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Executive Summary 

An outdoor air quality monitoring study was conducted at Tsleil-Waututh Nation’s Burrard Inlet Indian Reserve 

No. 3 Lands (Tsleil-Waututh Reserve Lands) located within the District of North Vancouver, approximately three 

kilometres east of the Ironworkers Memorial Bridge on the north shore of Burrard Inlet.  The study was initiated 

by Metro Vancouver to gain a better understanding of sulphur dioxide (SO2) levels in the area and contributing 

emissions sources such as the nearby oil refinery and marine vessels. Sulphur dioxide is an air pollutant that is 

emitted when sulphur-containing fuels are burned, and has both health and environmental effects. Exposure to 

SO2 can cause people with lung conditions such as asthma to experience breathing problems, and is linked with 

increases in hospital admissions. It can also react with other substances in the air to form fine particulate matter 

or acid rain. 

Metro Vancouver’s Mobile Air Quality Monitoring Unit (MAMU) collected air quality measurements over 

approximately 16 months in 2018 and 2019 including air contaminants that are known to have effects on human 

health and the environment. The study compared measured air quality levels to Metro Vancouver’s ambient air 

quality objectives and to other monitoring stations in the region.  Results showed that contaminant levels at the 

Tsleil-Waututh Reserve Lands were below (i.e., better than) Metro Vancouver’s air quality objectives, with the 

exception of fine particulate matter during a wildfire smoke event in the summer of 2018. Air quality levels at the 

Tsleil-Waututh Reserve Lands were generally similar to other areas of the region and experienced some of the 

lowest average levels of all the contaminants measured during the study - sulphur dioxide, nitrogen dioxide, 

ground-level ozone, carbon monoxide, fine particulate matter, and black carbon.   

All measured SO2 concentrations at the Tsleil-Waututh Reserve Lands during the study were well below (i.e., 

better than) Metro Vancouver’s air quality objectives. The highest SO2 concentrations at the Tsleil-Waututh 

Reserve Lands were associated with high winds blowing from the direction of the oil refinery. Information about 

emissions from the refinery was obtained to determine if there was any association with concentrations of SO2 

measured at the Tsleil-Waututh Reserve Lands. The highest SO2 concentrations were associated with a single wind 

event that occurred at a time when there was a period of flaring and the sulphur recovery unit (SRU) experienced 

higher than normal emissions. However, the highest 1-hour SO2 concentration measured at the Tsleil-Waututh 

Reserve Lands was 34 ppb which was below Metro Vancouver’s air quality objective of 70 ppb. 

Unprecedented wildfire smoke was experienced throughout the region in the summer of 2018 resulting in 

widespread exceedances of Metro Vancouver’s 24-hour PM2.5 objective including at the Tsleil-Waututh Reserve 

Lands.  During the wildfire event the maximum 24-hour rolling average PM2.5 concentration measured was four 

times higher than Metro Vancouver’s short-term objective.  The study period average at the Tsleil-Waututh 

Reserve Lands was better than both Metro Vancouver’s long-term annual objective and more stringent planning 

goal.   

The main conclusions of the study are: 

 Measured air quality levels at the Tsleil-Waututh Reserve Lands were below (i.e., better than) Metro 
Vancouver’s air quality objectives during the study, with the exception of fine particulate matter during a 
wildfire smoke event in the summer of 2018. 
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 Air quality levels at the Tsleil-Waututh Reserve Lands compared favourably to other areas of the region, 
with some of the lowest average levels of air contaminants measured during the study - carbon monoxide, 
sulphur dioxide, nitrogen dioxide, carbon monoxide, fine particulate matter, and black carbon.   

 
 The highest measured sulphur dioxide concentrations occurred when high winds were blowing from the 

direction of Burrard Inlet, indicating the role of the oil refinery and marine vessel emissions. The highest 
1-hour sulphur dioxide concentration, 34 ppb, was below Metro Vancouver’s air quality objective of 70 
ppb. 

 
 Average sulphur dioxide levels have drastically improved since 2015 due to stricter requirements for lower 

sulphur content in marine fuels. 
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1.0 Introduction 

1.1 Overview 

An air quality monitoring study was conducted at the Tsleil-Waututh Nation’s Burrard Inlet Indian Reserve No. 3 Lands 

(Tsleil-Waututh Reserve Lands) in the District of North Vancouver.  The purpose of the study was to compare measured 

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. The study was initiated by Metro Vancouver to gain a 

better understanding of sulphur dioxide (SO2) levels in the area and contributing emissions sources such as the nearby 

oil refinery and marine vessels. Sulphur dioxide is an air pollutant that is emitted when sulphur-containing fuels are 

burned, and has both health and environmental effects. Exposure to SO2 can cause people with lung conditions such 

as asthma to experience breathing problems, and is linked with increases in hospital admissions. It can also react with 

other substances in the air to form fine particulate matter or acid rain.  

Working with Tsleil-Waututh Nation to determine a suitable location for monitoring, Metro Vancouver deployed the 

Mobile Air Quality Monitoring Unit (MAMU) at the Tsleil-Waututh Cultural and Recreation Centre on the southeast 

corner.  Measurements taken by MAMU included contaminants that are routinely monitored at air quality monitoring 

stations throughout the region as well as meteorology.  The duration of the study was approximately sixteen months 

between February 6, 2018 and June 11, 2019.   

Metro Vancouver conducts specialized monitoring studies to inform decisions about air quality management in the 

region and to protect the region’s good air quality.  Data collected during this study is presented and discussed in this 

report. 

