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About this report 

In 2015, the lead author of this report was contracted to conduct a review of the Kinder 
Morgan Trans Mountain Expansion Project (TMEP) and to prepare a report on the major 
impacts to human health in Greater Vancouver of the TMEP (Takaro et al., 2015). The primary 
purpose of that review was to: 

1. determine the current standing of the Kinder Morgan Trans Mountain Expansion Project, 
2. undertake an in-depth review of the major chemicals of concern and their health 

impacts 
3. describe alternate and plausible case scenarios of oil spills and related health 

outcomes, and 
4. provide recommendations to address any identified areas of concern. 

The report was filed in 2015 with the National Energy Board of Canada (NEB) by the North 
Shore NO Pipeline Expansion (NS NOPE) and Burnaby Residents Opposing Kinder Morgan 
Expansion (BROKE) as part of the public comment process on the expansion application1.  
 
In May 2016, the NEB released a report that described the environmental assessment it had 
completed on the TMEP in accordance with its authority under the National Energy Board Act 
and the Canadian Environmental Assessment Act, 2012 (CEAA, 2012). Based on its review, the 
NEB recommended that the Governor in Council approve the project (National Energy Board, 
May 2016). On August 30, 2018, the Federal Court of Appeal overturned the Canadian 
government’s approval of the TMEP and ordered that a new review of the project be conducted 
that takes into consideration the potential impacts of increased tanker traffic as required under 
the CEAA, 2012 (Federal Court of Appeal Decisions, 2018). On September 20, 2018, the 
Government of Canada referred aspects of the NEB’s 2016 recommendation report back to the 
NEB for reconsideration. The NEB released a public hearing order on October 12, 2018 that sets 
out the steps and deadlines in the hearing for the reconsideration (National Energy Board, 
2018). 
 
The NEB did not respond to evidence we presented in our May 2015 report. However, the 
evidence of health risks presented are of significant interest to populations potentially 
impacted by the proposed increases in tanker traffic in Burrard Inlet. In this report, we have 
reiterated the evidence related to this increase in tanker traffic and added new evidence that 
has emerged since our 2015 filing.  
  

                                                      
1 The title of the report was “Major Human Health Impacts of the Kinder Morgan Trans Mountain Pipeline 

Expansion” (May 2015). Filing reference number:  A4L9Q9, A4L9R0, A4L9R1. 
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Executive summary 

This report, which was prepared in response to the Federal Court of Appeal decision to revoke 
the construction approval given by the Cabinet to the Trans Mountain pipeline expansion 
project, builds on our 2015 report, Major Human Health Impacts of the Kinder Morgan Trans 
Mountain Pipeline Expansion. That report was filed with the National Energy Board (NEB) as 
part of the public comment process on the expansion project (Filing reference 
number: A4L9Q9, A4L9R0, A4L9R1). As the NEB did not respond to evidence we presented in 
our May 2015 report, we have prepared an updated report that reiterates the evidence we 
presented and adds new evidence that has emerged since our 2015 filing. This project was 
supported by Burnaby Residents Opposing Kinder Morgan Expansion (BROKE) and North Shore 
NO Pipeline Expansion (NS NOPE).  
 
In undertaking this review, we employed several key frameworks and theories (a population 
health framework, risk assessment and future climate projections) to assess the potential 
impact of the increase in tanker traffic, spill risk and subsequent impacts on human health. As 
the analysis contained in this report demonstrates, there are significant shortcomings in the 
evidence base on health impacts that the NEB used and there is a need for an independent 
comprehensive, cumulative human health impacts assessment. In this report, we focus on the 
acute and chronic health effects of exposure to two of the most potent chemical toxicants 
found in crude oil and diluted bitumen (benzene and benzo[a]pyrene) and on the community-
level mental health impacts of a major disaster in Burrard Inlet – outcomes that were 
inadequately accounted for by the TMEP human health risk assessment. We also describe the 
potential impact of two plausible worst-case scenarios of the TMEP – during extreme weather 
conditions and following a Second Narrows marine spill. Both scenarios would have detrimental 
effects on the residential population within the potentially affected areas. 
 
There were five key weaknesses of the human health risks assessment (HHRA) performed by 
the proponent’s contractor and used by the NEB in its May 2016 Recommendation Report: 
1. The impact of increased tanker traffic and subsequent increased risk to the environment 

and to the population that lives in Burrard Inlet was not assessed. 
2. The HHRA did not adequately consider the high risk to specific vulnerable populations2 

from benzene and benzo[a]pyrene. 
3. The conditions considered by the NEB that related to health pertain only to monitoring, an 

after-the-fact “count-the-bodies” approach that is unacceptable today. 
4. Certain outcomes (i.e., risk of childhood leukaemia and lung cancer in clean-up workers) 

were inadequately accounted for by the TMEP human health risk assessment. 
5. Mental health impacts were not assessed for the populations likely to be affected by a 

large spill in Burrard Inlet. 

                                                      
2 Includes those with genetic susceptibility to these carcinogens. 
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A comprehensive, cumulative health impacts assessment (HIA) of the TMEP must include the 
combined effects of all toxicants released from the complex petroleum mixture that is dilbit 
and their cumulative and possibly synergistic effects. As this report points out, benzene and 
benzo[a]pyrene are carcinogens with no safe exposure levels. Highly sensitive populations 
would likely be exposed in the event of a spill in Burrard Inlet, reinforcing the need for a 
comprehensive, cumulative health impacts assessment. 
 
The increase in tanker traffic appears to be significantly greater than the seven-fold increase 
described by the proponent. Based upon the average number per year during the period 2015 
to 2017, the increase is closer to twenty-fold. Burrard Inlet (through which these tankers must 
pass) contains three bridges and two dangerous narrows adjacent to downtown with over a 
million people, as well as an informal but easily accessed shellfish and crab fishery and 
Indigenous communities who harvest from the Inlet and whose close connection to the land 
makes them particularly vulnerable to environmental contamination.  
 
In our opinion, the marine spill scenario in the original NEB review was very optimistic. It was 
set far away from any population center despite the clear hazards of the increase in tankers 
through Vancouver’s busy harbor. Based upon similar accidents around the world, a major 
tanker spill (i.e., an Aframax tanker with an average capacity of 750,000 barrels) in Burrard Inlet 
would likely result in widespread exposure and cause significant acute and chronic health 
effects. An independent, comprehensive, cumulative health impacts assessment should be 
bounded by a worst-case spill scenario that occurs on a hot day with stagnant conditions 
similar to week long periods in Burrard Inlet in the summers of 2017 and 2018. It should include 
the temperature increase projected for the Inlet which have been modeled for Burrard Inlet.  
  
Under the Canadian Environmental Assessment Act, 2012, the Government of Canada has a 
mandate to protect the environment and human health and to apply the precautionary 
principle. To fulfill this mandate, any risk assessment of a fossil energy project must consider 
the upstream and downstream contribution to mortality and morbidity due to climate change 
of wildfires, heat events, air pollution, sea-level rise, flooding, water contamination, drought, 
food shortages, shifting infectious diseases, illness and injury from extreme weather events, 
mental health impacts, forced migration and related conflict, as well as the risks that climate 
change poses to healthcare structures and health-related supply chains. Therefore, we request 
that a robust, cumulative health impact assessment be conducted that takes into consideration 
the populations of the Inlet, as well as potential exposures and impacts resulting from the  
higher temperatures and extreme weather conditions predicted for the Inlet by mid-century 
due to climate change.  
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Introduction 

This document, which was prepared in response to the Federal Court of Appeal decision to 
revoke the construction approval given by the Cabinet to the Trans Mountain pipeline 
expansion project, was supported by Burnaby Residents Opposing Kinder Morgan Expansion 
(BROKE) and North Shore NO Pipeline Expansion (NS NOPE). Both the City of Burnaby and 
communities along the North Shore will be directly affected by the increase in tanker traffic, 
spill risk and subsequent impacts.  
 
The purpose of this report is twofold: (1) to demonstrate that the National Energy Board (NEB) 
recommendation report of May 19, 2016 does not adequately consider nor address the health 
impacts due to the 7-fold increase in tanker traffic through the First and Second Narrows and 
past the cities of Burnaby, Vancouver and North Vancouver; and, (2) to request that a robust, 
cumulative health impact assessment (HIA) be conducted as part of the consideration of the 
risk from increased tanker traffic. Under the Canadian Environmental Assessment Act, 2012 
(CEAA, 2012), the Government of Canada and those responsible for administering the Act must 
“exercise their powers in a manner that protects the environment and human health and 
applies the precautionary principle.” To fulfill this mandate, an independent, comprehensive 
and cumulative health impacts assessment of a large or credible worst-case spill in this high-risk 
area must be part of any consideration of the proposed expansion.  
 
The NEB’s rationale for dismissing a spill scenario in Burrard Inlet runs counter to the 
requirement under the CEAA, 2012 that the precautionary principle be exercised. Diluted 
bitumen (dilbit), the material of most concern in a transportation accident, is dangerous and 
considerably more toxic than crude oil. It behaves unpredictably in aquatic environments, 
sometimes floating, sometimes sinking, depending upon conditions. The marine spill scenario in 
the original NEB review was very optimistic. It was set far away from any population centre 
despite the clear hazards of the 7-fold increase in tankers through Vancouver’s busy harbor. 
The Burrard Inlet through which these tankers must pass contains three bridges and two 
dangerous narrows adjacent to downtown with over a million people, as well as an informal but 
easily accessed shellfish and crab fishery and population which includes Indigenous 
communities who harvest from the Inlet and whose close connection to the land makes them 
particularly vulnerable to environmental contamination.  
 
While efforts to reduce boat collisions in Vancouver Harbour are ongoing, collisions do occur 
(including those involving the critical bridges that cross the Inlet). The Pacific Pilotage Authority 
reports 10 incidents involving their members since the NEB 2014 report (A95234-1, 2018-10-
29). This number does  not include any incidents in 2018 or non-piloted incidents, such as the 
Nathan E Stewart sinking (October 2016) or the English Bay spill (April 2015). As we describe in 
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this report, a major spill in the Inlet would be catastrophic for the region. The spill risk 
estimated by the Tsleil Waututh Nation in their submission to the NEB in 2015 describes the 
likelihood of a large spill (>1,000 barrels ) at 37% in Burrard Inlet (TWN, 2016 p. 66). A large 
spill, releasing dilbit from an Afromax tanker, would present a high risk of fire, toxic 
contamination, cultural disruption and a prolonged clean-up with significant physical and 
mental health implications for workers and the many communities living on the Inlet. Even 
best-case scenario clean-up of crude oil results in only 5-15% oil recovery, with spilled bitumen 
likely to have even lower levels of recovery due its tendency to sink after floating under certain 
conditions. Those responsible for protecting the public health need to factor in the health 
impacts of a large or credible worst-case spill in the most populated area affected by the project. 
This scenario should be of a large volume tanker spill, close to shore and under poor air quality 
and under high temperature conditions similar to those of the past several summers in British 
Columbia.  
 
