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Air pollution and health 

• Air pollution (individual) risk 
is small…but large exposed 
population = large 
population risk 
– Smoking: Larger risk, smaller 

exposed population 

• On days with worse air 
quality, more people die* 

• In more polluted cities, 
people die earlier than in less 
polluted cities… 

• …and, in the most polluted 
areas of cities, there is an 
increased risk of dying 
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Larrieu et al. Am J Epidemiol, 2009  

*out-of-hospital, >65 yrs 



The benefits of policies to address 
population risk 

• Air quality regulations 
benefit:cost ratios 

      ~4:1 – 30:1 

• Clean air rules 
responsible for majority 
of ALL estimated 
benefits (and costs) 
generated by Federal 
regulation  

 



“…the overall evidence is consistent with a 
causal relationship between PM2.5 exposure 
and cardiovascular morbidity and mortality.” 
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103,000 deaths/yr PM2.5 (7305 deaths/yr ozone) 
Among top risk factors (#8 deaths, #10 DALYs) 
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USA (2010) 

Lim et al. The Lancet 2012; 380:2224-2260 

IHD, Stroke, Lung 
Cancer, COPD, Lower 
Respiratory Infections 

http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract
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Wood biomass fuels in context 
• Inexpensive, secure fuel 

– Increasing/fluctuating costs & taxes for fossil fuels 

– Energy independence 

• Promoted by public policies as a renewable, GHG-neutral fuel 

• Relatively unregulated source 
• federal regulations minimal 
• state scrutiny varies 

• Impact on winter air quality coinciding with stagnation  

• Exposure proximity, high “intake fraction” 

• Health impacts largely absent from policy debate 

• Solutions exist! 

 
 



The Fog of Austerity: This Smoke Cloud Is the 
Ultimate Symbol of Greece's Depression 

Athens, Winter 2012-13 

“Utility bills are now so expensive for Greek families that some have 
taken to burning wood to stay warm. The result is an eerie fog of 
smoke looming above the city.”  
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Issues raised in response: 
 

•Is biomass really inexpensive?  
•Sufficient supply?  
•Carbon neutrality 

•Stock replacement 
•Black Carbon 

•Emissions of current technologies > 
emissions of oil, natural gas 

•need cleanest fuels/emissions 
controls when burned in 
populated areas and with 
distributed sources 
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Primary PM Emissions 
 
Pittsburgh Regional Environmental Threats Analysis Report (PRETA) - PM, 2012 

99% biomass combustion 



Industrial Biomass Sources in PA 

Biomass Energy in Pennsylvania: Implications for Air Quality, 

Carbon Emissions, and Forests (2012 Report for Heinz Foundation) 
Slide courtesy, Pete DeCarlo, Drexel Univ. 



Woodsmoke air quality impact 
• Rochester, NY – Winter evenings  

– 30% of winter PM 
• Seattle 

– ~30% heating season PM2.5  
• Fairbanks 

– 60 - 80% winter PM2.5 

• Atlanta 
– 11% annual PM2.5 

• Portland 
– 27% annual PM2.5  

• Las Vegas 
– 11 – 21% annual PM2.5 

Winter (November-April) 
mean: 1.6 μg/m3  
 
Cold winter night (20% of 
year) mean: 8.5 μg/m3 

Vancouver cold winter night woodsmoke PM2.5 



Pennsylvania Air Monitoring 

AirNow data – Dots indicate monitoring site reporting real-time data 

Also here: http://airnow.gov 

Monitoring Sites focused 

on populated areas: 

 - Cost 

 - Population  

 

Little monitoring in areas 

most vulnerable to 

biomass emission 

exposure. 

