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1 Continuously Monitored Pollutants 
 
1.1 Data requested from GVRD and Environment Canada 
 
The GVRD monitors ambient concentrations of several smog-causing pollutants on a 
continuous basis at a number of fixed locations throughout the lower mainland.  These 
pollutants include sulphur dioxide (SO2), Ozone (O3), Nitrogen Dioxide (NO2), Carbon 
Monoxide (CO), particles with diameters 10 microns or less (PM10), and reduced sulphur 
compounds (TRS).  Concentrations for each pollutant are averaged once per minute at the 
point of measurement, and the result is logged to a central computer via dedicated phone 
line.  Minute-by-minute values are averaged once per hour and the result is stored in the 
GVRD’s long-term archive.   
 
All monitors and monitoring methodologies are in compliance with accepted Environment 
Canada practices and/or US EPA requirements. 
 
All available continuously monitored data were requested from the GVRD for eleven 
monitoring stations.  The stations requested included all stations in North Burnaby, 
including those close to the neighbourhood of interest (T4, T5, T24, T52) and two stations 
on Burnaby Mountain (T14, T22), as well as a selection of other stations representing a 
range of expected pollution levels.  These included residential areas (T26 in North 
Vancouver, T2 in Kitsilano) and industrial and traffic intensive areas (T1 downtown, T9 
Port Moody).  Table 1.1 summarizes the information received for each of these stations.  A 
check mark indicates the receipt of a complete data set, including values from January 
01/98 through June 30/00.  A dash indicates that the pollutant is not monitored at that 
station.   
 
Monitoring at T5 was discontinued in May of 1999 to make possible the introduction of 
T24 in September of the same year, for the express purpose of monitoring emissions from 
the nearby refinery tank farm.  Also, in an effort to address concerns of North Burnaby 
residents, the GVRD’s Mobile Air Monitoring Unit (MAMU) was periodically stationed on 
Capitol Hill (near T23) from April 1998 through March 2000.  The objective was to have 
MAMU operating for three weeks of every quarter.  Table 1.2 gives more information 
about MAMU’s schedule as part of the GVRD’s special monitoring project on Capitol Hill. 



 

 
July 6, 2002 
North Burnaby Refinery Emissions Project 
UBC School of Occupational and Environmental Hygiene Page C- 2 
 

Table 1.1   Data received from the GVRD for stations considered relevant to the study  

Stn. Address SO2 TRS NO2 CO O3 PM10 

T1 Robson Square – Robson and Hornby, 
Vancouver a - a a a - 

T2 Kitsilano - 2550 W 10th Ave. Vancouver  a - a a a a 
T4 Kensington Park - 6400 E. Hastings St. 

North Burnaby a a a a a a 

T5 Confederation Park, Pandora St. and Alpha 
Ave, North Burnaby  

to  
05/99  - - - - - 

T9 Rocky Point Park, Moody St and 
Esplanade, Port Moody  a a a a a a 

T14 Burnaby Mountain, Ring Road, SFU, 
Burnaby  - - - - a - 

T22 Burmount - 7815 Shellmont St.  Burnaby - a - - - - 

T23 Capitol Hill,  Grosvenor Cres, North 
Burnaby  a a - - - - 

T24 Chevron Tank Farm Area – Eton and 
Madison, North Burnaby  

from 
09/99 

from 
09/99 - - - - 

T26 Mahon Park – 16th St and Jones Av. North 
Vancouver  a - a a a - 

T52 Mobile Air Monitoring Unit (MAMU), near 
T23 on Capitol Hill - - partial - partial partial 

 
 
Table 1.2   MAMU’s operating schedule on Capitol Hill 

Operation Cycle # # Days in Operation Start Date Stop Date 
1 25 April 6, 1998 April 30, 1998 
2 21 July 9, 1998 July 29, 1998 
3 21 October 1, 1998 October 21, 1998 
4 22 January 25, 1999 February 15, 1999 
5 19 June 11, 1999 June 29, 1999 
6 9 August 18, 1999 August 26, 1999 
7 11 November 15, 1999 November 25, 1999 
8 10 December 14, 1999 December 23, 1999 
9 21 March 7, 2000 March 27, 2000 
 
