFS 6.05 pg/m’ ;
EHIZE 6 1 Ti JEEEES 0.89 pg/m’ 57, TiO, MRS 1.48 pg/m’ » TIRSEIEEL Ti YRS
5 1.45 pg/m’ 5, TiO, IR £ 2.42 pg/m’ » B _FIRAIMT S R T BB — R B IR
bR T ZERIES 4 89 Ti TRAESBPFMERIEEERES). - KRR S T
hERRLL Ti TRBE » B - ZREBIFTAT IR ok i £ e s
— AR, » S5 =R Bl R R BB S A B S T PR e (S - T
L4 T TRPIR o Ry 6 S R P HO RSB MBI o AT » S — R B 7R 3
TiO, JRE LS 60.63 pg/m’ » 55 —REE B FIBEHIZEIE TiO, JRREEES 10.29 pg/m’ > 55
ZR[ENE RSIEEE74T TiO, JREERS 4.39 pg/m’ > BHLL R =REHFTHIEH) TiO,
T T DA BB A IRAR A NIOSH Fridtsity TiO: HHfCII B 75 1538 B {8 (1500
pg/m’) °

3% 46 IOSH fle[ElZRHIIRERBAR, 97/08/07, &ALy Bahk

IOSH fig e

STEE RPM A PV Ti (LB, %) TiO,
BRI, (bg/m’) | pmEgm’) | (ng/m’) (ng/m’)

HHIEL 1 80.27 5.58 1.30 (23.3%) 2.17
EHIE3 267.88 5.30 4.61 (87.0%) 7.69
R 4 2235 8.61 3.63 (42.2%) 6.05
FHES 6 80.04 6.18 0.89 (14.4%) 1.48
&l E B 133.81 6.42 2.61 (40.7%) 4.35
BEHEE 84.11 5.60 1.45 (25.9%) | - 2.42
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(A)

Concentratlon, pg/m3

Fe

©

Concentration, ng/m3

Fe
E
1 ®
(2]
g -
=
c 4 -
K]
s
E -
[
(3]
5
o 27

Fe

Mg Ca

Mg

Mg Ca

Ti
Metal Element

Ca Ti
Metal Element

|
Al K

Al K

T
Ti
Metal Element

Al K

Concentration, pg/m3

Concentration, pg/m3

(B)

Fe

(D)

Mg Ca Ti Al K

Metal Element

|
Fe

Mg Ca
Metal Element

T Al K

142 A[RPIR A SRRIATE B 434, 97/08/07, —EALERK SR
(A)EHIERS 1 (B)EHIEL 3 (C)BHIES 4 (D)EHIES 6 (E)REHHEE
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143 FIE 144 FFIF ICP/OES 4347 MOUDI (g (LA SR IAR AT BRIy
FAMIE S IR FI3R 47 AT — R BRI RES Ti AR 0.03 pg/m’
o TiO; PR 0.05 pg/m’ » 5 48 FAIE “REMMISHTHEREIRHRIFEY Ti
YRR AR T IR 2 49 AT SIES S REHIRIAHTE I ES Ti YRR 0.12 pg/m’
5, TiO JREERS 0.20 pg/m’ » S3H1ERIE 143 FUIEI 144 FI41434T MOUDI BefLAiate 3
WEAREOAE R IR AR Ti RS E - FIL 418 MOUDI RSB
HESSORE TR R B T TTARAAAE » ST A HET P IR A1 — AL SA P TR

JBATAKGRRL -
3% 47 MOUDI HYEREREUR, 97/04/28, —E sk asik
MOUDI
| FKBRL N N
SHTEE FEAUORIEE | ZOKBIRL B TKBIRL | TR
RPM \ \ SEITR | ,
.| ERE | ERRE \ Ti(LLB, %) | = TiO;
. (ng/m) 5 5 TR X 5
BLAIE, (hg/m’) | (ng/m’) s pgm’) | (ug/m’)
(ng/m’)
=R 3 484.48 383.1 8.9 0.83 0.03(0.34%) | 0.05
2 48 MOUDI HUREREHR, 97/06/05, &AL ERR Bk
MOUDI
. | Fk oz . 5
SHEE FBORIEE | ZROKBOL B AR | FOKGRRL
RPM \ ‘ EE|ITR | .
3 BRE | EERE . Ti(ELBl, %) | 1 TiO,
o (ng/m”) , , B \ ,
SLAIR (pgm’) | (pg/m’) ; (hgm’) | (ng/m’)
(ng/m”)
RS 3 695.1 865.4 9.5 N.D N.D N.D
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0.05 =
1A
0.04 =

0.03 —

0.02 —

Concentration(ug/m3)

0.01

Concentration(ig/m3)

0.3

0.2 —

0.1

(B)

0 | N R E— I
Pb Ti Al K Fe Si Na
Metal Element

0.04 —
1©
0.03 —

-

0.02 —

Concentration(1ig/m3)

0.01 —

0 T T T | —
Pb Ti Al K .Fe Si Na
Metal Element

|
Pb Ti Al K Fe Si Na
Metal Element

143 MOUDI FriREERIEBIRAL, 97/04/28, — S LSRR
(A) BRI ¢ 180~100 nm (B)BMIAIAR © 100~56 nm (CYBSRLRIAR  /NFY 56 nm
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5% 49 MOUDI Hy#REEEE, 97/08/07, — S LK HaRRk

MOUDI
2| 7L AY (A %"f%%&*ﬁqj (3 2 L.
S TR E FHOMRIEE | ZORBIRL B FAKTRRIF | SRR
RPM | e | EETE | |
.| BRE | EERE \ Ti(LEHl, %) | = TiO,
- (ng/m’) ; ; R ; ;
BHHIRS (hg/m’) | (ug/m’) ; (hg/m’) | (ng/m’)
(pg/m’)
SR 3 214.09 200 15.8 0.42 0.06(0.38%) 0.1
0.2 5
] @A)
t E
E=) E=)
3 >
s 3
[ c
] 8
Fe Mg Ca Ti Al K Fe Mg Ca Ti Al K
Metal Element Metal Element
0.2 5
1 ©
t
E=)
<
s

Fe Mg
Metal Element

144 MOUDI FEREERY S BIRAL, 97/08/07, — &Rk iaRk
(A)BERIHLTE © 180~100 nm (B)FKZKLAR * 100~56 nm (CYRIRIIZ : /MR 56 nm

Ca Ti Al K
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B AR RER R E RSB R BN &

B AR HSCERIIK N REAR

fEfaE R BEERETRR IR E ERIRGRA0 T [ 145 £ FMPS fE0ERERER

S ESEAT R IR R E A E - R EABEREAL 5 m-15

m~30m~50m~55m - 70 m RO > HUEEER RS HIRRIE B IR 50 AT
& BT S m AR EERS 166000 #/cm’ » BEELT 15 m AYBRRIISREEES 347000
#em® » BEED 30 m BIBORIEREES 825000 #em® » BEMECT 50 m HUREIISEEES
1230000 #/cm’ » BT 55 m BB IEEE RS 257000 #/cm® > BT 70 m BOERRTIE
FERS 54600 #/cm® > HCIRAR L FEE £ 34800 #/cm’ - H vk B VS FEE T e
1555 B g o EH BIRRHER 25 S HO#E S ] AN TE R SR T e B A P (U B S K Bk B B
IREREE - ERIIR S AR ER(E R R - SRR R T ARk Ek
T B2 A YRR e IR R B TR AR A ORI

l 37w

D

03

BipXA®

-

Had

145 FMPS ZESIIEREREE S5 1Y S E S Ak 85 B IR B A,

8RS

Yom

97/10/22, Rias i BLERK
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K 50 HLEBRES IR B EIRE, 97/10/22, #iaimBiEm

EWRE PO B PR (#/om)

22 Sm 166000
Hz2dE ] 15 m 347000
HEZ2HET 30 m 825000
BEz2HE ] 50 m 1230000
BEZ2HE] 55 m 257000
HEZEHE 70 m 54600

HE 34800

% 51 £ T0SH fe B\ B AEBSEIERR 2255 FTH R SRRy AT WROE ML ok B B -
BRI B BEEED - KO RMEEE 40 m B » 45 B EE RS2 IR AT PR
ORI B SRR 179.17 pg/m” » BESE 40 m JRES 83.75 pg/m’ - HACIHEES 242.08
ng/m® » B I T AR 285 HH O AT R SR B AR IR ok O B B Y Ry » R
RSB OGS B TEETIEE  AEA R IR Y e S B
N B S P A A SR R 2R TR TR LI B » TSt U PR SR 5 T g,
PERORT ISR 40 m B - TIFERSREERIHHEE B ANA R ML - ARE
B A 22 M 1 B PR T A T IR, e kT R AE PR AL S S 2 R O
415 52 AR » MOUDI $REEFHEAKT E BIERE R 134.70 pg/m® » IR MR B
BB 94.46 ng/m’ > ZOKME RIS 17.93 pg/m’ -

< 51 TOSH fig R ¥REER IR M i B SR, 97/10/22,
(AR
BREALE | AIERMERNE | ASBIRE FEEBBS
BB (ym’) (ng/m’)
22 179.17 61.28 K(39%) Al(24%) Mg(16%)
BEZ2HET 40 m 83.75 29.20 K(41%) Al(22%) Mg(25%)
2O 242.08 4.86 Mg(66%) Mn(11%)

2 52 MOUDI {RERIFUMIEE BIRE, 97/10/22, AL HELERK

TEALE PN EEIRE | TIHRMANE | BN EREE
(ng/m?) EPEE (ug/m’) (ng/m’)
BEZ2E 1 40 m 134.70 94.46 17.93
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146 FHERERRSS & RIMABRISBR ST  HATEE R T kP
AraiEBR o HRIE > EEEO REEHED 40 m B AR BRI P AT S 1Y
FEBIRIRS 34.20% > MERHCIERES 2.01% » TAMTEIRY S B A 202 ik
JUF A0 - R 8 E - VEE - EHEORATOTTIS BIRETRIE  ERRE
HHRaERERE 1200°C SR B RN RSB & bR K R E HER B A - HE
O ATERSE B & R B R -

25

{1 (a)

- N
» o
| |

Concentratlon, ug/m3
S
|

Concentratlon, ug/m3

Ba Fe Mn Mg Cu Al Sr Na K Ba Fe Mn Mg Cu Al Sr Na K
Metal Element Metal Element

25

(©)

20

15

10~

Concentration, ug/m3

T T
Ba Fe Mn Mg Cu Al Sr Na K
Metal Element

146 BLELERZES & 2NN ERIS BRSO, 97/10/22, #A R SUER
(ZZHEO (b)EEZE#E] 40 m BB (c)22H
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B FRBRE SRR R R BN R

FEZANRE SEEREIORORE B HIRERATT - & 53 BAEFARE RS
BRI T R - S EVE I TBOR B B YRR (S 6580 #/em’ » MBISHEIE A K
& PG4 EETIRRLRE > HARI B E R 9320 #em® > TIFKIRE S 45
FREBO A B E YR AKTERAE 7000 #/cm’ » E L R AR KRG S SEB HOMOR L I B £
EERRAIRE SR B RENT » AT LA SR E TR EE AR R LR IR D - FEGAL
R IATTE > FHE 147 AIFRIASAE 7 nm #0120 nm SRR REHLER » It
RIFRABR ZBERAN 100 nm o JHALSERFREDIR IR S AT A SR LR
4 — AR R R BHGFE 30~40 nm Z [ > SRR E R R EY
RIEPRIERBET 120 nm > S/ —RASRAIDR Y H REAFIR 20000~30000
#lem’ » FTAEVESEAE o AT B USROS B B JE R RUE - (BRI EEEsE L
HIBRLRREREF N L XAE@B R R ERTER - & 54 BUEEiET = -
PFKBRE 535 BRI TR - SRR, R R B B AR 7> 5SS 108.72 nm
117.99 nm J 116.15 nm » [s{afE2#E2= 0505 1.75 - 1.71 ~ 1.74 -

< 53 BUETORMKE T FRIBIRI BB R, 97/09/16, FOKME GG

Rl PRSI E AR (#em)
R EfEAEE L 9320
T AR _ 8070
KHLZRBAE S8 N 6860
WA s 7330
BEEAE = E 6580
BRSNS SHE 8550
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20000 Illll 1 1 [ llllll 1 | Ll
—@— ALTRBELSE

4 —©— RALRBESR -
—hA—— EREERE
16000 — —

Particle Number Concentration (#cmd)

10 100
Particle Mobility Diameter (nm)

147 FMPS EHIFKRMRE 70 S I HIRI R 7390, 97/09/16, F3KMRE SLERK

54 BRI R ROKRRE 7 SERF H8ohL Yy R R B BRI B S rTARHE 22, 97/09/16,

RKMREBLERK
FMPS
NMD (nm) GMD
EENEE R 108.72 1.75
AN 5358 117.99 1.71
RAATRIRE 5755 116.15 1.74
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BUUE KRB RIS

