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Wildland Fires & Their Emissions
A Global Public Health Issue

Global mortality from wildfire smoke:
Estimated to be 339,000 persons/year

2

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
Community Public Health Issue

Durango, Co

3
Brianna Paciorka
Knoxville News Sentinel Photo: Bruce McCamish



Wildland Fires & Their Emissions
An Individual & Occupational Health Issue
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Whitewater-Baldy Complex, Gila National Forest, NM, May, 2012

URL: lance-modis.eosdis.nasa.gov/cgi-
bin/imagery/firemaps.cgi



Wildfire Smoke is an Increasing 
Public Health Hazard in the U.S.
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3,000,

5,000,

7,000,

9,000,

11,000,Present 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

(Radeloff et al. 2005)

5Adapted from https://www.nifc.gov/fireInfo/fireInfo_stats_totalFires.html
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Changing U.S. Demographic
Increases Risk to Wildfire Smoke

Changing US Demographic

• Median age of U.S. Population will 
continue to shift upward

Higher Prevalence of Chronic Diseases 
Conferring Risk to Wildland Fire Smoke

• Aging U.S. population with 
increasing prevalence of:

- Heart-lung disease, obesity, diabetes

- 27% of U.S. population falls into a risk 
group

Increasing Population Living in WUI

• More than 2,000,000 acres/yr
converted to WUI

US Population
2012

Xu J, et al.. NCHS Data Brief No. 267, 2016
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2010 Wildland-Urban Interface
Arkansas
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Wildland-Urban Interface (WUI)
Interface
Intermix

Martinuzzi S, et al. 2015 www.fs.usda.gov/treesearch/pubs/48642



Air-Quality Impacts Extend
Long Distances

10

Health Impacts Can Extend 
Hundreds of Miles and Affect 

Heavily Populated Urban Areas
• Forest fires in Quebec, Canada, 

during July 2002 (red circles)

• Baltimore, Maryland, a city 
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



Wildfire Smoke: A Complex Mixture
Depends on Fuel & Combustion Conditions

11

Cascade Complex, Idaho, 2007

Varies 
Spatially &
Temporally

• Particulate 
matter

• CO
• VOCs
• Trace gases
• Air toxics
• Metals
• Ozone

China S, et al. Nat Commun 4, 
No.: 2122 
doi:10.1038/ncomms3122

https://picasaweb.google.com/lh/photo/-ZF6POTn-Q0Dubaw7GCsktMTjNZETYmyPJy0liipFm0?full-exif=true



Air-Quality Impacts
Urban Areas, at a Distance, High Exposures

2013 California Rim Fire

Daily mass intake breathing PM 
at the EPA 24 hr PM2.5 standard 
(35µg/m3) = 486 μg PM2.5/day

Affected Californian Counties
Aug. 30 – Sep. 10

Daily Mass Intake
µg PM2.5 per Person

12

0 – 486
487 – 1,459

1,460 – 2,919
2,920 – 18,141

Exposure up to 35 times greater 
than the 24 hr PM2.5 standard  

12Navarro KM et al. Environ Sci Tech 2016



Understanding the Effects of
Wildfire Smoke on Health

Key Requirements: Exposure
Assessment & Health Outcome Data
• Exposure Assessment

- Location
- Pollutants and their concentration
- Duration of exposure
- Weather and other confounders

• Health Outcomes
- Administrative health data

13
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Game Changers:
• Satellite imaging of spatial and 

temporal distribution of
pollutants and exposure modeling

• GIS coding of residences

• Large health data sets



Understanding the Effects of
Wildfire Smoke on Health

Key Requirements: Exposure
Assessment & Health Outcome Data
• Exposure Assessment

- Location
- Pollutants and their concentration
- Duration of exposure
- Weather and other confounders

• Health Outcomes
- Administrative health data
- Syndromic surveillance data
- Electronic health records
- Pharmacy medication usage
- Health confounders

