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Abstract—1t is highly likely that the wearing of face
masks reduces the rate of respiratory infections (e.g.
SARS-CoV-2), to protect both the user and those around
them. This paper sets out to review the areas that effect
the efficacy of masks, the materials, design, hygiene and
fit testing, in order to make recommendations as to how
to make mask from resources found in most homes for
when commercial models are unavailable.

This paper finds that a mask constructed with a filter
made from high thread count cotton is likely to provide
a reasonable level of protection (~70% filtration) and
that if a layers of other materials such as chiffon or
silk is added the filtration may be much higher (>90%).
There is also some promise in less available materials
such as vacuum cleaner bags and air conditioner filters.
Examples of fabric and rigid designs are reviewed but
most are limited by the fit to the users which is hard to
determine in a home setting.

It would be extremely helpful if a method was devised
for people to test or be tested for the fit of home made
masks. In the mean time careful thought should be given
to whether the user judges a good fit. Users should also be
careful to practice other means of hygiene and distancing.

I. INTRODUCTION

The wearing of face masks while in contact
with other people is likely to significantly reduce
the spread of SARS-CoV-2 and other respiratory
viruses [1][2][3][41[51[6][71[81[9][10]. In an ideal
world every person would have access to certi-
fied masks but clearly this is unrealistic during a
pandemic. It is therefore clear that alternatives are
required but these alternatives need to be suited

to their purpose. There is little clarity on what is
required to satisfy this and so this review seeks to
shine a light on what little evidence there is.

II. CRITERIA

The masks currently being employed in hos-
pitals in high risk situations (in the UK) are
filtering respirators and in lower risk situations
fluid replant surgical masks [11]. This is a lower
standard than is usually used when shortages are
not an issue[12], even at the start of the pandemic
before the disease was endemic in the UK it was
recommended to use filtering respirators for all
patient contact[13]. It therefore seems sensible to
aspire to the requirements for a filtering face piece
respirator. A summary of the necessary require-
ments derived from EN 149 [14] are:

1) The mask should have a total minimum
inward leakage of 2% with the filter material
penetrated by less than 1% when a sample
is tested (for particles of a size between 0.02
and 2pum).

2) The mask should not collect air such that it
allows a build up of carbon dioxide.

3) The maximum resistance to breathing should
be less than 3mbar.

4) The mask should still satisfy these criteria
while exercising and going about normal
activities.

Similar criteria exist in the United States where
masks are certified to be "N95”[15].

Some criteria related to the durability and in-
dustry specific needs (e.g. flammability) are not
included here as we are looking to replicate the
functionality of the mask with easily accessible
materials but not to create a certifiable device.
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Many studies do not test material with particles of
a particular size, instead they test with a variety of
viruses and bacteria. Since these are the particles
that need to be filtered out it is reasonable to look
for the filtration efficiency for viruses instead of
particular particle sizes.

The standards also require that the fit of the
mask be tested for each user (fit tested). This can
be conducted qualitatively whereby the user wears
the mask and a hood into which a flavoured aerosol
is sprayed and the user judges if they can taste it
or not, or quantitatively where the particulate level
at particular sizes is measured inside and outside
the mask [16].

These criteria provide a good benchmark for this
review to compare possible solutions to. There is
some evidence to suggest that proper respirators
are no more effective at reducing infection rate
than surgical mask [17]. The subjects in this study
had a very low rate of compliance mainly stating
that they found masks uncomfortable, the compli-
ance was also lower in the respirator arm of the
trial. Therefore, it will be important to emphasise
comfort and wear-ability when considering mask
designs.

III. MATERIALS

From the criteria detailed above it is clear that
one of the key factors in finding an efficient masks
is in the material they are made from. The focus
will be on commonly available materials, with
preference to ones already present in most houses.
As can be seen from the following analysis there
are few studies useful for this review.

A. Testing the Efficacy of Homemade Masks:
Would They Protect in an Influenza Pandemic?[18]

1) Authors: Anna Davies, Katy-Anne Thomp-
son, Karthika Giri, George Kafatos, Jimmy Walker,
and Allan Bennett, 2013

2) Overview: This paper analysed a variety
of household materials for their ability to block
Bacillus atrophaeus and Bacteriophage MS2 di-
rectly and by getting volunteers to make masks
out of them and testing their fit. They found a
significantly lower fit factor in home made masks
than surgical masks but a significant reduction
in the amount of bacteria expelled by volunteers

when they coughed. There was little specification
of the design of the home made masks.

