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Abstract
Face mask usage is a critical means of limiting SARS-CoV-2 airborne transmission. To the best

of our knowledge, a single study reviewing all major life stages of a mask has yet to be

conducted. Here, we first describe the production and material sourcing of respirators,

surgical/procedural masks, and cloth masks. We then evaluate filtration efficiency, fit, and

breathability in estimating emitted viral load and personal compliance. In decontamination,

vaporous hydrogen peroxide and ultraviolet germicidal irradiation are feasible and effective

methods for large healthcare systems, while washing is recommended for masks with no

electrostatic charge (e.g., cotton masks). Finally, we discuss how disposal of masks only

contributes marginally to current environmental issues. Insights into the life cycle stages of

masks may inform mask use and support mitigation strategies in preventing the spread of

respiratory diseases.
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1. Introduction
Since its emergence, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread

around the world, resulting in the World Health Organization’s (WHO) declaration of a global

pandemic. One of the most effective methods to limit SARS-CoV-2 airborne transmission is face

mask usage [1].

Given their significant protective effect and high demand by healthcare systems, there have been

shortages of N95 respirators and surgical masks since the COVID-19 outbreak [2]. To maximize

existing resources, healthcare systems have adopted extended use strategies and decontamination

methods, e.g., vaporized hydrogen peroxide treatment and ultraviolet germicidal irradiation [3,4].

In addition, the Centers for Disease Control and Prevention (CDC) has recommended the general

public wear cloth masks [1]. When choosing which cloth mask to wear, the general public may

consider factors such as filtration efficacy, cost and environmental impact of a mask, or even

consider not wearing masks, citing comfort and personal autonomy concerns [5].



With face masks playing a critical role in reducing SARS-CoV-2 transmission, we provide an

overview of the production, use, and environmental impact of N95 respirators,

surgical/procedural masks, and cloth masks. We begin with a supply chain analysis, then proceed

to evaluate the efficiency of various masks, review various decontamination methods, mask

wearing compliance, and masks’ environmental impact. The review concludes with a description

of current limitations in evaluating masks and directions for further research.

2. Material Sourcing and Production
Generally, face masks can be grouped into three categories: respirators, surgical/procedural

masks, and cloth masks (Figure 1). Face masks should be worn over a user’s nose and mouth,

serving as a barrier and filter from the surroundings. Cloth masks use mechanical filtration,

whereas respirators and surgical masks additionally utilize electrostatic filtration, increasing their

filtration efficiency [8]. Surgical and procedural masks are similar—both are made from flexible

materials—but only surgical masks are approved by the Food and Drugs Administration for

medical use [9]. Respirators must meet stricter standards for filtration efficiency and are

designed to provide a seal to the wearer’s face [8].

Respirators, procedural, and surgical masks have similar production stages and component

materials. They are manufactured from synthetic polymers, most commonly polypropylene, due

to its dielectric properties, processing ease and low cost [9]. Masks are comprised of various

filter layers. Surgical and procedural masks typically have three distinct layers [10] (Figure 1).

The inner layer closest to the mouth of the user is usually made of spunbond polypropylene,

which absorbs moisture from exhalation [11]. The middle layer, a meltblown nonwoven fabric, is

the primary filtering mechanism [12]. The outer hydrophobic layer prevents fluids from

penetrating the mask [11]. Respirators typically consist of four layers of filters that parallel a

surgical mask, with an additional middle layer providing support for the frame [9] (Figure 1).

Generally, the filtering middle layer is meltblown: a process by which microfibers and nanofibers

of polypropylene are extruded and entangled, producing electrostatically charged media that can

attract and trap aerosol particles [9,12]. Among cloth face masks, a wide variety of designs and



materials are used. More filtration-effective cloth masks typically consist of a breathable

hydrophilic material (e.g., cotton, silk or chiffon) and a hydrophobic material (e.g., polyester)

that helps block secretions from entering and exiting a mask. Face masks also usually include a

nose strip and elastic bands or fabric ties to secure the mask to the wearer’s face and decrease

leakage.

