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Disclaimer and Conditions:
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personal, non-commercial, educational and informational purposes only, provided that the data are
not modified or altered and provided that this disclaimer notice is included in any such production or
reproduction.
2. While the information in these data is believed to be accurate, these data and all of the information
contained therein are provided “as is” without warranty of any kind, whether express or implied. All
implied warranties, including, without limitation, implied warranties of merchantability and fitness
for a particular purpose, are expressly disclaimed by Metro Vancouver and the Fraser Valley Regional
District. Metro Vancouver reserves the right to update data files from time to time and will not be
held responsible for the validity of the archives maintained by other parties. It is the user’s
responsibility to ensure that the data is up-to-date and to follow-up with Metro Vancouver should
any questions related to the data arise.
3. The information provided in these data is intended for educational and informational purposes only.
These data are not intended to endorse or recommend any particular product, material or service
provider nor is it intended as a substitute for engineering, legal or other professional advice. Such
advice should be sought from qualified professionals.

Summary
The findings of a specialized air quality monitoring study conducted in Lions Bay between December
2015 and March 2016 are described in this report. Summaries of air quality monitoring data collected in
Lions Bay are presented and compared with data from air quality monitoring network stations in West
Vancouver and North Vancouver.
Results indicate that air quality in Lions Bay did not exceed any of Metro Vancouver’s air quality
objectives during the period of the study and was generally better than air quality measured at other air
quality monitoring stations in the region. Sporadic occurrences of elevated levels of fine particulate
matter for short periods were recorded. Analysis to investigate the possible sources contributing to
these ‘spikes’ in fine particulate matter are discussed.
The report concludes that the results of the monitoring study are suggestive of both traffic emissions
and smoke from residential wood burning influencing air quality conditions in Lions Bay at times. Clean
air initiatives conducted by Metro Vancouver to address wood smoke and traffic emissions are
described. The opportunities provided by these programs to support clean and healthy air offer a path
to reducing the air emissions most likely to be negatively impacting air quality in Lions Bay.
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1 Introduction
1.1 Overview
A specialized air quality
monitoring
study
was
conducted in Lions Bay
between December 21, 2015
and March 2, 2016 using Metro
Vancouver’s
Mobile
Air
Monitoring Unit (MAMU). The
MAMU was installed close to
the Community School in Lions
Bay (Figure 1) so an assessment
could be made of baseline air
quality in Lions Bay and to
investigate any effects from
different sources of air
emissions, such as residential
wood burning and traffic.
This report summarizes the
findings of the study.

1.2 Study location

MAMU
Lions Bay

Bowen Island

West Vancouver

North
Vancouver

Figure 1. Map showing the approximate positions of the MAMU in Lions Bay (orange)
and the ambient air quality monitoring network stations in Horseshoe Bay (red) and
North Vancouver-Mahon Park (blue).

Lions Bay is a village (population approximately 13001) located in Howe Sound in northwestern Metro
Vancouver. Highway 99 (the Sea to Sky highway) bisects the community and steep terrain rises from sea
level on the western boundary to an elevation of approximately 230 metres at the eastern municipal
boundary. The predominant land use in Lions Bay is categorized as general urban.2

1.3 Air quality context
Air contaminants are known to have potentially harmful effects on human health and the environment.
Metro Vancouver conducts specialized air monitoring studies to inform decisions about air quality
management in the region and to protect the region’s good air quality. Measurements taken by the
MAMU in Lions Bay included air contaminants that are routinely monitored at air quality monitoring
stations throughout the region. Measurements made in Lions Bay, as well as data from the regional
1

Statistics Canada, 2012. Lions Bay, British Columbia (Code 1217) and Canada (Code 01) (table). Census Profile.
2011 Census. Statistics Canada Catalogue no. 98-316-XWE. Ottawa. Released October 24, 2012.
http://www12.statcan.gc.ca/census-recensement/2011/dp-pd/prof/index.cfm?Lang=E (accessed August 24, 2016).
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http://www.metrovancouver.org/services/regionalplanning/PlanningPublications/NorthandWestVancouver_LionsBay.pdf.

network of monitoring stations, provide a means to track air quality trends, measure the performance of
air management programs, identify problem areas, inform the development of new policies and actions,
and provide data to the public.

