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-- Condensation particle counter
-- Differential mobility analyzer
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40 |INPUT PARAMETERSIFIBER:
41
42 1.7:um DIAMETER a0 1.7TE-06
43 2.2:- DIELECTRIC COMSTANT 22 fla)=i _0.333057 0.4; 2459079
44 0.00E+00:CIm2 CHARGE DENSITY 0.0002;  0.00004 Dip=i_._2503.11 dyne/cm2 1 1
45 2.552677:cmH20 3 1038062
46 INFUT PARAMETERSIFILTER: B
47
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51 I =
52 1
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54
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42CFR84 z_ g #1 4

(Non-powered air-purifying particulate respirators)

\ o=
é\,\

1. o i 25 P2 TC-84-XXX Approval number
% | N-Series R-Series* P-Series**
F e Not for oil Resistant to oil Oil Proof
95% N95 R95 P95
99% N99 R99 P99
99.97% N100 R100 P100

* Time restriction of 8 hours continuous or intermittent use if oil is present.

** Manufacturer’s time use restrictions apply if oil is present.
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(Non-powered air-purifying particulate respirators)

2. Mok f 4RI

N-series R-series P-series

MY gl NaCl DOP DOP
200mg g §* [200mg £ §* | £ el e
fsr By (fsr Bk vrE2 Kk
roag o n | FTEITR AR | MLF T K
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e Oil @ 1mg/m3, 10 m3/day takes 20 days

e Llead @ 0.5 mg/m3, 10 m3/day takes 40 days
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42 CFR 84 (1996 ) EN-149 (2001 ) B R 1716(1994# ) CNS #23 b & v §
- Ds1 | Ds2 | Ds3
mHEx | N | R | P | FFPL | FFP2 | FFP3 PL| P2 | P3| DI | D2 | D3
DL1 DL2 DL3
SBi =K -k, .
L ;; i [ nact | DoP NaCl Paratin NaCl DOP NaCl NaCl
PR ke CMD CMD MMD Stokes Dia. 0.06-0.1 0.15~0.2 MMD CMD
# A2 (um) | 0.075 0.185 0.6 0.4 o 5 0.3-0.6 0.075
Rl B 85 LPM 95 LPM 85 LPM 95 LPM 85 LPM
e 25 15°C 25 15°C : 23+2°C 20+ 5°C
-
/E]J E‘é‘ /‘% fi [ TN Ti ‘}7’\ ~ A
S %++200 8+4 2045 ++50 100 5~15 #%++200
;;J;Iifé 30+10% <60% : > 60 % 30£10%
R
NI 150
oy 35 223 | 254 | 319 | eopa | 70pa | B0 | 21| 24 | 42 35
BEE PR 25 - - - 60 Pa 70 Pa | 80Pa - 25
s . 200 _ _
B i\ B3R 200 mg E 100 mg mg E )
@’é%/:;: i 95, 99, 99.97 80 94 99 80 95 99.9 80 94 99.95 80 95 99
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Aerosol penetration, %

@ —=id

35
N95 filtering facepiece e Data
30 L Air flow rate = 85 L/min The best fitti
"} Facial leakage =0 ° ne bestiting curve
I — — - Single fiber theory
I d, = 3.81 um
25 5=8.5x10"° ¢/m®
I a=0.051
I = 0.97 mm
201 V =8.0cm/s
Ap =7.32 mmH,0
15 ] ,
1.0 - \ |
;E.ZD
| N ‘
05 \ o H\
i / iameter (nm) 10
I /4 N N
0.0 T T S A S A
0.001 0.01 0.1 1 10

Particle diameter, um
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Face length measurement:
Distance as measured with a
sliding caliper in the midsagittal
plane between the menton
landmark and the sellion
landmark.

Face width measurement:
Maximum horizontal breadth of
the face as measured with a
spreading caliper between the
zygomalic arches.

Lip length measurement: The
straight-line distance between
the right and left Chelion
landmarks at the corners of the
closed mouth is measured with a

sliding caliper.

