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90% of particulates 
emitted by wildfires 
are 2.5microns in 
diameter or smaller
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SECTION 2: Health Effects of Fire & Smoke

•



Positioning Wildfire Smoke Health Risk





Body’s response to particulates

● Body responds by releasing the same immune cells deployed to 
attack viruses

● But immune cells can’t break down the particulate matter
● Results in inflammation

● Macrophage 
inhibition 

● Primary toxicological concern: concentration x duration
● Concentration is affected by proximity and by breathing rate

                            



Other than particulates…
Burning biomass may release
● volatile organic compounds
● carbon monoxide
● polycyclic aromatic hydrocarbons
● carcinogens
● fungal particles
● ozone

Wilderness-Urban Interface (WUI) burns may release urban chemicals

Free radical and ozone activation by light



Prescribed Wildfire vs Natural Wildfire



Risk Factors

Age:
< 18 or > 65 

Has: 
COPD, asthma, bronchitis, or other lung diseases
chronic heart disease
diabetes 
pregnancy
low socioeconomic status
people of of color
outdoors worker (often glossed as “responder”)



Short-Term Health Effects: Science



Short-Term Health Effects: Advocacy

“Particle pollution triggers asthma attacks, heart attacks and strokes—and 
can kill. Studies of children in California found that children who breathed the 
smoky air during wildfires had more coughing, wheezing, bronchitis, colds, 
and were more likely to have to go to the doctor or to the hospital for 
respiratory causes, especially from asthma.”
American Lung Association, https://www.lung.org/blog/how-wildfires-affect-health 

“The lungs of mice when exposed to wildfire… PM 2.5 [particles] showed significant 
damage, as measured by histologic evaluation of inflammatory cell influx.”
Environmental Health Perspectives, California Wildfires of 2008: Coarse and Fine Particulate Matter Toxicity, 2009, Vol. 117 (6):893-897.

From Honn: 
https://web.archive.org/web/20130419012403/http:/www.psr.org/environment-and-health/environmental-health-policy-institute/responses/hidd
en-health-costs-of-forest-fires.html 



Short-Term Health Effects: Reassurance

“The scientific evidence does not indicate that particles generated 
from wildfire smoke are more, or less, toxic than particles emitted 
from other sources.”
(EPA’s Wildfire Smoke: A Guide For Public Health Officials, 2021, citing U.S. EPA 2009; DeFlorio-Barker et al. 2019).

“Although a large population can be exposed to smoke during a 
wildfire event, most healthy adults and children will recover 
quickly from wildfire smoke exposure.”
(EPA’s Wildfire Smoke: A Guide For Public Health Officials, 2021)

https://www.airnow.gov/sites/default/files/2021-09/wildfire-smoke-guide_0.pdf 



Short Term Health Effects: Revisitation



Short-Term Health Effects: Revisitation



Short-Term Health Effects: Mortality

“A recent EPA study estimated annual mortality in the US due to 
exposure to smoke of 1500-2500.” 

• (https://www.wildlandfiresmoke.net/smoke-ready) IWFAQRP



Long-Term Health Effects

Long-term cardiovascular disease & respiratory complications

Neurological complications

Cancer (carcinogens)

Heavy metal Poisoning (mercury)

For children, possible stunting of lung development and downstream respiratory problems

“An article by the American Thoracic Society found that with an increase of 10 micrograms 
per cubic meter of particles over two years, the risk of dying was increased by 32% for 
people with diabetes, 28% for people with COPD, asthma and pneumonia, 27% for people 
with congestive heart failure and 22% for people with inflammatory diseases”
Am J Respir Crit Care Med. 2006, 173 (6): Reduction in Fine Particulate Air Pollution & Mortality, Extended Follow-Up of the 
Harvard 6 Cities Study.



Long-Term Effects

“The limited number of epidemiologic studies that have specifically examined the 
cumulative effect of wildfire smoke exposure on health have been studies of wildland 
firefighters. There is initial evidence that continuous occupational wildland fire smoke 
exposure (i.e., over multiple days) may have a cumulative effect on lung function, with 
some studies observing a progressive decline during burn seasons. However, it is unclear 
if this decline persists across off-seasons and it is difficult to compare a wildland 
firefighter’s occupational exposure and resulting health effects to those experienced by 
the general population.” 
(EPA’s Wildfire Smoke: A Guide For Public Health Officials, 2021, citing Adenota 2016).





Medical Screening



Unsoeld Variant



What About Masks?



Respirator Masks

• wear a particulate respirator mask, also known as an N95 or P100 
mask, with two straps, that is NIOSH-certified 

• One-strap masks, surgical masks, and bandanas (wet or not) do NOT 
filter out the tiny particulate matter present in wildfire smoke. 

