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Mandate
The Capital Region Particulate Matter Response Technical Sub-committee (the “Technical Sub-committee”) was
formed to support development of the Capital Region Fine Particulate Matter Response (the “Response”). The role
of the committee was threefold:


to increase stakeholder knowledge and understanding of particulate matter in the Capital Region;



to provide feedback and recommendations on technical initiatives and investigations relating to
particulate matter in the Capital Region;



to communicate the science work to the Oversight Advisory Committee.

The Technical Sub-committee supported a shared understanding of the fine particulate matter science in the
Capital Region. The approach and findings of the science investigation are detailed in this report which aided the
development of the Response and informed the management of the fine particulate matter issue in the Capital
Region. The Technical Sub-committee set forth to achieve a set of specific deliverables (review of data, prepare
recommendations based on findings, identify information gaps, advise Alberta Environment and Sustainable
Resource Development on next steps) and communicate the relevant findings back to the Oversight Advisory
Committee. This report represents the culmination of the work completed under the mandate of the Technical
Sub-committee.
On September 22, 2014, the Oversight Advisory Committee accepted this Science Report as a complete description
of the work, analyses, and recommendations accomplished and provided by the Technical Sub-committee.
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Executive Summary
The recent Alberta Particulate Matter and Ozone Management Fact Sheets for 20082010 and 20092011 (Alberta
Environment and Sustainable Resource Development 2012b and 2013d) provided provincial annual assessments of
fine particulate matter concentrations and showed that two monitoring stations in the Capital Region exceeded
Level 4 of the Capital Region Air Quality Management Framework (the Canada-wide Standard; mandatory plan
action level) and two stations exceeded Level 3 (Management plan action level). The Capital Region Air Quality
Framework assigns monitoring stations in the Capital region to one of four levels based on their measured
concentration of ambient fine particulate matter. Levels 1-3 are assigned to stations at concentrations
incrementally below the Canada-wide Standard while Level 4 is assigned to stations above the Canada-wide
3
Standard. The Canada-wide Standard for fine particulate matter is 30 micrograms per cubic metre (µg/m ) based
th
on a 24-hour averaging time of the 98 percentile annual ambient measurement and averaged over three
consecutive years.
An Oversight Advisory Committee was formed to implement the Capital Region Air Quality Management
Framework (the Framework); its first priority was completion of the Fine Particulate Matter Response (the
Response) for the Capital Region. In June 2013, the Capital Region Oversight Advisory Committee advised
convening a Particulate Matter Technical Sub-committee to inform development of the Response. Over the course
of the following months and particularly the winter of 20132014. The Technical Sub-committee conducted
scientific investigations of fine particulate matter to explore the factors influencing the periodic elevated
particulate matter concentrations in the Capital Region. The Technical Sub-committee’s work was intended to:




Increase stakeholder knowledge and understanding of fine particulate matter science in the Capital
Region.
Provide feedback and recommendations on technical initiatives for the development of the Capital
Region Fine Particulate Matter Response.
Communicate the science work to the Oversight Advisory Committee.

The Technical Sub-committee approached the investigation with a three-pronged methodology which was
comprised of:




Analysis of historical data (2006–2011);
design and deployment of supplemental monitoring; and
evaluation the United States Environmental Protection Agency’s Community Multi-Scale Air Quality
Model (CMAQ) as a fine particulate matter source apportionment tool.

Fine particulate matter can be emitted directly into the atmosphere as primary fine particulate matter or can be
formed in the atmosphere from precursor gases that react in favourable meteorological conditions to form
secondary fine particulate matter. Analysis of data focused on key factors that preliminary analysis revealed as
potential areas to explore for fine particulate matter exceedance events in the region. The findings from these
analyses provided a better understanding of the trends and conditions that are conducive to elevated fine
particulate matter concentrations in the Capital Region. The distinction between elevated fine particulate matter
concentrations and fine particulate matter event days is as follows: elevated fine particulate matter concentrations
do not necessarily trigger exceedances and move a monitoring station into a new and higher level. “Event days,”
however, are those days where the 24-hour average fine particulate matter concentration is equal to or greater
3
than 20 micrograms per cubic metre (µg/m ); this is equivalent to exceeding the planning trigger for Level 3 of the
Capital Region Air Quality Management Framework. Below are the three science questions that were developed to
focus the investigation and grouped with each question are the associated findings reached within this
investigation:
1



Were there seasonal and inter-annual differences in the occurrence of elevated fine particulate matter
concentrations?
o Elevated fine particulate matter concentration can occur year-round but the exceedances that
triggered the Mandatory Plan to Reduce action level (event days) are observed to occur during
the colder months from October to March.
o 2010 stood out as having the greatest number of days with elevated fine particulate matter
concentrations. Although 2010 had more event days, the median fine particulate matter
concentration for 2010 was comparable to the other years.



Were elevated concentrations due to local sources or were these elevated concentrations regional in
nature?
o Fine particulate matter events can occur when there is either a temperature inversion or low
wind speed (less than six kilometres per hour). However, the highest concentrations are
measured when both an inversion and low wind speed are present. Fine particulate matter
concentrations co-vary throughout the region during these conditions suggesting that indeed
these events are regional in nature.
o Fine particulate matter concentrations near roadways do not co-vary with traffic volumes and
concentrations of nitrogen oxides on events days, suggesting that air quality monitoring stations
are not impacted substantially by primary fine particulate matter from vehicle traffic, and that
fine particulate matter on event days may be the result of the formation of secondary fine
particulate matter from regional precursor sources that may include, but are not limited to,
vehicular sources.



Was there a compositional difference between fine particulate matter measured during elevated fine
particulate matter events compared to samples collected outside of such events?
o Secondary fine particulate matter is the largest component of the fine particulate matter mass
during an event. During the colder months, ammonium nitrate and organic matter are the two
prominent components, respectively.

Modelling of fine particulate matter (including secondary fine particulate matter) for winter 2010 was undertaken
to investigate and evaluate the capability of the Community Multi-Scale Air Quality (CMAQ) model as a source
apportionment tool. The model was not successful as a source apportionment tool for better understanding fine
particulate matter events in the region; however, predicted total fine particulate matter concentrations were a
notable improvement from previous studies. Future scientific work may include focused modelling exercises to
improve the fine particulate matter composition predictions during events and eventually conduct source
apportionment of fine particulate matter in the Capital Region.
The findings from the science investigation demonstrate that the fine particulate matter issue in the Capital Region
is complex. Many factors can contribute to elevated particulate matter concentrations and the challenges in
modelling fine particulate matter for source apportionment purposes contribute to this complexity.
The work conducted by the Technical Sub-committee, and written up in this report, represents the current state of
knowledge of fine particulate matter science in the Capital Region. Findings contributed to the development of the
Capital Region Fine Particulate Matter Response. Although characterization of fine particulate matter events (i.e.,
seasonality, inter-annual variability) was achieved, some of the investigations were inconclusive despite
confidence in the investigative tools used. Building confidence in the fine particulate matter science performed in
the Capital Region remains a priority. Better characterization of fine particulate matter events may help refine
both the Response and tools used to manage these issues. The Technical Sub-committee makes the following
recommendations for implementation through the Response to meet the needs of ongoing fine particulate matter
2

management in the Capital Region. Please note that while the list is not exhaustive, the recommendations have
been ranked by order in the table and supplied with an associated rationale for the work.
Recommendation
Modelling Improvements
 Add ammonia (NH3) data from transportation data
within the City of Edmonton. The model should be run
with this additional data to determine whether or not
there is a significant improvement in the model
predictions.
 Apply additional constraints to weather research and
forecasting (WRF) meteorology to improve the groundlevel temperature, wind, and relative humidity profiles.
This can entail the use of different boundary conditions
and/or different weighting schemes applied to
observational nudging of any other scientifically
justifiable adjustment to the WRF model.
 If required, further adjust the CMAQ model’s vertical
diffusion coefficients to account for the hypothesized
large urban heat island effect in the Capital Region, but
any adjustment must be scientifically justified.
 If required, adjust the frequency of the gas-particle
chemistry interchange to a shared and more rapid
interval (every 30 seconds versus every 15 minutes)
within the CMAQ model. This would require modelling
of the entire winter to ensure that the adjustment
corrects the model predictions for both the
exceedance and non-exceedance events.
Monitoring Improvements



Continue the wintertime speciation monitoring.



Continue to implement recommendations from the
Capital Region Network Assessment (McCarthy,
Ekstrand, Penfold, Minor, & O'Brien unpublished).

Rationale

These recommendations represent
improvements endorsed by modelling
experts that should be implemented in
future modelling exercises. It is
hypothesized that these changes can
result in further improvement in the
prediction
of
secondary
PM2.5
concentrations.
Achieving
more
accurately modelled secondary PM2.5 is
essential for successfully completing a
sector-based source apportionment of
particulate matter in the Capital
Region.

Sampling in winter 20132014
provided useful information with some
limitations. In a future winter,
instituting a speciation sampling
program on a National Air Pollution
Surveillance (NAPS) schedule, with
additional event sampling based on Air
Quality Health Index (AQHI) forecast
triggers would provide clarity on event
day concentrations, which were not
represented in the 2014 monitoring.
Continuing
to
implement
recommendations can guide changes
to monitoring networks towards a
more regional approach (where
appropriate). These recommendations
include continuing to fill siting gaps
(e.g., near populated areas without
monitors, along a north–south axis),
and regional consolidation of fine
particulate
matter
monitoring
methods.
Addressing
these
recommendations can allow for
continued improvements of the spatial
characterization of fine particulate
matter events.
3

Recommendation
Monitoring Improvements



Consider continuous atmospheric temperature and
wind profiling.

Rationale
Access to atmospheric temperature
profiling is limited to twice per day in
the Capital Region and is measured
from a location approximately 50 km
west of Edmonton. Continuous
profiling could allow for higher
resolution data to help characterize
the
role
of
meteorological
phenomenon (i.e., inversions) on fine
particulate matter events. Additionally
this would provide higher resolution
meteorological data that would aid in
configuring
the
meteorological
parameters used in dispersion
monitoring.

Further Investigation of Available Data


Plot any available fine particulate matter precursor gas
data on event days (e.g., volatile organic compound
(VOC) concentrations) at the Edmonton East and Fort
Saskatchewan monitoring stations and validate the
assumption that differences in secondary PM2.5
compositions may be due to differences in the
availability of precursor gasses at the Edmonton East
station.



Confirm applicability of methods for determining
ammonium nitrate (ANO3) concentrations for use in
the Capital Region, specifically with respect to a
potential requirement for temperature correction.
The methodology for reconstructing compound classes
of secondary fine particulate matter may not be
representative of ambient conditions in the Capital
Region. Specifically, the availability of ammonia (NH3)
in the Capital Region is likely different than the
conditions where the model was developed, thus
potentially requiring an adjustment in regards to the
reconstruction of ammonium sulphate (ASO4).





Investigate ozone and ammonia concentrations when
the region is impacted by elevated fine particulate
matter. The assumption is that days with elevated fine
particulate matter should be preceded by a day with
low ozone concentration and that ammonia levels
should be somewhat elevated before or during fine
particulate matter events.

Completing this investigation can
provide information about the
relationship between VOCs and
observed fine particulate matter
composition. This information may
eventually be useful in understanding
variability in region-wide emissions
patterns and the likelihood for fine
particulate matter formation across
the region.
Since these methods were developed
using data and assumptions not
necessarily representative of the
Capital Region (i.e., developed for nonwintertime fine particulate matter
issues in areas with different climatic
regimes), investigating the applicability
of
the
reconstructed
mass
methodology to the Capital Region can
confirm whether these methods are
appropriate for future work or
whether some adjustments may need
to be made to most accurately
reconstruct fine particulate matter
composition.

Further characterizing the complex
chemistry surrounding fine particulate
matter events can assist to establish
an understanding of the nature of fine
particulate matter events in the
Capital Region. This may help in the
prediction of future events through an
understanding of precursor conditions.
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Recommendation
Others
 Provide support for coordination of various air quality
standards and planning documents (i.e., Capital Region
Air Quality Management Framework, Canada-wide
Standards, Canadian Ambient Air Quality Standards,
North Saskatchewan Regional Plan, Emissions
Management for the Electricity Sector, etc.)



Provide support for the non-point source
apportionment work being considered by the Clean Air
Strategic Alliance.

Reporting
 Science work should be reviewed as part of the Capital
Region Air Quality Management Framework’s Annual
Status Reports.

Rationale
Coordination can ensure that the hard
work of stakeholders in completing the
science work and management to date
within the Capital Region are aligned
and incorporated into provincial
initiatives.
This work may allow for better
understanding of poorly characterized
non-point
source
emissions.
Information may feed back into
improved modelling that could enable
source apportionment and inform the
selection of appropriate management
tools.

