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Background and Objective: Face mask requirements continue to evolve on local, state, and federal
levels. While surgical masks and high-filtration respirators provide higher levels of protection than makeshift
material (e.g., cloth) masks, it is difficult to quantitatively compare reported filtration efficiency across
different studies due to the variability in study methodologies. The objective of this review is to compare
filtration efficiency of homemade face masks constructed from materials readily available within a common
household to surgical/procedure masks and/or filtering facepiece respirator (FFR) controls. This analysis
will provide researchers an overview of the current literature on mask filtration efficiency and underscore
methodological limitations to inform future research efforts.

Methods: PubMed was searched for all English language articles with no timeframe limitations related to
filtration efficiency of makeshift material masks compared to surgical/procedure masks and/or FFRs as of
October 8, 2021. Studies were reviewed to determine average filtration efficiencies of makeshift material
masks compared to those of surgical/procedure mask and/or FFRs controls, from which the data were
stratified by mask or respirator type (i.e., makeshift material, surgical/procedure, FFR), experimental setup
(i.e., manikin, testing rig, filter tester, test subjects), and test aerosol. The data for makeshift materials were
further organized by material composition and number of layers.

Key Content and Findings: Filtration efficiency is generally the highest across all experimental
categories in FFRs (45.68-100%), as expected, followed by surgical/procedure masks (12.4-100%) and
then makeshift materials (0.433-100%). However, it is difficult to make any lateral comparisons given the
variability in study methodologies and various data reporting limitations.

Conclusions: Future research efforts can aim to use officially recognized methods to reduce variability
in study protocols, improve on data reporting by providing clear, quantifiable results, and provide more
comprehensive reporting of study parameters (e.g., flow rate, face velocity, particle type and size, mask layers,
and composition). These measures will help improve readability and direct comparisons across different
studies.
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Introduction

More than two years since the World Health Organization
(WHO)’s declaration of the COVID-19 outbreak as a global
pandemic, face masks remain an important tool in reducing
the spread of the SARS-CoV-2 virus (1,2). A face mask is a
product that covers the wearer’s nose and mouth, although
there are significant differences between different mask
types (3). Barrier face coverings, such as cloth masks, have
been recommended by the U.S. Centers for Disease Control
and Prevention (CDC) for the general public during
everyday use (4). Cloth face masks may help block large
particle droplets exhaled by the wearer from reaching others
while speaking, coughing, or sneezing (4). At the beginning
of the COVID-19 pandemic, the public was encouraged
to create their own face masks at home, reserving
surgical masks and respirators for health care workers (5).
However, homemade masks (e.g., loosely woven cloth
products), which provide the least protection, are no longer
recommended now that higher-level protection masks and
respirators [e.g., well-fitting disposable surgical masks,
well-fitting National Institute for Occupational Safety
& Health (NIOSH)-approved respirators such as N95s]
are more readily available to the general population (6).
Cloth masks primarily provide source control (i.e., prevent
people who have COVID-19 from spreading the virus to
others) and a degree of particulate filtration to reduce the
amount of inhaled particulate material, but they do not
provide respiratory protection to the wearer to the same
extent as with filtering facepiece respirators (FFRs), such as
N95s (3,7). Notably, cloth masks have not been required to
meet federal performance standards. However, in February
of 2021, ASTM International (formerly known as American
Society for Testing and Materials) and the NIOSH jointly
developed a new Barrier Face Covering Standard (ASTM
F3502-21) to establish uniform testing methods and
performance criteria to allow comparison of product claims
regarding filtration efficiency (FE), breathability, reuse
potential, and leakage (8,9). Unlike federal regulations, the
new ASTM standard serves as a recommendation and is not
enforceable (9).

FE
Masks that have high FE, or the ability to filter small

particles such as aerosols, may reduce the transmission of
airborne viruses, such as SARS-CoV-2 (10). The FE of
a material is a common metric for assessing the particle
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capture efficiency of a material. It is a function of (I)
the ability of a single fiber to retain a particle, which
is governed by diffusion, interception, impaction, and
electrostatic deposition efficiencies, and (II) filter material
characteristics, including porosity, fiber/yarn diameter, and
thickness of the filter material (11,12). FE can be quantified
by measuring average particle number concentrations
(PNC) (e.g., particles per cubic centimeter (p/cc) upstream
(Cy) and downstream (Cp) of the test material (11-13). This
metric is typically reported as a percentage of particles that
are captured by the filter (Eq. [1]).
S —C

FE(%) :(C—J*IOO% (1]

u

The TSI 8130/8130A is mandated for measuring
filter efficiency for the certification of N95 respirators by
NIOSH Procedure TEB-APR-STP-0059 (14). NIOSH is
the only organization that can certify N95 respirators, with
strict quality assurance and performance requirements to
produce conservative FE (15).

Measures of FE include particle FE (PFE), for which
test procedures measure the quality of masks for filtering
particles of different sizes, and bacterial FE (BFE) and viral
FE (VFE), for which test procedures measure how well a
material filters biological aerosols (13).

To measure PFE, the FDA recommends that
manufacturers use the ASTM F2299 protocol using 0.1
pm monodisperse polystyrene latex (PSL) spheres at a
face velocity between 0.5 to 25 cm/s; for BFE, the FDA
recommends the ASTM F2101 protocol using 3 pm aqueous
Staphylococcus aureus aerosol droplets at an air flow rate
of 28 L/min (face velocity not defined), and maintained at
1,700-3,000 viable colony-forming units (CFU) per test
(13,16-18). Face velocity (v) permits comparison of filter
measurements that use different areas, expressed as a mask-
averaged speed in which the flow (Q) is distributed over the
active filter material area (4) (Eq. [2]) (19).

v=0/4 (2]

Although there is no recognized standard VFE method,
a VFE method has been created by Nelson Laboratories
utilizing a modified ASTM F2101 protocol; VFE testing
follows the same procedure as that for BFE, with the use
of a 27 nm bacteriophage phiX174 challenge organism
maintained at 1,100-3,300 plaque-forming units (PFU)
per test (13,16,20). Further, the NIOSH sodium chloride
(NaCl) aerosol challenge is a widely accepted method
for evaluating FE of respirators that must be prequalified
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before submitting to NIOSH for certification; this method
uses charge-neutralized NaCl particles with a count median
diameter of 0.075+0.020 pm, flow rate of 85 L/min, and
face velocity of 9.3 em/s (13,14,21,22). Additionally, under
the U.S. Government’s Approval of Respiratory Devices
(42 CFR Part 84), NIOSH considers protection against
oils when approving non-powered air-purifying respirators,
which fall into three categories: N-series (Not resistant
to oil), R-series (somewhat Resistant to oil), and P-series
(strongly resistant, or oil Proof), at 95%, 99%, and 99.97%
FE, respectively (21,23).

Penetration efficiency

Penetration efficiency (PE) is a measure of the quantity of
particles that are able to pass through the filter, and can be
represented by Eq. [3] (11,12,21).

Penetration(%) =100% — FE (3]

Leakage

Notably, in studies assessing the performance of filtering
materials, FE and PE are often quantified under idealized
laboratory conditions, in which leaks are absent. However,
leakage can substantially decrease the performance of any
material intended to be used as a barrier or for respiratory
protection (24). Leakage is the fraction of particles that pass
through gaps in the interface between the mask and the
face (25). As such, the total PNC fraction outside the mask
is a function of PE and leakage (25).

Usage, performance, and availability of different mask
types

Surgical masks (widely used in healthcare settings, and may
also be referred to as isolation, dental, or medical procedure
masks), regulated by the Food and Drug Administration
(FDA) under 21 CFR 878.4040, are disposable devices
meant to help block wearer emissions (e.g., large-particle
droplets, splashes, sprays, or splatters that may contain
viruses and bacteria) and also primarily provide source
control. Surgical masks vary in shape and thickness, are
loose-fitting, and do not filter very small particles; therefore,
they are not expected to provide complete protection from
airborne or aerosolized particles (7,26,27). Surgical masks
filter approximately 95% to 98% of particles depending on
their ASTM categorization, with Levels 1, 2, and 3 ranking
from least to most effective (13).
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In contrast, FFRs such as N95 respirators provide close
facial fit and efficient filtration of airborne particles. N95
respirators are regulated by NIOSH and are required
to filter at least 95% of non-oily airborne particles. It
should be noted that the NIOSH certification testing for
NO95 respirators is considered the more stringent method
compared to the ASTM method for surgical masks, and the
ASTM 95% efficiency is not the same as the NIOSH 95%
efficiency. Due to their protective capabilities, N95s have
played a crucial role in protecting healthcare workers, first
responders, and various essential workers on the front lines
of the COVID-19 pandemic (4,7,27). However, in response
to shortages of surgical masks and respirators early on in
the pandemic, prioritization of these devices for essential
workers, and mask requirements for the general public,
cloth masks have become a research focus area (28).

While cloth masks are economical and accessible, they
are not as effective at filtering particles as surgical masks
and FFRs (29,30). Furthermore, various textile materials
have been promoted for use as cloth masks with limited
evidence and lack of standard specifications for optimal
performance (28). Prior to the establishment of ASTM
F3502-21 for barrier face coverings, there were no specific
standards for testing non-medical face masks used by the
comparatively lower-risk general public. As such, previous
research on the FE of non-medical face masks comprised
of a broad range of materials have been conducted using a
wide variety of non-standardized testing methods, which
results in challenges for quantitively comparing FE of
makeshift material masks across different studies.

