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Today’s Talk - What I am going to tell you
Wildfire emissions on Indoor Air Quality

• What is outdoors, is what is in your home, especially in under-
resourced communities where cooling by open windows is the 
only option

Control and Mitigation Strategies for Wildfire Smoke
• Enable communities to have access to air cleaners, window AC, 

shelters during catastrophic fires
Health Effects and Socioeconomic Considerations

• Added toxicity due to chemicals in household products and 
furniture

• Many homes use natural ventilation for cooling, not protective 
against smoke

Primary emissions: CO, NO2, PAHs, VOCs, PM; Secondary emissions: PM, ozone

Presenter
Presentation Notes
Cookstoves don’t result in reductions that are adequate or meaningful on the PM exposure response curve
Most evidence suggests that fuel transitions are key.






Wildfire impacts on residential exposures
In most homes indoors looks like outdoors
Exceptions: use of air conditioning, newer tighter 
homes



But 1st how are typical homes ventilated?
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…and commercial-type buildings?
Typically have supply/exhaust air-handling units, may have window opening

Shair and Heitner 1972 Miller et al. 2017

Presenter
Presentation Notes
The Denver School of the Arts (DSA), built in 2004, is in a neighborhood located near (1 km) a major roadway. The air sampling was done on the second floor. Two sampling tubes were routed from the instrumentation in the mechanical room into the false ceiling. One tube was dropped into the science room and the other went beyond and into the hallway. The third line was routed through the air intake vent to the outside of the building. The outside line rested 0.6 m away from the edge of the exterior wall, approximately 6 m above the ground 

School in Denver with air supply airflow rate = 878 m3/h and ACH = 1.3 – 3.4. The average I/O for Denver: 0.56. 
Weekday days had the shortest average lag time of 11 min for ultrafine and fine PM (ranged from 8 to 24 min depending on the building). The lag time was shorter during the day than the night, and shorter during the weekdays than the weekends. Weekend nighttime lags ranged from 50 to 148 min. The nights had the biggest standard deviation in lag time, when the HVAC system was usually not operating, suggesting a large variability in the driving forces for infiltration. 
The usage times of the HVAC system were only available at the university. Lag times were found 
to be 10–15 min for both ultrafine and fine PM when the HVAC system was in use, which agrees with 
the characteristic time due to air exchange of 1 h = 15 min (Table 3). When the system was not in use, 4 
the lag time was 60–85 min and it was longer for ultrafine compared to fine particles. Section E of the Supplemental Data provides all lag time estimates (Tables S9–S12). 





Final Presentation 7

Most of the aerosol mass is organic…around 0.2 µm

Except when it not: air 
mass comes from the 
North, bringing in 
larger particles with 
nitrates (feed lots, etc)

Miller et al. 2017

Presenter
Presentation Notes
The Aerosol Mass Spectrometer data detailed the chemical speciation of sampled PM. Most of the PM sampled was organic, as has been reported previously [31,32]. Some trace amount of sulphates, ammonium, and nitrates were observed. There were some occasional events when nitrate fragments dominated the atmospheric PM, and the ammonium levels rose simultaneously with nitrates, suggesting that the makeup was ammonium nitrate particles. Figures of the mass concentration as a function of aerosol speciation for the outdoor samples are in Section F of the Supplemental Data (Figures S49–S56). For example, Figure S53 shows an elevated nitrate episode during winter at the Denver school. 




Continuous Exhaust

New construction

Energy Recovery Ventilator

Presenter
Presentation Notes
https://www.epsalesinc.com/heat-recovery-ventilator-hrv-vs-energy-recovery-ventilator-erv-whats-right-unit-home/



53%

69%

open windows window/wall AC

Summer

Petropoulos et al. 2019

Summer: windows mostly open
limited AC access, esp. low income

Presenter
Presentation Notes
GIS-based tool for rapidly assessing open windows and window/wall AC units in the city of Chelsea, Massachusetts using georeferenced street-level photographs and crowdsourced online surveys

Map showing residential parcels in Chelsea, Massachusetts, with at least one open window identified in the summer 2017 photo survey. Parcels labeled as “no data” are either nonresidential parcels or parcels with missing data.

Map showing residential parcels in Chelsea, Massachusetts, with at least one window air conditioning (AC) unit identified in the summer 2017 photo survey. Parcels labeled as “no data” are either nonresidential parcels or parcels with missing data



Sapkota et al. 2004

Canadian Forests Fires Jul 2002 

Baltimore

Presenter
Presentation Notes
The transport of PM released from these forest fires was examined using a combination of a moderate-resolution imaging spectroradiometer satellite image, back-trajectories using a hybrid single-particle Lagrangian integrated trajectory, and local light detection and ranging measurements. Time- and size-resolved PM was evaluated at three ambient and four indoor measurement sites using a combination of direct reading instruments (laser, time-of-flight aerosol spectrometer, nephelometer, and an oscillating microbalance). The transport and monitoring results consistently identified a forest fire related PM episode in Baltimore that occurred the first weekend of July 2002 and resulted in as much as a 30-fold increase in ambient fine PM. 