1.2 Air Contaminants and Emissions 

Contaminants measured during this study are routinely monitored at stations throughout the region.  They included 

contaminants that are known to have effects on human health and the environment: sulphur dioxide (SO2), nitrogen 

dioxide (NO2), fine particulate (PM2.5), black carbon (BC), ground-level ozone (O3), carbon monoxide (CO) and total 

reduced sulphur (TRS). In addition, meteorological measurements were collected to assist in identifying contributing 

sources of air contaminants.  

Sulphur dioxide is formed primarily by the combustion of fossil fuels containing sulphur.  Within Metro Vancouver the 

major sources of SO2 are an oil refinery, marine vessels, a waste to energy facility and two cement plants.  The 

geographical distribution of sulphur dioxide emissions in Burrard Inlet area is influenced mainly by an oil refinery in 

Burnaby and ocean-going vessels in the marine areas of the inlet, although in recent years, marine emissions of SO2 

have been reduced substantially. 

Nitrogen oxides (NOx) are produced by the high temperature combustion of fossil fuels. Nitrogen oxides refers to the 

combination of nitric oxide (NO), which is the principal nitrogen oxide produced by combustion processes, and nitrogen 

dioxide (NO2) which is rapidly formed from NO in the air.  Common NOX sources include internal combustion engines, 

boilers, and building heating systems.  In the Lower Fraser Valley (LFV), transportation sources account for 

approximately 63% of NOX emissions, with stationary and area sources contributing the remainder. 

Fine particulate matter (PM2.5) is emitted from a variety of sources including industry, transportation, heating (e.g., 

residential wood burning) and non-road engines.  In addition to these local sources, PM2.5 can be transported long 



Air Quality Monitoring Study at Tsleil-Waututh Nation’s Burrard Inlet IR 3 Lands Page 2 

distances in the air from sources such as large wildfires in other parts of western Canada, the US or more distant. Some 

fine particulate is directly related to specific sources (e.g., black carbon or diesel particulate matter from diesel fuel 

combustion), but studies indicate that a considerable proportion of ambient fine particulate is also created in the 

atmosphere by the reaction of other air contaminants.  In particular, ammonia emissions from a variety of sources 

including agricultural operations can react with nitrogen dioxide and sulphur dioxide to produce ammonium nitrate 

and ammonium sulphate particles, which at times can represent up to two-thirds of the fine particulate.  Exposure to 

fine particulate is one of the major air quality and health issues in Metro Vancouver.  In addition, it is a major cause of 

visibility degradation. 

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 (PM2.5).  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 include 

agricultural burning, open and prescribed burning, wildfires and residential wood burning. 

Ground-level ozone is a secondary pollutant, formed in the atmosphere by the interaction of nitrogen dioxide and 

volatile organic compounds in the presence of sunlight.  Within Metro Vancouver, ozone has historically been more 

elevated in the eastern parts of the region during hot summer days.  

Carbon monoxide is produced by the incomplete combustion of fuels containing carbon.  The principle source within 

Metro Vancouver is motor vehicle emissions with a large percentage coming from passenger cars and trucks.  The other 

major source is non-road engines and equipment such as tractors, backhoes, forklifts, and lawn mowers. Carbon 

monoxide is also contained within smoke from wildfires and residential wood burning. 

Total reduced sulphur (TRS) compounds are a group of sulphurous compounds that occur naturally in tidal areas, 

swamps, bogs and salt 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.  

Air quality objectives and standards are used as benchmarks to characterize air quality. Metro Vancouver’s ambient air 

quality objectives are shown in Table 1. The objective or standard is achieved if the ambient concentration is lower 

than (i.e., better than) the objective. 
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Table 1: Metro Vancouver’s ambient air quality objectives. 

Air Contaminant Averaging  

Period 

Ambient Air Quality Objectivea 

           μg/m3                                          ppb 

Carbon monoxide (CO) 1-hour 

8-hourb  

14,900 

5,700 

13,000 

5,000 

Nitrogen dioxide (NO2) 1-hour  

Annual 

113c 

32 

60c 

17 

Sulphur dioxide (SO2) 1-hour  

Annual  

183 

13 

70 

5 

Ozone (O3) 1-hour 

8-hour  

161 

122d 

82 

62d 

Inhalable particulate matter (PM10) 24-hour  

Annual  

50b 

20 

 

Fine particulate matter (PM2.5) 24-hour   

Annual  

25b 

8 (6e) 

 

Total reduced Sulphur (TRS) 1-hour (acceptable) 

1-hour (desirable) 

14 

7 

10 

5 

 
a 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. 
c Achievement based on annual 98th percentile of the daily maximum 1-hour concentration, averaged over three consecutive years. 
d Achievement based on annual 4th highest daily maximum 8-hour average concentration, averaged over three consecutive years. 
e Metro Vancouver’s annual PM2.5 planning goal of 6 µg/m3 is a longer term aspirational target to support continuous improvement. 
 

1.3 Regional Air Quality Trends 

In the last ten or more years, regional air quality has steadily improved for most contaminants, including CO, NO2, SO2 

and PM2.5.  Even with population growth in the region, improvements have been achieved through key actions, guided 

by Metro Vancouver’s air quality management plans. 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 are largely responsible for the lower carbon monoxide and nitrogen dioxide levels. 

