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Executive Summary 

An outdoor air quality monitoring study was conducted in the Moodyville neighbourhood of North Vancouver.  

The study initiated by Metro Vancouver through a request by the City of North Vancouver’s Low Level Road and 

Port Area Community Liaison Committee was conducted to gain a better understanding of air quality in the area 

and to help address air quality concerns raised by some residents in regard to nearby transportation projects 

and industries.   

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

approximately 9 months in 2014 and 2015 including air pollutants that are known to have effects on human 

health or environment: carbon monoxide, sulphur dioxide, nitrogen dioxide, ground-level ozone, fine particulate 

matter, inhalable particulate matter and black carbon. In addition, coal particle analysis was performed and 

meteorological measurements were made to assist in identifying contributing sources of air pollutants. 

The study compared measured air quality levels to Metro Vancouver’s ambient air quality objectives and to 

other monitoring stations in the region, and established some baseline monitoring in the Moodyville 

neighbourhood ahead of anticipated and potential development.  The monitoring study showed that pollutant 

levels in Moodyville were below Metro Vancouver’s air quality objectives and were generally similar to other 

areas of the region for carbon monoxide, sulphur dioxide, nitrogen dioxide, ground-level ozone, fine particulate 

matter, and black carbon.  Emissions from transportation (vehicle traffic and marine vessels), residential, and 

industrial sectors were evident in the air quality patterns in Moodyville.  Vehicle traffic emissions were most 

noticeable in the carbon monoxide and nitrogen dioxide measurements while marine vessel emissions were 

shown to influence sulphur dioxide levels.  Fine particulate matter results showed a potential influence of smoke 

from residential wood burning in winter. 

Inhalable particulate concentrations in Moodyville exceeded Metro Vancouver’s 24-hour inhalable particulate 

objective on one short-lived occasion when Metro Vancouver was under an air quality advisory due to forest fire 

smoke from outside the region.  While the inhalable particulate exceedance was understood to be triggered by 

an influence outside of the region, the study indicated slightly higher average levels compared with other air 

quality stations.  These higher average levels are thought to be a result of a combination of local construction, 

road dust, and industrial emissions. 

The coal content analysis for the particulate samples were found to provide a qualitative indication confirming 

the presence of coal, however due to the subjectivity and limitations of the analysis care must be taken when  

reviewing the coal content percentages.   
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1.0 Introduction 

1.1 Overview 

An outdoor air quality monitoring study was conducted in the Moodyville neighbourhood of North Vancouver 

near Burrard Inlet.  A request for air quality monitoring was made to Metro Vancouver through the Low Level 

Road and Port Area Community Liaison Committee established by the City of North Vancouver.  The study was 

initiated to gain a better understanding of air quality in the area and to help address air quality concerns raised 

by some residents in regard to nearby transportation projects and industries.   

Working with the City of North Vancouver to determine a suitable location for monitoring, Metro Vancouver 

deployed the Mobile Air Quality Monitoring Unit (MAMU) in the Moodyville neighbourhood on East 2nd Street 

between Moody Avenue and Ridgeway Avenue.  Measurements taken by MAMU included pollutants that are 

routinely monitored at air quality monitoring stations throughout the region as well as air samples which were 

analyzed for coal particles.  The duration of the study was approximately nine months between April 2014 and 

February 2015.  Monitoring was conducted in two separate monitoring periods with a short gap between periods 

to serve another need for MAMU elsewhere in the region.   

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 technical report. 

1.2 Air Contaminants and Emissions 

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

included pollutants that are known to have effects on human health or the environment: carbon monoxide (CO), 

sulphur dioxide (SO2), nitrogen dioxide (NO2), ground-level ozone (O3), fine particulate (PM2.5), inhalable 

particulate (PM10) and black carbon (BC).  In addition, meteorological measurements were collected to assist in 

identifying contributing sources of air pollutants.  

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 the transportation 

sector.  Other sources include fuel combustion for building heating and commercial and industrial operations. 

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

Vancouver the major sources of SO2 are marine vessels, an oil refinery, and non-road engines (e.g., construction 

equipment, lawn mowers, etc.).  The geographical distribution of sulphur dioxide emissions is influenced mainly 

by ocean-going vessels in the marine areas and a petroleum refinery in Burnaby. 

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 boilers, 

building heating systems and internal combustion engines.  In the Lower Fraser Valley (LFV), transportation 

sources account for approximately 63% of NOX emissions, with stationary and area sources contributing the 

remainder. 
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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 the summer months.  

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

and non-road engines.  Some fine particulate may be 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 pollutants.  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. 