The useful part of this paper is their results
of the direct material measurements. The paper
tested a variety of materials and found that the
most effective of their selection at filtering the
virus sample were surgical masks (90+3% filtra-
tion), vacuum cleaner bags (86+2%), tea towel
(70+£23%), “cotton mix” (70.24+0.08%) and an-
timicrobial pillowcases (70+£7%). Although when
discussed in the media it is commonly suggested
that the paper tested the samples with multiple
layers this is somewhat misleading as they only
used multiple layers when testing with the bacteria
sample, although it is somewhat useful to acknowl-
edge that multiple layers are likely to increase the
filtration efficiency.

The paper also measured that pressure drop
across the materials and found that the materials all
had a similar pressure drop as the surgical mask
except the vacuum cleaner bag which had about
twice the pressure drop. The paper concludes that
the vacuum cleaner bag has too high a pressure
drop to be useful and was also too stiff but it could
still be useful for some designs.

3) Discussion and take away: Although this
study is some of the only qualitative measurements
of different materials efficiency this paper is of
limited help fullness due to the lack of specificity
about the materials. When I contacted the author
they reported that as it was a provisional study they
didn’t have a record of the brands or specifications
of the materials. Some sources would suggest that
the tea towel was likely to be made of cotton,
possibly with some polyester [19][20][21], and
that pillow cases are also usually a high thread
count cotton [22][23]. Additionally there is a small
amount of other research that supports the filtration
efficiency of vacuum cleaner bags [24] although
this again does not name the brands.

While the author did not record the brand of
the vacuum cleaner bags most are sold as hav-
ing some filtering qualities (although these are
unverifiable)[25][26].

B. Aerosol Filtration Efficiency of Common Fab-
rics Used in Respiratory Cloth Masks[27]

1) Authors: Abhiteja Konda, Abhinav Prakash,
Gregory A. Moss, Michael Schmoldt, Gregory D.
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Filter efficiency/%

Sample/fabric <300nm >300nm
NO95 85+15 99.9+0.1
Surgical mask 76122 99.640.1
Cotton (600TPI), 1 layer 79423 98.4+0.2
Cotton (600TPI), 2 layer 82+19 99.5+0.1
Chiffon (90% polyester, 10% 67+16 7312
spandex), 1 layer
Chiffon (90% polyester, 10% 83+9 90+1
spandex), 2 layers
Natural Silk, 2 layers 65+10 6542
Natural Silk, 4 layers 86+5 88=+1
Cotton (600TPI), 1 layer and 97+1 99.14+0.2
Chiffon, 2 layers
Cotton (600TPI), 1 layer and 9442 98.5+0.2
Silk, 2 layers
Cotton (600TPI), 1 layer and 9542 961
Flannel, 2 layers

TABLE 1

SUMMARY OF FILTRATION EFFICIENCIES FOR A RANGE OF
MATERIAL FROM PAPER B [27].

Grant, and Supratik Guha, 2020.

2) Overview: This paper directly measured the
filtering efficiency of a large range of materials. A
summary of their useful results at the lower flow
rate is in table[[] they had similar results for their
higher flow rate test.

These results concur with the results from paper
A in the cases where they overlap. This paper also
discusses the mechanisms of filtration stating that
some of the materials filter mechanically and some
with electrostatic interactions resulting in higher
filtration efficiencies when combined with multiple
layers of the same material.

The paper also had results for a cotton quilt con-
structed from two cotton sheets filled with a 90%
cotton, 5% polyester and 5% other fibers batting,
this provided a filtration efficiency of 96+2% over
the whole size range.

3) Discussion and take away: As the paper
concludes, tight weave materials provide a good
filtration efficiency, as do some materials which
utilise electrostatic capture methods (silk, chiffon,
flannel). Additionally when combined together to
utilise both mechanical and electrostatic capture
very high efficiency masks can be created.

The paper emphasises that their results suggest
that very easily obtainable materials can provide a
good filtration efficiency across the whole range,
their emphasis was particularly on 4 layers of silk

which can be found in many clothing items (e.g.
scarfs) and the combinations which could easily
be obtained from household items such as bedding
(cotton) and sports wear (chiffon). It is particularly
note worthy that their combinations and multiple
layer tests performed better than the commercial
NO5 mask.

