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ABSTRACT 

 

As COVID-19 pandemic has caused more than 24 million confirmed cases globally (as of August 28th, 2020), it is critical 

to slow down the spreading of SARS-CoV-2 to protect the healthcare system from overload. Wearing a respirator or a mask 

has been proven as an effective method to protect both the wearer and others, but commercially available respirators and 

masks should be reserved for healthcare workers under a currently desperate shortage. The use of alternative materials 

becomes an option for the general public to make the do-it-yourself (DIY) masks, with their efficacy seldom reported. In 

this study, we tested commercial respirators and masks, furnace filters, vacuum cleaner filters, and common household 

materials. We evaluated the materials’ fractional filtration efficiency and breathing resistance, which are primary factors 

affecting respiratory protection. To compare the efficiency-resistance tradeoff, the figure of merit of each tested common 

material was also calculated. Filter media with electrostatic charges (electret) is recommended due to its high efficiency with 

low flow resistance; multiple-layer household fabrics and sterilization wraps are acceptable materials; a coffee filter is 

inadvisable due to its low efficiency. The outcome of this study can not only offer guidance for the general public under the 

current pandemic but also suggest the appropriate alternative respiratory protection materials under heavy air pollution 

episodes. 
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INTRODUCTION 

 

COVID-19 was characterized as a pandemic by World 

Health Organization (WHO) on March 11, 2020, and it is a 

global challenge for the world. As an infectious disease that 

is mainly transmitted through droplets, the appropriate 

respiratory protection could protect the healthy population 

from infection (NASEM, 2020; WHO, 2020b). Respiratory 

protection is especially critical for frontline healthcare workers, 

who need to contact COVID-19 patients directly. When one 

wears a mask, the mask can help reducing virus spreading by 

capturing most of emitted droplets during speaking, sneezing, 

and coughing (van der Sande et al., 2008; Rengasamy et al., 

2010; Davies et al., 2013; Anfinrud et al., 2020; Greenhalgh 

et al., 2020); on the other hand, the mask can offer effective 

protections by filtering virus-laden particles in the air 
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(Johnson et al., 2009; Lai et al., 2012; Zuo et al., 2013; Leung 

et al., 2020b; Wang and Yu, 2020). Therefore, the priority 

is to ensure that frontline healthcare workers are protected 

well. However, the COVID-19 pandemic has led to the 

personal protective equipment (PPE) shortage, especially 

the respirators and masks. Therefore, various efforts have been 

paid to allocate available respirators and masks inventory for 

frontline healthcare workers, including decontamination 

(Liao et al., 2020; Ou et al., 2020). 

As COVID-19 is infectious, it is critical to curbing the 

spread to protect the healthcare system from overload, so-

called flattening the curve. It has been found that 

asymptomatic infected people and pre-symptomatic infected 

people could be potentially infectious sources (CDC, 2020a; 

National Health Commission and National Administration 

of Traditional Chinese Medicine, 2020). On the other hand, 

it is equally important for the general public to wear masks 

or equivalent face coverings to slow down the spread of the 

virus (CDC, 2020c, National Health Commission, 2020). As 

many states are re-starting and social activities are recovering 

in the United States, many governors across the country 

issued orders requiring face coverings when social distancing 

is unable to maintain (Littler Mendelson, 2020). WHO updated 

its advice on the masks use on June 5, which encourages the 
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general public masking when physical distancing cannot be 

maintained (WHO, 2020a).  

However, it has been an ongoing debate about whether 

universal masking is necessary. As early as Mar 2nd, 2020, 

there is a correspondence on the Lancet, discussing the 

necessity of wearing masks in community settings and 

mentioning that WHO was not recommending it due to lack 

of evidence. Authors emphasized that “absence of evidence 

of effectiveness should not be equated to evidence of 

ineffectiveness, especially when facing a novel situation 

with limited alternative options” (Leung et al., 2020a). A 

similar concern was also raised by Morawska and Cao (2020), 

where authors called on considering the possible airborne 

transmission. On July 6th, 239 scientists signed an open letter 

to the WHO to address the airborne transmission of COVID-

19, which is published in Clinical Infectious Diseases 

(Morawska and Milton, 2020). Later, WHO announced in a 

press conference that WHO plans to update its guidelines 

recently. This discussion brings up the question that how 

respirators and masks can protect wearers from the possible 

airborne transmission of COVID-19. 

