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Abstract 

 

There is paucity of data on the performance of different improvised materials to cope with the 

COVID-19 pandemic. The goal of this study is to evaluate the filtration efficiency and breathability 

of improvised filtration and commonly available mask materials, as well as to assess their 

reusability. Materials readily available to the general public such as cotton, fragrance and additive-

free dry baby cleaning wipes, and those abundantly available in the hospital setting, such as 

sterilization wraps, were chosen for testing, amongst others. In the COVID-important 2–5 µm 

particle range, two-layers of cotton provided filtration efficiency between 34%–66%.  Amongst 

potential filter materials, 300-weight sterilization wraps provided approximately 80% filtration 

efficiency and are readily available in the healthcare setting.  The addition of sterilization wrap to 

cotton fabrics brought the filtration efficiency to above that of the sterilization wrap (80%-90%) 

at the expense of added pressure drop. Four-layers of dry baby wipes performed very well with a 

filtration efficiency of 85% and a reasonable pressure drop (1/3 of procedure mask). Since the 

material is advertised as pure spunlace polypropylene and designed to contact the skin during 



cleaning, it would appear generally safe as a filter insert.  Of improvised filters, polypropylene 

electrostatic HVAC filters performed the best with filtration efficiencies of >99%, but are not 

recommended due to the risk of confusion with glass-based HVAC filters and uncertainty 

regarding trace materials used in the filter.  The filtration efficiency of two-layers of cotton fabrics 

with one-layer of sterilization wrap slightly improved over 10 laundry cycles, while the 

performance of other non-wovens, like dry baby wipes, degraded more rapidly and should be 

considered disposable.  In summary, we found that a two-layer cotton fabric can provide a 

comfortable, breathable and reusable option. The addition of a sterilization wrap or four-layers of 

pure spunlace fragrance free dry baby wipes can significantly improve filtration and block 

expiratory aerosols at the expense of an added pressure drop.   

KEYWORDS. particle filtration, improvised face mask materials, respirator, SARS-CoV-2, 

COVID-19  

 

Background 

SARS-CoV-2, the virus that causes COVID-19, emerged from an animal source but is spreading 

within the human population through expiratory aerosols and droplets from infected 

individuals.(“Modes of transmission of virus causing COVID-19” n.d.; Furukawa et al. n.d.) 

Individuals are thought to be most contagious when they are symptomatic. However, people may 

be contagious when they are pre-symptomatic during the incubation period of approximately 5 

days (median, 5.1 days; 95% CI: 4.5–5.8 days).(Lauer et al. 2020) Analysis of cases in Wuhan has 

shown that as many as 86% of people infected with COVID-19 did not present symptoms, but 

more than half of them were contagious (55%). That contagious population resulted in 79% of new 



infections.(Li et al. 2020) Breathing naturally, speaking, shouting, singing and coughing generate 

respiratory droplets that can transmit COVID-19.(Hamner 2020; Asadi et al. 2019) 

The use of face masks primarily serves to protect others by capturing and reducing the number of 

expiratory droplets and aerosolized particles that may contain the sub-micron sized virus that 

causes COVID-19. Although the mechanisms of COVID-19 spread continue to be investigated, 

patients sick with four common non-COVID-19 coronaviruses, exhaled virus containing droplets 

with a mean diameter of 5 µm.(Leung et al. 2020) Moreover, procedure masks block four types of 

non-COVID-19 Corona virus exhalations in actively sick patients.(Leung et al. 2020) 

Additionally, studies have shown that the most common droplet size threshold has a minimum of 

5 to 10 μm.(Howard et al. 2020; Morawska et al. 2009; Duguid 1946) So, capturing particles in 

the smaller 2-5 μm range before these droplets become aerosol particles due to drying is 

advantageous. If the large majority of the general population have access to comfortable, 

breathable and reusable face masks that can block expiratory aerosols and droplets, the wearers 

could potentially protect the public and reduce the spread of the virus.(Eikenberry et al. 2020; van 