T RS SEBREREE IS AT

BESR B 20 BE SR R SR AT P AR IR (E S B S R T D BRSOk, - (BRI EE S A
HWEETEAMN  FERRESEEZREHRVESE - LI DMPS/C R
(Differential Mobility Particle Sizer, TSI 3932) fFfEiAE A [RIHIIk BE 2 FE 3 E HEH A
T FrEARIRIIRE A0 - F5RA0E 148 Fw » £ Nilfisk GM80 T3k HEPA
R B 2o EE SRR 45 2000 LPM ~ 1500 LPM ~ 1000 LPM - 500 LPM R (EEER
AL Nilfisk GM80 B HEZEEE » HEIUFE S HEPA RIS E < TE)AT
EERIPRNERE > B rT ISR E R N RIS - FrEE 4 phiIRE IR G B
RE] > KERSIEB 100 nm LAF 2 Z3K B3R

| |

soow 1 i 1 i 1113 1 1 L 11t 11 30000
Nilfisk GM80 Motor Emission itfisk GM80 Motor Emission
Particle Distrubution at 2000 L/min article Distribution at 1500 Umin |
= 20000 — — « 20000 —
§ 5
2 ]
o
q a
8 g
2 2
2 2
® 10000 | ® 10000
0 — 0 -
1 1 100 1000
Diameter, nm Diameter, nm
30000 vl 1 [ N AW 30000 |
" - Nilfisk GM80 Motor Emission
Nilfisk GM80 Motor Emission : " "
. Particle Distribution at 1000 Limin Particle Distribution at 500 Limin
20000 — = o 20000 — -
E £
S L
E £
oy Y
g )
3 b
F4 F4
® 10000 - ® 10000 - L
0 s i
10 100 1000 10 100 1000

Diameter, nm Diameter, nm

148 Nilfisk GM80 I 855 B S 7 7 RV B e s HE Ak 2 Bk Y R 43 A E
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TilE 149 ESEIPIRES TOSHIBA TVC-10.0 T 30 U200 B 57 H R Y2 MU
o BT SRR - ELHEBCRE Nilfisk GMSO 4 » HERRETRkIIKE
PLFESN N2 100nm LT 2 2okt

30000 el

Local Industrial Vacuum Motor Emission Local Industrial Vacuum Motor Emission
i Particle Distribution at 2200 L/min L i Particle Distribution at 1900 U/min |

30000

20000 — 20000 —{ L

dN/dlogDp, #lcm3
dN/dlogDp, #icm3

10000 — 10000 — -

o-AmMMﬂWMww TR— O—MMWMWW

10 100 1000 10 100 1000
Diameter, nm Diameter, nm

149 £ TOSHIBA TVC-10.0 ZEERRN B E

DA BB 58 B S B A BRI B IR RS D A B A A B 2O R RAN B R L HH
s BIHFRERE 8 72 x 102 B 1.1 x 10" 55 > #4015 55 i -

RS HERENFRRZEET - BEASAPHCBERE

“ V=1 B EHHRISRIRE HEHERE
0 EE ) 3 :
L/min #/cm #/min
2000 4270 8.5E+09
1500 7403 1.1E+10
Nilfisk GMS80
1000 2969 3.0E+09
500 1436 7.2E+08
2200 1616 3.6E+09
TOSHIBA TVC-10.0
1900 1332 2.5E+09

* R BE AR BRI ~ A NS - BRI EE R ORI (A (R R A R R BE AR I
CfRREE - DB/ BERSFHIMRHIBIRE Cooe T @ G, =C, —C,

Lioy et al. (1999) %fﬁ%i‘%ﬁ%&ﬂ%’i&*ﬁ%%ﬁﬂ%l@i‘éi@ﬁ%ﬁﬂ%ﬁﬁﬁééﬁﬁ :
LEEET - EBENY) - HREEAS EHHEPIRIFRRE - RIS TR EZR
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EERE R BN Bk T EE S e 4 B R AR ELS - SEEEEA -
BIERATRTENO R B2 - MiEE% T INEE HEPA filter WIEREZERTESE S
Pk < SR » T EEHOBIEE T3 P L Ze 0 BR SRAl0 R 7R G S 4% /7 8% HEPA filter
(A B SR LS A RSN 0.3um DU EART 2 S Rrs 58 KX EMIhH RS
T B R SR S BRI RB R BIORE » LB SR AT i A B SR T e BBt
ERSLEESEHUSEAE - 6T S A IR TS -
BRI B M A R BRI 2. Nilfisk GM80 T 24F HEPA 253k BLZenfy e ss
FESERRTHERR RSy - BRI FR A SEIEAR - SR B AR DA A S A 28 B S TR
HE TR « SRAERE RS /S / /NS ~ ERASEFE 10 L/min » #3047 loading FIRSES 9.621 cm®
LASMT E SEHERBSORI A BB RE - TR - BETF RSB SY - STis SR

2 56 Ffi7R ©

2% 56 Nilfisk GM80 I EE a8 B BRI (LR TG R

P @EE(;&E %ﬂ‘zﬁﬁg\*ﬁ %ﬁ—ﬁ?ﬁ:}aﬁﬁﬁ ﬁl%%}f}*ﬁ
(ng/m”) (ng/m’) (ng/m”) (ng/m°)

58.94 oC 20.74 F ND Na 13.7427

EC 3.61 cr 0.0473 Mg 3.3413

TC 24.35 NOy 0.124 Al 2.4668

NO;  0.0821 K 2.3644
SO/ 0.068 Ca 10.3216

- Na' 0.3057 \Y 0.0146

NH,"  0.2071 Cr 0.1077

K* 0.0202 Mn 0.0864

Mg*  0.0019 Fe 1.4487

SHTRE ca® 00797  Ni  0.0545
Total  0.9271 Cu 0.1143

Zn 0.3376

Sr 0.0851

Ag 0.0359

cd 0.0027

Sb 0.0027

Ba 0.2578

Pb 0.0239

Total

34.8087
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4.42 [E A4 HEPA Filter ¥j R [BIFi B ER=8ML,

TR B R lE i 3 BRA R M AR IR IR B RE R K SR R - SE T S B I A A
RORFEE - BHETLISEERD) - BERACRIBIGE - )L R BIREBYIR
HEEE - BAREESTER - — RS - EEREARSE T R EERELE
RIERT - B 150 RAEERT » BlAISMREE 8 F 22 SRIRREAE R (R IR SR B FE 2 R
ZRRR > RRATLIES - EiREAIG SR - HEPA filter #YRTHIBZRA » T
Bd5tHy HEPA filter RFZEREI PRI 22 RIS SR IB 28 » HEM R IR A B B
PR FIRIREA -

| L

1200 I | Il I 1 l i

= Nilfisk, Type HEPA-13
A AV03063P u
] . i
o 800 — —
o
g
e
h-}
o 7 a B
=3
7]
%]
<4
& 400 - -
u
a A A A
0 T T T I T | T ' T
0 500 1000 1500 2000 2500

Filtration Flowrate, L/min

150 B34} HEPA filter Ji 8 ¥ 7 2 Bi{R

2 RRMIREEeE

AWt #IEI4; Nilfisk, Type HEPA-13 ) HEPA filter BARG3HEESL/\F] -
V03063P ZERE a HIFAE B EOR IR EIEEEE » LA DMPS/C, TSI Model 3932
FRAMEH L TRREZLETENE -
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1 1 1 1 1 ) I I I 1 1 1 § DY U |
0.995 0.995 =
. . |
1] o
13 T € T I~
K] 2
] 7]
& &
W 0.99 — —Ww 099 — —
c [=3
Z i T & | i
" ' Nilfisk HEPA Filter
0.985 — Piltrotion Efficioney at 2000 Umin |- 0.985 —] Filtration Efficiency at 1500 Limin |
0~98 T T T T 7T [(l[ T T T T T T 7TF 0-98 T T T L llll T T T LN N e B |
10 100 1000 10 100 1000
Diameter, nm Diameter, nm '
1 1 1 1 J I I 1 1 1 1.0 111 1 1 1 1 | I T | [ 1 L 1 I |
ﬂ [ Tt T
4 L L
1 0L I
. illlii"'—- T I
0.995 — I I~ 0.895 — —
by I )
€ B - e -1 -
2 ]
[ [T}
& £
w099 — I-W  0.99 — —
13 =3
2 2
5 - - _ X
o [
0.985 — —  0.985 — —
Nilfisk HEPA Filter
e Nilfisk HEPA Fitter Filtration Efficiency at 500 L/min
J Filtration Efficiency at 1000 L/min | J -
098 T lll T T T F T T 57T 098 T T T Ill|l| T T LN N AN B A |
10 100 1000 10 100 1000
Diameter, nm Diameter, nm

151 Nilfisk, Type HEPA-13 FEPURER[RIFEE FERKBBIAIRTEEER

LANMD =30 » 60 ~ 100 nm HJZ R AMMRERE A Nilfisk, Type
HEPA-13 2 43 HEAHHORL 20 151 Fr7R - Nilfisk, Type HEPA-13 $500K B0 HY
EREEIEF T » TamFERIRI A/ » HERBERETE 99%LL L - MEEthELRAE
£ V03063P HEPA filter ) NMD = 60 nm )25 R ALK AR ESE A & ReR
JUEERT - D 152 B DA IR S TORPIR Y ERR R A S5 AR $97E 20% ~ 60%
[ - BRI - HERSEREE » BHATRE v] KR R IR K
FERERIAR 300 nm DL _EZ BIRIANRF » E TR/ B BB LRSS -
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Filtration Efficiency

Filtration Efficiency

0.8 1 Lol t 1 [ | 0.8 1 L L |
1 Local Brand HEPA Filter i 1 i
Filtration Efficiency at 2000 L/min Local Brand HEPA Filter
0.6 — = 0.6 — Filtration Efficiency at 1500L/min |
>
- r~ o
o T -
K3
£
0.4 — =
w o4 |—
c
S
1 T§
E A -
0.2 - —
0.2 — -
o T T LI II = J-l l I—L LI
10 1001-’—‘-1_]_[ J‘1000 0 T T T T T T T T T
Diameter, nm
10 100 R 1000
L Diameter, nm -
08 1 lllllll 1 1 | S T | 08 1 1 Illllll ! 1 1 1 1 11
Local _Brand H_EPA Filter
T Local Brand HEPA Filter B T Filtration Efficiency at 500 LYmin [~
Filtration Efficiency at 1000 L/min
0.6 — - 0.6 — =
] - I
°
O
0.4 E
.4 — I 0.4 — =
S
K
J L & _ L
ic
0.2 — - 0.2 — -
0 T Illllll T T T T TT 0 T T |l|l]|| T T — 7 T TTrT
10 100 1000 10 100 1000
Diameter, nm ‘Diameter,nm

152 EainEAR/AF] > VO3063P FEVUFE [EIHHE T KR 6@ iR
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BLE FRWEFREBRIRIEHRES

RAMHAEERGAHERGERFEEAN BNRRES - BHITRERARK
TR B YRR L A RE - BT HREEABRBNAWENZ
2 SR - BT (R TR  SEIRET R fE A DS Re
F RO TKBREI RS A RIS O AR EERR T A E
568 - MR BB TAE - REER - SHEERM - IREISHER TIE
ABEH - EHEAMNEATIER - B ERA B TRERERHE - EHIEERL
TFRE RO RE - ERESHE AL - SRARNRLRES -

BT S - WA SRR TR B B i 7] E 5 A SR BE VEAE
bzl16] - FIt - ROTREREEEMEANBEREN - SAMHBSIEREANS
SR AR A 3 L R DR 2 0% - T I A B B B B ity
o FEHERANSRSME O E » IR EEEFEREN » DURME AR5
RECRZHIBRE R E R L ZK Y E R B EABTETER - 54 - EHAETH
BRI SR SRR - DURD AR E SRRz (2] - 178
FAYE TGS T - — i RREREr AR R - RERERRR - F
5 - ZRRM (HVAC) ~ BIF=E (Cleanroom ) + HEASUE - FRIEERM -
HEWEHSCARRERIES - £YL 2 - EEBRAFERE?] -

EASRCERAER TR FEEREESRES | EAR AR
H5 (B 2% - RIIEMERIEES B2 EE KR BRI EAKEEETRNE
#E[137] > MR EE(ESE T IRIEEYY ~ TR ~ SUAREY) - RIS - &80
T~ MhiREEE SR RIS, « iR VS5 Bk FUR SEE BN T ~ 8204
BREDIRSE 23 TEESE > H o KRR C SR S50 BRI )< Bk
FOR SEE BN T IR ESERIR RS A B -

M B E TN » STEIR B & B [FOR e BEE BN THIFE AL IR
HIBRIAR N ERES IR IS - BRI KSR LS E B A BT E
AT FERIEIER() REFHRMQRERTBIREEQ)HRHRENRE ; (E2
SHERHIREAE SR RIS RS AR BE S8 A TR R FESR I 1 - B PR 7
HABRINSRRREA - FEREEE ETHNTIRHE R - BH A (PR — /5 3R a
B EREREHREE - JEROMTREBALE(ES - EA)  BEIREHHER
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SEME T AR SR B R (S - LESRE X E A5 A FEEHAE A B 28R B as B LUK e
ERHBEMBEREZ 7% DUERIFSEEATRE » (B8 S8R E M R A SR EE Rk i
T 22 EE SR AR AR - $HHA— SETS RRRI S B E IR DGR B -
ARG R R FHRE -

SARBHET EES TIF RS R E AT ISR EYE[138] > ST
ABTEER AT RABDENATFIBEGRST) AR EMBRREEY
» DR TS S E RIEE B SEIE (A EF ISR 10 mg/m’®) - il B EL SRS (L S 9(
ZSEFIRAE0.01 mg/m’) FRE(AFFIRE.S my/m’) ENEESF EE(AFFIREE] mg/m’)
S BT ROk B (AP IBEE0.05 me/m’) » SUBIE(AETIREE02 my/m’) - §H
EE R RRE(E PR mg/m’) » IREE(AEFIREE0.2 me/m’) » SEALSRIIIE(S TR
10 mg/m’) » $A R ELEEHYI(SFFIREE0.1 mg/m’) » EALEHBIE(ATIEE10 mg/m’)
» STIBIE(AFFILE] my/m’®)  HEA(EZBE2 mgm’) » SR BB USRS
mg/m®) » HEALZHIPEE(ETIEEOS mg/m’) » AL FUBE(BIFREO.

