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Appendix A – 2013 Non-Continuous Pollutant Measurements 

 
This appendix summarizes non-continuous 
pollutant measurements collected from air quality 
stations in the Lower Fraser Valley (LFV) Air Quality 
Monitoring Network in 2013 and describes related 
monitoring activities and programs conducted 
during the year.  

Air Quality Measurements 

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

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

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

 

Particulate Sampling 

Non-continuous 24-hour (daily) fine particulate 
(PM2.5) and inhalable particulate (PM10) samples are 
collected on filters every sixth day.  Non-continuous 
particulate samples are collected at four monitoring 
stations in the LFV and particulate concentrations 
are determined.  A detailed analysis is conducted by 
the federal laboratory for three of these stations 
(Port Moody, Burnaby South and Abbotsford 
Airport) which includes trace metals (e.g., 
chromium, nickel, zinc, etc), sulfate, nitrate, ions, 
and elements. 

Using specialized instrumentation that is able to 
provide ‘speciation’ of particulate matter , i.e., 
provide additional detailed information about the 
individual chemical constituents and composition of 
PM2.5, data is obtained from two stations in the 
network (Burnaby South and Abbotsford Airport) as 
a result of analysis carried out by the federal NAPS 
program. From the 24-hour samples collected at 
these two sites, the various compounds that form 
PM2.5 are identified, including additional trace 
metals such as iron, vanadium, and lead and other 
additional elements.   
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Volatile Organic Compounds (VOC) 

Volatile Organic Compounds are organic 
compounds containing one or more carbon atoms 
that have high vapour pressures and therefore 
evaporate readily to the atmosphere.  Non-
continuous 24-hour (daily) sampling of VOC is 
conducted every sixth or twelfth day on a national 
schedule.  In 2013, VOC samples were collected at 
seven sites in the LFV.  In cooperation with the 
federal NAPS program, canister sampling of VOC has 
been conducted in the LFV since 1988. Canisters 
sent to the federal laboratory are analyzed for up to 
177 species of VOC.  These data can then be used to 
help determine the emission sources contributing 
to contaminants in the air.  

For analytical purposes, VOC can be considered 
either nonpolar (i.e., hydrocarbons and 
halogenated hydrocarbons) or polar (i.e., 
compounds containing oxygen, nitrogen, sulphur, 
etc.). Nonpolar VOC can be characterized by 
sampling with evacuated metal canisters and well-
established analytical methods.  In contrast, polar 
VOC require specialized sampling and analytical 
methods to measure trace levels because of their 
chemical reactivity, affinity for metal and solubility 
in water.  Because of these specialized sampling 
requirements, polar VOC were only measured at 
one location (Port Moody) in 2013. 

 

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

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

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

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

Emissions of some VOC are managed under 
permits and industry-specific regulations 
within Metro Vancouver. 
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Non-Continuous PM2.5 and PM10 Sampling 

 
 
Non-continuous 24-hour (daily) PM2.5 samples are 
collected on filters every sixth day in accordance 
with the NAPS program schedule. After sample 
collection, the filters are weighed in the laboratory 
to determine PM2.5 concentrations. 

Figure A1 presents maximum daily and average 
PM2.5 values from two of four non-continuous 
monitors that operated in 2013. There were no 
exceedances of Metro Vancouver’s PM2.5 
objectives. White Rock and Abbotsford-Airport are 
not shown since they did not meet data 
completeness requirements in 2013.   

Using specialized particulate matter speciation 
instrumentation, detailed information about the 
chemical composition of PM2.5 is obtained from two 
stations in the network (Burnaby South and 
Abbotsford Airport) as a result of analysis carried 
out by the federal NAPS program. From the 24-hour 
samples collected at these two sites, the various 
compounds that collectively contribute to overall 
PM2.5 are identified in a federal laboratory. A 
detailed analysis by NAPS is also carried out on the 
filter samples providing the non-continuous 
measurements of PM2.5 in Port Moody. These 
detailed data are not shown in this report.  

Non-continuous sampling provides the longest 
record of PM2.5 measurements in the LFV. Figure A2 
shows PM2.5 measurements made in Port Moody 
over the last two decades. 