 
Environment Canada’s National Air Pollution Surveillance (NAPS) Network monitors the 
same pollutants shown in Table 1.1 across Canada (with the exception of TRS), and hourly 
information is stored in a national database.  For the purpose of comparing results from 
North Burnaby to those of other urban Canadian neighbourhoods influenced by the 
petrochemical industry, data for the same period were requested from stations in Saint 
John, Montreal, Sarnia and Edmonton located in close proximity to oil refineries.  Table 1.3 
summarizes information about the stations and the data received: 
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Table 1.3   Other petrochemically influenced monitoring stations for which data were received from 
Environment Canada 

NAPS ID# Location Nearby Petrochemical Sources SO2 TRS NO2 CO O3 PM10 
40203 Saint John Irving Oil a - a - a a 
50103 Montreal Petro-Canada, Shell a - a a a - 
61004 Sarnia Imperial Oil a - a a a a 
90121 Edmonton Esso, Gulf, Texaco a - a a a a 
 
 
Information received from Environment Canada about the location of each of the NAPS 
stations suggested that station 90121 in Edmonton is the most similar to stations T23 and 
T24 with respect to distance from active refineries and tank farms.   
 
1.2 Preliminary data handling  
 
Data were received from the GVRD in comma-delimited ASCII files.  Figure 1.1 shows a 
sample of the raw data, which included nine columns of information for every observation.  
Columns 1,3,4,7 and 8 were either blank or contained unnecessary records, and they were 
discarded.  In the original data most invalid values were set to -999.00 (column 6) for easy 
identification and all were marked with a character flag (column 9) to identify the type of 
error that had occurred.  All negative and/or flagged values were converted to missing 
values for the purposes of this study.  All zero values were converted to the limit of 
detection for the method (LOD) divided by the square root of two.  Concentrations were 
expressed in parts per million (ppm) for all gaseous pollutants, and in µg/m3 for particulate 
matter. 
 

Figure 1.1  Raw data as they were received from the GVRD 

 
 
Data from Environment Canada were received in non-delimited ASCII files as shown in 
Figure 1.2 on the following page.  In each row, characters 1 through 4 refer to the pollutant 
code (0050 for CO in this case); characters 5 through 9 refer to the station’s NAPS Network 
code (50103 or Montreal in this case); and characters 10 through 17 (199806--) refer to the 

1       2      3       4                       5                     6     7   8   9 
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date.  The first column of values shows the day’s 24-hour average, the second shows the 
day’s minimum 1-hour average, and the third shows the day’s maximum 1-hour average.  
The fourth column shows the first 1-hour average of the day (midnight to 01:00), the fifth 
column shows the second 1-hour average (01:00 to 02:00) etc., all the way to the twenty-
seventh column (not shown), which shows the twenty-fourth 1-hour average (23:00 to 
midnight).  Concentrations were expressed in parts per billion for all gaseous pollutants, 
and in µg/m3 for particulate matter.  All unnecessary information was discarded and invalid 
values were converted to missing values. 
 
 

Figure 1.2  Raw data as they were received from Environment Canada 

 
 
Data file manipulation and analysis were carried out using Microsoft Excel 2000 and SAS 
System for Windows, Release 8.01 (SAS Institute Inc, Cary NC). 
 
As the health effects of these pollutants depends on both the intensity of exposure 
(exposure level) and the time period over which the exposure extends (duration), it was 
necessary to compute exposure averages over several different time periods, in order to 
compare the results to relevant health and regulatory standards.  
 
Data sets were created only for those averaging periods for which health or regulatory 
standards or comparison values were available: 
 
a)  all 1-hour averages (original data) 
b)  daily maximum 1-hour averages (all pollutants except PM10) 
 
The SAS UNIVARIATE procedure was used to create this data set by returning maximum 
values by date for all days with 18 or more valid data points (75% complete).   
 
c)  daily maximum 8-hour averages (for CO and O3) 
 
This data set was created using the SAS EXPAND procedure in combination with the 
UNIVARIATE procedure.  All backward-moving 8-hour averages were calculated by date, 
and the maximum daily values were included in the data set.  Averages calculated with 
fewer than eight data points (100% complete) were not considered.   
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d)  24-hour averages  
 
These were created by using the SAS MEANS procedure to return daily averages for all 
dates having 18 or more (75% complete) valid data points.   
 