mg/m’) » EALSHIEE(STFRE | mg/m’) - SLEHBE(ARFILEES mg/m’) -

5755 TIEEBRIR R A B A iR EARME chag4 TRy BERY AR T IR [138]

BHRBEE

SR ﬁﬁ%iﬁ%wm96longﬂnm 30 mg/m*/(%Si0,+2)

PAEZ B R S mem AT mem 7S
BREE | RM—0% W — L | | mgm’ 4 mg/m’

W RV
EE=FEMEE | AR 1 flcc
EEVUREMDEE | BRE TR AR P R Ry Tyt

5 mg/m® 10 mg/m3

ARERLNG LR R BRI R BRSO EIERES | SRERR L ER
KYERRE K RETES (1] B8] ASTM T{ESFT G TREFKBN R BEARYETS
51[10] » HARAYESEE REEEFEREUH SR BTRIRIE[139] - HAWIE -
BSOS FORBHE R REVIEE F R FE5 | - BASSE K ENBI L& [140] - X
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Blf 2 an o iR - R e E M E E(141] » REREEAENTRYE
TERBREBEERITRISEE |55 AR S EER RS EGHMABSH

B KREZRZEFRRMERERERERES| [11]

SEBRIZRAPINL (E SRS 55 [ JE = Sz mE LR - A
FRVE R - ORI ST AR - FORBERLE — i BB B 5
¥~ SATEBRFF SR AN BRIRES] « UL ~ SORBIRL BRET Ml - BFEHEH -
PERERE  REEFTE 74 - IR BAVER - BRI E 75 - KRR ETERS -
AT e HEEAA -

T KRB ZHEHE

FRARVERTHRENR TR » ZORMEHE - 2R IE - SORIRET IR AR -
EEMERIBRIKYE - AR LAY E A R R ke R
PR BRI TR TR - NSO E B FME (AET ST HEE M - BRHI(ESE
REGREIRE ARAERE - RIEATES R BN E E R E R PR RS
B o

A NERAWE ki

AEEIRSTEE AT E R - S E8M - FOKIRE - TR
TREEE - SAMELMAETAYE - EEGERELNASE - AJLUEER=
HERIRERE - TEETRE HANSHVK - AIERIESEYE - B - S5ARES - 2
BE G RERE nm ZEREEHE - EEREIRT) - RRIRERRRFRTI5
TUHTEEDST - AIFERTERAM - B2 - KBRS - KGR EERPEE IR
KRR > BIRARIRELL - AIEREEES - BERS - B TR/
Hie)E - BH S 1000 = 100000 {EF T - ATRERTEREMNL - B2 - HBLEE
#°E@%ALm*%Eﬁ%EhT » WATHERS A > JREERE (agglomerate) B3R
=1 RE ~ T8 - &BEMAY) - FEREERYCIKY
B AR - Bk M\ - [EAPGEES - (it EWE -

o)
£
. 8
J
)
s
e
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2 KR REB KA

AR BB BN L2 LHEBIRIERRS Y RBN SRS et i
RLHGEE  BURBENSHHERER - WAZTKBREHEEEZ B S5 A/
SBIEAHRH - BRIERBMRAR/ )N - P T BRI 8 ST e AR A I e B 5 B At
HE - ILEERE B - A S BB R eI IR £
ARBRFIASIRIE RV - EUCROE - W R A4 YR AT & 2K
RIEYER PSRN > A KR (AIFK IR E SR A B AR E-EREL - B
AR AER SRR o B RTHZORMR S A BB L EHE R~ BRI
TMEE RN RAZKR N ERIEE  EthERD R R BE - 5K
A TR REIREIRE W EL BRI ER BB R
REE - BHERERCE BN - BEE - I - BeittwES - B ERTERGS
PRI YIRS AR EWER 2 ERR R EER LS ErE
T HATRRES A E BABENHE » B Z R TS iR kI
FREE - FORPRIDA K S RIRNEZ B » BRI N RS B > BRTES
PRI K SER K e R 0 7 BRI TS -

B ORI — iR B T vk

FIEAAS ERMCRED TR R E RIS 5/ S B H 518
Wil E SRR - PUEFTRIVERTTERS « MRSGHIRE - e e
RZEWE - REEH - HiERRE - HRTFEEEN R BERER -
PRETEZRIHIEA - JIREEE - B EEIEF T BB gk s
HOAHBRER) - AEFH R IR P BRI HE - FIRF MR - MBI
REZERBEFAKE » BER K SEEYRYE - Q08 153 Fow -
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153 ZKPIRL & —fi B 3 5 v

Collect information et
Clause 6

t

Evaluate risks
Qause 7

{

Decide on control
measures

Clause 8
Consider health .
surveillance Oocument and review
Clause ¢ 74

t

Evaluate controls
Clause 10

{

Disposal
Clause 12

!

Prevention of fireand
explosion
{lause 13

fh $ITEBRTMERI A BHIBET

PITHRAR PR ERR T AR B E R R LIEAZAENA R - 83 A 85
BN R - R ERTERZORBR I Bl EEET 2 - MR A BEEkE
TIBEZHFANBYRL < R L B A B SZ 3K -

BE SORBRL BRAKEE

FRBRET G B e SRR - UL RIERER B AR, AP
TRFIEESINGE > FIE SRR EERE - RIS - (LB - kB
¥~ BEEE - RE-ERLL - RERFNS  HERMUEBENER -

E B
EREFMEHE BB RTS8 EL 40 B3 DU A AR 2SS
Y& - BUE - 2 - BRI EAE B 5B £ (CMAR, carcinogenetic, mutagenic ,
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asthmagenic, or a reproductive toxin) » JER[IRHFAKYE GEfEHE T, CMAR ¥7/8) »
AR E GEEHEIRE CMAR #18) - MK ERRE-EELEA
NEFRAIRHEIRTKR Y E » KIHLIRTE T B BUB S RIS
CMAR - JERIEM KB RN ESGEMER M « HEHHEREL CMAR IR
KYE - WTEERAYEREE S BT REHEIRE. CMAR B YE - &5
FMERFEREE AR EER ~ 88 - BEAITE - LEEHE A SEHE TR
B THRE MEIESE - fEREIMGEIA TR TIEEAMRERIO
Ri@GE ~ ER - M - ERRRES)  ELETHESRENRTAM BT T
(A~ 2EENEHES)  ANERBENREEWLEHA - RANKEBEF)
RBERERE R - REBEFRITES  HERMLEZEN - HRAWHE
B ENREREGHERRR T TR GG B H R
BREM - BAENRIE R I HREARIERIE - Hh LI HEFREEEERRE
e - EMESERBRF iR TR B AL FERF TR RV EA, -

il REEH]

FERBHEHDTHE - A5 FERAVIZESIESTIEF (hierarchy of control)Z1[E]
154 FoR > FIFERTNRARIR s mbs - - REEFERIRYEREE > LIE| 154 hgF
P DR R - BRI TR -

%
BA

[ =\

oz \

BAEY \

154 ZEEIZHIRIESTIEfF
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(1) (X - HRAFEAGENYERG SRR - BEAERERETH
TR EMSARA - BSEERR RN EE Y - A - R IEE RS ATAY
BLUSEYHENTEER - BEEam B sgm -
(2) B - RIFOREIZFR Y E ST R R A 8AE - 2 R Y
RITRFAYER - AR — 5 R R R R B T RENE - G140 ¢ (5 FH EIRg s
B EFRYE - ARETATITHIGS - FEF R AR - BHRSURATE
HIREU AR ZAR I E -
() B - e SRR E BAE 2R PR R R A B BN R i P
17 B RFERZELSGEREEBIAN « 7/ NBRHIA) - 8 EREE £ RARTR Y B S
TR - HAURIFIRZoR B RS FE R T A A -
(4) TARIEMH] - BT AT REE B BRI SUE FERZ R R R AR I SE K - AT AR
FAMHEIRE - A5 : R - R - B 28 - B E YIRS B
ARTTTAE © FHEE R L E HIHERE IR - HhH RS E I S BHERIR L BT R
FIFEEERME A - B BRI AR N AR E AR R AR E O TR IR A5 2 L
FiEERRECSUE -
(5) FEfFH&] - ARFPIER/AMPRE ARG MRS T - RRFT & THESS
LSS DARE e IR T SE R BRI - 12 F IR R E A B R B M E SR
D N RIZBEAERTE SUERIRF - JESRR RS ER DI ~ IR A B
EARE WIS - MR B RS SISO R R E S R R
IR BE TP S G RRAOTEAERE - AR E AR EF M - LB IER
IO T IR B RIEE (R R B SRR - FE T FERX A B IR L IEHR - 18R AR
sybafEE > B EIERIIEST -
(6) TEABGRER : A\ PR 2B HEH0) B i e sl 2B M B 3880 -
(a) PP ARERDGRE © SEREE A O I RN ER#E L 2 R(142] -
E AR5 EL(RPE, respiratory protective equipment) » £ & R HtFE =08 0
B PEREEE - HRANRME - R - TIERRINESHE I,
PR RBREFGAER - —E R RS IEH (P3 F1 FFP3 FH3E) - FrE 5
IWEﬁkéﬁﬁﬁﬁﬁﬁﬁAFﬁ%ﬂ%%ﬁ%%&%ﬁﬁ%ﬂ%b@k%
2= ﬁ%m&&%ﬁﬁ%ﬁki&%%ﬁﬁb%@@ﬁ%ﬁﬁﬁ%ﬁ%%
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LR - ERRBNRSERR - BT EREERESRAR -
(b) BN - BIRFMERE R AN GERNFEETE  WHEZAIHER
SRR - BIKIB T ESSRET A MR EFICER FE R LR 251y
BheE - TR TFERRERNZEEMEENER T - RRETFERNEER
HERN (i) BT AR RS AR (DIERGE S 2P RE IR RGN &
ARTAEER (i) AREREFHIRT (v) B ERETE L RSN

fBE -

B TR R B IR TR  ACFET [ T DU DURE s e Bk
= B gF{(benchmark exposure levels) » BB B E K ASBBIHITHIEER » R
AT R — (P EENE - TSR S TARB R 2 RERIE - WEREts
AR BT -

(1) HEHERZERYPET © ZE85E0, E BB R 122 S rh A Y e £5.0.0 1 HRAE 3
i > BT T B TR - R 3% ES BRI R S EEAHAS: 1 L ok
BREAIAS000 nmiEF B - FTAE RSO B AT LSS - R
A R R M AS0.0 A B ml - LI L s S S e T gk
o

(2) TH - o - BEN  ABHERNEKWE | CMARZSKY B ETE I
SR TR A R R O - £ T $R S R FAE - BER0.1 X M WEL(WEL,
Workplace exposure limit) ESHEAE REIRE » LUE BIBRTH AT -

IR TEZAAE © BHETAMSRAL - NIOSHIESTRESE — /LK
SHIEESLS mym® > WM = SRS 0. Img/m® » 155 B 7 1918
(TWA Time-weighted average) [6] - ZEX AT AT BRI THET » BT LSRR
AR E R R EA S e - 7R | IR MR
B R BB RS0.066 X E I B BN » LUE SRR R - S
R T B B Y S R B - 2635 - TS AR S
20000~50000 #/ml » M- LISE (EERO EHE 20000 #/mlfEES TAESATAok:
S A TR IR - |

@RI HZKIE © BT F A B AW » 2B R
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FEEBEAN YRR - WA S E A JETVA MR ARRIRTRZE - R ¥ HE
WHE - iR ZEEFRBRMERO0.S x WHIIRERBEMR -
7= 58 FIHLA_E PR E R ARSI 5 2 - (B BRI SRS AR 2R
BFHEE -

2 58 N[E] TAERIRERZEHI /5 ik
EARB EEIEE

Fibrous and CMAR nanomaterials The process should be enclosed or otherwise

separated from personnel.
Insoluble/soluble nanomaterials The process should preferably be enclosed or

otherwise separated from personnel, although

ventilated engineering controls such as extraction
booths or hoods might be sufficient.

GAWEGES < BE - 0N

Fibrous and CMAR nanomaterials The process should be enclosed or otherwise
separated from personnel.
Insoluble/soluble nanomaterials The process should preferably be enclosed or

otherwise separated from personnel, although
ventilated engineering controls such as extraction
booths or hoods might be sufficient. If only small
{e.g. mg) quantities are involved, procedural
approaches such as segregation or RPE might be
sufficient.

Fibrous and CMAR nanomaterials The process should preferably be enclosed or
otherwise separated from personnel. However, in
most cases, ventilated engineering controls should
be sufficient. If only small (e.g. mg) quantities are
involved, procedural approaches such as
segregation or RPE might be sufficient.
Insoluble/soluble nanomaterials Ventilated engineering contrals such as extraction
booths or hoods should be sufficient. If only small
(e.g. mg) quantities are involved, procedural
approaches such as segregation or RPE might be
sufficient.
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HEE R TR TR

Fibrous and CMAR nanomaterials The extent to which this process can be enclosed
should be maximized. In practice, however, use of
appropriate RPE and gkin protective equipment
should be effective. Cleaning cannot involve any
deliberate aerosolization

Insoluble/soluble nanomaterials In most cases use of appropriate RPE and skin
protective equipment should be effective. Cleaning
cannot involve any deliberate aerosolization.

