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Wildland Fires & Their Emissions
A Global Public Health Issue

Global mortality from wildfire smoke:
Estimated to be 339,000 persons
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Johnson FH et al. Environ Health Perspect 2012 

Global Fire Map 2/20/2016 – 2/29/2016 
URL: lance-modis.eosdis.nasa.gov/cgi-

bin/imagery/firemaps.cgi



Wildland Fires & Their Emissions
A Community Public Health Issue

Durango, Co

4Avertt Environ Health Perspect 2016



Wildland Fires & Their Emissions
An Individual & Occupational Health Issue

Whitewater-Baldy Complex, Gila National Forest, New Mexico, 
May, 2012
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URL: lance-modis.eosdis.nasa.gov/cgi-
bin/imagery/firemaps.cgi



Wildland Fires & Their Emissions
A Large Urban Environmental Health Issue
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Adverse Impacts on Air-Quality
Extend for Long Distances
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Smoke

Smoke

Baltimore,MD

Health Impacts Can Extend 
Hundreds of Miles and Affect 

Heavily Populated Urban Areas

• Forest fires in Quebec during
July 2002 (red circles)

• Baltimore, Maryland, nearly
a thousand miles downwind

• 30-fold increase in airborne
fine particle concentrations

Source: Moderate Resolution Imaging Spectroradiometer
(MODIS) instrument on the Terra satellite, Land Rapid 
Response Team, NASA/GSFC



Wildland Fires & Their Emissions
A Costly Individual and Public Health Issue
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Estimated Economic 
Value of Wildfire-
Attributed PM2.5-

Premature Deaths & 
Respiratory Admissions

Short-term
$10-20 billion/yr

Long-term 
$76-130 billion/yr
Fann N et al. Science of the Total 
Environment 610–611 (2018) 802–
809



Wildfire Smoke is an Increasing 
Health Hazard in the U.S.

11,000,0Present Concerns
• Increasing acreage

burned

• Increasing impact on
urban areas
- 10% of all land with

housing are situated in 
the wildland-urban 
interface

- 38.5% of U.S. housing
units

• Increasing vulnerability
of sensitive populations
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11
Acreage Burned in 

the U.S. Annually

(Radeloff et al. 2005)
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Adapted from https://www.nifc.gov/fireInfo/fireInfo_stats_totalFires.html



Health Effects of Wildfire Smoke
Systematic Reviews are Now Available

Environ Res. 2015 
Jan;136:120-32. doi: 
10.1016/j.envres.20
14.10.015. 

Environ Health 
Perspect. 2016; 
124:1334–1343
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http://www.ncbi.nlm.nih.gov/pubmed/?term=liu+jc,+bravo+ma
http://www.ncbi.nlm.nih.gov/pubmed/?term=liu+jc,+bravo+ma


Known and Suspected Health 
Effects of Wildfire Smoke

Known
• Respiratory morbidity

- Asthma & COPD
- Bronchitis & pneumonia

• Susceptible populations
- Children, elders and those 

with chronic disease
Suspected

• All-cause mortality
• Cardiovascular morbidity
• Adverse birth outcomes

More data needed
• Risk of mortality
• Cardiovascular morbidity
• Susceptible populations
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Who’s at Risk from Smoke? 

At-risk populations include –
• Pregnant women and fetuses 
• Children
• Older adults
• Populations with pre-existing respiratory disease
• Populations with pre-existing cardiovascular disease

Populations suspected to be at greater risk –
• Populations with chronic inflammatory diseases (e.g., 

diabetes, obesity)
• Women, African-Americans and populations with lower socio-

economic status*
* Cocco Liu J et al. Am J Epidemiol 2017   

27% of 
U.S. population is 

at-risk
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Air Quality Impacts of
Wildland Fires

Annual average daily fire-PM2.5
footprint for US counties

Health protective standards
Annual: 12 μg/m3 daily avg.
Daily: 35 μg/m3
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How much does smoke 
contribute to air quality and how 
often does it lead to exceeding 
daily standard?

# of days with fire-PM2.5
above 35 μg/m3 by 
counties of continental US

Rappold AG, et al Environ Sci Technol 2017



Community Health-Vulnerability
Community-Health Vulnerability Index

County Level Community-Health Vulnerability Index

Factors of Vulnerability
• Peds & Adult Asthma
• COPD
• Obesity
• Diabetes
• Hypertension
• % population age 65+
• Income, education, 

poverty, unemployment

14Rappold AG, et al Environ Sci Technol 2017



ORD’s Public Health Outreach
Getting Resources to the States



Smoke Ready 
Toolbox for Wildfires
• Resources health 

officials can use to 
educate the public 
about the risks of 
smoke exposure and 
actions people can 
take to protect their 
health

https://www.epa.gov/sites/production/files/2018-
04/documents/smoke_ready_toolbox_for_wildfires