Peak ground-level ozone levels, which occur during hot and sunny summer afternoons, have generally improved over 

the last several decades compared to the 1980s. But despite levels of the contaminants that form ground-level ozone 

being lower, average levels of ground-level ozone are increasing. Although this is partly a result of the increase in 

ground-level ozone found throughout the world, Metro Vancouver and partners have developed a ground-level ozone 

strategy to address increasing levels of this contaminant throughout the year and maintain the improvements achieved 

with respect to peak summertime levels. 
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1.4 Study Area 

Air quality at the Tsleil-Waututh Reserve Lands in North Vancouver is influenced by a combination of vehicle traffic, 

residential, commercial and industrial emission sources.  Industrial emission sources in the area include the oil refinery 

and tank farm, petrochemical marine terminal, and various industries near the Iron Workers Memorial Bridge.  

Residential and commercial emission sources in the immediate area are dominated by heating sources.  Figure 1 shows 

locations of some of the industrial emission sources in the area. 

 

Figure 1: Location of MAMU study site (red) and surrounding industrial emission sources (blue). 

The Parkland oil refinery in Burnaby is the largest point source of SO2 in the region and is located less than two 

kilometres south of the location where MAMU was located. The refinery operates under an air emissions permit 

administered by Metro Vancouver. The refinery processes 55,000 bbl/d of crude and synthetic oil, providing a quarter 

of the province’s transportation fuel (gasoline and diesel) and about 30% of the Metro Vancouver area’s gasoline and 

25% of Vancouver International Airport’s jet fuel.  

Several industries are located nearby at the foot of the Iron Workers Bridge, including a large chemical plant that 

produces sodium hydroxide, hydrochloric acid and chlorine, a chemical recycling facility, a small chemical plant, a sand 

and gravel supplier, a recycling and garbage transfer station, and a shipbuilder. 

Westridge Marine Terminal located approximately three kilometers away from the study site is the terminus of the 

Trans Mountain pipeline. Prior to proposed expansion, the pipeline presently delivers approximately 300,000 barrels 

of petroleum products each day through 1,150 kilometres of pipeline in Alberta and British Columbia. The Westridge 

Marine Terminal includes infrastructure for loading crude and refined product onto ships for export. The infrastructure 

includes sources of air emissions from vapour recovery units (VRUs), a vapour combustion unit (VCU), and fugitive 

sources.  
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During the air quality study period there were also construction activities conducted nearby at the new administration 

building complex at the Tsleil-Waututh Reserve Lands that was being built about 100 metres north of the MAMU 

location. 

1.5 Burrard Inlet Area Local Air Quality Study 

Specialized air quality monitoring studies complement the permanent air quality monitoring network stations in Metro 

Vancouver and the Fraser Valley. 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 Burrard Inlet Area Local Air Quality Study was a comprehensive study conducted in 2008 to 2010 that included a 

large study area and deployment of a range of air quality monitoring technology at several sites.  The study concluded 

that the Central Burrard Inlet Area experienced unique air quality and compared to other areas in the LFV:  

 Levels of SO2 were elevated. 

 PM2.5 levels were periodically elevated. 

 Black carbon levels were slightly elevated. 

 Vanadium and nickel levels were elevated. 

 Levels of NO2 were similar. 

 Unique episodes of degraded air quality were observed. 
 

The study noted that the Central Burrard Inlet Area monitoring sites measured the influence of numerous local 

emission sources operating in closer proximity to large emissions sources than the rest of the region.  Comparatively 

higher SO2 levels were attributed to the high level of marine activity in Burrard Inlet, the high sulphur content of marine 

fuel, and petroleum refining.  Comparatively higher PM2.5 and black carbon levels were attributed to higher levels of 

diesel soot from marine engines, cargo handling equipment, truck traffic and rail locomotives. Nickel and vanadium 

are found in residual/heavy fuel oil burned in ocean-going vessels and are emitted as particles during combustion. 

However, since the study, average SO2 concentrations near Burrard Inlet have improved dramatically due to the use of 

lower sulphur marine fuels.  

Historically, marine vessels were the largest source of SO2 emissions in our region. Marine fuel contained much higher 

amounts of sulphur compared to fuels used in cars and trucks. The governments of Canada and the United States 

recognized the impact of ship emissions on coastal air quality and worked with the International Maritime Organization 

to designate an Emission Control Area (ECA) in North American coastal waters. This meant that starting August 1, 2012, 

the level of sulphur allowed in marine fuels was decreased by more than 75%. This further reduced by 90% on January 

1, 2015. 

2.0 Methods 

2.1 Monitoring Location 

Metro Vancouver operates an extensive ambient air quality monitoring network with 31 air quality monitoring stations 

located throughout the Lower Fraser Valley1.  The monitoring network collects air quality data from Horseshoe Bay to 

                                                           
1 http://www.metrovancouver.org/services/air-
quality/AirQualityPublications/2017_LFV_AQ_Monitoring_Report_w_Appendix_A.pdf  

http://www.metrovancouver.org/services/air-quality/AirQualityPublications/2017_LFV_AQ_Monitoring_Report_w_Appendix_A.pdf
http://www.metrovancouver.org/services/air-quality/AirQualityPublications/2017_LFV_AQ_Monitoring_Report_w_Appendix_A.pdf
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Hope every hour of the day, seven days a week.  It provides the 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. Operated by Metro Vancouver, the monitoring network is one of the most 

comprehensive in the world.  Current air quality information is available at Metro Vancouver’s website www.airmap.ca. 

There are currently three air quality monitoring network stations on the North Shore with two located in North 

Vancouver and one in West Vancouver. Selection of the study site followed investigations of a number of possible 

locations with a focus on establishing a representative location at the Tsleil-Waututh Reserve Lands.  When establishing 

a location for MAMU considerations included: access to adequate electrical power; space to accommodate the 28 foot-

long MAMU; a level surface; a site that is open to unobstructed air flow; and the avoidance of overhead power lines.  