Given the wide range in costs of masks, does a more expensive mask mean increased filtration

efficacy? We find that the cost versus filtration efficiency for different particle sizes of several

types of masks that are currently on the market and/or in development do not demonstrate any

simple correlation (Table A.1). Many hybrid masks are not mass-produced and their prices likely

reflect the variability in production quantity, while surgical/procedural masks and respirators are

typically manufactured in large volumes.

3. Mask Use
3.1 Filtration Efficiency & Fit

Several studies have analyzed face masks’ filtration efficacies and fits. Here, we describe which

masks have high filtration efficacies and its contributing factors.

The particulate filtration efficiency of a mask, both while inhaling and exhaling, is calculated as:

𝐸 =  100 1 −  𝑀
𝑑
/𝑀

𝑢( ) (1)

where Md is the particle count in downstream filtrate (air emerging from the mask) and Mu is the

particle count in upstream feed (air entering the mask) [14]. Bacterial and viral filtration

efficacies, are both determined through the same method and are calculated as:

𝐵𝐹𝐸 =  100 (𝐶 − 𝐹)/𝐶( ) (2)

where C is the number of bacterial colonies when no filter is used and F is the number of

colonies after the filter is used [14].

Using such calculations, mask efficacy against SARS-CoV-2 transmission can be assessed.

Studies have consistently shown that N95 respirators are highly effective, up to 99.9%, in



filtering particles of sizes ≥ 0.3 microns [13,15-17]. National Institute for Occupational Safety

and Health (NIOSH)-approved respirators must filter at least 95% of such particles [1]. Other

mask types demonstrate greater variability. For example, while certain publications report a

surgical mask filtration efficiency of 97-99.6% [13,16] (Figure 2), others report a range from

37-70% [15,17]. Barrier face coverings are required by American Society for Testing and

Materials (ASTM) to demonstrate filtration efficiency for Level 1 protection and≥ 20% ≥ 50%

for Level 2 protection [18]. Greater variability exists for cotton masks, with filtration efficiencies

ranging from 14% to 99.5%. [13] (Figure 2).

Several key factors influence mask filtration efficiency. As mentioned in Material Sourcing and

Production, many masks, especially polypropylene-based masks, rely on two filtration

mechanisms: (1) physical trapping through mechanical filtration and (2) attraction and trapping

through electrostatic interactions [19]. Therefore, materials that both provide strong electrostatic

properties and a mechanical barrier (e.g., N95, surgical masks) have high filtration efficiencies

[13]. The number of filtering layers is another important factor, particularly for cloth masks that

primarily utilize mechanical filtration. Multilayered cloth masks can have high filtration

efficiencies, but with fewer layers used, they are less effective [13] (Figure 2). Additionally, a

positive relationship between thread count and filtration efficiency has been observed [13,17]

(Figure 2).

Mask fit is also influential in affecting overall filtration efficacy by impacting the seal between

the mask and the wearer’s face. Surgical masks have a looser fit than respirators and therefore

typically have significantly lower filtration efficiencies between 37-69% [14]. Filtration

efficiencies of several masks were measured after a gap was introduced [13]. Many masks with

high filtration efficiencies under “no gap” conditions, i.e. good fit, demonstrated poorer filtration

with gaps [13] (Figure 2). Even with highly effective filter materials, 10-40% of particles are still

emerging from surgical masks with poor fit [20].

To quantify the impact of a mask in mitigating transmission, we performed an estimation of the

viral load emitted when wearing no mask and 6 different types of masks under no gap conditions



(Eq. A) [13]. The average tidal volume (i.e., volume of air in each breath) and number of breaths

per minute were assumed to be 500 mL [21] and 14 respectively [22]. The average SARS-CoV-2

viral load emitted is as high as 0.637 copies/cm3 when not wearing a mask [23] but is

substantially reduced by wearing one with high filtration efficiency (Figure 3).

3.2 Tradeoff Between Filtration Efficiency and Breathability

While face mask filtration efficiency and fit are key to preventing disease transmission,

breathability significantly impacts ease of use. Breathability describes a fabric’s level of

ventilation and the user’s ease of breathing while wearing a mask of that fabric [24-25]. In order

to provide a breathable micro-climate inside a mask, air, water vapor, and heat should be easily

transferred out into the environment. A poorly ventilated mask may require greater effort to

breathe, leading to damp and uncomfortable conditions inside the mask and reducing compliance

of the wearer [24].

