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1. Additional Details of the Experimental Set Up and Toxin Analysis 

Table S1. Description of Air Conditioning (AC) filters and face masks used for experimentation. 

 

 

 

2. Corrections to the Particle Size Distribution 

In order to combine the measurements made by the Scanning Mobility Particle Sizer (SMPS) and 

Aerodynamic Particle Sizer (APS), the electrical mobility diameter (dm) measured by the SMPS 

and the aerodynamic diameter (da) measured by the APS were both converted to the physical 

diameter (dp) using the following equations:2 

 

𝑑𝑝 = 𝑑𝑚 (S1) 
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(S2) 

where 𝑑𝑝, 𝑑𝑚, and 𝑑𝑎 are the physical, mobility, and aerodynamic diameters, respectively; 𝜌𝑃𝑒𝑓𝑓 

is the effective particle density, and 𝜌𝑜 is unit density (1 g cm-3). We used an effective density of 

1.8 g cm-3 for seawater3 and an effective  density of 1.5 g cm-3 for aerosols generated from M. 

aeruginosa—a value found to be appropriate for lake spray aerosol.4 Because the SMPS tends to 

undercount particles in the upper size bins due to the impactor while the APS tends to undercount 

particles in the lower size bins due to poor scattering efficiency, the highest SMPS size bins and 

lowest APS size bins in the overlapping regions were discarded to combine data from the two 

sizing instruments.2,3,5 

3. Details of the Proof-of-Concept Experiments Using Filtered Seawater 
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Aerosols were generated by bubbling filtered seawater collected from the RSMAS dock. The 

bubbler apparatus is shown in Figure 1 and described in the main text. For the seawater 

experiments, we used a bubbler flow of 1.5 lpm and a dilution flow of 15.5 lpm. Flows were 

verified using a Sensidyne Gilibrator bubble flow calibrator. The bubbler and dilution flow were 

then mixed and passed through the filter cassette containing a 47 mm cutout of a face mask or AC 

filter. We also ran a control without a filter in this filter cassette. The flow that passes across the 

face mask or AC filter piece is then split using a four-way aerosol flow splitter (Brechtel 

Manufacturing Inc) to a filter cassette holding a 47 mm pre-combusted glass fiber filter 

(EPM2000), which was used to collect generated aerosols, a scanning mobility particle sizer 

(SMPS, model 3082, TSI Inc), and an aerodynamic particle sizer (APS, model 3221, TSI, Inc). 

For the seawater experiments, silica gel dryers were used upstream of the SMPS and APS and the 

relative humidity (RH) for the experiment was controlled to 60%, above the efflorescence RH of 

sea salts.6 The fourth split was capped for this experiment.  

The nine filter cut outs used were comprised of six commercially available air conditioner (AC) 

panel filters (labeled AF) and three types of personal face masks (labeled FM). Two modes of 

sampling were used: 1) without a mask or AC filter upstream, and 2) with a mask or AC filter 

upstream. The system was run without a mask or AC filter upstream (e.g., Mode 1) to collect the 

background sea spray aerosol particle size distribution for 30 minutes. Air filters were then placed 

in the experimental filter holder sequentially to measure the particle size distribution passing 

through the filter (Mode 2).  Particle size data was continuously collected for at least 20 minutes 

for each experimental AC filter, and 60 minutes for each personal face mask. Fig S1 shows the 

size distributions of the average control run and the average run with each in-line filter. Table S2 

shows the average composite particle filtration efficiency across all size bins for each filter cut-

out tested. Each particle size distribution is shown as a contour plot as a function of size and sample 

number for SMPS data in Fig S2 and for APS data in Fig S3. 

 

Fig. S1: Average particle size distributions for proof-of-concept air filter efficiency tests using sea 

spray aerosol with air conditioner panel filters (AF; dashed lines) and face mask filters (FM; 
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colored solid lines) in-line. The black solid line is the average sea spray aerosol size distribution 

without a filter in-line.   

Table S2: Average particle filtration efficiencies for each filter material tested using aerosols 

generated from filtered seawater during proof-of-concept experiments. Uncertainties represent 

95% confidence intervals. 

