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A 2P G %’ﬁ“r} RAGFHRK A H 0 RE A B EREE A
iR T A 2 R iR R 2 OB iR - AR AT S
B2 ApRdte AP - B/ A5 %> /Fﬂptﬁ‘iszﬁ’*mflﬁ}%xz?ljﬁ
g fok g 9 4 5 A% 10-1920-2930-39 = BEEE o APk
Grimm 1.108 #rk A 45 RBIE 1 A48 v5n; 20 =X & 24 cnE AP BOE R
¥oeblg &g 4 47 ik Spirolab ITRIE M # i gtk ¢ 5% 4 b F R E
FVC (forced vital capacity) ~ % - ) * 4 == 11484 FEV, (forced expiratory
volume in 1 second) ~ - #) & (FEVY/FVC) %2 = =he¥ 5 /ii# PEF (peak
expiratory flow) - # % ‘g% &1 > = 27 b E& K 2 <R[F ¢ > 30-39 &
e 3 ;FL‘Z dred 2 AR BEER 5B 0 HE S 101026459455
(Particles/L) - # ¢ Mann-Whitney U test ¥ 5 1% 7 iy ${4 5] £ J et 41

gpiu)

w7 02029 Rz X Rl F B AR EE R LR AR Y o B LRI EE S G
ip(FVC ~ FEV, ~ PEF)®. F < (p<0.05); ¥ *h L mdtf X B vt g b
f1# Kruskal-Wallis test 74> gpfst* > T 47 p E2dok ™ > H 57
# i dpHR(FVC ~ FEV) A3 £ £ 0 (p<0.05) » 8 > 18 =2 ipl§ £ & =
VAT B2 T 3ok Bk R Ao 3 i dpthada M4 47887 - FVC ~ FEV, »
PEF & T3of R ER 2 pH 28R E4 % 5 0.03-0.03 2 0.20- & 7% i<4p

Fﬁg ltj‘_'_ o

M5
Droplet experiment ; Number concentration ; Cough ; Lung function ; FEV, ;

PEF
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1.1% 8

“*"“?»'Fi@%wﬁ? B ki - ERGApy RARGE R
1918-1919 # & 317 ji R (HINL)F| 7 # & 3 2 e A Pt g iz
(SARS) ~ HENL it g % jit b 4 3 g % 3 S d fd oo b 2 foit @ 4%

AR FI XD EAPMARSE L ML Bl - 5 o ERRFEL F AR A
fp SRR PR R e GIAREYR] 0w og 11 2011 ~ 2012 & s B4R gt
2009 ~ 2010 & > § b AARE B ERSRE LT B IE S D
R e et RRBHO A P ER ey Y 0T R
HLFE g 19 5 (COPD) % ik 354 5 3 7 £ w8 ek AL -

Bl- 5 o @ iFrclaid F A3 2R 99 # 22 100 # 41 & 7 ¥
S AR LR RPETERE A BITE B 2R FR LA N AR D ek
7= B2 99 EAprt o W K4 138 A T pﬁ»p;ig;ﬁyfgi‘gét 787 £ >

“m\k

A v 2 AL

FRAH W P AR Bk o 220 R m AR @,4;]% CRERR K KRB
oo G EARHEINE A A el FI T IR R RGE KR
e X FIERGAL BRI ph § o Sd R g R
(Gralton et al, 2011) » F]pb 5t 74 5 27 % A 24 cfp B 12 B (F 43R5 o
Rk A AR AN F F I FE % ILE‘\%J<$‘frx§ 5

TalFe BInm@Ere S Bk & Frirgr g 0 2009) 5 Wk b &A% ol

LFricted  Flavv s b EN A, ENZE(EST > 1999) 5 i
D25 hd A Formbie N o NESeE D o TR F A eh 2 ’ﬁx%j\éﬁ
BABIELBER DT FIoF U i (A8 Bk ’,églwf FRE
> 2009) 0 Ex {5 0 AT T O S R RIRRZ R F ALY £ BP9 RS € (American
Thoracic Society) # # ' ¥ =k 313 € (European Respiratory Society) ¢
2005 # £ e ] TR -
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AL X BEHARE L F B DT AT AGET P F B A AFEO L
B b~ SARS)SL B 3 ¥ b4 o et f s gk F Lt -
T AL R A ol Vo g FIEIRH a2 2R A A4 50
SRl SN R et TR R EALE B RLE 1S Lt R
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2.1k I Pk =L ) R EER

B opF L RAREE PO EBFITITFREY # A
s £1i8 4% (Cole and Cook., 1998; Nicas et al., 2005; Yang et al., 2007; Gupta
etal., 2009) - Gupta % (2009) 4p iv%efi 2 7 & indk > A2 * B hftik o
LA tpd ohd & SR @BF 5 OLT IR b CSARS £ 3 B4
B Ry LR AR OL RN R AR LRI A A 2
DRGRFL e R - SR L F IR R G o 2 SR
TR e 2 BRIPTT E BRI R e 2 ROR R R ek < ) o