The pressure differential across a mask during air flow plays a vital role in its breathability. A

low pressure drop indicates ease of air transport and high breathability [18]. The ASTM F3502

standard for the maximum pressure differential of barrier face coverings is 1.56 Pascals (Pa) at

85 liters/minute. Masks with pressure differentials of 0.52 Pa or less are considered higher

performing. Although both quilter’s cotton 1 layer and flannel have desirable low-pressure

differentials, they have very poor filtration efficiencies (Figure 2) [13]. Surgical masks and

cotton masks with greater TPI (threads per inch) and greater number of layers have high

filtration efficiencies but also higher pressure differentials [24]. Thus, a tradeoff between

pressure differential and filtration efficiency occurs in these masks. However, N95 respirators

appear to achieve a good balance between pressure differential and filtration.

Masks with distinct pressure differentials require differing efforts from users to breath. To

quantify these effects, we can calculate the volumetric air flow rate that must be generated on the

high pressure side of the mask (i.e., inside the mask for exhaling; outside the mask for inhaling)

to accomplish the transport of a set amount of air across the mask. Using Poiseuille's Law, the

required air flow rates through different masks were calculated using pressure differentials from



the literature (Figure 4). To transport a given volume of air, a lower air flow rate is needed in

masks that have low pressure differentials (e.g., N95, quilter’s cotton 1 layer, and flannel),

meaning the wearer would not have to breathe as hard.

Altogether, data from the literature and analysis performed here indicate that high filtration

efficiencies may come at a cost of high air flow resistance. N95 respirators achieve a good

balance between high filtration efficiency and low pressure differential. In contrast, one layer

cotton masks have low-pressure differentials and high breathability but poor filtration efficiency.

Design changes aimed to improve filtration in cloth masks, such as adding more layers and a

greater thread count per area, may significantly impede breathability.

3.3 Decontamination

While many masks are designed for one-time-use, their limited supplies in the pandemic [2] have

led governmental agencies to recommend decontamination as part of a reuse approach [1].

Analysis on the decay rate in respirator filtration efficacy supports this notion [27]. However,

manufacturers do not recommend decontamination [28]. There are three main factors to consider

with decontamination methods: ability to 1) reduce pathogen burden, 2) not harm mask filtration

efficacy or fit, and 3) present no residual chemical hazard [1]. Three promising methods

identified by NIOSH are described below.

3.3.1 Vaporous Hydrogen Peroxide (VHP)

Vaporous hydrogen peroxide (VHP) is produced through generators that micro-condense

hydrogen peroxide to achieve a 6-log reduction in organism viability [3]. Four technologies

utilizing VHP have received emergency use authorization (EUA) from the FDA (Table A.2).

Advantages of VHP include its decontamination efficacy, high throughput, and low toxicity.

Masks may undergo up to 20 decontamination cycles, with each cycle ranging from 30 minutes

to 3 hours. Each cycle is capable of decontaminating tens of thousands of filtering facepiece

respirators (FFRs) [28]. However, due to its large throughput and prohibitive cost, it may not be

a viable decontamination method for communities outside of large healthcare systems [3,4].



3.3.2 Ultraviolet Germicidal Irradiation (UVGI)

UVGI uses the germicidal-spectrum in ultraviolet-C (UV-C) to decontaminate exposed surfaces.

UV-C effectiveness is affected by the topography of targeted surfaces, location of viral particles,

and mask placement [29]. A dose of 1-2 Joules/centimeter 2 can achieve a >4.79 log reduction in

viral load [28], and does not lead to significant filtration efficiency decay in N95 respirators,

surgical masks, and procedural masks, supporting the current consensus that UVGI can

decontaminate respirators for up to 10 cycles [30]. As decontamination cycles are short enough

to potentially allow high throughput [28], UVGI is a feasible alternative to VHP. The CDC has

approved a pilot UVGI system, which utilizes a transportable UV-C disinfection system

previously shown to be effective in disinfecting hospital surfaces [29,31]. More affordable UVGI

treatment systems with UV-C bulbs that fit into existing light fixtures have also been designed

[4].

