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EMGHZE - HE AR PR E R AR E A TR BT - 395
WSSOk A e EBEATER R AT LS - BES R TEE SR A — 525 . EIPRaE A
B ANHEAERIZE S o By 73T PGB BRI ek RS S RE AR E ARSI -
ARWFER— AT ER A R B Sz - DI ISGE 1@t (computed tomography, CT)

B R EAERUE PRGBS - CTR an’@g%ﬂﬁﬁﬁﬂ{%ﬂé Fili5 B T SBE S e 7 b B
SRR - (E AT S Las BUE Bl 7 LS A R DIORAR B R BAORARBANL DR A R
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IR - BRI AT IIERE - KRR P iR B B RS AT e T - B
Bl R BB IR - PR iy T S B B R o RSB AR A S A T H R e
DURERIT B E A HIERARS RARATOL © BEE R TTRAGIN - SRR BSRI A (AR g i - (3%
(ZE S NIt il TRRE L

BASES : DIORLOORE  LIMPGEY - SR e 1

RE] 103 43 H 24 H#%he - KB 104 4 6 H 22 HEW - KB 104 56 H 24 HEEZ -
WATES « B E - DA R T 2R AR SERT » 1005 dbmiitRINER 1757718 »
B E{E{E4E © shhuangieh@ntu.edu.tw o
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Bs

IR E AR AN - BRI SR IR AR R e 2
Bt AR E G - WGEE AR E 2% iR
s )7 NEE NIRRT - WO
Rt A A RN B R - 1 HL R
VEECATAIPRS » MR D HH A S SR s R A
PR] L6 5E 118 7 15 A R IR A L - AR IF ik s - {H
T2 (o P R S A R A A A e B ) fy B ]
A o R R R - T DIREI AN R 2
HYMERNZE - M HitEEER - HGRIF
FIFELLE » KIEEBIRAE) 2 L E R
TR EASE YA F e R TR -

MBSOk _E A B 2ES (in vivo measurements)
il IR SE AL (in vitro measurements) FYERHR
BAR(1-4] - WFTRIRER R - HAE R EgoE
AR E R S TR SR A RE T
ARG ER o (HE A RS2 6 A Ay B B iR A
FMHE - i ~ KA~ FERGEEAL - I HE
MNHERA 32 E 3 L (inter-subjects variability)
HARK » At DU SORKE R 2 Hii s I 2 e e i
W51k o B HEHIARA F—R il 1A B
BEheE L PR e A B S Sy Lhi R
FirAAHASE B9 HAYLER FR R — 2 e B R H

BT S8 B B 5 - DURERT
PSR -
X RREREY

FRAR A #E PR R Y AT R
8 (cadaver) » JeBIEE R (post-mortem negative
cast) 1% FHRERL M P IRE 22 AU 1] - i
T JERTEREER T BB R ARG A S LN -
RIEE RN PRI S 24 » B DA E R R
% MIEE UM E - I EMPSoE et g
K B4 RIS IR A2 8L -
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19914F » Swift[S]FI] R (Magnetic
Resonance Imaging, MRI) FYs2 5 A B E S ek,
SRR o iR MRI YRR 8 A
AETEIRR SE S b - BESE JIAR AR REF Y MRI 52
BRI « ARRIEZZRESE JIR - e HER
] E B — . EIPOE R A o AR
JIMX (sandwich elements) 7 JE& - JEEEl{EZ2 .2
THIfE - {5 AT AR B A A e R B R A - 2
8 TEAME LR A Z S B A - WRGERY
AR ELERE - R F 2B E SRS
AT+ IR ERBZE SR ER A MRI BEE T g
ffiti (Computed Tomography, CT) ZREE LWk
B -

a2t BB E Rl S - B bR
BB (Rapid Prototyping, RP) JEFI{E LIk
ERAIELE6,7] - RP HZ AR + DL Kelly
F A BEHROEEEEELE (Stereolithography,
SLA) il - SLA i FHEIR A LR BOL R &Y
(photoploymer) » FEfifEE SHOUIR L & R & 400 -
EMEAN AR R ERRE o FrLUEF MRI 5 CT HY
s LA CAD ~ STL B H AHZA RS A8 ZUiE ik
3D [EfE R FA RP BE5 - B DURSMDERE
Bl mE - EROLET 2RI
fi 8 » BIE5ER—E (build layer) - IR RS
(build layer thickness) &S TEEAT & @ W ELE
RIBKARAIEL A RS & TR AR K
R T B R = B AR
TN EETE - FTESHE o WILE R
—HE AT » A DRG0 _F R A B SR
HERRENE -