Frequency distributions were plotted for all data sets and the transformations necessary to 
ensure normality were determined and applied.  The following Table 1.4 summarizes the 
transformations used.  A log transformation implies that the natural logarithm of each data 
point was taken.  A dash in the table indicates that no comparison standard was available 
for the averaging period; therefore no data set was created.  
 
 
Table 1.4   Transformations needed to establish normality in data sets  

 Transformation 
Pollutant All 1-hour Daily Maximum 1-hour Daily Maximum 8-hour 24-hour 
CO Log Log Log - 
NO2 None None - None 
O3 Log None None None 
PM10 Log* - - Log 
SO2 ** Log - Log 
TRS ** ** - Log 

* Although there is no 1-hour standard for PM10, the1-hour data set was analysed to ensure thorough characterization of 
the pollutant using raw data. 
** Data too skewed for transformation, see discussion below 

  
 
1.3 Estimation of SO2 10 minute averages  
 
In order to compare the 1-hour GVRD data to 10-minute health based guidelines, the US 
EPA’s Mathematical Model for Relating Air Quality Measurements to Air Quality 
Standards (Larsen, 1971) was referenced.  The complete 2½-year data set (consisting of 
21281 valid data points) from station T23 on Capitol Hill was used to generate a model for 
North Burnaby.  The ¾-year data set (consisting of 5442 valid data points) from station T24 
near the Chevron tank farm was used to verify the results.  An overview of the 
methodology follows: 
 

• The 1-hour data set was used to create 2, 4, 8, 12, 24, 48, 96, and 168-hour data sets 
with backward-running averages in SAS.  

• SAS was used to generate upper percentile values (100, 99.9 to 99.5, 95 and 90) for 
each data set. 

• The percentile values were tabulated according to averaging period in Excel. 
• The logarithms of the percentile values were plotted against the logarithms of the 

averaging time (in hours) for each percentile.   
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• Excel’s trend line function was used to find the least squares line of best-fit equation 
for each percentile. 

• The equations were used to extrapolate 10-minute (0.167-hour) averaging period 
values for each percentile. 

• These values were plotted against the percentile values to produce a smooth curve 
showing the relationship. 

 
Figure 1.3 shows the results of this model.   
 
 

 
Figure 1.3  Mathematical model relating upper percentile values to averaging period for SO2 data at 

station T23 on Capitol Hill 

 
 
Each coloured line represents a percentile, and shows the relationship between the 
logarithm of the percentile’s value and the logarithm of the data’s averaging period (in 
hours).  These relationships are numerically defined by the equations shown at the right-
hand side of the figure and, in general, it can be seen that a shorter averaging period results 
in higher values in the upper percentiles (99% to 100%).  These equations were use to 
interpolate the upper percentile values for a 10-minute (0.167 hour) averaging period.  
 
 
 
 



 

 
July 6, 2002 
North Burnaby Refinery Emissions Project 
UBC School of Occupational and Environmental Hygiene Page C- 7 
 

1.4 Data analysis:  comparisons by monitoring station   
 
For each pollutant data set, the minimum, maximum, arithmetic mean and standard 
deviation, and geometric mean and geometric standard deviation were computed for each 
monitoring station and displayed in tabular form.    
 
For normally distributed data (and for data that could be ‘normalized’ with log 
transformation) average results at the different monitoring stations were compared 
statistically using the SAS GLM (General Linear Model) procedure.  For highly skewed 
data sets (ie. SO2 and TRS), statistical comparison of results across different monitoring 
locations was carried out by comparing the proportion of values above the relevant 
guidelines or health based comparison values, using the SAS FREQ procedure (and chi-
squared test).   
 