Study objective

To this day, face masks remain important and relevant;
states, cities, and counties continue to modify face mask
requirements depending on COVID-19 statistics, such as
case counts. In light of highly-transmissible variants of the
SARS-CoV-2 virus (e.g., Omicron), medical experts have
recommended that the general public upgrade to an N95 or
similar high-filtration respirator in public indoor spaces (31).
As of January of 2022, the CDC clarified that cloth masks
frequently worn by the general public do not provide
as much protection as surgical masks or respirators (6).
However, due to their reusability, ease of procurement,
visual appeal, and change in cultural perception, cloth masks
are likely to continue to be popular to use for years to come.
Therefore, this narrative review will (I) provide a summary
of the existing literature on FE of masks fabricated using
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readily available materials within a common household
(e.g., cloth, rags, t-shirts, bedsheets, towels, bandanas,
etc.), as well as combinations of different mask types
worn together (e.g., surgical/procedure mask worn with a
makeshift material mask), compared to surgical/procedure
mask (e.g., surgical mask, procedure mask, pediatric face
mask) and/or FFR controls (e.g., N95; KN95; melt blown
polypropylene fabric; FFP2; FFP3; KF80 and/or N95
approved classes of “anti-yellow sand” masks; KF94, KF80,
and/or N95 approved classes of “quarantine” masks); (II)
provide an overview of the various experimental protocols
in the existing literature; and (III) evaluate limitations in the
current literature on mask FE. While this narrative review
focuses specifically on FE, other mask performance criteria,
such as breathability, reuse potential, and fit/leakage are also
important considerations in face mask selection, although
they are beyond the scope of this review. We present the
following article in accordance with the Narrative Review
reporting checklist (available at https://jphe.amegroups.com/
article/view/10.21037/jphe-22-33/rc).

Methods

Relevant peer-reviewed, published literature was identified
by querying the PubMed database. A summary of the search
strategy is provided in Table 1. The titles of the 3,256 relevant
results were screened, from which 246 titles were selected for
abstract review and then 93 abstracts were selected for full
text review. The references were also screened for relevant
literature in the full paper review process.

More specifically, specific data points within studies
were excluded for masks comprised of materials not
readily available within a common household or masks
not feasible to be made in a common household, such as
medical grade/surgical/sterilization wraps used in clinical
settings (12,29,34), commercially manufactured/commercial
grade filter materials (35,36), novel materials such as
those engineered with antibacterial/antiviral properties or
enhanced with triboelectric charging (1,22,37), and masks
with valves, since the use of these is discouraged by the
CDC (18,38-40). As stated above, we excluded samples
that were altered to account for mask leakage (e.g., partially
or fully taping masks, intentionally creating or simulating
gaps, placing nylon overlayers and rubber bands over masks,
tying ear loops and tucking in the side pleats of masks), as
this review solely focused on FE (25,40-44). Data that were
not representative of normal use scenarios for face masks
(mechanically ventilated masks, snorkel masks, gas masks),
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as well as those evaluating mask efficiency in the context of
particulate matter (PM,,) pollution in ambient air, were not
considered in this narrative review (45-47). Furthermore,
we excluded data with reporting limitations such as lack
of information on test mask composition (48-50); where
FE was unclear for an individual mask type or material
(24,49,50); and measurements of FE not being explicitly
provided, but rather presented graphically with no data
labels along with no, or insufficient, in-text clarification
(10,19,38,41,51-54).

Results and discussion

Of the 3,256 titles reviewed, 246 were selected for abstract
review, from which 96 were selected for full paper review,
ultimately resulting in 31 papers that met the inclusion
criteria for this narrative review. These studies include
16 US studies (12,18,22,34,36,42-44,54-61) and 15 non-
US studies (i.e., Australia, Canada, China, Italy, Japan,
Nepal, the Netherlands, Slovenia, South Korea, the UK)
(10,11,20,29,35,40,45,47,48,62-67). Average FEs for FFRs,
surgical/procedure masks, and makeshift material masks
are illustrated in Figures 1-9. Average FEs were determined
using the average of reported single measurements or a range
of reported average measurements in the included studies.
The supplemental tables present further details on particle
size, flow rate, face velocity, and data reporting limitations
associated with FEs for each mask type (Tables S1-S3).

The results are stratified by studies conducted using a
manikin head form, experimental testing rig, filter tester
(i.e., TSI 8130 and/or TSI 8130A), and human test subjects
to investigate potential trends in FE due to experimental
setup (14,15). Results from each experimental category
are further categorized by aerosol type. Of the included
31 studies, presented in Figures 1-9, 26 studies were
conducted with particles <5 pm, which are defined by the
WHO and CDC as aerosols or droplet nuclei (68,69).
The remaining five studies (20,39,42,58,65) included test
particles >5 pm, up to 20 pm, which are defined by the
WHO and CDC as droplets (68,69). It is important to
note that, while the WHO and CDC’ standard definitions
for aerosols and droplets have been widely used, the
COVID-19 pandemic has brought to light inconsistencies
and inaccuracies between conventional definitions used by
public health agencies and those rooted in aerosol science
which more accurately characterizes different transmission
routes (70,71). The principal mode by which people are
infected with SARS-CoV-2 is through exposure to infectious
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Table 1 The search strategy summary

ltems

Specification

Date of search

Databases and other sources
searched

Search terms used

Timeframe

Inclusion and exclusion criteria

Selection process

8-Oct-2021
PubMed

“face mask” OR “face covering” OR “cloth mask” OR “fabric mask” OR “surgical mask” OR
“medical mask” OR respirator OR “KN95” OR “N95”) AND (filter OR filtration OR efficacy OR
efficiency OR effectiveness) AND (aerosol OR particle OR droplet OR virus)

All publications before October 8th, 2021
Inclusion:
1. Published in peer-reviewed scientific journal

2. Experimental studies of FE (i.e., PFE, BFE, VFE) of masks fabricated using readily available
materials within a common household compared to a surgical mask and/or FFR (e.g., N95, KN95%)

3. Described experimental methods for testing FE

4. Studies for all time periods and settings

5. Full-text article available in English language

Exclusion:

1. Studies that did not include a control surgical/procedure mask and/or FFR

2. Studies that reported results as particle count, pictures of aerosols, a protection factor, or other
metrics that were not specifically FE as a %

3. Masks comprised of materials that are not readily available within a common household
4. Data from samples that were altered to account for mask leakage

5. Studies that are not representative of normal use scenarios of face masks

6. Studies of mask efficiency in the context of ambient air pollution

7. Data with reporting limitations, such as lack of information on test mask composition or
measurements of FE presented graphically with no data labels

Studies were screened for relevancy by two independent reviewers, first by title, and any
discrepancies between the two reviewers were discussed and compared to inclusion/exclusion
criteria. From there, studies were further screened by an abstract review by the same two
independent reviewers. Finally, a full-paper review was conducted by three reviewers, with two
people each reviewing each paper

', one result returned for an MMWR (Morbidity and Mortality Weekly Report) publication released by the CDC (27). According to the CDC,
“[a]lthough most articles that appear in MMWR are not “peer-reviewed” in the way that submissions to medical journals are, to ensure that
the content of MMWR comports with CDC policy, every submission to MMWR undergoes a rigorous multilevel clearance process before
publication” (CDC, 2011). Based on our criteria for peer-reviewed, published journal articles, we did not consider any MMWR or similar
government publications. ¥, KN95s are manufactured to meet the China GB2626-2006 standard, requiring a filter performance of >95% of
NaCl particles, and pass a fit test (32). 3M mask manufacturer has stated that it is “reasonable” to consider China KN95 as “similar” to US
NIOSH N95 masks for bioaerosols (2). The CDC, through NIOSH, does not approve KN95 masks or any other respiratory protective device
certified to international standards (33). FE, filtration efficiency; PFE, particle FE; BFE, bacterial FE; VFE, viral FE; FFR, filtering facepiece

respirator.
virus-containing respiratory fluids, including through primary source of transmission in a respiratory infection,
inhalation of very fine respiratory droplets and aerosol and droplets that are <1 pm may remain suspended in
particles (72). Droplets <5 pm are generally considered the the air for minutes to hours (42,72). However, we did not
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100
90
80
70
60
50
40
30
20
10

Average FE, %

N9S, KN95. FFP2, FFP3 KNS, R95

[Unspecified

“standard aerosol  [Atomized olive oil] [Bateriophage Msz]  ien nfluenza
powder'] viral aerosols]

[NaCl & CaCO,
mixture]

[l Manikin [l Testing rig [l Fitter tester (TS1 8130 or 81304) | Test subjects

T[]: Test aerosol

[Monodisperse
polystyrene latex
particles]

NS (dry, damp), melt
blown polypropylene

FFP1, FFP2,
FFP3

N9S, polypropylene N9S, dust mask N9S
‘media, anti-yellow
sand masks,
‘quarantine masks®

Quarantine
masks*
material

[NaCl) el NaC] [Paratin oil] [NaCl) [Ambient particles]

* Anti-yellow sand masks for children and adults; quarantine masks are KF94, KF80, or N95 approved classes

Figure 1 Average FE of filtering facepiece respirators stratified by experimental setup (manikin, testing rig, filter tester, and test subjects)

and aerosol type. FE, filtration efficiency.
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Figure 2 Average FE of surgical/procedure masks stratified by experimental setup (manikin, testing rig, filter tester, and test subjects) and

aerosol type. FE, filtration efficiency; SM, surgical mask; TSB, Trypticase Soy Broth.

categorize our results by aerosol size, as aerosol size was
not always specified. Furthermore, several studies measured
mask performance as a measure of penetration, from which
we calculated FE based on Eq. [3] (24,34,48,55).