The following are five key weaknesses of the NEB’s human health risk assessment (HHRA):  
1. The impact of increased tanker traffic and subsequent increased risk to the environment 

and to the population that lives in Burrard Inlet was not assessed. 
2. The HHRA did not adequately consider the high risk to specific vulnerable populations3 from 

benzene and benzo[a]pyrene. 
3. The conditions considered by the NEB that related to health pertain only to monitoring, an 

after-the-fact “count-the-bodies” approach that is unacceptable today. 
4. Certain outcomes (i.e., risk of childhood leukaemia and lung cancer in clean-up workers) 

were inadequately accounted for by the TMEP human health risk assessment. 
5. Mental health impacts were not assessed for the populations likely to be affected by a large 

spill in Burrard Inlet. 
 
Although these points were raised by Intervenors in the NEB process, none were addressed by 
the response or by the conditions imposed – and, there were no subsequent revisions to the 
project’s health risk assessment. The NEB did not respond to evidence we presented in our May 
2015 report. However, the evidence of health risks presented are of significant interest to 
populations potentially impacted by the proposed increases in tanker traffic in Burrard Inlet. 
We have reiterated the evidence related to this increase in tanker traffic and added new 
evidence that has emerged since our 2015 filing. Our analysis demonstrates the significant 
shortcomings of the evidence base on health impacts that the NEB used and points out the 
need for an independent comprehensive, cumulative human health impacts assessment. 

                                                      
3 Includes those with genetic susceptibility to these carcinogens. 



 6 

Methods & organization of this report 

The principal author and contributors first conducted a comprehensive search for relevant 
literature available in the public domain. They then employed several key frameworks and 
theories (a population health framework, risk assessment and future climate projections) to 
assess the potential impact of the increase in tanker traffic, spill risk and subsequent impacts on 
human health. As noted in Major Human Health Impacts of the Kinder Morgan Trans Mountain 
Pipeline Expansion (May 2015), a population health framework is foundational to health 
promotion and protection. It is used to examine the complex interactions and linkages between 
the social, physical, economic and political factors that affect health, as well as the biological 
factors that contribute to health and illness. Risk assessment is a quantitative framework for 
identifying and evaluating levels of risk that are associated with adverse events or hazards 
(Frumkin, 2010). In undertaking this review, the author sought to answer three questions: What 
can happen with increased tanker traffic? How likely is it to happen? What are the 
consequences if it does happen? 
 
To manage the scope of the review, we have chosen to focus on the acute and chronic health 
effects of exposure to two of the most potent chemical toxicants found in crude oil and diluted 
bitumen (benzene and benzo[a]pyrene) and on the community-level mental health impacts of a 
major disaster in Burrard Inlet. Both chemicals have long been known as harmful to human 
health and are recognized by the International Agency for Research on Cancer as known human 
carcinogens. Further, as described elsewhere in this report, there is clear evidence connecting 
adverse health outcomes with exposure to these chemicals, particularly in vulnerable 
populations. Of particular concern is the risk of childhood leukaemia and lung cancer in clean-
up workers. These outcomes are all inadequately accounted for by the TMEP human health risk 
assessment.  
 
The report also addresses other health impacts that would have large attributable risk to the 
populations who live in the regions around the tanker route and describes the potential impact 
of two plausible worst-case scenarios of the TMEP: during extreme weather conditions and 
following a Second Narrows marine spill. Both scenarios would have detrimental effects on the 
residential population within the potentially affected areas including impacts on health, quality 
of life, real estate values, fire hazard, economic impacts, environmental impacts and more.  

Background & context  

What is a comprehensive, cumulative health impacts assessment (HIA)? 

A human health impact assessment (HIA) qualitatively and quantitatively assesses the health 
consequences which may result from specific policy actions or development projects. These 
include the health consequences to a human population of any public or private actions that 
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alter “the extent to which an individual or group is able, on the one hand, to realize aspirations 
and to satisfy needs, and on the other, to change or cope with the environment (World Health 
Organization, 1984). Health impacts include any changes to the determinants of health (Rattle 
& Kwiatkowski, 1999). Comprehensive HIAs not only include an assessment of the impact of a 
project on the social determinants of health (such as housing, income, etc.) but also the 
ecological determinants of health (i.e., greenhouse gas emissions). Such an assessment allows 
health authorities to recognize and consider potential positive and negative health impacts of 
projects on their communities, to plan and fund healthcare provision services to address those 
impacts, and, to suggest modifications to plans in order to mitigate negative health impacts. 

 
A comprehensive, cumulative HIA requires the following minimal components: 
1. positions democracy, ethical use of evidence, a holistic approach to health, sustainable 

development and equity as key pillars;  
2. incorporates a determinants of health approach as central features of an environmental 

assessment (EA) within an ecosystem health framework and includes consideration of 
greenhouse gas emissions;  

3. integrates a highly empowering participatory process;  
4. supports and advances existing best practices, includes the assessment of cumulative and 

multi-generational impacts, and provides a consistent yet flexible process and set of 
guidelines;  

5. recognizes the value and importance of a diversity and different forms of information and 
knowledge;  

6. maintains transparency, accountability and effective and accountable follow-up (including 
timelines, detailed plans, responsible actors and enforcement mechanisms);  

7. is adequately developed with the engagement of key players, experts, and other 
stakeholders including Indigenous communities and provides for an adaptable set of 
guidelines.  

What populations need to be considered in a comprehensive, cumulative HIA? 

When examining the potential health impacts of the TMEP and a possible marine spill of crude 
or diluted bitumen, it is important to consider populations that are more vulnerable to the risk 
of exposure. Vulnerable populations4 can include those who are homeless, those with chronic 
health conditions (including severe mental illness), economically disadvantaged, racial and 
ethnic minorities, low-income families, the elderly, those who live in remote communities or 
who have difficulty accessing certain services and those with genetic susceptibility as described 
later in this report (AMJC, 2006). Although it is important to note that individuals in all age 
groups could be affected by the pipeline expansion project, there are a few groups in particular 
that are at greater risk – namely, children, women of childbearing age, and older adults. The 

                                                      
4 The Government of Canada is currently undertaking a consultation on a proposed definition on vulnerable 

populations within the context of chemicals management. Information on the proposed definition is provided in 
Appendix 1: The Government of Canada’s proposed definition of vulnerable populations. 
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needs of these populations are specific and exposure to environmental contaminants can be 
more debilitating or detrimental to the health of these groups.  

Children 

Children have a particular physiological vulnerability to air pollution due to their immature 
organs, narrower airways, developing lungs and respiratory system, behaviour and lack of 
knowledge (Natural Resources Defense Council (NRCD), 1997; Health Canada, 2011). Children 
are often more active than adults and have greater respiratory rates due to their smaller size. 
They are more likely to engage in hand-to-mouth activity and as a result, irritation caused by 
pollutants or environmental contaminants that may only produce minor responses in adults can 
result in potentially more significant exposure in children. Children are also at higher risk than 
adults for acute myeloid leukaemia (AML), a health outcome ignored in the NEB’s 2015 review.  

Women of childbearing age 

Environmental contaminants can have significant health consequences for women of 
childbearing age, and, in particular, expectant mothers. The foetus can be exposed to a number 
of chemical contaminants that enter through the placenta, causing developmental 
abnormalities, including to the central nervous system whose development is particularly 
sensitive (Health Canada, 2011). Depending on which stage of the pregnancy exposure occurs 
at, there can be detrimental health and developmental impacts for both the mother and 
neonate (Health Canada, 2011). This is addressed in further detail in the section on 
benzo[a]pyrene (page 12 of this report). 

Older adults 

Older adults are more likely to suffer from comorbidities (i.e., having one or more chronic 
conditions) making them more susceptible to environmental hazards. Even those in good 
overall health are more vulnerable than the average population (Health Canada, 2011). 
According to Health Canada, their bodies also contain a “lifetime worth of environmental 
contaminants, many of which can remain in their systems for decades”. This higher “body 
burden” of environmental contaminants, potential cumulative effects, and general 
susceptibility to disease puts older adults at increased risk to hazards in the environment.  

What are the main contaminants that a comprehensive, cumulative HIA should consider? 

This section of the report expands on the 2015 report to: provide additional information on the 
properties of dilbit that should be factored into a comprehensive risk assessment; provide 
updated evidence on the health effects of benzene exposure; and, introduce new information 
on benzo[a]pyrene, another volatile organic compound that is present in crude oil and that is 
known to be a potent carcinogen and mutagen. 
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Benzene and 1,3-butadiene 

Section 3.3 of our report Major Human Health Impacts of the Kinder Morgan Trans Mountain 
Pipeline Expansion (May 2015) (pages 15 to 20) describes the chemical composition, sources of 
exposure, and human exposure pathways of benzene and 1,3-butadiene, two volatile organic 
compounds found in crude oil and dilbit. Section 4 (pages 20 to 25) and Section 10.1 (pages 59 
to 68) of the 2015 report outline the health effects associated with exposure to benzene and 
1,3-butadiene. This section briefly reiterates the health effects associated with benzene 
exposure, with emphasis on evidence published since 2015. 

Benzene 

Benzene can enter the human body by three pathways: inhalation, ingestion and absorption 
through the skin. Approximately 50% of the human exposure route for benzene is passed 
through the lungs and a very small amount is absorbed through the skin (Agency for Toxic 
Substances and Disease Registry, 1989). Exposure to benzene can lead to number of health 
effects depending upon the route of exposure, the amount and the duration of exposure time, 
as well as the age of the individual exposed and whether or not there are pre-existing medical 
conditions. Acute exposure to benzene can cause dizziness, drowsiness, rapid/irregular 
heartbeat, loss of consciousness, tremors, convulsions, and death. Benzene is also highly 
flammable. The following table reprinted from Health Canada’s 2018 document, Guidance for 
the Environmental Public Health Management of Crude Oil Incidents: A guide Intended for 
Public Health and Emergency Management Practitioners (Health Canada, 2018) is instructive on 
the importance of the hazard. 
 

 
 
 
An AEGL-2 is the concentration above which the general population (not only susceptible 
individuals) could experience irreversible or other serious, long lasting adverse health effects. A 
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population of Vancouver exposed for eight hrs above 200 ppm is a plausible scenario that 
demands examination in a comprehensive health impacts assessment. 
 
Chronic exposure to low levels of benzene can cause destruction of the red blood cells (aka 
haematotoxicity), toxicity to the immune system (aka immunotoxicity), and the formation of 
tumours (aka neoplasia). Benzene and the BTEX5 family of chemicals have also been linked to 
developmental and reproductive issues (Webb et al., 2014). These include: low sperm counts 
and sperm abnormalities; and, neurological, psychological, and behavioural abnormalities and 
neural tube defects in infants as a result of maternal exposure. 
 
The chronic condition of most concern in relation to the TMEP is acute myeloid leukaemia 
(AML). AML is a type of cancer, which affects the blood stem cells in bone marrow. AML is the 
most common childhood cancer and is the leading cause of death from cancer in children. 
However, its incidence rate also increases with age and, as a result, more adults die of this 
disease than children (Jemal et al, 2002). An example of benzene’s ability to cause leukaemia 
comes from a study of people living in close proximity to a gas station (a prime source of 
benzene) showing association with childhood leukaemia (Brosselin et al, 2009). Positive 
associations with exposure to benzene were also observed for chronic myeloid leukaemia and 
for lung cancer in several studies (Loomis, 2017).  
 