A decreasing trend in both peak (99th percentile) 
and average PM2.5 levels is evident from when 
measurements began in the late 1980s until the 
middle of the 1990s (not shown). Emissions 
reductions from the wood products industry, oil 
refining and better vehicle emissions control 
contributed to this improvement. However, since 
the late 1990s the rate of improvement has 
decreased for average and peak concentrations. 

 

 

 

 

 

 

 

 
 

+ Metro Vancouver’s Planning Goal of 6 g/m3 is a longer term aspirational target to support continuous improvement. 
 

Figure A1:  Non-continuous particulate (PM2.5) monitoring, 2013. 
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Figure A2:  Fine particulate (PM2.5) trends at Port Moody, 1994 to 2013.

 

Non-continuous 24-hour (daily) PM coarse fraction 
(PM10  - PM2.5) samples are collected on filters every 
sixth day in accordance with the NAPS program 
schedule. After collection, samples are weighed in a 
laboratory to determine the PM10 concentrations 
during the sampling period. 

 

Figure A3 presents maximum daily average and 
annual average PM10 values from two of four non-
continuous monitors that operated in 2013. There 
were no exceedances of Metro Vancouver’s PM10 
objectives.  White Rock and Abbotsford-Airport are 
not shown since they did not meet data 
completeness requirements in 2013.    

 
 

Figure A3:  Non-continuous inhalable particulate (PM10) sampling, 2013. 
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Volatile Organic Compounds (VOC) 

 
Characteristics 

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

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

Sources 

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

Monitoring Results 

Figure A4 shows the maximum daily total VOC and 
average total VOC from each VOC monitoring station 
in 2013. The data indicates that the highest average 
total VOC levels were measured at stations close to 
specific industrial sources near Burrard Inlet. The 
highest daily total VOC concentration was observed 
at Burnaby-North on August 14, 2013. 

Figure A5 provides data from 1994 to 2013 from 
sampling undertaken at the Port Moody station as an 
example of the long-term trends in total VOC 
concentrations. Both annual average and short-term 
peak (95th percentile) VOC concentrations have 
decreased since the early 1990s. In recent years 
average VOC concentrations have remained relatively 
constant while short-term peak levels have declined. 

 

 

 

 

 

 

 

 

 

Figure A4:  Total VOC monitoring, 2013. 
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Figure A5:  Historical trend for VOC measured at Rocky Point Park (Port Moody).  
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Ethylene
 

Characteristics 

Ethylene has been prioritized for monitoring in the 
region because of its ozone producing potential.  
Ethylene, also known as ethene, has the chemical 
formula C2H4.  It is a colorless gas with a sweet odour 
and taste. Ethylene is degraded in the atmosphere by 
reactions with hydroxyl radicals, ozone and nitrate 
radicals and is the number one ranked VOC in LFV for 
its ozone producing potential. 

 

Sources 

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

metals, as a plant growth regulator, and as a 
refrigerant.  

 

Monitoring Results 

Figure A6 illustrates the results of ethylene 
monitoring in 2013.  Figure A6 displays the value of 
the maximum daily concentration as well as the 
annual average for each ethylene monitoring 
location.  The highest average concentrations 
occurred at Richmond-Airport and Port Moody while 
the highest peak concentrations occurred at 
Richmond-Airport and Burnaby South. 

Figures A7 and A8 illustrate the long-term average 
and peak ethylene trends in the LFV, respectively.  
Average levels have continually decreased at all sites 
in the last 20 years.  Peak levels decreased 
considerably in the late 1990s and early 2000s at most 
sites but over the last five years peak concentrations 
have remained relatively constant. 

 

 

Figure A6:  Ethylene monitoring, 2013. 

Ethylene is the number one ranked VOC for 
its ozone producing potential in the LFV. 
Concentrations have steadily declined over 
the last two decades. 

https://pubchem.ncbi.nlm.nih.gov/compound/hydroxyl
https://pubchem.ncbi.nlm.nih.gov/compound/ozone
https://pubchem.ncbi.nlm.nih.gov/compound/nitrate
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Figure A7:  Annual ethylene trend, 1994 to 2013. 

 

 
 

Figure A8: Short-term peak ethylene trend, 1994 to 2013.  
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1-Butene/isobutene

Characteristics 

1-Butene/isobutene are isomers of butene with the 
chemical formula C4H8. Monitoring has been 
prioritized from an ozone production perspective as 
the second highest ranked VOC for ozone producing 
potential in LFV.  They are colourless gases with a 
slightly aromatic odour.    