Game Changers:
• Satellite imaging of spatial and 

temporal distribution of
pollutants and exposure modeling

• GIS coding of residences

• Large health data sets

15



Health Effects of Wildfire Smoke
Systematic Reviews are Now Available

16

Environ Res. 2015 
Jan;136:120-32

Environ Health 
Perspect. 2016; 
124:1334–1343

http://www.ncbi.nlm.nih.gov/pubmed/?term=liu+jc,+bravo+ma
http://www.ncbi.nlm.nih.gov/pubmed/?term=liu+jc,+bravo+ma


Health Effects of Wildfire Smoke
Systematic Reviews are Now Available

Environ Res. 2015 
Jan;136:120-32

Environ Health 
Perspect. 2016; 
124:1334–1343
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Positive associations 
between smoke exposure 

and health outcomes 
found in:

• 70% of all mortality studies

• 90% of all respiratory health 
outcome studies 

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

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

More data needed
• Risk of mortality
• Cardiovascular morbidity
• Susceptible populations

• Susceptible populations
- Children, elders and those 

with chronic disease

18



Who’s at Risk from Wildfire Smoke
NHANES 2007-2010, N=10,898

Susceptible category N Percent (95% CI)

None 7135 73.0 (71.4, 74.6) 

Respiratory only 642 6.4 (5.5, 7.2) 

Cardiovascular only 319 2.6 (2.3, 2.9) 

>65 years only 1713 10.9 (10.1, 11.8) 

Respiratory and cardiovascular 136 1.0 (0.7, 1.3) 

Respiratory and >65 years 220 1.6 (1.3, 1.8) 

Cardiovascular and >65 years 608 3.8 (3.3, 4.3) 

All three groups 125 0.7 (0.5, 0.9)
NHANES = National Health and Nutrition Education Survey

19Wells EM, Dearborn DG, Jackson LW (2012). PLoS ONE 7(11): e50526
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27% fall into at 
least one 

susceptible 
group 

category
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Wildland Fire Potential Outlook
April 2018

As drought 
conditions intensify 
large fire potential 

will expand:
•Warmer than average

temperatures across the
Southern Area

•Longer term dry areas of
OK & TX along with
warm temperatures are
likely to keep fire
potential above average

•Drier weather increasing
potential for FL

https://www.predictiveservices.nifc.gov/outlooks/month2_outlook.png



Identifying Communities at Risk 
from Wildfire Smoke

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

Health protective standards
Annual: 12 μg/m3 daily avg.
Daily: 35 μg/m3

Community Health-Vulnerability 
Index (CHVI) 
• Based on health and social factors

that increase the risks of adverse
health effects from wildfire smoke
exposures

• Factors included county prevalence
rates for health conditions, age and
socioeconomic conditions

• Characterized the population size at
risk with respect to the level and
duration of exposure to fire-
originated fine PM (fire-PM2.5) and
vulnerability

22Rappold AG, et al Environ Sci Technol 2017



Identifying Communities at Risk 
from Wildfire Smoke

Factors of 
Vulnerability

23

• Child & Adult Asthma
• COPD
• Obesity
• Diabetes
• Hypertension
• % population age 65+
• Income, education,

poverty, unemployment

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

How much does smoke contribute to 
air quality and how often does it 
lead to exceeding daily standard?



Spatial Distribution of Elevated 
Wildfire-Related PM2.5

Locations of the U.S. experiencing elevated wildfire-
related PM2.5 concentrations over a 5-year period

Fann N et al. Science of the Total Environment 610–611 (2018) 802–809 24



Arkansas 2018
County Health Rankings

HEALTH FACTORS

http://www.countyhealthrankings.org/app/arkansas/2018/rankings/outcomes/overall 25

HEALTH OUTCOMES



Arkansas County Health Rankings
Superimposed 90th Percentile Wildfire Impacts

26

HEALTH OUTCOMES HEALTH FACTORS

http://www.countyhealthrankings.org/app/arkansas/2018/rankings/outcomes/overall



Arkansas County Health Rankings
Superimposed 90th Percentile Wildfire Impacts
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HEALTH OUTCOMES HEALTH FACTORS

http://www.countyhealthrankings.org/app/arkansas/2018/rankings/outcomes/overall



Annual PM2.5 Mass Concentration
Non-accidental, CV, stroke & Lung Cancer Mortality