 

Missed in Models – Small 

sources not in inventory 

Slide courtesy, Pete DeCarlo, Drexel Univ. 
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Ries F, Marshall J, Brauer M. Intake fraction of urban wood smoke. Environ Sci Technol, 2009 Jul 1;43(13):4701-6; Brauer M, Miller P, Allen G, Rector L. Modeling Pollution 
from Residential Wood Combustion. EM Magazine (Air and  Waste Management Association). May, 2010. pp 24-28 



Biomass smoke spatial extent 

For typical drainage 

wind speed (1 m/s) 

maintained over a 3 

hour period, upslope 

influence  10 km 

 

Catchment modeling1,2 

suggests upslope 

influence of 4 – 8 km 

 

Semivariogram 

analysis3 suggests 

spatial extent of  2.7 km 

1Larson T, Su J, Baribeau A-M, Buzzelli M, Setton E, Brauer M.  A Spatial Model of Urban Winter Woodsmoke Concentrations. Environmental Science and Technology. 2007; 
41 (7): 2429 -2436.; 2Su JG, Allen GA, Miller PJ, Brauer M. Spatial modeling of residential woodsmoke across a non-urban upstate New York region. Air Quality, Atmosphere 
and Health, 2011 http://dx.doi.org/10.1007/s11869-011-0148-1; 3Lightowlers, C et al. Determining the spatial scale for analysing mobile measurements of air pollution.  
Atmospheric Environment 42 (2008)  
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http://dx.doi.org/10.1007/s11869-011-0148-1
http://dx.doi.org/10.1007/s11869-011-0148-1
http://dx.doi.org/10.1007/s11869-011-0148-1
http://dx.doi.org/10.1007/s11869-011-0148-1
http://dx.doi.org/10.1007/s11869-011-0148-1
http://dx.doi.org/10.1007/s11869-011-0148-1
http://dx.doi.org/10.1007/s11869-011-0148-1
http://dx.doi.org/10.1007/s11869-011-0148-1
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Ries F, Marshall J, Brauer M. Intake fraction of urban wood smoke. Environ Sci Technol, 2009 Jul 1;43(13):4701-6; Brauer M, Miller P, Allen G, Rector L. Modeling Pollution 
from Residential Wood Combustion. EM Magazine (Air and  Waste Management Association). May, 2010. pp 24-28 
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Biomass smoke and health: evidence 

• Constituents/Composition (PM2.5, aldehydes, PAHs) 
• Toxicology 
• High concentration, chronic exposures – developing 

countries 
• High concentration acute/sub-chronic exposures – wildland 

firefighters 
• Firesmoke, agricultural burning  
• Controlled human exposures 
• Residential woodsmoke epidemiology 

 
• Very little direct research on health impacts of Industrial / 

Commercial / Institutional scale combustion 
 



PM composition 

“conventional” 

“advanced” 
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Temporal evolution of the AMS species and BC (top panel), their relative contributions (middle), and the HC concentration as 

ppm carbon (lower panel). The stars indicate the addition of wood logs to the fire. Concentrations are corrected for dilution. 

M. F. Heringa; P. F. DeCarlo; R. Chirico; A. Lauber; A. Doberer; J. Good; T. Nussbaumer; A. Keller; H. Burtscher; A. Richard; B. Miljevic; A. S. H. Prevot; U. 

Baltensperger; Environ. Sci. Technol.  2012, 46, 11418-11425. DOI: 10.1021/es301654w Copyright © 2012 American Chemical Society 

Combustion conditions and composition 



Correlation between the combustion chamber temperature and ROS concentration for logwood burning.  

Miljevic et al., Oxidative Potential of Logwood and Pellet Burning Particles Assessed by a Novel Profluorescent Nitroxide Probe. 2010 Environmental 

Science & Technology, 44, 6601-6607. DOI: 10.1021/es100963y 

• ROS concentrations not measurable for pellet oven emissions.  

• ROS concentrations of logwood burners high for starting conditions and at low temperatures  

• Low temperature logwood burner ROS concentrations > primary diesel emissions, cigarette 
smoke 

Combustion conditions and composition 

http://dx.doi.org/10.1021/es100963y


Animal/Cellular Toxicology 

Inflammation: Medium Temp > High Temp 

                              Low oxygen > High oxygen 

             > 
 

Soluble inorganic ash particles:  
– inflammation in cell culture 

– no inflammation in animal inhalation studies 

–   soluble and cleared from lungs 

 

Cell cytoxicity:  

                              >  Diesel  >                > 
  adapted from: Kocbach Bølling et al. 2009 
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Combustion source Emissions (mg/MJ) Composition 

Open fireplace 160 – 910 

Conventional 
woodstove 

50 – 2100 

Conventional log 
boilers 

50 – 2000  
(50 – 250) 

