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The impact of the wood-burning by-law 
 

1. A history of wood-burning regulation 

For more than ten years, Montréal has prioritized the fight against pollution linked to heating 
with wood in the urban setting, since this heating source is one of the main causes of winter 
smog. In Montréal, wood combustion is one of the most important emission sources for fine 
particles (PM2.5), somewhat less than transportation. Such particles have a diameter less than 
2.5 micrometres (µm), they penetrate deep into respiratory systems. Consequently, beyond the 
undesirable impacts on the environment and air quality, pollution created by wood burning has 
harmful health effects: aggravation of asthma, infant bronchitis, pulmonary cancer, premature 
death of people suffering from chronic cardiac and respiratory diseases. Moreover, in 2013, the 
World Health Organization clearly established that fine particles were carcinogenic. For all these 
reasons, the city decided to regulate the use of wood for heating. 
 
Here is the history of wood-burning regulation in Montréal: 
 

Year By-law number Name 

2009 09-012 
By-law concerning solid-fuel-burning 
equipment  

2013 11-018 (By-law 09-012 repealed) 
By-law concerning the construction 
and conversion of buildings  

2015 15-069 (Replacing 11-018) 
By-law concerning solid-fuel-burning 
devices and fireplaces 

 
 

2. A wood-burning tracer: levoglucosan 

The wood-burning tracer known as levoglucosan is a water-soluble organic compound. It makes 
up an important fraction of persistent atmospheric aerosols. 

 
It is used to trace wood heating because its only possible source in ambient air is wood burning. 
In addition, studies1,2 have demonstrated that levoglucosan can be used as a biomarker for 
exposure to biomass smoke emitted from wood burned for heating. It is found in large quantities 
in wood smoke. In addition, there is a positive correlation between levoglucosan and PM2.5 
concentrations. It must be noted that these studies looked at the health effects of exposure to 
PM2.5 derived from biomass combustion, not levoglucosan exposure. Epidemiological studies 
indicate a risk factor for fine particulates, but not for levoglucosan. The health effects observed 

                                                        
1 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2627869/ Consulted October 5, 2020. 
2 https://www.sciencedirect.com/science/article/pii/S0169809518311098 Consulted October 5, 2020. 
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in the studies included hospitalization attributable to acute infections of respiratory passages 
and to chronic obstructive pulmonary disease resulting from prolonged exposure to high 
concentrations of PM2.5 during forest fires.3.  
 
Levoglucosan is a result of pyrolysis (chemical decomposition caused by heat) of cellulose, the 
main component of wood (28-60%).34. 
 
This compound is characteristic of the burning of hardwoods (maple, cherry, oak, etc.). The use 
of hardwood is desirable since its combustion produces more energy (heat) and is slower than 
that of softwoods.5 This means levoglucosan is an ideal marker for wood burning since it is 
abundant in smoke from hardwood, specific to this source and relatively stable in the 
atmosphere. For these reasons, this analysis looked primarily at this compound, allowing us to 
follow the evolution in the use of wood-burning stoves in the Rivière-des-Prairies 
neighbourhood. 
 

3. Methodology 

Since 2009, levoglucosan sampling has been done by the air quality monitoring network (réseau 
de surveillance de la qualité de l’air, or RSQA) only at one location, station 55 Rivière-des-
Prairies (12400 Wilfrid-Ouellet), which is located in a district with a high prevalence of wood-
burning stoves. Ambient air is sampled during 24 hours according to a schedule established by 
the National Air Pollution Surveillance Program (NAPS). Samples are then sent to the NAPS 
laboratories in Ottawa for analysis. The time between the sampling date and receipt of the 
results of analysis is long, as much as two years. The last results available as of now date to 
April 2019, the end of the 2018-2019 winter season.  
 
RSQA stations conduct continuous sampling of fine particles. However, for purposes of 
comparison of the wood-burning tracer, only dates with levoglucosan results were retained. 
 
