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Summary 
Sampling Program for Residential Wood Heating: 1999 to 2002 

 
A study conducted in 1998 by the Regroupement montréalais pour la qualité de l’air (RMQA) 
identified residential wood heating as one of the main sources of air pollution in the Greater 
Montreal area. Several medical studies indicate that wood combustion may have a negative 
impact on human health. 
 
During the winter of 1999, samples taken from a monitoring station located in Rivière-des-
Prairies showed that the concentrations of several pollutants were greater in this residential area 
than in downtown Montreal. Furthermore, a survey conducted in 2000 confirmed that this 
residential district, located northeast of Montreal, is among the sectors of the island where most 
homes are heated by wood as a primary or secondary heating system. 
 
The present study analyzes the results obtained between December 1998 and May 2002, by 
comparing values obtained in downtown Montreal with values measured in winter and summer 
in a residential area where residential wood combustion is popular. It also assesses the impact of 
residential wood combustion on the concentrations of various products found in the air, and 
includes an analysis of the influence of meteorological parameters. Polycyclic aromatic 
hydrocarbons (PAH), dioxins and furans (D/F), volatile organic compounds (VOC), fine 
particulate matter (PM2.5), and metals are among the pollutants measured in the course of the 
project. 
 
Meteorological parameters 
Meteorological conditions may play a significant role in pollutant concentrations present in 
ambient air. For instance, the wind can disperse pollutants emitted by local sources such as wood 
combustion. During winter evenings, when wind speed is above 15 km/h in the residential area, 
PM2.5 concentrations are generally below 5 µg/m3. However, concentrations can increase to  
60 µg/m3 when wind speeds are below 2 km/h. Calm winds allow for the accumulation of 
pollutants near local emissions.  
 
When weather conditions influence the variability of pollutant levels, this is a likely indication 
that the source of the pollutants is local. In a residential area characterized by residential wood 
combustion, meteorological conditions such as wind speed, relative humidity, temperature and 
air stability may explain up to 62% of the variability of particulate matter (PM2.5) concentrations 
measured in the evening. This suggests that in winter, the contribution of local sources to PM2.5 
concentrations is important in the residential area.  
 
Particulate matter 
In winter, daily concentrations of particulate matter (PM2.5) were 10% greater in the residential 
area (10.1 µg/m3) than in downtown Montreal, while no difference was noted in the summer. 
The mean seasonal concentrations of PM2.5 were the same downtown, irregardless of the season. 
 
When only the evening levels of PM2.5 are taken into account (from 6 p.m. to midnight), the 
difference between concentrations measured in the residential area (13.9 µg/m3) and in 
downtown Montreal (11.0 µg/m3) reached 26% in winter. Lastly, PM2.5 concentrations measured 
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in the residential district in winter were 57% greater than the concentrations measured on 
summer evenings. 
 
Another observation noted in the residential area is that PM2.5 concentrations are greater on 
winter weekend evenings. Hourly average concentrations reached 17.9 µg /m3, while they were 
only 14.6 µg /m3 during weekdays- which represents a difference of about 20%. No such 
discrepancy was noted in summer, either during the day or at night. 
 
Metals 
Among all the metals measured, potassium (K) measured in PM2.5 is recognized as a tracer for 
residential wood combustion. The concentrations of potassium measured in the residential sector 
in winter (0.13 µg/m3) were 150% greater than those measured at the same site in the summer, 
and 40% greater than those measured downtown in winter.  
 
A few tracers were evaluated to identify the potential sources of pollutants in the ambient air. 
Only the potassium to iron ratio (K/Fe) provided an indication of the presence of residential 
wood combustion. In the residential sector, this ratio was 200% higher in winter (3.6) than in 
summer, and 80% higher than in the downtown area in winter. 
 
Polycyclic aromatic hydrocarbons 
During the four winters, the mean daily concentration of polycyclic aromatic hydrocarbons 
(PAHs) measured in the area influenced by residential wood combustion was 74.6 ng/m3. This 
concentration is five times greater than the concentration measured in summer, and twice the 
concentration measured in the downtown area in winter. At the residential area, the highest 
monthly values occurred from November to February, reaching a peak in January. 
 
The seasonal variations were much more pronounced in the residential area than in downtown 
Montreal. This means that the sources of PAHs were present throughout the year in the 
downtown area, while in the residential area, an important source of PAHs was present only in 
winter. Motor vehicle traffic explains the relatively constant concentrations found in the 
downtown area, while wood combustion may explain the important fluctuations noted between 
winter and summer in the residential area. Benzo(a)pyrene (BaP) followed the same distribution 
pattern as the entire family of PAHs. 
 
PAHs were also measured using a continuous analyzer in the residential sector influenced by 
wood combustion. The hourly variation in PAH concentrations in winter show two peaks during 
the day: one around 8 to 9 a.m., and the second, which is three times higher, around 7 to 8 p.m. 
The highest mean hourly value (144 ng/m3) occurred during the evening on weekends in winter. 
This value was 30% higher than on weekday evenings in winter, and 10 times higher than during 
the evening in summer. 
 
Dioxins and furans 
Among the dioxins and furans (D/F) emitted during wood combustion, 17 compounds are of 
particular concern as regards to their impact on human health. Their concentrations are expressed 
in terms of toxicity equivalent (TEQ) as compared to the most toxic product of the group, that is 
2,3,7,8-TCDD. In the residential area, the mean concentration in toxicity equivalent was 2.5 
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times greater in winter (0.069 pg TEQ/m3) than in summer, and 1.7 times greater than in 
downtown Montreal in winter. 
 
On an annual basis, the mean concentration in 2001 was 0.049 pg TEQ/m3 in the residential area, 
and 0.031 pg TEQ/m3 in the downtown area. In both cases, the concentrations stood below the 
annual criteria established at 0.060 pg TEQ/m3 by the Ministère de l’Environnement du Québec. 
 
Volatile Organic Compounds 
Contrary to the winter of 1999, we did not find any significant differences in the concentrations 
of volatile organic compounds (VOCs) measured in the residential area and in downtown 
Montreal. However, the presence of certain VOCs at levels similar to those measured downtown 
is probably caused by wood combustion in the residential area, since motor vehicle traffic, also 
known as a source of VOCs, is not important in this sector. 
 
More specifically, nonpolar VOCs, such as alkanes, halogens and aromatics, do not follow 
seasonal trends, with the exception of the alkene/alkyne group. A few of the substances 
belonging to this family, such as 1,3-butadiene, ethylene and acetylene, were present in greater 
concentrations in winter than in summer. 
 
Excluding formaldehyde, total polar VOCs followed a seasonal trend by which concentrations 
were greater in winter than in summer in the residential area. However, the concentrations 
remained lower than those recorded at the downtown site. The same trend was noted for certain 
individual substances such as methyl ethyl ketone/butyraldehyde, acetaldehyde, acrolein and 
benzaldehyde.  
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List of abbreviations and acronyms 

 
BaP  Benzo(a)pyrene 
CEAEQ Centre d’expertise et d’analyse environnementale du Québec 
DL  Detection limit 
DRU Drummond Street monitoring station 
EC  Environment Canada 
EST  Eastern standard time 
ETC  Environmental Technology Centre 
HDD Heating degree-day 
Hivol  Modified high-volume sampler 
HPLC  High pressure liquid chromatography 
K/Fe  Potassium to iron ratio 
kt  Kilotonne (1,000 tonnes) 
n  Number of samples 
N.A.  Information not available 
NAPS  National Air Pollution Surveillance Network 
ng  Nanogram (10-9 gram) 
Ont.  Ontario Street monitoring station 
PAH  Polycyclic aromatic hydrocarbons 
PCDD  Polychlorodibenzodioxins 
PCDF  Polychlorodibenzofurans 
PM  Particulate matter 
PM10  Particles with an aerodynamic diameter of less than 10 µm 
PM2.5  Particles with an aerodynamic diameter of less than 2.5 µm  
  (often referred to as fine particles) 
PM2.5-10 Particles with an aerodynamic diameter of more than 2.5 µm and 

less than 10 µm 
RDP  Rivière-des-Prairies monitoring station 
RMQA Regroupement montréalais pour la qualité de l'air 
S1999  Summer season followed by the year. In this example, the data covers the period 

from May 1, 1999, to September 31, 1999. 
SAB  Sainte-Anne-de-Bellevue monitoring station 
TEOM  Tapered Element Oscillation Monitor (continuous sampler) 
TEQ  Toxicity equivalence (toxicity equivalence factor in relation to  

2,3,7,8-tetrachlorodibenzodioxin) 
2,3,7,8-TCDD 2,3,7,8-tetracholorodibenzodioxin 
USEPA U.S. Environmental Protection Agency 
µg  microgram (10-6 gram) 
µm  micrometer (10-6 meter) 
VOC  Volatile organic compounds 
W1999  Winter season followed by the year. In this example, the data covers the period 

from December 1, 1998, to March 31, 1999. 
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1.  Introduction 
 
1.1  Issue 
 
The report Sampling Program for Residential Wood Combustion: Winter of 1998-99, published 
in March 2000, provided results of the air polluant measurement activities conducted in the 
residential area of Rivière-des-Prairies (RDP), located in northeast Montreal. The RDP district 
was singled out because it comprised an important number of homes using individual wood 
heating devices, as well as low levels of motor vehicle and industrial emissions. The data 
obtained at RDP had been compared to those obtained at a reference site located in downtown 
Montreal. The study report indicated that the area influenced by wood combustion showed 
higher levels of pollutants, namely polycyclic aromatic hydrocarbons (PAHs), volatile organic 
compounds (VOCs), particulate matter (PM) and certain metals, than those found at the 
downtown reference station. Residential wood combustion had been identified as a source 
contributing to the deterioration of ambient air quality in the RDP area. 
 
A telephone survey on wood heating systems was then conducted in the region of Montreal 
(Labrèche et al., 2000). This study revealed that 12.5% of Montreal households burn wood inside 
their homes, and confirmed that the RDP area presents a high density of fireplaces and wood 
stoves. Among the homes located in Montreal-East and equipped with a fireplace or a wood 
stove, 55.6% of the respondents use their wood combustion system for leisure, roughly 35% use 
it as a secondary heating device, while 7.4% use it as their main heating system (Bonvalot et al., 
2001). For purposes of comparison, for the whole of the Island of Montreal, 3.0% of households 
use wood combustion as their main source of heat. 
 
A review of the documentation prepared by Brauer of the University of British Columbia in 1998 
indicated that wood combustion has an impact on the health of populations. Residential wood 
combustion contributes to the emission of various pollutants. Environment Canada’s Web site, 
the Criteria Air Contaminants Emission Summaries (Environment Canada, 2000), underlines that 
emissions from residential wood combustion represent an important source of pollutants in 
Québec (Table 1.1.1). When emissions from the industrial, transportation and residential heating 
sectors are combined, it is noted that wood heating is responsible for 49% of PM2.5 emissions and 
for 23% of VOC emissions. The comparison of emissions from residential wood combustion 
with emissions from residential heating using other types of combustible materials, such as oil or 
natural gas, reveals a considerable difference: PM2.5, carbon monoxide (CO) and VOC emissions 
are respectively about 135, 200 and 350 times higher. 
 
Several of the pollutants measured during this study are registered in the Toxic Substances List 
of the Canadian Environmental Protection Act (CEPA). In fact, the Canadian Council of 
Ministers of the Environment (CCME), deeming the situation rather disturbing, commissioned 
Environment Canada to develop measures aimed at reducing emissions from residential wood 
heating. 
 
The initial study report (Bonvalot et al., 2000) included several recommendations to obtain a 
better understanding of the wood combustion issue. It is on this basis that the City of Montreal, 
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Environment Canada and the Ministère de l’Environnement du Québec pursued the sampling 
program in order to better quantify the impact of residential wood heating. 
 
Table 1.1.1  Comparison of the atmospheric emissions (kt) of the main sectors of emissions 

in Québec in 2002 
Sector PM10 PM2.5 VOCs CO 2 NOx 3

Residential wood combustion 39.2 39.1 57.1 264.1 3.94 
Residential heating: other 
combustible materials 

0.33 0.29 0.16 1.33 4.59 

Industry 46.4 26.8 40.9 334.5 41.2 
Transport 16.1 14.1 149.9 1881.0 339.0 
Contribution to residential 
wood combustion (%)1

38.5% 48.9% 23.0% 10.7% 1.0% 

Note 1: Contribution of residential wood combustion with respect to to industry and transport. 
Note 2: Carbon monoxide  
Note 3: Nitrogen oxides  
 
 
1.2 Objectives 
 
The primary objective of the present report is to assess the environmental impact of wood 
heating in a residential area where this type of heating is popular. It also aims at addressing the 
recommendations of the study report on the Sampling Program for Residential Wood 
Combustion: Winter of 1998-99. The recommendations put forward were the following: 
 

• Pursue the collection of data on PAHs, PM2.5, PM10, polar and nonpolar VOCs and on 
elements such as metals, at the RDP station and the downtown reference site;  

• Determine the dioxin and furan concentrations at the RDP station; 
• Conduct an enhanced analysis of the meteorological parameters at the RDP station; 
• Determine the links between the weather conditions and the PAH and PM concentrations 

measured using the continuous sampler; 
• Clarify the impact of residential wood combustion by comparing ambient air values 

during the summer and winter seasons; 
• Verify the use of tracers specific to wood combustion. 
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2.  Materials and methods 
 
2.1  Sampling site 
 
The sampling program was conducted in the residential area of Rivière-des-Prairies (RDP), 
located in the northeast section of the City of Montreal. This site is mainly surrounded by single-
family homes or duplex housing units built 15 to 20 years ago, and presents a high density of 
wood heating systems (Labrèche et al., 2000). Furthermore, this site is only slightly influenced 
by motor vehicle traffic. Industrial emissions may influence this sector depending on the winds; 
however, the industrial facilities are relatively far from the sampling site and their emissions are 
present throughout the year, contrary to emissions from wood combustion which are present only 
during the winter. 
 
Three other sampling stations constitute reference stations. The main reference station is located 
on Ontario Street, close to Montreal’s downtown area, and is mostly influenced by motor vehicle 
traffic. The second, located on Drummond Street (DRU), is also influenced by motor vehicle 
traffic. The third reference station is located at Sainte-Anne-de-Bellevue (SAB), west of the 
Island of Montreal. This last station is representative of a semi-urban environment and is 
generally upstream of emissions from Montreal, since prevailing winds in the area blow mainly 
from the southwest and west. 
 
Figure 2.2.1 displays the location of the four sampling stations on the Island of Montreal, and 
figure 2.2.2 shows the location of the main station in RDP. The study report by Bonvalot et al. 
(2000) presents further information on the RDP site as well as on the annual and seasonal 
compass wind roses. 
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Figure 2.2.1 Location of sampling sites on the Island of Montreal. 
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Figure 2.2.2 Location of the main monitoring site at Rivière-des-Prairies. 
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2.2  Pollutants and parameters studied 
 
The pollutants measured in the framework of this sampling program are air pollutants linked to 
residential wood heating. These are polycyclic aromatic hydrocarbons (PAH), nonpolar volatile 
organic compounds (VOCs) such as alkanes, halogens and aromatics, polar VOCs such as 
aldehydes and ketones, and fine and coarse particles (PM2.5 and PM10), to which dioxins and 
furans were added in the winter of 2000. The instrumentation, methods of analysis, quality 
control measures and detection limits are described in detail in the study report of Bonvalot et al. 
(2000). However, table 2.2.1 summarizes some information and includes an update. 
 
Table 2.2.1  List of instruments used 
Measured 

parameters 
Instruments used Notes 

Continuous 
PAHs 

PAH Analyzer (4 L/min) Tracking of variations. Does not allow the analysis of 
PAH particles with a diameter of <1µm. 

PAHs 
(Hivol) 

High volume sampler and 
foam (700 L/min) 

Analyses conducted at the laboratory of the ETC in 
Ottawa and at the CEAEQ at Laval. Analysis of 28 
different PAHs. 

Dioxins and 
furans 

High volume sampler and 
foam (700 L/min) 

Analyses conducted at the laboratory of the ETC in 
Ottawa and at the CEAEQ at Laval. Ten homologous 
series including 210 compounds (75 dioxins and 135 
furans) of which 17 carcinogenic congeners were reported. 

Continuous 
PM2.5  

TEOM® with a Cyclone head 
(16.7 L/min) 

Tracking of variations. Only provides the total mass of PM 
with an aerodynamic diameter below 2.5 µm. 

PM2.5 and 
PM2.5-10

Dichotomous sampler (16.7 
L/min fine fraction and 1.67 
L/min coarse fraction) 

Analyses conducted at the laboratory of the ETC in 
Ottawa. Determines the total mass of particles (2.5 µm and 
10 µm) and their elements on filters. 

Nonpolar 
VOCs 

6-liter stainless steel Summa® 
container with Xontech® 

sampler 

Analyzed following the USEPA TO-17 method which can 
identify 155 alkanes, alkenes, alkynes, halogen and 
aromatic substances. 

Polar VOCs Aldehyde sampler (1L/min) Absorption on a DNPH tube. Analyses conducted at the 
laboratory of the City of Montreal following the USEPA 
TO-11 method. Analysis 16 aldehydes and ketones. 

Temperature 
and humidity 

HMP-35 sensor Measured at 2 different heights: 2 and 10 metres from the 
ground. 

Winds RM-Young anemometer Measures taken at an altitude of 10 metres. 
 
 
2.3  Sampling frequency 
 
Table 2.3.1 presents the sampling periods for the various pollutants measured at the RDP and 
Ontario Street stations. Except for pollutants measured using a continuous sampler, the sampling 
dates generally coincide with those of the National Air Pollution Surveillance (NAPS) network 
in operation every six days. For PAHs and dioxins and furans, the sampling conducted in 
summer was less intensive. These substances were sampled every 12 days or every 24 days, 
except for the winter of 2000 during which they were measured more frequently. 
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Table 2.3.1  Sampling frequency 
RDP Ontario Street Substances Duration 

Sampling period Number of 
samples 

Sampling period Number of 
samples 

Continuous 
PAHs 

Hourly 
mean 

Dec. 5, 1998 to 
Feb. 24, 2002 

(except Sept. 8 to 
Nov. 17, 1999, and 
May 4 to Nov. 30, 

2001) 

20,514 May 11, 2001 to 
Nov. 5, 2001 

4,173 

28 to 30 
PAHs 

(Hivol) 

24 h 
(midnight 

to 
midnight) 

Dec. 7, 1998 to 
May 8, 20021

118 Dec. 3, 1998 to 
May 20, 20022

101 

Fine and 
coarse PM  

and 47 
elements 

24 h every 
6 days 

(midnight 
to 

midnight) 

Dec. 7, 1998 to 
July 19, 2002 
(except Oct. 3, 

2000 to April 11, 
2001) 

161 Dec. 1, 1998 to 
Aug. 6, 2002 

213 

155 
nonpolar 

VOCs 

24 h every 
6 days 

(midnight 
to 

midnight) 

Dec. 14, 2000 to 
Dec. 28, 2002 

100 Dec. 14, 2000 to 
Dec. 28, 2002 

115 

16 polar 
VOCs 

 

24 h every 
6 days 

(midnight 
to 

midnight) 

Dec. 19, 1998 to 
Dec. 28, 2002 

218 Dec. 19, 1998 to 
Dec. 10, 2002 

212 

75 dioxins 
and 135 
furans 

24 h every 
6 days 

(midnight 
to 

midnight) 

Nov. 20, 1999 to 
May 21, 2002 

57 Nov. 20, 1999 to 
May 21, 2002 

52 

Drummond Street 
station: 3 
December 1, 1998 
to June 15, 2001 
August 30, 2001 to  
March 31, 2002 

26,632 Continuous
PM2.5

Hourly 
mean  

December 4, 1998 
to May 21, 1999 
 
July 22, 1999 to 
September 6, 1999 
 
October 14, 1999 
to May 9, 2000 
 
December 13, 2000 
to March 31, 2002 

21,229 

Sainte-Anne-de-
Bellevue station: 
December 1, 1998 
to June 13, 2001 
August 6, 2001 to  
March 31, 2002 

27,266 

1. The sampling frequency varied, depending on the seasons, as follows: W1999: every 6 days; S1999, S2000 and 
S2001: every 12 to 24 days; W2000: every 3 to 6 days; W2001 and W2002: every 12 days. 

2. The sampling frequency varied, depending on the seasons, as follows: W1999: every 6 to 12 days; S1999: every 
12 days; W2000: every 6 days; S2000 to W2002: every 12 days. 

3. Continuous PM2.5 samplers were available at the DRU and SAB monitoring stations, and not on Ontario Street. 
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2.4  Statistical analysis 
 
The contaminated samples and the results obtained when sampling and laboratory apparatus 
were defective have been eliminated from the databases for statistical processing. However, the 
extreme values have been retained in the databases. When the analyses based on wind direction 
are taken into account, extreme values may sometimes originate from local sources under 
nonprevailing winds, hence the importance of retaining them. 
 
Certain data obtained during the sampling day on January 1, 2000, showed very high levels. It is 
likely that the fireworks that took place on that date to celebrate the new millennium contributed 
to an increase in air pollutant concentrations (Perry, 1999). Data for this date, which was not 
representative of the other days, was withdrawn from the database for the statistical analysis of 
24-hour samples of PAHs and of PM and its elements. 
 
For PAHs and dioxins/furans collected using the modified high-volume sampler, the values 
below the detection threshold were replaced by the detection limit over 2 ratio (DL/2).  
 
One of the objectives of this project is to assess the impact of residential wood combustion which 
occurs most often in winter. The seasonal comparison of data was conducted by grouping the 
winter values, and grouping the summer values. The data used for the winter season were 
comprised between December 1 and March 31 of the following year, while the summer season 
included data from May 1 to September 30. For purposes of simplification, the abbreviation 
W1999 was used to refer to the winter, beginning, for example, on December 1, 1998, and 
ending on March 31, 1999, while the abbreviation S1999 was used to indicate the summer, 
beginning on May 1, 1999, and ending on September 31, 1999. 
 
As a general rule, discussion on the results obtained was based on comparing the medians so as 
to minimize the impact of extreme values on the values indicative of the environment. The 
medians allow comparing data that are not normally distributed, and better reflect the state of the 
environment. It is important to note that the exposure of the population to pollutants is generally 
expressed by the comparison of arithmetic mean values. In order to allow interested parties to 
conduct these comparisons, we have added the arithmetic mean values and medians to the tables 
and figures.  
 
The statistical comparison of the means was conducted using the F-Test (ANOVA) analysis 
when the data distribution was normal. When the data distribution was not normal, the variables 
were subjected to a logarithmic conversion. The Kruskal-Wallis test was also used to compare 
the medians when the data did not follow normal distribution patterns. 
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3.  Analysis of data and results 
 
3.1  Seasonal representativity of the sampling program at Rivière-des-Prairies 
 
The sampling program for residential wood combustion in Rivière-des-Prairies (RDP) began in 
the winter of 1999 and ended in the winter of 2002, a period comprising four consecutive 
winters. The sampling program also covered the summers of 1999, 2000 and 2001. A 
climatological analysis was conducted to determine if the winters of 1999 to 2002 were 
representative of the winter conditions in this area during the period of the study. The RDP 
station being in operation only since December 1998, it can not be used as a climatological 
reference. The meteorological station located at the Dorval airport, where 28 years of data have 
been collected (1970 à 1997), was used as a reference. In order to validate this choice, hourly 
temperatures obtained at RDP and Dorval were compared. The study reveals a strong correlation 
(r = 0.98) of the temperatures at both stations with a mean deviation of -0.2oC. 
 
3.1.1  Temperature  
 
One way of characterizing the climatology of the seasons consists in studying the variation of 
mean daily temperatures. The mean daily temperature is obtained by calculating the mean of the 
maximum and minimum temperatures in a day. 
 

