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R. Grace Zhai3, Alberto J. Caban-Martinez4, Kimberly J. Popendorf1* 
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ABSTRACT 

 
Harmful algal blooms (HABs) can generate toxins that can be aerosolized and negatively impact 

human health through inhalation. HABs are often found in waterways near residences, therefore, 
aerosolized HAB toxins can potentially affect both indoor and outdoor air quality. Given that 
HABs are predicted to increase worldwide, effective mitigation strategies are needed to prevent 
the inhalation of aerosolized HAB toxins. In this work, we characterized both the particle filtration 
efficiency using particle sizing instruments as well as the mass concentration of different congeners 
of aerosolized microcystin (MC) toxins that penetrate through commercially available face masks 
and air conditioner (AC) filters. Particles were generated from cultures of the toxin-producing 
cyanobacteria Microcystis aeruginosa. Hydrophobic congeners of microcystin including MC-LF 
and MC-LW were enriched in aerosols compared to water, with MC-LR being the most abundant, 
which has implications for the toxicity of inhalable particles generated from HAB-contaminated 
waters. Particle transmission efficiencies and toxin filtration efficiencies scaled with the manufacturer-
provided filter performance ratings. Up to 80% of small, microcystin-containing aerosols were 
transmitted through AC filters with low filter performance ratings. In contrast, both face masks 
as well as AC filters with high filter performance ratings efficiently removed toxin-containing 
particles to below limits of quantification. Our findings suggest that face masks and commercially 
available AC filters with high filtration efficiency ratings are suitable mitigation strategies to avoid 
indoor and outdoor air exposure to aerosolized HAB toxins. This work also has relevance for 
reducing airborne exposure to other HAB toxins, non-HAB toxins, pathogens, and viruses, including 
SARS-CoV-2, the virus responsible for the COVID-19 pandemic. 
 
Keywords: Harmful algal bloom, Aerosol, Filter efficiency, Pathogen, Microcystin 
 

1 INTRODUCTION 
 

Aerosols are generated from breaking waves and bubbling processes from both the ocean and 
freshwater systems (Stewart et al., 2008). Both oceans and lakes can be impacted by harmful 
algal blooms (HABs), some of which produce toxins that can be aerosolized and adversely affect 
human health (Pierce et al., 2003; Cheng et al., 2007; Erdner et al., 2008; Backer et al., 2010; Brand 
et al., 2010). Microcystins (MC), a class of hepatotoxins produced by freshwater cyanobacteria, 
have been shown to be aerosolized both through laboratory and field experiments (Cheng et al.,  
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2007; Backer et al., 2010; Wood and Dietrich, 2011; Gambaro et al., 2012; Murby and Haney, 
2016; Olson et al., 2020). Different congeners of MC display different levels of toxicity (Dawson, 
1998; Díez-Quijada et al., 2019). Exposure studies have shown increased sensitivity to MC through 
inhalation compared to oral ingestion (Codd et al., 1999). Individuals who visit or live near lakes, 
rivers, and canals impacted by HABs are at risk of both outdoor and indoor exposure to aerosolized 
MC toxins highlighting the need for adequate methods to limit contact. 

Air conditioner (AC) filters and face masks could limit airborne exposure to aerosolized HAB 
toxins both indoors and outdoors. Common methods of testing mask and filter efficiencies use 
particle standards and measure either particle number counts or mass concentrations upstream 
and downstream of filter material (Willeke et al., 1996; Qian et al., 1998; Huang et al., 2007; Jung 
et al., 2014; Zíková et al., 2015; Serfozo et al., 2017; Drewnick et al., 2020; Konda et al., 2020). 
For commercially available AC filters, the Minimum Efficiency Reporting Value (MERV) rating or 
Filter Performance Rating (FPR) reflects the filtering efficiency with increasing MERV or FPR 
numbers corresponding to filtration of larger fractions of smaller particles down to 0.3 µm (Fazli 
et al., 2019; Hao et al., 2020), The size distributions of aerosolized HAB toxins is unknown but 
lake spray is known to produce high number concentrations of ultrafine particles (diameter 
< 0.1 µm) (Olson et al., 2020), which is smaller than the lower limit used for the FPR and MERV 
rating systems. Further, to our knowledge, no prior filtration efficiency studies have focused on 
HAB-contaminated lake spray aerosol.  