Peak 24-h avg PM2.5
86 μg/m3

I/O = 0.91

Indoors in 4 homes 
children’s bedrooms

Sapkota et al. 2004

Presenter
Presentation Notes
 Indoor (I-1−I-4) and outdoor (A3) PM10 concentration profiles measured with the MIE DataRam. For the indoor sites, the time that monitoring began is indicated in the legend. (B) Outdoor PM2.5 concentration profile measured at site A1 with a TEOM.

The maximum PM concentrations measured at sites A1 (PM2.5 TEOM), A3 (PM10 MIE), and I-1−I-4 (PM10 MIE) were 199, 645, and 590 μg/m3, respectively. On the basis of the TEOM measurements, the 24 h integrated PM2.5 concentration on July 7 was 86 μg/m3, exceeding the 24 h average national ambient air quality standard (NAAQS; 65 μg/m3). The 24 h PM2.5 concentration remained elevated on July 8 and 9 (56 and 44 μg/m3, respectively), before decreasing to 25 μg/m3 on July 10



Low-Income Homes Impacted by long-range transport of 
Wildfire



PM2.5 INCREASES with 
Wildfire Plumes
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Presenter
Presentation Notes
CDPHE (CAMP) PM2.5 concentrations (2017)
The CAMP hourly measurements of PM2.5 monotonically increased from a median concentration of 6 to 8 (+33%), 8 to 12 (+50%) and 12 to 23 µg/m3 (+92%) between the plume categories None, Low, Medium, and High, respectively (K-W test: p < 0.05). The median difference between the High and None categories was 17 µg/m3, which was 2.8 times the background level (representative of traffic and other local emission sources) of 6 µg/m3. 



Windows 
open, 
medium 
density plume

Windows 
closed, 

medium 
density plume



Indoor/Outdoor Ratios

BC = 0.80
CO = 3.1
NO2 = 1.2
PM2.5 = 0.71
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Presenter
Presentation Notes
Data was filtered for indoor pollution-generating activity spikes
PM and Black carbon had ratios slightly less that one indicating outdoors higher, but not by much due to the use of open windows in these homes for ventilation.
CO greater than 1, although absolute values well below the NAAQS 8-h standard. Over half of the homes had elevated levels of CO.



Wildfire Plumes Impact Most Pollutants
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Presenter
Presentation Notes
Wildfire plumes caused a significant rise in the median outdoor as well as indoor concentrations of most pollutants (Figure 10). Outdoor median PN0.5–2.5 was 6.4 times higher and indoor median PN0.5–2.5 was 3.6 times higher during the High plume cover compared to the times with no plume cover. The I/O ratio was the highest for CO in the High plume category and was 35% higher than the None category, indicating some CO was due to the smoke plume. In the absence of any wildfire plumes, outdoor median concentrations of PN0.5–2.5 and BC were 1.6 and 1.4 times higher than indoors, respectively, which can mostly be attributed to traffic-related emissions in the absence of other significant local outdoor and indoor sources. Wildfire plumes did not affect NO2. 



Open Windows Needed, but Detrimental
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Presenter
Presentation Notes
Home occupants relied on window opening for thermal comfort, mainly because they did not have air-conditioning, resulting in almost instantaneous transfer of pollutants between outdoors and indoors. The time-activity diary revealed that most homes (25 out of 28) had at least one window open for at least one hour a day. Indoor median BC concentration had a monotonic rise with the number of hours of at least one window open in the house. However, a similar rise was not seen with PN0.5–2.5 (Figure 11). Window opening also had a significant impact on the I/O ratio of CO, with the highest I/O ratio for the homes that had all the windows closed throughout the sampling period, which was roughly three times higher than having the window open for even a small fraction of the time.




