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Topics to cover:

• EPA research on wildfire smoke indoors
• Overview of research needs on smoke infiltration
• Low-cost air cleaning
• Sensors for indoor air quality 
• Future directions
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EPA research on wildfire smoke indoors



What can communities do to reduce their exposure to 
wildfire smoke indoors?
EPA partnered with Missoula, MT and the Hoopa Valley 
Tribe in CA to develop research to meet their needs to 
protect public health from wildfire smoke

Partner discussions led to these research questions:
• What interventions are effective for reducing wildland fire smoke exposures 

and risks?
• What science is available to support recommendations for communities to 

develop cleaner air spaces in larger buildings (e.g., schools, community 
centers)?

• How effective are portable air cleaners (PACs) during smoke events? Winnacker
https://www.epa.gov/air-research/wildfire-study-advance-
science-partnerships-indoor-reductions-smoke-exposures
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Overview of research need on smoke infiltration



EPA hosted clean air spaces web summit in 2019
Clean Air Spaces: Indoor Air Filtration to Protect Public Health During Wildland Fire 
Smoke Episodes – What are the Knowns and Unknowns?

June 12 – 13, 2019 • Experts on indoor air quality and wildfire smoke from federal, state, local, 
and tribal governments; academia; and private industry 

• Presented on topics:

• Most presentations available online: https://www.epa.gov/air-
research/web-summit-presentations-clean-air-spaces-indoor-air-filtration-
protect-public-health

─ Health effects of wildfire smoke
─ Wildfire air quality response
─ Smoke ready communities
─ How to make a clean indoor air 

space

─ Cost and benefits of filtration 
interventions

─ Real world performance of forced 
air systems for smoke removal

─ Impact of air filtration on health
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How effective are strategies to achieve cleaner air indoor 
during smoke episodes

Better-sealed 
buildings

• How effective is sealing at 
reducing smoke indoors?

• What are the impacts on 
other pollutants’ indoor air 
concentrations?

• Is there a health benefit from 
staying indoors?

• If no AC, what is the impact of 
high temperature and smoke 
exposure?

Central HVAC 
strategies

• How effective is the HVAC 
system for particle removal 
for different design and 
maintenance levels?  

• What are the impacts on 
other pollutants?

• What is the lifespan of HVAC 
filters during smoke events?

• What is the best practice for 
communities with diverse 
infrastructure?

Portable air 
cleaners

• What is the lifespan of PAC 
filters during smoke events?

• What are the impacts on 
other pollutants?

• How effective are smart PACs 
or sensors for achieving 
cleaner indoor air?

• What is the optimal design 
for effective low-cost PACs?

Davison, Barkjohn, Hagler, Holder, Coefield, Noonan, Hassett-Sipple Creating Clean Air Spaces During 
Wildland Fire Smoke Episodes: Web Summit Summary Front Public Health 2021 Feb 15;9:508971
doi: 10.3389/fpubh.2021.508971

https://www.frontiersin.org/articles/10.3389/fpubh.2021.508971/full
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Low-cost air cleaning



9

Low-cost air cleaners

DIY Air cleaner = Box fan + furnace filter 

• Low-cost and accessible approach to air cleaning

• Instructions widely available online, multiple configurations

• Provided to community by some local air quality agencies

https://www.texairfilters.com/a-
variation-on-the-box-fan-with-
merv-13-filter-air-cleaner/

https://pscleanair.gov/621/Community-Helping-
with-Wildfire-Smoke

https://www.cct-enr.com/box-fan-filter

https://www.texairfilters.com/a-variation-on-the-box-fan-with-merv-13-filter-air-cleaner/
https://www.cct-enr.com/box-fan-filter
https://pscleanair.gov/621/Community-Helping-with-Wildfire-Smoke


DIY air cleaner safety
Jan 2021 UL Chemical Insights Newsletter • Partnered with Underwriters Laboratories 

Research Division (Chemical Insights) for DIY 
safety evaluations

• Evaluating 5 commercial box fans with MERV 13 
filters, 3 filter loading conditions:
– Unloaded filter
– Heavily loaded with dust (ASHRAE Test Dust no 2.)
– Smoke loaded