FHAEFE S BB B R M EE SRR REF et 2
/& 4F 4 (Duguid et al., 1946; Loudon and Roberts., 1967; Heymannl., 1899;
Eichenwald et al., 1960; Buckland et al., 1964) - Duguid % (1946) %+ i
%%W%E@r\ﬁﬁﬁﬁﬁﬁi%%%@’%éﬁ%@?&?ﬂ?i@
R £ R BATEUBLRTUR P IR SRR e < ) o B R A
7 95% R FIE<100 um > TIBHE XL ) 14umo § 7 X 2 4-8um F B

e

v = Xrgeet 2 TE Rk R 5 5000 %fkd#k ; Loudon % Roberts
(1967) @& * Bpcsip R ol » #F MR X RIF L ¥ 15 £ 4 2 &%
7 A6A R g ¢ R A d 2 kG 237 %F 0 @ LB EKR L) G 12 pme Xie
% (2009)F * M ACHBET R T ERIEE —‘F'? 2ok 20 =2 & = T Eeyeiag
Fofich 108 % 0 fvyec T FosEafic S 800 i

ITE Ry J'zﬂflj’# & 8 Hoke & 2 # B (Optical particle counter) B &
7 e rteiip A 4 cnd$% 31 o Papineni 2 Rosenthal(1997) 41 % k & pcie
+ 3 #cE (Optical particle counter)ir] £ i & 4 — =% "2 ot 2 #/Z 4 [l &
0.3-8.0 um > 69 %= R F T 5 <0.6 um > — =t eEeed 2 iRk g s 420
3F > T o8 50 3F ; Cole 2 Cook (1998)F= 7 B *iefi#7 A 4 2 &
Rk Bk R 5 10% -

FEPARFE > REFER LA TP ST EE A WE? 2 R &
6



Bp|E H ket < 0] - Yang ¥ (2007) -~ Fang % (2008) fr Morawska
*(2008) = * 4 * § #pcks [ % (Aerodynamic particle size)ir| £ i & +
A A 2Rl F A S 5 0.62 -15.9um ~ <1.0 pm fr 0.4-10.0 pm 5 Li %
(2008) 'eriei%E(2009) & % Grimm1.108 ik~ 47 R BI R i& B £ B1F 4ol
gk g e i 4 W] 5 50-100 um v >500 pm - Lindsley (2010) # * 7 & P& &
AR % k2 (Two-stage aerosol sampler) 2] i gt B H 2 2o ii<1.0
pm e

Gralton % (2011)4: r L= § % fp -0 ehofied 2 fikopefs 4 o] 17 -
B F v Rk B 5 <0.1-500 um -

B ars TR 3R oA oz B E o R eh B R ek B
fokds < P RTG53 oo Xie ¥ (2009)% 13 £ e Flez Rl § P
g & o R AR K BRIV FERfeT A2 R fridE R 1E R

B2 Rk B o



3 - ~ A R T c}Li‘E’ v B eAp BE 2 ;E

@ e Eipl1E P el S id et
Jennision B & PR AP , Coa g e
(1942) 0000 1) oI AR S 100 pum
Phei-tE T SRk T+ 0] 1 100-125
Duguid . . . TR Ie um
o s =y B .
(1946) PR EE < R gL 1 HAPORID 816 um
=% Ty Aokt 5x10°
*F kAl E
Gerone et # HoRpIE ¢ <1-15 um
al. stk R EE il RTHHRER
(1946) * Particle-size 90,838 %7 > #c
analyzer
Loudon and < BRpIE A w0 1-1471
3R X P
Roberts Y jl * Al %l 15X pm
(1967) A T 35 % & i ¢ 5x10°
Papineni
and +OPC* S5 =ik X Rl s
cosenthal e AEN P e300 % T oA g 5x10°
(1997)
BT g [T
oo & 7% 1 0.62-15.9 um,
Tio4 o 5 8.35um
54 {+ ik B = 5B 7% +%:0.58-5.42 um >
,-F!T AR ’ 80%z_ H# & & ¥
HxgR) #* T L 074212 pm
Yangetal. *APS* ;ﬁz}% _ BB
(2007) +SMPS* 1012 LTI T Y.
2&%%’ B R 743050 & Tk
30-50 # ’ R 5 # 5 2355663
’ droplets/cm®
2o 10-12 & T A
ER - 5 %> 1881+358
droplets/cm®
80 =it & X il
& EEIEE N
i *’EJF];‘ CE R al X ds ok g jE
Fang et al. APS* 5; (RN v A ‘zﬁ‘ "n’fj f AR
(2008) RALRE  HEer b

56 i~ T et n}\fé
B 3% R E

FL e B

FRAE R
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Fo— AR e S B g A T ()

R B E FLHE% =gt %
Li et al. ¢ Grimm1.108 = & % ;‘E'Jiﬁ o ep FE Rk A w2 50-100 um
(2008) * i ey
o HHCH
sl il
.
Morawska APS* ey fymﬁ " Firps A % :0.1-1.0 pm
et al. (2009) E¥ <35 & W; F,; F; Bk R 0.64 (cm?)
12 %)
8 i X p
ke P kAT e 4-8
Chao et al. * FL,,} o v 4 pp () o MM
(2009) IMI (Iv: 8]“__%3 Rali % v 50 =X Foerh e BRI A
-8 i) 947-2085 37 # #ic
£ # 1 <30 &
B RIE T
: . L (I3
é'gozt)a" :;jg gl.lOS L 4) 1100 A A ] >500 um
e # & 1 20-40
P
A pPe s 58 R R "'ﬁ
Lindsle o R (74238 x> Jugrs
émmy (Two-stage ~ ~ 120 =) & KBy Eik$ii4 [ <1.0pum
aerosol £# 11833 3=
sampler) &

