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ABSTRACT:The COVID-19 pandemic is currently causing a
severe disruption and shortage in the global supply chain of S e = B S e
necessary personal protective equipment (e.g., N95 respirators). The
U.S. CDC has recommended use of household cloth by the general
public to make cloth face coverings as a method of source control.
We evaluated theltration properties of natural and synthetic o
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materials using a moeld procedure for N95 respirator approval. ; | = o o] =

Common fabrics of cotton, polyester, nylon, and silkthetibn ] S

e ciency of 525%, polypropylene spunbond hdttation

e ciency 6 10%, and paper-based products hiadion e ciency L h ﬂ ﬂ & 1

of 10 20%. An advantage of polypropylene spunbond is that it cano- = &L &l &AL & 0 i~ FF .
be simply triboelectrically charged to enhancérti#on e ciency ST e @ 0" T o

(from 6 to >10%) without any increase in pressure (stable overnight
and in humid environments). Using thiation quality factor, fabric microstructure, and charging ability, we are able to provide an
assessment of suggested fabric materials for homemade facial coverings.

KEYWORDS:face masks, facial coverings, COVID-19, aerosols, triboeledtriaityn datiency

he coronavirus disease 2019 (COVID-19) pandemic haredical face masks are used by healthcare workers during

caused more than six million aqomed infections and medical procedures to protect both the patient and the
major global disruptions to daily lifthe disease is caused by healthcare workers from the transfer of infectious micro-
infection with the severe acute respiratory syndrome coronagiganisms, bodwids, and particulate material. These masks
rus 2 (SARS-CoV-2). The virus appears to be highly infectioase not recommended by the World Health Organization or the
and a major mode of transmission is thought to be spread frapDC for aerosol generating procedtifé& more detailed
an infected person releasing vilies- uid droplets that may  discussion of the approval requirements and usage of these two
shrink due to evaporation and thereby aerosclizarger types of masks is given in wporting Information
particles >5m in diameter typically settle due to gravity and  The widespread and intense response to caring for patients
usually reach only the upper respiratory tract if inhale@juring the pandemic has led to disruptions of the global supply
Meanwhile, ne particles with diameter <t can critically  chain and shortage of appropriate personal protective equip-
reach the lower respiratory trA¢tA detailed discussion of the ment (PPE), especially a shortage of N95 FFRs for healthcare
symptoms as well as transmission are discussed in {ygrkerd>'®The WHO has recommended rationing the use of
Supporting Information , , , PPE and prioritization of PPE during severe shortages with FFRs

For airborne particulates, including viral aerosols, the U.Rgeryed for healthcare professionals, leaving the general public

Centers for Disease Control and Prevention (CDC) recomgithout eas ; ; ;

; . X y access to high-grade personal protective equip-
mends the use of N9%ering facepiece respirators (FFR) as menil? pyring critical supply shortages, the possibility of
respiratory protection? The N95 FFR designation is '

determined by the CBENational Institute for Occupational ]
Safety and Health (NIOSH) and indicates a mininiiation Received: May 26, 2020
e ciency of 95% for particle sizes 0.0259 m (count ~ Revised: June 1, 2020
median diameter of 0.0¢%9.02 m), according to 42 Code of Published: June 2, 2020
Federal Regulations (CFR) Part8As the viral aerosols are

larger than the 0.120 m virus itseff* N95 respirators are

expected to provide suitable protection.Meanwhile,
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Table 1. Evaluation of Reference and Common Matéfdtsation Propertie§