Whereas, considering the current desperately shortage of 

commercially available masks and respirators, the use of 

common materials to substitute masks for the general public 

is the only option, such as scarves and bandanas. Also, the 

Centers for Disease Control and Prevention (CDC) offers 

the tutorial for homemade masks (CDC, 2020c). It has been 

studied that homemade masks could not only protect the 

others from the wearer by reducing the amount of the 

respiratory droplets exhaled from the wearer but also offer 

protection to the wearer from inhaling virus attached particles 

(Cooper et al., 1983; van der Sande et al., 2008; Rengasamy 

et al., 2010; Davies et al., 2013; MacIntyre et al., 2015; 

Anfinrud et al., 2020; Bae et al., 2020; Howard et al., 2020; 

Konda et al., 2020; Leung et al., 2020a; Mueller et al., 2020; 

Prather et al., 2020; Zhao et al., 2020). However, common 

fabrics, such as T-shirts, cotton cloth, were the most often 

used materials, which is not as good as commercial masks 

(CDC, 2020b) How the general public could make good use of 

common materials to improve their homemade masks? In this 

article, we tested several common materials besides common 

fabrics to help the general public to protect themselves and 

people they interact with. It is worth noting that conclusions 

drawn from this study can offer guidance for the general public 

under the current pandemic. They can also be generalized to 

do-it-yourself (DIY) air pollution protection gears when 

commercial respiratory protection equipment is not available. 

 

METHODS 

 

Respirators and masks efficiency and breathability are 

key performance factors, associated with the filtering 

effectiveness and the breathing resistance of a respirator or 

a mask. In this study, the fractional filtration efficiency and 

the pressure drop across the filter media were measured.  

Air filtration is not as simple as sieving, and there are 

several filtering mechanisms, including inertial impaction, 

interception, diffusion, electrostatic deposition, etc. With 

different filtration mechanisms dominating particle size less 

than 0.1 µm or particle size in the range of 0.3–1 µm, overall 

fractional filtration efficiency curve will be a U-shape (Spurny, 

1986; Yang, 2012; Ou et al., 2017). The particle filtration 

efficiency strongly depends on the particle size (Spurny, 

1986; Ou et al., 2017). The fraction filtration efficiency is 

defined as the number of particles of a given size penetrating 

the filter medium, divided by the total number of particles 

challenged on it. 

The fractional filtration efficiency was reported in this 

study for comparing the performance of common materials 

with commercial respirators/masks and to screen potential 

candidate materials. The particle size with the least efficiency 

of the filter is the most penetrating particle size (MPPS), 

which depends on filter material itself as well its operating 

conditions. For the filter without electrical charges (so-called 

the mechanical filter, e.g., glassfiber HEPA media, engine 

intake filter media), the MPPS is about 0.1–0.3 µm. For the 

filter with electrical charges (so-called the electret filter, 

e.g., some furnace filters, N95) the MPPS is around 0.1 µm 

or less. Common household materials that are not designed 

for filtration can have MPPS larger than 0.3 µm. Fractional 

filtration efficiency reported in this study was from 0.03 µm 

to 1 µm, which covers possible MPPS of most of materials 

tested and offers the size-resolved material efficiency. 

The pressure drop of filter media is a measure of the 

breathing resistance. The pressure drop across a filter media 

is proportional to the face velocity with which the fractional 

filtration efficiency is also correlated. Hence, to compare 

common materials fairly, the same face velocity should be 

used. In this study, we tested all materials at 10.5 cm s–1. 

This face velocity is calculated from 85 L min–1 flow rate 

and 135 cm2 filtration area. The flow rate of 85 ± 4 L min–1 

is used by the National Institute for Occupational Safety and 

Health (NIOSH) to certify N95. The filtration area of 

135 cm2 is the lower end filtration area of commercial N95s. 