Epidemiological studies have shown that there is an association between prenatal exposure to 
benzene and the development of childhood hematopoietic6 cancers such as leukaemia. 
Benzene has been observed in foetal cord blood with levels similar to or higher than levels 
found in the maternal blood. The implication of this is that benzene can cross the placental 
barrier during pregnancy and can be transported from mother’s blood to foetal blood (Dowty et 
al, 1976). This placental transfer has also been shown in studies of mice exposed to various 
levels of radiolabeled benzene (0, 5, 10, 20 ppm benzene from day 6 to day 15 during 
gestation). All concentrations of benzene caused changes in red blood forming cells. The study 
observed a number of changes in both the red- and white-blood forming cells following 
exposure in utero and again in adulthood. The authors concluded that, at the current 
occupational exposure limit, in utero exposure to benzene causes changes in the hematopoietic 
system of mice. These changes could persist into adulthood leading to an increased risk of 
leukaemia (Keller & Snyder, 1986). 
 
Maternal exposure to solvents such as benzene has been associated with neurological, 
psychological, and behavioural abnormalities and neural tube defects in infants. In human 
epidemiological studies of women living in Texas between 1999 and 2004, mothers from census 

                                                      
5 BTEX is the acronym for benzene, toluene, ethylbenzene and xylene. 
6 The hematopoietic system is the system responsible for the formation of blood cells. 

http://oem.bmj.com/search?author1=P+Brosselin&sortspec=date&submit=Submit
http://toxsci.oxfordjournals.org/content/113/1/207.long#ref-12
http://toxsci.oxfordjournals.org/content/113/1/207.long#ref-12
http://toxsci.oxfordjournals.org/content/113/1/207.long#ref-12
http://toxsci.oxfordjournals.org/content/113/1/207.long#ref-12
http://toxsci.oxfordjournals.org/content/113/1/207.long#ref-22
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tracts where the ambient levels of benzene exposure ranged from low–medium (0.45–0.98 
µg/m3) to medium–high (1.52–2.86 µg/m3) had positive associations with spina bifida. The 
highest levels of benzene exposure were associated with more than double the incidence of 
spina bifida (Lupu, 2011). A few epidemiological studies have found an association between 
maternal exposure to air pollution and autism spectrum disorders. One particular study by Von 
Ehrenstein et al (2014) sought to identify which environmental toxicants were more responsible 
than others by examining cases of autism at 3.5 and 5km from air quality monitoring stations in 
California. Elevated levels of maternal exposure to benzene was very high in their list of 
associations. 

Dilbit 

As noted in Section 3.2 (page 15) of our report, Major Human Health Impacts of the Kinder 
Morgan Trans Mountain Pipeline Expansion (May 2015), diluted bitumen (or, “dilbit”) is the 
main product expected to be transported in the expanded pipeline. From an environmental 
perspective, Dilbit possesses the unfavourable characteristics of both bitumen and condensate 
(or diluent). Its bitumen component gives it the characteristics of heavy weight crude oil (i.e., 
long-term persistence in the environment), while its diluent component contributes 
characteristics associated with a light weight petroleum product (i.e., high evaporation rates, 
high flammability and acute toxicity). 
 
The unique properties and higher toxicity of dilbit are noted by the US National Academies of 
Sciences, Engineering and Medicine in its 2016 report (National Academies Press, 2016). For 11 
of the 16 polyaromatic hydrocarbons (PAHs) designated as priority pollutants by the 
Environmental Protection Agency, higher concentrations (ranging from slightly higher to over 3 
times higher) were found in Cold Lake diluted bitumen compared to other crude oils. For 
example, the concentration of benzo[a]pyrene in Cold Lake diluted bitumen was 3.01 μg/g 
compared to 0.25, 0.49 and 0.74 μg/g in medium, heavy and light crudes, respectively (National 
Academies Press, 2016). The concentrations of metals (dominated by nickel and vanadium) in 
dilbit were also found to be 7 times and 2.5 times higher light and medium crude, respectively 
(National Academies Press, 2016). 
 
Dilbit is considered a flammable liquid by both the Workplace Hazardous Materials Information 
System (WHMIS) and the US Occupational Safety and Health Administration (OSHA). The 
material safety data sheet for dilbit notes: “Released vapours may form flammable/explosive 
mixtures. Vapours may travel considerable distances to ignition sources and cause a flash fire. 
Cool containing vessels with water jet in order to prevent pressure build-up, auto-ignition or 
explosion” (Vitol, 2015). 
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Dilbit has a lower flash point7 than conventional oils and bitumen and it can be a fire hazard for 
about two days after a spill (Fingas, 2015). The use of butanes to supplement diluent streams in 
Western Canada (to offset a shortage of condensate for dilution of bitumen) contributes to  
decreased dilbit stability and increased flammability, thereby making it more of a hazard, 
though for a shorter period of time (Fingas, 2015). 

Benzo[a]pyrene 

First linked to scrotal cancer in chimney sweeps in the 18th century, benzo[a]pyrene (BaP) was 
one of the earliest recognized carcinogens. It is a potent carcinogen and mutagen, with no 
known safe level of exposure; and its primary effect is on DNA structure where it causes coding 
mutations that lead to cancers, the most common of which is lung cancer.  
 
The Jan 2017 toxicological review by the US EPA notes that BaP is released into the atmosphere 
as a component of smoke from forest fires, industrial processes, vehicle exhaust, cigarettes, 
and through the burning of fuel (such as wood, coal, and petroleum products). BaP in the air is 
predominantly adsorbed to particulates but may also exist as a vapor at high temperatures. BaP 
exposure can occur through respiration, ingestion or through the skin. The minimum acceptable 
concentration (MAC) in drinking water is less than 0.0004 mg/L or three orders of magnitude 
lower than the MAC for benzene.  
 
BaP is best known for its carcinogenic effects (Boyle, 2008; Shi, 2017). These effects occur 
through its binding at the cellular level to the aryl hydrolase receptor and its subsequent 
transfer to the cell nucleus where it activates xenobiotic response elements. These elements 
combine with epoxide hydrolase to form benzo[a]pyrene-7,8-diol-9,10-epoxide (BPDE), a 
compound that binds covalently to DNA to form adducts that lead to cancer-inducing mutations 
(Kucab, 2015; Denissenko, 1996). The formation of BPDE – and hence its carcinogenic potential 
– is enhanced by genetic differences in enzyme production along the aforementioned pathway 
and by inflammation which can be induced by other exposures (Shi, 2017). Such susceptibilities 
and multiplicative effects were not considered in the HHRA used by the proponent but are 
critical to assess population level risk. 
 
In addition to its carcinogenic effects, BaP affects the developing foetus by interfering with 
reproductive, neurological and immunological development. The overall refence dose for these 
effects is estimated to be 0.0003 mg/kg-d, a very low dose effect (US EPA, 2017). This estimate 
was not available at the time of the NEB review nor were developmental effects considered for 
the HHRA submitted by the proponent and is another reason why a comprehensive health 

                                                      
7 Flash point is defined as “the temperature at which the liquid produces vapors sufficient for ignition by an open 

flame. A liquid is considered to be flammable if its flash point is less than 60C.” (National Academies Press, 2016) 
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impacts assessment is needed to account for the increased risk from the 7-fold increase in 
tanker traffic.  

What is known about the populations along the Burrard Inlet? 

This section of the report summarizes current demographic information about the 
municipalities along Burrard Inlet, the population most at risk in the event of a marine crude oil 
spill. Figures and tables illustrating these data are provided in Appendix 3: Impacted 
Populations in Burrard Inlet. 

City of Vancouver 

The largest city in British Columbia and the eighth largest city in Canada, Vancouver occupies 
114.97 square kilometres on the western half of the Burrard Peninsula (City of Vancouver, 
2018; Statistics Canada, 2017(e)). Vancouver is bounded by: English Bay and Burrard Inlet on 
the north, the Fraser River on the south, the City of Burnaby on the east and the Strait of 
Georgia on the west. According to the 2016 Census, the population of Vancouver was 
631,486 individuals, an increase of 27,984 (or 4.6%) over 2011 (Statistics Canada, 2017(e)). Its 
population density in 2016 was 5,492.6 individuals per square kilometre, up from 5249.1 
individuals per square kilometre in 2011. In contrast, the population density of the Metro 
Vancouver (of which Vancouver is a member municipality) was 854.6 individuals per square 
kilometre, while that of the province as a whole was 5 individuals per square kilometre8 
(Statistics Canada, 2017(b)). 
 
According to the 2016 Census, the majority of the population (73.4%) in Vancouver is 
between the ages of 15 and 64, with an approximately 15.5% of the population distributed 
above and approximately 11% below that age range (see Figure 3 in Appendix 3). The median 
age of the total population in Vancouver was 39.9 years in 2016, slightly higher than the 39.7 
years recorded in 2011. The median age for women in 2016 was marginally higher than for 
men (40.7 vs. 39.0, respectively). 
 
Figure 4 (Appendix 3) depicts the distribution of the population of Vancouver, by 5-year age 
group and sex. Approximately half of the Vancouver population meet the definition of being 
“vulnerable”. This includes: children and youth under the age of 19 (n=98,800), women of 
childbearing age9 (n=110,650), and adults over 65 years of age (n=97,570). The number of 
individuals in vulnerable populations may, in fact, be much higher as it currently does not 

                                                      
8 Metro Vancouver (referred to as The Greater Vancouver Regional District in the 2016 Census) occupies 2882.68 

square kilometres and its population in 2016 was 2,463,431. The province of British Columbia occupies 
922,503.01 square kilometres and its population in 2016 was 4,648,055. Between 2011 and 2016, the 
populations of the Regional District and the province increased by 6.5% and 5.6%, respectively. 

9 Between the ages of 20 and 39. 
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factor in those individuals who would also be considered “vulnerable” under a proposed new 
definition by Health Canada10 (Government of Canada, 2018a).  

City of Burnaby 

The third largest city in British Columbia (after Vancouver and Surrey), the City of Burnaby 
occupies 90.61 square kilometres and is located at the geographic centre of Metro Vancouver 
(Statistics Canada, 2017(a); The City of Burnaby, 2018). According to the 2016 Census, the 
population of Burnaby was 232,755 individuals, an increase of 9,537 (or 4.3%) over 2011 
(Statistics Canada, 2017(a)). Its population density in 2016 was 2,568.7 individuals per square 
kilometre, up from 2,463.5 individuals in 2011 (Statistics Canada, 2017(a)). In contrast, the 
population density of the Metro Vancouver (of which Burnaby is a member municipality) was 
854.6 individuals per square kilometre, while that of the province as a whole was 5 
individuals per square kilometre (Statistics Canada, 2017(b)).   

 
According to the 2016 Census, the majority of the population (71%) in Burnaby is between 
the ages of 15 and 64, with an approximately equal proportion of the population distributed 
above and below that age range (see Figure 5 in Appendix 3). The median age of the total 
population in Burnaby was 40.3 years in 2016, up from 39.8 years in 2011. The median age 
for women in 2016 was slightly higher than for men (41.8 vs.38.6, respectively). 
 