Inhalable particulate (PM10) is emitted from a variety of sources with the largest contribution from road dust 

(35%).  Road dust is made up of material that has been previously deposited on the road surface such as mud 

and dirt track-out, leaves, vehicle exhaust, tire debris, brake linings, and pavement wear. Traffic or wind re-

suspends the road dust into the air.  Other major contributors to PM10 are transportation, construction and 

demolition, residential wood heating, agriculture and industry.  There are also natural sources of PM10 such as 

wind-blown soil, forest fires, ocean spray and volcanic activity. 

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, wild fires and residential heating. 

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. 

Contaminant 
Averaging  

Period 

Units 

μg/m3 ppb 

Carbon monoxide (CO) 1-hour 

8-hour  

30,000 

10,000 

26,500 

8,800 

Nitrogen dioxide (NO2) 1-hour  

Annual 

200 

40 

107 

22 

Sulphur dioxide (SO2) 1-hour  

24-hour  

Annual  

196* 

125 

30 

75* 

48 

12 

Ozone (O3) 1-hour 

8-hour  

160 

126 

82 

65 

Inhalable particulate matter (PM10) 24-hour  

Annual  

50 

20 

 

Fine particulate matter (PM2.5) 24-hour   

Annual  

25 

8 (6)** 

 

Note: The 8-hour and 24-hour objectives are intended to be compared against concentrations calculated as a rolling average.  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.  
 
* The 1-hour SO2 objective is interim and intended to apply to all applications for authorizations of new or significantly modified 
discharges under GVRD Air Quality Management Bylaw No. 1082 made on or after May 15, 2015 but not intended to apply to existing 
facilities. “Significantly modified” refers to an increase in authorized quantity of emission of greater than 10%. The interim SO2 
objective will be revisited after the Canadian Council of Ministers of the Environment adopts a new Canadian Ambient Air Quality 
Standard, likely in 2016.  
 

** Metro Vancouver’s Annual PM2.5 Planning Goal of 6 g/m3 is a longer term aspirational target intended 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 pollutants, including CO, NO2, 

SO2 and PM2.5.  Even with population growth in the region, improvements have been achieved through key 

actions. 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. 

Peak ground-level ozone levels, which occur during hot and sunny summer afternoons, are better now than in 

the 1980s and early 1990s. But despite levels of the pollutants 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 
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strategy to address increasing levels of this pollutant throughout the year, and maintain the improvements 

achieved with respect to peak summertime levels. 

1.4 Study Area 

Air quality in the North Vancouver neighbourhood in which this study was conducted, Moodyville, is influenced 

by a combination of vehicle traffic, residential, commercial and industrial emission sources along with temporary 

construction emissions from roadway and industrial expansion.  Industrial emission sources in the area include 

Neptune Terminals, Richardson Grain Terminal, and Cargill Grain Terminal.  Residential and commercial emission 

sources in the neighbourhood are dominated by heating sources.  The presence of a bus depot results in 

emissions from a fleet of buses.  Figure 1 shows some of the emission sources in the neighbourhood. 

 

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

Neptune Terminals is one of the largest multi-product bulk terminals in North America.  The terminal has been 

in operation since 1970 and handles Canadian potash, steelmaking coal (also known as metallurgical coal), 

and imported phosphate rock used in the production of fertilizer.  In 2013, Neptune received a project permit 

from Port Metro Vancouver to upgrade the terminal’s coal system. The upgrade includes a second railcar 

dumper, additional conveyors, and replacement of the existing ship loader.  The proposed expansion will 

increase coal shipments from 8.5 to 18.5 million tonnes per year.   

Richardson’s Terminal facility currently handles approximately three million tonnes of grain and oilseeds each 

year and is a major exporter of canola and cereal grains to countries along the Pacific Rim. With demand for 

these products increasing the terminal is currently operating at maximum capacity. With changes to the 

Canadian Wheat Board and other changes in the Canadian grain industry, Richardson expects to handle in excess 

of five million tonnes of grains and oilseeds with additional storage capacity.  Richardson received a project 

permit from Port Metro Vancouver to construct a new concrete grain storage facility that will hold 80,000 metric 

tonnes of grains and oilseeds.  Construction started in 2013 and continued through 2015.  
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Cargill’s North Vancouver Terminal was built in 1968 by Saskatchewan Wheat Pool and purchased by Cargill in 

2007. Total storage capacity is 210,000 metric tonnes and includes products of wheat, barley, canola and peas.  

In March of 2015, Cargill received a project permit from Port Metro Vancouver for a rail improvement project 

which will allow the terminal to increase annual volume from 3.4 to 5 million metric tonnes.  The rail 

improvements including reconfiguration of the existing rail track system, a new lead track and installation of a 

new rail car indexer to increase capacity and efficiencies at the terminal. The upgrades to the Cargill facility, 

occurring after this study was completed, started in 2015 with completion anticipated sometime in 2016.   