The paper also notes that the fit of the mask is
a key factor in determining its filtration efficiency
and a poor fit can reduce the filtration by more
than 50%.

C. Simple Respiratory Protection - Evaluation of
the Filtration Performance of Cloth Masks and
Common Fabric Materials Against 20 - 1000 nm
Size Particles[28]

1) Authors: Samy Rengasamy, Benjamin Eimer
and Ronald E. Shaffer, 2010.

2) Overview: This paper directly tested a very
limited range of materials. In all cases across their
range of cloth masks, sweatshirts, t-shirts, scarfs
and towels which were made from mixes of cotton
and polyester all had a penetration of >50%.

3) Discussion and take away: Little can be
drawn from this paper when searching for good
materials to use. It does highlight the fact that
commercially available cloth masks/bandanas are
likely to provide little to no protection to the user.

D. Expedient methods of respiratory protection. II.
Leakage tests. Final report[29]

1) Authors: Douglas W. Cooper, William C.
Hinds, John M. Price, Robert weker and Howell
S. Yee, 1983

2) Overview: This paper conducted a thorough
investigation of a range of materials in a range of
conditions. Since this part of the review is primar-
ily focused on the filtration abilities of materials
we shall only consider the material elements not
the methods by which they were attached to the
model, it should be acknowledged that the paper
does establish the fit of the mask is very important.

The papers most effective methods for attaching
the materials was by taping around the whole
sample or by using a nylon ”panty hose” (or tights
as they are better known in the UK) to hold
the sample onto the model. As the tights do not
provide any substantial increase in filtration over
fully taping they only show another method for
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Material Filtration efficiency
NOS5 reference 98.5+0.24
Surgical mask 95.84+0.8

Shirt (65% polyester, 35% cotton, 46  70+pml

TPI) - 4 layers

Washcloth (terry weave 88% cotton, 61+£1

12% Dacron/polyester) -1 layer

Handkerchief (100% cotton, 62TPI) - 4 7643

layers
TABLE 1I
SUMMARY OF FILTRATION EFFICIENCIES FOR A RANGE OF
MATERIAL FROM PAPER D [29]

successfully sealing fabric to the face. A summary
of the useful results from the paper is in table [I]]

3) Discussion and takeaway: These results are
similar to the other papers on the filtration ef-
ficiency of cotton supporting its use in masks.
The testing of the nylon hosiery in the paper was
interesting in that it showed the efficiency of the
seal, it did not however constitute further evidence
for using a synthetic layer as well as cotton, this is
likely because it was far too thin and ineffective a
filter on its own (2%). It should not be considered
evidence that multiple layers do not work either.

Another interesting take away is that surgical
masks provide a good level of protection when
securely attached to the wearers face. This could
be used in conjunction with some of the designs
discussed below.

E. Emergency Respiratory Protection Against Ra-
diological And Biological Aerosols[30]

1) Authors: Guyton, H G, Decker, H M and
Anton, G T, 1959

F. Overview

A full copy of this paper could not be located
and so it is of limited help although some in-
formation can be drawn from the abstract. The
paper tested 18 materials and found 3 to be of
sufficiently high efficiency (85%) and low enough
impedance to be used. These materials were 3
layers of toilet paper, 2 layers of bath towel and a
cotton handkerchief folded to 8 layers thick. They
also found that when the items were wet they
were less efficient filters and significantly higher
impedance.

1) Discussion and take away: Although of lim-
ited use this paper again supports the use of cotton
in masks. It is also helpful to know that being wet
degrades the filtration abilities of the materials

G. Selection of homemade mask materials for pre-
venting transmission of COVID-19: a laboratory
study[31]

1) Authors: Dijia Wang, Yanjun You, Xiaoli
Zhou, Zhiyong Zong, Hao Huang, Hui Zhang, Xin
Yongl1, Yifan Cheng, Liu Yang, Qiong Guo, Youlin
Long, Yan Liu, Jin Huang and Liang Du, 2020

2) Overview: This paper directly measured the
filtration efficiencies and pressure drop of a range
of materials. The aim of the paper was to find
materials that filter to the Chinese standards for
surgical masks [32] and so therefore they did
not pursue higher efficiencies. They also had the
luxury of medical fabrics and so base much of
their findings on the availability of it. The paper
did not find any materials with comparable filtering
efficiencies to any of the other studies except with
the medical materials.