basis bulk density
weight (basis weizqht/thickness) initial Itration initial pressure Iter quality
material source structure  (g'm ?) gm?Z m? e ciency (%) drop (Pa)  factorQ (kPa?)
Personal Protection Materials
polypropylene 1  particulate FFR meltblown 25 0.17 95.94 2.00 9. 2.0 162.% 21.3
(nonwoven)
polypropylene 2  medical face mask meltblown 26 0.21 33.06 0.95 34.3 0.5 5.0 0.1
(nonwoven)
polypropylene 3 medical face mask meltblown 20 0.20 18.8% 0.50 16.3 0.5 5.5 0.1
(nonwoven)
Household Materials
polypropylene 4 interfacing material, spunbond 30 0.26 6.1% 2.18 1.6+ 0.5 16.9+ 3.4
(PP-4) purchased as-is (nonwoven)
cotton 1° pillow cover woven 116 0.57 5.840.64 45 2.1 5.4+ 1.9
cotton 2 clothing (t-shirt) knit 157 0.37 21.62 1.84 14,5t 2.1 7.4+ 1.7
cotton 3 clothing (sweater) knit 360 0.45 25.881.41 17.at 0.0 7.6t 0.4
polyester clothing (toddler knit 200 0.38 17.5& 5.10 12.3 0.5 6.8+ 2.4
wrap)
silk napkin woven 84 0.54 4.871.47 7.3t 15 2.8+ 04
nylon clothing (exercise ~ woven 164 0.70 23.38 1.18 244.6: 5.5 0.4+ 0.0
pants)
cellulose 1 paper towel bonded 42.9 0.33 1048 11.¢ 0.0 4.3 2.8
cellulose 2 tissue paper bonded 32.8 0.39 + 2032 19.¢ 1.0 5.1+ 3.2
cellulose 3 copy paper bonded 72.8 0.76 HDER 1883.6 39.3 1.5 0.2

BAll materials were tested in samples of three unless denoted. Uncertainties denoted here represent the standard deviation between the sé
Materials in bold were further studied to investigate if the simple triboelectric charging can positively lingpact pineperties. For the
particulate FFR sample, the meltblown is independently procured for usage in FFRgal ibislatain enough sample to test with e
testerPIndicates this sample did not have enough material and data is presented in samples of two.

disinfection and reuse of disposable FFRs has been pfoposefidditional information may be found in the Methods of the
The CDC has recommended use of cloth face coverings (tlipporting Information

WHO refers to these “son-medical magksy the public to A commonly usedtration quality factorQ) to determine
slow the spread of the virus, especially when social distanding lters performance is deed”

measures are diult to maintain’ These cloth face coverings |

can be fashioned from household items at a low cost and used ag) = § og

an additional control option to limit the release of larger P

infectious droplets f_r(_)m the We.épé'l' As some local . where (penetration) =1 E/100,Eis the ltration e ciency
governments are requiring the public to use cloth face coverin '%), and P is the pressure drop across ther (in

it is reasonable to investigate what readily available al gopaécals). A maximu@ results from a highltration
inexpensive materials may provide the public with some degEeQ:iency (low penetration) with low pressure drop, which is
of protection against airborne viruses. The cloth mask materighsiple for facial coverings. In addif)is,not theoretically

and construction would not be approved by NIOSH as an N9jtered if multilayers of a singular typeltef material are

FFR unless all applicable requirements of 42 CFR Part 84 wetshsidered, as penetration is multiplicative and pressure is
met. additive.

We evaluated thdtration e ciency and pressure drop of Common household matefrialfation properties are given
common household materials of natural and synthetic origin Table 1 optical images figure Sland scanning electron
using a moded version of the NIOSH standard test proceduremnicroscope (SEM) images are givéingare 1The sources of
with 0.075 0.02 m (count median diameter) NaCl aerosols the materials are given in thethodsFor reference as to how
(fabric samples were not preconditioned in any way aosthe common household materials compare to PPE materials, one
rate was substantially reduced). The testing here did not accotftPirator media (polypropylene 1) and two medical face mask
for real-world scenarios where the leakage around the edge?‘@fj'a (polypropylene 2 and 3) were also tested. The quality
the face cover may sigrintly impact the actuaketiveness of 'actor of the respirator grade polypropyleneli5@ kPa" and
these coverings. Hence, having a tight seal of the cloth aroJiEl exceeds any of the other materials. While previous reports

L . . ; show that surgical maskation e ciency can vary from 10 to
the face is imperative for these results to align with real us % (85 L/min air ow)2* we were only able to obtain two
conditions. All tests were _conducted on an Au_tomated F'It‘?‘ﬁedical face mask b}ands, both of which hattasion
Tester 8130A (TSI, Inc.) with aw rate of 32 L/min (unless ciency of 20 30% Q ~ 5 kPal).
otherwise speeid). While FFR testing use®w of 85 L/min From the microscopic images Figure &,b, the PPE
to simulate high intensity, aw rate of 32 L/min was chosen melthlown nonwoven has midrers of various diameters,
which is similar to that in typical human breatfifige typically around 110 m with large distances betwebers

ltration e ciency is the percentage of NaCl partittezed by~ (tens of microns). The structure is bulky and clearly three-
the material and the pressure drop is the air resistance acrossimeensional with multilayers offers. In contrast, the