)1.1.3.(
2

minmax eq
TT

etemperaturaverageDaily
+

=

 
Winter seasons 
The winter of 1999 was rather mild with a mean seasonal temperature of -4.3oC, compared to 
-7.1oC for the years 1970 to 1997 (fig. 3.1.1), that is a mean temperature 2.8oC above the 
climatology. December 1998 and February 1999 were the months that differed the most from the 
normal climate values with mean temperatures that were higher by 4.9oC and 3.7oC respectively. 
The winter of 2000 was also mild with a deviation of +2.3oC for the season. The month of March 
2000 was particularly mild with a variation of +4oC as compared to the climatology. However, it 
was the winter of 2002 that was the most remote from seasonal values with a variation of +4.2oC. 
The month of December 2001 was particularly mild with a mean temperature close to zero, 
representing a variation of 6.6 oC with normal climate values. Thus, the winters of the study 
period were warmer than the climatology, except for the winter of 2001 during which levels were 
close to the normal seasonal values. 
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Figure 3.1.1  Mean monthly temperature from December to March at RDP 
 
 
Summer seasons 
The sampling program also covered three summers (fig. 3.1.2). The summer of 1999 was the 
warmest with temperatures rising 2.4oC above normal climate values, a difference of 14%. All 
the months of the summer of 1999 registered mean monthly temperatures that were above 
normal climate values. The summer of 2001 was also warm, with a variation of 1.8oC or 10% 
above seasonal values, except for the month of July during which temperatures were slightly 
below normal seasonal values. Lastly, the summer of 2000 was close to seasonal values. 
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Figure 3.1.2  Mean monthly temperature from May to September at RDP 
 
 
3.1.2  Heating degree-days  
 
Another way of characterizing the winter season is to use the concept of heating degree-days 
(HDD) which allows the assessment of residential heating needs. When the outdoor temperature 
is below 18oC, the inside of a building must be heated to maintain a pleasant temperature. A 
HDD is accrued for each degree below 18oC. HDDs are calculated by substracting the mean 
daily temperature from 18oC. When the mean daily temperature is above 18oC, no HDDs are 
taken into account. 
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The heating degree-days (fig. 3.1.3) show results that are similar to those obtained through the 
analysis of daily temperatures. During the winters of 1999, 2000 and 2002, the heating degree-
days were respectively 11%, 9% and 17% lower when compared to normal climate levels 
registered from 1970 to 1997. The most important differences in heating degree-days occurred in 
the months of December, with deviations attaining 25% for the year 2001. The winter of 2002 
was without doubt the mildest winter of the sampling program period, both in terms of mean 
temperature and of heating degree-days. 
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Figure 3.1.3 Heating degree-days per month from December to March at RDP 
 
Table 3.1.1 shows out for each winter the deviations from normal climatic daily temperatures, as 
well as the deviations from normal heating degree-days. The winters of 1999, 2000 and 2002 
were warmer than normal, particularly the winter of 2002 with a mean temperature that was 
4.2oC higher than normal. The same phenomenon was observed as regards to the heating degree-
days. The winters of 1999, 2000 and 2002 showed deviations from normal levels ranging from -9 
to -17%, which translated into an equivalent reduction in heating needs in comparison to normal 
levels. The winter of 2001 was more representative of a normal winter with a deviation of only 
2% in heating degree-days. 
 
Table 3.1.1   Deviations with respect to climatology (1970-1997) 

Deviations with respect to climatology  
Season Daily temperature Heating degree-days 

Winter 1999    2.8oC  -11% 
Winter 2000   2.3oC -9% 
Winter 2001 -0.5oC   2% 
Winter 2002   4.2oC  -17% 

 11



 

3.1.3  Total precipitation  
 
The total amounts of precipitation, in liquid or solid form (expressed in millimetres), were 
investigated (table 3.1.2). As a general rule, the total amounts of precipitation were slightly 
higher (15%) than normal climatic levels during the winters of 1999, 2000 and 2001. However, 
strong variability was found in the amounts of precipitation from month to month. The winter of 
2002 was drier than normal, particularly the month of January 2002. Amounts of precipitation 
registered during the summers of 1999 and 2000 were similar to seasonal values. Once again, 
strong variability was noted from month to month, particularly in the months of May and 
September, with variations attaining as much as 114% for the month of September 1999. The 
summer of 2001 was the driest of the three summers, with a very dry month of July presenting 
only 33mm of rain, compared to a normal level of 90mm, a variation of 63% below seasonal 
values. 
 
Table 3.1.2 Total monthly and seasonal amounts of precipitation measured at Dorval Airport 

in snow water equivalent 
 Total amounts of precipitation in winter (mm) 

Season December January February March Season (winter) 
Winter 1999 55 148 44 84 332 
Winter 2000 73 96 73 70 312 
Winter 2001 121 48 74 110 354 
Winter 2002 54 37 41 81 212 
Climatology  
(1970-1997) 

 
82 

 
70 

 
60 

 
72 

 
285 

 
 Total amounts of precipitation in summer (mm) 

Season May June July August September Season 
(summer) 

Summer 1999 44 89 74 67 195 468 
Summer 2000 133 78 48 103 66 426 
Summer 2001 70 76 33 63 67 309 
Climatology 
(1970-1997) 

 
75 

 
84 

 
90 

 
94 

 
91 

 
435 

 
 
3.1.4  Compass wind rose 
 
Figure 3.1.4 represents the compass wind rose at RDP for the period from December to March 
inclusively, based on 16 compass points for four consecutive winters. Two prevailing wind 
directions were noted: the wind from the northeast which occurred 15.3% of the time at an 
average speed of 10.2 km/h; and the wind from the west-southwest which occurred 21.0% of the 
time at an average speed of 12.3 km/h. Calm winds (<1 km/h) occurred only 0.8% of the time, 
while wind speeds of 1 to 10 km/h were registered 58.2% of the time. Winds at speeds above 20 
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km/h occurred 5.7% of the time. The frequency of wind direction noted at RDP was compared to 
that in the region of Montreal. Though slightly different, the distribution of the frequency of 
wind direction at RDP is representative of the Montreal area. 
 

Figure 3.1.4   Compass wind rose observed in winter (1999 to 2002) at RDP (n=11469)  
 
Summary 
Three out of the four winters had mean temperatures that were significantly higher, roughly 3 oC, 
than seasonal values. The analysis of the heating degree-days for these three winters shows a 
mean deviation approximately 12% below seasonal values. For the precipitations, three out of 
the four winters had total amounts of precipitation that were roughly 15% higher than the 
climatology. 
 
Thus, the winter sampling program was conducted in relatively mild temperatures. Assuming 
that the heating degree-days are representative of the use of wood heating systems, it can be 
expected that wood heating activities were less important during the project. Among the four 
winters, the winter of 2001 is the most likely to reflect a normal usage of wood heating systems. 
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3.2  Continuous analysis of fine particulate matter (PM2.5) 
 
According to the Criteria Air Contaminant Emissions Inventory (Environment Canada, 2000), 
residential wood combustion is an important source of particles measuring less than 2.5 µm in 
diameter. We therefore paid particular attention to fine particulate matter. In order to emphasize 
the characteristics specific to a residential area influenced by wood heating systems, we will 
compare the concentrations of PM2.5 measured at RDP with those of other types of 
environments. The Drummond Street station (DRU) is representative of an urban environment, 
while the Sainte-Anne-de-Bellevue station (SAB) is more representative of a semi-urban 
environment. 
 
3.2.1  Continuous analysis of PM2.5
 
Table 3.2.1 shows that the difference in concentrations was more important between stations 
during the winter. In winter, the mean daily concentration at the RDP station was considerably 
greater, exceeding the DRU station by 9.8% (p < 0.01) and the SAB station by 36.5%. When 
comparing winter to summer, the values were 1.1 µg/m3 (p < 0.06) higher in winter at RDP. On 
the other hand, there was no statistical difference between daily concentrations at the RDP and 
DRU stations in summer. The difference in concentrations measured in winter at the DRU and 
RDP stations may indicate the contribution of an additional source of PM2.5 at RDP. 
 
As to the SAB station, the opposite was noted since the mean daily concentration was greater in 
summer (p < 0.01). Given that the SAB station is located in a semi-urban environment, farming 
activities close to the station may have contributed in part to the PM2.5 measured in summer.  
 
Taking only the concentrations of PM2.5 measured between 6 p.m. and midnight into account 
(fig. 3.2.1), the concentration in winter at RDP (13.9 µg/m3) was 2.9 µg/m3 or 26.4% (p<0.01) 
greater in comparison to the DRU station (11.0 µg/m3), and 5.9 µg/m3 or 74.6% greater in 
comparison to the SAB station. In addition, the PM2.5 concentrations measured at RDP in the 
winter were 5.0 µg/m3 or 56.9% greater than those measured during the summer evenings. There 
were no seasonal deviations in PM2.5 concentrations measured in the evening at the SAB or DRU 
stations. 
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Table 3.2.1 Seasonal variation of PM2.5 (µg/m3) concentrations at different sampling stations 
 Rivière-des-

Prairies 
Drummond Sainte-Anne-de-

Bellevue 
 Winter Summer Winter Summer Winter Summer
Number of days 464 223 476 368 477 387 
Frequency of detection  96% 49% 98% 80% 98% 84% 
Arithmetic mean 10.1 9.1 9.2 9.1 7.3 8.4 
Geometric mean  7.9 6.5 7.9 7.1 5.6 6.4 
Standard deviation  7.4 6.9 5.2 6.4 5.5 6.4 
Minimum 0.6 0.1 1.1 0.2 0.2 0.1 
10th percentile 3.0 1.9 4.1 2.9 2.0 2.1 
Median 8.0 6.9 7.8 7.5 5.8 7.1 
90th percentile  20.0 19.6 16.6 18.3 14.8 15.8 
Maximum  52.2 32.9 39.5 36.3 33.2 41.2 
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Figure 3.2.1 Daily and evening means (from 6 p.m. to midnight) of PM2.5 in Montreal 
according to the season 

 
Figure 3.2.2 presents the monthly variations of PM2.5 in winter, from December to March (4 
months), and in summer, from May to September (5 months). January and February were the 
months with the greatest PM2.5 concentrations at the RDP station, with values of 12.0 µg/m3 in 
January and 12.4 µg/m3 in February. It was also during these two months that the differences in 
concentrations between the three stations were most evident. At the DRU station, the months of 
January (9.8 µg/m3) and February (11.1 µg/m3) showed high concentrations of PM2.5, as did the 
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months of August (10.8 µg/m3) and September (10.1 µg/m3). The DRU station, located 
downtown, is the station that registered the greatest concentrations of PM2.5 for the months of 
August and September. Lastly, the SAB station was the station with the lowest concentrations of 
PM2.5 irregardless of the month. In conclusion, the maximum levels occurred mainly in January 
and February, the two coldest months of the year, at the RDP station. 
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Figure 3.2.2 Monthly means of PM2.5 in Montreal 
 
If part of the PM2.5 measured in RDP was attributable to the use of wood heating systems, it was 
important then to verify any discrepancy between weekdays (Monday to Friday) and the 
weekends (Saturday and Sunday). Assuming that people are more available on the weekend, we 
could expect a more frequent usage of wood heating systems during this period. Figure 3.2.3 
indicates that in winter, only the RDP station showed a significant difference (p < 0.05) between 
concentrations measured on weekdays (9.7 µg/m3) and weekends (11.3 µg/m3). An increase of 
16.5% in PM2.5 concentrations was found during the weekend in comparison to levels measured 
on weekdays. In summer, the PM2.5 concentrations measured on weekdays were significantly 
greater than those registered during the weekends at the DRU and SAB stations. However, in 
summer at the RDP station, there was no significant difference (p> 0.05) between weekdays and 
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weekends. It is likely that the DRU station is more influenced by vehicle emissions, and that the 
SAB station is influenced by farming activities in summer. 
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An analysis of hourly behaviour of PM2.5 allowed identifying the time of day when 
concentrations were highest. Figure 3.2.4 presents the hourly variation of the PM2.5 
concentrations measured at three sampling stations during the winter. First, it was found that the 
PM2.5 concentrations dropped in similar fashion at the three stations during the night to reach 
their lowest concentrations between 5 and 7 a.m. The concentrations then increased rapidly to 
attain a relative maximum level around 9 a.m. This maximum level may be linked to the break in 
nocturnal inversion caused by the sunrise, and to rush hour traffic. In the case of the SAB and 
RDP stations, the concentrations began to drop at 10 a.m. to rise once again around 4 p.m. This 
drop in concentrations may have been due to the increase in wind speeds during the day. For the 
DRU station, located downtown, motor vehicle traffic and urban activities were probably 
sufficiently important to maintain a relative consistency in PM2.5 concentrations during the day. 
Beginning at 4 p.m., which corresponds to the beginning of sundown during the winter, the wind 
speeds diminished considerably with the stabilization of the atmosphere. PM2.5 concentrations 
rose to attain a maximum around 9 p.m. (fig. 3.2.4). During the evening, the maximum 
difference between the SAB station and the DRU station was 3.7 µg/m3, and 3.2 µg/m3 between 
the DRU and RDP stations. Using the SAB station as a reference, the maximum peak in RDP 

Winter Summer  
igure 3.2.3 Daily means of PM  at different sF
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represented a difference of 6.9 µg/m3 or an increase of 84% in comparison to the SAB station. 
The high concentrations of PM2.5 found in RDP were due mainly to the high levels registered 
during the evening between 6 p.m. and midnight.  
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entrations in the evening 
etween 6 p.m. and midnight (figure 3.2.4). These evening increases were even more significant 

 on 

nd 8 a.m. (EDT) (figure 3.2.5). The hourly difference in maximum 
orning levels measured in summer (7 a.m. EST) and in winter (9 a.m. EST) were due to the sun 

rising earlier in summer, and to the change to eastern daylight-saving time (EDT) in summer. 

 
Figure 3.2.4 Hourly variation of PM2.5 concentrations at different sampling stations in win

(December to March), from 1999 to 2002 (n = 464) 
 
The results of the preceding analyses show that the PM2.5 concentrations were greater in winter 
at RDP than at any other monitoring station in the Montreal area. The high concentrations of 
PM2.5 found at RDP were due mainly to increases in PM2.5 conc
b
on weekends during the winter. Figure 3.2.5 shows that on weekends, the PM2.5 concentrations 
measured in the evening reached 17.9 µg/m3, while the concentrations were only 14.6 µg/m3

weekdays, which represents a difference of 3.3 µg/m3 or 20%. 
 
In summer, the maximum PM2.5 concentrations in RDP were measured on weekdays during the 
morning rush hour arou
m
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There was no significant difference in hourly behaviour between weekdays and weekends d
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Figure 3.2.5 Hourly variation of PM2.5 concentrations at RDP according to season and 

weekday (n = 464) 
 
 
3.2.2  Heating degree-days 
 
The heating degree-days represent an estimate of residential heating needs. These needs may be 
addressed in part through the use of wood combustion systems. Table 3.2.2 underlines the fact 
that the higher the number of heating degree-days required during a winter, the higher the 
correlation coefficient between the heating degree-days and the daily PM2.5 concentrations 
(µg/m3). The correlation coefficient was 0.24 for the winter of 2001 (the coldest), while it was 
insignificant for the winter of 2002. This relation suggests that the higher the number of heating 
degree-days required during a winter, the higher the PM2.5 concentrations at RDP, and the greater 
the probability that wood combustion systems contribute to the PM2.5 concentrations measured at 
RDP. Since the use of wood combustion systems requires human intervention, we will focus our 
analysis on the period during which people are most likely to be present to use wood combustion 
to heat their homes, more specifically during the evenings between 6 p.m. and midnight.  
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Table 3.2.2 Pearson’s correlation coefficients between the heating degree-days and the 
PM2.5 concentrations (µg/m3) at RDP for two periods of the day 

Pearson’s correlation coefficients Winter Heating 
degree-day (oC) 

PM2.5 
(µg/m3) Day  

(average over 24 hours) 
Evening  

(average from 6 p.m. to 
midnight) 

1999 2698.7 HDD 9.7 0.14 0.15 
2000 2765.2 HDD 11.0 0.17 0.19 
2001 3089.5 HDD 11.5 0.24 0.25 
2002 2527.0 HDD 8.6 insignificant insignificant 

 
 
Figure 3.2.6 shows the relation between the heating degree-days and the mean value of PM2.5 
measured at RDP in the evening between 6 p.m. and midnight for the winter of 2001. Strong 
variability was noted in the range of data collected, with a variation coefficient of 21.3% for the 
heating degree-days and of 90.8% for the PM2.5. This important variability indicates that the 
number of heating degree-days is not the main factor influencing the PM2.5 concentrations. 
However, the relation is significant (p<0.01) despite a low correlation coefficient of 0.25. 
According to figure 3.2.6, when the number of heating degree-days passed from 15 to 35oC, the 
mean concentrations of PM2.5 measured in the evening rose from 8.1 µg/m3 to 20.1 µg/m3, which 
represents an increase of 148% in PM2.5 concentrations. Furthermore, figure 3.2.6 underlines that 
PM2.5 values above 50 µg/m3 were measured only when the heating degree-days were above 
23oC. 
 
The existence of a positive relation between heating degree-days and PM2.5 concentrations 
implies that part of the variability of the PM2.5 concentrations may be explained (R2 = 0.06) by 
the use of wood combustion. Thus, for the winter of 2001, the variation in the number of heating 
degree-days explains 6.2% of the variation in PM2.5 concentrations. This percentage may at first 
seem very low, but we must remember that among the households equipped with residential 
wood combustion systems in Montreal-East, a mere 7.4% use wood combustion as the main 
source of heating, while 55.6% use it for leisure (Labrèche et al., 2000). 
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Figure 3.2.6 Variation in PM2.5 concentrations (average between 6 p.m. and midnight) 

measured at RDP in relation to the number of heating degree-days.  
Winter 2001 (n = 109)  

 
 
3.2.3  Continuous measurement of PM2.5 in relation to the wind 
 
Wind direction 
The wind allows air pollutants to travel far from their sources. When the distance between the 
sources and the sampling site is less than about 10 kilometres, the distance is considered on a 
local scale (mesoscale). The time scale taken into account is then a few hours. It is generally 
assumed that on a local scale, the pollutant plume is transported with moderate winds that remain 
relatively constant in terms of speed and direction. The wind noted at 10 metres above ground 
may then be used as a good estimator to determine the origin of pollutants on a mesoscale.   
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Figure 3.2.7 Mean hourly concentrations of PM2.5 according to wind direction at Rivière-des-

Prairies (from December to March inclusively; four winters) 
 
Figure 3.2.7 illustrates the mean concentrations of PM2.5 based on wind direction. The numerical 
value that appears at the end of every bar represents the number of data available used to 
calculate the mean hourly concentration. The highest concentrations of PM2.5 occurred when the 
winds were calm (less than 1 km/h) with a mean value of 29.2 µg/m3. However, calm winds 
occurred only 0.7% of the time, that is 74 hours during the four winters studied. The second 
highest concentration of PM2.5 occurred when the winds blew east-southeast with a value of 19.1 
µg/m3. When the winds blew from the southeast, the concentration of PM2.5 was 17.7 µg/m3. The 
east-southeast and southeast winds stemmed from the residential area of RDP influenced by 
wood combustion. However, the winds blew from these directions less than 1.6% of the time. It 
was noted that when the wind blew from the south-southeast (from another residential area and 
from the Island of Montreal), the PM2.5 concentration reached 16.0 µg/m3 (3.1% of the time). 
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The lowest mean concentrations occurred when the winds blew from the less densely populated 
northwest quadrant (5.5 to 7.4 µg/m3). 
 
Wind speed 
Surface wind speed is one of the most important elements in the pollutant dispersion process 
occurring in the lower atmosphere. An increase in wind speed implies an increase in the volume 
of air in which the pollutants can disperse. Calm winds reduce ventilation in the boundary layer 
and allow the pollutants to accumulate. Furthermore, wind speed influences the vertical stability 
of the air mass. Strong winds promote vertical mix by mechanical turbulence. For most of the 
pollutants emitted on a local scale, a reduction in concentrations is noted with a rise in wind 
speed, since the pollutants emitted close to the ground are better dispersed.  
 
In table 3.2.3., the relation between wind speed and PM2.5 concentrations measured at RDP is 
analysed on the basis of three time frames: hourly, daily (average over 24 hours) and mean 
values in the evening (between 6 p.m. and midnight). 
 
 
Table 3.2.3   Pearson’s correlation coefficients between wind speed (km/h) and PM2.5 

concentrations (µg/m3) measured at RDP 
 Pearson’s correlation coefficients 
 Hourly 

 
Daily  

(average over 24 
hours) 

Evening  
(average between 6 p.m. and 

midnight) 
Winter 1999 -0.44 -0.49 -0.57 
Winter 2000 -0.53 -0.68 -0.69 
Winter 2001 -0.51 -0.68 -0.66 
Winter 2002 -0.48 -0.63 -0.67 

Winter season -0.49 -0.61 -0.63 
Summer 1999 -0.35 -0.35 -0.32 
Summer 2000 - - - - - - - - - 
Summer 2001 0.13 0.13 insignificant 

Summer season insignificant insignificant insignificant 
 
In winter, the relationship between wind speed and PM2.5 concentrations is always negative. This 
means that PM2.5 concentrations increase when wind speed diminishes. Taking all winters into 
account, the winter hourly correlation coefficients varied between -0.44 and -0.53 for a 
coefficient of -0.49. The daily correlation coefficients (mean concentration over 24 hours) 
constantly exceeded hourly correlations by roughly 25%. This result is explained by the fact that 
PM2.5 concentrations rose markedly in the evening while the wind speed diminished rapidly. This 
result is shown in figure 3.2.8 which illustrates the hourly relation between wind speed and PM2.5 
concentrations. The wind speed gradually increased as the sun rose around 6 a.m. to reach a 
maximum value during the afternoon. The wind speed then rapidly diminished as the sun set 
around 5 p.m. and reached its minimum value at the end of the night. Figure 3.2.8 also shows 

 23



 

that the hourly correlations between wind speed and PM2.5 concentrations were strongest in the 
evening between 6 p.m. and midnight. The correlation between the mean wind speed in the 
evening and the mean concentrations for the same period varied from -0.57 and -0.69 (table 
3.2.5), for a coefficient of -0.63 for the four winters taken into account.  
 
For the summer season (table 3.2.3), the relation between wind speed and PM2.5 concentrations is 
not as clear. During the summer of 1999, the hourly and daily correlation coefficient was -0.35. 
However, only 67 days of data are available for the summer of 1999, which represents 43.8% of 
the summer. As for the summer of 2000, only 8 days of sampling data are available. Only the 
summer of 2001 is complete with 149 days of data out of a total of 153 days. During the summer 
of 2001, the hourly and daily correlation coefficient was 0.13. In other words, the PM2.5 
concentrations grew with the increase in wind speed. This result is explained by the fact that in 
summer, strong winds pick up dust particles from the ground. The correlation between the mean 
wind speed in the evening and the mean concentrations of PM2.5 for the same period was not 
significant. As a general rule, no significant correlation was found between wind speed and 
PM2.5 concentrations in summer. 
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Figure 3.2.8 Hourly variation of PM2.5 concentrations (µg/m3) and wind speed (km/h) as well 
as Pearson’s correlation coefficient in winter (n = 464)  

 
Figure 3.2.9 shows the dependence of PM2.5 concentrations on mean wind speeds measured at 
RDP in winter between 6 p.m. and midnight. When the mean wind speed changed from 20 km/h 
to 2 km/h, the mean concentration of PM2.5 increased from 4 µg/m3 to almost 50 µg/m3.  As 
expected, the ventilation rate of the air mass above the sampling station influenced the PM2.5 
concentrations. When the wind speed dropped below 4 km/h, the mean PM2.5 concentration 
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always exceeded 14 µg/m3. Conversely, when the wind speed exceeded 18 km/h, the PM2.5 
concentration always dropped below 10 µg/m3. The dependence between wind speed and PM2.5 
concentrations tends to demonstrate that local conditions as regards to air mass stagnation above 
the sampling site influence the PM2.5 concentrations. Low wind speeds reduce the dispersion 
capacity of pollutants present in the ambient air. An increase in PM2.5 concentrations when the 
winds are calm also indicates that the source of PM2.5 may be local. 
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Figure 3.2.9 Variation of PM2.5 concentrations on the basis of mean wind speed in the 
evening at RDP in winter (n = 464)  

 
 
3.2.4  Dispersion index 
 
One of the factors that influence the concentrations of PM2.5 in the RDP district is atmospheric 
dispersion. Atmospheric dispersion represents the capacity of the atmosphere to dilute pollutants 
in a given air parcel. The greater the available air parcel, the more the pollutants will be 
dispersed throughout it. Conversely, the smaller the air parcel, the more the pollutants remain 
concentrated. The available air parcel is influenced by both wind speed and the height at which 
the pollutant can mix into the atmosphere. Furthermore, the concentration of pollutants in the 
lower atmosphere also depends on air mass stability, atmospheric turbulence and temperature. 
 
All these meteorological factors were brought together to develop an atmospheric dispersion 
index that varies on a scale of zero to 10. A zero dispersion index indicates a nil atmospheric 
dispersion, while a dispersion index of 10 represents maximum dispersion. Figure 3.2.10 
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illustrates the variation of the dispersion index, developed on the basis of the above-mentioned 
meteorological factors, according to the PM2.5 concentrations measured in the evening at RDP in 
winter. In the case of concentrations exceeding 50 µg/m3, the dispersion index is always below 6. 
Conversely, when concentrations are below 10 µg/m3, the dispersion index is always above 6. 
Meteorological conditions favorable to atmospheric dispersion may in themselves explain up to 
62% of the variability of PM2.5 concentrations measured in the evening at the RDP station in 
winter. 
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Figure 3.2.10 Variation of PM2.5 measured in the evening on the basis of the dispersion index 

(winter 1999 to winter 2002; n=464)  
 
In Appendix 1, the PM2.5 concentrations are also compared with other meteorological parameters 
such as mixing height, vertical stability and precipitation. 
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Summary 
The results of previous analyses underline that PM2.5 concentrations were greater in winter at 
RDP than at any other monitoring station in the Montreal area. The high concentrations of PM2.5 
found at RDP were mainly due to increases in PM2.5 during the evening, between 6 p.m. and 
midnight. These increases measured in the evening were even more important on weekends 
during the winter. The PM2.5 concentrations measured in the evening reached 17.9 µg/m3 during 
the weekends, while they stood at only 14.6 µg/m3 on weekdays, which represents a difference 
of 20%. 
 