Opverall, significant variability in FE was observed across
all study types and mask categories. Average FE of FFRs
ranged from 46% to 98% for manikin experiments, 46% to
100% for experimental testing rigs, 63% to 100% (99.96%)

© Journal of Public Health and Emergency. All rights reserved.

for filter testers, and 60% to 99% for test subject experiments
(Table S1). The ranges suggest that the FE of some FFRs are
notably lower than the 95% ideal efficiency of a comparative
NO95 respirator. There are also wide differences in filtration
efficiencies as not all FFRs are subject to the same level of
rigor in testing; more specifically, the performance of N95s
exceeds that of non-N95 FFRs, such as KN95s, given that
N095 respirators undergo NIOSH certification testing which
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100
)
80
70
60
50
40
30

Average FE, %

20
10

otton fabric, t-shirt

c() C@ c@

T[]: Test aerosol; (): number of layers

T-shirt C Cotton fabric
[NaCl & CaCO; mixture] | [NaCl & CaCO, mixture] [Unspecified “standard
aerosol powder’]

Cotton cloth Heavy knitted fabric Nylon fabric
[Atomized olive oil] [NaCl & CaCO; mixture] [NaCl & CaCO; mixture]
cE) C(NR) s@

Figure 3 Average FE of makeshift material masks for manikin experiments, stratified by material composition, number of layers, and aerosol

type. FE, filtration efficiency; C, cotton or cotton-based; S, synthetic or synthetic-based; NR, not reported.
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pillowcase, bedsheet, canvas dropcloth, thin fabric, thick spandex, thin spandex, double knit, gauze, batik, downproof, polycotton, velour;

C (2): Cotton fabric, quilting cotton, thin fabric, apparel fabric, bandana, down proof ticking, bedsheet, shop towel, hand towel, heavy flannel, muslin cotton, knit t-shirt, needle punched batting;

GS (1): Cotton/polyester or cotton/lycra blend (i., sock, lightweight t-shirt, flannel, pillowcase, wash cloth, cooling scarf, mask bandanal;
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S (NR): Polyester (ie., jersey), lycra cloth, polypropylene (L., bag), polyester/spandex blend (L., chiffon)
CL (1): Tissue paper/face tissue, coffee filter, commercial and non-commercial paper towels;
GL (3): 2 kitchen towels + 1 tissue paper, 1 tissue paper followed by 2 kitchen towels;
CL (NR): Kitchen paper towel, toilet paper, wax paper, coffee filter, bamboo cleaning cloth, bamboo diaper

Figure 4 Average FE of makeshift material masks for testing rig experiments using NaCl, stratified by material composition and number of

layers. FE, filtration efficiency; NR, not reported; C, cotton or cotton-based; CS, cotton/synthetic blends; S, synthetic or synthetic-based;

CL, cellulose or cellulose-based; SS, silk/satin; CB, fabric combinations; Other, other makeshift materials.

is considered a stringent, worst-case test method to produce
maximum penetration or conservative FE (21). However, it is
difficult to compare FEs due to the variation in experimental
setup (i.e., manikin, testing rig, filter tester, test subjects),
test particles (i.e., NaCl and CaCO; mixture, unspecified

© Journal of Public Health and Emergency. All rights reserved.

aerosol powder, atomized olive oil, bacteriophage MS2, avian
influenza viral aerosols, PSL particles, NaCl, KCI, paraffin
oil, unspecified ambient particles), particle size (0.012-10 pm),
flow rate (0.1-95 L/min), and face velocity (4.9-1,650 cm/s).
It is important to note that a high velocity such as 1,650 cm/s,

7 Public Health Emerg 2022;6:36 | https://dx.doi.org/10.21037/jphe-22-33
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Average FE (%) of makeshift material masks, testing rig (KCI, (NH,) SO,, SiO,, polystyrene latex, fluorescent beads, water droplets)*
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Figure 5 Average FE of makeshift material masks for testing rig experiments using KCI, (NH,)SO,, SiO,, polystyrene latex, fluorescent

beads, and water droplets, stratified by material composition and number of layers. FE, filtration efficiency; NR, not reported; C, cotton or

cotton-based; S, synthetic or synthetic-based; CS, cotton/synthetic blends; SS, silk/satin; Other, other makeshift materials.
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Figure 6 Average FE of makeshift material masks for testing rig experiments using unspecified aqueous aerosols and free-flowing airborne

particles,

stratified by material composition and number of layers. FE, filtration efficiency; C, cotton or cotton-based; S, synthetic or

synthetic-based; CB, fabric combinations; Other, other makeshift materials
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Average FE (%) of makeshift material masks, testing rig (bacteriophage MS2, B. atropheus, S. aureus & TSB, AlV)*
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Figure 7 Average FE of makeshift material masks for testing rig experiments using bacteriophage MS2, B. atropheus, S. auereus & TSB, and

avian influenza virus, stratified by material composition and number of layers. FE, filtration efficiency; B. atrophaeus, Bacillus atrophaeus; S.

aureus, Staphylococcus aureus; TSB, Trypticase Soy Broth; AIV, Avian influenza virus (AIV A/chicken/Qingdao/211/2019 viral aerosols); C,
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SS, silk/satin; Other, other makeshift materials; CB, fabric combinations
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Figure 8 Average FE of makeshift material masks for filter tester experiments using NaCl, stratified by material composition and number of layers.

HEPA, high efficiency particulate air; C, cotton or cotton-

)

FE, filtration efficiency; HVAC, heating, ventilation, and air-conditioning system

based; NR, not reported; CS, cotton/synthetic blends; S, synthetic or synthetic-based; CL, cellulose or cellulose-based; SS, silk/satin; Other, other

makeshift materials; CB, fabric combinations.
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Average FE (%) of makeshift material masks, test subjects
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Figure 9 Average FE of makeshift material masks for test subject experiments using NaCl and ambient particles, stratified by material

composition and number of layers. FE, filtration efficiency; C, cotton or cotton-based; S, synthetic or synthetic-based; CB, fabric

combinations.

simulating an adult human coughing, was achieved with
a testing apparatus using flat media secured with a testing
mount and adjustable clip; although this data is informative
on the impact of velocity on FE, it is not comparable to
studies using whole masks (e.g., whole masks on manikins
or human subjects) (62). Even for experiments using the
standard NaCl test aerosols specified for the NIOSH N95
respirator certification (10,18,22,29,34,43,48,55,57,62), there
were deviations from the standard test procedures in particle
size (0.02-2.8 pmy), flow rate (0.1-95 L/min), and face velocity
(4.9-1,650 cm/s). Some studies also did not report flow rate
or face velocity, presenting another challenge in comparing
FEs (Table S1).

The average FE of surgical/procedure masks ranged from
12% to 86% for manikin experiments, 31% to 100% for
experimental testing rigs, 19% to 93% for filter testers, and
29% to 75% for test subject experiments (Table S2). While
it was not always clear as to whether the surgical/procedure
masks were ASTM certified, it is apparent that some of the
FEs are notably lower than the 95% to 98% ideal efficiency
of ASTM Level 1, 2, or 3 masks. Similar to FFRs, a variety
of experimental setups (as stated above), test particles (i.e.,

© Journal of Public Health and Emergency. All rights reserved.

NaCl and CaCOj; mixture, unspecified aerosol powder,
atomized olive oil, NaCl, KCI, PSL particles, fluorescent
beads in water, water droplets, unspecified aqueous aerosols,
unspecified free-flowing airborne particles, bacteriophage
MS2, Staphylococcus aurens with Trypticase Soy Broth (TSB)
as well as physiologic saline, Servatia marcescens with TSB,
Bacillus atrophaeus, avian influenza viral aerosols, unspecified
ambient particles), particle sizes (0.01-20 pm), flow rates
(0.1-95 L/min), and face velocities (1.95-1,710 cm/s) were
used to evaluate FE of surgical/procedure masks; however,
particle size, flow rate, and face velocity were not reported
for every study. One study was identified that followed the
ASTM F2299 particle type, particle size, flow rate, and
face velocity criteria for PFE, and found that FE ranged
from 94.2% to 94.9% for an ASTM Level 2 and Level 3
surgical mask, respectively (10). Additionally, one study
was identified that followed the ASTM F2101 particle type
(Staphylococcus aureus) and flow rate (~28 L/min) criteria
for BFE, and found that FE ranged from 95.2% to 99.4%
for surgical masks (63). While these two studies reported
approximate target efficiencies for their respective test
methods, the remaining 27 studies in the surgical/procedure

7 Public Health Emerg 2022;6:36 | https://dx.doi.org/10.21037/jphe-22-33
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mask category were conducted using various nonstandard
methods and reported average FEs from 12.4% (40) up to
100% (29,35,65) (Table S2).

Average FE of makeshift materials ranged from 9.8%
to 81% for manikin experiments, 1.5% to 100% for
experimental testing rigs, 0.43% to 100% (99.85%) for
filter testers, and 7.0% to 91% for test subject experiments
(Table S3). The results were stratified by material
composition (i.e., cotton or cotton-based, cotton/synthetic
blends, synthetic or synthetic-based, cellulose or cellulose-
based, silk/satin, fabric combinations, wool, and other
makeshift materials that do not belong to any of the
aforementioned categories), number of layers, test particles
(i.e., NaCl and CoCOj; mixture, unspecified aerosol
powder, atomized olive oil, NaCl, KCI, (NH,),SO,, SiO,,
PSL particles, fluorescent beads in water, water droplets,
unspecified aqueous aerosols, unspecified free-flowing
airborne particles, bacteriophage MS2, Bacillus atrophaeus,
Staphylococcus aureus with TSB, avian influenza viral aerosols,
unspecified ambient particles), particle size (0.01-20 pm),
flow rate (0.1-99 L/min), and face velocity (0.26-1,710 cm/s);
of note, some studies did not report particle size, flow rate,
or face velocity (Table S3).