The Third Street bus depot is located near the study site approximately two blocks northwest of the location of 

MAMU.  The 70 year old depot is utilized by a fleet of 85 buses serving the North Shore.  The bus depot 

contributes to emissions from buses during morning start-up and from buses entering and exiting the depot 

throughout the day.  The bus depot was originally scheduled to be relocated in 2015 to Burnaby, however the 

closure has been delayed so that alternative locations in North Vancouver can be assessed.  

Traffic emissions in the area include those from major arterial streets as well as local residential streets.  Major 

arterial streets include Low Level Road to the south, Third Street and Keith Road to the north and the Upper 

Levels Highway (Hwy 1) which has the highest traffic volume in the City of North Vancouver about 2.5 km to the 

north of the study site. 

During the air quality study period there were several construction projects conducted nearby including the Low 

Level Road Project and Richardson Terminal expansion.  The Low Level Road Project involved the realignment 

and elevation of approximately 2.6 km of the Low Level Road, between St. Georges Avenue and 3rd Street East, 

providing space for two new rail tracks to improve rail switching efficiency and capacity for Port tenants. The 

Richardson Terminal expansion included construction of a new 80,000 metric tonnes concrete grain storage 

facility. 

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, conducted for finite durations, 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 compared to other areas in 

the LFV and that:  

 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 to the rest of the region. 

 Unique episodes of poor air quality occurred. 
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The study noted that the Central Burrard Inlet Area monitoring sites tended to capture a large range of localized 

situations 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. 

 

2.0 Methods 

2.1 Monitoring Location 

Metro Vancouver operates an extensive ambient air quality monitoring network with 29 air quality monitoring 

stations located throughout the Lower Fraser Valley1.  The monitoring network collects air quality data from 

Horseshoe Bay to 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 within the community of Moodyville.  

When establishing a location for MAMU considerations include: 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.  Several sites were investigated by Metro Vancouver staff to determine the 

suitability for the study.  With the assistance of staff at the City of North Vancouver, a site was chosen on East 

2nd Street in front of 622 East 2nd Street.  The location of MAMU is shown in Figure 2 and identified as S125. 

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), North Vancouver- Second Narrows (T6), Vancouver-

Downtown (T1), North Burnaby (T24) and Burnaby-Capitol Hill (T23).  A description of each of these stations is 

given in Table 2.  Other network stations used for comparison in this report that are located outside the area on 

Figure 2 are Burnaby-Kensington Park (T4), Port Moody (T9), Burnaby South (T18) and Horseshoe Bay (T35). 

2.2 Study Period 

Monitoring began April 4, 2014 and was completed on February 25, 2015.  During this period there was a five-

week gap while MAMU was redeployed for a brief study in White Rock from September 9, 2014 to October 15, 

2014.  The monitoring schedule was planned to allow for air quality measurements to be taken for the majority 

of each season of the year.  

 

                                                           
1 http://www.metrovancouver.org/services/air-quality/AirQualityPublications/2014_LFV_AQ_Monitoring_Report.pdf 

http://www.airmap.ca/
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Figure 2: Location of MAMU study site (red) and network stations (orange). 
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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 Chevron oil refinery. The station 

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

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

center of the Chevron 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.  

T35 Horseshoe Bay This station is located at Gleneagles Elementary School in West Vancouver 

adjacent to Highway 1 and the traffic holding area for the BC Ferry terminal at 

Horseshoe Bay. 

 

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 when measurements are required for local 

air quality studies or air quality emergencies.  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. 
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Figure 3: Metro Vancouver’s MAMU at the Moodyville study site. 

2.3.1 Continuous Measurements 

The majority of pollutants 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, PM10 and BC.   

2.3.2 Filter Samples 

Non-continuous data were also collected as part of this study including measurements of PM2.5 and coarse 

particulate matter (PM10 - PM2.5).  These non-continuous measurements were made using a dichotomous 

particulate sampler with two-week samples collected on filters.  Filter samples were collected periodically 

throughout the study and filters were sent for laboratory analysis to determine the presence of coal particles. 

2.3.3 Meteorology 

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.  
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3.0 Results 

3.1 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 of pollutants measured during the study and 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-Moodyville). 