This work can allow for annual review
and consideration of scientific
investigations necessary to achieve the
recommendations in this report.
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1. Introduction
In June 2000, the Canada-wide Standard for fine particulate matter (PM2.5) was established by the Canadian
Council of Ministers of the Environment (CCME 2000). Alberta’s commitment to achieving this Canada-wide
Standard is outlined in the Clean Air Strategic Alliance (CASA) Particulate Matter and Ozone Management
Framework (CASA 2003). In June 2012, the Government of Alberta released the Capital Region Air Quality
Management Framework (AESRD 2012a) (the Framework), which adopted the action and trigger levels for fine
particulate matter and the management and regulatory tools described in the CASA Framework.
Under the CASA Framework, Alberta Environment and Sustainable Resource Development performs annual
assessments using three consecutive years of fine particulate matter concentrations collected at Alberta ambient
monitoring stations. Action levels are then assigned to individual monitoring stations according to protocols and
procedures defined by the CASA Framework and the Canada-wide Standard. The provincial annual assessments of
fine particulate matter concentrations (20082010 and 20092011 (Alberta Environment and Sustainable
Resource Development 2012b and 2013d)) identified that two monitoring stations—Edmonton Central and
Edmonton East—had exceeded the Canada-wide Standard limit for fine particulate matter, placing the region into
the Mandatory Plan to Reduce action level (Level 4 of the Capital Region Air Quality Management Framework)
while Edmonton South and Lamont stations exceeded the trigger for the Management Plan action level (Level 3 of
the Capital Region Air Quality Management Framework). The Canada-wide Standard and Level 4 trigger of the
3
Framework, for fine particulate matter, are equivalent and equal to 30 micrograms per cubic metre (µg/m ) based
th
on a 24-hour averaging time of the 98 percentile annual ambient measurement and averaged over three
consecutive years.
In November 2012, Alberta Environment and Sustainable Resource Development and the Framework’s Oversight
Advisory Committee met with a broad stakeholder group to share information on the exceedance into Level 4 and
the timeline for development of the Fine Particulate Matter Response according to the Framework (Alberta
Environment and Sustainable Resource Development 2012a, 2013d, 2014). The Oversight Advisory Committee
commissioned a Technical Sub-committee to assist with the development of the Response. Throughout
20132014, the Particulate Matter Technical Sub-committee conducted scientific investigations of fine particulate
matter to inform the development of the Response and increase understanding of fine particulate matter science
in the Capital Region. The investigations explored the nature of fine particulate matter and factors that may lead to
elevated fine particulate matter concentrations in the Capital Region. These investigations included: analysis of
historical data, design and deployment of supplemental monitoring, and use of the United States Environmental
Protection Agency’s Community Multi-scale Air Quality (CMAQ) model as a source apportionment tool.

2. Particulate Matter
-6

Particulate matter can be solid or liquid and vary in size, origin, and composition. It can be a few nanometres (10
-3
mm) to several hundred micrometres (10 mm) in diameter (Seinfeld and Pandis 1998). Particle size is an
important factor in determining its transport, removal rate, and chemical composition. Particles less than 2.5
micrometres in diameter (PM2.5) are generally referred to as fine and particles greater than 2.5 micrometres in
diameter as coarse. Fine particulate matter is widely monitored in the Capital Region and is the focus of this
report.
Primary particulate matter is emitted directly into the air and its sources are discussed in Section 3.2. Secondary
particulate matter is formed in the atmosphere by gas-to-particle conversion processes (Seinfeld and Pandis 1998).
The reactions involved in producing secondary particulate matter from gases are varied and complex; the
mechanisms for the formation of the inorganic fraction of secondary particulate matter are better understood
than the mechanisms involved in the formation of the organic fraction. Potential precursor gases of secondary
particulate matter in the Capital Region include nitrogen oxides (NO x), sulphur dioxide (SO2), ammonia (NH3), and
6

volatile organic compounds (VOCs). Secondary inorganic constituents of fine particulate matter in the Capital
Region include ammonium nitrate and ammonium sulphate. The formation of ammonium nitrate (NH4NO3) is
affected by the availability of nitric acid (HNO3) and ammonia (NH3) (Finlayson-Pitts and Pitts 2000).
𝑁𝐻3 (𝑔) + 𝐻𝑁𝑂3 (𝑔) ⇌ 𝑁𝐻4 𝑁𝑂3 (𝑠)

Equation (1)

Nitric acid itself is a secondary product and can be formed through various chemical reactions involving volatile
.
organic gases (VOCs), oxides of nitrogen (NO and NO2), water vapour, and hydroxyl radicals (OH ) (Finlayson-Pitts
and Pitts 2000). Particulate sulphate may exist in a number of states (H2SO4, NH4HSO4, (NH4)2SO4, and
(NH4)3H(SO4)2) depending on the availability of ammonia (NH3). The prominent oxidation path for SO2 oxidation
.
leading to the most acidic sulphate form (H2SO4) involves reaction with hydroxyl radicals (OH ) in the presence of
water (H2O) and oxygen (O2) as shown in Equation 2 (Finlayson-Pitts and Pitts 2000).
𝑂𝐻(𝑔) + 𝑆𝑂2(𝑔) + 𝑂2(𝑔) + 𝐻2 𝑂(𝑔) → 𝐻𝑂2(𝑔) + 𝐻2 𝑆𝑂4 (𝑔)

Equation (2)

The product from the reaction illustrated in Equation 2 may be neutralized in the presence of ammonia (NH 3) to
form ammonium sulphate as illustrated in Equation 3.
2𝑁𝐻3 (𝑔) + 𝐻2 𝑆𝑂4 (𝑔) ⇌ (𝑁𝐻4 )2 𝑆𝑂4 (𝑆)

Equation (3)

As the formation of ammonium sulphate ((NH4)2SO4) (noted as ASO4 herein to include all acidic, partially
neutralized, and neutralized sulphate species) and ammonium nitrate (NH4NO3) (noted as ANO3 herein to includes
acidic and neutralized nitrate species) occur as part of equilibrium reactions, the availability of reactants sulphate
2(SO4 ), nitrate (NO3 ), and ammonia (NH3) may limit the formation of these products. Detailed analysis,
documented in Section 5.3.5, completed as part of this report indicates that the limiting reactants in the formation
of ammonium sulphate and ammonium nitrate in the Capital Region are likely sulphate and nitrate, respectively.
The ambient atmospheric conditions in the Capital Region have been demonstrated in this report to be nonammonia limiting over a wide range of conditions. Detailed analysis of observed secondary fine particulate matter
composition obtained at the Edmonton McIntyre monitoring station, as well as thermodynamic equilibrium
modelling of conditions in the Capital Region, were utilized in this report to characterize the sensitivity of the
formation of ammonium sulphate and ammonium nitrate to the availability of precursor compounds in the
atmosphere. These analyses indicated that the non-limiting nature of the ambient atmosphere with respect to
ammonia as well as the atmospheric chemistry under the prevailing ambient conditions are such that in the Capital
Region, substantial changes in ammonia concentrations are unlikely to have a significant effect on secondary fine
particulate matter formation. The analyses indicated that the formation of ammonium sulphate and ammonium
nitrate is much more sensitive to the atmospheric concentrations of sulphate and especially nitrate, therefore
indicating that mitigation efforts to curtail the formation of these secondary pollutants might be the most effective
means of reducing overall secondary particulate mass in the Capital Region. Additional characterization of this
atmospheric chemistry has been highlighted as a priority in future investigations so that source apportionment
may ultimately be possible.

3. Description of the Capital Region
The Capital Region for the purpose of this assessment aligns with the boundary described in the Framework. It
includes the Edmonton Census Metropolitan Area, Lamont County, and Elk Island National Park. The Capital Region
covers 11,993 square kilometres, accounts for 1.9 per cent of Alberta’s land mass, and 31.8 per cent of Alberta’s
population. In addition, the Capital Region is relatively flat with large areas of cropland and a number of lakes. The
North Saskatchewan River and its associated river valley passes through the region from west to east and can have
an influence on channeling localized air masses along the river valley. Figure 1 outlines the boundary of the Capital
7

Region, air quality monitoring stations which monitor fine particulate matter within the region, and its three
airsheds.

Figure 1: Boundary of the Capital Region Showing Location of Stations Monitoring Fine Particulate Matter and Airshed
Boundaries

3.1. Meteorology
The Capital Region has a cold and dry continental climate. Based on 1981 to 2010 Canadian Climate Data
(University of Wyoming , n.d.) from Edmonton City Centre Airport, the region receives the bulk of its precipitation
during the summer months between May and September. Daily mean temperature ranges from a low of -10.4 °C
in January to a high of 17.7°C in July. Typically, summer lasts from late June until early September while winter
lasts from November to March, and varies greatly in length and severity. For the purpose of this report, October to
March is defined as the colder season and April to September is defined as the warmer season.
During the colder months, the region frequently experiences inversions. At these times, solar radiation is weak and
snow cover reflects incoming sunlight that would otherwise warm the ground and promote atmospheric
circulation. An inversion is an atmospheric condition where air temperature rises with altitude (see Section Error!
eference source not found.) resulting in limited mixing and limited vertical dispersion of atmospheric pollutants
that can lead to an accumulation of pollutants in the lower troposphere. In addition to inversions, low wind speeds
can also limit the horizontal dispersion of atmospheric pollutants.

3.2. Emission Sources
Sources of fine particulate matter and precursor gases in the Capital Region are many and varied. Industrial
sources include petroleum refining, light-manufacturing, and fugitive emissions from holding tanks or petroleum
terminals. The major industrial areas within the Capital Region include the Nisku Industrial Business Park in Leduc
County, Acheson Industrial Area in Parkland County, Refinery Row in Strathcona County, and Alberta’s Industrial
Heartland, which include petrochemical complexes, refineries, and upgraders. Other sources in the region include
transportation, space heating, electrical power generating units located in the western portion of the region, and
8

miscellaneous sources such as biogenic emissions. Figure 2 illustrates the relative emissions, as determined by
sector from emissions inventory, of primary fine particulate matter and fine particulate matter precursor gases in
the Capital Region (Environ and Novus Environmental unpublished).

*

Figure 2: Sector-based Breakdown of Fine Particulate Matter Precursor and Primary Fine Particulate Matter Emissions in the
Capital Region
(The figure shows percentages of contributions that are averaged over the months of January to March 2010.
* Industrial—others refers to all stationary point sources except power plants and upstream oil and gas within the Capital
Region.

4. Monitoring Fine Particulate Matter in the Capital Region
Monitoring of ambient fine particulate matter mass concentration can be a challenge given its widely varying size
distribution and chemical composition, including its semi-volatile compounds. The Capital Region has a network of
fine particulate matter monitoring stations that measure mass concentrations on a continuous basis. Analysis of
historical data collected at these stations formed a component of the investigative work conducted to better
understand elevated fine particulate matter concentration in the Capital Region.
Continuous analyzers use the various properties of fine particulate matter to indirectly measure mass
concentrations. Data from such continuous analyzers are used to determine one-hour average concentrations at
12 monitoring stations within the Capital Region (Figure 1). To measure mass associated with “dry” particles and
reduce analyzer maintenance, these analyzers condition the sampled air to reduce the relative humidity of the
sample flow. Such conditioning can result in a loss of the semi-volatile component of the particle mass (Figure 3),
especially when the sample is heated such that there is notable difference between the resulting sample flow and
ambient temperature (Wilson, et al. 2002).
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Figure 3: A Schematic of Semi-volatile Components of a Particle Sample Subject to Loss through Evaporation (Wilson, et al.
1
2002)

In an effort to ensure comparability of continuous analyzers to a reference method with known accuracy,
Environment Canada’s National Air Pollution Surveillance Program (NAPS) adopted the United States
Environmental Protection Agency’s category of analyzers known as Federal Equivalent Method (FEM) analyzers
(Government of Canada 2013). Continuous monitoring methods recognized as FEM have improved processes for
removing particle-bound water, thus making these analyzers better able to account for the semi-volatile fraction
and provide a more accurate measurement of ambient fine particulate matter concentration. A number of
different continuous monitoring methods are deployed at the monitoring stations within the Capital Region and
are listed in Table 1; however not all the analyzers deployed have FEM status.
In addition to continuous monitoring, 24-hour integrated samples are collected at the McIntyre monitoring station;
these samples are collected on a set National Air Pollution Surveillance Program frequency and are analyzed for
ions, organics and elemental carbon, and trace metals. As part of a short term study, 24-hour integrated samples
were also collected at a number of stations throughout the Capital Region (Section 5.3).
Table 1: Continuous Monitoring Analyzers for Fine Particulate Matter Deployed within the Capital Region

Monitoring Stations
Edmonton Central
Edmonton East
Edmonton South
McIntyre
Woodcroft (Lehigh)
Tomahawk
Wagner
Genesee
Fort Saskatchewan
Redwater Industrial
Bruderheim
Lamont County
Elk Island

1

FEM
Yes
Yes
Yes
No
No
No
Yes
No
Yes
No
Yes

Equipment
TEOM FDMS
TEOM FDMS
TEOM FDMS
2
Speciation
TEOM
TEOM
TEOM
SHARP
TEOM
GRIMM
BAM One
SHARP

Installation Date
May 1, 2009
April 7, 2009
July 1, 2009
May 1, 2010
May 6, 2010
September 1,2011

See copyright disclaimer in section 7

2

The Edmonton McIntyre monitoring station is part of the Canadian National Air Pollution Surveillance Program (NAPS), which
has generated an extensive collection of 24-hour averaged, chemically-speciated PM2.5 data sampled once every three days.
The equipments deployed at Edmonton McIntyre are the MetOne SuperSASS and Chemcomb Speciation Cansisters.
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5. Investigating Particulate Matter Events in the Capital Region
A fine particulate matter event is characterized by a 24-hour average concentration that is equal to or greater than
20 micrograms per cubic metre at any of the Edmonton Central, Edmonton East, Edmonton South, or Lamont
monitoring stations. The 24-hour concentration is calculated from midnight to midnight. The fine particulate
3
matter concentration of 20 µg/m was adopted from the Management Plan Action Level of the Clean Air Strategic
Alliance PM and Ozone Management Framework.
To better understand the occurrence of and conditions for fine particulate matter events in the Capital Region, a
three-pronged evaluation was taken. These included: analysis of historical data, design and execution of short term
studies, and a modelling exercise.
Historical data from 2006 to 2011 at the Edmonton Central, Edmonton East, Edmonton South, Edmonton
3
McIntyre and Lamont air monitoring stations were analysed to answer the questions below. Recent assessment
had indicated that fine particulate matter concentrations at these stations exceeded either the Management Plan
(Level 3) or Canada-wide Standard (Level 4) action levels of the Clean Air Strategic Alliance PM and Ozone
Management Framework. The set of questions is as follows.
1.
2.
3.
4.

