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1.0 INTRODUCTION

This report characterises air quality in 2001 across Canada using measurements from
the National Air Pollution Surveillance (NAPS) network. The report is intended to be a
supplement to the NAPS Annual Data Summary for 2001 (EC 2002) and illustrates
geographical and temporal variations in pollutant concentrations across Canada. Trends
in pollutant levels over the period 1990 to 2001 are also provided. The atmospheric
pollutants included in this report are sulphur dioxide, carbon monoxide, ground-level
ozone, nitrogen oxides, particulate matter, and a number of organic and inorganic
compounds. The air quality in Canada varies by both geographical location and time of
year, and certain pollutants are associated with and present at levels of concern in
specific areas.

2.0 NAPS NETWORK
21 Description of Network

The NAPS network was established in 1969 as a joint program of the federal, provincial
and municipal governments to monitor and assess the quality of ambient air in
Canadian urban centres. In 2001, the network consisted of 253 stations in 156 locations
with over 600 monitors in operation (Appendix Il). Additional air quality monitoring sites
are located in some provinces; however, data from these sites are not reported to
NAPS. This report deals only with data in the NAPS network database. The NAPS
network co-operating agencies are listed below. Contact information for each agency is
available in Appendix I.

NAPS Network Co-operating Agencies

Newfoundland and Labrador Department of Environment & Labour
Prince Edward Island Fisheries, Aquaculture and Environment

Nova Scotia Environment & Labour

New Brunswick Department of the Environment and Local Government
Gouvernement du Québec, Ministere de I'Environnement

Ville de Montréal, Direction de I'environnement

Ontario Ministry of the Environment

Manitoba Conservation

Saskatchewan Environment

Alberta Environment

British Columbia Ministry of Water, Land and Air Protection

Greater Vancouver Regional District (GVRD)

Yukon Department of Environment

Northwest Territories Resources, Wildlife and Economic Development
Government of Nunavut
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2.2 Pollutants Measured

The NAPS program originally included continuous measurements of the ‘criteria’ air
pollutants, including sulphur dioxide (SO;), carbon monoxide (CO), nitrogen dioxide
(NOy), ground-level ozone (O3), and total suspended particulate matter (TSP). The
program now supports a number of other monitoring activities related to priority national
air issues. For Canada’s national Smog Management Program, measurements of nitric
oxide (NO), nitrogen oxides (NOy), and volatile organic compounds (VOCs) are reported
to the NAPS database. The NO and NOx measurements are made continuously while
VOC measurements are usually carried out over 24 hours once every six days. VOC
samples are analyzed for over 150 individual compounds. An inhalable particulate
matter (PM) monitoring program began in 1984 for particles with diameters less than

10 um (PM1) and less than 2.5 ym (PM5) using dichotomous samplers. Filters from
the dichotomous samplers are analysed for 50 elements, including metals such as
arsenic, lead, and mercury, 14 inorganic and organic ions, and 11 inorganic cations.
Details on the NAPS program can be found in (Dann 1994), (Dann and Wang 1995),
(Brook et al. 1997), (Dann 1998), (Dann and Kreiger 2000), and (Dann and Wang
2001).

Continuous PM; 5 and PM1o monitoring was introduced to the network in 1994. In 2001,
there were over 150 continuous PM instruments (Rupprecht & Patashnick Tapered
Element Oscillating Microbalance or TEOM instruments) in operation.

Table 2.1 provides a summary of pollutants measured in the NAPS network and stored
in the NAPS database including start and end years. Pollutants covered in this report
are in italics. A brief description of measurement methods is provided in Table 2.2.

Table 2.1 Pollutants Measured in the NAPS Network

Gases — 1 Hour (ppb)
Sulphur Dioxide 1974-2001 Carbon Monoxide (ppm) 1974-2001 Ozone 1974-2001
Nitrogen Dioxide 1974-2001 Nitric Oxide 1980-2001 Nitrogen Oxides 1980-2001

Particulate Matter — 1 Hour (ug/m®)
Particulate Matter (2.5u) PM2.5 1995-2001 Particulate Matter(10u) PM101992-2001
Soiling Index 1974-1997

Particulate Matter — 24 Hours (ug/m®
Suspended Particulate Matter SPM 1974-2001 Suspended Particulate Lead SPL 1974-1998
Suspended Particulate Sulphate SPL 1974-1998 Particulate Matter PM1o 1984-2001

Particulate Lead PL25 1984-2001 Particulate Sulphate PS25 1984-2001
Particulate Lead PL10 1984-2001 Particulate Sulphate PS1o 1984-2001
Particulate Matter - 1 Month

Dustfall (g/m2/30days) 1974-1989 Sulphation (mg/1OOCm2/day) 1974-1989

Particulate Matter - 24 Hours (ug/m®)
PM;o PM, 5 Anions and Cations, Metals 1984-2001



Acetate
Antimony
Bismuth
Cadmium
Cesium
Chromium
Fluoride
Germanium
Iron
Magnesium
Molybdenum
Niobium
Oxalate
Phosphate
Praseodymium
Selenium
Sodium
Sulphur
Thallium
Tungsten
Zinc

Volatile Organic Compounds (ug/m® 1989-2001

1,1,1-Trichloroethane
1,1-Dichloroethane
1,2,3-Trimethylbenzene
1,2-Dichlorobenzene
1,2-Diethylbenzene
1,3-Dichlorobenzene
1,4-Dichlorobutane
1-Butene/lsobutene
1-Heptene
1-Methylcyclopentene
1-Pentene
2,2,4-Trimethylpentane
2,2-Dimethylhexane
2,3,4-Trimethylpentane
2,4-Dimethylhexane
2,5-Dimethylheptane
2-Ethyltoluene
2-Methyl-2-Butene
2-Methylhexane
3,6-Dimethyloctane
3-Methylheptane
3-Methylpentane
Acetone

Alpha-Pinene
Beta-Pinene
Bromoform

Butane

Chloroethane
cis-1,2-Dichloroethylene
cis-1,3-Dimethylcyclohexane
cis-2-Hexene
cis-3-Heptene
Crotonaldehyde
Cyclopentane
Delta-Limonene
Dichloromethane
Ethylbenzene
Formaldehyde

Freon 12
Hexachlorobutane
Hexylbenzene
Iso-Butylbenzene
Iso-Propylbenzene
Methyl Ethyl Ketone
m-Tolualdehyde
Nonane

Aluminum
Arsenic
Bromide
Calcium
Chloride
Cobalt
Formate
Indium
Lanthanum
Manganese
Neodymium
Nitrate
Palladium
Phosphorus
Rubidium
Silicon
Strontium
Tantulum
Tin
Vanadium
Zirconium

1,1,2,2-Tetrachloroethane
1,1-Dichloroethylene
1,2,4-Trichlorobenzene
1,2-Dichloroethane
1,3,5-Trimethylbenzene
1,3-Diethylbenzene
1,4-Diethylbenzene
1-Butyne

1-Hexene

1-Nonene

1-Propyne
2,2,5-Trimethylhexane
2,2-Dimethylpentane
2,3-Dimethylbutane
2,4-Dimethylpentane
2,5-Dimethylhexane
2-Methyl-1-Butene
2-Methyl-2-Pentene
2-Methylpentane
3-Ethyltoluene
3-Methylhexane
4-Ethyltoluene
Acetylene
Benzaldehyde
Bromochloromethane
Bromomethane
Carbontetrachloride
Chloroform
cis-1,2-Dimethylcyclohexane
cis-2-Butene
cis-2-Octene
cis-3-Methyl-2-Pentene
Cyclohexane
Cyclopentene
Dibromochloromethane
Dodecane
Ethylbromide

Freon 11

Freon 22

Hexanal

Indane

Isopentane
Isovaleraldehyde
Methyl Iso-Butyl Ketone
Naphthalene
N-Propylbenzene

10

Ammonium
Barium
Bromine
Cerium
Chlorine
Copper
Gallium
lodine
Lead
Mercury
Nickel
Nitrite
Particulate PM25 & PM1o
Potassium
Scandium
Silver
Sulphate
Tellurium
Titanium
Yttrium

1,1,2-Trichloroethane
1,2 Dibromoethane
1,2,4-Trimethylbenzene
1,2-Dichloropropane
1,3-Butadiene
1,4-Dichlorobenzene
1-Butene

1-Decene
1-Methylcyclohexene
1-Octene
2,2,3-Trimethylbutane
2,2-Dimethylbutane
2,2-Dimethylpropane
2,3-Dimethylpentane
2,5-Dimethylbenzaldehyde
2-Ethyl-1-Butene
2-Methyl-1-Pentene
2-Methylheptane
2-Pentanal
3-Methyl-1-Pentene
3-Methyloctane
4-Methyl-1-Pentene
Acrolein

Benzene
Bromodichloromethane
Bromotrichloromethane
Chlorobenzene
Chloromethane
cis-1,3-Dichloropropene
cis-2-Heptene
cis-2-Pentene
cis-4-Methyl-2-Pentene
Cyclohexene