3.3.3 Heat

Heat is the most viable decontamination option in households due to its simplicity and

availability. Dry heat at 70℃ for 60 minutes results in a 3.3-log reduction in viral load [32]. Most

ovens have a lowest temperature setting of 77℃, and 30-minute cycles at this temperature do not

significantly degrade filtration efficiencies of N95 respirators, surgical, and procedural masks

[30]. Moist heat has been suggested to better inactivate viruses than dry heat [33]. One of two

methods of steam sterilization granted an EUA by the FDA is supported by 3M’s filtration and fit

tests [28]. Other methods recommend moist heat with temperatures of 70-85℃ and relative

humidity of 50-85% [32,33]. Possible supersaturation of water may lead to loss of electrostatic

charges and therefore degradation of filtration efficacy [30], but for masks without electrostatic

charges, e.g., cloth masks, there is no limit to water saturation. In fact, the CDC and ASTM

recommends cloth masks be laundered daily with other clothing according to manufacturer

specifications [1,18].

3.4 User Compliance

While public mask usage in the United States has increased since early 2020, differences exist in

mask compliance among different demographic groups and geographical locations (Figure 5a)



[36,37]. Caucasians, low income, and younger Americans are less likely to wear masks [38]. The

Upper Midwest of the United States has the lowest mask compliance, while the Northeast and

Westcoast have the highest compliance, with all states in these regions above 90% (Figure 5a)

[34]. While mask usage varies across the globe, most countries are recommending increased

public mask usage (Figure 5b) [35]. There is a correlation between each country’s increase in

public mask usage, the total number of people infected, and the mortality rate due to the virus

[35]. Even so, some countries in Africa which have maintained a low mortality rate [39], still

instituted mandates to increase public mask usage (Figure 5b). Additionally, a research survey

performed in Bangladesh found a significant relationship between the amount of fear reported

and public mask usage [40]. Thus, public mask usage seems to not depend solely on COVID-19

cases and mortality, but also on fear of contracting SARS-CoV-2 among citizens.

Universal masking could be essential in controlling viral transmission, but poor compliance in

the United States would undermine its efficacy. Self-reported public masking in the United States

has varied from approximately 65-90% since August 2020 [36,37]. Misconceptions may

contribute to this 10-35% non-compliance, including insufficient knowledge regarding correct

mask use, fears of mask CO2 build-up, concerns regarding cloth masks efficacy, and notions that

masks are not needed if previously infected with the virus [41]. Noncompliance has also been

attributed to mask discomfort (e.g., acne, itching, irritation, heat accumulation, light-headedness,

shortness of breath), political ideology and personal autonomy concerns. [5]. Eliminating mask

misconceptions and discomfort may help increase overall public mask compliance.

Despite self-reported mask usage remaining above 65% in the United States since August 2020,

the number of COVID-19 cases began surging in mid-September 2020 [36,37]. The surge may

be due to colder weather increasing indoor sheltering by individuals. In addition, hand washing

negligence after removing masks for those that have come in contact with SARS-CoV-2 and

improper disinfection of the mask after removal, may result in increased transmission and

infection risks. Proper hygiene practices may increase the benefit of universal masking in

reducing viral spread.



4. Environmental Impacts
The surge in mask usage to combat SARS-CoV-2 transmission has prompted research on the

environmental impact of masks. Numerous elements can be considered, such as microplastics

[10,12], carbon footprints of personal protective equipment (PPE) [42], and the prospect of

biodegradable masks [11]. One study took a more comprehensive approach by examining four

metrics: carbon footprint, non-renewable cumulative energy demand, water depletion according

to the AWARE methodology (hereafter water footprint), and overall environmental impacts [43].

We provide a comprehensive environmental impact analysis of a broader range of masks while

considering disposal methods and microplastics.

4.1 Carbon Footprint

Production, transportation, and disposal of face masks produce greenhouse gases. The carbon

footprint of a mask is the cumulative greenhouse gas emissions over its lifecycle. The carbon

footprint of a cotton mask and surgical mask is 0.23 kg CO2-eq and 0.24 kg CO2-eq respectively

[43], which are low compared to other common emission sources such as driving a car or

residential heating. The average passenger vehicle emits about 0.404 kg of CO2 per mile [44].