Were there seasonal and inter-annual differences in the occurrence of elevated fine particulate matter
concentrations? (Section 5.1)
Were elevated concentrations due to local sources or were these elevated concentrations regional in
nature? (Section 5.2)
Was there a compositional difference between fine particulate matter measured during event days as
compared to samples collected on non-event days? (Section 5.3)
Is the Community Multi-scale Air Quality (CMAQ) model an appropriate source apportionment tool?
(Section 5.4)

Five years (20062011) of historical air quality and meteorological data typically give a good representation of the
range of conditions observed in the region. This rationale is consistent with the Technical Supporting Document for
the Capital Region Air Quality Framework and the Air Quality Model Guideline (Government of Alberta, 2013).

5.1. Seasonal and Inter-annual Variations of Fine Particulate Matter Events
5.1.1. Analysis of Seasonal and Inter-annual Variations of Fine Particulate
Matter Events
The seasonal variation of fine particulate matter was examined using data from the Edmonton South and Lamont
monitoring stations, which were the stations that were in Level 3: the Management Plan action level, and from
Edmonton Central and Edmonton East, the stations that were in Level 4: the Mandatory Plan to Reduce action
level. The number of times a fine particulate matter event was observed at each of the stations for each month
was assessed. An event is a day where the 24-hour average fine particulate matter concentration is equal to or
3
greater than 20 micrograms per cubic metre (20 µg/m ); this is equivalent to exceeding the planning trigger for
Level 3. All years and months used in the calculations had at least 75 per cent valid data. Figure 4 illustrates the
number of events observed by month between 2006 and 2011. Fine particulate matter events may be observed
throughout the year, but were more frequently observed during the colder months (Figure 4). The figure shows all
event days observed between 2006 and 2011 at the Edmonton Central, East, South, McIntyre, and Lamont

3

Note: Historical non-speaciated PM2.5 data from Edmonton McIntyre were used in this report for context
purposes only as this station is not an official audited station
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monitoring stations. All data in each year were considered (including observations associated with forest fire
events) to determine the number of events.
Median concentrations calculated for each month are shown in Figure 5. The elevated median concentrations
calculated for the months of June, July, and August are most likely due to forest fire smoke. For reporting purposes
(such as in the annual Alberta Environment and Sustainable Resources Particulate matter and Ozone Management
Framework Assessments, in response to the Clean Air Strategic Alliance Particulate matter and Ozone
Management Framework), fine particulate matter concentrations attributed to forest fire events are removed
from the dataset; however, for the sake of this investigation, all data were retained to provide seasonal context
with regards to the severity and frequency of fine particulate matter events in the summertime months as a result
of forest fires.
To investigate year-to-year variability of events not associated with forest fire smoke, the number of fine
particulate matter events observed for each year between the months of October and March was determined
(Figure 6). The incidence of fine particulate matter events was notably higher during 2010; this was likely due to a
number of factors possibly including the upgrade to federal equivalent method (FEM) fine particulate matter
analyzers and meteorological phenomenon such as incidences of low wind speeds or inversions. The median 24hour concentration observed during fine particulate matter event days however, did not notably vary from yearto-year (Figure 7). This means that despite the greater number of events in 2010, the fine particulate matter
concentrations were comparable to the median concentration for the other years in the data range.

Figure 4: Seasonal Variation of Fine Particulate Matter Event Days
3

An event is a day where average fine particulate matter concentration exceeded 20 μg/m observed between 2006 and 2011
at the Edmonton Central, East, South, McIntyre, and Lamont monitoring stations. All data in each year were considered
(including observations associated with forest fire events) to determine the number of events.
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Figure 5: Monthly Median Concentration for Data Collected During All Fine Particulate Matter Event Days
Median concentrations for each month of the years 2006 to 2011 were determined from all data associated with PM event
days available (including observations associated with forest fire events). Triggers for management actions from the Capital
Region Air Quality Management Framework are indicated on the figure for reference.

Figure 6: Number of Fine Particulate Matter Event Days Observed between October and March
3

An event day is a day where the 24-hour average fine particulate matter concentration equalled or exceeded 20 μg/m .
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Figure 7: Median Fine Particulate Matter Concentration for Event Days Observed Between October and March
Median concentrations from were determined from all PM events observed during the period of October-March of each of
the years from 2006 to 2011 (including observations associated with forest fire events). Triggers for management actions
from the Capital Region Air Quality Management Framework are indicated on the figure for reference.

5.1.2. Characterization of Meteorology on Fine Particulate Matter Event Days
Meteorological data, including atmospheric sounding from weather balloons, were used to investigate
meteorological conditions that may promote fine particulate matter events. Weather balloons are launched from
Carvel, approximately 50 kilometres west of Edmonton, twice per day (University of Wyoming n.d.). Altitude and
temperature data from these launches are processed to infer the presence or absence of inversions in the
Edmonton area. Inversion conditions were identified when the temperature increased with altitude and an
inversion top was identified. (An example of an identified inversion is shown in Figure 8.) Although inversions occur
year-round, inversions tend to be stronger and longer-lasting in the wintertime.

Figure 8: Example of a Temperature Change Indicating an Inversion (January 2, 2010)
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Figure 9 shows the frequency of inversions by month for the years 2006 through 2011. This is expressed as the
percentage of soundings for each month that showed inversion conditions. Inversions are observed most
frequently in November, December, and January. In general, nocturnal inversions are a common occurrence in
Alberta, as a result of diel (refers to a process that repeats itself every 24 hours) heating and cooling, and are often
observed during morning soundings. The increase in the frequency of inversions through November, December,
January (and in some years October, February, and March) is primarily due to the large scale temperature
inversions that form during the colder months. These inversions are deeper and stronger and tend to last through
several days, increasing the likelihood of an individual inversion being captured during both morning and
afternoon soundings on successive days. It is important to note that the frequency of inversions determined for
2010 was comparable to that of other years.

Figure 9: Frequency of Inversions in the Capital Region Detected by Month and Year for 20062011
The solid line indicates the average frequency for the years 20062011.

Low wind speed, like the presence of a strong inversion, can also impede the dispersion of fine particulate matter.
To examine the potential influence of meteorological conditions, namely wind speed and inversion, fine particulate
matter concentrations measured at the Edmonton East monitoring station were grouped into categories and
averaged. The results are presented in Table 2. The concentrations presented are the average for data collected at
the Edmonton East station between 2006 and 2011. In order to separate events that may have been the result of
forest fire smoke, the data were separated into colder seasons (October to March) and warmer seasons (April to
September). Wind speeds equal to and lower than six kilometres per hour were classified as low and potentially
impeding formation and dispersion. The highest average concentrations were observed when both an inversion
and low wind speed were present. Average concentrations observed when either low wind speeds without an
inversion or an inversion without low wind speeds were present were similar to conditions that promoted
dispersion (i.e., higher wind speed and absence of an inversion).
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Table 2: Average Fine Particulate Matter Concentrations Under Various Meteorological Conditions
The data for Table 2 were collected at the Edmonton East monitoring station from 20062011.

Year

2011

2010

2009

2008

2007

2006

3

PM2.5 (µg/m )

Inversion

Wind Speed
(km/h)

Cold Season

Warm Season

Yes
Yes
No
No

<=6
>6
<=6
>6

18.1
10.0
11.5
7.3

16.2
11.5
10.6
9.2

Yes
Yes
No
No

<=6
>6
<=6
>6

29.2
15.9
17.2
10.4

17.8
13.7
12.7
10.3

Yes
Yes
No
No

<=6
>6
<=6
>6

16.1
8.3
8.7
5.4

13.4
9.4
10.3
7.7

Yes
Yes
No
No

<=6
>6
<=6
>6

13.6
5.8
8.1
3.9

8.9
5.5
6.4
4.6

Yes
Yes
No
No

<=6
>6
<=6
>6

11.2
5.0
7.1
3.5

8.3
5.2
6.6
3.9

Yes
Yes
No
No

<=6
>6
<=6
>6

13.2
5.9
7.8
3.9

11.0
6.2
7.6
4.9

5.2. Evaluation of Fine Particulate Matter Events on a Regional Scale
5.2.1. Relating Diel Trend of Fine Particulate Matter Concentration to Traffic
Counts
Primary fine particulate matter emissions from vehicles may result in impacts on the concentrations measured by
monitoring stations, which are not representative of the ambient air quality, where monitoring stations are sited
close to roads. To verify the proper siting of two monitoring stations within Edmonton, fine particulate matter
concentrations were compared to hourly traffic counts obtained from adjacent roads. Properly sited stations are
not expected to exhibit a strong correlation between vehicle volume and elevated fine particulate matter
concentrations. Motor vehicle counts were taken from the nearest adjacent road to each station: Traffic counts
near the Edmonton East monitoring station were recorded in May 2009 at a location one kilometre southeast of
the monitoring station (on Baseline Road, one-half of a kilometre east of 17th Street NW) and traffic counts near
the Edmonton South monitoring station were recorded in October 2010 at a location one-half of a kilometre
northeast of the monitoring station (on 113th Street NW, at the intersection with 67th Avenue NW). Both data
sets were collected on weekdays and were assumed to be representative of typical weekday motor vehicle traffic
in the area during the period of this report. The above mentioned data was obtained from the City of Edmonton
Traffic Volume and Turning Movements website (The City of Edmonton 2013). The traffic counts were measured as
the number of vehicles passing the measurement point per hour (Figure 10 and Figure 11). At both monitoring
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stations the traffic count was bimodal, peaking during the morning and afternoon “rush-hour.” Peak “rush-hour”
traffic volumes were higher in magnitude at Edmonton East than at Edmonton South with both monitoring stations
experiencing higher volumes during the afternoon “rush-hour” than in the morning.
At both Edmonton East and Edmonton South monitoring stations the diurnal trend of median fine particulate
matter concentration measured during weekday event days was uni-modal; a strong midday peak was observed at
the Edmonton East monitoring station, while a more variable period of elevated midday concentrations was
observed at the Edmonton South monitoring station. Since these data are uni-modal, they are therefore not
comparable to the bimodal trend observed in traffic volumes (Figure 10). This indicates that qualitatively there
appears to be no direct primary fine particulate matter influences from vehicular traffic driving fine particulate
matter events at these stations. The siting of these monitoring stations is therefore not suspected to be
problematic with respect to their locations near main roadways. Consequently, measured fine particulate matter
concentrations are likely the result of vehicular emissions and the formation of fine particulate matter from other
sources within the region. It is important to note that vehicular emissions include precursor gases involved in the
formation of secondary ozone and that vehicular emissions are distributed throughout the region, thus emissions
from transportation may have a role in the formation of secondary fine particulate matter, which may be an
important contributor to event day concentrations.
Nitrogen oxide (NOx) concentrations measured at these stations were also examined. Vehicular emissions are a
source of nitrogen oxide and likewise nitrogen oxide is an important contributor to secondary fine particulate
matter formation. While fine particulate matter concentrations did not trend similarly to traffic volumes, at
Edmonton East and Edmonton South monitoring stations, nitrogen oxide concentrations exhibited distinct
bimodality with a two to four hour lag behind traffic volumes. The observation of co-varying nitrogen oxide
concentrations at both the Edmonton East and Edmonton South monitoring stations suggests that nitrogen oxide
emitted nearby these stations may be from vehicular sources. Since there appears to be no correlation between
fine particulate matter and nitrogen oxide concentrations on event days, elevated fine particulate matter
concentrations observed on event days are most likely the result of the formation of secondary fine particulate
matter from emissions of precursor gasses elsewhere in the region (precursor emissions include vehicular
emissions from the dense roadway network found throughout the region).
On non-event days, fine particulate matter concentrations remained highly variable throughout the day,
particularly at the Edmonton South monitoring station, and had a qualitatively identified bimodal shape. Data
collected on non-event weekdays showed an evident increase in the median fine particulate matter concentration
during the approximate time of the morning and afternoon “rush hours” (on average within 2-4 hours of peak
traffic volume) (Figure 10). Nitrogen oxide concentrations observed at these stations also had similar bimodal
character, lagging traffic volume peaks by two to four hours. This evidence suggests that on non-event days, the
fine particulate matter concentrations impacting these stations may be of different composition than on event
days. Without speciation data, the exact composition cannot be determined however, due to the nature of the
trends observed, compositional changes could be a result of primary fine particulate matter comprising a larger
component of the observed fine particulate matter on non-event days, or could possibly be due to the formation
of secondary fine particulate matter from precursor gases emitted closer to the station. Additional verification may
be required to determine if meteorological influences may also be responsible for these observations because of a
diurnal variation in atmospheric mixing or a presence of weak nocturnal inversions.
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Figure 10: Diurnal Trend of Traffic Volumes, Fine Particulate Matter Concentrations, and Nitrogen Oxide
Concentrations on Event Weekdays at Edmonton East (a) and Edmonton South (b) Monitoring Stations from
20092011
Traffic count data were obtained from a roadway adjacent to the Edmonton East monitoring station during May
2009 and from a roadway adjacent to the Edmonton South monitoring station during October 2010.
Fine particulate matter and nitrogen oxide concentrations were measured on event weekdays (those weekdays
3
with 24-hour fine particulate matter concentration greater than 20μg/m ), during the winter months
(OctoberMarch) of 20092011.
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Figure 11: Diurnal Trend of Traffic Volume, Fine Particulate Matter Concentration, and Nitrogen Oxide
Concentration on Non-event Weekdays at Edmonton East (a) and Edmonton South (b) Monitoring Stations for
20092011
Traffic count data were obtained from a roadway adjacent to the Edmonton East monitoring station during May
2009 and from a roadway adjacent to the Edmonton South monitoring station during October 2010.
Fine particulate matter and nitrogen oxide concentrations were measured on non-event weekdays (those
3
weekdays with 24-hour fine particulate matter concentrations less than 20μg/m ), during the winter months
(OctoberMarch) of 20092011.