Doremalen et al. 2020; Wang and Du 2020) 

United States authorities were slow to recommend the use of face masks among the general 

population due to shortages of commercially manufactured masks for the healthcare community,  

social stigma and potential targeting of those wearing masks in public, among other 

reasons.(Howard et al. 2020; ServickMar. 28 et al. 2020; Tufekci 2020; Hufford 2020) Community 

protection provided by face masks from COVID-19 is based upon both the efficiency of the face 

masks at reducing the number of expiratory droplets and aerosolized particles and the percent of 

the total number of people in that community wearing a face mask. A study of SARS-CoV-1 

patients in Hong Kong determined that frequent use of masks in social settings lowered the risk of 



transmitting the virus by 64%,(Lau et al. 2004) making a strong case for universal use of face 

masks during the current pandemic.(Eikenberry et al. 2020; Feng et al. 2020)  

Three organizations within the United States regulate the requirements for face masks. Whereas 

the Centers for Disease Control and Prevention/National Institute for Occupational Safety and 

Health (CDC/NIOSH) detail tests that qualify particulate respirators (e.g., N95, N99, 

N100),(“CDC - 42 CFR Part 84 Respiratory Protective Devices” 2020) the American Society for 

Testing and Materials (ASTM) and the Food and Drug Administration (FDA) detail standards to 

qualify surgical masks.(“ASTM Standards & COVID-19” n.d.) Based on ASTM F2100, medical 

face mask material performance is established via testing for bacterial filtration efficiency, 

differential pressure, sub-micron particulate filtration efficiency, resistance to penetration by 

synthetic blood, and flammability.(“ASTM Standards & COVID-19” n.d.) However, the FDA 

Guidance for face masks during the COVID-19 public health emergency has waived compliance 

to such regulatory requirements for “medical face masks that are NOT Intended to Provide Liquid 

Barrier Protection”, as long as no claim is made regarding particulate filtration efficiency, 

antimicrobial or antiviral protection of such face masks.(Health 2020; F23 Committee n.d.)  

The goal of this study is to quantify the filtration performance of different commonly available 

mask materials in combination with and without filters along with assessing their breathability and 

reusability. This information is anticipated to add to the understanding of different improvised 

mask materials.(Konda et al. 2020; Davies et al. 2013; Rengasamy et al. 2010) Tested filter 

materials were drawn from those available to the general public and within hospitals. Particle 

filtration efficiency (PFE) and resistance to flow were measured.   The ideal mask during this 

COVID-19 pandemic would have high particulate efficiency, low pressure drop or flow resistance, 

and would be washable and reusable. 



Results/Discussion 

We assessed the particle filtration efficiency (PFE) in ambient air of selected cotton fabric and 

improvised nonwoven polymer filters (Supplemental Table 1). Materials were chosen based on the 

availability to the general public and within hospitals, the recommendations of the CDC,(CDC 

2020a) relative durability and reusability.  

Figure 1a presents cotton fabrics and other biocompatible filter materials tested while Figure 1b 

presents the tested filter materials of unproven biocompatibility. All the materials tested are readily 

available in the hospital setting and/or to the public. To capture the variability for each category 

of materials, the maximum to minimum PFE ranges are presented against particle size for single 

and double-layer cotton fabrics, single-layer sterilization wrap (CH300; Cardinal Health, Inc., 

Dublin, OH), fragrance and additive free dry baby wipes (Medline Ultrasoft1013), unscented dry 

floor wipes (Swiffer, P&G, Cincinnati, OH), and polymeric HVAC (Heating, Ventilation, and Air 

Conditioning) filters (3M FiltreteTM 1500 & 1900, St. Paul, MN). Table 1 presents the PFE range 

of all tested materials across the broad particle size of 0.3–10.0 µm.  

