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Compound Examples Mode of toxicity

Inorganic gases carbon monoxide asphyxiant
ozone irritant
nitrogen dioxide irritant

Hydrocarbons 40+ unsaturated (1,3-butadiene) carcinogens
25+ saturated (n-hexane) neurotoxins
20+ polycyclic aromatics (benzo[a]pyrene) carcinogens
28+ monoaromatics (benzene, styrene) carcinogens

Oxygenated organics 20+ aldehydes (acrolein, formaldehyde) carcinogens
25+ organic alcohols (methanol, acetic acid) irritants
33+ phenols (catechol, cresol) irritants, carcinogens
quinones (hydroquinone) irritants, allergenic

Free radicals semiquinone type radicals inflammatories, possible carcinogens

Particulate matter inhalable particles (PM10) inflammatories, allergenic
fine particles (PM2.5)

Source: Woodsmoke Health Effects: A Review (2007)
Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson CD, Koenig JQ, Smith KR
Inhalation Toxicology 19: 67 - 106
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Organic extracts of ambient particulate matter containing substantial 
quantities of wood smoke were found to be 30 times more potent than 
extracts from cigarette smoke condensate in a mouse skin tumour study

Source: Woodsmoke Health Effects: A Review (2007)
Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson CD, Koenig JQ, Smith KR
Inhalation Toxicology 19: 67 - 106

Particles associated with residential wood smoke are 3 to 5 times more 
likely to be inhaled than particles from other sources.

Source: Woodsmoke Intake Fraction for Metro Vancouver (2008)
Ries  F. Presentation at the BC Lung Air Quality & Health Workshop, March 2008

Residential wood heating accounts for 15 percent of PM2.5 releases in British 
Columbia…[but] varies between rural and urban settings, as expected. Within 
some rural locations, residential wood heating can account for the 
greatest portion of PM2.5 compared to other source sectors.

Source: Residential Wood Burning in British Columbia - Public Behaviour and 
Opinion (2006). Xue, H and Wakelin T. BC Ministry of Environment, 
Environmental Protection Division.



Source: Residential Wood Burning in British Columbia - Public Behaviour and 
Opinion (2006). Xue, H and Wakelin T. BC Ministry of Environment, 
Environmental Protection Division.
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Health Effects in the General Population

Studies in areas where wood smoke is a significant portion of ambient PM

• In Seattle, a significant association was observed between PM10 levels and 
emergency room visits for asthma, with effects seen at levels as low as 15 ug/m3

• In Christchurch NZ, hospital admissions for respiratory and cardiac complaints 
increased with PM10 levels (wood smoke ~ 90% of winter PM10)

Studies of wood stove or fireplace use

• In Denver, use of a woodstove or fireplace by asthmatics was associated with 
increased daily moderate or severe shortness of breath more strongly 
associated than use of gas stove or occupational exposures)

• Connecticut and Virginia, each hour-per-day of fireplace use was associated 
with cough, sore throat, and chest tightness (not found for woodstove use, 
suggesting greater indoor emissions from fireplaces)

Source: Woodsmoke Health Effects: A Review (2007)
Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson CD, Koenig JQ, Smith KR
Inhalation Toxicology 19: 67 - 106



Health Effects in Children

Studies where wood smoke is a significant portion of ambient PM

• Asthmatic children are affected by ambient levels of PM2.5 associated with wood 
smoke (ie during heating season, night-time only)

• measurable decreases in lung function

• increased visits to emergency departments

• increased hospitalizations for asthma

Studies of wood stove or fireplace use

• Symptoms have been seen to be significantly elevated in children living in 
homes with woodstoves

• congestion, wheeze, cough, nocturnal awakening, acute lower respiratory 
infections (bronchiolitis or pneumonia), maybe otitis media (inner ear 
infections)

Source: Woodsmoke Health Effects: A Review (2007)
Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson CD, Koenig JQ, Smith KR
Inhalation Toxicology 19: 67 - 106



“Significant exposures to ambient wood smoke do occur in developed 
countries and… important health effects have been demonstrated to result.”

Source: Woodsmoke Health Effects: A Review (2007)
Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson CD, Koenig JQ, Smith KR
Inhalation Toxicology 19: 67 - 106

There are studies that do NOT show effects: variability among individuals, 
pollutant levels/constituents, etc., are all factors that interplay in complex 

ways – no easy answers, still:
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Monitoring PM2.5 levels 

Slide Source: Perry Hystad

• Only larger population  
centres have monitoring

• Outside of the GVRD, 
most communities have 
only a few monitors

• PM levels can vary within 
communities, and this may 
not be captured by existing 
fixed-site monitors





Slide Source: Earle Plain, BC Ministry of Environment



TIM LARSON – University of Washington



BACK YARD BURNING

Eleanor Setton, PhD, Karla Poplawski, Christy Lightowlers MSc

Funded by Health Canada as part of the Border Air 
Quality Study, BC Ministry of Environment, the 

Vancouver Island Health Authority, and the CRD
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Victoria/Esquimalt
Colwood
Langford

No burning allowed Allowed burn days in Colwood and Langford

Average of PM2.5 data collected on each day for Victoria/Esquimalt, Colwood and Langford
based on 90 percent of data (upper and lower 5 percent removed)
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Langford
Esquimalt

Jan 4/07
THU

Jan 5/07
FRI

Jan 6/07
SAT

Jan 7/07
SUN

Jan 8/07
MON

Jan 9/07
TUE

Hourly average PM2.5 levels in Langford and Esquimalt
from Jan 03/07 to Jan 10/07



COMOX RESIDENTIAL WOODSMOKE 
AND BEACHFIRE IMPACTS
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BC Ministry of Environment
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Resident representative
Paul Horgen



Community-based study with 
the overall objectives of:

• Understanding general PM2.5
levels in the region – day and 
night

• Monitoring beach fire impacts

• Providing data to help site a 
permanent PM2.5 monitor-
background levels or 
exposure levels?
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