5.2.2. Fine Particulate Matter Events – A Regional Occurrence
A number of the monitoring stations in the Capital Region are considered historical stations, with varying original
and current monitoring purposes. Traditionally, monitoring stations were sited for industrial facilities, within
specific populations and ecologically sensitive areas. Although air quality monitoring in Alberta continues to evolve
in order to meet emerging needs for regionally representative data, the influence of local events near individual
stations was explored as a cause of observed fine particulate matter events at these monitoring stations. In order
to investigate the nature of these events in the region, measured fine particulate matter concentrations from
selected stations were examined.
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Presented in Figures 12 to 14 are time series of fine particulate matter concentrations for selected stations within
the Capital Region. The stations were selected to represent the City of Edmonton and areas to the east and west.
The figures illustrate that during the events, fine particulate matter concentration increases at most stations at
varying intensities. In addition, elevated nitrogen oxide concentrations are observed during most events,
particularly at the three monitoring stations within Edmonton (the Central, East, and South stations). Furthermore,
changes in wind conditions (either speed and/or direction) are observed with the onset and clear-out of a fine
particulate matter event. These observations indicate that fine particulate matter events within the Capital Region
are most likely regional, affecting a number of stations, and not the result of localized activities near each station.
This is consistent with the findings noted above where local traffic did not have an immediate obvious relationship
with fine particulate matter concentrations, but may be an important source of precursor gases throughout the
region.

Figure 12: Time Series of One-hour Average Fine Particulate Matter and Nitrogen Oxides for December 2131, 2009
The data have been smoothed to reduce short time variations and highlight longer term variability. Wind barbs indicate wind
direction and speed, where the top of the page is north and a full barb is two kilometres per hour and a triangle indicates 10
kilometres per hour. In addition, the colour scale indicates wind speed less than 10 kilometres per hour with purple
indicating wind speeds greater than 10 kilometres per hour.
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Figure 13: Time Series of One-hour Average Fine Particulate Matter and Nitrogen Oxides for November 30, 2010 to December
16, 2010.
The data have been smoothed to reduce short time variations and highlight longer term variability. Wind barbs indicate wind
direction and speed, where the top of the page is north and a full barb indicates two kilometres per hour and a triangle
indicates 10 kilometres per hour. In addition, the colour scale indicates wind speed less than 10 kilometres per hour with
purple indicating wind speeds greater than 10 kilometres per hour.

Figure 14: Time Series of One-hour Average Fine Particulate Matter and Nitrogen Oxides for January 517, 2011
The data have been smoothed to reduce short time variations and highlight longer term variability. Wind barbs indicate wind
direction and speed, where the top of the page is north and a full barb indicates two kilometres per hour and a triangle
indicates 10 kilometres per hour. In addition, the colour scale indicates wind speed less than 10 kilometres per hour with
purple indicating wind speeds greater than 10 kilometres per hour.
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5.3. Evaluation of Event and Non-event Fine Particulate Matter Mass Composition
5.3.1. Fine Particulate Matter Mass Composition
The composition of fine particulate matter provides insight into the possible origin of the measured mass. Fine
particulate mass samples have been collected for compositional analysis on an Environment Canada National Air
Pollution Surveillance Program schedule at the Edmonton McIntyre monitoring station on an ongoing basis since
May 11, 2006. Edmonton McIntyre monitoring station is located in south Edmonton and is one of the partnering
stations of the National Air Pollution Surveillance Program.
In addition to samples collected at the McIntyre monitoring station, samples were also collected at a few other
stations within the Capital Region as part of a short term study, which began in February and went through March
2013 and then again in February through April 2014. The objective of the short term study was to determine
whether the information derived from the Edmonton McIntyre monitoring station was comparable to samples
collected at other sampling monitoring stations in the Capital Region.
The study was conducted with support from the National Air Pollution Surveillance Program, which provided
sampling equipment and conducted the sample analysis. Samples were collected in accordance with the program’s
protocol in order to ensure comparability of all composition samples.
The sample frequency was based on the program’s sample days (i.e., once every six days) to optimize sampling and
ensure sufficient samples were collected on event days, with the exception of the short term study in 2013.
Samples in 2013 were triggered based on Alberta’s forecasted Air Quality Health Index. Table 3 summarizes
sampling frequency and the data extent for all monitoring stations where fine particulate matter mass was
collected for compositional analysis. Stations sites are identified in Figure 1. The samples collected from all these
monitoring stations were analysed for major ions, organic and inorganic carbon, and trace metals.
Table 3: Summary of Fine Particulate Matter Composition Samples by Monitoring Station

Monitoring Station
Type
Operating Period
Sample Number
▲
Edmonton McIntyre
NAPS
Ongoing
122
Edmonton East
Short term
Feb–Mar 2013*
4
Lamont
Short term
Feb–Mar 2013*
4
Edmonton East
Short term
Feb–April 2014
15
Fort Saskatchewan
Short term
Feb–April 2014
14
* Sample frequency was dependant on the forecasted Air Quality Health Index; samples were triggered for an Air
Quality Health Index greater than five.
▲
Number of samples from January 1, 2012 to December 31, 2013.
NAPS=National Air Pollution Surveillance Program

5.3.2. Reconstructed Mass Methodology
The measured chemical components were used to reconstruct compound classes. This method translates
measured ions, carbons, and trace metals into classes that could be used to infer origin of fine particulate matter
mass. The method used to determine the reconstructed mass is detailed in Dabek-Zlotorzynska et al. (2010). Table
4 provides a summary of chemical components and formulas used. The major compound classes are ammonium
sulphate (ASO4), ammonium nitrate (ANO3), organic matter (OM), elemental carbon (EC), crustal material (SOIL),
trace element oxides (TEO), sodium chloride (NaCl), and particle-bound water (PBW).
-

2-

It was assumed that all nitrate (NO 3 ) was in the form of ammonium nitrate. Sulphate (SO4 ) was assumed to be
present as a mixture of compounds depending on the amount of nitrate (NO3 ) present in the sample. Organic
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matter (OM), crustal material (SOIL), and trace element oxides (TEO) were calculated from measured components
and particle-bound water (PBW) was calculated from meteorological variables (Dabek-Zlotorzynska, et al., 2010).
To ensure that the reconstructed mass was comparable to actual measured mass, the reconstructed mass
concentrations were compared to fine particulate matter mass concentrations measured by a co-located
dichotomous sampler. Error! Reference source not found. illustrates the comparison. Twelve outliers (with greater
han a 95 per cent confidence interval) were removed from the dataset (n=405). The reconstructed mass generally
agrees well with the dichotomous sampler fine particulate matter mass concentration over a wide range of
2
concentrations (with a slope of 0.88, y-intercept of 0.92, and R of 0.94).
Table 4: Components and Formula Used to Determine Reconstructed Mass

Component
Ammonium Nitrate
Ammonium
Sulphates*
Organic Matter
Elemental Carbon
Crustal Matter
Trace Element
Oxides
Sodium Chloride
Particle-bound
Water
Reconstructed
Mass

Abbreviation
[ANO3]
[ANO3] = 1.29[NO3-]

Formula

[ASO4] = [SO42-] + [NH4+]- 0.29[NO3-]
[OM] = k [OC]
[EC] = [EC]
[SOIL] = 3.48[Si] + 1.63[Ca] + 2.42[Fe] + 1.41[K] + 1.94[Ti]
[TEO] = 1.47[V] + 1.29[Mn] + 1.27[Ni] + 1.25[Cu] + 1.24[Zn] +
1.32[As] + 1.08[Pb] + 1.2[Se] + 1.37[Sr] + 3.07[P] + 1.31[Cr]
[NaCl] = [Na] + [Cl]

[ASO4]
[OM]
[EC]
[SOIL]
[TEO]
[NaCl]

[PBW] = 0.32 ([SO42-] + [NH4+]
[RCM] = [ASO4] + [ANO3] + [OM] + [EC] + [SOIL] + [TEO] +
[NaCl] + [PBW]

[PBW]
[RCM]

Dichotomous PM2.5 Sampler Fine Mass
Concentration (mg/m3)

Adopted from ( (Dabek-Zlotorzynska, et al., 2010). K varies seasonally (1.6-2.1)
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Figure 15: Comparison of Reconstructed and Measured Mass Collected at Edmonton McIntyre Monitoring Station Between
2006 and 2011
Hollow circles represent outliers (> 95 per cent confidence interval, n=12)
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5.3.3. Reconstructed Mass at the Edmonton McIntyre Monitoring Station
Reconstructed mass was determined for samples collected at Edmonton McIntyre between 2006 and 2011. Figure
16 illustrates the average fine particulate matter mass components for colder and warmer seasons, categorized
into event and non-event days.
On average, fine particulate matter reconstructed mass is higher in the colder season than in the warmer season.
Organic matter (OM) and ammonium sulphate (ASO4) are the two prominent components of the fine particulate
matter mass concentration for both event and non-event days (45 per cent and 17 per cent, respectively) in the
warm season. During the cold season event days, ammonium nitrate (ANO3) and organic matter are the two
prominent components, constituting 44 per cent and 22 per cent of the mass, respectively. However, during the
cold season non-event days, organic matter concentration is notably higher than ammonium nitrate concentration,
at 34 per cent for organic matter and 21 per cent for ammonium nitrate.

Figure 16: Comparison of Reconstructed Mass Concentration of Fine Particulate Matter for Non-event Days Versus Event
Days in Cold and Warm Seasons at the Edmonton McIntyre Monitoring Station (20062011)
Legend
ASO4
ANO3
OM

Ammonium Sulphate
Ammonium Nitrate
Organic Matter

EC
Soil & TEO
NaCl
PBW

Elemental Carbon
crustal material & trace element oxides
Sodium Chloride
Particle-bound Water

Ammonium sulphate, ammonium nitrate, and organic matter are classified as secondary fine particulate matter.
All other reconstructed mass components except particle-bound water are considered as primary fine particulate
matter. Inevitably, there will be some overlap between primary and secondary components, especially with
organic matter, but the distinction is made here for simplicity. The secondary fine particulate matter component
accounts for more than half of the fine particulate matter mass in both warm and cold seasons, regardless of
whether it is an event or non-event day.
In the cold season, secondary particulate matter components during event days are approximately four times that
of non-event days. On average, the secondary component on cold event days is dominated by ammonium nitrate
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(44 per cent) followed by organic matter (22 per cent); ammonium sulphate contributed 15 per cent. Semi-volatile
components are most likely to be in the particle phase at lower temperatures; this is supported by the notable
contribution of ammonium nitrate in the cold season.
On average, the secondary mass component on event days accounted for over twice that of non-event days during
the warm season. During warm event days, organic matter, ammonium sulphate, and ammonium nitrate
contributions were 45 per cent, 17 per cent, and nine per cent respectively. Conditions that aid photochemical
reactions, as well as the prevalence of forest fire smoke during events in the warm season, likely promoted the
higher organic matter fraction.
The primary components showed some variability, on average representing 23 per cent of the reconstructed mass
during warm event days and 11 per cent during cold event days, albeit on average staying below 10 micrograms
per cubic metre. Concentration of primary fine particulate matter may have been influenced by intensity of
emissions and/or meteorological conditions that were not conducive to dispersion.
Data collected at the Edmonton McIntyre monitoring station provided insight into the composition of fine
particulate matter in the vicinity of the monitoring station. The short term studies were used to understand if
observations at the Edmonton McIntyre station were comparable to other monitoring stations in the Capital
Region.

