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Summary

This annual report summarizes the air quality
monitoring data collected by the Lower Fraser Valley
(LFV) Air Quality Monitoring Network in 2018 and
describes the air quality monitoring activities and
programs conducted during the year. The main focus is
to report on the state of ambient (outdoor) air quality
inthe LFV.

LFV Air Quality Monitoring Network

The LFV Air Quality Monitoring Network includes 31 air
quality monitoring stations located from Horseshoe
Bay in West Vancouver to Hope. Metro Vancouver
operates 25 stations in Metro Vancouver, as well as 6
stations in the Fraser Valley Regional District (FVRD) in
partnership with the FVRD.

Air quality and weather data from all but one station
are collected automatically on a continuous basis,
transmitted to Metro Vancouver’s Head Office in
Burnaby, and stored in an electronic database. The data
are then used to communicate air pollutant
information to the public, such as through air quality
health index (AQHI) values and on airmap.ca.

Air quality monitoring stations are located throughout
the LFV to provide an understanding of the air quality
levels that residents are exposed to most of the time.
This report shows how these levels have varied
throughout the region in 2018 and how these levels
have changed over time. Trends in air quality measured
by the Air Quality Monitoring Network are used to
evaluate the effectiveness of pollutant emission
reduction actions undertaken as part of Metro
Vancouver’s Clean Air Plan.

Specialized Air Quality Monitoring

In addition to the monitoring network stations, Metro
Vancouver deploys portable air quality stations and
instruments to conduct specialized monitoring studies.
Specialized studies can target suspected problem areas
(or “hot spots”) at the local, neighbourhood or
community level. Specialized studies in 2018 included
the initiation of a study at Tsleil-Waututh Reserve
Lands in North Vancouver. The purpose of the study is
to compare air quality levels to Metro Vancouver’s
ambient air quality objectives, compare air quality
levels to other areas monitored by Metro Vancouver in
the region and specifically the Burrard Inlet Area.

Visual Air Quality

Visual air quality (sometimes referred to as visibility or
haze) can become degraded in the LFV, causing local
views to become partially or fully obscured. Haze may
have different characteristics depending on the
underlying cause. In parts of Metro Vancouver,
especially more urbanized areas to the west, haze can
have a brownish appearance due to nitrogen dioxide
from transportation emissions. Further east in the LFV,
impaired visual air quality can be more associated with
a white haze caused by small particles (PM,s) in the air
that scatter light.

Monitoring is conducted to assess how and by how
much visual air quality has become impaired.
Measurements of PM,s, particle constituents (for
example, particulate nitrate, particulate sulphate,
elemental carbon and organic carbon), nitrogen
dioxide and other air contaminants as well as light
scattering provide important data for visual air quality
management activities. Automated digital cameras
operated in seven locations in the LFV record views
along specific lines-of-sight. By examining photographs
alongside data from monitoring equipment, visual air
quality impairment can be related to pollutant
concentrations and relevant emissions sources. These
activities conducted through a multi-agency
collaboration (BC Visibility Coordinating Committee)
inform the development of policy options for
improving visual air quality.

Pollutants Monitored

Pollutants are emitted to the air from a variety of
human activities and natural phenomena. Once
airborne, the resulting pollutant concentrations are
dependent on several factors, including the weather,
topography and chemical reactions in the atmosphere.

Common air contaminants, including ozone (Os),
carbon monoxide (CO), sulphur dioxide (SO3), nitrogen
dioxide (NO,), and particulate matter are widely
monitored throughout the network. Particulate matter
is composed of very small particles that remain
suspended in the air. They are further distinguished by
their size, which is measured in units of a millionth of a
metre (or micrometre).
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Particles with a diameter smaller than 10 micrometres
are referred to as inhalable particulate (PMyo), while
those smaller than 2.5 micrometres are termed fine
particulate (PM,s). Both PM1o and PM,s concentrations
are monitored at stations throughout the LFV.

Other pollutants less widely monitored in the network
include black carbon (BC), ultrafine particles (UFP),
ammonia (NHs), volatile organic compounds (VOC), and
total reduced sulphur compounds (TRS).

Air Quality Health Index (AQHI)

Developed by Environment and Climate Change
Canada and Health Canada, the Air Quality Health Index
(AQHI) communicates the health risks associated with
a mix of air pollutants to the public and provides
guidance on how individuals can adjust their exposure
and physical activities as air pollution levels change.
The AQHI is calculated every hour using monitoring
data from stations in the LFV.

Current AQHI levels in the LFV as well as the AQHI
forecasts and additional information about the AQHI
are available at:

WWW.airmap.ca
www.env.gov.bc.ca/epd/bcairquality/readings/

aghi-table.xml

Air Quality Objectives and Standards

Several pollutant-specific air quality objectives and
standards are used as benchmarks to characterize air
quality. They include Metro Vancouver and provincial
ambient air quality objectives, and the federal
Canadian Ambient Air Quality Standards (for ozone,
particulate matter, sulphur dioxide and nitrogen
dioxide).

The federal Canadian Ambient Air Quality Standards
(CAAQS) have been established as objectives under the
Canadian Environmental Protection Act, and replaced
Canada-Wide Standards. In 2015, Metro Vancouver
adopted a 1-hour interim ambient air quality objective
for SO, of 75 parts per billion (ppb) prior to
establishment of the federal SO, CAAQS. After
establishment of the federal SO, CAAQS, Metro
Vancouver’s SO; objectives were revised in November
2017, with a more stringent 1-hour objective of 70 ppb
not to be exceeded and an annual objective of 5 ppb.

In 2019, Metro Vancouver aligned its objectives for CO,
NO, and Os; with federal and provincial standards.
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Metro Vancouver adopted a 1-hour and annual
ambient air quality objective for NO; that is the same
as the federal 2020 CAAQS. Similarly, the 8-hour O;
objective was made the same as the 2020 CAAQS. The
1-hour and 8-hour CO objectives were set to 13,000
ppb and 5,000 ppb respectively, to match the more
stringent Provincial objectives.

Priority Pollutants

Research indicates that adverse health effects can
occur at the air contaminant concentrations measured
in the LFV. Health experts have identified exposure to
ozone and particulate matter as being associated with
the most serious health effects. Ozone is a strong
oxidant that can irritate the eyes, nose and throat, and
reduce lung function. PM;;s particles are small enough
to be breathed deeply into the lungs, resulting in
impacts to both respiratory and cardiovascular
systems. Long-term exposure to these pollutants can
aggravate existing heart and lung diseases and lead to
premature mortality.

Of particular concern is PM;s that is emitted from
diesel fuel combustion in car, truck, marine, rail and
non-road engines. These particles (“diesel PM”) are
carcinogenic and are believed to contribute
significantly to the health effects described above.
Instrumentation installed in some air quality
monitoring stations in the LFV can be used to estimate
the proportion of particles that originate from diesel
engines.

Wildfire Impacts

Wildfire activity in the Pacific Northwest has increased
in severity in recent years. Wildfire smoke can be
transported long distances and impact Metro
Vancouver. The wildfire season in 2018 was one of the
worst in British Columbia’s history and included
significant smoke-related air quality impacts which
occurred due to wildfires burning in British Columbia,
and the west coast of the US. These impacts led to the
most air quality advisories issued by Metro Vancouver
in a single year and the highest concentrations of PM; s
measured in the region on record.

Air Quality Advisories

In 2018, air quality advisories were in effect for a total
of twenty-two days in July, August and September. A
four-day advisory was issued in July due to elevated
ground-level ozone and PM;;, a three-day advisory in


http://www.airmap.ca/
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http://www.env.gov.bc.ca/epd/bcairquality/readings/aqhi-table.xml

August due to elevated ground-level ozone and PM;s
as a result of wildfire smoke and a barge fire, a 14-day
advisory due to wildfire smoke with elevated ozone for
parts of the advisory, and a single day advisory for
wildfire smoke in September.

The 14-day advisory in August was the longest
continuous Metro Vancouver advisory on record and
was caused by extensive wildfires burning in British
Columbia and Washington state.

Periods of degraded air quality can occur in the LFV for
several reasons, such as smoke from wildfires or
summertime smog during hot weather. Air quality
advisories are issued to the public when air quality has
deteriorated or is predicted to deteriorate. In the last
ten years, the number of days when air quality
advisories were in place ranged from zero to 22 days
annually.

Regional Long-Term Trends

Long-term regional trends in air quality are the trends
observed within the LFV as a whole. They are
determined by averaging measurements from several
stations distributed throughout the LFV.

Figures S1 to S4 show the average concentrations and
the short-term peak concentrations of four common air
contaminants for the last two decades. Average
concentrations represent the ambient concentrations
that the region experiences most of the time. Short-
term peak concentrations show the relatively
infrequent higher concentrations experienced for short
periods (on the scale of one hour to one day). Specific
locations may have experienced trends that differ
slightly from the regional picture.

Improvements have been made over the last two
decades for most pollutants, including carbon
monoxide (CO), nitrogen dioxide (NO,), sulphur dioxide
(50,) and fine particulate matter (PMzs). Both short-
term peak and average concentrations have declined
since the mid- nineties for all these pollutants with the
exception of PM; s which has been influenced in recent
years due to wildfires.
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Figure S4: Fine Particulate Matter (PM..s) Trend.
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Despite significant population growth in the region
over the same time period, actions to reduce emissions
across a variety of sectors have brought about these
improvements in air quality. Stricter vehicle emission
standards and the AirCare program (1992 — 2014) are
largely responsible for lower carbon monoxide (CO)
and nitrogen dioxide (NO,) levels.

Requirements for reduced sulphur content in marine,
on-road and off-road fuels, and reduced emissions
from the petroleum refining and cement industries
have led to the considerable improvements in sulphur
dioxide (SO;) levels. Emission reductions from light
duty and heavy duty vehicles, wood products sectors,
and petroleum refining have contributed to the decline
in PM; 5 emissions.

The regional PM;s trends are illustrated in Figure S4.
Fine particulate matter monitoring technology was
upgraded in 2013 to continuous particulate monitors
that met the U.S. Environmental Protection Agency
PM.s Federal Equivalent Method (FEM). The FEM
monitors have the ability to measure a portion of
particulate matter not previously measured. Wildfire
effects are evident in 2017 and 2018.

For ozone, the same improvements seen for other
pollutants have not been observed. In contrast,
average regional ozone levels (Figure S5) have shown a
slight increasing trend. Research suggests that
background ozone concentrations are rising and one
reason for the observed increase in average levels.
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Figure S5: Ozone Trend.

Regionally averaged short-term peak ozone trends are
also shown in Figure S5. The severity of peak ozone
episodes greatly diminished in the 1980s, however
short-term peak ozone levels have been mainly
unchanged during the last two decades, despite large
reductions in emissions of pollutants that contribute to
ozone formation.
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Metro Vancouver and the Fraser Valley Regional
District adopted the Regional Ground-Level Ozone
Strategy in 2014, which provides strategic policy
direction for ozone management in the LFV based on
local scientific research. Research indicates that a
spatial understanding of the ratio of concentrations of
nitrogen oxides (NOx) and volatile organic compounds
(VOC), two precursor pollutants that react to form
ozone, is key to determining which precursors to
reduce in order to maintain and improve air quality in
our region.



Ground-Level Ozone — 2018

Monitoring results for all ozone monitoring stations
with sufficient data coverage during 2018 are shown in
Figure S6. The data show that peak ozone levels, as
measured by the Canadian Ambient Air Quality
Standard value and maximum 1-hour average,
generally occurred in the eastern parts of Metro
Vancouver and in the FVRD during sunny and hot
weather.

In 2018, the Canadian Ambient Air Quality Standard for
ozone was met at all monitoring stations with the
exception of Mission and Hope. Metro Vancouver’s 1-
hour objective was exceeded at more than half of the
monitoring stations on a combination of five days (July
16, 29, 30, August 8 and 21). The 8-hour Metro
Vancouver objective was exceeded on eleven days (July
16, 25, 26, 27, 28, 29, 30 and August 7, 8, 21, and 22) at

B Maximum 1-Hour Average
Canadian Ambient Air Quality Standard Value

I ~nnual Average

a combination of 17 stations (not shown). Air quality
advisories were issued due to ground-level ozone on
seven days in 2018. Ozone production was significantly
enhanced by wildfire smoke in 2018 with levels not
typically seen in Metro Vancouver.

Ground-level ozone is a secondary pollutant formed in
the air from other contaminants such as nitrogen oxides
(NOx) and volatile organic compounds (VOC). The highest
concentrations of ozone occur during hot sunny weather
and can be enhanced by wildfire smoke.

NOx emissions are dominated by transportation sources,
with nearly 77% of emissions coming from cars, trucks,
ships, rail, planes, and non-road engines. VOC are
emitted from natural sources (e.g., trees), cars, light
trucks, and solvents found in industrial, commercial and
consumer products.
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Canadian Ambient Air Quality Standard (63 ppb)
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Figure S6: Ground-Level Ozone (O3) 2018.
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Fine Particulate Matter (PM2;s) — 2018

Results for all PM2s monitoring stations in 2018 are
shown in Figure S7. Nearly half of the stations exceeded
the 24-hour Canadian Ambient Air Quality Standard and
only two stations (Vancouver-Clark Drive and Hope)
exceeded the Metro Vancouver annual objective of 8
ug/m3. Exceedances of Metro Vancouver’s 24-hour PM, s
objective were unprecedented in 2018 occurring at all
monitoring stations in the region on a combination of
twenty-nine days.

Fine particulate matter (PM, ) emissions are typically
dominated by residential wood burning, non-road
engines and equipment, and industrial sources.
However, in 2018 the impact of wildfires outside the
region was apparent with the Province experiencing
one of the most severe wildfire seasons.

I vaximum 24-Hour Rolling Average
24-Hour Canadian Ambient Air Quality Standard

B ~nual Average

The 24-hour objective was exceeded in July due to a local
bog fire in Richmond and in August and September due
to extensive smoke from wildfires burning inside and
outside the region. On August 9™ a PM,s advisory was
issued due to wildfires burning in Agassiz, Chilliwack and
east of Manning Park. The following day the advisory was
expanded when several municipalities were blanketed
with smoke from a large barge fire in Surrey.

On August 13" an unprecedented fourteen-day advisory
was issued due to wildfire smoke from fires burning
throughout the Pacific Northwest. The advisory was the
longest continuous advisory in Metro Vancouver history.
The highest 24-hour PM,s measurement on record was
measured at Hope with a concentration of 247 ug/m?.

Exceedances were experienced at several stations over
eight days in October and November which were thought
to be a result of open burning, residential wood burning
and/or Halloween fireworks.
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Figure S7: Fine Particulate Matter (PM2.5) 2018.
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Nitrogen Dioxide — 2018

Results for nitrogen dioxide (NOz) monitoring in 2018 are
shown in Figure S8. All stations experienced nitrogen
dioxide levels that were below Metro Vancouver’s 1-hour
and annual objective. In 2018, the highest average
nitrogen dioxide levels were measured near major
roadways including at the Vancouver-Clark Drive and
Vancouver-Downtown stations.

| Metro Vancouver Annual Objective (21 ppb) |
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17

14
17

As nitrogen dioxide emissions are dominated by
transportation sources, the highest average nitrogen
dioxide concentrations are measured in the more densely
trafficked areas and near busy roads. Lower
concentrations are observed where these influences are
less pronounced, such as the eastern parts of Metro
Vancouver and in the FVRD.
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Figure S8: Nitrogen Dioxide (NO;) 2018.
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Sulphur Dioxide — 2018

Monitoring results for sulphur dioxide (SO2) monitoring
stations are shown in Figure S9. Sulphur dioxide levels
were below the annual objective at all stations in 2018.

Average concentrations of sulphur dioxide in 2018 were
less than 1 ppb at all stations. Average levels remain low
in 2018 compared with previous years which can be
attributed to stricter marine fuel requirements that came
into effect at the beginning of 2015.

With the exception of Burnaby-Capitol Hill and
Vancouver-Clark Drive all stations were below Metro
Vancouver’s 1-Hour objective of 70 ppb in 2018. The 1-
hour objective was exceeded at the Burnaby-Capitol Hill
station during one hour on the evening of January 1 and
at the Vancouver-Clark Drive station during two hours on
the evening of April 3. These exceedances were
measured when winds were blowing from the direction
of the petroleum refinery in Burnaby.

Sulphur dioxide is formed primarily by the combustion of
fossil fuels containing sulphur. Within the LFV the major
sources of SO; are an oil refinery, marine vessels, a waste
to energy facility and two cement plants. The
geographical distribution of sulphur dioxide emissions is
influenced mainly by the refinery in Burnaby and ocean-
going vessels in the marine areas of Burrard Inlet,
although in recent years, marine emissions have been
reduced substantially. The highest sulphur dioxide levels
are typically measured near the Burrard Inlet area. Away
from the Burrard Inlet area, sulphur dioxide levels are
considerably lower.
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Metro Vancouver 1-Hour Objective (70 ppb)
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Figure S9: Sulphur Dioxide (SO2) 2018.
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Carbon Monoxide — 2018

Carbon monoxide (CO) monitoring results for 2018 are
shown in Figure S10. Carbon monoxide levels were all
well below the relevant Metro Vancouver air quality
objectives at all stations throughout the LFV. The
principal source of carbon monoxide continues to be
emissions from motor vehicles.

I  Vaximum 1-Hour Average
P Maximum 8-Hour Rolling Average

Higher concentrations generally occur close to major
roads during peak traffic periods. Like nitrogen dioxide,
the highest average carbon monoxide concentrations are
measured in the more densely trafficked areas and near
busy roads. Lower concentrations are observed where
these influences are less pronounced, such as the
suburban and rural parts of Metro Vancouver and the
FVRD.
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e The scale is broken in the x-axis between 4,500 and 8,000 ppb. The highest concentrations measured are five times less

than the objective.

e Vancouver-Clark Drive and Horseshoe Bay did not meet the data completeness threshold and thus are not shown here.

Figure $S10: Carbon Monoxide (CO) 2018.
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Section A — Introduction

This report summarizes data collected from air quality
stations in the Lower Fraser Valley (LFV) Air Quality
Monitoring Network in 2018 and describes the air quality
monitoring activities and programs conducted during the
year. The focus is to report on the state of ambient
(outdoor) air quality in the LFV.