Decane
Dibromomethane
Ethane

Ethylene

Freon 114

Heptane

Hexane

Isobutane

Isoprene

m and p-Xylene
Methylcyclopentane
N-Butylbenzene
Octane



o-Tolualdehyde o-Xylene p-Cymene

Pentane Propane Propionaldehyde

Propylene p-Tolualdehyde sec-Butylbenzene

Styrene tert-Butylbenzene Tetrachloroethylene

Toluene trans & cis-1,3-Dichloropropene trans-1,2-Dichloroethylene
trans-1,2-Dimethylcyclohexane trans-1,3-Dichloropropene trans-1,3-Dimethylcyclohexane
trans-1,4-Dimethylcyclohexane trans-2-Butene trans-2-Heptene
trans-2-Hexene trans-2-Octene trans-2-Pentene
trans-3-Heptene trans-3-Methyl-2-Pentene trans-4-Methyl-2-Pentene
Trichloroethylene Undecane Vinylchloride

Semi-volatile Organic Compounds (ug/m®) 1989-2001

1-Methylpyrene 2-Methylfluorene 3-Methylcholanthrene
7-Methylbenzo(a)anthracene Acenaphthene Acenaphthylene
Anthanthrene Anthracene Benzo (k)fluoranthene
Benzo(a)anthracene Benzo(a)fluorine Benzo(a)pyrene
Benzo(b)chrysene Benzo(b)fluoranthene Benzo(b)fluorene
Benzo(e)pyrene Benzo(ghi)fluoranthene Benzo(ghi)perylene
Chrysene Dibenzo(ah)anthracene Fluoranthene
Fluorene Indeno Pyrene Perylene
Phenanthrene Pyrene Triphenylene

Semi-volatile Organic Compounds (fg/m*-TEQ ) 1989-2001

Polychlorodibenzo-p-dioxin Polychlorodibenzofuran 1,3-Dinitropyrene
1,6-Dinitropyrene 1,8-Dinitropyrene 12-Ethyl-6-nitrochrysene
1-Nitrobenzo(a)pyrene 1-Nitrobenzo(e)pyrene 1-Nitropyrene
2-Nitroanthracene 2-Nitrobenzo(a)pyrene 2-Nitrofluoranthene
2-Nitrofluorene 2-Nitropyrene 3-Nitrobenzo(a)pyrene
3-Nitrobenzo(e)pyrene 3-Nitrofluoranthene 4-Nitrobenzo(e)pyrene
4-Nitropyrene 6-Nitro-3,4-benzocoumarin 6-Nitrobenzo(a)pyrene
6-Nitrochrysene 7-Nitro-12-methylbenzo(a)anthracene  7-Nitrobenz(a)anthracene
9-Nitroanthracene 9-Nitrodibenzo(a,c)anthracene 9-Nitrophenanthrene
Hexachlorobenzene Octachlorostyrene Pentachlorophenol
Total Nitro-C13 Total Nitro-C14 Total Nitro-C16

Total Nitro-C18 Total Nitro-C20 Total Nitro-C22

2.3 Instrumentation and Data Collected

NAPS data are validated using automated and manual procedures. Data from network
cooperating agencies are converted to a NAPS-compatible format and entered in the
NAPS database. Although the agency data analyst has validated the data, they are also
submitted to tests outlined by the United States Environmental Protection Agency.
When data are flagged automatically or manually, the relevant agency must confirm the
data before they are stored in the NAPS database.

Previous reviews and trend analyses of data from the NAPS network are found in a

number of published reports (Fuentes and Dann 1994; Furmanzcyk 1994; EC 1996) and
data files are available upon request (Appendix IlI).
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2.4 Quality Assurance

The NAPS network cooperating agencies’ quality assurance (QA) and quality control
programs are supplemented by a quality assurance program conducted by Environment
Canada. These ensure that the ambient air monitoring data collected from NAPS
stations are valid, complete, comparable, representative, and accurate. Elements of the
network QA program described in a report include site selection, sampling system
requirements, site and analyzer operation, instrument calibration and reference
standards, inter-laboratory testing and performance audit program, data validation and
reporting, documentation, and training and technical support.

The methods used to measure pollutants for which national air quality objectives exist
(sulphur dioxide, carbon monoxide, nitrogen dioxide, ozone and total suspended
particulates) have been designated as “reference methods” or “equivalent methods” by
the United States Environmental Protection Agency. The methods are strictly governed
by operation or instruction manuals and applicable quality assurance procedures.
Calibration standards used in the NAPS network are certified traceable to United Sates
National Institute of Standards and Technology (NIST) primary standards. Standard
Operating Procedures (SOPs) are available for VOC, dichotomous sampler mass,
anions, cations and metals, and for semi-volatile organics. All analyses are conducted in
a laboratory accredited by the Standards Council of Canada to ISO Standard 170

12
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3.0 AIRQUALITY OBJECTIVES AND STANDARDS

3.1 National Air Quality Objectives

National ambient air quality objectives (NAAQOSs) have traditionally been the
benchmark against which Canada assesses the impact of anthropogenic activities on
air quality and to ensure that current emission control policies are protecting human
health and the environment. The first Canadian NAAQOs were developed in the
mid-1970s. These objectives consisted of a three-tiered approach (maximum desirable,
acceptable, and tolerable levels), which identified ranges of air quality with specific
levels of effect.

Since the development of the NAAQOs, new science has brought new ways of looking
at these values. Air quality objectives must be consistent with the philosophy of the
Canadian Environmental Protection Act (CEPA) and be based upon recognized
scientific principles that include risk assessment and risk management. While the
NAAQOS represent national objectives, Provincial and Regional governments have the
option of adopting these as objectives or as enforceable standards within their
jurisdictions, or they may opt to adopt more stringent values based upon local
jurisdictional needs and desires.

Reality is that today only the Acceptable and Desirable Levels of the NAAQOs are
generally referred to in air quality management and reporting. While the NAAQO system
has not formally been revised to a two-level system, and for the purposes of this report,
the 2001 data are compared with the existing Acceptable and Desirable NAAQOs as
summarized in Table 3.1.
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Table 3.1 National Ambient Air Quality Objectives

Averaging Period

Maximum
Desirable Level®

Maximum
Acceptable Level®

Sulphur Dioxide (SO,)

Annual arithmetic mean

30 ug/m® (11 ppb)

60 ug/m® (23 ppb)

Average concentration over a 24-h period

150 pg/m° (57 ppb)

300 ug/m® (115 ppb)

Average concentration over a 1-h period

450 pg/m° (172 ppb)

900 ug/m® (334 ppb)

Suspended Particulate Matter

Annual geometric mean 70 pug/m’®

60 ug/m°®

Average concentration over a 24-h period 120 pg/m3

Carbon Monoxide (CO)

Average concentration over a 8-h period 6 mg/m° (5 ppm) 15 mg/m° (13 ppm)

Average concentration over a 1-h period 15 mg/m° (13 ppm) 35 mg/m” (31 ppm)

Oxidants (Ozone) (O;)

Average concentration over a 1-h period 100 pg/m” (51 ppb) 160 pg/m” (82 ppb)

Nitrogen Dioxide (NO,)

Annual arithmetic mean 60 ug/m° (32 ppb) 100 pg/m” (53 ppb)

Average concentration over a 1-h period - 400 pg/m° (213 ppb)

TConditions of 25°C and 101 kPa are used as a basis for conversion from ug/m® to ppb/ppm.

3.2 Canada-wide Standards

In 1998, the federal and provincial governments agreed to establish Canada-wide
Standards (CWS) for substances of high priority, consistent with the Canada-wide
Accord on Environmental Harmonization. These include two substances that were being
developed as Air Quality Objectives, namely particulate matter and ground-level ozone.
Canada-wide Standards are science-based in the same manner as AQOs, but also
explicitly recognize and incorporate a number of other factors including technical
feasibility and economic issues.

CWS have the explicit buy-in of federal and provincial governments and involve the
development of jurisdictional risk management plans to attain the agreed-upon
Standard. Stakeholder consultation is a fundamental aspect of the CWS process and is
conducted on all aspects of the Standard and associated management plans both at the
provincial and federal level. Jurisdictions are currently in the process of designating their
CWS reporting areas and monitoring stations. All information presented in this report
that relates to the CWS is, therefore, strictly preliminary and is not to be construed as
being indicative of the achievement status of the Standards. CWS achievement is due
by 2010. Canada-wide Standards for fine particulate matter and ground-level ozone
were ratified by the Canadian Council of Ministers for the Environment in June 2000.
Additional information can be found on the CCME website at www.ccme.ca/ccme.

Canada-wide Standards provisions include a 24-hour average Standard for PM, 5 set at
30 pg/m® and an 8-hour average Standard for ozone set at 65 ppb. The achievement of
these Standards, due in 2010, is assessed based on the value of a specific statistic, or
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metric, the value of which depends on the measured ambient concentrations of PM; 5
and ozone. Under the CWS, the metrics to use to assess achievement of the Standards
are:

PM, s CWS metric = the 3-year average of the annual 98" percentile of the 24-hour
average (midnight to midnight) PM, s concentrations.

Ozone CWS metric = the 3-year average of the annual 4™ highest of the daily maximum
8-hour average ozone concentrations.

Using the PM2 5 and ozone Guidance Document on Achievement Determination
(GDAD), jurisdictions are currently in the process of designating their Canada-wide
Standards (CWS) reporting areas and CWS monitoring stations. All information
presented in this report that may relate to the CWS is, therefore, strictly
preliminary and is not to be construed as being indicative of the achievement
status of the Standards. The CWS achievement is due by 2010. The first
comprehensive progress reports on all provisions of the CWS, including assessment of
ambient levels and trends, and identification of communities where ambient levels are
exceeding or approaching the Standards, will be completed in 2006 for the year 2005.