5.3.4. Reconstructed Mass from Short Term Studies
During the 2013 study, samples were collected at the Edmonton East and Lamont County monitoring stations, in
addition to the samples collected at the McIntyre station. Samples in 2013 at Edmonton East and Lamont County
stations were triggered using the forecasted Air Quality Health Index (Error! Reference source not found.) and the
esults are presented in Table 5. One of the samples (March 26, 2013) coincided with a National Air Pollution
Surveillance Program sample day. On March 26, fine particulate mass concentration was notably higher than other
winter 2013 samples and it is considered an event day. Fine particulate matter composition on this day was
comparable at Edmonton East, Lamont, and McIntyre monitoring stations, which had the highest contribution
from ammonium nitrate. There were small yet notable differences in the contribution of organic matter and
ammonium sulphate mass concentration for samples collected on March 26 at the three monitoring stations. In
general for 2013 samples, mass concentrations for samples collected at the Edmonton East monitoring station
were the highest compared to the other stations.
Of the winter 2013 samples, ammonium nitrate concentration was the highest compared to other components,
excluding the relatively clean sample collected at the Lamont County monitoring station on March 11, where
ammonium sulphate concentration was the highest. The organic matter component on non-event days in the 2013
study was comparable or slightly higher than the ammonium nitrate fraction. The elemental carbon and sodium
chloride components formed a small fraction of the total mass in all 2013 samples. The soil and trace elements
were not determined for the short term studies; this component required filter samples from dichotomous
samplers, which were not included as part of the sample set-up of the short term studies. As soil and trace
elements were considered a component of primary fine particulate matter, the concentrations of these species
were expected to comprise an insignificant portion of the total fine particulate matter mass during the cold
season. Observations from the Edmonton McIntyre monitoring station from 20062011 support this assumption;
soil and trace elements comprise 10.7 per cent of fine particulate matter mass on cold season non-event days and
a mere 3.4 per cent of fine particulate matter mass on cold season event days.
Figure 17 and Figure 18 illustrate the results for samples collected during winter 2014. The analysis results for
samples collected at the McIntyre monitoring station for this period were not available and comparison of the
results to mass composition at the McIntyre station will be performed when results are available. No fine
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particulate matter events (concentration greater than 20 µg/m³) were captured during the 2014 sampling
program; all concentrations were less than 20 µg/m³ at the Edmonton East monitoring station, and less than 15
µg/m³ at the Fort Saskatchewan monitoring station. The paired samples at Edmonton East and Fort Saskatchewan
stations were grouped into lower concentration (Sample Set 2, n=10) and higher concentration days (Sample Set 1,
n=4). In general, ammonium nitrate contributions to fine particulate matter mass were the highest for Sample Set
1 with comparable values at the two sample monitoring stations. The average ammonium nitrate concentration
3
for Sample Set 1 at the Edmonton East and Fort Saskatchewan monitoring stations were 5.38 and 5.20 mg/m (44.4
and 45.3 per cent of total measured mass), respectively. On average, the organic matter had the second highest
contribution for Sample Set 1 at the Edmonton East monitoring station followed by ammonium sulphate (Figure
17). The average organic matter and ammonium sulphate concentrations for Sample Set 1 at the Edmonton East
3
station were 3.29 and 2.55 mg/m (27.1 and 21.0 per cent of total measured mass), respectively. At the Fort
Saskatchewan monitoring station, ammonium sulphate concentrations were higher than organic matter on
3
average for Sample Set 1, with average concentration of 3.43 and 2.17 mg/m (29.9 and 18.9 per cent of total
measured mass), respectively (Figure 18). These small yet notable differences may be due to the presence of
volatile organic compound sources near the Edmonton East monitoring station, which may provide precursor gases
for secondary organic fine particulate matter formation. For the lower concentration Sample Set 2, organic mass,
ammonium sulphate, and nitrate contributed similarly to the measured mass. In general, these concentrations
3
were about 1 mg/m (approximately 30 per cent of the measured mass). The exception was the average organic
mass at the Edmonton East monitoring station. On average, organic mass contributions for the 2014 samples were
3
slightly higher at the Edmonton East station with a concentration of 1.65 mg/m (accounting for 39.9 per cent of
the measured mass.)
The samples collected during the short term studies illustrate that at the selected monitoring stations ammonium
nitrate is the dominate fine particulate mass component, similar to observations at the McIntyre monitoring
station. However, these results indicate that there may be regional differences in the fractional contribution of
organic matter and ammonium sulphate contributions to fine particulate mass.
Table 5: Analysis of Results of the Fine Particulate Matter Sample Collected During the 2013 Short Term Study
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Figure 17: Average Reconstructed Mass Composition for Fine Particulate Matter Sample Collected at the Edmonton East
Monitoring Station During Winter 2014
The two sample sets are composed of the five highest concentration samples. Mass concentration for Sample Set 1 ranged
from 11 to 19 micrograms per cubic metre. Mass concentration for Sample Set 2 ranged from four to eight micrograms per
cubic metre.
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Figure 18: Average Reconstructed Mass Composition for the Fine Particulate Matter Sample Collected at the Fort
Saskatchewan Monitoring Station During Winter 2014
The two sample sets are composed of the four highest concentration samples. Mass concentration for Sample Set 1 ranged
from 11 to 15 micrograms per cubic metre. Mass concentration for Sample Set 2 ranged from three to seven micrograms per
cubic metre.

5.3.5. Ammonia Chemistry

As discussed in Section 2, inorganic formation of secondary fine particulate matter can depend on the ambient
conditions and the presence of various precursor compounds. As noted in Section 5.3.3, speciated fine particulate
matter sampling on winter event days (typical of the most elevated fine particulate matter concentrations)
indicated that the formation of ammonium sulphate (ASO 4, which includes acidic, partially neutralized, and
neutralized sulphate species) and ammonium nitrate (ANO3, which includes acidic and neutralized nitrate species)
constituted nearly 60 per cent of secondary fine particulate matter (Figure 16). As there are substantial regional
emissions of sulphur dioxide (SO2), nitrogen oxides (NOx), and ammonia (NH3), a brief investigation was carried out
to determine partitioning of the corresponding secondary components (sulphate, nitrate, and ammonium)
between the gas and particle phase in ambient atmospheric conditions typical of the Capital Region. Specifically, as
ammonium was observed to be a significant component of the majority of secondary fine particulate matter on
event days, the investigation focussed on the role of ammonia/ammonium on secondary fine particulate matter
formation.
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Initial work followed the methodologies of Makar et al. (2009) and Ansari and Pandis (1998) both of whom
identified that the availability of ammonia (NH3) in the ambient atmosphere can significantly influence the
formation of ammonium nitrate (ANO3) and ammonium sulphate (ASO4). Adaptations of these methodologies were
used to analyse the data obtained from speciated sampling carried out at the Edmonton McIntyre monitoring
station. The result of this analysis indicated that concentrations of ammonia in the ambient atmosphere of the
Capital Region was unlikely to be limiting the formation of ammonium nitrate and ammonium sulphate, thus
implying that the atmospheric concentrations of other precursors like nitrogen oxides (NOx) and sulphur dioxide
2(SO2) (ultimately nitrate (NO3 ) and sulphate (SO4 )) are likely influencing the formation of ammonium nitrate and
ammonium sulphate. While these conclusions are indicative of the general ambient condition of the atmosphere
(i.e., not ammonia-limiting) there are limitations associated with the methods of Makar et al. (2009) and Ansari
and Pandis (1998) that may not allow for a complete representation of the Capital Region. Specifically, the data
used in developing these methods were obtained from locations representative of warmer atmospheric regimes,
in ammonia-limiting environments. Therefore, a direct calculation of the degree to which ammonia concentrations
in the Capital Region contribute to the formation of ammonium nitrate and ammonium sulphate was not possible.
To this end, a thermodynamic equilibrium model developed to estimate inorganic secondary fine particulate
matter composition, ISORROPIA II (Fountoukis and Nenes 2007), was utilized to evaluate the formation of
ammonium nitrate and ammonium sulphate in the Capital Region. This model utilized total nitrate, total ammonia,
and sulphate concentrations (as total moles of solid and gas phase nitrate, particulate sulphate, and solid and gas
phase ammonium/ammonia) obtained from speciated fine particulate matter measurements at the Edmonton
McIntyre monitoring station, as well as relative humidity and ambient temperature measurements at the
Edmonton City Centre monitoring station, to calculate the formation of total fine particulate matter mass through
the period from May 2006 to July 2011. The model partitions acidic, partially neutralized, and neutralized forms of
sulphate and nitrate via empirically derived and verified vapour pressure coefficients to determine particle phase
composition. Verification of the model was accomplished through comparison of modelled fine particulate matter
mass (ammonium nitrate (ANO3) plus ammonium sulphate (ASO4) to that of measured fine particulate matter mass
at the Edmonton McIntyre station (ammonium nitrate (ANO3) plus ammonium sulphate (ASO4))(Figure 19). The
model was deemed to satisfactorily estimate fine particulate matter concentrations in the Capital Region, with a
strongly linear response across all observed concentrations, however, with a slight positive bias (i.e., the model
overestimates concentrations slightly)(Figure 19).
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Figure 19: Performance Evaluation of the Thermodynamic Equilibrium Model (ISORROPIA II) in Estimating Inorganic Aerosol
Mass
The dashed line is a 1:1 line.

To investigate the role of ammonia in the formation of ammonium nitrate and ammonium sulphate in the Capital
Region, a sensitivity analysis was performed. This was accomplished by individually varying the concentrations of
total nitrate, total ammonia, and sulphate input into the model by increments of five per cent. A range of
concentrations representing 50 to 150 per cent of observed concentrations was modelled, representing both a
substantial reduction and substantial increase in the concentration of observed total nitrate, total ammonia, and
sulphate (Figure 20). (Note: equivalent percentage manipulations do not necessarily count as equivalent mass
manipulation for each of the three compounds as the initial mass of each compound under “current conditions” is
not equivalent; ie. nitrate is most abundant therefore a given percentage manipulation of nitrate will be equivalent
to more mass than an equivalent percentage manipulation of sulphate)). These manipulations were assessed with
respect to the number of modelled fine particulate matter events (which occur when fine particulate matter
3
concentrations are greater than or equal to 20 μg/m ) that occurred as a result of changes to each individual
compound. Individual reductions in each of total nitrate, total ammonia, and sulphate resulted in overall
reductions in the number of events, with the largest reductions in the number of fine particulate matter events
occurring as a result of decreases in total nitrate (Figure 20). Equivalent reductions of total ammonia resulted in
approximately twice as many events as that of total nitrate reductions (Figure 20). Increases in each of total
nitrate, total ammonia, and sulphate only resulted in substantial increases in the number of events when total
nitrate approached 125 per cent and sulphate approached 135 per cent of observed concentrations (Figure 20).
The stepwise increases in the number of events noted at these relative increases in concentration are likely a
result of the threshold based definition of fine particulate matter events and may not reflect the potential change
in overall ambient secondary fine particulate matter concentrations. Like the effect of decreasing total nitrate,
increases in total nitrate most strongly increased the number of modelled events (Figure 20). Increases in total
ammonia as high as 150 per cent of observed concentrations did not appreciably increase the number of events
observed (Figure 20).
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Figure 20: Number of ISORROPIA II Modelled Event Days as a Function of Changing One of Sulphate, Total Ammonia, or Total
Nitrate from Observed Conditions

Based on the modelled fine particulate matter concentrations in response to changes in total ammonia it is clear
that the Capital Region is not in an ammonia-limited chemistry regime as the addition of total ammonia did not
result in an appreciable increase in the number of events modelled. Similarly, reductions in total ammonia yielded
the smallest reduction in the number of fine particulate matter events (compared to equivalent reductions in total
nitrate and sulphate) indicating that efforts to institute ammonia controls to modify the frequency of fine
particulate matter events will not likely be effective. Reductions in sulphate concentrations offer a modest
reduction in the frequency of fine particutlate matter events, though additional analysis (not included in this
report) indicated that such reductions would be most effective during the summer, not during the wintertime
when fine particulate matter events are most commonplace. The formation of secondary fine particulate matter in
the Capital Region is therefore expected to be most sensitive to the presence of total nitrate as indicated by the
strong response in the number of modelled fine particulate events to corresponding changes in total nitrate
concentrations. It is therefore expected that reductions in total nitrate will result in a significant reduction in the
ammonium nitrate mass fraction of secondary fine particulate matter in the Capital Region, subsequently reducing
the liklihood of fine particulate matter concentrations reaching the event threshold.
While the ISORROPIA II model was deemed robust, is must be noted that the species manipulated within the
2modelled scenarios are total ammonia, total nitrate, and sulphate. Sulphate (SO4 ) and nitrate (NO3 ) are
secondary constituents formed in the atmosphere via reactions from the parent species sulphur dioxide (SO2) and
nitrogen oxides (NOX), respectively. Due to the secondary nature of these compounds, the direct relationship
between sulphur dioxide reductions and corresponding sulphate, or nitrogen oxide reductions and corresponding
nitrate reductions is not known and is likely not one to one. Similarly, the manipulations performed within the
ISORROPIA II model may not fully represent associated percentage reductions in emissions, due to differences in
overall input mass of each compound into the model, and thus further air quality modelling exercises are required
to estimate, for example, the magnitude of nitrogen oxide reductions required to reduce total nitrate by any given
amount. In other words, a 20 per cent reduction in total nitrate may not necessarily be achieved with a 20 per cent
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reduction in nitrogen oxide emissions. Further complications to the result of this sensitivity analysis may also arise
when considering more complex interactions involving volatile organic compound chemistry that occur in the
Capital Region.

5.4. Fine Particulate Matter Modelling Assessment
Modelling of fine particulate matter (including secondary fine particulate matter) for winter 2010 was undertaken
for the Capital Region to investigate and evaluate the capability of the Community Multi-scale Air Quality (CMAQ)
model as a source apportionment tool. The relevant emission inventory and meteorology files were developed and
updated; these were used as inputs into the CMAQ model which was used to model the formation and dispersion
of primary and secondary fine particulate matter. The following sections summarize the CMAQ modeling report
prepared for the Capital Region Particulate Matter Response Technical Sub-committee by Environ and Novus
Environmental in Winter 2013 (Environ and Novus Environmental unpublished).