Metro Vancouver maintains one of the most
comprehensive air quality networks in North America
serving a population of 2.8 million with 31 air quality
stations located from Horseshoe Bay in West Vancouver
to Hope in 2018. Pollutants monitored by the network
include both gases and particulate matter. Common air
contaminants include ozone (0s), carbon monoxide (CO),
sulphur dioxide (SO,), nitrogen dioxide (NO;) and
particulate matter. These are all widely monitored
throughout the network.

Particulate matter consists of very small solid and liquid
material suspended in the air. This air pollutant is
characterized by size and measured in units of a millionth
of a metre, or micrometre (um). Particles with a diameter
smaller than 10 micrometres are referred to as inhalable
particulate (PMyo), while those smaller than 2.5
micrometres are termed fine particulate (PM,s). Both
PMiys and PM,s concentrations are monitored
throughout the LFV.

Other pollutants monitored by the network include
ammonia, volatile organic compounds (VOC), black
carbon, ultrafine particles (UFP) and odourous total
reduced sulphur compounds (TRS). Additional
information Metro Vancouver collects to help monitor air
quality conditions includes weather (meteorological)
data and images recording visual air quality conditions
(visibility).

Priority Pollutants

Research indicates that adverse health effects can occur
at air quality levels commonly measured in the LFV.
Health experts have identified exposure to ozone and
particulate matter as being associated with serious
health effects. Ozone is a strong oxidant that can irritate
the eyes, nose and throat, and reduce lung function. Fine
particulate (PMs) is small enough to be breathed deeply
into the lungs, resulting in impacts to both respiratory
and cardiovascular systems. Long-term exposure to these

pollutants can aggravate existing heart and lung diseases
and lead to premature mortality.

Of particular concern is PM;s that is emitted from diesel
fuel combustion in car, truck, marine, rail and non-road
engines. These particles (“diesel PM”) are carcinogenic
and are believed to contribute significantly to the health
effects described above. Instrumentation installed in
some air quality monitoring stations in the LFV can be
used to estimate the proportion of particles that
originate from diesel engines.

Air Quality Trends

Improvements have been made in air quality over the last
two decades for most pollutants, including nitrogen
dioxide (NO,), carbon monoxide (CO), sulphur dioxide
(S0,), volatile organic compounds (VOC) and fine
particulate matter (PM,s). Despite significant population
growth in the region over the same time period, emission
reductions across a variety of sectors have brought about
these improvements. The population increased in Metro
Vancouver and the FVRD by about 50% from 1991 to
2016, from approximately 1.8 million to 2.8 million
residents.

The long-term regional trends for ground-level ozone
show a different story. Long-term trends of peak ozone
concentrations show levels currently lower than those
experienced in the 1980s, but peak levels have been
largely unchanged over the last fifteen to twenty years.
Average concentrations of ground-level ozone however
have increased over the same period.

Metro Vancouver and the Fraser Valley Regional District
adopted the Regional Ground-Level Ozone Strategy in
2014, which provides strategic policy direction for ozone
management in the LFV based on local scientific research.
Research indicates that a spatial understanding of the
ratio of concentrations of nitrogen oxides (NOx) and
volatile organic compounds (VOC), two precursor
pollutants that react to form ozone, is key to determining
which precursors to reduce in order to maintain and
improve air quality in our region.

Trends in air pollutants are discussed further by pollutant
in Section D.
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Wildfires and Air Quality Events

In recent years, wildfires in the Pacific Northwest have
increased in severity and become more widespread.
Wildfires can produce considerable amounts of smoke
that can be transported great distances. The 2018
wildfire season was one of the worst in British Columbia’s
history, with the largest area burned.

In 2018, significant and lengthy smoke-related air quality
impacts occurred due to wildfires burning in the BC
Interior, and the west coast of the US. These impacts led
to the most air quality advisories issued by Metro
Vancouver in a single year.

Wildfires and other air quality events experienced in
2018 are discussed further in Section J.

Air Quality Advisories

Periods of degraded air quality can occur in the LFV for
several reasons, such as summertime smog during hot
weather, smoke from forest fires and winter inversions
preventing dispersion of emitted air contaminants. In
cooperation with partner agencies, including the Fraser
Valley Regional District, Vancouver Coastal Health
Authority, Fraser Health Authority, Environment Canada
and the B.C. Ministry of Environment, Metro Vancouver
operates an air quality advisory program.

In 2018, air quality advisories were issued during four
separate periods for a total of twenty-two days in
summer, the most in Metro Vancouver’s history. The first
advisory of the year was initiated during hot weather, on
July 28 due to high concentrations of ground-level ozone
in the eastern parts of Metro Vancouver and the Fraser
Valley and continued for four days. On July 30" the
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advisory was expanded to include elevated levels of fine
particulate matter for a single day due to wildfires in
Eurasia and Alaska as well as a local bog fire in Richmond.

On August 8" a ground-level ozone advisory was issued
for the eastern parts of Metro Vancouver and the Fraser
Valley. On August 9% the ozone advisory was continued
and a fine particulate matter advisory was added for the
eastern Fraser Valley due to wildfires burning in Agassiz,
Chilliwack, and east of Manning Park. On August 10%", the
ozone advisory was ended, but the PM,s advisory
continued for the Fraser Valley, and all of Metro
Vancouver was added to the PM,s advisory due to
considerable smoke that was produced from a large
barge fire that started in the early morning hours in
Surrey. The advisory was cancelled the following day.

On August 13, widespread smoke was experienced due
to wildfire smoke from fires burning throughout the
Pacific Northwest. An unprecedented fourteen-day
advisory was issued whereby all monitoring stations in
the region experienced exceedances of the PMys
objective. The smoke was the result of wildfires burning
in BC and Washington state. During the advisory, two of
the days also included a ground-level ozone advisory on
August 21 and 22™. The 14-day advisory was lifted on
August 27 making it longest and most severe air quality
advisory in Metro Vancouver history.

Smoke returned to the region in the afternoon of
September 5 and a one-day advisory was issued on
September 6 when several monitoring stations exceeded
the 24-hour PM; s objective. The smoke likely originated
from wildfires burning east of Manning Park.
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e Trigger levels for advisories have changed over the years; care must be taken when interpreting advisory trends.
e The advisory in 2005 was the result of a large fire in Burns Bog.

Figure 1: Number of days of air quality advisories in the LFV.

In the last ten years, the number of days on which air
quality advisories were in place has ranged from zero
to twenty-two days annually. Shown in Figure 1 is the
historical trend of the number of days the LFV was
under an advisory. The total number of advisory days
is shown as a bar while the number of consecutive days
of an advisory period is given by the number in white.

Air quality bulletins are used to advise the public of the
occurrence of localized degraded air quality during cool
weather months and actions that may be taken to
reduce the emissions contributing to degraded air
quality conditions.

Visual Air Quality

Degraded air quality can cause views to be partially or
fully obscured by haze at times in the LFV. This is
referred to as visual air quality impairment.

Throughout the LFV, the contaminant with the greatest
impact on visual air quality is PM.s. However, the
appearance of haze can be affected by the presence of
a number of different air contaminants. In more
urbanized areas in the west, haze may have a brownish
colour. Nitrogen dioxide emissions from transportation
sources contribute to this brown appearance. Further
east in the LFV, a white haze can sometimes be
observed as a result of small particles in the air (PM;5s)

scattering light. Secondary PM;;s, such as that formed
by reactions of NOx and SO, with ammonia, as well as
directly emitted (or primary) PM,s contribute to this
haze. Smoke, windblown dust and soil particles, as well
as moisture levels in the air can also affect visibility.

Analysis of the air contaminants present under
different visual air quality conditions is being used to
understand the factors contributing to visual air quality
impairment in the LFV and to develop tools to evaluate
visual air quality quantitatively. Data collected as part
of the visual air quality monitoring program include
measurements of nitrogen dioxide and PMss,
measurements of the constituents of particulate
matter (for example particulate nitrate, particulate
sulphate, elemental carbon and organic carbon) and
the optical (light scattering) characteristics of ambient
air samples.

In 2018, automated digital cameras were used to
record visual air quality conditions in seven locations.
Images from the cameras show views along specific
lines-of-sight with recognizable topographical features
at known distances. The images are archived for
various uses, including:

e relating air contaminant measurements to visual
range and visual air quality degradation under a
variety of air quality and meteorological
conditions;
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e assessing public perceptions of the different
visual air quality conditions found in the LFV; and

e developing visual air quality measurement
metrics.

Images from each of the seven monitoring locations are
shown on www.clearairbc.ca.

The monitoring data and images collected provide
important input to a collaborative multi-agency
initiative to develop a visual air quality management
strategy for the LFV. Visual air quality is further
discussed in Section F.

Air Quality Health Index (AQHI)

The national health-based Air Quality Health Index
(AQHI), developed by Environment Canada and Health
Canada, has been in use since 2008. The AQHI
communicates the health risks associated with a mix of
air pollutants to the public and provides guidance on
how individuals can adjust their exposure and physical
activities as air pollution levels change.

The AQHI is calculated every hour using monitoring
data from stations in the LFV. Current AQHI levels in the
LFV, AQHI forecasts (for today, tonight, tomorrow, and
tomorrow night) and additional information about the
AQH]I are available at:

WWW.airmap.ca
www.env.gov.bc.ca/epd/bcairquality/readings/aghi-
table.xml

Environment Canada’s Weather Website also publishes
the AQHI.

metrovancouver

Air Quality Measurements

The LFV Air Quality Monitoring Network primarily
employs continuous monitors which provide data in
real-time every minute of the day. The network also
contains specialized air quality monitors that sample
the air non-continuously. Non-continuous 24-hour
(daily) samples are collected on filters and/or in
canisters every sixth or twelfth day depending on the
site. The sampling is scheduled in accordance with the
National Air Pollution Surveillance (NAPS) program.
After sample collection, filters and canisters are
analyzed in a federal laboratory to determine pollutant
concentrations. Non-continuous samples of volatile
organic compounds (VOC) are collected at seven sites
throughout the LFV. VOC refers to a group of organic
chemicals. A large number of chemicals are included in
this group but each individual chemical is generally
present at relatively low concentrations in air
compared to other common air contaminants.

Non-continuous particulate samples are collected at
five monitoring stations in the LFV where pollutant
concentrations are determined. A detailed analysis is
conducted by the federal laboratory for four of these
stations (Port Moody, Burnaby South, Abbotsford
Airport and Vancouver-Clark Drive).

Chemicals contained in PM,s and VOC samples are
identified and quantified at a federal laboratory. These
data can then be used to help determine the emission
sources contributing to the contaminants in the air.

Non-continuous measurements are discussed in
Section E.

AirMap

No advisories at this time.

Air Quality Health Index (AQHI)

Air Quality and Weather by Station v
Air Quality and Weather Across the Region b4
Residential Wood Burning Status

About AirMap v

sir Qualty Health ndex
Air Quality Health Index (AQHI)
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Section B — Air Quality Objectives and Standards

Several air quality objectives and standards are used as
benchmarks to characterize air quality including the
federal Canadian Ambient Air Quality Standards (CAAQS),
and Metro Vancouver’s ambient air quality objectives.
Metro Vancouver’s ambient air quality objectives are
shown in Table 1. The objective or standard is achieved if
the ambient concentration is at or lower than (i.e., better
than) the objective.

The federal Canadian Ambient Air Quality Standards
(CAAQS) have been established as objectives under
Canadian Environmental Protection Act 1999, and
replaced the Canada-Wide Standards for fine particulate
matter and ground-level ozone. The CAAQS were
implemented in 2015 for particulate matter (PM) and
ozone (Os). In 2020, the numerical value of the CAAQS
became more stringent for PM,s and Os and nitrogen
dioxide (NO;) and sulphur dioxide (SO) were also added.
These set specific limits for PM3 s, O3, NO3, and SO; based
on concentrations averaged over a three-year period
with the exception of the annual metric which are
averaged over one year.

The CAAQS for PM,sis a value that is calculated by taking
an annual 98" percentile value using daily averages,
averaged over three consecutive years. Achievement of
the PM,.s CAAQS is attained when the CAAQS value is less
than or equal to 27 ug/m?3.

The CAAQS for ozone is a value that is calculated by the
4™ highest annual 8-hour daily maximum, averaged over
three consecutive years. Achievement of the ozone
CAAQS is attained when the CAAQS value is less than or
equal to 62 ppb.

The NO, CAAQS include metrics for both 1-hour and
annual averages. The 1-hour CAAQS for NO; is a value
that is calculated by taking an annual 98" percentile value
using daily maximum 1-hour measurements, averaged
over three consecutive years. Achievement of the 1-hour
NO, CAAQS is attained when the CAAQS value is less than
or equal to 60 ppb. The annual CAAQS for NO;is a value
of 17 ppb that is compared to the average of all 1-hour
concentrations collected within the year.

In 2005, as part of the Air Quality Management Plan,
Metro Vancouver adopted health-based ambient air
quality objectives for ozone (Os), particulate matter

(PMy.s and PMyy), sulphur dioxide (SO,), nitrogen dioxide
(NO,) and carbon monoxide (CO).

In 2009 the provincial government established air quality
objectives for PM,s. The province’s annual objective is
eight micrograms per cubic metre (ug/m3) and annual
planning goal is six micrograms per cubic metre for PM;s.

An objective or standard is achieved if the
ambient concentration is at or lower than (i.e.,

better than) the objective.

Metro Vancouver aligned its annual objectives for PM;s
in the 2011 Integrated Air Quality and Greenhouse Gas
Management Plan, as well as adopting a one-hour ozone
objective of 82 parts per billion.

Metro Vancouver’s 24-hour PMys objective of 25 pg/m?3
is numerically the same as the province, but compliance
with Metro Vancouver’s objective requires that there are
no exceedances and is applied as a rolling average.

In 2015, Metro Vancouver adopted a 1-hour interim
ambient air quality objective for SO, of 75 parts per billion
(ppb) prior to establishment of the federal SO, CAAQS.
After establishment of the federal SO, CAAQS, Metro
Vancouver’s SO, objectives were revised in November
2017, with a more stringent 1-hour objective of 70 ppb
not to be exceeded and an annual objective of 5 ppb.

In 2019, Metro Vancouver aligned its objectives for CO,
NO; and Os with federal and provincial standards. Metro
Vancouver adopted a 1-hour and annual ambient air
quality objective for NO, that is the same as the federal
2020 CAAQS. Similarly, the 8-hour Os objective was made
the same as the 2020 CAAQS. The 1-hour and 8-hour CO
objectives were set to 13,000 ppb and 5,000 ppb
respectively, to match the more stringent Provincial
objectives.

Several of Metro Vancouver’s objectives are intended to
be compared with rolling averages. A rolling average is
an average that is calculated by averaging the
concentrations from a number of previous consecutive
hours. For example, a 24-hour rolling average is
calculated by averaging the concentrations measured
during the previous 24 hours. A 24-hour rolling average is
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calculated for each hour of the day. Similarly, an 8-hour
rolling average is calculated by averaging the
concentrations from the previous 8 hours.

Table 1: Metro Vancouver’s ambient air quality objectives.

Averaging Ambient Air Quality Objective®
Air Contaminant iod
Perio pg/m? ppb
Carbon monoxide (CO) 1-hour 30,000 (14,900*%) 26,200 (13,000%*)
8-hour® 10,000 (5,700%) 8,700 (5,000%*)
Nitrogen dioxide (NO3) 1-hour 200 (113*9) 106 (60*C)
Annual 40 (32%*) 21 (17%*)
Sulphur dioxide (SO,) 1-hour 183 70
Annual 13 5
Ozone (03) 1-hour 161 82
8-hour 128° (122*9) 65 (62*9)
Inhalable particulate matter (PMio) 24-hour 50°
Annual 20
Fine particulate matter (PMys) 24-hour 25P
Annual 8 (6°)
Total reduced Sulphur (TRS) 1-hour (acceptable) 14 10
1-hour (desirable) 7 5

*Metro Vancouver’s Board adopted more stringent air quality objectives in November of 2019.

@ Except where noted, Metro Vancouver objectives are “not to be exceeded”, meaning the objective is achieved if 100% of the
validated measurements are at or below the objective level.

b Achievement based on rolling average.

¢ Achievement based on annual 98" percentile of the daily maximum 1-hour concentration, averaged over three consecutive years.
4 Achievement based on annual 4™ highest daily maximum 8-hour average concentration, averaged over three consecutive years.

€ Metro Vancouver’s annual PM. s planning goal of 6 ug/m?is a longer term aspirational target to support continuous improvement.
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Section C — Lower Fraser Valley Air Quality Monitoring Network

Metro Vancouver operates the LFV Air Quality
Monitoring Network which consists of air quality
monitoring sites located between Horseshoe Bay in West
Vancouver and Hope. The locations of the monitoring
stations operated in 2018 are shown in Figure 2 while the
pollutants and meteorology measured at each station are
identified in Table 2.

In 2018, there were 31 air quality monitoring stations in
the network which includes 25 stations located in Metro
Vancouver and 6 stations located in the FVRD. There are
also 3 stations in Metro Vancouver that provide only
weather data. Air quality and weather data are collected
automatically on a continuous basis, transmitted to
Metro Vancouver’s head office in Burnaby, and stored in
a database. The data are then used to provide
information to the public through the AQHI, Metro
Vancouver’s website, the BC air quality website, and
reports. At one of the stations (White Rock) particulate
matter is sampled throughout the year on a defined
periodic schedule. These non-continuous data are not
collected automatically to the database.

Many pollutants measured are discussed in this report
with a focus on common air contaminants: particulate
matter (PMio and PM3s), ozone (Os), carbon monoxide
(CO), nitrogen dioxide (NO,) and sulphur dioxide (SO,).

Comparisons of measured levels of these air
contaminants with federal, provincial and Metro
Vancouver air quality objectives and standards and an
assessment of regional trends are provided in Section D.
The locations of SO;, 03, NO; and PM,s monitoring in
2018 are shown in Figures 3 to 6.