1.3.1 Key air contaminants
Air contaminants monitored in this study are known to have effects on human health or the
environment and include nitrogen dioxide (NO2) and nitric oxide (NO), sulphur dioxide (SO2), groundlevel ozone (O3), carbon monoxide (CO), fine particulate matter (PM2.5) and black carbon (BC).
Nitrogen dioxide is a reddish-brown gas that contributes to visibility degradation. It can cause the
yellow-brown haze occasionally observed in Metro Vancouver and elsewhere, and reacts in the air with
other air contaminants (such as ammonia) to form secondary particulate matter. It also plays roles in the
formation of ground-level ozone and acid rain. Exposure to nitrogen dioxide can damage human health,
causing aggravation of existing lung diseases and reducing immunity to lung infections. Nitric oxide is a
related air contaminant and is usually measured with nitrogen dioxide because these two gases play an
important role in atmospheric chemistry. Together, nitric oxide and nitrogen dioxide are referred to as
nitrogen oxides or ‘NOx’. Vehicles are the largest source of NOx emissions in the region.
Ground-level ozone is a secondary contaminant that is formed in the atmosphere when NOx and
volatile organic compounds (VOCs) react in the presence of sunlight. The highest levels of ground-level
ozone generally occur in the spring and summer. Exposure to ozone can irritate the eyes, throat and
nose, cause coughing, worsen existing lung and heart diseases, and reduce life expectancy. Ground-level
ozone also damages vegetation, causing stunted growth and reduced crop yields, and materials such as
plastics.
Sulphur dioxide is involved in acid rain formation and also reacts in the air to form secondary particulate
matter. Its harmful effects on health include aggravation of asthma and increases in respiratory
symptoms. The main sources of emissions of this air contaminant are marine vessels and some industrial
activities.
Carbon monoxide has a relatively long lifetime in the air so may be transported long distances. It is
found in the region at concentrations well within ambient air quality air quality objectives (Section 1.3.4)
and levels have been steadily declining due to reductions in emissions. Vehicles and non-road
equipment are the main sources of carbon monoxide emissions in the region.
Fine particulate matter consists of solid particles and liquid droplets with an aerodynamic diameter of
less than 2.5 µm. It may be emitted directly into the air (primary fine particulate matter) or be formed
from reactions with other air contaminants (secondary fine particulate matter). Sources of primary fine
particulate matter emissions in the Metro Vancouver region include industry, transportation, heating
and non-road engines. Adverse impacts of fine particulate matter range from serious health effects,
including aggravation of existing lung and heart conditions, increased risk of cancer, and reductions in
life expectancy, to environmental effects including damage to vegetation and acid deposition. It is also
the primary driver of visual air quality impairment in the Lower Fraser Valley. Ultraviolet or UV2|Page

absorbing particulate (UVPM) represents a subset of fine particulate matter including black carbon and
other species. Measurement of UVPM can provide a qualitative indication of the presence of wood
smoke.
Black carbon (BC) is a subset of fine particulate matter that is formed when fossil fuels and other
carbon-containing fuels are incompletely combusted. Diesel engine exhaust, which has been classified as
carcinogenic to humans3, is a significant source of BC in Metro Vancouver. Wood burning is also a source
of BC emissions. As a component of PM2.5, BC contributes to negative impacts on human health, visual
air quality and the environment. BC is also a short-lived climate forcer, which means that it can
contribute to climate change.

1.3.2 Air quality monitoring in Howe Sound
Air contaminants routinely measured in the Howe Sound area include fine particulate matter and carbon
monoxide in Horseshoe Bay; nitrogen dioxide, nitric oxide, sulphur dioxide, fine particulate matter,
inhalable particulate matter (PM10) and total reduced sulphur in Langdale; and ground-level ozone,
nitrogen dioxide, nitric oxide, fine particulate matter and total reduced sulphur in Squamish. The air
quality monitoring station collecting data in Horseshoe Bay is part of the Lower Fraser Valley air quality
monitoring network operated by Metro Vancouver and reported through airmap.ca. Data from the air
quality monitoring stations in Langdale and Squamish are collected by the BC Ministry of Environment
and made available through the web site bcairquality.ca.
Meteorological data are collected in the Howe Sound airshed at the air quality monitoring stations in
Horseshoe Bay and Squamish as well as at Langdale Ferry Terminal and Port Mellon by BC Ministry of
Environment and at Pam Rocks by Environment Canada. The information provided by meteorological
monitoring is used to help identify emissions sources and source areas influencing air quality.