4.0 AMBIENT CONCENTRATIONS BY POLLUTANT IN 2001
4.1 Sulphur Dioxide

Sulphur dioxide (SO>) is a major precursor to acid deposition (acid rain). The two most
important anthropogenic sources of atmospheric SO, are the burning of
sulphur-containing fossil fuels (mainly coal and oil) in power plants and the smelting of
metal ores. In urban areas, non-industrial fuel consumption and transportation are the
primary emission sources. In 1995, industrial sources represented 73.5% of the total
national SO, emissions, while non-industrial fuel consumption and transportation
accounted for nearly all (99.7%) of the remainder (EC 1999). Atmospheric
concentrations of SO, are generally highest in the vicinity of industrial sources. It should
be noted that this report only draws on data submitted to the NAPS database. Although
data are included from some sites near industrial sources, there are a number of other
provincial and industrial self-monitoring sites across the country for which data were not
available for this report. Results from these sites can be found in provincial air quality
summary reports.

SO, measurement data are reported as 1-h concentrations. Mean monthly SO,
concentrations are shown for three urban sites — Témiscaming and Murdochville, two
sites influenced by industrial point sources, and a commercial site in Montréal — in
Figure 4.1. The Murdochville and Montréal sites examples of sites near industrial point
sources and urban source sites, respectively. SO, levels at the sites in Témiscaming
and Murdochville were consistently higher than at the Montréal site. SO, levels at the
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Murdochville and Montréal sites were both higher in the winter months than in the
summer. This seasonal pattern was also observed at most other point-source and urban
sites. SO, may be oxidized by reactions in the gas phase, liquid phase, and on the
surfaces of solids. Sunlight intensity, the presence of oxidants (e.g., H,O2 and Os)
and/or oxidant precursors (e.g., volatile organic compounds), relative humidity, and the
presence of fogs and clouds are all important to the conversion rate of SO, (Finlayson-
Pitts and Pitts 1986). As a result, SO, oxidation rates are generally higher in the
summer than winter. In addition, the mixing depth of the atmosphere is reduced in the
winter, resulting in increased SO, concentrations. In contrast to the Murdochville and
Montréal sites, the concentrations of SO, at the Témiscaming site were higher in the
summer months than in the winter, possibly as a result of its valley topography and/or
seasonal changes in prevailing wind direction.

Figure 4.1 Monthly Variations in SO, Concentrations at Three Selected Sites in
2001
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Diurnal variations in SO, concentrations at three sites for 2001 are shown in Figure 4.2.
The concentrations measured at the Murdochville and Toronto sites are examples of
sites near industrial point sources and urban source sites, respectively. Non-point
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source sites showed relatively constant concentrations of SO, throughout the day, while
sites near point sources had higher and more variable concentrations. Levels of SO,
measured at the Témiscaming site were atypical, with the highest concentrations
occurring at night and in the early morning. The Témiscaming site is located in the
Ottawa River valley next to two lakes. In the presence of a strong SO, source,
emissions may become trapped in the valley overnight and then dissipate when the
night-time inversion breaks up in the morning.

Figure 4.2 Diurnal Variations in SO, Concentrations at Three Selected Sites in
2001
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Annual mean SO, concentrations at all measurement sites across Canada in 2001 are
shown in Figure 4.3. Each data point represents the annual mean concentration for an
individual site. Sites are plotted by longitude from west to east and the sites with the
highest concentrations are identified by name and NAPS identification number. Sites in
western Canada (British Columbia, Alberta, Saskatchewan, and Manitoba) had the
lowest annual mean concentrations of SO,. The highest annual mean concentrations
were observed in central and eastern Canada at sites near point sources (in descending
order): Témiscaming (52701), Murdochville (54601), Sarnia (61004), Jonquiere (50902),
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Halifax (30118), Shawinigan (51201), and Windsor (60211). The maximum acceptable
NAAQO for SO,, based on the annual arithmetic mean, is 23 ppb (Table 3.1). No sites
exceeded the maximum acceptable annual mean NAAQO in 2001.

Figure 4.3 Annual Mean SO, Concentrations in 2001

Note: Each data point represents the annual mean concentration for an individual site. Sites are plotted
by longitude from west to east and the sites with the highest concentrations are identified by name and
NAPS identification number.
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The maximum acceptable and desirable NAAQOs for SO,, based on the average
concentration over a 1-h period, are 334 ppb and 172 ppb, respectively (Table 3.1). Five
sites near industrial point sources in Québec exceeded the maximum acceptable 1-h
NAAQO in 2001: Murdochville (54601), Témiscaming (52701), Sorel (51801 & 51802),
and Rouyn-Noranda (50602) (Figure 4.4). An additional seven sites exceeded the
maximum desirable NAAQO in 2001: Shawinigan (51201), Sudbury (60607),
Rouyn-Noranda (50604), Sarnia (61004), Jonquiéere (50902), Toronto - Mississauga
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(60415), and Prince George (100202) (Figure 4.4). All other sites in Canada had SO,
concentrations below the maximum desirable 1-h NAAQO.

Figure 4.4 Maximum 1-hr Concentrations of SO; in 2001 — Selected Sites
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4.2 Carbon Monoxide

Carbon monoxide (CO) is a product of incomplete combustion and occurs in high
concentrations in areas with heavy traffic. In 1995, transportation accounted for 65% of
the total anthropogenic CO emissions in Canada (EC 1999). Peak CO concentrations in
urban areas typically occur during the winter, when automotive emission rates are
higher and dispersion is poorest, and at night when atmospheric inversions are present.

CO measurement data are reported as 1-h concentrations. CO concentrations at three
urban sites for 2001 — Vancouver, Brampton (ON), and Montréal — and one rural site —
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Hope (BC) — are shown in Figure 4.5 as examples of monthly variations in CO
throughout the year. In general, average monthly concentrations of CO were highest at
sites where the monitoring intakes were near heavy traffic. CO levels at the Brampton
(ON), Montréal, and Vancouver sites were higher in the winter months than the
summer. The major atmospheric sink for CO is through oxidation with the
photochemically-generated OH radical (Bunce 1991). Thus, higher winter
concentrations of CO observed at most sites are likely the result of the shallow mixing
depths, reduced atmospheric chemistry rates, and increased vehicle emission rates
during the colder months. Concentrations at Hope, a rural site, were of the same order
of magnitude as natural background concentrations of CO and were relatively constant
throughout the year.

Figure 4.5 Monthly Variations in CO Concentrations at Four Selected Sites in 2001
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Diurnal variations in CO concentrations are shown for the same four sites in Figure 4.6.
The daily patterns at these sites were typical of urban and rural sites elsewhere in
Canada. Higher 1-hr maximum levels of CO were observed at Brampton (ON) and
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Vancouver, both sites with heavy traffic, than at Hope (BC), a rural site. Peak
concentrations at all three urban sites occurred in the morning and late afternoon,
corresponding with local rush hours, while concentrations of CO at Hope were relatively
constant throughout the day. The maximum acceptable NAAQO, based on average
concentrations over a 1-h period, is 31 ppm (Table 3.1). Concentrations of CO at all
Canadian sites were well below the maximum acceptable 1-h NAAQO for CO.

Figure 4.6 Diurnal Variations in CO Concentrations at Four Selected Sites in 2001
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Annual mean concentrations of CO at sites across Canada in 2001 are shown in

Figure 4.7. Each data point represents the annual mean concentration for an individual
site. Sites are plotted by longitude from west to east and the sites with the highest
concentrations are identified by name and NAPS identification number. Ranges in mean
CO concentrations were similar across the country, with the highest concentrations
observed at urban sites with dense vehicular traffic (e.g., Toronto (60413, 60428,
60424), Vancouver (100112), and Edmonton (90112)). Concentrations at rural sites
tended to be lower than at urban sites.
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Figure 4.7 Annual Mean CO Concentrations in 2001

Note: Each data point represents the annual mean concentration for an individual site. Sites are plotted
by longitude from west to east and the sites with the highest concentrations are identified by name and
NAPS identification number.
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4.3 Nitrogen Oxides

Nitrogen oxides (NOy) include nitric oxide (NO) and nitrogen dioxide (NO;). Most
anthropogenic NOy originates from sources as NO, which is then oxidized to form NO..
The major source of NOy is high-temperature combustion such as fuel combustion in
automobiles and industrial processes. In 1995, non-industrial fuel combustion and
transportation accounted for 66% of total national NO, emissions (EC 1999). NOy is a
precursor in the formation of tropospheric ozone and particulate matter.
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NO and NO, measurement data are reported as 1-h concentrations. Monthly variations
in NO and NO; concentrations are shown for three urban sites — Vancouver, Toronto,
and Kitchener (ON) — and one rural site — '’Acadie (QC) — in Figures 4.8a and 4.8b. The
highest monthly averages of NO and NO, of these sites were observed at the Toronto
and Vancouver sites, both located in areas with heavy traffic. NO and NO;, levels at all
four sites were higher in the winter months than the summer, likely as a result of higher
emissions (e.g., from home heating and increased car idling), shallow mixing depths,
and reduced atmospheric chemistry rates during the colder months.