The definition of seasons in the document is the same as that of the Info-Smog program 
calendar, i.e. November 1 to April 15 for the winter period and April 16 to October 31 for the 
summer period. Info-Smog is an air quality forecasting and smog warning program. Info-Smog 
managers provide information and advice to the public when air quality deteriorates and 
exposure to air could cause effects harmful to health or the environment. When this arises, they 
broadcast a warning via media and on the Environment and Climate Change Canada website. 
Info-Smog is the result of a partnership between: 
 

• Environment and Climate Change Canada, 
• Ministère de l’Environnement et de la Lutte contre les changements climatiques, 

                                                        
3
 

https://www.researchgate.net/publication/273984488_Canadian_Forest_Fires_and_the_Effects_of_LongRange_Transboundary_Air_Pollution_on_Hos
pitalizations_among_the_Elderly, consulted October 5, 2020. 
4
 http://www.pressesagro.be/base/text/v14ns2/549.pdf consulted October 2, 2020. 

5 http://www.santecom.qc.ca/Bibliothequevirtuelle/Abitibi/64407.pdf  consulted October 2, 20202. 
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• Agence de la santé et des services sociaux de Montréal, and 
• Ville de Montréal. 

4. Analysis of 2009-2019 results 

4.1 Seasonal effects 

Data from 2009-2019 indicate an increase in levoglucosan concentrations during the winter in 
comparison to the summer for all years available (Table 1). Levoglucosan in the air is five to ten 
times higher in the winter than in the summer; wood-burning for heating is much more 
significant in the winter than are outdoor fires in the summer.  
 
The 2009-2019 results show that the concentration of fine particles is somewhat higher in the 
winter, with a 24-hour average of 9.4 µg/m3 in comparison to 7.0 µg/m3 in the summer. This 
concentration is also slightly higher during the cold months when heating with wood increases. 
However, the difference between fine particle concentrations in the winter and summer is less 
evident than it is for levoglucosan. In addition to wood-burning, several other sources for fine 
particle emissions exist, including transportation and certain industries.  
 
Table 1: Seasonal levoglucosan and fine particle concentrations by season for 2009-2019 at 

station 55 Rivière-des-Prairies 

 
Levoglucosan in 

ng/m3 
PM2.5 in 
µg/m3 

Winter 2009-2010 424.4 10.0 
Winter 2010-2011 259.1 11.1 
Winter 2011-2012 255.9 10.3 
Winter 2012-2013 260.0 8.8 
Winter 2013-2014 202.4 8.2 
Winter 2014-2015 215.4 10.5 
Winter 2015-2016 184.3 8.2 
Winter 2016-2017 198.7 8.7 
Winter 2017-2018 189.6 9.6 
Winter 2018-2019 123.8 8.5 

   

Summer 2010 47.9 8.1 
Summer 2011 42.1 8.9 
Summer 2012 38.9 7.5 
Summer 2013 54.1 8.2 
Summer 2014 45.1 6.8 
Summer 2015 47.0 6.0 
Summer 2016 39.5 5.3 
Summer 2017 41.4 6.5 
Summer 2018 33.6 5.9 

Focusing on changes in the portrait over the years, a considerable reduction in levoglucosan is 
apparent during the last ten years, which went from 424.4 ng/m3 during winter 2009-2010 to 
123.8 ng/m3 during the 2018-2019 winter. These data allow us to conclude that the use of 
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wood-burning stoves and fireplaces is dropping in this district (Figure 1). In contrast, the 
summer averages are constant, and low, below 50 ng/m3, since outdoor fires are rare. 
 

Figure 1: Average 24-hour levoglucosan concentrations (ng/m3) during winter and summer 
at station 55 Rivière-des-Prairies 

 
Results for summer 2019 were not available at the t ime this report was compiled. 

 
 

4.2 The influence of smog 

i. Number of smog days in Montréal 

Winter smog is caused by a high concentration of fine particles. These pollutants are kept at 
ground levels when there is no wind and temperatures change. In Québec, the main causes for 
smog are residential heating by wood, industrial activity and transportation.  
 
From 2009 to 2019, smog days in Montréal trended downward with some annual variations, 
depending on the weather (Figure 2). However, winter 2019-2020 saw an increase in smog 
days. The longest episode since 2013, i.e. four consecutive days, occurred from January 31 to 
February 3, 2020. During this episode, the very low wind and mild temperatures created 
stagnation, which meant that fine particles were trapped near ground level; this led to the 
creation of persistent smog. This major smog episode affected not only Montréal, but extended 
from the Outaouais region to the city of Québec. 
  