Where comparisons were made with data from the mobile monitoring station T52 
(MAMU), only those days for which MAMU was operational were considered in the 
analysis.   For comparisons of TRS values measured at station T24 (operational only since 
Sept 99), a data subset was created and analysed for only those days on which T24 was 
operational.  Table 1.5 summarizes this information. 
 
 
Table 1.5   Days included in the data subsets for TRS 

# Days in Operation Start Date Stop Date 
171 September 1, 1999 February 18, 2000 
23 March 6, 2000 March 28, 2000 
30 April 1, 2000 April 30, 2000 
30 June 1, 2000 June 30, 2000 
 
 
Results for each pollutant from each station were also compared graphically by plotting the 
data over time and, because the health effects connected to these pollutants tend to be 
associated with peak levels, by plotting the upper percentile values (100 to 90) for each data 
set.  Upper percentile plots were not prepared for the TRS data sets because they were 
rendered difficult to interpret by the high number of concentrations below the detection 
limit. 
 
 
1.5 Data analysis:  comparisons by time of day 
 
In response to the UBC research team’s request for community input, several North 
Burnaby residents stated that odours around the refinery are most noticeable in the early 
hours of the morning.  In response, the time of day trends were investigated for the 
pollutants considered most likely to contribute to odour complaints (SO2 and TRS).  As this 
analysis was for descriptive purposes, no statistical testing was carried out. 
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To characterize time of day peaks of SO2 all 1-hour concentrations of 100 ppb or higher at 
station T23 (Capitol Hill) were sorted by the time of day at which they occurred, and a bar 
chart showing the number of exceedances during each time period was prepared.  In order 
to compare station T23 to others in the GVRD, the average value for each 1-hour time 
interval was computed for stations T23, T9, T2 and T26.  The results from T23 and T9 
were plotted together to give a comparison of sites that can be considered “industrial” and 
T2 and T26 were plotted together to compare sites that can be considered “residential”.   
 
Because of the very large number of TRS values below the limit of detection, a different 
approach was necessary to investigate time of day peaks for TRS.  Peak values of TRS 
greater than 3 ppb at stations T9, T23 and T24 were sorted according to time of day.  The 
value of 3 ppb was chosen as it is the approximate mid-point of the odour threshold range 
at which it is estimated that 50% of the population will detect hydrogen sulphide odours 
(Amoore, 1985).  The percent contribution of every hour to the total number of values 
exceeding the 3 ppb cut-off was computed for each station.  For example, 322 of the 21297 
1-hour TRS concentrations at station T9 were equal to or greater than 3 ppb.  26 of these 
exceedances occurred between 0:00 and 1:00 in the morning, so the percent contribution of 
this 1-hour period is: 

%1.8%100
322
26 =×  

 
Thus, the proportion of all values above 3 ppb that occurred during each 1-hour time 
interval was plotted for each station.  
 
 
1.6 National Comparisons 
 
To compare the levels of continuously monitored pollutants in the North Burnaby areas 
against what could be considered “typical” for a petrochemically influenced site in Canada, 
data from North Burnaby were compared to data from NAPS stations located near 
refineries in Saint John, Montreal, Sarnia and Edmonton.  1-hour averages were compared 
for CO, NO2, O3 and SO2, and 24-hour averages were compared for PM10.  Analytical 
methods were the same as those described in the above sections.  The stations used for each 
comparison are shown in Table 1.6. 
 
 
Table 1.6   Stations used in national comparisons for continuously monitored pollutants 

Pollutant North Burnaby Saint John Montreal Sarnia Edmonton 

CO T4 (Kensington Park) - a a a 
NO2 T52 (MAMU) a a a a 
O3 T52 (MAMU) a a a a 
PM10 T52 (MAMU) a - a a 
SO2 T23 (Capitol Hill) a a a a 
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2 Volatile Organic Compounds (VOCs) 
 
2.1 Introduction to the VOC monitoring network and data received 
 
VOC monitoring in Greater Vancouver is conducted by Environment Canada (EC) with the 
assistance of the GVRD’s Air Quality Department.   The GVRD is responsible for 
collecting samples and sending them to the Environmental Technology Centre (ETC) in 
Ottawa, where the samples are analyzed by EC technicians.  Up to 153 individual VOCs 
are analysed (24 hour averaged values), and the data are archived in national and regional 
databases.     
 