Figure 6 (Appendix 3) depicts the distribution of the population of Burnaby, by 5-year age 
group and sex. Approximately half of the Burnaby population meet the definition of being 
“vulnerable”. This includes: children and youth under the age of 19 (n=43,665), women of 
childbearing age11 (n=35,570), and adults over 65 years of age (n=36,860). The number of 
individuals in vulnerable populations may, in fact, be much higher as it currently does not 
factor in those individuals who would also be considered “vulnerable” under the proposed 
new definition by Health Canada (Government of Canada, 2018a).  

North Shore 

Residents of the North Shore were originally citizens of the same municipality but have been 
separated into the District of North Vancouver and the City of North Vancouver since the 
early part of the twentieth century. In 2016, the District Council began an initiative to explore 
reuniting the two municipalities under one administration (District of North Vancouver 
Corporate Services, January 2016). This section of the report presents information on the 
population demographics of both municipalities. 

                                                      
10 Individuals who would be captured under the proposed new definition include those who may be more 

susceptible due to pre-existing health conditions (e.g., genetic disorders) or those with higher exposures (for 
example, those with occupational or other environmental exposure) 

11 Between the ages of 20 and 39. 
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District of North Vancouver 

The District of North Vancouver, which is adjacent to and surrounds the City of North 
Vancouver on three sides, occupies 160.76 square kilometres on the North Shore of Burrard 
Inlet (Corporation of the District of North Vancouver, 2018; Statistics Canada, 2017(c); 
Wikipedia contributors, 2018). According to the 2016 Census, its population was 85,935 
individuals, an increase of 1,523 (or 1.8%) over 2011, and its population density was 534.6 
individuals per square kilometre (Statistics Canada, 2017(c)).  
 
The majority of the population (65%) in the District of North Vancouver is also between the 
ages of 15 and 64, with an approximately equal proportion of the population distributed 
above and below that age range (see Figure 7, Appendix 3). The median age of the total 
population in 2016 was 44.3 years, up from 43.3 years in 2011. Like the City of Burnaby, the 
median age for women is higher than for men (45.1 years vs. 43.4 years, respectively).  
 
It is worth noting that the population in the District of North Vancouver tends to be older, 
with a higher median age than in Burnaby and in the Greater Vancouver Regional District. As 
the figure illustrates, approximately 18% of the population is aged 65 or older. This is up from 
15.5% in 2011. 

 
Figure 8 (Appendix 3) depicts the distribution of the population of the District of North 
Vancouver, by 5-year age group and sex. Approximately 52% of the District of North 
Vancouver population meet the definition of being “vulnerable”. This includes: children and 
youth under the age of 19 (n=20,605), women of childbearing age12 (n=8,800), and adults 
over 65 years of age (n=15,055). 

City of North Vancouver 

The City of North Vancouver, which is located directly across from the City of Vancouver, 
occupies 11.85 square kilometres on the North Shore of Burrard Inlet (Statistics Canada, 
2017(d); Vancouver, 2018). According to the 2016 Census, the City of North Vancouver’s 
population was 52,898 individuals, an increase of 4,702 (or 9.8%) over 2011. Its population 
density, which is the highest of the three municipalities discussed in this report, was 4,465.1 
individuals per square kilometre (Statistics Canada, 2017(c)).  
 
The distribution of the population by broad age group follows the same pattern as both 
Burnaby and the District of North Vancouver. That is, the majority of the population (71%) 
falls between the ages of 15 and 64, with an approximately equal proportion of the 
population distributed above and below that age range (see Figure 9, Appendix 3). The 

                                                      
12 Between the ages of 20 and 39. 
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median age of the total population in 2016 was 42.2 years, slightly higher than the City of 
Burnaby but lower than the District of North Vancouver. Like both of the other municipalities, 
the median age for women is higher than for men (43.6 years vs. 40.7 years, respectively).  

 
Like the District of North Vancouver, the median age in the City of North Vancouver is higher 
than in Burnaby and in the Greater Vancouver Regional District. As the figure illustrates, 
approximately 16% of the population is aged 65 or older. 
 
Figure 10 (Appendix 3) depicts the distribution of the population of the City of North 
Vancouver, by 5-year age group and sex. Approximately 52% of the District of North 
Vancouver population meet the definition of being “vulnerable”. This includes: children and 
youth under the age of 19 (n=20,605), women of childbearing age13 (n=8,800), and adults 
over 65 years of age (n=15,055). 

Vulnerable populations in the municipalities along the Burrard Inlet 

Table 1 synthesizes demographic data from the 2016 Census of Population on populations that 
meet the Government of Canada’s proposed definition of “vulnerable”. Data are presented for 
the Cities of Vancouver and Burnaby, the District of North Vancouver, and the City of North 
Vancouver. For comparison, the data for the Metro Vancouver are also presented.  
 

Table 1: Population and age characteristics of vulnerable populations in the affection region 

Demographic City of 
Vancouver 

City of 
Burnaby 

North Vancouver Total 

District City 
Vancouver, 

Burnaby, 
North Shore 

Metro 
Vancouver* 

Total Population 
 631,485 232,755 85,935 52,900 1,003,075 2,463,430 

Vulnerable Populations 
Children & youth under the age of 19 98,800 43,665 20,605 9,550 172,620 504,390 

    Children under the age of 10 47,520 21,270 9,195 4,875 82,860 239,000 

Women of childbearing age 110,650 35,570 8,800 7,800 162,820 352,090 

Adults over 65 years of age 97,570 36,855 15,055 8,525 158,005 387,315 

    Adults over 85 years of age 14,225 5,135 2,135 1,140 22635 51,280 

*Statistics Canada refers to this geographical unit as the Greater Vancouver Regional District 

Children and youth aged 0 to 19 

As illustrated in Table 1, children and youth under the age of 19 account for nearly 20% of the 
total population in Vancouver, Burnaby and the North Shore municipalities, as well as in the 

                                                      
13 Between the ages of 20 and 39. 
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regional district as a whole. Nearly 60% of the children and youth under 19 who live in 
Vancouver, Burnaby and the North Shore live in Vancouver. Most of the remaining 40% live in 
the Burnaby, followed by District of North Vancouver. Of the 172,620 children and youth in 
Burnaby and the North Shore municipalities, 48% are under the age of 10. Children in this 
demographic represent approximately the same percentage of the population in Metro 
Vancouver. 

Females aged 20 to 39 

Women of childbearing age represent approximately 16% (n=162,820) of the total population in 
Vancouver, Burnaby and the North Shore municipalities. Vancouver accounts for the highest 
proportion of this total (67.9% of women aged 20 to 39; n=110,650). Women in this 
demographic represent approximately the same percentage of the population in the Metro 
Vancouver. 

Adults aged 65 years or more 

Approximately 15.7% of the total population in Vancouver, Burnaby and the North Shore 
consist of adults over the age of 65 years. Adults in this demographic also represent 15.7% of 
the population in the regional district as a whole. Just under 2.3% of the population in 
Vancouver, Burnaby and the North Shore consist of adults over the age of 85 years. This is 
slightly higher than what was reported for the regional district (2.1% of the population was 85 
years or older).  

What is known about the potential human health impacts of a major spill? 

This section of the report sets out the potential human health impacts of a large, marine crude 
oil spill. Information is organized under the following categories of effects: toxicological 
(includes chronic diseases (like cancer), respiratory diseases (like asthma), neurological, etc.); 
mental health impacts (includes psychological, cognitive, behavioural); and community impacts 
(includes economic losses, impacts on Indigenous peoples, threats to traditional food sources, 
etc.). This categorization mirrors the framework that Health Canada used in its August 2018 
report, Guidance for the Environmental Public Health Management of Crude Oil Incidents, to 
document the potential acute and chronic human health effects resulting from major crude oil 
incidents (Health Canada, 2018). 

Toxicological effects 

As noted in the Background and Context section of this report, benzene and benzo[a]pyrene 
are chemical toxicants found in crude oil and dilbit. Both are recognized as Class 1 (i.e., the 
most potent) human carcinogens with no known safe threshold of exposure. Though the 
carcinogenic potential of dilbit constituents are clear, long term studies of duration great 
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enough to show latent carcinogenesis (i.e., 30+ years for most common solid tumours) are very 
challenging to do and are therefore rare.  
 
Research conducted after major tanker spills around the world show that such incidents result 
in widespread exposure and cause significant health acute and chronic health effects. For 
example, the National Center for Disaster Preparedness (NCDP) at Columbia University, in 
partnership with the Children’s Health Fund assessed community level exposure in more 
sparsely populated areas of Alabama, Florida, Louisiana and Mississippi after the Deepwater 
Horizon oil spill that occurred 40 miles off the coast in 2012. Over half of the parents 
interviewed in four highly-impacted communities reported oil spill-related exposure in their 
children (Abramson DM, 2013). One in every five parents described direct contact with the oil 
by their children. Just over 40% of parents in these high-impact communities reported some 
type of health effect experienced by their children since the oil spill, with 18.1% of the parents 
saying their children had experienced breathing problems since, 14.8% noting skin problems, 
16.0% reporting visual problems and 21.6% mentioning emotional or behavioral problems 
following the spill. None of these health impacts were assessed for the children of Burrard Inlet. 
 
In an examination of health effects of the Hebei-Spirit oil spill site two years after the incident, 
Jeong and colleagues (2011) conducted a survey of 457 elementary school students and 9242 
adults in the contaminated area from February to August 2009. Among the children, the 
researchers found much higher prevalence of asthma in the study population than in similar 
populations of children in non-contaminated areas. As assessed by questionnaire, the presence 
of symptoms in the exposed group was 27.2% as opposed to 16.0% in the unexposed group. By 
methacholine provocation test, the rate was 16.8% as opposed to 6.4% in those unexposed. 
Among the adults, they found a dose-response relationship between length of time engaged in 
clean-up work and 8-hydroxydeoxyguanosine and malondialdehyde. Furthermore, allergic 
disease and multiple chemical sensitivities were associated with length of time spent working 
on cleanup as well as proximity to contamination from the spill. A study by Kim et al. (2013) 
found asthma to be the most prominent disease burden (followed by PTSD and allergic 
rhinitis;). This burden was found to be 6138 DALYs (Disability-Adjusted Life Year) in the study 
area (9233 DALYs/100 000 individuals), which is 6.5 times higher than the total burden of 
asthma for South Korea (1418 DALYs/100 000 individuals). 
 
Studies of community and clean-up workers exposed to crude oil have common themes. A 
study on people who joined in the cleanup work after the Nakhodka oil spill (in the Sea of 
Japan, 1997) identified symptoms differentiated by being female (higher), the number of 
working days on cleanup activities (dose-response), direct exposure to oil products, history of 
hypertension, and history of low back pain (Morita et al, 1999). Other studies on cleanup 
workers after the Erika oil spill (off the Coast of France in 1999) also found duration of work as a 
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risk factor for similar health problems including lumbar pain, migraine, dermatitis, ocular 
irritation, respiratory problems, and nausea (Schvoerer et al, 2000). Later studies on this 
population found increased risk for developing skin irritations and dermatitis for people who 
had been in bare-handed contact with oil, but no significant increase in risk to developing 
cancers (Baars, 2002; Dor et al, 2003).  
 