1.3.3 Emissions sources in Howe Sound
The air contaminants of concern in any given community will generally relate to the nature of the
emissions sources contributing to air quality in that location. Sources may be local, nearby or, for
transported pollutants, tens to thousands of kilometres away.
The main sources of air emissions in Lions Bay are light-duty vehicles, construction and demolition
activities, residential wood heating and natural emissions.4 More broadly, other sources including heavyduty vehicles, non-road equipment, industrial and commercial emissions from facilities in Port Mellon
and Squamish as well as forestry activities and emissions from other parts of Metro Vancouver can
contribute to regional air quality in the Howe Sound/Sea-to-Sky airshed.
Natural sources in the airshed contribute to the presence of a number of air contaminants including
volatile organic compounds, or VOCs, emitted from vegetation, and particulate matter derived from sea
3

http://monographs.iarc.fr/ENG/Monographs/vol105/mono105.pdf
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From data collected for the 2010 Lower Fraser Valley Air Emissions Inventory, personal communication.
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salt spray and wildfire smoke. VOCs and sea salt spray require highly specialized sampling techniques
and were not measured as part of this study. Although wildfires can periodically contribute to air quality
degradation for communities in Howe Sound, the monitoring conducted for this study was completed in
the winter months, a time during which impacts from wildfire smoke are generally not significant.

1.3.4 Ambient air quality objectives and air quality
Ambient air quality objectives define limits on the maximum concentrations of air contaminants that are
considered acceptable and generally protective of human health and the environment, based on current
knowledge about the effects of air contaminants.5 Metro Vancouver has ambient air quality objectives
for common air contaminants that are based on short-term averaging periods and annual averages
(Table 1).
Table 1. Metro Vancouver’s ambient air quality objectives

1-hour

8-hour

24-hour

Annual

PM2.5

--

--

25 µg/m3

8 µg/m3
(6 µg/m3)a

NO2

106 ppb

--

--

21 ppb

O3

82 ppb

65 ppb

--

--

SO2b

75 ppb

--

48 ppb

11 ppb

26.2 ppm

8.7 ppm

--

--

CO

-- indicates that there is no objective for this averaging period
a A planning goal has also been established, which guides airshed planning activities.
b Objective adopted by Metro Vancouver in 2015 on an interim basis until new

national standards were in place.

Peak concentrations are represented by concentrations measured over the shortest averaging period,
generally one hour. While the ambient air quality objective for PM2.5 is based on a rolling 24 hour
average, the concentration data are collected every hour, allowing comparisons to be made between
maximum 1-hour levels recorded at different locations. These 1-hour concentrations provide an
indication of the relative magnitude of short-term peak levels, which can be intermittent and as a result
not easily discerned within the value of the rolling 24-hour average.
Annual objectives represent average air contaminant concentrations considered over the longer term.
Since the study in Lions Bay took place over a period of less than 12 months, it is not appropriate to
formally compare averages for the study period to the annual average. However, comparisons with the
numeric values of objectives based on annual averages provide a useful guide to the long-term average
concentration.

5

Further information about the ambient air quality objectives applicable in Metro Vancouver is available at:
http://www.metrovancouver.org/services/air-quality/AirQualityPublications/AQOFactsheet.pdf.
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2 Methods
2.1 Monitoring locations
Monitoring took place between December 2015 and March 2016. Working with the Village of Lions Bay,
a site for the MAMU was found in an unpaved overflow parking area off Bayview Road, Lions Bay (49°
27.800’ N, 123° 14.158’ W) at an elevation of approximately 110 metres. The site was approximately 80
metres northeast of Highway 99 and 20 metres higher in elevation than the highway. In the immediate
area a grass sports field was adjacent to the parking area which was surrounded by trees (Figure 2).
Lions Bay Community School was approximately 100 metres to the north of the site and residential
properties were to be found to the south, east and northeast of the site.
The MAMU can be used for air
quality monitoring in specialized
studies, compliance monitoring,
“hot spot” evaluations and
emergency
situations.
The
instrumentation contained within
the MAMU is comparable to that
found at ambient air quality
monitoring network stations. Data
from the MAMU are collected and
validated in the same way as data
from monitoring stations.