R EERE

TELESAEERAMR R BER TG SRR R LR E e R -2
B IR A E (A B R IR E AR IS IR B R
SEAPRIRBE RN WA Re R R -

e RETMEGE
E Bl Ry LA PR SR K ST 1E ISO/TR27628 rhfiiaft - S8 H - BREMRE
A EE B S - B HE A EEFEMRIETBes (CPC, condensation particle
counter) » FHFUEBIIERR /3 HTEE(SMPS , scanning mobility particle size) » T T
SEFMRI(SEM,TEM) ; 708 & 4 THA Bl E B IRk s (RE R R EERSS iRk
2R B » (MR ABIZR BRI IRAE 28) B SR TE4- 3R K 75 (TEOM , Taper
element oscillating microbalance )&% ; TER EITE 5 E A HEEUT E g5 (diffusion charger)
{ERHIRIETE MR - AFEE(KRETER 25 (ELPL, electrical low pressure impactor )
B FREMAIEE - DAL SMPS K ELPI {GEIMIBIRAIFEHERE - RIS E R
BN AN R E R BRI SORTIRI AR (134] - GEFEMIRVESRY - I2% 97
FES T L EHENFRT IOSHIT-H104 “ZOKGR (ESR BRI G M RERP R
Jeie - B UERTIETOKI R R B R IR - )
RETMERIRIE RIS 5T - NIOSH Z35HREN S H MM BRI - 5—4 B
BT BRHHE - AILIFIH CPC Bz @ B/ASLERE R AMNIRE » FHLE
ek EERRI BN LIR RS > Sr AR A SEZRMORIHTS AR « ST BIBISABIRL
YR » A TiO, » HIZELAIRARERER T U LA TEM SRE SN R S e B kL
RN - BISRIFRE L& - BLAREES T E MRy Rm A kA H
SMPS ¢ ELPI SHIBSHIRIIR 1 - BT EARCBAIRI R LS
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FH o Bt ] (50 P18 A B R 1 fg B\ i B U BE R AR AR R SR AL > DABER MK
BI0AT » SR BT BRI B E ISR AR AT - DL B H R )5
AT DABRE TAEB AT BRI RIRE - (ERHE LT B AR E R R
BT BAEANERRBEECHEEER -

BT BiNaH R

EEFER A B ER R R TEN R e AR P L HEE
SERIEE S AT R ET (A HE AR PR IGE B R TN T 2 - BRI IR
EIRRZEMER N BIRBEERERERE - B fERI A BRXE52 BRI - 1
FoRGE EHIEABGRER B A\ S5 R - HIRReIRR i iEE B e (E
RIE

AR RBREYIRE T

RHESAFANE ZBEEYREAMRAYE  SERRENSS  BEA
PR EL » SF AV BRI RRZYI MM K ERIERS - FARESE R
VBRI EEEERIERF T ARTARTS - FOKBERYRIRERIE LT - W fE
MR ESRBBRTD  BrKBEREYEENTRT RGO EFNIF
TR REYRIMEER - BIER T AR - BAEESEAMERY -
ERIF LR BB LS RIS RN - RS LR UM R A - R
WE TR R RS - R T A LA R A R S Y e B AR AN R 2R )
REREFSL  BIRBHAER RS K HSESWEARA - EARBEREEE
FREEFFRERRIAR) - HOCHBWEIRA « B ABUEE K8 &S B B AR R
EIEL) » HS BE R E S ATERIFRMNL - 1 H6 B H 5 CMAR ZTEME -

52 KERIRIFTEYG

TETEE] » kBB VERTEEEAE DSEAR F1#H#E(The Dangerous Substances and
Explosive Atmospheres Regulation) » {HZRAIMIK K ~ JRKF R AR TEDTRNZER] 5
AR M « MEGIRL K SRR I F TR T DARE FIIR SRR - (BN & S hrIER
KEBHEFRIER - AR S 2 BUCRRIENRL - £ R EERFEE
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A TZRIGHIRE T R B B E » LUV IE K S o BRI HL A SR R,
o MBS ERRE I EPERRNE A T AL - SRR B
SR BB B - FERE I 2 A PR AR T BN A4
Tk - FARWEERIELR R AT AYE S -

Bf XB ASTM TIEBF R TRFKMARERNERES] [10]

BRI T {E % P #8157 TR 22 K fUHL (UNP, unbound engineered nanosacle
particle )R EREHESER [IL 1+ 61 - G185 | &HE - 230K - iR E - 15
5 - EEM LA - BITERIREA - BT - KR Bl - 3
FORBIRLRBHY T - B LIEB AT RBE KRR E - FKBR B/ HERETHY
FoES - [EADER - fERGRATT

% 15| 2 fE |

SR RERIZ 4 - BRERIFRSFRY AR BN T2
BRRIRERRIA S 1 - TSI R - ERER AT BB BIIRT - 4453
$RUE T HEHI BT UNP BB JE: - UNP AEEISNRS 19 - ey
B agglomerate ) - FRAARKLIITR S ageregate ) » B BIAN I FHIBAL -

& 2%
5.2.2.1 ASTM Standards:E2456 Terminology Relating to Nanotechnology

2 fiiss

G5 [HP 2 TFEAE Terminology E2456 HHE £
RENE{K(AED):FIE IERIBoN B tEIRIAR i B o B R IE A -
SRV (agglomerate): FEAGILIELANAG FLDRRBRISREE R —BORDIRL -
SRE#8 (aggregate): KBRS - BEAESRETARSH—BORILHL -
2541 Bll(control principle): A$55 |2 #HIR A4 UNP RBEEREKSHE AT
HIIRE ©
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ok R B (nanoscale): BAAT— 4L _EHYRSHE 1~100 2R R -
FBAIFHRT (ultrafine particle):E K EL 100nm /NIBLRT ©
HAtaa AR~ AR AR R FRIEE -

B $55 MRS

AFE5 [ UNP e e ERERERER - AR R g
JRRIZ &GS - R ERTER s - TIEEAT UNP 2EIIFFE - EAERRER(ER
{EE PRI T TAZ B TR RIR A - B REE BRI AL - ¥
5 [FIZHIR AR TESATHY UNP REARERESE A THIRE -

h EEEKEA
AFE5 BEE R TSR UNP Ra B R R FEF B - S5k BRI SE
B~ A BEREINT

BE BT IR R AR =

g R UNP ZRIRRIREHE] - a3 EEIE g R - NEHE
B ET - FISRACEE » FTEIZEHE » KETEIZ BT - LUl UNP 2
FEEERESHIITHIRE -

ik BT

ROKIINLZ B3 1 R R & BRI SH40f ~ TRAR(BHERE - B - RE/
ERLL) ~ REREE - REE - FLIAE - RHEMAZE - BRPHOTHBEERS - 14
B - MR RGEIAER - BATEE UNP FERRSE & & R{E(OELs |,
occupational exposure limits ) » FATEHEREEMEMES - HHHEEAE OELs - kst
BiA OELs [RESEEZIEATT - LUT RHE @ A RTORRL -

TEIRHAHERY OELs Bl » BB I BIE R RS AMAN R B H B RE A
AJ{THREE o AT BRI IRERAR — OELs » Wt UNP SE#H]e 2%
(a) ACGIH A2 FERHE(TLY, threshold limiting value)ZT5ERT » T 5k E Z ks

YIE(PNOS, not otherwise specified);” AW EEJEE FE(EHA 3 mg/m® » B0
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KPS FE(RHA 10 mg/m’ - it PNOS [RAEE AN FERIESEAIA/K - i
RGN » (BRARF REIZKMR I M » vTREMRE RN B =KL -

(b) NIOSH(2005)i5525 K TiO, Hy 8~10 /J\NEF TWA £ 0.1mg/m® » {Ei2 Warheit %
ANUREZARE TiO, KA K Bz HIFERET - MRk TiO, Stk
LR BRI[144] ¢ Sayes F ABBZOKEREAEA TiO, WHEMIEMER S
FLEZSK TIOL H9 100 £5 - RIS ab B EEb A/ N I s B E 0 (]
iSRRI R R B [145] -

(c) ZEHRAE—2006 F ACGIH HUFERREE I EEY 8 /\NEF TLV-TWA £ 3.5 mg/m® »
AR 5 B (e BRI 2.0 mg/m’ « (BB LR B ER TEANES
RETHRATE - FOKIRE ZREE - MH - BERESHEERSIA OELs
ZEE  HYhFEZMESEEER OFELs ZiHl - H—LEEELIKIRE
(SWCNDHEMAI AR SEAEECIEEIREET) - 15818 AR v f mre
MR EE S 8 /)N TLV-TWA 25 pg/m® /EE SWCNT 2 TLV-TWA » fEE
EE 2006 ACGIH & AT, M & 5 Ao SBKPEE Y. TLV-TWA 2000 pg/m’ g% - (B
FEZ & SWONT Z RERE - R K HUE S /H - Donaldson 5 AL BER
KRE MWCNT) R E BB MR BB ABERE  HEBRBAEGMR
(Chrysotile)tHE » EXIifi 3 AR A FRRREHE S B F-t D7 5 (F R CONT RyEER
T - {ERE CONT RIS — B SR EE - 2006 ACGIH 8 /)M
BN R RRAE A - AR T K R Z A S ARy TLV-TWA 5515
0.1 fiber/em3(flcc) ~ 0.2 flee B, 0.1 flec[146]  F4F Donaldson 25 A tH5255 CNT
HIRETERILE SIREEHE S (FR MG & (metric) ¥ - ONT &% FIRIH
BB - 65 - 88 - $3%4F ACGIH BEATIRA ~ BRI - Mk s
B9 OELs - &R nffgfe@ry OELs[146] -

il FKRBRLZ R

FBERHEZ ST EIRA LB E S TG R AR BT PO S B T B B
faR o LAFSATPEY UNP REREERA - RANKE B = » HFLURA
K FBERE A AIEE AR UNP FEFPSGE P8 R IR P REFT R A Re3E
R BHFEOZ UNP EigthZ 8 A UNP ZWRERR TS s — Lok vl RE S
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REER B EHREREANGE - DU ERYE R FENE UNP SRR AER - W0ERK
BEEVERIIFESE(bound)UNP E—REVVBERERIGERECR > (BEE
PN BAREERF R FTRERRH UNP » [ER7E 500 nm [L_EZ UNP 7E ABEFFBGER
ZHEEBERAR - 500 nm DU ERUSHEER - RimiEERAERE
B SEMMEARZ KR ER G EBEBEMRAANR

HNTIEBFTN ATRER R LR LR G ST R ZACE T AR E L3
Wk BRES » A7 R pibiite - EERERIRE - fifF - BEER  BRVEEEE)
MEERRERE - NBTE UNP TIF&CHEHTE IR A EEERA B RER UNP
< SUEEIEE) - BV RERBRMIHRCR - FRITEMIE B RETME W52
BAORCSRTME TR RAER  FRZSBENFSIERAT UNP Y/ER - (EHE
SUEER M BT R MERE - RATBUR TR 546 - BIPUHROBIEIN S © 7%
STREERENFEBTRETME - LI UNP ZAERE - WNFATHR - SR
BT BB TR -

UNP & & flg il BRER SR T RIEECRBEEE - P UNP iTH2K
TR ZBEIM > FRETRREZEH] - TAEERI(work practices) i SRR 7 K - §F
fiti UNP Z 25 8 7 Hh(metrics)ill LR — B 2 BEAS OELs 1324 - (2 E M K
EB BB A —EE EZNEE > Bl SR HE R IR
REHRCENERYE > AHER TR ERBREERERERENS &
BRAMN R ES -

R BDFRBPRLRBHI L

BT ELEE UNP 2 S50 TI2EFIETEeEE - #R
2 AR TP E ) QT BEERIGN TIEE AR E) GYEABL#R
TH(FE -~ PR ER) - TG RErrIizsl Tk - & TR H R A TE
IR R UNP REERT - RUBE R ABGRER b -
(DI

UNP TR 5 vk B — e 2 b B SR AR T SR R T 8 L T
- BEEHR L EEPERSRARE I - SRR ERREE > SR RS AN
BRIFEREFIITHY T - UNP S~ 808 - 48 - EME AR EEERE
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FEFPAZ ARMAETT - UNP ZBRE BV RELAFEA 5 =8 T » 06 R RAR FE
E - HEARERS - RIERE - RREES - —5% UNP IMER[EFEMMNET - 68
AR FRIRERYEAE - R AT U I - DR UNP AUSREL - SUREE4S
¥y UNP BRI I RER A » DIRHE RSB TR UNP HOIT 5 -

RIS N RESE B UNP 355350 (A EE R EIMEER) UNP (54
BHIPEER B PR ERR - DO LR T R T EEAT - BRI
IRFE SEAn S LRI ZE SR NS TSR R » (R FE5 - (LS5
FHTRIRIESIFEE | 5 S BRI - AT e R F T s BAE LR
FABIEE - {EF HAVC R UNP TAEEES BT s MR SR R R
LIRS UNP B TFEA S EAES - LB IR/ UNP B T/FE - 8
PIERFELL Bt s R 7K » 238 UNP S&B(E BMRIR - EHERBERAKAE
SEE% =3P HEPA(high efficiency particulate air filter)i@IR 28 - HAMAE R 184128
> BREETR R - R LRI R - BERRIEM B IS UNP 2 5%H0 -
HATBEZER

TTBUERIRE TR IR E BB B B8 TR AR EER LI
K UNP Z REIRE - (REHRIERSERER B R SR - #% HEPA HZoIREs
i R AEIE R HERGE R UNP B —RY55S 5 B {8 AR S R B S e 5
HHY UNP > EAEE - RS UE Bt R - SRS B R R ER
BR - S HIEERRE UNP HEE - B AR S FLAY S EERER 6 - FEH
TEHHIM B ENER -