Sources 

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

Monitoring Results 

Figure A9 illustrates the results of 1-
butene/isobutene monitoring in 2013.  Figure A9 
displays the value of the maximum daily 
concentration as well as the annual average for each 
1-butene/isobutene monitoring location.  The highest 
concentrations occurred at the Burnaby North station 
that is adjacent to the refinery tank farm where 
petroleum products are stored. 

 

Figures A10 and A11 illustrate the long-term average 
and peak 1-butene/isobutene trends in the LFV, 
respectively.  Average levels have decreased 
considerably since the late 1990s.  Historically, 
Burnaby North has experienced the highest average 
and peak levels of 1-butene/isobutene.  The 
variability of the maximum daily concentrations is 
likely a result of variability in emissions and 
meteorology. 

 

 

 

Figure A9:  1-Butene/isobutene monitoring, 2013. 

1-Butene/isobutene are emitted both by 
natural and anthropogenic sources and are 
the second most important VOC in terms of 
its ozone producing potential in LFV. 

 

https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Crude_oil
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Figure A10:  Annual 1-butene/isobutene trend, 1994 to 2013. 

 

 
 

Figure A11: Short-term peak 1-butene/isobutene trend, 1994 to 2013.  
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Isoprene
 

Characteristics 

Isoprene is the third highest ranked VOC for its ozone 
producing potential in the LFV.  Isoprene is a 
colourless, volatile liquid hydrocarbon with the 
chemical formula C5H8 and has a mild aromatic 
petroleum-like odour.  Vapor-phase isoprene is 
degraded in the atmosphere by reaction with 
photochemically-produced hydroxyl radicals and thus 
is of interest due to its ozone producing potential. 

 

Sources 

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

Monitoring Results 

Figure A12 illustrates the results of isoprene 
monitoring in 2013.  Figure A12 displays the value of 
the maximum daily concentration as well as the 
annual average for each isoprene monitoring 
location.  The highest concentrations occurred at the 
Burnaby-Burmount station that is adjacent to the 
Burnaby Mountain tank farm where petroleum 
products are stored. 

Figures A13 and A14 illustrate the long-term average 

and peak isoprene trends in the LFV, respectively.  
Historically, the North Burnaby station adjacent the 
refinery tank farm measured the highest annual 
average isoprene levels, but over the past 10 years, 
the Burnaby-Burmount station adjacent the Burnaby 
Mountain tank farm has recorded the highest average 

levels.  Maximum daily values show little 
discernable trend from 1994 to present, but in 
recent years the maximum daily concentration has 
consistently been measured at the Burnaby-
Burmount station. 

 

 

 

 

Figure A12:  Isoprene monitoring, 2013. 

 

Isoprene is a priority from an ozone 
production perspective and is released to the 
atmosphere by natural sources and during 
the production of heavy petroleum oils. 

 

https://pubchem.ncbi.nlm.nih.gov/compound/hydroxyl
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Figure A13:  Annual isoprene trend, 1994 to 2013. 

 

 
 

Figure A14: Short-term peak isoprene trend, 1994 to 2013.  
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2-Methyl-2-butene

Characteristics 

2-Methyl-2-butene is a clear colourless liquid with the 
chemical formula C5H10 and a petroleum-like odour.   
The compound is degraded in the atmosphere by 
reaction with photochemically-produced hydroxyl 
radicals, ozone, and nitrate radical.  The compound is 
of interest because of its involvement in the reactions 
that form ozone and is the fourth highest ranked VOC 
for its ozone producing potential in LFV. 

 

Sources 

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

Monitoring Results 

Figure A15 illustrates the results of 2-methyl-2-
butene monitoring in 2013.  Figure A15 displays the 
value of the maximum daily concentration as well as 
the annual average.  The highest concentrations 
occurred at the Burnaby North station that is adjacent 
to the refinery tank farm. 

Figures A16 and A17 illustrate the long-term average 
and peak 2-methyl-2-butene trends in the LFV, 
respectively.  The contaminant 2-methyl-2-butene 
follows a similar long-term trend as 1-
butene/isobutene with average levels decreasing 
considerably since the late 1990s.  Historically 
Burnaby North has experienced the highest average 
and peak levels 2-methyl-2-butene.  The variability of 
the peak levels are likely due to meteorological and 
emissions variability. 