Pollutants still Higher in the Homes with  Mechanical Ventilation 
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Presenter
Presentation Notes
4 homes had MV, 22 didn’t
Outdoor air pollution was brought indoor through vent supply and not adequately filtered out
Low efficiency filters designed to protect the equipment




Control strategies to reduce exposures
Air cleaners, exhaust hoods, cleaner stove 
technology and fuels



USE AIR CLEANERS 
during a Fire  (they work)

Installed air cleaners in 1 of 2 homes
Instructed residents to keep windows closed

Homes of similar age and construction
Henderson et al. 2005

Presenter
Presentation Notes
Clean air delivery rate of 400 m3/h
Polheumus prescribed burn 2500 acres 10/01
Schonover wildfire 3800 acres, 2. 4million to fight 5/02 lightening
Snaking wildfire 4/02 2590 acres
Hayman wildfire 6/02 138,000 acres, 133 residences, 1 commercial building, 466 out-buildings, largest wildfire at the time…



Inside 11 µg/m3

Outside 9.5 µg/m3

AER 0.5-0.7 1/hr



Inside 2.6 µg/m3

Outside 7.5 µg/m3

w/air cleaner

Inside 11 µg/m3

Outside 9.5 µg/m3

AER 0.5-0.7 1/hr
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Presenter
Presentation Notes
The Hayman wildfire eventually became the largest in
Colorado recorded history. By the time it was contained,
it had consumed 137,760 acres along with 133 residences,
one commercial building, and 466 outbuildings.25 The
smoke plume was visible for 1600 km and created its
own weather patterns. The smoke produced by this fire
heavily impacted the Denver metro area on June 9, 2002.
The first sampling trip was conducted the next day, but
the air was much less polluted, because the energy released
by the fire was pushing the plume up above and
past the city. This phenomenon reduced the smoke impact,
thus, this trip yielded no results. The second sampling
session was conducted on June 18, 2002. This sampling
period was chosen because of the presence of smoke
during the previous day. The weather forecast for June 18,
2002, called for similar conditions as on June 17; therefore,
there was a good chance for repeated smoke impacts.
Volunteers for this monitoring period were found
through CDPHE. Both homes had air conditioning in use
during the fire, so they were ideal for the study.

http://www.denverpost.com/2012/06/02/decade-after-hayman-fire-questions-linger-about-fires-start/
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Barn et al. 2008

Allen et al. 2011

Air cleaners 55-65% effective
Improved cardiovascular health markers

Presenter
Presentation Notes
Barn et al.
We collected indoor/outdoor 1-min PM2.5 averages and 48-h outdoor PM2.5 filter samples for 21 winter and 17 summer homes impacted by wood burning and forest fire smoke, respectively, during 2004–2005. A portable HEPA filter air cleaner was operated indoors with the filter removed for one of two sampling days. 

We found mean indoor infiltration factor Finf±SD was 0.27±0.18 and 0.61±0.27 in winter (n=19) and summer (n=13), 

Lower Finf±SD values of 0.10±0.08 and 0.19±0.20 were found on corresponding days when HEPA filters were in place. 

Mean±SD air cleaner effectiveness ACE ([Finf without filter–Finf with filter]/Finf without filter) in winter and summer were 55±38% and 65±35%, respectively. Number of windows and season predicted Finf (P<0.001). 

Figure 1. Indoor and outdoor particles with an aerodynamic diameter less than 2.5 micrometers (PM2.5) sampling conducted at a home for 2 days and calculated infiltration (Finf) values for both days (with and without high-efficiency particulate air (HEPA) filter). Personal DataRAM (pDR) concentrations are not corrected based on colocated HI sampling and gravimetric analysis.

Allen et al.
Portable air filters were used in a randomized crossover intervention study of 45 healthy adults exposed to consecutive 7-day periods of filtered and nonfiltered air.
Measurements and Main Results: Reactive hyperemia index was measured as an indicator of endothelial function via peripheral artery tonometry, and markers of inflammation (C-reactive protein, interleukin-6, and band cells) and lipid peroxidation (malondialdehyde and 8-iso-prostaglandin F2α) were quantified. Air filters reduced indoor fine particle concentrations by 60%. Filtration was associated with a 9.4% (95% confidence interval, 0.9–18%) increase in reactive hyperemia index and a 32.6% (4.4–60.9%) decrease in C-reactive protein. Decreases in particulate matter and the woodsmoke tracer levoglucosan were associated with reduced band cell counts. There was limited evidence of more pronounced effects on endothelial function and level of systemic inflammation among males, overweight participants, younger participants, and residents of wood-burning homes. No associations were noted for oxidative stress markers.
Conclusions: Air filtration was associated with improved endothelial function and decreased concentrations of inflammatory biomarkers but not markers of oxidative stress. Our results support the hypothesis that systemic inflammation and impaired endothelial function, both predictors of cardiovascular morbidity, can be favorably influenced by reducing indoor particle concentrations.
indoor-generated PM2.5 concentrations were generally higher in the 13 homes where participants reported burning wood (Figure 1). Median within-participant changes in indoor PM2.5, indoor-generated PM2.5, and levoglucosan were −7.5 μg/m3, −6.3 μg/m3, and −44 ng/m3 in wood-burning homes, whereas in non–wood-burning homes the median changes were −6.2 μg/m3, −2.1 μg/m3, and −58 ng/m3, respectively.
Model estimates of exposure reduction effects on health indicators. *Exposure contrasts for continuous exposure metrics are the median within-participant change between non–high-efficiency particulate air (HEPA) filtration and HEPA filtration periods to allow for a comparison of effect sizes between exposure metrics with different distributions. The exposure contrasts are: indoor particulate matter with a diameter less than 2.5 μm (PM2.5) = −6.6 μg/m3; indoor-generated PM2.5 = −4.4 μg/m3; outdoor-generated PM2.5 = −1.3 μg/m3; indoor levoglucosan = −57.6 ng/m3. CRP = C-reactive protein; 8-iso = 8-iso-prostaglandin F2α; MDA = malondialdehyde; RHI = reactive hyperemia index.




