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ABSTRACT

Coughing and sneezing, as shown in previous studies, are important ways of
generating aerosols, and therefore, common route to spread respiratory diseases. Both
coughing and sneezing are audible and visible to alert people nearby. In this work, the
mechanisms and characteristics of aerosol emission from “silent” breathing were

experimentally investigated and validated.

An Exhaled Breath Aerosol Monitoring System, composed of a pneumotachograph,
a condensation particle counter (or an optical counter with sizing capability) and an
aerosol-free chamber with flow rate over 200 L/min, was the backbone of the
experimental system set-up. The subject(s) were asked to respire through a mouth piece
and the home-made pneumotachograph connected the aerosol-free chamber. In order to
monitor the aerosol concentration during inhalation and exhalation , a condensation
particle counter (and/or an aerosol size spectrometer) with sampling rate at least 10 Hz
was connected to the T-shape adaptor between the mouth piece and the
pneumotachograph. A nose clip was used to force the respiration through mouth only.
Subjects were asked to perform a variety of breathing patterns generated by a
cylinder-piston type breathing simulator, in order to study the breathing pattern

dependency.

Among the aerosol instrument tested, Welas 2000H and TSI CPC 3025 had the
shortest response time. The Welas has the advantage of providing sizing information of
the exhaled breath aerosols. Condensation particle counter needs to be used when the
aerosol size is smaller than the lower detection limit of Welas. From monitoring data of

exhaled breath of avoluntary male subject, we found that under sedentary condition
Vi



(low tidal volume, low breathing frequency), the aerosol concentration of the exhaled
breath decreased from near room air down to zero after several breaths. Therefore, the
subject was hooded with humidified (RH 70%) aerosol-free air to speed up the test
process. The aerosol generation rate increased with increasing tidal volume but decrease
with increasing frequency. For the same tidal volume, exhaled breath aerosol
concentration decreased with increasing breathing frequency, indicating that portion of

the exhaled breath aerosols were deposited due to inertial impaction.

Keywords: Exhaled breath aerosol, particle count, optical particle counter

Condensation particle counter
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L 9% 2% er(Marriott 1990)

BB SR Bk A % G 8A%-9A% Tk 0. Th-1. 1% % A0 0. 9%-1. 1%
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POENTIEE]T o i S BARR ORI A ReFSGE DB AR Y o 2 WY
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£ Bff 3 Ak @ B 4 (self- inoculation of nasal mucosa by contaminated hands) -
B GRS H D HI gD § Rl T F R Bk 4 pk & (Tellier
2009) o *hepifedrg vl A BT LR Bt > BRF Y 4 A4 A e th R
PR PR FPREAF S T ARG REFT EAL
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B 5 N R A B fb-(Hemmes et al. 1960; 1962; Schaffer et al. 1976) - s+ *
IR PRV F: ¥, m_;gg}ifr:ﬁr,—% FEFab i o Miller FAFP7 =AY
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PR R BT RS A SR P 0 ¥ enid A 2 F e B g% (Sputum
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SREBR A ST G gAY hE B 0 1T & R AT Y

= fﬁu{ﬂi 3 4 4 32 (exhaled breath condensate) o 4t fF © & H-F F @ 45 3] 2
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RPFFENOF MRS R SR AT R R T TR R G TR
RAr o BB Pk A BRABWER PG W REFIBFERS R