• particulate respirator masks must fit tightly to work properly, so they 
actually make breathing more difficult



Problematic Groups for Respirator Use

• Children! Respirators are not sized for children and therefore won't be as effective
• People with previous respiratory issues including asthma
• People who are not physically fit may experience difficulty going about daily tasks 

due to reduced oxygen intake. 
• People with heart or lung disease should consult with their doctor before using a 

respirator.
• Whitewater activities
• Not recommended for those who already have trouble breathing, or for use while 

engaged in strenuous physical activity.

•



When to get rid of a mask

• Discard the respirator when: (1) it becomes more difficult to breathe 
through it, or (2) if the inside becomes dirty. If necessary, use a fresh 
respirator each day.

• Keep your respirator clean and dry. Be sure to read and follow the 
manufacturer’s recommendations on use and storage

• How long to use masks? In some cases — like when the conditions are 
hazardous — it may be best to use it once and toss it. N95 masks are 
not meant to be reused, and with each use or clean, they become less 
effective.



Action 
Steps

Assess Risk

Track Fires

Plan
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maps.wildfire.gov
Fires
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Air Resource Advisors

Photo Credit: Wildlandfiresmoke.net/ara

Smoke Risk



Smoke Risk
wildlandfiresmoke.net



No ARA?   How to fill in the gap… Smoke Risk



Smoke Risk



National Weather Service  -  Weather Forecast Offices (WFO) Smoke Risk



Smoke Risk
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5-3-1 Online Map Tool

Visual estimation 
of AQI

Smoke Risk
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Good -

Low Risk

Moderate -

Mod. Risk

Unhealthy for 

Sensitive 

Groups

Unhealthy -

High Risk

Very Unhealthy Hazardous

PM2.5 0-12 12-35 35-55 55-150 150-250 >250

AQI 0-50 51-100 101-150 151-200 201-300 >300

Postpone, 

cancel, 

relocate, or 

reduce activity 

levels  if….

Contact sensitive 

participants about 

heightened risk.

Forecast = > 1 
week of 
continuous 
exposure

Contact all 

participants about 

heightened risk

------------------>

Forecast = > 6 

days of 

continuous 

exposure

------------------>

Forecast = > 5 

days of 

continuous 

exposure

--------------->

Forecast =  > 3 

days of 

continuous 

exposure

Decision 

maker?
In consult with…?

Communi-

cation 

Devices for field communication?   Frequency? 
How to explain what you based your decision on? How to communicate with participants who already may be 
traveling to the site?
Pre-program comms: refunds? rescheduling? 



Good -

Low Risk

Moderate -

Mod. Risk

Unhealthy for 

Sensitive 

Groups

Unhealthy -

High Risk

Very Unhealthy Hazardous

PM2.5 0-12 12-35 35-55 55-150 150-250 >250

AQI 0-50 51-100 101-150 151-200 201-300 >300

Field 

Observation

Distant smoke or 
column >5mi. Light 
smoke smell. Smoke 
may be visible in air. 
Can see  5+ miles away.

Moderate smoke 
smell;  Smoke on the 
horizon; visibility 
diminished; smoke 
column > 3 mi away

Visibility diminished 
to 3 miles; mod - 
heavy smoke smell; 
fire not local threat

Heavy smoke, unable 
to see more than 1 
mile. Fire < 2mi away

Evacuate all? >72 hrs; forecast - no 
improvement

>48 hrs; forecast - no 
improvement

>24 hrs; forecast - no 
improvement

Duration >72 hrs? >48 hrs? >30 hrs? >24 hrs?

Recommenda-

tions

Everyone: Continue as 

scheduled

Unusually Sensitive 

groups: consider 

limiting prolonged or 

vigorous activities. 

Everyone else:          

no changes

Sensitive Groups:

should be medically 

managing their 

condition. Avoid             

prolonged or heavy 

activity.

Encourage mask use?

Consider evacuation?

Everyone Else:

Continue work even 

if modified.

Sensitive Groups: 

avoid all physical 

outdoor activity

Masks? Evac?

Everyone Else: 

Reduce prolonged or 

heavy exertion.

✅Walking w/o pack

X Backpacking

Everyone: avoid all 

physical outdoor 

activity 

Masks? Evac?

✅ Educational 

activities

Everyone:

Field operations 

should be 

suspended.

No activity unless 

evacuating.

Masks required for 

duration of 

evacuation.



Fundamental Inevitability of 
                     Fire

wildland fire
smoke exposure
human health
environmental justice