Meteorological conditions influence pollutants present in the ambient air. For example, the wind 
disperses pollutants emitted by local sources such as wood combustion. In the evening, when the 
wind speed exceeded 15 km/h at RDP, the concentrations of PM2.5 were generally below 5 
µg/m3. However, they could increase to over 60 µg/m3 when the wind speed diminished to less 
than 2 km/h. Calm winds allow pollutants to accumulate around the sources of emissions. 
 
Meteorological conditions favorable to atmospheric dispersion may in themselves explain up to 
62% of the variability of PM2.5 concentrations measured in the evening at the RDP station in 
winter. 
 

 27



 

 
3.3  Particulate matter measured with the dichotomous analyzer 
 
3.3.1  Particulate matter (PM)  
 
The dichotomous sampler separates the fine fraction, that is the particles measuring less than 2.5 
µm in diameter (PM2.5), from the coarse fraction, the particles with a diameter between 2.5 and 
10 µm (PM2.5-10). 
 
Table 3.3.1 presents a synthesis of the statistics on particles sampled at the RDP and Ontario 
Street stations. The median levels of PM2.5 doubled from summer to winter at the RDP station, 
while the PM2.5-10 showed a slight drop. Figure 3.3.1 presents the median data of fine and coarse 
fractions by season at the two stations. Greater variability is noted in the PM2.5 concentrations 
measured at RDP where winter values were higher than summer concentrations, while 
concentrations of coarse particles remained relatively stable. Statistically, the median values of 
the coarse particle fraction at RDP were similar, except for the winter of 2002 when the median 
value was lower. At the Ontario Street station, no seasonal trend was apparent in the 
concentrations of the coarse particle fraction. 
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Figure 3.3.1 Seasonal variation of PM2.5 and PM2.5-10 (median) 
 
Figure 3.3.2 illustrates the seasonal variation of PM2.5. At RDP, the median value in the winter of 
2002 stood at 13.7 µg/m3, while the median was just below 11,9 µg/m3 at the Ontario Street 
station. At RDP, the median values for the winters were statistically higher (p < 0.05) than those 
recorded for the summers, the exception being the summer of 2001, contrary to Ontario Street, 
where the median values were statistically similar, except for the last two seasons. With the 
exception of the summer of 2002, important seasonal variability was noted for the 90th 
percentiles at RDP where the winter values exceeded the summer values. 
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Figure .3 3 .2 5 Seasonal variation of PM2.
 at the RDP and Ontario Street stations 

Figure 3.3.3 shows the variation of the monthly median values of fine particulate matter. In 
January, the median value was at its peak at both the RDP (18.2 µg/m3) and Ontario Street (14.4 
µg/m3) stations. Until April at RDP, the medians diminished rapidly and stabilized until 
September to finally increase until December. A similar curve was noted at the Ontario Street 
station, but the values for December and January were approximately 25% lower, while summer 
values were slightly higher. 
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Figure 3.3.3 Monthly variation of PM2.5 (median) 
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Table 3.3.1 Synthesis of results for PM measured over 24 hours at the RDP and Ontario Street stations (µg/m3) 

Station 
Particle 

size Period1 n Mean 
Geometric 

mean 
Standard 
deviation Min. 

10th 
percent. Median 

90th 
percent. Max. 

    Total 163 12.59 9.40 10.16 0.14 3.65 9.33 25.74 57.77 
          PM2.5 Winter 76 16.29 12.95 9.94 0.14 5.57 14.60 30.00 54.25
    Summer 62 8.90 6.75 8.96 0.32 3.27 7.09 14.04 57.77 
    Total 163 7.49 5.77 5.24 0.07 2.40 6.31 14.30 29.54 
RDP          PM2.5-10 Winter 76 7.48 45.33 6.09 0.07 2.00 5.61 16.65 29.54
    Summer 62 7.52 6.21 4.41 0.17 3.47 6.78 12.63 29.49 
    Total 163 20.08 16.32 12.71 0.21 7.62 16.54 36.22 66.41 
          PM10 Winter 76 23.77 19.64 13.12 0.21 9.71 21.99 44.04 64.67
    Summer 62 16.42 13.52 10.91 0.49 7.01 14.36 25.78 66.41 
    Total 213 11.41 9.11 8.77 1.54 3.78 8.66 22.31 63.06 
          PM2.5 Winter 77 14.03 11.56 9.39 2.69 5.02 11.41 25.06 60.54
    Summer 97 10.31 8.00 8.99 1.54 3.38 7.64 21.55 63.06 
Ontario           Total 213 8.38 6.70 5.98 0.13 3.08 6.86 14.56 56.32
Street PM2.5-10 Winter         77 8.78 6.48 8.24 0.56 2.83 6.05 16.80 56.32
    Summer 97 8.37 6.90 4.34 0.13 3.79 8.06 13.51 27.47 
    Total 213 19.79 16.72 12.35 1.79 8.16 16.68 33.21 89.88 
          PM10 Winter 77 22.80 19.26 14.55 3.25 9.27 20.13 34.57 89.88
    Summer 97 18.68 15.65 11.49 1.79 7.57 16.07 33.60 73.00 

   1 :  “Total” refers to the entire sampling period from December 7, 1998, to July 19, 2002. 
“Winter” refers to all the winters between 1999 to 2002. 
“Summer” refers to all the summers between 1999 to 2002.  
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3.3.2  Comparison of methods: dichotomous sampler and TEOM 
 
Two devices were used to measure particulate matter. This section aims to compare the 
data obtained using these two sampling methods. The dichotomous sampler draws 
samples from the ambient air for 24 hours on a preweighed filter submitted to a given 
airflow. The filter is then withdrawn and weighed at the laboratory to measure the mass 
of particle deposits. The TEOM (Tapered Element Oscillating Microbalance) is a device 
that ensures the continuous measurement of particles. The device draws samples from the 
ambient air through a port that is heated to rid it of humidity, and is then directed into a 
filter cell leading to a tube with a tapered end. The tube naturally oscillates and as the 
particles accumulate on the cell, the tube’s oscillation frequency diminishes. The quantity 
of particles is calculated using the corresponding changes in frequency. 
 
The comparison of data was conducted on the basis of common sampling days (121 
days). The 24-hour arithmetic mean (midnight to midnight) was calculated for the TEOM 
samples. The relation between the two sampling methods is linear and is expressed for 
the whole of the data as follows: 
 

TEOM = 0.61 Dichot + 0.55 (eq.  3.3.1) 
 
The determination factor (R2) is 0.77. The mean for the PM2.5 fraction samples collected 
using the dichotomous sampler was 14.06 µg/m3, compared to 9.17 µg/m3 for the TEOM, 
that is 65.2% of the value measured with the dichotomous sampler. As mentioned in the 
initial study report (Bonvalot et al., 2000), this discrepancy between the two methods is 
documented in scientific literature by Moore and Barthelmie (1995) who suggest that part 
of the PM2.5 fraction is lost due to volatilization when the TEOM heats the ambient air in 
the inlet port in winter. To illustrate this point, figures 3.3.4 and 3.3.5 compare the data 
obtained using the two sampling methods for the winter and summer seasons. Notice that 
the slopes of the regression lines obtained during the winters of 1999, 2000 and 2002 are 
less pronounced than those obtained in the summers of 1999 and 2001. This suggests that 
the TEOM device underestimates PM2.5 concentrations in winter. The volatilization of 
particles at the entrance to the TEOM device may explain this reduction. On the other 
hand, the factors of determination are higher in winter than in summer. Since the values 
are lower in RDP in summer, the devices may be less accurate as the PM2.5 
concentrations approach the limit of detection. 
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3.4  Elements measured with the dichotomous analyzer 
 
3.4.1  Elements 
 
Using the dichotomous sampler, 47 elements were analyzed in the fine and coarse 
particle fractions. The elements, as well as their contributions, are listed in table 3.4.1. 
The most important elements, in terms of their contribution, are, in descending order: 
sulphur, silicon, potassium, calcium, and iron. These five elements contribute for 76% of 
the elements measured at RDP. 

Figure 3.3.5 Relation between the PM2.5: TEOM vs dich

 
S
The PM2.5 concentrations measured with the dichotomous sampler at the RDP statio
were greater in winter than in summer, as well as in winter at the Ontario Street station.
The highest monthly mean occurred at RDP in January. The comparison of the two 
sampling methods reveals that the TEOM sampler underestimates the concentrations 
obtained in winter. 
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Mean contributionTable 3.4.1  (%) of elements measured in the fine and coarse 

le fract
Element D i i

partic ions 
R P Ontar o Street Element RDP Ontar o Street 

 PM2.5 P P (cont’d) P 0 P 0M2.5-10 PM2.5 M2.5-10 PM2.5 M2.5-1 PM2.5 M2.5-1

S 45.54 4.74 52.56 2.80 Br 0.15 0.00 0.17 0.00 
Si 11.12 18.24 7.04 17.14 Sn 0.14 0.05 0.24 0.06 
K 7.46 4.16 6.46 4.15 Ni 0.12 0.04 0.23 0.06 
Ca 6.66 34.36 6.84 34.85 Ga 0.11 0.05 0.23 0.09 
Fe 4.91 9.17 5.57 10.96 As 0.10 0.01 0.08 0.01 
Al 3.82 4.97 2.59 4.75 I 0.10 0.04 0.12 0.06 
Na 3.48 7.37 4.12 7.16 Sb 0.09 0.05 0.12 0.08 
P 3.17 1.73 3.22 0.91 Cr 0.07 0.04 0.10 0.11 
Cl 3.04 8.27 1.13 10.19 Se 0.04 0.01 0.09 0.01 
Mg 2.03 1.61 0.94 1.06 Te 0.04 0.03 0.05 0.05 
Zn 1.43 0.49 1.60 0.58 Cd 0.03 0.01 0.06 0.04 
W 1.05 0.49 0.79 0.56 Hg 0.03 0.01 0.02 0.01 
Ti 1.03 1.67 0.52 1.08 Sr 0.02 0.09 0.02 0.11 
Cu 0.86 0.39 0.93 0.50 Mo 0.02 0.01 0.02 0.01 
Mn 0.55 0.32 0.70 0.35 Ag 0.02 0.02 0.02 0.02 
Pb 0.40 0.07 0.41 0.13 Zr 0.01 0.02 0.02 0.03 
Nd 0.37 0.28 0.57 0.35 Pd 0.01 0.00 0.01 0.00 
Ba 0.35 0.26 0.46 0.41 In 0.01 0.01 0.04 0.02 
Pr 0.34 0.16 0.45 0.18 Co 0.01 0.02 0.01 0.01 
Ce 0.32 0.17 0.35 0.41 Ge 0.01 0.00 0.00 0.00 
La 0.32 0.17 0.39 0.29 Rb 0.01 0.00 0.00 0.00 
V 0.23 0.13 0.40 0.13 Y 0.00 0.00 0.00 0.00 
Sc 0.20 0.11 0.20 0.20 Nb 0.00 0.00 0.00 0.00 
Cs 0.18 0.12 0.14 0.08 Total 100% 100% 100% 100% 

 
Figure 3.4.1 illustrates the seasonal variation in total elements measured in the PM2.5 as 
well as a few selected individual elements for the RDP station and the reference station 
on Ontario Street. At RDP, for the years 1999 and 2000, the total elements were higher in
the winter than in the summer. Inopportunely, the data is missing for the winter of 200
The mean value for the winter of 2002 was lower than the preceding and subsequent 
summer values. Potassium (K) and cadmium (Cd) were the only elements whose winter 
means were higher that the summer means during the four years of sampling activity. At 
RDP, the winter values for potassium were statistically higher (p < 0.05) than the summer 
values, except for the winter of 2002 in relation to the summer of 2001. For cadmium,
summer values were close to the detection limit. The distribution patterns of the four 
other elements presented, namely iron (Fe), lead (Pb), vanadiu

 
1. 

 the 

m (V) and nickel (Ni), 
ere similar to the distribution patterns of the total elements. 
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Figure 3.4.1 Seasonal variation of total elements, of potassium (K), iron (Fe), lead 

(Pb), vanadium (V), nickel (Ni) and cadmium (Cd) present in PM2.5 at 
the RDP and Ontario Street stations (mean) 

 
3.4.2 Potassium to iron ratio (K/Fe) as an indicator 
 
As mentioned by Bonvalot et al. (2000), the potassium measured in PM2.5 is known as a 
tracer indicating the presence of wood combustion. The mean concentration of potassium 
in winter at RDP was 0.132 µg/m3, which was roughly 150% greater than the mean 
summer concentration (table 3.4.2). In winter, it was also 40% greater than at the Ontario 
Street station. Lastly, this concentration was 80% greater than the mean concentration 
found in the coarse particle fraction (MP2.5-10) in winter. 
 
Table 3.4.2 presents the concentrations of iron which were relatively constant as regards 
to both stations and both seasons. The presence of iron in the particles probably stems 
from the earth’s crust. During the winter at RDP, the K/Fe ratio in fine particulate matter 
was 3.6, and was roughly 200% higher than in summer and 80% higher than at the 
Ontario Street station in winter. A higher ratio in particulate matter is characteristic of a 
possible source of wood combustion. In addition, a study of the determination 
coefficients (R2) between concentrations of potassium and iron underlines a lower 
correlation for fine particles than for coarse particles. This observation indicates that the 
sources of these two elements differ more strongly in winter at RDP. 
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Table 3.4.2 Concentrations, ratios and determination factors for potassium and iron 
measured in particulate matter at the RDP and Ontario Street stations 

Station:   RDP   Ontario Street 
Period1: Total Winter Summer Total Winter Summer 

  
  
 PM n: 133 55 54 162 58 73 
 K (µg/m3) 0.091 0.132 0.054 0.072 0.093 0.055 
PM2.5  Fe (µg/m3) 0.062 0.064 0.061 0.064 0.066 0.057 
  K/Fe 2.26 3.58 1.15 1.55 1.95 1.30 
  R2   2 0.245 0.385 0.266 0.303 0.570 0.095 
 K (µg/m3) 0.087 0.073 0.101 0.096 0.083 0.107 
PM2.5-10  Fe (µg/m3) 0.203 0.203 0.201 0.254 0.246 0.263 
  K/Fe 0.46 0.39 0.55 0.38 0.33 0.42 
  R2 0.726 0.780 0.745 0.885 0.922 0.848 

     1 :  “Total” means the complete sampling period between December 7, 1998, and July 19, 2002.  
     2 :  R2 = determination coefficient 
 
We can also adjust the concentration of K to take into account the natural contribution of 
potassium in street dust. According to authors Lewis et al. (1988), this adjustment is 
possible by subtracting a proportion representative of city dust from the potassium found 
in the coarse particle fraction. The equation is as follows:  
 

[K’] =  [KPM2.5]  -  ([K MP2.5-10]/[Fe MP2.5-10]) * [Fe MP2.5]      (eq. 3.4.1) 
 
The element concentrations in the fine particle fraction were recorded for each sample, 
while the ratio of element concentrations in the coarse particle fraction was obtained for 
the period of the study and represents the mean ratio of street dust. Table 3.4.3 presents 
the K’/Fe ratios as well as the determination coefficients calculated for each season. It is 
noted that the K’/Fe ratios were higher at RDP in winter than in summer, and were also 
higher than at the Ontario Street station in winter. The mean winter ratio was 3.23 at RDP 
and 1.66 at the Ontario Street station. In winter, the determination coefficient (R2) at the 
RDP station dropped to 0.21 and was lower than at the Ontario Street station. This could 
indicate that the origin of potassium and iron differ all the more at RDP than at the 
Ontario Street station. 
 
Figure 3.4.2 presents the seasonal variations of the K/Fe and K’/Fe ratios. It is noted that 
the ratios were higher in winter than in summer, with significant differences (p < 0.05) 
between the winter and summer values recorded at the RDP station. Following the 
subtraction of the potassium fraction of street dust, the significant differences were 
emphasized between the K’/Fe ratios and the K/Fe ratios. 
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Table 3.4.3 K’/Fe ratios and determination coefficients calculated at the RDP and 
Ontario Street stations 

RDP  Ontario Street  Station 
  Season K'/Fe R2 K'/Fe R2

W1999 4.42 0.20 1.82 0.13 
S1999 0.73 0.02 0.72 0.25 
W2000 2.56 0.15 2.05 0.11 
S2000 0.43 0.53 1.38 0.09 
W2001 N.D. N.D. 1.68 0.40 
S2001 0.53 0.33 0.39 0.00 
W2002 2.72 0.29 1.08 0.56 
S2002 0.81 0.06 0.81 0.01 

Winter mean 3.23 0.21 1.66 0.30 
Summer mean 0.63 0.23 0.82 0.09 
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Figure 3.4.2 Seasonal variation of the potassium to iron (K/Fe) and K’/Fe ratios at the 

RDP and Ontario Street stations (mean) 
 
Summary 
The mean concentration of potassium (K) in winter at RDP was 0.132 µg/m3, and was 
roughly 150% greater than the mean concentration in summer. In winter, it was also 40% 
greater than at the Ontario Street station. During the winter at RDP, the K/Fe ratio in the 
fine particulate matter reached 3.6, and was roughly 200% higher than in summer and 
80% higher than at the Ontario Street station in winter. A higher ratio in the fine particles 
is characteristic of a possible source of wood combustion. 

N.A.
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3.5  Polycyclic aromatic hydrocarbons (PAHs) 
 
3.5.1  24-hour modified high-volume sampler  
 
Twenty-eight PAHs were analysed. Sampling was more frequent during the winters and 
less intense in the summers. 
 
In the winter of 2002, the median concentration of PAHs measured at the RDP station 
reached 37.0 ng/m3, while 28.9 ng/m3 was measured in the winter of 2001. The median 
values measured during the winters of 1999 and 2000 were higher, that is respectively 
71.5 and 66.9 ng/m3. However, the 90th percentile values dropped by half beginning in 
the winter of 2000 and until the winter of 2002 (see figure 3.5.1 and table 3.5.1).   
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Figure 3.5.1 Seasonal variation of PAH concentrations at the RDP and Ontario Street 
stations 

 
 
At the RDP station, the median values in winter were clearly higher than the summer 
values. The seasonal discrepancies were statistically significant (p < 0.05), with the 
exception of the summer of 1999, when compared to the winters of 2001 and 2002. 
 
At the Ontario Street station, the median values in winter were somewhat higher than the 
summer values, but the differences were not statistically significant. For the winter of 
2002, an important increase in the median was noted as it rose to 45.5 ng/m3. 
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Table 3.5.1 Synthesis of results for total PAHs measured over 24 hours from the winter 
of 1999 to the winter of 2002 at the RDP and Ontario Street stations (ng/m3) 

 
Station  Season n Mean 

Geometric 
mean 

Standard 
deviation Minimum Median Maximum

  W1999 21 76.83 61.63 46.06 10.01 71.50 184.08 
  S1999 7 15.70 14.03 7.32 5.27 14.97 27.53 
 W2000 28 84.81 67.14 70.85 28.44 62.78 338.31 
 S2000 11 17.45 14.86 10.63 5.20 12.14 39.16 

RDP   W2001 10 58.43 37.98 65.32 11.70 28.85 211.42 
  S2001 11 12.30 10.55 7.26 4.12 9.57 27.51 
 W2002 8 53.43 41.61 46.36 20.04 37.02 159.01 
Winter mean 67 74.62 56.70 60.38 10.01 56.35 338.31 

Summer mean 29 15.07 12.87 8.72 4.12 12.14 39.16 
  W1999 15 43.68 37.88 23.06 14.18 40.68 89.44 
  S1999 10 32.16 29.74 11.05 9.42 34.09 45.61 
 W2000 12 33.59 30.61 13.65 10.51 34.86 56.62 

 Ontario S2000 10 22.05 20.09 10.18 11.38 19.01 42.00 
Street W2001 11 27.13 22.94 18.20 9.11 21.93 73.77 

  S2001 12 21.22 18.52 11.63 8.08 20.71 49.20 
 W2002 8 50.56 43.81 29.50 20.03 45.45 105.19 
Winter mean 46 38.29 32.60 22.20 9.11 34.77 105.19 

Summer mean 32 24.90 22.03 11.76 8.08 25.17 49.20 
 
The comparison of all the results show that except for the winter of 2002, the winter 
medians at RDP were higher than those recorded at the Ontario Street station, but only 
the values recorded during the winter of 2000 differ significantly (p < 0.05). The opposite 
was noted in the summer, as the medians at RDP were roughly half the medians recorded 
at the Ontario Street station. However, the differences were insignificant (except for the 
summer of 1999). Figure 3.5.1 clearly illustrates the discrepancies in the seasonal 
distribution of PAH concentrations between both stations [10th, 50th (median) and 90th 
percentile]. A study of the 90th percentiles at the RDP station in winter showed that the 
seasonal variation was much greater at the RDP station than on Ontario Street. This 
indicates that the source or sources of PAHs were present all year in downtown Montreal, 
while an important source of PAHs was found only in winter at RDP. In summer, the 
importance of vehicle traffic explains the greater variability noted downtown in 
comparison to the residential area where few sources of PAHs are present. 
 
On the whole, the mean of PAHs measured at RDP during the four winters is 74.6 ng/m3 
(table 3.5.1). This concentration is five times higher than the mean measured at the site in 
summer, and twice as high as that measured at the Ontario Street station in winter. 
 
Among all the substances measured in the winter, phenanthrene was the most present and 
constituted almost 30% of the total PAHs (table 3.5.2). Four other PAHs, namely 
fluoranthene, fluorene, pyrene and acenaphthylene, were found in important proportions 
at both stations. In summer, phenanthrene represented half of the PAHs measured in the 
air, thereby diminishing the importance of the majority of the other substances. A few 
substances such as fluoranthene and pyrene remained present in similar proportions 
throughout the year. 
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Table 3.5.2 Seasonal variation of the contribution of different PAHs (%) to the total 

PAHs measured at the RDP and Ontario Street stations 
Station  RDP   Ontario St. 
Period 

Substance 
Total1 Winters 

1999 to 2002
Summers 
1999 to 

2001 

Total Winters 
1999 to 2002 

Summers 
1999 to 

2001 
Acenaphtylene 7.8 10.3 1.6 5.8 8.0 1.6 
Acenaphtene 2.8 2.8 2.4 3.3 3.7 2.1 
Fluorene 10.1 10.2 8.7 10.4 11.4 7.7 
2-Methyl-fluorene 3.2 2.4 4.5 3.3 3.3 3.2 
Phenanthrene 34.9 29.8 48.5 38.6 30.5 52.2 
Anthracene 2.9 3.2 2.0 2.6 2.3 2.8 
Fluoranthene 10.8 10.6 12.1 10.7 10.6 11.7 
Pyrene 7.7 8.0 7.2 4.4 3.8 4.8 
Retene 0.6 0.3 1.1 3.5 4.5 2.6 
Benzo(a)fluorene 0.8 0.9 0.5 0.6 0.7 0.4 
Benzo(b)fluorene 0.4 0.5 0.2 0.3 0.4 0.2 
1-Methyl-pyrene 0.5 0.6 0.4 0.4 0.4 0.3 
Benzo(g,h,i)fluoranthene 1.3 1.6 0.6 1.0 1.3 0.6 
Benz(a)anthracene 1.3 1.8 0.4 1.0 1.3 0.5 
Chrysene 2.6 2.9 1.9 2.4 2.9 1.7 
Triphenylene 0.7 0.7 0.7 0.7 0.8 0.5 
7-Me-Benz(a)anthracene 0.03 0.02 0.04 0.02 0.02 0.02 
Benzo(b)fluoranthene 3.9 4.4 2.8 3.6 4.6 2.5 
Benzo(k)fluoranthene 1.0 1.1 0.6 0.9 1.2 0.5 
Benzo(e)pyrene 1.9 2.1 1.4 1.9 2.5 1.4 
Benzo(a)pyrene 1.2 1.5 0.3 0.9 1.2 0.4 
Perylene 0.2 0.2 0.1 0.1 0.2 0.05 
3-Methyl-cholanthrene 0.04 0.02 0.07 0.03 0.03 0.03 
Indeno(1,2,3-cd)pyrene 1.5 1.7 0.8 1.3 1.6 0.8 
Dibenz(a,c)&(a,h)anthracene 0.2 0.2 0.1 0.2 0.2 0.1 
Benzo(b)chrysene 0.1 0.1 0.1 0.1 0.1 0.05 
Benzo(g,h,i)perylene 1.6 1.8 1.0 1.7 2.1 1.1 
Anthanthrene 0.2 0.2 0.1 0.1 0.2 0.1 
Total contribution  100% 100% 100% 100% 100% 100% 
1. “Total” period represents the total sampling period from December 7, 1998, to May 8, 2002. 
 
