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Abstract 

Objectives: The pandemic of coronavirus disease 2019 (COVID-19) caused by severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) has led to massive loss of life and huge economic disruption, leading 

to shortages of critical supplies, including personal protective equipment (PPE). These shortages have led to 

many countries and organizations to consider strategies to extend the use or reuse PPE, particularly masks. 

Studies have highlighted the importance of mask use for preventing COVID-19 transmission. This work 

examines different decontamination methods focusing on biocidal efficacy, filtration performance of treated 

masks and adverse health effects of decontamination methods to the wearers. 

Methods: Scientific literature search on mask decontamination was performed in Pubmed database. 

Results: Physical and chemical methods of decontamination were identified. Physical decontamination 

methods include decontamination by steam, heat (dry and humid), and ultraviolet germicidal irradiation 

(UVGI). For chemical methods, decontamination by ethylene oxide, bleach, vaporous hydrogen peroxide and 

other chemical reagents were tested. Steam mediated masks decontamination method was found to be non-

toxic to users, cost effective, since equipment is widely available at home and hospital, rapid and easy to use. 

However, multiple treatments may increase penetration of particles and aerosols through masks and decrease 

filtration efficiency. Advantages of dry heat include its convenience, low cost and safety to wearers. The 

major concern over the effectiveness of dry heat is lower penetration rate. Decontamination by irradiation is 

benefited by a relatively short irradiation time and there are no known health risks to the users. However, 

penetration depth may be limited, high dose may be needed to disinfect virus inside the mask. Alcohol, 

chlorine-based solutions, soaps and bleach can significantly degrade the filter, either because they alter the 

electrostatic properties of the filter fibers, affect particle penetration levels, or deform the filtering facepiece 

respirators (FFRs) leading to its degradation. Moreover, chemical residues left on mask can cause risk to 

wearers. Vaporous hydrogen peroxide (VHP) is most promising chemical method. However, it is labor 

intensive, costly and it has limited widespread application. 

Conclusion: Of the methods that have been investigated to date, decontamination by steam, ultraviolet 

germicidal irradiation (UVGI) and vaporous hydrogen peroxide (VHP) are the most promising. Whereas, 

solution based chemical methods are not advised for use. 

keywords: Mask decontamination, reuse, biocidal effect, Covid-19, UV. 

Introduction 
Coronavirus disease 2019 (COVID-19) is an 

ongoing pandemic with over 58 million confirmed 

cases as of November 23, 2020 [1]. The disease is 

caused by the severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), which leads to 

severe pneumonia and acute respiratory distress 

syndrome (ARDS) [2]. A primary route of 

transmission of SARS-CoV-2 is likely via 

respiratory droplets that are released when speaking, 
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coughing or sneezing. SARS-CoV-2 has a basic 

reproduction number of approximately 2.4, which 

parameterizes the number of cases infected by one 

case [3].   

Effective prevention strategies for stopping the 

transmission include good hygiene practices, such 

as hand washing and sanitizing, social distancing, 

wearing respiratory protection and eye protection 

[4]. Different prediction models found that mask 

usage and mask efficacy level can reduce the 

effective reproduction number (Re) below 1 [5]. If 

Re will be sustained below 1, it will lead to the 

outbreak ending [6].  

Main challenges during infectious disease 

outbreaks are lack of effective treatments and 

vaccine, rapid diagnostic tools, risk perception and 

misinformation among people, mask and personal 

protective equipment (PPE) shortage [7]. Masks 

advised during infectious disease outbreaks are 

surgical masks and N95 filtering facepiece 

respirators (FFRs).  

Surgical masks are intended to use by health 

professionals against large droplets, splashes, or 

sprays of bodily or other hazardous fluids. It is a 

loose-fitting, disposable device, which must be 

discarded after each patient encounter. Surgical 

masks consist of three layers made of melt-blown 

polymer, usually polypropylene, placed between 

non-woven fabrics [8].  

FFRs, such as N95, reduce wearer’s exposure to 

particles including small particle aerosols and large 

droplets. It is tight fitting, disposable device, which 

ideally should be discarded after each patient 

encounter and after aerosol-generating procedures. 