(a)

(c)
(b)

Figure 2. The MAMU sampling site in Lions Bay (a) to the southwest, (b) to the northeast and (c) showing the MAMU from the
southwest.
5
|Page

Measurements collected at the nearest Lower Fraser Valley air quality monitoring network stations,
11 km away in Horseshoe Bay and 19 km away in North Vancouver (Figure 1), for the same period
provide perspective for the air quality measurements made in Lions Bay. The Horseshoe Bay and North
Vancouver–Mahon Park stations are situated at Gleneagles Ch’axáý Elementary School at an elevation of
65 metres and in Mahon Park at an elevation of 71 metres respectively. The land-uses of the areas
surrounding these stations are predominantly residential and parkland.6

2.2 Data collection
Eight air contaminants were measured continuously using the MAMU during the Lions Bay study:
nitrogen dioxide, nitric oxide, ground-level ozone, fine particulate matter, sulphur dioxide, carbon
monoxide, black carbon and UV absorbing particulate matter. Meteorological data including wind speed
and direction, temperature, and relative humidity were collected by the MAMU using instruments
mounted on a 10 metre mast.
Within the Metro Vancouver air quality monitoring network, fine particulate matter and carbon
monoxide data are collected nearby at the Horseshoe Bay monitoring station and nitrogen dioxide, nitric
oxide, ground-level ozone, fine particulate matter, sulphur dioxide and carbon monoxide are measured
at the North Vancouver-Mahon Park monitoring station. Wind data are also collected at both
monitoring network stations but are not reported here.
Data from the MAMU and the air quality monitoring network stations were collected continuously at
one minute resolution and these are used to provide concentration measurements for each hour. Air
contaminant concentrations averaged over periods of at least one hour are presented and discussed in
this report.

3 Results and Discussion
3.1 Air quality data summary
3.1.1 Air contaminant concentrations
Air contaminants were monitored in Lions Bay over a period of approximately eleven weeks. Monitoring
results indicate that air quality met air quality objectives in Lions Bay during the study period. Levels of
the key air contaminants measured in Lions Bay are shown in Table 2, along with short-term ambient air
quality objectives.

6

Additional information about these stations can be found in Station Information: Lower Fraser Valley Air Quality
Monitoring Network, Metro Vancouver, December 2012.
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Table 2. Summary of criteria air contaminant concentrations from continuous data measured using the MAMU in Lions Bay for
the period 16:00 December 21, 2015 to 09:00 March 02, 2016.

Lions Bay (MAMU)
Maximum
Average
concentration concentration

Air quality objective
concentration

PM2.5 (1-hour, µg/m3)

52.1

2.8

No objective

PM2.5 (rolling 24-hour, µg/m3)

8.3

See 1 hour data

25

NO2 (1-hour, ppb)

17.0

4.2

106

O3 (1-hour, ppb)

43.0

19.2

82

O3 (rolling 8-hour, ppb)

37.2

See 1 hour data

65

SO2 (1-hour, ppb)

0.5

<0.1

75

SO2 (rolling 24-hour, ppb)

0.1

See 1 hour data

48

CO (1-hour, ppm)

0.40

0.15

26.2

CO (rolling 8-hour, ppm)

0.28

See 1 hour data

8.7

Air contaminant concentrations measured in Lions Bay did not exceed short-term ambient air quality
objectives for any air contaminants during the study period. There were also no exceedances of ambient
air quality objective at any stations in the Lower Fraser Valley air quality monitoring network during the
same period. The nearest Lower Fraser Valley monitoring network stations are located in Horseshoe Bay
and in North Vancouver in Mahon Park. Summaries of measurements from these two stations of the
same air contaminants for the study period are shown in Table 3.
Table 3. Summary of air contaminant concentrations from continuous data measured at the air quality monitoring network
station at Horseshoe Bay and North Vancouver – Mahon Park for the period 16:00 December 21, 2015 to 09:00 March 02, 2016.

North Vancouver – Mahon Park

Horseshoe Bay

Maximum
concentration

Average
concentration

Maximum
concentration

Average
concentration

PM2.5 (1-hour, µg/m3)

35.2

4.2

20.5

3.1

PM2.5 (rolling 24-hour, µg/m3)

14.5

See 1 hour data

6.0

See 1 hour data

NO2 (1-hour, ppb)

35.7

14.0

nm

nm

O3 (1-hour, ppb)

39.9

14.4

nm

nm

O3 (rolling 8-hour, ppb)

34.4

See 1 hour data

nm

nm

SO2 (1-hour, ppb)

3.1

0.3

nm

nm

SO2 (rolling 24-hour, ppb)

0.8

See 1 hour data

nm

nm

CO (1-hour, ppm)

1.0

0.28

0.64

0.23

CO (rolling 8-hour, ppm)