Details concerning the sampling and testing methodology employed by EC can be found in 
a summary report written by Dann and Wang, 2001.  A general overview is provided here.  
Before shipment to the GVRD, 6L stainless steel collection canisters are cleaned and 
evacuated at the ETC.  When the canisters reach the sampling sites they are fitted onto 
whole air samplers programmed to draw ambient air into the containers at a flow rate of 1 
to 2 L/min for a period of 24 hours (midnight to midnight).  When the sampling cycle is 
complete the canisters are returned to the ETC for analysis using a high-resolution gas 
chromatograph and quadropole mass-selective detector. 
 
VOC samples are collected approximately every six days in the GVRD. The number of 
canisters available from Environment Canada limits sampling frequency at each location.  
On each sampling day, one of the allotted canisters is located at station T9 in Port Moody; 
the remaining canisters are rotated among the other GVRD monitoring stations.  Table 2.1 
shows the number of samples collected at various stations each year between 1989 and 
2000.   
 
 
Table 2.1   Number of VOC samples taken each year at GVRD air quality monitoring stations 
between 1989 and 2000 

  YEAR 
Station Location 89 90 91 92 93 94 95 96 97 98 99 00 
T1 Downtown 8 10 7 7 4 8 7 8 9 14 18 20 
T2 Kitsilano - - - - 6 - - - - - - - 
T4 Kensington Park - 13 9 10 5 9 9 9 9 2 - - 
T9 Port Moody 40 59 48 93 58 45 73 58 50 41 43 52 
T12 Chilliwack Airport - - - - - - - - - 7 10 9 
T15 East Surrey 9 9 7 7 5 9 9 10 9 15 21 19 
T17 South Richmond 9 9 7 - 7 8 7 10 8 12 - 20 
T22 Burmount - 16 12 20 29 27 29 26 23 16 24 27 
T24 Chevron Tank Farm - - - - - - - - - - 10 17 
T26 North Vancouver - 7 10 6 2 9 7 9 10 3 - - 
T27 Central Langley - - - - 7 9 9 10 9 4 - - 
T29 Hope Airport - - - - - - - - - 5 12 9 
T31 YVR - - - - - - - - - 10 18 20 
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In 1999 the GVRD restructured its surveillance network and station T24 was introduced in 
North Burnaby for the express purpose of monitoring emissions from the nearby Chevron 
tank farm.  The results from T24 will be compared to those from other GVRD stations to 
characterize VOC concentrations in North Burnaby.   
 
All VOC data from 1999 and 2000, from station T24 and the 7 other stations with data for 
both years (T1, T9, T12, T15, T22, T29, T31) were requested for analysis.  Valid data were 
received for 142 individual VOCs.  Table 2.2 gives information about the location of each 
of these stations and the factors likely to influence VOC concentrations at each station. 
 
 
Table 2.2   Details about each station used for comparison against T24 in North Burnaby 

Station Exact Location Factors likely to influence VOC Concentrations 
T1 Robson Square, 

Vancouver 
• High general traffic density 
• High diesel traffic density 

T9 Rocky Point Park, Moody St and 
Esplanade, Port Moody 

• Heavy industry 
• Marine traffic 

T12 Chilliwack Airport, 
Chilliwack 

• TransCanada Highway 
• Military, small commercial and private aircraft 

T15 Surrey East.  72nd Ave. and 192nd 
St, Surrey 

• Port Kells industrial park 
• Fraser Highway 

T22 Burnaby Mountain, 7815 
Shellmont Street, 

• Trans-Mountain pipeline and tank farm 

T29 Hope Airport, 62715 Airport Road, 
Hope 

• Private aircraft 
• Agricultural activity 

T31 Vancouver International Airport, 
3153 Templeton St. Richmond 

• Commercial aircraft 
 

 
Data were received from the GVRD in Microsoft Excel files that grouped the individual 
compounds according to their molecular structure.  Table 2.3 describes the structure 
molecules in each category. 
 