Contaminant 
Averaging  

Period 

 Measurement Air Quality 

Unit Maximum Mean Objective 

Carbon monoxide (CO) 1-hour 

8-hour  

(ppb) 

(ppb) 

1,250 

770 

 26,500 

8,800 

Nitrogen dioxide (NO2) 1-hour  

Annual 

(ppb) 

(ppb) 

57.7 

 

 

12.8 

107 

22 

Sulphur dioxide (SO2) 1-hour  

24-hour  

Annual  

(ppb) 

(ppb) 

(ppb) 

24.2 

4.9 

 

 

1.4 

 75* 

48 

12 

Ozone (O3) 1-hour 

8-hour  

(ppb) 

(ppb) 

58.4 

52.1 

 82 

65 

Fine particulate matter 

(PM2.5) 

24-hour   

Annual  

(μg/m3) 

(μg/m3) 

24.3  

5.7 

25 

8 (6)** 

Inhalable particulate 

matter (PM10) 

24-hour  

Annual  

(μg/m3) 

(μg/m3) 

52.1  

13.7 

50 

20 

Black Carbon (BC) 24-hour   

Annual 

(μg/m3) 

(μg/m3) 

3.3  

0.9 

 

* The 1-hour SO2 objective is interim and intended to apply to all applications for authorizations of new or significantly modified 
discharges under GVRD Air Quality Management Bylaw No. 1082 made on or after May 15, 2015 but not intended to apply to existing 
facilities. “Significantly modified” refers to an increase in authorized quantity of emission of greater than 10%. The interim SO2 
objective will be revisited after the Canadian Council of Ministers of the Environment adopts a new Canadian Ambient Air Quality 
Standard, likely in 2016.  
 

** Metro Vancouver’s Annual PM2.5 Planning Goal of 6 g/m3 is a longer term aspirational target intended to support continuous 
improvement. 
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3.1.1 Carbon Monoxide (CO) 

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

at the MAMU-Moodyville study site.  The maximum (i.e., the highest concentration measured) hourly CO 

concentration was 1,250 ppb and the maximum 8-hour rolling average was 770 ppb.  These measurements are 

well below Metro Vancouver’s 1-hour and 8-hour CO Objectives of 26,500 and 8,800 ppb, respectively. 

Figure 4 presents the 1-hour and 8-hour CO maximum, 98th percentile and average concentrations at the study 

site (MAMU-Moodyville), along with the comparison network stations.  The maximum concentration is shown 

alongside the 98th percentile and study period average for both 1-hour and 8-hour rolling averages.  In Figure 4 

the 1-hour average is shown on the left while the 8-hour average is shown on the right.  The values provided in 

these figures have been calculated with measurements collected during the study period.  To provide 

appropriate comparisons, data collected at the comparison network sites were not considered during the 5-

week period (between September 9 and October 15, 2014) when MAMU was not located in Moodyville. 

The MAMU-Moodyville study site exhibited similar average CO concentrations 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. The monthly averages and maximums show the seasonality of 

pollutants and are provided in Figure 5.  The monthly averages and maximums at the study site are similar to 

the other network stations. 

Graphs of daily CO patterns are shown in Figure 6. 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 stations exhibit higher winter concentrations on weekdays 

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

well with morning traffic patterns.  MAMU shows a similar diurnal pattern as North Vancouver-Mahon Park, 

however MAMU exhibits a larger peak on winter mornings during the week, likely the result of proximity to 

vehicle emission sources.  Since MAMU was parked directly on the street it is possible that carbon monoxide 

emissions from vehicles parked near MAMU would influence measurements on start-up. 

A pollution rose is provided in Figure 7 showing the distribution of wind direction and carbon monoxide 

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

concentrations greater than 0.4 ppm (400 ppb) were selected to highlight from which directions elevated levels 

of carbon monoxide originated.  Care must be taken when reviewing pollution roses, as they do not show how 

close the pollution source is to the monitor nor does it indicate if a pollutant plume changed direction during its 

path. Figure 7 indicates that the majority of highest CO concentrations came from the northeast and east-

northeast, and are likely due to traffic emissions.   
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Figure 4: Carbon monoxide monitoring 1-hour and maximum 8-hour rolling average, 98th percentile and study 

period average. 

  

Figure 5:  Monthly average and 1-hour maximum carbon monoxide. 

 

   

Figure 6:  Daily patterns of carbon monoxide.               Figure 7: Moodyville pollution rose carbon monoxide.  
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3.1.2 Sulphur Dioxide (SO2)  

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

MAMU-Moodyville study site.  The study site also experienced similar concentrations as other air quality stations 

located near Burrard Inlet (Figure 8).  The maximum hourly SO2 concentration at the study site was 24 ppb which 

is low compared with Metro Vancouver’s 1-hour Interim SO2 Objective of 75 ppb.  Similarly, the maximum rolling 

24-hour average of 5 ppb was well below Metro Vancouver’s 24-hour Objective of 48 ppb. 