28

Arkansas

Chalbot MG et al. Int J Environ Res Public Health 2014



Cardiac Mortality Reductions Attributed
to PM2.5 Reductions by County

• Reduction of PM2.5
in the Little 
Rock/North Little 
Rock, Jonesboro 
and Bentonville 
area fully 
accounted for the 
declining mortality 
rates

• Rural Arkansas and 
the Delta region, 
up to 50% of 
reduced 
premature 
cardiovascular 
deaths was due to 
PM2.5 reductions

29Chalbot MG et al. Int J Environ Res Public Health 2014



Stroke Mortality Reductions Attributed
to PM2.5 Reductions by County

• Improvements 
in PM2.5
prevented the 
vast majority of 
premature 
deaths due to 
stroke 

• In particular 
farming 
communities 
along the Delta 
region 
(eastern/south
east Arkansas) 
benefited

Chalbot MG et al. Int J Environ Res Public Health 2014 30



Community Health-Vulnerability
Community-Health Vulnerability Index

National map of Community-Health Vulnerability Index 
to Adverse Health Effects from Wildfire Smoke

The Community Health-
Vulnerability Index identifies 
the most vulnerable counties:
• shows that these communities 

experience more smoke exposures 
in comparison to less vulnerable 
communities

• may help prepare responses, 
increase the resilience to smoke 
and improve public health 
outcomes during smoke days

31Rappold AG, et al Environ Sci Technol 2017



Estimating Health-Related Costs
2008 Pocosin Lakes National Wildlife Refuge

www.fws.gov/pocosinlakes/news/ERF/n
ews-erf-out.html

Satellite image showing the location of 
Evans Road Fire in the Pocosin Lakes 
National Wildlife Refuge, NC

• Burned 40K acres of peat bogs 

• $20M in suppression efforts, 2 
billion gallons of water, 202 days

• Cost of excess ED visits for asthma 
and heart failure ~ $1 million

• Additional estimates of health costs
- 4 to 5 premature deaths
- 31 non-fatal heart attacks
- 41 bronchitis, & 810 asthma attacks
- 530 lower respiratory symptoms
- 769 upper respiratory symptoms
- 3,700 work days lost

• Health & death-related costs $48.4 
million Rappold A et al. Environ Sci & Tech 2014

32



2.5

Annual U.S. Wildland Fire-Attributable
PM2.5 & Costs (2008–2012)

33

Wildland Fire-Attributable 
Annual Mean PM (µg/m3)

Fann N et al. Science of the Total Environment 610–611 (2018) 802–809

Estimated Economic Value of 
Wildfire-Attributed PM2.5-

Premature Deaths & 
Respiratory Admissions

Short-term $63 billion
(Range $6 -$170 billion)

Long-term $450 billion
(Range $42 – $1000 billion)



Public Health Outreach
Mitigating the Health Effects of Wildfire Smoke

34
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Fires: Current Conditions Page

• Current Smoke Map 
generated by NOAA HMS

• Current Advisories –
State/Local/Tribal agency 
blogs and Wildland Fire Air 
Quality Response Program

Current Conditions Map - May 9, 2016

Current Advisories

CA Smoke Blog
USFS Wildland Fire Air Quality Response Program 37



AirNow
Fires and Your Health

38



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

How Smoke from Fires Can 
Affect Your Health

39



AirNow
Current Advisories

40



AQI Categories and 
Health Messages

Level of Health 
Concern Index Value Message

Good 0 to 50 Air quality is considered satisfactory, and air pollution poses little or 
no risk.

Moderate 51 to 100 Air quality is acceptable; however, for some pollutants there may 
be a moderate health concern for a very small number of people 
who are unusually sensitive to air pollution.

Unhealthy for 
Sensitive Groups

101 to 150 Members of sensitive groups may experience health effects. The 
general public is not likely to be affected.

Unhealthy 151 to 200
Everyone may begin to experience health effects; members of 
sensitive groups may experience more serious health effects.

Very Unhealthy 201 to 300 Health alert: everyone may experience more serious health effects.

Hazardous 301 to 500 Health warnings of emergency conditions. The entire population is 
more likely to be affected by serious health effects.



