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L& o A DU EME RS - R
Z2 SR SH L N R IR HE S e Tt L B DL
EAER R - RIS LG E R
L NEIFF, - DB ARG R BBl - B R AR Ry

HENOSITEAEAFRRZ FUZHEET > 552

TR E ARy 1 S EA20.4mmI BHIE 4 BIFE R
FE10 ~ 20mm SR AR TR Bl 22 e SH T A B F it
A o HIRGRRF B A Y £ 2. 2mmHL O -
B AT B SRR 25 L/min i 1 0mm
B E AR A F50.05L/min » [KIEt - FFR501
([25+0.05]/0.05) -

Air flow through leak, L/min

0.00 0.05 0.10 0.15 0.20 0.25 0.30

L:20 L:10 mm

NO5

D, =0.7mm

Ex.
Dp = 2.2 mmH,0
Q¢ =25 Umin
Q_1em = 0.05 Limin
Qe = 0.03 Limin

Pressure drop, mmH,0

40 60 80

Air flow rate through filter, L/min
B4 0.4mmEHIERIFINOS 15 & Rk il &g s
Ti=RE R

TEIEM < DIk 25 R A5 5 T v » U2 AR
BENFE[19,20] 50 B B H EA Y B 2
ARZE - WFEEHE RS (fiber diameter, d) ~ T
MERE (filter thickness, ¢) ~ HEFZEE (packing
density, a) ~ DU ABHERFE & (charge density,
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AN EI ARG T AR BoRL 225 I8 A Y
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(face velocity ) FyURF » HITSIEAM Y22 R FHTT
FyAp » XARBLEVER: (Darcy’s law ) AJLIET
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Air flow rate = 85 L/min The best fiti
2 Facial leakage = 0 . @ best fitting curve
© S 25f — — - Single fiber theory
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3M FT-10 &
s Saccharin fit test solution

- RH = 90%

5

&

g 4

g Pressure, psi b ¥
B 3 o <70

gb:: A 7.0-9.0

§ v >90

S 2

g A

= A A

1 v

v o, B
)
- %.8.0.,0 °. 0
04 1

=

- 10
Aerodynamic diameter, pm

[El6 3M FT-10FE(Las AN RIRE T N AR A
ok B =R 11

M FT- 1085 (L 23RS S AL 2 B
1 R AR E B LB 4
If »+ TST Q-FitHyA i Blng e & —#ery - KL
— RAJHERAD S F VA R RS R G - 2
21 3M FT-108%1t#5 (A~ B) LUK TSI Q-Fit
F LA TEAHERERRE90% ~ =ML TRt ~
P e 3 Bk Ak R T 7 A R R AR o A P (E %
BRIz - ST S - ARG BT
TEDIORL R AR 43 A1 52 B A B 3E + MMDAREY
£ 2~3umZ [l ~ GSDRFE2 /54 ©

mEEREMNELS T SEHERE
90% » WEAHAE R EZ LRI NEARE
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%1 3M FT-108ETSI Q-Fitg{ L83 A WK AS 5317

3M FT-10-A 3M FT-10-B TSI Q-Fit
Pressure,
RH, Sol. pst MMD. GSD MMD. GSD MMD. GSD
” pm pm pm
<7.0 2.18 2.03 2.77 1.96 2.77 2.12
Sa_fit 7.0-9.0 2.84 2.24 2.60 2.10 2.52 2.19
>9.0 2.82 2.30 2.70 2.21 2.49 2.22
<7.0 3.99 1.78 4.50 1.73 2.00 2.20
Sa_sen  7.0-9.0 2.66 1.99 3.11 1.89 1.90 2.03
>9.0 2.36 1.97 2.48 1.95 1.84 1.99
%0 <7.0 3.48 2.14 3.72 2.11 4.13 2.23
Bi_fit 7.0-9.0 3.06 245 3.12 2.33 2.85 2.24
>9.0 2.74 242 2.84 2.38 2.44 2.13
<7.0 3.13 2.07 3.23 1.88 3.27 2.06
Bi_sen  7.0-9.0 3.01 2.30 2.96 2.17 2.47 2.10
>9.0 2.64 2.32 2.80 2.29 2.38 2.10