5.4.1. Preparation of Emission Inventory
A three step process was used to prepare the emission inventory. The major inventories included in this task were
the Alberta Environment Industrial Survey 2008 with 2010 updates, the Cumulative Effects Management
Association/ Lower Athabasca Region inventory with 2010 area updates, the South Saskatchewan Regional Plan
2008 inventory and the North Saskatchewan Regional Plan 2006 inventory (Environ and Novus Environmental
unpublished). The first step comprised updating, harmonizing, and removing duplicates from all of the emission
inventories for Alberta available at the commencement of the modelling work; Fall 2013.
The second step included improving the estimates of pollutants from transportation in the Capital Region. Two
estimates of this were used. These were the estimated emissions based on modelling work from Environment
Canada that used the traffic model CanVec, and the estimated emissions as conducted by the City of Edmonton
using the traffic model CALMOB6. The total emissions provided by the City of Edmonton were considerably less
than those provided by Environment Canada. For example, estimate of 2010 nitrogen oxide emissions using
CanVec and CALMOB6 were 76 and 11.3 tonnes/year, respectively. The CALMOB6 output was deemed to be more
accurate as it was based on actual traffic counts and profiling of local traffic and therefore this data was used for
areas within the City of Edmonton. The Environment Canada estimates of transportation emissions was a topdown estimate based upon fuel consumption in the province, and apportioned by the relative amount of road
surface available in the region. The Environment Canada estimates were used for areas outside the City of
Edmonton. One potential, though notable drawback in the use of the City of Edmonton data was the absence of
ammonia.
The final step included modification to the input emission inventory as part of the testing of the CMAQ model to
various configuration profiles. At this time it was identified that there were several small errors in the sulphur
dioxide emissions. Error! Reference source not found. provides a summary of the relative contribution of source
ypes to the emission of various atmospheric compounds.
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Figure 21: Monthly Anthropogenic Emissions for the Capital Region by Source Sector (Averaged over January–March 2010)
“Industrial–Others” refers to all stationary point sources except power plants and upstream oil and gas within the Capital
Region.

5.4.2. Preparation of Meteorology
The Weather and Research Forecasting (WRF) model was configured to nest down from a 36 kilometre resolution
grid for western North America to a fine grid of 1.33 kilometre resolution centred on the Capital Region. Two
commonly used standard data sets were used to set the boundary conditions: North American Regional Reanalysis
(NARR) at a 32 kilometre grid resolution and Climate Forecast System Reanalysis at a variable 36/12/4/1.33
kilometre grid resolution (CFSR). The output from these two data sets was compared to identify the best suited
conditions for the Capital Region. In both cases, analysis and observational nudging were applied. Analysis nudging
(corrections applied to the upper air predictions to force closer agreement between the model and the available
upper air data) was applied to all upper air parameters at all resolutions. Observational nudging (corrections
applied to the ground level predictions to force closer agreement with ground level data) was only applied to
temperature and wind predictions for all resolutions.
Weather and Research Forecasting model evaluation showed generally good correlation with ground data for
temperature, but North American Regional Reanalysis predictions tend to under-predict the temperature.
Weather and Research Forecasting model predictions for wind speed and direction showed reasonable agreement
with observations though the model performance was degraded for very low wind speeds and showed some
difficulty in correctly modelling the vertical wind profile as judged against the Stony Plain monitoring station. It was
also observed that the Weather and Resarch Forecasting model tended to over-predict the relative humidity (i.e.,
relative humidities near 100 per cent) during the winter fine particulate matter events in 2010.
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5.4.3. Model Performance and Evaluation
Total fine particulate matter as an output from CMAQ is defined as
−
+
𝑷𝑴𝟐.𝟓 = 𝑺𝑶𝟐−
𝟒 + 𝑵𝑶𝟑 + 𝑵𝑯𝟒 + 𝑶𝒓𝒈 + 𝑬𝑪 + 𝑪

Equation 1






2-

-

+

SO4 , NO3 , and NH4 represent the sulphate, nitrate, and the ammonium fraction, respectively;
Org represents the organic fraction and includes primary and secondary organic mass as well as biogenic
organic mass (when present);
EC represents elemental carbon mass; and
C is the remaining unspeciated particulate fraction.

Ambient fine particulate matter data from 22 monitoring stations within and adjacent to the Capital Region were
used for comparison with model outputs. The analyzers were a mixed collection of FEM and non-FEM equipment
(Section 4). Model evaluation was based on the degree of agreement between ambient ground level hourly
concentrations of fine particulate matter with predicted fine particulate matter (Table 6). The mean fractionalized
bias and mean fractional error were used to determine the quality of agreement between modelled and ambient
concentrations. Table 6 provides the definition for these parameters as well as some discussion regarding the
United States Environmental Protection Agency’s recommended values for the tolerance allowed in predicting fine
particulate matter values (for 24 hour averaging periods) with current models optimized for the prediction of fine
particulate matter concentrations.
A summary of CMAQ’s performance is presented in Table 7. Model prediction comparison with data collected
using TEOM-FDMS resulted in average values for fractional bias (FB) and fractional error (FE) that are within the
limits suggested by the United States Environmental Protection Agency as being acceptable for models optimized
for the prediction of fine particulate matter concentrations. However, there is considerable variability between
stations and the reliability of the CMAQ model used in this assesment is at the limit of acceptability in a number of
cases.
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Table 6: Statistical Model Performance Evaluation Measure Definitions

Statistical Measure

Mathematical Expression

Mean Fractionalized
Bias (Fractional Bias)

2
𝑁

𝑁

𝑃𝑖 − 𝑂𝑖

∑(

𝑃𝑖 + 𝑂𝑖

𝑖=1

)

Units
Reported as %

(MFB or FB)
Mean Fractional
Error

2
𝑁

𝑁

∑|
𝑖=1

𝑃𝑖 − 𝑂𝑖
𝑃𝑖 + 𝑂𝑖

Reported as %

|

(MFE or FE)

Fractional Bias

Fractional Error

Comment

≤ ±15%

≤ 35%

The goal for the fine particulate matter model performance
based on ozone model performance, and considered excellent
1
performance

≤ ±30%

≤ 50%

The goal for the fine particulate matter model performance,
2
considered good performance

≤ ±60%

≤ 75%

Criteria for fine particulate matter model performance,
considered average performance. Exceeding this level of
performance indicates fundamental concerns with the
2
modelling system and triggers diagnostic evaluation.

1

The ozone performance goals were originally developed for hourly ozone (USEPA 1991) but have also been shown to be useful
for eight-hour ozone and 24-hour fine particulate matter. However, a model’s fine particulate matter performance would not
be expected to achieve this goal very often because measurement artifacts can be greater than this goal.
2

The fine particulate matter performance goals and criteria were developed for 24-hour fine particulate matter concentrations.
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Table 7: Comparison of Measured and Predicted Fine Particulate Matter Concentration, Testing the CMAQ Model’s
Performance

Station

Analyzer

N

Average
Obs
7.9
9.1
5.5
23.5
21.7
14.7
15.7
20.0
8.7
18.9
4.8
7.9
6.4
11.9
8.1
5.5
11.9

Average
Model
30.9
29.4
9.2
49.5
23.5
26.2
26.5
26.1
26.2
30.0
10.6
30.9
9.2
11.5
26.3
8.7
23.4

Ratio
M/O
3.9
3.2
1.7
2.1
1.1
1.8
1.7
1.3
3.0
1.6
2.2
3.9
1.4
1.0
3.2
1.6
2.0

FB

FE

090601
SES
1401
113.7
119.7
092801
SES
1408
94.0
95.4
093901
SES
1402
56.5
83.6
Edmonton Central
FDMS
1403
64.4
74.4
Edmonton East
FDMS
1388
-4.8
54.5
McIntyre Centre
BAM35
1406
56.5
71.7
McIntyre Centre
EBAM
1363
59.5
82.9
McIntyre Centre
FDMS
1404
22.7
53.4
McIntyre Centre
TEOM30
1401
110.3
115.3
Edmonton South
FDMS
1308
46.1
66.6
Elk Island
TEOM40
1394
67.7
95.4
Fort Saskatchewan
TEOM40
1401
114.2
120.2
Genesee
TEOM40
1401
44.4
80.1
Lamont
BAM1020
1408
-14.8
75.5
Redwater Industrial
TEOM40
1163
67.4
90.8
Tomahawk
TEOM40
1405
47.3
76.9
All Monitoring
ALL MONITORS
22128
59.0
84.7
Stations
All Monitoring
ALL TEOM FDMS
5575
21.0
32.3
1.5
32.1
62.2
Stations
The chart shows the hourly total fine particulate matter mass model performance for a CMAQ base case, at a grid
of 1.33 kilometre resolution for the Capital Region domain for the January–February 2010 period. (Environ and
Novus Environmental unpublished).
The italicized cells highlights that CMAQ’s performance exceeded the acceptable fractional bias and fractional
error.
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Although the average model performance when compared to total fine particulate matter mass collected with
FDMS was acceptable, a comparison of the CMAQ results to the speciated fine particulate matter data collected at
the McIntyre Centre monitoring station shows a significant discrepancy. A discussion on fine particulate matter
composition as measured at the McIntyre Centre station can be found in Section 5.3.3. For all species other than
nitrate, CMAQ over-predicted the ground level concentrations. In the case of sulphate, this over-prediction was by
approximately a factor of five, leading to sulphate being identified as the largest predicted component. The underprediction of nitrate in the model by approximately a factor of two was also significant, leading to a species profile
contrary to observations. The failure of CMAQ to properly model the species profile indicates serious flaws in the
modelling results. In order to improve the model performance a number of tests were conducted.
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5.4.4. Tests to Improve Model Performance of the CMAQ Model
A series of tests was undertaken to improve the perfomance of the CMAQ model. Table 8 contains a summary of
these tests and conclusions.
Table 8: CMAQ Model Parameters Adjusted as Part of the Model Evaluation Process

Test

Conclusion

Test #1: CFSR versus NARR

CFSR slightly better

Test #2: CFSR—WRF with Corrected Emissions

Necessary correction

Test #3: Exclusion of Primary Sulphate Emissions

No appreciable improvement

Test #4: Limit Vertical Diffusion

Increased disparity between observations and model

Test #5 and Test #6: January through March 2010 with
Increased Ozone Boundary Conditions BCs

Increased reactivity of atmosphere to promote nitrate
formation—some improvement

Test #7: Default photolysis rates

Include effects of high albedo due to snow cover—little
change

Test #8: Enhanced N2O5 Heterogeneous Reactions

Enhance formation of nitrate during long winter
nights—little change

Test #9 and Test #10: Integration of CALMOB6
emissions with and without dust emissions

Better agreement without dust emissions

Legend
CFSR
NARR
WRF
BCs

Climate Forecast System Reanalysis Model
North American Regional Reanalysis Model
Weather and Research Forecasting Model
Boundary Conditions

The first of these tests, the Climate Forecast System Reanalysis Model vs the North American Regional Reanalysis
Model (CFSR vs. NARR), was completed as part of the Weather and Research Forecasting Model (WRF)
meteorology modelling process. CFSR and NARR represent two distinct, large-scale (continental) meterological
data sets used to provide boundary conditions to WRF in order to match the WRF (and ultimately CMAQ)
modelling domain to its surroundings in such terms as having a smooth temperature gradient across the boundary
and the transportation of moisture across the boundary. On the basis of the testing, the CFSR boundary conditions
were judged to produce better WRF predictions.
The second, third, ninth, and tenth tests represent modifications made to the emission inventory. The second test
was based on modifications to a few sulphur dioxide sources in the region in order to remove double-counting.
The third test represented a test to measure the contribution of primary sulphate to the total modelled groundlevel sulphate. The removal of primary sulphate made little change to the modelling results. The ninth test
considered transportation emissions using the City of Edmonton’s CALMOB6 model rather than Environment
Canada’s CanVec model. As mentioned previously, the CALMOB6 emissions were judged to be more
representative. The tenth test considered the removal of course dust emissions attributed primarily to
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construction. The original temporal allocation of this source assumed construction activity in winter and summer
to be equivalent. The modification to the emissions only allowed for emissions from this source in the summer, as
the limited construction that occurs during the winter would raise little fine particulate matter from frozen, snowcovered roads.
Tests four through eight considered particular adjustments to CMAQ parameters in order to improve the
agreement between predicted and observed ground level fine particulate matter. Test four adjusted the vertical
diffusion parameter in an attempt to reduce the mixing of sulphur dioxide and/or sulphate down to ground level
while enhancing the buildup of nitrate, which should improve the modelled species profile. However, reducing the
vertical diffussion exacerbated the discrepancy. No trials were undertaken to allow more diffusion due to time
constraints.
Tests five and six considered the ad hoc addition of ozone to the atmosphere in order to promote the additional
formation of nitrate. There was some increase in nitrate noted for an increase in ozone, but there was no
justification for the addition of substantial amount of ozone as low levels of ozone were recorded during the
period in study.
Test seven considered the use of the most up-to-date photolytic tables to be used for the model photochemistry.
This version of the photolytic tables also included enhanced radiation, which would be expected due to the high
albedo of a snow covered region. This showed no significant difference to the modelling results.
Test eight examined the consequences of enhancing the nitrogen pentoxide (N2O5) nighttime pathway to
temporarily store nitrate, which would be released during day time via photochemical reactions. Enhancing the
rate of storage did not increase the production of nitrate during the day time as there was an absence of available
of precursor nitrate that would be stored via this mechanism.