Downloadable Factsheets
for Heart and Lung Disease

Asthma Cardiovascular Disease – February 2016



Coming This Fall

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



Wildfire Smoke:
A Guide for Public Health Officials

44

• Composition of smoke
• Characteristics of wildfire smoke
• Health effects of smoke
• Sensitive populations
• Specific strategies to reduce smoke 

exposure
• Estimating particulate matter levels
• Recommendations for public health 

actions
• Preseason public service 

announcements
• Public advisories and protective 

measures
• Bibliography



Wildfire Guide2016

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

• Revised by 
EPA/CDC/USFS/California - on 
AirNow.gov

• Updated air quality and health 
information

• Evidenced-based exposure 
reduction measures

• Entirely new section on 
communicating air quality using:

• “Current PM” levels from AirNow
• Satellite information on Fires: 

Current Conditions page
• Update visual range information

• New fact sheets about 
children’s health

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


Simple Steps to Lower Exposure
Concentration – Ventilation Rate - Time

Rationale for the public health messaging to 
decrease exposure to air pollution

C - be active 
outdoors when air 
quality is better

V - take it easier 
when active 
outdoors

T - spend less time 
being active 
outdoors

Dose = Concentration x Ventilation rate x Time

46



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

47



Wildfire Smoke Guide 2018
To be Released before Next Wildfire Season

-
48

• 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



Wildfire Smoke Guide 2018
Example of Draft Fact Sheets

49



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

50http://www.epa.gov/healthyheart/



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

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

• 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

51



Particulate Matter Web Course
Designed for Healthcare Professionals and Educators

52

CME credit from CDC to physicians, nurses and health educators



53

High Particle Pollution Events

53

Consistent with Wildfire Smoke: 
Guide for Public Health Officials



HEPA Filters & Vascular Function

HEPA Filtration Improves Vascular Function
Wood smoke impacted community – British Columbia

RHI = Reactive hyperemia index, a measure of an artery’s capacity to respond to low O2

HEPA filtration improved blood vessel function in people older than 43 years, having BMIs 
>25, and spending more than 75% of their time indoors

HEPA filtration improved biomarkers of inflammation in men and in people having BMIs >25
Barn PK et al. Environ Health. 2016 Nov 25;15:116 54Allen et al. AJRCCM 2011 
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Barn PK et al. Environ Health. 2016
Nov 25;15:116

Portable air cleaners 
should be at the 
forefront of the public 
health response to 
landscape fire smoke

55Allen et al. AJRCCM 2011 



Health Effects of Wildfire Smoke
Aggregated effects at a Population Level

Deaths

Hospitalizations

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

Respiratory, Cardiovascular,
Other Symptoms, and/or

Medication Use

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

Size of Population Affected by Exposure to Smoke

Should we 
be 
concerned 
about this 
group?

56



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

57



Odds Ratio for Changing Activity 
due to Poor Air Quality

Susceptible category Unadjusted Adjusted

)None (referent
12% of the stu popu)lation ch  •ly 64 d (2y 2a.6n1g (2edRespiratory on 2. .06, 3.37 .03, 3.35) 

 onlyactivities due  d  b6a 7a7i)r quality1.33 (0.86,Cardiovascular 1.16t (o0.7 , 1.  2.04) 

>65 years •only 25% of thos1e .20w (0ith.93 ,a 1 .r5es4) piratory c1.22o (n0.d95iti, 1o.5n7 )
changed acti ti2es4.0v6Respiratory & CV i ( .31, 7.15) 4.36 (2.47, 7.69)

• People with CV disease did not change 
Respiratory dan  >65 years 3.64 (2.35, 5.64) 3.83 (2.47, 5.96) their activity
Cardiovascular and >65 yrs 1.23 (0.78, 1.91) 1.38 (0.89, 2.13)

All three groups 2.80 (1.94, 4.04) 3.52 (2.33, 5.32) 

58
NHANES 2007–2010, N = 10,898. 
Wells EM, Dearborn DG, Jackson LW (2012). PLoS ONE 7(11): e50526



Million Hearts® 2022 
Aim: Prevent 1 Million Heart Attacks and Strokes in 5 Years