FFRs consist of polyurethane nose foam, 

polypropylene filter and polyester shell and cover 

web, created from disorganized thin fibers with an 

electrostatic charge, which makes FFRs challenging 

for decontamination [8].  

Demand in masks drastically increased during this 

pandemic. Based on data from official authorities 

of the People’s Republic of China, by February 29 

of 2020 the daily facemask production reached 

580% of usual production [7]. Even if the supply of 

masks is sufficient, consumers still use masks 

several times, and concerns over mask shortages 

remain as Covid-19 continues to recur. Therefore, 

research on decontamination of filters has been 

conducted on disinfection of masks and research on 

reuse of masks. 

Decontamination of masks is one of the solutions to 

support reuse of masks and solve mask shortages 

issue. The aim of this work is to evaluate different 

decontamination methods and their impact on mask 

performance, such as filtration efficiency, biocidal 

effect, structural integrity and safety to wearers.  

 

Methods 
The systematic review was performed in Pubmed 

database (https://pubmed.ncbi.nlm.nih.gov/) up to 

June 1 2020 using the following keywords: “mask” 

AND “reuse” or “mask” AND “decontamination”. 

Only articles written in English were considered. 

We identified 188 articles by searching the Pubmed 

database. We excluded duplicate articles, screened 

the title and abstract of the remaining articles, and 

read the full text to assess their eligibility according 

to the inclusion (original articles, where 

decontamination methods were tested) 

determination. After screening, we performed a full 

text assessment of 13 articles. 

 

Results and Discussion  
Decontamination methods  

Physical and chemical methods of decontamination 

were identified. Physical methods include 

decontamination by steam, heat (dry and humid), 

and irradiation [9-18]. For chemical methods, 

decontamination by ethylene oxide, bleach, 

vaporous hydrogen peroxide and other chemical 

reagents were tested [9, 12, 16, 19, 20]. In addition 

to this, method involving hot water heating was 

proposed by Chinese researchers for general public 

use [21].  

Following requirements were set when evaluating 

above mentioned methods, such as biocidal efficacy, 

filtration performance of tested masks, safety to the 

users. In the upcoming sections, we will discuss 

each method, describing its strengths and 

weaknesses (table 1).  

Steam treatment  

Steam treatment is one of the promising tested 
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methods. When N95 grade FFRs and melt blown 

fabrics were steamed on top of beaker for 10 min, 

testing with NaCl as the aerosol showed that 

filtration efficiency has a sharp drop after 5 steam 

treatments and continues at cycle 10 (80%). In 

terms of pressure drop, it remained at 8-9 Pa 

without significant changes. Decline in filtration 

efficiency was speculated to be due to the decay of 

electrostatic charge. It was suggested that if steam 

treatments saturate the fibers many times and 

condense water droplets on the fiber, it is possible 

that the static charge decays after multiple 

treatments. Biocidal efficacy was not evaluated in 

current study; therefore, this method is still 

concerning in an environment with high viral 

aerosol concentrations [9]. Whereas when surgical 

masks and N95 masks were put into intact plastic 

bags and steamed on boiling tap water in a kitchen 

pot for certain time, surgical masks and N95 

remained blocking efficiency against the vaccine 

strain of avian infectious bronchitis virus H120, 

which was used as surrogate of SARS-CoV-2. It 

was suggested that both surgical masks and N95 

respirators can be reused for a few days with steam 

decontamination between uses [10]. However, in 

this case, conclusion was made based on single 

treatment procedure. Therefore, multiple treatment 

cycles need to be performed.  

Evaluation of microwave steam bags for 

decontamination of FFRs were performed using 

MS2 bacteriophage containing droplets. Steam bags 

had zipper lock area, steam exhaust port and 

internal pleat. FFRs were placed into separate bags 

filled with 60 ml tap water. The bags were sealed 

and irradiated on high power for 90 seconds in 

commercially available microwave oven (2450 

MHz, 1100 W). The tested steam bags were found 

to be 99.9% effective for inactivating MS2 on FFRs. 