 

 

 

 

 

 

 
 

Figure A15:  2-Methyl-2-butene monitoring, 2013. 

2-Methyl-2-butene is a component of 
refinery gas and used as an agricultural 
chemical, fuel and fuel additives, and 
intermediate in chemical manufacturing.  It 
reacts to form ground-level ozone. 

 

https://pubchem.ncbi.nlm.nih.gov/compound/hydroxyl
https://pubchem.ncbi.nlm.nih.gov/compound/ozone
https://pubchem.ncbi.nlm.nih.gov/compound/nitrate
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Figure A16:  Annual 2-methyl-2-butene trend, 1994 to 2013. 

 

 
 

Figure A17: Short-term peak 2-methyl-2-butene trend, 1994 to 2013.  
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M- and p-xylene

Characteristics 

Xylenes are a family of three aromatic hydrocarbon 
isomers (ortho-, meta- and para-xylene) with the 
chemical formula C8H10.  They are colourless liquids 
that are nearly insoluble in water and have a sweet 
odour.  From an ozone production perspective m- and 
p-xylene are the fifth highest ranked VOC for ozone 
producing potential in the LFV.   

Sources 

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

Monitoring Results 

Figure A18 illustrates the results of m and p-xylene 
monitoring in 2013.  Figure A18 displays the value of 
the maximum daily concentration as well as the 
annual average for each xylene monitoring location.  
The highest daily maximum concentration occurred 
at Chilliwack while the highest average 
concentrations occurred at Burnaby North. 

 

Figures A19 and A20 illustrate the long-term average 
and peak m and p-xylene trends in the LFV, 
respectively.  North Burnaby and Port Moody have 
historically experienced the highest annual average 

m- and p-xylene concentrations.  Overall the annual 
average exhibits a downward trend at most 
locations.  The most recent years exhibit lower 
maximum daily concentrations relative to  
historical years. 

 

 

 

 

Figure A18:  M and p-xylene monitoring, 2013. 

Xylenes, released into the atmosphere as 
fugitive emissions from industrial sources, 
vehicle exhaust, and solvents, react to help 
form ground-level ozone. 
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Figure A19:  Annual m and p-xylene trend, 1994 to 2013. 

 

 
 

Figure A20: Short-term peak m and p-xylene trend, 1994 to 2013. 
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Formaldehyde

Characteristics 

The chemical formula for formaldehyde is CH2O, and 
it is a colourless gas with a pungent, suffocating odour 
at room temperature.  The US EPA considers 
formaldehyde a probable human carcinogen and 
acute (short-term) and chronic (long-term) inhalation 
exposure can result in adverse human health effects.  
At current ambient concentrations measured in the 
LFV it poses a lifetime cancer risk greater than Health 
Canada’s 1 in 100,000 screening threshold1. 

Sources 

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

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

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

Monitoring Results 

Formaldehyde is a polar VOC and is not commonly 
sampled throughout the network.  Historically polar 
VOC have only been routinely measured at Port 
Moody.  Due to resource limitations in the federal 
NAPS program, analysis of polar VOC was limited in 
Canada between 2011 to 2013. In 2013, 
formaldehyde was not measured anywhere in the 
region.  

 

Figures A21 and A22 illustrate the long-term average 
and peak formaldehyde trends at Port Moody, 
respectively.  The trend for recent years is not known 
since monitoring was not conducted.  There does not 
appear to be a discernable trend in average and peak 
levels for formaldehyde at Port Moody. 

 

 

 

 

 

Formaldehyde is a probable human 
carcinogen and acute and chronic inhalation 
exposure can result in human health effects. 
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Figure A21:  Annual formaldehyde trend, 1994 to 2013. 

 

 
 

Figure A22: Short-term peak formaldehyde trend, 1994 to 2013.  
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Acrolein

Characteristics 

Acrolein (C3H4O) is a clear or yellow liquid with a 
burned, sweet, pungent odour.  Acrolein is a strong 
irritant for the skin, eyes and nasal passages.  At 
current ambient concentrations measured in the LFV 
it poses a non-cancer health risk greater than Health 
Canada’s 0.2 hazard quotient screening threshold2. 