*OPC: optical particle counter ; AEM: analytical transmission electronmicroscope; SMPS:
Scanning mobility particle sizer; APS: Aerodynamic Particle Sizer; Grimm1.108: grimm
particle size analyzer Model 1.108; IMI: Interferometric Mie imaging



22 [ulfrs $ gt D AR

4 p‘;mﬂ}’% SRR A AT ]’f-\:i\:)glg/r, rrA A 2 BWikEFM S A
BRI 3 ix~ £ B (Papineni and Rosenthal,1997; Holmgren et al.,
2010; Schwarz et al., 2010) -

Yang % (2007) 44 2 2. £ foldn] > A7 7 % b B R e d) 2
RERGDZA BT BRFR AL EHRE T X RIF DTSR+

F2 44 (p>0.1)> % ¢ 1 20-29 fux RlH 2R A G foT 35

Tk P Edx oy a®m 9~ A e w i 437-8.35 um - 4.37-8.35
um; TIEHERA ) DT L 629 pmo AR E 646 um(£ =) EAEY
Bk A 10-50 2 LRl eE 2 HURRR §AEF A MR S A H 4o
F2 gL (F2) 5 & 10-12 f ~ 20-30 # v 30-50 7 2% ] K
ered Ay 2 kB R A W) % 1089+594 droplets/cm® ~ 13234685 droplets/cm®
fr 2355+663 droplets/cm® ; % 4 p] A w] % 881+358 droplets/cm® ~ 896+442
droplets/cm® fr 20661612 droplets/cm® - Schwarz % (2010)f= Johnson and
Morawska (2009)F" 7 # IR A R i f P » 1L & §e¥ e pEar g 4 2
RERSGEST AR o

Schwarz % (2010)F 7 %% 2+ BRI AL N2 FRER LB RE 100
S a,ﬂf;/ﬁj—‘gawm%ﬁﬁ BEo g ¢ ARy F e an a x § 2 F R M e

J"'zéim‘}——ﬁi/}?‘}iﬁi? P HEEABIRERABHMARE SR T

2~ EEE o e iRk o (Yang etal., 2007)

10-12 Years 2030 Years 30-50 Years

Nine males Nine females Nine males Nine females Nine males Nine females

Droplet mode 4.37-7.77 4.23-7.23 4.37-8.35 4.37-8.35 4.37-6.73 4.37-6.73
(pm)

Average size 5.99 5.84 6.29 6.46 5.46 6.01
(pm)
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4000

3500 |
3000 | T
" 2500 +
E_ 0]
E 2000 | T ]
f="
E —_ A
= 1500 - 4
L]
1000 | N
500 i N
D L 1 | | | L
10-12 10-12 20-30 20-30 30-50 30-50
male female male female male female
Different Gender and Age Group
Bl= ~ 7 Fieulfos &k 2 28k R (Yang etal., 2007)
2.3 A R 5

ARG B R FRERR (TR 5 375 5 e 4 Tﬂ:@@? 7o (2009) ¢ =
SURNEE CLAL - SR EIE - e I SR LRk AL O B IR R
RPN NBEA A s & VBN o F % 4 38 #(2002)4-7E IR AR B 4 T2
FHE b RB I A
(— )= we ** &% FRC(functional residual capacity)
ip p REEEEAR T o eE LR 2R IR v i o - TR g 2
B A GTHAE SRV EOTHE o WAE DS 2500 ml -
(= )& % % # TV(tidal volume)

£ TEBHET 1A A

'

G

j}:‘] l}i’—"‘ :,}’\’V*'I'V}L"&lf\il 7?1)\E\Zp;1':l=);¢€gﬁ13‘:

'%!MT

TV % 250-500 ml -
(=) % &5 % % IRV(inspiratory reserve volume)
- TG0 L E R ARG PRI AR o A

3000 ml -

11



(=) 5 & & * # ERV(expiratory reserve volume)
-~ T ELF 2 P EEF AL FEATR NI FHE o AN
1000 ml -
(7 )% &% & RV(residual volume)
EEph YA g2 5 WIN g FRFT WAL 1500ml - §E
L NIRRT E o el e
(= )% =& VC(vital capacity)
Pt RF i et 2 b FHE - M E 4500 ml -
(= )v&;,: % & IC(inspiratory capacity)
Red g R FH Rt fox 4 g iz § WME A 5 3500
(~) 7 % % & TLC(total lung capacity)

W R E S WL LR o K 6000 ml -

Lung Volumes and Capacities

Total lung capacity , ﬂ

Vital capacity
6000 ml

y 4500 ml
Inspiratory reserve volume
3000 ml

Inspiratory capacity
3500 ml

Tidal
volume {
500 ml

Functional residual capacity

2500 ml Expiratory reserve volume
1000 ml ;
Residual volume
l 1500 ml
Y

Ble ~ A fg0 3R 12 2 )
(Guyton MD; Textbook of Medical Physiology. 8" ed, 1991)
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2.4 %% % i 2R 2

A ATRE AR R A BOE R R AP F TR
WU 2 R EOR TR F] TR RN SRR A R D
VR SRR R R & o e SR T S R LS K E I SRR
e hE AT S en(iRe T > 1999) -

GEN T R R bt RN %*%ﬁ@rﬁﬂﬁ%@?ﬂ
PR oE ok g X M (TR £ > 2002) o ¥ o¢h FRE R G 8 B A e
% ~HE - #¥75 pEH %(Lin and Jong, 2004) > #00 E # G e B o
FEROBARAFATRMEW~E2F ML N2 p 282 %) RRE

