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Overview

• Background, purpose, and 
methods

• Indoor air pollutants during 
smoke episodes

• General building characteristics

• Interventions/mitigation

• Overall summary
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Wildfire smoke

• Communities in North 
America frequently 
experience periods of high 
air pollution due to drifting 
wildfire smoke

• Wildfire smoke poses 
significant health risks
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Data from Vancouver Airport (24 Hour avg., BC Air Quality www.gov.bc.ca).

August 27, 2018

PM2.5  7.6μg/m3

PM10   23.0μg/m
3

August 22, 2018

PM2.5 122.3μg/m
3

PM10  147.3μg/m
3



https://science.nasa.gov/earth/earth-observatory/manitoba-burning-154531/

July 9, 2025

Halifax, NS, Canada - August 12, 2025



2025: Canada’s second-worst wildfire season
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Source: Canadian Interagency Forest Fire Centre



2026
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July 8 
2026
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9AI generated based on information from  https://www.canada.ca/en/health-canada/services/publications/healthy-living/wildfire-smoke-health.html and 
https://www.epa.gov/wildfire-smoke-course/wildfire-smoke-complex-mixture



Indoor Air Quality

10AI generated image



Indoor Air Quality
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https://www.canada.ca/content/dam/hc-sc/documents/services/publications/healthy-living/infographic-ventilation-indoor-air-quality/27-19-

2430-air-pollution-factsheet-infographic-ventilation-en-final.pdf
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Indoor Outdoor (I/O) Ratio
Ratio between indoor and outdoor 
pollutant concentrations, with values 
above 1 indicating air pollutants are 
higher indoors than outdoors

Infiltration Factor (Finf)
Similar to I/O ratio, but removes 
indoor pollutant spikes that do not 
correspond to an outdoor spike



14AI generated based on https://www.canada.ca/en/health-canada/services/publications/healthy-living/wildfire-smoke-health.html



Review: Research questions

Research Questions:

1. What is the relationship between outdoor and indoor air 
pollutant concentrations during smoke episodes?

2. What is the impact of closing windows and doors on 
indoor air pollutant concentrations during smoke 
episodes?

3. What is the impact of using portable air cleaners (PACs) 
on indoor air pollutant concentrations during smoke 
episodes?

4. How do building features impact the relationship 
between indoor and outdoor air pollutant concentrations 
during smoke episodes?
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Overview of studies

Combustion Event
• Wildfire (n = 16)

• Residential wood smoke (n = 7)

• Wildfire/ residential wood smoke (n = 2)

• Haze (n = 5)

• Biomass (n = 2) 

• Landfill fire (n = 1)

Setting
• Residential detached homes (n = 21; 51%) 

• Apartment buildings (n = 5; 12%)

• Public buildings (n = 12) i.e., schools, 
university buildings, a public library, 
assisted living or skilled nursing facilities, 
churches, fitness centres, childcare 
centres, museums, community centres, a 
fire station, and a homeless shelter
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Comprehensive search of the peer-reviewed literature and 
manual searches of relevant special issues over the last 20 
years identified 41 studies of moderate to high quality



What is the relationship between outdoor and indoor 
air pollutant concentrations during smoke episodes?
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Results: What was measured?

• PAHs (n = 3; 7%)

• Trace metals, ions, and minerals (n = 3; 7%)

• Black carbon (BC) (n = 3; 7%)

• Inorganic gases (n = 4; 10%)

• Levoglucosan (n = 4; 10%)

• PM number concentrations (n = 6; 15%)

• PM2.5 mass concentrations (n = 31; 76%)
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Environ. Sci. Technol. 2024, 58, 48, 21097-21119



Results: Overview of non-PM pollutants 

• Indoor PAHs were increased by up to 10-
fold when comparing non-smoke and 
smoke episodes

• Indoor concentrations of ions (e.g., nitrate 
or ammonium) and trace metals (e.g., iron 
or potassium) doubled during smoke 
episodes

• Indoor CO₂ and NO₂ were generally not 
elevated during smoke episodes but were 
associated with indoor combustion sources

• CO was elevated in one study during a 
smoke episode, with concentrations below 
health-based exposure limits
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Results:
PAHs

Study Details

• Washington, Oregon, 
California, and Idaho, USA

• Residential detached 
homes (n = 15)

• Air sampling period 3–4 
weeks through study 
duration, Aug–Nov, 2018–
2020

20

Results

• Average indoor vapour-phase HMW PAH 
concentrations 6x higher during wildfires

• Cancer and noncancer inhalation risk from PAHs: 
Indoor risk 3x higher, while outdoor risk 36x higher 
during wildfires



Results:
PAHs

Study Details

• Washington, Oregon, 
California, and Idaho, USA

• Residential detached 
homes (n = 15)

• Air sampling period 3–4 
weeks through study 
duration, Aug–Nov, 2018–
2020
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Results: Trace metals

• PM2.5 total ions increased from 8.77 to 
14.98 µg/m3 (Tran et al. 2021)

• PM2.5 water-soluble trace metals 
increased from 0.75 to 1.53 µg/m3 

(Tran et al. 2021)

• Elevated lifetime cancer risk values of 
5.67 x 10-6 for naturally vented 
conditions (Sharma et al. 2017)