Sa_fit: Saccharin fit test solution:
Sa_sen: Saccharin sensitivity test solution;
Bi_fit: Bitrax fit test solution:

Bi_sen: Bitrax sensitivity test solution:

K2 THERENHE LA AR 0 A

Nebulizer Price, NTD MMD, pm GSD Output, mg/squeeze

Be 1 Free sample 2.28 1.96 0.346
Be 2 Free sample 2.67 1.93 o
Par 1 250 4.01 2.32 0.476
Par 2 2410 2.80 1.83 0.256
Ga 1 50 2.77 1.97 -
Ga 2 16 - - =
Ga 3 16 —- = =
Pah 1 15 2.13 1.98 -
Pah 2 200 1.95 1.98 0.106
BB 1 48 . o =
BB 2 29 - = =
BB 3 29 2.16 1.84 0.152
BB 4 29 2.22 1.96 1.664
-- unmeasurable
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R[5 R P 26 B £ R eV o+ [ATEEAE
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— RAVEA GG - KL SRS 0 A
R AR KPR H R AR LR
FHBANTE - BEF s (K70 £F
BRG] B D H E e kbR (7/13) -
HRoF b as e 2L FIIR R < MMDER 1
Par 1A - WEREEAE2~3um L[] ~ GSD
WAE2A A © RN T3M FT-10B2TSI Q-Fit
FbasE— X (tPEHRT]) WEKR

ERIS AR 1.134820.586mg - [ B L
arlm B ER TBB_4#m .2 5 - HERARERY
3M FT-10 - ANiiE 428 T % 5 FEHIEA A E H

HEANR - N AEETTRIEHER &
[l BB LA - IRIBE— 2 BRI
FEETTRREE (i Bl s B AL R R BT DA
A i ERERE AR E RS ) - D
3M FT-10B2TSI Q-FitF b Bl (&b LIT
R T HRE) - HRQ-Fithyis i &=
FT-1009—2F - X[t - Q-Fithy &K B2
FT-10092% » AL B R B30 Ry b
fR - e AR -

2. LB FFABLFFp R

DA EAENOS TR 52 A€ Ry 1. 1mm
RE R 10mmEMEHRMHES - EE&EMHY
RHRTTER Ry SL/minff » EHIE IRV R AETR R
J50.05L/min » [Klik - FEOB101 © s LURATE
TR BRI O B R SR  RIEM Y
BEREET100% i BRI EME IR G
& RIHARBFE~101 [ DIETE M OISR ~ Sb
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(A8 E R L 550.99% (FFp=101) » R
AEANGET TR - B B RIS BRI
R > HCR ARG - IR BEAS 1 5 P GOk Y
IREREE RIS MY - 2 R KRR
FFH - 1 KI5 im0 e Bl & A E I ik
WIRSE - BEISRIAVIERE S RIS RGE =
WIFFpfE © 53— 51 » REARHE/ NIRRT FE 4%
R ABIRER R 1 HAS S iksE /N - (R
TS TP IIREIE R AN B - AENISTEM
BB 0 R AL /N BORE 1 JRE VR 5 2 TR
KL S 7 AT 0K 22 73R 2 0.99 96 (FEEE
FFp<101) -

NO5 respirator + Faceseal Leak (FF, = 101)
Qg = 5.1 L/min Qs = 0.05 L/min

L  Dia=11mm Lieak = 10 mm

FFp

Total Penetration
gravitation+aspiration

Aerosol penetration, %

L L il fe+5
05 1 5 10 15 20
Aerodynamic diameter, um

FHENOS [ B E A S ESL/min N2
TR R

[ 7

TARERE TSR - AT LUEAE —RYIMMD
BIGSDAH A HUE B BT LR > FILIGTE
AN[FIRLAR o3 AT BORE TS 11 525 2 B A SR A
E - ARAE SRR ¢ ANRFE LR AL AT
BRI/ » KL PR Er 2 B A HE 2
B DIEUR AR S FFAEE /N FE,
PRI - 5 A AR R BIORLACKIR » FRRY S22
BERAERIIRG] - B RIRK - KL
FEAEEKINFE, 5 AR ASRAL BRI E
WPiRaiEd ([BI8B) » AIITHIEAARE A 5 FH AL
18 LR 2 SIS AIRRA] -