—=

A E I EIERE o £y »/Pl*ﬁﬂ/ﬂﬁtﬁ"f PR R TE 5 4R o

ATS (2005) 2 ERS (2005)3™ #_ehd 375 # v £ RHEE® > § P AL T &
BWHNREL YT ORDBEER AN RTEf L FLES
BooBIT S H A EERITE BAD L RERABEHREL L S
Fd 12 e G0l RRIEATERAR ERIF L RRE R ET
X PR 2 R R R A R 0 R RS TR

[ Equipment performance criteria |

| Equipment validation |

-| Quality control |

| Subject/patient manceuvres ]

[Measurement procedures |

Acceptability

Repeatability

| Reference valuefinterpretation |

—

P—
| Clinical assessment |

{ Quality assessment ] | Feedback to technician ]

BT ~ % £RHE® 547 (ATS and ERS, 2005)
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Fe 2 5 OHFRURIFREAR > PIEEART LR
£ip% E T BT Wik RE
SRIE BT R AR AT RA R o
ZERE O ERIFFEE- HRIEMH
AR AN IR AR B
PES KPR F RSB .

\4

o~ L0 e
W
?)J‘(

Z =~ FEF g RO AR(ATS and ERS, 2005)

Check the spirometer calibration
Explain the test
Prepare the subject
Ask about smoking, recent illness, medication use, efc.
Measure weight and height without shoes
Wash hands
Instruct and demonstrate the test to the subject, to include
Correct posture with head slightly elevated
Inhale rapidly and completely
Position of the mouthpiece (open circuit)
Exhale with maximal force
Perform manoeuvre (closed circuit method)
Have subject assume the correct posture
Attach nose clip, place mouthpiece in mouth and close lips around the
mouthpiece
Inhale completely and rapidly with a pause of <1 s at TLC
Exhale maximally until no maore air can be expelled while maintaining an upright
posture
Repeat instructions as necessary, coaching vigorously
Repeat for a minimum of three manoeuvres; no more than eight are usually
required
Check test repeatability and perform more manoeuvres as necessary
Perform manoeuvre (open circuit method)
Have subject assume the correct posture
Attach nose clip
Inhale completely and rapidly with a pause of <1 s at TLC
Place mouthpiece in mouth and close lips around the mouthpiece
Exhale maximally until no mare air can be expelled while maintaining an upright
posture
Repeat instructions as necessary, coaching vigorously
Repeat for a minimum of three manoeuvres; no more than eight are usually
required
Check test repeatability and perform more manoeuvres as necessary



2w Q)5 - X RFRIGEE RIRRERERE T R ARE 2RI R

P ET AP EAEN CPRETEFON A B - 2 F
Bl 21 PR AFRRAEIARES T FHREAREF - T RIREKE
2. 20% 5% b iRk RIGE A PR TR MR L IRMERLIE LS Ak
FVC #icig fr FEV #icie 2 2 B & [ 3% 015 L 12 o B (8 1ef e b SRR 23

Bt 14 E‘E;P:,Fﬁ o

2w~ - TRIFERIGER 2§ R (ATS and ERS, 2005)
Within-manoeuvre criteria
Individual spirograms are “acceptable” if
They are free from artefacts [3]
Cough during the first second of exhalation
Glottis closure that influences the measurement
Early termination or cut-off
Effort that is not maximal throughout
Leak
Obstructed mouthpiece
They have good starts
Extrapolated volume <6% of FVC or 0.15 L, whichever is greater
They show satisfactory exhalation
Duration of =6 s (3 s for children) or a plateau in the volume—time curve ot
If the subject cannot or should not continue to exhale
Between-manoeuvre criteria
After three acceptable spirograms have been obtained, apply the following
tests
The two largest values of FVC must be within 0.150 L of each other
The two largest values of FEV1 must be within 0.150 L of each other
If both of these criteria are met, the test session may be concluded
If both of these criteria are not met, continue testing until
Both of the criteria are met with analysis of additional acceptable spirograms
or
A total of eight tests have been performed (optional) or
The patient/subject cannot or should not continue
Save, as a minimum, the three satisfactory manoeuvres

15



2.5 % # i dp e 2 H| RF
251 % i 44
- R E R R T
(- )* 4 w25 % % & FVC(forced vital capacity)

L

L-=1

;}’h -ﬁ%ﬁ:}ﬁ,\ ?JV/‘%I@’?’JV‘L*‘ ci}g!—:

|k

*‘J

h
ks
M-

°o )
d FEREE Y s e v T L ) R Hrpefakidlg o afeg
FIEIE R € F T E R R o

F
35
W
e

(=)% - f5* + L § %4 FEVy(forced expiratory volume in 1 second)
eph YA P gy - PP b FHE o 2
FAR A bd SRR ] o SRR AR R IR 0 B e 53 R

CECE R R UL . g T o

)E - Fr AR E RAE R 4 R R 2 A 7f/(FEVl/FVC)

P A AR R ERE N E R gt AR R R RY O FEV) ¢ 7

BT FVC BERCROSS BT F - fiFF THERE
BRI B R FEVI~FVC € X 8 6T 5 > 4ru— 55§ e ¥

TN

Ay

Ju

(

RPN -
()= =He* 5 oniE PEF(peak expiratory flow)
A AR AL NG HE Y TR R o d
SRR N B SR e Bl P S SR SR U
/’v\‘ﬁ#ﬁ’ﬂei#’ FIRPUE R RIF L N AR AW HEE L &
St PRI T o