The range of PFE for single-layer cotton fabrics varied across different particle sizes (Table 1, 

Figure 1a). The performance was thought to be influenced by fabric weight, thread count and 

variable porosity of fabric weaves.  Though trends were not readily visible, a recent study by 

Kondo et al. suggested that cotton performs better at higher thread count.(Konda et al. 2020) The 

PFE of these fabrics increased with increasing particle size. Similar trends were also observed 

when the cotton fabric was tested in double-layers. (Figure 2). 

 The PFE for a single-layer of improvised filter material (CH300) was higher than the cotton 

fabrics tested. The PFE of dry baby wipes was also significantly higher than the single-layer cotton 



fabric and the PFE continued to increase with subsequent increase in the layers of material (Figure 

1a). Amongst the unproven biocompatible filter materials, HVAC filters had the highest PFE, 

followed by unscented dry Swiffer floor wipes. (Figure 1b).  

  

Figure 1: Comparison of particle filtration efficiency vs particle bin size for (a) single-layer cotton 

fabrics, sterilization wrap material samples (SW300), and multiple layers of spunlace 

polypropylene (fragrance and additive free dry baby wipes), and (b) for various commonly 

available materials with unproven biocompatibility (polymeric HVAC filters, dry floor sweeping 

wipes). Measurements were performed at a face velocity of 2 cm/s. Numbers next to the material 

refers to the number of layers.  Refer to Supplemental Table 1 for additional information on the 

materials. 

 

 

 



 

 

 

Table 1: PFE’s of all materials tested (Not stratified), * indicates unproven biocompatibility 

 

Figure 2 illustrates the filtration efficiency stratified by particle size for various combinations of 

two cotton layers by themselves, two cotton layers with a sterilization wrap, two layers of cotton 

with four-layers of dry baby wipes, as well as for N95 respirator (3M Particulate Respirator 8210) 

and procedure mask (McKesson Procedure Mask Earloop (MFR# 91-2002) ASTM F2100-11 

Level-1). PFE was tested for two cotton layers (representing a cotton face mask) and two cotton 

layers with one filter layer (CH300, representing a cotton face mask with a filter). The PFE with 

Tested Material PFE Range 0.3– 10 µm  
Single-layer of Cotton Fabric 4% – 60%,  
Two-layers of Cotton Fabric 15% – 82% 
Single-layer of 300 weight sterilization wrap (CH300) 36% – 96%.  
Two cotton layers with one 300 sterilization wrap (CH300)  41%–97%  
Dry fragrance and additive free baby wipes  
(Medline Ultrasoft1013):  

1-layer 27% – 65% 
2-layers 43% – 86% 
4-layers 64% – 93% 
6-layers 76% – 98% 

Polymeric HVAC Filter-A & B  
(3M Filtrete 1500 or 1900)* 94%-99.6% 
Unscented dry floor wipes  
(P&G unscented Swiffer dry wipes)* 47%-89% 

1-layer 27 % – 68% 
2-layers 47 % – 89% 
4-layers 72 % – 97% 
6-layers 84 % – 98% 

NIOSH N95 Respirator (3M Particulate Respirator 8210)  >99% 
ASTM F2100-11, Class 1 Procedure Mask 
 (McKesson Procedure Mask Earloop, MFR# 91-2002)  >99% 

a)            b)



two cotton layers improved compared to single-layer cotton fabric. The performance of two cotton 

layers varied widely. The addition of any of the tested filter materials to two cotton layers increased 

the PFE significantly in comparison to two cotton layers alone. The N95 Respirator and procedure 

masks exhibited >99% PFE at all particle bin sizes.  

 

Figure 2: Comparison of filtration efficiency vs particle bin size for two layers of cotton and 

combinations of cotton with a sterilization wraps (CH300), four layers of dry baby wipes (Medline 



Ultrasoft1013), or two layers of dry floor wipes, as well as an N95 Respirator (3M Particulate 

Respirator 8210) and an ASTM F2100-11 Class-1 Procedure Mask (McKesson Procedure Mask 

Earloop, MFR# 91-2002).  