0.79

See 1 hour data

0.39

See 1 hour data

nm indicates the species is not measured at the station
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Generally, average concentrations of key air contaminants in Lions Bay were lower than at the stations
in Horseshoe Bay and North Vancouver-Mahon Park as well as other monitoring network stations in the
Metro Vancouver region. Average concentrations were also at levels well within the numerical values of
annual average-based objectives at the Lions Bay, Horseshoe Bay and North Vancouver-Mahon Park
locations during the data collection period.
Levels of air contaminants associated with emissions from combustion sources, such as motor vehicle
engines and marine vessels, including nitrogen dioxide, sulphur dioxide, and carbon monoxide were
lower in Lions Bay than at the Horseshoe Bay and North Vancouver-Mahon Park monitoring stations
over the same period. In contrast, levels of ground-level ozone were fractionally higher in Lions Bay than
in West Vancouver and North Vancouver, although overall, concentrations of ground-level ozone were
relatively low. Since the study was conducted in the winter and ground-level ozone levels are generally
expected to be low at this time of year, this study does not provide any insights into the potential for
elevated levels of ground-level ozone to occur during peak seasons of spring and summer.
Peak levels of particulate matter in Lions Bay were higher than those measured in Horseshoe Bay and in
North Vancouver at Mahon Park and among the highest measured in the Metro Vancouver region
during the study period, with only the stations in New Westminster and Langley reaching higher 1-hour
concentrations. Additional analysis exploring peak PM2.5 concentrations in Lions Bay is described in
Section 3.2.2.
Concentrations of black carbon and nitric oxide measured during the study are shown in Table 4. There
are no ambient air quality objectives for these air contaminants. The data show that levels of black
carbon and nitric oxide were the lowest measured at any air quality monitoring locations in the region
during the study period. Maximum and average concentrations of black carbon were considerably lower
than those of fine particulate matter; analysis indicated that on average less than one-fifth (16%) of the
fine particulate matter measured during the study may be attributable to black carbon.
Table 4. Summary of other air contaminants measured in Lions Bay using the MAMU during the sampling period December 21,
2015 to March 02, 2016.

Lions Bay (MAMU)
Maximum
Average
concentration concentration
BC (1-hour, µg/m3)

3.1

0.2

BC (rolling 24-hour, µg/m3)

0.5

See 1 hour data

NO (1-hour, ppb)

10.2

1.0

Measurements of UV absorbing particulate matter indicate the presence of a subset of fine particulate
matter that includes black carbon and other species, however, since quantitative analysis is not
appropriate for this species, numerical data are not shown. Qualitative comparisons of black carbon
measurements and UV absorbing particulate matter are discussed in Section 3.2.1.
8|Page

3.1.2 Wind measurements
Air quality is the result of emissions, dispersion and deposition processes in the atmosphere so
meteorological conditions play an important role in determining air quality and can assist in identifying
contributing sources of air contaminants. The results of the wind speed and direction monitoring are
presented in the wind rose shown in Figure 3.

Figure 3. Wind rose showing the frequency of winds blowing from the
directions indicated on the compass at the MAMU site in Lions Bay
during the sampling period 16:00 December 21, 2015 to 09:00 March 02,
2016.

Wind predominantly came from the easterly and north-easterly directions, meaning that measurements
at the MAMU were predominantly influenced by sources located in those directions. The sources of air
contaminants found in these sectors are likely to generally be associated with residential activities and
local traffic. Winds from the south and westerly sectors were recorded as occurring less than 20% of the
time. Therefore traffic on the highway which is located south and west of the site is expected to have
influenced air quality at the MAMU site less frequently.
The effects of topography and tree cover in Lions Bay and the surrounding area presents challenges in
collecting wind speed and wind direction data. The monitoring site selected was in a clearing
approximately 25 metres in diameter, however, trees surrounding the site may have resulted in reduced
air flow to the wind sensor equipment at times. Although this reduced air flow could have affected the
representativeness of the wind speed and direction measurements, the situation is likely to be typical of
the sheltering from wind found around residences similarly situated near trees in Lions Bay. It follows
9|Page

that while the measurements made at a monitoring location are expected to be generally representative
of air quality in the area, air contaminant levels in any specific location may be highly localized when air
emissions are found nearby.

3.1.3 Ambient temperatures
Temperatures can influence emissions from sources such as home heating. Temperatures were
seasonable during the study with cool temperatures recorded during the first two weeks of the study.
The minimum temperature recorded during the study period was -1.1°C on December 31. The maximum
of 14.3°C occurred on January 28 and the average temperature during the study was 5.1°C.

3.2 Characterizing air quality in Lions Bay
3.2.1 Diurnal variation in air contaminant concentrations
Patterns in air contaminant concentrations seen on a daily basis represent the combined effects of
regularly occurring air emissions and atmospheric dispersion processes. A daily pattern, referred to as a
‘diurnal profile’ for air contaminant concentrations measured in Lions Bay during the sampling period is
shown in Figure 4.