W

252 3| %5k

LT S OEIMB en G- A GEE A SEIEN 85% 1 b chy § Y
bm fypoeE e @ - A H GRS % 0 FVC - PEF cni ¥ # B 5 5
i ¢h 80%1 + 5 FEV) & ¥ # B & 75-85% 2 + (Mcardle and William,
1996) ; FEV./FVC>70%% 77 7 se 2 % 5 F =+ & 101 #73f > RIFE S W% #
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RRARR LD FPRN 0 AL HEORE h HE EE AT L BAR
= ’f@% fifé; o M s gy Al ‘ f’[ﬁrﬂ\z\ HFt”;g«zm;ng B4Foom A (N L

R

0

EoL

4
Sk

T~ IR 2 ] W] (B VER s ik A o ¥ 0 1988)

FVC FEV, FEV1/FVC(%) PEF
hE: 80% 80%(70%)  75-85%(70%) 80%
pRp  EA SR EREN ERRN E RN
| -GN L N WO A TR E M
AR e E LN E 0N ERE EREN

W Ve Atk B e $7(1988) 7% P P £ g 12 ¢ s A0 M7 SN 4o
® LA
Lowf Fonmgr F > et W Mad ™% o
2. FVC ¢ M1 & o
3. FEVyfr FVC %t 6" i< o
4, FEVo/FVC By @i et F B p o
5. kA A L 2 RFIF A 5 R IR R LA I AR
BB R TR g A R B R R R
® [ R
1. 514zt & jnig % (PEF ™ ") -
2. A B FEMEEFVCE ¥ ~FEV, T %) o
EX:F R 3 B B mE s FFRE o
3. %t F e E(FVC &% ~ FEV, ™ "% ~ FEV./FVC ™ %) o
EX:ftts &% o
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I SRR Y N R
31 T %
AT AR S LM RER 18 ik B LRl o &84 10-39
Ao ® uEgies o A E 10-19 f o 20-29 & o 30-39 A o 10-19 A&
9ot b 14 ;2020 & 1 T4 4 L5 4 53039 & 1 944
Lo L3 R RIES ORISR R -

32 RERL 2 A

RN A g WR A fa(RlA) o RS AR 23 hy R
- BRGEC o RERFUGFRFERLS - SRR LS A 3
SoFRFe 3 ARFHR B A E H rE A BT RRLY REF
1241 Grimm1.108 Hope s 47 iR cdF 4148 2 R 5L 4 5 R IR E R R R Bk

BT R R R E R SRR T T L 1 MR 45 R endE 42

BE-BEVZFIAZE T w 68X 42 PEIE-REARE > st RH
JI L——#CJ#’FE] P\ ’ iﬁfﬁml %‘/ﬂ_)—i ﬂ}i‘\‘l")l)‘fi;}bJ %EIP\ o
30.5cm

36.60m |

)
/ /"
p. /4’.,
(e)
) A
a
(h) -4
Vya
]

Bl= > RS A fodliok B e %k 3t 2 7 2 B - (2)50.8x30.5%36.6cm R
7. * $a(Loudon and Roberts > 1967) ; (b) 2 /£10cmIg]=; ¥ © ; (c)Grimm1.108
Mok ik s (d)3FSE (@)= %o (Nud4Esm ;s Q)RR ()L + -
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AT TEP 18 R RIE A RRAR R L RIF R R R kA
R R A S BT ERrr 20 = (Xie et al, 2009) ; {1 *
Grimm1.108 g~ 47 R E RV AP BER » T BF %W (8 &E AR foip
HBRE B EBEFTEAT -

FLARSI%ud LB rses @15 ra SR Fe k3
R RSB ER R EF IS B TR AR EF IS A4 é;dﬂzé}ﬁ
BHRIEEFE A8 - FF AR TTer FHKE PN EFEGETE - Xie
i@%%% IR et R g R ER T R FI AP R AR
Fenp i MBS R {fr AR PSR iER LI T K3 £
XEXB & 4.6mx3mx3m o

AP S RIS E R AT o R PP E 3 s 1
Bl E FlikcE 20 50 0 B RIS 1 PEruec s 1o FEondE 2 pF
i 20 A AP e M- R KRR WA R RINE BN R RIY RS

RE VL A B PR B o

|

x\”\

18 i+ % Pk

A 4

- X A TR BIRF
(* B8 rser 20 )

itk R
v' Grimm 1.108 #gk A 45 &
v RGP Thdkiedl A4

\.

i PR

v

o X B RF S

Bl-= ~ #R 2 %55 F SR ALR]

19



DRNEFCEEREES 13 28 & 1 N

33 FHA

AT 20 ket & 4704 SPSS for windows 17.0 (vt & 2 $ic 48 (Statistical
Package for Social Science » version 17.0)i& i & 7 o 3 4 it 2. g 8~ 17 B
FI* Mann-Whitney U Test +- & 3 B & &4 & @ » 5% it 33544 5+ (0] e
AR 425 ¥ ebi# ¥ Kruskal-Wallis Test +- 1§ & fw] @ 0 9 24 5 3o 45447
frEdeh hZ R o Bfs A X WRF B2 TRk R A B ek ki
FVC ~ FEV, ~ PEF dcig s iiie b > 534 H Ap 1L -
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FrE o BRaie