3) Discussion and take away: This paper does
not seem to be very thorough in trying to find
materials that are effective filters. This shows that
not all materials are effective filters but little else.
The study used many materials that could be
expected from the previous papers to be effective
filters such as t-shirts, tea towels and pillow cases.
It is therefore important to remember that high
quality materials which the composition of which
can be verified need to be used when looking for
a higher efficiency mask.

H. Others

There are many un-published sources suggesting
that other materials may be effective filters. There
are too many to fully discuss but a few ideas should
be mentioned.

1) Polypropylene bags: Some sources support
the use of polypropylene bags as filtering materials
on the basis that polypropylene is the material
used in many commercial masks [33][34]. While it
may be the case, there is no evidence to be found
that polypropylene bags have a good filtration
efficiency. There are many different manufacturing
and weaving processes for materials with the same
composition and so the use of the chemical in
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commercial masks provides no evidence for their
filtering efficiency. On the other hand, lack of
evidence is not evidence for inefficiency.

2) Halyard H600: There are several sources
that advocate for the use of Halyard H600, a
material used for wrapping and sterilising surgical
instruments, for masks. There is some evidence
that it is effective as masks have been made and
then fit tested [35][36]. There are no direct tests
of the materials. This isn’t a particularly useful
finding since it is hard or impossible to get this
material.

3) Air conditioning filters: While less common
in the UK, in the United States there has been
a some what wide spread use of air conditioner
filters for masks [37][38]. Air filters are held to
a legal standard and so should provide a high
filtration efficiency (>99.95% for H13 and above)
[39]. While there is little published testing of
HEPA filters used in masks there creator of one
of the following designs informed me that in their
as yet unpublished testing they found a filtration
efficiency of 98% when using 2 layers of "3M
Filtrete MPR 22007[40]. One limitation of this
material could be the difficulty in removing it
cleanly from the filter and it being quite stiff,
which could be more useful for the ridged designs
below.

IV. DESIGNS

As we have seen from the review of these papers
a key factor in the efficacy of masks is dependent
on how well the mask fits on the users face. In an
ideal scenario every person needing a mask would
have access to a fit testing method as this would
determine on an individual basis whether the de-
sign was suitable. Since this is clearly impossible
a reasonable method to determine the suitability
of a design could be to look at fit test results
conducted on other people. Although of limited
use this seems to be the only reasonable method.
It is by no means certain that a good fit on one
person would be good on another.

In the current climate there are a huge number of
designs for masks which could not all be analysed
so a small selection are listed here. There are
essentially 2 broad categories of masks: fabric and
ridged designs.

A. Fabric designs

1) Weibel Surgical Mask[41]: This design is a
simple folded design as shown in[I} The mask was
made from Halyard H600 and so was heat sealed
around the edges making it only some what useful
in a home made setting.

Fig. 1. Weibel surgical mask. Photo by Thomas Sharkey, repro-
duced with permission.

In their fit testing they achieved approximately
98.5% filtration, greater than their N95 control
( 95%filtration). They also passed fit tests, in come
cases with better fit factors than their control N95
mask [42]. The pattern could be used as a guide
for sewn masks, it should be noted that they had an
aluminium strip across the nose, this is a common
theme with the effective designs.

2) Suay Community Mask Coalition[43]: This
mask is a flatter design and is fully sewn. In their fit
testing they achieved an 82% filtration, this shows
that the mask fits well. Their advocated materials
which are possibly less effective filters so the fit
could possibly be better than this with improved
materials.

3) HKMask[44]: This mask appears to be bet-
ter researched. It is of a much simpler design
with inner layers trapped against the face. In their
fit testing they achieved fits of up to 91% with
multiple filter layers. This suggests that it provides
a good fit which is mainly material dependent.
It notably doesn’t include a nose wire, possibly
making it easier to make.

4) University of Florida Health[45]: This mask
is again made of Halyard although these designs
are sewn so are applicable to other materials. There
is no record of the exact results of the fit tests
conducted on these masks merely a statement that
they passed, they are very similar to the Weibel
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Fig. 2.