 

Figure 3 illustrates the filtration efficiency and breathability of various mask and filter 

combinations, in the form of plots of PFE versus drop in pressure exiting the mask (face velocity) 

at particle bin sizes of 2.0–5.0 µm (where the PFE was taken at 2 cm/s and the pressure drop was 

taken at 6.8 cm/s face velocities). The PFE versus pressure drop for other bin sizes is included in 

(Supplemental Figure 1).  Of interest, the increase in performance when sterilization wrap is added 

to the highest PFE cotton pair vs the lowest PFE cotton pair is modest and at the expense of 

breathability (pressure drop).  Moreover, the filtration efficiency per unit pressure drop is greater 

for the filter materials than the cottons.  The pressure drop, filtration and comfort of these materials 

in a mask depends on the particular mask design and its fitment to the user, which are outside the 

scope of this study. 

 

 



 

Figure 3: Representation of PFE vs pressure drop at particle bin sizes of 2.0–5.0µ m, with the 

PFE measured at a face velocity of 2 cm/s, and pressure drop measured at a face velocity of 6.8 

cm/s; Unproven biocompatible are denoted by a red asterisk (*). Supplemental Figure 1 shows 

the results for other bin sizes from 0.3–10µm. Refer to Supplemental Table 1 for details on the 

materials, including microscopy. 

 



PFE results of various unwashed, and washed and dried samples are illustrated in Figure 4.  Figure 

4 shows similar progression in filtration efficiency for cotton samples with one filter layer. 

Noteworthy is that larger PFE was noted for sterilization wrap with two-layers of cotton after 10 

washing and drying cycles.  

 

 



Figure 4: Comparison of filtration efficiency change vs particle bin size for various unwashed, 

and washed and dried fabric samples; each sample contained two-layers of cotton fabric and one-

layer of 300 weight sterilization wraps. The error bars for the reference and 5X samples represent 

the sample-to-sample range among 4 homemade cotton masks with SW300 that were subsequently 

washed and dried with the household laundry. The 10X curve was the results from a single 

household’s washing and drying cycling. 

The washing study for the baby wipes, polymeric HVAC filters, and dry floor wipes was 

performed only in one household’s washer and dryer, so it has lower statistical power, however, 

some useful observations were made in this limited study (Supplemental Figure 2).  Electrostatic 

polymeric HVAC filters reduced performance by nearly half at the smallest particle size upon 

washing.  Four-layers of baby wipes (Medline dry cleaning wipes, ULTRASOFT1013) diminished 

in performance after 5 cycles, and the HVAC Filters, dry baby wipes, and unscented floor wipes 

all degrade significantly by 10 cycles, so they should be considered disposable.   

Conclusions 

The present need for acceptable materials for use in face masks worn by the general public and by 

medical workers is unprecedented. The materials must adequately filter expiratory aerosols and 

droplets that might contain SARS-CoV-2 and, by so doing, decelerate the spread of COVID-19. 

Optimal materials have high particulate filtration efficiency and—ideally—are comfortable, are 

washable without filtration degradation, and have good breathability.  

The expected shortage of such “filtering facepiece respirators” in the event of a pandemic was 

articulated 10 years ago by Rengasamy et al.(Rengasamy et al. 2010)  Rengasamy et al. tested 

improvised materials (cloth masks, sweatshirts, t-shirts, towels and scarfs), and the values 



generally agree with our observed values for cloth masks.  Rengasamy et al. found filtration 

efficiencies for fabric materials of 3-33% at the 1 µm particle size, which agrees relatively well 

with our results.  Recently, Konda et al. found very good filtration with some cotton fabrics at 

small particle sizes, ie, < 5 µm (many PFE >90% in the 1–5 µm range), unlike our tests.(Konda et 

al. 2020)  Our testing focused on readily available cotton fabrics with relatively low thread counts 

that demonstrated good qualitative breathability and washing and drying performance, but 

demonstrated lower filtration performance for small aerosols (< 5 µm). This accounts for the 

variability seen with the different cotton fabrics used in our testing. 