Overall, FE is generally the highest across all
experimental categories in FFRs (45.68-100%), as expected,
followed by surgical/procedure masks (12.4-100%) and
then makeshift materials (0.433-100%). Interestingly, the
lower bound FEs for the FFR, surgical/procedure mask,
and makeshift barrier face covering categories are all
notably lower than their target efficiencies (i.e., 295% for
an N95, >95-98% for ASTM Level 1-3 surgical masks,
and >20% (Level 1) or >50% (Level 2) for barrier face
coverings). For example, the lowest reported FE for FFRs
was an average of 45.68%, which was measured when a
damp N95 was challenged with 0.02 to 0.1 pm NaCl under
high velocity conditions of 1,650 cm/s to simulate an adult
coughing (flow rate not reported) (62). For surgical masks,
the lowest reported average FE of 12.4% was measured
when a surgical mask was challenged with 1 pm atomized
olive oil at a flow rate of 24 L/min and face velocity of 10
to 12 cm/s (40). For makeshift materials, the lowest average
FE of 0.433% was measured when a single layer gauze
handkerchief was challenged with 0.0779 pm NaCl at a flow
rate of 95 L/min and unreported face velocity (48).

Conversely, an FE of 100% was achieved in all three
respirator/mask categories. The highest reported FE for
FFRs of 100% represents average FE of 2.8 pm NaCl
for an N95 at a flow rate of 1 L/min and face velocity of

© Journal of Public Health and Emergency. All rights reserved.
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4.9 cm/s (29). An FE of 100% was achieved for surgical
masks and surgical mask/makeshift material combinations
using various test particles (i.e., NaCl, unspecified aqueous
aerosols, free-flowing airborne particles), particle sizes (i.e.,
2—>5 pm), flow rates (1-28.2 L/min), and face velocities
(4.9 cm/s; NR for two of three studies) (29,35,65). For
makeshift materials, 100% FE was achieved for a 3-layer
cotton fabric, 3-layer unspecified non-woven fabric, and
1-layer leather using various test particles (unspecified
aqueous aerosols and free-flowing airborne particles), particle
sizes (0.3—>5 pm), and flow rates (6-28.32 L/min); face
velocities were not reported for any of these samples (35,65).

A wide range in FE is observed for all mask categories,
some ranging well below the required efficiencies specified
by NIOSH and ASTM standards for the respective
respirator/mask types all the way up to 100%. The results
demonstrate that FE is a complex interplay between
material composition, material construction (yarn count,
fabric mass, weave type), challenge aerosol characteristics
(particle size, composition), and velocity of the air passing
through the filter (12,73,74). Therefore, it is difficult
to compare results due to the wide variability in test
methodologies as well as the lack of reporting of various
study parameters in some studies such as particle size, flow
rate, and face velocity.

Notably, some tests were conducted using oil-based
aerosols (olive oil, paraffin oil). Electret filters, such as
NO95s, rely heavily on electrostatic charge to achieve target
fileration efficiencies. It has been demonstrated that in the
presence of oil-based aerosols, electret filter fibers become
coated in oil, resulting in the degradation of filter media and
increased filter penetration (75). Only certain filter media
have been specifically designed to be resistant to oil (e.g.,
NIOSH R-series) or strongly resistant to oil (e.g., NIOSH
P-series) (23). As such, the results of tests conducted using
oil-based aerosols on filtration media not specifically
designed for oil resistance are not a reliable indicator of
filtration media performance in the presence of non-oil
particulates.

Face velocity and filtration mechanisms

Higher face velocities have been shown to reduce FE;
however, the impact of this variable on FE also depends on
the filtration mechanism (42,62,74,76). Although there is a
perception that fibrous filters behave like a sieve in which
particles above a certain size are trapped while smaller
particles pass through, data have shown a more complex

7 Public Health Emerg 2022;6:36 | https://dx.doi.org/10.21037/jphe-22-33
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interplay between FE and particle size (73). Due to the
physical mechanisms of diffusion, interception, and inertial
impaction, fibrous filters trap smaller and larger particles
more effectively, whereas the most penetrating particle size
(MPPS) falls within the intermediate range (12,39,73,74).
Diffusion is the main filtration mechanism for smaller
particles (<0.1 pm) characterized by random, zigzagging
motions (Brownian motion). Therefore, the smaller the
particle and the lower the velocity, the higher the chances
of the randomly moving particles to contact and stick to
a filter fiber (73). For larger particles >0.4 pm, filters are
efficient due to the predominance of interception and
inertial impaction (73). With interception, when a particle
following a gas streamline comes within one particle radius
of a filter fiber, the particle is captured by the fiber upon
contact. With inertial impaction, the sheer size of a particle
prohibits it from adjusting to changes in a gas streamline
near a filter fiber, allowing the filter fiber to capture the
particle as it continues moving along its original path (73).
The MPPS is approximately 0.05 to 0.5 pm, in which
particles are too small for interception and too large for
diffusion, thereby resulting in a U-shaped curve when FE
is plotted against (12,39,73,74). For comparison purposes,
studies have shown the SARS-CoV-2 virus within this
intermediate region of approximately 0.06 to 0.14 pm in
diameter; notably, the SARS-CoV-2 virus will be contained
within droplets of various sizes (77-79). Of note, while it
is important to distinguish between physical diameter and
aerodynamic diameter (i.e., diameter of a sphere of unit
density with the same settling velocity as the particle) in
order to characterize particle behavior, the studies reviewed
did not provide such level of detail.

Material composition, construction, and layers

It is especially challenging to compare the FE of makeshift
materials due to the additional variability in material
composition, construction (tightness of weave, fiber
intervals, fabric structure), and number of layers. In general,
cloth masks with a higher weave density have higher
FE (42,54,58). For example, an increase was observed
from 9-14% FE for 80 threads per inch (TPI) cotton to
79-98.4% FE for 600 TPI cotton and from 8.7% FE for
600 TPI cotton to 48.95-53.34% FE for 1,000 TPI cotton
(42,58). Multi-layered masks also generally performed
better than single-layer masks (12,22,42,56,62). Although
high FEs can be achieved based on some of these material
qualities, some materials are not practical due to poor fit/
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leakage and high pressure drop. For example, 99-100%
FE was achieved with leather and 99.8% for copy paper,
although neither materials are good candidates for
homemade masks due to high pressure drops, an indicator
of poor breathability (22,35). While more layers are
generally associated with higher FE, breathability becomes
an issue as the differential pressure increases (12). When the
differential pressure increases, the higher drop in pressure
increases face seal leaks and reduces mask performance
because the increase in flow resistance forces more air
flow out of the leaks versus the mask material as intended.
Another important consideration with cloth materials is
the effect of washing on FE. Given the reusable nature of
cloth masks, they should be washed at least once per day or
as soon as they become wet or dirty (80). However, there is
evidence that the pores of cotton fabric widen after washing,

altering the material quality and filtration ability (35).

Mixed makeshift material assemblies

Some studies reported increased FE for masks comprised of
layers made of different makeshift materials. For example,
Konda er al. reported >80% to >90% FE for cotton-silk,
cotton-chiffon, and cotton-flannel hybrids (42). Amendola
et al. reported an increase in FE from 79-83% for a two-
layered cotton mask to 90-92% for a two-layered cotton/
non-woven fabric mask, as well as 77-83% for a three-
layered cotton mask to 92-96% for a three layered non-
woven/cotton/non-woven mask (65). Further, O’Kelly
reported an increase in FE from 10-47% for single-layer
masks to 35-60% for masks with more than one type
of fabric or heat-bonded with a fusible interfacing (62).
Although Zangmeister et /. did not identify a significant
difference in mixed cloth assemblies compared to individual
components, enhanced performance, when observed, of
hybrid material masks may be attributed to the combined
mechanical and electrostatic-based filtration effects (12,42).

Effect of bumidity/dampness and potential hazards of
makesbift materials

Another factor that affects filtration performance is
dampness, such as from exercise, respiration, and speech.
O’Kelly et al. reported only minor differences in FE for
quilting cotton, cotton flannel, and craft felt while damp
(dry: 28.5-34.54%, damp: 30.14-31.88%); however, a
significant decrease in FE was observed in damp denim (dry:
45.95%, damp: 30.68%) while an increase was observed for
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high efficiency particulate air (HEPA) single-use vacuum
bags (dry: 60.86%, damp: 71.93%) (62). However, Guha
et al. reported no significant changes in wet efficiency over
time (dry — partially wet — wet), implying that fabric
materials may continuously offer protection over the
course of multiple sneezes or coughs, and humidity from
exhaled breath may not significantly impact FE (58). On
the contrary, Zangmeister e /. reported an increase in FE
of hydrophilic fabrics when challenged with hygroscopic
nanoparticles, such as respiratory droplets containing
SARS-CoV-2, under high humidity conditions (59).