DUEE I L as A TR i 2

EVHEA

FEHIEA A TSRS

&8 A
Q-FitF LS B HEHEAIRTIR (FFrE) fEIRT
SRR T ELFFAERRZE & /N 1096 - 1 EoA
R I 75 Las L rT USRS RHIRIRVRS R -

3.0

Saccharin Fit test solution -
FF, =101
281
A 110
® 3MFT-10
26¢ v TSI Q-Fit
B Medical nebulizer
24
10 e ©
&
3 "7
100 110
O 20

14
1o Vertical

GSD

3.0

28

26

Honzont\ﬁk

S

\

0.1 05 1 5
MMD, pm

10
MMD, pm

18 HENOSIIEREEHIEHH G AESL/min N Z A FRAL TGN < H G

K2R 1 B R 2 R KL A 70 AT R BB A
» FER AT IR 2 HIE H3M FT-1084 TSI

Dnﬂ:ﬂ Ln%

3M FT-10EATSI Q-FitfEFH%IEE90% &
& SRR R 7] - FTEE A VR TR
187341 L MMD#[HE2~3um Z[#] ~ GSDK
HIR2

BFFe i A8 7 F 7 (L P 2R A TR
A/NEL3M FT-10EATSI Q—Fitﬁﬁﬁ"_&gﬁ’%ﬁ*ﬁ
W ek FEuds vl UERE ALK
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EH IR AR AN B E R (Rrle
EERIBERI I EEERR ) AIRed 2 /i
HIEGE R E EXFE - KITEANATsR A &
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Introduction

When using a tight fitting respirator, the
seal between the edges of the respirator and your
face is the most critical and uncertain factor that
affecting the effectiveness of respirator use [1-
3]. Considerable relevant research has shown that
performing a fit test has a positive effect on the
protection level that a respirator can offer[4-7].
Therefore, according to federal laws in the U.S.
[8], fit testing of all negative or positive pressure
tight-fitting facepiece respirators is required prior
to initial use, whenever a different respirator
facepiece is used, and at least annually thereafter.
An additional fit test is required whenever there
are changes in the user's physical condition that
could affect respirator fit (e.g., facial scarring,
dental changes, cosmetic surgery, or an obvious
change in body weight). The employer must be
fit tested with the same make, model, style, and
size of respirator that will be used. On the other
hand, although the general public in Taiwan
has gradually been realizing the importance
of fit testing, the implementation of testing in
workplaces is still rare domestically. According
to the previous literature, poor accessibility,
high prices, long implementation time, and
other factors have been common excuses for not
carrying out fit testing [9,10]. Therefore, a fit test
that can be comprehensively promoted shall have
the characteristics of being easy to use, easily
accessed, affordable, etc.

Respirator fit tests can be categorized as
either qualitative or quantitative according to their

method of implementation. Qualitative methods
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(QLFTs) are non-numeric pass/fail tests that rely
on the respirator wearer’s response to a test agent
to determine respirator fit. To complete the test the
respirator wearer generally stands in an enclosure
and is subjected to a test agent such as Isoamyl
Acetate, Saccharin, Bitrex or irritant smoke. If the
respirator wearer can smell any of the test agents,
or is irritated by the smoke during the test, the
fit test is failed. Quantitative methods (QNFTs)
provide an objective measure of the fit, generating
a number referred to as a fit factor. A fit factor is
the ratio of the test agent concentration outside
the respirator to the test agent concentration inside
the respirator. It may also be the ratio of total
inhalation airflow to the airflow through faceseal
leaks. A number of fit test methods exit. Currently
in the U.S., OSHA (Occupational Safety and
Health Administration) has accepted four QLFT
and three QNFT methods [8]. However, the irritant
smoke protocol is not recommended by NIOSH
(National Institute for Occupational Safety and
Health) due to health effects. Previous studies
have explored and compared the pros and cons of
each fit test in detail [11,12]. In general, QNFT
is expensive, requiring costly instrumentation,
(approximately 245,000-350,000 NTD), as well
as expenditures for additional adapters or probed
respirators. In addition, quantitative fit tests must
be conducted by highly trained personnel. In
contrast, qualitative fit tests are convenient and
easy to perform. The equipment used is also much
less expensive. Consequently, QLFT is more
widely used [11].