£ UNP TFER AIZE L7 ~ 08 ~ HEAS B A bttt B T(E T Rs A 2 FEVEE -

UNP TAEBHIASRLER] - SME 2B TIHEN R E+9EE o
% UNP ZEIMER > SAEIZE - BREERETEN - RErREEFR T
LI AR N B BE R AT - BRI R A R I B AER S - DUR
HZ 2RI N BRI » BT UNP 2 BN - AR ATRERS 42k 3K
BURNEZ AL EBBUE(F - MRS B AT HIR i DR T K S BRI B 4 -
RASHUNEF > UNP ZBYE R EAEIRS » +O BB SRk TR
FRETRE > NAIME - BRI SR E AR - DI HIRIEIER -
BIERAMHE N BB EHIFISE - LIFERE UNP REEEH %8 - UNP 2 THEA
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RURE SRR - NIOSH IETEXEMMZR B ET R AL e 2 1e5 | -

o HeETEEhR B EHEERE

KEIFER AR E T EB I E S IR i - PN E R S RE S
BRI EERE A BB TIER - MR TIEIREE UNP S3E 241 -
REAITETR - THPGRER MAMEERE B4 UNP (3%l - B A\ BB THEER
TEFF > WHELLEERIAIGR - (5] HEPA SEISRH4T - ABREMER A UNP 18 T/ES
FTRE LA ERIE - # UNP ISHHOMIISTE TIR S R se KI5 4EE &
15 * BRULTE R ET(CIP, cleaning in place )AJ7E{EELETE iRk UNP Hy3%#] - UNP
FERTFIN AT RERHENERIFE L ERIIMA SR RIGER S - kT
BB S - MR - M5 - %3 H UNP 2% - B HEmisE
HUHthE, - 47 UNP {5 HA AR ERCE R B AR - FBRBRMIERE YL - B
HZERERR - IR EEAA -

S o ST ETNFS U BV LSS SST i

FEFZENT UNP SRESHFAY SRS MERER TR » UNP SRR IR IR UNP
TEHE o PRI A AR T IE A B AL UNP SBATIG FRHIA SEA >
Fi HVAC system - jik/) UNP a0 B HABEFT - 2R E R#EB A BIOGE > 25
UNP [SRUYE FER B R E AR5 -

el EA#ER

(1P B33

A EIRYRPR BGE BAR A FIE B HIR - FERRIR UNP R4S SRR B
#EHEE > I (CFR, Title 29, Part 1910, Secton1910.134 SR B I B
E http://www.osha.gov/pls/oshaweb)
(DF5RELR

PR FENTEY UNP 2 SREREF - SRtk B R iR
R ERFREAIME - ASTM fREE T HIRERETE B - (I REEIE
51 - ITHEHBIPTERIER TREZE UNP HEMRE - IR TaltEET
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(decontamination) > Hi TR e & B EL[147] -
HRHERFE

RARHIARAG PARE TR MR AR 2 R 2 IREE - [31HR 4t T IRIE SREERITE
50> k2% -

BM EAAZORYE RS R R R S R B AR [139)

B FOKWENES |
FE SRR E R E SR YE - EOH—4HR/NR 100nm #9223

T BE A ENRS K -

(= INE L |
BB —BFRL AR B RO (S T SR E - RIFRIESE
HREEARGERAR BHE -

2 REFPRGE
(DEGER 5T
JRR B3R BSCER MR - (BREH NN ERE R ER AR -
HRHESMIPER O FEINEE SRR B RS - B AT BE R IE E ISR -
QF A E R H AR T TH
AR ZZW - FYERBGHTE - SEEIN T mARR - S85EInT
- ExfREEARHIEIL - BN - BUEIN TSR - Bk - eSS
anim VL (ISR B - RLU TR TG EE:
OLAERAL ~ AL - Bz 75k HIFEABTERBNTAYE - &
NEERF FERE REHER AN - BPRHESNIPER I RS s MR B S -
()R PERE IR AR e IR -
(i) EFREHFAE ZEE A AR HE BRI B R FERR -

GIEEHE T
OFRAHEHETRIEREHSETE - RINMEEARRBNTAWE -
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(DfESRGAT M R AR E BRI R SO E 2 L - FEME S
RERYE 22 EEAR B DURAT IR, - FBRATERAT B FE R BRI BRE -

(ili) FERESEA B A B SR KRBT RIEE I -
(IVZFRARY AR BEE N TP ek E5 Fr e S H A A e - — H et
BT - ZEREE R A TS R B H MG -
(V)FEBE%%'J,\,\*%’EB’J%LBDIY%@W%ﬁEﬁH’JAaLA AVIERIE
KGR -

(4)PEER AT
()5 P 3 B IR R L L SRk W B R A T 48 Bk S SR Iz B 3 L i 7
FHERAR - PO BRSIESRR RGN 63 £ BHEERE 19
%) KL THAERSCRAE 99.9% A L 5i{F F EI SRV EE M -
(DEAEEM BN FERBIKRYWEEREE - FERRNERER &
F%ENEZE - EREARPRENRE -
(iR 8 - Ffx 2HRIBE LRFFERAR -
(VR EERR LA ERE - FEAKYEERANLHLK
—MULRRER AT AR SN - ZERFFEE AR - B %mﬂﬁ%’gzwﬁﬁﬁ
TEHHLESEERZ ) -

B HMENERES

SERBIATBIE NS R 2 W EAF ST M e E IR HER LM
HRFEFTHIER B A SRR B & BISoK B 5 hIHE S A BRI &ER -
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SEIET HAWSE - SCERSFARBC R EE FECIES ] [140]

i

= HI

FARHSUE E SE TR A (B ERIEGE MEH AT - =KX
TEISEBFTR Y E R - 45 MR —rVEEES | - ERESAMHEE
H RTE A AR B A BB R H E A E SRS IR - BEREIER_EBRTRKY)
AROEESERIAE BRI BRI RN 7 L HRETEY
EHTFE - 455 | ST AR RS ESES TR DU BISh & SROEI TR © MRt
WSEHERS Rl E Z AR E TR - AR [BIE3E - K8 - — A FuR
BRRIZREHR B M EE A ATBD A -

K AMEZ R - BB SR sEs (2

FKYBE LIRSS - SEETEE AR EE C ES2S TH - HtE
FARYBEBEEHINT - B2 EHEEFYZET > TMEERET RS REZATHE
K g E - HARIERR(EE R B R CR)HE - RERFUEM T ENESRERT
L BEEGTE  WHNLIER - B EWEAZEN - B8/ TR E//E
SEEIONNNAFERRAER - B BREEHEE -

ZEIRHR
!
/T
(tesmmmz ) (AmwRzi)
I [
BERZAE
RELHTAS !
) — ) #5312
JE\R s S
[ B Pt T ]
| Y |
I
| TR A }
| ] |
!
| B EE |
| E LI |
| | 51 |



LIfEEYERC EH ~ BLEMN TS BN EERIEINREERERNEER -
ETRET IR R E TS

2 1951 HiHE
5.4.3.1 {158 TEKWE

KKIT | 2 EH  —REBEE LI T B —HEE Y EEAE 100 nm L)
Tk B © B4 BIER BRI SO R R 7 A 2 BT B R A4
FEATES M TLAFIZEBISE R T3 FATalE < Ak S84 -

5.4.3.2 FARYE Z G E M (Hazard) L FTHEME

ER(isk) BEEHERERE I - HATAN FZESHRTHE @ HiR
BAEZKWE S - HALEET RERE « Il - A—WEZKER - SRR
RITHEEL - HREREEEEI - A ARSEEINEE N - Kt - S a0 Ek -
RS SR AT LABAB AR BIRE R AANBE B3R - IS MBIERE S RSk Y E A
BEEECER > BE—F BTt - bR - 830G - InTEEh
RAVE C WRefaEETRE - WHIABTHEERF -

5.4.3.3 BEBRITES ~ AR 155 2B

RANLT BAE . — 1 - FE(FSERIB AN AR BRI 2 5 L AR AN Ry BE R B
54(1979)5 4 A 26 HEBESE 18 S0 FEKEHEMEH - S37ER Bt B
ZRTERESE - RIS B HEREREEET & 275 (BRI AN 35(1960)4F § 728 30 5748
EHRES T - FREFFREE SR S AR R - ERYHEE
BRI+ IS RS R I TR, - TREREr T
HAE BAREEIEST ) ) - BIEEABZ N - RSN R - ST T
2 pE L R R TR RBRA R (IEAN 46(1971)AF + LS 137 5%) ) Bat)5 B8l
FBRIEB © 2R 18(2006EIEMETT < 5B & WAL 17(2005)4F 5 Hif#
5 108 50) FARE HEBIEREE ST R CHTE - HEREY) - 3% - FEDE - &
S FRSR - MRS B RS T Ak M B E N R -
PRI AR BR AR R s R E SREE 51 - FEBUI RR 125803 2 b s
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RfEERIULEZ BB =+ /e 258 —10) - ke sa FE C REEEAR
5178 T EREMG ) RRBEEYCRE - B - BE SRR - BRI
(ML - BRBBEI - IRAIET R TR B FE R P i R H AR s =1
EREBURERECEBESRESLEHERNEZHIFRZ+—) - FERK
A REEE R RS AR SERE L EEHE R - R
1E5 MBS E -

5.4.3.4 KR T2 IR E B g EE AT Rt

JRR G B — P B R B/ A R HE (B HI7E) - PIFR R E e E 2 (F
SEBURHIE - EE T EMEBHRERL T 2B - I TR T SREEIRRE B
iR o AR T IR L A RO ME SR BRI E - T EEA RS T AHE
BERIERIZTRALT - EORKRERWEDEE(DMA) - fiiiasH(DB) > ErH
FORLT-25 SR R e 2 B ANBERG AL 15 T B a8 (CPCY B RG IR T R (CNCO)BUANLER
MEFLETFOFHES - ZREGEBREHRSFCPDEEBI G < ETVERE RS
(ELPDBOLESTEH A (OPC)RE LI 245 - Hrh DMA 81 CNC/CNC 5{ FC &%
A& EEWRRE AR A HER - WTEHER nm DLEZZOKMR H
fEtT R - HAMERES AAE R T R RSHIE R T nm 24T

ERVEERITAE THETT1H > B4 IS0 TC146(ASFR)/SC2(1ESEEREEA SR

) RIFHIELEE A 1SO TC24(ERHE ~ fifis) BN IR RIE 5
HRYSCA(ER S 1AM LU BRI E J5 ¥R) IETEE TTARE (L T G ZAT LI 22
% - BEC A A _ L E T H R ERESETIS AN T HE - EHRE
Z AR (mode) R » PATOKNL T B ~ ERCEE - e RIREZ £F
Bzl AE RS - WEVE AR HEESK -

5.4.3.5 [{E BRI S R B A R B

BHTRRTHE  FEGRIE R SRR 5 - SHR7ESHIIREEYnS - FE2 8
SEEERM N E GRS - B TS AT » s E e
T R - B - RO, - RIHER - EEEMSEAT  BIEEEZY
71 - 7908 - BERMERTE (R M RS RS » o B T o P
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R « TR R AR AT » AR B R »
A 555 - EAPERARUZAR T HITIRE - (EERZEEMITERR
1R o R AR R B R B IRDUER AN #1305 1H - H T4 FTaf Control Banding(43
AR FEERIES > 5 k] HSE Bllf4 AR5 TAH/RR ILO #EE
EZ2{H - 77 Control Banding » BIgHNE—EFUHHEN 2 E TTEA
B — PN - TR R R A S T IR B R AT T 3RF7R - (3 NIOSH Home
page http://www.dc.gov/niosh/topics/ctrbanding ff&g%) » I A E KR EBE MK
PRI FRTREEERES -
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Control Band No. R RBIRECEH TEHR
B mg/m’

1 10~1 RiF& 24 TR
BEISHAR,

2 1~0.1 JRERHE R EGE F R

3 0.1~0.01 S
FEM

4 0.01 LIF HEZET » LUREEAE
BRAYE BIERBRYE
H

B R - SGERB AR IER TR H |
B-1 KR T 2 BEE/IN T80E R B H

(NESKKLTF 7 BUESETE - R TSR 5  BERERn N > 8
SEFTEE  FURHBA - B EI FER IR A -

QTEB S EICR SR e 2 TES - EEIRATTEARE « Rl - T
% o WAEEEES B Y S it (batch)ik » AR S S MREI A T05 » HIRE
i b5 R FTRERS L R -

(3) AR suspension) H BB T2 B BANC BB H
W o BRI LA TR 2 48~ IR 2o T Fhelsh » AT 2 ek
SR REFTE [REAFAER B R » TR -

(AFEFETERS - (REEEZ (PR UEA BB RN BRSBTS 2 %
B o FEULIESERS - EIAEFIRGEEEL -

CVEAMI T2 WoE /R » FE T e R B AR R s -

(OVEZAKIT- 2 TS » EETTRER RIS RS - TSR T2
SRR MO B A S A RR A A RE WA
RS B R R A R NSRS AT ARG, » ILA e e
B (4 S B -
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B2 HRE RGBT 2 REBEHR

(DR E SR/ G B H L B R B8
HEEBRENAFREAER LR -
EHEREANERLITE IR E R 35 F - TRCBFT  NEERERER - 15
EEB =PRI -

Q)L EREE B R M ESEBFTEI TR AR
Tt - FEEREE AR -
HERIERRIRENY - REEAs -
W LR - R A EARE T SHEEUVEE » $H{EFRAIERE R
BRI R E - EETER e )T B i Ch T BURMIRBIEAEE -

CHEF—KEAERE/FRBCEE RS  ERERITHHRRM - 7T
S HEBIEHECBRR - (FFRER - IRRE MRS REEE - &
RRAULE - HEBREAFEREAMBEENRKELERS - RN TR
il BE - FESFSRTAER - HIRA RITE RN RELRER

R -
(4)FESE A A 518 IRt Ko - T H MBI FE A Z ok v B ml 5 F 22 R R
CEIR

O)YERENFREGFEE N E G ERERTHE
HE B A AT S ORI SRS - B FORTIRL B IR - tH AT BE TR
EERHEAE - AIERFERELS RIRE - HUESRIEEU SR —(Hac ek -
(OB R LT FESRENTRRG KK ~ MBI B3R - IR FERRAKIR
EEfEkEE - 0 H A RS EARIR - FEARSRIRDUEE F R PGS RYER
B - A LERF AR R LIRS - AR -