Portable equipment was used to carry out short-term air
quality monitoring studies (specialized studies) in 2018.
The equipment employed in specialized studies includes
Metro Vancouver’s Mobile Air Monitoring Unit (MAMU)
which is capable of monitoring gaseous and particulate
pollutants in the same way as other monitoring stations
in the network. Specialized studies and other monitoring
activities undertaken are described in Sections G, H and I.

Real-time data from the LFV Air Quality Monitoring
Network can be accessed on Metro Vancouver’s website

at:  www.airmap.ca

Additional information on the LFV Air Quality Monitoring
Network is available in the 2012 report “Station
Information: Lower Fraser Valley Air Quality Monitoring
Network”. This  report is available at:
www.metrovancouver.org

Data completeness for the year 2018 is shown in Table 3.
In Table 3 the annual completeness is provided
numerically while each quarter is shown as green if
completeness for that quarter is greater than or equal to
75%, red if below 75% and white if no data exists.

Network Changes

There are ongoing enhancements to stations and
equipment that occur throughout the air quality
monitoring network.

Minimal changes were made to the network in 2018.
Changes to the network in 2018 include:

e Atwo-channel aetholometer was replaced with a
7-channel aetholometer at three stations: North
Vancouver —Second Narrows, Burnaby South and
Pitt Meadows.

e Visual air quality monitoring cameras located in
Burnaby were moved from 4330 Kingsway
approximately 750 metres southeast to 4515
Central Boulevard, concurrent with the move of
Metro Vancouver’s Head Office.
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Table 2: Air quality monitoring network, 2018.

Stations Air Quality Monitors Meteorology
Continuous Non-Continuous
Gases Particulate Matter
ID Name SO, TRS NO, CO O; THC NHs; |PMyp PM,s BC NEPH|VOC SP D |wind Ts SR RH BP Precip
T1 |Vancouver-Downtown y NN
T2 [Vancouver-Kitsilano Station temporarily out of service
T4 [Burnaby-Kensington Park NN NN A N N y
T6 [N.Vancouver-2nd Narrows y v y v V N y v
T9 [Port Moody NN NN A NN y V NN NN v
T12 [Chilliwack \ NN A NN y V y NN AN AN A
T13 |North Delta v 3 v NN V \
T14 |BurnabyMountain v v NN v v
T15 |SurreyEast N N N N NN v
T17 [Richmond South \ NN y N y v
T18 |Burnaby South v v N v v N N N N N N NN NN N
T20 |Pitt Meadows v V d V NN VoA
T22 [Burnaby-Burmount y y y N
T23 [Burnaby-Capitol Hill N N y
T24 [Burnaby North N V \ y NN NN 3
T26 |N.Vancouver-Mahon Park y NN N y N y 3
T27 |Langley V NN y N y 3
T29 [Hope NN W y N y 3
T30 [Maple Ridge NN N y V
T31 [Richmond-Airport Y NN N N y y y R N
T32 |Coquitlam v N N NN NN A
T33 |Abbotsford-Mill Lake \ v y v 3 \ V N y R
T35 |Horseshoe Bay N N NN N N
T37 |AlexFraser Bridge Station temporarily out of service
T38 |Annacis Island N N ~ N
T39 [Tsawwassen \ NN y N y R
T43 |Mission N v N N oA N v
T44 |Agassiz N v N R N v
T45 |Abbotsford Airport \ NN NN y y y S 3 R A A
T46 |New Westminster \/ v y Y
T48 |Vancouver-Templeton N y
T49 |Vancouver-Portside \ y N
T50 |Vancouver-Near-Road y NN N y y y 3 V NN y
S133 |Vancouver-Pandora V
#20 |White Rock Station temporarily out of service
Total Monitoring Units 18 5 24 19 24 2 3 11 21 8 5 8 3 4 30 29 5 27 8 24
S0, = sulphur dioxide; TRS =total reduced sulphur; NO, = nitrogen dioxide; CO = carbon monoxide; Os=ozone; THC =total hydrocarbon; NHs=ammonia;
PM10 = inhalable particulate matter; PM . s =fine particulate matter; NEPH = particulate light scattering; VOC =volatile organic compounds; SP = particulate speciation;
D =dichotomous particulate; BC = Black Carbon; Wind = wind speed and direction; T = air temperature; SR =incoming solar radiation; RH = relative humidity;
BP =barometric pressure; Precip = precipitation; ¥ =monitored at this location.
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Table 3: Annual and quarterly data completeness, 2018.

Adr Guality Monitors Metecrology
Stations Gases Particulate Matter
[} Name 50, TRE NGO, CD 0O, THC NH, |PM, PM,. BC UFP ggzd gind Tair RH BP Precip
I

TO1 Vancouver-Downtown | [B&80 [|e&" [esr [pa

To2 Vancouver-Kitsilanao

T04 | Bumaby-Kensington Park | B8N NBEN g8 FEcl Fidol [eal (o7 ) {00

TO6 | N.Vancouver-2nd Namows | [IBEN fEan NEsl Neal 970 (%6 [ign] Fion) (o ['ioo =
T09 PortMoody | NBEN MBS0 B8N NEEN EE) [Bal [se (88 [e8)l Neal Dol ol oo 100
Ti2 Chilliwack | B8N [le&" [e8[ [0a] [een |Neen Neen NeE) [gall Teaf nesn NEer NEer el [inol
T13 North Delta iE:N N i figar g [igo 100 oo
T14 Burnaby Maountain [\t fEs [igg (g [ ido (oo (100
T15 Surrey East fiEen NEsn Nesl 98 [ Fin [ [ oo [ioe
7 Richmond South | B8l [Bal [l ool &S N g o ‘100 100
T18 Bumaby South | [8EY [e8r [l (ool [l (o8 o] 190 100 100 oo oo 100
T20 Pitt Meadows | [JE8I BEEN 89 neEy N4sh N8N NEsH Nesh NEBEN NEEd NEs
T22 Burnaby-Burmount [s8] N || LT )

T23 Burnaby-Capitol Hill | [igdl [J8&[ A ] [6a [ 100

T24 Bumnaby North | [l (0] ee [l [e8ll T8l Neal Neen Near i
T26 | N.Vancouver-Mahon Park | [Jilidl [sa | g |00 o8 L&l es [e8l [lgel o] [eed
T27 Langley | [NBEN BN NEel neal iesl nesd 580 NEen mesl NEEN NEE] Neen
729 Hope [ea [egl [e8) [l [og [e8) N oo [ioa 100
T30 Maple Ridge [inol fesn [sel (o] fear [ino i [ioo
T31 Richmond-Airport | [|BEl [ea’ (o8l [jeg) [l [eg (100 [ N8N Nioo N oo (oo (oo
T32 Coquitiam o) ido sen [iag [esfl (oo [0 o) [fo0]
Taa Abbotsford-Mill Lake | B8] (881 DEFN DEEN ['BBl |NEs) 1ee [ Fin (e (oo 100
T35 Horseshoe Bay IISI “I “ll .ll IIII “. I_
T38 Annacis |sland l"l l“l |_ |_ l“
T39 Teawwassen l"l l“ |_ l_ -l l"l l"l l"l I_ l“
T43 Mission [le8) 99 lo8 feEn Deen fesn o8 98
T44 Agassiz [lear 100 98 58N NEen mesl il -
T45 Abbotsford Airport | [[BE] [e8" [eal [e8) [e77 8l [ee 87 [e8ll N7l Nesl Neen NEsn feen nesn
T46 MNew Westminster I_ I_ HI "Il IIII

T48 Vancouver-Templeton [ i [

T49 Vancouver-Portside “Il llll “II “. I_
T50 Vancouver-Clark Drive | B4 [B&N feq Ne&l fee Neal NaEl| N NAow oo L)
5133 | Vancouver-Pandora Park | [JEJN [ N [ ifioo] [0l

Note: Quarterly completeness > 75% is shown in green, < 75% is shown in red, and no data is white, while annual completeness is
shown numerically.
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Figure 5: Sulphur dioxide monitoring stations, 2018.
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Section D — Continuous Pollutant Measurements

Ozone (03)

Characteristics

Ozone (0s) is a reactive form of oxygen. It is a major
pollutant formed when NOx and reactive volatile organic
compounds (VOC) react chemically in the presence of
heat and sunlight. Sunlight plays a significant role in O3
production and as such, local maximum Os
concentrations are wusually experienced during the
summer in the LFV.

Naturally occurring Os; in the upper level of the
atmosphere, known as the stratosphere, shields the
surface from harmful ultraviolet radiation. However, at
ground level, O3 is a major environmental and health
concern. Ozone is a significant oxidant and can irritate the
eyes, nose and throat as well as reduce lung function.
High concentrations can also increase the susceptibility
to respiratory disease and reduce crop yields.

Sources

Ozone is termed a secondary pollutant because it is not
usually emitted directly into the air. Instead, it is formed
from chemical reactions involving pollutants identified as
precursors, including NOx and reactive VOC. The levels of
0Os; measured depend on the emissions of these precursor
pollutants.

Nitrogen oxide (NOx) emissions are dominated by
transportation sources. About 60% of the emissions
come from cars, trucks, ships, rail and planes. Other
sources include non-road engines, boilers and building
heating systems.

The main contributors to VOC emissions are chemical
products use (industrial, commercial and consumer
products such as paints, varnishes and solvents),
cannabis production, natural sources (trees and
vegetation), cars and light trucks and non-road engines.

The formation of O3 occurs readily during hot and sunny
weather conditions with peak levels observed in the
summer. Under these conditions, the highest levels
generally occur downwind of major precursor emissions
such as in eastern parts of Metro Vancouver and in the
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FVRD. The presence of wildfire smoke can also enhance
ozone production which is discussed further in Section J.

Monitoring Results

Figures S6 and 6 illustrate the results of O3 monitoring in
2018. Figure 6 represents a bubble plot which shows
three types of information: maximum 1-hour, maximum
8-hour and annual average concentrations for each
ozone monitoring station. In Figure 6 the bubble position
on the x-axis denotes the maximum 1-hour average, the
position on the y-axis denotes the maximum 8-hour
rolling average and the size of the bubble is proportional
to the annual average. The Metro Vancouver 1-hour and
8-hour objectives are also provided on the plot as lines
and areas of exceedance are shaded grey. The stations
plotted above the 8-hour objective (65 ppb) all exceeded
the objective while the stations to the right of the 1-hour
objective (82 ppb) exceeded both objectives. The same
values are represented spatially in Figures 7 to 9 while the
Canadian Ambient Air Quality Standard (CAAQS) is shown
in Figure 10.

Summer ozone exceedances were widespread
throughout the region and thought to be

influenced by the presence of wildfire smoke.

Smoke from wildfires enhanced

production.

ozone

In 2018, the Canadian Ambient Air Quality Standard
(CAAQS) was exceeded at Mission and Hope. The CAAQS
value is calculated by the annual 4™ highest 8-hour daily
maximum, averaged over three consecutive years. The
2018 year included two wildfire years (2017 and 2018). In
both summers smoke from wildfires acted to enhance
ozone production resulting in higher than typical
concentrations.

The Burnaby Mountain station measured the highest
average ozone level which is typical given the station’s
high elevation on the top of Burnaby Mountain.

There were periods during the summer of 2018 when
conditions were conducive for ozone formation resulting



in elevated Oz levels in the LFV. The 1-hour Metro
Vancouver objective was exceeded at twelve stations on
a combination of five days with the highest concentration
of 104 ppb measured in Maple Ridge. Exceedances
occurred on July 16 at Hope; July 29 at Hope, Maple Ridge
and Mission; July 30 at Hope, Maple Ridge, Coquitlam,
Mission and Agassiz; August 8 at Chilliwack, Langley,
Hope, Abbotsford-Mill Lake, Mission, Agassiz and
Abbotsford-Airport; and August 21 at Port Moody, Surrey
East, North Vancouver-Mahon Park, Langley, Maple
Ridge, Abbotsford-Mill Lake, Mission, and Abbotsford-
Airport.

Exceedances in the western portion of Metro Vancouver
(i.e., North Vancouver) are not common and it is likely
that ozone formation was enhanced on August 21 due to
wildfire smoke that was prevalent throughout the region.

The 8-hour Metro Vancouver objective was exceeded on
twelve days including July 16, 25, 26, 27, 28, 29, and 30,
and August 7, 8, 9, 21, and 22 at a combination of 17
stations with the highest concentration of 86.7 ppb
measured in Maple Ridge on July 30.

Air quality advisories were issued in 2018 for a
combination of elevated ground-level ozone and/or fine
particulate matter. In 2018, air quality advisories were
issued due to O; on eight days. On several of these days
0Os; was thought to be enhanced by the presence of
wildfire smoke. The enhancement of O; due to wildfire
smoke is further discussed in Section J.

The highest short-term concentrations occur in the
eastern parts of Metro Vancouver and in the FVRD
(Figures 7 and 8). The lowest annual Osaverages (Figure
9) occur in highly urbanized areas due to Oz scavenging.
Ozone scavenging occurs in locations where higher levels
of NOx are found (e.g. urban areas or near busy
roadways). In these areas, emissions containing NOj,
react quickly with O3 to form NO; (nitrogen dioxide) and
0: (oxygen) thus decreasing O3 concentrations.

Figure 11 shows the seasonal trend of Os; with the
monthly average provided with highest 1-hour
concentrations from each month. In both figures,
concentrations from selected stations are shown
alongside the range of concentrations measured at all
stations (shown as a grey band). The seasonal variation
evident in Figure 11 is typical of historical ozone trends in
the LFV with higher values in spring and summer, and
lower values during fall and winter. Since Osis produced
by photochemical reactions there is greater productionin
spring and summer with the presence of sunlight and

land- and sea-breeze wind patterns. Spring exhibits the
highest average Os concentrations (Figure 11 left) while
the highest short-term hourly concentrations (Figure 11
right) occur in the summer.

Figure 12 illustrates the long-term annual average O3
trend in the LFV. The annual average trend is given in the
left plot with the short-term peak trend given in right plot
for the last two decades. Annual Os levels have shown an
upward trend since the mid-90s. Research indicates that
background ozone concentrations are rising and is one
factor for observed increases in average levels.

A trend in short-term peak Oz concentrations (Figure 12)
is less apparent. Yearly differences are likely related to
variability in meteorology, however there doesn’t appear
to be a trend in peak concentrations. Peak ozone levels
have been mostly unchanged during the last fifteen to
twenty years, despite significant reductions in ozone
precursor pollutants over the same time period.

Metro Vancouver and the Fraser Valley Regional District
adopted the Regional Ground-Level Ozone Strategy in
2014, which provides strategic policy direction for ozone
management in the LFV based on local scientific research.
Research indicates that a spatial understanding of the
ratio of concentrations of nitrogen oxides (NOx) and
volatile organic compounds (VOC), two precursor
pollutants that react to form ozone, is key to determining
which precursors to reduce in order to maintain and
improve air quality in our region.

The values in Tables 4 and 5 represent the frequency
distribution (or count) of how many hourly and 8-hour
rolling average measurements were in the specified
ranges, respectively. The frequency distributions in these
tables show how often various Os levels are reached. It
can be seen that stations located in the eastern parts of
Metro Vancouver and in the FVRD measured the greatest
frequency of high Oz concentrations.

A series of diurnal plots are shown in Figure 13 for each
Os; monitoring station. The plots demonstrate the
differences between weekdays and weekends along with
differences between summer and winter. Most of the
stations exhibit similar diurnal trends. In the summer, O3
concentrations are low through the night and begin
increasing near sunrise with the highest (peak)
concentration occurring in the afternoon. Examining the
timing of the peak shows in general the stations in the
west peak first while the stations in the east peak a few
hours later with Hope typically experiencing the latest
peak in the day. Noon is marked on the figure as a black
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vertical line for reference. On very hot sunny days, afternoon peak. Ozone peaks in the winter are greatly
typically during a summertime episode, the O; peak  attenuated compared with the summer.
occurs later in the day. Winter shows a similar trend of an
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Figure 6: Ground-level ozone monitoring, 2018.
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Figure 7: Short-term peak (maximum 1-hour) ozone in the LFV, 2018.

14 2018 Lower Fraser Valley Air Quality Monitoring Report



Maximum 8-Hour Rolling
Average O, Concentration

Annual Average
0, Concentration

Canadian Ambient Air Quality
Standard 8-Hour O, Concentration

Figure 10: Canadian Ambient Air Quality Standard value for ozone in the LFV, 2018.
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Figure 11: Monthly average (left) and short term peak (right) ozone, 2018.
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Figure 13: Diurnal trends ozone, 2018.
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Fine Particulate (PM;)

Characteristics

The term 'PM;s' has been given to airborne particles with
a diameter of 2.5 micrometres (um) or less, also known
as fine particulate matter. Given the very small size of
these particles, they can penetrate into the finer
structures of the lungs. Exposure to fine particulate
(PMys) can lead to both chronic and acute human health
impacts, aggravate pulmonary or cardiovascular disease,
increase symptoms in asthmatics and increase mortality.
Fine particulate matter is considered by health experts to
be an air pollutant of serious concern because of these
health effects.

Fine particulate is also effective at scattering and
absorbing visible light. In this role PM,s contributes to
regional haze and impaired visual air quality.

Sources

Emissions of PM,s are dominated by residential wood
burning (32%), non-road engines and equipment (15%),
and industrial sources (15%). In addition to local sources,
PMys can be transported long distances from sources
such as large forest fires in other parts of western
Canada, the US or more distant.

Scientific investigations in the LFV indicate that a
considerable proportion of ambient PM;s is also formed
by reactions of NOx and SO, with ammonia in the air
(mainly from agricultural sources in the LFV). Fine
particulate produced in this manner is called secondary
PM.s and accounts for a significant percentage of PM,s
in summer. Therefore, emissions of precursor gases of
secondary PM, s are also important sources in the region.

Monitoring Results

The PM,s annual average, maximum 24-hour rolling
average and Canadian Ambient Air Quality Standard
(CAAQS) values are shown in Figures S7 and 14 for 2018.
The same values are shown spatially in Figures 15, 16 and
17, respectively.
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Nearly half of all stations with sufficient data available to
calculate a CAAQS value were found to exceed the
Standard. Canadian Ambient Air Quality Standard values
for 2018 ranged from 18 to 46 pug/m?>.