Iter material. Lower pressures indicate higher breathabilifyolypropylene spunbond (PP-4) samplegure t), is

B https://dx.doi.org/10.1021/acs.nanolett.0c02211
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Figure 1.SEM images of the microscopic structure of various household materials. All images are giveniistgditise laérs has a scale bar

(left, black bar in white background) corresponding torB0The second of the pairs has a scale bar (right, white bar in black background)
corresponding to 7%n. (a c) Polypropylene samples from PPE (a,b) and common spunbond)€oftbn samples, as giveitable 1(g i)

Polyester, silk, and nylon samples, respectivhl@tfjer cellulose-based products, paper towel, tissue paper, and printing paper, as per given in
Table 1

composed of relatively unifortmers of size 20 m. The in Cotton 1 can leak both particles and air through, which
nonwoven structure makes for a random netwdokeisf with explains why it has much lowlé&nation e ciency of 5% and
select spots that are bonded together (left coriégsine ). lower pressure drop o2.5 Pa, compared to Cotton 2 and 3

The spunbond PP-4 has a large pore size read@i@gm. (20 26% ltration e ciency, 1417 Pa pressure drop). Based
Both of these nonwoven structures with rantbemnetworks  on the data ifmable 1 the basis weight and density are not
have alarge porosity and lower pressure drops. Though PP-4tlaarly related to the eiency, as Cotton 3 has nearly double the
a lower ltration e ciency due to the largdrer diameter and  basis weight of Cotton 2, but thieation e ciency increase is
pores compared to the other polypropylen€s, its6.9 kPa only moderate. We note that the Cotton 2 andkration
is among the highestiiable 1We note a large dirence ifQ properties were comparable to some grades of medical face
and Itration e ciency between polypropylenes 2 akiBife masks. As cotton is a very common material for clothing, it
1b as representative) and polypropylene 1, even though all areuld be beneial to the public to select cotton construction
produced from the meltblown process. This most likely resultedth the highestltration quality factor. The cotton should be
from the dierence in electrostatic charge (discussed later in theoven/knit at a high density such that there are no visible pores
text). under light. If a lower density cotton is used, it may be bestto use
Previous reports show that cloth face coverings h@@0  multilayers.
instantaneous penetration levels when challenged with polyAmong polyester, silk, and nylon, the most apparent feature is
disperse NaCl aerosoi€’ In this study, the cotton samples the high thread count in the nylon sample, leading to the high
taken from common household materials all exhibited®imilar pressure (>200 Pa, whereas most other materials are <20 Pa).
though they had various construction énation e ciencies.  The nylon bers are approximately 18 in diameter and in
Microscopically, we see that Cotton 1 hag® ber diameter  bundles of 200m (Figure ). It may be possible to procure
( 10 m) compared to Cottons 3 ( 20 m). All the bers nylon with a lower thread count, resulting in a lower pressure
are bundled into yarns of similar siZ&0 m. However, in  drop and highe®, and it may be more suitable for facial
Cotton 1 (Figure #l) clear pores of 100 m can be observed, coverings. Comparatively, we can see that the polyester sample
whereas in Cotton 2 andRBdure &,f) there are no such clear ( eece-like fabric source) is composed of more randomly
pores and yarn-to-yarn gaps are not as apparent. The clear porented bers of 10 m on the surfaceF{gure &). The

C https://dx.doi.org/10.1021/acs.nanolett.0c02211
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Figure 2 Filtration properties of common materials before and after charging. Each uncertainty represents the standard deviation of three san
(excluding cotton which are from two samples). (a) Schematctobfechargingbers using triboelectricity. Partidtieation e ciency can be

enhanced using charges generated from the triboelectribgFiltration e ciency of materials before and after charging. Silk, nylon, polyester, and
PP-4 all have increasesliration e ciency after rubbing with latex. Cdttan ciency after charging was unchanged or decreasegity,

possibly due to abrasion and/or pore size expansion. (c) Qualitpfadftbousehold materials before and after charging. Results are roughly in
agreement with data presented in (b), except nylon which had lower performance due to pressure drop and PP-4 is much better performing duet
pressure drop. (d,e) Filtrationaency (d) and (e) of various polypropylene spunbond fabrics withedit basis weights.

polyesteQ is comparable to cottsrand has similaltration Finally, among the paper-based products, we see moderate
e ciency to some cotton fabrics (dependent on bulk density) ltration performance with the paper towel or tissue paper, but
Silk is composed of simildver sizes and yarns of 106 unsuitable pressure drop in printing paper. In the paper towel