B3 TR - R
(1) - FER RIS HEPA JATY FLZ0 M » 1B E D
2SR ST
QWAL R ERRIAE - SR - RO RS IR
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SRR - MARESETHRERE -

B4 [ R
EhEEE-1~E-2 IR RBE BRI R B ER T2 PrEA |
- D FEE A GREEE N H > (CHEERRT% - AREREE
0
- BrREARER FEE R RS -
- FEEFERIBRENRSE -
- VESRIRFEERIERENE -
BN EEEIEAE -
- BT IS REEERE
B RIS S BUREGRE B OR M FHIR R - (B R B S
HER - SNSRI S DR SEREIENAL - BrRE BRI - TR HHER
ENERIGFT - FEERPTERFER -

B-5 EE M 8UE - HEHEST
RIFER/ESRIEF Z T BOHERE - (FEEERUEE @ WHELET -
T EMERE - (ERERAWEZIEERECER  KMEERTNERRE -

B-6 4 FEEECEH
(WIES B E
- ARARRSHEF © DUKFED B -
- IRARF RO RO A BBEEERERRIMTT -
- BRI ¢ EEFTREGE A - FRIROD - YRR -
- M B R AR 2R R LB IR AR I -
QOREFREHE - HEEENERIGE - B MO TR TR AR LIERE -
WEE I E EMARE (RSB L S EREEE Sl E N RIS Ok -

th 55 EARNEE
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TEREUR BT [T B - 1~EE-6 H AN [R5 AR O ZR K SR 2 1

REE -
siEBTRE
Control | F-1(1)~(2)-(3)~ | EE-1(4)#t | B 20) - | EE 2) - | BE20918 | 2060k | B3 imsyeE
bad N (5)- ©murREE | BN | () HE | ORTE | EREW | 5K B | s mmmn
BYE - WHE - g £/ H :
(B & f fF % = R g e
& - G BFNE
2
i R REBR | o | ZEER | o o o
2 e REGE | o | REHR | o o o
e
3 — RESR | o | REHR | o o o
PR
7 S HEWE| o |HEOE| o o o
% %
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BHE R R R EWE RN [148]

R AEHICEWE —R - FORBRL IR A 1% 2 BR 2 PR (OELs,
occupational exposure limit) - K|LL/E T R ESEA BEFEIFRMNL < B8 IRE 24T
HIZITPEARE - WARREERIES | - ST R TIEB AL 2 E R B TS
KEBEERENE G RERZEERRBAE2L0YHE - L2 KEBE  #58
HTBSANEHE - R NBEN) - KeSEWEE 5 [E534H(band A-E) » Aigt
EHSED ARSI 3% - AR S — (8 B A0 5 BB Y8 §5 ] (target exposure
concentration) °

BRETEAMLE S T EE0H UK HSE(Health and Safety
Executive, Z2EMFAEFITRRGATTER » W HBIES TAHBHBEE2 MR It
B R ESEYEE:(COSHH Essentials, Control of Substance Hazardous to
Health) » HEza HHY B RIER B/ MEZER COSHH ST ERRLESY
Z BT o

LA OELs {ER v E2YEREHRIREE 0 WE - MkENHE+omA - BH
AL - DISEEIRA] - 2003 FFEELEZE(ACS, American Chemical
Society)%{h%ff%?&ﬂﬁ?%(CAS, Chemical Abstracts Service) & %15 17,688,891 4
BRI B 12,072,228 A WFp 51 7E CAS £ E L2 H SR EN RIS 1,323,227
TERISE AR AR, - {BAE CAS EhILELT S BRI S 224,784 FEYYE -
B.7F ACGIH %I|H#J TLV(threshold limit value) 345 642 {E{L.EHE - 6] BELF|
FiaTH OELs {EfFR TIFEATRBIRM < & SR W EEN KRILEWE L
BEHITRR  FOKYE ZESLE 2007 48 10 FH ILRUARETTE 580 38 » 35aK$H BT
FKBYRIE T OELs FEANLUSRE - thR —fF- T2 RE SIS - EIF AHHIE
I EE—RAC BRI E BRI TR > F53E B NIOSH(2008) IEAERAZE f
[A]

EU WGk P B HE 3 (67/548/EEC) Rl B /3 SR A Ry Risk phrases(EE
BRI, fETE R-phrases) - $t4 R1~R68 & 68 {H/348 - HARIBREWE 21K -
AR MR EE - KEBUHE  HPHZEHSMEMEMES
R20~R28,R34~R48,R60~R63 + #[13% 59 Fir:
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%% 59 R-phrases EfGZERFEL [149]

R-phrases: indication of particular hazards

R20 Harmful by inhalation R39 Danger of very serious irreversible effects
R21 Harmful in contact with skin R40 Possible risk of irreversible effects

R22 Harmful if swallowed R4l Risk of serious damage to eyes

R23 Toxic by inhalation R42 May cause sensitisation by inhalation
R24 Toxic in contact with skin R43 May cause sensitisation by skin contact
R25 Toxic if swallowed R4S May cause cancer

R26 Very toxic by inhalation R46 May cause heritable genetic damage

R27  Very toxic in contact with skin R48 Danger of serious damage to health by prolonged exposure
R28 Very toxic if swallowed R49 May cause cancer by inhalation

R34 Causes burns R60 May impair fertility

R35 Causes severe burns R61 May cause harm 1o the unborn child
R36 Irritating to the eyes R62 Possible risk of impaired fertility

R37  Irritating 1o the respiratory system R63 Possible risk of harm to the unborn child

R38 [Irritating to the skin

COSHH Essentials KV SRR REART RSB LETETLE - (HEREGD
HESE g Ry E b B B B I AT AR ESE B LB S B
#i » Ktk HSE 225t T —{EfE 500t LRl EH R4 COSHH Essentials » {3
ZHFE (ZEH80E www.coshh-essentials.org.uk) - COSHH Essentials 2 % &

HZEEEFUIZE 60 AT ©

%< 60 COSHH essentials %/ [ MER 2 F =KX F[14]

+ Exposure -2 Generic risk
Health hazard potential assessment =>» Control approach
Substances allocated Substances allocated | Combination of health | Type of approach
to a hazard band using | to a dustiness or hazard and exposure needed to achieve
R-phrases volatility band and a potential factors adequate control
band for the scale of | determine desired
use level of control

COSHH Essentials 2 [ Ffg 8 3R 5 SR R-phrases RAETIASE—
53 4fl(hazard band) » FEAKHYE RS MR AR - o FRAESE - SRIBTT—
BRI » REE—EE S - & 61 FIHEE S - BiERERE
Ed R-phrases Z [\ ZBR{% @ 35 FEE L REBAIIEH] 7 EEE BITT5 YRy
H - AFEEAR] DUBH S R iR R 2R 61 Fryiny B ERE -

223



< 61 R-phrases Bdfg =53 {HRIRATR [149]

Hazard band

Target airborne concentration
range (Note 1)

R-phrases

E

S: skin and eye contact

>1-10 mg/m® dust; >50-500 ppm
vapor

>0.1-1 mg/m® dust; >5-50 ppm
vapor

>0.01-0.1 mg/m® dust; >0.5-5
ppm vapor

<0.01 mg/m’ dust; <0.5 ppm
vapor

See specialist advice

Prevention or reduction of skin
and’or eye exposure

R36, R38, all dusts and vapors not
allocated to another band (Note 2)

R20/21/22, R40/20/21/22

R48/20/21/22, R23/24/25, R34,
R35, R37, R39/23/24/25, R41, R43

R48/23/24/25, R26/27/28,
R39/26/27/28, R40 Carc. Cat. 3,
R60, R61, R62, R63

R40 Muta. Cat. 3, R42, R45, R46,
R49 _

R34, R35, R36, R38, R41, R43, Sk
Note 3)

*Abbreviations: ppm=parts per million; R-phrases=Risk Phrases; mg/m*=milligrams per cubic meter.

HREYENS  BIERER

KRERR - (AR ARG RREEY

EAES RS BEN - FROTHEREGQLITK) - HIHEYETS @ S8k
T FRAERERARGTZEREES  SREEREIARY) - FEBE@
m e (A HE) B RS BE ARSI B » ATk He) B RAEGE) ~ TE&
(2 7) B R & (Vi) -

EHIGES RN ASEGNER 62) - IKERNEFSB—MeRRGEH A% D T
R 2) - BBEGEHISE: HRERAF LB 4) - B
0 SR - BT B R TR R TR H B E R
Wi RBEESES - ARSI EE SRS TR LEERR S g B
I=RERE - 20 86 ok -

7 62 DUfEZdiAHE [149]

Control Approach 1—General ventilation. Good standard of general ventilation and good
working practices.

Control Approach 2—Engineering contrel. Ranging from local exhaust ventilation to
ventilated partial enclosure.

Control Approach 3—Containment. Containment or enclosure, allowing for limited, small
scale breaches of containments.

Control Approach 4—Special. Seek expert advice.
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COSHH essentials
CONTROL APPROACH

R 3
large” “- .

R 2
mediuﬁ/

small

Amount:

DISPERSION
POTENTIAL
general 1 low dustiness
“ventilation 1 volatility
engineering 3 2 medium
control volatility

containment 3 medium

dustiness

special ? 4 high dustiness
1 volatliity

155 COSHH essentials Fy$2E 7 R ELEBG 10#k - SRR ERF AR CBRR
[141]

(14]eHEHEHIS AR R T 32U EIRE K Aty - SRR am - X RS

O 5Ty EEIN A e s N (= E MR 7 22 )~ S R R Rs L
BITH » f—WRREETRER SRR RBEEURDRE TN R - QIR
SO T A R MG Tk

(2)¥%153 48 352 UK HSE 55 7 78 COSHH %15 T i B/ IMESE I T LB LT
i 5k » TEERBIFIERED MR E R AL 2 AT RRTHME - BN
REME » HhloEBi—ARTEAEYEERGRER R EH T
BE—HEREE - KA LA% COSHH Essentials i f3 50 80 MR EHETE
(EEANFGE ~ BB R ) T LA - |

(3) el 3 E 7 v TR B LA R BR R A pR A LA A R - #5110 4E 07 1R R R T
BREr BRI E E 7 o (B Re R 2 A E e B2 EEELHI K OELs -
F& PR #2561 3 AR AR U S B TR R T EE AR SN BR AN AR HE AL, - BRI 3%
% RS AR NE M 2 2w 4 FE IR R - ARTREE) -
J& - FERS BARFeHERI T - KRB KB & 1F R -
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BAET BESOKGR SRR TES [RYLLE

£ 28 A%
BET AR R T BT | MRS
f#
A EEEHE, (7 | SEEERLE|EE A BN H
PR IS, TAE | BE9T
ST
RAWEZES | LERAMEAN | SRR B R T E
A % » FOKIEE
S BNE
P i = i
FKMK 2 RE | BMHEAEN | EBREA R | ZANTLoE
R WA~ RATIEI | A ARSI | PEARRESE - B5
SR R | B HRLUR | S A e S
HigeHD - AL BBREE | S
T
SRR 2 B | MR ZOK BRI B | SRR FEFKWEL
i HERAEDRY - ASTRAG 55 5 T 7
B 4 P o TR BB
S » RIS BT 1 RER BB 5
HEREIRTE - IRRIR KRB B 38
4 RERER P11 52 {5 345 FT L
ke PR - A4
LUE(E
REMEIRE | EFORWE | THEE - BRI | RER
AEERBTH | ERESBAT
AR 2
R B MR B | TREFGSRE | R R N
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e~ TARYER R | - BRE R | WE  HRDIE
e 120 0 R {8 B | EHASR) BT B | BUE R E BN T
#H (AR R R # | St BRAL - B
TEFZFFIR4> UNP | B - BEGHE /A
. RBIRE) B ELR
EERM AR | RER HEPA HEPA
H 7oy BB E | SRR HEPA ERLAE
K
BREEI & P3 5 FFP3 RS R YVE R 1 | REE>99.9%
EE
BRI R | FEREE SRR E | FEELL UNP &R | REER
R REREY | RS ERE
THBA Kohg AR | F 0 FEK UNP
P WP LA | B
RABEYRE | TRAEMER | Riek BUTE R RS
Fik RV RERERF EEYEHYE - RENRIE(S
BB > SHAM AR FERE=?
o & R 2R 4 38 ez prd ARk
i DT E
KEFIRVETERS | BUEEEEHR | REER {# F BRI G Z

B > AR A
ZEARR - BRI
HAsHe

i - BRI
A=
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P ABRKYEEERE RIS [ R

AR FEA ISR BRI 2R ~ B AR R B ZoR Y B (S BRI S [ I ARE
ANBERR - B RGRE A LG - MR DU A AR B R Y S I SR 5
5IEZR - LLERADEIE > SFKMEZEHE  NEFRWE ERRY
BRTHE  RHBIMESE  REHETE  EINRH R - 2ok E S
o KERIRKETANS - RERAREE - Bl T

T RAYWECEE

RAEIRYEEDH —HERRESE 100 nm DUFRES [140] > HEESZKM
RL > FOKHEHE ~ TR - FORBREFIZORARE(11] - —RATBRIZS IR e
FERHGR (ultrafine particle) » EEEAE 100 nm LA » (AR [(REFEZER B R
TR B R KRR - 455 RS B Y 2R MR B
HOTERISRIG - DERK B SEE R M (SEHE - TERRE - RARESES S
FRIERABEEHEAR) BHE[139] -

A NEFRAWE R R 1]