Potential sites were investigated by Metro Vancouver staff to determine the suitability for the study.  With the 

assistance of Tsleil-Waututh Nation, a site was chosen in the parking lot of the Tsleil-Waututh Cultural and Recreation 

Centre which is to the southeast of the building on Ghum Lye Drive.  The location of MAMU is shown in Figure 2 and 

identified as S148. 

Also shown in Figure 2 are other nearby air quality monitoring network stations used for comparison in this report. 

They include North Vancouver-Mahon Park (T26), Burnaby-Kensington Park (T4), North Vancouver-Second Narrows 

(T6), Burnaby North (T24), Burnaby-Capitol Hill (T23), Vancouver-Pandora Park (S133), and Vancouver-Clark Drive 

(T50).  Other network stations used for comparison in this report that are located outside the area on Figure 2 are 

Vancouver-Downtown (T1), Port Moody (T9), and Burnaby South (T18). A description of each of these stations is given 

in Table 2.   

 

Figure 2: Location of MAMU-Tsleil-Waututh Reserve Lands study site (red) and network stations (orange). 

http://www.airmap.ca/
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Table 2: Existing air quality monitoring network stations used in the study. 

ID Site Name Site Characteristics and Description 

T1 Vancouver-

Downtown 

Located in the Robson Square Complex in downtown Vancouver, this station is 

situated in an area of dense traffic surrounded by mixed multiple-story and high-

rise residential and commercial buildings.  

T4 Burnaby-

Kensington Park 

This station, located in North Burnaby, is situated in a mixed neighbourhood 

which includes residential, industrial, commercial, and park land-use which is 

typical of other surrounding areas.  

T6 North Vancouver- 

Second Narrows 

Located in the District of North Vancouver near Second Narrows Bridge in a busy 

commercial and industrial setting situated on an active works yard adjacent to 

many nearby emission sources.  

T9 Port Moody Located in Rocky Point Park within an area that has experienced a reduction in 

industrial sources and an increase in mobile and residential sources over the last 

two decades.  

T18 Burnaby South Located at Burnaby South Secondary School, this monitoring station is 

established in a residential area on the top of the south slope of Burnaby. 

T23 Burnaby-Capitol 

Hill 

This site, located atop Capitol Hill in North Burnaby is situated at the boundary 

of a residential neighbourhood adjacent to the Burnaby oil refinery. The station 

is located at the top of the hill directly south of the refinery.  

T24 Burnaby North  This site is located in a park adjacent to the tank farm and product distribution 

centre of the oil refinery. The site was chosen based on dispersion modelling of 

emissions from the refinery and tank farm, located between the major emission 

source and the neighbouring community.  

T26 North Vancouver-

Mahon Park 

This station measures air quality in the residential areas of central North 

Vancouver. On bench-land above the harbour and away from major traffic 

corridors, this station is situated so as to represent air quality for a wider region 

along the North Shore mountains.  

S133 Vancouver-

Pandora Park 

This station is located in Pandora Park in East Vancouver. This station is only 

equipped to measure SO2 concentrations. 

T50 Vancouver-Clark 

Drive 

The Vancouver-Clark Drive monitoring station is a near-road monitoring station 

located in East Vancouver equipped to measure traffic-related air pollutants. 

The near-road monitoring station is located alongside a busy roadway that 

transects a densely populated community. 
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2.2 Study Period 

Monitoring began February 6, 2018 and was completed on June 11, 2019.  During the study period there were three 

occurrences when MAMU was taken out of service for a commercial vehicle inspection. During these times MAMU did 

not take measurements. MAMU was not operational due to servicing during the following dates: 

 03/26/2018 to 03/28/2018 

 10/23/2018 to 10/25/2018 

 03/25/2019 to 03/29/2019 

Near the start of the study period the oil refinery completed a turnaround event, reported by the refinery as their 

largest event ever, in which all the equipment and infrastructure underwent maintenance. The turnaround event 

started on February 1, 2018 and was completed March 31, 2018. MAMU was not operational for several days of the 

refinery start-up on March 26 to 28, 2018 and emission activity at this time would not have been captured in the 

monitoring data at MAMU-Tsleil-Waututh Reserve Lands.  

2.3 Monitoring Methods 

Metro Vancouver’s Mobile Air Monitoring Unit (MAMU) was used to conduct this study.  MAMU (Figure 3) is used to 

supplement the network of air quality monitoring stations and can be moved throughout the region to investigate local 

air quality issues.  During the study period, MAMU was equipped with the same instrumentation as the monitoring 

network stations and was connected to the central data acquisition system using cellular communications.  MAMU 

systems are subject to the same quality control and quality assurance procedures as the other monitoring stations 

used in the study, and throughout the monitoring network. 

  

Figure 3: Metro Vancouver’s MAMU at the Tsleil-Waututh Reserve Lands study site. 
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The majority of contaminants measured by MAMU employ continuous monitors which provide data in real-time every 

minute of the day.  These data are collected automatically on a continuous basis, transmitted to Metro Vancouver’s 

Head Office in Burnaby, and stored in an electronic database.  The continuous monitors used in this study measured 

CO, SO2, NO2, O3, PM2.5, BC and TRS.   

MAMU measures several meteorological parameters including air temperature, relative humidity, wind speed and 

wind direction using a telescoping tower.  All meteorological parameters were measured at a height of ten metres 

above the ground. 

3.0 Results 

3.1 Meteorology 

An understanding of meteorology is important to interpret air quality patterns and trends. The state of the atmosphere 

determines pollutant dispersion and ambient ground-level concentrations.  Meteorology measured at the MAMU-

Tsleil-Waututh Reserve Lands study site included wind speed and direction, air temperature and relative humidity. 