The presence of some viable virus on the FFRs was 

speculated to be due to non-uniform distribution of 

steam over entire surface [11]. Efficiency of steam 

treatment with autoclave was evaluated using N95, 

Gauze, Spunlace masks. Aerosol penetration rate 

was found to be increased through Gauze and 

Spunlace masks, whereas N95 penetration rate was 

not affected by treatment. Bio-efficacy was not 

evaluated, but method was considered to be 

promising for decontamination of N95 respirators 

[12]. 

Immediate-use steam sterilization (IUSS) procedure 

was evaluated using steam sterilizer autoclave. N95 

masks were packed in paper-plastic sterilization 

peel pouches for IUSS and treated. The IUSS cycle 

was performed with a chemical and biological 

indicator to confirm that no biological or chemical 

contamination is present. Five subjects were tested 

for individual differences and fit test were 

performed before and after three IUSS cycles. 

Masks retained their structural integrity and 

filtration efficacy, indicating that IUSS is a 

promising procedure [13]. 

Treatment in a commonly used kitchen rice cooker-

steamer for 8-10 minutes of heating and 5 minutes 

of steam, resulted in a greater than 5 log10 reduction 

in bacteriophage MS2 and methicillin-resistant S 

aureus (MRSA) on N95, cotton and quilting fabric 

cloth face masks. No visible changes were observed 

in any of the masks or respirators after 5 cycles of 

decontamination. Even though, mask performance 

was not evaluated, it is suggested that kitchen rice 

cooker-steamer can be effective for 

decontamination of face masks and N95 respirators 

as well as cloth masks [14].  

Overall, the results of steam mediated masks 

decontamination studies suggest that this method is 

promising. It is found to be non-toxic to users, cost 

effective, since equipment is widely available at 

home and hospital, rapid and easy to use. However, 

multiple treatments may increase penetration of 

masks and decrease filtration efficiency. This drop 

in filtration performance is caused by direct water 

molecule contact resulting in decay of electrostatic 

charge. Therefore, it may possible to alleviate the 

electrostatic decay if the fibers do not come into 

contact with vapor directly. In addition, to alleviate 

biocidal efficacy, uniform distribution of steam 

needs to be ensured.  

Decontamination by dry heat  

When dry heat at 60 oC and 70 oC was applied in 

electric oven to used masks, it was found that seven 

types of common respiratory pathogens were killed 

at both 60 oC and 70 oC for 1 hour. H1N1 strain, 

which was used as the indicator virus, was also 

inactivated. The filtering efficacies of the N95 
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respirators for bacterial aerosols were 98% for 1 

and 2 hour and 97% for 3-hour treatment. The 

filtering efficacies of the surgical face masks were 

97% for 1 and 2 hour and 96% for 3-hour treatment. 

Results indicated that the dry heat at 60 oC and 70 
oC for 1 hour can ensure the decontamination of 

surgical masks and N95 respirator while 

maintaining their filtering efficiency and shape for 

up to at least 3 rounds [15]. However, in another 

work, where decontamination by dry heat was 

performed using oven at 70 oC for 30 minutes, 

found that dry heat was not effective for 

decontamination of MRSA and the MS2 

bacteriophages [16].  

When dry heat was used against MS2 and MRSA at 

100 oC for 15 minutes, it did not result in a greater 

than 3 log10 reduction of either organism at any 

inoculated sites on any masks or respirators [14]. 

Difference in results can be due to the variations in 

the treatment time.  

Dry heat was also applied using rice cooker for 3 

minutes, without adding water. Penetration of tested 

masks (N95, Gauze, Spunlace) remained similar, 

however, biocidal effect was not evaluated [12].  

Dry heat can be used for mask decontamination. 

However, results are controversial. Advantages of 

dry heat include its convenience and low cost. The 

major concern over the effectiveness of dry heat is 

lower penetration rate. Therefore, heat applying 

time is needed to be tested with more variability to 

ensure its efficacy.  

Decontamination by irradiation  

Irradiation is also one of the promising methods for 

mask decontamination. Ultraviolet germicidal 

irradiation (UVGI) sterilization cabinet, which 

provides UV-C light at wavelength of 254 nm with 

intensity of 8 W, was used for decontamination. 

Efficiency of melt blown fabric slightly changed 

after 10 cycles of UVGI treatment. Pressure drop 

after UVGI treatments remained similar. Biocidal 

effect was not evaluated in this study [9]. Other 

study using UVGI treatment tested against H1N1 

Influenza virus as aerosols or droplets that are 

representative of human respiratory secretions. 