10 | P a g e

Figure 4. Diurnal profiles of average concentrations of air contaminants measured in Lions Bay. Levels of sulphur dioxide and
carbon monoxide were very low and are not shown. Concentrations of ground-level ozone were numerically higher than the
other air contaminants illustrated and are shown on the secondary axis. The x-axis labels represent the time at the beginning of
the hour long measurement for each point, e.g. the points at 01:00 represent the data collected between 1 am and 2 am.

The diurnal profile illustrates a pattern of levels peaking during daytime hours, when human activities
are generally busiest. For example, the nitrogen dioxide profile has a double peak feature that is typical
of a traffic signature. This is mirrored to a lesser extent in the nitric oxide profile.
The diurnal profile of fine particulate matter is different in character with the second peak occurring
later in the evening than the NOx peaks. Evening peaks can be representative of decreased dispersion
after sunset, but unlike traffic emissions that decrease as traffic flow decreases, the profile suggests that
emissions of fine particulate matter continue later into the evening. Additional evidence of the changing
relative contribution of different fine particulate matter emissions sources is found by examining the
profiles of black carbon and UV absorbing particulate matter.

11 | P a g e

An expanded view of the profiles of black carbon and UV absorbing particulate matter is shown in Figure
5. A strong divergence of the UV absorbing particulate matter profile from that of black carbon is
observed in the late afternoon and early evening. This pattern is more pronounced at the weekend than
on weekdays (data not shown) and supports the premise that a change occurs in the types of sources
contributing to fine particulate matter levels over the course of the day.

Figure 5. Diurnal profiles of black carbon and UV absorbing particulate matter measured in Lions Bay. The x-axis labels represent
the time at the beginning of the hour long measurement for each point, e.g. the points at 01:00 represent the data collected
between 1 am and 2 am.

The differences between black carbon and UV absorbing particulate matter measurements are
suggestive of the presence of wood smoke in Lions Bay in the evening and that it is also present during
the day. An anecdotal report of the smell of wood smoke in Lions Bay during the day supports the databased hypothesis that wood smoke contributes to fine particulate matter levels in Lions Bay throughout
the day.
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3.2.2 Particulate matter
3.2.2.1 Analysis of occurrence of elevated levels of fine particulate matter
The distribution of fine particulate matter concentrations in Lions Bay was compared to nearby
monitoring stations including Horseshoe Bay and North Vancouver-Mahon Park. The distributions of 1hour fine particulate matter concentrations are shown in Figure 6.

Figure 6. Box plot illustrating the distribution of fine particulate matter data from Lions Bay,
North Vancouver – Mahon Park, and Horseshoe Bay. Each coloured box represents the
interquartile range (IQR) which illustrates the spread of most of the data from each station.
The horizontal black line in the box indicates the median value and the white diamond
indicates mean of the data for each station. The ‘whiskers’ represent the value of 3xIQR; data
points outside the whiskers may be considered extreme values compared to the rest of the
dataset.

There are some similarities between these stations with a highly skewed distribution of low fine
particulate matter concentrations occurring most of the time; more than 75% of the measurements
made in each of Lions Bay, North Vancouver-Mahon Park and Horseshoe Bay during the study period
were less than 6 µg/m3, the numerical value of the planning goal for the region on an annual average
basis. However, the highest observed 1-hour fine particulate matter concentrations during the study
period occurred in Lions Bay.
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To further investigate the occurrence of elevated levels of fine particulate matter, the number of hours
during which 1-hour concentrations were greater than 25 µg/m3 and 20 µg/m3, levels selected to be
numerically close to the short-term objective, was calculated and is summarized in Table 5.
Table 5. Summary of the number of hours of elevated concentrations PM2.5 concentrations measured in Lions Bay, Horseshoe
Bay and North Vancouver – Mahon Park during the sampling period December 21, 2015 to March 02, 2016.