A wind rose illustrates predominant wind directions at a monitoring location.  Figure 4 shows the frequency distribution 

of wind direction and wind speed for the study period at the MAMU study site.  The study site exhibits a predominant 

wind from the north-northeast (22%), north (17%), and south-southeast (8%) of the time.  Winds blowing from the oil 

refinery to the study site (168 o-196o) were found to occur 6% of the time. Winds from “various industries” (234o-258o) 

as shown in Figure 1 occur 10% of the time and winds from petrochemical marine terminal (126o-136o) were found to 

occur 1% of the time. 

 

Figure 4: Wind rose for entire study period at the MAMU study site.  
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3.2 Comparison of Measured Levels of Air Quality 

In this section, a summary of air quality measurements collected during the study period are provided along with 

comparisons to measurements from nearby network stations for the same period.  A brief discussion is also included 

comparing the measurements with Metro Vancouver’s ambient air quality objectives.  Table 3 summarizes the 

maximum and mean concentrations measured during the study and are compared to the relevant Metro Vancouver 

air quality objective.  The mean is calculated as the average of all data collected during the study period.  

Table 3: Air quality results at the study site (MAMU-Tsleil-Waututh Reserve Lands). 

Contaminant 
Averaging  

Period 

 Measurement Air Quality 
Objectivea Unit Maximum Mean 

Sulphur dioxide 
(SO2) 

1-hour  

Annual  

(ppb) 

(ppb) 

34.4  

0.3 

 70 

5 

Nitrogen 
dioxide (NO2) 

1-hour  

Annual 

(ppb) 

(ppb) 

54.3 

 

 

8.3 

60b 

17 

Fine particulate 
matter (PM2.5) 

24-hour  

Annual  

(μg/m3) 

(μg/m3) 

105.3  

5.9 

25c 

8 (6d) 

Black Carbon 
(BC) 

24-hour  

Annual 

(μg/m3) 

(μg/m3) 

4.2  

0.5 

 

Ozone (O3) 1-hour 

8-hour  

(ppb)  

(ppb) 

70.4 

52.0 

 82 

62e 

Carbon 
monoxide (CO) 

1-hour 

8-hour  

(ppb) 

(ppb) 

1,100 

1,011 

 13,000 

5,000 

Total Reduced 
Sulphur (TRS) 

1-hour 
(desirable) 

(ppb) 1.5  

 

5 

a 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 annual 98th percentile of the daily maximum 1-hour concentration, averaged over three consecutive years. 
c Achievement based on rolling average. 
d Metro Vancouver’s annual PM2.5 planning goal of 6 µg/m3 is a longer term aspirational target to support continuous improvement. 

e Achievement based on annual 4th highest daily maximum 8-hour average concentration, averaged over three consecutive years. 

 

3.2.1 Sulphur Dioxide (SO2)  

Sulphur dioxide was measured at concentrations below Metro Vancouver’s sulphur dioxide objectives at the Tsleil-

Waututh Reserve Lands shown in Figure 5. Vancouver-Clark Drive experienced an exceedance of Metro Vancouver’s 1-

hour SO2 Objective (70 ppb) during the study period with a 1-hour average of 76 ppb. The second highest 1-hour 

concentration was measured at Burnaby-Capitol Hill with a value of 67 ppb which was below the SO2 objective. The 

maximum hourly SO2 concentration measured at the Tsleil-Waututh Reserve Lands was 34 ppb, which was the third 
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highest of the study sites, but well below the 1-hour objective.  The study period averages are all well below the annual 

objective of 5 ppb.  

The monthly average and maximum SO2 concentrations are provided in Figure 6.  The monthly averages for the Tsleil-

Waututh Reserve Lands followed a similar pattern as other network stations but with some of the lowest averages 

measured. Average sulphur dioxide levels have drastically improved since 2015 due to stricter requirements for lower 

sulphur content marine fuels. The monthly 1-hour maximum concentrations do not follow a well-defined seasonal 

pattern.  The highest monthly 1-hour maximum concentrations occurred at Vancouver-Clark Drive in April followed by 

Burnaby-Capitol Hill in May then July. The study site experienced a peak in December. Examining wind data for the 

corresponding time of each maximum reveals the direction from which SO2 emissions may have originated. Each of the 

peak concentrations measured (76 ppb at Vancouver-Clark Drive, 67 ppb at Burnaby-Capitol Hill, and 34 ppb at MAMU- 

Tsleil-Waututh Reserve Lands) were associated with wind blowing from the direction of the refinery towards each of 

the monitoring sites.  

In the Lower Fraser Valley sulphur dioxide concentrations are typically very low away from major SO2 emission sources 

such as marine vessel activities and the oil refinery in Burnaby.  The Burnaby South station provides an example of 

lower SO2 concentrations at a location relatively removed from the influence of SO2 emissions in Burrard Inlet. 

A series of diurnal plots are shown in Figure 7, demonstrating the differences between weekdays and weekends along 

with differences between summer and winter. The y-axes are different for each individual plot and collectively the 

plots illustrate that SO2 concentrations measured near Burrard Inlet in the summer are mainly influenced by wind 

patterns as well as 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.  The Burnaby-

Capitol Hill station and Burnaby North show diurnal variation with sporadic peak SO2 concentrations during the 

morning and evening periods when mixing layer depth is reduced and dispersion is limited.   