Treatment at wavelength of 254 nm with intensity 

of 1.6-2 mW/cm2 for 15 minutes provided more 

than 4 log10 reduction of viable H1N1 virus [17].  

3 commercial N95 respirators were inoculated with 

MRSA, MS2 bacteriophages and Phi6, which is 

enveloped RNA virus. UV-C treatment 

administered as 1-minute cycle in a UV-C box or a 

30-minute cycle by a room decontamination device 

reduced contamination but did not meet criteria for 

decontamination of the viruses form all sites on the 

N95 respirators [16]. Indicating non-uniform 

distribution of UV-C. 

In another study UVGI treatment was applied to 

circular coupons, punched from N95 respirators and 

tested for filter penetration and flow resistance. 

UVGI had a small effect on filtration performance 

and no effect on flow resistance at doses up to 950 

J/cm2. Results suggested that UVGI could be used 

to disinfect respirators, although the maximum 

number of disinfection cycles will be limited by the 

respirator model and the UVGI dose required 

inactivating the pathogen [18]. Treatment with a 

40-W UV-C for 50 minutes to each side (outer and 

inner) of respirators did not affect the filter aerosol 

penetration, filter airflow resistance or physical 

appearance of the FFRs. Whereas 2450 MHz 

microwave irradiation (1 minute for each side) 

partially melted material adjacent to the metallic 

noseband [18]. 

Decontamination by UVGI irradiation is promising 

method. Its throughput capability is benefited by a 

relatively short irradiation time and there are no 

known health risks to the users. However, 

penetration depth may be limited, high dose may be 

needed to disinfect virus inside the mask. In 

addition, this method is limited by the available 

working surface area of a biosafety cabinet 

equipped with a UV-C source or other area being 

irradiated by UVGI source.  

Decontamination by chemical methods   

Solution based methods, such as ethanol (75%) 

applied by immersion and air dry, chlorine-based 

(2%) applied by light spray and air dry, drastically 

degraded the filtration efficiency to unacceptable 

levels. Pressure drop remained comparable. This 

indicates that the loftiness and structure of the melt 

blown were unchanged and the resultant efficiency 

degradation is the result of less apparent 
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electrostatic charge on the electret. It was 

hypothesized that small molecules such as solvents 

can adsorb onto the fabric fibers on either screen or 

possibly lift the frozen charges, which would 

decrease the filtration efficiency [9]. Submersion in 

70% ethanol, 100% isopropanol solution or bleach 

raised the penetration of particles through masks. 

Bleach even destroyed the structure of gauze filters 

[12]. Therefore, advise were given against liquid 

contact, such as alcohol, chlorine-based solutions or 

soaps. 

In addition to degradation of filtration performance, 

chemical decontamination methods tend to leave 

unpleasant odor and residues on masks. FFRs 

treated with bleach retained a bleach odor following 

off-gassing period. Even though the amount was 

below action levels, odor might cause adverse 

effects in users with certain health conditions. Also, 

bleach corroded the metal parts on the FFRs and 

discolored other area [19]. Little or none of the 

gaseous sterilizers, such as ethylene oxide (EO), 

vaporous hydrogen peroxide (VHP) remained on 

the FFRs following decontamination and off 

gassing. However, EO treatment of FFRs produced 

detectable residues of 2-hydroxethyl acetate (HEA), 

toxic byproduct, possibly formed by a reaction of 

EO with rubber parts of the respirators. EO did not 

cause any visible changes to masks, whereas VHP 

caused slight tarnishing of metallic nosebands [19, 

20]. Among chemical methods, VHP seems the 

most promising. High-level disinfection cabinet 

using submicron droplets of aerosolized peracetic 

acid and hydrogen peroxide was effective for 

decontamination of N95 respirators. 3 consecutive 

cycles or a single cycle achieved more than 6 log10 

reductions in MRSA, MS2 and Phi6 [16]. 

As a result, alcohol, chlorine-based solutions, soaps 

and bleach are not advised to use because they can 

significantly degrade the filter, either because they 

alter the electrostatic properties of the filter fibers, 

affect particle penetration levels, or deform the 

FFRs leading to its degradation. Moreover, 

chemical residues left on mask can cause risk to 

wearers. VHP is most promising chemical method. 