Sources 

Acrolein is produced during incomplete organic 
combustion and is used as an intermediate for various 
industrial and consumer uses. A main source of 
acrolein is incomplete organic combustion from 
residential fireplaces, burning of fuels, automobile 
exhaust, overheated vegetable and animal fats, 
tobacco smoke, and smoke from structural and 
vegetative fires. Acrolein may be released to the 
atmosphere during its production for use as an 
aquatic herbicide, warning agent in gases, fumigant, 
leather tanning agent, pharmaceutical, and in making 
plastics and perfumes. 

In the LFV, the primary sources of acrolein emissions 
are exhaust from fossil fuel combustion and 
residential wood burning.   

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

Monitoring Results 

Acrolein is a polar VOC and as such is difficult to 
measure.  It is not commonly sampled throughout the 
network.  Historically polar VOC have only been 
routinely measured at Port Moody.  Due to resource 
limitations in the federal NAPS program, analysis of 
polar VOC was limited throughout Canada between 
2011 to 2013.  In 2013, acrolein was not measured in 
the region.  

 

Figures A23 and A24 illustrate the long-term average 
and peak acrolein trends at Port Moody, respectively.  
The trend in recent years is not known since 
monitoring was not conducted.  The annual average 
and peak trends illustrate decreases in average and 
peak concentrations between the mid-1990s to the 
early-2000s.  In the late-2000s the trend is less 
apparent. 

Acrolein is a strong irritant for the skin, eyes 
and nasal passages and has known acute 
human health effects.  
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Figure A23:  Annual acrolein trend, 1994 to 2013. 

 

 
 

Figure A24: Short-term peak acrolein trend, 1994 to 2013.  
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Carbon tetrachloride

Characteristics 

Carbon tetrachloride is a clear, nonflammable liquid 
which is nearly insoluble in water. Its chemical 
formula is CCl4, and it has a sweet characteristic 
odour.  Carbon tetrachloride has been classified by 
the US EPA as a probable human carcinogen and has 
both known acute and chronic inhalation exposure 
effects. In the LFV, at current ambient concentrations, 
it poses a lifetime cancer risk greater than Health 
Canada’s 1 in 100,000 screening threshold. 

Sources 

Carbon tetrachloride was previously produced in 
large quantities to make refrigerants and propellants 
for aerosol cans, as a solvent for oils, fats, lacquers, 
varnishes, rubber waxes, and resins, and as a grain 
fumigant and a dry cleaning agent. Carbon 
tetrachloride has no significant sources in our airshed. 
The international Montreal Protocol on Substances 
that Deplete the Ozone Layer banned the production 
and use of carbon tetrachloride after 2010, but it 
breaks down very slowly in the atmosphere. 

Monitoring Results 

Average and peak levels of carbon tetrachloride are 
homogenous throughout the monitoring network 
seen in Figure A25.  There are no local sources of 
carbon tetrachloride and ambient levels likely 
represent hemispheric background.  Figures A26 and 
A27 show average and peak levels have consistently 
declined over the last 20 years and will likely continue 
to do so since production of the compound has been 
restricted.  

 

 

 

 

 

 

 

 

 

Figure A25:  Carbon tetrachloride monitoring, 2013. 

Since the production of carbon tetrachloride 
has been restricted, atmospheric levels are 
expected to continue to decline.  
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Figure A26:  Annual carbon tetrachloride trend, 1994 to 2013. 

 

 

Figure A27: Short-term peak carbon tetrachloride trend, 1994 to 2013.  
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Benzene

Characteristics 

Benzene is an aromatic hydrocarbon with a sweet 
odour at high concentrations and the chemical 
formula C6H6.  At ambient temperature it occurs as a 
volatile, colourless, highly flammable liquid that is 
somewhat soluble in water. Benzene has been 
classified by the US EPA as a known human 
carcinogen and has both acute and chronic inhalation 
exposure effects.  At current ambient concentrations 
measured in the LFV, it poses a lifetime cancer risk 
greater than Health Canada’s 1 in 100,000 screening 
threshold3. 

 

Sources 

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

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

Monitoring Results 

Figure A28 illustrates the results of benzene 
monitoring in 2013.  Figure A28 displays the value of 
the maximum daily concentration as well as the 
annual average for each benzene monitoring 
location.  The highest concentrations occurred at the 
Burnaby North station that is adjacent to the refinery 
tank farm. 