Exceedances of Metro Vancouver’s 24-hour
PM_ s objective were widespread in 2018 due to
smoke from wildfires. Unprecedented levels of

PM. s were measured throughout the region and
led to the highest concentration and longest
advisory in Metro Vancouver’s history.

All but two stations (Vancouver-Clark Drive and Hope)
were below the Metro Vancouver annual objective of 8
ug/m?and most stations were above the planning goal of
6 ug/m3. Metro Vancouver’s planning goal is a longer
term aspirational target to support continuous
improvement.

Exceedances of Metro Vancouver's 24-hour PMys
objective were widespread in 2018. The region was
impacted by extensive wildfires burning throughout the
Pacific Northwest as well as in-region wildfires, a bog fire
and a large barge fire.

The PM.;s objective was exceeded on July 27 and 28 at
the Richmond-Airport station due to a bog fire in
Richmond. On July 30, a one-day PM,s advisory was
issued as a precautionary measure because of possible
wildfire smoke, however no exceedances of PM, s were
recorded on the day.

On August 9, PM, s was exceeded at Hope and an advisory
was issued for the Eastern Fraser Valley due to wildfires
burning near Agassiz, Chilliwack and Manning Park.



The following day the PM,s advisory was expanded to
include all of Metro Vancouver when several
municipalities were affected by smoke from a large barge
fire (at a metal recycling depot) in Surrey (picture below).
On August 10 and 11, PM, s was exceeded at Hope due to
wildfire smoke and New Westminster due to smoke from
the barge fire.

On August 13, widespread smoke was experienced due
to wildfire smoke from fires burning throughout the
Pacific Northwest. An unprecedented fourteen-day
advisory was issued whereby all monitoring stations in
the region experienced exceedances of the PM;s
objective. The advisory was the longest continuous
advisory in Metro Vancouver history. For three
continuous days (August 13, 14, and 15) the PMys
objective was exceeded at every monitoring station in
the LFV.

On August 17 air quality improved for two days at all
monitoring stations with the exception of Hope which
exceeded the objective on both days.

Widespread smoke returned to the region on August 19
due to wildfires burning in BC and Washington state.
Hope measured Metro Vancouver’s highest 24-hour
rolling average PM,;s concentration on record with a
concentration of 257 pug/m?3. As the smoke continued to
persist, every monitoring station was in exceedance on
August 20 and continued to be for five days straight.
August 23 was perhaps the most severe day across the
region when the 24-hour PM, s average was greater than
100 pg/m? at all monitoring stations.

On August 26 hourly PM;s concentrations improved to
below 25 pg/m3. The 14-day advisory was lifted on
August 27 making it longest and most severe air quality
advisory in Metro Vancouver history.

On September 6, a one-day advisory was issued and PM3 5
exceeded the objective at Chilliwack, North Delta, Hope,
Mission and Vancouver-Clark Drive due to smoke from
wildfires burning in BC and Washington state. On
September 7 the PM,s objective was exceeded at
Chilliwack and Hope.

Results of the wildfire smoke influence are discussed
further in Section J.

In addition to the wildfire influences there were other
PM.s exceedances that occurred throughout the year.
Exceedances were experienced in Chilliwack on October
24, Langley on October 20, 21, and 22, November 18 and
19, Pitt Meadows on November 1, Abbotsford-Mill Lake
and Mission on October 20 and 21, and Abbotsford-
Airport and Vancouver-Clark Drive on October 20. These
exceedances were thought to be a result of a
combination of fireworks, residential wood burning
and/or open burning.

Table 6 gives the frequency distribution of PMss
concentrations for the year. In 2018, Hope experienced
the highest frequency of elevated PM; s concentrations (>
25 ug/m?3), which occurred due to its proximity to the
Fraser Canyon where outflow winds transported heavy
smoke into the region.

Seasonally, PM, s levels are usually higher in the summer
with the highest values typically experienced during the
dry summer months (Figure 18), due to the secondary
formation of PM;s and smoke from wildfire activity. In
2018, the highest average and peak PM;s levels were
experienced in August.

2018 Lower Fraser Valley Air Quality Monitoring Report 21



Figure 19 illustrates the long-term PM,s trends in the LFV
with annual average and peak concentrations shown
respectively. Monitoring technology was upgraded in
2013 to continuous particulate monitors that met the
U.S. Environmental Protection Agency PM,s Federal
Equivalent Method (FEM). The FEM monitors have the
ability to measure a portion of particulate matter not
previously measured. The short-term peak
concentrations reflect the highest levels that occur,
represented by the 99" percentile of the 24-hour rolling
average for each year. Given that it will take numerous
years to establish a long-term record of PM, s with the
FEM monitor, both the TEOM and FEM data are shown
together.

In Figure 19 the TEOM data is shown as solid lines with a
grey band displaying the range of values from all TEOM
stations, while the FEM data is shown as dotted lines with
an orange band showing the range from all FEM stations.

It is evident that the FEM monitor measures higher PM; s
concentrations compared to the TEOM monitor. Long-
term average trends of the TEOM data show that 2015
was not appreciably different than previous vyears.
However, the FEM data shows a step increase compared
with the TEOM, which is a result of the FEM monitor’s
ability to measure some particles not previously
measured by the TEOM monitor.

9 4

The differences in peak trends from year to year are
driven by meteorological variability and wildfire
activities. The long-term peak trend shows that 2017 and
2018 measured much higher peak concentrations
compared with other years.

A series of diurnal plots are shown in Figure 20 for each
PM2s monitoring station. Typically, the summer exhibits
little diurnal variation while the winter displayed higher
PMs concentrations in the evenings compared with the
daytime. The evenings in winter were likely elevated due
to reduced atmospheric mixing depths coupled with
regional and local emission sources.
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Figure 14: Fine particulate (PM,;), 2018.
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Figure 18: Monthly average (left) and short term peak (right) fine particulate (PM,), 2018.
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Figure 19: Annual (left) and short term peak (right) fine particulate (PM,s) trend, 1999 to 2018.
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Note: These diurnal plots are heavily influenced by wildfire smoke events in summer and do not represent a typical annual trend.

Figure 20: Diurnal trends fine particulate (PM,s), 2018.
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Nitrogen Dioxide (NO,)

Characteristics

Of all the different oxides of nitrogen (NOx), nitric oxide
(NO) and nitrogen dioxide (NO;) are of most concern in
ambient air quality. Both are produced by the high
temperature combustion of fossil fuels, and are
collectively referred to as NOx. Nitric oxide generally
predominates in combustion emissions but rapidly
undergoes chemical reactions in the atmosphere to
produce NO,.

Nitrogen dioxide is a reddish-brown gas with a pungent,
irritating odour. It has been implicated in acute and
chronic respiratory disease and in the creation of acid
rain. It also plays a major role in ozone formation, and as
a precursor to secondary particulate formation (PMgs),
both of which can affect visual air quality in the region.

Sources

Common NOx sources include boilers, building heating
systems and internal combustion engines. In the LFV,
transportation sources account for approximately 77%
of NOx emissions, with stationary and area sources
contributing the remainder.

Monitoring Results

Figures S8 and 21 shows NO, monitoring levels in 2018,
while Figures 22 and 23 shows the same values spatially.
All 1-hour NO; concentrations continued to be below the
Metro Vancouver objective at all times in 2018. Average
levels for the year were also below Metro Vancouver’s
annual objective.

The majority of nitrogen oxides are from
transportation sources such as cars, trucks, rail,

planes and ships. These sources play a large role
in ozone formation in the summer, which can
lead to an air quality advisory.

Emissions affecting NO, concentrations are dominated by
transportation sources, which is indicated by the
locations of the highest concentrations. The highest
concentrations are measured in more densely trafficked
areas near busy roads. Lower concentrations were
observed where traffic influences were less pronounced,
such as the eastern parts of Metro Vancouver and in the
FVRD.

The seasonal trend for NOzin 2018 is shown by monthly
averages and the monthly maximum 1-hour
concentrations in Figure 24. On average, NO;
concentrations were higher in the winter and lower in the
summer. This seasonal trend is typical of the region and
is the result of lower atmospheric mixing heights in
winter along with increased residential, commercial and
industrial heating.
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The long-term NO; trends are shown in Figure 25. The
annual average and short-term peak trends are provided
in Figure 25 for the last two decades.

The trend for average and peak (98" percentile of 1-hour)
concentrations continued to decline, showing constant
improvement in NO; levels since the mid 1990’s. Long-
term changes in air quality can be attributed to changes
in emissions while the vyearly variation is likely
attributable to meteorological variability. The
improvements in the long-term trends shown here are
thought to be largely due to improved vehicle emission
standards and the AirCare program, which was operated
in BC from 1992 to 2014.

The frequency distribution of hourly concentrations
measured in 2018 is given in Table 7.

A series of diurnal plots are shown in Figure 26 for each
station that monitors NO,. The plots demonstrate the
differences between weekdays and weekends along with
differences between summer and winter. Most stations
exhibit higher concentrations on weekdays compared
with weekends and show a peak in the morning along
with a peak in the afternoon. Higher concentrations
correspond relatively well with traffic volume patterns.
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Figure 21: Nitrogen dioxide monitoring, 2018.
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Figure 24: Monthly average (left) and short term peak (right) nitrogen dioxide, 2018.
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Figure 25: Annual (left) and short term peak (right) nitrogen dioxide trend, 1999 to 2018.
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Figure 26: Diurnal trends nitrogen dioxide, 2018.
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Sulphur Dioxide (SO>)

Characteristics

Sulphur dioxide (SO;) is a colourless gas with a pungent
odour. It reacts in the air to form acidic substances such
as sulphuric acid and sulphate particles.

Brief exposure to high concentrations of SO, and its by-
products can irritate the upper respiratory tract and
aggravate existing cardiac and respiratory disease in
humans. Long-term exposure may increase the risk of
developing chronic respiratory disease.

The environmental effects of SO, and its reactive
products have been studied for many years. These
compounds can cause damage to vegetation and
buildings, they play a role in the formation of acid rain
and they may affect the natural balance of waterways
and soils. Sulphur oxides (SOx) including SO, can also
combine with other air contaminants to form the fine
particulates (PM,s) that are thought to be one of the
contributing factors in the degradation of visual air
quality in the region.

Sources

Sulphur dioxide is emitted when fossil fuels containing
sulphur are burned. The largest source of SO, emissions
in the region an oil refinery, marine vessels, a waste to
energy facility and two cement plants. The geographical
distribution of sulphur dioxide emissions is influenced
mainly by a petroleum refinery in Burnaby and ocean-
going vessels in the marine areas of Burrard Inlet,
although in recent years, marine emissions have been
reduced substantially.

Local SO, emissions are low relative to other cities of
similar size because natural gas, rather than coal or oil, is
used in almost all residential, commercial and industrial
heating in the region.

Monitoring Results

Sulphur dioxide levels measured in 2018 are shown in
Figures S9 and 27. Figure 27 displays the maximum 1-
hour and annual average concentrations for each SO,
monitoring location with sufficient data completeness
during 2018. The same values are represented spatially in
Figures 28 and 29.

Sulphur dioxide levels were below the annual objective at
all stations in 2018. The annual average SO; levels were
less than 1 ppb at all stations. Average levels remained
low in 2018 compared with previous years and can be
attributed to stricter marine fuel requirements that came
into effect at the beginning of 2015.

Average sulphur dioxide levels have improved
significantly in recent years due to stricter

requirements for lower sulphur content marine
fuels.

With the exception of Vancouver-Clark Drive and
Burnaby-Capitol Hill all stations were below Metro
Vancouver’s 1-Hour objective of 70 ppb in 2018. The 1-
hour objective was exceeded for one hour at Burnaby-
Capitol Hill in the evening of January 1 and two hours at
Vancouver-Clark Drive in the evening of April 3. All of the
exceedances were measured when winds were blowing
from the direction of the petroleum refinery in Burnaby.

The highest levels of SO, are typically measured in the
northwest (Figures 28 and 29), particularly close to the
dominant sources of SO, emissions (i.e., the petroleum
refinery, marine vessels, and port areas) in the Burrard
Inlet area.

There is little or no discernible seasonal trend in SO,
concentrations throughout the vyear (Figure 30).
However, the effect of the refinery shutdown can be seen
in February and March when it was undergoing
maintenance for two months. The stations nearest to
Burrard Inlet generally experienced the highest average
concentrations through most of the year while the
highest 1-hour measurements were recorded at
Burnaby-Capitol Hill in January, April, May, and July.

The long-term SO; trends in the LFV are shown in Figure
31. Average sulphur dioxide levels have improved
significantly in recent years due to stricter requirements
for lower sulphur content marine fuels. Overall, the
yearly variation can be attributed in part to
meteorological variability while the major long-term
changes in air quality are mainly a result of changes in
emissions.
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Long-term trends provide information to help assess the
impact of emission reduction efforts, policy changes and
technology advances. For example, emissions of SO,
declined during the early 1990s due to reduced sulphur
content in on-road fuels and reduced emissions from oil
refining and cement industries. In recent years’
measurements of both the annual short-term peak (99t
percentile of the 1-hour values) and the annual average
are markedly lower than they were in the 1990s.

The values in Table 8 represent the frequency
distribution (or count) of how many hourly average
measurements were in the specified ranges, respectively.
It is evident that stations located near the Burrard Inlet
area experience a greater occurrence of higher
concentrations compared with areas away from the Inlet.

A series of diurnal plots are shown in Figure 32 for each
SO, monitoring station. The diurnal plots illustrate the
weekday/weekend differences along with
summer/winter differences. Stations located away from
Burrard Inlet show little diurnal variation while stations
located near the inlet show trends indicative of nearby
emission sources.

The diurnal patterns of SO, measured near Burrard Inlet
in the summer are mainly influenced by wind flow and
marine and oil refinery emissions. Port Moody
experiences higher concentrations during the middle of
the day in summer when winds are blowing from marine
areas and the oil refinery toward the station.

Stations historically influenced by marine vessel
emissions such as North Vancouver-2nd Narrows and
North Vancouver-Mahon Park show attenuated levels
compared with previous years.

The Burnaby-Capitol Hill station and Burnaby North show
diurnal variation with sporadic peak SO, concentrations
during the morning and evening periods when mixing
layer depth is reduced and dispersion is limited.
Measurements of SO; at this station are influenced by its
proximity to the oil refinery.
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Figure 27: Sulphur dioxide monitoring, 2018.
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Figure 30: Monthly average (left) and short-term peak (right) sulphur dioxide, 2018.
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Figure 31: Annual (left) and short-term peak (right) sulphur dioxide trend, 1999 to 2018.
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Carbon Monoxide (CO)

Characteristics

Carbon monoxide (CO) is a colourless, odourless and
tasteless gas produced by the incomplete combustion of
fuels containing carbon. It has a strong affinity for
haemoglobin and thus reduces the ability of blood to
transport oxygen. Long-term exposure to low
concentrations may cause adverse effects in people
suffering from cardiovascular disease.

Sources

Carbon monoxide is the most widely distributed and
commonly occurring air pollutant. The principal sources
are non-road engines and motor vehicles. In the LFV,
over 91% comes from mobile sources which include cars,
trucks, buses, planes, trains, ships and non-road engines.
Other sources contributing to measured CO levels are
building heating, commercial and industrial operations,
and smoke from wildfires.

Monitoring Results

Figures S10 and 33 illustrate the results of CO monitoring
for 2018 for stations with sufficient data completeness.
Figure 33 displays the maximum 1-hour and 8-hour
average as well as the annual average for each CO
monitoring location. The same results are represented on
maps in Figures 34, 35 and 36.

Measured carbon monoxide levels were well below
Metro Vancouver’s objectives at all stations throughout
the LFV. Typically, the highest concentrations occur in the
west where highly urbanized areas experience large
volumes of traffic.

Average levels remained low throughout the LFV with the
lowest readings recorded at stations away from heavily
trafficked areas.

With the majority of CO released from cars,
trucks, buses and non-road engines, dramatic

improvements have occurred in the last two
decades due to improved vehicle emission
standards and vehicle emissions testing.

The seasonal trends for COin 2018 are plotted as monthly
average and maximum 1-hour concentrations in Figure
37. Typically average CO concentrations are higherin the
winter compared with the summer which is a result of
lower atmospheric mixing heights in winter along with
increased residential, commercial and industrial heating.
However, in 2018 some of the highest average
concentrations occurred in August when CO contained in
wildfire smoke was widespread.

Figure 38 illustrates the long-term average and peak CO
trends in the LFV. Some year-to-year variation is evident
in the peak trends, however long-term changes in air
qguality are mainly attributed to changes in emissions.
Improvements in both the average and the short-term
peak concentrations (99" percentile of the 1-hour values)
appear to be leveling off in recent years.

In the LFV average levels have decreased dramatically
since the early nineties. Declining CO concentrations are
largely due to improved vehicle emission standards and
the AirCare program, which was operated in BC from
1992 to 2014.

A series of diurnal plots are shown in Figure 39 for each
station that monitors CO. Most stations exhibit higher
winter concentrations on weekdays compared with
weekends, with many stations showing a large peak in
the morning that corresponds relatively well with
morning traffic patterns.

Stations that appear to be strongly influenced by CO
emission sources such as traffic include Vancouver-Clark
Drive where a well-defined peak is evident in the
mornings on weekdays during the winter.
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Figure 33: Carbon monoxide monitoring, 2018.
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Figure 34: Annual average carbon monoxide in the LFV, 2018.
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Figure 36: Short-term peak (maximum 8-hour) carbon monoxide in the LFV, 2018.
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Figure 37: Monthly average (left) and short term peak (right) carbon monoxide, 2018.
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Inhalable Particulate (PM1o)

Characteristics

The term ‘PMyy’ refers to airborne particles with a
diameter of 10 micrometres (um) or less. These particles
are also known as inhalable particulate matter which,
given their small size, can be inhaled and deposited in the
lungs.

Exposure to PMyo can lead to both chronic and acute
human health impacts, particularly pulmonary function.
Inhalable particulate can aggravate existing pulmonary
and cardiovascular disease, increase symptoms in
asthmatics and increase mortality. High PM1o levels can
also increase corrosion and soiling of materials, and may
damage vegetation. The smaller particles also contribute
to degraded visual air quality.