(Figure h). From the SEM images, the silk sample has gasd tissue paper, tRes comparable to some of the previous

between the yarns 060 m, which led to the leaking of air/ fabrics with a slightly higher pressure drop. These products may
particles and thus the lowdtration e ciency and pressure be suitable to use as a disposable media in some homemade
drop. facial coverings, such as between cotton for an increase in

D https://dx.doi.org/10.1021/acs.nanolett.0c02211
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Itration e ciency, though their performance in high humiditycome into contact with one another, their electron clouds
environments needs to be examined in future work. Theseerlap (forming a transient chemical bond). As twecedit
products are both similar to thicker, randomly oriented celluloseaterials approach equilibrium chemical potential, a decrease in

bers Figure Jk). The dierence between these two and the interatomic distance may allow for electron transfer between
printing paper is how compressed the sampiégis€ 1). the two atoms. The transferred electron is only slightly bound to
Printing paper is clearly a much more two-dimensional denghe surface atoms after the two materials have separated from
packed structure, leading to its very high pressure drop with litdach other.
or no pores in the material. All these materials have a lowFor the purposes of charging an arbitrary material, two
mechanical strength, which would require particular care rifaterials with derent charge aities should be able to
integrated into face coverings. triboelectrically create surface charges on each other. This has

Among these common household materials tested, we see tledtto well-known triboelectric seffasghich has also recently
PP-4 (polypropylene spunbond, 303/ a relatively high  been quanted®® We selected latex to initially charge the
performing common material wgh 17 kPal, 2 5 times samples, being a commonly found rubber product. We rubbed
higher than the other materials (arising from the lower pressuttee sample for 30 s using a pair of latex gloves and recorded the
drop). While not as common as cotton, polypropylene ltration performance before and immediately after treatment
spunbond is an inexpensive material that can be found {figure B,c andSupporting Movie N1
hobby fabric shops, some reusable bags, mattress covers, hygigxie three cotton samples had a decreased or unchanged
products, and disposable work wedD.d&®es not change with  Itration e ciency, while all other samples had an increase in
multilayers, it suggests that the spunbond material may biration e ciency. The decrease in the cotton fablicgion
suitable as a multilayer structure for facial coverings. In faet,ciency may be due to the pore size expansion produced by
using ve layers of the spunbond (30 §/rexperimentally  rubbing or even damage to the sample from the abrasion. It
yields ltration e ciency of 24% (8 Pa)Q of 15 kPal suggests that mechanical damage, friction, or stretching the
(Table S). Considering ltration properties alone, multilayer cotton can all cause thkration e ciency to decrease, and
polypropylene material is superior or at least comparable tivese eects should be considered for cotton face coverings. On
materials used in some medical face masks (polypropylene 2 #ved other hand, all other samples reported moderate to high
3). increases inltration e ciency when tested immediately after

Both medical face masks and FFRs are typically composeclaérging. ExamininQ shows that PP-4 has the highest
polypropylene nonwoven fabrics, and in both cases the primg@egrformance due to the low pressure drop; polyester is also

ltration layer is produced via melt-blowingThe meltblown within a comparable range after charging. Th@ i@miue of
layets polypropylene microers have diameters in the range of nylon is due to the high pressure drop (because of the very tight

1 10 m and a fabric thickness of 10000 m. The lofty weave of this synthetic) with slight increase after charging. After
nature, high porosity, ande ber diameter should not be charging, silk has a high initial value (unsurprising as it is also a
adequate fome particleltration used in respirators by itself.  commonly used material to demonstrate static in the classroom
To improve the Itration e ciency while preserving high air setting), but the higher pressure drop of silk yields aQower
permeability, thesebers are charged througborona when compared to PP-4 or polyester.
discharde and/or triboelectric means into electrets with In order to see if this ect can be generalized to other
quasi-permanent dipof€s®? Once charged, thdter can polypropylene fabrics, we tested additional polypropylene
signi cantly increase itftration e ciency without adding any spunbond samples of elient basis weightsigure @,e, data
mass or density to the structure. As the basis weights of timeTable Sp. We see that among threeadent basis weights of
meltblown fabrics used in the medical face mask and FFR g@a@ypropylene spunbond (25, 30, 40 3ynthe Itration
similar, this suggests that the meltblown used in the FFR hasciency and) are very similar 6 10% initial eciency
been charged and the meltblown of both medical face masks robgirged to 20% e ciency with initiaQ = 10 20 kPa!
not have undergone any charging process. Qualitatively, ttearged to 50 kPal). However, for the 60 gfhsample, the
meltblown in the FFR and medical face niaglie &,b) also initial e ciency is much higher than the other samples. At the
has some dérence in the density, which contributes to thesame time, the pressure is much higher as w@ll PaJable
pressure derence. Thus, achieving a high-perforniiag S92, which leads to a lowé < 10 kPal. For the 70 g/rh
requires both a suitabléer morphology/geometry and a high sample, italso has a highieation e ciency and pressure drop,
degree of injected electrical charge. but the eect of charging was not as sicamt as the lower basis