In this work, we simultaneously measured the particle filtration efficiency and determined the 
toxin filtration efficiency by quantifying individual congeners of MC in aerosols to evaluate the 
efficiency of filter materials at removing aerosols relevant for exposure to HAB toxins. Although 
this study was initiated to evaluate methods to minimize human exposures to aerosols containing 
MC, this work also has relevance for reducing exposure to other HAB toxins, non-HAB toxins, 
pathogens, and viruses including SARS-CoV-2, the virus responsible for the COVID-19 pandemic 
(Li et al., 2020; Zhou et al., 2020; Zhu et al., 2020). 
 

2 METHODS 
 
2.1 AC Filters and Face Masks Used 

Six commercially available AC panel filters (labeled Air Filters [AF]) and three types of personal 
face masks (labeled Face Masks [FM]) were used for experiments (see Table S1 of the Supporting 
Information (SI) for information regarding the filters). The filters were selected based on three 
criteria: 1) availability of material information; 2) stated performance ratings; 3) most importantly, 
accessibility to the public. For the last criteria, we selected face masks from online merchants and 
AC filter panels from a home improvement retailer. For criteria 2, the FPR rating system was used. 
AC filters included: a woven polyester window AC filter (AF1, no FPR provided); HEPA filter with 
carbon pre-filter (AF2); FPR 4 reusable, washable, multi-layer air panel filter (AF3); FPR 10 high 
efficiency pleated fiber filter (AF4); FPR 4 pleated fiber filter (AF5); and a FPR 5 electrostatic carbon 
panel filter (AF6). Face masks included: N95 mask (FM1; 3M model 8210); a disposable surgical 
mask (FM2); and a medical-grade R95 odor-filtering carbon fiber mask (FM3; 3M model 8247).  

 
2.2 Particle Generation and Size Distribution Measurements 

Aerosols were generated using a bubbling apparatus (see Fig. 1). Particle-free air (Pall Corporation, 
in-line HEPA) was split between a porosity C glass frit (25-50 µm pore size) used to bubble a 
solution to generate aerosols at a flow of 1 liter per minute (L min–1), and a 10 L min–1 dilution 
flow. As shown in Fig. 1, aerosols passed through a filter cassette that was either empty or 
contained a 47 mm cutout of a face mask or AC filter—the difference in particle counts when the 
cassette contained a filter cutout and when it did not was used to determine the particle filtration 
efficiency. Air flowed across the face mask or AC filter cut-outs at a flow rate of 7.5 L min–1, similar 
to breathing rates at rest (Anthony and Flynn, 2006; Poon and Lai, 2011). At this flow rate, the 
face velocity across the filter or mask cutout was ~0.07 m s–1, similar to velocities used in other 
mask efficiency experiments (Konda et al., 2020), but lower than typical face velocities across 
window unit AC filters (Park et al., 2011). Therefore, our reported particle filtration efficiencies 
for AC filter cutouts are likely upper estimates. The flow that passed across the face mask or AC  
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Fig. 1. Schematic of the experimental setup for aerosol generation. Black arrows show the 
direction of air flow. The filter cassette in blue was used to sample in Mode 1, without a face 
mask or AC filter cut-out, or in Mode 2, with a face mask or AC filter cut-out, to determine particle 
filtration efficiencies and toxin filtration efficiencies. 

 
filter piece was at a relative humidity (RH) of 20–30% for experiments with HAB cultures and 
below 60% for proof-of-concept experiments with seawater. Both values of RH are near or below 
typical RHs used to test the filter performance of AC units as recommended by the American 
National Standards Institute/American Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ANSI/ASHRAE) and are below average RHs typical of afternoon conditions in South 
Florida (https://climatecenter.fsu.edu/products-services/data/other-normals/relative-humidity).  

The flow was then split to a filter cassette holding a 47 mm pre-combusted glass fiber filter 
(EPM2000) as well as particle sizing instruments—a scanning mobility particle sizer (SMPS, model 
3082, TSI Inc) and an aerodynamic particle sizer (APS, model 3221, TSI, Inc). The EPM2000 filter 
was used to collect aerosols for toxin analysis to determine toxin filtration efficiency while the 
particle sizing instruments collected continuous measurements of the size distribution used to 
calculate particle filtration efficiencies. Before performing experiments, the bubbling apparatus 
was tested to verify that the experimental set up was particle-free. The SMPS continuously 
measured the electrical mobility diameter (dm) in the range of 0.01 to 0.6 µm every 5 minutes 
while the APS continuously measured the aerodynamic diameter (da) in the range of 0.5 to 20 µm 
every minute. Size distributions from the combined SMPS and APS data are reported using the 
physical diameter (dp) (see the SI for additional details) (Khlystov et al., 2004; May et al., 2016). 