Burnaby North had the highest overall study period average of 1.6 ppb, Vancouver-Downtown had the next 

highest average of 1.5 ppb followed by Second Narrows and MAMU-Moodyville both with an average of 1.4 ppb.  

These study period averages are all well below the annual objective of 12 ppb.  

The monthly average and maximum SO2 concentrations are provided in Figure 9.  The monthly averages for the 

MAMU-Moodyville study site followed a similar pattern as other network stations. The highest monthly average 

was recorded in August with a value of 2.5 ppb at both MAMU and Second Narrows.  Both the MAMU study site 

and Second Narrows station are a similar distance from Burrard Inlet and would be expected to be influenced 

similarly by SO2 emissions from marine vessels.  The monthly 1-hour maximum concentrations do not follow a 

well-defined seasonal trend.   The highest monthly 1-hour maximum concentrations occur at Burnaby-Capitol 

Hill.  These peak concentrations occur due to the close proximity of the oil refinery and generally correspond to 

specific meteorological conditions (e.g., inversions). 

In the LFV sulphur dioxide is typically very low away from major 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 emission in Burrard Inlet. 

Graphs of daily SO2 patterns are shown in Figure 10 for SO2.  Sites located away from Burrard Inlet show little 

variation throughout the day while sites located near the inlet indicate the influence of local emission sources.  

The two North Vancouver stations, N. Vancouver-2nd Narrows and N. Vancouver-Mahon Park, along with the 

MAMU study site show the most pronounced morning and evening peaks in summer.  The morning peaks are 

thought to be mainly the result of emissions from ocean-going vessels.  

A pollution rose is provided in Figure 11 which shows the distribution of wind direction and sulphur dioxide 

concentrations when winds are blowing from the direction shown on the compass.  The higher sulphur dioxide 

concentrations were selected to highlight from which directions elevated levels of sulphur dioxide originated.  

Figure 11 indicates that the majority of highest SO2 concentrations came from the Burrard Inlet area, which are 

most likely to be caused by marine vessel emissions.   
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Figure 8:  Sulphur dioxide monitoring 1-hour and maximum 24-hour rolling average, 98th percentile and study 

period average. 

   

Figure 9:  Monthly average and 1-hour maximum sulphur dioxide. 

   

Figure 10: Daily patterns of sulphur dioxide.  Figure 11:  Moodyville pollution rose sulphur dioxide. 
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3.1.3 Nitrogen Dioxide (NO2) 

Hourly nitrogen dioxide concentrations measured at the MAMU-Moodyville study site were below Metro 

Vancouver’s nitrogen dioxide objectives.  The maximum hourly NO2 concentration measured by MAMU was 58 

ppb which is about half the 1-hour NO2 Metro Vancouver Objective of 107 ppb (Figure 12).  The North Vancouver-

Second Narrows station had the highest 1-hour maximum with a value of 93 ppb and Vancouver-Downtown had 

the highest study period average of 17 ppb. 

The monthly average and 1-hour maximum concentrations at the MAMU study site are similar to the other 

network stations (Figure 13).  The highest average NO2 concentrations occurred at Vancouver-Downtown, where 

the station is located near to a busy road in a densely trafficked area. 

Graphs of daily NO2 patterns are shown in Figure 14. Most stations exhibit higher winter concentrations on 

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

relatively well with morning traffic patterns. 

A pollution rose is provided in Figure 15 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 

a similar pattern as CO with the majority of highest concentrations occurring when the wind is blowing from the 

north-east, east-northeast and east, likely due to traffic emissions.   
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Figure 12: Nitrogen dioxide monitoring 1-hour maximum, 98th percentile and study period average. 

   

Figure 13: Monthly average and 1-hour maximum nitrogen dioxide. 

   

Figure 14: Daily patterns of nitrogen dioxide.   Figure 15: Pollution rose nitrogen dioxide. 
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3.1.4 Ozone (O3) 

Hourly and 8-hour ozone concentrations measured at the MAMU-Moodyville study site were below Metro 

Vancouver’s ozone objectives. The highest hourly and 8-hour ozone concentrations were 58 and 52 ppb, 

respectively (Figure 16).  These maximum concentrations were below the 1-hour and 8-hour Metro Vancouver 

Objectives of 82 and 65 ppb, respectively. 

