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AGENDA
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Wildfire smoke and indoor air quality

Low-cost air quality sensors

Indoor air quality at childcare and long-term 
care facilities



Exposure to 
wildfire smoke 
increased 220% 
over the past 20 
years in Canada

Between 2018 to 
2022, Canadians 
were exposed to 

two days of 
“very high or 

extremely high 
wildfire danger”

New report 
estimates a 76% 

increase in 
deaths in the 

US from wildfire 
smoke by 2050
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Yu et al., 2021

https://link.springer.com/article/10.1186/s12940-021-00708-

z/figures/2
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Differential 
Vulnerability
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KEY INGREDIENTS FOR PUBLIC HEALTH MEASURES

Evidence-based

• Accurate and 
reliable data

• Up-to-date and 
emerging

• Informed by 
community input

Targeted

• Sensitive
populations

• Vulnerable 
communities

• Optimal timing

Communication

• Key stakeholders

• Consistent and 
timely

• Culturally and 
socially appropriate

Public Resources and 
Support

• Programs and 
policies

• Clear guidance

• Funding/workforce

• Monitoring and 
Evaluation

Partnerships

• Coordination

• Inter-agency

• Public-private

• Equitable 
community 
partnerships



INDOOR AIR QUALITY

Canadians ~90% of their time indoors  

• Home, work, school, or care settings

• Fine particulate matter (PM2.5) from wildfire smoke 

can enter (or infiltrate) the indoor environment

• Sharp increases of PM2.5 outdoors has an almost 

immediate impact on indoor air quality

• Multiple factors influence indoor PM2.5 beyond 

outdoor air pollution

• Indoor emissions (e.g., cooking), ventilation 

(bringing in “fresh” air), air filtration

• Meteorological factors 
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https://www.aqmd.gov/images/default-source/Publications-Library/wildfire/protect-yourself.png?sfvrsn=6



• Analyzed indoor and outdoor fine 
particulate matter (PM2.5) 
concentrations using low-cost sensors

• Compared infiltration of outdoor 
PM2.5 across different building types

• Schools, Commercial, Residential

• Evaluated the effectiveness of fan 
filter units (FFU) to reduce indoor 
PM2.5 in two residential buildings



Impact of Wildfire 
Smoke Events on Indoor 
Air Quality and 
Evaluation of a Low-cost 
Filtration Method

• Infiltration of outdoor 
PM2.5 from wildfire smoke 
was highest for school 
buildings

• Correlation of outdoor 
PM2.5 from wildfire smoke 
was highest for school 
buildings
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Health Impacts of 
Wildfire Smoke on 
Children and 
Adolescents: A 
Systematic Review and 
Meta-analysis

Zhang et al., 2024



Health Impacts of 
Wildfire Smoke on 
Children and 
Adolescents: A 
Systematic Review and 
Meta-analysis

Zhang et al., 2024



Vulnerability of Residential 
Long-term Care Patients to 
Wildfire Smoke

• Canada has an aging population with a 
large population of people with long-
term care needs

• Much older than general population

• High prevalence of comorbidities, 
including respiratory and 
cardiovascular diseases







BCCDC’S LOW-COST AIR QUALITY SENSOR NETWORK

• ~50 care facilities

• Sensors installed indoors 
and outdoors

• 44 Childcare facilities

• 4 Long-term care 
facilities

• Interior Health, Northern 
Health, Vancouver 
Coastal, Island Health

• Ongoing expansion

• Cleaner air spaces in 
Fraser Health

• Hospitals in Yukon 
Territory
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Air Quality EGGS to Measure 
Indoor and Outdoor 
Environmental Conditions

• PM2.5

• Temperature

• Humidity

• CO2 (Indoor Only)

• Pressure





AIR QUALITY APP FOR CARE FACILITIES





Analyzed PM2.5 data from 
co-locate low-cost air quality 
sensors (AQ Eggs) indoors 
and outdoors at childcare 
facilities in BC

Estimated the relationship 
between daily outdoor and 
indoor PM2.5 as a proxy of 
PM2.5 infiltration

Compare infiltration on 
days impacted by wildfire 
smoke versus days without 
smoke impacts

Phase 1 Objectives
• Develop an indoor PM2.5 

exposure model for BC using 
machine learning by 
combining data from our 
deployed sensors and 
publicly available sources

Phase 2 Objectives

• Estimate ventilation at daycares using 
time-resolved indoor CO2 data

• Design and implement a survey to 
ascertain reported occupancy, 
protective behaviors during smoke 
episodes, and building 
characteristics