‘Modern” 
woodstoves 
log/chip boilers 

34 – 330 
5 – 450 

Pellet stoves/boilers 10 - 50 
24 

 adapted from: Kocbach Bølling et al. 2009 



Combustion source Emissions (mg/MJ) Composition 

Open fireplace 160 – 910 

Conventional 
woodstove 

50 – 2100 

Conventional log 
boilers 

50 – 2000  
(50 – 250) 

‘Modern” 
woodstoves 
log/chip boilers 

34 – 330 
5 – 450 

Pellet stoves/boilers 10 - 50 
25 

MORE TOXIC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LESS TOXIC 
 

 adapted from: Kocbach Bølling et al. 2009 
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Controlled human exposure studies 

• Subjects exposed to 
realistic (high) 
concentrations (~250 
μg/m3) of woodsmoke 
for 4 hrs 
– Increases in measures 

of  inflammation, 
oxidative stress post-
exposure compared to 
clean air 

Sallsten, G et al. Experimental wood smoke exposure in humans. Inhal. Toxicol. 18(11):855–864.; Barregard L et al. Experimental exposure to wood-smoke particles in healthy 
humans: effects on markers of inflammation, coagulation, and lipid peroxidation. Inhal Toxicol. 2006 Oct;18(11):845-53.;  Danielsen PH et al. Oxidatively damaged DNA and 
its repair after experimental exposure to wood smoke in healthy humans.. Mutat Res. 2008 Jul 3;642(1-2):37-42.; Barregard L et al. Experimental exposure to wood smoke: 
effects on airway inflammation and oxidative stress.. Occup Environ Med. 2008 May;65(5):319-24. 

Sehlstedt, M., R. Dove, et al. (2010). "Antioxidant airway responses following experimental exposure to wood smoke in man." Particle and Fibre Toxicology 7(1): 21. 

• Pellet stove incomplete combustion 
‐ No inflammation 
‐ Early adaptive protective response 

 
 

 



Biomass smoke epidemiology 

” …..generally consistent relationship between 
exposure and increased respiratory symptoms, 
increased risk of respiratory illness, including 
hospital admissions and emergency room visits, 
and decreased lung function. Several studies 
suggest that asthmatics are a particularly 
susceptible subpopulation ….” 

 
Woodsmoke health effects: a review. Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson CD, Koenig JQ, Smith KR. Inhal Toxicol. 2007 
Jan;19(1):67-106. Review 



Biomass combustion and CVD 

Country Study Exposure Outcome Result 

New 
Zealand 

McGowan 
(2002) 

Outdoor PM10 (90% from 
biomass in winter) 

CVD  admissions + 

New 
Zealand 

Barnett 
(2006) 

Outdoor PM10 CVD admissions - 

Chile Sanhueza 
(2009) 

Outdoor PM10 (90% from 
biomass in winter) 

CVD  admissions 
CVD mortality 

+ 
+ 

Canada Allen (2011) Indoor PM2.5 intervention 
study 

Markers of inflam & 
endothelial function 

+ 

India Ray (2006) Biomass vs non biomass 
fuel use 

Markers of thrombosis 
risk 

+ 

Turkey Emiroglu 
(2010)  

Biomass vs non biomass 
fuel users 

Ventricular 
dysfunction 

+ 

Guatemala McCracken 
(2007, 2011) 

Biomass smoke chimney 
intervention 

Blood pressure, 
ST-segment 
depression 

+ 
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Adapted, from 
Fay Johnston 



Woodsmoke & multiple health measures 
• 15% increase in SGA birth+ 

• 32% increase in otitis 
media++ 

• 8% increase in bronchiolitis* 

• 15% increase in COPD 
hospitalization+ 

• No associations with: 
– pre-term birth-  

– asthma incidence-  

– cardiovascular, COPD 
mortality- 
 

 
 

MacIntyre EA et al., Exposure to residential air pollution and otitis media during the first two years of life. Epidemiology. 2011 Jan;22(1):81-9.;  Karr CJ et al.,Influence of 

ambient air pollutant sources on clinical encounters for infant bronchiolitis. Am J Resp Crit Care Med, 2009, 180(10):995-1001.; Clark NA et al.,Effect of early life exposure to 
air pollution on development of childhood asthma. Environ Health Perspect 2010, 188(2): 118:284-290; Gan W et al., Associations of Ambient Air Pollution with Chronic 
Obstructive Pulmonary Disease Hospitalization and Mortality. Am J Resp Crit Care Med. 2013. 187(7):721-7. ;  Gehring et al.,  Epidemiology 2013, in press. 