 
3.5.2  Benzo(a)pyrene and the Québec standard 
 
For benzo(a)pyrene or BaP, the results obtained are presented in figure 3.5.2 and table 
3.5.3. In winter, the medians were twice as high at RDP than at the Ontario Street station, 
except for the winter of 2002 when the values measured were close to 0.33 ng/m3 and 
0.26 ng/m3 respectively. The values of BaP measured at both stations in the winters of 
1999 and 2000 dropped by about half compared tothe winters of 2001 and 2002. 
 
At RDP, the median values of BaP were 10 to 30 times higher in winter than in summer, 
while they were 3 to 8 times higher at the Ontario Street station. The discrepancies were 
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statistically significant (p < 0.05) at RDP. However, in summer, the BaP concentrations 
measured at RDP were lower than those measured at the Ontario Street station. The 
heightened sensitivity of BaP to photodegradation in summer compared to winter 
(Germain et al., 1993) may explain why the winter-summer discrepancy was greater in 
regards to BaP than for the other PAHs. 
 
As mentioned in the report by Bonvalot et al. (2000), the deviation of PAHs and BaP 
from seasonal values varies more importantly in environments influenced by wood 
combustion than in those influenced by vehicle emissions. 
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Figure 3.5.2 Seasonal variation of BaP concentrations measured at the RDP and 

Ontario Street stations (median) 
 
Table 3.5.3  Seasonal synthesis of results for BaP measured over 24 hours, winter of 

1999 to winter of 2002, at the RDP and Ontario Street stations (ng/m3) 

Station Season n Mean 
Geometric 

mean 
Stand. 
deviat. Minimum Median Maximum

  W1999 21 1.20 0.63 1.11 0.00 0.94 4.53 
  S1999 7 0.04 0.03 0.03 0.01 0.04 0.11 
  W2000 28 1.84 1.12 2.16 0.11 1.09 10.01 

RDP S2000 11 0.06 0.04 0.05 0.01 0.04 0.16 
  W2001 10 1.15 0.49 1.75 0.04 0.43 5.54 
  S2001 11 0.02 0.02 0.02 0.01 0.01 0.05 
  W2002 8 0.75 0.41 1.06 0.08 0.33 3.31 
  W1999 15 0.62 0.45 0.52 0.07 0.40 1.89 
  S1999 10 0.09 0.07 0.05 0.01 0.09 0.18 

Ontario W2000 12 0.43 0.33 0.29 0.07 0.44 0.95 
Street S2000 10 0.08 0.06 0.08 0.02 0.05 0.29 

  W2001 11 0.33 0.20 0.35 0.04 0.20 1.17 
  S2001 12 0.10 0.07 0.10 0.01 0.07 0.38 
  W2002 8 0.56 0.34 0.55 0.07 0.26 1.52 
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We also verified if the mean concentration of BaP respected the annual criteria of 0.9 
ng/m3 established by the Ministère de l’Environnement du Québec (see figure 3.5.3 and 
table 3.5.4). At RDP, the annual means reached 0.96 ng/m3 in 1999 and 1.32 ng/m3 in 
2000. However, these values were not significantly higher (p < 0.05) than the criteria. In 
2001, an important drop in the mean concentration of BaP was noted as it stood at 0.37 
ng/m3. At the Ontario Street station, the annual mean values were between 0.20 ng/m3 
and 0.32 ng/m3, meeting the provincial criteria. 
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Table 3.5.4 Annual synthesis o

over 24 hours at the RDP and Ontario Street stations (ng/m ) 
Station   RDP   Ontario Street 

Year 1999 2000 2001 1999 2000 2001 
n 35 42 28 29 27 27 

Mean 0.96 1.32 0.37 0.32 0.27 0.20 
Geom. mean 0.31 0.43 0.09 0.18 0.15 0.12 
Stand. dev. 1.17 1.96 1.03 0.42 0.27 0.23 
Minimum 0.00 0.01 0.01 0.01 0.02 0.01 

10th percentile 0.02 0.03 0.01 0.06 0.04 0.04 
Median 0.51 0.54 0.06 0.17 0.17 0.14 

90th percentile 2.58 3.32 0.48 0.63 0.67 0.40 
Maximum 4.53 10.01 5.54 1.89 0.95 1.17 

 
 
3.5.3  Continuous PAH analyzer 
 
The continuous PAH analyzer allows the verification of hourly, daily, weekly, monthly 
nd seasonal variations in PAH concentrations at RDP. In summer, a low correlation was 

noted between the data from the continuous analyzer and the data obtained with the 
modified high-volume sampler (Hivol), as the concentrations stood at the limits of the 

a
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measuring device’s analytic method. The continuous analyzer was therefore moved to the 
Ontario Street station for the summer of 2001. 
 
We calibrated the continuous analyzer by comparing the data obtained with the data 
provided by the modified high-volume sampler for the days covered by the National Air 
Pollution Surveillance (NAPS) network. We calculated the results by taking the daily 
means into account on one hand, and the hourly means on the other hand. For each 
season, the data obtained using the continuous analyzer were adjusted while taking into 
account the correlation calculated with the modified high-volume sampler. The process 
was applied for the whole of the data available for each individual season. Figure 3.5.4 
presents the correlation of the data for three seasons. 
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Figure 3.5.4 Correlation between the results obtained with the continuous analyzer 
and the Hivol sa

 

mpler at RDP 

e 
n the 

values. The seasonal variations recorded with the continuous analyzer (figure 
3.5.5) were similar to those registered with the samples taken every six days using the 
high-volume sampler (figure 3.5.1). Only the winter and summer of 2000 differed 
statistically (p < 0.05) from the others, while the medians were lower than those recorded 
with the high-volume sampler. 
 
The monthly variation is shown in figure 3.5.6 with the weekday/weekend discrepancies. 
The data originates from the monthly means of all the values available from December 
1998 to February 2002. The winter monthly mean values were roughly 6 to 7 times 
higher than those obtained in summer. The figure also shows that the values measured 

 
We also verified if there were any discrepancies between the statistical values calculated 
for the sampling days of the NAPS network and the whole of the results obtained with th
continuous analyzer. We did not find any significant discrepancies (p < 0.05) betwee
mean or median values calculated on the basis of the results or on the basis of the sole 
sampling days of the National Air Pollution Surveillance Network. However, the 
calculation based solely on the network’s days caused a lack of certain minimum and 
maximum 
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Figure 3.5.5 Seasonal variation of PAHs measured with the continuous analyzer at 
RDP (24-hour mean) 
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Figure 3.5.6 Monthly variation of PAHs (weekday vs weekend) at RDP  
 
Figure 3.5.7 presents the daily variation of PAH concentrations in winter and summe
winter, the weekend values were roughly 30% higher tha

r. In 
n the values recorded during the 

3week. The maximum mean reached 78 ng/m  on Sundays. In summer, the weekend 
values were approximately 20% lower than the values obtained during the work week. 
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Figure 3.5.7 Daily variation of PAH concentrations (summer vs winter) at RDP 
 
Figure 3.5.8 shows the hourly mean variation of the PAHs for the four winters sampled at 
the RDP station. In winter, the PAH concentrations measured during weekdays began to 
rise at 6 a.m., diminished starting at 8 a.m., stabilized between 11 a.m. and 4 p.m., and 
increased once again to reach a peak around 8 p.m. In the evening, we noticed that the 
means and medians were higher on Monday and Wednesday evenings, in comparison to 
the three other days of the work week (not included in figure 3.5.8). On Saturday 
mornings, the increase occurred two hours later than during the work week, and PAH 
concentrations remained relatively stable until 3 p.m. when they increased to reach a 
maximum of 158 ng/m3 around 8 p.m. These behaviour patterns are similar to those 
observed in the winter of 1999 (Bonvalot et al., 2000). On Sunday, the PAH 

 early in the morning and followed a distribution curve similar 

s m nd three 
mes more during the evening than in the afternoon, both on weekdays and weekends. 

The highest hourly values occurred during the evening on weekends and these were 
roughly 30% higher than the evenings during the week. 
 
Figure 3.5.9 presents the summer hourly variations measured at RDP in 1999 and 2000, 
as well as at the Ontario Street station in 2001. As in winter, two peaks were noted in the 
morning and the evening, with a few differences. At RDP in summer, the hourly 
variations resemble those noted in winter, but the PAH concentrations were 
approximately three to five times lower than in winter. The morning peak was stronger in 
summer (in terms of percentage) than in winter, while the evening peak was roughly 10 
times lower and occurred later in summer than in winter. 
 

concentrations were high
to that noted on Saturdays. As to the period of the day between 11 a.m. and 3 p.m., there 

any PAHs in the air during the weekend than during the week, awere twice a
ti
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During the summer work week, the two distribution patterns at the RDP and Ontario 
Street stations were relatively similar, with a morning peak occurring between 5 a.m. and 
11 a.m., and a second weaker peak beginning in the evening around 6 p.m. The PAH 
concentrations measured at RDP were half the concentrations measured at the Ontario 

treet station during the week, with a peak of 23 ng/m3 in the morning at RDP. We can 
resume that the sources of PAHs are similar at both stations and stem from road 

ribution patterns are different during the weekends. At the Ontario 
treet station, the PAH concentrations remained stable during the day and reached a peak 

 by the 

p between PAHs and wind direction 

 

ns were 
 128 ng/m3. The winds blew from these 

irections only 3.1% of the time. 

 shown in figure 3.1.4, the speed of winds from the east to south-east sector 
as below that of the wind from the northeast or the west to southwest sectors. For the 
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S
around 9 p.m. At RDP, on Saturdays, a slight peak was observed around 6 a.m. to 9 a.m., 
followed by a reduction in the afternoons and an important increase beginning around 6 
p.m. to reach a maximum of 26 ng/m3 at midnight. This increase may be explained
use of BBQs, gas-powered lawnmowers or outdoor fires. On Sundays, the PAH 
concentration diminished throughout the day before increasing to attain a maximum 
around 10 p.m. 
 
3.5.4  Relationshi
 
Figure 3.5.10 shows the mean concentration of PAHs based on wind direction. The 
numerical value at the end of each bar represents the number of data available to 
calculate the mean concentration. The highest PAH concentrations were measured in 
calm winds with a mean value of 191 ng/m3. However, calm winds occurred only 0.7%
of the time, that is 72 hours for the whole of the four winters studied. The east to 
southeast winds constituted the sector where the highest mean PAH concentratio
measured, with values ranging from 124 to
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Figure 3.5.10 Mean PAH concentrations according to wind direction at RDP 

(December to March inclusively, 4 winters). The number at the end of 
each segment indicates the number of data used to calculate the mean 
concentrations. 

 
High concentrations from a second direction were also noted in south-southwest winds 
stemming from the residential area and the Island of Montreal with a value of 126 ng/m3 
(3.3% of the time). The lowest mean concentrations occurred when the winds stemmed 
from the west to northwest quadrant. 
 
 
3.5.5  Indicators 
 
The usual method for identifying sources is to establish the relativity between the various 
PAHs. Thus, according to Aubin and Farant (2000), benzo(b)fluoranthene can serve as a 
basis for relativization between the different products to differentiate the sources. 
Furthermore, it had been noted in the initial report (Bonvalot et al., 2000) that the 
chrysene/benzo(e)pyrene ratio (Chr/BeP) was greater at RDP than at the Ontario Street 
station. We conducted the same exercise while adding the pairs 
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phenanthrene/benzo(e)pyrene (Phe/BeP) and benzo(ghi)perylene/benzo(b)fluoranthene 
(BghiPer/BbFlt). 
 
Table 3.5.5 presents the PAH ratios. At the RDP and Ontario Street stations, the Phe/BeP 
ratio did not reflect any significant difference (p < 0.05) between each of the winters or 
each of the summers. However, differences between winter and summer values were 
significant. The Phe/BeP ratio reflected no discrepancies between the two stations for 
each season taken one by one. It therefore appears that the Phe/BeP ratio allows the 
discrimination between the seasons but not between the sources “wood heating-
transportation” on the Island of Montreal. 
 
As for the Chr/BeP and BghiPer/BbFlt ratios, no trends were detected among the seasons 
or stations. 
 
Table 3.5.5 Comparison of relations between different PAHs measured at the RDP 

and Ontario Street stations 
Ratio Phenanthrene/ 

Benzo(e)pyrene 
Chrysene/ 

Benzo(e)pyrene 
Benzo(ghi)perylene/ 

Benzo(b)fluoranthene 
Season RDP Ontario St. RDP Ontario St. RDP Ontario St.
W1999 17.4 14.2 1.46 1.24 0.39 0.47 
S1999 2 0.39 0.46 56.0 54.3 1.16 1.1
W2000 15.3 18.9 1.29 1.16 0.43 0.62 
S2000 57.9 72.4 1.58 1.31 0.43 0.54 
W2001 16.5 16.9 1.46 1.29 0.42 0.48 
S2001 76.1 92.0 1.98 1.94 0.62 0.69 
W2002 20.5 27.9 1.73 1.55 0.47 0.59 

 
 
3.5.6 Comparison of continuous measurements of PM2.5 and PAHs 
 
Figure 3.5.11 illustrates the relationship between the hourly concentrations of PAHs and 
PM2.5 measured during the winter. It is noted that the data did not follow a normal 
distribution curve. In fact, 83% of the data regarding PAHs have a value below 100 
ng/m3, while 87% of the data regarding PM2.5 have a value below 20 µg/m3. However, 
there is a positive relation between PAHs and PM2.5; the PAH concentrations increased 
when the PM2.5 concentrations increased. A trend line was superimposed on the graphic. 
The Spearman rank-order correlation coefficient between the hourly concentrations of 
PAHs and PM2.5 was 0.73 (p < 0.01).  
 
The relation between PAHs and PM2.5 may be better visualized using the hourly mean 
variation, as illustrated in figure 3.5.12. Though two orders of magnitude exist between 
the PM2.5 (µg/m3 ) and the PAHs (ng/m3), there was much similarity in the hourly 
behaviour of both pollutants, and the Spearman rank-order correlation coefficient was 
0.93 (p < 0.01). This result suggests that the sources of PAHs and of PM2.5 were probably 

conditions. 
of the same nature, and that these two pollutants react in similar fashion to atmospheric 
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Figure 3.5.12 Variation of mean concentrations of PAHs and PM2.5 at RDP in winter  
(PAH: n = 434; PM2.5: n = 464)  

Figure 3.5.11 Relation between the hourly concentrations of PM2.5 and PAHs 
measured at RDP in winter (n = 10,037) 
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PAH/PM2.5 ratio 
A study of the PAH/PM2.5 ratio may contribute to some extent to the characterization of 
the source or sources of the pollutants. Figures 3.5.13 and 3.5.14 show the variation of 
the hourly PAH/PM2.5 ratio during the day. The ratio ranges from 0.004 to 0.008 for a 
mean value of 0.006. As a general rule, the higher the hourly mean concentrations of 
PM2.5, the higher the PAH/PM2.5 ratio. For example, it was found that between 6 p.m. and 
midnight, the PAH/PM2.5 ratio was relatively constant with a mean value of 0.0077. 
During the day, between 7 a.m. and 3 p.m., the mean ratio was roughly 0.0044.  
 
In the evening, the PAH/PM2.5 ratio increased 75% above day levels, which means that 
during the evening, there were 75% more PAHs in comparison to PM2.5 than during the 
day. This result suggests that the sources present during the evening may have differed 
from those present during the day. A greater usage of wood heating systems in the 
evening be partly responsible for this result.  
 
 

 
 
Figure 3.5.13 Variation of the PAH/PM2.5 ratio of mean concentrations measured at

RDP in winter 
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Figure 3.5.14 Relation between the hourly mean concentrations of PAHs and PM  

measur
2.5

2.5 ratio. 

AH 
 

and 

 
A positive relation between the PAHs and PM2.5 suggests that the sources of these two 
pollutants were probably of the same nature, and that these pollutants react in similar 
fashion to atmospheric conditions. 

ed at RDP in winter. The slopes represent the PAH/PM
 
ummary S

As a general rule, the graphics (figures 3.5.5 to 3.5.9) appear to indicate that the P
concentrations in the ambient air at RDP were influenced by a winter source that may be
linked to residential wood combustion. The concentrations measured were frequently 
greater in winter than in summer, during the weekend than during the week in winter, 
in the evening than during the day in winter. Only the Phe/BeP ratio allows to 
discriminate between the winter and summer seasons, but not between the RDP and 
Ontario Street stations. 
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3.6  Dioxins and furans 
 
Acc ding Can ian i r a m m
quantity of dioxins and furans into the phe nment Canada, 2000). W
incineratio pes f com ion an n and s ills a cause in and n 
em s s a uran so called polychlorodibenzodioxins (PCDD) and 
polychlorodibenzofurans (PCDF), are two groups of substances comprised of 75 and 135 
congeners respectively. Each ese tw roups o ngener ivided o eigh
hom logous series, of which only five were analyzed: tetra (T enta (  hexa , 
hepta (H7) and octa (O).  
 
Among all dioxins and furans, 17 congeners contri  the mo  the toxicity of the mix 
and give rise to the m 0). The 7 produ all con  chlor
toms in the 2, 3, 7, and 8 positions on their molecule, and the World Health 
rganization (WHO) has attributed to these products a toxicity equivalent factor in 

relation to 2,3,7,8-tetrachlorodibenzodioxin (NATO, 1988). The factors used in this study 
originate from the update by authors Van den Berg et al., 1998. 
 
The analysis of this family of compounds began in the winter of 2000 at the RDP station 
and was pursued over the two following winters and through the summer of 2001. Data 
are also available at the Ontario Street station for the same periods, as well as for the 
summer of 2000. Other data are available for the period between 1992 and 1998 at the 
Ontario Street station. 
 
3.6.1  Ambient air measurements 
 
The results of table 3.6.1 show a reduction in the winter mean concentrations of 
PCDD/PCDF at the RDP station between the winter of 2000 (5.3 pg/m3) and the winter 
of 2002 (2.4 pg/m3), while these concentrations remained rather stable at the Ontario 

s, a
uring the winte

or  to the ad nvento y, residenti
atmos

l wood co
re (Enviro

bustion e its an important 
aste 

 furan, all ty  o bust d iro teel-m lso diox
ission . Dioxin nd f s, al

of th o g f co s is d  int t 
o 4), p P5), (H6)

bute st to
ost concerns (GC, 199 se 1 cts tain ine 

a
O

Street station. Furthermore, the summer concentrations were lower than winter 
concentration t both the RDP and Ontario Street stations. The drop in concentrations 

r periods can be visualized in figure 3.6.1. d
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Synthesis of the statistics relative to dioxins and furans (pg/mTable 3.6.1  

 Ontario Street stations (winters 2000 to 2002) 
 

Station  
n ic Standard 

iati
Minim Maximum

3) measured
at the RDP and

Season Mean Geometr
ame n dev on 

um Median 

 W2000 9 5.3 4.9 2.5 2.7 5.0 10.0 
 S2000 - - - - - - - 

RDP   W2001 3.5 2.5 3.0 0.6 2.1 .0 21 11
  S2001 1.6 1.4 1.2 0.6 1.3 3 8 4.
  W2002 2.4 2.3 0.9 1.4 2.3 8 4.1 
 W2000 2.5 2.0 1.9 0.7 1.9 7 6.5 

Onta 1.7 1.2 1.4 0.5 1.7 rio  S2000 5 3.8 
Street W2001 2.0 1.6 1.3 0.5 1.7 19 5.5 

 S2001 0.9 0.8 0.6 0.4 0.8 9 1.8 
 W2002 2.9 2.5 1.5 1.0 2.8 4 7 5.
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ortance of the homologous series of PCDD and PCDF found 
 the residential area of RDP and at the Ontario Street station (table 3.6.2). At RDP, 

 

th the 

 

Figure 3.6.1 Summary of winter an summer co cent ns o xin  f s 

 
We studied the relative imp
in
PCDD represented over 70% of the PCDD/PCDF mix in winter and approximately 52%
in summer. The difference is a little less pronounced at the Ontario Street station. Table 
3.6.2 shows that the concentrations of the homologous series of PCDD increased wi
degree of chlorination, unlike those of PCDF that diminished when the number of 
chlorine atoms rose. This division of concentrations corresponds to data mentioned in 
literature (Lohmann et al., 2000; Wagrowski and Hites, 2000). The division of the 
homologous series was similar at both measuring sites and varied very little between
summer and winter.  
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Table 3.6.2 Seasonal variation of the contribution of different homologous series (%) 
to the whole of the dioxins and furans measured at the RDP and Ontario 
Street stations 

Station Rivière-des-Prairies Ontario Street 
Period

H e  20 00
ters 2000 

0
Summers 2000 

a
1 Winters 2000 Summer Total Win Total

omologu s to 02 2 1 to 20 2 nd 2001 
T4CDD 1.6 1.6 2.0 1.7 1.2 1.6 
P5CD  0 3.9 4.6 3.8 4.1 3D 4. .0 
H6CDD .7 11.9 10.0 9.5 10.5 7.1 11
H7C  .5 15.6 .7 .3 1DD 21.6 22 19 20 8.1 
OC .0 31.6 19.9 .3 .8 2DD 30 30 30 9.2 

Tota .9 71.5 52.1 .9 .4 5l PCDD 68 64 67 8.6 
T4CDF  7.8 13.3 .9 .8 1 8.6 11 10 4.5 
P5CD 2 6.0 14.8 7.8 7.0 9F 7. .6 
H6CDF 6.6 5.8 11.9 7.1 6.6 8.4 
H7CDF 6 4.6 4.7 4.8 4.7 54. .1 
O 3 3.2 3.6 3.5 3CDF 4.1 4. .8 

Tota .1 28.5 47.9 .2 .6 4l PCDF 31 35 32 1.4 
Tota DD 0% 100% 00% 00% 10l PC /PCDF 100% 10 1 1 0% 
1. “Tot h al sa  perio m 999, t 21, 

Table 3.6.3 shows that on average, 
during the winter of 2000, almost 
twice as many dioxins/furans were 
measured in the air at RDP than at the 
Ontario Street station; while the ratio 
was reduced to less than 1, that is 0.8, 
in the winter of 2002. In the summer 
of 2001, the ratios between statistical 
indicators at the RDP and Ontario 
Street stations varied from 1.4 to 1.9. 
 
 
3.6.2  Toxicity equivalent 
 

toxicity equivalent (TEQ) at the RDP st een the winter of 2000 (0.092 pg 

Q/m  for the 
 the 

 

), 

Table 3.6.3 Ratio of dioxin and furan 
concentrations between the RDP 
and Ontario Street stations 

Rivière-des-Prairies/Ontario Street 

al” represents t e tot mpling d from Dece ber 2, 1 o March 2002. 
 
 

W2000 W2001 W2002 S2000 S2001
Mean 2.1 1.8 0.8 - 1.8 

Geom. mean 2.4 1.6 0.9 - 1.8 
Median 2.6 1.3 0.8 - 1.6 

Minimum 3.6 1.3 1. 4 - 1.6 
Maximum 1.5 2.0 0.8 - 2.4 

As was the case for the homologous series, the results for the 17 congeners causing the 
most concern showed a reduction in the mean winter concentrations expressed in terms of 

ation betw
TEQ/m3) and the winter of 2002 (0.042 pg TEQ/m3), while for the same years, these 
remained rather stable at the Ontario Street station, standing at 0.046 pg TE 3

winter of 2000, and at 0.044 pg TEQ/m3 for the winter of 2002 (table 3.6.4). As for
sum of the PCDD/PCDF, the summer concentrations expressed in terms of toxicity 
equivalent stood below the winter concentrations (< 0.030 pg TEQ/m3) at both stations. A
study of the seasonal means revealed that the concentration in toxicity equivalent at RDP 
was 2.5 times greater in winter (0.069 pg TEQ/m3) than in summer (0.028 pg TEQ/m3
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and 1.7 times greater than at the Ontario Street station (0.041 pg TEQ/m3) in winter. The 

 
Table 3.6.4 D and PCDF (pg TEQ/m ) 

ed at  Street stations 
Station  Season a ic r

o
a

drop in winter indicators can be visualized in figure 3.6.2. 