Figure 4.8a Monthly Variations in NO Concentrations at Four Selected Sites in
2001
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Figure 4.8b Monthly Variations in NO, Concentrations at Four Selected Sites in
2001
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Diurnal variations in NO and NO; concentrations at three urban sites for 2001 —
Toronto, Kitchener (ON), and Vancouver — and one rural site — Langley — are shown in
Figure 4.9. The highest 1-hr concentrations of NO and NO; within these four sites were
observed in Toronto and Vancouver, both areas with heavy traffic. Peak concentrations
of NO and NO, at the urban sites occurred in the morning, corresponding with local rush
hours. NO and NO, concentrations at the urban sites tended to decrease in the
afternoon in response to a deepening mixing layer and increased rates of
photochemistry, and rose again in the evening as the result of the collapsing boundary
layer and decreased photochemistry. The concentrations of NO and NO, at Langley, a
rural site, showed a similar pattern although the range of observed concentrations was
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much smaller. The maximum acceptable NAAQO for NO,, based on the average
concentration over a 1-h period, is 213 ppb (Table 3.1). Concentrations of NO, were
below the maximum acceptable 1-hr NAAQO at all Canadian sites.

Figure 4.9a Diurnal Variations in NO Concentrations at Four Selected Sites in
2001
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Figure 4.9b Diurnal Variations in NO, Concentrations at Four Selected Sites in
2001
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Annual mean concentrations of NO and NO; across Canada in 2001 are shown in
Figure 4.10. Each data point represents the annual mean concentration for an individual
site. Sites are plotted by longitude from west to east and the sites with the highest
concentrations are identified by name and NAPS identification number. Again, the
highest concentrations of both NO and NO, were observed at urban sites with dense
vehicular traffic (e.g., Vancouver (100118), Calgary (90227), Ottawa (60101), Montréal
(50109, 50115), and Halifax (30118)). Much lower levels of both compounds were
present at rural sites. In general, NO concentrations were higher than NO,
concentrations at urban sites, while the reverse was true at rural sites. The maximum
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acceptable NAAQO for NO,, based on the annual arithmetic mean, is 53 ppb
(Table 3.1). Concentrations of NO, were below the maximum acceptable annual mean
NAAQO at all Canadian sites.

Figure 4.10a Annual Mean NO Concentrations in 2001

Note: Each data point represents the annual mean concentration for an individual site. Sites are plotted
by longitude from west to east and the sites with the highest concentrations are identified by name and
NAPS identification number.
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Figure 4.10b Annual Mean NO; Concentrations in 2001
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As noted above, most NOy is emitted from anthropogenic sources as NO, which is then
oxidized in the atmosphere into NO,. The ratio of NO:NO, decreases as an air mass
ages. As a result, the ratio of NO:NO, tends to be lower in suburban and rural areas
than in urban areas. The mean NO:NO; ratio at all urban sites in Canada in 2001 was
0.95, while the mean ratio at rural sites was 0.20. The Lower Fraser Valley, British
Columbia provides a good illustration of decreasing NO:NO; ratios in an ageing air
mass as it travels downwind of an urban centre. The urban core of the area is
Vancouver, at the western edge of the Valley, with suburban and rural areas extending
eastward. NO:NO;, ratios at measurement sites within this area are shown in Figure
4.11 along with a regression line (95% confidence interval). The graph clearly shows the
decrease in NO:NO; ratios from west to east.
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Figure 4.11 NO:NO; Ratios in the Lower Fraser Valley, British Columbia
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44 Ground-level Ozone

Ground-level ozone (O3) is a major component of urban smog and is a persistent and
pervasive environmental problem throughout much of North America. Unlike the other
compounds discussed in this report, ozone is not an emitted pollutant. Ozone in the
troposphere may be of photochemical or stratospheric origin. Photochemical ozone is
the product of the product of photochemical reactions between nitrogen oxides (NOx)
and volatile organic compounds (VOCs) in the presence of sunlight and temperatures
greater than 15°C (Sillman 1993; Cardelino and Chameides 1995). Photochemical
ozone is primarily responsible for summertime ozone episodes in and near several
urbanised areas in Canada. Ozone in the troposphere may also originate from
stratospheric intrusions (Lefohn et al. 2001). Background ozone concentrations in the
lower troposphere are in the range of 0.04-0.08 ppm. Ozone concentrations of this
magnitude measured during the photochemically quiescent winter and spring months at
Canadian latitudes are likely the result of the transport of ozone from the stratosphere
and upper troposphere to the surface (Lefohn et al. 2001).

An important feature of ozone production is the tendency for peak concentrations to
occur 50-150 km downwind from urban centres where most anthropogenic VOCs and
NOy sources are located (Sillman 1993). This is because photochemical ozone results
from reactions that require time to run their course. Ozone and its chemical precursors
have relatively short atmospheric lifetimes near the ground but can be transported long
distances aloft, resulting in regional ozone episodes characterized by elevated levels of
ozone that may extend over hundreds of kilometres (Sillman 1993).

O3 measurement data are reported as 1-h concentrations. Monthly variations in O3
concentrations are shown for four urban sites — Montréal, Toronto, Edmonton, and
Vancouver — and two rural sites — Long Point Provincial Park and Langley — in

Figure 4.12. Concentrations of O3 at all sites were higher in the summer months than
the winter months. This seasonal pattern is due to the fact that significant amounts of
photochemical ozone are formed only in the presence of sunlight and temperatures
greater than 15°C (Cardelino and Chameides 1995).
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Figure 4.12 Monthly Variations in O3 Concentrations at Six Selected Sites in 2001
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Diurnal variations in O3 at two urban sites — Windsor and Toronto — and two rural sites —
Parkhill and Long Point Provincial Park —on June 29 2001, a day with elevated O3
concentrations at many Ontario sites, are shown in Figure 4.13. Concentrations of O3
were lowest in the early morning hours, increased to peak levels in the afternoon, and
decreased again in the evening.
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Figure 4.13 Diurnal Variations in O; Concentrations at Four Ontario Sites on
June 29, 2001
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Figure 4.14 presents the 4™ highest 8-hour measurements of O3 in 2001. Sites are
plotted by longitude from west to east and the sites with the highest concentrations are
identified by name and NAPS identification number. In western Canada, only rural sites
located in or near the Rocky Mountains recorded 4" highest values above 65 ppb. The
origin of the ozone measured at these sites was likely due to the presence of upper
tropospheric and stratospheric air that was transported down to the surface (Lefohn et
al. 2001). In Ontario and Québec, 4t highest values above 65 ppb were recorded at
almost all urban and rural sites, while in Atlantic Canada 4™ highest values above

65 ppb occurred mostly at rural sites.
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Figure 4.14 Fourth-highest, Daily Maximum 8-hour Average O; Concentrations in
2001.

Note: Each data point represents the fourth-highest, daily maximum 8-hour average concentration for an
individual site. Sites are plotted by longitude from west to east and the sites with the highest
concentrations are identified by name and NAPS identification number.
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4.5 Particulate Matter

Particulate matter is typically categorized on the basis of size. Fine particles (PM5) are
those with mean aerodynamic diameter < 2.5 ym. Coarse particles are those between
2.5 ym and 10 uym diameter. PMy( refers to all particles with diameter < 10 ym and
includes the PM; 5 fraction and the coarse fraction of ambient PM. Particles found in the
fine and coarse fractions are generally distinct in terms of source, formation process,
chemical composition, and behaviour in the atmosphere (HC 1997). Fine particles can
be formed during combustion and discharged directly to the atmosphere or can be
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formed in the atmosphere from the transformation of precursor emissions such as SO,
and NOy (secondary fine particles). Fine particles may persist in the atmosphere from a
few days to a few weeks. Fine particles are primarily composed of ammonium, sulphate
and nitrate, lead and other heavy metals, elemental carbon and organic compounds.
Coarse particles originate primarily from wind blown dust (e.g., from fields, unpaved
roads, construction), sea spray, and mining and quarrying operations. The coarse mode
is largely made up of crustal elements such as oxides of iron, calcium, silicon, and
aluminum. These particles are efficiently removed by gravitational settling and remain in
the atmosphere for periods of a few hours to a few days (HC 1997).

Most particulate matter (89% and 72% for PM4o and PM 5, respectively, in 1995) comes
from open sources (e.g., agricultural tilling, wind erosion, construction, dust from roads,

forest fires). Non-open sources of particulate matter include industry, non-industrial fuel

consumption, and transportation (EC 1999).

The particulate matter data reported in this section were collected by the continuous
TEOM samplers and reported as 1-h concentrations. Figure 4.15 shows the mean
monthly concentrations in 2001 at five urban sites for PM, 5 (Hamilton, Winnipeg,
Regina, Calgary, and Vancouver) and four urban sites for PM4, (Sarnia, Regina,
Calgary, and Vancouver).

The highest PM, 5 concentrations were observed at sites in southern Ontario. PM; 5
concentrations in southern Ontario tended to be higher in summer months than in winter
months with peak levels occurring in June. There was more variability between sites in
the Prairies than in southern Ontario, but many Prairie sites showed higher PM3 5
concentrations in the summer months with peak levels occurring in August. PM 5
concentrations in the Vancouver region were similar in magnitude to the Prairie sites but
relatively constant throughout the year.

