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Introduction
Study overview and methods
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Filtration for Respiratory Exposure to Wildfire Smoke from Swamp 
Cooler Air (FRESSCA) / FRESSCA-Mujeres

• Summer wildfire events cause smoky air & thermal 
stress inside CA farmworker homes

• Community-led team to evaluate exposures &
solutions for homes with evaporative coolers (EC):

• Evaporative (swamp) cooler DIY filters & indoor air cleaners 

• Filters analyzed for loading, metals, and cocci (Valley Fever) 

• Low-cost sensors & air measurements indoors vs. outdoors

• Air results return & community meetings

• Urine & saliva samples collected for chemical & stress 
biomarkers

Evaporative cooler with filters

Air sampling & low-cost sensors
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Project overview - three funding sources created our interdisciplinary team
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Project overview - three funding sources created our interdisciplinary team
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• DIY filter testing
• PM2.5 sensors 
• Passive PM samplers
• Results return & 

community air quality 
meetings

• Air measurements of PAHs, metals, VOCs
• Urine biomarkers of stress
• Saliva telomere length

• Urine measurements of PAHs, metals, VOCs
• Field team & support for both other components
• Results return & community meetings for 

biomonitoring
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(US EPA)

FRESSCA-Mujeres
(OEHHA)

FRESSCA-Mujeres
(CA Breast Cancer 
Research Program)
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FRESSCA study design
• 2.5 months of indoor-outdoor PM data for 50 homes with swamp coolers (EC) (Kern, Fresno-Kings)

• Provide 50% of the homes EC filters, 50% no EC filters; provide all homes air cleaners

• Usage of both determined by participants; recorded with plug load monitors

• Short-term airborne chemical samples timed with urine samples 

• Targeted towards major wildfire event; or if none, last week of the study
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• PM (2.5 months): 

• Continuous low cost PM2.5 sensors – Purple 
Air II (all homes)

• Passive PM samplers - UNC-PAS (subset of 
homes)

• Scanning electron microscopy (1000 
particles/sample): PM size distributions, 
PM2.5 and PM10 (ug/m3), major particle types 

• Airborne chemicals (final week, timed with urine): 

• Metals – 24 hr pump-filter/ICP-MS

• VOCs – 4 hr pump-tube-tube/TD-GC-MS

• PAHs – 8 hr pump-tube-tube/TD-GC-MS/MS

Indoor - outdoor air methods
Purple 
Air

Passive 
PM

   

AC
timer timer



Air results
Passive PM, PM sensors, metals, VOCs, PAHs
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Passive PM - Indoor/outdoor PM2.5 ratios averaged < 1

Mean 
I/O(PM2.5) 
= 0.7 

Fresno-Kings 
Counties

Kern 
County

Air Cleaner         +         +        +         +        +        +         +         +        +         +        +        + +       +
EC filters            +          +        +                                        +         +        +         +   
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Passive PM - Indoor/outdoor ratios lower for PM10 than PM2.5

Mean 
I/O(PM10) 
= 0.4 

Mean 
I/O(PM2.5) 
= 0.7 

Fresno-Kings 
Counties

Kern 
County

Air Cleaner         +         +        +         +        +        +         +         +        +         +        +        + +       +
EC filters            +          +        +                                        +         +        +         +   
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Passive PM results - Typical indoor particle types as seen through the electron microscope

Crustal (soil & dust)
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Blue lines in 
images = 2.5 
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(plant spores)
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Passive PM - Low levels of Cu PM detected in Kern outdoor 
and indoor samples
Cu + Cl and Cu + S = plant pathogen treatment
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Filter microscopy - EC filters captured outdoor PM, reduced indoor PM



14

Low-cost PM2.5 sensors – Effect of intervention inside typical home
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Low-cost PM2.5 sensors - detected minor wildfire smoke episode
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# of 
samples 

metal was 
detected

All 
(9) 4 2

All 
(29) 1 3 3 6

---- Mn 
Chronic 

REL 
(OEHHA):
0.9 µg/m3;
RELs for 
all other 

metals 2-3 
orders of 

magnitude 
higher 

Indoor
OutdoorMetals
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VOCs measured indoors and outdoors

BTEX

EC filter             
No EC filter             
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PAHs measured indoors

Naphthalene compounds
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PAH indoor/outdoor ratios

Naphthalene compounds

Higher 
indoors

Higher 
outdoors
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Community meetings to discuss air results & exposure reductions – August 2024



Conclusions
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• FRESSCA / FRESSCA-Mujeres evaluated indoor air interventions to 
improve air quality while reducing thermal stress

• Ideal combination of passive samplers, low-cost sensors, and speciated 
chemistry samples

• PM 30-70% lower indoors with air cleaners + EC filters (dust)

• Highest metal = Fe, indoors < outdoors (also detected: Mn, Cu, Zn, and Se)

• BTEX (VOC) and Naphthalene (PAH) were most abundant gas-phase species

• Community discussions on air results & exposure reduction strategies will 
inform future air quality interventions

Conclusions
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• The findings and conclusions in this work are those of the authors and do not necessarily 
represent the views or opinions of the California Department of Public Health, the California 
Health and Human Services Agency, the California Environmental Protection Agency, or 
OEHHA.

• This work was developed in part under Assistance Agreement No. R84024201 awarded by 
the U.S. Environmental Protection Agency to the Public Health Institute. It has not been 
formally reviewed by EPA. The views expressed in this document are solely those of the 
presenter and do not necessarily reflect those of the Agency. EPA does not endorse any 
products or commercial services mentioned in this presentation.

• We gratefully acknowledge the community members who participated in this project, our 
scientific advisors, and the Community Advisory Group 

Thank you!
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