Synthesis of statistics relative to PCD 3

measur
 

 the RDP and Ontario
n Me n Geometr

mean 
 Standa

deviati
d 
n 

Minimum Medi n Maximum

 W2000 9 2 1 049 0.02 .079 0.09 0.08 0. 7 0 0.184 
 S2000 - - - - - - - 
  W2001 21 2 0.041 .062 0.008 0.034 2 0.06 0 0.22

RDP S2001 8 9 0.026 .017 0.012 0.026 9 0.02 0 0.06
  W2002 8 2 0.039 .017 0.021 0.044 2 0.04 0 0.07

Winter mean 38 69 0.047 058 0.008 0.050 2 0.0 0. 0.22
Summer mean 8 28 0.026 017 0.012 0.026 9 0.0 0. 0.06
 W 46 0.038 037 0.017 0.035 5 2000 7 0.0 0. 0.12
 S2000 5 6 0.022 .016 0.009 0.024 1 0.02 0 0.05

Ontario  W2001 19 8 0.033 .022 0.013 0.033 0 0.03 0 0.10
Street S2001 9 0 0.018 .010 0.012 0.015 1 0.02 0 0.04

  W2002 7 4 0.039 .025 0.019 0.039 8 0.04 0 0.08
Winter mean 33 1 0.035 .026 0.013 0.034 5 0.04 0 0.12

Summer mean 14 1 0.019 .012 0.009 0.017 1 0.02 0 0.05
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We also studied, for t P an  s , ati portance of each 
of the 17 congeners for which the toxicity equivalent factor was available. 
Octachlorodibenzodioxin (or OCDD) and 1,2,3,4,6,7,8-heptachlorodibenzodioxin 
(1,2,3,4,6,7,8-H7CDD) were the two most present congeners among the 17 causing the 
most concern measured at the RDP and Ontario Str tatio  (tabl .5). In addition, 
these two substances were the ones found in the largest proportions in the air sampled at 
the Ontario Street station, both in summer and in winter. 2,3,7,8-TCDD represented 
between 0.1% et 0.3% of the whole of the 17 congeners concerned. 

10th perce

Median

Summary of the winter concentrations of dioxins 
9  March 2002) 

he RD d O iontar  S ttree ta stion th ele r ve im

eet s ns e 3.6
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Table 3.6.5 Seasonal variation of congener contribution (%) to the toxicity (TEQ) 

among the 17 dioxins and furans with toxicity equivalents measured at 
the RDP and Ontario Street stations 

Station Rivière-des-Prairies Ontario Street  
Period 

Congeners 
Total1 Winters 2000 

to
Summer  Total Winters 2000 Summers 200

 2002 2001 to 2002 
0 

and 2001 
2378-T4CDD 0.1 0.1 0.2 0.2 0.2 0.3 
12378-P5CDD 1.0 0.7 2.1 1.1 0.9 1.4 
123478-H6CDD 1.0 1.0 1.1 0.8 0.9 0.7 
123678-H6CDD 1.7 1.6 2.2 1.5 1.5 1.4 
123789-H6CDD 2.5 2.5 2.3 2.1 2.4 1.6 
1234678-H7CDD 18.8 18.8 18.8 16.9 17.4 15.7 
OCDD 51.9 53.0 46.1 53.2 53.4 52.9 

Total PCDD 77.0 77.7 72.8 75.8 76.7 74.0 
2378-T4CDF 3.1 3.1 3.1 4.0 3.8 4.5 
12378-P5CDF 0.6 0.6 0.5 0.7 0.8 0.6 
23478-P5CDF 1.0 1.0 0.9 1.2 1.2 1.3 
123478-H6CDF 2.5 2.5 2.4 2.7 2.8 2.6 
123678-H6CDF 1.1 1.0 1.8 1.1 1.2 1.1 
234678-H6CDF 1.4 1.3 1.6 1.4 1.4 1.2 
123789-H6CDF 0.2 0.2 0.4 0.3 0.2 0.5 
1234678-H7CDF 5.2 4.7 8.1 5.7 5.2 6.7 
1234789-H7CDF 0.7 0.7 0.6 0.8 0.8 0.7 
OCDF 7.2 7.1 7.8 6.2 5.9 6.9 

Total PCDF 23.0 22.2 27.2 24.1 23.3 26.1 
Total PCDD/PCDF 100% 100% 100% 100% 100% 100% 
1. “Total” represents the total sampling period from December 2, 1999, to March 31, 2002. 
 
Table 3.6.6 underlines that the mean concentration of the group of 17 congeners with a 

r was twice as high at RDP than at the Ontario Street station in 
 proportion dropped to 1.6 in 2001, and finally dropped to 0.9 in 

ans 

iries/Ontario Street 

toxicity equivalent facto
the winter of 2000. This
2002. In the summer of 2001, the ratios between the indicators at the RDP and Ontario 
Street stations varied from 1.4 to 1.7, with proportions almost identical to those of the 
homologous series. 
 
Table 3.6.6 Ratios of the concentrations in toxicity equivalents of dioxins and fur

between the RDP and the Ontario Street stations 
 Rivière-des-Pra
 W2000 W2001 W2002 S2000 S2001 

Mean 2.0 1.6 0.9 - 1.4 
Geometric mean 2.1 1.2 1.0 - 1.4 

Median 2.3 1.0 1.1 - 1.7 
Minimum 1.7 0.6 1.1 - 1.0 
Maximum 1.5 2.2 0.8 - 1.7 
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The mean concentrations calculated for the period from January 2001 to December 2001 
were 0.049 pg TEQ/m3 at the RDP station and 0.031 pg TEQ/m3 at the Ontario Street 

ation. In both cases, these concentrations stood below the annual criteria established at 
/m

 
Appendix 2 pre relative to the RDP and Ontario Street 
stations according to the seasons. 
 
Su ry
The 17 compounds which cause the most concern for human  are ssed
term  of eq lent ) in r n to th st tox duct  gro
2,3 8 -T t , th  con tion in toxicity equivalent is 2.5 time

 (0  pg T 3) than in summ 028 p /m  1.7
greater than at the Ontario Street station (0.041 pg TEQ/m3) in winter. 
 

n an annual basis, the mean concentrations in 2001 were 0.049 pg TEQ/m  at the RDP 

line. 
ain a 

ive 

.7.1  Nonpolar VOCs 
 
The 155 nonpolar VOCs to be analyzed were grouped into four families of chemicals: 46 
alkanes, 43 alkenes et alkynes, 41 halogens and 25 aromatics. Total VOCs were also 
calculated. Following problems that occurred during the sampling procedures or the 
analyses, three substances were withdrawn from the database, namely Freon 22, 1,4-
dichlorobenzene and naphthalene. Appendix 3 includes a list of the VOCs that were 
analyzed as well as the statistical results obtained. 
 
At the RDP station, the highest seasonal median value of total VOCs was 60.8 µg/m3, 
recorded during the winter of 2001. However, the median values measured in summer 
and winter were not statistically different (p < 0.05) (see table 3.7.1). At the Ontario 
Street station, the highest value was also measured during the winter of 2001 and stood at 
114.2 µg/m3. This value was the only median to statistically distinguish itself from the 
medians noted for the other seasons. Despite the fact that the median values at the RDP 
station were below those noted at the Ontario Street station, a greater variability of 

st
0.060 pg TEQ 3 by the Ministère de l'Environnement du Québec. 

sents a synthesis of the statistics 

m am  
health expre  in 

s t  oxicity uiva (TEQ elatio e mo ic pro of the up, 
,7, CDD. A RDP e mean centra s 

greater in winter .069 EQ/m er (0. g TEQ 3), and  times 

3O
station and 0.031 pg TEQ/m3 at the Ontario Street station. In both cases, these 
concentrations stood below the annual criteria established at 0.060 pg TEQ/m3 by the 
Ministère de l'Environnement du Québec. 
 
 
3.7  Volatile organic compounds (VOCs) 
 
VOCs are grouped within two large families. The first is comprised of nonpolar VOCs, 
such as benzene, toluene and others, generally linked to mobile sources, namely gaso
The second family is comprised of polar VOCs which are compounds that cont
carbonyl group, such as acroleine or formaldehyde, and that can be more representat
of emissions linked to wood combustion. 
 
3
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concentrations was observed at RDP. In the winter of 2001 and the summer of 2002, the 
90th percentiles were roughly 30% higher at RDP than at the Ontario Street station. 
 
Table 3.7.1 Synthesis of results obtained for nonpolar total VOCs measured over 24 

hours, from the winter of 2001 to the summer of 2002, at the RDP and 
Ontario Street stations (µg/m3) 

Station Season n Mean 
Geometric 

mean 
Standard 
deviation Minimum Median Maximum

  W2001 16 92.2 70.9 77.4 29.6 60.8 285.9 
RDP S2001 25 43.4 39.4 21.5 20.9 35.9 104.3 

  W2002 18 52.4 47.4 28.1 27.7 43.5 144.9 
  S2002 16 67.3 54.0 51.2 23.6 59.4 189.3 
  W2001 18 108.8 101.8 39.1 46.0 114.2 191.7 

Ontario S2001 20 60.3 58.2 18.6 41.6 55.4 113.2 
Street W2002 19 78.6 73.3 32.6 37.6 64.8 152.8 

  S2002 25 68.2 62.3 33.1 35.7 57.3 158.8 
 
Seasonal variation of families such as total alkanes, alkenes/alkynes, halogens and 
aromatics are shown in f igure 3.7.1. For the alkanes, the highest median value at RDP 
was 30.7 µg/m3 in the summer of 2002. No seasonal trend could be distinguished for this 
family at RDP. As for the family of alkenes/alkynes, the highest median, a value of 12.9 

tistically higher (p < 0.05) 
an the summer values. In contrast to the alkanes, this family displayed a seasonal 

 
, 

tile values were observed in the winter of 2001 and the summer of 2002 
t RDP, in comparison to the Ontario Street station

µg/m3, was noted during the winter of 2001. This value was sta
th
pattern with higher values in winter than in summer. The concentrations of the family of
halogens remained relatively constant at both the RDP and Ontario Street stations. Lastly
for the family of aromatics, the highest median value (11.9 µg/m3) was noted in the 
winter of 2001 and no seasonal trend was apparent. However, for the alkanes, 
alkenes/alkynes and aromatics, a greater variability in concentrations was noted, as 
higher 90th percen
a . 
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Figure 3.7.1 Seasonal variation of nonpolar VOC families 
 
Table 3.7.2 illustrates the contribution (%) of the chemical families of nonpolar VOCs, 
and lists the 10 most important VOCs in descending order in terms of their contribution. 
These 10 VOCs contribute for 51.5% of the total VOCs measured at RDP. At the station 
on Ontario Street, the main substances are more or less the same, but in a different order: 
acetylene replaces freon 11. Appendix 3 presents the individual contribution of all the 
nonpolar VOCs. 

 synthesis of the statistics obtained for the 
dividual nonpolar VOCs is presented in 

s (figure 
.7.2). The alkadienes were noted for their 

 in emissions linked to 
ood combustion (McDonald et al., 2000). At 

able 3.7.2  Contribution of VOC 
                     families/substances  

 T
A
in
Appendix 4. Certain substances are recognized 
as potential tracers for residential wood 
combustion. We therefore verified if it was 
possible to identify some of these by studying 
the seasonal variation of a few product

Families/Substances RDP Ont. St 
Alkanes 42.2 44.5 
Alkenes/alkynes 15.5 16.6 
Halogens 23.0 17.7 
Aromatics 19.3 21.2 

Total contribution 100% 100% 
Toluene 6.74 7.74 
Freon 12 6.44 4.79 
Propane 5.89 3.84 

3
heightened presence
w

Isopentane 5.72 6.83 
Ethane 5.49 4.22 
Butane 5.30 6.38 
Ethylene 4.43 4.28 
Freon11 4.06 2.84 
Isobutane 3.86 5.11 
m and p-xylene 3.51 4.15 

Total contribution 51.5% 50.2% 

the RDP and Ontario Street stations, the winter 
concentrations of 1,3-butadiene were 
statistically higher (p < 0.05) than the summer 
concentrations, except for the winter and 
summer of 2002 at RDP. As for benzene, the 
statistical deviations were the same as for 1,3-
butadiene, but the 90th percentile value for the 
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winter of 2001 at RDP was twice as high as the value at the Ontario Street station. It was 
also noted that the summer medians for these two substances were lower at RDP than at 
the Ontario Street station. 
 
For ethylene and acetylene, both graphics are similar: the concentrations measured in 
winter are statistically greater (p < 0.05) than those measured in summer at both stations, 
xcept for the winter and summer of 2002 at the Ontario Street station. Also, the summer 
edians noted for these two substances at RDP were below those calculated at the 

Ontario Street station. It was also noted that for the winter of 2001, the 90th percentile 
value was higher for ethylene at RDP than at the Ontario Street station.  
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Figure 3.7.2 Seasonal variation of selected VOCs 
 
 
According to Khalil et al. (2003), methyl chloride is considered as a tracer for residential 
wood combustion. At the RDP and Ontario Street stations, very little variability in methyl 
chloride levels was noted throughout the two years of measurement activity (not 
illustrated). The winter and summer medians ranged between 1.14 and 1.20 µg/m3, 
without any apparent seasonal trends. 
 
3.7.2  Polar VOCs 
 

igure 
.7.3. Except fo he winter medians were higher than the summer 
alues at RDP, while on Ontario Street, the values were relatively constant. The 

contribution of formaldehyde was 44.9% at RDP in the summer, compared to 34.4% in 
the winter. Formaldehyde is known as a product of the decomposition of VOC oxidation, 
and this decomposition may explain the greater concentrations of formaldehyde at RDP 

10

Mean
Me

A list of the 16 VOCs measured is included in Appendix 5, along with a synthesis of 
seasonal statistics. The seasonal variation of the total polar VOCs is presented in f

r the summer of 2000, t3
v
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in the summer. The seasonal variation of total polar VOCs shown in figure 3.7.3 excludes 
the 

al 

the formaldehyde concentrations. It is noted that the winter medians are higher than 
summer medians at RDP, with statistically significant (p < 0.05) results for the winters of 
1999 and 2000. For the reference station on Ontario Street, except for the first year of 
sampling, the median values were constant at approximately 10 µg/m3 and no season
trend was apparent. 
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Figure 3.7.3 Seasonal variation of total polar VOCs and of total polar VOCs  
without formaldehyde 
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riation of a few indivThe seasonal va idual polar VOCs is illustrated in figure 3.7.4. 

Methyl e yl ketone, a etaldeh nd acroleine showed simila heir winter 
er su en ns at RDP, while no trend was 

 Onta t o h
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Figure 3.7.4 Seasonal variation of individual polar VOCs 
 
 
Table 3.7.3 presents the contribution of polar VOCs at the two sampling stations. The 

ost important polar VOCs in terms of presence were, in descendingm
fo

 order: 
rmaldehyde, acetone, acetaldehyde, methyl ethyl ketone/butyraldehyde and 

propionaldehyde. These five compounds contributed 90% of the polar VOCs at RDP. The 
short chain carbonyl molecules were the most abundant and could be the result of the 
combustion of cellulose (McDonald et al., 2000). Certain compounds, such as 
formaldehyde, hexanal and valeraldehyde, were more abundant in summer than in winter 
at RDP.  
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Table 3.7.3 Contribution of polar VOCs (%) at the RDP and Ontario Street stations 
in descending order 

  RDP  Ontario Street 
Period 

Substance 
Total1 Winters 

1999 to 2002
Summers 

1999 to 2002
Total Winters 

1999 to 2002 
Summers 

1999 to 2002
Formaldehyde 37.52 34.38 44.86 24.17 25.96 23.99 
Acetone 23.11 21.53 19.23 32.97 29.55 34.35 
Acetaldehyde 18.43 20.30 16.56 17.98 19.63 16.63 
MEK 
 +butyraldehyde 

6.57 8.62 4.39 10.55 11.16 9.60 

Propionaldehyde 4.57 4.72 4.43 4.63 4.66 4.79 
Hexanal 2.40 1.30 3.52 1.50 0.96 1.95 
Benzaldehyde 1.89 1.99 1.77 1.57 1.41 1.77 
Valeraldehyde 1.29 1.06 1.59 1.31 0.96 1.61 
Acroleine 1.11 2.45 0.22 1.24 1.93 0.82 
MIBK 1.05 1.18 1.00 1.47 1.34 1.51 
Crotonaldehyde 0.76 0.92 0.91 1.06 0.97 1.34 
m-Tolualdehyde 0.59 1.01 0.43 0.35 0.28 0.43 
2.5-Dimethylben-
zaldehyde 

0.31 0.12 0.52 0.00 0.00 0.00 

o-Tolualdehyde 0.23 0.17 0.36 0.02 0.02 0.03 
Isovaleraldehyde/ 
2-Pentanone 

0.13 0.24 0.09 0.94 0.97 0.97 

p-Tolualdehyde 0.06 0.02 0.13 0.22 0.20 0.20 
Total 100% 100% 100% 100% 100% 100% 

1. “Total” represents the total sampling period from December 19, 1998, to 

 
Summ
As a ons of polar and nonpolar VOCs measured at RDP, 
which belong to the family of alkenes/alkynes, are greater in winter than in summer, but 
th  
Stree  
are s
 

December 28, 2002. 

ary 
general rule, the concentrati

ey remain lower than the concentrations found at the reference station on Ontario 
t. However, the 90th percentile values of certain compounds found at RDP in winter
ometimes greater than those noted at the Ontario Street station. 
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4.  Conclusion 
 
T  o
sectio
meas
heati e air in this area is only slightly 

fluenced by transport and industry emissions. Concentrations of fine particles, PAHs, 
d i n 
winte ling 
statio
 
I i
as 62
sugg es is important. 

A  of 
po u
comb mer (1.2), and 
80% higher than downtown in winter (2.0). 
 
 
5

he bjectives of the residential wood combustion sampling program, as described in 
n 1.2 of this report, have been attained. The concentrations of various pollutants 

ured in the Rivière-des-Prairies area have been linked to the use of residential wood 
ng systems. It was earlier mentioned that th

in
iox ns and furans, and of certain metals measured at Rivière-des-Prairies are greater i

r than in summer, and are greater than concentrations measured at other samp
ns in Montreal. 

n w nter, at Rivières-des-Prairies, meteorological conditions alone can explain as much 
% of the variability of the PM2.5 concentrations measured in the evening, which 
ests that the contribution of local sourc

 
mong the metals measured, potassium and iron may help to identify the sources
ll tion. The high potassium to iron ratio (K/Fe) indicates the presence of wood 

ustion. This ratio is 200% higher at RDP in winter (3.6) than in sum

.  Recommendations 

ecific to statistical data analysis: 
 
Recommendations sp

erefore recommended to conduct a multivariate analysis such as 

 
• The local meteorological conditions greatly influence the concentrations of PM2.5 

d at RDP in winter. It is recommended to carry out a statistical 
tant concentrations caused by local 

d 

et 

 

 

 
• More than 100 days of winter data on metals, PAHs and VOCs are available at 

RDP. It is th
Positive Matrix Factorisation (PMF) to help in identifying the sources of PM2.5, 
PAHs and VOCs at RDP.  

and PAHs measure
analysis where the variability of pollu
meteorological conditions is subtracted so as to highlight the behaviour of PM2.5 an
PAHs attributable to wood combustion. 

 
• Combined with the START model (Suivi du transport atmosphérique régional 

transfrontalier), an additional analysis such as Potential Source Contribution 
Function (PSCF) would confirm the assumption that local sources are the main
cause of the high concentrations of PAHs and PM2.5 measured at RDP. These tools 
combine the air mass trajectories and back-trajectories with PM2.5 concentrations to
identify the source regions. 
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Recommendations specific to ambient air sampling activities: 
 

ill have the same 
purpose in Cap Rouge, near Québec City. 

• 

nts. 
 

d 
ays 

ter, and in an area 
close to camping grounds where campfires are popular in summer. 

Re
 

 
• be 

• The RDP monitoring station is located in an urban environment where residential 
wood heating is popular. It is important to retain this station in order to track future 
trends and to compare results with those of a new station which w

 
The continuous measurement of carbon monoxide and of organic and elemental 
carbon would be relevant, since residential wood combustion is known as an 
important source of these polluta

• The measurement of various pollutants at the RDP station should be maintaine
according to the sampling frequency of the NAPS calendar, namely every 12 d
for PAHs and every 24 days for D/F. 

 
• It would be useful to install a sampling station in a resort area where wood 

combustion is an important source of heat during weekends in win

 
commendations specific to public awareness: 

• Public awareness of the contribution of residential wood combustion to the 
degradation of air quality should be intensified. 

Public awareness of good practices of residential wood combustion should 
intensified. 

 
• The winter Info-Smog program should be broadened to include all south-western 

Québec once the fine particle monitoring stations are installed. 
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Appendix 1:  Continuous PM2.5 and atmospheric dispersion variables 

s 

 the Meteorological Service of Canada. For purposes of 
modelisation, the GEM meteorological model limits the mixing height to 1,000 metres. 
Figure A.1 shows the dependence between the mixing height and the PM2.5 in winter at 
RDP. The correlation coefficient between the mixing height and the PM2.5 is –0.66 (p < 

ur of 

.7 
 

sis of 

 
Mixing height 
 
The concentration of a pollutant at a given site depends on the degree to which it mixe
with the immediate environment. The mixing height corresponds to the altitude up to 
which the pollutants are able to mix. The mixing height is not a variable measured 
directly using a measurement tool, but is calculated using the Global Environmental 
Multiscale (GEM) model of

0.01). A trend curve was superimposed on figure A.1 solely to illustrate the behavio
the PM2.5 on the basis of mixing height. 
 