Sources

Inhalable particulate is emitted from a variety of sources
with the largest contribution from construction and
demolition activities (23%) followed by residential wood
burning (21%). Other major contributors to PM; are
industrial sources, and non-road engines and equipment.
There are also natural sources of PMyo such as wind-
blown soil, forest fires, ocean spray and volcanic activity.

Monitoring Results

Figure 40 illustrates the PMjo monitoring in 2018, while
Figures 41 and 42 shows the same values spatially.
Annual averages ranged from 7 to 14 ug/m?* which are all
below Metro Vancouver’s annual PMjoobjective.

Widespread exceedances of Metro Vancouver’s 24-hour
PM1o objective were experienced in 2018. The Metro
Vancouver 24-hour objective was exceeded on July 28
at Richmond-Airport and July 30" at Hope. Hope
exceeded for two days on August 10 and 11 followed by
a day without any exceedances. On August 13 to 24 most
stations experienced exceedances of the PMio objective
with the exception of two days (August 17 and 18) with
no exceedances at any stations. In 2018 there were fewer
days of exceedance compared with 2017 during the
summer, however 24-hour average concentrations were
higher in 2018 with multiple days of >100 ug/m? at most
stations. As discussed in the PM, s section, the 2018 year
was heavily impacted by extensive wildfires burning
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throughout the Pacific Northwest as well as three in-
region wildfires, a bog fire and a large barge fire.

In September, the Richmond-Airport station exceeded
the short-term PMygobjective for two days on September
4 and 5.

While improvements in PM3io concentrations
have occurred in the last two decades,
exceedances of Metro Vancouver’s 24-hour

PMjo objective were widespread in 2018 due to
smoke from wildfires burning throughout the
Pacific Northwest as well as three in-region
wildfires, a bog fire and a large barge fire.

Table 9 gives the frequency distribution of PMyg
concentrations for the year. In 2018, stations in Metro
Vancouver experienced the greatest frequency of high
PMio concentrations due to heavy smoke transported
from wildfires burning in July, August and September.

The seasonal trend of monthly average PM1o was similar
to previous years, with the highest concentrations
occurring during hot and dry periods of the summer
(Figure 43). The highest average and peak level
concentrations were experienced in the month of
August. These trends were a result of wildfire smoke
impacts to the region.

The long-term PMgtrends (1999 to 2018) are shown in
Figure 44 with the annual average trend provided on the
left and the short-term peak trend on the right. The
annual average PMo trend shows a general improvement
in the last 20 years. The peak trend, represented by the
99t percentile of the 24-hour rolling average also shows
a slight improvement with the exception of the last three
wildfire years (2015, 2017 and 2018). The years 2017 and
2018 were influenced by unprecedented wildfire smoke
that covered the region. The 2005 peak was the result of
a large fire in Burns Bog in Delta. The 2015 peak was also
a result of wildfire smoke that covered the region.

A series of diurnal plots are shown in Figure 45 for each
PMio monitoring station. The plots show the differences
between weekdays and weekends along with differences
between summer and winter.



Historically most stations exhibit higher concentrations
on weekdays than weekends, likely the result of greater
traffic volumes (road dust) and work related activities
(outdoor burning, agricultural activities, industrial
processes, etc.). In 2018 however, other factors including
wildfires influenced concentrations.

Winter exhibits the least diurnal variation. The summer
pattern was influenced by the wildfire events resulting in
elevated levels on weekdays due to the timing of the
smoke impacts.
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Figure 40: Inhalable particulate (PM10) monitoring, 2018.
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Figure 41: Annual average inhalable particulate (PMyo) in the LFV, 2018.
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Table 9: Frequency distribution of 24-hour rolling average inhalable particulate (PMjc), 2018.
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Figure 45: Diurnal trends inhalable particulate (PMio), 2018.

Hour of Day (PST)

Hour of Day (PST)

2018 Lower Fraser Valley Air Quality Monitoring Report

47



Black Carbon (BC)

Characteristics

Black carbon (BC) is carbonaceous material formed by the
incomplete combustion of fossil fuels, biofuels, and
biomass, and is emitted directly in the form of fine
particles (PM2s). BC is a major component of “soot”, a
complex light-absorbing mixture that also contains some
organic carbon.

The terms black carbon and soot are sometimes used
interchangeably. Although BC has a very short residence
time in the atmosphere (about a week), it is a strong
absorber of solar radiation and can absorb much more
energy than carbon dioxide (CO;). As a result, BC is
considered a “short-lived climate forcer”. Black carbon
contributes to the adverse impacts on human health,
ecosystems, and visibility associated with fine particulate
matter (PMzs).

Sources

Mobile sources are the largest contributors of BC
emissions in the LFV, emitting over 80% of the BC
emissions in the region. Non-road engines (primarily
diesel fuelled), heavy duty vehicles, rail and marine
vessels are significant sources of BC emissions. Other
significant sources in the region are biomass burning
activities, including agricultural burning, open and
prescribed burning, wildfires and residential heating.

Maximum 1-Hour Average

B Maximum 24-Hour Rolling Average

B /nnual Average
Richmond-Airport
Vancouver-Clark Drive
N. Vancouver-2nd Narrows
Burnaby South
Chilliwack
Port Moody
Abbotsford Airport

Monitoring Results

Figures 46 and 47 illustrates the results of continuous BC
monitoring for 2018. Figure 46 displays the value of the
maximum 1-hour and 24-hour average as well as the
annual average for each station with the same
information shown in a bubble plot in Figure 47.

There are no provincial, federal or Metro Vancouver
objectives for black carbon. The highest 1-hour average
BC concentration occurred at Richmond-Airport, likely
due to a local emission source for a short period of time.

In Figure 48 the seasonal trends for BC shows average
values higher in August and October with the highest
peak level occurring in June.

Black carbon is generally greater on weekdays compared
with weekends, shown in Figure 49. This trend is
especially evident at the Vancouver-Clark Drive station
where greater amounts of BC are experience in the
winter and on weekdays compared with weekends.
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Figure 46: Black carbon monitoring, 2018.
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Ultrafine Particles (UFP)

Characteristics

Ultrafine particles (UFP) consist of a combination of
suspended solids and liquid droplets having aerodynamic
diameters less than 0.1 microns (100 nanometers). These
particles are measured based on their numbers (units of
103 #/cm?3) in the atmosphere rather than fine particulate
matter that is measured based on its mass (ug/m?3).

Ultrafine particles are relatively short-lived, as compared
to longer-lived PM, s particles which may persist in the
atmosphere for up to several weeks. The short lifetime
for UFP results from their very high number
concentrations upon emission. Levels may peak near
strong UFP sources such as busy freeways. These
exceptionally concentrated UFP rapidly agglomerate
(stick together) with each other and with larger particles
(e.g. PM3;s) to yield particles with diameters larger than
0.1 microns. Agglomeration, dispersion, and advection
are the dominant atmospheric processes determining the
UFP spatial distribution. Deposition (settling onto
surfaces) plays a minor role in the UFP spatial distribution
because gravity does not have a strong influence on UFP.
Typically, the UFP level decreases exponentially to
reduced levels within 500 m of a strong source.

Sources

There are several sources of UFP, including
manufacturing, combustion sources, and nucleation
events. It is generally recognized that smaller particles
are more harmful to human health. Unlike larger
particles, UFP can penetrate pulmonary tissue, enter the
bloodstream, and circulate throughout the body.
Thereby, UFP can damage a number of internal systems
that may be inaccessible to larger particles.

P vaximum 1-Hour Average
B /nnual Average

Vancouver-Clark Drive | EEZS I ¢
| | |

Monitoring Results

Ultrafine particle monitoring has not been conducted in
the region prior to the near-road air quality monitoring
study. The results from the near-road monitoring study
are the first collected in the Metro Vancouver region due
to availability of new monitoring technology and interest
in these particles from a health perspective.

Figure 50 illustrates the results of continuous UFP
monitoring for 2018. The figure displays the value of the
maximum 1-hour and annual average for the single UFP
station that operated in 2018 using all available data.
There are currently no federal, provincial or regional air
quality objectives for UFP.

In Figure 51 the seasonal trends for UFP shows average
values higher in the winter months with the highest peak
level occurring in February. Four months (September to
December) are not shown due to data completeness
requirements not being met.

Ultrafine particles are generally greater on weekdays
compared with weekends, shown in Figure 52. The
winter weekday trend is the most prominent with a peak
count of ultrafine particles in the morning corresponding
with traffic.
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Concentration (10 #/cm?3)

Note: Data completeness requirements were not met and data is shown with all available data.

Figure 50: Ultrafine particle monitoring, 2018.
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Figure 51: Diurnal trends ultrafine particles, 2018.
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Total Reduced Sulphur (TRS)

Characteristics

Total reduced sulphur (TRS) compounds are a group of
sulphurous compounds that occur naturally in swamps,
bogs and marshes. They are also created by industrial
sources such as pulp and paper mills, petroleum
refineries and composting facilities. These compounds
have offensive odours similar to rotten eggs or rotten
cabbage, and at high concentrations can cause eye
irritation and nausea in some people.

Sources

Most public complaints regarding these odours are
associated with composting facilities and with the
petroleum refining and distribution industry located
along Burrard Inlet. A few periodic inquiries also occur as
a result of natural emissions from such locations as Burns
Bog in Delta.

Maximum 1-Hour Average
Maximum 24-Hour Rolling Average

B /nnhual Average

Port Moody
Burnaby North
Burnaby-Capitol Hill

Burnaby-Burmount

Burnaby-Kensington Park

Monitoring Results

Figure 53 illustrates the TRS measurements in 2018 for
stations with sufficient data completeness. Average
levels continued to be near or below detectable limits.
Peak levels during 2018, indicated by the maximum 1-
hour value, exceeded the Desirable Objective for a total
of eight hours and were below the Acceptable Objective.
The occurrences of elevated TRS are of short duration
and generally during the night or early morning. The
exceedances occurred in January, February, September
and October.

Metro Vancouver 1-Hour Desirable Objective (5 ppb)

Metro Vancouver 1-Hour Acceptable Objective (10 ppb)

Figure 52: Total reduced sulphur monitoring, 2018.
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Ammonia (NHs)

Characteristics

Ammonia (NHs) can contribute to the formation of fine
particles when chemical reactions occur between
ammonia and other gases in the atmosphere including
sulphur dioxide (SOz) and nitrogen dioxide (NO3). The
resulting ammonium nitrate and ammonium sulphate
particles are efficient at scattering light and can impair
visual air quality with a white haze.

Sources

The largest contribution to ammonia in the LFV comes
from the agriculture sector. The majority of ammonia
emissions come from cattle, pig, and poultry housing,
land spreading and storage of manure, and fertilizer
application.
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Monitoring Results

Continuous measurements of ammonia were made at
three sites in the monitoring network in 2018. The 2018
data are presented in Figure 54, shown as the maximum
1-hour average, maximum 24-hour rolling average and
annual average ammonia concentrations. There are no
applicable objectives for ammonia.

Continuous measurements of ammonia began in 2005.
Due to the relatively short period for which data are
available, no clear long-term trend in ammonia is evident.
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Figure 53: Ammonia monitoring, 2018.
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Section E — Non-Continuous Pollutant Measurements

Non-continuous samples are collected in accordance
with the National Air Pollution Surveillance (NAPS)
program. After collection, samples are transported to and
analyzed in a federal laboratory in Ottawa to determine
pollutant concentrations.

Analysis results of non-continuous (integrated) sampling
from the federal laboratory can take considerable time.
Therefore, analysis of non-continuous results will be
conducted when available and appended to this report.

Particulate Sampling

Non-continuous 24-hour (daily) PM2s and PMy, samples
are collected on filters every sixth day depending on the
site. Non-continuous particulate samples are collected at
five monitoring stations in the LFV and pollutant
concentrations are determined. A detailed analysis is
conducted by the federal laboratory for four of these
stations (Port Moody, Burnaby South, Abbotsford Airport
and Vancouver-Clark Drive).

Using specialized PM speciation instrumentation,
additional detailed information about the chemical
composition of PM;s is obtained from three stations in
the network (Burnaby South, Abbotsford Airport and
Vancouver-Clark Drive) as a result of analyses carried out
by the federal NAPS program. From the 24-hour samples
collected at these two sites, the various compounds that
form PMys are identified.

Volatile Organic Compounds (VOC)

Volatile Organic Compounds (VOC) refers to a
combination of organic chemicals. A large number of
chemicals are included in this group but each individual
compound is generally present at relatively low
concentrations in air compared to other common air
contaminants. The gaseous VOC present in the air can
originate from direct emissions and from volatilization
(i.e. changing into the gas phase) of substances in the
liquid or solid phase.

Locally, some VOC can be pollutants found in urban smog
and are precursors of other contaminants present in
smog such as ozone and fine particulates. Some materials
in this class (e.g. carbon tetrachloride) can contribute to
depletion of the stratospheric ozone layer and may

contribute to climate change. Other VOC (e.g. benzene)
can pose a human health risk.

Sources of VOC in Metro Vancouver include, but are not
limited to emissions from the combustion of fossil fuels,
industrial and residential solvents and paints, vegetation,
agricultural activities, cannabis production, petroleum
refineries, fuel-refilling facilities, the burning of wood and
other vegetative materials, and large industrial facilities.

Under the Canadian Environmental Protection
Act some VOC are included in the Toxic
Substances List.

Emissions of some VOC are managed under
permits and industry-specific regulations within
Metro Vancouver.

Non-continuous 24-hour (daily) sampling of VOC is
conducted every sixth or twelfth day on a national
schedule. In 2018, VOC samples were collected at eight
sites in the LFV. In cooperation with the federal National
Air Pollution Surveillance (NAPS) program, canister
sampling of VOC has been conducted in the LFV since
1988. Canisters sent to the federal laboratory are
analyzed for up to 175 VOC. These data can then be used
to help determine the emission sources contributing to
contaminants in the air.

In addition to the canister sampling, continuous
measurements of total hydrocarbons (THC) were made at
two stations in 2018, Burnaby North and Burnaby-
Burmount (results not shown). Both of these are adjacent
to petroleum industry facilities.
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Section F — Visual Air Quality Monitoring

Characteristics

When light between an object and the eye of an observer
is scattered and/or absorbed by particles and gases in the
air, views can look hazy or even be fully obscured. The
term visual air quality refers to the impacts air
contaminants have on our ability to see through the
atmosphere, affecting the appearance of views including
the distance at which the elements of a scene can be
clearly seen. It does not refer to the direct effects of
clouds, fog, rain or mist on a view.

Visual air quality studies conducted in the LFV have
concluded that the major contributor to visual air quality
impairment in the LFV is PM,sand have shown that visual
air quality degradation occurs at relatively low air
contaminant concentrations, below Metro Vancouver’s
ambient air quality objectives for PM,s. However, the
effects of visual air quality impairment can have different
characteristics in different locations within the airshed
due to the air contaminants present.

For example, in more urbanized areas of the western LFV,
nitrogen dioxide emitted when fuels are burned
contributes to the yellow-brown discolouration of the
view. Further east in the LFV, visual air quality
impairment usually occurs as white haze due to the
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presence of PMajs. Sources of particulate matter
contributing to visual air quality impairment include
anthropogenic activities as well as natural sources such
as windblown dust, soil, sea salt and smoke.

Monitoring Program

To assess visual air quality in the LFV, Metro Vancouver,
FVRD, BC Ministry of Environment and Climate Change
Strategy (BC ENV) and Environment and Climate Change
Canada (ECCC) jointly established a visual air quality
monitoring network and reporting metrics. Continuous
measurements of light scattering and the species
responsible for light absorption are complemented by
particulate  speciation  sampling,  meteorological
measurements and images of views along specific lines-
of-sight. Measurements of views or both views and air
contaminants are made at seven locations in the LFV
(Figure 55).

Light scattering measurements are made for visual air
quality analysis using nephelometers in five locations.
Aethalometers and nitrogen dioxide analyzers are also
located at these sites and are used to characterize light
absorption.
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Figure 54: Visual air quality monitoring locations in the LFV, 2018.
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Analysis of monitoring data to reconstruct light extinction
has indicated that scattering by particles generally has
the most influence on visual air quality in the LFV.
Modelling work has determined that the highest
contributions to extinction, and consequently visual air
quality degradation, in the LFV on the most impaired
visual air quality days are from particulate nitrate and
organic matter. The extent of the influence of other
species, such as particulate sulphate, on visual air quality
degradation is dependent on meteorological conditions.

Automated digital cameras are operated in the seven
locations shown in Figure 55: Chilliwack, Abbotsford, Pitt
Meadows, Burnaby, Vancouver, Richmond and Lions Bay.
The cameras in Burnaby were installed in a new location
in 2018, capturing images on lines of sight that are similar
to two of the lines of sight at the camera site operated in
previous years. Images are captured at 10 or 30 minute
intervals along specific lines-of-sight with recognizable
topographical features at defined distances.

Visual Air Quality Pilot Project

Avisual air quality pilot project was established in the LFV
by the BC Visibility Coordinating Committee (BCVCC). The
BCVCC was established in 2006 and is a collaborative
venture between Metro Vancouver, FVRD, ECCC, Health
Canada and BC ENV. An objective of the pilot project is to
determine the actions necessary to protect and improve
visual air quality in the LFV.

Key components of the pilot project include:

e The establishment and ongoing operation of a visual air
quality monitoring network;

e The development of a visual air quality reporting tool
and recommendations for a visual air quality goal;

e The identification of the causes and impacts of
impaired visual air quality in the LFV;

e An improvement of our understanding of the economic
drivers for visual air quality management; and

e The creation of a strategy to engage and inform
stakeholders and members of the public about visual
air quality issues.

Visual Air Quality Rating

A visual air quality rating (VAQR), with descriptors
ranging from excellent, good, fair, poor to very poor, is
the reporting metric developed by the BCVCC, to enhance
outreach about visual air quality in the LFV and to provide
mechanisms to track changes in visual air quality. The
VAQR was launched in 2015 and was reported for four
sites in 2018, as shown in Figure 55.

The VAQR reflects residents’ perceptions of visual air
quality conditions. Images from visual air quality
monitoring network cameras were used to survey
residents in Metro Vancouver and FVRD to relate
perceived visual air quality to measured air contaminant
concentrations and the estimated resulting optical
characteristics of the atmosphere along the line-of-sights
to the views. Visual air quality conditions recorded by the
cameras in Chilliwack and Abbotsford in 2018 are shown
in Figure 56.