Research on cleanup workers after the Prestige, a ‘small’ Aframax ship, broke apart in a storm 
off the coast of Spain in 2002 showed a higher prevalence of lower respiratory tract symptoms 
and significantly higher DNA damage with higher exposure time to volatile organic compounds 
from oil (Zock et al, 2007; Laffon et al, 2006; Perez-Cadahia et al, 2006 and 2007). Those who 
used proper health protective devices during work had lowered frequency of health problems 
(Suarez et al, 2005). For the Tasman Spirit that ran aground off of Karachi, Pakistan in 2003, 
studies showed that a person's perception of health impact decreased with the distance of the 
person’s residency from the spill site (Janjua et al, 2006) suggesting a dose-response to the 
adverse effects. 

Mental health effects 

Research has identified that oil spills have significant impacts on the mental health of 
individuals and communities where they happen. The most frequently documented effects are 
anxiety, depression and post-traumatic stress disorder (PTSD) (Eykelbosh, 2014). Other short- 
and long-term effects include: somatic complaints; relationship problems; increases in use of 
mental health services; intrusive stress; increased substance use; increased domestic violence; 
increased calls to police departments; chronic feelings of helplessness, betrayal, and/or anger; 
headaches, insomnia, and/or anorexia (Aguilera, Méndez, Pásaro, & Laffon, 2010; Goldstein, 
Osofsky, & Lichtveld, 2011; Green & Lindy, 1994; Norris, Friedman, & Watson, 2002; Arata, 
Picou, Johnson, & McNally, 2000; Gill, 2007; Gill & Picou, 1998; Impact Assessment, 1990; Lima 
et al., 1993; Murphy, 1984; Palinkas, Downs, Petterson, & Russell, 1993; Palinkas, Petterson, 
Russell, & Downs, 1993; Palinkas, Russell, Downs, & Petterson, 1992; Picou et al., 1992; Picou & 
Martin, 2007; Rodin, Petterson, & Russell, 1992). Even those individuals who are not directly 
affected by the event can suffer secondary effects as a result of negative impacts on their wider 
community (i.e., job and income loss, damage to tourism and fishing industries, worries about 
the environment) (Arata et al., 2000; Fan, Prescott, Zhao, Gotway, & Galea, 2015). 

Impacts of human-caused vs. natural disasters 

Evidence suggests that the impact of technological disasters is greater than that of natural 
disasters (Gill and Picou, 1998). In a study comparing victims of a crude oil spill (human-caused) 
with those of a typhoon (natural), Chung & Kim (2010) found that effects were worse among 
the spill victims. Baum and Fleming (1983) suggest that while natural disasters produce a 
situation where there is a lack of control over processes perceived to be uncontrollable, 
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technological disasters produce the opposite – a loss of control over processes perceived to be 
controllable, which creates a sense of uncertainty (Kroll-Smith & Couch, 1993). Furthermore, 
since technological disasters are human-caused, a litigation process often follows the event, 
which can have its own separate negative mental health impacts, including extending the time 
it takes for victims of disaster to recover (Picou & Rosebrook, 1993).  

Prevalence of mental health effects 

Palinkas and colleagues (1992, 1993) correlated prevalence of psychiatric disorders with level of 
spill exposure (none, low, or high) in communities affected by the Exxon Valdez oil spill. Those 
in the high-exposure group, when compared to the non-exposed group, were found to be much 
more likely to show strong clinical indicators of anxiety disorders (3.7-fold), PTSD (2.6-fold), and 
depression (2.13-fold). Similarly, in the wake of the Deepwater Horizon spill, Osofsky and 
colleagues (2011) found a prevalence of PTSD symptoms of 12% in communities impacted by 
that event, as compared to the national baseline of 3%. For symptoms related to mental illness 
more generally, the impacted communities showed a prevalence of 15%, with 6% being the 
national baseline. Furthermore, proximity to the oil spill predicted increased psychiatric 
symptoms (i.e., post-traumatic stress, anxiety, depression). 

Chronicity 

Evidence suggests that the impacts of technological disasters on mental health persist over the 
long-term. For instance, six years after the Exxon Valdez oil spill, high rates of distress (anxiety, 
depression, PTSD) were still observed in commercial fishers (Arata, et al., 2000). This is in line 
with findings from other technological disasters such as the Three Mile Island nuclear accident, 
which also had measurable mental health impacts six years post-incident (Baum & Fleming, 
1993). In this case, the researchers also discovered biochemical changes associated with the 
chronic stress observed in victims (i.e., elevated blood pressure and impaired immune 
function). Some individuals continue to show symptoms 14 years (Green et al., 1990) and even 
17 years (Picou & Martin, 2007) after a human-caused disaster. 

Community impacts  

Effects related to resource loss 

Evidence suggests that the mental health impacts of a tanker disaster differ between segments 
of the population and that those who experience resource loss as a result of a disaster are 
particularly vulnerable. Resource loss can be economic (including loss of possessions) but can 
also function through disruption of social systems (i.e., relationships with others), personal 
characteristics, and an individual’s ability to garner and retain resources (Freudenburg & Jones, 
1991; Arata et al., 2000). The loss of one’s own physical health (a type of human resource) can 
also have adverse effects on mental health. Arata and colleagues (2000) found that 
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deterioration in physical health was found to predict higher levels of all psychological 
symptoms in victims of the Exxon Valdez oil spill.  
 
Long-term adverse mental health effects were especially seen among fishermen. Eykelbosh 
(2014) reported that previous oil spill events have also been shown to: impact fisherman’s 
immune function long-term, particularly PAHs increasing levels of cortisol and decreasing levels 
of natural killer cell; limit Indigenous peoples’ access to traditional foods and fishing activities; 
shift trust in government bodies and politicians; and, lead to significant decreases in traditional 
harvesting activities, decreased consumption in traditional foods, and continued distrust in the 
safety of traditional foods post-spill (Eykelbosh, 2014). 
 
In a study of the Deepwater Horizon oil spill, researchers found that participants who had 
suffered income loss as a result of the spill were less resilient than their counterparts with 
stable incomes, and displayed more anxiety, depression, fatigue, confusion, and mood 
disturbance (Grattan et al., 2011). Furthermore, it seems that for individuals and households 
where there was significant resource loss and/or low-income status, their mental and physical 
health status actually worsens in the year after a disaster (Cope, Slack, Blanchard, & Lee, 2013; 
Morris, Grattan, Mayer, & Blackburn, 2013). Decreases in community cohesion, an indicator of 
community health, were frequently reported. Community members who were impacted 
financially experienced anger, fatigue, depression, tension/anxiety, and confusion compared to 
income-stable residents (Grattan, 2011; Buttke, 2012).  

Effects related to clean-up efforts 

A special population to consider in the wake of a technological disaster is those involved in 
clean-up and relief efforts. Studying the impacts of the Exxon Valdez oil spill, Palinkas and 
colleagues (1993) reported that in the community in general, there was decreased participation 
in pro-social activities such as community celebrations, religious activities, volunteer work, and 
social visiting; these impacts were more pronounced in those who had engaged in clean-up 
work than in the rest of the community. Furthermore, Kwok and colleagues (2017) 
demonstrated that clean-up workers for the Deepwater Horizon oil spill experienced higher 
prevalence of PTSD and depression than non-workers. Rodin and colleagues (1992) delineate a 
number of measurable negative impacts to the community from the Exxon Valdez oil spill, 
stating that “in addition to the measurable impacts to local government and to individuals 
through visits to mental health facilities, the cleanup caused conflict and divisiveness between 
residents in most of the study communities.” There is also evidence that the psychological 
impacts on clean-up workers extend even further, resulting in negative sequelae for their 
families. Rung and colleagues’ (2015) findings (Deepwater Horizon oil spill) suggest that female 
partners of oil spill clean-up workers experienced an increase in depression, domestic partner 
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fights, memory loss, and an inability to concentrate. These mental health impacts are not 
assessed for the populations likely to be affected by a large spill in Burrard Inlet. 

Effects on Indigenous Peoples 

Indigenous peoples may be particularly vulnerable to increased exposure to physiological risks 
and can be considered a vulnerable population in this regard. Indigenous peoples may well also 
be particularly vulnerable to the mental health effects of technological disasters due to 
resource loss. In the wake of the Exxon Valdez oil spill, indigenous Alaskans (who suffered great 
resource loss) fared worse in terms of their mental health than their non-indigenous 
counterparts (Palinkas, Petterson, Russell, & Downs, 1993). Symptoms of depression were 
linked with damage to larger social support systems which were eroded in the time following 
the disaster. Another likely source of distress was the lack of ability to engage in traditional 
subsistence activities, such as harvesting traditional food sources (Miraglia, 2002).  
 
Individuals from the Tsleil Waututh Nation continue to harvest shellfish and crabs from the 
mudflats even though this fishery has been closed since 1972. Contamination from poly 
aromatic hydrocarbons (PAHs), such as BaP and other constituents of dilbit, is a hazard from 
marine traffic and the refinery in Burrard Inlet. These compounds are accumulated in benthic 
organisms (e.g., crabs and other shellfish) where they pose a human health hazard. Boehm et 
al. (2004) looked at levels of PAHs in the years 1998-2002, after the Exxon Valdez oil spill. 
Shellfish samples were collected from 72 oiled sites from previous sampling and 72 non-oiled 
sites randomly selected, with 218 samples collected from oiled areas and only 70 samples from 
non-oiled areas. Their work found that mussels in both oil-affected and non-oil effected areas 
had similar levels of PAHs (Boehm, 2004). Elevated levels of some mussels found in spill-
affected sites were still elevated enough to cause harm in other wildlife (Boehm, 2004). 
Although PAH levels were still detectable, the authors concluded that there was no additional 
risk by 2002. It is important to note that the work performed by Boehm et al. was funded by 
Exxon Mobil, that this study focussed on short term levels PAHs in mussels over the study 
period and that it had no focus on viability or health impacts of PAHs. 
 
Work performed by Peterson et al. (2003) identified that there remained long-term presence of 
oil-causing toxicity to the ecosystem. The authors noted previous risk assessments have 
assumed oil that settles on soils and marshlands that would quickly disperse and degrade 
(Peterson et al, 2003). The authors report that oil can degrade at varying rates and can remain 
undisturbed in sub-surface sediments and that oil trapped under mussel beds could be readily 
taken up and enter food chains (Peterson et al., 2003). Peterson et al. also stated that past 
studies focused on short-term, acute toxicity and failed to acknowledge the impacts of long-
term, subacute concentrations of oil. Continued biological exposures to oil at sub-acute levels 
have led to decreased health and increased mortality in organisms not accounted for in 
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previous studies (Peterson et al., 2003). Cumulative impacts of impaired health on food chains 
have also led to a lack of improvement in oil recovery. Previous studies failed to acknowledge 
inter-species effects and impacts on food chain systems (Peterson et al., 2003). 
 
Gilroy (2002) examined the protocol for reopening shellfish harvesting in Coos Bay, Oregon 
after an oil spill. Samples were collected and analyzed using gas chromatography/mass 
spectroscopy (GC/MS) and PAH concentrations were calculated as total benzo[a]pyrene 
equivalents (BaPe). A level of 10 µg/kg BaPe was determined to be safe for the average 
consumer, while a concentration >45 µg/kg  BaPe was determined to be unsafe to the average 
consumer. The authors identify that there were no standard procedures addressing the risk in 
shellfish after an oil spill. These levels were identified as not acknowledging safe levels for 
sensitive populations, and the lack of standard procedures for declaring “safe levels”. 
 