The lower filtration area results in a higher face velocity, which 

adversely affects the filtration efficiency. Hence, efficiency 

measurements in this study are conservative, representing 

the worst conditions that may occur. In this study, we used 

a differential pressure gauge (Dwyer, Michigan City, IN) to 

measure the pressure drop across the testing filter media. To 

ensure the stable and accurate filter face velocity and 

flowrate, several mass flow controllers (MKS Instruments, 

Inc. Andover, MA) controlled the flow in the fractional 

filtration efficiency measuring system. 

There are different test standards for respirators and 

masks. NIOSH tests respirators according to 42 CFR part 84 

(Office of the Federal Register, 1995). The challenging particle 

is neutralized NaCl, whose count median diameter is 0.075 

± 0.020 µm and the geometric standard deviation is less than 

1.86. The testing flow rate is regulated to 85 ± 4 L min–1 for 

one respirator. For the surgical mask, ASTM and FDA have 

different testing protocols for particle filtration efficiency 

and bacterial filtration efficiency. In general, the challenging 

particle of particle filtration efficiency is latex spheres, and 

the face velocity is defined in a broad range from 0.5 cm s–1 

to 25 cm s–1. FDA guidance document for surgical mask 

510(k) calculates the particle efficiency by 0.1 µm latex 

spheres (FDA, 2003), while ASTM F2299 claimed a particle 
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size range from 0.1 to 5.0 µm (testing by monodisperse 

particles) (ASTM International., 2017). As for bacterial 

filtration efficiency, the FDA follows ASTM F2101 to test 

surgical masks (ASTM International, 2019). Staphylococcus 

aureus bacteria are used with the mean particle size at 3.0 ± 

0.3 µm. The testing flow rate is 28.3 L min–1. This study 

used the NIOSH protocol as a reference. 

Electron micrographs of SARS-CoV-2 particles show that 

they are generally spherical, and their diameter is around 

0.06 to 0.14 µm (Zhu et al., 2020). The respiratory generated 

droplets could be several micrometers or larger, which will 

then evaporate to a smaller nucleus (Morawska, 2006; 

Morawska et al., 2009; Gralton et al., 2011; Bourouiba et 

al., 2014; Scharfman et al., 2016; Anfinrud et al., 2020; 

Bourouiba, 2020; Morawska and Cao, 2020). Therefore, the 

fractional filtration efficiency in this study (0.03 µm–1 µm) 

covered the size range for both the MPPS of common filter 

media and the SARS-CoV-2 particle cluster size range. The 

material filtration efficiency at its MPPS or SARS-CoV-2 

size could offer a conservative evaluation of the material 

used. It is worth noting that as aforementioned, the fractional 

filtration efficiency curve is a U-shape, even the largest 

particle size used in this study is only 1 µm, the fractional 

filtration efficiency of several micrometers particle could be 

inferred to be higher than the efficiency at 1 µm. Therefore, 

if the MPPS is confirmed, the lowest efficiency is found.  

This study did not test whole respirators/masks due to 

limited resources. Common materials tested in this study were 

not sewn, so all testing samples are cut to a 40 mm diameter 

disc to fit the filter holder. As aforementioned, the testing face 

velocity was kept the same as the whole respirators/masks 

testing, therefore the efficiency and pressure drop measurement 

are consistent. The filter holder used in this study hold the 

media by tightening the outside mounting nut, so it could adapt 

different materials’ thickness and seal around the sample.  

NaCl particles were selected as the challenging particle to 

align with the NIOSH testing protocols. NaCl submicron 

particles were generated by atomizing its solutions and then 

dried by a diffusion dryer. In this study, we measured the 

fractional efficiency with monodisperse NaCl particles, 

hence it is important to keep the particle number concentration 

high enough to get statistically meaningful efficiency 

measurement in the size range in this study (0.03 µm–1 µm). 

A pneumatic atomizer (TSI 3076, Shoreview, MN) was used 

in this study, with 0.4% volume concentration NaCl solution 

and 30 PSI (≈207 kPa) filtered compressed air. Fig. 1 shows 

the schematic diagram of the testing apparatus, which is the 

same as the one used in Ou et al. (2020). 

The efficiency of filter media may change after challenging 

particles loaded on it, which could be mitigated by reducing 

the amount of the particles deposited on the filter media. 