Certain makeshift mask materials may pose potential
hazards to individuals making or wearing such masks. For
instance, O’Kelly er al. reported that while the single-
use HEPA vacuum bag showed the high FE of ultrafine
particles, the layers fell apart when the material was cut,
exposing component materials that may be unsafe for
individuals to inhale or come into close contact with the
face. The authors noted that manipulating a reusable,
washable HEPA bag did not expose the inner fibers, but
any potential hazards of such materials are unknown (62).
Flame retardant properties, skin irritation, and delayed-type
hypersensitivity of mask materials are also important areas
for further investigation (81).

Conclusions

As the COVID-19 pandemic enters its second year,
researchers continue to help advance health and safety
measures to prevent the transmission of the SARS-CoV-2
virus. One such measure, improvised face masks, has been
studied to understand FE for various materials available to
the general population, although the findings are highly
variable and difficult to compare. Overall, no single filter
characteristic is a sole determinant of FE, and a combination
of factors, such as those described above (e.g., face velocity,
particle size and type, material composition, material
construction, layers) contribute to differences in filter
quality (54). Based on the available data, the FE of surgical/
procedure masks is generally higher than cloth masks, and
FFRs are the highest of all, as expected. However, it is
challenging to make direct comparisons across these studies
due to the variations in testing methods, many of which
lack standardization, as well as study reporting limitations.
The wide variability in FE in makeshift materials suggests
that material properties that contribute to high FEs are still
poorly understood (10). However, it is generally understood
that wearing improvised masks is better for viral emission
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reduction than being totally unprotected, and various
techniques (e.g., increasing layers, using higher weave
density materials, improving fit to reduce leakage) can help
increase FE of improvised masks (24,36,42,54,58).

Another uncertainty when comparing the results of
these studies is the variability in the reported data (e.g., as
characterized by the standard deviation). Not all studies
reported a standard deviation (34,65), some studies had a
small range [0.00-0.066 (56); 0.68-2.65 (64)], and other
studies had a large range [3-16 (11); 0.5-13.9 (44)]. A
large standard deviation indicates data points far from
the mean, and may be demonstrative of a wide variation
in the FE of the material samples. Large variations in
FE are particularly apparent for makeshift materials, for
which filtration characteristics are not controlled. Varying
standard deviations indicate a lack of accuracy in the tests,
which further speaks to the need for more comprehensive
data reporting and standardization in test methods.
Future research efforts can aim to use more standardized
experimental methods (e.g., NIOSH NaCl method for
NO5 certification, ASTM F3502-21) to reduce variability
in study protocols, improve on data reporting by providing
quantifiable results (as opposed to presenting in graphs with
no data labels or table/in-text clarification), and clarifying
study parameters (e.g., flow rate, face velocity, particle type
and size, mask layers and composition). In particular with
homemade face masks, the new ASTM F3502-21 Barrier
Face Covering Standard was developed to establish uniform
test methods and performance criteria to allow for more
effective comparison across a wide variety of makeshift mask
materials; the standard also provides design requirements
for the general construction of masks, use of nonirritating
and nontoxic materials, flammability, sizing, and shelf life.
These measures will help improve readability and like-for-
like comparisons across different studies.
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Supplementary

Table S1 Average FE (%) of filtering facepiece respirators'

Experimental setup Mask type Test particle Particle size (um) Flow rate (L/min) Face velocity (cm/s) Source Additional notes
Max average FE Min average FE
Manikin N95, KN95 91.8 84 NaCl & CaCO, mixture 0.3-10 10 NR Patra et al. 2022 -
FFP2, FFP3 97.875 - Unspecified nanoparticle 0.012-0.57 1 NR Pogaénik Krajnc et al. 2021 -
(i.e., “standard aerosol powder”)
KN95, R95 96 46.3 Atomized olive oil 1 24 10-12 Shah et al. 2021 -
Testing rig N95 99.9 - Bacteriophage MS2 6 28.3 NR Whiley et al. 2020 -
N95 99.98 - Avian influenza viral aerosols 3.9 NR NR Ma et al. 2020 -
N95 99.2 - Monodisperse polystyrene 0.1 28.3 11.3 LaRue et al. 2021 -
latex (PSL) particles
N95 (dry, damp), melt blown 100 45.68 NaCl 0.02-2.8 1-28.3° 4.9-1650° O'Kelly et al. 2020; Rogak et al. 2020; Flow rate NR for 3 of
polypropylene material LaRue et al. 2021 5 FE measurements
FFP1, FFP2, FFP3 97 83 KCI >0.01 10 42 Sharma et al. 2022 -
Filter tester N95, polypropylene media, anti-yellow 99.96 62.969 NaCl 0.04-0.3 10-95° 5.5-16.5° Rengasamy et al. 2010; Jung et al. 2014; Face velocity NR for 16 of
(TSI 8130 and/or sand masks, quarantine masks' Jones et al. 2020; Long et al. 2020; Zhao 18 FE measurements
TSI 8130A) et al. 2020; Lindsley et al 2021
Quarantine masks' 97.943 - Paraffin oil 0.2249 95 NR Jung et al. 2014 -
Test subjects N95, dust mask 99.2 60.3 NaCl <03 0.1 NR Mueller et al. 2020 -
N95 98.4 - Ambient particles 0.02-3 NR NR Clapp et al. 2021 -

T To show slight differences in FE, the supplementary results are presented with all calculated digits while the in-text results are presented with significant digits. ¥, Range of reported averages or averaged individual data points. ¥, Data reporting limitations described in ‘Additional notes’ column. ", Anti-
yellow sand masks for children and adults; quarantine masks are KF94, KF80, or N95 approved classes.
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Table S2 Average FE (%) of surgical/procedure masks'

FE*
Experimental setup Mask type Test particle Particle size (um) Flow rate (L/min) Face velocity (cm/s) Source Additional notes
Max average FE Min average FE

Manikin SM 77.8 - NaCl & CaCO; mixture 0.3-10 10 NR Patra et al. 2022 -

SM 86.125 - Unspecified nanoparticle 0.012-0.57 1 NR Pogacnik Krajnc et al. 2021 -

(i.e., “standard aerosol powder”)

SM 47 12.4 Atomized olive oil 1 24 10-12 Shah et al. 2021 -
Testing rig Dry and damp SM, SM + tissue paper, 100 30.6 NaCl 0.01-6.0 1-90° 1.95-1650° Konda et al. 2020; O'Kelley et al. 2020; Flow rate NR for 19 of 33 FE

melt blown material Li et al. 2020; Hao et al. 2021; Pan et al. measurements; face velocity NR for

2021; Zangmeister et al. 2020; Rogak 1 of 33 FE measurements
et al. 2020; Reutman et al. 2021
SM 81 41 KCI >0.01 10 42 Sharma et al. 2022 -
SM 94.9 94.2 Monodisperse polystyrene 0.1 28.3 11.3 LaRue et al. 2021 -
latex (PSL) particles

SM 97.85 - Fluorescent beads in water 0.1 NR 270-1710 Aydin et al. 2020 -

Pediatric facemask 99.21 98.57 Water droplets 0.5-20 NR 481 Guha et al. 2021 -

(i.e., relatively dry and wet)

SM 100 97.3 Unspecified aqueous aerosol >0.28->5.0 6 NR Amendola et al. 2020 -

SM 100 59 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -

SM 99.9 89.52 Bacteriophage MS2 0.023-6.0 28.3-30 NR Davies et al. 2013; Whiley et al. 2020 -

SM 99.4 95.2 Bacterial suspension fluid NR 28.3 NR Furuhashi et al. 1978 -

(Staphylococcus aureus &
Trypticase Soy Broth (TSB) aerosol)
SM 95.7 - Bacterial suspension fluid NR 28.3 NR Furuhashi et al. 1978 -
(Staphylococcus aureus &
physiologic saline)
SM 96.4 - Bacterial suspension fluid NR 28.3 NR Furuhashi et al. 1978 -
(Serratia marcescens &
Trypticase Soy Broth (TSB) aerosol)

SM 96.35 - Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -

SM 97.14 - Avian influenza viral aerosols 3.9 NR NR Ma et al. 2020 -
Filter tester (TSI 8130 and/ SM 92.7 18.81 NaCl 0.04-0.079 25-95 NR Zhao et al. 2020; Long et al. 2020; -
or TSI 8130A) Jung et al. 2014; Lindsley et al. 2021
Test subjects SM 74.6 43 NaCl <0.3% 0.1% NR Sickbert-Bennett et al., 2021; Particle size NR for 8 of 12 FE

Mueller et al. 2020 measurements; flow rate NR for
8 of 12 FE measurements
SM with charcoal layer 73.4 - NaCl <0.30 0.1 NR Mueller et al. 2020 -
SM 64.8 28.6 Ambient particles 0.02-3 NR NR Clapp et al. 2021 -

', To show slight differences in FE, the supplementary results are presented with all calculated digits while the in-text results are presented with significant digits. *, Range of reported averages or averaged individual data points; °, Data reporting limitations described in ‘Additional notes’ column. SM,
surgical mask; TSB, Trypticase Soy Broth.
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Table S3 Average FE (%) of makeshift material masks'