Vinaz et al. (2009) examined PAH levels in three commercial shellfish in an area impacted by the 
Prestige oil spill. Their research found median PAH values of 58 µ/kg for razor shells, 26 µ/kg for 
barnacles, and 25 µ/kg for sea urchins one year after the spill (Vinaz et al., 2009). Authors noted 
that there were changes in cellular response and immune function in mussels affected by the 
spill (Vinaz et al., 2009). A lack of baseline data on the health of mussels meant that no solid 
conclusions could be found from the data (Vinaz et al., 2009). 
 
Marigomez et al. (2005) previously reported that there were biological changes in appearance 
and development of mussels after the Prestige oil spill. There was also a lack of previous 
monitoring data to accurately determine the baseline levels of PAHs and other contaminants in 
marine species (Mariogomez et al., 2005), Previous data on shellfish health indicators made 
multiple assumptions and lacked information on seasonal and geographical variability, making 
previous conclusions on shellfish health preliminary (Mariogomez et al., 2005). 
 
Xia et al. (2012) examined PAH levels in seafood (including oysters, crabs, and finfish) in areas 
affected by the Deepwater Horizon oil spill. A total of 278 seafood samples were collected 
weekly for the first six months then monthly for 10 months (Xia et al., 2012). PAH levels in 
oysters were reported to be similar to levels found in 10-year, national baseline data (Xia et al., 
2012). Authors identified statistically higher levels of PAHs in all species sampled in earlier 
phases of the study compared to later samplings and concluded the levels found were similar to 
processed foods and below the Food and Drug Administration’s (FDA) Level of Concern (Xia et 
al., 2012). No full reporting of other species or baseline data was found in this study. 
 
Criticisms of the FDA’s Level of Concern (LOC) guidelines were evaluated and reported as 
underestimating the cancer risk, particularly for vulnerable populations (Ellman, Wong & 
Solomon, 2012). The FDA guidelines were found to underestimate the seafood consumption 
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rates of people living on the Gulf Coast, and the combined effects of eating multiple types of 
seafood (Ellman et al., 2012). The FDA failed to acknowledge the carcinogenic effects of 
naphthalene, one of the PAHs likely found, and assumed oil would be present for 5 years as 
opposed to previous data which indicate that PAHs can be present up to 13 years after 
contamination (Ellman et al., 2012). The FDA also ignored vulnerable populations, which  
included pregnant women. Revised LOC showed a maximum risk for pregnant women of 8 
cases per 100,000. 

PAH levels in traditional foods 

Irvine et al. (2014a) examined cancer risk from PAH levels in soil levels in northern Alberta and 
examined if the additional risk in First Nations who engaged in traditional wilderness activities 
(Irvine et al., 2014a). The researchers collected soil samples and conducted air monitoring to 
examine environmental PAH concentrations. The authors concluded that individuals 
participating in traditional wilderness activities had an additional risk of 0.02 new cases of 
cancer per 100,000 persons, and PAH air concentrations led to an additional 0.01 new cases of 
cancer per 100,000 persons (Irvine et al.,2014a). The authors concluded that the level of risk 
identified in this study did not significantly increase the estimated lifetime risk of cancer. It is 
worth noting that their conclusions came from a short-term sampling campaign with a limited 
number of samples. The authors also used a relatively small population size of 14,000 and did 
not acknowledge any risks for vulnerable populations. This study only considered direct hand-to 
mouth and inhalation of PAHs, it did not acknowledge additional exposures through 
contaminated food sources. The authors conducted a separate study that examined PAH 
exposure via traditional foods. This article used similar methods and concluded a negligible risk 
but did not look at the impacts of total PAH exposure (Irvine et al., 2014b) The authors also 
assumed exposure for one-third of the year due to reduced access of soil to in winter months, 
further minimizing the frequency of exposure. Estimates of soil ingestion came from a previous 
study of the authors (Irvine et al., 2014). 
 
Kelly et al. (2009) studied levels of polycyclic aromatic compounds (PAC) in the Athabasca river 
and its tributaries. Samples were taken and samples from the Athabasca were found to be 
dissolved PAC concentrations were mostly <0.025µg/L in winter and 0.030 µg/L in the summer. 
Levels in tributaries ranged to a maximum of 4.8 µg/L, levels which were concluded to be “likely 
toxic to fish embryos” (Kelly et al., 2009). Melted snow also showed high concentrations of PAC, 
indicating that spring snowmelt and heavy rain washouts were likely unknown sources of 
variability. The authors were not able to distinguish seasonal variability with this research. 
 
Elevated levels of PAHs from oil sands pollutants have been found in foods, including moose, 
duck, and muskrat (CMAJ, 2014). Concerns about pollution have were also reported to lead 
people to buy more store-bought food rather than consume Traditional foods (CMAJ, 2014). In 



 25 

a study examining PAH levels in the tissues of fish in waterways near Oilsands Operations in 
northern Alberta, a total of 425 samples were collected across four species of fish (Ohiozebaue 
et al., 2017). Concentrations ranged from 11 to 129 ng/g near the oil production sites and from 
4.3 to 33 ng/g among samples furthest away from production. Cumulative PAH levels found to 
be slightly higher in collected samples compared to previous findings from areas without oil 
production. The authors concluded the lifetime risk of cancer associated with these PAH levels 
“acceptable”. Limitations to this work include: the lack of data on daily intake of fish species 
from these waterways; national-level data on Indigenous fish consumption was used to 
estimate daily intake; body mass levels were estimated using national data; data were 
segregated into 4 age groups but did not estimate risk for vulnerable populations; estimated 
risks did not factor in the interaction of consuming several types of fish; the researchers 
assumed PAH had a short half-life in fish species and did not bioaccumulate;  and, the 
researchers also focused on one exposure pathway and did not look at the cumulative effects 
of multiple sources of PAH exposures (Ohiozebau et al., 2017). 
 
A study on PAH levels in traditional foods harvested near Mississauga First Nation examined 
eight food sources (including 3 fish species). Results showed the highest levels of PAHs in geese, 
ducks, and bottom-feeding fish (Setton, Palmer, and Moher, n.d). Calculations of estimated 
lifetime risk of cancer ranged from range from 14 cases per million from average consumption 
level and average PAH levels, to a worst-case scenario of 4,050 cases per million. Thompson et 
al (2017) looked at PAH levels in butter clams, blue mussels, and Nuttall's cockle, traditional 
foods of Gitga'at First Nation. PAHs were elevated in the three species after diesel spills but 
were back to baseline concentrations within 5 months. Gitga'at harvesters were also reported 
to avoid bivalves from diesel-spilled environments for longer periods due to decreased quality 
and flavour. 

What factors must be considered in modelling a major spill? 

In its Nov. 2016 report, the proponent applied the major spill scenario in areas where few 
people live, only modelling scenarios at sea and removed from populated areas. A more 
relevant approach for public health would be to consider exposures from a spill scenario in a 
populated area, such as the Mayflower Arkansas spill of 2013. In this spill, 3,190 barrels of 
Wabasca heavy crude oil (80% bitumen, 20% diluent) were released into a neighborhood from a 
pipeline rupture. A response team was on the scene within 30 minutes. Despite this rapid 
response, total volatile organic compounds (VOCs) were up to 29 ppm on the day of the spill, 
falling to 3ppm within 3 days. In this event, there were no reports of oil sinking in the quiet 
waters of Lake Conway. However, the dense vegetation had to be removed to access the oil, 
and intensive mechanical methods were used to remove trees, rootballs, shrubs, and other 
debris over a large forested wetland mixing oil into soils and the following year a massive solid 
removal and replacement was required by Exxon Mobile (National Academies Press, 2016).  
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Anticipated increase in tanker traffic 

An analysis by Dr. David Huntley (NEB, 2018) shows that the capacity for increased tanker 
traffic based upon the observed loading time of about three days for a large tanker, including 
maintenance time. This rate could produce about 120 tankers per year or a six-fold increase 
over 2017 with no expansion project. With the new pipeline capacity (24-inch pipe to 30 inch) 
and the increase in the number Aframax tanker berths to three, the terminal can load 1 to 1.5 
tankers per day which brings the number of tankers per year to slightly more than Kinder 
Morgan’s projected loading rate of 400 tankers per year (Trans Mountain, December 21, 2016). 
Compared to the average 20 tankers per year between 2015 and 2017, this is actually at least a 
20-fold increase in tanker traffic over the past three years, not the 7-fold increase described by 
the proponent.  
 
Marine traffic through the Second Narrows, near the mid-point of Burrard Inlet, faces strong 
tidal currents, a highway bridge and a railway bridge, with restrictions on transits due to slack 
tide, visibility, and daylight hours. The addition of one large tanker transit each way each day 
would be a substantial increase, approximately doubling the tanker and freighter transits 
through Second Narrows. This presents a substantial increased risk of a tanker accident and 
spill. The catastrophic nature of such a spill in this densely populated area demands scrutiny in 
a comprehensive, cumulative health impacts assessment. 

Chemical characteristics of dilbit 

The chemical characteristics of dilbit will enable it to float for a period of time in most aqueous 
media off-gassing hazardous materials through evaporation and then, after weathering, it can 
sink depending upon conditions (Health Canada, 2018; National Academies Press, 2016) making 
clean-up extremely difficult and expensive. In a recent report, the Royal Society of Canada used 
a standard mix of 70% bitumen and 30% diluent to describe behavior in aquatic environments 
(Royal Society of Canada, 2015). Neither these data nor the 2016 US National Academies of 
Science, Engineering and Medicine report was available to the proponent at the time of the 
HHRA.  
 
In its report, the Royal Society expert panel concluded that the impact of a spill depends mainly 
upon the environment and weather conditions present at the time. In other words, largely luck. 
They identified five key areas where “high-priority research” is needed (Royal Society of 
Canada, 2015):  
1. environmental impact of spilled crude oil in high-risk and poorly understood areas such as 

shores or inland rivers and wetlands; 
2. effects of oil spills on aquatic life and wildlife at the population, community and ecosystem 

levels; 
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3. controlled field research is needed to better understand spill behaviour and effects across a 
spectrum of crude oil types in different ecosystems and conditions; 

4. the efficacy of spill responses and to take full advantage of ‘spills of opportunity’; 
5. update and refine risk assessment protocols for oil spills in Canada. 
 
The Royal Society’s expert report acknowledges that we do not have sufficient information to 
perform adequate risk assessments for dilbit spills and calls for updated protocols: “Answers to 
these research questions are considered by the Panel to be essential for equipping policy 
makers, oil industry decision-makers, oil spill responders and other Canadians with critical tools 
to better anticipate spills and their consequences and to better protect Canada’s marine and 
inland waters from the adverse effects of spilled oil.” The Expert Panel goes on to note that the 
risk assessment methods should “include such things as credible spill scenarios, analyses of 
seasonal differences in fate, transport and effects of oil (particularly for spills in winter) and the 
prediction of chronic toxicity” – exactly what is needed for the comprehensive and cumulative 
health impacts assessment that we are requesting. 