 

Table 2.3   Categories of VOCs measured in the GVRD 

Category Structure 
Alkanes All carbon atoms form a single bond with all other atoms. 
Alkenes Some carbon atoms form double bonds with other carbon atoms. 
Alkynes Some carbon atoms form triple bonds with other carbon atoms. 
Aromatics All molecules in this category contain a benzene ring, in which six carbon atoms 

are attached by a single bond to one neighbour, and by a double bond to the 
other (as shown here): 
 
 

Halogens Any alkane, alkene, alkyne or aromatic compound that contains one or more 
halogen atoms such as bromine, fluorine and/or chlorine. 
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The 142 individual compounds are listed in Table 2.4 according to their molecular 
structure.   
 
 
Table 2.4  List of VOCs measured in the GVRD sorted by molecular structure 

Alkanes Alkenes Alkynes Aromatics Halogens 
2,2,3-Trimethylbutane 1,3-Butadiene 1-Butyne 1,2,3-Trimethylbenzene 1,1,1-Trichloroethane 
2,2,4-Trimethylpentane 1-Butene/Isobutene 1-Propyne 1,2,4-Trimethylbenzene 1,1,2,2-Tetrachloroethane 
2,2,5-Trimethylhexane 1-Decene Ethyne  (Acetylene) 1,2-Diethylbenzene 1,1,2-Trichloroethane 
2,2-Dimethylbutane 1-Heptene  1,3,5-Trimethylbenzene 1,1-Dichloroethane 
2,2-Dimethylhexane 1-Hexene  1,3-Diethylbenzene 1,1-Dichloroethylene 
2,2-Dimethylpentane 1-Methylcyclohexene  1,4-Diethylbenzene 1,2,4-Trichlorobenzene 
2,2-Dimethylpropane (Neopentane) 1-Methylcyclopentene  2-Ethyltoluene 1,2-Dibromoethane 
2,3,4-Trimethylpentane 1-Nonene  3-Ethyltoluene 1,2-Dichlorobenzene 
2,3-Dimethylbutane 1-Octene  4-Ethyltoluene 1,2-Dichloroethane 
2,3-Dimethylpentane 1-Pentene  Benzene 1,2-Dichloropropane 
2,4-Dimethylhexane 2-Ethyl-1-Butene  Ethylbenzene 1,3-Dichlorobenzene 
2,4-Dimethylpentane 2-Methyl-1-Butene  Hexylbenzene 1,4-Dichlorobenzene 
2,5-Dimethylhexane 2-Methyl-2-Butene  Indane 1,4-Dichlorobutane 
2-Methylheptane 3-Methyl-1-Pentene  iso-Butylbenzene Benzylchloride 
2-Methylhexane 4-Methyl-1-Pentene  iso-Propylbenzene Bromodichloromethane 
2-Methylpentane cis-2-Butene  m and p-Xylene Bromoform 
3,6-Dimethyloctane cis-2-Heptene  n-Butylbenzene Bromomethane 
3-Methylheptane cis-2-Hexene  n-Propylbenzene Carbon Tetrachloride 
3-Methylhexane cis-2-Pentene  o-Xylene Chlorobenzene 
3-Methylpentane cis-3-Methyl-2-Pentene  p-Cymene Chloroethane 
4-Methylheptane cis-4-Methyl-2-Pentene  sec-Butylbenzene Chloroform 
Butane Cyclohexene  Styrene Chloromethane 
cis-1,2-Dimethylcyclohexane Cyclopentene  tert-Butylbenzene cis-1,2-Dichloroethylene 
cis-1,3-Dimethylcyclohexane Ethene  (Ethylene)  Toluene cis-1,3-Dichloropropene 
cis-1,4-Dimethylcyclohexane Isoprene   Dibromochloromethane 
Cyclohexane Propylene   Dibromomethane 
Cyclopentane trans-2-Butene   Dichloromethane 
Decane trans-2-Heptene   Ethylbromide 
Dodecane trans-2-Hexene   Freon11 
Ethane trans-2-Pentene   Freon113 
Heptane trans-3-Heptene   Freon114 
Hexane trans-3-Methyl-2-Pentene   Freon12 
Isobutane trans-4-Methyl-2-Pentene   Freon22 
Isopentane    Hexachlorobutadiene 
Methylcyclohexane    Tetrachloroethylene 
Methylcyclopentane    trans-1,2-Dichloroethylene 
Nonane    trans-1,3-Dichloropropene 
Octane    Trichloroethylene 
Pentane    Vinylchloride 
Propane     
trans-1,2-Dimethylcyclohexane     
trans-1,4-Dimethylcyclohexane     
Undecane     