COMMUNITY

Keeping People Healthy Optimizing Care

Priority Populations



Million Hearts® 2022
Priorities and Objectives

Keeping People Healthy 

Reduce Sodium Intake

Decrease Tobacco Use 

Increase Physical Activity 

Optimizing Care

Improve ABCS*

Increase Use of Cardiac Rehab

Engage Patients in
Heart-healthy Behaviors

Improving Outcomes for Priority Populations
Blacks/African Americans

35- to 64-year-olds

People who have had a heart attack or stroke

People with mental illness or substance use disorders

*Aspirin use when appropriate, Blood pressure control, Cholesterol management, Smoking cessation



Optimizing Care

Goals

Improve ABCS*
Targets: 80% 

Increase Use of 
Cardiac Rehab

Target: 70%

Engage Patients in 
Heart-healthy 

Behaviors
Targets: TBD

Effective Health Care Strategies 

High Performers Excel in the Use of…
• Teams—including pharmacists, nurses, community health workers, and 

cardiac rehab professionals
• Technology—decision support, patient portals, e- and default referrals, 

registries, and algorithms to find gaps in care
• Processes—treatment protocols; daily huddles; ABCS scorecards; 

proactive outreach; finding those with undiagnosed high BP or 
cholesterol, tobacco use, particulate matter exposure

• Patient and Family Supports—training in home blood pressure
monitoring; problem-solving in medication adherence; counseling on 
nutrition, physical activity, tobacco use, risks of particulate matter;
referral to community-based physical activity programs and 
cardiac rehab

*Aspirin use when appropriate, BP control, Cholesterol management, Smoking cessation



Priority
Population

Objectives Strategies

Blacks/African
Americans

• Improving hypertension
control

• Implement tailored protocols
• Problem-solve in med adherence

35-64 year olds
• Improving HTN control and 

statin use
• Increasing physical activity 

• Implement tailored protocols
• Increase access to and participation 

in community-based activity 
programs

People who have 
had a heart attack 
or stroke

• Increasing cardiac rehab 
referral and participation

• Avoiding exposure to 
particulate matter

• Use opt-out referral and CR liaison 
visits at discharge; ensure timely 
enrollment post-discharge

• Increase use of Air Quality Index

People with 
mental illness or 
substance abuse 
disorders

• Reducing tobacco use

• Integrate tobacco cessation into 
behavioral health treatment 

• Institute tobacco-free policy at
mental health and substance use 
treatment facilities

• Tailored quitline protocols

Improving Outcomes for 
Priority Populations



Improving Outcomes for 
Priority Populations

 Disparate outcome
 Effective interventions
 Well-positioned partners

Priority Objectives Strategies
Population

Blacks/African • Improving hypertension • Implement tailored protocols
Americans

35-64 year olds
•

•

•

•

control

Improving HTN control and
statin use
Increasing physical activity

Increasing cardiac rehab
referral and participation
Avoiding exposure to
particulate matter

•
•
•

•

•

•

Problem-solve in med adherence
Implement tailored protocols
Increase access to and participation
in community-based activity
programs

Use opt-out referral and CR liaison
visits at discharge; ensure timely
enrollment post-discharge
Increase use of Air Quality Index

Integrate tobacco cessation into

People who have 
had a heart attack 
or stroke

People with behavioral health treatment
mental illness or 
substance abuse • Reducing tobacco use • Institute tobacco-free policy at

mental health and substance use
disorders treatment facilities

• Tailored quitline protocols



Key Actions to Protect Your Health 
From Air Pollution

• Know when and where 
particle pollution levels 
may be unhealthy
o Busy roads
o Rush hour traffic
o Smoke from fires

• Plan activities when and 
where pollution levels are 
lower
o Delay activity until air is 

cleaner or move activity 
indoors

• Check the Air 
Quality Index, which 
provides forecasts of 
daily air quality

• Change your activity level
o Reduce activity (ex: walk 

instead of jog)

• Reduce overall risk of heart 
disease or stroke 

• Know the warning signs of 
heart attack or stroke 



Million Hearts Family
Priority Actions

• Raise awareness among those at-risk, their families, and 
the clinicians who care for them

• Encourage health professionals to take EPA’s web-based 
course: Particle Pollution and Your Patients' Health

