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Abstract

Varlous ypes o face masks avslable to the genra public are wornfor. protection aganat inhaltion of duet, polrtants,
'mmmuamm nic argarame. Recert rews staries have lustrated the widespreod use of foct masks for
ion against te Respiratory Distress Syndrome (SARS) and Highly Pathogenic Avian Influenza virus
BPAD) outored in Aok v dusts from the collapse of the World Trade Cent ic from
eruptions in the Pacific Rim. However, the

Tested. mrgclmak, pe-shapd dust mask.and  bandona. A N33 respr

Saline oerosols were ted
simuitaneously from the mannequin and reference sample probes and used o calculate aerosol
win probe and the reference sample probe volumefr tes 75 Umin. and 1.72 Umin,
ively. The mean challenge aerosol  determined from the reference sanple probe, was 0045 + 0006
?‘-’m.‘mmﬂ particle size of 1.6 um. Face mask protective efficiency was calculated as
mamegin ntration fo ref ion.  Each s chalenged for 30
minutes. The profective efficiencies were 33.3%, 10.2%, and 8.0% for he surgical, bandana, and

3 st masks, respectively.
argn:nlwmwmmadmba-vnfmmmfm
masks tested. However, it is important fo note that all three masks offer very little protection when compared fo the
NO5. People who wear these face masks may not be as protected as perceived.

Background

* Dust storm osrsol concenirations nd partice ize diriutions hve besn mecsied in mary countres, The mean
erosol concentration of @ moderate dust storm s 0.040 mg/L and the less than or equal fo 25 ym. 12
Adults breathe at a rate of approximately 7.5 L/min while resting and 13- s i a.rm, light exercise *.

© The mamequin filfer samplr Fiow rate wis .75 Limin.

* The reference iler sampler flow rate was 172 L/min.

+ Filter sampler flow rates were controlled by critical orifi.

¢ Arachngulr plerum vith  voksmeof 4731 was e g th test chanber.

* An IV Heart™ nebulizer operated at 40 psig and 12.7 L/min. was used to generate saline test erosols. The time fo il
the plenum with aerosol was 11.6 minutes (1475 L / IZ .7 L/min). Thus, the nebulizer was run for 12 minutes before the
filter samplers were started.

= All flow rates were calibrated with a primary flow calibration device, DryCal DC-Lite, (BIOS International, Butler, N).

+ A schematic of the face mask fest system is presented in Figure 1.

Figure 1. Face Mask Test System

Does That Face Mask Really Protect You?

rocedure

A Styrofoam mmqummdwfm-dmhnumpkpwh Foce madks wars paced on the surmaqie hecd and
Plch.uof

o in Figures 2-5.
mm:q\m\ Filter :amlnld ‘mannequin
reference sample pmhu. The Mhllrx-‘ wu filled with amw:y.;ﬂ"pnu of 0.045% saline, cmm-nld to the
compreseed ai source, and placed n the test chamber.

The reiizer wes actited and allowed fo un far 12 minutes Filter samplrs were octated < simttrecuslyand 30 miute
osrso sanples were olected. Intilan il fier presars diferetil were recorded from magnehelc pressurs
w—i filter sampler volumeiric determined using Eq\nﬂm\ Py

erence filfer l\mmdﬂ.‘w‘dmlr\g&qmmz Mass per unit volume aerosol concentration ool
Getersned vang Equation 3. Face mask prorective eFfcincy ws determined taing Equation 4 Equctions 1.2, 3, and 4 are
presented in Figure 6.

"The particie size distribution of the saline test aerosol was determined by collection of  cascade impactor sample from
be after a 12 i 3

Figure 2. Surgical Face Mask Figure 3. Pre-Shaped Face Mask

Figure 4. Bandana Face Mask

Each mask was tested three times. New masks were used for each test. m»ummnfmvmhmmnm
wers 0022 + 0.009 ma/L 0045 5 0003 mgA\, 0044 + 0008 my/L and 0005 + 0002 mg/L. fr the mrcicl mosk. dunt
mask, bandana, and NS5, respectively. The mean reference hl'-mpkmnmmmlwﬂxoolon\yk 0050 +
0,008 mg/L., 0,049  0.005 mg/L, and 0.047  0.005 mg/L. for the surgical mask, dust mask, bandana, and N5, respectively.
The overall mean of the reference filter sample concentrations was 0.045 s 0.008 \Wndlwulll?!io’?-g? The
surgical mask had the best efficiency of the three test masks at 33.3% vhukﬁ-dmlmd‘had the worst efficiency at
80%. The efficiency of th bandano wos 102%. The N95 mask efficiency was 89.4% ~Mannequin filter sample
are presented in Tables 1-4.

Salne osroso portice iz distibion wes mecsured with o coscode mpactor (I Tox Prodcts, Albuquerque, N) The
mm&mméymmlcmmmwlemwlbmundmgm'" ion was 2.0. The particle size
distribution, ian aerodynamic diameter (WMAD) and gm-mc andrd dendrion (650)
mm.mgnr
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Figure 6. Equations +
o1+ )

Qc = pressure corrected flow rate,
r

1. Qe

where :

Qm = measured flow rate,
AP = mean pressure drop, psig
P = ambient pressure, psig

2. Aerosol

()

mg = filter net weight

where :

QOc = pressure corrected flow rate
min = sample collection time

3. Sample Volume = Qc x SampleTime

- _&)100
Co

C= in sample conc

4. E(%) = (I

where :

Co = reference sample concentration

Table 1. Surgical Mask Table 2. Dust Mask

Mannequin Filter  Reference Filter
Sanple

™ (Concentration Concentration ™ Concentration Concentration
(mg/Ly (mar) (ng) )
Tt 1 0017 0.081 Tt 1 0.047 0.081
Test 2 0.0 0.043 Test 2 .08 0.087
Test 3 0.017 0.024 Test 3 0.041 0.041
mean 0.022 o.013 meAN 0.046 0.080
STDEV 0.009 0.010 STOEV 0.005 0.008
Efficiency (%) = 33.3 Efficiency (X) = 8.0
Table 3. Bandana Table 4. N95
‘Mannequin Filter  Reference Filter ‘Mannequin Filter  Reference Filter
';"' Concentration asyie Concentration
(ng7)
Test 1 0.038 0.044 Test 1 0.003 0.042
Te2 0.048 0.088 Test 2 0.005 0.048
Test 3 .04 0.0% Test 3 0.006 0.081
AN o.0m 004 nEAN 0.005 0.047
STOEV 0.008 0.005 STDEV 0.002 0.005
Efficiency (%) = 10.2 Efficiency (%) = 89.4

Results, continued

Figure 7. Particle Size Distribution
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Conclusions

Three commonly avlabie foce masa, o ol mosk o pr-shaped mask. and o bandons were chalenged with sl
o partice storm conditions fo defermine their profective

a of ace mask or respirator fit must also be considered. The penetration
|ﬁ4ckn:yv?mmmmlmﬂdalmh!und?a&irmmﬁmwp.iwmunf the masks observed was a
result of improper fit or inadequate mat
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