However, the number concentration at the upstream should be 

high enough so that the efficiency measurement is statistically 

meaningful. Since we are measuring the fractional filtration 

efficiency, which allows us to measure the efficiency of a 

certain particle size at one time. By allowing only 

monodisperse particles with the size being measured to 

reach the filter, the loading effect could be mitigated and the 

number concentration is high enough at the same time. An 

Electrostatic Classifier (TSI 3080, Shoreview, MN) with a 

long Differential Mobility Analyzer (TSI 3081, Shoreview, 

MN) classified the NaCl particle to the desired size. A Po-210 

Staticmaster®  Alpha Ionizer (NRD, LLC. Grand Island, NY) 

neutralizer brought the challenging particles to the Boltzmann 

charge equilibrium. The test filter was then challenged by 

neutralized monodisperse NaCl particles with a certain 

amount of dilution air to meet the face velocity requirement. 

An Ultrafine Condensation Particle Counter (UCPC, TSI 

3776, Shoreview, MN) was connected to the upstream and 

downstream of the filter holder by a pneumatic switching 

three-way valve to measure corresponding concentrations. 

The fractional filtration efficiency is calculated by the 

formula below. 

 

,

,

  1
blank downdown

up blank up

CC
Fractional Filtration Efficiency

C C
   

 (1) 

 

Cdown and Cup are the UCPC concentration measurement at 

 

 

Fig. 1. Schematic of the fractional efficiency measurement setup. 
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the upstream and downstream of the filter holder, respectively. 

Cblank,down and Cblank,up are concentration measurements 

without the test material in the filter holder, accounting for 

the system particle loss. Theoretically, Filter penetration 

could be calculated from the ratio of the downstream particle 

concentration and the upstream concentration. Hence the 

filtration efficiency is calculated from one minus the 

penetration. However, in practice, there are some system 

loss in measurement. When filter sample is not in place, the 

system loss could be measured. The upstream and downstream 

sampling length, geometry, and port location could cause 

slight difference in Cblank,down and Cblank,up concentration 

readings. This formula is incorporated with system loss. 

Due to the time and resources constraint, all results reported 

in this article were the results from a single measurement. 

The standard deviation showing on fractional filtration 

efficiency plots are calculated from the particle concentration 

variation at the upstream and downstream based on error 

propagation. The purpose of this study is to offer a reference 

for the general public to select better alternative mask 

material. The sample-to-sample variation will not jeopardize 

final recommendations, besides, variations between the 

material the general public used and the material tested 

cannot be compensated by more replicates. 

 

RESULTS AND DISCUSSION 

 

Commercial Respirators and Masks 

To study the efficacy of common materials filtering out 

the particles and droplets carrying SARS-CoV-2, available 

commercial respirators and masks were tested as the 

references in this study. As one of the best filtration research 

centers in the world, the Center for Filtration Research at the 

University of Minnesota received many test requests, and we 

also collected available masks and other common materials 

to screen potential face-covering candidates. Some masks 

received were not in its original package, so their information 

was insufficient, such as brands, efficiency ratings, etc. For 

simplicity, we named 10 masks with letters (Mask A to K). 

Besides 10 flat masks, a shaped KN95 respirator was received. 

3M™ 8210 N95, 3M™ 1820 procedure mask, and Kimberly-

Clark™ 47090 procedure mask were tested from the lab PPE 

stockpile. This makes a total of 14 respirators/masks tested 

as the reference, which is representative of commercial 

respirators and masks. 

The fractional filtration efficiency and breathing resistance 

of 14 respirators/masks are shown in Fig. 2. Fractional 

filtration efficiency curves could be categorized into two 

groups, electret media (blue shade) and non-electret media 

(orange shade). The lowest efficiency of the electret media 

mask is about 60% at 0.03 µm. The 3M™ 8210 N95, KN95, 

and Mask A are all above 90% efficient. The overwhelming 

majority of electret masks fractional efficiencies fall in 70%–

85%. The MPPSs of all electret media are below 0.1 µm. It 

could be found the fractional filtration efficiency of all 

electret media increases with greater particle size. The Mask 

F has the poorest performance among all electret, while the 

fractional filtration efficiency of the Mask F at 1 µm reaches  

 

 

Fig. 2. Fractional filtration efficiency and breathing resistance of commercial respirators and masks. 
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around 85% and will continue to increase beyond 1 µm. 