The PM2.5 concentrations increase with a drop in mixing height given the reduction of the 
volume of air available to disperse the pollutants. When the mixing height passes from 
1,000 metres to 50 metres, the PM2.5 concentration increases from 5.6 µg/m3 to 31
µg/m3, which represents 5.7 times the initial value. The dependence between the mixing
height and PM2.5 concentrations at RDP tends to illustrate that the local conditions of 
vertical dispersion influence the PM2.5 concentrations measured in a residential area 
influenced by wood combustion. 
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Figure A.1.  Variation of PM2.5 concentrations in the evening at RDP on the ba
mixing height. Winter 1999 to winter 2002. (n=464) 
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Vertical stability  

ertical stability determines the capacity of a pollutant to disperse itself in the air column 

e, the 
 

a 
nction of altitude Z (m).  

al of Montreal. The pressure level of 
25 mb was chosen as a height for temperature measurement so as to best reflect the 

ease 
n 

 stable 

are always below 25 µg/m3. However, 
reat variability in PM2.5 concentrations is noted when the air mass is stable, which 

suggests that other m ns. 
 

 to 2002. (n=464) 

 
V
above it. The air column is determined by the above-mentioned mixing height. In a layer 
of the atmosphere characterized by great stability, pollutants are subject to very little 
vertical mix and remain very close to the ground. The more an air mass is unstabl
more the pollutants will rapidly occupy all the air column. The vertical stability of an air
mass Γ can be estimated on the basis of the decrease rate of air temperature T (°C) as 
fu

The temperature values in altitude are obtained from observations at the Maniwaki 
aerologic

)/( mC
dZ
dT o−=Γ

station located 200 kilometres northwest 
9
atmospheric dispersion close to the ground. By definition, when the temperature decr
rate Γ is below 1°C/100 metres, the atmosphere is considered stable and pollutants ca
accumulate close to the ground. However, when Γ is greater than 1°C/100m, the 
atmosphere is considered unstable and the pollutants are rapidly diluted throughout the 
air column. In figure A.2, a vertical dotted line is included to distinguish between
and unstable air masses. Note that in figure A.2, when the temperature decrease rate 
passes from 2°C/100m (unstable) to –1°C/100m (stable), the PM2.5 concentrations 
increase from 2.6 µg/m3 to 30.3 µg/m3, that is 11.6 times the initial value. When the air 
mass is unstable, the PM2.5 concentrations at RDP 
g

eteorological factors influence the PM2.5 concentratio
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Figure A.2 Stability of the air mass at RDP. Winters 1999
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Precipitation 
 
Precipitation is e PM2.5 concentrations. 
Rain and snow  PM2.5 in a 
process called “wet dep 5 
efficiency f this actio s y o eq t n
precipitation events, a n the typ iquid or solid) involved. 

 no instrum o m ion P, ll u dail
lues fro et gica on a al . Th anc
rval stat d R rou 0 ki es.  thi  dis  

 that the Dorval station is re

Figure A.3 represents the mean P con tion d in r at n th
ording to 6 rie ecip  am  exp  in etr
lent). The er in parenthesis represents the n  of vail  
mean PM2. ach ory cipi  am cc  to  

itation am  ab mm  of ys) ean 5 
s 7.0 µg/ r d itho ipi (50% e d he 
ose to 17 m3 s an ase % i parison to days with 

mounts above 10mm. We ma clude that the precipitations measured in 
fluence 2.5 ntra

 
F M2. ns m ed eve cco to c y 

f precipitation amount. W nter 1999 to winter 2002. (n=464) 

 among the meteorological processes that influenc
 have the capacity to capture and drag to the ground part of the
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Appendix 2 : Summary of Statistical Results for Dioxins and Furans at RDP and 
Ontario St Stations 
 
PCDD/PCDF: 

(n = 9; 1
Units : p t en n t a E

     

Statistics for  Rivière-des-Prairies station for winter 2000  
 Dece

g/m
mber 1, 999 to March 31, 2000) 

for conc3, excep
 

trations i
 

oxic equiv
 

lent (pg T Q/m3) 

 De  
Fr  

G
tric Mean

St  
D

M M  Mtection
equency

Mean eome- andard
eviation

edian inimum aximum

2378-T4CDD 44% 0.004 0.003 0.003 0.003 < LD 0.012 
12378-P5CDD 89% 0.028 0.021 0.018 0.024 < LD 0.061 
123478-H6CDD 100% 0.029 0.026 0.017 0.027 0.013 0.064 
123678-H6CDD 100% 0.053 0.044 0.035 0.043 0.021 0.114 
123789-H6CDD 100% 0.081 0.072 0.044 0.069 0.031 0.160 
1234 10678-H7CDD 0% 0.577 0.499 0.368 0.478 0.290 1.316 
OCDD 100% 1.551 1.422 0.737 1.354 0.767 3.035 

Total 7 PCDD  2.323 2.105 1.206 1.809 1.180 4.732 
2378-T4CDF 100% 0.076 0.066 0.045 0.061 0.024 0.175 
12378-P5CDF 100% 0.019 0.015 0.016 0.014 0.006 0.057 
23478-P5CDF 100% 0.030 0.025 0.021 0.021 0.010 0.075 
123478-H6CDF 100% 0.065 0.053 0.049 0.042 0.021 0.170 
123678-H6CDF 100% 0.029 0.024 0.024 0.021 0.010 0.088 
234678-H6CDF 100% 0.037 0.029 0.031 0.025 0.009 0.114 
123789-H6CDF 33% 0.004 0.003 0.005 0.003 < LD 0.018 
1234678-H7CDF 100% 0.125 0.102 0.098 0.091 0.053 0.355 
1234 10789-H7CDF 0% 0.020 0.016 0.020 0.014 0.007 0.072 
OCDF 100% 0.130 0.103 0.111 0.098 0.047 0.391 

Total  0.535 0.446 0.396 0.374 0.246 1.439 10 PCDF 
TOTAL 17

PCDD/PCDF 
2.858 2.634 1.295 2.509 1.426 5.106   

        
T4CDD 100% 0.092 0.063 0.081 0.082 0.010 0.273 
P5CDD 100% 0.256 0.187 0.193 0.202 0.024 0.658 
H6CDD 100% 0.655 0.542 0.428 0.545 0.183 1.423 
H7CD 10D 0% 1.267 1.092 0.784 1.040 0.594 2.584 
OCDD 10 1.551 1.422 0.737 1.354 0.767 3.035 0% 

Total PCDD 100% 3.821 3.384 2.156 3.028 1.927 7.450 
        

T4CDF 100% 0.489 0.412 0.270 0.462 0.104 0.927 
P5CDF 100% 0.348 0.277 0.248 0.296 0.069 0.880 
H6CDF 100% 0.322 0.261 0.245 0.239 0.102 0.895 
H7CD 10F 0% 0.232 0.194 0.178 0.174 0.105 0.665 
O 10CDF 0% 0.130 0.103 0.111 0.098 0.047 0.391 

Total PCDF 1.521 1.282 0.988 1.218 0.502 3.594  
TOTAL PCDD/PCDF  5.342 4.857 2.512 4.993 2.667 9.987 

        
Concentration in  toxic 
equivalent 

 0.092 0.081 0.049 0.079 0.027 0.184 
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PCDD/PCDF: Statistics for  Ontario station for winter 2000  

(n = 7; December 1, 1999 to March 31, 2000) 
Units : pg/m3, except for concentrations in toxic equivalent (pg TEQ/m3) 

        
 Detection 

Frequency 
Mean Geome-

tric Mean
Standard 
Deviation

Median Minimum Maximum

2378-T4CDD 14% 0.002 0.001 0.001 0.001 < LD 0.004 
12378-P5CDD 100% 0.011 0.010 0.006 0.010 0.005 0.022 
123478-H6CDD 86% 0.012 0.009 0.008 0.011 < LD 0.028 
123678-H6CDD 100% 0.021 0.017 0.015 0.018 0.005 0.053 
123789-H6CDD 100% 0.031 0.023 0.021 0.029 0.003 0.071 
1234678-H7CDD 100% 0.224 0.180 0.168 0.196 0.051 0.580 
OCDD 100% 0.636 0.568 0.320 0.582 0.201 1.275 

Total 7 PCDD  0.937 0.815 0.534 0.834 0.268 2.033 
2378-T4CDF 100% 0.046 0.038 0.031 0.036 0.016 0.106 
12378-P5CDF 0.013 0.009 0.014 0.008 0.004 0.043 100% 
23478-P5CDF 100% 0.019 0.015 0.016 0.013 0.007 0.053 
123478-H6CDF 100% 0.047 0.030 0.059 0.027 0.010 0.179 
123678-H6CDF 100% 0.018 0.012 0.022 0.011 0.005 0.068 
234678-H6CDF 100% 0.024 0.017 0.027 0.016 0.007 0.084 
123789-H6CDF 14% 0.003  0.002 0.004 0.001 < LD 0.012 
1234678-H7CDF 100% 0.092 0.058 0.117 0.048 0.020 0.350 
1234789-H7CDF 86% 0.016 0.008 0.024 0.006 < LD 0.070 
OCDF 100% 0.110 0.073 0.126 0.055 0.030 0.374 

Total 10 PCDF  0.388 0.273 0.432 0.224 0.113 1.339 
TOTAL 17 

PCDD/PCDF 
 1.325 1.107 0.950 1.009 0.381 3.372 

        
T4CDD 100% 0.037 0.031 0.025 0.035 0.013 0.086 
P5CDD 100% 0.101 0.073 0.084 0.078 0.012 0.273 
H6CDD 100% 0.255 0.189 0.202 0.235 0.033 0.669 
H7CDD 100% 0.486 0.389 0.361 0.421 0.098 1.244 
OCDD 100% 0.636 0.568 0.320 0.582 0.201 1.275 

Total PCDD  1.516 1.269 0.981 1.353 0.357 3.547 
        

T4CDF 100% 0.276 0.233 0.185 0.228 0.094 0.642 
P5CDF 100% 0.204 0.158 0.193 0.140 0.074 0.630 
H6CDF 100% 0.194 0.136 0.219 0.123 0.055 0.680 
H7CDF 100% 0.167 0.109 0.210 0.087 0.043 0.633 
OCDF 100% 0.110 0.073 0.126 0.055 0.030 0.374 

Total PCDF  0.951 0.735 0.908 0.642 0.363 2.959 
TOTAL PCDD/PCDF 2.468 2.038 1.867 1.931 0.745 6.506  

        
Concentration in  toxic 
equivalent 

 0.046 0.038 0.037 0.035 0.017 0.125 
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PCDD/PCDF: Statistics for  Ontario station for summer 2000  

(n = 5; May 1st to September 30, 2000) 
Units : pg/m3, except for concentrations in toxic equivalent (pg TEQ/m3) 

        
 Detection 

Frequency 
Mean Geome-

tric Mean
Standard 
Deviation

Median Minimum Maximum

2378-T4CDD 20% 0.002 0.002 0.001 0.002 < LD 0.003 
12378-P5CDD 80% 0.007 0.005 0.004 0.007 < LD 0.010 
123478-H6CDD 40% 0.007 0.004 0.007 0.003 < LD 0.017 
123678-H6CDD 80% 0.014 0.009 0.010 0.013 < LD 0.028 
123789-H6CDD 80% 0.018 0.010 0.020 0.011 < LD 0.052 
1234678-H7CDD 100% 0.180 0.123 0.152 0.174 0.032 0.407 
OCDD 100% 0.569 0.392 0.455 0.635 0.106 1.201 

Total 7 PCDD  0.797 0.551 0.644 0.843 0.143 1.718 
2378-T4CDF 100% 0.028 0.026 0.012 0.024 0.019 0.050 
12378-P5CDF 60% 0.004 0.003 0.004 0.004 < LD 0.010 
23478-P5CDF 100% 0.008 0.008 0.004 0.007 0.005 0.016 
123478-H6CDF 100% 0.023 0.018 0.018 0.022 0.008 0.052 
123678-H6CDF 80% 0.008 0.005 0.006 0.008 < LD 0.017 
234678-H6CDF 80% 0.011 0.007 0.008 0.009 < LD 0.024 
123789-H6CDF 0% < LD < LD < LD < LD < LD < LD 
1234678-H7CDF 100% 0.059 0.049 0.039 0.051 0.024 0.115 
1234789-H7CDF 20% 0.004 0.003 0.004 0.003 < LD 0.012 
OCDF 100% 0.052 0.038 0.040 0.054 0.013 0.108 

Total 10 PCDF  0.199 0.166 0.132 0.187 0.077 0.406 
TOTAL 17 

PCDD/PCDF 
 0.996 0.727 0.775 1.031 0.221 2.123 

        
T4CDD 40% 0.014 0.005 0.024 0.002 < LD 0.056 
P5CDD 80% 0.027 0.013 0.029 0.015 < LD 0.072 
H6CDD 100% 0.154 0.076 0.171 0.120 0.014 0.432 
H7CDD 100% 0.396 0.264 0.357 0.380 0.074 0.954 
OCDD 100% 0.569 0.392 0.455 0.635 0.106 1.201 

Total PCDD  1.161 0.759 1.025 1.161 0.196 2.715 
        

T4CDF 100% 0.152 0.127 0.104 0.112 0.059 0.317 
P5CDF 100% 0.113 0.099 0.071 0.087 0.048 0.234 
H6CDF 100% 0.112 0.097 0.067 0.109 0.045 0.221 
H7CDF 100% 0.084 0.063 0.067 0.082 0.024 0.190 
OCDF 100% 0.052 0.038 0.040 0.054 0.013 0.108 

Total PCDF  0.513 0.438 0.338 0.452 0.219 1.070 
TOTAL PCDD/PCDF  1.674 1.239 1.353 1.706 0.476 3.785 

        
Concentration in  toxic 
equivalent 

 0.026 0.022 0.016 0.024 0.009 0.051 
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PCDD/PCDF: Statistics for  Rivière-des-Prairies station for winter 2001  

(n = 21; December 1, 2000 to March 31, 2001) 
Units : pg/m3, except for concentrations in toxic equivalent (pg TEQ/m3) 

        
 Detection 

Frequency 
Mean Geome-

tric Mean
Standard 
Deviation

Median Minimum Maximum

2378-T4CDD 43% 0.002 0.001 0.002 0.001 < LD 0.012 
12378-P5CDD 95% 0.013 0.009 0.012 0.007 < LD 0.049 
123478-H6CDD 95% 0.020 0.014 0.018 0.013 < LD 0.066 
123678-H6CDD 100% 0.033 0.024 0.028 0.016 0.006 0.104 
123789-H6CDD 100% 0.051 0.035 0.050 0.026 0.006 0.194 
1234678-H7CDD 100% 0.378 0.276 0.314 0.198 0.063 1.187 
OCDD 100% 1.015 0.772 0.795 0.620 0.288 2.700 

Total 7 PCDD  1.512 1.139 1.198 0.858 0.390 4.312 
2378-T4CDF 100% 0.076 0.046 0.091 0.040 0.006 0.380 
12378-P5CDF 90% 0.014 0.007 0.019 0.005 < LD 0.073 
23478-P5CDF 95% 0.023 0.014 0.027 0.014 < LD 0.103 
123478-H6CDF 100% 0.063 0.035 0.077 0.036 0.005 0.280 
123678-H6CDF 100% 0.025 0.014 0.037 0.014 0.003 0.170 
234678-H6CDF 100% 0.032 0.019 0.044 0.017 0.004 0.200 
123789-H6CDF 62% 0.009 0.002 0.024 0.002 < LD 0.110 
1234678-H7CDF 95% 0.083 0.056 0.084 0.062 < LD 0.380 
1234789-H7CDF 90% 0.018 0.010 0.025 0.009 < LD 0.100 
OCDF 100% 0.177 0.096 0.265 0.069 0.024 1.200 

Total 10 PCDF  0.519 0.330 0.583 0.323 0.066 2.339 
TOTAL 17 

PCDD/PCDF 
 2.031 1.549 1.589 1.426 0.467 5.599 

        
T4CDD 90% 0.065 0.025 0.096 0.023 < LD 0.322 
P5CDD 100% 0.139 0.071 0.149 0.078 0.005 0.596 
H6CDD 100% 0.423 0.276 0.407 0.197 0.036 1.500 
H7CDD 100% 0.779 0.543 0.701 0.413 0.110 2.486 
OCDD 100% 1.015 0.772 0.795 0.620 0.288 2.700 

Total PCDD  2.422 1.749 2.069 1.573 0.468 7.604 
   

T4CDF 100% 0.277 0.163 0.295 0.180 0.017 1.015 
P5CDF 100% 0.259 0.131 0.305 0.120 0.007 0.970 
H6CDF 100% 0.244 0.144 0.297 0.160 0.029 1.200 
H7CDF 100% 0.161 0.110 0.153 0.129 0.019 0.640 
OCDF 100% 0.177 0.096 0.265 0.069 0.024 1.200 

Total PCDF  1.118 0.690 1.206 0.841 0.101 4.490 
TOTAL PCDD/PCDF  3.540 2.552 3.014 2.143 0.638 10.643 

        
Concentration in  toxic 
equivalent 

 0.062 0.041 0.062 0.034 0.008 0.222 
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PCDD/PCDF: Statistics for  Ontario station for winter 2001  

(n = 19; December 1, 2000 to March 31, 2001) 
Units : pg/m3, except for concentrations in toxic equivalent (pg TEQ/m3) 

        
 Detection 

Frequency 
Mean Geome-

tric Mean
Standard 
Deviation

Median Minimum Maximum

2378-T4CDD 26% 0.002 0.001 0.002 0.001 < LD 0.006 
12378-P5CDD 95% 0.009 0.009 0.006 0.007 < LD 0.019 
123478-H6CDD 79% 0.011 0.008 0.007 0.010 < LD 0.031 
123678-H6CDD 84% 0.019 0.014 0.012 0.017 < LD 0.041 
123789-H6CDD 89% 0.028 0.021 0.017 0.027 < LD 0.053 
1234678-H7CDD 100% 0.195 0.158 0.127 0.150 0.058 0.520 
OCDD 100% 0.557 0.469 0.304 0.557 0.152 1.200 

Total 7 PCDD  0.820 0.690 0.459 0.770 0.240 1.864 
2378-T4CDF 100% 0.046 0.037 0.032 0.045 0.013 0.140 
12378-P5CDF 84% 0.008 0.006 0.007 0.008 < LD 0.032 
23478-P5CDF 95% 0.014 0.011 0.010 0.014 < LD 0.043 
123478-H6CDF 100% 0.036 0.026 0.029 0.027 0.006 0.110 
123678-H6CDF 95% 0.015 0.011 0.013 0.011 < LD 0.048 
234678-H6CDF 89% 0.018 0.013 0.016 0.015 < LD 0.067 
123789-H6CDF 37% 0.003 0.002 0.003 0.002 < LD 0.010 
1234678-H7CDF 100% 0.064 0.051 0.077 0.036 0.000 0.290 
1234789-H7CDF 63% 0.008 0.006 0.007 0.006 < LD 0.024 
OCDF 95% 0.061 0.047 0.042 0.054 < LD 0.150 

Total 10 PCDF  0.274 0.212 0.200 0.232 0.058 0.768 
TOTAL 17 

PCDD/PCDF 
100% 1.094 0.917 0.630 0.964 0.298 2.631 

   
T4CDD 84% 0.037 0.019 0.040 0.022 < LD 0.160 
P5CDD 100% 0.089 0.060 0.083 0.062 0.009 0.340 
H6CDD 100% 0.231 0.159 0.178 0.170 0.023 0.720 
H7CDD 100% 0.405 0.333 0.242 0.328 0.104 0.990 
OCDD 100% 0.557 0.469 0.304 0.557 0.152 1.200 

Total PCDD  1.319 1.064 0.824 1.074 0.330 3.410 
        

T4CDF 100% 0.208 0.150 0.198 0.150 0.029 0.890 
P5CDF 100% 0.143 0.101 0.105 0.158 0.008 0.440 
H6CDF 100% 0.141 0.102 0.114 0.115 0.025 0.430 
H7CDF 95% 0.088 0.050 0.080 0.075 < LD 0.320 
OCDF 95% 0.062 0.048 0.042 0.054 < LD 0.150 

Total PCDF  0.641 0.490 0.479 0.604 0.117 2.110 
TOTAL PCDD/PCDF  1.960 1.580 1.275 1.677 0.508 5.520 

        
Concentration in  toxic 
equivalent 

 0.038 0.033 0.022 0.033 0.013 0.100 
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PCDD/PCDF: Statistics for  Rivière-des-Prairies station for summer 2000  

(n = 8; May 1st to September 30, 2001) 
Units : pg/m3, except for concentrations in toxic equivalent (pg TEQ/m3) 

        
 Detection 

Frequency 
Mean Geome-

tric Mean
Standard 
Deviation

Median Minimum Maximum

2378-T4CDD 38% 0.001 0.001 0.0003 0.001 < LD 0.002 
12378-P5CDD 100% 0.013 0.012 0.007 0.012 0.006 0.028 
123478-H6CDD 75% 0.008 0.006 0.008 0.005 < LD 0.028 
123678-H6CDD 100% 0.016 0.012 0.018 0.011 0.005 0.059 
123789-H6CDD 100% 0.016 0.013 0.012 0.013 0.005 0.043 
1234678-H7CDD 100% 0.134 0.106 0.121 0.081 0.059 0.418 
OCDD 100% 0.308 0.262 0.210 0.224 0.129 0.750 

Total 7 PCDD  0.496 0.416 0.370 0.342 0.213 1.327 
2378-T4CDF 100% 0.017 0.016 0.007 0.018 0.009 0.030 
12378-P5CDF 50% 0.003 0.002 0.004 0.002 < LD 0.012 
23478-P5CDF 75% 0.006 0.004 0.004 0.006 < LD 0.011 
123478-H6CDF 100% 0.016 0.014 0.011 0.013 0.005 0.037 
123678-H6CDF 100% 0.013 0.010 0.011 0.010 0.004 0.040 
234678-H6CDF 100% 0.012 0.009 0.011 0.008 0.004 0.037 
123789-H6CDF 25% 0.003 0.002 0.003 0.002 < LD 0.010 
1234678-H7CDF 100% 0.065 0.045 0.079 0.038 0.021 0.259 
1234789-H7CDF 25% 0.005 0.003 0.008 0.002 < LD 0.026 
OCDF 100% 0.055 0.038 0.055 0.034 0.014 0.178 

Total 10 PCDF  0.194 0.151 0.181 0.147 0.067 0.628 
TOTAL 17 

PCDD/PCDF 
 0.691 0.573 0.544 0.497 0.280 1.955 

        
T4CDD 100% 0.024 0.021 0.013 0.022 0.010 0.053 
P5CDD 100% 0.070 0.062 0.042 0.064 0.030 0.164 
H6CDD 100% 0.160 0.134 0.122 0.120 0.055 0.448 
H7CDD 100% 0.252 0.203 0.216 0.159 0.115 0.759 
OCDD 100% 0.308 0.262 0.210 0.224 0.129 0.750 

Total PCDD  0.813 0.695 0.575 0.592 0.342 2.131 
        

T4CDF 100% 0.179 0.167 0.070 0.180 0.097 0.284 
P5CDF 100% 0.234 0.189 0.189 0.179 0.096 0.667 
H6CDF 100% 0.212 0.158 0.221 0.141 0.064 0.747 
H7CDF 100% 0.092 0.060 0.199 0.053 0.021 0.383 
OCDF 100% 0.055 0.038 0.055 0.034 0.014 0.178 

Total PCDF  0.772 0.637 0.612 0.590 0.296 2.211 
TOTAL PCDD/PCDF  1.585 1.357 1.152 1.300 0.638 4.342 

        
Concentration in  toxic 
equivalent 

 0.029 0.026 0.017 0.026 0.012 0.069 
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PCDD/PCDF: Statistics for  Ontario station for summer 2001  

(n = 9; May 1st to September 30, 2001) 
Units : pg/m3, except for concentrations in toxic equivalent (pg TEQ/m3) 

        
 Detection 

Frequency 
Mean Geome-

tric Mean
Standard 
Deviation

Median Minimum Maximum

2378-T4CDD 22% 0.001 0.001 0.001 0.001 < LD 0.003 
12378-P5CDD 89% 0.008 0.007 0.004 0.007 < LD 0.016 
123478-H6CDD 33% 0.003 0.003 0.002 0.003 < LD 0.007 
123678-H6CDD 67% 0.006 0.005 0.004 0.005 < LD 0.013 
123789-H6CDD 78% 0.008 0.006 0.005 0.005 < LD 0.016 
1234678-H7CDD 100% 0.066 0.061 0.029 0.056 0.041 0.127 
OCDD 100% 0.226 0.214 0.081 0.201 0.140 0.378 

Total 7 PCDD  0.318 0.300 0.121 0.298 0.196 0.559 
2378-T4CDF 100% 0.021 0.019 0.011 0.019 0.009 0.045 
12378-P5CDF 56% 0.003 0.003 0.003 0.003 < LD 0.010 
23478-P5CDF 89% 0.006 0.005 0.004 0.004 < LD 0.015 
123478-H6CDF 100% 0.011 0.010 0.005 0.011 0.006 0.021 
123678-H6CDF 78% 0.006 0.005 0.003 0.004 < LD 0.011 
234678-H6CDF 56% 0.005 0.004 0.004 0.004 < LD 0.012 
123789-H6CDF 22% 0.002 0.002 0.002 0.002 < LD 0.004 
1234678-H7CDF 100% 0.030 0.026 0.015 0.021 0.014 0.056 
1234789-H7CDF 33% 0.004 0.003 0.003 0.002 < LD 0.010 
OCDF 100% 0.033 0.031 0.013 0.034 0.016 0.055 

Total 10 PCDF  0.121 0.111 0.058 0.089 0.071 0.239 
TOTAL 17 

PCDD/PCDF 
 0.439 0.412 0.177 0.419 0.267 0.798 

   
T4CDD 78% 0.015 0.008 0.012 0.015 < LD 0.030 
P5CDD 100% 0.034 0.028 0.018 0.033 0.009 0.058 
H6CDD 100% 0.063 0.052 0.035 0.067 0.011 0.110 
H7CDD 100% 0.138 0.125 0.071 0.111 0.079 0.298 
OCDD 100% 0.226 0.214 0.081 0.201 0.140 0.378 

Total PCDD  0.475 0.440 0.203 0.431 0.240 0.874 
        

T4CDF 100% 0.147 0.123 0.113 0.110 0.052 0.431 
P5CDF 100% 0.088 0.077 0.054 0.081 0.031 0.221 
H6CDF 100% 0.072 0.065 0.035 0.066 0.024 0.144 
H7CDF 100% 0.045 0.039 0.027 0.035 0.017 0.099 
OCDF 100% 0.033 0.031 0.013 0.034 0.016 0.055 

Total PCDF  0.386 0.340 0.232 0.351 0.157 0.950 
TOTAL PCDD/PCDF  0.861 0.782 0.428 0.782 0.397 1.824 

        
Concentration in  toxic 
equivalent 

 0.020 0.018 0.010 0.015 0.012 0.041 
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PCDD/PCDF: Statistics for  Rivière-des-Prairies station for winter 2002  

(n = 8; December 1, 2001 to March 31, 2002) 
Units : pg/m3, except for concentrations in toxic equivalent (pg TEQ/m3) 

        
 Detection 

Frequency 
Mean Geome-

tric Mean
Standard 
Deviation

Median Minimum Maximum

2378-T4CDD 88% 0.002 0.002 0.001 0.002 < LD 0.005 
12378-P5CDD 100% 0.012 0.011 0.005 0.011 0.008 0.023 
123478-H6CDD 100% 0.011 0.011 0.005 0.010 0.007 0.021 
123678-H6CDD 100% 0.019 0.017 0.008 0.016 0.012 0.036 
123789-H6CDD 100% 0.032 0.030 0.016 0.027 0.019 0.066 
1234678-H7CDD 100% 0.249 0.231 0.119 0.209 0.168 0.514 
OCDD 100% 0.750 0.703 0.295 0.618 0.478 1.173 

Total 7 PCDD  1.076 1.011 0.421 0.889 0.698 1.839 
2378-T4CDF 100% 0.038 0.034 0.019 0.042 0.014 0.073 
12378-P5CDF 100% 0.008 0.007 0.004 0.007 0.002 0.014 
23478-P5CDF 100% 0.015 0.012 0.008 0.016 0.004 0.024 
123478-H6CDF 100% 0.032 0.026 0.019 0.036 0.006 0.063 
123678-H6CDF 100% 0.013 0.012 0.006 0.013 0.004 0.024 
234678-H6CDF 100% 0.017 0.015 0.008 0.017 0.004 0.028 
123789-H6CDF 38% 0.001 0.001 0.0004 0.001 < LD 0.002 
1234678-H7CDF 100% 0.065 0.059 0.027 0.064 0.019 0.115 
1234789-H7CDF 100% 0.007 0.006 0.004 0.008 0.002 0.016 
OCDF 100% 0.056 0.054 0.018 0.053 0.030 0.085 