Currently on the market, the FT-10 [13] made
by 3M and Q-Fit [14] made by TSI are the two
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most common QLFT in use. Both of them utilize
the pneumatic atomizing method to generate
aerosol particles as test agents. The main difference
is that the FT-10 generates the required air pressure
for atomization by manually squeezing a rubber
ball, while the Q-Fit utilizes an integral pump to
disperse test solutions. Regarding cost, though the
two aforementioned pieces of qualitative fit testing
equipment are both relatively cheaper compared to
the quantitative ones, their prices still range from
a few thousand to tens of thousands NT dollars.
Therefore, the promotion of fit testing would
benefit from other alternative equipment that is
more economical and easily accessible. Since the
medical nebulizer is commonly used and has no
difference in operating principles compared to the
FT-10 or Q-Fit, and it has potential substitutability
with the advantage of a cheaper price. Therefore,
we measured the particle size distribution with
regards to commercial nebulizers for qualitative
fit testing (3M’s FT-10 and TSI’s Q-Fit) and
pneumatic medical nebulizers, respectively,
followed by incorporating a filtering facepiece
and leaking pore combination of known aerosol
penetration ratio, from which the fit factor of each
type of nebulizer was calculated and compared
with each other to determine whether they could

be used interchangeably.

Materials and Methods

1. Size distribution measurement of droplets

generated by nebulizers

The equilibrium size of a water droplet

is quite sensitive to ambient relative humidity.
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Therefore, in order to obtain the challenge particle
size distribution, the relative humidity in the
experimental chamber should be maintained with
the same level as in the fit test hood. From the
preliminary test results (shown in Figure 1 below),
when the subject donned a fit test hood, the relative
humidity inside the hood gradually increases from
70% to 90% over 5 minutes. Accordingly, the
relative humidity in the experimental chamber is
kept at 90% throughout the tests.

100
In the hood Ambient

o
X ’
= 0 8 e
%
g
E e >
[}
% 60
o

50

40 L L 1

0 5 10 15 20 25
Elapsed time, min
Fig1 Change of relative humidity inside the hood

The particle size distribution measurement
system is shown in Figure 2. The nebulizer is
filled with test solution and sprayed toward a
test chamber. The droplets are diluted by a clean
air flow and sent to the instrument for particle
size analysis. The relative humidity is about
10% when using complete-dry compressed air,
and with the proper flow rate adjustment of dry
and wet gas, respectively, the relative humidity
in the test chamber can be stably controlled at
90%. The temperature and humidity inside the
test chamber can be monitored with a thermo-
humidity meter (Rotronic HygroPalm 22, Rotronic
Instrument Corp, USA). The pressure generated
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by squeezing the nebulizer's rubber ball is
measured by a pressure transducer (Omega Model
No. PX176-015A5V), and signals are relayed to
a data acquisition board (PCI-1710HGU DAS
card & PCLD 8710 I/O Wiring Terminal Boards,
Advantech Co., Ltd.) for data recording. This
system is also capable of displaying the real time
squeezing pressure on a screen. Then the person
performing the study can more precisely control
the squeezing force. The droplet size distribution
is monitored in real time by the Electrical Low
Pressure Impactor (ELPI, Dekati Ltd., Finland),
which is a cascade impactor capable of measuring
the number concentration of particles with sizes
between 0.007~10 pm in 13 channels. The
ELPI measures particle size distribution at 1
Hz interval. At the inlet of the ELPI, a corona
charger imposes an electrical charging state on the
particles composing the aerosol. At the charger’s
outlet, the particles are classified according to
their aerodynamic diameter using a low pressure
cascade impactor. Currents induced by particles
collected on impaction stages are measured using
electrometers and are converted into particle
number concentration. As the sampling flow rate of
ELPI is 30 L/min, the flow rate in the experimental
chamber is set at 32 L/min in order to minimize
sample contamination by ambient air and collect
almost all the particles that have been generated.
Since the ELPI sampling frequency is 1 Hz,
we can measure the particle distribution with
regard to each squeeze. A two-minute continuous
sampling is done for each squeeze to ensure that
most of the generated particles have been replaced,