I S A R K 26 DARR e B 0 A
TR 5 T8 BlL T AN ] » AR R R 2R
EIHRBEIRAK - BT AEZTRE » FFEMEER
MEAERARE— B - ARk E TSR
B Gy AR ER A R B R (R A BE
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ENBEIORI AN B+ R m] e AR IR B e 1 REI
AR ZR A » Cheng T ARG i PR B S22
IR B S USRI TR AR BRI S IR B - il
A E IR SR Krgs BEMECPAIZE - BEGIRL
B 2 e ko Sl o SRR PR TN R T R TR
(antistatic fluid) FYPIFEERZER o 5 REUREGH
DURFEERERER » SRR AR 0.2 pm FF)IERIRH
g+ KR 0.005 pm [k E DR 10 9% >
IeAtATTER Ry B B T AN SR S 58 FH A A Rz Y
% 0 EFEKG (1R ] LIRS (8] -

HEABIORL L R M oy 2 28 I RE
AR BEERIIRTIR - HAWIFRGERTA
R TR AR BEORL AN SR BR & AE R A
PR IR E o FHA LI E R A E %
FolEye )] » [EREARHIEATR AN L8R (Sodium
Chloride, NaCl) ~ #9437/ (Potassium Sodium
Tartrate Tetrahydrate, PST) 25 5, 7 A4F kIR 52
(bounce effect) [fj3ei ¢ F- PP E R AL (RE SRR
fiti o ZMSR{E I A VR RE TR ok AE A o2 A Ik 2R
REEA: o SO FLAYIRRE SR A R R
3§ (Dioctyl Phthalate, DOP) ~ 3& 8 — =Fig
(Di-2-ethylhexyl sebacate, DEHS) ~ J#ifi£ (Oleic
acid) % - {H2 DOP HEEUHM: » kG EH
SR » ATl FHRYZ DEHS - fh4h - E AR
IR E A R R =z 100% - DEHS fiE55 1%
HIFGRTEO1RF RS - IR E A KA
NER PR SE R Sk (R B B

A5 b W0 R R A ok LR I 92 R
e A RS A0{RT 3 Bl e ABOR T2 {8 B B Y s 2
K% - \EMIFER L EZEZE T (vacuum
pump) FHHYEE & (constant flow) SARHEEA#E
IR &P [10-14] » (2 AW HTEER
eI fE g es (cyclic-simulated breathing machine)
ARG A BRI 1B [ 15, 16] -

HBKE - EERIP R s R &

pi—1
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HREARFRIBA R 2 —1E5L (sinusoid) AYTE »
FEER A ] E T R EL 22 2 LB i
HARFR 5= - (H2 B FE e S a2 5%
5 ZL/&H © Golshahi % A [3]AURFSEH G ELiR
RAREIT O R g5 T A IRER A2 R - ik i
IR R gk i ) i S e o B i S P P A RS AS [
MR AR (tidal volume) BHFEIRAE (breathing
frequency) » ¥ — 5 1 B AR B DA SRRF [
REHR O R R o IR A BT 4
KA E i tidal breathing pattern » [l 5@ 1
iR Elky steady flow pattern o ffF7 10 {25
B 6 A ARy EIPREE A (5 mE R R E
B ) FEHEAGIORIRIES 13 ~ 100 nm f#E[E]
> ZEIREEGIAY tidal breathing pattern BHEH S
A steady flow pattern » Jfijf AAYRATE patterns 7
FAR/)N » tidal breathing pattern HESEY steady
flow pattern o {EEFE FyiE k2 K Fy 2 Sl IR A
KIS (33 ~ 43 breathings/minute) » IR 3E A
recirculation regions T LR LR RAYRFRE » A
DISEAN 7 ket R e i s (R