• Measure temperatures on fan to identify 
potential fire risk

• Results coming soon…

Currently, recommend using only NEW
box fans (since 2012) with added 
safety features of fused plugs and 
thermal cutoffs

https://us17.campaign-archive.com/?u=576ed13f0a3c1a6cd9efcfc24&id=77aceae1b7&e=[UNIQID] 10

https://us17.campaign-archive.com/?u=576ed13f0a3c1a6cd9efcfc24&id=77aceae1b7&e=%5bUNIQID


EPA ORD work in progress: DIY laboratory effectiveness
• Measuring CADR for simulated wildfire smoke 

(smoldering pine needles) in a 30 ft3 chamber

• Completed 8 trial runs with Lasko box fan + Aerostar 
MERV 13 filters

• Repeatable results from PM2.5 =  38 – 150 µg/m3
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Feature DIY Air Cleaner Commercial Air 
Cleaner

Price ∼$30 ∼$100

CADR 113 ± 5 108

Noise (dB) 67 ± 1 55

Power (W) 77 ± 3 53

• Upcoming tests to focus on higher PM2.5 concentrations, 
loaded filters, comparison to commercial units



EPA ORD work in progress: DIY in-home effectiveness
Fan turned on

• Effectively reduced moderate smoke concentrations to 
near zero

• Estimated CADR = 35

• Generated substantial heat in closed room

PM2.5 Sensor
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DIY Air Cleaner

DIY operated indoors in San Francisco 
during 2020 smoke episode



13

Cleaner air spaces



Cleaner air spaces
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Resources for setting up cleaner air spaces
• Wildfire Smoke: A guide for public health officials (2019) –

Appendix B Identification and Preparation of Clean Air 
Shelters for Protection of the Public from Wildfire Smoke, 
US Interagency

• COVID-19 Considerations for Cleaner Air Shelters and 
Cleaner Air Spaces to Protect the Public from Wildfire 
Smoke, CDC

• Evidence Review: Filtration in institutional settings during 
wildfire smoke events, British Columbia CDC

• Create a Clean Room to Protect Indoor Air Quality During 
a Wildfire, US EPA

1. Identify suitable building 
• Public spaces like libraries, schools, public buildings
• Well sealed building envelope
• Building has HVAC system that is:

• Well maintained
• Capable of potential increased cooling load
• Sufficient outside air to provide adequate ventilation
• High efficiency filters MERV 13 or high

2. Take steps to provide cleaner air
• Close windows
• Limit door opening and closings
• Install additional air cleaners as necessary
• High smoke concentrations may require higher CADR
• Larger rooms may require higher CADR

3. Monitor indoor air quality
• Install properly calibrated CO alarm
• Install CO2 sensor
• Consider installing PM2.5 sensor

COVID-19 considerations
• Screen and separate infected individuals
• Ensure indoor air flow from infected individuals does not 

go into other spaces
• Setup more, smaller, cleaner air spaces to facilitate social 

distancing and comply with occupancy limits

https://www.airnow.gov/sites/default/files/2020-06/wildfire-smoke-guide-revised-2019.pdf
https://www.cdc.gov/coronavirus/2019-ncov/php/cleaner-air-shelters.html
http://www.bccdc.ca/resource-gallery/Documents/Guidelines%20and%20Forms/Guidelines%20and%20Manuals/Health-Environment/WFSG_EvidenceReview_FiltrationinInstitutions_FINAL_v3_edstrs.pdf
https://www.epa.gov/indoor-air-quality-iaq/create-clean-room-protect-indoor-air-quality-during-wildfire
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Sensors for indoor air quality



EPA ORD work in progress: Smoke infiltration 
in public buildings during smoke episodes
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• Measured in 10 outdoor locations across Hoopa, CA since November 2019
• Measured in 14 public buildings where people may stay for extended durations 

and those that may be used as a cleaner air shelters:
• Workplaces 

Land Management, Wildland Fire, 
Forestry, Radio Station

• Places with Sensitive/Vulnerable 
Populations 
Hoopa Elementary & High Schools, After 
School Program, Early Childhood 
Development Center, Senior Nutrition Center

• Potential Cleaner Air Centers
Neighborhood Facility, K’ima:w Medical 
Center, Baptist Church

• COVID adaptation Private Residence

Project presentation at Air Sensors International Conference available: 
https://www.youtube.com/watch?v=wZrYMDVruvM

Photos courtesy of Hoopa Valley Tribe

https://www.youtube.com/watch?v=wZrYMDVruvM


• Low-cost PurpleAir sensors allow for 
multiple measurement locations

• PurpleAir report accurate PM2.5
concentrations with correction†

• Dual channel measurement allows 
for quality check on sensor data

• Sensors report to map in private 
mode – only study collaborators can 
view data

• Online sensors allow for:

• Remote troubleshooting

• Online data download

• More sensors in more 
locations!!