Images from a selection of the visual air quality
monitoring cameras can be viewed at:
http://www.clearairbc.ca/community

Figure 55: Images showing excellent visual air quality ratings at the Chilliwack and Abbotsford sites in February

2018.

2018 Lower Fraser Valley Air Quality Monitoring Report 57


http://www.clearairbc.ca/community

Section G — Meteorological Measurements

Purpose

An understanding of meteorology is integral in
understanding and forecasting air quality and visual air
quality patterns. The state of the atmosphere determines
pollutant dispersion and the resultant ground-level
concentration. Meteorology is observed at LFV air quality
monitoring network stations for several purposes:

eTo allow for a characterization of meteorological
patterns throughout the LFV.

e To assist with the linkage between pollutant emission
sources and ambient concentrations.

e To provide data to be used as input in dispersion
modelling.

eTo provide real-time data to numerous agencies
including Environment Canada, which are used for
weather and air quality forecasting in the region.

It should be noted that the LFV network’s primary
purpose is for the collection of air quality measurements
and secondary purpose is for meteorological observation.
Attempts have been made to site meteorological
instruments to provide representative observation,
however due to restrictions at some stations, not all
instruments are sited to capture spatially representative
measurements.

Monitoring Program

Various meteorological parameters are observed as part
of the LFV air quality monitoring network (see Section C
Table 2). Meteorological parameters observed in the
network include:

wind speed and direction
air temperature

relative humidity
precipitation

barometric pressure
incoming solar radiation
net radiation

Wind speed and direction observations allow for the
characterization of pollutant transport and dispersion
and are used to understand the relationships between
pollutant sources and measurements at air quality
monitoring stations.

Air temperature and incoming solar radiation
measurements can be used to determine the potential
for ozone formation during the summer. Ozone
concentrations are dependent on sunshine to cause
photochemical reactions among air pollutants. Higher air
temperatures are necessary for these reactions to occur.
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Humidity is important in the formation and growth of
visibility reducing particles, and its measurement is a key
to understanding the many factors responsible for visual
air quality degradation.

Precipitation can remove particles from the atmosphere
and may help explain differences in air quality from one
part of the region to another. In addition, precipitation
data are used by Metro Vancouver’'s Wastewater
Collection and Watershed Management functions.

Meteorological Observations

Figure 57 shows the annual precipitation totals for 2018
at Lower Fraser Valley air quality monitoring network
stations. The greatest precipitation was observed near
the local mountains. Historical 30-year climate normals
(1981-2010) obtained from Environment Canada are also
shown in Figure 57 for several stations. Figure 57 displays
the seasonal variation as observed by the LFV air quality
network stations (shown as a blue band). Historical 30-
year climate normals (1981-2010) obtained from
Environment Canada are also shown in Figure 58 for
Vancouver International Airport, Port Moody and
Chilliwack.

Compared to climate normals, monthly precipitation in
2018 was drier in May, July and August, and was wetter
in January, April, September, November and December.

Figure 59 illustrates the seasonal variation of air
temperatures observed throughout the monitoring
network stations. The hourly maximum and minimum,
daily maximum and minimum, and average temperatures
are given with the range in values shown as bands. Also
shown in Figure 59 are the 30-year climate normals
(1981-2010) for Environment Canada’s Vancouver
International Airport and Agassiz stations.

The data observed in 2018 indicate that average
temperatures recorded in May, July, August, November
and December were warmer than the 30-year average.
During these months’ higher averages and daily
maximums were experienced compared with the climate
normals. The highest air temperatures were measured in
August. February, March and September was on average
cooler than normal.

Table 10 provides the average temperature along with
the lowest and highest hourly air temperatures observed
throughout the year. Air temperatures are milder near
the water and exhibit a greater range inland. The highest

hourly temperature in 2018 was 34.7°C observed at
Chilliwack.

Table 11 gives the frequency distribution of hourly air
temperature for the year. Stations located inland, such as
those in eastern parts of Metro Vancouver and the Fraser
Valley Regional District exhibit the greatest frequency of
both very low and high air temperatures.

Wind patterns vary between stations as shown by the
frequency distributions in Figure 60. The distributions are
shown as a “wind rose”, which is a bar chart in a polar
format. The direction of the bar indicates the direction
from which the wind is blowing, the colour indicates the
wind speed class and the length of the bar indicates the
frequency of occurrence.

Figure 60 shows observed annual wind roses for selected
stations including (in order of west to east): Horseshoe
Bay, Richmond-Airport, Burnaby North, Pitt Meadows,
Abbotsford Airport, Chilliwack, and Hope. The patterns
shown during 2018 reflect the predominant winds in
those areas. Richmond exhibits a predominant easterly
wind with a smaller component from the west, and very
little wind from either the north or south. Horseshoe Bay
shows wind patterns aligned with Howe Sound with a
strong north-south component.

The year 2018 included a wetter than normal

winter, dryer than normal spring and hot dry
summer.

Burnaby North shows several northerly wind
components along with a predominant east-north east
component. This wind pattern is reflective of the North
Shore mountain wind flows and drainage flow from
Indian Arm. Pitt Meadows shows a somewhat similar
pattern with predominant directions from the valleys of
Pitt Lake and Alouette Lake. Abbotsford, Chilliwack and
Hope experience similar wind flow patterns, with strong
east-west components driven by the channelling of winds
in the narrower portion of the Fraser Valley.

Figures 61 to 64 show wind roses for winter, summer,
spring and fall, respectively. The contrast between
winter and summer can be seen in Figures 61 and 62 with
winds predominantly from the east in winter switching to
southwest in summer. The more westerly flow seen in
the summer is the development of a daytime sea breeze
during anti-cyclonic (high pressure) weather.
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Figure 56: Annual precipitation totals in the LFV, 2018.
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Figure 58: Monthly air temperatures in the LFV, 2018.
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Figure 60: Selected annual wind roses throughout the LFV, 2018.
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Table 10: Air temperature in LFV, 2018.

Station Hourly Maximum Hourly Minimum Annual Average
(°C) (°C) (°C)
Chilliwack 34.7 -6.3 11.3
Abbotsford-Mill Lake 34.5 -6.1 11.1
Hope 34.2 9.1 10.7
Maple Ridge 34.1 -6.7 11.0
Agassiz 34.1 -6.8 11.5
Mission 33.8 -6.4 111
Pitt Meadows 33.6 -9.2 10.9
Abbotsford Airport 334 -5.8 10.9
Langley 333 -7.9 10.7
Burnaby-Burmount 33.0 -5.2 11.6
Surrey East 32.9 -5.8 11.1
Coquitlam 32.9 -6.0 11.0
Annacis Island 32.5 -4.5 12.1
Burnaby South 32.3 -3.3 114
Port Moody 32.2 -6.8 11.0
North Delta 31.8 -6.7 10.3
Burnaby-Kensington Park 31.7 -4.7 10.9
Vancouver-Clark Drive 315 -6.0 11.5
Horseshoe Bay 30.9 -4.5 10.9
Richmond South 30.8 -6.3 11.1
Burnaby North 30.7 -5.5 11.2
Burnaby-Capitol Hill 30.5 -5.7 10.3
N. Vancouver-Mahon Park 30.0 -6.1 11.0
Vancouver-Templeton 29.8 -5.7 10.9
Burnaby Mountain 29.3 -7.2 9.4
Tsawwassen 29.2 -5.7 10.8
Richmond-Airport 29.0 -4.4 11.4
Vancouver-Portside 28.9 -4.0 11.3
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Figure 59: Winter (Jan, Feb, Dec) representative wind roses throughout the LFV, 2018.
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Figure 60: Summer (Jun, Jul, Aug) representative wind roses throughout the LFV, 2018.
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Figure 61: Spring (Mar, Apr, May) representative wind roses throughout the LFV, 2018.
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Figure 62: Fall (Sep, Oct, Nov) representative wind roses throughout the LFV, 2018.
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Section H —Specialized Monitoring Initiatives

Specialized air quality monitoring studies complement
the monitoring network. The studies typically allow for
characterization of air quality at finer spatial scales, such
as at the neighbourhood scale, and allow investigation of
air quality problems on the local scale. The regional
monitoring network may not be ideally suited to address
local scale issues and therefore performing specialized
local air quality studies is an important component to
characterizing air quality in the LFV.

A Mobile Air Monitoring Unit (MAMU) that is capable of
monitoring particulate and gaseous pollutants along with
meteorology is utilized throughout the region to conduct
specialized air quality studies. In addition to MAMU,
Metro Vancouver utilizes small mobile units along with
several portable air quality monitors.

Specialized studies in 2018 included an air quality
monitoring study at Tsleil-Waututh Reserve Lands in
North Vancouver. The purpose of the study was to gain
a better understanding of sulphur dioxide (SO,) levels in
the area and contributing emission sources, such as the
nearby oil refinery and marine vessels. The study
compares air quality levels to Metro Vancouver’s
ambient air quality objectives and to other areas
monitored by Metro Vancouver in the region and
specifically the Burrard Inlet Area.
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Section | — Monitoring Network Operations

Network History

Air monitoring in the region began in 1949, when the City
of Vancouver established a dustfall monitoring network.
Monitoring for total suspended particulate was added in
later years. Following the Pollution Control Act (1967),
provincial air quality programs initiated monitoring of
dustfall and total suspended particulate in other areas of
the region.

In 1972, provincial and municipal air quality
responsibilities were transferred to Metro Vancouver,
including operation of air quality monitoring programs. In
1998, a Memorandum of Understanding established
cooperative management of the monitoring network by
both Metro Vancouver and the Fraser Valley Regional
District.

Continuous monitoring of gaseous pollutants began in
1972 under the auspices of the federal National Air
Pollution Surveillance (NAPS) program. Several new
stations were established to measure SO,, O3, CO, NOx
and VOC. Over the years, stations and equipment have
been added or removed in response to changing air
quality management priorities. Mobile Air Monitoring
Units and portable instruments provide added flexibility
to carry out measurements at many locations. Some
monitoring is part of co-operative programs with industry
and other governments.

Monitoring Network Partners

Several partners contribute to the on-going management
and operation of the Lower Fraser Valley Air Quality
Monitoring Network. The government partners include:

e Fraser Valley Regional District

e Environment and Climate Change Canada

e BC Ministry of Environment and Climate Change
Strategy

Other monitoring network partnerships:

e The Vancouver International Airport Authority
provides partial funding for the Vancouver
International Airport station (T31).

e Parkland Refining (BC) Ltd. provides funding for the
Burnaby North (T24) and Capitol Hill (T23) stations.

e Trans Mountain Pipeline LP provides funding for the
Burnaby-Burmount (T22) station.

e Port of Vancouver provides funding for the
Tsawwassen (T39) station in Delta.

Metro Vancouver continues to operate and maintain the
monitoring stations and equipment, and to collect real-
time data from the regional monitoring network on
behalf of all partners.
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Hastings Saw Mill, Vancouver and ships loading lumber, 1896 (Courtesy of City of Vancouver Archives).
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Federal Government

Metro Vancouver co-operates with the federal
government by providing field services for three major
nation-wide sampling programs under the National Air
Pollution Surveillance (NAPS) program of Environment
Canada.

e Canister sampling of VOC has been conducted in the
LFV since 1988. The federal government supplies
equipment and Metro Vancouver staff provide field
exchange of canisters, -calibration and routine
maintenance. Sample canisters are sent to the federal
laboratory in Ottawa, for analysis of up to 175 VOC.

o A second program involves dichotomous particulate
sampling at three sites. This long-term program
samples PM at two size fractions: 10 to 2.5 um (coarse),
and under 2.5 pum (fine). Samples are collected every
sixth day, and returned to Ottawa for detailed chemical
analysis.

eIn 2003 a PM,s speciation sampling program was
initiated. Particulate speciation samplers are operated
at the Burnaby South and Abbotsford Airport stations.
PM.s samples are taken every sixth day in specially
designed cartridges. The samples are sent to the federal
laboratory in Ottawa where they are analyzed for
various particulate species.

Quality Assurance and Control

Air quality monitoring data is regularly reviewed and
validated. Technicians perform regular inspections and
routine maintenance of the monitoring equipment and
stations.

In addition, technicians perform major repairs to any
instrument in the network, as required. Through the data
acquisition system, technicians can check on instruments
remotely prior site visits. This system also allows for
calibration of the instruments either automatically or
upon demand. Portable calibration equipment is used to
evaluate instrument performance.

Continuous air quality monitors are subject to
performance audits and multi-point calibration every
four to six months. In addition, all other instruments and
samplers in the network are subjected to annual and/or
biannual calibrations. All reference materials and quality
control procedures meet or exceed Environment Canada
and/or U.S. Environmental Protection Agency
requirements. Metro Vancouver coordinates quality
assurance procedures and activities with both the
provincial and federal government.

Database

Data from continuous air quality analyzers are
transmitted to Metro Vancouver’s central database using
internet, phone lines and cellular links. Hourly averages
for each monitor are calculated from the one-minute
data and stored in the database. For a measurement to
be considered valid (and stored for further use), at least
75% of the relevant data must be available. Calibration
data and instrument diagnostics are also retained by the
data acquisition system
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Section J —Wildfires, Air Quality Events and Climate Change

Significant events have occurred in the past that have
impacted air quality within the Lower Fraser Valley.
Historically, these events have occurred relatively
infrequently and are not unique to the region. They
include large structural fires, dusting events and
wildfires. In the last 30 years, notable events have
included 1998 long-range transport of dust from Asia,
2005 Burns Bog fire, 2012 Siberian wildfires, and 2015,
2017 and 2018 Pacific Northwest wildfires.

In recent years, wildfire activity has increased in severity,
become more widespread and have been linked to a
changing climate. Wildfires produce considerable
amounts of smoke that can be transported great
distances. Wildfire smoke is a complex mixture of many
gases and small particles. The mixture can change quickly
depending on the weather, what is burning, the
temperature of the fire, and how far the smoke has
travelled. Of all the pollutants in wildfire smoke, fine
particulate matter (PM.s) poses the greatest risk to
human health.

Locally, the presence of wildfire smoke can result in two
differing outcomes for ground-level ozone production.
Wildfire smoke can either enhance or inhibit ozone
production depending on the amount of smoke present.
The mixture of chemical contaminants in wildfire smoke
includes ozone precursors which can enhance the ozone
production to levels not typically experienced in the
region. A past study by Teakles et al. (2017)! indicated
that a wildfire smoke event in 2012 was responsible for
an enhancement of 8-hour ozone concentrations at
coastal B.C. sites by as much as 10 ppb. Conversely, if the
wildfire smoke becomes dense enough, the smoke can
block solar radiation, decrease air temperatures and
inhibit the production of ozone. Effects of both inhibition
and enhancement of ozone due to smoke have been
experienced in the LFV.

Wildfires and Air Quality

Historically, episodes of degraded air quality due to
smoke from wildfires outside the region have been
infrequent. Since 2015, however, wildfire smoke impacts
have increased significantly. In 2015 eight air quality

1 Teakles, A.D., So, R., Ainslie, B. et al. (2017) Impacts of the
July 2012 Siberian fire plume on air quality in the Pacific
Northwest. Atmos. Chem. Phys. 17, pp. 2593-2611.
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advisory days occurred due to wildfire smoke, primarily
associated with large fires north of Pemberton. There
were no air quality advisories in 2016, while 2017 and
2018 experienced significant and lengthy smoke-related
air quality impacts due to wildfires burning throughout
the Pacific Northwest, including BC and the US. There
were 19 advisory days in 2017 and 22 advisory days in
2018, the most in Metro Vancouver’s history.

In 2018, the total number of fires in British Columbia
were nearly twice as many as 2017. In 2018, the total area
burned was over three times greater than the 10-year
average with 13,543 km? burned while the 10-year
average was 3,690 km? (Table 11).

Table 11. Total fires and area burned in British
Columbia.

Year Total Fires | Area Burned (km?)

2015 1,858 2,806

2016 1,050 1,004

2017 1,353 12,161

2018 2,117 13,543
10-year average 1,758 3,690

The 2018 wildfire season was one of the worst in British
Columbia’s history, with the largest area burned. This led
to the most air quality advisory days that the region has
experienced in a single year. Figure 65 shows
summertime exceedance days due to elevated PM;sin
three wildfire years: 2015, 2017 and 2018. The colour
corresponds to the maximum PM.,s 24-hour rolling
average with dark red signifying concentrations greater
than 100 pg/m?.

In 2015, Vancouver was the most severely impacted in
the region by smoke coming from wildfires burning in
Pemberton and Sechelt. The highest maximum 24-hour
rolling average of PM,s within the region was measured
at Vancouver-Clark Drive with a concentration of 121.5
ug/m3. In 2017, the most severe episode occurred during
an 11-day period when outflow winds brought smoke
from wildfires burning in the BC Interior resulting in the
highest 24-hour rolling average of 101.8 ug/m? at Hope.



In 2018, the region was impacted by extensive wildfires
burning throughout the Pacific Northwest as well as
several in-region wildfires, a bog fire and a large barge
fire. The region experienced unprecedented wildfire
smoke impacts in 2018 with the highest maximum 24-
hour average PM;s concentration measured on record
(257 ug/m?*in Hope) during the longest advisory in Metro
Vancouver’s history (14 continuous days).

In 2018, the PM3 5 objective was exceeded on July 27 and
28 at the Richmond-Airport station due to a bog fire in
Richmond. The bog fire resulted in intermittently
elevated PM; s in surrounding municipalities but did not
result in exceedances at any other monitoring station.

During this period there was also wildfire smoke present
from distant fires in Siberia and Alaska, although the
smoke was not thought to have contributed significantly
to elevated PM levels. The smoke contributed to a
noticeable haze throughout the region. On July 30, PM3s
concentrations remained high and a one-day PMss
advisory was issued as a precautionary measure,
however no exceedances of PM; s were recorded on the
day.