Itis worth exploring whether simple triboelectric charging caneight samples. We note that the 7 gample was colored
positively impact theltration properties of the materials pink (Figure S), whereas the other spunbond samples were
highlighted in blue ihable 1 While it is di cult to charge the  white. Addition of additives mayet charging, depending on
samples in the same way as electrets are made in nonwotren additivéscomposition. While charging improves the
meltblown media in a nonindustrial setting, the act o& ciency (and) of all polypropylene samples, thecewas
triboelectrically creating some surface charge to mimic amost prevalent in the lower basis weight samples tested here.
electret lter may be a way to increase ttration e ciency for Due to sample limitations as well as its behavior, PP-4 was used
atime duration enough for the pusliemporary usageigure for all remaining experiments as a representative of poly-
2a). propylene spunbond.

The triboelectric ect is a well-known method, commonly  Static charge will inevitably dissipate due to adsorption of
used to demonstrate static electricityowever, the micro-  water molecules in the air, or discharge through contact with
scopic mechanism of triboelectricity is still not completely cleather surfaces. Therefore, w& evaluated natural, ambient
Between solids, it has recently been found that the contad¢cay (samples were placed on a tabletop without any covering,
electrication is most likely due to an electron transfer betweethe temperature and humidity were approximately constant at
the two materiafé.In general, when two @rent materials 22 °C, 40% RH), as plotted IFigure &,b. Clearly, all the
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Figure 3.Time evolution oflltration properties of common materials. Each uncertainty represents the standard deviation of three samples. (
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materials exhibited discharge from their initial charging val@aemponents which would make them more hydrophilic or less
(denoted by timé&0” here, wherg denotes the values before hydrophobic than polypropylene. Thisea is further
charging). Froriiigure &, we see that both polyester and silkmagnied when conditioning the materials in a humid
decay relatively quickly, reaching a plateau near the initial vadrerironment of 38C, 85% Figure 8,d), which is used to
at around 30 min. Nylon and PP-4 on the other hand have mimic the exhalation temperature and moisture content. A
much slower decay, with the PP-4 overnight value essentidilymid environment was tested by charging the fabrics and
remaining constant, within error. placing them in an environmental chamber (SH-642) and
It has been reported that polymers, especially hydrophilineasuring at the selected times (MethodSuimporting
polymers, are able to adsorb layers of water molecules fromformatiof). We found that nylon (which was able to retain
ambient humidity. Once adsorbed, water molecules in particutae charge well in ambient conditions) decayed to the initial
can essentially allow for a low concentration of ions (due tealue within 1 min in a humid environment and remained
dissociation reactions of surface groups) that can discharge thastant at this value for the remaining time. These conditions
generated triboelectric chafg@his is a reason why static are also similar to the preconditioning used for FFRs in NIOSH
charge is more apparent in dry environments, as the ambi&iEP0059 (8% 5% RH, 38 2.5°C for 25+ 1 h) prior to
moisture in the air is not enough to screen the charges generateeasuring Ilter penetratioi® On the other hand, the
through triboelectric means. In addition, cotton (and to a lesséydrophobic PP-4 was able to roughly stay consistent with the
extent silk) is hygroscopic, and this explains why cotton is vagsults that were conditioned in ambient conditions, and a
di cultto charge with latex, even whenitis apparent that cottaonsiderable amount of static was retained on the sample after
clothes from a laundry dryer can have static on them. an hour (e ciency >10% after aging, with an uncharged value of
When considering the surface chemistry dbénépolymer 6%). The general observations here are consistent with
groups, we note that polypropylene, predictably, is the magstevious studies which found that multilayers of water molecules
hydrophobic (it has only hydrocarbon linkages). The remainingan adsorb onto the surface polyamide (nylon), but hydro-
nylon (polyamide), polyester, and silk (protein) havephobic polystyrene has little water adsorption.
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Table 2. Summary and Ranking of Materials Tested Here Based on Filtration Quality Exetith Relevant Comments for
Each Material