Charged meltblown polypropylene (1-1.5 µm diameter) is the primary filtration layer for medical-

grade masks, as the trapped electrostatic charge, called an electret, helps capture particles and 

aerosols.(Tsai et al. 2002; Tsai and Wadsworth 1995) We chose materials that were known to be 

made of polypropylene and that were readily available, like sterilization wraps and HVAC filters 

(the latter being polymeric and not the type containing glass fibers), and polypropylene spunlace 

additive free baby wipes. As noted in Figure 3, materials like unscented dry Swiffer wipes, 3M 

FiltreteTM HVAC filters are accessible to the general public, but have unproven biocompatibility.  

The most promising hospital-available material we tested was polypropylene sterilization wraps, 

which are designed to have both air permeability and microbial barrier functionality.(Kiang 2018) 

As such, sterilization wraps are presumed to be both functionally similar, brand-to-brand, and are 

available and stocked in most hospitals for wrapping surgical instruments during sterilization and 

protecting instrument sterility following removal from the autoclave.(“Choosing a Sterilization 

Wrap for SurgicalPacks” n.d.) Sterilization wraps today are generally made of spunbond-

meltblown-spunbond laminates (SMS) and have a fine layer of spunbond polymer that acts as a 

fine filter.(Brock et al. 2006) The sterilization wraps tested in the current study were Cardinal 



Health CH300, because large quantities of these wraps were readily available at Intuitive 

Foundation.  As all sterilization wraps have to keep medical instruments sterile after packaging, 

must meet certain regulatory standards,(Kiang 2018; “FDA Recognized Consensus Standards for 

Containment devices for reusable medical device sterilization” n.d.; “CFR - Code of Federal 

Regulations Title 21, 880.6850 - Sterilization wrap” n.d.) and are generally made of similar non-

woven SMS material, similar levels of performance would be expected from other brands of 

similar weight. The CH300 wraps come in double-layer configuration, but the two separate layers 

were functionally identical and differed only in color.  

Another promising solution is several layers of additive free dry baby wipes (spunlace 

polypropylene filter).  These had very high filtration performance and relatively small pressure 

drop.  Because this material is already safe for skin contact and marketed as free of fragrances and 

additives, it would generally appear safe to use between two cotton layers in a mask.  The spunlace 

process takes a fine web of loose fibers and bonds them with a high-powered water jet through the 

resulting friction.(Evans 1969)  In a limited washing and drying study, the dry baby wipes PFE 

degraded and should be treated as disposable.  

Unscented dry floor wipes (Swiffers) are primarily polyethylene, as determined by FTIR (fourier-

transform infrared spectroscopy), and develop an electrostatic charge upon rubbing on a dissimilar 

material like cellulose (e.g., the triboelectric effect).(Dyer et al. 2011; “Electrostatic Forces: The 

Secret to Swiffers’ Swiftness | Trent’s Physics” n.d.) The filtration efficiency of the dry floor wipes 

increased immediately and significantly after rubbing on a wood/cellulosic surface for about a 

minute, but all tests shown in the text are for wipes that have not been charged for at least 4 hours. 

If there were a face mask design that could continually triboelectrically charge the Swiffer due to 

rubbing of a cotton liner with the Swiffer, the efficiency would further increase.  The polymeric 



electrostatic HVAC filters performed very well, are made primarily of polypropylene (FTIR) and 

are thought to have an embedded electret from electrospraying the polymer or corona discharge 

treatments.(Tsai et al. 2002; Tsai and Wadsworth 1995)   

Electrostatic HVAC filters had a large degradation with washing and drying, especially at the 

smallest particle size.  This is hypothesized to be due to the neutralization of electrostatic charge 

on the fiber network.(Seugnet 1978) Dry baby wipes degraded as well, but due to changes in the 

network morphology.  Dry floor wipes seemed to maintain performance for 5 wash and dry cycles, 

but suffered degradation, even at larger bins with subsequent washing.  This was attributed to 

pilling and deformation of the non-woven cloth which created gaps that allowed particles to pass.  