* 
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Figure 2: Evolution of smog days from the 2008-2009 to the 2019-2020 winter season (all 
RSQA stations) 

 
 

ii. Levoglucosan and fine particles at station 55 R ivière-des-Prairies 

Results show that levoglucosan concentrations are higher during winter smog episodes in 
comparison to the seasonal average. In fact, they were two to four times higher, depending on 
the year (Table 2). The presence of smog in Montréal also had a marked effect on fine particle 
concentrations. During smog episodes, they are approximately three times higher than the 
seasonal average (Table 2). Note that winter averages are based on 24-hour sample days that 
vary between 20 and 50 days per year while the annual averages during smog episodes are 
calculated on a very low number of sampling days (from 0 to 4 days). Note also that the records 
of 24-hour data for smog during the winter period in Table 2 do not represent the total number of 
smog days for that period. Since we are comparing the results for dates when levoglucosan was 
sampled, and this was done only every six days, it was impossible to capture all winter-period 
smog days. 
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Table 2: Levoglucosan concentrations (ng/m3) and fine particles (µg/m3). Winter averages 
and averages during smog episodes for the years between 2009 and 2019, as well 
as the amount of data on 24 hours on average (#) at station 55 Rivière-des-Prairies 

 
 Concentrations and 24-hour data numbers   
 Winter # Smog # Winter # Smog # 

 
Levoglucosan 

(ng/m3)   
Levoglucosan 

(ng/m3)   

PM2.5 
(µg/m3)   

PM2.5 
(µg/m3)   

 2009-2010 424.4 50 1816.2 4 10.0 50 28.9 4 
 2010-2011 259.1 20 827.8 1 11.1 20 45.8 1 
 2011-2012 255.9 48 627.4 4 10.3 48 29.2 4 
 2012-2013 260.0 45 1024,0 2 8.8 43 26.6 2 
 2013-2014 202.4 50 366.0 4 8.2 48 20.7 4 
 2014-2015 215.4 48 684.5 2 10.5 47 29.8 2 
 2015-2016 184.3 51 813.0 2 8.2 50 22.1 2 
 2016-2017 198.7 31 817.4 2 8,7 31 28.1 2 
 2017-2018 189.6 50 369.1 2 9.6 49 24.7 2 
 2018-2019 123.8 40 None 0 8.5 40 None 0 

 
As mentioned in the above point, average levoglucosan concentrations decreased a great deal 
during the last ten years. This is also the case for the averages during winter smog episodes, 
which went from 1816 ng/m3 (2009-2010) to 369 ng/m3 (2017-2018) (Figure 3). 
 
Figure 3: Evolution of levoglucosan concentrations (ng/m3). Winter averages and averages 

during winter smog episodes for the 2009-2010 to 2018-2019 seasons at 
station 55 Rivière-des-Prairies. 

 
*No levoglucosan sampling during any smog days in w inter 2018-2019 

 

* 



Impact of the wood-burning by-law FEBRUARY 2021 8 

The trend was also slightly downward from 2009 to 2019 for average winter concentrations for 
fine particles, but less evident for levoglucosan (Figure 4). Average results during smog 
episodes are quite variable, with a maximum of 45.8 µg/m3 in 2010-2011, with no significant 
downward trend during the later years. Average temperatures, intensity and duration of smog 
are probably factors influencing concentrations observed during the smog episodes studied. 
 