HéuBermann 5 A [17]75F1] F S5 ek s i
A LLd R4S 1.7 ~ 10 pm BIFRIAE constant flow
Ed cyclic flow MR o #5RETRAEFHRIYSE
G » constant flow FY[FERLE cyclic flow
= PR R ARG - MBI R ik
K o AP EEREE I R E R R 5
Mrisss BRI R TS Y 2 2 i YRR
A RA R LUE P E BT o el - 2R
RIS SR AR

5% [ [ 5 W8 2 4 e AR ifF 52 P (National
Institute of Occupational Safety and Health,
NIOSH) HyWpk ffjat HLa st di - KiRyT4
VB IR MG S DA E i i =Ry 7 s
W AR - (H 2 E AP 7 2R E

TR o F DU A8 5 7 U 2 8 b D
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1% ° Eshbaugh A [18]HYWFZRLLER T constant
flow F1 cyclic flow [F{ NAIEM EIEREE - R
15 cyclic flow IR ARG EFIRFRE TR =
FEEHFERY constant flow FEE :
peak inhalation flow + mean inhalation flow » if
LEEE{E constant flow FEARAYEIERCRR IR
T cyclic flow BUAER - LIRS E 1.6 L I
MAEZR25 breathings/min Jf] » minute volume >

peak inhalation flow > mean inhalation flow 43|
2 40 ~ 130 ~ 85 L/min  JHIERA0RL AR 8 dE
& 0.02 ~2.9 ym - EESHERZEH mean inhalation
flow 1 peak inhalation flow HYiEJESCREMERET
HIER cyclic flow » FoRANR TR #E -2 HIE
Y constant flow FEIE » HIEUHTR AT LAAFRAH
HIFERY cyclic flow EEFRI -

F ARSI E el Ry —FH e A, » [RIBE
FIEE » QISREE S Y ] E R AT P A
#E » tidal breathing pattern I steady flow pattern
15 PR AR T = B IR SRAY s B
& [ LLRIEHY

I F P i T A AR R 9 I R S Y R R
I+ By 7 EEREGT BRI - BRI
BRIVRI TR - NIKR B e H Y2 Ryl
R ABERLAE NP E R IR R » Bt DU 28k
TERRR TR AR B ERE G o P PR AR
e AR EL A PR 7=+ R f P B [ R s
it B AR HEHI R ST ) o {H 2 AR E A
KL INF B S EDEAENPRGE - SRR RORL
AR R RENSEE b - DA SR B
RIT AN ERY RS -

Cheng A ZERIBLRIIE[4,19,201#0FH
bR E R SR B SR (AR PR © Tk
ST PR A A w0 A et i 21 5 B AT Lt AN [
RILSTIARIPIREER » HEHIR S 2R B K
KA © BEIREERAS SRASHET TR R R 3

minute volume »
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B Rl ROLTERIG SRR - HEESIH®
Ft RERE SR (B2 B LR R 228 IR
/IN o R B R LA SR T i R IR SR B ISR
RERAER -

19894F Kim [ bifurcating airway 2Kg
Fyasa {f [ - bifurcating airway £ Y HU[H
HA S R RVE BCRE - R A
SYETE Y EEAETE Y B o IRITAEE
REE A - HRE BT - PR JT R R
2 o HIERBIRIRIIGSE 3~ 5~ 7 pum » A Y
F (uranine) HEE0 - USRS OR D IRERYAL
B o W FefE s B SRS bifurcating airway 1)
oy SRR - PIEERGE © Tsr XETRE S
WA SR BN B IRV IR « IR T MY
DIREEREAITER, » KDy WA 7 [ CRE RS A
5] o WR TR E B B B - kA
TETEIE I BB AE bifurcating airway 7
5 MR A secondary flow SZfd » WaffE 7
ARG MR ASE » 53 g T s e AR By
secondary flow » 3 SR A GUURE RITE 1 1 F 4%
P25 Xy b N i[21,22] -

MRIETSA

R EEE A B - A E TS — A7
N TR B R A 55 1 B B s LB
& CT [EGR B =AE T mI AR - DA
%4 (Digital Imaging and Communications in
Medicine, DICOM) i A Mimics (Materialise
NV, Leuven, Belgium) BEE252 43P HERES » 5t
SERE 3D #2148 - FEHIAT RP PRSIV
BUEIPREE 2RI - 58 B R Cast 1 4,
72~ I ~ TR ~ MRBESRE -