and by totaling the particle distribution of each
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second, the result of the squeeze can be obtained.
Each experimental condition is performed with 15
squeezes, and the average value is calculated and
chosen as the representative. In order to increase
the comparability between the nebulizers, all
nebulizers are operated with 3M FT-10 rubber
balls. As for the test solution, both 3M and TSI
nebulizers use exclusive original test agents, while
the medical nebulizer uses the original 3M test
agent for testing. The flow rate of all instruments
is calibrated by a soap bubble flow meter (Gilian
Inc., West Caldwell, NJ, USA).

Furthermore, in order to evaluate the amount
of solution consumed by each squeeze, the weight
differences are obtained using a scale (Precisa
92SM-202A, Teopal, Switzerland) before and after
each of the 50 of squeeze and averaged for the

final value.
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Fig2 Diagram of the ELPI droplet particle size
measurement system
The nebulizers used in this research for the
evaluation and test include the 3M FT-10, TSI
Q-Fit, and 13 other commercial nebulizers made
by five different brands, with the prices ranging
from 10 to 2,000 NTD.
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2. Fit factor simulative calculation

Using the filtering facepiece as an example
(Figure 3), the air can flow into the inside of the
mask when inhaling through the filtering material
(Or) and the gap between the face and the mask
(Qr). Therefore, from a gas behavior point of view,
the fit factor (FF)) is defined as:

Or+0r
(0)3

FFy=

Since using aerosol particles for fit testing
does not directly measure Or and Q;, the aerosol
particle concentration is used to calculate
the air flow rate indirectly. Therefore, during
the measurement, the efficiency of particles
penetrating the filtering material and leaking gaps
is expressed by the aerosol penetration, P, that is,
Pr and P, respectively, which will interfere with
the judgment of the fit factor. If the test particle
concentration in the environment is C, then the
ratio of particle quantity outside (N4y) and inside

(N) the mask is as follows:

Naw __ CX(Qrt0r) __ OrtOr
Niv CXQLXPL+CXQF><PF QLXPL+QFXPF

The calculated value from the above formula
is conceptually equivalent to the protection factor,
PF. While Pr= 0, PF represents the fit factor
(FFp) measured by using the aerosol particles.
Furthermore, while Pr~ 0 and P,= 1, FF; =
FFp; and while Pr~ 0 and P, < 1, FFy < FFp.
Therefore, we combine Or and Q; in our designed
calculation and define the penetration curve of

different particle sizes versus filtering materials
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and leakages under individual flow rate. Then,
by importing the particle size distribution value
of particles generated by nebulizers, FFp can be

derived.

Fig3 Illustration of air flow rate distribution

when wearing a mask

In the research, the leakages were simulated
by capillaries, and, the relationship between the
air flow rate and resistance in the capillary can be

calculated with the following formula [15].

B 7Z'D: Ap
128nL

L

Where, Ap is the pressure drop inside the
mask, D, is the diameter of the capillary, # is the
viscosity coefficient of air, and L is the length of
the capillary.

Larger particles flow through the capillary
would lose due to the aspiration efficiency and
gravitational settling. Regarding the aspiration
efficiency (Easpiration), we only calculated the
two extreme conditions in which the capillary is
parallel (6 = 0°) or perpendicular (6 = 90°) to the
external air flow rate (U,). The Easpiration is as

follows:
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When 6= 0° [16],

U, 1

7
1+ (2 + jStk
Stk 1s the stokes number. When 6 = 90° [17],

U,
Easpimtion e (l - 7 COS 90]

aspiration
0.62U

o

U

38tk \y,

The loss of particles in the capillary due to
gravitational settling can be calculated with the

following formula [18]:

2
L gy avitarion :1_;[2'(\/ -2 — kP 1-F +arcsin(1cl/3)]
3L
K=¢&cosl = V_’Scosg
4D, U

Where, Vi is the terminal settling velocity,
U is the air flow rate inside the capillary, and @ is
the angle between the capillary and the horizontal
direction. In conclusion, the overall penetration

rate of the capillary can be expressed as:
PL = (1 o Egmvitation Xl _Easpimtion )

With regard to the air resistance and particle
penetration of the filtering facepieces, actual test
data is used as the basis for additional simulative
calculation. For resistance, a commercial N95
respirator was sealed in a holder and tested to air
flow rates in the range of 0~85 L/min. The air
flow rates are controlled by a mass flow controller
(Hastings, HFC-303). The pressure difference
in the upstream and downstream of the mask
is obtained via an inclined manometer (model

400, Dwyer Instruments Inc.). After deriving the
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regression equation between the mask resistance
and air flow rate based on the experimental data,
we can calculate the air flow rate distribution by
using different sizes of capillaries under the same
air resistance with regard to flowing through
the mask filtering material and the capillary,
respectively, thus obtaining the FFA under such
conditions. Using Figure 4 as an example, the
thick solid line denotes the air resistance of the
NO5 respirator under different flow rates, while the
other two thin solid lines represent the relationship
between air flow rate and air resistance of a
capillary of 0.4 mm in diameter with the length of
10 mm and 20 mm, respectively. When inhaling,
the negative pressure inside the mask is 2.2
mmH20, and the air flow rate through the filtering
material is 25 L/min, while it is 0.05 L/min when
flowing through the capillary. Therefore, FF; is
found to be 501([25+0.05]/0.05).

Air flow through leak, L/min

0.05 0.10 0.15 0.20 0.25 0.30
T T T T T

L:20 L:10 mm

NO5

Pressure drop, mmH,0
£

D, =0.7mm
3L
Ex.
2 Dp = 2.2 mmH,0
Q¢ =25 Lmin
b Q_1em = 0.05 Limin
Qe = 0.03 Limin

40 60 80 100

Air flow rate through filter, L/min

Fig4 The relationship between pressure drop
and air flow rate for a 0.4 mm capillary
and an N95 respirator

As for the particle penetration simulation
of the filter, some important basic parameters

have been measured or estimated based on past
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studies [19, 20], including fiber diameter (d)),
filter thickness (f), packing density () and charge
density (0) Accordingly, the filter penetration
curve as a function of particle sizes under different
face velocities can be derived by introducing the
single fiber theoretical model. The filter thickness
is measured by using a vernier caliper. The
packing density can be calculated based on the
density of the fiber material and the weight of a
known volume of filter sample. Based on the air
resistance of the filtering facepiece at different
air flow rates, the equivalent fiber diameter can
be calculated using Darcy’s law. Since there is
no reliable way to directly measure the charge
amount of fiber, is the value can be deduced based
on the particle penetration rate data. For example,
the following figure shows the test result of the
particle penetration rate (solid points) of an N95
respirator at 85 L/min (U = 8.0 cm/s), and by using
the above method, t, @ and dr are derived as 0.97
mm, 0.051, and 3.81 um, respectively. Therefore,
with Microsoft Excel sheets created based on the
single fiber theory and by adjusting the theoretical
value of fiber's charge amount (dotted line) to fit to
the experimental data, we can derive 9=8.5x10°C/
m2, which enables us to set the known air flow rate
within the operable condition range and use the
above method to calculate FFp for particles with

any size distribution.
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Fig5 The filtering efficiency of an N95
respirator filter

Results and Discussion

1. The particle size distribution measurement

of droplet particles generated by nebulizers

The generated pressure wave is subject to
the squeezing frequency of the rubber ball. After
testing, the normal pressure of operation is 2~15
psi; therefore, we divided the atomization pressure
into low (<7 psi), middle (7-9 psi), and high (>9
psi) to evaluate the influence on the generation of
particle size distribution characteristics. Figure
6 shows the average particle size distributions
of saccharin droplets generated by the 3M FT-
10 under different pressures. In general, the
output concentration of droplets increases as the

atomization pressure increases. As for the particle
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size distribution, except for a smaller MMD at the
minimum pressure, no significant difference is

found between the other pressure values.