One surgical mask contributes CO2 emissions equivalent to driving approximately 0.6 miles.

Disposing a surgical mask daily for a year would generate 87.6 kg CO2-eq, leading to a 0.60%

increase in an American’s carbon footprint given that the average American’s annual carbon

footprint is 16 tons [45].

4.2 Water Footprint

The water footprint of face masks is important considering that water depletion and pollution

threaten Earth’s freshwater resources [46]. The average American’s annual water footprint is

2,840 m3 [47], while the water footprint per cotton and surgical mask is approximately 3.5 m3

water-eq and 0.07 m3 water-eq respectively [43]. The water impact of both mostly comes from

production; washing of the cotton masks plays a minor role in the overall water consumption

[43]. Disposing one cotton mask in a year would increase an American’s water footprint by

0.12% while disposing 365 surgical masks in a year would increase the water footprint by 0.9%.



4.3 Disposal

The disposal method of a mask (e.g., incineration, landfilling) affects how the environment is

impacted. Schmutz et al. (2020) assumed incineration of masks at the end of their use, a valid

assumption for densely populated countries [43]. However, only 11.1% of worldwide municipal

solid waste (MSW) is incinerated [48]. Polypropylene incineration represents 36% of the

disposable mask’s carbon footprint, so other disposal methods could significantly alter the

carbon footprint calculated [43]. Disposable masks are difficult to recycle and they are not

biodegradable [11]. Over one year, the use of one respirator per day per healthcare worker would

require 6.58 billion respirators, generating 74.4 million kg of waste [49]. The United States

generated 265.3 billion kg of MSW in 2018 [44], so respirator waste from healthcare workers

represents 0.028% of annual MSW.

4.4 Microplastics

The lack of mask recycling and prevalence of mask littering gives rise to significant concern that

waste from mask material will persist in the environment [43]. Face mask material in water

consumed by aquatic organisms could propagate through the food chain and create chronic

health problems in humans [10]. The degradation of face mask material into microplastics is also

a significant concern. Under certain conditions, littered or landfilled disposable face masks can

fragment into particles under 5 mm in size [12]. Though microplastic pollution from face masks

is not well understood [10], consequences of microplastics have been documented in scientific

literature [10]. Microplastics also adsorb toxics, which can poison organisms [11]. Plastic

particles have also been shown to cultivate pathogens, which could lead to more disease

outbreaks [12].

5. Conclusion
Face mask usage is key in mitigating SARS-CoV-2 airborne transmission. Respirator and

surgical/procedural mask filter media production is highly specialized and requires high initial

investment, limiting its manufacturing. Thus, respirators and surgical masks are currently

prioritized for healthcare workers. Filtration efficiency and fit are both critical features that

control the viral load emitted by infected individuals and inhaled by healthy individuals.



Breathability is another critical factor in mask design. In the event of mask shortage, VHP and

UVGI are effective decontamination methods that enable mask reuse, but typically are only

feasible in large healthcare systems. Therefore, community members may choose to wear masks

with no electrostatic charge that can be decontaminated through washing. Since masks are an

effective mitigation strategy, properly informing the public on the value of masks could

encourage widespread public mask usage. While both disposable and reusable masks have been

shown to impact the environment in various ways and to varying degrees, the exigency of face

masks in the COVID-19 pandemic outweighs the marginal environmental harm.

Along the life cycle stages of a face mask, a number of features could be adapted to streamline

the process of mask production, reduce the environmental impact, and improve the fit of masks.

Increases in the number of companies producing nonwoven filter media could increase rapid

mask production. Advances in biomaterials may allow for masks to be composed of

biodegradable polymers [11]. Standardizing tests that measure the filtration efficiency of

non-medical masks would better enable consumers to compare different options [18].