Total = 97.7%

Face Length (mm)

120.5

132.5

Face Width (mm)

146.5
144.5

134.5

158.5

138.5

(NIOSH, 2013)
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£ V)] = e D L .
L BT 22 APFiE v
(Assigned Protection Factor, APF)

-5 %4 B3T% APF {2 b iRk BRI > 2012)

. : , ANSI OSHA/APF JIS -

Type of respurator NIOSH | 768 51092 final tule | T8150 BS 4275
Air Purifying. Negative
Pressure:
Single use. Filtering Facepiece 5 10 10 3-10 4-20
Half Mask 10 10 10 3-10 4-20
Full Facepiece 50 100 50 4-50 4-20
Powered Air Purifying(PAPR):
Half mask 50 50 50 4-50 10-40
Full Facepiece 50 1000 1000 4-100 10-40
Helmet/Hood 25 1000 25/1000 4-25 10-40
Loose Fitting Facepiece 25 25 25 4-25 10-40
Continuous Flow: Atmosphere
Supplying:
Half mask 50 50 50 50 20
Full Facepiece 50 1000 1000 100 40
Hood/Helmet 25 1000 25/1000 25 40
Loose Fitting Facepiece 25 25 25 25 10-40
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T DL B PER Y RH]

(29 CFR 1910.134)

Gl Rk G A
1. 4 £# (banana oil) R AR v
(Isoamyl Acetate )
2. ¥¥ (Saccharin) ¥ gk o v
(Sodium saccharin)
3. = kA (Bitrex) Fo e o v
( denatonium benzoate )
4. P g % (lrritant smoke ) ok 4 x

(hydrochloric acid fume )

X i 4py % & R E=100






3M FT-10

-- pneumatic nebulizer

-- hand aspirate the rubber squeeze
bulb to generate aerosols

-- particle size distribution??

TSI Q-Fit

-- pneumatic nebulizer

-- using an integral pump to generate
aerosols

-- particle size distribution??



(A) 3M FT-10

(B) DeVilbiss Model 40

Liquid Inlet

3
Compressed Air

In
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Aerosol penetration, %

20

Direct measurement

w;w.
W

Back calculation

Hole diameter = 10.0 mm
Air flow rate = 32.1 L/min

(Hinds and Kraske, 1987)

10.0

10 100

Particle diameter, nm

204 P=21mHD P =183 m 2D ! h
©.082 "H2D 20 @.717 e (150 \ )
—_—— - i = \

\

) 1.0 10.0

AERDOYNAMIC DIANETER. um

Figure 12 Leak performance, tube leak 1.0 mm ID x 10 mm long. Numbers in brackets

represent the equivalent flow rate (I/m) through a pair of MSA type S filters. (From
Reference 3.)
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Relative humidity, %
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‘ | Humidifier

Compressed air

Humidity &
@ Temperature
sensor
Pressure
transducer
-- 0.007~10 pum;
-- 13 channels;

-- 1 Hz sampling frequency

—» Exhaust
|
Sample 1
Corona Flush pump and filter
charger
HV and power source
External PC
or laptop
Electro-
impactor meters Internal (External
and A/D PC infout)
Pressure Controls and
sensar LED display
Vacuum

pump
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6
. 3M FT-10
c Saccharin fit test solution
™ RH = 90%
= I
&) |
~
C) -
S 4
g‘ Pressure, psi
2 _
E 3 ®) <7.0
% i A 7.0-9.0
&) v >9.0
c I
S 2
s I
wn B
3] I
S I
1
0 B -
0.01 0.1 1 10

Aerodynamic diameter, um
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APPENDIX ATO §1910.134—FIT TESTING
PROCEDURES

(R AF &2 = s 7% i fpe )

Sensitivity test sloution Fit test solution
-- 0.83¢g sodium saccharin 83g sodium saccharin +
Saccharin + 100 ml water 100 ml water
-- 1 ml Fit test solution +
100 ml water
. 13.5 mg Bitrex + 100 ml  337.5 mg Bitrex + 200
Bitrex