 

 

 

 

Seawater Filtration Efficiency 

Data

Filter Type Filter Description Average Filtration Efficiency

AF1 Unrated A/C Safe air filter 53±4

AF2 Honeywell HEPA air filter 91±1

AF3 WEB Eco FPR4 air filter 65±3

AF4 Honeywell FPR10 air filter 92±1

AF5 Rheem FPR4  air filter 56±5

AF6 WEB Absorber FPR 5 air filter 62±4

FM1 N95 face mask 99±0.1

FM2 Disposable medical face mask 95±0.1

FM3 R95 face mask 99±0.01

Filter Materials Tested
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Fig. S2: Contour plots showing the particle number concentrations as a function of size and time 

(e.g., sample number) for each proof-of-concept experiment conducted with seawater collected 

with the SMPS. 
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Fig. S3: Contour plots showing the particle number concentrations as a function of size and time 

(e.g., sample number) for each proof-of-concept experiment conducted with seawater collected 

with the APS. 

 

 

4. Size Distributions from Aerosol Generated from M. aeruginosa 

Aerosols were generated by bubbling cultures of M. aeruginosa. We selected three filters 

representative of high and low filtration efficiencies for experiments with M. aeruginosa: AF4 

(Honeywell FPR 10), AF5 (Rheem FRP 4), and FM2 (a disposable surgical mask). Two modes of 

sampling were used: 1) without a mask or AC filter upstream (Mode 1), and 2) with a mask or AC 

filter upstream (Mode 2). Particle size data was collected for at least 2 hours in each Mode for each 

experiment with M. aeruginosa. Fig. S4 shows a comparison of average size distributions collected 

in Mode 1 and Mode 2 for each filter tested. Each particle size distributions is shown as a contour 

plot as a function of size and sample number for data collected in Mode 1 in Fig S5 and for data 

collected in Mode 2 in Fig S6. 
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Figure S4: Particle size distributions measured by SMPS and APS for air filter efficiency tests 

using aerosolized M. aeruginosa cultures. The average size distributions for the test using AF4 

(top panel), AF5 (second panel), the first run with FM2 (third panel), and the second run with FM2 

(bottom panel) are shown. 
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Figure S5: Contour plots showing the particle number concentrations as a function of size and 

time (e.g., sample number) for each experiment conducted with M. aeruginosa without an in-line 

AC filter or face mask (Mode 1 of aerosol sampling) collected with the SMPS (left-hand side) and 

APS (right-hand side). 
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Figure S6: Contour plots showing the particle number concentrations as a function of size and 

time (e.g., sample number) for each experiment conducted with M. aeruginosa with an in-line AC 

filter or face mask (Mode 2 of aerosol sampling) collected with the SMPS (left-hand side) and 

APS (right-hand side). 

 

 

REFERENCES CITED 

(1)  Gambaro, A.; Barbaro, E.; Zangrando, R.; Barbante, C. Simultaneous Quantification of 



S11 
 

Microcystins and Nodularin in Aerosol Samples Using High-Performance Liquid 

Chromatography/Negative Electrospray Ionization Tandem Mass Spectrometry. Rapid 

Commun. Mass Spectrom. 2012, 26 (12), 1497–1506. https://doi.org/10.1002/rcm.6246. 

(2)  Khlystov, A.; Stanier, C.; Pandis, S. N. An Algorithm for Combining Electrical Mobility 

and Aerodynamic Size Distributions Data When Measuring Ambient Aerosol. Aerosol 

Sci. Technol. 2004, 38 (SUPPL. 1), 229–238. 

https://doi.org/10.1080/02786820390229543. 

(3)  Stokes, M. D.; Deane, G. B.; Prather, K.; Bertram, T. H.; Ruppel, M. J.; Ryder, O. S.; 

Brady, J. M.; Zhao, D. A Marine Aerosol Reference Tank System as a Breaking Wave 

Analogue for the Production of Foam and Sea-Spray Aerosols. Atmos. Meas. Tech. 2013, 

6, 1085–1094. 

(4)  May, N. W.; Axson, J. L.; Watson, A.; Pratt, K. A.; Ault, A. P. Lake Spray Aerosol 

Generation: A Method for Producing Representative Particles from Freshwater Wave 

Breaking. Atmos. Meas. Tech. 2016, 9 (9), 4311–4325. https://doi.org/10.5194/amt-9-

4311-2016. 

(5)  Qin, X. Y.; Bhave, P. V; Prather, K. A. Comparison of Two Methods for Obtaining 

Quantitative Mass Concentrations from Aerosol Time-of-Flight Mass Spectrometry 

Measurements. Anal. Chem. 2006, 78 (17), 6169–6178. 

(6)  Tang, I. N.; Tridico, A. C.; Fung, K. H. Thermodynamic and Optical Properties of Sea 

Salt Aerosols. J. Geophys. Res. Atmos. 1997, 102 (19), 23269–23275. 

https://doi.org/10.1029/97jd01806. 

 