AT ESE Y PR E R A - A
il BB IR E A (A—f73%2
#E) = E PR R AR

i

A B
=i
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FERPEZR MR (oropharynx) o REIHIIEIR
RSP RERAE o F T I LR SR
JRIA] > s BE AN {7 Bl 0 F IR SR 8 42 32
A 7 Y S R AL 1 O0R) R 3T 1 O R 3 PR 8 1
T o W LASRsZRY T ACsk - FE—E A
515 e B P 7 X0 o A T e B T o T
TEMERGT o BIERE B i H R E P Bk
72 IR P % REELE /N B O -
el F S PO IRS - HRHS (soft palate) &
5 I PRER IR [ A5E5E » BRI 2
FEEH SR ~ WAEE ~ 72 2SR S
ECRPIR R » B i3 SR B 10 2 [T P 5
H o WIRZEAEEIEPR - DIEZZE i
R {EEERHIRDTER (15 L/min) |
A] DAES R A [ AE—(E A R - SRR
DM S R ] ~ IO 2 T fe

AT 2 % B N SR 3 fr P 25
SIRTEIRGE RS - {H 2 R B SR B
AR SR SRS A LRI R KL
MEMSF AR B E A - 5950 BER T
SRR S Y E A R R R B2
TEH PR E A e R AR EM - fr
DARELRE A i 5 2 65 20 o 0 11 e Bl [T R o ]
EE R IEHE R ST RYETE AT T » HAf
HEEE CT - [serifas CT it & 2
AE LI (KT LR 25 (2 1 e B R o ]
U » TS R B Bl R
WeslN o i EIPIRGERIRIC . o HHEALE
B AMEE A S Wk - HLLE 2
EHHRR o kS E S — R A E
AR T LUER S o B AR = A
BEHIERIAARIR] » AT E s L I i i A
B LA IR ] e -

M E SRR B RAE (B 1) EET
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oA e A SR M B R AR SRR A BT 53 -
AR PR 5 B2 7 {LEWE (Ultrasonic
Atomizing Nozzle, Model 8700-120MS,
Sono-tek, Highland, NY, USA) ZE4 K
Mtihs - FIFE EfmHi# L 2% (Constant
Output Atomizer; Model 3075, TSI Inc.,
St. Paul, MN, USA) &4 XK M 5
KARAARL + 22 Ry Z RG340« GRLAY 5
53 %y DEHS » fE{E sy E & E PN - o]
A BE AN (] B 95 8 A0 2 AR B B A Bk 1
(CMD) A [EZBRio AT » A5E s
I 75 LM g AR Y BORE R AR 70 ATz CMID
#JFy 4.78 um ~ GSD (geometric standard
deviation, GSD ) #7k 1.72 ~ BiHIEE
100 #fem’ ; 115 Rl tH T L3R AT AE A (9%
K534 CMD %7k 0.043 pm ~ GSD %
Ty 1.68 ~ BHEEER) 9x 10* #/em’ o Hyft
W E A B SR BB R R A E A E =RV E
B Ry THEEBERAZMATELE
fem R B+ TR &y Se i — (5
(25 mCi Am241) » {5 HAJORI A 77 BEE B
WS A SRS 02 X 02 X 1.6 m’
AR+ e P 5 AR RS SR TR
(HEPA) &8 < 225, » RSk 90
L/min » FI2REZHE ~ MaBEEE AR BlRL - B
g AR RN T i HERE B - By
TWIERREN - R ATERRELR
LIV B EHEH 2% (Mass Flow Controller,
Hastings Instrument, Hampton, VA, USA)
A $ ) B R - SN 5 P RL A0 R0 v B
(Primary Flow Calibrator, Gilian Instrument
Co. West Caldcoell, NJ, USA) Bz =i &
2t (Dry Test Gas Meter, Model DS-16A-T,
Tokyo Shinagawa Co. Japan) i &= IE °
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Aerosol
enerator

DEHS

Dilution Air = =

ﬂ R Neutralizer

APS

=N &

Subject or Cast

FMPS

D= ( 1- Nout/Nin)