Lions Bay

North
Vancouver Mahon Park

Horseshoe
Bay

Number of hours with 1-hour
PM2.5 concentration > 25 µg/m3

9

9

0

Number of hours with 1-hour
PM2.5 concentration > 20 µg/m3

14

21

1

Total number of hours of data
collected

1667

1720

1719

The highest fine particulate matter concentrations (i.e. greater than 20 µg/m3) measured in Lions Bay
were greater than the highest concentrations recorded at the Horseshoe Bay and North VancouverMahon Park stations. However, concentrations above this level were slightly more common at the North
Vancouver–Mahon Park station, representing 1.2% of the data analyzed, than in Lions Bay where they
represented less than 1% of the study measurement period. In addition, average concentrations from
Mahon Park were higher than those from Lions Bay during this study. Average concentrations in
Horseshoe Bay were also higher than those measured in Lions Bay despite maximum concentrations
being lower. These results suggest that air quality in Lions Bay is relatively good most of the time,
compared to other populated parts of the region, however, air quality degradation may be experienced
in Lions Bay at times, particularly when local sources such as wood-fired heating may be the dominant
factor influencing air quality.

3.2.2.2 Effect of rain
As described in Section 3.1.2, measured contaminant levels can be strongly influenced by weather.
Precipitation, as rain or snow, can reduce levels of particulate matter and commonly occurs in the Metro
Vancouver region during the months in which sampling took place for this study. Measurements of
rainfall were not undertaken at the MAMU site during the monitoring phase of the study. Rainfall
measurements from Horseshoe Bay were examined (data not shown). The highest levels
(concentrations greater than 20 µg/m3) of fine particulate matter were generally recorded in Lions Bay
when no precipitation occurred at the Horseshoe Bay air quality monitoring station.

3.2.2.3 Diurnal profiles
An analysis of hour-by-hour maximum fine particulate matter concentrations was conducted. Typically
this type of analysis allows patterns to be identified to help determine whether specific sources are
contributing to air quality degradation. However, it is a limitation of ambient air quality monitoring
14 | P a g e

techniques that the detection of narrow plumes from localized sources, for example residential wood
burning, is affected by relatively small changes in wind flow. This type of behaviour may be reflected in
the data, presented in Figure 7, which show that the highest 1-hour concentrations in Lions Bay
occurred on both weekdays and weekends and usually between the hours of 9 am and 2 am.

Figure 7. Maximum fine particulate matter concentrations measured in Lions Bay for each hour of the day for each day of the
week. The x-axis labels represent the time at the beginning of the hour long measurement for each point, e.g. the points at
01:00 represent the data collected between 1 am and 2 am.

A similar diurnal analysis considering average concentrations for each hour on weekdays and weekends
(Figure 8) indicates that the periods of peak concentrations were generally between 9 am and noon and
between 5 pm and 8 pm at night, while minimum concentrations occurred between 5 am and 8 am.
These observations are consistent with daytime anthropogenic emissions sources such as traffic, wood
smoke and emissions from elsewhere in the region, influencing fine particulate matter levels.
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Figure 8. Average fine particulate matter concentrations measured in Lions Bay for each hour of the day for weekdays (blue)
and weekend days (purple). The x-axis labels represent the time at the beginning of the hour long measurement for each point,
e.g. the points at 01:00 represent the data collected between 1 am and 2 am.

3.2.3 Traffic
Mobile sources, such as road traffic, marine vessels and railway locomotives, are major sources of air
emissions in the Metro Vancouver region. The Sea to Sky highway is the major road in the Lions Bay
area, carrying an average of 19,000 vehicles per day7, including heavy duty trucks and light duty
passenger vehicles. Nitrogen dioxide, nitric oxide and black carbon data were examined to investigate
whether any traffic signature, particularly from the Sea to Sky highway, could be detected.
Diurnal patterns of nitrogen dioxide and nitric oxide concentrations on weekdays and weekend days are
shown in Figure 9 and Figure 10 respectively. Average concentrations were generally higher on
weekdays compared to weekends. Two peaks, one in the morning and the second in the afternoon, on
weekdays and a single ‘hump’ in the middle of the day on weekends were observed. Although

7

BC Ministry of Transportation and Infrastructure, Traffic Data Program, 2015 reporting year AADT:
https://prdoas3.pub-apps.th.gov.bc.ca/tig-public/Report.do?pdbSiteId=23273
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concentrations in Lions Bay are relatively low, these patterns are similar to those observed at other air
quality monitoring stations in the Lower Fraser Valley air quality monitoring network and suggest that
traffic plays a role in air quality in Lions Bay, particularly on weekdays. However, it is not possible to
determine whether the most significant factor is local traffic within the village, traffic on the highway, or
transported air contaminants from traffic movement in other parts of the airshed.