FAVAEAGENRS Y - A ESERIRY - RERBAWRT - O
RWET - BEAKNZFAMBEEEEE - FoKRE - ki3 - BTFEESE - S/
VIFEAMNGEFRAKE QRGN - S0t - kB - “8 W) - ERhakRE
IR ER - ATLAE B HERTRERS - EERSE E AR IA/K - RIREFYESEy (MG - ¥
ffi » SRFEFF - AWEGRERR nm ZEIRERS - CHEREESD - B
RHIRER R ARG FHRMEEST - FIREFIER M - BT - KM - 25K
MREE IR E SRR - BIEKRIRELL > AIFEFAEEES - RIS
F - BETHRR/PERYE @S 1000 £ 100000 &R T TRERERL -
BRHE  LBEES - At NERKWEE LAY hieSEY - RE
f&(agglomerate) BUR & B (aggregate) » HETRE - RN - SBEADY - i
MREE I SORYE - RN - Bk - M - EABGEEN - iR RES
2 ERTG
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FEI A AR EEFRE(TLVS, threshold limit values)Z il SaZ HHIMERER
DI R BE VR L2 2 S B v T THY SR (BAL L - 7ELLE IR > W25 A5 1T
TR R T EVATREIREE  (ERFKMRLR BT 27 - WRERY
AEFIRER 3.5 mym® » SASHERINZAFFIRER S mg/m® - J NIOSH BR#%S
K AP R EEIRAE 0.1mg/m’ (ASTM, 2008) = SIS BRI T PUAEfE
EUFAMRHEFRBEIMER2S
(1) BHERZORYE © BB B IR R B IRER0.0 i Bem® - 1t
IR LR e R A T T BRI E L -

(2) B - B - B - £FHERIRYE - B0 x WENTLVERSF
BEEIRME -

GFEMEMEAYE - ERIETREIR(ER0.066 XJERYTLV -
(HEEMRAYE - EFTFRERER0.5 x YHEITLY -

B REFMETE 1]

BRI LEAESSHE - EENRERNERAEERS - EBREER
BERGTMRIET AR (CPC, condensation particle counter) > R\ EEBENERIE TR
(SMPS, scanning mobility particle size) » % F#EMFI(SEM, TEM) ; FEHERTHEH
5] 2 Bl 43 AR 2 CR AR R 2 P Tl MR 25 PR BRI - oM A BIZRDINLER
1%28) ~ $EIRTTHEIRE KIS (TEOM, Taper element oscillating microbalance )5z E fth
af(beta gauge)F Eiﬁﬁﬁ@ﬁ%ﬁkﬁ%ﬁﬁ(diﬁuﬁon charger){F AR
1 > AFE{EIEEEER(ELPL, clectrical low pressure impactor ) 5 B8 BEIMERSF
LA SMPS K ELPI 1§ E(0 85 vl #E e il 4 S SR R B s AN R
BAIHEARRIRE -

TR (LRI RIS ST TH - S5 — P BRIV T RIRRIHS > AR Tt CPC
B BN ERTE R FOKMROREE - A LSO DIR A B SRR B IR R oL 5%
B FREBI NS ZOKBRIEITS AR - BN RIREOR R » 20 Tio: »
RIZELAEAERER 7 U LA TEM BRE SRR AR R T ob L LR A
FURRIE 1% - FLARERDITERICERIERIRER > RFIH SMPS 5 ELPI &
BIBSRIRIRLAS 347 - HETE A BC R RSR IR AT T DAGE A - stk AT e (A
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HTRTIER o fre e B T D R R SRR RO - DAL » ST
BRI e B IR A O AR » L 38 e 20 T O 5 5 T LR T A5
Pk BT M R - (R AFSE S D B B S ¥ » BUE A
BREET HEEER - |

th REZHI A
AR$E5 R TERHESENE A0 T BIFTR - W R R A RS i 1l 2 R 121
B SRR R BRI iRy DUB s & IR i i B ST BRIE TR

#HE

BRAR

[ e\
ITREEH \
P \ |

// BABHA \\

(1) BE - B#REAFENYEREERRBEE - RERAYEREREW
RIARTHETI SR A - REEREREGEER - A - BEZREHEATRKY
B SEEN T ER RS S ERg R e g 1] -

(2) B - RFE R B SRR SR B R R SR (A s BUE - BRI REME
ERAEWE - BRI A— S5 R R TTREN: - BUIA0 © {7 F B
BHES S FRYE - ARBAT I THISEFER M R « MIRBOURIT
HIREU R ARBTZR I E (1] -

(3) E# - FrE SR BCRAYE B R PRI R FR I FE A B AR R R
17 > BN BFERESGEIREEBIL0 « 7£/\FRBRR) @ B aFEEERMETRKYE
PR REUE - HAF RO Y B R SRR FERL AR FTREA B (1]
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(4) AR« [139]
SOER AT H
JFA EZRARVEBGER IR R - (R A R R i o ST B SRR
BREEAIPER O NIRRT IR - B R e e i s -
FORYER AR B FE T3 TH

FAREWE W [FWE R SSEFE - BUEIN TR - 8GEinT

A REEARHYIEIL - AERHURHIE L - SUEITRHAER - BiG ~ MEERE
AL ERAIEREA R - LTS L TED R
OEVERAL - AL - BEIbZ 55 - BERABRGRBNIME - §
PRI IERRIE RTREER AR - B PRI HRR O FEINEE S M R ER S E SS -
(DA PERa iR R e E AR R -
(i) EZEEH A E (PR BB S R EREARAR -

(5) 1TBUEH © [140]
(FAMERERROERENERTE - RIMEEARRBRTYE -
(DTESIBAT T M AR B R AR R IR E 2 88 AT
RERY R ZEN BE AR S DRI - (o A IRAHRAT R FE R EHIBRIE -
(iif) FESHESEA B S B (LS B R R TS S ik -
(V)ZKWERISEE I THFT R B 5 T e S L AIB FThes - — R E%E
BRITER - )M TR BT R B H AT
(V)FE RIS K Y E B SEE N B B MBI\ B A S KB RIE
SEIGF o

(6O)BFRERJTH: [139]
(5 A8 PR B B LE KB R A, » TR HE (i SR S PR [ 3 Lt
IR RN - VRS SRS BB LT NOS + NO9 BUIRIZS RIS S, -
(DEEAEE M BN FERRIKYBIERENE - FEEGRRERE%  #
FAREIES - BFEARTRENEE -
(i) FHEE S - R HHIBE RS RER -
(VBFIEREERKR EEZAYERE » BT EH ALK
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— R DA BATEER - BARFHERAER > AR FRAE I EX
FEHBHIESRE Y -

e EH/MGH AR (1]

REFAWEREEINGH RIRRGZ WaEN: - Rt > BRSO ERIE
BRI o W T LA - HEESTRE BN SRR - RSN
PREGE SR TEIT 5 - BINREEIZKK SRR - FEMTIE AR RBEERES
REERIK - RERI A BT Z@ETEAIFIRR - WECRGE ErOME ABER - Bt
RHERRGR - B R A\ RFEHIREGTREE - #RERA SR B
{56 PSR B 5 R AR R IR B BESR RO R T S I - TR ERT B i - FEGE
FRSUERE RS RCRI H 22 S » DR Az FNERBIRIR 73 - B A
BRGTELEEHREE » ERIURER IEEREROR B AR AR ISR -
RRFEREREIR OO - Tl ~ WM R AEFRE L SR -

IR KBEYRE S (1]

FAKVERREEYIIERRE EERBEY - HEERREES RS
& HEZBEBYENEEEREE  ERSRRES - SESAMEZBEY
FEAMICKWE  SAKWENAS - EAVEE - SRAENRERE
YR FOK YR B S RIERE S E - AR SLE SR R A B R B R W
BRI ARTEKERTS - TR RIS - 4 - B AR E B S E BRI ERITRE
FKBRY - BETAKYE R YA REE A KB ECE — R YR
H o OKBRYITERER - FEA R BN BREYAS P HE - SERGRE. WAE
BEINERIE TN REYEE A EFRE - BBREAIH OBE S 7] R
5470 ~ ARG R R H MM ET R s S FE R S — (BB R s
—R » HORMERBER -
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KK SRR ETE

FAEB IS R/ N KEERE RIS/ 1m] > ZE/NR 20%(KIRET - ARSH
AP SIRESEERILER - A5 A SR IS B S ERE Pt
DEDEL K SIRIFRIER < SEINZERPENEE B ERFES EE KB RFEDY
RFAIEK SSBIEZ T - ZORM B B EEERET S » HA PR M B IS
L5 FRAM S RIETRIRE BA BRI AN - BRBEHIRIIAIRE A » JRENfE
BRSNS - SOOI SRR PR - SR KEE IR - R > BfE R
FRAKBIRIAIRE - DI RIRRE AR A AR e+ B - SRR B O B
RRIFINL - FEZ2 SR HR A - R SR a7 B R PH B It - B8
DR SEVRIER - FEAEROE R R ATE M AR RIS S WA =&k
ik ~ BREHEHMEHSRAEE(11] - FEFKWERIREBFT - e AR BN ET
LA IERFEER A » YK a5FF FES @K B BUKBIREA M » B S B A ek
GRENEEESRGG AL - HEFTEAH A

W RERE (1)

TETAEGRTHIRK N R B R S RN B HE R E A R E
a » (B FERERESEB AR E < (5 B AR R AR 5 > DRI
HEREVIER A RRIFORBMRB AR R AN BRI TR R R aE -
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BANE fEam iR
B M

1. SERUERZORTIRL B SE BRI I BARAERA SR - 36 B B3 AR BRAR S RS

BAgs| - fEawa T - (1) HASETEERR T AW BE SR REHE5|
{HAR B B GRS TAV R RE 5 55 TR BSR ZE R PR E YA TR R
¥e » WAEE AN FE A YE - b L ER T EARBIRI A E ESE
HIREEIES (B2 - (2) ARTBEERBHER - HARERBIZAKY)
BEIESEBUIRITHET | - SRR RIS 2RI - HISRIGEERAYRERE -
HLERERFEDFTHIRAYE RER ERESHITHIRE - NEREESEK
ZNEI PR SYIMEE St S EEI RSP B s B

- SERCEARIRL TAZIZR - BRI - MPRRRGaE - SRR SO R Fh
TAE - WESEHARRREIHS -

- SERA R IR R - AT ¢ (1) RriEeRE R AT A
HIANRER RS - ZORR SR I R R BN PR B » ROKAR
Z &SR MAIRE RS - FOREER IR FMPS £ SMPS
Z NMD Z KRR - (2) F—EMRU=EER TR - ik =
F7 RS E RS BRI 15 2059 NMD F1 NMAD &) 7] DAEERMV MO AR
ax T 2]# NMD 1 NMAD #{8 =F& /Y - i@V N R B 73 5o
HRHUBE ST LESS AN IR R A B © () RoREAPRI USRIt - 2R - B -
BREEE  EREME—SHHE  HREERFREAReE Bk R EHER
#3(21 SMPS ~ FMPS {1 APS SE)PUEh 70 UL RN IS R -

. SERRC SRR P FOK TR FIE TAF - ASRRA0T < (1) HESRTER 18
B E (RS PR TS R N K R B IR B - (2) EUEEHI
B (78 G BRI B B B EAS SR - 3) TR DRI R B3R R
KRR A R Ti JCREFEAE S E T BRI R — S LAy
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Easy steps to control health risks from chemicals

J COSHH Essentials provides advice on controfling the use of
chemicals for a range of common tasks, eg mixing, or drying. Click
harg for an example of the type of advice you will receive.

/ For most tasks this website will take you through a number of steps
and ask for information about your tasks and chemicals. This
assessment will take several minutes to complete.

‘/ But for some processes, tasks or senices you can now get direct
advice. Click harg for an example of the typs of advice you will
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/0% This guidance sheet s aimed at
o2
l employers to help them
comply with the requirements of
the Control of Substances Hazardous
to Health Regulations 2002 (COSHH) by

controlling exposure to chemicals and
protecting workers’ health.

The sheet s part of the HSE guidance
pack COSHH essentials: easy steps to
control chemicals. It can be used where
the guide recommends control approach
2 (engineering control) as the suitable
approach for your chemical(s) and task(s).

This sheet provides good practice advice
on mixing medium and large quantities
of liquids with other liquids or solids. It
describes the key points you need to
follow to help reduce exposure to an
adequate level.

Itis important that all the points are
followed.

Some chemicals can also be flammable
or corrosive. Where they are, your
controls must be suitable for those
hazards too. Look at the safety data
sheet for more information.

Depending on the scale of work, releases
into the atmosphere may be regulated
within the pollution prevention and
control (PPC) framework. You should
consult your local authority or the
Environment Agency. In Scotland, consult
the Scottish Environment Protection
Agency (SEPA). They will advise you if
PPC legislation applies to your company,
and about air cleaning and discharging
emissions into the air. Otherwise,
minimise emissions into the air.

Control guidance sheet 217

Mixinq liquids with
|

other liquids or
solids

217

Engineering control

Access
v/ Restrict access to the work area to authorised staff only.

Design and equipment

/ Position the local exhaust ventilation (LEV) hood as near to the source of the
vapour as possible.

¥’ Enclose the top of the mixer as much as possible.

/ Airflow across the whole mixer top towards the LEV should be at least
0.5 metres per second. If solids are mixed, it may be necessary to increase the
airflow to 1 metre per second.

/ Where possible, site the work area away from doors, windows and walkways
to stop draughts interfering with the ventilation and spreading vapours.

/ Provide an air supply to the workroom to replace extracted air.

/ Keep ducts short and simple, and avoid lang sections of flexible duct.

/ Provide an easy way of checking the control is working, eg a manometer,
pressure gauge or tell-tale.

/ Discharge extracted air to a safe place away from doars. windows and air inlets.