3M FT-10 -
s Saccharin fit test solution
I RH = 90%
§
)
g 4
- v
g Pressure, psi ¥
=
3 o <70
cb:'. A 7.0-9.0
§ v >90
S 2
13 v A
£ A
1 v 2
v oAb
o oo g 8. 8.0.0 %% o
0.01 0.1 1 10

Aerodynamic diameter, pm

Fig6 The weighted distribution of the mass
of saccharin particles generated by
nebulizers under different pressures

The 3M FT-10 nebulizer's nozzle and test

solution are separate. The test solution is added into

the nebulizer each time before use. In contrast, the
solution and nozzle of the TSI A-Fit are integrally
formed, so each test requires a new combination
of solution and nozzle. We used two 3M FT-
10 nebulizers (A, B) and a TSI Q-Fit nebulizer
to measure the average droplet size distribution
generated under 90% relative humidity, three
different atomization pressures, and four kinds of
test reagent, as shown in Table 1 below. In general,
the different conditions had no significant influence
on the distribution of droplet particles, as the MMD
is consistently 2~3 pum and GSD is around 2.
Regarding the commercial medical
nebulizers, the test was carried out at 90% relative
humidity and middle atomization pressure to
determine the droplet distribution characteristics
of the generated saccharin fit testing solution. The

results are provided in Table 2.

Table 1 The particle size distribution of droplets generated by 3M FT-10 and TSI Q-Fit
3M FT-10-A 3M FT-10-B TSI Q-Fit
Pressure,
_ MMD, MMD, MMD,
RH,  Sol psi GSD GSD GSD
% Hm Hm Hm

<70 2.18 2.03 2.77 196 277 2.12

Sa_fit  7.0-9.0 2.84 2.24 2.60 210 252 2.19

>9.0 2.82 230 2.70 221 2.49 2.22

<70 3.99 1.78 4.50 1.73 200 220

Sa_sen  7.0-9.0 2.66 1.99 3.11 1.89 190 2.03

>9.0 236 1.97 2.48 1.95 1.84 1.99

%0 <70 3.48 2.14 3.72 2.11 4.13 2.23
Bi fit  7.0-9.0 3.06 245 3.12 233 2.85 2.24

>9.0 2.74 2.42 2.84 238 244 213

<7.0 3.13 2.07 3.23 1.88 327 2.06

Bisen  7.0-9.0 3.01 230 2.96 2.17 2.47 2.10

>9.0 2.64 232 2.80 2.29 238 2.10

Sa_fit: Saccharin fit test solution:

Sa_sen: Saccharin sensitivity test solution;

Bi_fit: Bitrax fit test solution:

Bi_sen: Biftrax sensitivity test solution:
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Table 2 The particle size distribution of the droplets generated by the commercial medical nebulizers

Nebulizer Price, NTD MMD, um GSD Output, mg/squeeze
Be 1 Free sample 2.28 1.96 0.346
Be 2 Free sample 2.67 1.93 --
Par 1 250 4.01 2.32 0.476
Par 2 2410 2.80 1.83 0.256
Ga 1 50 2.77 1.97 --
Ga 2 16 -- -- --
Ga 3 16 -- -- --
Pah 1 15 1.98 --
Pah 2 200 95 1.98 0.106
BB 1 48 -- -- --
BB 2 29 -- -- --
BB 3 29 2.16 1.84 0.152
BB 4 29 2.22 1.96 1.664