Transport Canada’s emergency response guidelines for a marine spill of crude oil 

The Emergency Response Guidebook used by Transport Canada describes “initial isolation 
distances” from which all public should be evacuated and within which respiratory protection is 
required, and “protective action zones” from which people either need to be evacuated or 
shelter in place in the event of a marine spill of crude oil (ERG, 2016). These zones are 
illustrated in Figure 1. 
 

Figure 1: Initial isolation zone and protective action distance 

(Source: Health Canada 2018 and ERG 2016) 
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Population at risk 

Population at risk: present day 

For emergency planning and evacuation estimates, the Canadian National Oil Spill Preparedness 
and Response Regime characterizes a large spill as greater than one barrel of sweet crude14 
(Health Canada, 2018). Applying the emergency response guidelines described in Figure 1 
above, Figure 2 shows the population that would be impacted by a large spill of approximately 
500,000 barrels or 67% of an Aframax tanker filled to capacity within the Inlet15.  
 

Figure 2: Population likely impacted by a large tanker spill in Burrard Inlet 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Data source: Statistics Canada) 

 
If only one half of one percent reached shore, this would equal 2500 barrels distributed along 

                                                      
14Note that this guidance is for sweet crude which is less volatile than dilbit – which means that a greater 

evacuation zone is likely to be required for dilbit immediately following a similar spill and for several days 
following depending upon weather conditions. 

15Data used to create Figure 2 are from the 2016 census population data at the dissemination block level from 
Statistics Canada downloaded from the Government of Canada's open data portal 
(https://open.canada.ca/en/open-data) along with the 2016 Dissemination block shapefile. The inside buffers 
were created using the Buffer Wizard tool in ArcGIS by specifying distances (300 and 800m) from the shoreline. 
The 2016 population census data at the dissemination block level was converted to population density 
(population/km2) using a method described in detail in Appendix 2. 

https://open.canada.ca/en/open-data
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the populated shoreline of Burnaby, Vancouver and North Vancouver. Over 24,587 people live 
within 300 meters of the shoreline (i.e., the red region) and would therefore be required to 
immediately evacuated according to Health Canada Guidance for the Environmental Public 
Health Management of Crude Oil Incidents (Health Canada, 2018). In the event of a fire, 
approximately 105,515 people living within 800 meters of the shoreline (i.e., the yellow and red 
bands combined) would be affected.  

Population at risk: 2041 (projected) 

The MetroVancouver 2014 report on density and urban growth estimates that by 2040 (which 
includes that lifespan of TMEP),  the urban boundary of Metro Vancouver will increase by 
approximately 42%  with an estimated additional immediately effected population of 10,300 for 
spill alone and 44,300 if spill with fire at stage in the project’s life. This projected growth in 
population at risk needs to be included in a comprehensive and cumulative HIA. 
 
Projected population figures for Burnaby, the District of North Vancouver, the City of North 
Vancouver and the region as a whole for the years 2021, 2031 and 2041 are presented in Table 
2, below. These numbers are drawn from Metro Vancouver’s regional growth strategy16 (Metro 
Vancouver, 2011 (Updated 2017)). In preparing this strategy, Metro Vancouver, in association 
with its member municipalities, used data from the 2011 Census of Population to project 
population figures for the overall region and for member municipalities.  
 

Table 2: Projected population figures for Burnaby, the North Shore and Metro Vancouver 

 Total Population 
Region/Municipality 2011 2021 2031 2041 

Metro Vancouver Total 2,356,000 2,788,000 3,152,000 3,443,000 
Burnaby 227,700 270,000 314,000 345,000 
North Shore 185,100 206,425 224,650 243,700 
   City of North Vancouver 49,800 56,000 62,000 68,000 
   District of North Vancouver 87,700 98,000 105,000 114,000 
Source: Table A.1, Appendix A, Metro Vancouver 2040.  
 
As shown in the table, Metro Vancouver is projecting a significant increase in the populations of 
these municipalities and in the region as a whole by 2041. The largest projected percent 
increase in population is in Burnaby (48%), followed by the District of North Vancouver (33%) 
and the City of North Vancouver (28.5%). The population of the region as a whole is projected 
to increase by 39.8%.  

                                                      
16 The regional growth strategy is published in a report entitled Metro Vancouver 2040: Shaping Our Future and is 

available online at: http://www.metrovancouver.org/services/regional-planning/metro-vancouver-2040/about-
metro-2040/Pages/default.aspx. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&ved=2ahUKEwifl-qRvPDeAhUiLX0KHar5C_8QFjAEegQICRAC&url=http%3A%2F%2Fwww.metrovancouver.org%2Fservices%2Fregional-planning%2FPlanningPublications%2F140509_RPA_Density_and_Urban_Growth.pdf&usg=AOvVaw3E8PcuRz9_3o-4S7B80zHd
http://www.metrovancouver.org/services/regional-planning/metro-vancouver-2040/about-metro-2040/Pages/default.aspx
http://www.metrovancouver.org/services/regional-planning/metro-vancouver-2040/about-metro-2040/Pages/default.aspx
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Worst-case spill scenarios 

Present day scenario 

A comprehensive, cumulative  health impacts assessment for health risk of increased tanker 
traffic in Burrard Inlet should be bounded by a worst-case spill scenario that occurs on a hot day 
with stagnant conditions similar to week long periods in Burrard Inlet in the summers of 2017 
and 2018. It should include the temperature increase projected for the Inlet which have been 
modeled for Burrard Inlet (Figure 4, VCH 2018).  

Figure 4. Days above 250 C – baseline average and 2050 (VCH 2018) 

 

Future scenario 

Conditions for 2050 near the end of projected lifespan of TMEP are described below. The 
average number of days above 250 C between 1970 and 2000 (reference period) was 10-20 
days per year. This is predicted to triple by 2050 to 60-70 days per year. This temperature 
increase can have a dramatic impact on the evaporation rates and hence exposure to the 
constituents of dilbit. The diluent in dilbit is similar to gasoline in its evaporative properties. The 
vapor pressure is a measure of this evaporative potential and increases by approximately 40% 
with a temperature increase from 150 C to 25 0C (see Figure 5, below). The increased 
evaporation will increase exposure and, therefore, the impact of future temperatures on a 
major spill scenario needs to be addressed in the HIA.  
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Figure 5. Changes in vapor pressure for degraded samples of gasoline with temperature  

                            
(Source: Okamoto, 2009) 

Discussion 

Exposure model issues and transparency  

For our 2015 report on the health impacts of TMEP (Takaro, 2015), several requests were made 
to local health authorities to generate a new risk assessment based upon less ideal conditions 
than those outlined by Trans Mountain. The Fraser Health Authority, Vancouver Coastal Health, 
Metro Vancouver, BC Centres for Disease Control and the BC Cancer Agency were all asked to 
contribute. Due to the resources required, the organizations did not feel equipped to carry out 
a new risk assessment; and, as a consequence, this has not been done. In the two rounds of 
Information Requests, Trans Mountain would not provide the necessary information regarding 
model inputs to adequately assess the human health risk assessment undertaken as part of the 
original proposal. Citing proprietary aspects of the modelling, the proponent effectively 
circumvented important scrutiny of the model inputs. The NEB’s conclusions therefore lack 
validation, providing yet another reason a transparent comprehensive health impacts 
assessment is required for the project.  

Components of a comprehensive, cumulative health impacts assessment 

As described elsewhere in this report, comprehensive human health impact assessments 
include an assessment of the impact of a project on the social determinants of health (e.g., 
housing, income) as well as ecological determinants of health (including greenhouse gas 
emissions). Such an assessment allows health authorities to recognize and consider potential 
positive and negative health impacts of projects on their communities, to plan and fund 
healthcare provision services to address those impacts, and, to suggest modifications to plans 
in order to mitigate negative health impacts.  
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An HIA requires the establishment of baseline health and community well-being data prior to 
any development proposal being made. This moves the needle beyond consultation and 
engagement to that which the next generation environmental assessment processes will need 
to achieve: empowerment for individuals and communities. Done well, this can be a key 
enabler of democracy. Effective HIA builds such practices into its process. Where there are 
considerable and reasonable scientific uncertainties with potential for serious present or future 
harm, the UNESCO 2005 definition of the precautionary principle must be used to inform the 
discussion. Reconsideration of the TMEP project requires such a health impacts assessment for 
the increase in tanker traffic through Burrard Inlet. 

List of deficiencies identified in the HIA performed by the proponent 

As previously noted in this report, the human health risk assessment performed previous by the 
proponent’s contractor was inadequate for the following five reasons:  
1. The impact of increased tanker traffic and subsequent increased risk to the environment 

and to the population that lives in Burrard Inlet, was not assessed. 
2. Human health risk assessment did not adequately consider the high risk to specific 

vulnerable populations from benzene and benzo[a]pyrene including those with genetic 
susceptibility to these carcinogens. 

3. The conditions considered by the NEB that related to health pertain only to monitoring, an 
after-the-fact “count-the-bodies” approach that is unacceptable today. 

4. Certain outcomes (i.e., risk of childhood leukaemia and lung cancer in clean-up workers) 
inadequately accounted for by the TMEP human health risk assessment. 

5. Mental health impacts are not assessed for the populations likely to be affected by a large 
spill in Burrard Inlet. 

 
Table 3 synthesizes these deficiencies, providing a complete list of what we believe are crucial – 
and as yet unfulfilled – components of a comprehensive cumulative health impacts assessment 
related to increased tanker traffic in Burrard Inlet and the associated risk of shoreline 
contamination by greater than one barrel of dilbit. 
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Table 3: Summary of identified deficiencies in the evidence base for the project to date 

Crucial component Reason why this component in the NEB HIA is insufficient Relevant section(s) of the report 
Human health risk 
assessment 

The human health risk assessment performed previous by the 
proponent’s contractor was woefully inadequate and did not address the 
increase in tanker traffic. New information from 21 references published 
since 2015 should also be included. 

What are the main contaminants that a 
comprehensive, cumulative HIA should 
consider? 
What is known about the potential 
human health impacts of a major spill? 

Combined toxicant 
effects 

A comprehensive health impacts assessment would include the 
combined effects of all toxicants released from the complex petroleum 
mixture that is dilbit and their cumulative and possibly synergistic health 
effects. 

What are the main contaminants that a 
comprehensive, cumulative HIA should 
consider? 
What is known about the potential 
human health impacts of a major spill? 

Increase in tanker traffic Consider 20-fold increase in tanker traffic not seven-fold increase 
described by the proponent. 

Anticipated increase in tanker traffic 

A major spill within 
Burrard Inlet is credible 

 The marine spill scenario in the original NEB review was very optimistic, 
set far away from any population center despite the clear hazards of the 
7-to-20-fold increase in tankers through Vancouver’s busy harbor. 

What factors must be considered in 
modelling a major spill? 