On August 9 a PM; s advisory was issued for the Eastern
Fraser Valley due to wildfires burning in Agassiz (High
Creek), Chilliwack (Nixon Road) and east of Manning Park.
At the time, there was also a small wildfire burning in
West Vancouver (near Whyte Lake) producing some
localized smoke in Howe Sound. In a satellite image taken
on the day of the advisory (Figure 66) smoke can be seen
in the Fraser Canyon extending into the eastern portion
of the Fraser Valley Regional District.

The following day the PM; s advisory was expanded to
include Metro Vancouver when several municipalities
were blanketed with smoke from a large barge fire in
Surrey. The fire broke out at a metal recycling facility in
Surrey in the early morning hours of August 10 and smoke
extended into New Westminster, Burnaby and
Coquitlam. The barge fire resulted in exceedances of the
PM.s objective at the New Westminster monitoring
station while at the same time Agassiz and Hope were in
exceedance due to wildfire smoke at the eastern end of
LFV. The air quality advisory was cancelled on August
11,

On August 13, widespread smoke was experienced due
to wildfire smoke from fires burning throughout the
Pacific Northwest (Figure 66). An unprecedented
fourteen-day advisory was issued whereby all monitoring
stations in the region experienced exceedances of the

PM..s objective. The advisory was the longest continuous
advisory in Metro Vancouver history, lasting from August
13 to 27. For three continuous days (August 13, 14, and
15) the PM, s objective was exceeded at every monitoring
station in the LFV.

On August 17 with the onset of the afternoon sea-breeze,
cleaner marine air displaced the smoke (Figure 66).
However, the smoke returned the following afternoon
and widespread smoke was again experienced
throughout the region (Figure 66). Hope measured Metro
Vancouver’s highest 24-hour rolling average PMy;s
concentration on record on August 19 with a
concentration of 257 pg/m3. As the smoke continued to
persist, every monitoring station was in exceedance on
August 20 and continued to be for five days straight.
August 23 was perhaps the most severe day across the
region when the 24-hour PM; s average was greater than
100 pg/m? at all monitoring stations.

It was not until the morning of August 26 when the hourly
PM,s concentrations returned to below 25 pg/m3. The
14-day advisory was lifted on August 27 making it the
longest and most severe air quality advisory in Metro
Vancouver history.

Smoke returned to the region in the afternoon of
September 5 and a one-day advisory was issued on
September 6 when several monitoring stations exceeded
the 24-hour PM, s objective. Satellite imagery showed the
smoke likely originated from wildfires burning east of
Manning Park.

In 2018, there were summer ozone exceedances on 12
days with more than half of the days thought to be
influenced and enhanced by the presence of smoke. The
enhancement of ozone due to wildfire smoke can result
in exceedances of Metro Vancouver’s ozone objectives in
locations that do not typically experience exceedances
such as the western portion of Metro Vancouver. A good
example of a smoke influenced day in 2018 occurred on
August 21 when smoke was prevalent throughout the
region. On this day the 1-hour and 8-hour ozone
objectives were exceeded throughout the region
including the following western stations: Burnaby-
Kensington Park, Richmond-South, and North Vancouver-
Mahon Park.

Exceedances in the western portion of Metro Vancouver
(i.e., North Vancouver) are not common and it is thought
that ozone was enhanced on August 21 due to wildfire
smoke that was prevalent throughout the region.
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Figure 63: Comparison of exceedances days on three wildfire influenced years: 2015, 2017, and 2018.
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Figure 64: Satellite imagery taken from NASA Worldview during days impacted by wildfire smoke in 2018.
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Climate Change

Climate projections indicate the region will experience
hotter, drier summers and wetter, warmer winters. A
warming climate is likely to increase frequency and
duration of wildfires and associated smoke impacts,
while also increasing in-region ground level O3 formation
through the intensity and duration of summer
heatwaves.

A study focused on the extreme 2017 wildfire season in
British Columbia, found that human-induced climate
change contributed greatly to the extreme warm
temperatures, high wildfire risk, and large burned areas
(Kirchmeier-Young, Gillett, Zwiers, Cannon, & Anslow,
20192). The authors concluded that as the climate
continues to warm, it can be expected that extreme
wildfire seasons like 2017 in BC will become more likely
in the future.

Public awareness of air quality and health has also grown
with the recent summer wildfire smoke impacts. The
public has inquired about air quality, health effects, and
steps that can be taken to reduce their own health risk
during these events. Since late 2017, Metro Vancouver
has been working with local health authorities, BC Centre
for Disease Control, Health Canada, the BC MOECSS, the
FVRD and experts from outside BC to develop
communication materials for residents on wildfire smoke
health impacts and interventions for reducing these
impacts.

Metro Vancouver is also looking at further developing
collaborations, such as working with member
jurisdictions on provision of air quality shelters, to ensure
that people will be better protected from the health
impacts of wildfire smoke going forward.

Metro Vancouver’s updated air quality management
plan, now referred to as the Clean Air Plan, considers the
increasing impacts of wildfire activity when developing
strategies and actions to reduce health risk for Metro
Vancouver residents. In parallel, Metro Vancouver’s
series of Climate 2050 Roadmaps identifies actions that
will help the region adapt to climate-related impacts on
regional air quality. For example, a warming climate is
likely to increase frequency and duration of wildfires and
associated smoke impacts, while also increasing in-region
ground-level ozone formation through the intensity and
duration of summer heatwaves.

2 Kirchmeier-Young, M. C., Gillett, N. P., Zwiers, F. W.,
Cannon, A. J,, & Anslow, F. S. (2019). Attribution of the
Influence of Human-Induced Climate Change on an Extreme
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Appendix A — 2018 Non-Continuous Pollutant Measurements

This appendix summarizes non-continuous pollutant
measurements collected from air quality stations in the
Lower Fraser Valley (LFV) Air Quality Monitoring Network
in 2018 and describes related monitoring activities and
programs conducted during the year.

Air Quality Measurements

The LFV Air Quality Monitoring Network primarily
employs continuous monitors which provide data in real-
time every minute of the day. The network also contains
specialized air quality monitors that sample the air on a
non-continuous basis. Non-continuous 24-hour (daily)
samples are collected on filters and/or in canisters every
sixth or twelfth day depending on the site.

Non-continuous samples of volatile organic compounds
(VOC) and particulate are collected throughout the LFV.
VOC refers to a group of organic chemicals. A large
number of chemicals are included in this group but each
individual chemical is generally present at relatively low
concentrations compared to other common air
contaminants. These data can then be used to help
determine the emission sources contributing to the
contaminants in the air.

Non-continuous samples are collected in accordance
with the National Air Pollution Surveillance (NAPS)
program. After collection, samples are transported to
and analyzed in a federal laboratory in Ottawa to
determine pollutant concentrations. Obtaining results of
non-continuous sampling from the federal laboratory
may introduce a time lag compared to continuous
monitoring, and thus this report has been produced as an
appendix.

Particulate Sampling

Non-continuous 24-hour (daily) fine particulate (PMys)
and inhalable particulate (PMio) samples are collected at
monitoring stations in the LFV. A detailed analysis is
conducted for four of these stations (Port Moody,
Burnaby South, Abbotsford Airport and Vancouver-Clark
Drive) which includes some trace metals, sulfate, nitrate,
ions, and elements.

Using specialized instrumentation that is able to provide
‘speciation’ of particulate matter, detailed information

about individual chemical constituents and composition
of fine particulate is obtained from three stations
(Burnaby South, Abbotsford Airport, Vancouver-Clark
Drive). Various compounds that form PM, s are identified,
including additional trace metals such as iron, vanadium,
and lead and other additional elements, as well as
ammonia, elemental and organic carbon, volatile nitrate
and acidic precursors.

Volatile Organic Compounds (VOC)

While there are many thousands of organic compounds
in the atmosphere that meet the definition of a VOC, the
NAPS measurement program focuses on VOC that are
important precursors in ozone formation and/or are
known to have toxic effects. In order to report and track
the most important VOC in relation to these two main
focus areas, a number of priority VOC, as defined below,
have been selected and reported in this appendix.

VOC species have a range of photochemical reactivity,
and thus potential to lead to ozone formation. In the
report Metro Vancouver VOC Policy Options Review
(2015), a ranking of VOC is presented based on work by
Environment and Climate Change Canada that classified
the reactivity of the VOC species and their relative
abundance in the LFV. The top ranked VOC for ozone
formation in LFV were ethylene, 1-butene/isobutene,
isoprene, 2-methyl-2-butene, and m- and p-xylene.

Toxic VOC have been identified as a concern from a
human health perspective due to known acute or chronic
health effects. The Toxic Air Pollutants Risk Assessment
(2015) for the LFV commissioned by Metro Vancouver
identified high priority toxic VOC in the LFV based on
cancer and/or non-cancer health risks associated with
measured 2010 VOC levels. The study identified high
priority VOC based on estimated health risks:
formaldehyde, benzene, acrolein, acetaldehyde and 1,3-
butadiene.

Acrolein was reported in previous years, however the
NAPS program no longer includes acrolein, which they
have indicated is due to inadequacies found in the
sampling method. The NAPS program will determine
validity of historical measurements and if measurements
of acrolein will be provided in future years.
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Non-Continuous PM;.5s and PM1o Sampling

Non-continuous 24-hour (daily) PM.s samples are
collected on filters every sixth day in accordance with the
NAPS program schedule. After sample collection, the
filters are weighed in the laboratory to determine PM;s
concentrations.

Figure Al presents maximum daily and average PM;s
values from the non-continuous monitors that operated
in 2018. Data provided by non-continuous samplers
remained below Metro Vancouver's 24-hour PM;s
objective while measurements collected by the
continuous monitors exceeded the objective. An
unprecedented twenty-two-day air quality advisory was
issued due to smoke that blanketed the region
transported from wildfires burning outside our region.
Non-continuous measurements were considerably lower
than the continuous record mainly due to the sampling
schedule (i.e., non-continuous sampling is midnight to
midnight every one in six days and while the continuous
monitor measures every hour of every day). Continuous
measurements are provided in Section D. Stations were
below the Metro Vancouver annual objective of 8 ug/m?.

Using specialized particulate matter speciation
instrumentation, detailed information about the
chemical composition of PM,s is obtained from three

stations in the network (Burnaby South, Abbotsford
Airport, Vancouver-Clark Drive) as a result of analysis
carried out by the federal NAPS program. From the 24-
hour samples collected at these three sites, the various
compounds that collectively contribute to overall PM;s
are identified in a federal laboratory. A detailed
laboratory analysis by NAPS is also carried out on the
filter samples collected in Port Moody. These detailed
data are not shown in this report.

Non-continuous sampling provides the longest record of
PM,s measurements in the LFV. Figure A2 shows PMys
measurements made in Port Moody over the last two
decades. The short-term peak concentrations reflect the
highest levels that occur, represented by the 99%
percentile of the 24-hour average for each year.

Historically, the average long-term trend shows a slight
decline in concentrations while peak trends show
considerable variability. The differences in peak trends
from year to year are likely driven by meteorological
variability and wildfire activities. Most evident in the
long-term peak trend is that in both 2015 and 2017
historically high concentrations were measured, a result
of the unprecedented wildfire smoke that inundated the
region.

P Maximum Daily Average

Metro Vancouver Annual Objective (8 pg/m?)

I ~nnual Average

|
*Metro Vancouver Planning Goal (6 ug/m?)

Port Moody
*Abbotsford Airport
Burnaby South

Vancouver-Clark Drive

Metro Vancouver 24-Hour Objective (25 ng/m?)

| | | | |
25 30 35 40 45 50

Concentration (ug/m?)

* Metro Vancouver’s Planning Goal of 6 ug/m? is a longer term aspirational target to support continuous improvement.

*Data completeness criteria was not met at this station.

Figure Al: Non-continuous particulate (PM2.5) monitoring, 2018.

Appendix A — 2018 Non-Continuous Pollutant Measurements A2



PM, s Concentration (ug/m?)
1A w
(=] o
| |

-
o
|

0 -

I Short-Term Peak
el Annual Average

Figure A2: Fine particulate (PM.;s) trends at Port Moody, 1999 to 2018.

Non-continuous 24-hour (daily) PM coarse fraction
(PMyo - PM,s) samples are collected on filters every
sixth day in accordance with the NAPS program
schedule. After collection, samples are weighed in a
laboratory to determine the PM coarse fraction
concentrations during the sampling period. PMyg is the
sum of PM; s and the PM coarse fraction.

Figure A3 presents maximum daily average and annual
average PMj, values from the non-continuous

B  Maximum Daily Average
I ~nnual Average

monitors that operated in 2018. Values calculated by
the non-continuous monitors did not exceed Metro
Vancouver’s PMo objectives. However, the maximum
24-hour rolling averages measured by the continuous
monitors exceeded the objective at all monitoring
stations as described in Section D. The timing of the
non-continuous sampling schedule resulted in the
avoidance of the maximum peaks measured by the
continuous monitors.

Metro Vancouver Annual Objective (20 ug/m?)

*Abbotsford Airport
Vancouver-Clark Drive

Burnaby South

*Data completeness criteria was not met at this station.

I
40 50 60 70

Concentration (ug/m?)

Figure A3: Non-continuous inhalable particulate (PMio) sampling, 2018.
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Volatile Organic Compounds (VOC)

Volatile organic compounds are organic compounds
containing one or more carbon atoms that have high
vapour pressures and therefore evaporate readily to the
atmosphere. In 2018, VOC samples were collected at
eight sites in the LFV. In cooperation with the federal
NAPS program, canister sampling of VOC has been
conducted in the LFV since 1988. Canisters sent to the
federal laboratory are analyzed for up to 175 species of
VOC.

For analytical purposes, VOC can be considered either
nonpolar (i.e., hydrocarbons and halogenated
hydrocarbons) or polar (i.e., compounds containing
oxygen, nitrogen, sulphur, etc.). Nonpolar VOC can be
characterized by sampling with evacuated metal
canisters and well-established analytical methods. In
contrast, polar VOC require specialized sampling and
analytical methods to measure trace levels because of
their chemical reactivity, affinity for metal and solubility
in water. Because of this, polar VOC were only measured
at two locations (Port Moody and Abbotsford-Airport) in
2018.

Characteristics

VOC refers to a class of organic chemicals that can
vaporize into the atmosphere at normal ambient
temperatures and pressures. This group comprises many
chemicals but individual compounds are generally
present at low concentrations in air compared to other
common air contaminants.

Locally, VOC can be found in urban smog and are
precursors to the formation of other contaminants
present in smog such as ozone and fine particulates.
Some VOC (e.g. carbon tetrachloride) can contribute to
depletion of the stratospheric ozone layer and may
contribute to climate change. Other VOC (e.g. benzene)
can pose a human health risk.

Under the Canadian Environmental Protection
Act some VOC are included in the Toxic
Substances List.

Emissions of some VOC are managed under
permits and industry-specific regulations within
Metro Vancouver.

Sources

VOC can originate from direct emissions, volatilization
(i.e. changing into the gas phase) of substances in the
liquid or solid phase, and formation from precursor
pollutants via chemical reactions in the atmosphere.
Sources of VOC in Metro Vancouver include, but are not
limited to, emissions from the combustion of fossil fuels,
evaporation from industrial and residential solvents and
paints, vegetation, agricultural activities, petroleum
refineries, fuel-refilling facilities, the burning of wood
and other vegetative materials, and large industrial
facilities.

Monitoring Results

Figure A4 shows the maximum daily total VOC and
average total VOC from each VOC monitoring station in
2018. The data indicates that the highest average total
VOC levels were measured at stations close to specific
industrial sources near Burrard Inlet along with the near-
road monitoring station at Vancouver-Clark Drive. The
highest daily total VOC concentration was observed at
Burnaby-North on June 13, 2018.

Figure A5 provides data from 1999 to 2018 from
sampling undertaken at the Port Moody station as an
example of the long-term trends in total VOC
concentrations. Both annual average and short-term
peak (95" percentile) VOC concentrations have
decreased since the 2000s. However, there as been a
slight upward trend in average VOC concentrations since
2012.
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Figure A4: Total VOC monitoring, 2018.
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Figure A5: Total VOC trends at Port Moody, 1999 to 2018.
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Ethylene

Characteristics Monitoring Results

Ethylene has been prioritized for monitoring in the Figure A6 illustrates the results of ethylene monitoring in
region because of its ozone producing potential. 2018. Figure A6 displays the maximum daily
Ethylene, also known as ethene, has the chemical concentration as well as the annual average for each
formula C;H4. Itis a colorless gas with a sweet odour and ethylene monitoring location. The highest average and
taste. Ethylene is degraded in the atmosphere by peak concentrations occurred at Vancouver-Clark Drive.

reactions with hydroxyl radicals, ozone and nitrate
radicals and is the number one ranked VOC in the LFV for
its ozone producing potential.

Ethylene is the number one ranked VOC for its
ozone producing potential in the LFV.

Sources Concentrations have steadily declined over the
last two decades.

Ethylene occurs naturally and is also manufactured for a
number of uses. Ethylene is a natural product emitted by
fruits, flowers, leaves, roots, and tubers. Ethylene is also
emitted from the burning of vegetation, agricultural
wastes, and refuse, and from the incomplete combustion
of fossil fuels. Globally, biomass burning to clear land for
agriculture or other uses is the largest source of
anthropogenic ethylene emissions, followed by
combustion of fossil fuels, which is estimated to be the
largest anthropogenic ethylene emissions source in the
LFV. Cigarette smoke contains ethylene, and it is also
used as a chemical intermediate and precursor in
industrial organic synthesis, in the welding and cutting of
metals, as a plant growth regulator, and as a refrigerant.

Figures A7 and A8 illustrate the long-term average and
peak ethylene trends in the LFV, respectively. Average
levels have continually decreased at all sites in the last 20
years. Peak levels decreased considerably in the late
1990s and early 2000s at most sites but over the last five
years peak concentrations have remained relatively
constant. Vancouver-Clark Drive is not included in the
long-term trends since the station has only recently been
established.
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Figure A6: Ethylene monitoring, 2018.
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Figure A7: Annual ethylene trend, 1999 to 2018.
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Figure A8: Short-term peak ethylene trend, 1999 to 2018.
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1-Butene/isobutene

Characteristics

1-Butene/isobutene are isomers of butene with the
chemical formula C4Hs. Monitoring has been prioritized
from an ozone production perspective as the second
highest ranked VOC for ozone producing potential in the
LFV. They are colourless gases with a slightly aromatic
odour.