The non-electret media masks fractional efficiencies are 

significantly lower than that of the electret media mask and 

their MPPSs are about 0.3–0.4 µm. The fractional filtration 

efficiency at MPPS is as low as 20%, while the fractional 

filtration efficiency increases towards both smaller and 

larger particles, showing a U-shape. The fractional filtration 

efficiency of the Mask K increases to 40% at 1 µm particle size 

and it will continue to grow at larger sizes. The overwhelming 

breathing resistance of respirators and masks are in the 30 Pa to 

100 Pa range, and Mask H is extremely low with only 5.4 Pa. 

The breathing resistance of all tested respirators and masks 

are in the acceptable range for normal breath.  

To compare the common material to the commercial 

respirators and masks, the 3M™ 8210 N95, 3M™ 1820 

procedure mask, and Mask J will be plotted as references in 

common material fractional filtration efficiency and breathing 

resistance figures (Figs. 3–5 shown below). They represent 

the N95 level respirators, electret media masks, and non-

electret media masks. 

 

Furnace Filters 

Furnace filters are common material that are designed to 

filter out dust, pet dander, allergen, bacteria, and even virus 

in the room air. In this study, we collected four types of 

furnace filter: Filtrete™ MPR 1900, 2200, and 2800, and 

Arm & Hammer™ Air Filter. All four furnace filters are 

pleated and marketed as electret media filter. Filtrete™ 

MPR 1900 and 2200 are rated as MERV 13, this could be 

confirmed from their fractional filtration efficiency curves 

in Fig. 3. Filtrete™ MPR 2800 is rated as MERV 14 and has 

the highest efficiency (ASHRAE, 2017). For both Filtrete™ 

MPR 1900, 2200, and 2800, their fractional efficiencies are 

higher than that of the 3M™ 1820 procedure mask, a mask 

that is commonly used in hospital settings. As designed for 

handling a large amount of air circulation in residential or 

commercial buildings, the breathing resistances of single 

layer Filtrete™ MPR 1900, 2200, and 2800 are significantly 

lower than the reference respirator/mask as shown in the bar 

chart in Fig. 3. Multiple-layer performance of collected 

furnace filters was also evaluated besides the single-layer 

measurements. The 5-layer Filtrete™ MPR 1900, 2200, and 

2800 perform comparably to 3M™ 8210 N95 respirators in 

terms of efficiency and breathing resistance. It can be found 

that the pressure drop of 5-layer media is about 10 times of 

the single layer media, with the reason being the thickness 

of the stacked multi-layer filter media is reduced due to the 

pressing seal nature of the filter holder. The stacked fluffy 

media is compressed so that its permeability is reduced. The 

fractional filtration efficiency curve of 2-layer Arm & 

Hammer™ Air Filter is slightly lower than that of the 3M™ 

1820 procedure mask, while much better than that of the 

Mask J. Its 1 µm particle efficiency is above 80% and the 

efficiency could be higher for even larger particle size. Its 

breathing resistance is only 10.3 Pa, about 1/6 of the 3M™ 

1820 procedure mask. 

 

Vacuum Cleaner Filters 

Vacuum cleaner filters are another common air filter. We 

tested three grades of pleated vacuum cleaner filters and one 

 

 

Fig. 3. Fractional filtration efficiency and breathing resistance of furnace filters. 
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Fig. 4. Fractional filtration efficiency and breathing resistance of vacuum cleaner filters. 

 

vacuum cleaner filter bag, and their results are showing in 

Fig. 4. The Ridgid®  5-Layer Allergen Vacuum Cleaner 

Filter could offer protection even better than N95 respirator. 