Vacuum
pump

I DUBRIEA AR E

s P AR ORI BORIRY
R oA BB HIRE F] APS (Aerodynamic
Particle Sizer, Model 3321A, TSI Inc.) B SMPS
(Scanning Mobility Particle Sizer, Model 3936,
TSI Inc.) 2RA§EM » APS REEEERER 1 478
SMPS RREEEREE 5.5 738 - FRERER T HIEST
AR ZEERME - B A2 E R R0
MR I SRR R » BB -
KR E 2B APS » /NORz Y &= 31
HIlgk B} FMPS (Fast Mobility Particle SizerTM
Spectrometer; Model 3091, TSI Inc.) » $REERFR
FJE Ry —2E - HUHHE 10 EEIEEHE
ENE - BREEET A RGERAE - BT
28 E R E YU % AU I E AR R
7~ o HRBEANEHBAEIARGL (AIR5HE 1 &
Bd nasal cycle) AN » i EFPIRFFERCER R
g BEE PR R A P - R AR A
VBRI — 2 BRI ER 2B

TG SREAEY 5

1. RESWRRISEATEZERT (B1) ~ & G
R IR i AR TR 2 8 L L | RS
PAMEIE R % H Nasal route #5453 HY5%1r]
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28 » Nasal route ‘ZFRFE IR AYEEAL -
A e ~ TR~ B SRR o TLAEEER
IR N T - HZ2H
S 4.4 cm™ HIRIZERY 4.5 om™ A
% o BEREA nasal route f/NERTHIAELE ]
0 > %9 0.53 em” » [#THEIY FI A FENRIR -
7 0.98 em” o A5 DURFL R HE, - f568 1
mm FHE— XSRS - AT IR BIR K
AR R R L B — 5 (R A
KRR < SEHZFAKE R CT 2R
BB - e TAZ B B SRR B A
Lo B S S s [ P AN [RIFc » srseY
A EF SRR AN F i SoE ] - ERL R L
W IERERIOE -
FMPS » SMPS (long DMA) ~ SMPS (nano
DMA) Y=l

SMPS HERARIRF K B Ba T KM E -
—Meky 3 2 5 41 - R EAIER 2
F LA - BTl SMPS RNEHRE
NHERRI TRz 2 - FMPS 8RR ERARIF
S —20di » (R ety Rt ek v] DI
FRREWHIER - KIBLIEH B & R E
PN vEN i 6 va=e il IR D= w3
BESIER » DRI s 2%
5 —8 - 2 —BE 100 ppi » HIK
2.2 cm~ B 3 cm B - FEHRSRITER
5 L/min ~ F£HEEGE 21.5 cm/s FYIEDL R EE
TR R A ORI 28R - A& 2 » SMPS
i & Long DMA (Differential Mobility
Analyzer) ({2 #l#iE 14.1 ~ 737 nm)
gk, Nano DMA  (fifoh =& 4.45 ~ 163
nm) - PIREERASERA K o Bl SMPS £
tt > FMPS (ffokz s HI%E# 6.04 ~ 523.3
nm) HETE 25 ~ 100 nm AR E IR
—H - FiAE AR FMPS &R H 28]
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CTHfiitR A0 B LA FEEHATE

25 ~ 100 nm FYER4LY -

100

Symbols

©  SMPS - Long DMA
a  FMPS

4 SMPS - Nano DMA

@
o

Foam

404  ppi 100

H 3 com
Q 5 L/min
A 39 em’
Vi 215 cm/s

Deposition Efficiency, %

1 1‘0_ . 1(IJO
Particle Diameter, nm

B2 [L# FMPS  SMPS (long DMA) ~
SMPS (nano DMA) [ &5 R

1000

JERERY ELifR

I 3 A 2R ) R o L 37 S T B (il F
PIERGR (B3) » AREEAER T
SRR ETINRE « SESRHT R SV
&gt/ N » (H 2% nasal route 1Y/ VL]
MR ERAIT 2 £ - PO AUy R
HREE/ N EE R - TEHIEAD R 15 B4 30 L/
min FYTEHLT » FriE ARy ERRE Ry 0.06 £
0.004 ~ 0.22 + 0.006 "H,O » &I ER[RE
B 0.23 £+ 0.004 ~ 0.91 £+ 0.005 "H,O -