†U.S. EPA PurpleAir Correction
Barkjohn (Johnson), K, B. Gantt, A. Clements, 2020 ‘Development of a United States Wide Correction for PM2.5 Data 
Collected with the PurpleAir Sensor’, Atmospheric Measurement Techniques Discussion, DOI:10.5194/amt-2020-413 

Hoopa PurpleAir Deployment

Monitored indoor/outdoor air quality with PM2.5 sensors
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https://purpleair.com/map

PurpleAir underside view

A & B channels 

https://amt.copernicus.org/preprints/amt-2020-413/


Preliminary results from 2020 fire season
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Indoor PurpleAir sensor measurements demonstrated the effectiveness of HEPA filter use  
during extreme smoke event.

PurpleAir PM2.5 at Daycare
(US-wide correction <223 μg/m3, quadratic correction >223 μg/m3)

• Building has central air 
conditioning system

• Mostly closed during 
COVID shutdown, 1- 3 
people occupy the building 
daily

During smoke 
episode doors 
and windows 
were kept closed 
and an industrial 
rental air cleaner 
was used



Preliminary results from 2020 fire season
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Some indoor sites were able to maintain consistent indoor concentrations, even when 
outdoor concentrations were extremely high.

PurpleAir PM2.5 at Local Agency Building 
(US-wide correction <223 μg/m3, quadratic correction >223 μg/m3)

• Building has no central 
air conditioning system

• Cooling is achieved 
with a window AC unit

• Mostly open during 
COVID shutdown, 30 –
40 people  occupy the 
building daily

• During smoke episode 
doors and windows 
were kept closed and 
borrowed air filters 
were used (filter type 
not specified)



Preliminary results from 2020 fire season
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Some indoor sites saw little-to-no reduction of PM2.5 indoors

PurpleAir PM2.5 at High School Classroom 
(US-wide correction <223 μg/m3, quadratic correction >223 μg/m3)

• Building has a central air 
conditioning system, 
unknown MERV rating

• Closed during COVID 
shutdown, 1 - 4 people 
occupy the building 
infrequently

• During smoke episode 
doors and windows were 
kept closed no additional 
air filtration was used



ORD work in progress: Building/HVAC inspection
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Carrying out inspections of study 
buildings:
 Air handling settings/schedules 
 Building open/close hours
 Door counters to estimate occupancy
 HVAC system and filter conditions 
 Gaps and seals around filters, doors, 

and windows 
 Building age and construction type
 Building pressure
 Potential indoor sources (e.g., cooking, 

tobacco smoke, vacuuming/sweeping)
 Use of portable air cleaners
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ORD work in progress: Building/HVAC inspection
✗ Right Sized Filters

Crushed filter (too large for 
filter rack)

✗ Unobstructed Air inlets

Obstructed air inlets

✗ Clean Filters
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Photos by Tom Javins

Dirty Filters
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Future directions



ORD work in progress: Informational materials

• Updates to EPA Air Sensor Guidebook on: 
 Community monitoring for wildfire smoke impacts and 

 Indoor air quality monitoring for wildfire smoke impacts 

• Develop new summary of HVAC lessons learned 
training videos

• Host webinars on reducing smoke exposure indoors
• Discuss what factors are important to air cleaner effectiveness, 

summarizing results from laboratory studies and Chemical Insights 
safety evaluation

• Describe indoor/outdoor smoke sensor network and best practices for 
achieving indoor air during smoke events

MERV 13 filter installed on an outdoor air intake

Photos by Tom Javins
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https://www.epa.gov/air-sensor-toolbox/how-use-air-sensors-air-sensor-guidebook


Future work research on exposure reduction interventions
• EPA Science to Achieve Results Grant Interventions and Communication Strategies to 

Reduce Health Risks of Wildfire Smoke Exposures – Funded projects anticipated to be 
announced September 2021