PM1o concentrations tended to be higher in the summer months than the winter months
at sites in southern Ontario and the Prairies, although many of the Prairie sites showed
secondary minima in June and July. PM4o concentrations were least variable at and

between sites in the Vancouver area with relatively constant levels throughout the year.
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Figure 4.15a Monthly Variations in PM, 5 Concentrations at Selected Sites in 2001
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Figure 4.15b Monthly Variations in PMso Concentrations at Selected Sites in 2001

PM10
70
O..
60 - O | ©
50 - o
40 - o
2
30 A
20 ~
10 A
0 T T T T T T T T ' ' I
0 1 2 3 4 5 6 7 8 9 10 11 12
Month
—@—— Sarnia (61004)
........ O Regina (80110)
——-w——— Calgary (90227)
— —-— - Vancouver (100134)

Diurnal variations in PM2 5 and PM4o concentrations are shown for five urban sites —
Toronto, Winnipeg, Regina, Edmonton, and Vancouver — in Figure 4.16. PM1g
concentrations were highest in the Prairies where much of the airborne particulate
matter likely consists of crustal material (Brook et al. 1997). PM2 5 and PMyg
concentrations tended to peak during morning rush hours and were lowest in the hours
before dawn, likely due to decreased overnight wind speeds.
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Figure 4.16a Diurnal Variations in PM2 5 Concentrations at Five Selected Sites in
2001
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Figure 4.16b Diurnal Variations in PM4 Concentrations at Five Selected Sites in
2001
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Figure 4.17 presents the og™" percentile of the 24-hour average PM_ s concentrations at
sites across Canada in 2001. Sites are plotted by longitude from west to east and the
sites with the highest concentrations are identified by name and NAPS identification
number. The 98" percentile was greater than 30 pg/m? at 17 sites. Most of these sites
were located in Ontario, three were in Québec, one in Nova Scotia, one in
Saskatchewan, and one in British Columbia. All but one of these sites (Simcoe) were

39



urban sites. The highest 98" percentile in 2001 was observed at Shawinigan, an
industrial point source site.

Figure 4.17 98" Percentile PM, 5 Concentrations in 2001

Note: Each data point represents the 98" percentile concentration for an individual site. Sites are plotted
by longitude from west to east and the sites with the highest concentrations are identified by name and
NAPS identification number.
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4.6 Selected Volatile Organic Compounds

Volatile organic compounds (VOCs) are defined as organic compounds (excluding CO
and CO,) containing at least one carbon atom and with a vapour pressure of =2 0.01 kPa
at 25°C. In 1995, 26.3% of VOC emissions originated from industrial sources, 26.2%
from open sources (agriculture, forest fires, landfills, and prescribed burning), 20.5%
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from transportation, 11.4% from non-industrial fuel, and 15.3% from miscellaneous
sources (EC 1999). VOCs in the atmosphere may be of concern because of the toxicity
of the compound, its effect on stratospheric ozone or climate change, or because of its
contribution to the production of tropospheric ozone. A number of VOCs have been
identified as Priority Substances under the Canadian Environmental Protection Act
(CEPA). These compounds have been identified as posing a risk to the health of
Canadians or to the environment.

VOC samples are collected over 24-h periods at most sites. Figure 4.18 shows the
distribution of 24-h concentrations of each compound discussed below at urban sites
across Canada: St. John’s (10102), Saint John (40208), Montréal (50103, 50104,
50115, 50121, 50129), Ottawa (60101, 60104), Windsor (60211), Kingston (60302),
Toronto (60413, 60418, 60428), Hamilton (60512), London (60903), Sarnia (61004),
Peterborough (61104), Kitchener (61502), Oakville (61602), Winnipeg (70119), Regina
(80110), Edmonton (90121, 90130), Calgary (90227), and Vancouver (100111). Data
from cities with more than one measurement site were combined.

1,1,1-Trichloroethane (methyl chloroform) is commonly used as a blowing agent and as
a solvent in a variety of industrial applications. 1,1,1-Trichloroethane has been
designated as a First Priority Substance List (PSL1) compound and is considered as
“toxic” under CEPA. It is persistent in the troposphere with an atmospheric lifetime of
5-7 years and may be eventually transported to the stratosphere. The ozone-depleting
potential of 1,1,1-trichloroethane is roughly one-tenth that of CFC-11, one of the most
destructive CFC’s (CEPA 1992). As expected for a compound with a relatively long
atmospheric lifetime, the median and ranges in concentrations of 1,1,1-trichloroethane
were similar at urban sites across the country. Concentrations showed relatively little
variation throughout the year.

1,3-Butadiene is a product of incomplete combustion and an industrial chemical used in
the production of polymers, rubbers, and latexes. 1,3-Butadiene enters the environment
primarily from vehicle exhaust, fuel and wood combustion, and industrial emissions.
While 1,3-butadiene is not persistent, it is ubiquitous in the urban environment because
of its widespread combustion sources. 1,3-Butadiene is a reactive chemical with a high
photochemical ozone creation potential; it is therefore a contributor to the formation of
ground-level ozone. 1,3-Butadiene has been designated as a Second Priority
Substance List compound (PSL2) and is considered as “toxic” under CEPA (CEPA
2000). Median concentrations of 1,3-butadiene at urban sites were highest at sites in
Regina, Vancouver, and Calgary and lowest at sites in Saint John, Peterborough, and
Kingston. The sites with the highest median concentrations also showed the greatest
variability in concentrations. 1,3-Butadiene levels tended to be slightly lower in the
summer months than the winter months due to the higher concentrations of oxidants
and greater mixing depths caused by warm weather.

Benzene is used in the production of plastics and other chemical products and is an

important component of gasoline. Vehicle emissions are the major source of benzene to
the Canadian environment. Benzene has been designated as a First Priority Substance
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List (PSL1) compound and is considered as “toxic” under CEPA (CEPA 1993). Median
concentrations of benzene were highest at sites in Saint John, Oakville, Edmonton,
Montréal (50103, 50115, 50104), and Vancouver, and lowest in Peterborough, Sarnia,
London, and Kitchener. Concentrations at sites in Saint John, Oakville, Edmonton,
Montréal, and Vancouver were likely influenced by emissions from nearby refineries and
other industries with significant emissions of benzene. Concentrations of benzene
tended to be lower in the summer months than the winter months due to the higher
concentrations of oxidants and greater mixing depths caused by warm weather.

Butane is a major component of gasoline vapour that is primarily emitted in vehicle
exhaust and the petrochemical industry. Butane has relatively low reactivity. Median
concentrations of butane were highest at sites in Edmonton (90120), Oakville, and Saint
John, reflecting the impact of refineries in the vicinity of these locations. The median
and ranges of concentrations were similar at most other sites. Concentrations of butane
tended to be lower in the summer months than the winter months due to the higher
concentrations of oxidants and greater mixing depths caused by warm weather.

Dichloromethane is a PSL1 compound used in paint removal, as a blowing agent in
foam production, and as a component in aerosols. Due to its volatility and the dispersive
nature of its uses, the majority of dichloromethane used in Canada may be released into
the atmosphere. Dichloromethane has been classified as “probably carcinogenic” and is
considered as “toxic” under CEPA. Median concentrations of dichloromethane were
similar at man%/ sites, with many individual measurements lower than the detection limit
of 0.027 pg/m~. Higher median and ranges in concentrations were observed at sites in
Kingston, Montréal (50104, 50115), Vancouver, Toronto (60418), Oakville, and
Winnipeg, likely due to local emission sources.

Ethylene is primarily emitted in vehicle exhaust and by the petrochemical industry. It is a
relatively reactive compound and thus can contribute to the formation of tropospheric
ozone and particulate matter. Median and ranges of ethylene concentrations were
highest at sites in Montréal (50115, 50103), Edmonton, and Calgary. Ranges of
concentrations were similar at most other sites. The elevated levels at the sites in
Edmonton and Montréal are likely due to local emissions from refineries and other
industries. Additionally, sites in Montréal (50115) and Ottawa (60101) have their intakes
at street level and measurements are strongly influenced by local vehicle emissions.
Concentrations of ethylene tended to be lower in the summer months than the winter
months due to the higher concentrations of oxidants and greater mixing depths caused
by warm weather.

Isopentane is a major component of gasoline vapour. Similar to butane, isopentane is
primarily emitted in vehicle exhaust and by the petrochemical industry and has relatively
low reactivity. Concentrations of isopentane were highest at sites in Saint John,
Edmonton (90121), and Oakville, reflecting the impact of refineries in the vicinity of
these locations. Elevated concentrations at sites in Montréal (50115, 50103) and
Vancouver were likely due to local industry emissions and vehicle exhaust. Median and
ranges in concentrations were similar at other sites. Concentrations of isopentane
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tended to be slightly lower in the summer months than the winter months due to the
higher concentrations of oxidants and greater mixing depths caused by warm weather.

o-Xylene is emitted by oil refineries, automobile manufacturers, in vehicle exhaust, and
as a product of combustion. o-Xylene is reactive in reactive in forming ozone and
particulate matter. Xylenes are considered as “not toxic” under CEPA. The highest
concentrations of o-xylene were measured at sites in Montréal (50115, 50103),
Vancouver, and Saint John. Median and ranges in concentrations were similar at other
urban sites. Concentrations of o-xylene tended to be slightly lower in the summer
months than the winter months due to the higher concentrations of oxidants and greater
mixing depths caused by warm weather.

Tetrachloroethylene is a PSL1 compound used primarily as a solvent in the dry-cleaning
and metal-cleaning industries. Since its uses are dispersive and do not result in its
transformation or destruction, the majority of the tetrachloroethylene used in Canada is
expected to enter the environment, primarily via the atmosphere. Tetrachloroethylene is
considered as “toxic” under CEPA (CEPA 1994c). The highest median concentrations
and ranges in concentrations of tetrachloroethylene were measured at sites in Regina,
Montréal (50115), Toronto (60418), and Hamilton, and were likely due to the impact of
local emission sources. Median and ranges of concentrations were similar at most other
sites. Concentrations of tetrachloroethylene tended to be slightly lower in the summer
months than the winter months due to the higher concentrations of oxidants and greater
mixing depths caused by warm weather.