HKMask. Photo Dr. K Kwong, with MIT licence.

design. Since the pass standard is for an N95
mask it should be reasonable to assume that they
achieved 95% filtration efficiency.

5) Tommye Austin[46]: This design is a duck-
bill design which is fully sewn. Media reporting of
the design claims that it can provide 99.5% filtra-
tion efficiency but the only testing is a statement
that it passed a fit test, as with the University of
Florida Health design.

B. Rigid designs

The multitude of rigid deigns are largely 3D
printed. This makes them some what less acces-
sible for people to produce although it has been
shown in recent times that the 3D printing com-
munity it good at distributed mass production to
the scale that they could equip whole communities
with PPE[47][48].

1) The Montana Mask[49]: This mask is rather
more complicated than the fabric designs as can be
seen in figure [3] It also takes a significant amount
of time to produce. In their testing they achieved
a fit factor of 200+ so provides 99.5% filtration
[50]. The filtering material used was a small piece
of an N95 respirator.

2) Sani-Mask[51]: Sani-Mask is an interesting
design because, although the fit was not tested the
author claims that it fits well. This masks inclusion
in this review is not for the possible fit but to
raise the issue of cleaning of 3D printed masks.
Research by the creator of this mask shows that
it very hard to clean 3D printed masks, even if it
can be shown when they are swabbed, due to the
nature of 3D printed products and the fact that they
usually contain hollow cavities.

This mask utilises a special 3D printing mode
which removes this problem as it is single walled,

Fig. 3. The Montana Mask. Photo by Make The Mask, reproduced
with permission.

Fig. 4. Sani-Mask. Photo by Nemotech, reproduced with permis-

sion.

as can be seen in figure ] Another benefit to this
is that it takes significantly less time to print than
other designs.

3) Wiles Covid Pandemic Mask[52]: This de-
sign is quite similar to The Montana Mask but has
better documented testing and continued develop-
ment, including extensive YouTube videos on their
construction [53]. The documentation notes that it
has passed fit tests for many people with a variety
of face shapes, particularly when modified to have
sealing foam stuck to the inside.

The creator also recommends spraying the out-
side with sealant, this reduces the likely hood
of the tiny cracks that are usually present in
3D printed items from leaking and prevents the
outside from absorbing liquids. The design also
recommends gluing the filter in with hot glue to
glue the parts together. From the documentation
of this mask it seems likely that it could prove
to be a much more reliable design that will fit a
range of people. It is helpful that it has been used
by and tested on so many people to support this
assumption.

The sealing is an interesting point that should
be consider with all 3D printed designs.
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4) Altavian / American Mask Rally Response
Mask[54]: This mask is also similar to The Mon-
tana Mask. It distinguishes it self in that it has
a much larger filter area, likely to make it more
usable, and that it has less material and is so likely
to take less time to make. It is similarly limited
by the requirement for more materials than most
people have available.

The creator states that this mask has passed
several fit tests (99% filtration efficiency).

C. Frame designs

There are several very similar frame designs
which essentially work by providing a solid ring
which pins fabric against the face of the user by
attachment points for elastic as can be seen in
figure [B[55][56]1[57].

Fig. 5. Frame type masks. Photo by Dr Chris Wiles, reproduced
with permission.

As far as could be seen none of the frame
designs have passed fit tests, likely because they
are being used in communities more than in health
care settings where more substantial designs are
being used. Several of the authors do mention good
fits but none are verified. These designs have the
advantage that they take significantly less time to
produce than other ridged designs and also require
much less skill to construct than sewn designs.

V. HYGIENE, CLEANING AND REUSE

It is key that masks are used as part of a wider
hygiene system [58] including hand hygiene and
disinfecting objects that are potentially contami-
nated. It is therefore key that any mask that is
used is properly cleaned before it is introduced
back into a safe place such as the users home of
office. Some methods of decontamination which
should be accessible in the home setting are listed
below. This is a vast subject in its self but will be
made brief in this review.

In reviews by Stanford Medicine [59] and by
a group called N95Decon composed of academics
from across the United States [60] both find that
heating in at 70 to 85°C with a greater than 50%
humidity for 60 minutes in an effective method for
decontaminating masks from SARS-CoV-2. This
can be replicated at home[61]. They also stress
that decontamination methods vary by pathogen.