Total 10 PCDF  0.253 0.231 0.102 0.260 0.086 0.407 
TOTAL 17 

PCDD/PCDF 
100% 1.329 1.267 0.445 1.265 0.857 2.140 

        
T4CDD 100% 0.056 0.050 0.030 0.051 0.025 0.112 
P5CDD 100% 0.124 0.109 0.066 0.118 0.051 0.248 
H6CDD 100% 0.293 0.265 0.154 0.252 0.153 0.615 
H7CDD 100% 0.479 0.440 0.241 0.393 0.302 1.005 
OCDD 100% 0.750 0.703 0.295 0.618 0.478 1.173 

Total PCDD  1.702 1.595 0.707 1.517 1.063 3.154 
        

T4CDF 100% 0.233 0.214 0.093 0.238 0.084 0.406 
P5CDF 100% 0.167 0.153 0.066 0.176 0.053 0.254 
H6CDF 100% 0.163 0.148 0.062 0.164 0.043 0.257 
H7CDF 100% 0.109 0.101 0.039 0.112 0.039 0.176 
OCDF 100% 0.056 0.054 0.018 0.053 0.030 0.085 

Total PCDF  0.728 0.677 0.250 0.767 0.249 1.016 
TOTAL PCDD/PCDF  2.431 2.307 0.864 2.306 1.365 4.150 

        
Concentration in  toxic 
equivalent 

 0.042 0.039 0.017 0.044 0.021 0.072 
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PCDD/PCDF: Statistics for  Ontario station for winter 2002  

(n = 7; December 1, 2001 to March 31, 2002) 
Units : pg/m3, except for concentrations in toxic equivalent (pg TEQ/m3) 

        
 Detection 

Frequency 
Mean Geome-

tric Mean
Standard 
Deviation

Median Minimum Maximum

2378-T4CDD 100% 0.003 0.002 0.003 0.002 0.001 0.008 
12378-P5CDD 100% 0.012 0.011 0.007 0.010 0.005 0.025 
123478-H6CDD 100% 0.012 0.010 0.008 0.010 0.004 0.024 
123678-H6CDD 100% 0.020 0.017 0.013 0.016 0.007 0.040 
123789-H6CDD 100% 0.032 0.024 0.027 0.016 0.011 0.072 
1234678-H7CDD 100% 0.276 0.238 0.163 0.245 0.109 0.534 
OCDD 100% 0.997 0.866 0.526 1.043 0.304 1.886 

Total 7 PCDD  1.353 1.184 0.712 1.369 0.451 2.589 
2378-T4CDF 100% 0.047 0.041 0.030 0.038 0.020 0.109 
12378-P5CDF 100% 0.010 0.008 0.006 0.008 0.004 0.018 
23478-P5CDF 100% 0.015 0.013 0.008 0.014 0.006 0.026 
123478-H6CDF 100% 0.034 0.029 0.016 0.039 0.010 0.054 
123678-H6CDF 100% 0.014 0.012 0.007 0.013 0.005 0.022 
234678-H6CDF 100% 0.017 0.014 0.008 0.019 0.004 0.027 
123789-H6CDF 29% 0.001 0.001 0.001 0.001 < LD 0.003 
1234678-H7CDF 100% 0.064 0.058 0.025 0.073 0.021 0.088 
1234789-H7CDF 100% 0.010 0.008 0.006 0.008 0.003 0.020 
OCDF 100% 0.073 0.067 0.032 0.065 0.028 0.119 

Total 10 PCDF  0.285 0.257 0.119 0.337 0.101 0.412 
TOTAL 17 

PCDD/PCDF 
 1.637 1.446 0.819 1.706 0.552 3.001 

   
T4CDD 100% 0.072 0.062 0.042 0.056 0.029 0.142 
P5CDD 100% 0.130 0.106 0.089 0.107 0.039 0.295 
H6CDD 100% 0.330 0.262 0.238 0.261 0.090 0.740 
H7CDD 100% 0.538 0.455 0.338 0.436 0.199 1.098 
OCDD 100% 0.997 0.866 0.526 1.043 0.304 1.886 

Total PCDD  2.068 1.793 1.168 1.991 0.709 4.161 
        

T4CDF 100% 0.291 0.257 0.159 0.218 0.128 0.536 
P5CDF 100% 0.181 0.159 0.097 0.162 0.082 0.344 
H6CDF 100% 0.165 0.143 0.080 0.183 0.046 0.262 
H7CDF 100% 0.117 0.106 0.048 0.134 0.042 0.166 
OCDF 100% 0.073 0.067 0.032 0.065 0.028 0.119 

Total PCDF  0.827 0.742 0.390 0.841 0.326 1.407 
TOTAL PCDD/PCDF  2.895 2.551 1.487 2.832 1.035 5.370 

        
Concentration in  toxic 
equivalent 

 0.044 0.039 0.025 0.039 0.019 0.088 

 
 



 

Appendix 3 : Summary of Statistical Results of Non-polar VOCs at RDP and Ontario St Stations 
 Station :     RDP         RDP         Ontario       Ontario   
 Period :  Winter 2001 and 2002   Summer 2001 and 2002  Winter 2001 and 2002  Summer 2001 and 2002  

Substance1 (µg/m3) n µ2 δ Min Max n µ δ Min Max n µ δ Min Max n µ δ Min Max
Ethane 34 3.85 1.51 2.26 8.78 41 1.69 0.61 0.83 3.13 37 3.89 1.00 2.57 7.10 45 2.04 0.62 0.93 3.64
Propane 34 3.99 2.71 1.32 12.7 41 3.95 6.05 0.44 27.3 37 4.27 2.37 1.53 11.4 45 2.05 1.16 0.74 5.72
Butane 34 4.78 4.98 1.08 23.4 41 2.76 3.25 0.40 15.6 37 7.79 4.54 1.84 18.0 45 2.80 1.58 0.88 7.63
Isobutane 34 3.92 4.42 0.80 20.0 41 1.90 2.08 0.23 8.39 37 7.05 4.50 1.36 17.1 45 1.90 1.15 0.70 5.87
Cyclopentane 34 0.23 0.26 0.05 1.31 41 0.23 0.24 0.05 1.19 37 0.34 0.17 0.11 0.84 45 0.29 0.15 0.14 0.79
Pentane 34 1.77 1.82 0.51 9.52 41 1.67 1.78 0.33 8.72 37 2.53 1.25 0.82 5.71 45 1.96 0.97 0.85 4.82
Isopentane 34 4.13 4.63 0.93 23.3 41 4.24 5.02 0.67 26.6 37 6.17 3.38 1.52 14.6 45 4.99 2.83 2.27 15.9
2,2-Dimethylpropane 34 0.05 0.02 0.02 0.12 41 0.04 0.02 0.02 0.10 37 0.06 0.02 0.03 0.11 45 0.04 0.01 0.02 0.07
Cyclohexane 34 0.24 0.23 0.06 1.19 41 0.17 0.17 0.04 0.79 37 0.38 0.23 0.12 1.06 45 0.24 0.14 0.10 0.84
Methylcyclopentane 34 0.66 0.88 0.14 4.42 41 0.45 0.46 0.10 2.31 37 0.91 0.47 0.29 2.15 45 0.59 0.30 0.28 1.65
2,2-Dimethylbutane 34 0.32 0.27 0.10 1.21 41 0.28 0.24 0.09 1.19 37 0.52 0.27 0.19 1.25 45 0.42 0.25 0.18 1.42
2,3-Dimethylbutane 34 0.31 0.35 0.05 1.61 41 0.30 0.29 0.07 1.46 37 0.49 0.27 0.16 1.27 45 0.41 0.19 0.22 1.08
3-Methylpentane 34 0.93 0.97 0.22 4.51 36 0.83 0.88 0.22 4.10 36 1.43 0.72 0.49 3.29 38 1.16 0.58 0.31 2.85
2-Methylpentane 30 1.49 1.48 0.34 6.56 40 1.32 1.28 0.33 6.36 34 2.10 1.04 0.73 5.14 45 1.77 0.82 0.91 4.39
Hexane 34 1.35 3.14 0.22 18.5 32 0.68 0.70 0.14 3.30 37 1.26 0.67 0.30 3.06 31 0.86 0.48 0.38 2.40
Methylcyclohexane 34 0.29 0.34 0.06 1.80 41 0.25 0.22 0.05 1.09 37 0.52 0.34 0.13 1.45 45 0.30 0.20 0.11 1.09
2,2,3-Trimethylbutane 34 0.01 0.01 0.00 0.05 41 0.01 0.01 0.00 0.03 37 0.01 0.01 0.00 0.04 45 0.01 0.01 0.00 0.03
3-Methylheptane 34 0.22 0.21 0.05 0.91 41 0.14 0.10 0.04 0.51 37 0.33 0.15 0.13 0.70 45 0.23 0.12 0.11 0.76
2-Methylheptane 34 0.22 0.22 0.05 0.98 41 0.15 0.10 0.05 0.53 37 0.32 0.14 0.12 0.67 45 0.23 0.12 0.10 0.71
4-Methylheptane 34 0.09 0.09 0.02 0.37 41 0.06 0.04 0.01 0.21 37 0.13 0.06 0.05 0.28 45 0.09 0.05 0.04 0.27
Heptane 34 0.49 0.47 0.12 2.25 41 0.35 0.26 0.10 1.34 37 0.72 0.37 0.29 1.83 45 0.42 0.21 0.19 1.21
3-Methylhexane 34 0.59 0.56 0.13 2.64 41 0.40 0.33 0.10 1.59 37 0.87 0.39 0.31 1.84 45 0.57 0.25 0.29 1.57
2,2-Dimethylpentane 34 0.05 0.04 0.02 0.16 41 0.03 0.02 0.01 0.09 37 0.07 0.03 0.04 0.15 45 0.04 0.01 0.02 0.10
2,4-Dimethylpentane 34 0.13 0.12 0.03 0.56 41 0.09 0.06 0.02 0.31 37 0.19 0.09 0.08 0.45 45 0.12 0.05 0.06 0.30
2,3-Dimethylpentane 34 0.23 0.20 0.05 0.92 41 0.15 0.11 0.05 0.52 37 0.32 0.14 0.13 0.71 45 0.21 0.08 0.11 0.49
2-Methylhexane 34 0.53 0.50 0.13 2.38 41 0.37 0.31 0.09 1.51 37 0.79 0.36 0.30 1.63 45 0.54 0.24 0.29 1.50
cis-1,4/t-1,3-
Dimethylcyclohexane 34 0.04 0.03 0.01 0.17 41 0.03 0.02 0.01 0.13 37 0.05 0.02 0.02 0.10 45 0.05 0.04 0.02 0.21
cis-1,3-Dimethylcyclohexane 34 0.08 0.08 0.02 0.43 41 0.09 0.07 0.02 0.38 37 0.11 0.05 0.04 0.26 45 0.12 0.09 0.04 0.55
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Substance1 n µ2 δ Min Max n µ δ Min Max n µ δ Min Max n µ δ Min Max

cis-1,2-Dimethylcyclohexane 34 0.04 0.02 0.01 0.12 41 0.04 0.01 0.02 0.09 37 0.05 0.02 0.02 0.09 45 0.04 0.02 0.02 0.14
trans-1,4-DiMEcyclohexane 34 0.04 0.04 0.01 0.21 41 0.04 0.03 0.01 0.17 37 0.05 0.03 0.02 0.12 45 0.05 0.04 0.01 0.25
trans-1,2-DiMEcyclohexane 32 0.05 0.07 0.00 0.35 41 0.04 0.04 0.00 0.17 35 0.06 0.04 0.02 0.20 45 0.05 0.11 0.00 0.72
2,2,4-Trimethylpentane 34 0.37 0.40 0.07 1.75 41 0.26 0.17 0.07 0.85 37 0.48 0.24 0.16 1.27 45 0.32 0.16 0.11 0.77
2,2-Dimethylhexane 34 0.03 0.02 0.01 0.09 41 0.02 0.01 0.01 0.06 37 0.04 0.01 0.02 0.08 45 0.03 0.01 0.01 0.07
Octane 34 0.22 0.23 0.06 1.17 41 0.18 0.14 0.05 0.71 37 0.29 0.14 0.10 0.70 45 0.23 0.15 0.10 0.86
2,4-Dimethylhexane 34 0.13 0.12 0.03 0.53 41 0.08 0.05 0.03 0.24 37 0.17 0.07 0.07 0.36 45 0.11 0.05 0.04 0.27
2,5-Dimethylhexane 34 0.09 0.09 0.02 0.38 41 0.06 0.04 0.02 0.17 37 0.13 0.06 0.04 0.28 45 0.08 0.03 0.04 0.20
2,3,4-Trimethylpentane 34 0.14 0.14 0.03 0.62 41 0.12 0.07 0.03 0.39 37 0.19 0.13 0.07 0.83 45 0.12 0.05 0.05 0.26
2,2,5-Trimethylhexane 34 0.05 0.04 0.01 0.19 41 0.08 0.08 0.01 0.47 37 0.05 0.05 0.02 0.35 45 0.03 0.01 0.02 0.06
Nonane 34 0.20 0.23 0.04 1.22 41 0.18 0.14 0.03 0.65 37 0.27 0.14 0.08 0.71 45 0.25 0.16 0.10 0.77
3,6-Dimethyloctane 34 0.03 0.03 0.01 0.15 41 0.03 0.02 0.00 0.07 37 0.04 0.02 0.01 0.12 45 0.03 0.02 0.01 0.07
Decane 34 0.24 0.26 0.05 1.31 41 0.23 0.19 0.04 0.87 37 0.40 0.22 0.08 0.93 45 0.36 0.23 0.14 1.20
Undecane 34 0.19 0.20 0.04 1.01 41 0.17 0.13 0.03 0.59 37 0.38 0.22 0.05 0.92 45 0.26 0.15 0.10 0.78
Dodecane 34 0.13 0.10 0.03 0.47 41 0.12 0.06 0.03 0.30 37 0.26 0.14 0.03 0.62 45 0.19 0.10 0.07 0.50
Total Alkanes 34 32.7 30.8 10.6 144 41 24.0 22.7 5.83 106 37 46.2 22.5 15.0 107 45 26.2 12.13 13.2 67.2
Acetylene 34 3.04 2.41 0.83 11.1 41 0.79 0.45 0.29 2.36 37 3.99 2.23 1.41 10.3 45 1.38 0.58 0.62 2.87
Ethylene 34 4.44 5.48 1.20 32.5 41 1.93 3.59 0.54 23.6 37 4.31 1.92 1.81 9.73 45 2.54 0.89 1.30 4.82
1-Propyne 34 0.17 0.14 0.00 0.67 41 0.07 0.05 0.00 0.21 37 0.19 0.07 0.08 0.37 45 0.12 0.04 0.06 0.26
Propylene 34 1.31 1.07 0.39 5.15 41 0.61 0.43 0.21 2.28 37 1.54 0.78 0.53 3.54 45 1.00 0.44 0.43 2.25
1,3-Butadiene 34 0.26 0.20 0.08 1.02 41 0.11 0.06 0.03 0.31 37 0.32 0.12 0.15 0.61 45 0.23 0.09 0.10 0.55
1-Butyne 34 0.03 0.01 0.00 0.07 41 0.02 0.01 0.00 0.03 37 0.03 0.01 0.00 0.05 45 0.02 0.01 0.00 0.04
1-Butene/Isobutene 34 0.93 0.87 0.29 3.83 41 0.53 0.43 0.19 1.97 37 1.46 0.75 0.51 3.61 45 0.69 0.25 0.35 1.42
trans-2-Butene 34 0.34 0.43 0.07 2.11 41 0.22 0.29 0.05 1.35 37 0.67 0.39 0.16 1.65 45 0.31 0.16 0.16 0.96
cis-2-Butene 34 0.30 0.38 0.06 1.93 41 0.22 0.28 0.05 1.34 37 0.57 0.32 0.15 1.35 45 0.30 0.16 0.16 0.94
Cyclopentene 34 0.07 0.05 0.02 0.22 41 0.06 0.05 0.01 0.23 37 0.11 0.04 0.04 0.22 45 0.11 0.04 0.06 0.23
Isoprene 34 0.14 0.10 0.05 0.49 41 0.57 0.61 0.05 2.72 37 0.22 0.09 0.10 0.44 45 0.42 0.26 0.09 1.27
trans-2-Pentene 34 0.21 0.25 0.05 1.33 41 0.21 0.25 0.05 1.29 37 0.37 0.18 0.11 0.78 45 0.33 0.18 0.14 1.06
2-Methyl-1-butene 34 0.27 0.24 0.07 1.19 41 0.33 0.34 0.09 1.81 37 0.40 0.19 0.11 0.90 45 0.43 0.18 0.20 1.08
cis-2-Pentene 34 0.16 0.18 0.03 0.94 41 0.14 0.15 0.04 0.77 37 0.26 0.13 0.07 0.59 45 0.21 0.10 0.09 0.62
1-Pentene 34 0.19 0.17 0.06 0.90 41 0.20 0.16 0.07 0.83 37 0.27 0.11 0.12 0.53 45 0.25 0.10 0.13 0.64
2-Methyl-2-butene 34 0.31 0.43 0.06 2.23 41 0.22 0.26 0.04 1.32 37 0.53 0.35 0.11 1.38 45 0.39 0.21 0.16 1.29
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Substance1 n µ2 δ Min Max n µ δ Min Max n µ δ Min Max n µ δ Min Max

3-Methyl-1-butene 18 0.05 0.04 0.02 0.18 41 0.07 0.07 0.01 0.36 21 0.09 0.04 0.04 0.18 45 0.10 0.05 0.04 0.29
Cyclohexene 34 0.04 0.02 0.00 0.09 41 0.03 0.01 0.00 0.07 37 0.06 0.02 0.03 0.10 45 0.04 0.01 0.03 0.07
1-Methylcyclopentene 34 0.08 0.06 0.03 0.27 41 0.05 0.03 0.01 0.14 37 0.13 0.05 0.04 0.29 45 0.09 0.04 0.04 0.23
2-Ethyl-1-Butene 34 0.06 0.05 0.00 0.26 41 0.08 0.08 0.00 0.40 37 0.13 0.08 0.02 0.36 45 0.17 0.08 0.07 0.44
cis-2-Hexene 34 0.05 0.05 0.00 0.22 41 0.04 0.02 0.01 0.11 37 0.08 0.04 0.03 0.19 45 0.05 0.02 0.03 0.12
1-Hexene 34 0.34 0.70 0.06 4.13 39 0.23 0.59 0.04 3.82 37 0.24 0.10 0.09 0.54 41 0.18 0.13 0.06 0.89
3-Methyl-1-pentene 34 0.03 0.03 0.01 0.14 41 0.03 0.02 0.00 0.10 37 0.05 0.02 0.02 0.10 45 0.04 0.01 0.02 0.09
trans-4-Methyl-2-pentene 34 0.01 0.01 0.00 0.05 41 0.01 0.01 0.00 0.05 37 0.01 0.01 0.00 0.04 45 0.02 0.01 0.00 0.05
cis-4-Methyl-2-pentene 34 0.02 0.04 0.00 0.19 41 0.02 0.04 0.00 0.15 36 0.03 0.04 0.00 0.13 45 0.04 0.04 0.00 0.16
4-Methyl-1-pentene 34 0.03 0.03 0.00 0.13 41 0.03 0.02 0.00 0.07 37 0.04 0.02 0.00 0.10 45 0.03 0.01 0.00 0.07
trans-3-Methyl-2-pentene 34 0.04 0.05 0.00 0.21 41 0.03 0.02 0.01 0.10 37 0.07 0.04 0.00 0.19 45 0.05 0.02 0.03 0.13
trans-2-Hexene 34 0.06 0.06 0.02 0.28 41 0.04 0.03 0.01 0.14 37 0.10 0.04 0.04 0.22 45 0.08 0.03 0.04 0.21
cis-3-Methyl-2-pentene 34 0.05 0.05 0.01 0.25 41 0.03 0.02 0.01 0.09 37 0.08 0.04 0.02 0.22 45 0.05 0.02 0.02 0.11
1-Methylcyclohexene 34 0.05 0.02 0.01 0.11 41 0.04 0.02 0.00 0.08 37 0.07 0.02 0.03 0.11 45 0.04 0.01 0.02 0.09
cis-2-Heptene 34 0.04 0.03 0.01 0.11 41 0.02 0.01 0.00 0.05 37 0.05 0.02 0.02 0.09 45 0.03 0.01 0.01 0.05
trans-3-Heptene 34 0.02 0.01 0.00 0.04 41 0.02 0.01 0.01 0.04 37 0.03 0.01 0.00 0.07 45 0.03 0.01 0.01 0.05
1-Heptene 34 0.11 0.13 0.00 0.54 41 0.05 0.05 0.00 0.17 37 0.14 0.13 0.00 0.47 45 0.06 0.07 0.00 0.25
cis-3-Heptene 12 0.07 0.06 0.02 0.26 16 0.08 0.07 0.02 0.25 13 0.16 0.13 0.04 0.43 25 0.12 0.07 0.04 0.34
trans-2-Heptene 34 0.03 0.03 0.01 0.11 41 0.01 0.01 0.00 0.04 37 0.04 0.02 0.02 0.09 45 0.02 0.01 0.01 0.05
1-Octene 34 0.04 0.03 0.01 0.14 41 0.03 0.03 0.00 0.20 37 0.04 0.01 0.02 0.07 45 0.02 0.01 0.00 0.07
trans-2-Octene 14 0.04 0.04 0.01 0.15 16 0.08 0.08 0.01 0.28 15 0.07 0.04 0.03 0.16 25 0.09 0.09 0.02 0.41
1-Nonene 34 0.03 0.03 0.00 0.10 41 0.03 0.03 0.00 0.11 37 0.03 0.03 0.00 0.09 45 0.02 0.03 0.00 0.13
1-Decene 34 0.04 0.04 0.00 0.19 41 0.02 0.03 0.00 0.09 37 0.05 0.04 0.00 0.17 45 0.02 0.02 0.00 0.08
1-Undecene 18 0.02 0.01 0.00 0.04 41 0.01 0.02 0.00 0.07 21 0.18 0.65 0.00 3.00 45 0.02 0.03 0.00 0.20
Total Alkenes & Alkynes 34 13.4 12.6 4.4 67.6 41 7.23 6.03 2.61 33.7 37 16.9 7.48 7.21 38.0 45 10.0 3.48 5.64 21.2
Freon11 34 1.71 0.16 1.35 1.97 41 1.84 0.23 1.43 2.49 37 1.79 0.29 1.35 3.08 45 1.86 0.21 1.50 2.27
Dibromomethane 34 0.09 0.03 0.02 0.14 41 0.09 0.03 0.02 0.13 37 0.10 0.02 0.06 0.13 45 0.08 0.02 0.05 0.12
Carbontetrachloride 34 0.66 0.06 0.53 0.75 41 0.64 0.06 0.53 0.88 37 0.68 0.06 0.59 0.79 45 0.64 0.05 0.51 0.73
Dibromochloromethane 34 0.06 0.02 0.00 0.08 41 0.05 0.02 0.01 0.09 37 0.06 0.01 0.02 0.08 45 0.05 0.01 0.03 0.08
Bromoform 34 0.06 0.02 0.02 0.11 41 0.05 0.01 0.01 0.07 37 0.06 0.01 0.03 0.10 44 0.05 0.01 0.03 0.08
Bromodichloromethane 34 0.09 0.03 0.03 0.15 41 0.08 0.03 0.02 0.15 37 0.11 0.03 0.07 0.19 45 0.10 0.03 0.05 0.18
Chloroform 34 0.13 0.03 0.08 0.19 41 0.20 0.08 0.09 0.49 37 0.15 0.03 0.08 0.21 45 0.15 0.05 0.07 0.28
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Substance1 n µ2 δ Min Max n µ δ Min Max n µ δ Min Max n µ δ Min Max