Figures A29 and A30 illustrate the long-term average 
and peak benzene trends in the LFV, respectively.  
Average levels of benzene decreased considerably in 
the mid-2000s at Burnaby North while other 
monitoring sites exhibited a more constant decrease   
since the 1990s.  Reductions in benzene levels 
regionally can be attributed mainly to benzene 
emission reductions from transportation and refinery 
sources brought on by federal gasoline regulations. 
Due to its proximity to the refinery tank farm, the 
Burnaby North has consistently exhibited the highest 
average annual and peak levels of benzene in the 
region. 

 

 

 

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

 



Appendix A – 2013 Non-Continuous Pollutant Measurements Page A24 

 
 

Figure A28:  Benzene monitoring, 2013. 

 
 

Figure A29:  Annual benzene trend, 1994 to 2013. 
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Figure A30: Short-term peak benzene trend, 1994 to 2013.  
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Acetaldehyde

Characteristics 

Acetaldehyde is a colourless volatile liquid that is 
flammable and soluble in water. Its chemical formula 
is CH3CHO, and at dilute concentrations it has a fruity 
and pleasant odour. Acetaldehyde is considered a 
probable human carcinogen and has both acute and 
chronic human health effects.  In the LFV, at current 
ambient concentrations, it poses a non-cancer health 
risk greater than Health Canada’s 0.2 hazard quotient 
screening threshold4. 

Sources 

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

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

 

 

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

Monitoring Results 

Since acetaldehyde is a polar VOC it is not commonly 
sampled throughout the network.  Historically polar 
VOC have only been routinely measured at Port 
Moody.  Due to resource limitations in the federal 
NAPS program, analysis of polar VOC was limited 
throughout Canada between 2011 to 2013.  In 2013, 
acetaldehyde was not measured in the region.  

 

Figures A31 and A32 illustrate the long-term average 
and peak acetaldehyde trends at Port Moody, 
respectively.  The trend for recent years is not known 
since monitoring was not conducted.  There appears 
to be little to no discernable trend in the annual 
average and peak levels. 

 

 

 

 

 

Acetaldehyde is considered a probable 
human carcinogen with potential for both 
acute and chronic human health effects.  The 
trend over the last two decades is slightly 
downward. 
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Figure A31:  Annual acetaldehyde trend, 1994 to 2013. 

 

 
 

Figure A32: Short-term peak acetaldehyde trend, 1994 to 2013. 
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1,3-Butadiene

Characteristics 

1,3-Butadiene is a colourless gas with mild gasoline-
like odour with the chemical formula C4H6.  1,3-
Butadiene has been classified by the US EPA as a 
known human carcinogen and has both acute and 
chronic inhalation exposure effects.  At current 
ambient concentrations measured in the LFV it poses 
a lifetime cancer risk greater than Health Canada’s 1 
in 100,000 screening threshold. 

 

Sources 

1,3-Butadiene is found in emissions from gasoline 
internal combustion engines in on-road vehicles, off-
road vehicles, and aircraft.  In Metro Vancouver, 
residential wood burning is also a significant source, 
and oil refinery emissions have historically 
contributed to 1,3-butadiene emissions. 

Monitoring Results 

Figure A33 illustrates the results of 1,3-butadiene 
monitoring in 2013.  Figure A33 displays the value of 
the maximum daily concentration as well as the 
annual average for each 1,3-butadiene monitoring 
location.  The highest concentrations occurred at the 
Burnaby South station. 

Figures A34 and A35 illustrate the long-term average 
and peak 1,3-butadiene trends in the LFV, 
respectively.  Average levels of 1,3-butadiene 
decreased considerably in the mid-2000s at Burnaby 
North while other monitoring sites exhibited a more 
constant decrease since the 1990s.  Reductions in 1,3-
butadiene levels regionally can be attributed to 
continuing improvement in the emissions 
performance of gasoline internal combustion engines 
driven by federal emissions regulations. 

 

 

 

 

 
 

Figure A33:  1,3-Butadiene monitoring, 2013. 

1,3-Butadiene levels have decreased 
regionally over the last two decades mainly 
due to improvements in internal combustion 
engine  efficiency. 
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Figure A34:  Annual 1,3-butadiene trend, 1994 to 2013. 

 

 
 

Figure A35: Short-term peak 1,3-butadiene trend, 1994 to 2013. 