ALRFFAFTHIRARES S

AR RA ST RATIERKRER DL R %18 X R A £ &
1931 Rz B AuEFEA X RARFT R FRERFR A 26 T-30
T ApSHB R B F 5 24%-68% o BT LRl ¢ o M8 KRl ¥ A% - vy
WA 4 TR ER RS 0 HRER 5 226342 (Particles/L) > m M2
BRI R &% - A 2 2 ®RRER 587 > HRIER 5 3858
(Particles/L) ; % % ;‘E'J—‘Fl‘z ¢ > FQ % :‘Elldﬁ k- IveiirA 4 2 Tk

>'Iz\

RR G E G RRIER G 91549 (Particles/L) » FA <Rl &% - oA
4T REREBR S > HR)ER L 4866 (Particles/L) o 1+ F B %% F
Mo EaE Y 30-39 R RlE A2 2 WIRIER G BB 0 20-29 p EdL R
AL ZP{RERGESS O RRER LT RFBHAFL RA2 L8 &
Holmgren % (2010)% % 4p & -

4.2 prger ik R
Bt ab R PR 3l A2 FREMER - XRIFEF®RS
% 04483 woeim 15 A i ok R FR48> 0 T 2 1 % 15 ~ 48 W 4

CALAVE R I SIS & AR R k3 Y S R B M EE TR
Tfgme SrG R plK 2 WARIE AR G 47878 (Particles/L) » #75 XiplH fok 12
LRl F L THRKER R &N 17 A F 0 AuE 60349
(Particles/L)f= 40775 (Particles/L) ; § = /PHFT 2 BT RER LY
bk s B 0 Bicie 5 80040 (Particles/L) e
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AR AMERAEERERE S

e F¥ o EA(C) PHEA  SHRAEA
TER (&) L (BB R) (%) (Particles/L)
1 28127 24166 43579
ML 19 5 27/27 30/64 61292
3 55757 5169 4556
M2 20 4 26/25 30/65 3858
5 55757 35764 TEA13
M3 21 g 25/26 34/64 41245
7 56757 30766 33157
Md 21 g 28/27 36/68 34832
g 55756 34766 58756
M5 20 45 26/26 34/66 31737
i1 56156 35766 5084
M6 31 27127 38/68 68633
i3 30/96 S8i6a 5577
M7 30 9y 26/26 20/64 61769
ig 57756 EAjEA 168777
M8 30 46 26/26 56/62 226342
i7 30756 35765 65381
M3 31 g 27126 28/65 49442
o g 19 57756 38766 15755
20 26/26 38/66 39790
O 57756 46768 46651
22 27126 36/68 59500
oy 23 57756 38766 G400
24 27/26 48/68 10876
0 .o 25 58i57 36766 4866
26 27127 34/68 5365
e,y 20 58757 5766 5667
28 26/26 30/64 6129
I 56156 33768 10556
30 28/27 40/68 14386
o g 3 58756 46766 65494
32 28/27 32/66 79136
e g B 56757 5764 17853
34 28/26 40/61 23996
I - 30757 58i6a 1549
36 20/27 30/64 57133
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Total particle number
concentration (Particles/L)

a Leave clean room
Enter clean room .
. 15-16 min
0 min l l 31 min
Resniratorv activities
Participant
90000 s
80000 | b e
I 1y -—-a
70000 - A S
60000  _ _ B e <7
————— ('
50000 | /\ —_—
40000 ———" ettt
1 ® 00000 %%%ccccecceceeqe00000
30000 Reeeccccceee0000e,,,,,000000000000 :..1
I - - - Male Subjects
20000 1 N = All Subjects
10000 L seees Female Subjects
0 U T : : T T T
0 5 10 15 20 25 30
Time (min)

4.3 W ulfor dbup ik R A

Bl 5t epduadsz THEXER S5 7T & 10-19 k£ d%
o9 Bl 2 TRk AR 5 52435£11097 (Particles/L) o & 2 %
2777112381 (Particles/L); § 1+ 20-29 gk 2. T35k k B 5 31645+21398 (
Particles/L) » -+ 1B 5 16671+17607 (Particles/L) ; 30-39 #& § {4 4v4 2
T 3ok kB~ 9 5 101026+£59455 (Particles/L) - 55855+27848
(Particles/L) » 754 + Jg % 5 41> 30-39 f X ip|F #7ef M2 WIRIER 5 8%
== % 10-19 #& ~ 20-29 }&‘ o KA G 4 F1 5 30-39 g Ap gt H W
EREFTRIPR ZFHGAHTREA AR BRER AR A
P oo §arer M2 wher URJER W < 3t o Yang & (2007) 3R eE
BRER € FIR Fhig F DARM o SEEEF R S A B4 F T R
RIF e F AR xR T A P RIRR R LR Fe A A&
B AT 3 % 2 Yang % (2007)F7 § 4 % 1 30-50 & 2 & # K frer Oy 2 f5ikk
B AR 10-12 g fr 20-30 e st iplE KR 5 0 B BT BT Rl R 02
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Particle concentration

Total particle number
concentration (Particles/L)

(Particle /L)

RIER AR 5 B e

180000
160000 |
140000 1
120000 1
100000 | 4
80000 -
60000 | g

40000 1

20000 - ¢ + +

0

10-19 10-19 20-29 20-29 30-39 30-39
(male) (female) (male) (female) (male) (female)
Age Group (gender)