Makeshift material

Filtration Efficiency (FE)*

Experimental setup » Mask type Test aerosol Particle size (um) Flow rate (L/min)  Face velocity (cm/s) Source Additional notes
composition Max average FE ~ Min average FE
Manikin c() T-shirt 64.8 - NaCl & CaCO, mixture 0.3-10 10 NR Patra et al. 2022 -
C Cotton fabric, t-shirt 74.4 70.8 NaCl & CaCO; mixture 0.3-10 10 NR Patra et al. 2022 -
C (2 Cotton fabric 56.98 - Unspecified nanoparticle 0.012-0.57 1 NR Pogaénik Krajnc et al. 2021 -
(i.e., “standard aerosol powder”)
C(3) Cotton cloth 40 9.8 Atomized olive oil 1 24 10-12 Shah et al. 2021 -
C (NR) Heavy knitted fabric 80.8 - NaCl & CaCO, mixture 0.3-10 10 NR Patra et al. 2022 -
S (2 Nylon fabric 74 - NaCl & CaCO, mixture 0.3-10 10 NR Patra et al. 2022 -
Testing rig c@) Various materials® 98.4 3.68 NaCl 0.01-6 1-85° 1.95-1700° Konda et al. 2020; O'Kelly et al. 2020; Flow rate NR for 20 of 64 FE
Rogak et al. 2020; Zangmeister et al. 2020; measurements; face velocity NR
Guha et al. 2021; Pan et al. 2021; for 1 of 64 FE measurements
Reutman et al. 2021
Testing rig C Various materials® 99.5 16.28 NaCl 0.01-6 1.5-35 6.3-10 Konda et al. 2020; Zangmeister et al. -
2020; Pan et al. 2021
Testing rig C @4 Light flannel 48 - NaCl 0.05-0.83 15 6.3 Zangmeister et al. 2020 -
Testing rig C (NR) Quilting cotton, cotton fabric, 82 3.92 NaCl 0.01-6 6-90 0.26-9.2 Konda et al. 2020; Hao et al. 2021 -
knit cotton, muslin
Testing rig CS (1) Various materials® 35.36 9.94 NaCl 0.02-0.83 1.5% 6.3-1650 O'Kelly et al. 2020; Zangmeister et al. Flow rate NR for 3 of 4 FE
2020; Guha et al. 2021 measurements
Testing rig CS (2) Cotton/polyester blend 11.56666667 7.25 NaCl 0.05-0.83 0.3-1.5 6.3 Zangmeister et al. 2020, 2021 -
(i.e., apparel, fabric)
Testing rig CS (NR) Cotton/polyester blend 57 4.6 NaCl 0.01-6 6-90 9.2-26 Konda et al. 2020; Hao et al. 2021 -
(i.e., flannel, knit fabric)
Testing rig S(1) Various materials® 92.7 1.52 NaCl 0.01-6 1-85° 1.95-10 Konda et al. 2020; O'Kelly et al. 2020; Flow rate NR for 12 of 29 FE
Rogak et al. 2020; Zangmeister et al. 2020; measurements
Guha et al. 2021; Pan et al. 2021;
Reutman et al. 2021
Testing rig S (2 Various materials® 90 2.1 NaCl 0.01-6 0.3-35 6.3-10 Konda et al. 2020; -
Zangmeister et al. 2020, 2021
Testing rig S(3) Microfiber fabric 61.8 - NaCl 2.8 1 4.9 Rogak et al. 2020 -
Testing rig S (6) Polyester (i.e., chiffon) 93.1 - NaCl 2.8 1 4.9 Rogak et al. 2020 -
Testing rig S (NR) Various materials® 59 2.86 NaCl 0.01-6 6-90 9.2-26 Konda et al. 2020; Hao et al. 2021 -
Testing rig W (1) Merino wool cloth, wool blend 93.6 35.87 NaCl 0.02-2.8 18 4.9-1650 O'Kelly et al. 2020; Rogak et al. 2020 Flow rate NR for 1 of 3 FE
cloth, melton wool measurements
Testing rig W (2) Wool apparel, wool fabric 16.65 10.9 NaCl 0.05-0.825 0.3-1.5 6.3 Zangmeister et al. 2020, 2021 -
Testing rig cL(1) Various materials® 80 3.34 NaCl 0.025-3 1-85° 1.95-10° Li et al. 2020; Rogak et al. 2020; Flow rate NR for 10 of 25 FE
Guha et al. 2021; Pan et al. 2021; measurements; face velocity NR for
Reutman et al. 2021 5 of 25 FE measurements
Testing rig CL (2 Tissue paper, paper towel, coffee 65.81 13.4 NaCl 0.025-0.83 1.5 6-6.3 Li et al. 2020; Flow rate NR for 8 of 10 FE
filter Zangmeister et al. 2020 measurements
Testing rig CL (3) Various materials® 99.99 49.86 NaCl 0.025-3.0 NR 6 Li et al. 2020 -
Testing rig CL (NR) Various materials® 43.17 3.69 NaCl 0.03-0.6 6 9.2 Hao et al. 2021 -
Testing rig SS (1) Silk (i.e., fabric, pillowcase) 90.1 12.9 NaCl 0.01-6 1-85° 1.95-10 Konda et al. 2020; Rogak et al. 2020; Flow rate NR for 1 of 6 FE
Guha et al. 2021; Reutman et al. 2021 measurements
Testing rig SS (2) Silk fabric 65 - NaCl 0.01-6 35 10 Konda et al. 2020 -
Testing rig SS (4) Silk fabric 88 86 NaCl 0.01-6 35 10 Konda et al. 2020 -
Testing rig SS (NR) Silk and satin fabric 51 10.14 NaCl 0.01-6 6-90 9.2 -26 Konda et al. 2020; Hao et al. 2021 -
Testing rig CB () 1 cotton cloth + 1 flannel cloth 95 - NaCl <0.30 (0.01-0.178) 35 10 Konda et al. 2020 -
Testing rig 1 synthetic + 1 cotton fabric 25.1 - NaCl 0.05-0.83 1.5 6.3 Zangmeister et al. 2020 -
Testing rig 1 polyester + 1 cotton 23.1 - NaCl 0.05-0.83 1.5 6.3 Zangmeister et al. 2020 -
Testing rig 1 polyester/ cotton blend + 1 15.8 - NaCl 0.05-0.83 15 6.3 Zangmeister et al. 2020 -
cotton
Testing rig 1 cotton cloth + 1 flannel cloth 96 - NaCl >0.30 (0.30-6.0) 35 10 Konda et al. 2020 -
Testing rig 1 silk + 1 polyester 61.6 - NaCl 2.8 1 4.9 Rogak et al. 2020 -
Testing rig CB (3) 1 cotton + 2 chiffon 97 - NaCl <0.30 (0.01-0.178) 35 10 Konda et al. 2020 -
Testing rig 1 cotton + 2 chiffon 99.2 - NaCl >0.30 (0.30-6.0) 35 10 Konda et al. 2020 -
Testing rig 1 cotton + 2 silk 94 - NaCl <0.30 (0.01-0.178) 35 10 Konda et al. 2020 -
Testing rig 1 cotton + 2 silk 98.5 - NaCl >0.30 (0.30-6.0) 35 10 Konda et al. 2020 -
Testing rig 2 polyester + 1 cotton 15 - NaCl 0.05-0.83 15 6.3 Zangmeister et al. 2020 -
Testing rig Other (1) Vacuum bag, HEPA vacuum bag 90 43.64 NaCl 0.02-2 3’ 10-1650° O'Kelly et al. 2020; Pan et al. 2021 Flow rate NR for 4 of 6 FE measurements;
face velocity NR for 1 of 6 FE
measurements
Testing rig Minky fabric 34.17 - NaCl 0.02-0.1 NR 1650 O'Kelly et al. 2020 -
Testing rig Bandana 40 5 NaCl 0.04-2 3 10% Pan et al. 2021 Face velocity NR for 1 of 5 FE
measurements
Testing rig Acrylic (thin fabric) 75 5 NaCl 0.04-5 3 10° Pan et al. 2021 Face velocity NR for 2 of 4 FE
measurements
Testing rig MERV 12 filter 90 25 NaCl 0.1-2.0 3 10% Pan et al. 2021 Face velocity NR for 1 of 3 FE
measurements
Testing rig Other (2) Bandana 50 30 NaCl 0.04-1 3 10 Pan et al. 2021 -
Testing rig PET felt 10.1 - NaCl 0.05-0.83 1.5 6.3 Zangmeister et al. 2020 -
Testing rig Other (NR) Shop towel 45.58 33.48 NaCl 0.03-0.6 6 9.2 Hao et al. 2021 -
Testing rig Microfiber cloth 64.27 45.69 NaCl 0.03-0.6 6 9.2 Hao et al. 2021 -
Testing rig Velvet 19.78 12.29 NaCl 0.03-0.6 6 9.2 Hao et al. 2021 -
Testing rig Suede cloth 16.53 9.57 NaCl 0.03-0.6 6 9.2 Hao et al. 2021 -
Testing rig Flannel 54 13.96 NaCl 0.03-0.6 6-90 9.2-26 Konda et al. 2020; Hao et al. 2021 -
Testing rig C© Cotton fabric 27.3 - KCI 0.305 0.3 6.3 Zangmeister et al. 2021 -
Testing rig S(1) Peltek fabric 42 - KCI >0.01 10 42 Sharma et al. 2022 -
Testing rig S 2 Peltek fabric 47 42 KCI >0.01 10 42 Sharma et al. 2022 -
Testing rig C Cotton fabric 27.7 - (NH,),SO, 0.305 0.3 6.3 Zangmeister et al. 2021 -
Testing rig C (2 Cotton fabric 25.4 - SiO, 0.305 0.3 6.3 Zangmeister et al. 2021 -
Testing rig c@) Cotton fabric, cotton muslin 54 13 Monodisperse polystyrene latex (PSL) 0.1 28.3 11.3 LaRue et al. 2021 -
particles
Testing rig CS (1) Cotton/polyester blend fabric 49 - Monodisperse polystyrene latex (PSL) 0.1 28.3 11.3 LaRue et al. 2021 -
particles
Testing rig Other (1) Sweater fabric 80 70 Monodisperse polystyrene latex (PSL) 0.1 28.3 11.3 LaRue et al. 2021 -
particles
Testing rig Batting material blend 80 70 Monodisperse polystyrene latex (PSL) 0.1 28.3 11.3 LaRue et al. 2021 -
particles
Testing rig C Cotton fabric 25.8 - Monodisperse polystyrene latex (PSL) 0.305 0.3 6.3 Zangmeister et al. 2021 -
particles
Testing rig c() Cotton (i.e., new shirt, used shirt,  74.63333333 - Fluorescent beads in water 0.1 NR 1710 Aydin et al. 2020 -
new quilt cloth)
Testing rig CS (1) Various materials® 77.6 - Fluorescent beads in water 0.1 NR 270-1710 Aydin et al. 2020 -
Testing rig S(1) Various materials® 94.9 87.3 Fluorescent beads in water 0.1 NR 1710 Aydin et al. 2020 -