Figure 4: Evolution of PM2,5 fine particle concentrations (µg/m3). Winter averages and 

averages during winter smog episodes for the 2009-2010 to 2018-2019 seasons 
at station 55 Rivière-des-Prairies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
*No levoglucosan sampling during any smog days in w inter 2018-2019 

 

4.3 The influence of regulations 

Figure 5 shows the variation in levoglucosan as a function of regulations established by the 
Montréal municipal administration. In 2009, when levoglucosan concentrations were at their 
maximum (424.4 ng/m3), the city adopted its first by-law banning the installation of new solid-
fuel-burning devices, except for pellet appliances with EPA certification (By-law 09-012, evolving 
to By-law 11-018 in 2013). From 2010 to 2012, levoglucosan concentrations were around 
260 ng/m3 and hardly varied. Subsequently, with implementation of the Feu-vert replacement 
program, a small reduction in levoglucosan in 2013 (202.4 ng/m3) was observed. This program 
offered a financial incentive to residents of the Montréal agglomeration wishing to remove or 
replace their wood-burning stoves. It responded in part to requests from residents during public 
hearings held in Montréal in 2009 in preparation for adoption of the solid-fuel-burning equipment 
regulation. After a slight increase in 2014, the downward trend continued during the following 
years.  
 

 

 

* 



Impact of the wood-burning by-law FEBRUARY 2021 9 

In 2015, the by-law concerning solid-fuel-burning devices and fireplaces was adopted (By-
law 15-069). The prohibition on using wood-burning devices and fireplaces during smog warning 
episodes came into effect with the adoption of this by-law. In addition, owners of solid-fuel-
burning devices and fireplaces were required to notify the appropriate authorities, i.e. the 
Montréal administration. However, citizens were authorized to use solid fuel in their devices and 
fireplaces exceptionally, during an electrical power failure lasting more than three hours. Later, 
in October 2018, the prohibition against using appliances and fireplaces, unless they had 
received CSA/B415.1-10 or EPA certification confirming that they did not emit more than 2.5 g/h 
of fine particles into the atmosphere, came into effect. During that winter season (2018-2019), a 
35% decrease in levoglucosan concentrations in comparison to the previous year was 
observed. Concentrations went from 189.6 ng/m3 in 2017-2018 to 123.8 ng/m3 in 2018-2019 
(Figure 5). There is reason to conclude that implementation of phase 2 of By-law 15-069 had a 
dissuasive effect on citizens with regard to the use of wood for heating during the winter period. 
 
Figure 5: Evolution in levoglucosan concentrations (ng/m3) during the 2009-2019 winter 

seasons at station 55 Rivière-des-Prairies as a function of the by-law in effect 

 
 
 

 

 

New by-law - phase 1 
Prohibition against using solid-
fuel burning equipment during 

smog warnings (By-law 15-069) 

New by-law - phase 2  
Prohibition against using solid-fuel 
burning equipment not complying 

with 2.5 g/hr particle emission 
standard (By-law 15-069) 

Feu-vert 
replacement 

program 

First by-law banning the 
installation of any new solid-fuel 

burning device 
(By-law 09-012, evolving to By-

law 11-018 in 2013). 
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5. Additional results to come 

RSQA installed new continuous-measurement analyzers at station 55 to provide additional 
evaluation of the impact of the use of wood for heating in the district. 
 
First of all, a continuous-measurement analyzer for black carbon was added in 2017. Black 
carbon is produced from incomplete combustion of fossil fuels (petroleum, gasoline) and 
biomass, in this case smoke from wood burning. The results will be presented when sufficient 
amounts of winter-period data become available. 
 
Additionally, since October 2020, station 55 has an analyzer for ultrafine particles (PM0.1), which 
are particles with a diameter below 100 nm/0.1 µm. Despite their very small scale, their large 
specific surface area makes ultrafine particles potentially more hazardous than other particle 
size fractions.6. Their small scale facilitates absorption of toxic components and their transport 
to different regions of the body.  
 

6. Conclusion 

In summary, levoglucosan is an ideal marker for wood burning since its only source for ambient 
air is wood combustion. The reduction from 2009 to 2019 in winter concentrations of this 
compound seems to indicate a change in heating habits among Montrealers, which is related to 
the regulations implemented by the city. In addition, this trend is supported by observed small 
reductions in fine particles. Wood-burning has a significant effect on ambient air quality in the 
Rivière-des-Prairies district near station 55. While not all sampling stations are located such that 
they can measure the local situation as described in this document, the results obtained may be 
representative of other districts on the island of Montréal with the same density of wood-burning 
appliances. 
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6
 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6834185/ consulted on October 8, 2020. 
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