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Girotto et al. Environ. Sci. Technol. Lett. 2018

What is smoke?  
• Gases

• Liquids

• Solids

Carbon dioxide 

Carbon monoxide

Methane

Water vapor

Elemental carbon

NOx

SOx

Water

Many VOCs including:

- Formaldehyde 

- Acrolein

- PAHs

Metals and other elements

Particles

70-80% of the metals and PAHs in 
wildfire smoke have been found 
in particles less than 0.1 µm
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Most wildfire smoke 
particles are 

~ 0.05-micron (µm) 
in diameter



Particulate Matter 2.5 (PM2.5)

US EPA requires states and 
local air authorities to 
monitor PM2.5 and report 
the daily average 
concentrations as 
micrograms per cubic meter 
of air
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Particles that are 2.5 micrometers 
or less in diameter



Three PM2.5 Monitoring Methods
Gravimetric
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PM2.5 in EPA’s Air Quality Index

States and local air 
authorities calculate and 
announce which AQI health 
category each monitor is in

Air Quality Index values and category divisions:
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Deposition in 
respiratory 
tract regions 
depends on 
particle size

Oberdörster, et al. 2005 Env Health Perspectives: 113, 7.
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(((((wildfire) OR bushfire) OR brushfire)) AND 
smoke) OR (((((((((wild) OR bush) OR brush) OR 
wildland) OR vegetation) OR prescribed) OR 
vegetation)) AND fire) AND smoke)



Adverse Health Effects of Wildfire Smoke

Emergency  Dept. Visits (EDVs)

for any non-trauma cause 

increased ~1.3 % per 10-µg/m3 daily avg. PM2.5

on smoke days in people age 15 – 64 

in Sydney
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Respiratory Diseases
rate increases per 10-µg/m3 daily avg. wildfire PM2.5

In Sydney, EDVs, by ~1% in the population 
as a whole on smoke days

In WA, Hospital Admissions (HAs) by 5% in the    
population as a whole on the third day after 

smoke exposure 

In CA, HAs by 5% in population as a whole 
on the day and day after smoke exposure 
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Washington State Dept. of Health, 
Chelan-Douglas Health District, 
Kittitas County Public Health, and 
Okanogan County Public Health 
2012 Wildfire Study 

Compared to before the fire, 
outpatient visits for respiratory 
diseases in people 19 – 64 
increased ~33% during the fire, 
and stayed ~26% higher for 19-
days after the fire 
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Asthma

rate increases per 10-µg/m3 daily avg. wildfire PM2.5

In Darwin, symptoms 
onset by ~ 30.5% in 

people 18-78 the day  
after smoke exposure 

In OR, physician office 
visits by ~ 5% in the 

population as a whole on 
smoke days

In OR, EDVs by            
~ 8.9% in the 

population as a 
whole on smoke 

days

In CA,  HAs  by  4%  in 
people 20-64 on the 

day and day after 
smoke exposure 

In WA, HAs
by 5.5 % in people 15-65 

on smoke days,

and 

7.7% in the population as 
a whole by the 3rd day

In OR, HAs by 6.5%  in 
the population as a 

whole on smoke days
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Calculated odds of death on 
and after wildfire smoke 
days relative to non-smoke 
days
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Mortality associated with 
wildfire smoke exposure in 
Washington state, 2006-2017: 
a case-crossover study



Washington 2006-2017, June through September 
Daily average 
µg/m3  PM2.5

SE

Wildfire smoke 23.4 2.4

Non-wildfire smoke 5.3 0.1

Increase 18.1 2.5
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Results • Among people age 45 – 64, odds of respiratory disease-caused 
death in were ~ 35% greater than normal on smoke days 

• Among people of any age, odds of COPD-caused death were 
~ 14% greater than normal on smoke days
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Out-of-hospital cardiac arrests 

increases per 10-µg/m3 daily average

on the day and day after smoke exposures 

In Victoria, AU, by  ~7.8% in people 35+

and

in Melbourne, by ~12.7% in people 35-64



• Non-trauma emergency  dept. visits

• Respiratory 

• Asthma & COPD exacerbation

• Pneumonia

• Cardiovascular 

• Arrhythmia 

• Myocardial infarction

• Heart failure

• Cerebrovascular Diseases and Stroke

Clinical-level effects of wildfire smoke
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Sub-clinical effects of wildfire smoke 
Studies of less severe symptom rates 

consistently show many people experience:

• Headaches

• Coughing

• Sneezing

• Runny nose

• Sputum production

• Sore throats

• Itchy or watery eyes
16



Cumulative wildfire smoke exposure

• The longer time people breathe smoke, 
the higher their total exposure

• Illness and death incidences increase as 
cumulative exposure increases over 
multi-day WFS episodes
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• They tracked 95 Seeley Lake residents, age 23 to 
85 (average 63), following a July 31 to 
September 18, 2017 smoke episode with 
average PM2.5 of 220.9-μg/m3

• Measured lung function starting right after the 
fire then with follow-ups in 2018 and 2019

• The number of participants that fell below the 
lower limit of normal function increased from 
10.2% in 2017 to 45.9% in 2018, and remained 
33.9% decreased two years post-exposure

University of Montana and Missoula County 
Health Dept. studied prolonged effects of 
smoke on lung function after community 
exposure to hazardous levels



www3.epa.gov “Climate Change Indicators” 

Acres per 
square 
mile 
burned in 
2002-2018 
relative to 
1984-2001
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2020 wildfire smoke episode
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Air 
quality 
monitor-
ing
network
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Conclusions

• Exposure to wildfire PM2.5

increases acute respiratory, 
cardiovascular, and 
cerebrovascular illnesses and 
deaths incidences 

• Incidences tend to increase on the 
day of smoke exposure and for 
some effects one or more days 
thereafter

• Prolonged adverse effects are 
evident in some cases

• Current evidence is insufficient 
to determine if there is a safe 
level of exposure
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Questions?