Because the reusability study for the dry baby wipes, dry floor wipes and HVAC filters was 

conducted in just one household’s washer and dryer without other household laundry, unlike the 

cotton mask and sterilization wrap reusability study that was conducted in four households with 

regular laundry, we cannot as accurately anticipate the degradation behavior of these materials, 

and consider them disposable at this time.     

Although unscented dry floor wipes and polymeric HVAC filters appear to be primarily PET 

(polyethylene) and PP (polypropylene), respectively, the possibility of trace materials or that the 

fine fiber forms of these materials that could be irritating or hazardous prevents us from making a 

recommendation for these materials at this time.  If the material is proven biocompatible and used 

as a filter in a face mask, the material should be held within a liner to avoid direct skin contact.  

Moreover, because some HVAC filters are made of glass fibers, the use of HVAC filters for face 

mask applications are not recommended. 



Although certified N95 respirators and ASTM F2100 procedure masks are preferred to improvised 

masks due to their standardized high filtration efficiency, improvised masks can provide relatively 

good filtration performance and can significantly reduce aerosols in the >2 µm range.  The cottons 

tested had a wide range of filtrations, and the filtration efficiency was not readily predictable based 

on the specifications provided from retailers and suppliers.  If a filter is going to be used with a 

cotton mask, low flow resistance cotton layers that keep the pressure drop close to or below 

procedure masks is recommended, as the filtration efficiency is dominated by the filter.   

The key observations from our testing include: The two-layer cotton fabric can provide a 

comfortable, breathable and reusable option that can block many expiratory droplets and possibly 

aerosols from wearers, potentially protecting the public and reducing the spread of the virus. The 

addition of a filter layer such as a sterilization wrap can significantly improve filtration and block 

expiratory aerosols at the expense of an added pressure drop. Pairing the filter layer with low flow 

resistance cottons would be most beneficial to maintaining a low pressure drop and a high PFE.  

Large flow resistance is undesirable because it leads to greater leakage of unfiltered air around the 

mask’s seal to the face. Flow resistance can also lead to the sensation of back pressure, can make 

masks uncomfortable, hot, and for an individual with an underlying pulmonary or cardiovascular 

disorder, dangerous to wear.(Burki 1981; Campbell et al. 1980; Killian et al. 1980; Gottfried et al. 

1978; Wiley and Zechman 1966; Silverman et al. 1951) Of the improvised filter materials tested, 

sterilization wraps present better filtration performance compared to cotton fabric alone and are 

biocompatible. This material can be washed and dried at least 10 times without impacting PFE 

performance. Several layers of dry additive free baby wipes (spunlace polypropylene) performed 

well, and should have a good safety profile, as they are designed for contacting skin, but are not 



as reusable.  While very effective, polymeric HVAC filters and dry floor wipes cannot be 

recommended at this time due to an incomplete picture of their safety profile.   

Methods/Experimental 

Face Masks and Filter Inserts 

Because face masks intended for use by the general public should be durable and washable, 100% 

cotton fabric was chosen for the inner and outer layers. High thread count, tight weave and 

reasonable weight, characterize a cotton mask that is effective in both particulate filtration and 

breathability. Supplemental Table 1 highlights all the different cotton fabrics chosen for the testing. 

The cotton fabric was tested both in single-layer and in dual-layer. The WHO recommends a 

combination of materials that includes a hydrophilic inner layer and a hydrophobic middle and 

outer layer.(“When and how to use masks” n.d.) Hydrophilic layers can better capture water 

droplets, while hydrophobic layers can increase comfort and provide liquid barrier protection. It is 

not our intention to create medical face masks that meet liquid barrier protection (eg protection 

against liquid blood squirts). While measuring the contact angle of these materials is outside the 

scope of this study, the cotton fabrics were all hydrophilic, and the polymeric filter materials (PP 

& PET) were hydrophobic.   