An alternative method, though somewhat less
well researched as not applicable to any healthcare
setting or commercial masks, is machine washing.
It is likely that for this to be an effective method
strong detergents such as bleach are required as
well as a long drying cycle [62], this could re-
move up to 99.99% of viruses in the wash. The
CDC also recommends washing at > 70°C for 25
minutes or for materials which can not tolerate
higher temperatures using a suitable disinfectant
(e.g. bleach)[63]. These recommendations should
be taken into account when choosing materials as
some may not tolerate temperature or disinfectants.

These cleaning methods are clearly unsuitable
for the rigid components of some of the mask
designs. As mentioned when discussing the Sani-
Mask it is hard to clean some plastic parts due
to their permeability. This is a key area for more
research as a large amount of research in the area
focuses on swabbing of the surface which may
not be suitable [51]. Hot air drying is likely to
also be suitable for plastic components as well as
cleaning in harsher chemicals such as iso-propanol
or bleach [64]. It should be noted that the glass
transition temperature of the plastics needs to be
considered when choosing the plastic for the mask
if it is to be hot air sterilised.

A last resort methods of decontamination could
be to leave the mask in a warm, moderately humid
place for 5 to 7 days [65].

A final key point in the use of masks is their
donning and doffing. Many organisations provide
guidelines for this which should be reviewed.

A key theme among many guidelines from the
NHS and the CDC can be summarised as below
[66][67][68][69].

Putting the mask on (donning):

1) The user should sanitise their hands before
and after touching the mask.
2) The mask should be put on before other
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protection (e.g. gloves and eye protection).

3) The mask should be held with the cup of the
mask in one of the users hand and pressed
against the face, the other hand should then
be used to place straps over the users head.

4) Once the mask is on the user should mould
the mask around the nose.

Taking the mask off (doffing):

1) The mask should be the last item of PPE
to be removed - in a community setting this
could include clothes worn in a potentially
contaminating environment.

2) The user should sanitise their hands before
and after touching the mask.

3) The mask should be touched as little as
possible, it should be held only by the straps
and placed in a sealed container as efficiently
as possible to be cleaned.

VI. FIT AND FIT TESTING

It has become clear that the fit of masks is key.
As previously stated masks, as with commercial
masks, should be fit tested for users on an individ-
ual basis. There has been some research into the
suitability of home made fit testing solution [70]
which finds it to be as effective as commercial
solution (also of note they find that qualitative fit
testing is a bad indicator of fit). The problem with
this though is that it still relies on the availability
of the nebuliser and hood used for normal testing.
These could be improvised but further investiga-
tion is required.

There are CDC guidelines for checking the
seal of respirators [71] by feeling for pressure
changes when the mask the user breathes in or
out in restricted manners. It is stressed that this
should only be done with masks that the user has
previously had a full fit test for although it could
be useful when no other options are available.

VII. CONCLUSIONS AND RECOMMENDATIONS

In conclusion; there is substantial evidence that
high thread count cotton provides a moderate fil-
tration efficiency against particles of a similar size
to SARS-CoV-2 at around 70%. There is some
evidence that adding multiple layers of other ma-
terials such as chiffon, silk or flannel increases this
efficiency to the same order as commercially avail-
able masks ( 95%). There is also some evidence

that other materials such as vacuum cleaner bags
can provide a similar filtration efficiency. In order
to improve the confidence in the higher filtration
material combinations more supporting research
needs to be conducted to directly measure the
efficiencies, the most helpful choices for further
research would be chiffon, silk and flannel as
well as a wide range of named brands of vacuum
cleaner bags. When they are available the material
surgical masks are made from are likely to be
effective filters, they are only floored in their seal
to the users face which could be improved by many
of the designs.

The fit of the mask is also found to be key to
its efficiency and also an area substantially lacking
exploration. The only recommendation that can be
made is that masks should be fit tested on an
individual basis but failing that, the user should
use their judgement and feel of the pressure in the
mask (although this provides very little certainty of
a good fit). It appears that there are designs that
have potential, both fabric and rigid. It would be
helpful for an alternative fit testing process to be
devised with house hold items, this is unlikely to
be created since the qualitative fit testing process is
sometimes deemed to be a poor indicator of fit[70].
Fit testing could be provided as a service to the
public in order to increase the work forces ability
to return to normal.
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