Sources

1-Butene/isobutene are emitted by both natural and
anthropogenic sources. They are present in crude oil as
minor constituents, and used by industry and consumers
as components of adhesives and sealants, fuels and fuel
additives, intermediates, and plasticizers. They may be
released into the environment by petroleum refineries,
through the burning of waste plastics, as a volatile
emission from gasoline and from the burning of wood. 1-
Butene/isobutene have been widely detected in the
exhaust gas of vehicles using gasoline and diesel and
from jet engines. They are also naturally occurring plant
emissions from mixed deciduous forests, and have also
been found in the volatile organic fraction emitted
during the heating of soybean, rapeseed, peanut, and
Canola oils. In the LFV, the primary sources of 1-
butene/isobutene are gasoline solvent evaporation,
chemical manufacturing, and refinery tank farm fugitive
emissions.

Burnaby North
Vancouver-Clark Drive
Port Moody
Burnaby-Burmaount
Burnaby South
Richmond-Airport
Abbotsford-Airport
Chilliwack

o o o
W oW w

Monitoring Results

Figure A9 illustrates the results of 1-butene/isobutene
monitoring in 2018. Figure A9 displays the maximum
daily concentration as well as the annual average for
each 1-butene/isobutene monitoring location. The
highest concentrations occurred at the Burnaby North
station that is adjacent to the refinery tank farm where
petroleum products are stored.

1-Butene/isobutene are emitted both by
natural and anthropogenic sources and are the

second most important VOC in terms of its
ozone producing potential in the LFV.

Figures A10 and A1l illustrate the long-term average and
peak 1-butene/isobutene trends in the LFV, respectively.
Average levels have decreased considerably since the
late 1990s. Historically, Burnaby North has experienced
the highest average and peak levels of 1-

butene/isobutene. The variability of the maximum daily
concentrations is likely a result of variability in emissions
and meteorology. Vancouver-Clark Drive is not included
in the long-term trends since the station has only
recently been established.
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Figure A9: 1-Butene/isobutene monitoring, 2018.
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Figure A10: Annual 1-butene/isobutene trend, 1999 to 2018.
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Figure A11: Short-term peak 1-butene/isobutene trend, 1999 to 2018.
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Isoprene

Characteristics

Isoprene is the third highest ranked VOC for its ozone
producing potential in the LFV. Isoprene is a colourless,
volatile liquid hydrocarbon with the chemical formula
CsHs and has a mild aromatic petroleum-like odour.
Vapor-phase isoprene is degraded in the atmosphere by
reaction with photochemically-produced hydroxyl
radicals and thus is of interest due to its ozone producing
potential.

Isoprene is a priority from an ozone production
perspective and is released to the atmosphere

by natural sources and during the production of
heavy petroleum oils.

Sources

Isoprene is emitted by both natural and anthropogenic
sources. Biogenic isoprene is emitted to the atmosphere
by many tree and plant species. Isoprene can be emitted
by petroleum refineries, the manufacture of vehicle tires
and a wide variety of other products including medical
equipment, toys, shoe soles, elastic films and threads for
textiles and golf balls, adhesives, paints and coatings. In
the LFV, biogenic emissions from plants, vehicle exhaust
emissions, and refinery and tank farm fugitive emissions
are the primary sources of isoprene.

Burnaby-Burmount
Port Moody

Burnaby North
Burnaby South
Vancouver-Clark Drive
Chilliwack
Abbotsford-Airport
Richmond-Airport

Monitoring Results

Figure A12 illustrates the results of isoprene monitoring
in 2018. Figure A12 displays the maximum daily
concentration as well as the annual average for each
isoprene monitoring location. The highest
concentrations occurred at the Burnaby-Burmount
station that is adjacent to the Burnaby Mountain tank
farm where petroleum products are stored.

Figures A13 and A14 illustrate the long-term average and
peak isoprene trends in the LFV, respectively.
Historically, the North Burnaby station adjacent to the
refinery tank farm measured the highest annual average
isoprene levels, but over the past 10 years, the Burnaby-
Burmount station adjacent to the Burnaby Mountain
tank farm has recorded the highest average levels.
Maximum daily values show little discernible trend from
the mid-90’s to present, but in recent years the
maximum daily concentration has mostly been

measured at the Burnaby-Burmount station. Vancouver-
Clark Drive is not included in the long-term trends since
the station has only recently been established.

P Maximum Daily
B ~nnual Average

Figure A12: Isoprene monitoring, 2018.
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Figure A13: Annual isoprene trend, 1999 to 2018.
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Figure A14: Short-term peak isoprene trend, 1999 to 2018.
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2-Methyl-2-butene

Characteristics

2-Methyl-2-butene is a clear colourless liquid with the
chemical formula CsHio and a petroleum-like odour. The
compound is degraded in the atmosphere by reaction
with  photochemically-produced hydroxyl radicals,
ozone, and nitrate radical. The compound is of interest
because of its involvement in the reactions that form
ozone and is the fourth highest ranked VOC for its ozone
producing potential in the LFV.

2-Methyl-2-butene is a component of refinery
gas and used as an agricultural chemical, fuel

and fuel additives, and intermediate in chemical
manufacturing. It reacts to form ground-level
ozone.

Sources

2-Methyl-2-butene is used by industry and consumers as
an agricultural chemical, fuel constituent and fuel
additive, and intermediate in chemical manufacturing. It
is also a component of gas emitted during petroleum
refining. The primary sources of 2-methyl-2-butene in
the LFV are refinery and tank farm fugitive emissions,
and vehicle exhaust emissions.

Monitoring Results

Figure A15 illustrates the results of 2-methyl-2-butene
monitoring in 2018. Figure A15 displays the maximum
daily concentration as well as the annual average. The
highest concentrations occurred at the Burnaby North
station that is adjacent to the refinery tank farm. The
second highest concentrations occurred at Vancouver-
Clark Drive likely due to the proximity of the station to
the adjacent gas station.

Figures A16 and A17 illustrate the long-term average and
peak 2-methyl-2-butene trends in the LFV, respectively.
The contaminant 2-methyl-2-butene follows a similar
long-term trend as 1-butene/isobutene with average
levels decreasing considerably since the late 1990s.
Historically Burnaby North has experienced the highest
average and peak levels of 2-methyl-2-butene. The
variability of the peak levels is likely due to
meteorological and emissions variability. Vancouver-
Clark Drive is not included in the long-term trends since
the station has only recently been established.
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Figure A15: 2-Methyl-2-butene monitoring, 2018.
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Figure A16: Annual 2-methyl-2-butene trend, 1999 to 2018.
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Figure A17: Short-term peak 2-methyl-2-butene trend, 1999 to 2018.
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M- and p-xylene

Characteristics

Xylenes are a family of three aromatic hydrocarbon
isomers (ortho-, meta- and para-xylene) with the
chemical formula CgHio. They are colourless liquids that
are nearly insoluble in water and have a sweet odour.
From an ozone production perspective m- and p-xylene
are the fifth highest ranked VOC for ozone producing
potential in the LFV.

Sources

Xylenes are used in the production of industrial
chemicals, as solvents in products such as paints and
coatings, and are blended into gasoline. Xylenes are
released into the atmosphere as fugitive emissions from
industrial sources, from vehicle exhaust, and through
volatilization due to their use as solvents. In the LFV, the
primary sources of m- and p-xylene are vehicle emissions
and solvent evaporation.

Monitoring Results

Figure A18 illustrates the results of m- and p-xylene
monitoring in 2018. Figure A18 displays the maximum
daily concentration as well as the annual average for
each xylene monitoring location. The highest daily
maximum and average concentrations occurred at
Burnaby North followed by Vancouver-Clark Drive.

Xylenes, released into the atmosphere as
fugitive emissions from

industrial sources,
vehicle exhaust, and solvents, react to help form
ground-level ozone.

Figures A19 and A20 illustrate the long-term average and
peak m- and p-xylene trends in the LFV, respectively.
Burnaby North and Port Moody have historically
experienced the highest annual average m- and p-xylene
concentrations. Overall the annual average exhibits a
downward trend at most locations. The most recent
years exhibit lower maximum daily concentrations
relative to previous years. Vancouver-Clark Drive is not
included in the long-term trends since the station has
only recently been established.

Port Moody
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Figure A18: M- and p-xylene monitoring, 2018.
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Figure A19: Annual m- and p-xylene trend, 1999 to 2018.
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Figure A20: Short-term peak m- and p-xylene trend, 1999 to 2018.

Appendix A — 2018 Non-Continuous Pollutant Measurements A15



Formaldehyde

Characteristics

The chemical formula for formaldehyde is CH;0, and it is
a colourless gas with a pungent, suffocating odour at
room temperature. The US EPA considers formaldehyde
a probable human carcinogen and acute (short-term)
and chronic (long-term) inhalation exposure can result in
adverse human health effects. At ambient
concentrations measured in the LFV in 2010 it poses a
lifetime cancer risk greater than Health Canada’s 1 in
100,000 screening threshold?.

Sources

Formaldehyde is used mainly to produce resins used in
particleboard products and as an intermediate in the
synthesis of other chemicals. One of the most common
uses of formaldehyde is manufacturing urea-
formaldehyde resins, used in particleboard products. It
also has minor uses in agriculture, as an analytical
reagent, in concrete and plaster additives, cosmetics,
disinfectants, fumigants, photography, and wood
preservation.

The primary sources of formaldehyde emissions in the
LFV are exhaust from fossil fuel combustion, residential
wood burning, and fugitive emissions from industrial
facilities. It is important to note that formaldehyde may
also be formed in the atmosphere through chemical
reactions of other precursor species, so measured levels

of ambient formaldehyde are likely due to both primary
emissions and secondary formation.

Monitoring Results

Figure A21 illustrates the results of formaldehyde
monitoring in 2018. Figure A21 displays the maximum
daily concentration as well as the annual average for the
two formaldehyde monitoring locations. The highest
daily concentration occurred at the Port Moody station.
Formaldehyde is a polar VOC and is sampled at two
stations in the network.

Formaldehyde is a probable human carcinogen
and acute and chronic inhalation exposure can

result in human health effects.

Historically polar VOC have only been routinely
measured at Port Moody. Figures A22 and A23 illustrate
the long-term average and peak formaldehyde trends at
Port Moody and Abbotsford-Airport, respectively. There
does not appear to be a discernible trend in average and
peak levels for formaldehyde at Port Moody. Due to
resource limitations in the federal NAPS program,
analysis of polar VOC was limited in Canada between
2011 and 2013 and therefore a gap is present during
these years.
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Figure A21: Formaldehyde monitoring, 2018.

! Toxic Air Pollutants Risk Assessment and Emissions Inventory
for the Lower Fraser Valley, Metro Vancouver, 2015.
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Figure A22: Annual formaldehyde trend, 1999 to 2018.
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Figure A23: Short-term peak formaldehyde trend, 1999 to 2018
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Benzene

Characteristics

Benzene is an aromatic hydrocarbon with a sweet odour
at high concentrations and the chemical formula CgHs. At
ambient temperature it occurs as a volatile, colourless,
highly flammable liquid that is somewhat soluble in
water. Benzene has been classified by the US EPA as a
known human carcinogen and has both acute and
chronic inhalation exposure effects. At ambient
concentrations measured in the LFV in 2010, it poses a
lifetime cancer risk greater than Health Canada’s 1 in
100,000 screening threshold?.

Benzene levels have decreased regionally over
the last two decades mainly due to federal

gasoline regulations.

Sources

Benzene is found in emissions from burning coal and oil,
motor vehicle exhaust, and evaporation from gasoline
service stations and in industrial solvents. In the LFV, the
primary sources of benzene include gasoline engine
exhaust, service station fugitive emissions, and
residential wood burning, as well as refinery and tank
farm fugitive emissions.
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Monitoring Results

Figure A24 illustrates the results of benzene monitoring
in 2018. Figure A24 displays the maximum daily
concentration as well as the annual average for each
benzene  monitoring  location. The highest
concentrations occurred at the Burnaby North station
that is adjacent to the refinery tank farm. The second
highest concentrations occurred at Vancouver-Clark
Drive likely due to the combination of fugitive emissions
from the adjacent gas station and vehicle exhaust.

Figures A25 and A26 illustrate the long-term average and
peak benzene trends in the LFV, respectively. Average
levels of benzene decreased considerably in the mid-
2000s at Burnaby North while other monitoring sites
exhibited a more constant decrease since the mid-1990s.
Reductions in benzene levels regionally can be attributed
mainly to benzene emission reductions from
transportation and refinery sources brought on by
federal gasoline regulations. Due to its proximity to the
refinery tank farm, the Burnaby North has consistently
exhibited the highest average annual and peak levels of
benzene in the region. Vancouver-Clark Drive is not
included in the long-term trends since the station has
only recently been established.
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Figure A24: Benzene monitoring, 2018.

2 Toxic Air Pollutants Risk Assessment and Emissions Inventory
for the Lower Fraser Valley, Metro Vancouver, 2015.
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Figure A25: Annual benzene trend, 1999 to 2018.
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Figure A26: Short-term peak benzene trend, 1999 to 2018.
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Acetaldehyde

Characteristics

Acetaldehyde is a colourless volatile liquid that is
flammable and soluble in water. Its chemical formula is
CH;CHO, and at dilute concentrations it has a fruity and
pleasant odour. Acetaldehyde is considered a probable
human carcinogen and has both acute and chronic
human health effects. In the LFV, at ambient
concentrations measured in 2010, it poses a non-cancer
health risk greater than Health Canada’s 0.2 hazard
quotient screening threshold?.

Sources

Acetaldehyde is an intermediate product of plant
respiration and formed as a product of incomplete wood
combustion in fireplaces and woodstoves, coffee
roasting, burning of tobacco, vehicle exhaust, and waste
processing. Acetaldehyde is also used in the production
of  perfumes, polyester resins, and basic
dyes. Acetaldehyde is also used as a fruit and fish
preservative, as a flavoring agent, and as a denaturant
for alcohol, in fuel compositions, for hardening gelatin,
and as a solvent in the rubber, tanning, and paper
industries.

In the LFV, the primary sources of acetaldehyde include
natural sources, gasoline engine exhaust, and residential
wood burning.

Port Moody

Monitoring Results

Figure A27 illustrates the results of acetaldehyde
monitoring in 2018. Figure A27 displays the maximum
daily concentration as well as the annual average for
each acetaldehyde monitoring location. Acetaldehyde is
a polar VOC and is sampled at two stations in the
network.

Acetaldehyde is considered a probable human

carcinogen with potential for both acute and
chronic human health effects.

Historically polar VOC have only been routinely
measured at Port Moody. Figures A28 and A29 illustrate
the long-term average and peak acetaldehyde trends at
Port Moody and Abbotsford-Airport, respectively. There
does not appear to be a discernible trend in average and
peak levels for acetaldehyde at Port Moody. Due to
resource limitations in the federal NAPS program,
analysis of polar VOC was limited in Canada between
2011 and 2013 and therefore a gap is present during
these years.
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Figure A27: Acetaldehyde monitoring, 2018.

3 Toxic Air Pollutants Risk Assessment and Emissions Inventory
for the Lower Fraser Valley, Metro Vancouver, 2015.
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Figure A28: Annual acetaldehyde trend, 1999 to 2018.

12 — — Abbotsford-Airport Port Moody
E
[=)]
2
C
=
s
c
8 8
C
o
o
<}
=]
=
o
[eb]
=i
I
g 4
=
‘T
a
£
3
E
>
1]
=
O r—7T——71 7T 7T 71T 7 T T T T T T T T T T T T 1

99 00 01 02 03 04 05 06 O7 08 09 10 11 12 13 14 15 16 17 18
Figure A29: Short-term peak acetaldehyde trend, 1999 to 2018.
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1,3-Butadiene

Characteristics Monitoring Results
1,3-Butadiene is a colourless gas with mild gasoline-like Figure A30 illustrates the results of 1,3-butadiene
odour with the chemical formula CsHs. 1,3-Butadiene monitoring in 2018. Figure A30 displays the maximum

has been classified by the US EPA as a known human daily concentration as well as the annual average for
carcinogen and has both acute and chronic inhalation each 1,3-butadiene monitoring location. The highest
exposure effects. At current ambient concentrations concentrations occurred at the Vancouver-Clark Drive
measured in the LFV it poses a lifetime cancer risk station.

greater than Health Canada’s 1 in 100,000 screening
threshold®. Figures A31 and A32 illustrate the long-term average and

peak 1,3-butadiene trends in the LFV, respectively.
Average levels of 1,3-butadiene decreased considerably
1,3-Butadiene levels have decreased regionally in the mid-2000s at Burnaby North while other
over the last two decades mainly due to monitoring sites exhibited a more constant decrease
improvements in internal combustion engine since the 1990s. Reductions in 1,3-butadiene levels
efficiency. regionally can be attributed to continuing improvement
in the emissions performance of gasoline internal
combustion engines driven by federal emissions

Sources regulations. Vancouver-Clark Drive is not included in the
1,3-Butadiene is found in emissions from gasoline long-term trends since the station has only recently been
internal combustion engines in on-road vehicles, off-  established.

road vehicles, and aircraft. In Metro Vancouver,
residential wood burning is also a significant source, and
oil refinery emissions have historically contributed to
1,3-butadiene emissions.
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Figure A30: 1,3-Butadiene monitoring, 2018.

4 Toxic Air Pollutants Risk Assessment and Emissions Inventory
for the Lower Fraser Valley, Metro Vancouver, 2015.

Appendix A — 2018 Non-Continuous Pollutant Measurements A22



0.8 —
Abbotsford-Airport Burnaby South

Richmond-Airport Chilliwack
Burnaby North Port Moody
Burnaby-Burmount

0.6

0.4 —

0.2

S~

Annual Average 1,3-Butadiene Concentration (iLg/ms3)

0
| | [ | | | [ I | [ I | | [ I | | [ [
99 00 01 02 03 04 05 06 O7 08 09 10 11 12 13 14 15 16 17 18

Figure A31: Annual 1,3-butadiene trend, 1999 to 2018.
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Figure A32: Short-term peak 1,3-butadiene trend, 1999 to 2018.
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