Standardizing pressure differential tests of face masks to the same air flow rate (e.g., NIOSH

standard of 85 L/min) can allow for easier comparisons between different masks. Mask fit

heavily depends on the face shape and size of the wearer, and developing means to measure and

optimize fit are important next steps. As new recommendations by the CDC such as those

regarding double masking emerge [1], it is important to explore the ability of such modifications

to improve mask fit and filtration.
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Figures

Fig. 1 Images presenting the three main types of face masks, with corresponding depictions of

component layers [6,7].



Fig. 2 Filtration efficiencies (%) of 19 different face masks for > 0.3 micron particle diameters

with a flow rate of 1.2 ft3/m (data from [13]).



Fig. 3 Estimated viral load emitted per hour in an infected individual breathing normally when

not wearing a mask and when wearing 6 different types of masks (calculated using filtration

efficiencies from [13]).



Fig. 4 Required airflow rates in cubic feet per minute (CFM) to transport air at constant radii and

pipe lengths (Eq. B) for various masks that exhibit different pressure differentials. Estimate

values were calculated using Poiseuille's Law and pressure differential data taken from [13].



(A)

(B)

Fig. 5 Public mask usage in the United States and Globally. (A) A daily survey to estimate the

percentage of people who say they wear a mask most or all of the time when they are in public



based on location in the United States as of January 25, 2021 [34]. (B) An image of which

countries recommend their citizens to wear masks in public, or which have implemented

requirements as of December 2020 [35].



Appendix Information
Table A.1 Cost & Filtration Efficacy of Different Types of Face Masks.

Type of Face Mask* Cost (per

mask)

Filtration

Efficiency for

particles  <300nm

Filtration

Efficiency for

particles >300nm

Hybrid 1: Cotton/Chiffon $5-10 95-99% 100%

Cotton Quilt $2-6 94-98% 94-97%

Hybrid 3: Cotton/Flannel

~$10 92-97% 94-97%

Hybrid 2a: Cotton/Silk (no gap)

$4.95-15 92-97% 85-90%

Natural Silk, 4 layers $10-15 80-90% 85-90%

N95 $1-40 70-100% 100%

Chiffon, 2 layers $10-18 75-90% 90%

Cotton (600 TPI), 2 layers $15 62-100% 100%

Cotton (600 TPI), 1 layer $2-7 55-100% 99%

Surgical Mask $0.40-$5 50-98% 100%

Chiffon, 1 layer $15 50-84% 75%

Natural Silk, 1 layer $15 45-62% 55%

Surgical Mask (with gap) $0.40-$5 42-58% 40-50%

Quilter’s Cotton (80 TPI), 2 $11 30-50% 46-55%



layers

Hybrid 2b: Cotton/Silk (gap) $4.95-15 30-42% 30-38%

N95 (with gap) $0.50-40 20-50% 5-15%

Quilter’s Cotton (80 TPI), 1 layer $11 0-22% 10-15%

*Mask types and filtration efficiencies from [13]

This table highlights the projected cost of an individual face mask. It is important to emphasize

that the price for hybrid masks is higher because they are very niche and cannot be bought in

bulk at this time. Suppliers for these masks include, but are not limited to, Etsy, Amazon, Target,

Walmart, and Ebay.

Eq. A Viral load calculations.

The following calculation estimated the viral load emitted by an infected individual breathing

normally at a rate of 14 breaths per minute and not wearing a mask:

𝑉𝑖𝑟𝑎𝑙 𝑙𝑜𝑎𝑑 𝑒𝑚𝑖𝑡𝑡𝑒𝑑 𝑖𝑛𝑡𝑜 𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔𝑠 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒 = 14 𝑏𝑟𝑒𝑎𝑡ℎ𝑠
𝑚𝑖𝑛 × 500 𝑚𝑙

𝑏𝑟𝑒𝑎𝑡ℎ × 0.637 𝑐𝑜𝑝𝑖𝑒𝑠
𝑚𝑙 =  4, 459 𝑐𝑜𝑝𝑖𝑒𝑠

𝑚𝑖𝑛

𝑉𝑖𝑟𝑎𝑙 𝑙𝑜𝑎𝑑 𝑒𝑚𝑖𝑡𝑡𝑒𝑑 𝑖𝑛𝑡𝑜 𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 = 4, 459 𝑐𝑜𝑝𝑖𝑒𝑠
𝑚𝑖𝑛 × 60 𝑚𝑖𝑛