5% NaCl solution ml 5% NaCl solution
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-- 13.5 mg Bltrex/ 100 mil NaCl solution (5%)

2. 7,% v }i /EJ,J%'
-~k me e UM R
-- 337.5 mg Bitrex / 200 ml NaCl solution (5%)
-~ R 8L D % T el |
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= 9 3M FT-10 Ed TSI Q-Fit %1k

(==}

3M FT-10-A 3M FT-10-B TSI Q-Fit
Pressure,
. MMD, ) MMD, ) MMD, )
RH, Sol. psi GSD GSD GSD
o pm Lm pm

<70 2.33 2.04 2.83 1.87 1.82 2.14

Sa fit 7.0-9.0 2.78 2.17 2.60 1.92 2.55 2.16

>9.0 2.70 2.25 2.79 2.15 2.55 2.23

<7.0 4.23 2.03 2.09 2.06 2.75 1.82

Sa_sen  7.0-9.0 3.34 2.06 2.05 2.07 2.19 2.07

>9.0 2.80 2.05 2.12 2.03 2.16 2.02

00 <7.0 3.06 2.30 2.89 2.11 2.37 2.28
Bi fit 7.0-9.0 2.86 2.38 2.87 2.27 2.20 2.22

>9.0 2.44 2.32 2.75 2.27 2.15 2.14

<7.0 2.98 2.21 2.29 2.10 3.20 2.12

Bi_sen 7.0-9.0 2.75 2.28 2.50 2.17 2.16 2.10

>9.0 2.43 2.29 2.56 2.26 2.15 2.07

<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

<70 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

90 >9.0 2.36 1.97 2.48 1.95 1.84 1.99
<7.0 3.48 2.14 3.72 2.11 4.13 2.23

Bi fit 7.0-9.0 3.06 2.45 3.12 33 2.85 2.24

>9.0 2.74 2.42 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;

Bi_fit: Bitrax fit test solution;

Bi_sen: Bitrax sensitivity test solution;

Sa_sen: Saccharin sensitivity test solution;
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» Generated Aerosol (oil-mist/chamber)

* Condensation Nuclel (PortaCount)

» Controlled Negative Pressure (CNP)

* CNP REDON



TE B S RIPIR
» Generated Aerosol (oil-mist/chamber)

Ol S EAE N A
[polyethylene glycol 400, di-ethyl hexyl
sebacate, NaCl (RH< 50%)]
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» Condensation Nuclel (PortaCount)

L 7 F Rk A4 BO
& @ % okt 85, ® (particle counter)
/EJJ%%'L—— /};%&@
gy F s PR e LRI
- 3 ﬁoN95 Companion
—- & % F T 40nm ek

OPC e 4 |

dN/dlogDp (#/em?[ed]
s & = = B P ow
5 @ B @ = o o

Diameter (nm)

L
g




\,9-*) lzJ_ \) V4 by >
FF TR R
Condensation Particle Counter

Z AR
FBAT




Counting efficiency
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Figure 2. Aerosol penetration through respirator A with and without isopropanol
dip for a flow rate of 85 L/min (face velocity = 8.6 cm/s).
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Radial differential mobility analyzer
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TSI 8026 Particle generator

Generated Particle Statistics
Geometric Standard Deviation (GSD)
2.2 (nominal)
Count Median Diameter (CMD)
0.04 micrometers (nominal)



Aerosol penetration, %
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TSI 8020+N95 companion
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Aerosol penetration, %
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» Controlled Negative Pressure (CNP)
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» Controlled Negative Pressure (CNP)
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Which fit test should be used?

Fit Testing Method

RPE Quantitative Qualitative®
Ambient Controlled
e, Farticle Test chamber Megative Taste Smell
Counting Pressure®

Filterning facepiece

FFP1
FFP2  N95
FFP3  N100

Half mask
respirator

Full face mask
respirator