Q [tration
(kPa?l) e ciency (%) material comments
>100 >95 polypropylene meltblown material found in FFRs (used for reference)
(charged)
30 10 20 charged polypropylene (PRharged value after overnight, polypropylene spunbonds caneramt (@hsis weight hasetent
4) e ciency), charging increased@a all cases
15 510 uncharged polypropylene initial polypropylene spunbond fabrics can varyciercy, but most tested had low pressure drops
(PP-4)
5 10 520 cotton cotton fabrics can vary in initial pressure drop, select cotton fabrics without any visible pores under light
illumination or use multilayer cgarations
5 10 20 polyester similar properties and comments as cotton
5 30 polypropylene meltblown material found in medical face masks (used for reference)
(uncharged)
5 10 20 tissue paper, paper towel low mechanical strength, but may be possible to integrate into some masks with other cloths as a
composite material
<5 5 silk silk can be considered for use if cotton and/or polyester are unavailable
<1 20 nylon (woven) the nylon tested in this study had very high pressure drop. If using nylon for masks the fabric needs to

have a lower pressure drop to lectve

Hydrophobic polymeric materials may be considered fomdings may arise from éiences in instrumentation, testing
simple triboelectric methods for increadtration properties.  method, and source of material. Our study chose following a
Though polypropylene is the most common of these, some typesdi ed version of the test procedure that NIOSH uses for the
of polyester or polyurethane fabrics can potentially be usedapproval of N95ltering facepiece respirators.
the same manner (or as an external/protective layer for A summary of the results described in this manuscript is
polypropylenes like PP-4, if used asltraion layer). More  presented imable 2 ranked by ltration quality factorQ.
study is needed on this area to determine other commoBotton, polyester, and polypropylene multilayered structures
polymers which can be charged to retain their static, aran meetoreven exceed theiency of materials used in some
multilayer polymers which can charge within a homemade favedical face masks. However, the exact number of layers, basis
covering through interlayer friction. weight, and thread-count of material will need to be considered

In order to oer options for community use, we testedin addition to the uid resistance and performance under
charging the PP-4 using various other confctmarging breathing. In our workT@ble S}, we found that ave-layer
materials Kigure 4. We found that latex and nitrile rubbers structure of PP-4 after charging can acHieston e ciency
were the most promising in increasing lthation e ciency, 50%. Although the medical face masks tested her&88%
and various other materials only had moderate (paper anttration e ciency) have a pressure drop of roughlg4®a,
wood) or negligible ect on charging the PP-4. Fortunately, the ve-layer structure can achieve a hidfnation e ciency
latex and nitrile are commonly used glove materials, whielmd pressure drop <10 Pa. Thisis particularly relevant, as there is
would make the frequent charging of the material relatively easgoncern in the sealing of both disposable medical masks and
from a user-application standpoint (i.e., rubbing the mask witthoth face coverings. We reiterate that thestion e ciencies
gloved hands before putting on). are only applicable if there is no leakage in the seals of the masks,

We note that recent work has also shown that face coveringsaefloosetting devices such as these coverings and medical
similar fabric materials to have repottegtion e ciencies of  masks do not have any gasket or titjny mechanism to

10 90%° The di erence between these results and ourensure a proper seal. The leakage of air around the seal areas is
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carried over in cloth face coverings that do not have any special States

form of sealing. When designing new facial coverings forYing Ling Lin World Health Organization, Geneva, CH 1211,
community use, it is advisible to make users aware of this risk Switzerland

and to design cloth face coverings with pressure drop across the. Selcen Kilinc-BalciCenters for Disease Control and

covering is as low as possible (Withtion e ciency as high as Prevention, National Institute for Occupational Safety and
possible), otherwise air contaminants (particulates, viruses, Health, Washington, DC 20201, United States

infectious droplets, etc.) will preferentialy through gaps Amy Price Stanford Anesthesia Informatics and Media (AIM)
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e ectiveness ofltration in a de facto form of respiratory Medicine, Stanford University School of Medicine, Stanford,
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