 
2.3 Experiment Design 

Initial, proof-of-concept experiments were performed using filtered seawater obtained from 
the pier at the Rosenstiel School for Marine and Atmospheric Science (RSMAS) campus (see the 
SI for details). Experiments were then performed using cultures of Microcystis aeruginosa, a 
cyanobacteria known to produce cyanotoxins, including different congeners of MC. M. aeruginosa 
was obtained from a commercial culture collection (Culture Collection of Algae at the University 
of Texas Austin, UTEX 3037) and maintained under laboratory conditions as a monospecific 
culture. We then selected three filters representative of high and low filtration efficiencies for 
experiments with M. aeruginosa: FM2 (disposable surgical mask), AF4 (FPR 10), and AF5 (FPR 4). 
Two experimental runs using FM2 were performed including an exposure to a model animal, the 
fruit fly Drosophila melanogaster, which is the subject of a companion paper (Hu et al., 2020).  

 
2.4 Determination of Particle Filtration Efficiencies 

Particle sizing instruments (e.g., SMPS and APS) were used to determine particle filtration 
efficiencies using two modes of sampling: 1) without a mask or AC filter upstream (Mode 1, empty 
blue filter cassette in Fig. 1), and 2) with a mask or AC filter upstream (Mode 2, blue filter cassette 
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in Fig. 1 contained a filter cut-out). Experiments were performed using continuous size distributions 
rather than size-selection to simultaneously measure both the number-based particle filtration 
efficiency of each filter cut-out as well as collect a time-integrated filter used to measure the 
mass concentration of aerosolized MC toxins removed by each filter cut-out and, thus, determine 
the toxin filtration efficiency. Continuous particle size data was collected in each Mode for at 
least 2 hours for experiments with M. aeruginosa and 20 minutes for seawater. Experiments were 
first performed in Mode 1 then in Mode 2. To remove any outliers from particle size distribution 
data, one iteration of a Grubb’s test with a 95% confidence interval was performed on size 
distributions collected during experiments using M. aeruginosa. SMPS and APS data collected in 
each sampling Mode were averaged and used to calculate average size-resolved particle filtration 
efficiencies (F) from Eq. (1): 
 

( ) Particle Counts in Mode 2
% 1 100%

Particle Counts in Mode 1
F  = − ×  

 (1) 

 
Eq. (1) was applied to each size bin to determine average size-resolved particle filtration 

efficiencies. Size bins with poor counting statistics (< 5 particles cm–3) were excluded. We also 
report composite particle filtration efficiencies averaged across all size bins with uncertainties 
reported as 95% confidence intervals calculated using the quadrature rule for error propagation.  