However, its breathing resistance is about 10 times of the 

N95, which is impractical to be used as an alternative 

respirator/mask material. If it was molded as a tight-fitting 

respirator, just like the commercial N95 mask, the breathing 

resistance would be twice of the breathing resistance 

requirement (343 Pa) indicated in 42 CFR Part 84. On the 

other hand, if this material was used to make a loose-fitting 

mask, the overall efficacy of the mask will be largely 

jeopardized since a large portion of the inhaled air would 

leak through the non-sealed edge rather than flow through 

the media because of differential pressure balancing. With a 

similar fractional filtration efficiency as the procedure mask, 

the breathing resistance of the Ridgid®  Fine Dust Vacuum 

Cleaner Filter and the Ridgid®  High-efficiency Dust Bag is 

about triple and double of the procedure mask. However, the 

efficiency of Ridgid®  1-Layer Pleated Paper Filter is even 

worse than the Maks J, although breathing resistance is 

slightly lower than that of Mask J. 

 

Common Household Materials 

We also tested some common household materials to 

assess their potential as alternative respirator/mask materials, 

and their results are showing in Fig. 5. The comparison 

could offer a filtration efficiency and breathing resistance 

perspective on candidate common material of homemade 

masks. We tested several kinds of material, including 

sterilization wrap, household fabrics, paper products, which 

are representatives of materials that have been widely 

mentioned recently as DIY mask materials. 

We tested two sterilization wraps that are designed for 

sterilized instrument wrapping, Halyard H600 and 

CardinalHealth™ CH600. The sterilization wraps were 

designed for blocking bacteria while allowing gas penetration. 

They are composed of multiple layers of spunbond and 

meltblown materials; both are widely used as air filtration 

media. Therefore, they share a similar structure with air 

filters, which helps in particle filtration. Electric charges 

were applied on Halyard H600 to enhance particle capture 

capabilities, according to the manufacturer, which is one of 

the reasons that the fractional filtration efficiency of Halyard 

H600 is higher than that of CardinalHealth™ CH600 which 

does not have electric charges according to our tests. The 

breathing resistance of Halyard H600 and CardinalHealth™ 

CH600 are about 2 and 3 times of that for 3M™ 1820 

procedure mask, respectively. 

Four common fabrics were tested to offer the scientific 

support in material selections: 2-layer Thinsulate™, and 5-layer 

bed sheets, T-shirts, and Swiffer®  Sweeper® . Their fractional 

filtration efficiency curves are comparable, and MPPSs are 

around 0.3 µm with 50% efficiency at MPPSs. Thinsulate™ 

is intended to offer insulation while keeping the moisture 

penetration, which is achieved by high porous microfibers, 

an essential microstructure of air filters. The efficiency of 2-

layer Thinsulate™, therefore, could be comparable to that 

of 5-layer the other three materials. Swiffer®  Sweeper®  is 

electrostatically charged so that it can pick up and retain 

small dust and debris when used to swipe off household  
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Fig. 5. Fractional filtration efficiency and breathing resistance of common fabrics. 

 

surfaces. It filters out particles like an electret media, but the 

charge level on it is not as strong as commercial electret 

filters (e.g., respirators, face masks, furnace filters) so that 

its MPPS is still 0.3 µm, which is also partially attributed to 

its larger fiber size than most commercial electret filtration 

materials. 5-layer bedsheets and T-shirts tested in this study 

have similar efficiencies, which are ~50% efficient at 300 nm, 

suggesting that stacking sufficient layers of similar fabric 

materials are necessary to ensure desired respiratory protection 

to the wearer, while simply pulling the collar band above the 

nose is not recommended. From the breathing resistance 

perspective, the breathing resistance of Thinsulate™ and 

Swiffer®  Sweeper®  is only about 75% and 50% of that for 

3M™ 1820 procedure mask, respectively. Their efficiency 

could be further improved by adding more layers, where the 

increased material thickness can be a concern. Additionally, 

known as an excellent thermal insulator, the advantage of 

Thinsulate™ in its original duty now pose a disadvantage 

for it being used as a face mask material. Exhaling through 

mouth and nose is one of the major routes for the human to 

expel the body heat, where good thermal insulation is not 

welcome. As the easiest accessible materials in a household, 

5-layer bedsheets and T-shirts tested in this study have 

significantly higher breathing resistance than their procedure 

mask reference, making them less recommended from 

breathability and facial-leak points of view. Paper products 

are also discussed widely as the candidates for alternative 

masks. The efficiencies of a 5-layer shop towel and kitchen 

towel are in between of the 3M™ 1820 procedure mask and 

Mask J. Again, the multiple-layered configuration is the key 

for adequate self-protection. One of the concerns of using 

paper products is their breathing resistance, which is high 

from the measurement and may increase further after gradually 

picking up moisture from human exhalation. Coffee filters, 

though the only material in this group with a “filter” in its 

name, is the last material to be considered as an air-filtering 

face mask, owing to its combination of exceptionally low 

efficiency and higher-than-average breathing resistance.  