Improvised face masks can be designed to accommodate a permanent or removable nosepiece and 

filter insert. Various filter media were sourced and tested to assess their PFE scores and their 

breathability (Table 2 and Supplemental Table 1). Nonwoven polypropylene, as used in N95 

respirators and HVAC filters, is a commonly used filter medium and it can be meltblown into fine 

fibers. In addition, nonwoven polypropylene’s large fiber surface area can be charged during 

manufacturing to electrostatically trap and/or mechanically filter particles. The high demand for 



N95 masks has disrupted the manufacturing stream of polypropylene filter material during the 

COVID-19 pandemic. While nonwoven polypropylene is commonly used in numerous everyday 

residential and medical applications, (baby wipes, household HVAC filters, medical sterilization 

wraps, reusable grocery bags) and can be easily sourced and repurposed, many lack the electret 

charge that contributes to their high filtration capabilities.  Some of these readily available 

materials may undergo intentional charging (e.g., polymeric HVAC filters), while other consumer 

products may undergo anti-static processing and/or contain anti-static additives. Materials chosen 

include those with unproven biocompatibility like unscented dry floor wipes and HVAC filters 

(polymeric, non-glass) amongst others (Supplemental Table 1) as well as generally regarded as 

biocompatible materials like sterilization wraps (CH300) and fragrance and additive free baby 

wipes. These materials intended for filter inserts were tested in single-layer and when appropriate 

based on the pressure drop, in multiple-layers. Both the face mask and filter insert materials were 

tested for particulate filtration efficiency, breathability and reusability.   

Table 2: Summary of Cotton Fabrics.  Additional information for all materials is in 

Supplemental Table 1.   

Broadcloth 
Broadcloth Fabric  

(Umbrella print, 60X60 
TPI, 4.5 oz/sq yard) 

100% Cotton 

Flannel 

Flannel, Double Napped 
Fabric  

(White, 68X68 TPI, 
 4.0 oz/sq yard) 

100% Cotton 

Cotton Spandex 
Cotton Spandex  

(Black, 52X70 TPI,  
5.0 oz/sq yard) 

97% Cotton / 3% Spandex 



Poplin 
Poplin Fabric  

(Pink, 100X100 TPI, 
 4.0 oz/sq yard) 

100% Cotton 

Jersey 
Jersey Fabric  

(White, 60X60 TPI,  
6.5 oz/sq yard) 

100% Cotton 

Sateen Sateen (White, 95X56 TPI, 
7.0 Oz/sq yard) 100% Cotton 

Plain Plain (Ivory, 60X60 TPI,  
4.0 oz/sq yard) 100% Cotton 

 

 

 

Setup for Filtration Particle Count  

        The test used in this study to determine particulate filtration efficiency of face mask 

materials was adapted from ASTM F2100.(F23 Committee n.d., p. 23)   



 

Figure 5: (a) Schematic of the filtration efficiency test apparatus, (b) Schematic of the pressure 

drop test apparatus.   

The PFE was measured at a face velocity of 2 cm/s (within velocity range specified by ASTM 

F2100 of 0.5–25 cm/s).  Air is drawn through the filter media via a high-speed rotary pump 

(Thomas, G3/04EB). The number of particles before and after the sample filter were sensed with 

a 6-bin particle analyzer (HAL-HPC60, Hall Technology, Fontana, CA).  

All the samples considered for the experiment were tested for four times, each with a 3-min 

observation of ambient air, filtered air and ambient air, in that order (12 minutes for each). The 

number of ambient air particles counted between 0.3–0.5 µm, 0.5–1.0 µm, 1–2 µm, 2–5 µm, and 

5–10 µm, >10 µm over a 12 minute observation were approximately 270,000, 40,000, 7,000, 4650, 

550, 1000 particles, respectively.  