Bl-L 3 e u o & & ey ik ik B

4.4 & &P L F L]

@4—é%iﬁ%%%ﬂﬁi%%@ﬂﬁﬁaa&mumﬁﬁ*¢9
W e S%7 g d > 20320 pm 2 #ZFEF P > <0.65 pm 2 g =
TiRRPBER R $(988%) B 52 Bk kR L2 E° & 03-04 um
2 S g B P (66.2%) - A4 7 % % & Morawska 3 (2008) 77 7 & % (1%
FRMPEAsEBERZHBEALFER LR ZRLEFFZ <1 um) 4p
o B2 WREBAS T EFRICH B RAPBERBHES 0
10-19 f fr 20-29 2. 3> H Fikpis + ) A W & 5-7.5 pm f= 7.5-10 pm
2 HRERR B4y FF A 2485 -

60000 | g B10-19yr 70 b 16
I ©20-29yr 6 r| B el
0000 | =30-39yr 50 [ 1t
i 08 1
40000 | ;; 61
30000 -
N =
\E
20000 | N =
§i .
10000 1 N 2
NE —
O 4

0.3-04 04-05 0.5-0.65 0.65-0.8 0.8-1.0 1.0-16 16-20 20-3.0 3.0-40 4.0-50 50-75 75-10 10-15. 15-20 >20.0
Particle diameter (um)

Bl =~ 7 b & 8 A A G 0T o Ok B



45 BulfrE R F AN HELE
Foo BRI Z A ATR IR R TR A T
Hoig A~ w2 MeantSD = 3 R IRt (B =) 0 §1* Mann-Whitney U test %
Kruskal-Wallis test % # iy 4 ¥4t 7 Fe (45 2 = 0 4 <Rl 2 £ 3 12(%
FoN)o S5 BT 0 20-29 & fr 30-39 K Ed#L K & FEV kA > H T L
x4 P (p<005) e 10-19 ks k? » 9 ~algx L% @ & FVC
2 PEFfpiRt » 73 2029 e Edk ks - B A5 lgFE LR (p<0.05)-
Fobpradsh LBt > THAFVC FEV H7 18304 > 280k 1 ¥
A3 (p<005);m 4t mdshk FRakFLE od v > 20-29 £
# R ¢ H R G LR S @ A AR ROT § [ B OE SRR 24

EXAPE
Ostrowski % Barud (2006)#;, DB AN PRS2 F A
P~ b3 e I RABFF 22D AFEF ERPIE AN Y

PRIPERTEETETT KDL D B AE R M A o2
B FE10 E2Z BT E IS ELDH(N L0 R EB)T BT B A
72857 n 275 28k mEs L 237 & 1931 &)r 10-19 &

gL LRIFE TG - 4 FRE RSP

=
o

14

| -m—rFvc() —e—FEVI(L) —2—PEF(LSS) |

i - 10

FVC, FEV, (L)
[
(o))
(s/1) 4ad

O, N W N U O N O ©

|

2

>

HlH

W
==

-

o

10-19 male 10-19 female 20-29 male 20-29 female 30-39 male 30-39 female
Age Group-Gender

Bt 3 Rln 2 ik 2 T30 gl i
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10-19 years 20-29 years 30-39 years
Male Female Male Female Male Female
(n=1) (n=1) (n=4) (n=5) (n=14) (n=23)

Age (Years) 19 19 20.5+0.6 21.2+1.3 30.5+0.6 31.0+0

Variables

Height(m) 172 154 1.77+0.03 1.62+0.03 1.72+0.09 1.60%0.13
Weight (Kg) 56 38 73.3t9.2 554+149 75.3%3.4 50.3:9.3
BMI (Kg/m3 18.9  16.0 23.3+2.7 20.9+4.8 255+25 19.5+2.3
FEV, (L)  3.76 249 4.47+0.23 2.68+0.24 3.45+0.52 2.59+0.40
FEV,%pred 9353 8412 102.05  84.01 8519  89.00
FVC (L) 376 251 4.68+0.30 3.16+0.38 3.89+0.59 2.68+0.41
FVC%pred 8051 7629 9105  86.34 8021  78.82
FEVY/FVC (%) 100 09  95.7+8.0 85.3:9.7 89.4+12.0 96.9+1.8

PEF (L/Second) 9 55 10.0+15 6.3x06 7.7+22 6.2+0.4

PEF % pred 105.76 83.21  105.04 89.11 84.34 97.64

AN H R PR E E R 2 e T
Mann-Whitney U Test

Variables 10-19 years 20-29 years 30-39 years
FVC(L) 0.317 0.014* 0.077
FEVi(L) 0.317 0.014* 0.034*
PEF(L/s) 0.317 0.014* 0.289
Krusak-Wallis Test

Variables Male Female

FVC(L) 0.046* 0.200

FEVi(L) 0.046* 0.664

PEF(L/s) 0.301 0.299
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4.6 fRKR GG I idp MALA T