• Educate at-risk patients about mitigation behaviors 
• Incorporate messages about air quality into cardiac rehab 

program curriculum
• Encourage adoption of EPA’s Air Quality Flag Program 

among hospitals, employers, health systems, others
• Disseminate PM2.5 content via Million Hearts channels

https://www.epa.gov/pmcourse


Take Home Messages
Wildfire Smoke and Health

66

• Exposure to wildfire emissions is 
an important public health issue
- Size of vulnerable & sensitive 

populations is increasing
- Drought and poor forest health is 

increasing risks of wildland fire 
and risks of co-morbidity

• Relevant health data is now 
available to provide guidance 
for public health action and to 
aid decision-making

• Knowledge gaps persist and 
require ongoing research



For More Information Visit

• www.airnow.gov
– EPA AirNow

• www.usfs.gov
– U.S. Forest Service

• www.cdc.gov
– Wildfire

• www.nasa.gov
– Satellite imaging

• www.noaa.gov
– Forecasting

• www.nifc.gov
– National Interagency Fire Center

• www.firescience.gov
– Joint Fire Science Program

WILDFIRE GUIDE - A GUIDE FOR PUBLIC 
HEALTH OFFICIALS, UPDATED JUNE 2016

67

Contact information: Wayne Cascio, MD
email: cascio.wayne@epa.gov

http://oehha.ca.gov/air/risk_assess/
wildfire.html

http://www.airnow.gov
http://www.cdc.gov
http://www.cdc.gov
http://www.nasa.gov
http://www.noaa.gov
http://www.nifc.gov
http://www.firescience.gov
http://oehha.ca.gov/air/risk_assess/wildfire.html


Questions

Thank you
Wayne E. Cascio, MD, FACC
Acting Director
National Health and Environmental Effects Research Laboratory
Office of Research and Development
U.S. Environmental Protection Agency

Email: cascio.wayne@epa.gov

• No conflicts of interest
• The presentation represents the opinions of the 

speaker and does not necessarily represent the 
policies of the US EPA
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Health Impacts of Wildfire Smoke

Research Needs and Opportunities



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
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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
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Protecting Population Health
Research Needs and Opportunities

Acquire a better understanding of the toxicology of 
wildfire emissions alone and co-mingling with urban 
pollutants

- Differential toxicity of fuel types and combustion conditions
- Relative contributions of the pollutant mix: PM, gases, VOCs, …
- Interaction with urban co-pollutants
- Mechanisms for adverse health effects

Adapt new technologies to advance smoke surveillance, 
forecasting & exposure assessment

- Satellite-based models, chemical transport and dispersion 
models

Lui JC et al. Environmental Research 136: 120–132, 2015
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Protecting Population Health
Research Needs and Opportunities

Studies in wildfire-affected Areas and Estimates of 
Future Wildfire-Related Health Impacts
- Develop models of 

communities at-risk that:
• Integrate the probability and 

severity of wildfire events 
with health characteristics 
and resilience of 
communities likely to be 
affected

• include changes in 
parameters sensitive to 
climate-change

Lui JC et al. Environ Res 136: 120–132, 2015
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Protecting Population Health
Research Needs and Opportunities

Large-scale studies are needed to:
- establish more reliable estimates on 

health impact of wildfires

- identify intrinsic factors that increase 
an susceptibility to wildfire smoke

- Identify socio-demographic factors 
increasing a community’s
susceptibility to wildfire smoke-
related health responses

- Identify at-risk communities and 
populations for policy assessment



Protecting Population Health
Research Needs and Opportunities
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Multiple-episode fire events are needed to:
- Identify consistency of an association over time 
- Change in vulnerability or behavioral adaptation (e.g., 

remaining indoors) to wildfire smoke exposure

Estimates of health effects of short-term exposures
- Need health and short-term exposure data (<24 hrs) to 

guide public health policy and decision-making

Estimates of health effects of long-term exposures
- Need health and long-term exposure data (annual 

averages) to guide public health policy and decision-
making

Lui JC et al. Environmental Research 136: 120–132, 2015
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Health Impacts of Wildfire Smoke