 
2.5 Toxin Analysis of Water and Air Samples to Determine Toxin Filtration 
Efficiencies 

Aerosol samples were collected on EPM2000 filters while water samples were collected on 47 
mm combusted glass fiber GF/F filters for toxin analysis. Prior to extraction of water and aerosol 
filters, leucine enkephalin acetate (ENK, Sigma Aldrich L9133) was added to each sample as an 
internal standard to check recovery. Each sample was corrected for extraction efficiency using 
the final amount of ENK on the column per MS run relative to the amount added to the original 
sample. MC was extracted from both water and air filters via vortexing and sonication in HPLC-
grade methanol. Particulate material was removed from samples by filtration with 0.2 µm pore 
size polyethersulfone syringe-tip filters. MC congeners were quantified using reverse phase high 
pressure liquid chromatography triple quadrupole mass spectrometry (HPLC-MS) using selected 
reaction monitoring in negative ion mode (Gambaro et al., 2012), with a Dionex 3000 HPLC coupled 
with a ThermoScientific TSQ Altis triple quadrupole mass spectrometer with electrospray ionization 
interface. Nine congeners of MC were quantified: microcystin (MC)-LA, MC-LF, MC-LR, MC-LW, 
MC-LY, MC-RR, MC-WR, MC-YR, and D-Asp-MC-LR. Congener names represent the standard 
abbreviations for the amino acids at positions two and four in the heptapeptide ring: leucine (L), 
alanine (A), phenylalanine (F), arginine (R), tryptophan (W), and tyrosine (Y). D-Asp indicates 
demethylation of the third moiety D-erythro-β-methylaspartic acid. MC congener analysis used 
reverse phase chromatography with a Kinetex EVO C18 column (Phenomenex), 150·4.6 mm, 5 mm 
particles, 100 Å, and a 27 minute chromatography method with a gradient of water with 19 mM 
ammonium hydroxide (eluent A) and 80% methanol, 20% acetonitrile (eluent B); all solvents were 
HPLC-grade (Gambaro et al., 2012). MC were detected with negative ion selected reaction 
monitoring with typically three transitions for each congener (common precursor ion). MS 
settings were determined by direct infusion of commercially available standards for each 
compound of interest, including the 9 congeners of microcystin (Enzo Life Sciences ALX-350-096, 
ALX-350-081, ALX-350-012, ALX-250-080, ALX-350-148, ALX-350-043, ALX-350-167, ALX-350-044, 
ALX-250-173).  

Instrument response factors for sample quantification were determined for each congener for 
each sample batch using triplicate analysis of mixed solutions of standards of the nine congeners 
of interest plus the internal standard at concentrations ranging from 0.5 to 5000 pg on column. 
The limit of quantification (LOQ) for MC varied by congener, ranging from approximately 20 to 
50 pg on column, averaging approximately 45 pg on column across the 9 congeners analyzed. 
Analytical precision was ± 3 pg on column per congener at 50 pg on column, ± 14 pg at 500 pg on 
column, calculated as the average standard error for replicate standard curves across several 
sample batches. Expected standard error of aerosol samples was calculated based on average 
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sample conditions (internal standard recovery and volume of air sampled) and analytical precision 
at the pg on column level of the samples, with expected average analytical error for aerosol 
samples of 0.4 ng m–3. 
 

RESULTS AND DISCUSSION 
 
3.1 Proof of Concept Experiments: Filtration Efficiency of Aerosolized 
Seawater  

The filtration efficiencies (Fig. 2 and Table S2) show a typical U-shaped curve with a minimum 
in the particle filtration rates between 50-500 nm due to efficient particle capture by electrostatic 
forces and diffusion on the lower end of the size distribution and efficient particle capture by 
inertia on the upper end of the size distribution (Hinds, 1982). Fig S1 in the SI shows average size 
distributions and Figs. S2 and S3 show the variability of the size distributions collected during the 
proof-of-concept experiments. The face masks generally had higher filtration efficiencies than 
the AC filters. Fig. 2(a) shows that face masks commonly used by medical personnel, such as N95 
(FM1) and R95 face masks (FM3), had higher filtration efficiencies (e.g., 99 ± 0.1% on average) 
than the disposable surgical mask (FM2, 95 ± 0.1% on average), a type of mask worn by both 
medical personnel and more recently by the public to prevent transmission of the SARS-CoV-2 
virus. Notably, the filtration efficiency of FM3 showed no size-dependency while FM1 showed 
slightly lower filtration efficiency at small sizes between 40–100 nm and FM2 showed a more 
typical U-shaped curve. 

In general, AC filter efficiencies scaled with the FPR number—higher FPR ratings resulted in  

 

 
Fig. 2. Average size-resolved particle filtration efficiencies for proof-of-concept experiments using 
aerosols generated from filtered seawater and (a) three different face mask filter cut-outs (FM; 
warm colors) and (b) six different air conditioner panel filters (AF; cool colors). Note the different 
scales for the y-axis in (a) and (b). 
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higher filtration efficiencies (see Fig. 2(b)). AF4 had an FPR 10 rating and filtered 92 ± 1% of 
particles, on average, similar to AF2, a high efficiency particulate air (HEPA) filter. Further, filtration 
efficiencies for AF2 and AF4 also showed a lack of a size-dependence, similar to FM3. In contrast, 
with ratings of FPR 4, AF5 had an average filtration efficiency of 56 ± 5% while AF3 had an 
efficiency of 65 ± 3%. AF6 had an FPR rating of 5 and an average filtration efficiency of 62 ± 4% 
while AF1 was an unrated AC panel filter and had an average filtration efficiency of 53 ± 4%. AF1, 
AF3, AF5, and AF6 showed strong size-dependent filtration efficiencies as evidenced by the more 
typical U-shaped curves seen in Fig. 2(b). 