5.4.5. Scenario Analysis
A brute force analysis was undertaken as part of this preliminary work. This analysis comprised removing specific
sectors, such as transportation, from the emission inventory, re-running the CMAQ model, and then taking the
difference between the two scenarios in order to estimate the relative contribution of the sector to the predicted
ground level concentrations. However, the failure of the CMAQ model to produce the correct species profile for
the winter fine particulate matter events deemed the scenario modelling results moot, and they are not included
for further discussion.

5.4.6. Future Modelling Work
The CMAQ modelling undertaken represents the first attempt to correctly model the formation of secondary fine
particulate matter, for the period of 2008-2010, in the Capital Region. While the modelling was not successful in
producing a tool for a better understanding of fine particulate matter events in the region, predicted total fine
particulate matter concentrations were much closer to those observed via monitoring in the region than by use of
the stock CMAQ model alone. Furthermore, the project resulted in the creation of a significantly improved
emission inventory that only requires a very modest addition (ammonia from transportation within the City of
Edmonton boundaries) to be deemed complete for the 2010 year.
On the basis of the CMAQ modelling that was conducted, a number of recommendations can be made to
potentially improve the CMAQ model for any further modelling studies of secondary fine particulate matter
formation during winter months in the Capital Region. These recommendations are as follows, in order of
importance:
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1.

2.

3.
4.

Add ammonia data from the transportion emissions data available from the City of Edmonton. The model
should be run with this addition to determine whether or not there is a significant improvement in the
model predictions.
Apply additional constraints to the Weather Research and Forecasting (WRF) model to improve the
ground level temperature, wind, and relative humidity profiles. This can entail the use of different
boundary conditions and/or different weighting schemes applied to observational nudging or any other
scientifically justifiable adjustment to the WRF model.
If required, further adjust the CMAQ model’s diffusion coefficients, but any adjustment must be
scientifically justified.
If required, adjust the gas-particle interchange within the CMAQ model. This would require modelling of
the entire winter to ensure that the adjustment corrects the model predictions for both event and nonevent days.

These recommendations will test the limits of the current CMAQ model. Alberta Environment and Sustainable
Resource Development is in the process of procuring a contractor to implement these suggested changes and
will commence a second modelling study in winter 2015. Failure to adequately model the fine particulate
matter with these adjustments will point to a lack of maturity of the CMAQ to model secondary fine
particulate matter in our dry and cold continental climate.

6. Conclusion
The work presented in this report represents the cumulative investigation of the exceedances of the Canada-wide
Standard limit for fine particulate matter (placing the region in the Mandatory Plan to Reduce action level or Level
4 of the Capital Region Air Quality Management Framework) and exceedances of the Level 3 trigger of the Capital
Region Air Quality Management Framework (placing two stations into the Management Plan action level). The
Edmonton Central and Edmonton East air monitoring stations exceeded the Canada-wide Standard limit for fine
particulate matter (entering into Level 4: Mandatory Plan) and Edmonton South and Lamont stations exceeded the
Level 3 trigger of the Capital Region Air Quality Management Framework (entering into the Management Plan
level).
The Technical Sub-committee’s investigative work was tasked by the Oversight Advisory Committee for the
development of the Capital Region Fine Particulate Matter Response; this Science Report may also be used to
inform the ongoing management of fine particulate matter in the Capital Region as part of the Capital Region Air
Quality Management Framework. The investigations analyzed historical data, and conducted short term fine
particulate matter speciation studies and modelling in an effort to answer the four questions described in Section
5. Relevant conclusions obtained from each of the investigative methods are addressed below in response to each
of the four questions. As management of fine particulate matter and associated science investigations are ongoing,
a list of future work has been identified through the investigative process and is detailed within this section.

6.1. Answering the Four Questions for Investigating Particulate Matter Events in
the Capital Region
1.

Were there seasonal and inter-annual differences in the occurrence of elevated fine particulate matter
concentrations?

The Capital Region experienced seasonal and inter-annual variation in fine particulate matter concentrations
during the period of 20062011. Seasonal changes in meteorological conditions, specifically those affecting
dispersion processes, like the formation of inversions, likely drive a large portion of the seasonal variation in non39

forest fire related fine particulate matter events. In the Capital Region, inversions occur commonly during the
colder months (OctoberMarch) and this is associated with a higher number of fine particulate matter events
documented through these months. Inter-annual variations in fine particulate matter events were apparent from
20062011, with a much higher number of fine particulate matter events recorded in 2010. For the year of 2010,
the meteorology (i.e., the frequency of inversions) as well as the median concentration of fine particulate matter
events was not substantially different than those of other years. It may be likely that a change to Federal
Equivalent Method (FEM) fine particulate matter analyzers (which are subject to less semi-volatile losses than
previous analyzers) during 2009, or meteorological phenomenon not related to inversions (i.e., low wind speeds),
may have influenced the higher number of events observed in 2010.
2.

Were elevated concentrations due to local sources or were these elevated concentrations regional in
nature?

Air quality monitoring stations sited adjacent to roadways (the Edmonton East and Edmonton South stations)
appear to be not directly influenced by vehicular emissions of primary fine particulate matter. During fine
particulate matter events, fine particulate matter concentration did not substantially co-vary with traffic volume or
nitrogen oxide concentrations, likely indicating that observed fine particulate matter is a result of other regional
sources of primary fine particulate matter or as secondary fine particulate matter formed from precursor
emissions. On non-event days, some covariance of nitrogen oxides, fine particulate matter, and traffic volume was
apparent, potentially indicating that primary fine particulate matter from vehicles was impacting the stations.
Further investigation of non-event days would be required to confirm vehicle impacts, or whether co-variant fine
particulate matter concentrations are the result of other processes, such as localized secondary fine particulate
matter formation, or meteorological phenomenon.
From the analysis to date, the evidence suggests that fine particulate matter events are regional in nature and
likely occur as a result of a synergy of emissions from a variety of sources in the Capital Region. Concurrent
observations of elevated fine particulate matter concentrations at various stations within the Capital Region during
fine particulate matter events indicate that these events occur across the entire spatial extent of the region.
Additional study will be required to confirm whether fine particulate matter concentrations at the stations across
the region are a result of localized emissions near each station or a synergy of emissions from multiple sources
within the region. These events are also likely exacerbated by regional scale meteorological phenomenon, such as
region-wide changes in wind conditions (either speed and/or direction), as these changes were observed to
coincide with the onset and clear-out of fine particulate matter events.
3.

Was there a compositional difference between fine particulate matter measured during event days as
compared to samples collected on non-event days?

Secondary fine particulate matter is a major source of total fine particulate matter mass on both event and nonevent days throughout the year. Particularly during cold season events, secondary fine particulate matter mass
rises to approximately four times the mass observed on non-event days and comprises nearly 90 per cent of total
fine particulate matter mass. Organic matter (OM), ammonium nitrate (ANO3), and ammonium sulphate (ASO4) are
the principal species comprising secondary fine particulate matter during events through every season. Cold
season events are particularly dominated by ammonium nitrate followed by organic matter, respectively.
Regionally, secondary fine particulate matter during events is dominated by ammonium nitrate, however,
variations in the fractional contribution of organic matter and ammonium sulphate may indicate some local
influence on fine particulate matter formation, via emissions or formation mechanisms. Modelling to assess the
likelihood of formation of ammonium nitrate and ammonium sulphate with respect to meteorology and the
concentration of ammonia in the Capital Region suggests that emissions of ammonia and sulphate precursors
(nitrogen oxides and sulphur dioxide, respectively) are more likely to influence secondary fine particulate matter
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production than the ambient concentration of ammonia (the atmosphere of the Capital Region is non-ammonia
limiting).
4.

Is the Community Multi-scale Air Quality (CMAQ) model an appropriate source apportionment tool?

The CMAQ modelling undertaken represents the first attempt to correctly model the formation of secondary fine
particulate matter, for the period of 2008-2010, in the Capital Region. The modelling was not successful in
producing a tool for a better understanding of fine particulate matter events in the region. The failure of the
CMAQ model to produce the correct species profile for winter fine particulate matter event days deemed the
model, in the configuration utlizied by this investigation, to be unsatisfactory as a source apportionment tool.
However, predicted total fine particulate matter concentrations were much closer to those observed via
monitoring in the region than by use of the stock CMAQ model alone. Therefore a number of recommended
improvements to the model have been put forth to further test the limits of the current CMAQ model. The goal of
this future work is to provide a complete characterization of the abiliy of the model to adequately reproduce an
accurate fine particulate matter species profile within the dry and cold continental climate of the Capital Region.
Failure of the CMAQ model to meet these requirements, after the recommended improvements, would point to a
lack of maturity of the CMAQ model to model secondary fine particulate matter and delineate the CMAQ model as
a poor source approtionment tool.

6.2 Recommendations for Additional Investigations and Analysis
This report represents the current state of knowledge of fine particulate matter science in the Capital Region and
the information has been used to inform the Capital Region Fine Particulate Matter Response. While some success
was achieved in the characterization of fine particulate matter events (i.e., seasonality and inter-annual variability),
many of the investigations were inconclusive considering the state of our current understanding and confidence in
the investigative tools used. Building confidence in the fine particulate matter science performed in the Capital
Region remains a priority as better characterization of fine particulate matter events may help hone the
management response to these issues and ultimately inform the management tools used. To this end, a number of
recommendations for additional investigations and analysis were generated through the development of this
report. To sufficiently meet the needs of ongoing fine particulate matter management in the Capital Region, the
following list is by no means exhaustive, but nevertheless represents investigations of priority anticipated to be
considered and completed in the near future.

6.2.1 Modelling
-

-

While modelling of fine particulate matter concentrations in the Capital Region was unsuccessful at
reproducing observed fine particulate matter concentrations, several improvements were made to enable
the development of a future successful model. Among these improvements was an improved emissions
inventory, as well as a detailed set of recommendations outlining potential improvements to the CMAQ
model to more closely reproduce fine particulate matter concentrations in the Capital Region. These
recommendations contain specific enhancements likely to result in real improvements to the model and
ultimately realize the desired goal of a robust model for evaluating secondary fine particulate matter
formation in the Capital Region.
To inform and add context to future source apportionment work, development of a visual display of fine
particulate matter precursor emission sources in the Capital Region is recommended.
Alberta Environment and Sustainable Resource Development should continue to support the non-point
source apportionment work being considered by the Clean Air Strategic Alliance.
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6.2.2 Evaluation of Monitoring Data
-

-

-

Secondary fine particulate matter chemistry is complex, therefore identifying the role of local or regional
sources affecting fine particulate matter concentrations at monitoring stations, through the analysis of
ambient monitoring data, remains a challenge. To this end several investigations may provide valuable
insight:
o analyze ozone concentrations before a fine particulate matter event to characterize availability of
precursor compounds;
o identify the concentration of precursor gases on event days to characterize the availability of
compounds for secondary fine particulate matter formation; and
o evaluate the applicability of methods for determining ammonium nitrate concentrations for use
in Capital Region, specifically with respect to potential requirement for temperature correction.
The methodology for reconstructing compound classes of secondary fine particulate matter may not be
representative of ambient conditions in the Capital Region. Specifically, the availability of ammonia in the
Capital Region is likely different than the conditions where the model was developed, thus potentially
requiring an adjustment in regards to the reconstruction of ammonium sulphate.
There should be expansion on the discussion provided with respect to regional fine particulate matter
issues. Specifically, there should be a detailed investigation as to the relative differences in fine
particulate matter concentration magnitudes between monitoring stations across the region during
events where widely distributed stations have co-variant fine particulate matter concentrations.

6.2.3 Monitoring
Alberta Environment and Sustainable Resource Development should:
-

continue to implement recommendations from the Capital Region Network Assessment Report;
extend the winter speciation monitoring program to include a formalized sampling schedule; and
develop a technical discussion regarding the variability in fine particulate matter monitoring techniques
and the validity/correctness of data obtained via different methodologies.
Additional Work
Alberta Environment and Sustainable Resource Development should:

-

-

continue to support the coordination of various air quality standards and planning documents (i.e.,
Capital Region Air Quality Management Framework, the Canada-wide Standards, the Canadian Ambient
Air Quality Standards, and the North Saskatchewan Regional Plan;
continued to conduct annual reviews of science work as part of the Capital Region Air Quality
Management Framework’s annual Status Report;
investigate and characterize the potential fluctuations in emissions inventories on a seasonal basis; and
develop a discussion about the effect of inversions and low wind speeds on fine particulate matter
formation and dispersion.