X With vapours, air re-circulation is not recommended.

f Exhaust
o

Removable
stirrer ‘\\
N

Hinged lid
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Lonuol guidance sheet 217

Maintenance
/ Maintain the equipment as advised by the supplier/installer in effective and
efficient working order.

Examination and testing

,/ Get information on the design performance of the ventifation equipment from
the supplier. Keep this information to compare with future test results,

/ Visually check ventilation equipment at least once a week for signs of damage.

/ Ensure the ventilation equipment is examined and tested against its
performance standard. This is generally at least every 14 months (see HSE
publication HSG54).

/ Keep records of all examinations and tests for at least five years.

Cleaning and housekeeping

,/ Clean work equipment and the work area daily. Clean other equiprment and the
workroom regularly - once a week is recommended.

¥ Deal with spills immediately.

/ Store containers in a safe place and dispose of empty containers safely (see
CGS 101).

/ Put lids on containers immediately after use.

Personal protective equipment (PPE)

/ Chemicals in hazard group S can damage the skin and eyes, or enter the
body through the skin and cause harm. See CGS $100 and S101 for more
specific advice. Check the safety data sheets to see what personal protective
equipment is necessary.

/ Ask your safety clothing supplier to help you select suitable protective
equipment.

. / Respiratory protective equipment should not be necessary for routine
operations. It may be necessary for some cleaning and maintenance aclivities,
eg cleaning up spills.

/ Keep PPE clean, and replace it at recommended intervals.

Training

/ Give your workers information on the harmiul nature of the substance.

/ Provide them with training on: handiling chemicals safely; checking controls are
working and using them; when and how to use any PPE you provide; and
what to do if something goes wrong.

Supervision
/ Have a system to check that control measures are in place and being followed].

Further information

s Safety data sheets

s Maintenance. examination and testing of local exhaust ventifation HSG54
{second edition) HSE Books 1998 1SBN 0 7176 1485 9

s Anintroduction to local exhaust ventilation HSG37 (second edition)
HSE Books 1993 I1SBN 0 7176 1001 2 '

= Control guidance sheets 101, $100 and S101

247

Employee checklist
for making the best
use of the controls

D Make sure the ventilation
system is switched on and is
working.

D Make sure it is running
properly; check the manometer,
pressure gauge or tell-tale.

[:] Make sure the air
movement is across or away
from your face.

D Look for signs of damage,
wear or poor aperation of any
equipment used. If you find any
problems, tell your supervisor.
Do not carry on working if you
think there is a prablem.

E[ Make sure that paper bags
and other waste material aren’t
drawn into the ventilation duct.

[:j Wash your hands before
and after eating, drinking or
using the lavatory.

{ ] Do not use solvents to
clean your skin.

D Clear up spills immediately.
Contain or absorb liquids with
granules or mats. Dispose of
spills safely.

D Use, maintain and store any
PPE provided in accordance
with instructions.

COSHH essentials:
&5y SERs 0 LUK chernicals
Outober 2003
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C ontrol approach 1

This guidance sheet is for

employers including the

If. 1ploy d and f; Lo
to help them comply with the
requirements of the Control of
Substances Hazardous to Health
Regulations 2002 (COSHH) by
controlling exposure to chemicals
and protecting workers’ health.

The sheet is part of HSE guidance
COSHH essentials: easy steps to
control chemicals. It describes the
key points you need to follow to help
reduce exposure to an adequate
level. It is important to follow all the
points, or use equally effective
measures.

Get safety data sheets from your
product supplier. Use these to
identify the more dangerous
chemicals, and less dangerous
substitutes. Also check for
flammability.

Disinfectants are biocidal products.
Authorised products are safe for use
so long as you follow the instructions
on the label.

Manual cleaning (scrubbing,
brushing, mopping, wiping,
immersing, etc) can lead to skin
contact. Vigorous scrubbing can
create mists that can be breathed in.

General ventilation is the
recommended approach.

LN

v

v
v
v
v
v

@)

O
O

Service and retail controf guidance sheet SRO4

Manual cleaning and
disinfecting surfaces

SR04

General ventilation

Workplace and access

Surface cleaning and disinfection is a common activity in: the tourist industry
{hotels and other accommodation); food shops and outlets; childcare facilities;
and by cleansing services, etc,

Mark any pedestrian routes that can become slippery when wet.

Design and equipment
Remove heavy dirt deposits first,
Never decant concentrate into an
uniabelled container.

Never re-use a concentrate
container. Dispose of it safely or
return it to your supplier.

Don’t store more than 50 lires of
flammable liquid indoors. Use a
flammables store.

You need washing facilities for
decontamination after handling
products.

Procedures

Store products containing chemicals securely in a cool. dry, dark place,
capable of keeping in spills. Don't store far more than you need.

Read the instructions on labels carefully - follow the instructions for use.
Keep chemicals off your skin - wash off any splashes immediately.
Make up only as much solution as you will need for immediate use.
Avoid contact with surfaces until they are dry.

Put the cap back on the container immediately.

Special care

Contact with many chemicals can lead to skin soreness, itching, rashes. and
blistering {dermatitis). Some can also damage the eyes.

Some products may cause asthima - check the safety data sheet.

Try to avoid disinfectants that contain formaldehyde or glutaraldehyde. Or use
them at the lowest possible concentration. You need respiratory protective
equipment (RPE) when using these chemicals - seek advice from a protective
equipment supplier.

O Take special care using caustic soda {sodium hydroxide). This can erupt when

mixed with water. Splashes in the eye can cause blindness.

Never add any other chemiical to concentrates that contain bleach (sodium
hypochlorite solution). This can cause a dangerous gas (chiorine) to be
given off.
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Service ard retail control guidance sheet SR04

Maintenance
v/ Wash out the equipment after use. Dispose of this waste liquid safely.

Cleaning and housekeeping
/ Clean up spills promptly - practise how to do this.

Personal protective equipment (PPE)

¥ Follow the insttuctions on product labels.

/ Ask your safety-clothing supplier to help you get the right PPE.

/ Wear protective gloves - single-use nitile gloves are acceptable. Il you must
use latex gloves, use only 'low-protein, powder-free’ gloves.

J/ Throw away single-use gloves every time you take them off.

/ Wear waterprool, slip-resistant footwear.

/ Skin creams are important for skin protection and help in washing
contamination from the skin. These are not ‘barier creams’. After work creams
help to replace skin ofls.

Health advice

V' Ask your workers to check their skin for cryness or soreness every six months.
If these effects appear, check the proper use of skin creams and PPE.

/ If you use a product labelied ‘may cause sensitisation by skin contact’ or ‘may
cause sensitisation by inhalation’, seek specialist advice. See Further information.

Training

Show your workers this sheet and check that they understand it.

Tell them about the risks of using the product - see product labels or
Section 15 of the safety data sheet from your product supplier.

/ Make sure everyone knows how to clear up spills promptly and safely.

NN

Supervision

/ Check the procedures for cleaning are being followed.

/ Get safety data sheets from your suppliers and identify the more dangerous
chemicals. Consider substitution.

Further information

= Assessing and managing risks at work from skin exposure to chemical agents:
Guidance for employers and health and safety specialists HSG205 HSE
Books 2001 I1SBN 0 7176 1826 9

= Preventing dermatitis at work: Advice for employers and employees
Leaflet INDG233 HSE Books 1996 (single copy free or priced packs of 15
ISBN 0 7176 1246 5)

= Health and safety consultants: the BOHS Faculty of Occupational Hygiene
keeps lists of qualified hygienists who can help you. Contact BOHS on
0133 229 8087 or al www.bohs.org/

= Occupational health professionals: details of doctors and nurses can be found
in the Yellow Pages under ‘Health and safety consultants’ and "Health
authorities and services'. Also visit the NHS website at www.nhsphss.nhs.uk

Employee checklist

[:] Look for signs of leaks,
wear and damage.

D If you find any problems,
tell your supervisor. Don't just
carry on working.

l:l Wash your hands after use,
and before and after eating,
drinking, smoking and using
the lavatory.

E] Never clean your hands
with concentrated cleaning
products or solvents.

[:] Clear up chemical spills
promptly. Absorb liquid spills in
granules and dispose of them
safely.

] use and store your
pr ive equif 9
to instructions.

D Throw away single-use
gloves every time you take
them off.

D Check your skin regularly
for dryness or soreness - tell
your supervisor if these
symptoms appear.

D Use skin creams provided
as instructed.

COSHH pssentigls:
easy steps [0 conerol chemicels
Oacber 2003
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This guidance sheet is aimed at

%

/§/ employers to help them comply

TS
I with the requirements of the

Contro! of Substances Hazardous to
Health Regulations 2002 (COSHH) by
co ing exj to chemicals and
protecting workers' health.

The sheet is part of the HSE guidance
pack COSHH essentials: easy steps to
control chemicals. It can be used where
the qride ds control app
2 (engineering ) as the suitab

ppi for your chemical(s) and task(s).

This sheet provides good practice advice
on using local exhaust ventlation whichis
the form of engineering
control. i can be applied to a range of
tasks involving small, medium and large
scale use of solids or liquids. it describes
the key points you need to follow to help
reduce exposure o an adequate level,

it is important that afl the points are
followed.

Some chemicals can also be flammable
or corrosive. Where they are, your
controls must be suitabie for those
hazards too. Look at the safety data
sheet for more information.

Depending on the scale of work, releases
into the atmosphere may be regulated
within the pollution prevention and
control {(PPC) framework. You should
consult your local authority or the
Environment Agency. In Scotland, consuft
the Scottish Environment Protection
Agency (SEPA). They will advise you if
PPC legistation applies to your company,
and about air cleaning and discharging
emissions into the air. Otherwise,
minimise emissions into the air.

v

v

v

L T N NG N
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Control guidance sheet 200

Local exhaust
ventilation

200

Engineering control

Access
Restrict accass to the working area to authorised staff only.

Design and equipment

Apply local exhaust ventilation (LEV) at the source of exposure to capture the
dust or vapour.

Enclose the source of dust or vapour as much as possible to help stop it
spreading.

Don't aliow the worker 10 get between the source of exposure and the LEV,
otherwise they'll be
directly in the path of
the contaminated
airflow.

Where possible, site
the work area away
from doors,
windows and
walkways. to stop
draughts interfering
with the LEV and
spreading the dust

or vapour,
Have an air supply
coming into the
workroom to replace
extracted air.

Keep ducts short
and simple, and
avoid fong sections
of flexible duct.

Provide an easy way

of checking the LEV is working, eg manometer, pressure gauge or tell-tale.
Discharge extracted air to a safe place away from doors, windows and air
inlets.

With exposure to dusts, you can re-circulate clean, filtered air into the
workroom.

With exposure 1o vapours, re-circulation is not recommended.
Maintenance

Maintain the LEV as advised by the supplier, in effective and efficient working
order.




Lantrol guidance sheet 200

Examination and testing

/ Get information on the design performance of the LEV from the supplier. If this
isn’t possible, get a competent engineer to give you information on the
system’s optimum performance as part of a thorough examination and test of
the system. Keep this information to compare with future test results.

¥ Check the LEV and visible ducting at least once a week for signs of damage.

¥ Have the LEV examined and tested against its performance standard -
generally at least every 14 months (see HSE publication HSG54).

/ Keep records of all examinations and tests for at least five years.

Cleaning and housekeeping

/ Clean equipment and the work area daly. Clean other equipment and the
workroom reguiarly - once a week is recommended.

Y Deal with spills immediately.

¥/ Store containers in a safe place and dispose of empty containers safely
{see CGS 101). -

V' Putlids on containers immediately aRer use.

3 Don’t dean up with a dry brush or compressed air. Vacuurn or wet clean.

Personal protective equipment (PPE)

¥/ Chemicals in hazard group S can damage the skin and eyes, or enter the
body through the skin and cause harm. See CGS $100 and $107 for more
specific advice. Check the safety data sheets to see what personal protective
equipment is necessary.

/ Ask your safety clothing supplier to help you select suitable protective
equipment.

/ Respiratory protective equipment shouldn't be needed for routine tasks.
It may be needed for some cleaning and maintenance activities, eg dealing
with spills.

/ Keep any PPE clean, and replace at recommended intervals.

Training

Y Give workers information on the harmful natuse of the substance.

¥ Provide them with training on handiing chemicals safely; checking controls are
working and using them; when and how to use any PPE you provide; and
what to do if something goes wrong.

Supervision

¥ Have a system to check that control measures are in place and being followed.

Further information

= Safety data sheets

s Maintenance, examination arid testing of focal exhaust ventilation HSG54
(second edition) HSE Books 1998 ISBN 07176 1485 9

= An introduction to local exhaust ventilation HSG37 (second edition)
HSE Books 1993 ISBN 0 7176 1001 2

»  Conuoliing airbome contaminants in the workplace Technical guide no 7
British Qccupational Hygiene Society 1987 ISBN 0 9059 2742 7

=« Control guidance sheets 101, 204, S$100 and $101
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Employee checklist
for making the best
use of the controls

[:J Make sure the LEV is
switched on and is working.

D Make sure it is working
properly; check the manometer,
pressure gauge or tell-tale.

[} Make sure the air
movement is across or away
from your face.

[] Look for signs of damage,
wear of poor operation of any
equipment used. If you find any
problems, tell your supervisor.
Do not carry on working if you
think there is a problem.

D Make sure that paper bags
and other waste aren’t drawn
into the LEV.

[} wash your hands before
and after eating, drinking or
using the lavatory.

7] bon‘t use solvents to clean
your skin.

I:] Clear up spifls immediately.
For liquids, contain or absorb
spills with granules or mats.
For solids, use vacuum
cleaning or wet mopping.
Dispose of spills safely.

D Use, maintain and store any

PPE provided in accordance
with instructions.
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