 
 

The concentrations of individual compounds are measured in µg/m3.  Concentrations will 
be expressed in ppm (parts per million) where the conversion between the two units can be 
accomplished with the following formula: 
 

ppm = 1000
(g/mol) compound  theofweight molecular 

45.24g/min ion concentrat 3

××µ  
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Nationally archived data from monitoring stations in Saint John, Montreal, Sarnia and 
Edmonton were requested for the purpose of comparing VOC concentrations in North 
Burnaby to those in other urban, petrochemically affected areas.  Data for January 1998 
through December 2000 were received from EC in Microsoft Excel files with slightly 
different formatting than those received from the GVRD.  To ensure that local and national 
files were analysed with the same algorithms, the data from EC were re-organized to match 
those from the GVRD. 
 
 
2.2 Data analysis:  VOC groups, by chemical structure 
 
Daily ambient concentrations for each individual compound in each of the 5 structural 
groups were summed to generate 24-hour average concentrations for total alkanes, total 
alkenes, total alkynes, total aromatics, and total halogenated compounds.   
 
Frequency distributions were plotted for each of these 5 data sets and natural log 
transformations necessary to ensure normality were applied.   
 
Data file manipulation and analysis were carried out using Microsoft Excel 2000 and SAS 
System for Windows, Release 8.01 (SAS Institute Inc, Cary NC). 
 
For each combined data set, the minimum, maximum, arithmetic mean and standard 
deviation, and geometric mean and geometric standard deviation were computed for each 
monitoring station and displayed in tabular form.    
 
For the log transformed data average results at the different monitoring stations were 
compared statistically using the SAS GLM procedure.  Results for each pollutant group 
from each station were also compared graphically by plotting the data over time.    
 
 
2.3 Individual VOCs - initial comparisons across monitoring stations 
 
As an initial screen for the 142 individual VOCs, the 1999 and 2000 annual average values 
for each compound from the North Burnaby station (T24) were compared to the annual 
averages from each of the rest of the GVRD stations to determine whether there were 
groups of compounds not elevated (compared to other stations) that could be excluded from 
further review.   
 
For the purposes of this comparison, an ‘expected’ background residential outdoor 
concentration was computed as the 2-year average value (for each compound) from the 
following three monitoring stations: Chilliwack (T12), East Surrey (T15), and Hope (T29).   
(In the analysis for grouped compounds described in section 2.2 above, average ambient 
concentrations at these three stations were typically the lowest values and did not differ 
significantly from one another).   
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2.4 Analysis of VOC Mixtures  
 
In order to compare the available ambient monitoring data to health based comparison 
values for gasoline and light jet fuel mixtures, it was necessary to estimate the total vapour 
concentrations of gasoline and jet fuel mixtures in the North Burnaby area (at station T24).  
This was accomplished using two sources: one based on the constituents of liquid 
petroleum mixtures and one for gasoline vapour. 
 
Data for the major individual constituents (by mean percent weight) of petroleum product 
mixtures, including 146 compounds found in liquid gasoline and 70 found in liquid jet fuel 
were obtained from Appendix D of the Toxicological Profile for Total Petroleum 
Hydrocarbons (ATSDR).  Comparison of the ATSDR lists to the GVRD list showed that 
concentrations of compounds accounting for approximately 85% and 80% (by weight) of 
liquid gasoline and jet fuel, respectively, are measured in the GVRD.    
 