Mechanisms



Health Effects of Inhaled PM
Proposed Mechanisms

Pulmonary oxidative 
stress & inflammation

Blood
Bronchioles/Alveoli

PM or constituents    
in the circulation ANS imbalance

PM

↑SNS / PSNSUFP, soluble metals, organic compounds

Neural Response

SYSTEMIC
“SPILL-OVER”

23

1

ANS
Circulating Constituents

CELLS:  activated WBCs, platelets, myeloperoxidase, Plt-MΦ
CYTOKINES:  IL-1β, IL-6, TNF-α
OTHER: ET, histamine, ? Microparticles, ox-LDL, dysFx HDL

Systemic Oxidative stress and Inflammation 

Direct actions

CARDIOVASCULAR INFLAMMATION + ROS/RNS

Acute phase response
 Clotting factors 
Fibrinogen, CRP

 Adipokines
(PAI-1, Resistin)

Activated or
Inflamed fat

Activated or
Inflamed liver

http://images.google.com/imgres?imgurl=http://mapungubwe.co.za/histoweb/bind/img/vet93.jpg&imgrefurl=http://mapungubwe.co.za/histoweb/bind/bind01e.html&usg=__sfvjha8cvXeSQmSEJhG440HJMI4=&h=500&w=500&sz=116&hl=en&start=12&tbnid=gdXZMfAmKeiAKM:&tbnh=130&tbnw=130&prev=/images?q=adipocytes&gbv=2&hl=en
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CARDIOVASCULAR INFLAMMATION + ROS/RNS
ACUTE: Endothelial dysfunction, Vasoconstriction, Plaque instability, Coagulation, Thrombosis, 
Arrhythmias
CHRONIC: LV hypertrophy, Atherosclerosis, Arterial Stiffness, Metabolic Syndrome: HTN, Insulin 
resistance, Dyslipidemia
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Effects of Inhaled Wood Smoke
Controlled Human Exposure Studies
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Ghio A, et al.
Occ Health Med 2011
PM 485 µg/m3 for 2 hrs
with exercise
• At 20hr Increase in

systemic & lung
inflammation

Barregard L, et al. Occup
Environ Med 2008; & 
Inhal Tox 2006
PM 260 µg/m3 for 4-hr
• malondialdehyde &

NO & levels in
breath

• Oxidant stress
• serum amyloid A
• factor VIII in plasma

factor VIII/vWF ratio

HunterAL, et al. P&FT 2014
No evidence of increased 
thrombus formation or impaired:
• vascular vasomotor function
• fibrinolytic function

Unosson et al. P&FT 
2013
PM 314 µg/m3 for 3 
hr intermittent 
exercise
• Decrease in HRV
• Increase in

central arterial
stiffness
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ANS imbalance
↑SNS / PSNS
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ANS

Systemic Oxidative stress and Inflammation 

Direct actions

DIOVASCULAR INFLAMMATION + 

Acute phase response
 Clotting factors
Fibrinogen, CRP

or
iver

PM

mited changes after a 3-hour wood smoke exposure.

Subclinical Effects of of Wood Smoke
Controlled Human Exposure Studies

Bønløkke JH et al. JOEM 2014 
and Hunter AL, et al. J Occup
PFT 2014
Woodsmoke 1 to  3-hr of li
exposure.  No changes:
• Pneumoproteins,
• adhesion factors,
• coagulation, cytokines,

platelet activation,
• vasomotor function

Hejl AM, et al. J Occup
Environ Hygiene 2013
Firefighters working at 
prescribed burns. 
Inflammatory biomarkers, 
PM2.5, CO. Cross-work shiAcft tivated 
differences: IL-1β, IL-8, CRPInfl, amed l

SAA, ICAM-1, and VCAM-1. CAR
Lighting fires had the largest 
cross-work shift increase in IL-
8

Muala et al. Particle and Fibre Toxicology

Wood smoke exposure from incomplete
combustion with PM1 (314 μg/m3) for 3 h
•

•
•
•

decreased macrophage, neutrophil and 
lymphocyte numbers in bronchial wash 
decreased lymphocytes in BAL fluid; 
decreased sICAM-1, MPO and MMP-9;
increases in submucosal and epithelial 
CD3+ cells, epithelial CD8+ cells and 
submucosal mast cells
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