However, it is labor intensive, costly and it has 

limited widespread application.  

Hot water treatment  

Sterilization by hot water treatment was proposed 

for individuals at low risk for infection and without 

access to new masks, and not for healthcare 

professionals. Method includes following steps, 

such as soaking disposable surgical non-woven 

mask in hot water above 56 oC for 30 minutes with 

no rubbing and twisting during soaking process. 

This step is followed by drying by electric hair drier 

for about 10 minutes to recover electrostatic charge 

and testing the electrostatic effect with the paper 

scraps. With this method filterability remained 

similar to new masks. However biocidal effect was 

not evaluated; therefore, this method is suggested 

only for general public with low risk for infection 

[21]. 

 

Table 1. Decontamination methods characteristics 

Method Target 

group 

Strengths  Weaknesses Ref. 

Physical 

Steam  For all • Effective against 

bioaerosols 

• Safe to wearers  

• Cost-effective 

• Rapid  

• Easy to use 

• Multiple treatment may 

increase penetration of 

surgical masks and 

decrease filtration 

efficiency 

[9-14] 

Dry heat For all • Effective against 

bioaerosols  

• Safe to wearers  

• Convenient and 

economic 

 

• Biocidal efficacy depends 

on treatment time 

• Low penetration of heat  

[9,12, 14-16] 
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Irradiation For all • Effective against 

bioaerosols 

• Relatively short 

irradiation time  

• No known health risks to 

the wearers   

 

• Penetration depth may be 

limited (need for high 

doses) 

• Limited by the available 

working surface area with 

a UV-C source or UVGI 

source  

[9,16-18] 

Chemical 

Solution 

based  

For all  • Significant degradation of 

filters 

• Residues left on mask  

• Risk to wearers  

[9,12, 19,20] 

VHP For all • Effective against 

bioaerosols 

• Labor intensive  

• Costly  

• Limited widespread 

application  

[16,19,20] 

Other  

Hot water For low risk 

group 

• Filtration efficiency 

remained 

• Biocidal effect was not 

evaluated  

[21] 

 

National policies on extended use and reuse  

Due to the current COVID-19 outbreak, some 

countries are allowing extended use and reuse of 

masks. The Korea CDC does not have a clear 

position on mask reuse. However, at present, it is 

recommended to use only once in health care 

workers (high risk group), and there is a consensus 

that ordinary citizens can use it multiple times. 

 Countries, such as Canada allows use of masks 

after the expired deadline, France, Mexico, New 

Zealand and Sweden allow prolonged use of masks 

up to 4 hours if they are not removed, damaged or 

contaminated. Germany allows reuse of masks after 

treatment at 65-70 oC in a drying cabinet for 30 

minutes with maximum of 2 decontaminations. In 

Netherlands a short process with hydrogen peroxide 

gave an acceptable result, however, hydrogen 

peroxide sterilizers are not available in all 

institutions. VHP and steam treatment are also 

considered by Europe and the United States [22].  

Even if the mask is decontaminated for reuse, no 

change in structure, maintenance of the firmness of 

each component of the mask, and maintenance of 

filtration function are required for reuse. In 

particular, in the filtration function, it is important 

to maintain the electrostatic capacity along with no 

change in the physical filtration function such as 

diffusion, interception, and inertia impaction of the 

filter fabric. 

 

Conclusion  

Infectious disease outbreaks cause shortage of 

single-use masks and respirators indicating needs 

for decontamination and reuse of it. For this 

purpose, physical and chemical methods were 

proposed and tested by researchers. Of the methods 

that have been investigated to date, 

decontamination by steam, UVGI and VHP are the 

most promising, based on filtration performance, 

biocidal efficacy and structural integrity. Steam and 

UVGI treatments are more beneficial by its 

throughput capability, relatively short time and 

safety to users. Solution based chemical methods 

are least desirable for mask decontamination, since 

it damages FFRs and chemical residues pose health 

risk to wearers. However, more studies 

investigating mask performance and biocidal 

efficacy of different treatment methods are needed.  
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