1.0

Nasal route

Image Interpreter

o
o

1 Castl

o
o

o
=

ENT doctor

Pressure Drop, "H,O

0.0 &>

10 20 3‘0
Flow Rate, L/min

&3 EMRGERAE IR ~ RAYRRRE L
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AR ZE ] F R HL A B b PR S A R Y
R - LREFI ) S e - IR 0 - 11 PR 58 Bt P IR
(nasal-in oral-out route) o 54} » B AJHIEREF A
JEEEN - B ny A R - — 2
B SR PR IR - S5 I B A R B i K
(Total Lung Capacity, TLC) ; —&H-5C5R %
(0P » &0 HFER A (Residual Volumn,
RV) o HiliE4 ] DUE 21 fd e B R 7 2R RE A
[F] o HIERi =y 15 L/min B§ » Subject 1 (RV)
FIEERER 0.12 + 0.03 "H,0 - &2 Subject 1
(TLC) £40.09 + 0.06 "H>0 -

e R R e B RS - A2 IR, - 32
S IR s E R A B R IR - A
DURRRE#AE © MfiSubject 1 (RV) HYBAREHIEL |-
RGEREY (0.11 £ 0.003 "H20) SIS REIT ©

0.6

Nasal-in oral-out route

o
o
L

o Castl
Subject 1 (RV)
Subject 1 (TLC)

o
ES

L
>0

Pressure Drop, "H,O
o o
N w

o
-

0.0 & T
0 10

T
30

Flow Ratez,oL/min
Bl T EREIER TR R

4. [ EWPRGEERE IERTR IR

P AR AR (BS5) f£K
PRI RERE S R B I B EE > P DIFEREEM
FAEGE N - RIEEK IR BS L
FER 5 /NURIAN R Bl 2 AR B Bl i
FHIERRIIAE » P ARSI » AR EHES)
AU SR AR » PITERRS - AR
£ nasal route HY i/ MEHITIANERAL -
RIBLAEAHFIHGRIR &R » /MR AR
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) AR R B A DL R i KR
BRI YPGB LRI AR » KR 5~ 7>
10 um HYFKL » BB AESRAT Ry 11
2546 % - ERANIIEENE 16
44 ~ 75 % o B/ NMERIDIREERIIE 5T
K R AR LE RS 2= A% » AT DASE
PR (RERRCR AR - SRR 14.1
nm FYYRER Sy 8.9 Bl 8.6 % o

o
o

Nasal route
Q=15L/min

®
=]

o
=]

Cast 1

©  ImagelInterpreter
O ENT doctor

I
o
L

Cheng,2003
E=1-exp(-0.00309da’Q-20.4D*°Q ")

Deposition Efficiency, %

o1 :
Particle Diameter, pm

IS Fole I E B TR
{EP SN N RRY$iEy SilbIR Rty yc
/NS Cheng [23] AUARERTZ(GHEAS R  Cheng (Y
FEEZUE A H IR B AR | in vivo Bl in vitro
IR ZEREE » ARRBE PR THREEERH best fitting
curve » Cheng 5 |FHAYSZENS » in vivo BEE 1%
FEEMME - B-EEZAE LS AR
AT AR G U E R AURE D (R » At
WA REERAH RS i P B SR (R
o R EURNEER AL ZREPAR - D
S A& B - 3 H AR I
RAVNWFTRE 0 SR EENIESE - B2
R R ER SRR PR, » DUKER R AT
IFf] o Wt BB T E AR R Z i BB R &
E - FSENFEEA RN TSR - mA
SRR RIS 34 < B IR R K -
S5 ~ PR U A R 8 = (K 3
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AREE AT SERY b PPk B R A 3 (R R B A B =

HEBRMFE -

5. LEREREE IR T R (RS R

HAME AT - 2l DA IR

E - [Bo2H AERITERAR S 20T Bl LI
W ERE IR (R LR - AJDIEE] Subject
1 (RV) BRI Subject 1 (TLC) » iif;
HUIL Subject 1 (RV) FI Cast 1 FEEREELT -
FH[] Subject 1 (RV) 1 Subject 1 (TLC) &
IR B AT RE R R 2 E A A B R
i N IFIRE MR RE - P LARRAME— 2 HIH L
I B AR R SRR S E I B SR » i A dR
R 15 L/min BB » AR RE
45 1 B 5 L/min SR 2SR
EI5 54 (line plot) » ATLAEEIESRAYHE
HRAZIGIN - T 1 L/min air supply #7707
Bd Subject 1 (TLC) Z=AZ% » Kif€ 2 pm L)
NHIDIRERAIAE T ~8 % ©

