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PM2.5 Emissions Inventory for BC, 2014 

0

0.1

0.2

0.3

Dust from
paved roads

Dust from
unpaved

roads

Residential
wood

combustion

ConstructionAll industrial
sources

All mobile
sources

Prescribed
burning

P
E

R
C

E
N

T 



Residential Wood Combustion 

ÅResidential wood combustion (RWC) is an important source of air 
pollution in mid- and high-latitude climates.   

 

ÅIt is a relatively unregulated source that accounts for: 
Å 8% of total PM2.5 emissions in Canada  

Å> 70% during winter in some communities where RWC is prevalent.  

 





Wood Stove Exchanges in BC 

ÅIn 2007 the British Columbia Ministry of Environment initiated a 
wood stove exchange program in the Bulkley Valley Lakes District 
of the province.   

 
Å7,200 of 11,500 homes used wood as their primary heating fuel 

 

Å4,200 of the wood stoves were non-certified.  

  

ÅStove exchanges were encouraged through both financial incentives and 
municipal bylaws.   

 



Objective 

ÅTo evaluate the air quality impacts of this stove exchange 
program in four communities in the district (Burns Lake, 
Houston, Smithers, and Telkwa). 

 

ÅTo describe 
ÅTemporal patterns of RWC markers 

ÅSpatial patterns 

ÅBiomarkers of cardiovascular health following indoor/outdoor 
monitoring 

 



Study area 

 



How do we meet our objective: an outlook of 
the various approaches 

Mobile monitoring: 
targeted pollutants, 

spatio-temporal trends 

Measurements campaigns: 
Spatial trends, specificity 

(wood smoke) 

Regulatory data: Temporal trends 
PM2.5 

monitors 

Gravimetric  samples 
Nephelometers 

Source 
apportionment 

+ aethelometers 



How do we meet our objective: an outlook of 
the various approaches 

Identify wood smoke signal  

Regulatory data: Temporal trends 

PM2.5 
monitors 



Establishing Empirical Evidence for Woodsmoke Pollution 

Routine monitoring data 
Å No special study required 
Å Common features of smoky 

days likely identifiable 
Å Temperature, variability, 

diurnal patterns 

Hong, K.Y., Weichenthal, S., Saraswat, A., King, G.H., Henderson, S.B. and Brauer, M., 2017. Environmental Pollution, 220, pp.797-806. 

 





Data collection: Monitoring and 
Measurements 

Measurements campaigns 

Regulatory monitoring 



Measurement campaigns  

ÅCentral site monitoring: PM2.5 

 

Åbetween 2007 and 2013 

 

ÅWinter time (October ï April)  

 

Å91 two-week samples 

 

  



Data Collection ς Sample Analysis 

ÅPM2.5 concentrations were determined gravimetrically 

  

ÅLight absorbing carbon (LAC) was estimated from absorbance 
by Smoke Stain Reflectometer 

 

ÅLevoglucosan was quantified by GC/MS.  

 

ÅFilter samples were analyzed for metals by X-ray fluorescence 
prior to levoglucosan analysis. 

 

 



Data Collection ς Data Analysis 

ÅTemporal patterns in median PM2.5 concentrations, 
levoglucosan concentrations, and levoglucosan/PM2.5 ratios. 
 

ÅWe also compared source contributions in 2007/08 with those in 
2012/13  

 



Data collection: Monitoring and 
Measurements 

Mobile 
monitoring 

Measurements campaigns 

Regulatory monitoring 



Mobile monitoring: 
Smithers and Telkwa 

 

ÅSimilar routes pre- and 
post-exchange 

 

ÅSimilar nephelometers 

 

 

Photo from Millar, Gail. Characterizing residential wood smoke at the neighbourhood scale: An evaluation of five communities in British Columbia. University of Northern British Columbia, 2012.  



Other tools for air quality impacts 

 

ÅEvaluation of cardiovascular health markers among non-smoker 
adults pre- and post-exchange in Smithers 

ÅRandomized cross-over study 
Åsystemic inflammation  

Åmicrovascular endothelial dysfunction (RHI) 

 

Allen RW, Carlsten C, Karlen B, Leckie S, Eeden SV, Vedal S, et al. Am J Respir Crit Care Med. 2011 May 1;183(9):1222ς30. 



Summary of Tools and Data to evaluate the 
impact of the stoves exchange 

Houston Burns Lake Telkwa Smithers 

2008/09 2012
/13 

2008/09 2012/13 2008/9 2012/13 2008/09 2012/13 

PM2.5 fixed Ҟ Ҟ Ҟ Ҟ Ҟ Ҟ 

Levoglucosan fixed  Ҟ Ҟ Ҟ Ҟ Ҟ Ҟ 

Metals Ҟ Ҟ Ҟ Ҟ Ҟ Ҟ 

Nephelometer fixed Ҟ Ҟ Ҟ Ҟ 

Nephelometer mobile Ҟ Ҟ Ҟ Ҟ 

Indoor PM2.5, 
Levoglucosan, BC 

Ҟ Ҟ 

RHI Ҟ Ҟ 

IL-6 Ҟ Ҟ 

CRP Ҟ Ҟ 



Wood stove exchange 
Results 





Temporal patterns (1) 



Temporal patterns (2) 
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Cumulative percent stove exchanged 

Exchanges from  2007/2008 to 2012/2013 

Burns Lake Houston Smithers Telkwa



Source Contributions 
(Smithers and Telkwa) 

(µg/m3  ) 