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

stations (Figure 17).  Measurements of ozone taken throughout the LFV air quality monitoring network in 

summer shows that ozone concentrations are lower in the more western parts of Metro Vancouver and around 

the Burrard Inlet area and higher in the eastern parts of Metro Vancouver and the Fraser Valley. 

Graphs of daily ozone patterns are shown in Figure 18. 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 not emitted directly, a pollution rose has not been 

included.   
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Figure 16: Ozone monitoring 1-hour and maximum 8-hour rolling average, 98th percentile and study period 

average. 

   

Figure 17: Monthly average and 1-hour maximum ozone. 

 

Figure 18: Daily patterns of ozone.  
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3.1.5 Fine Particulate (PM2.5)  

Fine particulate was measured at concentrations below Metro Vancouver’s fine particulate objectives at the 

MAMU-Moodyville study site (Figure 19).  The maximum 24-hour rolling average PM2.5 concentration measured 

was 24.3 g/m3 which is below the 24-hour Metro Vancouver Objective of 25 g/m3.  During the study period 

the Burnaby South and North Vancouver-Second Narrows monitoring stations measured exceedances of the 

PM2.5 objective when an air quality advisory was in effect for Metro Vancouver and the Fraser Valley because of 

elevated particulate matter primarily due to smoke from wildfires outside of the region.     

North Vancouver-Second Narrows had the highest overall study period average of 6.6 g/m3, Port Moody and 

Burnaby-Kensington Park both had the next highest average of 6.4 g/m3 followed by Burnaby South with an 

average of 6.3 g/m3.  At the MAMU-Moodyville study site an average of 5.7 g/m3 was measured, which was 

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

The monthly average and maximum 24-hour rolling average PM2.5 concentrations are provided in Figure 20.  The 

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

of similar magnitude. The highest monthly average was recorded in August at the North Vancouver-Second 

Narrows station and the highest monthly 24-hour rolling average was measured in November at the Burnaby 

South station.  

Graphs of daily PM2.5 patterns are shown in Figure 21. Summer days exhibited little daily variation while the 

winter displayed higher PM2.5 concentrations in the evenings compared with the daytime.  The evenings in winter 

are likely elevated due to reduced atmospheric mixing coupled with regional and local emissions sources, such 

as smoke from residential wood burning.   

A pollution rose is provided in Figure 22 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 highest PM2.5 occurring when winds are blowing from the northeast, east-northeast as 

well as the west-southwest.  There are also some higher concentrations from the south but not as frequent as 

from the other dominant wind sectors.  The west-southwest component occurs in the summer during hot 

conditions corresponding to the daytime sea-breeze which blows inland from the Strait of Georgia to the west.  

Overall, PM2.5 concentrations at MAMU-Moodyville were comparable or lower than most stations included in 

this report. 

 

 

  



North Vancouver – Moodyville Air Quality Monitoring Study Page 20 

 

Figure 19:  Fine particulate monitoring maximum 24-hour rolling average, 98th percentile and study period 

average. 

   

Figure 20: Monthly average and 24-hour rolling average maximum fine particulate. 

   

 

Figure 21: Daily patterns of fine particulate.  Figure 22: Moodyville pollution rose fine particulate.  
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3.1.6 Inhalable Particulate (PM10) 

Due to the availability of instrumentation, PM10 monitoring was installed at the MAMU-Moodyville study site 

later than other instrumentation.  Measurement of PM10 began June 26, 2014. 

Inhalable particulate concentrations exceeded Metro Vancouver’s 24-hour PM10 objective on one occasion at 

the study site (Figure 23).  The maximum 24-hour rolling average PM10 concentration was 52.1 g/m3 which is 

above the 24-hour rolling average objective of 50 g/m3.  The exceedance occurred on August 12, 2014 when 

an air quality advisory was in effect for Metro Vancouver and the Fraser Valley because of elevated particulate 

matter primarily due to smoke from wildfires outside of the region.  The PM10 objective exceedance occurred 

for six hours at that time.  

The monthly PM10 average and maximum 24-hour rolling average are provided in Figure 24.  The monthly 

concentration averages at the Moodyville study site were generally higher than the other network stations. The 

highest monthly 24-hour averages were higher at the study site compared with the other network sites with the 

exception of November when Burnaby South measured the highest 24-hour concentration.   

Graphs of daily PM10  patterns are shown in Figure 25.  Since the PM10 monitoring began in mid-summer at the 

study site, the data completeness criteria were not met and therefore summer trends are not shown. At most 

stations, weekdays exhibit higher concentrations than weekends, likely the result of greater traffic volumes (road 

dust) and work related activities (outdoor burning, agricultural activities, industrial processes, etc.).   