_tagged.pdf
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May 9, 2016

Fires: Current Conditions Page
• Current Smoke Map generated by 

NOAA Hazard Mapping System
• Current Advisories –

State/Local/Tribal agency blogs
• Wildland Fire Air Quality Response 

Program
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Fires and Your Health
CDC: Before, During and

After a Wildfire
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How Smoke from Fires Can
Affect Your Health

 

https://airnow.gov/index.cfm?action=smoke.index



Public Health Recommendations
Exposure Reduction Measures

An individual can be advised to:
– Stay indoors
– Reduce outdoor physical activity
– Respirators (e.g., N-95) can help

in the short-term
– Activate asthma/COPD action plans
– Use a home clean air shelter

A community can be advised to:
– Cancel outdoor events
– Provide community clean air shelters
– Increase air filtration in institutions
– Evacuate

16

https://www3.epa.gov/airnow/
wildfire_may2016.pdf



Wildfire Smoke Guide 2018
Anticipate Availability Late Summer/Fall

• Updated look
• Smoke vs urban particles
• Addition of ozone
• Add sections

- PM web course - Sensors
- Ash clean-up

• Stand-alone fact sheets
- Children - Older adults
- Older adults - Respirator use
- Pets/livestock - Ash clean-up
- Preseason preparedness
- Exposure reduction
- Know when to evacuate

18



Wildfire Smoke Guide 2018
Fact Sheets Being Release as Approved
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Particulate Matter Web Course
For Healthcare Professionals and Educators

CME credit from CDC to physicians, nurses and health educators
24
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High Particle Pollution Events
Wildfire Smoke

25

Consistent with Wildfire Smoke: 
Guide for Public Health Officials



EPA’s Healthy Heart Program
Increasing Environmental Health Literacy

EPA’s Healthy Heart program aims to 
prevent heart attacks and strokes by:
• Raising public awareness about the role outdoor air 

pollution plays in cardiovascular health, and

• Steps individuals can take to reduce their pollution 
exposure

26http://www.epa.gov/healthyheart/



Healthy Heart Toolkit
www.epa.gov/air-research/healthy-heart-toolkit-and-

research

• When are air pollution levels 
high?

• Are you at risk?

• Steps to Protect Your Heart

• How to Reduce your Risk?

• Warning Signs of a Heart 
Attack

• Warning Signs of a Stroke

27https://www.epa.gov/air-research/healthy-heart-toolkit-and-research-steps-you-can-take



Million Hearts®

Provides Educational Tools on Particle Pollution

28https://millionhearts.h



Wildland Fire Smoke
and Population Health Effects

Deaths

Hospitalizations

ED, Urgent Care,
& Physician Office Visits
Restricted Activity Days

Respiratory, Cardiovascular,
Other Symptoms, and/or

Medication Use

Size of Population Affected by Exposure to Wildfire Smoke

Subclinical Effects with No Symptoms
(e.g. asymptomatic decrease in lung function,
heart rate variability or endothelial function)

Excess deaths, 
hospitalizations
& ED visits

Total
public 
health 
impact
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Air Quality & Smoke Plume Info

• Smoke Sense provides 
information about current 
and future air quality

• Forecasted smoke plumes 
can be visualized

• Less time outside during 
smoke episodes to 
decrease exposure, & 
protect health

• Smoke Sense helps collect 
information about who, 
when, and how frequently 
people are impacted by 
smoke

• Information about smoke 
in the air and symptoms 
experienced in the past 
week will be logged 30



Coming This Fall
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AirNow Redesign

• Look will be different: focus on 
local conditions

• Mobile-friendly web site

• Same great information
– Health Care Provider page

– Fires: Current Conditions page

• Better display of temporal changes 
in air quality



Health Impacts of Wildfire Smoke
Merit Our Attention & Action

• Population & clinical health impacts are real and costly
• Intensity of wildland fires is increasing
• Size of vulnerable & sensitive populations is Increasing

- Increasing area of the Wildland-Urban Interface
 contains 60% of new homes built in the U.S. after 1990

 contains 46 million single family homes, thousands of businesses,
& a population greater than 120 million

- Increasing size of the sensitive population
 aging U.S. population with high prevalence of heart & lung disease

• increasing prevalence of obesity and diabetes

• Drought and poor forest health are increasing risks of 
wildland fire and risks of co-morbidity

32



Protecting Population Health
Research Needs and Opportunities

Develop, Harmonize, Implement and Evaluate Impact
Public Health Communication on Health Effects
- Link wildfire smoke forecasts

to public health messaging to 
decrease exposure

- Evaluate the effectiveness of:
• interventions to decrease 

wildfire smoke exposures 
and associated adverse 
health outcomes

• PSAs (public service 
announcements) and other 
communication methods

Lui JC et al. Environ Res 136: 120–132, 2015 33



Questions

Thank you
Wayne E. Cascio, MD, FACC
Director
National Health and Environmental Effects Research Laboratory
Office of Research and Development
U.S. Environmental Protection Agency
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Email: cascio.wayne@epa.gov
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