Figure 9. Average nitrogen dioxide concentrations measured in Lions Bay for each hour of the day for weekdays (blue) and
weekend days (purple). The x-axis labels represent the time at the beginning of the hour long measurement for each point, e.g.
the points at 01:00 represent the data collected between 1 am and 2 am.
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Figure 10. Average nitric oxide concentrations measured in Lions Bay for each hour of the day for weekdays (blue) and
weekend days (purple). The x-axis labels represent the time at the beginning of the hour long measurement for each point, e.g.
the points at 01:00 represent the data collected between 1 am and 2 am.

A major source of black carbon emissions in the Metro Vancouver region is diesel engines. Although
black carbon concentrations in Lions Bay were low, the daily diurnal profiles (Figure 11) were examined
to investigate whether diesel emissions could be a source contributing to fine particulate matter levels
in Lions Bay. The diurnal profile shows elevated concentrations occurring between approximately 8 am
and 8 pm, which is a pattern that is consistent with a traffic signature.
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Figure 11. Average black carbon concentrations measured in Lions Bay for each hour of the day for each day of the week. The
x-axis labels represent the time at the beginning of the hour long measurement for each point, e.g. the points at 01:00
represent the data collected between 1 am and 2 am.

A notable feature of the diurnal profile is the relatively high concentrations of black carbon that stand
out for Friday and Saturday evenings. The highest concentrations during the evening on these days were
generally measured in December and January. The results suggest an increase in emissions from one or
more sources, which could include residential wood heating, in this period and since a similar peak was
not observed in the nitrogen dioxide and nitric oxide data, it is likely these occurrences do not relate
solely to traffic emissions.

4 Conclusions
Air quality in Lions Bay was generally good during the study period. Relatively elevated levels of fine
particulate matter were measured during the study, although this occurred for short periods (single
hours) and infrequently (approximately 1% of the time). Weather conditions during the study period
generally represented a range of temperatures and rainfall expected in the winter and consequently the
results are considered likely to be generally representative of air quality in Lions Bay normally expected
during the winter. Therefore the results of the study suggest that it is unlikely that exceedances of
ambient air quality objectives will occur in Lions Bay, particularly in the winter, other than during
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exceptional events, such as incursions of intense wildfire smoke or in situations when dispersion is
sufficiently restricted that air contaminants can build up.
Analysis indicated that local emissions sources contribute to air quality conditions in the village.
Anecdotal reports about the smell of wood smoke have been received from Lions Bay but the transient
nature of wood smoke from residential wood burning means that unless a plume is directed over the
instruments for an extended period of time, the effects of this source can be difficult to characterize by
air quality monitoring studies and are not generally conclusive without additional specialized analysis,
which was not available for this study. However, there is sufficient evidence in the monitoring data to
suggest that wood smoke contributes to levels of fine particulate matter in Lions Bay. In addition, traffic
emissions were also identified as likely to be contributing to the air quality experienced in the area.

5 Clean air initiatives
Air quality management activities have been key to the steady improvements seen in regional air quality
in the last ten or more years. Even with population growth in the region, concentrations of air
contaminants including carbon monoxide, nitrogen dioxide, sulphur dioxide and fine particulate matter
are generally lower than at the turn of the century. For example, sulphur dioxide levels improved as
sulphur was reduced in vehicle and marine fuels and emissions from the cement industry decreased.
Improved vehicle emission standards and the AirCare program are largely responsible for the lower
carbon monoxide and nitrogen dioxide levels.
Metro Vancouver offers a number of initiatives to address wood smoke from residential wood burning.
Programs that may offer support for working to achieve cleaner air in Lions Bay include:
 Metro Vancouver’s wood stove exchange program, which provides a rebate to individuals who
are replacing an uncertified wood burning stove or fireplace with a cleaner, low emission unit;
 Wood heat workshops providing information to new and experienced wood burners about how
to heat with wood cleanly, safely, and efficiently; and
 An indoor residential wood burning forecast report, accessible by phone during heating season
(October to March). This forecast service allows residents to find out whether smoke from their
fireplace or wood stove may negatively affect air quality in their neighbourhood.
In addition, regional programs to reduce emissions from traffic, such as the EMOTIVE electric vehicle
campaign, the Smart Drive Challenge, and increasing the availability of electric vehicle charging stations
are aimed at providing benefits in the region that are also anticipated to be reflected in local air quality
in communities such as Lions Bay.
In the Sea-to-Sky airshed, an area that encompasses Howe Sound and extends from West Vancouver,
Bowen Island and Gibsons in the south to Pemberton and Mount Currie in the north, the Sea-to-Sky
Clean Air Society is a registered charitable society with a mandate to protect clean air and support
climate initiatives. It works in cooperation with local governments to offer information and additional
initiatives to residents to promote healthy air quality.
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