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Air pollution and health

IHME: https://www.healthdata.org/research-analysis/health-risks-issues/air-pollution
Fuller R. et al, Pollution and health: a progress update. Lancet Planet Health 2022

Our World in Data: Share of deaths attributed to outdoor air pollution (2024). 

https://ourworldindata.org/grapher/share-deaths-outdoor-pollution

~ 7 million deaths 
(household and 

ambient) in 2019 
(Fuller, et al 2022) 

https://www.healthdata.org/research-analysis/health-risks-issues/air-pollution


Reduction in deaths rates from air pollution until 2021  

Source: IHME: Global Burden of Disease (GDB);  https://vizhub.healthdata.org/gbd-compare/

% of total deaths

Asia: 20 to 16.5%

Africa: 12 to 10.5%

Europe: 12 to 5%

America: 9 to 3.5%

Honduras

Death rates 
from air pollution overall have 

dropped by 46% 
from 1990 to 2021 

(IHME, 2024)
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https://vizhub.healthdata.org/gbd-compare/


Data source: Hoesly, R. et al: (2024). Community Emissions Data System (CEDS) / Release Emission Data (v_2024_07_08) 
The Community Emissions Data System (CEDS) produces consistent estimates of global air emissions species 
(BC, CO, CO2, NH3, NMVOC, NOx, OC, SO2) over the industrial era (1750 - present) along with CH4 and N2O over recent decades.
Taken from https://ourworldindata.org/grapher/so-emissions-by-world-region-in-million-tonnes

Air pollutant emissions

Air 
pollutant

Trends

NOx ↑2008; ↓until 2022 (comparable to 1990)

SO2 ↑1979; ↓until 2022 (comparable to 1956)

CO ↑1988; ↓until 2022 (comparable to 1968)

BC ↑2012; ↓until 2022 (comparable to 2003)

NH3 ↑ 2022

NMVOC ↑ 2022

https://ourworldindata.org/grapher/so-emissions-by-world-region-in-million-tonnes


Air pollutant emissions: PM2.5 by region

Li C, van Donkelaar A, Brauer M, et al. Reversal of trends in global fine particulate matter air pollution. 2023. Nature Communications

Increased by 10.5 μg/m3 
from 1998 to 2011 

Decreased by 4.2 μg/m3

From 2011to 2019

While PM2.5 exposures decreased marginally on a global scale between 2000 and 
2019 (an average annual decline of –0.2 %), 65 % of cities experienced rising levels 
Sicard et al., 2023). 



Air pollutant emissions: PM2.5 and health

No threshold exists in the 
association between PM2.5 

and adverse health.

Air quality standards may 
need to be reevaluated

Papadogeorgou G, et al. 2019. Low Levels of Air Pollution and Health: Effect Estimates, Methodological Challenges, and Future Directions. 
Curr Environ Health Rep. 6(3):105-115

PM2.5  annual mean 7.4 -12.5 µg/m3



Li J, et al. Differing toxicity of ambient particulate matter (PM) in global cities. 2019. Atmospheric Environment 

The normalized index of oxidant 
generation (NIOG) 

PM samples in San Francisco 
annual average PM10 =16μg/m3

was found to be twice 
that in Beijing (PM10 = 135 μg/m3).

PM2.5 toxicity



An update on adverse health 
effects from exposure to 
PM2.5 
(Sangkham, et al, 2024). 

Li, et at. 2022. A comprehensive understanding of ambient particulate matter and its components 
on the adverse health effects based from epidemiological and laboratory evidence. Particle and 
Fibre Toxicology 

PM2.5 metabolic pathways



Other air pollutants

Between 2014 and 2023, 
pollutant releases to air 
decreased by 16%.

Most of the pollutants that were released directly to the environment were released into the atmosphere. 
Air pollutant emissions totalled over 2.66 million tonnes and included 165 different substances.

https://www.canada.ca/en/environment-climate-change/services/national-pollutant-release-inventory/tools-
resources-data/fact-sheet.html

Canada’s National Pollutant Release Inventory: 2023 data highlights



The silent threat of chemical 
pollution: (Fuller, et al. 2022)

- Global chemical manufacturing is 
increasing at a rate of about 3∙5% 
per year and is on track to double by 
2030.