ℎ𝑜𝑢𝑟 =  267, 540  𝑐𝑜𝑝𝑖𝑒𝑠
ℎ𝑜𝑢𝑟

The calculations were then performed for the same infected individual breathing normally only

this time while wearing a mask. Equation 2 for bacterial/viral filtration efficiency can be used to

calculate the viral load emitted per breath while using a mask. Filtration efficiencies for face

masks at particle size >300 nm [13] in Figure 3 were used to calculate viral load emitted per

breath. Then the same calculations as were performed in the “without mask” case above were

repeated using this number to calculate viral load emitted into surrounds per minute and per hour.

Below is a general outline of the calculations.

→ solve for F𝐹𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  100 𝐶−𝐹
𝐶( ) =  100 0.637 𝑐𝑜𝑝𝑖𝑒𝑠/𝑐𝑚3 − 𝐹

0.637 𝑐𝑜𝑝𝑖𝑒𝑠/𝑐𝑚3( )



𝑉𝑖𝑟𝑎𝑙 𝑙𝑜𝑎𝑑 𝑒𝑚𝑖𝑡𝑡𝑒𝑑 𝑖𝑛𝑡𝑜 𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔𝑠 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒 = 14 𝑏𝑟𝑒𝑎𝑡ℎ𝑠
𝑚𝑖𝑛 × 500 𝑚𝑙

𝑏𝑟𝑒𝑎𝑡ℎ × 𝐹 𝑐𝑜𝑝𝑖𝑒𝑠
𝑚𝑙

𝑉𝑖𝑟𝑎𝑙 𝑙𝑜𝑎𝑑 𝑒𝑚𝑖𝑡𝑡𝑒𝑑 𝑖𝑛𝑡𝑜 𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 =  𝑉𝑖𝑟𝑎𝑙 𝑙𝑜𝑎𝑑 𝑒𝑚𝑖𝑡𝑡𝑒𝑑 𝑖𝑛𝑡𝑜 𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔𝑠 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒
ℎ𝑜𝑢𝑟 × 60 𝑚𝑖𝑛

ℎ𝑜𝑢𝑟

Eq. B Air flow calculations.

For design purposes, the system was modeled as a pipe. The assumption was made that the

mouth of the wearer of each mask is a circular shape and that there is then a column of air

flowing from the mouth through the surface of the mask. Therefore, a cylindrical pipe was

assumed to be a reasonable model of this system to gain a rough estimate of the air flow needed

across various face masks. Poiseuille's Law (Equation 3) was used to determine these required

air flow rates through the different masks, where Q is flow rate, r is radius, P is pressure

differential, L is pipe length, and η is fluid viscosity.

𝑄 =𝜋𝑟4𝑃/8η𝐿 (3)

The diameter of the mouth, and therefore the pipe, was assumed to be roughly 5 cm, and the

length of the pipe was assumed to be the thickness of the mask added to the distance from the

point of measurement on either side to the mask (i.e. 1 mm thickness of mask + 2 cm distance on

either side of the mask = 4.1 cm). The fluid viscosity was assumed to be roughly the viscosity of

air at room temperature (i.e., around ) [26].2 * 10−5 𝑘𝑔
𝑚*𝑠

Table A.2 Summary of the Effect of VHP Decontamination Methods that have received EUAs

on certain 3M Filtering Facepiece Particulate Respirators [28].

Decontamination

Method

3M FFR

Models

Number of

Reprocess

Cycles

Tested

Filtration

Efficiency

Fit Related

Evaluation

U.S. FDA EUA

VHP: Steris

V-PRO, V-PRO

60

1860,

1870+,

10 Pass Pass EUA (April 9,

2020)



8210,

9205+

VHP: ASP,

STERRAD

1860,

1860S,

8210

2 Pass Pass EUA (April 11,

2020)

VHP: Sterilucent 1860,

1870+,

8210

10 Pass Pass EUA (April 20,

2020)

VHP: Battelle
1860,

8210,

9205+

20 Pass Pass EUA (March

28, 2020)