Testing rig SS (1) Silk (i.e., used shirt) 87.8 - Fluorescent beads in water 0.1 NR 1710 Aydin et al. 2020 -
Testing rig C© Cotton (i.e., new shirt) 88.3 - Fluorescent beads in water 0.1 NR 1710 Aydin et al. 2020 -
Testing rig CS (2) Cotton/polyester blend (i.e., new 96.8 94.2 Fluorescent beads in water 0.1 NR 270-1710 Aydin et al. 2020 -
shirt)
Testing rig C(3) Cotton (i.e., new shirt) 98.23333333 - Fluorescent beads in water 0.1 NR 1710 Aydin et al. 2020 -
Testing rig c() Various materials® 98.34 84.49 Water droplets 0.5-20 NR 481-1700 Guha et al. 2021 -
Testing rig CS (1) Various materials® 90.47 89.75 Water droplets 0.5-20 NR 481 Guha et al. 2021 -
Testing rig S(1) Various materials® 99.87 92.156 Water droplets 0.5-20 NR 481-1700 Guha et al. 2021 -
Testing rig C Cotton fabric 81 - Unspecified aqueous aerosol >0.28 6 NR Amendola et al. 2020 -
Testing rig C(3) Cotton fabric 100 76.7 Unspecified aqueous aerosol >0.28->5.0 6 NR Amendola et al. 2020 -
Testing rig Other (1) Unspecified non-woven fabric 92 - Unspecified aqueous aerosol >0.28 6 NR Amendola et al. 2020 -
Testing rig Other (3) Unspecified non-woven fabric 100 93.5 Unspecified aqueous aerosol >0.28->5.0 6 NR Amendola et al. 2020 -
Testing rig CB(2) Cotton fabric and non-woven 91 - Unspecified aqueous aerosol >0.28 6 NR Amendola et al. 2020 -
fabric
Testing rig CB (3) Non-woven fabric + cotton + non- 96 92.5 Unspecified aqueous aerosol >0.28 6 NR Amendola et al. 2020 -
woven fabric
Testing rig S(1) Microfiber fabric, polypropylene 99 5 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
fabric
Testing rig Other (1) Tea towel 36 5 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
Testing rig Leather 100 99 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
Testing rig Other (2) Tea towel 88 5 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
Testing rig Quilt 95 16 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
Testing rig Other (4) Quilt 71 34 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
Testing rig Other (6) Quilt 98 46 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
Testing rig CB (3) Felt between quilt fabric 97 20 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
Testing rig Cleaning cloth between quilt 93 21 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
fabric
Testing rig Paper towel between quilt fabric 95 42 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
Testing rig Static dust cloth between quilt 96 21 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
fabric
Testing rig CB 4) Coffee filter (double) between quilt 99 90 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
fabric
Testing rig Paper towel (double) between 98 65 Free-flowing airborne particles 0.3-5.0 28.32 NR Teesing et al. 2020 -
quilt fabric
Testing rig c() Cotton (i.e., t-shirt, cotton mix 70.24 50.85 Bacteriophage MS2 0.023 30 NR Davies et al. 2013 -
fabric)
Testing rig C© Cotton (i.e., denim) 90.9 67.3 Bacteriophage MS2 2.6-6.0 28.3 NR Whiley et al. 2020 -
Testing rig C(3) Cotton fabric 65.8 54.4 Bacteriophage MS2 2.6-6.0 28.3 NR Whiley et al. 2020 -
Testing rig SS (1) Silk fabric 54.32 - Bacteriophage MS2 0.023 30 NR Davies et al. 2013 -
Testing rig SS (2) Silk fabric 63.6 50.3 Bacteriophage MS2 2.6-6.0 28.3 NR Whiley et al. 2020 -
Testing rig Other (1) Scarf 48.87 - Bacteriophage MS2 0.023 30 NR Davies et al. 2013 -
Testing rig Tea towel 72.46 - Bacteriophage MS2 0.023 30 NR Davies et al. 2013 -
Testing rig Pillowcase 57.13 - Bacteriophage MS2 0.023 30 NR Davies et al. 2013 -
Testing rig Antimicrobial pillowcase 68.9 - Bacteriophage MS2 0.023 30 NR Davies et al. 2013 -
Testing rig Vacuum cleaner bag 85.95 - Bacteriophage MS2 0.023 30 NR Davies et al. 2013 -
Testing rig Linen 61.67 - Bacteriophage MS2 0.023 30 NR Davies et al. 2013 -
Testing rig CB (2 Washable fabric + cotton/poplin 93.32 54.9 Bacteriophage MS2 2.6-6.0 28.3 NR Whiley et al. 2020 -
blend pocket
Testing rig CB (3) 100% hemp + poly membrane + 93.6 89 Bacteriophage MS2 2.6-6.0 28.3 NR Whiley et al. 2020 -
cheesecloth inner layer
Testing rig Fabric + dried baby wipe inserted 98.5 97.6 Bacteriophage MS2 2.6-6.0 28.3 NR Whiley et al. 2020 -
into pocket
Testing rig Fabric + vacuum cleaner bag 99.5 98.8 Bacteriophage MS2 2.6-6.0 28.3 NR Whiley et al. 2020 -
inserted into pocket
Testing rig 2 nonwoven polypropylene 99.1 98.6 Bacteriophage MS2 2.6-6.0 28.3 NR Whiley et al. 2020 -
shopping bags + 1 cotton
Testing rig c() Cotton (i.e., t-shirt, cotton mix 74.6 69.42 Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
fabric)
Testing rig C (@2 Cotton (i.e., t-shirt) 70.66 - Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
Testing rig SS (1) Silk fabric 58 - Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
Testing rig Other (1) Scarf 62.3 - Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
Testing rig Tea towel 96.71 83.24 Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
Testing rig Pillowcase 61.28 - Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
Testing rig Antimicrobial pillowcase 65.62 - Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
Testing rig Vacuum cleaner bag 94.35 - Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
Testing rig Linen 60 - Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
Testing rig Other (2) Pillowcase 62.38 - Bacillus atrophaeus 0.95-1.25 30 NR Davies et al. 2013 -
Testing rig C (NR) Cotton fabric, twill weave fabric, 93.6 43.1 Bacterial suspension fluid NR 28.3 NR Furuhashi et al. 1978 -
calico fabric) (Staphylococcus aureus & Trypticase
Soy Broth (TSB) aerosol)
Testing rig CB (5) 1 cloth fabric + 4 kitchen paper 95.15 - AlV A/chicken/Qingdao/211/2019 viral 3.9 NR NR Ma et al. 2020 -
towels aerosols
Filter tester (TSI 8130 c@) Handkerchief, fabric, t-shirt 35.77 1.067 NaCl 0.04-0.0779 25-95 NR Jung et al. 2014; Long et al. 2020; Lindsley -
and/or TSI 8130A) et al. 2021
Filter tester (TSI 8130 C (2 Handkerchief, fabric 14.9 1.967 NaCl 0.04-0.0779 25-95 NR Jung et al. 2014; Long et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 C @ Handkerchief, fabric 18.8 3.133 NaCl 0.075-0.0779 85-95 NR Jung et al. 2014; Lindsley et al. 2021 -
and/or TSI 8130A)
Filter tester (TSI 8130 C 4 Handkerchief 12.933 3.8 NaCl 0.075-0.0779 85-95 NR Jung et al. 2014 -
and/or TSI 8130A)
Filter tester (TSI 8130 C (NR) Pillow cover, t-shirt, sweater, 29.927 5.04 NaCl 0.075-0.0779 32-95 NR Jung et al. 2014; Zhao et al. 2020 -
and/or TSI 8130A) fabric
Filter tester (TSI 8130 CS (2 Polyester/cotton blend (i.e., fabric, 27.1 9.7 NaCl 0.075 85 NR Lindsley et al. 2021 -
and/or TSI 8130A) fabric + PM2.5 filter)
Filter tester (TSI 8130 S(1) Polyester and polyester blend 48.59 2.2 NaCl 0.04-0.075 25-85 NR Long et al. 2020; Zhao et al. 2020; Lindsley -
and/or TSI 8130A) gaiter, interfacing, lawn/ etal. 2021
landscaping fabric, shopping
bag, spunbond fabric, polyester/
spandex blend gaiter
Filter tester (TSI 8130 S (@) Polyester (i.e., gaiter), 20.2 3.6 NaCl 0.075 32-85 NR Zhao et al. 2020; Lindsley et al. 2021 -
and/or TSI 8130A) polypropylene (i.e., spunbond
fabric), polyester/spandex blend
(i.e., gaiter, fabric)
Filter tester (TSI 8130 S(3) Polypropylene (i.e., spunbond 79.92 16.41 NaCl 0.04-0.075 25-35 NR Long et al. 2020; Zhao et al. 2020 -
and/or TSI 8130A) fabric), Smart-Fab fabric
Filter tester (TSI 8130 S 4) Polypropylene (i.e., spunbond 20.64 - NaCl 0.075 32 NR Zhao et al. 2020 -
and/or TSI 8130A) fabric)