A pollution rose is provided in Figure 26 showing the distribution of wind direction and the highest PM10 

concentrations at the MAMU-Moodyville study site when winds are blowing from the direction shown on the 

compass. The PM10 pollution rose shows a pattern of the highest PM10 mainly coming from the south and west-

southwest, and also from the northeast.  
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Figure 23: Inhalable particulate monitoring maximum 24-hour rolling average, 98th percentile and study period 

average. 

   

Figure 24: Monthly average and 24-hour rolling average maximum inhalable particulate. 

   

*Data completeness requirements were not met in summer. 

Figure 25: Daily patterns of inhalable particulate.                 Figure 26: Pollution rose inhalable particulate.  
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3.1.7 Black Carbon (BC) 

There are no provincial, federal or Metro Vancouver objectives for black carbon. Shown in Figure 27, the highest 

24-hour rolling average BC concentration occurred at Burnaby South, which was likely due to a local combustion 

source for a short period of time. 

The monthly BC average and maximum 24-hour rolling average are provided in Figure 28.  The monthly averages 

and maximums at the MAMU-Moodyville study site are similar to the other network stations. 

Black carbon is generally greater on weekdays compared with weekends, shown in Figure 29.  This pattern is 

especially evident at a station located in an industrial area, North Vancouver – Second Narrows, where greater 

amounts of BC are clearly measured on weekdays.   

A pollution rose is provided in Figure 30 showing the distribution of wind direction and the highest BC 

concentrations when winds are blowing from the direction shown on the compass.  The BC pollution rose shows 

a similar pattern as CO, with the majority of highest concentrations coming from the northeast to east sectors.  

However unlike CO, higher concentrations of BC were measured when winds were blowing from the south. 
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Figure 27: Black carbon monitoring maximum 24-hour rolling average, 98th percentile and study period 

average. 

   

Figure 28: Monthly average and 24-hour rolling average maximum black carbon. 

   

Figure 29: Daily patterns of black carbon.                                    Figure 30: Moodyville pollution rose black carbon. 
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3.2 Meteorology 

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

atmosphere determines pollutant dispersion and ambient ground-level concentrations.  Meteorology measured 

at the MAMU-Moodyville study site included wind speed and direction, air temperature and relative humidity. 

A wind rose illustrates predominant wind directions at a monitoring location.  Figure 31 shows the frequency 

distribution of wind direction and wind speed for the study period at the MAMU-Moodyville study site.  The 

study site exhibits a predominant wind from the east-northeast (21%), east (16%), northeast (12%) and west-

southwest (9%) of the time.   

 

 

Figure 31: Wind rose for entire study period at MAMU-Moodyville study site.  

 

3.3 Coal Particle Analysis 

Dichotomous particulate sampling was conducted at the MAMU-Moodyville study site throughout the study. 

This sampling involved collecting filter samples of particulate matter at two size fractions: 10 to 2.5 m (coarse), 

and under 2.5 m (fine) over two-week periods.  The purpose of the sampling was to collect sufficient particulate 

matter to determine whether coal particles were present. 

Samples collected were shipped to an external contract laboratory to conduct a detailed coal particle analysis 

using scanning electron microscopy coupled with energy dispersive spectrometry to provide information about 

the elemental composition of selected particles.  A total of 10 coarse and 10 fine filter samples were provided 

to the laboratory for coal particle analysis of the two-week samples. The analysis was performed using a Hitachi 

S-2600N system. 
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During the design of the MAMU study at Moodyville, Metro Vancouver recognized the importance of an 

informative coal particle analysis, but recognized that there are some limitations with the current methods for 

quantifying coal content within a sample of particulate matter. Prior to contracting a laboratory for the coal 

particle analysis, Metro Vancouver anticipated that the coal particle analysis would provide semi-quantitative 

results at best.  Through the process of working with the laboratory it became evident that the quantitative 

results provided should be considered descriptive indicators.  Limitations of the analysis methodology became 

apparent during the review of the laboratory results and report.  Since results were not as robust as anticipated 

and the identification and counting of coal particles is believed to be subjective, care should be taken when 

interpreting the coal content analysis and the results should be considered a qualitative indication of the 

presence of coal.  

It should also be noted that the coal content analysis is based on the number of particles and not mass of 

particles.  For example, if a total of ten particles each of different mass was counted on a filter and eight of them 

were identified as coal, the sample would be assigned a coal content percentage of 80% regardless of the size 

or mass of the particles.   