Data regarding the major constituents of gasoline vapour was taken from a research study 
carried out by McDermott and Killiarny (Quest for a Gasoline TLV - see references in main 
report) in which percent contributions to vapour composition (by volume) and standard 
deviations were calculated from 95 samples that were collected and analysed for the 
express purpose of estimating an appropriate gasoline occupational exposure limit.  Table 
2.5 lists the 21 compounds included in gasoline vapour (from this paper), their respective 
boiling points and proportionate contribution to gasoline vapour.  All compounds with 
mean volumetric contributions less than 0.5% were omitted from this list [McDermott & 
Killiarny, 1978].  These 21 compounds accounted for 92% of total gasoline vapour and 
each of these compounds is included in the monitoring data available. 
 
Although this research was carried out before the benzene content of gasoline was 
regulated in Canada, the average contribution of benzene (by volume) in the gasoline 
mixtures measured in the study was 1%, with a maximum of 3.5%.  Canadian regulations 
currently restrict gasoline content to 1% on average, with a maximum of 1.5% (CEPA, 
Benzene in Gasoline Regulations, 1999), and to a yearly pool average concentration of less 
than 0.95% benzene by volume (Waste Management Act Cleaner Gasoline Regulation). 
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Table 2.5  Compounds included in gasoline vapour 

   Gasoline Vapour Composition 
 Compound Boiling Point (ºC) Mean Volume (%) Standard Deviation 

Alkanes  Propane -42.1 0.8 1.1 
 n-Butane -0.5 38.1 5.7 
 Isobutane -11.7 5.2 1.9 
 Isopentane 27.9 22.9 6.1 
 n-Pentane 36.1 7.0 4.0 
 Cyclopentane 49.3 0.7 0.7 
 2,3-Dimethylbutane 58.0 0.7 0.5 
 2-Methylpentane 60.3 2.1 1.3 
 3-Methylpentane 63.3 1.6 0.9 
 n-Hexane 68.7 1.5 0.9 
 Methylcyclohexane 71.8 1.3 0.4 
 2,4-Dimethylpentane 80.3 0.4 0.5 
 2,3-Dimethylpentane 89.8 0.7 0.5 
 2,2,4-Trimethylpentane 99.2 0.5 0.5 

Alkenes Isobutene -6.9 1.1 1.5 
 2-Methyl-1-butene 31.2 1.6 2.1 
 cis-2-Pentene 37.0 1.2 1.7 
 2-Methyl-2-butene 38.6 1.7 1.8 

Aromatics Benzene 80.1 0.7 0.4 
 Toluene 110.6 1.8 1.3 
 Xylene (all isomers) 142.0 0.5 0.6 

TOTAL volume   92.1%  
 
 
The North Burnaby (T24) ambient concentrations for all compounds contributing to liquid 
gasoline, liquid jet fuel and gasoline vapour were summed across measurement dates, and 
the results were assumed to approximate the ambient concentrations of those mixtures.  
Table 2.6 summarizes information about each VOC mixture analysed for this report. 
 
 
Table 2.6  Groups of compounds analyzed 

Group Description 
Total of Compounds 
in Liquid Gasoline 

Includes 42 alkanes (ethane omitted), 28 alkenes (ethene and propene 
compounds omitted) and 24 aromatic compounds.  These represent 
approximately 85% of liquid gasoline by weight. 

Total of Compounds 
in Liquid Jet Fuel 

Includes 41 alkanes (ethane and propane compounds omitted) and 24 
aromatic compounds.  These represent approximately 80% of liquid JP-4 
by weight. 

Total of Compounds 
in Gasoline Vapour 

Includes 14 alkanes, 4 alkenes and 3 aromatics, which represent 
approximately 92% of gasoline vapour by volume.  Refer to Table 2.5 for 
further details. 

 
 
For each of these three ‘petroleum fuel mixtures’ combined data sets, statistical and 
graphical analysis was carried out using procedures identical to those described in section 
2.2 above. 
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