 
3.2 Filtration Efficiency of Aerosolized HAB Toxins 

The size distributions of aerosols generated from M. aeruginosa showed smaller size modes 
than aerosols generated from filtered seawater (42 nm vs. 85 nm) and fewer generated aerosols, 
consistent with previous work (May et al., 2016). Fig. S4 shows average size distributions and 
Figs. S5 and S6 show the variability of the size distributions collected during the experiments. 
Two experiments were conducted with FM2. Consistent with our findings from the seawater 
experiments, FM2 also showed a slight U-shaped curve and filtered out 97 ± 1% of particles 
generated from M. aeruginosa. Both experiments using FM2 produced consistent results in terms 
of the size-resolved filtration efficiency even though both experiments used separate cultures of 
M. aeruginosa and were performed months apart from each other (Fig. 3(a), Table 1). Fig. 4 and 
Table 1 also show the MC toxin data quantified in the cultured water, in aerosols without the in-
line AF or FM, and in aerosols with the in-line AF or FM. The water concentrations of MC were 
relatively high, 16–182 mg L–1, but well within observed MC concentrations in environmental HAB 
conditions (Backer et al., 2010; Díez-Quijada et al., 2019; Olson et al., 2020). The first experiment  

 

 
Fig. 3. Average size-resolved particle filtration efficiencies for (a) two tests of a disposable medical 
face mask (FM2) and (b) two different air conditioner filters (AF4, AF5), tested with HAB aerosol 
particles. Distributions only extend out to 600 nm due to limited particle counts at larger sizes. 
Note the different scales for the y-axis in (a) and (b). 
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Fig. 4. MC toxin concentrations are shown for water and aerosols generated from solutions of M. 
aeruginosa with and without a filter in-line. Water concentrations are in µg L–1 while aerosol 
concentrations are in ng m–3. 

 
with FM2 had 54 ng m–3 of MC in the aerosol with no filter in-line while the second experiment 
with FM2 had 5 ng m–3 of MC in the aerosol with no filter in-line. These aerosol concentrations 
are significantly higher than most reported aerosols from environmental studies (Cheng et al., 
2007; Wood and Dietrich, 2011; Gambaro et al., 2012; Murby and Haney, 2016), though at least 
one environmental study found field aerosol concentrations of MC up to 23 ng m–3 (Backer et al., 
2010). In both experiments, the surgical face mask was able to filter out the majority of the particles 
and reduce aerosolized MC toxin concentrations to below the limit of quantification (LOQ).  

In addition to the surgical face masks, experiments were performed with two AC filters (see 
Fig. 3(b)). AF4 filtered out 92 ± 3% of particles on average and did not show a strong size-
dependence, in agreement with our seawater experiments (Fig. 3(b) and Table 1). MC concentrations 
were 10 ng m–3 in the aerosol with no AF4 filter in-line and were completely filtered out by AF4 
to below the LOQ (Fig. 4 and Table 1). In contrast, AF5 only filtered out 30 ± 12% of aerosol particles, 
on average, and showed size-dependent particle filtration efficiencies (Fig. 3(b) and Table 1). The 
much lower particle filtration rate for the aerosols generated from M. aeruginosa compared to 
filtered seawater is likely due to the higher concentrations of smaller, ultrafine particles generated 
by bubbling cultures of M. aeruginosa. The AF5 filter also allowed over 80% of aerosolized MC 
toxin to penetrate the filter on average: MC concentrations were 8 ng m–3 in the aerosol with no 
AF5 filter in-line and 7 ng m–3 in the aerosol with an AF5 filter in-line (Fig. 4 and Table 1).  
 