Indoor/Outdoor Sensor Project



PM2.5 DATA 
PROCESSING 
STEPS

QA/QC measures
Calibrations

Data completeness

Data restrictions

Aug 1, 2022 to Oct 31, 
2022

Monday to Friday

8:00 AM to 6:00 PM

Indoor peak 
removal

Nguyen et al., 2021

Defining days 
impacted by wildfire
smoke

O'Dell et al., 2023
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ADDITIONAL QA/QC MEASURES 

• Testing pairs of AQ EGGs in EHS lab 

• <20% difference

• Installation instructions

• Automated data quality checks using 
the real-time data

• Correction of PM2.5 sensor 
measurements



LINEAR MIXED 
EFFECTS REGRESSION 
MODEL

PM2.5_Indoors ~ PM2.5_Outdoors

• Random intercept and 
random slope for facility

• Covariate adjustment

• Stratified analyses by 
days impacted by wildfire 
smoke and days not 
impacted wildfire smoke



Results
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Daily Indoor/Outdoor PM2.5 ratios by outdoor PM2.5 levels (Aug 1-Oct 31, 2022)

Using low-cost air quality sensors to estimate wildfire smoke infiltration into childcare 
facilities in British Columbia, Canada (2024)



O’Dell et al., (2022)

Lee et al. (2024)

Burke et al., (2022)

Daily Indoor/Outdoor PM2.5 ratios by PM2.5 levels at childcare 
centres in BC (Aug 1-Oct 31, 2022)

Lunderberg et al. 2023; Liang et al., (2022)



235% 
increase

229% 
increase
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INFILTRATION WAS 
HIGHER ON 

WILDFIRE SMOKE 
DAYS AT 

COMMERCIAL BUT 
LOWER AT 

RESIDENTIAL 
FACILITIES



Effect of FFUs 
Indoor Air Quality
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http://www.bccdc.ca/resource-
gallery/Documents/Guidelines%20an
d%20Forms/Guidelines%20and%20M
anuals/Health-
Environment/BCCDC_WildFire_FactSh
eet_BoxFanAirFilters.pdf

https://ncceh.ca/re
sources/evidence-
reviews/do-it-
yourself-diy-air-
cleaners-evidence-
effectiveness-and



DISCUSSION OF KEY FINDINGS

• Most facilities experienced ≥13 days of 
wildfire smoke during the study period

All childcare facilities 
experienced wildfire 

smoke episodes

• ~50% lower indoor PM2.5 on wildfire smoke days

• However, indoor PM2.5 increased by >230% on 
wildfire smoke days

Indoor environment 
provides some relative 

protection during smoke 
events

• Possibly due to behavioral responses to wildfire 
smoke events

• Although infiltration was more often higher at 
commercial facilities during wildfire smoke days

Infiltration attenuated on 
wildfire smoke days

• Likely explained by differences in multiple factors 
related to human behaviors and building 
characteristics

Wide variability in the level of 
PM2.5 infiltration between 

childcare facilities



Next Steps

• Analysis of care facility survey 
• Assess usability of the air quality app

• Learn about protective measures during wildfire 
smoke events and facility characteristics to 
mitigate indoor exposures

• Estimate ventilation rates at childcare 
facilities using indoor CO2 measurements

• Evaluate indoor air quality at cleaner air 
spaces (CASs) during wildfire smoke events

• Make improvements to existing air quality 
app and build new app for CASs



Our care facility survey focuses primarily 
on the 2023 wildfire season
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Indoor PM2.5 Concentration (µg/m3) During Wildfire Seasons at 
Long-term Care and Childcare Facilities
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Indoor-Outdoor Ratios During Wildfire Seasons at Long-
term Care and Childcare Facilities

July-August 2022 July-August 2023

Indoor PM2.5 from wildfire smoke was much higher in 2023 
and infiltration was higher at long-term care facilities



Protective effect of fan filter units on Indoor Air Quality
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http://www.bccdc.ca/resource-
gallery/Documents/Guidelines%20an
d%20Forms/Guidelines%20and%20M
anuals/Health-
Environment/BCCDC_WildFire_FactSh
eet_BoxFanAirFilters.pdf

https://ncceh.ca/re
sources/evidence-
reviews/do-it-
yourself-diy-air-
cleaners-evidence-
effectiveness-and



Thank you for listening!
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