mEHIT> > £48(Mutluetd. 2001) -
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ARFEREERS Y B ISRk RRNR ) 2B R ORRE L g
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Bl pT#Edapid ankREAN > AERPFELIREEREDRF > EBF
] 4 1%<0. 1~4 particles’em®(Fairchild and Stampfer 1987) - Georges G. Desaedeleer %
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bop# O RNA > 2 e diehjiie o /2 % 5 A Tlum T 0 kR ¥ & 67~8500
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BlEZ T > @ * interferometric Mieimaging (IM1)4= particle image velocimetry
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(Chaoetd. 2009) - ;247 3 » W% A 2 i fof i RAPRIHEE A 2 Y
B D BB EKE % - Yang & 4 (Yang et d. 2007)F= 3 B e is A 4 ok i
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VR L f'ﬂi;ﬁ 9 ek ok B T0% 2 L m_ﬂﬁ* % K JuET B E,E_Kwi
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Z R 7 4 B Schwarz % 4 BT GER A Bed d) ok fo it 7 3 chdp MR
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ek 31 enfd iz (Hassan et al. 2006; Kim et a. 1986; Kim et al. 1987; King et a
\T’J*E\-f”f&%&’ is 1P ’E\r}:‘ﬁ ? v g IR }
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2
g 2 L F] 5 Rk
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R R E U R X PR P A iR R RR
4 & 3% F (pressure transducer) fest 5L Be+ > B B e g e 2 R E o R 0 A

(% 4
e 27

o BEOT R B eed SR o o en® Rk st TSI 2 @ 6 CPC 3010 12 2
PALAS 2 # 57 WELAS 2000 H i& {7 = WELAS & iplifcke sdg sk 55 & 1F 3 ok ans 2
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¥ TR R F o B {rih § O F ATt o R o R & TR N P
SR M- REERRIRBNGR TN 0288 o FBRN HT FIRIRAE

BIBREF TR -

32 -RNHERE
(1) #5347 k3t #i B (Condensation Particle Counter, Model 3010~ 3025, TSI Inc. , S.
Paul , MN,USA)
Rk B E PR Z IR L E- Wl E 7 iR oz f g+ 0 & 37
CTobfrl "RHEARE L RLEFMAE-BAE L I0CHEF - R
AF ZEtefon R WO A G 0 R ORI SRS T ¥ BRI R £ A1 * ki
P T @ Sopick e > CPC 3010 i iRl ok ik B i 5 10°~10"

— %

particles’em® » #7 £ ip] s ie § F) £ 10~3000 nm -

(2)  ® fok~ 75 % (Aerodynamic Particle Sizer, Model 3321, TSI Inc. , S. Paul ,
MN,USA)
FRHOR A REAN Mo g B E LITL A SRR RRE 0 H RITA
% - 92 o dhnozzle Wi Mo IR RIS T T SRR ok
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W F FACk s EE AR R AR 0 TSR AR B S A R

g WRERR l«/f#(ﬂlﬂfﬁg ”ﬁ % A R {E

(3)9 £ % WA= % (WhiteLight Aerosol Spectrometer, Model digital 2000,PALAS

GMBH, Germany)

vk EF RS RE L E R AHR R A RIEORE o - BTk
i Metfts BB EICERRfoRAET 22— H- I M oo g RL LR
i e & kiTZ kih X5 ML EEE BRI DT FREE 290 RDER
ERIHESRSFE ) B EE TR R oS E - B - H- S fihl oo T
PRI E R TRk S R AR E R K ] o b kg B A S B e T 8 R R

0. Z2um 3 20um

(4):8 % & 3*( Thermo-hygrometer, HygroPalm HP22,ROTRONIC)

R ESRPM GoEZF AURERE 0 Y $2 5 A RH:0%~100%, Temp: -40°C~85°C##

A # B 20, 3°Cfr+1. 5%RH -

(5) F & in & ##] % (Mass Flow Controller)

Hp v S F M X A RTRAET RSB B

FEBTERM > BFEERF OB S TTLRUEF T

l“b

gk o] o

(6)/& # 4 # = (Pressure Transducer, OMEGA)
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(7) i & 3*(Pneumotachograph)

FREXBEERDEE Y O BPE P I E TR FAmugEg )

(8)* w2 4% % (Breathing simulator, Fukuda Sangyo, Tokyo, JAPAN)
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Bk o ML A RRRET RS p o R
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