3.3 Aerosolization of Individual Microcystin Congeners 

The most abundant MC congener detected both in water and aerosol samples was MC-LR 
(Fig. 4 and Table 1)—a highly toxic form of MC that is one of the most commonly observed MC 
congeners in North American HABs (Dawson, 1998; Benson et al., 2005; Díez-Quijada et al., 2019). 
In addition to MC-LR, minor concentrations of other congeners were quantified in the water 
including MC-LF, MC-LW, MC-LY, MC-WR, MC-YR, and D-Asp-MC-LR. In aerosol samples, in 
addition to MC-LR, the only congeners detected were MC-LF and MC-LW, and the relative 
abundance of congeners in the water and aerosols differed significantly (Fig. 4 and Table 1). In 
the water, MC-LR was 80% of the total MC present, on average, but only comprised 56% of the 
total MC for three of the four aerosol samples (for the fourth sample, MC-LR was the only 
congener quantified in the aerosol), with MC-LF and MC-LW making up a much larger fraction of 
the aerosol MC compared to water MC. For the AF5 experiment, where little of the aerosol MC 
was removed by the filter, the relative abundance of aerosol congeners was unchanged by the 
AC filter. MC-LR has been shown to be preferentially enriched in aerosols compared to water due 
to its hydrophobicity (Olson et al., 2020). MC-LF and MC-LW have been quantified in other 
environmental HAB aerosol studies (Gambaro et al., 2012), and they are known to be even more 
hydrophobic than MC-LR (Díez-Quijada et al., 2019) potentially explaining our finding that these 
two congeners are highly enriched in the aerosol. Although there is less information about the 
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toxicity of these minor congeners compared to MC-LR (Testai et al., 2016; Buratti et al., 2017; 
Díez-Quijada et al., 2019), there is some indication that MC-LF and MC-LW may be more toxic 
than MC-LR and have neurotoxic effects (Díez-Quijada et al., 2019). 

 
3.4 Recommendations for Future Studies 

Our work provides key insight into mitigation strategies for exposure to airborne algal toxins. 
Future studies should determine airborne toxin filtration efficiencies as a function of relative 
humidity as well as the pressure drop and face velocity across the filter material probed. Such 
studies would provide insight into the efficacy of different filter material under different AC flow 
rates and ambient relative humidities. We recommend additional studies that probe size-resolved 
toxin filtration efficiencies to determine which filters and face masks will prevent exposure to the 
smallest toxin-containing particles. We also recommend studies that investigate the toxin filtration 
efficiencies of HAB toxins other than microcystin, such as brevetoxin.  

 

4 CONCLUSIONS 
 

The primary contribution of this work is the measurement of toxin capture in conjunction with 
particle removal efficiencies. Our results indicate that commercially available face masks and AC 
filter material with high FPR or MERV ratings can efficiently filter aerosolized HAB toxins. As such, 
this work has implications for improving indoor air quality and limiting outdoor HAB toxin 
exposure for people who live near water bodies frequently impacted by cyanotoxin-producing 
HABs. While many filter ratings are for the transmission of particles 0.3 µm in diameter or larger 
and are determined using particle standards, our findings highlight that commercially-available 
products with high filtration ratings can efficiently filter out even smaller, chemically-complex, 
toxin-containing particles.  

The results of this work also have relevance for aerosolized viruses, including SARS-CoV-2. In 
the case of SARS-CoV-2, the virus itself has been shown to be 0.06–0.14 µm in size (Zhu et al., 
2020), within the range of particle sizes studied in this work. Cloth masks and other homemade 
coverings have been recommended by the Center for Disease Control and Prevention (CDC) for 
the public to limit the spread of COVID-19 (cdc.gov/coronovirus/2019-ncov). Cloth and homemade 
masks can be outfitted with a pocket to insert pieces of high-grade filters (Hill et al., 2020; 
Livingston et al., 2020; Whiley et al., 2020; Zangmeister et al., 2020). The results presented herein 
can provide clarity on the types of commercially available products that can be used to improve 
indoor air quality and be inserted into the pockets of cloth masks to limit exposure to aerosolized 
HAB toxins as well as other microbiological aerosols. Our results therefore contribute to a 
growing body of literature regarding the filtration efficiency of commercially available materials 
(Fazli et al., 2019; Drewnick et al., 2020; Hao et al., 2020; Hill et al., 2020; Konda et al., 2020; 
Whiley et al., 2020; Zangmeister et al., 2020) that can be used by the public to prevent exposure 
to toxins and other aerosolized pathogens. More filter efficiency data is critically needed for 
commercially available materials to both protect the public against airborne transmission of 
toxins and viruses while simultaneously conserving stockpiles of NIOSH-rated N95 masks. 
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