Low-Income Communities
Need access to cooling and 
air cleaning during extreme 
episodes

Presenter
Presentation Notes
Low-income communities are often the hardest hit. They often do not have adequate cooling in their homes to warrant keeping the windows closed during the summer heat when wildfires are typically present.
Need to ensure that they have access to cooling, swamp coolers, room cooling



Summertime dilemma

Windows need to be open for cooling
Windows need to be closed to reduce smoke (TRAP) 

exposure

SOLUTION? 
Install window AC, power with solar



New Mexico

Montana

SOME COMMUNITIES 
HAVE AIR CLEANERS 
TO LOAN

Presenter
Presentation Notes
With support from the City of Santa Fe Fire Department the Forest Stewards Guild is pleased to offer a HEPA Filter Loan program. These filters are available to smoke sensitive individuals during periods of smoke impacts in the Fireshed area. We have a small amount of portable air cleaners that will filter the air in a large room such as a living room or bed room. These will be distributed on a first come- first served basis for predetermined time periods. You will need to provide contact info and come to the Forest Stewards Guild office in Santa Fe to sign for the filter and pick it up. 



Public spaces available to seek relief 
from wildfire smoke

www.aafintl.com

Improved supply air filtration

Mostly positively pressurized
www.trane.com

RETREAT TO CLEAN AIR SHELTERS 

Buildings are complicated!
Filtration + HVAC + 
Doors/Windows + People

How to optimize for Health 
during Severe outdoor air 
pollution such as wildfires?

MUST HAVE IMPROVED 
FILTRATION in these buildings 
to protect inhabitants

Presenter
Presentation Notes
Residential buildings are the wrong building to use for shelter in place during large air pollution emissions.  Need dedicated communal spaces that can be designed to be protective such as schools/libraries.
Many homes are not protective so what to do?

Public health officials in areas at risk from wildfire smoke episodes should identify and evaluate public spaces where people can seek relief from wildfire smoke. 
During severe smoke events, it is often impractical or impossible for people to set up a clean room in their homes. Individuals who cannot create an adequate clean room should be encouraged to seek out cleaner air spaces located in their communities for periods of respite from the smoke. People can find temporary relief from smoke, heat, or cold at public cleaner air 
locations have adequate filtration for particles. This clean air protection may be provided by a MERV 13 or higher filter in the HVAC system or a properly sized portable air cleaner with HEPA filtration. Building managers should continue to ensure that the building is adequately ventilated and that fresh air intakes have high-efficiency (MERV�13 or higher) filters to clean the air entering the building. 

https://www.aafintl.com/en/commercial/proven-results/office-building-fort-worth
Upgrading from MERV 8 to MERV 13 in a commercial building resulted in a PM reduction of 62%

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/engineers-newsletters/airside-design/admapn003en_0502.pdf
Pressure distribution impacted by season and wind




http://www.aafintl.com/
http://www.aafintl.com/


Today’s Talk - What I told you!
Wildfire emissions on Indoor Air Quality

• What is outdoors, is what is in your home, especially in under-
resourced communities where cooling by open windows is the 
only option

Control and Mitigation Strategies for Wildfire Smoke
• Enable communities to have access to air cleaners, window AC, 

shelters during catastrophic fires
Health Effects and Socioeconomic Considerations

• Added toxicity due to chemicals in household products and 
furniture

• Many homes use natural ventilation for cooling, not protective 
against smoke

Primary emissions: CO, NO2, PAHs, VOCs, PM; Secondary emissions: PM, ozone

Presenter
Presentation Notes
Cookstoves don’t result in reductions that are adequate or meaningful on the PM exposure response curve
Most evidence suggests that fuel transitions are key.
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