A pollution rose is provided in Figure 8 which shows the distribution of wind direction and sulphur dioxide 

concentrations when winds are blowing from the direction shown on the compass.  Care must be taken when reviewing 

pollution roses, as they do not show how close the pollution source is to the monitor nor do they indicate if a pollutant 

plume changed direction during its path. The higher sulphur dioxide concentrations were selected to highlight 

directions from which elevated levels of sulphur dioxide originated.  Figure 8 indicates that the majority of highest SO2 

concentrations occurred when winds were blowing from the Burrard Inlet area, which are likely the result of the oil 

refinery and marine vessel emissions.   

To further understand the role that oil refinery emissions may have on ambient SO2 concentrations, flow and emission 

rate information were reviewed. The highest SO2 concentrations measured at MAMU-Tsleil-Waututh Reserve Lands 

were examined and found to be associated with a wind storm which coincided with a “power dip” as reported by the 

refinery. During this time, there was a period of flaring and the sulphur recovery unit (SRU) experienced higher than 

normal SO2 emissions (i.e., emission rate greater than 35 g/min) and a lower than normal flow rate.  During this event, 

high winds were blowing from the direction of the refinery. Figure 9 shows measured SO2 concentrations from MAMU-

Tsleil-Waututh Reserve Lands plotted against flow and emission rates from the SRU, wind speed and wind direction. 

As indicated earlier, the highest 1-hour SO2 concentration measured at MAMU-Tsleil-Waututh Reserve Lands was 34 

ppb which was below (i.e., better than) Metro Vancouver’s air quality objective. 
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Figure 5:  Sulphur dioxide monitoring maximum 1-hour and study period average. 

 

    

Figure 6:  Monthly average and 1-hour maximum sulphur dioxide. 
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Figure 7: Daily patterns of sulphur dioxide.  

 

Figure 8:  MAMU-Tsleil-Waututh Reserve Lands pollution rose sulphur dioxide. 
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Figure 9: Ambient concentrations of SO2 measured at MAMU-Tsleil-Waututh Reserve Lands compared with wind 

and refinery emission characteristics. 

 

3.2.2 Nitrogen Dioxide (NO2) 

Hourly nitrogen dioxide concentrations measured at the Tsleil-Waututh Reserve Lands were below Metro Vancouver’s 

nitrogen dioxide objectives.  The maximum hourly and 98th percentile of the 1-hour daily maximum NO2 concentration 

were both below Metro Vancouver’s 1-hour NO2 Objective (Figure 10).  The North Vancouver-Second Narrows station 

measured the highest 1-hour maximum and 98th percentile of the 1-hour daily maximum while the highest average 

concentration was measured at the near-road monitoring station Vancouver-Clark Drive. The study period average of 

19 ppb at Vancouver-Clark Drive is greater than the annual objective of 17 ppb and is highly influenced by traffic 

emissions, as this is a near-road station. The study period average measured at the Tsleil-Waututh Reserve Lands was 

the lowest concentration measured at the study sites and less than half the annual objective. 

The monthly average and 1-hour maximum concentrations at the Tsleil-Waututh Reserve Lands exhibited little 

seasonal variation and some of the lowest concentrations compared with the comparison sites (Figure 11).  The highest 

average NO2 concentrations occurred at Vancouver-Clark Drive in February, where the station is located near a busy 

road in a densely trafficked area. 

Daily NO2 patterns are shown in Figure 12. Most stations exhibit higher winter concentrations on weekdays compared 

with weekends with many stations showing a peak in the morning that corresponds relatively well with morning traffic 

patterns. 
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A pollution rose is provided in Figure 13 showing the distribution of wind direction and nitrogen dioxide concentrations 

when winds are blowing from the direction shown on the compass.  The NO2 pollution rose shows the majority of 

highest concentrations occurring with winds with north and/or south components with the highest concentrations 

(i.e., > 40 ppb) most frequently coming from the south.   

  

*Achievement based on annual 98th percentile of the daily maximum 1-hour concentration, averaged over three consecutive 

years. 

Figure 10: Nitrogen dioxide monitoring 1-hour maximum, 98th percentile 1-hour daily maximum and study period 

average. 

 

    

Figure 11: Monthly average and 1-hour maximum nitrogen dioxide. 
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Figure 12: Daily patterns of nitrogen dioxide. 

 

Figure 13: MAMU-Tsleil-Waututh Reserve Lands pollution rose nitrogen dioxide. 
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3.2.3 Fine Particulate (PM2.5)  

In 2018, unprecedented wildfire smoke was experienced throughout the region resulting in widespread exceedances 

of Metro Vancouver’s 24-hour PM2.5 objective including at MAMU-Tsleil-Waututh Reserve Lands (Table 4).  During the 

wildfire event the maximum 24-hour rolling average PM2.5 concentration measured at the Tsleil-Waututh Reserve 

Lands was 105 g/m3 which was four times higher than Metro Vancouver’s 24-hour Objective of 25 g/m3.  The study 

period average at the Tsleil-Waututh Reserve Lands was 5.9 g/m3 which was better than both Metro Vancouver’s 

planning goal of 6 g/m3 and annual objective of 8 g/m3.   

Table 4: Fine particulate matter concentrations during study period. 