- Approximately 2/3 of current chemical 
production is in LMICs.

- A small fraction of the many 
thousands of manufactured 
chemicals in commerce have been 
adequately tested for safety or 
toxicity, and the disease burdens 
attributable to these chemicals 
cannot be quantified.

Other air pollutants

https://edap.epa.gov/public/extensions/EasyRSEI/EasyRSEI.html#

Risk Screening Environmental Indicators



Trends of other pollutants
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Risk Screening Environmental Indicators: 



Fuller R. et al, Pollution and health: a progress update. Lancet Planet Health 2022; 6: e535-47
Picciotto S, et al. Pregnancy exposure to PM2.5 from wildland fire smoke and preterm birth in California. Environ Int. 2024.
Nakayama LS, et al. Fine particulate matter from urban ambient and wildfire sources from  California’s San Joaquin Valley initiate differential inflammatory, oxidative  stress, and xenobiotic 
responses in human bronchial epithelial cells.Toxicology in Vitro. 2011. 
Rizzo LV, et al. Wildfire smoke and health impacts: a narrative review. Jornal de Pediatria. 2025

Air Pollution and Human Health & Climate Change

PM2.5Emissions: Modifying PM2.5 trends 

Activation of cytochrome P450 genes, a family of enzymes involved in many biological 
and pathological processes, was more intense in WFS-PM compared to urban-PM 
(Nakayama LS, et at. 2011)

Toxicity

Public Health Incorporating the WILDFIRES into epidemiological surveillance 
Linking to ALERTS - Risk Assessment 
Suggesting thresholds revision of air quality guidelines

Preterm birth (Picciotto S. et al: 2024)

Stress-disorders in children and adults (Rizzo, et al. 2025). Anxiety, 
depression, post-traumatic stress disorder.

Health



Burke M. et al. 2023. The contribution of wildfire to PM2.5 trends in the USA. Nature.

The contribution of wildfire to PM2.5 trends in the USA



Wildfires in Canada: 2023 

Active fires as of 
September 5, 2023

Source: Natural 
Resources of Canada. 
Canada’s record-breaking 
wildfires in 2023: A fiery 
wake-up call. Online 
resource: https://natural-
resources.canada.ca/stori
es/simply-
science/canada-s-record-
breaking-wildfires-2023-
fiery-wake-call (April 5, 
2025).

The 2023 wildland fire season in Ontario 
(April – September) saw 741fires –3 times more than the 
10-year average – between April and October.

https://natural-resources.canada.ca/stories/simply-science/canada-s-record-breaking-wildfires-2023-fiery-wake-call
https://natural-resources.canada.ca/stories/simply-science/canada-s-record-breaking-wildfires-2023-fiery-wake-call
https://natural-resources.canada.ca/stories/simply-science/canada-s-record-breaking-wildfires-2023-fiery-wake-call
https://natural-resources.canada.ca/stories/simply-science/canada-s-record-breaking-wildfires-2023-fiery-wake-call
https://natural-resources.canada.ca/stories/simply-science/canada-s-record-breaking-wildfires-2023-fiery-wake-call
https://natural-resources.canada.ca/stories/simply-science/canada-s-record-breaking-wildfires-2023-fiery-wake-call


Wildfires in Canada: 2023

Filonchik, et al. 2025. Estimating air pollutant emissions 
from the 2024 wildfires in Canada and the impact on air 
quality.

Jain, et al. 2024. Drivers and impacts of the record-breaking 2023 
wildfire season in Canada.



Wildfires in Canada: 2023

The number of 
days in 2023 with 
daily mean PM2.5 
> 27μgm−3

Maximum daily value of PM2.5 in 2023

Number of air quality bulletins each month issued by 
Environment and Climate Change Canada 
between 2017 and 2023

Number of annual evacuation 
orders and evacuees from 1980–2023



Wildfires in Canada: 2023

Hong Chen et al.: CMAJ 2025 May 5;197

Daily asthma-related visits increased 
substantially across Ontario, peaking at a 
23.6% increase (95% CI 13.2%–34.9%) at 

a 1-day lag and lasting up to a lag of 5 days 
after the start of the smoke episode