Filter tester (TSI 8130 S (5) Polypropylene (i.e., spunbond 23.95 - NaCl 0.075 32 NR Zhao et al. 2020 -
and/or TSI 8130A) fabric)
Filter tester (TSI 8130 S (NR) Polypropylene (i.e., spunbond 23.33 6.15 NaCl 0.075 32 NR Zhao et al. 2020 -
and/or TSI 8130A) fabric), polyester (i.e., toddler
wrap), nylon (i.e., exercise pants)
Filter tester (TSI 8130 CL (1) Paper towel 36.64 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 CL (NR) Cellulose (i.e., paper towel, tissue 99.85 10.41 NaCl 0.075 32 NR Zhao et al. 2020 -
and/or TSI 8130A) paper, copy paper)
Filter tester (TSI 8130 SS (NR) Silk fabric 4.77 - NaCl 0.075 32 NR Zhao et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Other (1) Unspecified cloth 65 10 NaCl 0.02-1.0 33 5.5 Rengasamy et al. 2010 -
and/or TSI 8130A)
Filter tester (TSI 8130 Sweatshirt 70 7 NaCl 0.02-1.0 33-99 5.5-16.5 Rengasamy et al. 2010 -
and/or TSI 8130A)
Filter tester (TSI 8130 T-shirt 44 3 NaCl 0.02-1.0 33 5.5 Rengasamy et al. 2010 -
and/or TSI 8130A)
Filter tester (TSI 8130 Towel 40 34 NaCl 0.075 33 5.5 Rengasamy et al. 2010 -
and/or TSI 8130A)
Filter tester (TSI 8130 Scarf 27 11 NaCl 0.075 33 5.5 Rengasamy et al. 2010 -
and/or TSI 8130A)
Filter tester (TSI 8130 Coffee filter 17.31 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Vacuum bag 82.54 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Pillowcase 36.57 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Disposable shop towel 39.1 - NaCl 0.3 85 NR Jones et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Gauze (handkerchief) 0.7 0.433 NaCl 0.075-0.0779 85-95 NR Jung et al. 2014 -
and/or TSI 8130A)
Filter tester (TSI 8130 HVAC filter 52.15 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 HEPA filter material 63.90575 - NaCl 0.3 85 NR Jones et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Lab filter paper 96.51 - NaCl 0.3 42.5 NR Jones et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Other (2) Disposable shop towel 50.9 - NaCl 0.3 85 NR Jones et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Gauze (handkerchief) 1.367 0.967 NaCl 0.075-0.0779 85-95 NR Jung et al. 2014 -
and/or TSI 8130A)
Filter tester (TSI 8130 HEPA filter material 75.07333333 - NaCl 0.3 85 NR Jones et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Other (3) Shopping bag 59.75 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Gauze (handkerchief) 2 1.8 NaCl 0.075-0.0779 85-95 NR Jung et al. 2014 -
and/or TSI 8130A)
Filter tester (TSI 8130 Other (4) Disposable shop towel 72.9 - NaCl 0.3 85 NR Jones et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Gauze (handkerchief) 3.633 2.8 NaCl 0.075-0.0779 85-95 NR Jung et al. 2014 -
and/or TSI 8130A)
Filter tester (TSI 8130 HEPA filter material 97.55 - NaCl 0.3 85 NR Jones et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 CB (3) Polyester/cotton blend (inner layer 19.9 - NaCl 0.075 85 NR Lindsley et al. 2021 -
and/or TSI 8130A) and middle layer) + polyester
(outer layer)
Filter tester (TSI 8130 Cotton fabric + vacuum bag insert 83.38 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Cotton fabric + paper towel insert 34.76 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A)
Filter tester (TSI 8130 Cotton (inner layer) + polyester 30.8 - NaCl 0.075 85 NR Lindsley et al. 2021 -
and/or TSI 8130A) blend (middle and outer layers)
Filter tester (TSI 8130 Smart-Fab fabric + vacuum bag 90.37 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A) insert
Filter tester (TSI 8130 Smart-Fab fabric + paper towel 73.53 - NaCl 0.04 25 NR Long et al. 2020 -
and/or TSI 8130A) insert
Filter tester (TSI 8130 CB 4) Cotton (inner layer) + melt blown 36 - NaCl 0.075 85 NR Lindsley et al. 2021 -
and/or TSI 8130A) filters (middle layer) + air mesh
polyester (outer layer)
Test subjects c() Fabric, bandana 447 28.2 NaCl <0.30° NR NR Mueller et al. 2020; Sickbert-Bennett et al. Particle size NR for 2 of 3 FE
2021 measurements
Test subjects C ) Fabric, cotton duck, cotton twill 72.9 56 NaCl <0.30% 0.1% NR Mueller et al. 2020; Sickbert-Bennett et al. Particle size NR for 1 of 3 FE
2021 measurements; flow rate NR for 1 of 3 FE
measurements
Test subjects C (@ Folded bandana 49.9 49 Ambient particles 0.02-3 NR NR Clapp et al. 2021 -
Test subjects C @ Cotton fabric 26.5 - Ambient particles 0.02-3 NR NR Clapp et al. 2021 -
Test subjects S(1) Polyester gaiter, nylon stocking 41" 7 NaCl <0.30° 0.1 NR Mueller et al. 2020; Sickbert-Bennett et al. Particle size NR for 1 of 2 FE
2021 measurements; flow rate NR for 1 of 2 FE
measurements
Test subjects Polyester gaiter/balaclava 39.3 37.8 Ambient particles 0.02-3 NR NR Clapp et al. 2021 -
bandana, polyester/nylon blend
fabric
Test subjects S @) Nylon fabric 471 - NaCl <0.30 0.1 NR Mueller et al. 2020 -
Test subjects Nylon fabric, mask with and 79 44.7 Ambient particles 0.02-3 NR NR Clapp et al. 2021 -
without nose bridge
Test subjects S (3) Nylon mask with nose bridge + 1 74.4 - Ambient particles 0.02-3 NR NR Clapp et al. 2021 -
unspecified filter insert
Test subjects CB () Cotton mask + surgical/ procedure 59 - NaCl NR NR NR Sickbert-Bennett et al. 2021 -
mask worn over
Test subjects Cotton mask + surgical/ procedure 66 - NaCl NR NR NR Sickbert-Bennett et al. 2021 -
mask worn under
Test subjects Cotton bandana + surgical/ 55 - NaCl NR NR NR Sickbert-Bennett et al. 2021 -
procedure mask worn over)
Test subjects Cotton bandana + surgical/ 77 - NaCl NR NR NR Sickbert-Bennett et al. 2021 -
procedure mask worn under)
Test subjects Polyester gaiter + surgical/ 60 - NaCl NR NR NR Sickbert-Bennett et al. 2021 -
procedure mask worn over)
Test subjects Polyester gaiter + surgical/ 81 - NaCl NR NR NR Sickbert-Bennett et al. 2021 -
procedure mask worn under)
Test subjects CB (3) 2 cotton quilting fabrics + 1 pellon 58.6 - NaCl <0.30 0.1 NR Mueller et al. 2020 -
interfacing fabric
Test subjects 2 cotton fabrics + 1 non-woven 82.6 - NaCl <0.30 0.1 NR Mueller et al. 2020 -
polypropylene (recycled grocery
store bag)
Test subjects CB 4) 2 Smartfab nonwoven fabrics + 85.9 - NaCl <0.30 0.1 NR Mueller et al. 2020 -
1 disposable baby wipe (dry) + 1
meltblown filter
Test subjects CB (5) 2 Smartfab nonwoven fabrics + 1 90.7 85.3 NaCl <0.30 0.1 NR Mueller et al. 2020 -
massage table non-woven fabric
cover + 2 meltblown filters
Test subjects 3 cotton muslin + 1 massage non- 80.2 - NaCl <0.30 0.1 NR Mueller et al. 2020 -
woven fabric cover + 1 PM2.5
filter insert
Test subjects CB (6) 4 cotton fabrics + 2 Pellon 64.2 - NaCl <0.30 0.1 NR Mueller et al. 2020 -
interfacing
Test subjects 2 cotton muslin fabrics + 2 86.2 - NaCl <0.30 0.1 NR Mueller et al. 2020 -
disposable baby wipes + 1
massage table non-woven fabric
cover + 1 meltblown filter
Test subjects 2 Smartfab nonwoven fabrics 89.1 85 NaCl <0.30 0.1 NR Mueller et al. 2020 -

+ 2 disposable baby wipes + 1
massage table non-woven fabric
cover + 1 meltblown filter

T To show slight differences in FE, the supplementary results are presented with all calculated digits while the in-text results are presented with significant digits. ¥, Range of reported averages or averaged individual data points. ¥, Data reporting limitations described in ‘Additional notes’ column. TSB,
Trypticase Soy Broth; (), number of layers; C, Cotton or cotton-based; CS, Cotton/synthetic blends; S, Synthetic or synthetic-based; CL, Cellulose or cellulose-based; SS, Silk/satin; CB, Fabric combinations; W, Wool; Other, Other makeshift materials.
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