++ > traffic pollution, + ~traffic, - <traffic 
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• ~30% reduction in winter PM2.5 

•  in childhood wheeze, itchy eyes, sore throat, cold, bronchitis, influenza, 
throat infections 

• School absence associations inconsistent 
A rural community intervention targeting biomass combustion sources: effects on air quality and reporting of children's respiratory 
outcomes. Noonan CW, Ward TJ, Navidi W, Sheppard L. Occup Environ Med. 2012 

95% of stoves exchanged 

New stoves still relatively high emitters 

Libby, Montana stove exchange 

http://www.ncbi.nlm.nih.gov/pubmed/22302628
http://www.ncbi.nlm.nih.gov/pubmed/22302628
http://www.ncbi.nlm.nih.gov/pubmed/22302628
http://www.ncbi.nlm.nih.gov/pubmed/22302628


Stove exchange and indoor levels 

31 

Allen RW, Leckie S, Millar G, Brauer M. The impact 
of wood stove technology upgrades on indoor 
residential air quality. Atmospheric Environment, 
2009, 43: 5908–5915  
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Factors contributing to indoor levels 

Town 

“Leakage” 

Deposition 

Air exchange 
Finf 

Neighbours 

Resuspension 

Emission 

Stove Use 
-Operation 
-Intensity 

Other 
sources 

Mean Infiltration ~30% (10 – 70%) 



An air filter intervention study of endothelial function among healthy adults in a woodsmoke-impacted community. Allen RW, Carlsten C, Karlen 
B, Leckie S, van Eeden S, Vedal S, Wong I, Brauer M.  Am J Respir Crit Care Med. 2011 

Air filtration 

• Portable HEPA filters 60% 
 in indoor PM2.5  

•  endothelial function,  
inflammatory markers 

 

 

 

 

Random

Selection

HEPA Filtration

“Placebo” Filtration

Day 0

Technician 
Visit

Day 7

Technician 
Visit

Day 14

Technician 
Visit

Health 

Measurements

Health 

Measurements

Monitoring Session 2Monitoring Session 1

Monitoring Session 2Monitoring Session 1

http://www.ncbi.nlm.nih.gov/pubmed/21257787
http://www.ncbi.nlm.nih.gov/pubmed/21257787
http://www.ncbi.nlm.nih.gov/pubmed/21257787
http://www.ncbi.nlm.nih.gov/pubmed/21257787
http://www.ncbi.nlm.nih.gov/pubmed/21257787


• ~39% reduction in winter PM10 

•  winter cardiovascular (-19.6%) and respiratory (-27.9%) mortality 
• Similar decreases not observed in control community 

 Evaluation of interventions to reduce air pollution from biomass smoke on mortality in Launceston, Australia: retrospective analysis of daily 
mortality, 1994-2007. Johnston FH, Hanigan IC, Henderson SB, Morgan GG. BMJ. 2013 

Tasmania woodstove  → electricity 

 

http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843


Policy implications 

• Woodsmoke is an important source of air pollution in 
rural and urban areas 

• Evidence for health impacts of magnitude similar to 
other widely recognized risk factors 
– e.g Otitis media incidence:  

• Eliminating woodsmoke: 10% reduction 
• Maternal smoking during pregnancy or secondhand smoke 

exposure: 2% reduction 
• Pneumococcal conjugate vaccine: ~ 6-7% reduction 

• Suggests cost-effectiveness of exposure reduction  
• Advanced technology combustion 

– derive max energy 
– Lower mass emissions 
– Lower toxicity 

 E. MacIntyre, PhD Thesis, UBC, 2010 



What can clinicians do? 

• Consider woodsmoke as a potential risk factor 
for pregnant women and patients with 
recurring respiratory infections, otitis media, 
asthma, COPD 

• HEPA filter air cleaners 

• Community stove exchanges  

• Advocacy for advanced combustion and 
emission controls in local decision-making 
regarding institutional-scale boilers  
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Thank you! 

Questions?  

 

michael.brauer@ubc.ca 

37 