That same wildfire smoke also impacted 
large parts of the United States, 

contributing to a 17% increase in asthma-
related ED visits during the 19 days with 

wildfire smoke exposure

McArdle CE, et al. MMWR Morb Mortal Wkly 
Rep. 2023



Wildfires: PM2.5 in Kingston, Ontario

EPA AQI: > 55.5 unhealthy 

EPA AQI:  150-250
 very unhealthy 

June 7, 2023
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Beginning in 2024: Air quality Index of Canada: 1-hour trigger for PM2.5 of 60 Mg/m3 the AQI will be reported as 7 
(high risk category).
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Wildfire Smoke and Air Quality Reference Document, 2024.
Ontario. Ministry of Health (05/2024)

• To support local boards of health response to wildfire smoke or poor 
air quality events impacting health and wellbeing of Ontarians

• It is not part of Ontario Public Health Standards, Protocols, or 
Guidelines – nor is it legally binding 

• It is intended to support local boards of health and local partners 
their air quality health response planning

Response from Authorities in Ontario



Wildfire Smoke and Air Quality Reference Document, 2024. Ontario. Ministry of Health (05/2024)

Response from Authorities in Ontario



Web page: https://www.kflaphi.ca/acute-care-enhanced-surveillance/

Real-time 
epidemiological 

surveillance

Records from over 
95% of Ontario’s 

acute care hospitals

Real-time situational 
awareness for 

disease outbreak and 
other potential health 

risks

Epidemiological Surveillance: Syndromic surveillance 



Acute Care Enhanced System 

• Shortness of breath
• Chest pain
• Fever and cough
• Abdominal pain
• Head injury

Machine learning algorithm
Natural Process Language 

6 classifiers for 3 years 

Maximum Entropy (ME)
ACES applies natural language 

processing (NLP) 

•  Cardiovascular
•  Dermatological Infections
•  Environmental Health Effects
•  Major Accident/Injury
•  Mental Health 
•  Respiratory Infections
•  Toxicity

Chief complaints
Syndromic groups 

Knowledge Management. Acute Care Enhanced Surveillance: ACES User Manual, 2020



ACES 

Knowledge Management. Acute Care Enhanced Surveillance: ACES User Manual, 2020

Asthma

Mental Health 

Heat stroke
Smoke inhalation, chemical gases



ACES : Risk assessment 

Knowledge Management. Acute Care Enhanced Surveillance: ACES User Manual, 2020



Epidemiological surveillance of wildfire smoke related health 
outcomes in Kingston Ontario: an ongoing project

Interventions to address exposure and health outcomes linked with air 
pollution and climate change - an interdisciplinary team approach

Impact of Air Pollution on Respiratory and Mental 
Health in Children in Ontario in the Context of 

Climate Change
Public Health Agency 
Kingston, Frontenac and Lennox & 
Addington area in Ontario

Objectives:
To evaluate: (1) the excess in ED visits during wildfire events, and (2) the association between 
forecasted air pollution levels and time series data on ED visits for children’s respiratory and 
mental health outcomes in Ontario, distinguishing impacts observed during wildfire and non-
wildfire events.



Health data
 ACES and NACRS

Historical Data

Air pollution data
(PM2.5 / NO2 / O3)

Climate data

Online data

2025

syN-BEATS

Syndromic 

Air quality forecast 

Association with 
confirmed cases

Epidemiological surveillance of wildfire smoke related health outcomes in 
Kingston Ontario: an ongoing project

Suggest air 
quality 

thresholds



Berman J, et al. 2024. syN-BEATS for robust pollutant forecasting in data-limited 
context. Environ Monit Assess. 196(11):1002.

Epidemiological surveillance of wildfire smoke related health outcomes in 
Kingston Ontario: an ongoing project



Health data
 ACES and NACRS

Historical Data

Air pollution data
(PM2.5 / NO2 / O3)

Climate data

Online data

2025

syN-BEATS

Syndromic 

Air quality forecast 

Association with 
confirmed cases

Epidemiological surveillance of wildfire smoke related health outcomes in 
Kingston Ontario: an ongoing project

Suggest air 
quality 

thresholds



Gracias!!
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World Meteorological Organization. The State 
of the Climate in Latin America and the 
Caribbean 2024. March 2025

Wildfires in Latin America
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