AT URRIE A R HRF R Tk R e 3 B R
(FVC ~ FEV, ~ PEF)H & w4 #c @ (& 4 )F 4T 1~ * Bux 2302
st iFRI(R - =) - & g FVC 2 ‘b » FEV; 2 PEF % frT 354
RER T EMEpM > AP &R EAS YL 0330124030 &5 23
Bag ks for R ERE AP "R EA %5 071-068~015; 230
%:~Jﬂ~%é/%,}§)§ff”¢ﬂ 2 M HENE TEEROR @455 003
0.03~020> d gt ¥4 FiRpHRR o # gkt X = A Fap
e

e Schwarz % (2010)73 # | &1 3 $cfo 5 it % 4 % # (functional
residual capacity) ¢ ** i, % & (total lung capacity) =+t 5|(FRC/TLC)4% < » p
& el A ensp ke A b o FRC H 4 o A *rs@gi,bq; %@B#:,ﬁjb’ﬁr
EADTFHFT R AT HSEN BT R  TLC B4 &
A R RN e Al h A R I i I - R S R R T S AT A
R E M e DA FRC FY IMHRZREATRS  FP AT
Bl FRC efRi> o BB KW > WH Lo BART L3 BTG 7 2877
EF S R TG TR F AR R AR R <
AR
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Fd s A ERIES K BATIOREOER 2 d L Bt

Average Particle
concentration FVC(L) FEVi(L) PEF(L/s)
(Particles/L)

Cough 1 Cough 2

Age  Gender  particles/L) (ParticlesiL)

19 M1 43579 61292 52435 3.76 3.76 9
20 M2 4226 3858 4042 4.43 4.43 9.13
20 M3 28726 31737 30232 4,78 4.78 11.12
21 M4 75413 41245 58329 5.07 4.24 8.45
21 M5 33127 34832 33979 4.45 4.41 11.46
30 M6 92777 61769 77273 4.38 4.2 8.33
30 M7 168777 226342 197559 3.08 3.08 9.47
31 M8 75084 68633 71858 4.26 3.1 4,55
31 M9 65381 49442 57411 3.83 3.4 8.53
19 F1 15752 39790 27771 251 2.49 5.49
20 F2 40621 59500 50060 3.01 2.92 6.93
20 F3 4866 5365 5115 2.85 2.68 6.36
21 F4 9401 10876 10138 3.45 2.76 6.81
22 F5 10556 14386 12471 3.68 2.74 5.73
23 F6 5007 6129 5568 2.82 2.28 5.7
31 F7 65494 79136 72315 3.12 3.01 6.64
31 F8 17823 23996 20910 2.59 2.56 5.93

31 F9 91549 57133 74341 2.32 2.21 6.05
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Average particle concentration (Particles/L)

10°
10°
10*
10°
10
10

10°

10°
10°
10*
10°
102
10

10°

10°
10°
10*
10°
102
10

10°

B+ =~ Tk dok R o i dp R U §F R

29

A FVC(L) .
. e
® >-2 S——— - [ L
.h B J
i e
® =
| Male
Y=-65601x+342064, R=0.713
| Female
B Male Y=-20638%x+91390, R=0.328
4 ® Female All subjects
= Equation Y=-1641.1x+53749
R=0.030
1 15 2 2.5 3 3.5 4 45 5
B FEV,(L) .
N
[ ] ... l\ - l
)
® ® -
Male
Y=-60097x+301173, R=0.683
Female
H Male Y=12065x-738.94, R=0.117
® Female All subjects
= Equation Y=1752.3x+42130
R=0.0316
1 15 2 2.5 3 3.5 4 4.5 5
C  PEF(L/s) .
_—-:_—_:_‘B——*t
e
® o -
Male
Y=-4048.5x+100795, R=0.147
Female
H Male Y=16042x-68210, R=0.303
¢ Female All subjects
—Equation Y=4803.1x+11673
R=0.209
1 2 3 4 5 6 7 8 9 10 11 12



FIE o BRAER
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e 0.3-20 pm 24 S 4 Bl ¢ o eheied 2 KR <16 um 2 T B R
PRERE S B G2 HARRERLE Y & 1-1.6 pm 2 R T
Eﬁp\ o
Bz 7 E#A B G 10-19 & ~20-29 & fr 30-39 e ipl ¢ 0 2
PR A 4 2 Wk Bk B A B ¥ £ B (p<0.05)> 12 30-39 A 2
SRIF AT R BORR SRR 0 N T ERRIE SRR E &
R ¥ Bk B 5 101026459455 (Particles/L) » & |+ B] 2 55855+27848
(Particles/L) -

20-29 phds R 2 LplE AN S L PERA A T HAT R
_&M%T ’ ﬁB;’:;é,,bq,\F _)ﬁlrho
EARER o g ianh Y o F M ARROTS M Bor 5 AP
W0 18 iRl A HfR R R o 2w dg tehip B o A7 Rt FVC >
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B om AP B E o
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2 gt
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MR RRIE E RS KR EE () 0 AT R T
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5. RRlF Al R RR T A AT T TARMRE

&3
FEREF MER LI S PIR BREET 2T ER . LEL TR
6. A kig 1 VC 2 FVC ipligz b o a3 7 Gl & An B2 iRl
Blde t B i £ MVV(maximum voluntary ventilation) gz » i&- 4

I E IR 0 I A e a7 o

53?2%@

1 AP RATHEY RFLP LD FILF AL IR A -
2. AR ELG A RS OEG FRE A TNV R R FR

e R R o
3. MBI RREAS X UAT BRI TR SEEERE 2 £
RIF TR R > 2 FlRpe g <R ﬁmEE?F"* P EEIL R R K PERY 112
g

=X ﬁjﬁw JB 2 WRER ‘f”‘?*%’g'ﬁ VEOR] 12 E G B o
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