Station Name 

Study Period Average 

(ug/m3) 

Maximum 24-Hour Rolling Average 

(ug/m3) 

Vancouver-Clark Drive 8.3 123.9 

Burnaby South 6.2 119.4 

Burnaby-Kensington Park 5.8 114.0 

Port Moody 6.1 110.9 

N. Vancouver-Mahon Park 5.9 107.5 

MAMU- Tsleil-Waututh Reserve Lands 5.9 105.3 

N. Vancouver-2nd Narrows 7.5 103.0 

 

To examine PM2.5 trends further, the effects of wildfire smoke were removed and the remaining measurements are 

presented in Figure 14. Without the effects of wildfire smoke, Metro Vancouver’s 24-hour objective was achieved at 

the Tsleil-Waututh Reserve Lands with a maximum value of 21 g/m3 and at all other study sites with the exception of 

the near-road monitoring site (Vancouver-Clark Drive) that is influenced by heavy-duty diesel truck traffic. 

The monthly average and maximum 24-hour rolling average PM2.5 concentrations are provided in Figure 15.  The 

monthly average concentrations at the study site followed a similar pattern as other network stations and were of 

similar magnitude. The highest monthly averages and maximums were recorded in August at all sites, which resulted 

from unprecedented wildfire smoke experienced throughout the region.  

Graphs of daily PM2.5 patterns are shown in Figure 16 with wildfire effects removed. Diurnal trends in the summer were 

relatively homogenous with slightly higher concentrations experienced on weekdays compared with weekends. In the 

winter PM2.5 concentrations display greater daily variation with higher concentrations in the evenings compared with 

the daytime at several sites including Port Moody, North Vancouver-Mahon Park, MAMU-Tsleil-Waututh Reserve Lands 

and Vancouver-Clark Drive. Elevated concentrations in the evening in winter are thought to be the result of reduced 

atmospheric mixing coupled with regional and local emissions sources, such as smoke from residential wood burning.   

A pollution rose is provided in Figure 17, with wildfire effects removed, showing the distribution of wind direction and 

the highest PM2.5 concentrations when winds are blowing from the direction shown on the compass. The PM2.5 

pollution rose shows a pattern of the greatest frequency of hourly PM2.5 concentrations above 25 g/m3 occurring 

when winds are blowing from the north-northeast and south-southwest.   
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Figure 14:  Fine particulate monitoring maximum 24-hour rolling average and study period average with wildfire 

effects removed. 

 

    

Figure 15: Monthly average and 24-hour rolling average maximum fine particulate. 
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Figure 16: Daily patterns of fine particulate with wildfire effects removed. 

 

Figure 17: MAMU-Tsleil-Waututh Reserve Lands pollution rose fine particulate with wildfire effects removed. 

 

3.2.4 Black Carbon (BC)  

There are no provincial, federal or Metro Vancouver objectives for black carbon, a carbonaceous material formed by 

the incomplete combustion of fossil fuels, biofuels, and biomass.  Non-road engines (primarily diesel fuelled), heavy 

duty vehicles, rail and marine vessels are significant sources of black carbon.  Shown in Figure 18, the highest 24-hour 
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rolling average BC concentration occurred at Vancouver-Clark Drive, which was likely due to heavy-duty diesel trucks 

on the busy roadway. 

The monthly black carbon average and maximum 24-hour rolling average are provided in Figure 19.  The monthly 

averages at the Tsleil-Waututh Reserve Lands are similar to the Port Moody station.  

Black carbon is generally greater on weekdays compared with weekends, shown in Figure 20.  This pattern is especially 

evident at the near-road monitoring station, Vancouver-Clark Drive, where greater amounts of black carbon are clearly 

measured on weekdays.   

A pollution rose is provided in Figure 21 showing the distribution of wind direction and the highest black carbon 

concentrations when winds are blowing from the direction shown on the compass.  The black carbon pollution rose 

shows the majority of highest concentrations coming from the north-northeast, south-southeast, south and south-

southwest sectors.   

  

Figure 18: Black carbon monitoring maximum 1-hour average, maximum 24-hour rolling average, and study period 

average. 

   

Figure 19: Monthly average and 24-hour rolling average maximum black carbon. 
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Figure 20: Daily patterns of black carbon.  

 

Figure 21: MAMU- Tsleil-Waututh Reserve Lands pollution rose black carbon. 

 

3.2.6 Carbon Monoxide (CO) 

Carbon monoxide was measured at concentrations well below Metro Vancouver’s carbon monoxide objectives at the 

Tsleil-Waututh Reserve Lands.  The maximum (i.e., the highest concentration measured) hourly CO concentration was 

1,100 ppb and the maximum 8-hour rolling average was 1,011 ppb.  These measurements are well below Metro 

Vancouver’s 1-hour and 8-hour CO Objectives of 13,000 and 5,000 ppb, respectively. 

Figure 22 presents the 1-hour and 8-hour CO maximum and average concentrations at the study site (Tsleil-Waututh 

Reserve Lands), along with the comparison network stations.  The concentrations provided in this figure have been 

calculated with measurements collected during the study period.   
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The MAMU-Tsleil-Waututh Reserve Lands study site exhibited the lowest maximum 1-hour average, maximum 8-hour 

rolling average and study period average CO concentrations compared to other nearby network monitoring sites.  

Carbon monoxide is typically very low throughout the region and is therefore not generally considered an outdoor 

contaminant of concern. Monthly averages and maximums show the seasonality of CO (Figure 23), including the 

wildfire impacts experienced in August.  The monthly averages and maximums at the study site are also the lowest of 

the other network stations used in this study. 

Graphs of daily CO patterns are shown in Figure 24. The graphs demonstrate the differences between weekdays and 

weekends along with differences between summer and winter. Review of daily CO patterns provides an indication of 

traffic emission influences. Most of the comparison stations exhibit higher winter concentrations on weekdays 

compared with weekends with many comparison stations showing a large peak in the morning that corresponds 

relatively well with morning traffic patterns.  MAMU-Tsleil-Waututh Reserve Lands shows a similar diurnal pattern as 

North Vancouver-Mahon Park, however exhibits overall lower concentrations with a small peak on winter mornings 

during the week.   