22

Sharma R, Balasubramanian R. Environ Res Lett. 2017;12(11)



Results: PM

23

• Outdoor median (range) outdoor PM2.5 mass concentration 

• Smoke episodes = 37.4 (3.9–157.0) µg/m3 (20 studies)

• Non-smoke episodes = 4.6 (2.0–9.1) µg/m3 (4 studies)

• Indoor median (range) outdoor PM2.5 mass concentration 

• Smoke episodes = 31.5 (5.2–98.0) µg/m3 (20 studies)

• Non-smoke episodes = 4.7 (1.3–7.5) µg/m3 (4 studies)

• Indoor/outdoor (I/O) median (range) PM2.5 mass concentration ratios

• Smoke episodes = 0.74 (0.31–1.3) µg/m3 (12 studies)

• Infiltration factor (Finf) median (range) PM2.5 mass concentration

• Smoke episodes = 0.45 (0.20–0.70) µg/m3 (9 studies)



What is the impact of closing windows 
and doors on indoor air pollution 
concentrations during smoke episodes?
 

What is the impact of using portable air 
cleaners (PACs) on indoor air pollutant 
concentrations during smoke episodes?
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Mitigation: Closing windows

25

• Closing windows reduces indoor air pollutant 
concentrations during smoke-episodes

• PM2.5 I/O ratios median (range, n):

• 0.76 (0.41-1.3, n = 6) when windows open

• 0.62 (0.41-0.92, n = 7) when windows closed

• PM2.5 increased by 11.4% per every 10% increase in 
days with windows/doors open (95% CI: 6.4, 16.7) 
across 20 homes in Montana (Walker et al. 2023)

• I/O ratios were reduced for ions (1.00 to 0.71) and 
trace metals (0.79 to 0.42) in one study



Results: Closing windows and 
running PACs

26

Windows closed studies:

• Indoor median (range, n) PM2.5 mass concentrations

• Baseline = 29.2 (5.2–98) µg/m3 (7 studies)

• PAC = 8.51 (0.4-30.7) µg/m3 (7 studies)
 

• Median (range) I/O ratios

• Baseline = 0.74 (0.31–0.93) µg/m3 (5 studies)

• PAC = to 0.25 (0.003–0.72) (5 studies)

Summary:

• Windows closed = 71% (18–99%) [PM2.5] reduction with PAC

• Windows open = 37% (25–59%) [PM2.5] reduction with PAC



Results: Closing windows and running PACs

27Sharma R, Balasubramanian R. Environ Res Lett. 2017;12(11)

Natural Ventilation Windows closed and PAC



How do building features impact the relationship 
between indoor and outdoor air pollutant 
concentrations during smoke episodes?
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Results: Building characteristics
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Construction methods influence smoke infiltration

• Tighter building envelopes reduced PM2.5 infiltration by 68% vs. 
31% in leakier envelopes (Wheeler et al. 2024)

• Post-1975 buildings had lower PM2.5 infiltration (Finf =0.27) than 
older buildings (Finf = 0.41) (Walker et al. 2023)

• Energy efficient homes PM0.5-2.5 I/O ratios (Shrestha et al. 2019)

• Traditional builds: 0.66

• Energy efficient retrofitted: 0.57

• Certified built green: 1.02



Results: Building characteristics
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HVAC systems

• PM0.5–2.5 particle number and black carbon Finf 
values were significantly higher by 18% and 4%, 
respectively, when mechanical ventilation was 
present in residential homes (Shrestha et al. 2019)

• PM2.5 Finf of 0.29 (95% CI: 0.28, 0.30) on non-wildfire 
days and 0.59 (95% CI: 0.49, 0.71) on wildfire days in 
skilled nursing facilities that had HVAC systems with 
MERV 13 filters (Montrose et al. 2022)



Results: Building characteristics

32

• Holder et al. examined 23 public buildings 
during wildfire smoke episodes in Missoula, 
Montana.

• Factors significantly associated with higher 
indoor PM2.5 during smoke episodes

• Filter bypass

• HVAC condition

• Window type

• Room pressure. 



Results: Building characteristics

33Holder AL et al. ACS ES&T Air. 2025;2(8):1770- 83



Overall Summary

• Buildings offer meaningful but incomplete protection during 
smoke episodes

• No two buildings are exactly alike

• Tighter building envelopes reduce smoke infiltration

• Building occupant behaviours influence smoke infiltration

• Combining multiple strategies (closing windows, PACs, HVAC 
use) provides the best protection

34
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Overall smoke infiltration summary



Overall evidence gaps

• Few studies examining non-PM pollutant 
infiltration and effective interventions

• Factors influencing infiltration of other smoke 
pollutants such as PAHs and VOCs are less 
understood. 

• Lack of studies on the impact of exhaust fans 
specifically during combustion-derived air pollution 
events. 
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Other resources of interest



www.ncceh.ca

Email: ryan.huff@bccdc.ca

www.ncceh.ca ║www.ccnse.ca

Production of this presentation has been made possible through a financial contribution from the Public Health Agency of Canada.

Thank you!

http://www.ccnse.ca/
http://www.ccnse.ca/
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