Toluene is found in gasoline and aviation fuel, and is used in the manufacturing of
chemicals, explosives, dyes, and many other compounds. It is reactive in forming ozone
and particulate matter. Toluene is considered as “not toxic” under CEPA. The highest
median concentrations of toluene were measured at sites in Montréal (50115, 50103,
50104), Vancouver, Saint John, Toronto (60418), Winnipeg, and Oakville. Ranges in
concentrations were similar at most sites. Concentrations of toluene were quite variable
throughout the year and there was no consistent annual pattern between sites.

Total VOCs refers to the sum of C, — C42 hydrocarbons. Median total VOC
concentrations were highest at sites in Saint John, Edmonton (90121), Oakville,
Montréal (50103, 50115), and Vancouver, reflecting the impact of refineries in the
vicinity of these sites, and were similar at other urban sites. Total VOC concentrations
tended to be higher in the winter than in the summer.
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Figure 4.18 Concentrations of Selected Organic Compounds in 2001 — Urban
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Butane
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Ethylene
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o-Xylene
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Toluene
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4.7 Selected Inorganic Compounds

The NAPS program measures the particle bound fraction of metals and other inorganic
compounds in the atmosphere. Metals measured under the NAPS program are not
speciated; the data represent elemental totals. Metal and inorganic compound samples
are collected over 24-h periods. Metal and other inorganic compound concentration
data from dichotomous samplers were available for a limited number of urban sites. The
data reported in this section represent the concentration of specific compounds in the
coarse + fine fraction of particulate matter (PM1o) collected by the samplers. Figure 4.19
shows the distribution of 24-h concentrations of each inorganic compound discussed
below at urban sites across Canada: Québec (50308), Montréal (50104, 50124, 50125),
Ottawa (60104), Windsor (60211), Hamilton (60512), Winnipeg (70119), Edmonton
(90130), and Vancouver (100111, 100118). Data from cities with more than one
measurement site were combined.

Chromium is released into the environment as a result of industrial uses, the production
and combustion of fossil fuels, and smelting and refining processes. Hexavalent
chromium has been classified as “Carcinogenic to Humans” and is considered as “toxic”
under CEPA (CEPA 1994a). The only sites with non-zero median concentrations of
chromium were Montréal (50124, 50125) and Hamilton. Ranges in chromium
concentrations were similar at most urban sites. The elevated concentrations at the
Hamilton site were the result of emissions from the city’s iron and steel mills.

Copper is emitted into the atmosphere as a result of industrial uses, power generation,
and smelting and refining processes. Median and ranges in copper concentrations were
highest at a site in Montréal (50125) and Edmonton, and lowest at sites in Vancouver
and Winnipeg. Ranges in concentrations were similar at most sites.

Median concentrations of iron were highest at sites in Windsor and Edmonton and
lowest in Ottawa. The highest range in concentrations was observed at the site in
Hamilton, reflecting the influence of the city’s iron and steel mills. Ranges in
concentrations were similar at most other sites.

Manganese is released into the atmosphere a result of industrial uses, the production
and combustion of fossil fuels, and smelting and refining processes. Manganese is a
component of the gasoline additive methylcyclopentadienyl manganese (MMT). Median
and ranges in manganese concentrations were highest at the site in Hamilton, once
again as a result of the city’s iron and steel mills. The lowest concentrations were
observed in Ottawa and Vancouver. Ranges in concentrations were similar at most
urban sites.

Nickel and vanadium are both released in the combustion of heavy fuels by marine
vessels and the pattern of concentrations observed at urban sites was similar for the
two metals. Oxidic, sulphidic, and soluble forms of nickel have been classified as
“Carcinogenic to Humans” and are considered as “toxic” under CEPA (CEPA 1994b).
Nickel and vanadium concentrations were highest at sites in Montreal (50125, 50124)
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and Québec, both cities with marine vessel ports, and lowest at sites in Windsor and
Winnipeg.

Lead is released into the environment as a result of industrial uses, power generation,
and smelting and refining processes. Median concentrations of lead were highest at
sites in Montréal (50125, 50124) and Québec. Ranges in concentrations similar to these
sites were also observed at the Hamilton site. Median and ranges of concentrations of
lead were lower at other urban sites.

Zinc is emitted into the atmosphere as a result of chemical production industries, power
generating stations, paper mills, and smelting and refining processes. The pattern of
zinc concentrations at urban sites was quite variable. The highest median and ranges in
concentrations were observed at sites in Québec and Windsor, while the lowest were
observed at sites in Vancouver and Ottawa. The elevated concentrations at sites in
Windsor were likely due to industrial operations in the area.

Sulphur is emitted into the atmosphere primarily as SO, (Section 4.1). Sulphates in
particulate matter are formed from the oxidation of gaseous SO, in the atmosphere.
Sulphates may be subject to long-range transportation. Sulphate concentrations at
urban sites were variable, with higher concentrations at eastern sites than at western
sites resulting from long-range transport. The highest median and ranges of
concentrations were observed at sites in Hamilton and Montréal (50104), while the
lowest were at sites in Vancouver, Winnipeg, and Edmonton.

Total particulate matter mass was highest at sites in Montréal (50125, 50124), Hamilton,
and Québec and lowest at sites in Vancouver.
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Figure 4.19 Concentrations of Selected Inorganic Compounds in 2001 — Urban
Sites
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Vanadium
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5.0 LONG-TERM TRENDS BY POLLUTANT
5.1  Sulphur Dioxide

Annual mean concentrations of SO, at most urban sites across Canada declined over
the past decade. Figure 5.1 shows the mean annual concentration from all urban sites
with data for 80% of years from 1990-2001. Missing years of data were calculated by
linear interpolation from surrounding years. The mean SO, concentration in 2001 was
32% lower than in 1990. The most significant decreases, as measured by the slopes of
the linear regression lines for data from individual sites, were observed at sites in Saint
John (40203), Shawinigan (51201), Vancouver (100110), and Hamilton (60511).

SOy emissions data and forecasts were available from the Criteria Air Contaminants
(CAC) 1995 Inventory and NRCan/AMG report "Canada’s Emissions Outlook: An
Update" December 1999. Total SO, emissions decreased from 2634 kilotonnes in 1995
to 2488 kilotonnes in 2001, a decrease of 5.5%. Industrial sources accounted for the
largest decrease in emissions during this time, while emissions from non-industrial fuel
combustion increased.
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Figure 5.1 Annual Mean Concentrations of SO,, 1990-2001.
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Figure 5.2 shows the trends in annual mean concentrations of SO, at five of the twelve
sites that exceeded the maximum desirable 1-h NAAQO in 2001 (Section 4.1):
Shawinigan (51201), Jonquiere (50902), Rouyn-Noranda (50602), Sudbury (60607),
and Sarnia (61004). Insufficient data were available to examine trends in annual means
at the remaining sites. SO, concentrations decreased at the sites in Shawinigan and
Sudbury, and remained roughly constant at Jonquiere, Rouyn-Noranda, and Sarnia.

57



Figure 5.2 Annual Mean Concentrations of SO,, 1990-2001 — Selected Sites
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5.2 Carbon Monoxide

Annual mean concentrations of CO at most urban sites across Canada declined over
the past decade. Figure 5.3 shows the mean annual concentration from all urban sites
with data for 80% of years from 1990-2001. Missing years of data were calculated by
linear interpolation from surrounding years. The mean annual CO concentration in 2001
was 34% lower than in 1990. The most significant decreases, as measured by the
slopes of the linear regression lines for data from individual sites, were observed at sites
in Vancouver (100112), Windsor (60204), Edmonton (90130), and Calgary (90227).
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CO emissions data and forecasts were available from the CAC 1995 Inventory and
NRCan/AMG report "Canada’s Emissions Outlook: An Update" December 1999. Total
CO emissions decreased from 11658 kilotonnes in 1995 to 9171 kilotonnes in 2001, a
decrease of 21.3%. Transportation (predominantly light duty gasoline vehicles) and
industrial sources accounted for the largest decreases in emissions during this time.

Figure 5.3 Annual Mean Concentrations of CO, 1990-2001.
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5.3 Nitrogen Oxides

Concentrations of both NO and NO; declined at most urban sites across Canada over
the past decade. Figures 5.4 and 5.5 show the mean annual concentrations for NO and
NO; from all urban sites with data for 80% of years from 1990-2001. Missing years of
data were calculated by linear interpolation from surrounding years. The mean annual
concentration of NO in 2001 was 21% lower than in 1990, while the NO, concentration
was 15% lower. The most significant decreases in NO, as measured by the slopes of
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the linear regression lines for data from individual sites, were observed at sites in
Vancouver (100112, 100118, 100111), Edmonton (90130), Montréal (50115), and
Toronto (60424), while the most significant decreases in NO, were at sites in Montréal
(50113, 50110, 50119), Toronto (60423), Québec (50308), and Calgary (90227).