-- unmeasurable

Due to the original design, some nebulizers
would suck the solution back as the rubber balls
restored, so no data could be retrieved; such
instances are represented in the table with "--". For
the nebulizers with a miner pump-back situation, as
the particle size distribution measurement is based
on each squeeze and the solution inside the rubber
ball has no influence on the next generation, the
particle size distribution data is still obtainable but
includes the interference of loss on the estimation
of output amount of each squeeze. These nebulizers
(7 models) should be excluded from being used in
fit tests (7 of 13); while the droplet particle size of
the remaining six nebulizers fell within 2~3 um
for MMD except for Par 1 which is a bit larger,
and their GSD is all around 2. Under the same
conditions, each squeeze (at middle atomization
pressure) of the 3M FT-10 and TSI Q-Fit outputs
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a solution amount around 1.134 and 0.586 mg,
respectively; as for the medical nebulizers, the
output amounts are all less than 3M FT-10 except
for BB 4, which is slightly bigger. However, this
situation did not have a big impact on its application
in qualitative fit testing because the nebulizers
with different output amounts would be adjusted
according to each subject’s sensitivity when doing
the threshold value test (the squeeze times of the
one with a larger output amount should be fewer;
while ones with a smaller output amount should
be squeezed more times). Using the 3M FT-10 and
TSI Q-Fit nebulizers as examples (assuming that
both are operated by manual squeezing), as the
solution output amount of the Q-Fit is half of that
of the FT-10, the squeeze times of the Q-Fit shall be
twice those of the FT-10. However, the amount of

squeezes is limited to 30; anything over that would
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mean that the nebulizer is not usable.

2. The simulative evaluation of FF4 and FFp

of masks

We used the combination of the
aforementioned N95 respirator with a capillary of
1.1 mm in diameter and 10 mm in length. When the
air flow rate through the filter was 5 L/min, the air
flow rate inside the capillary became 0.05 L/min,
and thus, FF; is 101. When using aerosol particles
to evaluate the fitness of mask wearing, assuming
the efficiency of the filter is nearly 100% and has no
loss of particles in the capillary, the concentration
ratio of particles inside to outside the mask is around
0.99% when calculated with FF;=101. However, as
shown in Figure 7, since the aspiration efficiency of
the capillary worsens as the particle size gets larger,
the particle concentration inside the mask decreases
as the particle size increases, thus obtaining a higher
FF), value; furthermore, the particle loss gets worse
in the horizontal direction of the capillary due to
gravitational settling, resulting in an even higher
FF), value. Conversely, as the intake efficiency of
small-sized particles is high and the terminal settling
velocity is small, the loss due to the settlement
inside the capillary is insignificant. However, as the
NOs5 filter cannot completely filter out smaller-sized
particles, the total particle penetration rate is greater
than 0.99%, i.e. FF,<101.
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Fig7 The curve of particle penetration rate at 5
L/min combining an N95 respirator and
capillaries.

According to the results shown in Figure 7,
we can deduce a series of particles with MMD
and GSD combinations in log normal distribution,
which can be used to determine the influence of
different particle size distributions on the test
results of mask fitness. The results are shown in
Figure 8. If the particle size is too small, parts of
the particles will penetrate through the filter into
the mask, causing FF, < FFy; on the contrary,
if the particles are too big, parts of the particles
will be lost due to the limitation of the capillary's
aspiration efficiency, causing FF, > FF,. If the
gravitational settling loss of particles in the
capillary is further considered (Figure 8B), the
usable particles are subjected to a smaller upper

limitation of particle size.
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Fig 8 The fitness of different particle size distribution combining an N95

respirator and capillaries at 5 L/min

By adding the particle size distribution data
of Table 1 and 2 into Figure 8A, the results of the
simulative tests of the 3M FT-10 and TSI Q-Fit
nebulizers show reasonable agreement. With a
low flow rate, the deviation between FF), and FF;
is less than 10%, while most of the other medical

nebulizers also achieve the same result.

Conclusions and Recommendations

Under a 90% relative humidity, the 3M FT-
10 and TSK Q-Fit generate droplet particle
distribution with MMD between 2~3 pm and
GSD about 2, regardless of the type of test
solution used.

The medical nebulizers used in this research
are able to generate droplet sizes similar
to those of the 3M FT-10 and TSI Q-Fit.
Ultimately, six of the tested nebulizers can
be used as alternative options, one of which
costs only 29 NTD, which can drastically
reduce the cost of qualitative fit testing. Even

so, the cognition and operation techniques of
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the operator that conducts the test (especially
for the force and frequency of squeezing the
rubber ball) are important factors that would
affect the test results. Therefore, methods for
enhancing operation training is a direction

that should be considered in the future.
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