 

Discussion of the Figure of Merit 

The above discussions about fractional filtration efficiency 

and breathing resistance of common materials recommended 

the candidates for the alternative mask materials. However, 

it is still hard to compare two materials if one has high 

efficiency, high breathing resistance, and the other one has 

low efficiency and low breathing resistance. The figure of 

merit (Brown, 1993) is therefore introduced to compare two 

materials under the same standards. The figure of merit of 

filter material can be calculated as 

 

 ln 1 E
FOM

P


 


 (2) 

 

where E is the filter efficiency and ΔP is the differential 

pressure. The figure of merit represents the level of particle 

capturing a filter media can achieve per unit of flow resistance 

penalty, which accounts for the efficiency and breathing 

resistance (differential pressure) concurrently, so that it can 

be used to compare the efficiency-resistance tradeoff among 
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all the materials tested. Fig. 6 shows the figure of merit of 

the selected materials. 

The first tier consists of four materials carrying electrostatic 

charges. The figure of merit of Filtrete™ MPR2200 and 

MPR 2800 are even higher than 3M™ 8210 N95. It should 

be noticed that Filtrete™ MPR2800 ranked higher than 

Filtrete™ MPR2200 in terms of efficiency, but its figure of 

merit is slightly lower than that of Filtrete™ MPR2200 due 

to its higher breathing resistance. The other two materials, 

Swiffer®  Sweeper®  (5 layers) and Thinsulate™ (2 layers), 

have a similar figure of merit as 3M™ 1820 procedure mask. 

All four first-tier materials are the most-recommended 

candidates from the filtration point of view. The second tier 

includes another four materials: Halyard H600 sterilization 

wrap, RIDGID®  3-layer Fine Dust Filter, and T-Shirt (5 

layers) have a similar figure of merit, which is comparable 

to that of the Mask J, a non-electret commercial mask. These 

results show that the quality of those three common 

materials as good as the Mask J. It could be found that the 

efficiencies of the above three materials are much higher 

than that of the Mask J, at least 30 percentage points (5-layer 

T-shirt) at MPPS. Therefore, the comparable figure of merit 

to Mask J is mainly because of the high breathing resistance 

of three common materials. The figure of merit of 5-layer 

bedsheet is lower than the other three, the likely reason is 

that the breathing resistance of the bedsheet we tested was 

about double that of the T-shirt. The inadvisable material is 

coffee filters, which is ranked lowest in both efficiency plot 

and figure of merit plot. Even it is called coffee filter, it is 

designed to separate the ground coffee from water, having 

hundreds of times larger size than the SARS-CoV-2 virus or 

other air-borne pathogens a mask needs to filter out. 

Although counter-intuitive at first glance, it needs to be 

recognized that furnace filters and vacuum filters may work 

well as alternative mask materials, but coffee filters do not 

work well. 

 

Some Discussions 

Some of the recommended materials can be cut and sewn 

to a mask, such as T-shirts, bedsheets. However, some 

material is hard to be processed in the same way, such as 

furnace filters, Swiffer®  Sweeper® . A combination of a cloth 

mask and a filter material insert is therefore recommended. 

A cloth mask could be made following various instructions 

online (CDC, 2020b). The face-covering part can be made 

into a double-layer design with a slit on the inner side, where 

a filter material can be cut and inserted to boost the filtration 

efficiency. This makes the use of those difficult-to-sew 

materials, such as furnace filters, possible and it can also 

reduce the material consumption by using small pieces only 

covering the size of the insert pocket. 