Chloromethane 34 1.15 0.08 1.00 1.35 41 1.18 0.12 0.95 1.64 37 1.17 0.11 0.90 1.40 45 1.14 0.11 0.97 1.49
Dichloromethane 34 0.92 1.59 0.24 9.08 41 0.88 0.83 0.23 4.30 37 1.53 1.17 0.32 6.88 45 1.49 1.01 0.47 5.96
Bromomethane 34 0.13 0.03 0.05 0.16 41 0.14 0.03 0.07 0.19 37 0.14 0.02 0.08 0.20 45 0.22 0.57 0.09 3.96
Bromotrichloromethane 8 0.01 0.01 0.00 0.01 0   0.00 0.00 8 0.01 0.01 0.00 0.02 0   0.00 0.00
cis-1,2-Dichloroethylene 34 0.04 0.01 0.00 0.05 37 0.03 0.01 0.00 0.05 37 0.03 0.01 0.01 0.05 39 0.03 0.01 0.00 0.05
Ethylbromide 34 0.03 0.01 0.00 0.04 41 0.03 0.01 0.00 0.05 37 0.03 0.01 0.01 0.04 45 0.02 0.01 0.00 0.04
Tetrachloroethylene 34 0.43 0.53 0.10 3.03 41 0.38 0.32 0.08 1.74 37 0.60 0.30 0.19 1.46 45 0.52 0.31 0.14 1.81
Chloroethane 34 0.09 0.06 0.02 0.32 41 0.08 0.05 0.03 0.32 37 0.09 0.05 0.05 0.35 45 0.08 0.03 0.05 0.23
Trichloroethylene 34 0.18 0.17 0.05 0.94 41 0.19 0.18 0.04 1.09 37 0.23 0.11 0.08 0.49 45 0.17 0.12 0.05 0.71
EDB 34 0.05 0.02 0.00 0.08 41 0.05 0.02 0.00 0.08 37 0.06 0.02 0.03 0.08 45 0.04 0.01 0.01 0.07
trans-1,2-Dichloroethylene 34 0.03 0.01 0.00 0.04 41 0.03 0.01 0.00 0.05 37 0.03 0.01 0.01 0.05 45 0.03 0.01 0.01 0.05
1,2-Dichloroethane 34 0.08 0.01 0.04 0.10 41 0.06 0.01 0.03 0.07 37 0.08 0.01 0.07 0.11 45 0.06 0.01 0.05 0.09
1,1-Dichloroethane 34 0.03 0.01 0.00 0.05 41 0.03 0.01 0.00 0.05 37 0.04 0.01 0.01 0.05 45 0.03 0.01 0.01 0.05
1,1,2-Trichloroethane 34 0.04 0.01 0.00 0.05 41 0.04 0.01 0.00 0.06 37 0.04 0.01 0.02 0.06 45 0.03 0.01 0.00 0.06
Freon114 34 0.21 0.03 0.11 0.25 41 0.21 0.03 0.12 0.26 37 0.22 0.03 0.15 0.30 45 0.21 0.03 0.16 0.28
1,1-Dichloroethylene 34 0.06 0.02 0.00 0.09 41 0.05 0.02 0.00 0.09 37 0.06 0.02 0.02 0.10 45 0.05 0.01 0.02 0.09
Vinylchloride 34 0.02 0.01 0.00 0.04 41 0.02 0.01 0.00 0.03 37 0.02 0.01 0.01 0.03 45 0.02 0.01 0.00 0.03
1,1,1-Trichloroethane 34 0.44 0.17 0.27 1.20 41 0.43 0.38 0.30 2.77 37 0.30 0.05 0.24 0.53 45 0.26 0.04 0.19 0.47
1,1,2,2-Tetrachloroethane 34 0.05 0.02 0.00 0.07 41 0.05 0.02 0.00 0.08 37 0.06 0.01 0.03 0.08 45 0.04 0.01 0.02 0.07
trans-1,3-Dichloropropene 34 0.01 0.01 0.00 0.02 41 0.01 0.01 0.00 0.04 36 0.02 0.01 0.00 0.03 45 0.01 0.01 0.00 0.02
1,2-Dichloropropane 34 0.04 0.01 0.00 0.06 41 0.03 0.01 0.00 0.06 37 0.04 0.01 0.00 0.06 45 0.03 0.01 0.00 0.05
cis-1,3-Dichloropropene 34 0.00 0.00 0.00 0.01 41 0.00 0.00 0.00 0.01 37 0.00 0.00 0.00 0.01 45 0.00 0.00 0.00 0.01
Hexachlorobutadiene 34 0.01 0.02 0.00 0.06 41 0.02 0.03 0.00 0.07 37 0.01 0.02 0.00 0.06 45 0.01 0.02 0.00 0.06
1,4-Dichlorobutane 34 0.01 0.02 0.00 0.06 41 0.01 0.02 0.00 0.10 37 0.01 0.02 0.00 0.05 45 0.01 0.01 0.00 0.03
Chlorobenzene 34 0.04 0.01 0.01 0.06 41 0.04 0.01 0.01 0.06 37 0.00 0.01 0.00 0.04 45 0.01 0.02 0.00 0.06
1,3-Dichlorobenzene 34 0.04 0.02 0.00 0.07 41 0.03 0.02 0.00 0.07 37 0.05 0.02 0.00 0.09 45 0.04 0.02 0.00 0.06
1,2,4-Trichlorobenzene 34 0.07 0.10 0.00 0.34 41 0.07 0.04 0.00 0.15 37 0.08 0.09 0.00 0.34 45 0.07 0.04 0.00 0.14
1,2-Dichlorobenzene 34 0.04 0.03 0.00 0.08 41 0.04 0.02 0.00 0.07 37 0.06 0.02 0.00 0.10 45 0.04 0.02 0.00 0.07
Freon12 34 2.83 0.81 2.11 7.29 41 2.91 0.20 2.42 3.20 37 2.88 0.27 2.09 3.35 45 3.74 3.34 2.47 23.4
Benzylchloride 34 0.00 0.01 0.00 0.05 41 0.01 0.02 0.00 0.07 37 0.05 0.01 0.03 0.07 45 0.04 0.01 0.02 0.06
Freon113 34 0.68 0.06 0.54 0.80 41 0.72 0.06 0.54 0.80 37 0.83 0.18 0.63 1.79 45 1.18 0.33 0.63 2.12
Total Halogens 34 10.5 3.36 7.33 27.8 41 10.7 1.56 8.25 15.5 37 11.7 1.73 8.77 17.4 45 12.6 3.88 8.65 33.1
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Substance1 n µ2 δ Min Max n µ δ Min Max n µ δ Min Max n µ δ Min Max

Benzene 34 2.02 1.75 0.68 7.77 41 0.84 0.64 0.25 2.80 37 1.98 0.76 0.92 3.99 45 1.28 0.65 0.64 3.81
Toluene 34 5.04 5.12 1.05 23.6 41 4.18 4.93 0.69 29.0 37 6.58 3.03 2.12 12.7 45 6.16 5.42 2.41 36.7
Styrene 34 0.23 0.28 0.02 1.37 41 0.14 0.12 0.03 0.50 37 0.20 0.11 0.02 0.45 45 0.14 0.06 0.05 0.30
Ethylbenzene 34 0.90 1.00 0.19 5.25 41 0.69 0.60 0.13 3.16 37 1.16 0.64 0.35 2.88 45 1.06 0.98 0.36 6.15
Indane 34 0.10 0.08 0.03 0.43 41 0.07 0.04 0.02 0.18 37 0.14 0.06 0.03 0.29 45 0.10 0.04 0.05 0.23
iso-Propylbenzene 34 0.07 0.05 0.02 0.28 41 0.06 0.04 0.02 0.29 37 0.08 0.03 0.04 0.16 45 0.06 0.02 0.03 0.14
n-Propylbenzene 34 0.16 0.16 0.04 0.86 41 0.12 0.07 0.04 0.38 37 0.21 0.10 0.08 0.51 45 0.16 0.07 0.08 0.39
sec-Butylbenzene 34 0.03 0.02 0.01 0.10 41 0.03 0.01 0.01 0.06 37 0.04 0.01 0.02 0.07 45 0.03 0.01 0.02 0.06
tert-Butylbenzene 34 0.02 0.01 0.00 0.04 41 0.02 0.01 0.00 0.05 37 0.03 0.01 0.00 0.04 45 0.02 0.01 0.00 0.04
iso-Butylbenzene 34 0.03 0.01 0.01 0.08 41 0.03 0.01 0.00 0.05 37 0.04 0.01 0.02 0.06 45 0.03 0.01 0.02 0.06
Hexylbenzene 34 0.20 0.13 0.03 0.59 40 0.12 0.06 0.03 0.24 37 0.19 0.13 0.06 0.58 45 0.12 0.07 0.03 0.36
m and p-Xylene 34 2.57 3.20 0.46 17.1 41 2.11 1.87 0.34 9.41 37 3.44 2.00 0.87 8.52 45 3.35 3.22 1.03 20.5
o-Xylene 34 0.85 0.94 0.17 4.87 41 0.65 0.57 0.13 2.83 37 1.14 0.63 0.33 2.94 45 0.98 0.85 0.36 5.47
3-Ethyltoluene 34 0.43 0.50 0.10 2.60 41 0.31 0.23 0.08 1.17 37 0.61 0.34 0.08 1.70 45 0.46 0.21 0.19 1.29
4-Ethyltoluene 34 0.24 0.24 0.06 1.33 41 0.18 0.12 0.05 0.61 37 0.32 0.16 0.08 0.80 45 0.25 0.11 0.11 0.63
1,3,5-Trimethylbenzene 34 0.21 0.24 0.02 1.29 41 0.15 0.11 0.04 0.54 37 0.30 0.16 0.02 0.81 45 0.23 0.10 0.10 0.59
2-Ethyltoluene 34 0.18 0.19 0.05 1.02 41 0.13 0.09 0.04 0.44 37 0.25 0.12 0.07 0.62 45 0.19 0.08 0.09 0.48
1,2,4-Trimethylbenzene 34 0.64 0.72 0.14 3.73 41 0.47 0.35 0.13 1.72 37 0.94 0.52 0.05 2.54 45 0.71 0.33 0.30 1.94
1,2,3-Trimethylbenzene 34 0.17 0.18 0.04 0.95 41 0.14 0.09 0.04 0.43 37 0.24 0.12 0.03 0.58 45 0.19 0.08 0.10 0.48
1,3-Diethylbenzene 34 0.06 0.04 0.01 0.19 41 0.04 0.02 0.01 0.10 37 0.07 0.03 0.02 0.15 45 0.06 0.02 0.03 0.12
p-Cymene 34 0.09 0.07 0.01 0.31 41 0.10 0.05 0.03 0.27 37 0.18 0.10 0.03 0.42 45 0.08 0.04 0.03 0.20
1,4-Diethylbenzene 34 0.13 0.10 0.03 0.51 41 0.11 0.06 0.03 0.27 37 0.18 0.08 0.04 0.41 45 0.14 0.06 0.06 0.31
n-Butylbenzene 34 0.05 0.03 0.02 0.15 41 0.04 0.02 0.01 0.09 37 0.06 0.02 0.02 0.13 45 0.05 0.02 0.02 0.10
1,2-Diethylbenzene 34 0.03 0.01 0.01 0.06 41 0.03 0.01 0.00 0.05 37 0.04 0.01 0.02 0.06 45 0.03 0.01 0.01 0.05
Total Aromatics 34 14.5 14.6 3.70 73.7 41 10.7 9.59 2.41 52.7 37 18.4 8.80 6.34 40.3 45 15.9 10.7 6.5 62.3
Total VOCs 34 71.2 59.5 27.7 286 41 52.7 37.4 20.9 189 37 93.3 38.5 37.6 192 45 64.7 27.6 35.7 159 

 
n = number of samples;  µ = mean; δ = standard deviation;  Min = minimum value;  Max = maximum value 
1.  The following substances were below the detection limit : 4-Methyloctane, 3-Methyloctane, 2.5-Dimethylheptane, 2-Methyl-1-Pentene. 2-Methyl-2-

Pentene, cis-2-Octene, Bromochloromethane 
2.  Values can change due to rounding. 
 



 

Annexe 4 : Non-polar VOC Contribution (%) at RDP and Ontario St Stations 
 

Substance RDP Ont. Substance RDP Ont. 
Alkanes 42.23 44.53 Alkenes/alkynes 15.47 16.55 
Propane 5.89 3.84 Ethylene 4.43 4.28 
Isopentane 5.72 6.83 Acetylene 2.83 3.01 
Ethane 5.49 4.22 Propylene 1.48 1.60 
Butane 5.30 6.38 1-Butene/Isobutene 1.13 1.32 
Isobutane 3.86 5.11 Isoprene 0.70 0.43 
Pentane 2.46 2.82 2-Methyl-1-butene 0.48 0.55 
2-Methylpentane 1.85 2.37 1-Hexene 0.42 0.26 
Hexane 1.18 1.13 trans-2-Butene 0.38 0.59 
3-Methylpentane 1.17 1.42 cis-2-Butene 0.36 0.52 
Methylcyclopentane 0.75 0.90 2-Methyl-2-butene 0.34 0.54 
3-Methylhexane 0.72 0.86 1-Pentene 0.32 0.34 
2-Methylhexane 0.66 0.82 1,3-Butadiene 0.31 0.35 
Heptane 0.65 0.67 trans-2-Pentene 0.29 0.44 
2,2,4-Trimethylpentane 0.47 0.50 cis-2-Pentene 0.21 0.29 
2,2-Dimethylbutane 0.46 0.57 1-Propyne 0.18 0.19 
2,3-Dimethylbutane 0.45 0.58 1-Heptene 0.13 0.12 
Methylcyclohexane 0.39 0.45 2-Ethyl-1-Butene 0.12 0.21 
Decane 0.37 0.47 1-Methylcyclopentene 0.11 0.14 
Cyclopentane 0.34 0.41 Cyclopentene 0.11 0.15 
Undecane 0.33 0.38 3-Methyl-1-butene 0.09 0.12 
Octane 0.31 0.32 1-Methylcyclohexene 0.09 0.07 
Cyclohexane 0.30 0.36 trans-2-Hexene 0.08 0.11 
2,3-Dimethylpentane 0.29 0.33 Cyclohexene 0.07 0.07 
Nonane 0.29 0.32 cis-2-Hexene 0.07 0.08 
2-Methylheptane 0.29 0.33 1-Octene 0.06 0.04 
2,3,4-Trimethylpentane 0.27 0.19 trans-3-Methyl-2-pentene 0.06 0.08 
3-Methylheptane 0.27 0.33 cis-3-Methyl-2-pentene 0.06 0.08 
Dodecane 0.24 0.31 1-Nonene 0.06 0.04 
2,2,5-Trimethylhexane 0.21 0.05 cis-2-Heptene 0.06 0.05 
2,4-Dimethylhexane 0.17 0.17 3-Methyl-1-pentene 0.05 0.06 
2,4-Dimethylpentane 0.16 0.20 1-Decene 0.05 0.04 
2,5-Dimethylhexane 0.14 0.12 4-Methyl-1-pentene 0.05 0.05 
cis-1,3-Dimethylcyclohexane 0.13 0.14 1-Butyne 0.04 0.03 
4-Methylheptane 0.11 0.13 cis-3-Heptene 0.04 0.08 
2,2-Dimethylpropane 0.09 0.07 trans-3-Heptene 0.04 0.04 
cis-1,2-Dimethylcyclohexane 0.07 0.06 trans-2-Heptene 0.03 0.04 
2,2-Dimethylpentane 0.07 0.07 1-Undecene 0.03 0.05 
trans-1,2-DiMEcyclohexane 0.06 0.06 cis-4-Methyl-2-pentene 0.03 0.05 
trans-1,4-DiMEcyclohexane 0.06 0.06 trans-2-Octene 0.03 0.05 
cis-1,4/t-1,3-
Dimethylcyclohexane 

0.06 0.06 trans-4-Methyl-2-pentene 
2-Methyl-1-Pentene 

0.01 
0.00 

0.02 
0.00 

3,6-Dimethyloctane 0.05 0.05 2-Methyl-2-Pentene 0.00 0.00 
2,2-Dimethylhexane 0.05 0.04 cis-2-Octene 0.00 0.00 
2,2,3-Trimethylbutane 0.02 0.02    
4-Methyloctane 0.00 0.00    
3-Methyloctane 0.00 0.00    
2,5-Dimethylheptane 0.00 0.00    
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Substance RDP Ont. Substance RDP Ont. 

Halogens 22.99 17.72 Hexachlorobutadiene 0.04 0.02 
Freon12 6.44 4.79 1,4-Dichlorobutane 0.03 0.02 
Freon11 4.06 2.84 Benzylchloride 0.03 0.06 
Chloromethane 2.71 1.80 trans-1,3-Dichloropropene 0.03 0.02 
Freon113 1.63 1.59 cis-1,3-Dichloropropene 0.00 0.00 
Carbontetrachloride 1.48 1.00 Bromotrichloromethane 0.00 0.00 
Dichloromethane 1.47 1.95 Bromochloromethane 0.00 0.00 
1,1,1-Trichloroethane 0.90 0.41     
Tetrachloroethylene 0.64 0.72 Aromatics 19.31 21.20 
Freon114 0.47 0.33 Toluene 6.74 7.74 
Chloroform 0.34 0.22 m and p-Xylene 3.51 4.15 
Bromomethane 0.30 0.26 Benzene 2.16 2.05 
Trichloroethylene 0.30 0.24 Ethylbenzene 1.20 1.34 
Dibromomethane 0.20 0.14 o-Xylene 1.13 1.28 
Bromodichloromethane 0.16 0.14 1,2,4-Trimethylbenzene 0.88 1.04 
Chloroethane 0.16 0.12 3-Ethyltoluene 0.57 0.68 
1,2,4-Trichlorobenzene 0.16 0.12 Styrene 0.35 0.22 
1,2-Dichloroethane 0.15 0.11 4-Ethyltoluene 0.34 0.36 
1,1-Dichloroethylene 0.12 0.08 Hexylbenzene 0.32 0.22 
Dibromochloromethane 0.11 0.08 1,3,5-Trimethylbenzene 0.29 0.34 
Bromoform 0.11 0.08 2-Ethyltoluene 0.26 0.28 
1,1,2,2-Tetrachloroethane 0.11 0.07 1,2,3-Trimethylbenzene 0.25 0.28 
EDB 0.11 0.07 n-Propylbenzene 0.23 0.24 
Chlorobenzene 0.09 0.01 1,4-Diethylbenzene 0.22 0.22 
1,2-Dichlorobenzene 0.09 0.07 p-Cymene 0.19 0.15 
1,3-Dichlorobenzene 0.08 0.07 Indane 0.15 0.15 
1,1,2-Trichloroethane 0.08 0.06 iso-Propylbenzene 0.11 0.10 
1,2-Dichloropropane 0.07 0.05 1,3-Diethylbenzene 0.09 0.09 
1,1-Dichloroethane 0.07 0.05 n-Butylbenzene 0.08 0.08 
cis-1,2-Dichloroethylene 0.06 0.04 sec-Butylbenzene 0.06 0.05 
Ethylbromide 0.06 0.04 1,2-Diethylbenzene 0.06 0.04 
trans-1,2-Dichloroethylene 0.06 0.04 iso-Butylbenzene 0.06 0.05 
Vinylchloride 0.04 0.03 tert-Butylbenzene 0.04 0.04 
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Appendix 5 : Summary of Statistical Results for Polar VOCs 
 
RDP Station:  
Period Substance n µ δ Min Med. Max 
  Formaldehyde 77 4.12 2.05 0.88 3.60 11.58
  Acetaldehyde 77 2.60 1.83 0.00 2.00 11.72
  Acrolein 77 0.38 0.66 0.00 0.17 3.50 
  Acetone 77 2.59 1.83 0.00 2.26 11.26
  Propionaldehyde 77 0.59 0.45 0.00 0.51 2.26 
  Crotonaldehyde 77 0.13 0.19 0.00 0.04 0.85 
Winter  MEK 77 1.30 1.90 0.00 0.88 14.48
1999 to  Benzaldehyde 77 0.27 0.34 0.00 0.19 2.49 
2002 2-Pentanone/Isovaleraldehyde 77 0.04 0.11 0.00 0.00 0.63 
  Valeraldehyde 77 0.14 0.22 0.00 0.06 0.99 
  o-Tolualdehyde 77 0.02 0.08 0.00 0.00 0.59 
  m-Tolualdehyde 77 0.14 0.27 0.00 0.00 1.05 
  p-Tolualdehyde 77 0.01 0.04 0.00 0.00 0.34 
  MIBK 77 0.16 0.28 0.00 0.00 1.14 
  Hexanal 77 0.13 0.17 0.00 0.07 0.71 
  2,5-Dimethylbenzaldehyde 77 0.01 0.06 0.00 0.00 0.33 
  Total Polar VOCs 77 12.60 7.24 2.25 10.74 45.38
          
         
  Formaldehyde 87 4.93 3.70 0.00 4.12 18.43
  Acetaldehyde 87 1.68 0.98 0.00 1.53 4.92 
  Acrolein 87 0.02 0.08 0.00 0.00 0.68 
  Acetone 87 1.94 1.82 0.00 1.52 11.07
  Propionaldehyde 87 0.46 0.31 0.00 0.43 1.57 
  Crotonaldehyde 87 0.09 0.12 0.00 0.04 0.46 
Summer MEK 87 0.51 0.50 0.00 0.37 1.96 
1999 to Benzaldehyde 87 0.19 0.17 0.00 0.15 1.20 
2002 2-Pentanone/Isovaleraldehyde 87 0.02 0.06 0.00 0.00 0.35 
  Valeraldehyde 87 0.19 0.28 0.00 0.12 1.89 
  o-Tolualdehyde 87 0.05 0.15 0.00 0.00 0.79 
  m-Tolualdehyde 87 0.05 0.19 0.00 0.00 1.55 
  p-Tolualdehyde 87 0.02 0.07 0.00 0.00 0.57 
  MIBK 87 0.12 0.21 0.00 0.00 1.14 
  Hexanal 87 0.41 0.59 0.00 0.24 3.66 
  2,5-Dimethylbenzaldehyde 87 0.03 0.09 0.00 0.00 0.61 
  Total Polar VOCs 87 10.74 5.71 1.24 9.20 31.00

n = number of values;   µ = mean;   δ = standard deviation;   Min = minimum;    Med. = median;  
Max = maximum 
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Summary of Statistical Results for Polar VOCs at Ontario St Station 
Period Substance n µ δ Min Med. Max 
 Formaldehyde 70 3.06 1.18 1.14 3.05 7.30 
  Acetaldehyde 70 2.55 1.79 0.79 1.99 10.45
  Acrolein 70 0.25 0.24 0.00 0.20 1.20 
  Acetone 70 3.68 1.92 1.20 3.37 13.67
  Propionaldehyde 70 0.59 0.35 0.15 0.48 2.43 
  Crotonaldehyde 70 0.13 0.13 0.00 0.10 0.81 
Winter  MEK 70 1.47 1.17 0.24 1.19 8.77 
1999 to Benzaldehyde 70 0.19 0.12 0.00 0.15 0.78 
2002 2-Pentanone/Isovaleraldehyde 54 0.15 0.11 0.00 0.15 0.51 
  Valeraldehyde 70 0.12 0.08 0.00 0.12 0.45 
  o-Tolualdehyde 70 0.00 0.01 0.00 0.00 0.05 
  m-Tolualdehyde 70 0.04 0.04 0.00 0.04 0.25 
  p-Tolualdehyde 70 0.03 0.04 0.00 0.00 0.20 
  MIBK 70 0.18 0.22 0.00 0.12 1.13 
  Hexanal 70 0.13 0.09 0.00 0.11 0.48 
  2,5-Dimethylbenzaldehyde 54 0.00 0.00 0.00 0.00 0.00 
  Total Polar VOCs 70 12.54 6.51 3.80 11.35 46.35
          
        
  Formaldehyde 89 3.33 1.61 0.93 2.98 9.62 
  Acetaldehyde 89 2.36 1.33 0.76 2.04 7.74 
  Acrolein 89 0.11 0.09 0.00 0.10 0.70 
  Acetone 89 4.56 1.49 2.01 4.34 9.81 
  Propionaldehyde 89 0.70 0.68 0.22 0.56 6.08 
  Crotonaldehyde 89 0.18 0.13 0.02 0.16 0.73 
Summer MEK 89 1.36 0.74 0.36 1.22 4.01 
1999 to Benzaldehyde 89 0.24 0.12 0.08 0.22 0.83 
2002 2-Pentanone/Isovaleraldehyde 65 0.19 0.11 0.00 0.17 0.55 
  Valeraldehyde 89 0.22 0.14 0.06 0.19 0.86 
  o-Tolualdehyde 89 0.00 0.01 0.00 0.00 0.03 
  m-Tolualdehyde 89 0.06 0.05 0.00 0.05 0.34 
  p-Tolualdehyde 89 0.03 0.05 0.00 0.02 0.40 
  MIBK 89 0.21 0.14 0.00 0.17 0.73 
  Hexanal 89 0.26 0.14 0.06 0.23 0.73 
  2,5-Dimethylbenzaldehyde 70 0.00 0.00 0.00 0.00 0.00 
  Total Polar VOCs 89 13.77 5.54 5.51 12.58 33.93

n = number of values;   µ = mean;   δ = standard deviation;   Min = minimum;    Med. = median;  
Max = maximum 
 
 