• NIH Notice of Special Interest

–

Stimulating intervention research to reduce 
cardiopulmonary impacts of particulate matter in air pollution among high-risk 
populations – Research projects to anticipated to start summer 2021

–

• Cleaner Air During Wildfire Smoke – Multiagency sponsored 
competitive challenge to develop new, effective, low-cost 
approaches to reducing PM2.5 indoors during high pollution 
episodes – Submissions closing May 17, 2021
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https://www.epa.gov/research-grants/interventions-and-communication-strategies-reduce-health-risks-wildland-fire-smoke
https://grants.nih.gov/grants/guide/notice-files/NOT-HL-20-788.html
https://www.epa.gov/air-research/cleaner-indoor-air-during-wildfires-challenge


Thank you!
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Performance targets for PM sensors published by EPA
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Important new reports for PM2.5 and ozone sensors:
- Focus on non-regulatory, supplemental and informational monitoring 

applications (NSIM)
- Recommended performance metrics and target values
- Recommended test approach – Base (field) and enhanced (lab)
- Reporting templates for testers

Wildfire smoke-specific:  “For NSIM 
applications where high PM2.5
concentrations are expected (e.g., 
wildfire smoke applications), it is 
recommended that testers conduct 
base testing in more than two locations 
and include sites impacted by wildfire 
smoke and higher PM2.5
concentrations.”

Project contact: Rachelle Duvall, Ph.D. – duvall.rachelle@epa.gov
https://www.epa.gov/air-sensor-toolbox/air-sensor-performance-targets-and-testing-protocols

mailto:duvall.rachelle@epa.gov
https://www.epa.gov/air-sensor-toolbox/air-sensor-performance-targets-and-testing-protocols
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Adding new supplemental monitoring: Siting your 
selected sensor

Siting Quality Control Assessment
- Review the data to determine if the siting may be impacted by a local 

source or conditions
- Does high time resolution show spikes (e.g., indicative of a local 

source – smoking, cooking)? Do spikes have a routine nature (e.g., 
indicative of cyclic operation of a source like an HVAC fan)

- Compare to a nearby reference - do long term trends agree?

Indoor Outdoor

Photographs courtesy of Hoopa Valley Tribe and Missoula City-County Health Department
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Indoor Air Quality Resources
Wildfires and Indoor Air Quality (IAQ) 
https://www.epa.gov/indoor-air-quality-iaq/wildfires-and-indoor-
air-quality-iaq
• Create a clean room
• Guide to air cleaners in the home
• Residential air cleaners: A technical summary
• Evidence on the Use of Indoor Air Filtration as an Intervention for  

for Wildfire Smoke
• Wildfire smoke: A guide for public health officials

https://www.epa.gov/indoor-air-quality-iaq/wildfires-and-indoor-air-quality-iaq
https://www.epa.gov/indoor-air-quality-iaq/create-clean-room-protect-indoor-air-quality-during-wildfire
https://www.epa.gov/indoor-air-quality-iaq/air-cleaners-and-air-filters-home
https://www.epa.gov/sites/production/files/2018-07/documents/residential_air_cleaners_-_a_technical_summary_3rd_edition.pdf
https://www.cdc.gov/air/wildfire-smoke/socialmedia/Wildfire-Air-Filtration-508.pdf
https://www.airnow.gov/sites/default/files/2020-06/wildfire-smoke-guide-revised-2019.pdf


Wildfire Smoke Resources
AirNow Fire Page https://www.airnow.gov/fires/
• AirNow fire and smoke map
• Factsheets
• Current Smoke Advisories
• Smoke Ready Toolbox
• Wildfire Smoke Guide for Public Health Officials
• For questions about AirNow Sensor Data Pilot Contact:

Sensordatapilot@epa.gov

Air Sensor Resources
Air Sensor Toolbox http://www.epa.gov/air-sensor-toolbox
• Air sensor guidebook
• Air sensor loan programs
AQ-SPEC http://www.aqmd.gov/aq-spec
• Air sensor information and evaluations
Air Sensors International Conference https://asic.aqrc.ucdavis.edu/
• Recorded videos for 2020-2021, worldwide case studies
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https://www.airnow.gov/fires/
mailto:Sensordatapilot@epa.gov
http://www.epa.gov/air-sensor-toolbox
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