A pollution rose is provided in Figure 25 showing the distribution of wind direction and carbon monoxide 

concentrations when winds are blowing from the direction shown on the compass.  The carbon monoxide 

concentrations greater than 0.8 ppm (800 ppb) were selected to highlight from which directions elevated levels of 

carbon monoxide originated.  Figure 7 indicates that the majority of highest CO concentrations came from the north-

northeast. Potential sources of these concentrations include emissions from buildings, construction activities and 

motor vehicles.   

    

Figure 22: Carbon monoxide monitoring maximum 1-hour and 8-hour rolling average and study period average. 
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Figure 23:  Monthly average and 1-hour maximum carbon monoxide. 

 

 

Figure 24:  Daily patterns of carbon monoxide.              
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  Figure 25: MAMU-Tsleil-Waututh Reserve Lands pollution rose carbon monoxide. 

 

3.2.5 Ozone (O3) 

Hourly and 8-hour ozone concentrations measured at the Tsleil-Waututh Reserve Lands were below Metro 

Vancouver’s ozone objectives. The highest hourly and 8-hour ozone concentrations were 70 and 52 ppb, respectively 

(Figure 26).  These maximum concentrations were below the 1-hour and 8-hour Metro Vancouver Objectives of 82 and 

62 ppb, respectively. 

The monthly average and maximum hourly concentrations at the study site are similar to the other network stations 

in the area (Figure 27).  Measurements of ozone taken throughout the LFV air quality monitoring network in summer 

show that ozone concentrations are lower in the more western parts of Metro Vancouver (e.g., Vancouver-Downtown) 

and around the Burrard Inlet area, and higher in the eastern parts of Metro Vancouver (e.g., Port Moody). 

Graphs of daily ozone patterns are shown in Figure 28. All stations exhibit similar patterns. In the summer, O3 

concentrations are low through the night and begin increasing near sunrise with the highest (peak) concentrations 

occurring in the afternoon. On very hot sunny days, typically during a summertime episode, the O3 peak occurs later in 

the day. Winter shows a similar pattern and afternoon peak although it is greatly attenuated compared with the 

summer. 

Ground-level ozone is a secondary pollutant created by the interaction of nitrogen dioxide and volatile organic 

compounds in the presence of sunlight. Since ozone is generally not emitted directly, a pollution rose has not been 

included.   
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Figure 26: Ozone monitoring maximum 1-hour and 8-hour rolling average, and study period average. 

    

Figure 27: Monthly average and 1-hour maximum ozone. 
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Figure 28: Daily patterns of ozone. 

  



Air Quality Monitoring Study at Tsleil-Waututh Nation’s Burrard Inlet IR 3 Lands Page 27 

4.0 Conclusions 

An air quality monitoring study was conducted at Tsleil-Waututh Nation’s Burrard Inlet Indian Reserve No. 3 Lands 

(Tsleil-Waututh Reserve Lands) in the District of North Vancouver for approximately 16 months in 2018 and 2019.  The 

objectives of the study were 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.  

Metro Vancouver’s mobile air monitoring unit (MAMU) measured air contaminants that are known to have effects on 

human health or environment: carbon monoxide (CO), sulphur dioxide (SO2), nitrogen dioxide (NO2), ground-level 

ozone (O3), fine particulate matter (PM2.5), and black carbon (BC).  

The monitoring study showed that contaminant levels measured by MAMU at the Tsleil-Waututh Reserve Lands were 

below (i.e., better than) all of Metro Vancouver’s air quality objectives with the exception of PM2.5 when unprecedented 

wildfire smoke impacts were experienced across the region.  Generally, the Tsleil-Waututh Reserve Lands experienced 

some of the best air quality (i.e., low concentrations) for some of the contaminants including CO and NO2 compared to 

the comparison sites and similar concentrations for other contaminants including SO2, O3, PM2.5, and BC. 

Unprecedented wildfire smoke was experienced throughout the region in the summer of 2018 resulting in widespread 

exceedances of Metro Vancouver’s 24-hour PM2.5 objective including at the Tsleil-Waututh Reserve Lands.  During the 

wildfire event the maximum 24-hour rolling average PM2.5 concentration measured was four times higher than Metro 

Vancouver’s short-term objective.  With wildfire effects removed PM2.5 measurements were below the short-term 

objective during the entire study period at the Tsleil-Waututh Reserve Lands. The study period average at the Tsleil-

Waututh Reserve Lands was better than both Metro Vancouver’s long-term annual objective and more stringent 

planning goal.   

Sulphur dioxide was measured at concentrations below (i.e., better than) Metro Vancouver’s sulphur dioxide objectives 

at all study sites including at the Tsleil-Waututh Reserve Lands.  On average, the Tsleil-Waututh Reserve Lands had 

some of the lowest levels of sulphur dioxide of the comparison stations. Emissions and flow rate data were investigated 

to determine the potential role that the oil refinery has on ambient SO2 concentrations at the Tsleil-Waututh Reserve 

Lands. Winds blowing from the refinery to the MAMU monitoring location (168o-196o) were found to occur 6% of the 

time. It was found that the highest three hourly SO2 concentrations measured at the Tsleil-Waututh Reserve Lands 

were associated with higher than normal emissions from the sulphur recovery unit during a reported “power dip” at 

the refinery during a wind event.  However, during this event all of the SO2 hourly concentrations were well below the 

ambient air quality objective. 
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