NOy emissions data and forecasts were available from the CAC 1995 Inventory and
NRCan/AMG report "Canada’s Emissions Outlook: An Update" December 1999. Total
NOy emissions, excluding emissions from oil sands and upstream oil and gas industries
(which affect relatively few urban sites), decreased slightly from 2406 kilotonnes in 1995
to 2379 kilotonnes in 2001, a decrease of 1.1%. Transportation (predominantly light
duty gasoline vehicles) and industrial sources accounted for the largest decrease in
emissions during this time, while non-industrial fuel combustion sources increased.

Figure 5.4 Annual Mean Concentrations of NO, 1990-2001.
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Figure 5.5 Annual Mean Concentrations of NO2, 1990-2001.

40

35 |

25 |

ppb

20 []\[j\[
]/[]\[J\[}—{}—{]/[J\[

15

10

0 : : : : : : : : : : : : : : —+ Mean
1990 1992 1994 1996 1998 2000 _[ Min-Max
1991 1993 1995 1997 1999 2001

5.4 Tropospheric Ozone

Trends in O3 concentrations were examined by calculating the 4t highest 8-h
measurement at each site for each year, and then averaging the values of all urban and
rural sites. Missing years of data were calculated by linear interpolation from
surrounding years. The results are shown in Figures 5.6 and 5.7. No clear trends were
evident in the national averages at either urban or rural sites. Trends at individual sites
were variable. The greatest decreases in O3 levels, as measured by the slopes of the
linear regression lines for data from individual sites, were observed at urban sites in
Saint John (40203), Fort McMurray (90701), Vancouver (100111 and 100126), Kingston
(60302), and Chilliwack (101101), and rural sites in Point Lepreau (40501), Blissville
(40601), Fundy National Park (40401), St. Hilaire de Dorset (63701), and La Patrie
(54901). The greatest increases were observed at urban sites in Stouffville (63201),
Thunder Bay (60807), Toronto (60403, 60410), Montréal (50102), Ottawa (60101), and
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Brandon (70203), and at rural sites in Simcoe (62601) and Experimental Lakes Area
(64001).

Figure 5.6 Fourth Highest 8-h Maximum Ozone Concentrations, Urban Sites,
1990-2001.
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Figure 5.7 Fourth Highest 8-h Maximum Ozone Concentrations, Rural Sites,
1990-2001.
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Meteorologically adjusted O3 trends were also examined. The number of days with daily
maximum 8-h O3 concentrations greater than 65 ppb was calculated at each site for
each year and then divided by the average number of days with daily maximum
temperatures greater than 28 °C as recorded at nearby meteorological sites. The
temperature adjustment is a crude way of accounting for yearly variation in
meteorological conditions conducive to O3 formation. Only sites with complete data
were used in the analysis. Urban and rural sites were both included, but most sites were
urban. Two sites in the Atlantic region, five sites in Montréal, 21 sites in southern
Ontario, and six sites in the Lower Fraser Valley had complete data. The 3-yr running
average values for each region are shown in Figure 5.8. The Lower Fraser Valley
showed a slight but consistent decline in adjusted days with 8-h O3 > 65 ppb, but no
clear trends were evident in other regions.
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Figure 5.8 Adjusted 3-yr Running Average of Days with Daily Maximum 8-h Ozone
Concentrations > 65 ppb by Region, 1990-2001.
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5.5 Particulate Matter

The particulate matter data in this section were collected by the dichotomous samplers.
Data for trend analyses were available from a limited number (eight) of urban sites.
Figures 5.9 and 5.10 shows the mean annual concentration from all urban sites with
data for 80% of years from 1990-2001. Missing years of data were calculated by linear
interpolation from surrounding years. Annual mean concentrations of PM; 5 decreased
at all urban sites across Canada over the past decade, while annual mean
concentrations of PM4o decreased at most urban sites. The mean annual PM_ 5
concentration in 2001 was 27% lower than in 1990, while the PM+, level was 34% lower.
The most significant decreases in PM, 5, as measured by the slopes of the linear
regression lines for data from individual sites, were observed at sites in Vancouver
(100118, 100111) and Montréal (50104), while the greatest decreases in PM4, were
observed at sites in Winnipeg (70119), Montréal (50104), and Windsor (60211).
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PMjo and PM, s emissions data and forecasts were available from the CAC 1995
Inventory and NRCan/AMG report "Canada’s Emissions Outlook: An Update"
December 1999. Total PM4o emissions increased from 4667 kilotonnes in 1995 to 5194
kilotonnes in 2001, an increase of 11.3%. Open sources (predominantly dust from
unpaved roads), industrial sources (predominantly iron ore mining), and non-industrial
fuel combustion accounted for the largest increase in PMo emissions during this time,
while emissions from transportation sources decreased. Total PM; 5 emissions
increased from 929 kilotonnes in 1995 to 1001 kilotonnes in 2001, an increase of 7.7%.
Open sources (predominantly dust from unpaved roads), industrial sources
(predominantly iron ore mining and coal industry), and non-industrial fuel combustion
accounted for the largest increase in emissions during this time, while emissions from
transportation sources decreased. The contrasting trends in annual mean PM4y and
PMa 5 concentrations and emissions data likely reflects the urban nature of the
measuring sites.

Figure 5.9 Annual Mean Concentrations of PM;o, 1990-2001.
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Figure 5.10 Annual Mean Concentrations of PM; 5, 1990-2001.
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5.6 Selected Volatile Organic Compounds

Concentrations of all selected organic compounds at urban sites decreased from 1990
to 2001 (Figure 5.11). Each data point represents the mean concentration from all urban
sites with data for 80% of years from 1990-2001. Missing years of data were calculated
by linear interpolation from surrounding years. Total VOC concentrations also
decreased during this period.

VOC emissions data and forecasts were available from the CAC 1995 Inventory and
NRCan/AMG report "Canada’s Emissions Outlook: An Update" December 1999. VOC
emissions decreased from 2675 kilotonnes in 1995 to 2480 kilotonnes in 2001, a
decrease of 7.3%. Transportation (predominantly light duty gasoline vehicles)
accounted for the largest decrease in emissions during this time.
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Figure 5.11 Annual Mean Concentrations of Selected Organic Compounds,
1990-2001.
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5.7 Selected Inorganic Compounds

The data reported in this section represent the total PMy mass (PM 5 + coarse) of
specific compounds in the particulate matter collected by the dichotomous samplers.
Figure 5.12 shows the annual mean concentrations for selected inorganic compounds
for the period 1990-2001. Each data point represents the mean concentration from all
urban sites with data for 80% of years from 1990-2001. Missing years of data were
calculated by linear interpolation from surrounding years. Data for trend analyses were
available from a limited number (eight) of urban sites. Trends in inorganic
concentrations varied considerably between compounds at urban sites in Canada
during this period. The greatest change observed was in lead concentrations, which
decreased at urban sites in response to regulations requiring the removal of lead from
gasoline. Iron, manganese, zinc, sulphate, and total particulate mass decreased in
concentration during the past decade, while chromium, copper, nickel, and vanadium
showed little net change.

Figure 5.12 Annual Mean Concentrations of Selected Inorganic Compounds,
1990-2001.
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6.0 CONCLUSIONS

Atmospheric pollutants measured by the National Air Pollution Surveillance network
include sulphur dioxide, carbon monoxide, ground-level ozone, nitrogen oxides, fine and
coarse particulate matter, and organic and inorganic compounds. The air quality in
Canada varies by both geographical location and time of year. In addition, certain
pollutants are associated with and present at levels of concern in specific areas.

Sulphur dioxide (SOy) is a precursor to acid rain and particulate matter. The highest
levels of SO, concentrations were observed in central and eastern Canada at sites near
point sources. Twelve sites near industrial point sources (eight in Quebec, three in
Ontario, and one in British Columbia) exceeded the maximum desirable 1-hr NAAQO
for SO, in 2001, with five of these sites (all in Quebec) exceeding the maximum
acceptable 1-h NAAQO. No sites exceeded the maximum acceptable annual mean
NAAQO in 2001. Annual mean concentrations of SO, at most urban sites across
Canada declined over the past decade. The mean SO, concentration in 2001 was 32%
lower than in 1990.

Carbon monoxide (CO) is a product of incomplete combustion and occurs in high
concentrations in areas with heavy traffic. Concentrations of carbon monoxide at urban
sites were similar in magnitude across the country, with the highest concentrations
observed at sites with dense vehicular traffic. Concentrations at rural sites tended to be
lower than at urban sites. Concentrations of CO at all Canadian sites were well below
the maximum acceptable 1-h NAAQO for CO. Annual mean concentrations of CO at
most urban sites across Canada declined over the past decade. The mean annual CO
concentration in 2001 was 34% lower than in 1990.

Nitrogen oxides (NOy) include nitric oxide (NO) and nitrogen dioxide (NO;). Most
anthropogenic NOy originates from sources as NO, which is then oxidized to form NO..
The highest concentrations of NO and NO, were observed at urban sites with dense
vehicular traffic, with peak concentrations of NO and NO; at urban sites occurring in the
morning, corresponding with local rush hours. NO concentrations tended to be higher
than NO, concentrations at urban sites, while the reverse was true at rural sites.
Concentrations of NO, were below the maximum acceptable 1-hr NAAQO at all
Canadian sites. Concentrations of both NO and NO, declined at most urban sites
across Canada over the past decade. The mean annual concentration of NO in 2001
was 21% lower than in 1990, while the NO, concentration was 15% lower.