100

Nasal-in oral-out route
15 L/min 7

Subject 1 (TLC)

@
o

@
o

Subject 1 (RV)

N
o

1 5 L/min air supply

- ———

Deposition Efficiency, %

uuuuuuuuuu

Cast 1
0.5 1 2 3 1‘1 é é ; é é 10
Particle Diameter, pm

6 Pl it PF 5 7 2R 22 240 DL P
E BRI H S R

bz il Bl IR E R IR A E
Barh o MG S K OOR B/ Nk - 28

0

HUpiRa R B PR BB A % (]

7) o FoREABYE L FRE A T 3
T IEHERT - 1 BT DGR E AR iR
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Pt BESZRR A BE AR R B AR 7B &
FH20,24]tkkx ([E8) -+ ELLE R
FELE A L - a]DIEEHEFOKRELR
TR BERIETER 57+ ANBFSERY 23 E Z ViR
HEAELPE 5 AARIE - HEDIRERLIE A
/I o [RIFy Cheng 5F NRYEBRERET 2Kk
NE RGBSR IR TP - RIS R
G2 EZAE A HEH R EEUE T8
YIRS « LFh Cheng % ARYSZEA
T ERIREREE - FIIEENEF
TEAIEI0 T OIREER o KR GARIEYER 57 -

Kesavanathan 1 Swift FYWFZ2H [E{EEF
EHRE - gt AR E R
1 APS E{HIKRE DEHS fiik; » {HiEZim X
HE AR AR A R RS HYRE - 2R
eCE s i e R E.OER)

FOEAF B R R Rk % (0548
Z20ER) - YRR R BT A E
Hoo BI41 » Kesavanathan F[1 Swift FYRTE
f R A REESUE R SRR T8 - ATDIAR
Fhabl PR SR » FERAR
5E ~ AR T B 2 R -

o
<}

Nasal-in-oral-out route

@
o
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Abstract

Aerosol deposition efficiency in airway is useful for particle matter exposure assessment and
inhaled drug delivery industry. Upper airway cast is a conventional method for airway deposition
studies. The object of this study is to characterize the artificial cast deposition efficiency by comparing
with in vivo measurements of the same subject. This study recruited a Taiwanese healthy male adult
volunteer to take computed tomography (CT) scan, and the dimensions of the cast were referred to
the CT scan images. For aerosol deposition test, a TSI constant output and an ultrasonic atomizing
nozzle were used to generate submicro-meter-sized and micrometer-sized aerosols, respectively. The
aerosol output was then neutralized by a radioactive source, 25 mCi Am241, to the Boltzmann charge
equilibrium. A Scanning Mobility Particle Sizer (for particle < 0.7 um) and an Aerosol Particle Sizer
(for particles > 0.7 um) were used to measure the aerosol concentration and size distribution upstream
and downstream of the casts. A Fast Mobility Paticle Sizer was used to measure the aerosol deposition
in the nasal cavity while the subjects held breaths. The breath holding maneuvers of the subject
would affect aerosol depositions significantly. The nasal-in-mouth-out aerosol deposition through
the cast correlated reasonably well with that through the same human subject. However, the CT scan
image takes a well trained ENT doctor to correctly interpret. Otherwise, some of the sinus cavity

might be treated as the air pathways. For micrometer-sized aerosols, the deposition efficiency in the

Accepted 24 June, 2015

Correspondence to: Sheng-Hsiu Huang, Institute of Occupational Medicine and Industrial Hygiene, College of Public
Health, National Taiwan University, Room718, No.17, Xuzhou Rd., Taipei 100, Taiwan(R.O.C),

Email address:shhuangieh@ntu.edu.tw

374



Characteristics of Aerosol Deposition in Human Upper Airway Casts Based on Computed Tomography: an in vivo Validation

casts increased with increasing sampling flow, indicating that inertial impaction was the dominating

mechanism.

Keywords: Aerosol deposition, Upper airway cast, Computed tomography
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