This study evaluated common materials that have the 

potential to be made into alternative masks for the general 

public under the current COVID-19 pandemic as an emergency 

option. It should be noticed that this study does not endorse 

the safety of using the studied material as an alternative 

mask. For example, fiber shedding could be potential harm 

to wearer, especially people who have underlying respiratory 

conditions. Many of the tested materials in this study were 

not intended for respiratory protection so that potential fiber 

 

 

Fig. 6. The figure of merit of common materials. 
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shedding was not tested by their manufacturers or certification 

agencies. With the tide of DIY masks using alternative 

materials, some manufacturers announced the notice regarding 

altering their products to mask use. For example, 3M does 

not recommend altering the furnace filter to other usages 

(3M, 2020); Halyard claims that they cannot recommend the 

off-label use of the sterilization wrap (Halyard, 2020); 

Ridgid has a similar notice that their vacuum filter and 

vacuum filter bag is not designed as a respiratory protection 

material (RIDGID, 2020). 

In this study, different commercial respirators, masks, and 

common materials were all tested with a sealed filter holder 

and the same face velocity, to ensure a fair performance 

comparison of the materials themselves. When a filter 

material is made into a respirator or mask, even the tight-

fitting respirator design experiences various degrees of a 

facial leak, due to design faults, the variation of wear’s facial 

profiles, and improper use. Such leak is more substantial on 

loose-fitting face mask designs, which most DIY masks are. 

Face leak causes a certain portion of air inhaled not filtered 

by mask materials, resulting in lower overall efficacy than 

the material efficiency as reported in this study, the degree 

of which varies largely among mask shape/style designs and 

material’s breathing resistance For similar mask designs, the 

pressure-driven face leak is severer on masks made of 

materials with higher resistance, which emphasizes another 

reason why breathing resistance is treated equally important 

to filtration efficiency in this study, other than the consideration 

of breathability and wearer’s comfort. The figure of merit is 

a well-accepted indicator of efficiency-resistance balance in 

filtration society, but its correlation with the overall efficacy 

of a face mask (with face leak counted) is not fundamentally or 

experimentally studied. Although a comprehensive assessment 

of overall protection efficacy of various mask materials and 

designs is not an easy task, given the large variations from 

various factors, not to mention the fit of a respirator/mask 

itself is subject dependent, a case study showing the 

comparison of material efficiency and overall efficacy, and 

its association with breathing resistance and other factors, it 

urgently needed under current pandemic. 

Since the particles used in this study can not only represent 

the virus-laden particles but also, more importantly, the 

particulate air pollutant. The most concerning particulate 

pollutant is PM2.5 whose aerodynamic particle size is less 

than 2.5 µm. The particle size studied in this study falls into 

this size range. Hence, the conclusion of particle filtration 

efficiency and breathability of different common materials 

could also be applied when the general public DIY their 

masks to prevent particulate air pollutants. This is valuable 

for the countries suffering from air pollutions, especially 

developing countries with limited access to commercial 

masks. Under the current pandemic, the SARS-CoV-2 laden 

particle could cause acute respiratory disease, while the 

particulate air pollutant can also cause chronic respiratory 

diseases. According to many epidemiologic studies, the 

positive association between respiratory diseases and 

atmospheric pollutants has been proven. It is equally 

important for the general public to be protected from both 

the pathogens and ambient pollutants. The conclusions of 

this study can guide the general public when the commercial 

respiratory protection equipment is unavailable under a 

pandemic or a heavy air pollution episode. 

 

CONCLUSIONS 

 

In this study, we tested commercial respirators and masks, 

furnace filters, vacuum cleaner filters, and common household 

materials. We evaluated the materials’ fractional filtration 

efficiency and breathing resistance, which are primary factors 

affecting respiratory protection. Neutralized monodisperse 

NaCl particles were used to measure the fractional efficiency. 

Breathing resistances were also compared at the same face 

velocity. To compare the efficiency-resistance tradeoff, the 

figure of merit of each tested common material was also 

calculated. Filter media with electrostatic charges (electret) 

is recommended due to its high efficiency with low flow 

resistance; multiple-layer household fabrics and sterilization 

wraps are acceptable materials; a coffee filter is inadvisable 

due to its low efficiency. The outcome of this study can not 

only offer guidance for the general public under the current 

pandemic but also suggest the appropriate alternative 

respiratory protection materials under heavy air pollution 

episodes. 
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