42

7. References
Copyright Disclaimer:
Every effort has been made by Environment and Sustainable Resource Development to contact holders of copyright
to obtain permission to reproduce any schematics which are not the intellectual property of the authors of this
report. We would be grateful to hear from any copyright holder who is not properly acknowledged in this report so
that we may correct any errors or omissions in future editions of this Report.
Alberta Environment and Sustainable Resource Development. 2012a. Capital Region Air Quality Management
Framework. Retrieved from Alberta Environment and Sustainable Resource Development:
http://environment.gov.ab.ca/info/library/8593.pdf
_____. 2012b. Particulate Matter and Ozone Management Fact Sheet (2008 2010). Retreived from Alberta
Sustainable Resource Development: http://esrd.alberta.ca/air/management-frameworks/particulatematter-and-ozone-management-framework/documents/PM-Ozone-Mgmt-FactSheet-2008-2010.pdf.
_____. 2013a. Air quality model guideline (978-1-4601-0599-3). Retrieved from:
http://environment.gov.ab.ca/info/library/8908.pdf
_____. 2013b. The Capital Region Air Quality Management Framework: 2011 Ambient Air Quality Assessment
Report. http://esrd.alberta.ca/focus/cumulative-effects/capital-region-industrialheartland/documents/2011AmbientAirQualityAssessmentSummary.pdf. Accessed October 9, 2014.
_____. 2013c. The Capital Region Air Quality Management Framework: 2012 Ambient Air Quality Assessment
Report http://esrd.alberta.ca/focus/cumulative-effects/capital-region-industrialheartland/documents/2012AmbientAirQualityAssessmentSummary.pdf . Accessed October 9, 2014.
_____. 2013d. Particulate Matter and Ozone Management Fact Sheet (2009 2011). Retrieved from:
http://esrd.alberta.ca/air/management-frameworks/canadian-ambient-air-quality-standards-forparticulate-matter-and-ozone/documents/PM-Ozone-Mgmt-FactSheet-2009-2011.pdf
_____. (2014). Particulate Matter and Ozone Management Fact Sheet (2010 2012). Retrieved from Albeta
Environment and Sustainable Resource Development: http://esrd.alberta.ca/air/managementframeworks/canadian-ambient-air-quality-standards-for-particulate-matter-andozone/documents/ParticulateMatterOzoneFactSheet-2010-2012.pdf
Ansari, A. S., and S.N. Pandis. 1998. Response of inorganic pm to precursor concentrations. Environmental Science
and Technology, 32(18): 2706-2714.
Canadian Council of Ministers of the Environment. 2000. Canada-wide Standards for Particulate Matter (PM) and
Ozone. Retrieved from: http://www.ccme.ca/assets/pdf/pmozone_standard_e.pdf
Clear Air Strategic Alliance. 2003. Particulate Matter (PM) and Ozone Management Framework. Retrieved from
Clear Air Strategic Alliance:
http://www.casahome.org/DesktopModules/Bring2mind/DMX/Download.aspx?Command=Core_Downlo
ad

43

Dabek-Zlotorzynska, E., T.F. Dann, P.K. Martinelango, V. Celo, J.R. Brook, D. Mathieu, and C.C. Austin. 2010.
Canadian national air pollution surveillance (naps) PM 2.5 speciation program: Methodology and PM 2.5
chemical compostition for the years 2003-2008. Atmospheric Environment, 45: 673-686.
Environ and Novus Environmental. unpublished. Capital Region Particulate Matter Air Modelling Assessment Final
Report. Edmonton.
Finlayson-Pitts, B., and J.N. Pitts. 2000. The Chemistry of Upper and Lower Atmosphere: Theory, Experiments and
Applications. San Diego: Academic Press.
Fountoukis, C., and A. Nenes. 2007. ISORRPIA II: A computationally efficient thermodynamic equilibrium model for
K+ Ca2+ Mg2+ NH4+ Na+ SO42- NO3- CL- H2O aerosols. Atmospheric Chemistry and Physics, 7: 4639-4659.
Government of Canada. (2013). National Air Pollution Surveillance Program (NAPS). Retrieved from Environment
Canada: http://www.ec.gc.ca/rnspa-naps/Default.asp?lang=Enandn=5C0D33CF-1
Makar, P. A., M.D. Moran, Q. Zheng, S. Cousineau, M. Sassi, A. Duhamel. and D. Davignon. 2009. Modelling the
impacts of ammonia emissions reductions on north american air quality. Atmospheric Chemistry and
Physics, 9: 7183-7212.
McCarthy, M., A. Ekstrand, B. Penfold, H. Minor, and T. O'Brien. unpublished. Network Assessment of the
Edmonton Capital Region. Petaluma, CA: Sonoma Technology Inc.
Seinfeld, J., and S. Pandis. 1998. Atmospheric Chemistry and Physics: From Air Pollution to Climate Change. New
York: John Wiley and Sons, Inc.
The City of Edmonton. 2013. Traffic Volumes and Turning Movements. Retrieved from:
http://www.edmonton.ca/transportation/traffic_reports/traffic-volumes-turning-movements.aspx
University of Wyoming. n.d. Weather. Retrieved from Department of Atmospheric Science :
http://weather.uwyo.edu/upperair/sounding.html
United States Environmental Protection Agency (USEPA). 1991. Guidance for Regulatory Application of the Urban
Airshed Model (UAM). Research Triangle Park, NC: Office of Air Quality Planning and Standards, U.S. Environmental
Protection Agency
Wilson, W. E., J.C. Chow, C. Claiborn, W. Fusheng, J. Engelbrecht, and J.G. Watson. 2002. Monitoring of particulate
matter outdoors. Chemosphere, 49(9): 1009-1043.

44

Appendix A: Glossary
Action Level
An action level is one of four levels of the Clean Air Strategic Alliance Particulate Matter and Ozone Management
Framework, e.g., Baseline Monitoring and Data Gathering, Surveillance Actions, Management Plan or Mandatory
Plan to Reduce Below the Canada-wide Standards (or Canadian Ambient Air Quality Standards starting in 2015).
Action Trigger
The ambient concentration that triggers an area into a specified action level under the adopted Clean Air Strategic
Alliance Particulate Matter and Ozone Management Framework.
Air Quality
The composition of air, with respect to quantities of pollutants therein, and/or a measure of the health-related and
visual characteristics of the air; used most frequently in connection with standards against which the contribution
of the particular pollutant source can be compared.
Air Quality Management System
The national Air Quality Management System (AQMS) is a comprehensive approach for reducing air pollution in
Canada. It is the product of unprecedented collaboration by the federal, provincial, and territorial governments
and stakeholders. The AQMS includes:
 Canadian Ambient Air Quality Standards (CAAQS) to set the bar for outdoor air quality management
across the country;
 a framework for air zone management within provinces and territories that enables action tailored to
specific sources of air emissions in a given area;
 regional airsheds that facilitate coordinated action where air pollution crosses a border;
 industrial emission requirements that set a base level of performance for major industries in Canada; and
 improved intergovernmental collaboration to reduce emissions from the transportation sector.
Air Quality Objective
A numerical concentration, value, or narrative statement which is intended to provide protection of the
environment and human health to the extent that is technically and economically feasible, and is socially and
politically acceptable.
Airshed
An airshed is a geographic area that, because of emissions, topography, climate and meteorology, typically
experiences similar air quality.
Ambient Air
Outside air; any portion of the atmosphere not confined by walls and a roof to which the general public has access.
Ambient Air Quality Limit
An ambient air quality limit of a substance in the ambient air is the maximum concentration that is deemed
acceptable from a social, environmental, and technical perspective. It is defined as the Canada-wide Standard,
which will be updated to the Canadian Ambient Air Quality Standards in 2015.
Ambient Air Quality Trigger
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An ambient air quality trigger is a concentration set at a value lower than the ambient air quality limit. The ambient
air quality triggers are intended to provide sufficient time to react to prevent reaching the ambient air quality limit.
Ammonia (NH3)
A pungent colorless gaseous compound of nitrogen and hydrogen that is very soluble in water and can easily be
condensed into a liquid by cooler temperature and pressure.
Canadian Ambient Air Quality Standards
The Canadian Council of Ministers of the Environment is developing Canadian Ambient Air Quality Standards that
will be established as objectives under the Canadian Environmental Protection Act (1999), and will replace the
existing Canada-wide Standards. These new standards will be developed for particulate matter and ozone first, and
then for nitrogen oxides, sulphur dioxide, and volatile organic compounds. The standards will set triggers to
promote proactive measures to keep clean areas clean and for continuous improvement.
Canada-wide Standards
Canada-wide Standards are inter-governmental agreements developed under the Canadian Council of Ministers of
the Environment to address environmental protection and health risk issues. The standards represent a
commitment to reducing the concentrations of substances such as fine particulate matter and ozone in ambient
air.
Clean Air Strategic Alliance (CASA)
The Clean Air Strategic Alliance is multi-stakeholder partnership, composed of representatives selected by
industry, government, and non-government organizations, which recommends strategies to assess and improve air
quality in Alberta.
Continuous Monitoring
Continuous monitoring involves monitoring the quality of the ambient air on a continuous basis. This can provide
the greatest resolution but may be costly due to capital and operating expenses. Data from continuous monitoring
can be stored in different time blocks, such as one-hour averages or five-minute averages. Typically, fine
particulate matter and gases such as ozone and sulphur dioxide are continuously monitored. Continuous
monitoring can be carried out on a long-term or temporary basis.
Cumulative Effects
Cumulative effects are the combined effects of past, present, and foreseeable human activities over time on the
environment, economy, and society in a particular place. The combination of activities can produce effects that are
different in scale, nature, or extent from the effects of individual activities alone.

Fine Particulate Matter
Refers to airborne particles that are 2.5 microns or less in diameter.
Fine Particulate Matter Event Day
“Event days” are those days where the 24-hour average fine particulate matter concentration is equal to or greater
3
than 20 micrograms per cubic metre (µg/m ); this is equivalent to exceeding the planning trigger into Level 3. The
24-hour concentration is calculated from midnight to midnight. The fine particulate matter concentration of 20
micrograms per cubic metre was adopted from the Management Plan Action Level in the Clean Air Strategic
Alliance PM and Ozone Framework.
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Inversions
Also called a thermal inversion, temperature inversions occur when the normal decrease in air temperature with
increasing altitude is reversed and air above the ground is warmer than the air below it. With temperature
inversions, cold air sinks to the ground level and stays there because it is denser than warm air. The conditions
become stagnant and pollutants are trapped at ground level.
Nitrogen Dioxide (NO2)
Toxic pungent reddish-brown gas formed by the reaction of atmospheric ozone with the nitric oxide produced
from combustion.
Nitrogen Oxides (NOx)
A general term pertaining to nitrogen monoxide (NO) and nitrogen dioxide (NO2). Nitrogen oxides are typically
created during combustion processes, and are major contributors to smog formation and acid deposition.
Limiting (in reference to: 5.3.5 Ammonia Chemistry)
A reactant in a chemical reaction is said to be limiting when the total mass of that reactant available for reaction is
consumed before the other reactants in the chemical reaction. The total mass of the product of the chemical
reaction will be limited to the amount of product that can be produced before the limiting reactant is used up.
Conversely, a reactant is non-limiting if when the chemical reaction has proceeded to completion, there is an
excess of that reactant.
Non-point Source
Non-point source is a pollution source that is not recognized to be have a single point of origin. It is often
characterized by the release of pollutants from many different and diffuse sources (aggregated sources of
emissions). This aggregation is done because the emission sources are either too small and numerous, too
geographically dispersed, or too geographically large to be estimated or represented by a single point.
Ozone (O3)
Refers to an oxygen compound (O3) occurring in the form of a gas in the atmosphere at ground level.
Passive Monitoring
Passive monitoring involves exposing a reactive surface to the air, which results in transfer of the pollutant by
diffusion from the air to the monitor’s surface. The exposed surfaces are analyzed to determine the pollutant
concentration. The sampling rate for some passive monitors is adjusted based on wind speed, temperature, and
humidity.
Point Source
A point source is a stationary location or fixed facility from which substances are discharged.
Primary Pollutant
A primary pollutant is one that is emitted into the atmosphere directly from the source of the pollutant and retains
the same chemical form.
Regional Monitoring
Regional stations are strategically located to represent areas with multiple emission sources.

Secondary Pollutant
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A secondary pollutant is one that is formed by atmospheric reactions of precursor of primary emissions. Secondary
pollutants undergo a chemical change once they reach the atmosphere. An example of a secondary pollutant is
ozone created from organic vapours given off at a gasoline station. The organic vapours react with sunlight in the
atmosphere to produce the ozone, the primary component of smog. Control of secondary pollutants is generally
more problematic than that of primary pollutants, because mitigation of secondary pollutants requires the
identification of the precursor compounds and their sources as well as an understanding of the specific chemical
reactions that result in the formation of the secondary pollutants.
Source Apportionment
Describes the process of matching measured or modeled ambient particulate matter concentrations to emissions
from known potential sources. This process is frequently carried out through some form of Chemical Mass Balance
(CMB) where an inventory of major sources is utilized to estimate the percentage contribution of each source to
the measured or modelled particulate matter concentration. With appropriately detailed emissions inventories
and well characterized measured or modeled particulate matter concentrations, identification and quantification
of the contribution of important emission sources to the overall air quality in a given region is possible.
Source (of Emissions)
There are many sources of emissions, but these have generally been grouped into two categories: emissions from
point and non-point sources. A point source is a stationary location or fixed facility from which substances are
discharged. A non-point source is a pollution source that is not recognized to have a single point of origin. Common
non-point emission sources are agriculture, forestry, urban, mining, construction, and city streets.
Sulphur Dioxide (SO2)
A strong smelling, colourless gas that is formed by the combustion of fossil fuels containing sulphur. Sour gas
processing plants, oil sands processing plants, and coal-fired power generating plants are major sources of sulphur
dioxide.
Volatile Organic Compounds (VOCs)
VOCs are carbon-containing compounds that evaporate into the air at room temperature. VOCs contribute to the
formation of smog and/or may be toxic. Common sources include gasoline, alcohol, and the solvents used in paint.
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