The results from the coal particle analysis are given in Table 4.  Each filter contained a sample collected over 14 

days, with the exception of the September 5th filter that contained a 3-day sample.   

 

Table 4: Coal content analysis results. 

              

Sampling 
Start Date 

  Coarse Particulate Matter   Fine Particulate Matter 

  Concentration Coal Content   Concentration Coal Content 

    (g/m3) (%)   (g/m3) (%) 

11-Jul-14   8.8 34   6.5 66 

25-Jul-14   7.4 39   6.7 68 

8-Aug-14   10.3 51   8.8 63 

22-Aug-14   8.3 40   7.8 66 

5-Sep-14   15.2* 71*   8.5* 82.3* 

13-Nov-14   5.0 55   7.7 90 

27-Nov-14   5.7 58   7.0 96 

11-Dec-14   4.8 65   4.5 90 

25-Dec-14   3.0 52   6.0 94 

8-Jan-15   5.2 69   5.6 94 

*Filter sampled for three days, while all other filters sampled 14 days 

The coal content analysis for the particulate samples were found to have a range of coal content by particle 

number.  Due to the subjectivity and uncertainty of the analysis conducted, care should be used when 



North Vancouver – Moodyville Air Quality Monitoring Study Page 27 

interpreting these numbers. These coal content numbers are thought to provide a qualitative indication of the 

presence of coal, i.e., based on the analysis, it can be concluded that while there is coal present in the samples 

collected, the quantification of the % content should be considered with caution.  
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4.0 Conclusions 

The Moodyville local air quality monitoring study was conducted in the Moodyville neighbourhood of North 

Vancouver for approximately 9 months in 2014 and 2015.  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, and to establish baseline 

monitoring in the Moodyville neighbourhood ahead of anticipated and potential development.  Metro 

Vancouver’s mobile air monitoring unit (MAMU) measured air pollutants 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), inhalable particulate matter (PM10) and black carbon (BC). In 

addition, coal particle analysis was performed and meteorological measurements were made to assist in 

identifying contributing sources of air pollutants. 

The monitoring study showed that pollutant levels measured by MAMU were below Metro Vancouver’s air 

quality objectives and were generally similar to other areas of the region for CO, SO2, NO2, O3, PM2.5, and BC. 

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

The majority of highest CO concentrations came from the northeast and east-northeast, and are likely due to 

traffic emissions.   

Sulphur dioxide was measured at concentrations below Metro Vancouver’s sulphur dioxide objectives.  Sulphur 

dioxide levels in Moodyville were similar to other monitoring sites near Burrard Inlet with influences of ship 

emissions apparent in the measurements.  The majority of highest SO2 concentrations were shown to originate 

from the Burrard Inlet area. 

Nitrogen dioxide was measured at concentrations below Metro Vancouver’s nitrogen dioxide objectives and 

were similar to other network stations.  Similar to CO, the majority of highest NO2 concentrations occurred when 

the wind was blowing from the north-east, east-northeast and east, likely due to traffic emissions.   

Ozone concentrations measured at the study site were below Metro Vancouver’s ozone objectives.  

Measurements of ozone taken throughout the LFV air quality monitoring network in summer shows that ozone 

concentrations are lower in the more western parts of Metro Vancouver and around the Burrard Inlet area and 

higher in the eastern parts of Metro Vancouver and the Fraser Valley. 

Fine particulate was measured at concentrations below Metro Vancouver’s fine particulate objectives.  During 

the winter, higher PM2.5 concentrations were measured in the evenings, which is likely due to reduced 

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

PM2.5 concentrations at Moodyville were comparable or lower than most stations included in this report. 
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Levels of PM10 were found to be elevated in Moodyville in comparison to other areas of the region where PM10 

is monitored.  Inhalable particulate concentrations exceeded Metro Vancouver’s 24-hour PM10 objective on one 

occasion.  Notably the exceedance was short-lived and occurred when Metro Vancouver was under an air quality 

advisory due to forest fire smoke transported from outside of the region.  While the PM10 exceedance at 

Moodyville was understood to be triggered by an influence outside of our region it is thought that the study site 

has higher average PM10 levels compared with other air quality stations in the region.  These higher average 

levels are thought to be a result of a combination of local construction, road dust, and industrial emissions. 

The coal content analysis for the particulate samples were found to have a range of coal content by particle 

number.  Due to the subjectivity and uncertainty of the laboratory analysis conducted, care should be used when 

interpreting these numbers. These coal content numbers are thought to provide a qualitative indication 

confirming the presence of coal, but the quantification of coal content is believe to be subject to some 

uncertainty given the range of results observed. 
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