Ground-level ozone (O3) is a major component of urban smog. Ozone is not an emitted
pollutant, but is the product of photochemical reactions between NOy and volatile
organic compounds (VOCs). Concentrations of Oz were higher in the summer months
than in the winter months. Peak O3 concentrations during ozone episodes occurred in
the afternoon. The highest levels of O3 were measured in the summer months at sites in
Ontario, Quebec, and Atlantic Canada. No clear trends in O3 concentrations, based on
the fourth highest 8-h maximum concentrations, were evident at either urban or rural
sites from 1990 to 2001.
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Particulate matter (PM) is typically categorized on the basis of size, with PM2 5
measuring < 2.5 ym and PMo measuring < 10 ym. The highest PM; 5 concentrations
were observed at sites in southern Ontario, with concentrations tending to be higher in
the summer months than in the winter. PM4o concentrations tended to be higher in the
summer months than the winter months at sites in southern Ontario and the Prairies,
although many of the Prairie sites showed secondary minima in June and July. Annual
mean concentrations of PM, s and PM1o decreased at urban sites across Canada over
the past decade. The mean annual PM; 5 concentration in 2001 was 27% lower than in
1990, while the PMy( level was 34% lower.

VOCs in the atmosphere may be of concern because of the toxicity of the compound, its
effect on stratospheric ozone or climate change, or because of its contribution to the
production of tropospheric ozone. A number of VOCs have been identified as Priority
Substances under the Canadian Environmental Protection Act (CEPA). Total VOC
concentrations were highest at sites near industrial point sources, with concentrations
tending to be higher in the winter than in the summer. Concentrations of all selected
organic compounds and total VOC concentrations at urban sites decreased from 1990
to 2001.

The NAPS program measures the particle bound fraction of metals and other inorganic
compounds in the atmosphere. Concentrations of inorganic compounds varied
considerably between compounds and between sites in 2001. Trends in inorganic
concentrations also varied between compounds at urban sites in Canada. The greatest
change observed was in lead concentrations, which decreased at urban sites in
response to regulations requiring the removal of lead from gasoline.
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7.0 APPENDICES
Appendix | - NAPS Network Co-operating Agencies

Newfoundland and Labrador Department of Environment & Labour
Pollution Prevention Division

Environmental Science and Monitoring

P.O. Box 8700, St. John's, NF A1B 4J6

Contact: Peter Haring, Environmental Chemist
Telephone: (709) 729-4147

Fax: (709) 729-6969

Email: pharing@mail.gov.nf.ca

Web: http://www.gov.nf.ca/env/Env/default.asp

Prince Edward Island Fisheries, Aquaculture and Environment
Pollution Prevention Division

Air Quality and Hazardous Materials

11 Kent Street, P.O. Box 2000, Charlottetown, PE C1A 7N8
Contact: Todd Fraser

Telephone: (902) 368-5037

Fax: (902) 368-5830
Email: ktfraser@gov.pe.ca
Web: http://www.gov.pe.ca/fae/

Nova Scotia Environment & Labour
Environment and Natural Areas Management Division
PO Box 697, Halifax, NS B3J 2T8

Contact: Johnny McPherson
Tel: (902) 424-2566

Fax: (902) 424-0503
Email: mcpherjp@gov.ns.ca
Web: www.gov.ns.ca/enla/

New Brunswick Department of the Environment and Local Government
Ministére de 'Environnement et Gouvernements locaux du Nouveau Brunswick
Air Sciences Section/Section des sciences de l'air

P.O. Box 6000, 20 McGloin Street, Fredericton, NB E3B 5H1

Contact: Randy Piercey

Telephone: (506) 457-4844

Fax: (506) 453-2265
Email: randy.piercey@gnb.ca
Web: www.gnb.ca/elg-egl
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Gouvernement du Québec, Ministere de I'Environnement

Direction du suivi de I'état de I'environnement

Edifice Marie-Guyart, 7iéme étage, 675, boul. René Lévesque Est, Québec, QC G1R
5V7

Contact: Ghislain Jacques

Téléphone: (418) 521-3820 poste 4569

Fax: (418) 643-9591

Courriel: ghislain.jacques@menv.gouv.qc.ca
Web: http://www.menv.gouv.qc.ca/

Ville de Montréal
Direction de I'environnement
Boul. 827 Crémazie Est, Bureau 301, Montréal, QC H2M 2T8

Contact: Claude Gagnon
Téléphone: (514) 280-4291

Fax: (514) 280-4285

Email: claude.gagnon@cum.qc.ca
Web: http://www.rsqa.qc.ca/

Ontario Ministry of the Environment

Environmental Sciences and Standards Division
Environmental Monitoring and Reporting Branch

Air Monitoring, Air Quality Assessment & Reporting Unit
125 Resources Road, West Wing, Etobicoke, ON M9P 3V6
Contact: Phil Kiely

Telephone: (416) 235-5780

Fax: (416) 235-6037
Email: Phil.Kiely@ene.gov.on.ca
Web: http://www.ene.gov.on.ca/

Manitoba Conservation, Air Quality Section

123 Main Street, Suite 160, Winnipeg, MB R3C 1A5
Contact: Don Regehr

Telephone: (204) 945-7001

Fax: (204) 948-2357
Email: dregehr@gov.mb.ca
Web: http://www.gov.mb.ca/conservation/airquality

Saskatchewan Environment
Environmental Protection Branch

3211 Albert Street, Regina, SK S4S 5W6
Contact: Chris Gray

Telephone: (306) 787-6196

Fax: (306) 787-0197
Email: cgray@serm.gov.sk.ca
Web: http://www.gov.sk.ca/deptsorgs/overviews/?64
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Alberta Environment

Environmental Assurance Monitoring Division, Air Quality Data Management
Oxbridge Place, 11th Floor, 9820 - 106th Street, Edmonton, AB T5K 2J6
Contact: Bob Myrick

Telephone: (780) 415-9364

Fax: (780) 427-7958

Email: bob.myrick@gov.ab.ca
Web: http://www.casadata.org
Web: http://www.gov.ab.ca/env/

British Columbia Ministry of Water, Land and Air Protection

Environmental Protection Division; Water, Air and Climate Change Branch
Water and Air Reporting and Monitoring Section

2975 Jutland Rd., Victoria, BC V8T 5J9

Mailing Address: PO Box 9339 STN PROV GOVT Victoria V8BW 9M1
Contact: Robert Marsh

Telephone: (250) 387-9944

Fax: (250) 356-7197

Email: Robert.Marsh@gems7.gov.bc.ca
Web: http://wlapwww.gov.bc.ca/air/
Web: http://www.gov.bc.ca/wlap/

Greater Vancouver Regional District (GVRD)
Air Quality Department
4330 Kingsway, 6th Floor, Burnaby, BC V5H 4G8

Contact: Kenneth P. Stubbs, QEP, Division Manager, Monitoring and Assessment
Telephone: (604) 436-6747

Email: ken.stubbs@gvrd.bc.ca

Contact: Al Percival (Data), Supervisor, Air Monitoring and Computer Services
Telephone: (604) 436-6746

Fax: (604) 436-6707

Email: al.percival@gvrd.bc.ca

Web: http://www.gvrd.bc.ca

Yukon Department of Environment
Environmental Protection & Assessment Branch
P.O. Box 2703, Whitehorse, YT Y1A 2C6

Contact: Janine Kostelnik

Telephone: (867) 667-5456

Fax: (867) 393-6205

Email: Janine.Kostelnik@gov.yk.ca

Web: http://www.environmentyukon.gov.yk.ca/main/index.shtml

Northwest Territories Resources, Wildlife and Economic Development
Environmental Protection Service
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P.O. Box 1320, Yellowknife, NT X1A 2L9
Contact: John McKay
Telephone: (867) 873-7821

Fax: (867) 873-0221
Email: John_mckay@gov.nt.ca
Web: http://www.gov.nt.ca/RWED/eps/index.htm

Government of Nunavut
Department of Sustainable Development
Environmental Protection Services

Contact: Earle G. Baddaloo, Director, Environmental Protection Services
Telephone: (867) 975-5910

Fax: (867) 975-5980

Email: ebaddaloo@gov.nu.ca

Web: http://www.gov.nu.ca/

Environment Canada, Meteorological Service of Canada
Canadian Air and Precipitation Monitoring Network (CAPMoN)
4905 Dufferin St., Downsview, ON M3H 5T4

Contact: Dave MacTavish

Telephone: (416) 739-4450

Fax: (416) 739-5704

Email: dave.mactavish@ec.gc.ca

Web: http://www.msc.ec.gc.ca/capmon/index_e.cfm

Environment Canada, Environmental Protection Service
Environmental Technology Advancement Directorate
Analysis and Air Quality Division

Environmental Technology Centre

335 River Road South, Ottawa, ON K1A OH3

Contact: Paul Brunet

Telephone: (613) 991-9460

Fax: (613) 998-4032

Email: brunet.paul@etc.ec.gc.ca

Web: http://www.etc.ec.gc.ca/etchome_e.html
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Appendix Ill - Data Requests

Standard and specific data files are available in various computer formats. To request
specific data extracts, please contact:

Melanie Peris BASc

Environment Canada / Environnement Canada

Analysis and Air Quality Division / Division des analyses et de la qualité de I'air
Environmental Technology Centre / Centre de technologie environnementale
335 River Road, Ottawa, Ontario K1A OH3

Telephone (613) 949-1328 Fax (613) 998-4032

email melanie.peris@ec.gc.ca

website http://www.etcentre.org/publications/napsreports_e.html
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