Filtration efficiency was calculated by comparing the quantity of particles in the incoming air to 

the quantity of particles in the post-filtered air according to the following equation:                



PFE (%) = 	100 %1 − Post-Filtered Particle Count
Pre-Filtered Particle Count

'.      

The uncertainty in the mean was calculated using a 95% two-tailed confidence interval based on a 

student-t distribution. The confidence limits for PFE were calculated via two methods, and the 

greater of the two has been reported: 1) A student-t distribution was used to estimate the confidence 

limit as PFE+++++ ± 𝑡 !
√#
, where 𝛿 is the measured mean PFE, n is the number of observations, and t is 

the student-t distribution statistic based on n-1 degrees of freedom.  2) The arrival of particles were 

assumed to obey a Poisson distribution, where a 95% confidence interval in the number of particles 

pre-filter and post-filter are 𝑈𝐶𝐿 =
χ!"#$

% ,%('())
%

2
5  and lower confidence limit 𝐿𝐶𝐿 =

χ!&#$
% ,%'

%

2
5 , 

where C is the observed number of counts, 𝐶𝐼 is the confidence interval, and χ%  is the Chi-squared 

function.(O’Shaughnessy and Schmoll 2013)  

The challenge particles for these experiments are naturally occurring particles in indoor ambient 

air. Although ambient air provides less control and standardization over the input particle size and 

composition compared to latex or NaCl challenge particles,(“CDC - 42 CFR Part 84 Respiratory 

Protective Devices” 2020; F23 Committee n.d., p. 42) the filtration of naturally occurring particles 

should be a representative placeholder for respiratory particles and is widely used for quantitative 

mask fitting (e.g., TSI PortaCount).  Filtration tests with latex microparticles (1.1 µm) were 

performed on select samples and compared with the naturally occurring aerosol measurements.  

The ambient particle PFE percent error relative to the latex challenge particles 

(𝑃𝐹𝐸+,- − 𝑃𝐹𝐸./012) 𝑃𝐹𝐸./012⁄  was 0.03% for the N95 and 5.5% for the CH300 at 1-2 µm (see 

SI for complete details).  

Resistance to Flow 



The resistance to flow of the fabrics was assessed by sending air from a dry diaphragm compressor 

(DOA-P704, Gast Manufacturing, Inc., Benton Harbor, MI) across a 19.5 cm2 circular sample, 

while measuring the pressure drop with a differential pressure sensor (ADM-850L, Shortridge 

Instruments, Inc., Scottsdale, AZ). The flow was controlled using a flowmeter/controller (RMA-

22, Dwyer Instruments, Inc., Michigan City, IN) at 8.0 ± 0.5 L/min.  This equates to a flow velocity 

of 6.8 cm/s, which is at the lower range of mouth breathing airspeeds, but could be in the range of 

mask face velocities depending on the surface area of the mask.(Tang et al. 2013) All the samples 

had their pressure drop measured at least 10 times, 1 second apart. The uncertainty of the pressure 

measurements was estimated with 3
√#

, where 𝜎 is the standard deviation and n is the number of 

measurements.  The percentage uncertainty for all masks was less than 4%.   

Reusability 

Samples were washed and dried in residential clothes laundries by four individuals using their 

choice of detergent, wash cycle, and dryer cycle, except for the dry baby wipes, dry floor wipes, 

and HVAC filters, that were washed by one individual. The washing procedure follows the World 

Health Organization and the Centers for Disease Control recommendation that masks for laypeople 

be disinfected using household laundry.(CDC 2020b; “When and how to use masks” n.d.) It is 

well known that the surfactancy of soap can inactivate the capsid coating of viruses.(Liu et al. 

2010; Grayson et al. 2009; Contreras et al. 1999) Samples were then tested for particulate filtrate 

efficiency after 5 and 10 cycles. The resistance to flow was not re-assessed after the materials were 

washed.  
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