Approximate worst-case 
scenario today 

 A comprehensive, cumulative health impacts assessment for health risk 
of increased tanker traffic in Burrard Inlet should be bounded by a worst-
case spill scenario that occurs on a hot day with stagnant conditions 
similar to week long periods in Burrard Inlet in the summers of 2017 and 
2018 

Present day scenario 

Approximate worst-case 
scenario for 2050 

Government mandate requires a precautionary approach to populations 
at risk. A robust, cumulative health impact assessment (HIA) must 
conducted as part of the consideration of the risk from increased tanker 
traffic to include the populations of the Inlet using exposures and added 
impacts from higher temperatures and extreme weather conditions 
predicted for the Inlet by mid-century due to climate change. 

Future scenario 

Climate change impacts 
are a crucial component 
of health risk from a large 
fossil-fuel energy project 

Any risk assessment of a fossil energy project must consider the 
contribution to mortality and morbidity due to climate change of 
wildfires, heat events, air pollution, sea-level rise, flooding, water 
contamination, drought, food shortages, shifting infectious diseases, 
illness and injury from extreme weather events, mental health impacts, 

What is known about the potential 
human health impacts of a major spill? 
What factors must be considered in 
modelling a major spill? 
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forced migration and related conflict, as well as the risks that climate 
change poses to healthcare structures and health-related supply 

Consider exposure from 
both floating dilbit and 
weathered sunken dilbit 
in the marine 
environment and answer 
research questions raised 
by Royal Society of 
Canada expert panel 

The chemical characteristics of dilbit will enable it to float for a period of 
time in most aqueous media off-gassing hazardous materials through 
evaporation and then, after weathering, sink depending upon conditions, 
greatly hampering cleanup and producing long term contamination of 
the environment through release of poly-aromatic-hydrocarbons over 
years. 

Dilbit 
Exposure model issues and 
transparency 

Protect the people and 
cultural heritage of the 
original inhabitants of 
Burrard Inlet 

Any oil spill in Burrard Inlet puts key components of the Tsleil-Waututh 
subsistence economy—salmon, herring, clams, and birds—at risk and 
poses the threat of harm or damage that may persist for years. 

Community impacts 
Effects on Indigenous Peoples 
PAH levels in traditional foods 
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Limitations of this report 

This report has significant limitations. It was researched and written within the restricted 
schedule imposed by the NEB, less than six weeks since funding was secured. We sought 
additional contractors who could not work for us on such short notice. Even the impacted 
health authorities do not have the resources to perform the required human health risk 
assessment and certainly BROKE and NSNOPE are not resourced to do one. The purpose of our 
research was to demonstrate the significant shortcomings of the evidence base on health 
impact that the NEB is using for its decision on increased marine traffic, and  to point out the 
need for an independent assessment (not the proponent or its hired contractor) due to the 
conflict of interest now held by the Government of Canada as an owner of the project. We 
could not perform the research that is required to answer questions raised by citizens, scientist 
and government officials about the health risk of diluted bitumen in aquatic environments, 
hence the demand for an independent comprehensive, cumulative human health risk 
assessment. 

Recommendations 

The Government of Canada under CEAA, 2012 has a mandate to protect the environment and 
human health and to apply the precautionary principle. To fulfill this mandate, an independent, 
comprehensive and cumulative health impacts assessment of a large or credible worst-case spill 
in this high-risk area must be part of any consideration of this proposed project. 
 
Any risk assessment of a fossil energy project must consider the upstream and downstream 
contribution to mortality and morbidity due to climate change of wildfires, heat events, air 
pollution, sea-level rise, flooding, water contamination, drought, food shortages, shifting 
infectious diseases, illness and injury from extreme weather events, mental health impacts, 
forced migration and related conflict, as well as the risks that climate change poses to 
healthcare structures and health-related supply chains. Benzene and benzo[a]pyrene are 
carcinogenic exposures from dilbit with no safe exposure levels. Highly sensitive populations 
would likely be exposed in the event of a spill in Burrard Inlet, reinforcing the need for a 
comprehensive, cumulative health impacts assessment. 
 
A robust, independent, cumulative health impact assessment (HIA) must be conducted as part 
of the consideration of the risk from increased tanker traffic. This HIA must: include the 
combined effects of all toxicants released from the complex petroleum mixture that is dilbit 
and their cumulative and possibly synergistic effects; consider the populations of the Inlet; and 
be based upon exposures and impacts due to higher temperatures and extreme weather 
conditions predicted for the Inlet by mid-century due to climate change. Inclusion of these 
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elements would be consistent with the recommendations of a recent Royal Society of Canada 
report in which the expert panel notes that risk assessment methods should “include such 
things as credible spill scenarios, analyses of seasonal differences in fate, transport and effects 
of oil (particularly for spills in winter) and the prediction of chronic toxicity.” 
 
The increase in tanker traffic appears to be significantly greater than the seven-fold increase 
described by the proponent. Based upon the average number per year during the period 2015 
to 2017, the increase is closer to twenty-fold. Additionally, marine traffic through Second 
Narrows, near the mid-point of Burrard Inlet faces strong tidal currents, a highway bridge and a 
railway bridge, with restrictions on transits due to slack tide, visibility, and daylight hours. The 
tanker and freighter transits through Second Narrows would approximately double. Due to the 
catastrophic nature of such a credible spill in this densely populated area, the substantial 
increased risk of a tanker accident and spill demands better scrutiny. 
 
The marine spill scenario in the original NEB review was very optimistic. It was set far away 
from any population center despite the clear hazards of the increase in tankers through 
Vancouver’s busy harbor. The Burrard Inlet through which these tankers must pass contains 
three bridges and two dangerous narrows adjacent to downtown with over a million people, an 
informal but easily accessed shellfish and crab fishery and population which includes 
Indigenous communities who harvest from the Inlet and whose close connection to the land 
makes them particularly vulnerable to environmental contamination. As noted elsewhere in 
this report, even best-case scenario clean-up of crude oil results in only 5-15% oil recovery, with 
spilled bitumen likely to have even lower levels of recovery due to the chemical characteristics 
that enable it to float for a period of time in most aqueous media, off-gassing hazardous 
materials through evaporation and then weathering and sinking depending upon conditions 
(Health Canada, 2018, National Academies Press, 2016). These characteristics make clean-up 
extremely difficult and expensive.  
 
Furthermore, an independent, comprehensive, cumulative health impacts assessment for 
health risk of increased tanker traffic in Burrard Inlet should be bounded by a worst-case spill 
scenario that occurs on a hot day with stagnant conditions similar to week long periods in 
Burrard Inlet in the summers of 2017 and 2018. It should include the temperature increase 
projected for the Inlet which have been modeled for Burrard Inlet. It should include the 
additional evidence, much of it produced by the Government of Canada that is available since 
2015. In short, the evidence presented in this report. 
  



 37 

References  

Abeloff, Martin, 2004. Clinical Oncology. 3rd ed. St. Louis, Mo.: Elsevier Churchill Livingstone, p. 2834. 

Abramson, David M.; Peek, Lori Ann; Redlener, Irwin E.; Beedasy, Jaishree; Aguilar, Thomas; Sury, 
Jonathan; Banister, Akilah N.; May, Rebecca, 2013. Children’s Health after the Oil Spill: A Four-State 
Study Findings from the Gulf Coast Population Impact (GCPI) Project. Columbia University Academic 
Commons. https://academiccommons.columbia.edu/doi/10.7916/D8WQ0C4P 

Adler ID, 1996. Comparison of the duration of spermatogenesis between male rodents and humans. 
Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis. 352(1-2):169-172.  

Adler ID, Filser J, Gonda H, Schriever-Schwemmer G, 1998. Dose response study for 1,3-butadiene-
induced dominant lethal mutations and heritable translocations in germs cells of male mice. Mutation 
Research. 387(1):85-92.  

Agency for Toxic Substances and Disease Registry (ATSDR), 1989. Toxicological Profile for Benzene. 
Atlanta, GA: U.S. Public Health Service, ATSDR/TP-88/03.  

Agency for Toxic Substances and Disease Registry (ATSDR), 1991. Toxicological Profile for Benzene. 
Atlanta, GA: Agency for Toxic Substances and Disease Registry, pp. 193 

Agency for Toxic Substances and Disease Registry (ATSDR), 2007. Toxicological Profile for Benzene. 
Atlanta, GA: U.S. Department of Health and Human Services, Public Health Services. 

Aguilera, F., Méndez, J., Pásaro, E., & Laffon, B. (2010). Review on the effects of exposure to spilled 
oils on human health. Journal of Applied Toxicology, 30(4), 291–301. https://doi.org/10.1002/jat.1521 

American Cancer Society, 2013. Benzene. [online] Available at: 
http://www.cancer.org/cancer/cancercauses/othercarcinogens/intheworkplace/benzene  

American Journal of Managed Care, 2006. Vulnerable Populations: Who Are They? [online] Available 
at: http://www.ajmc.com/publications/supplement/2006/2006-11-vol12-n13suppl/nov06-
2390ps348-s352/1  

Anderson D, Edwards AJ, Brinkworth MH, Hughes JA, 1996. Male-mediated F1 effects in mice exposed 
to 1,3-butadiene. Toxicology. 113 (1-3):120-7.  

Arata, C. M., Picou, J. S., Johnson, G. D., & McNally, T. S. (2000). Coping with technological disaster: An 
application of the conservation of resources model to theExxon Valdez oil spill. Journal of Traumatic 
Stress, 13(1), 23–39. https://doi.org/10.1023/A:1007764729337 

B.C. Air Quality, n.d.). B.C.'s Air Quality Readings. [online] Available at: 
http://www.bcairquality.ca/readings/index.html [Retrieved 5 January 2015]. 

B.C. Air Quality, undated. Air Quality Health Index (AQHI). [online] Available at: 
http://www.bcairquality.ca/readings/air-quality-health-index.html. [Retrieved 5 January 2015]. 

B.C. Air Quality, undated. Air quality monitoring. [online] Available at: 
http://www.bcairquality.ca/assessment/air-quality-monitoring.html. [Retrieved 5 January 2015]. 

B.C. Ministry of Environment, 2014. British Columbia Ambient Air Quality Objectives. [online] 
Available at: http://www.bcairquality.ca/reports/pdfs/aqotable.pdf. [Retrieved 5 January 2015]. 

Baars BJ, 2002. The wreckage of the oil tanker ‘Erika’ human health risk assessment of beach cleaning, 
sunbathing and swimming. Toxicol Lett. 128:55–68. 

http://en.wikipedia.org/wiki/St_Louis,_Missouri
http://en.wikipedia.org/wiki/Churchill_Livingstone
https://academiccommons.columbia.edu/search?f%5Bauthor_ssim%5D%5B%5D=Abramson%2C+David+M.
https://academiccommons.columbia.edu/search?f%5Bauthor_ssim%5D%5B%5D=Peek%2C+Lori+Ann
https://academiccommons.columbia.edu/search?f%5Bauthor_ssim%5D%5B%5D=Redlener%2C+Irwin+E.
https://academiccommons.columbia.edu/search?f%5Bauthor_ssim%5D%5B%5D=Beedasy%2C+Jaishree
https://academiccommons.columbia.edu/search?f%5Bauthor_ssim%5D%5B%5D=Aguilar%2C+Thomas
https://academiccommons.columbia.edu/search?f%5Bauthor_ssim%5D%5B%5D=Sury%2C+Jonathan
https://academiccommons.columbia.edu/search?f%5Bauthor_ssim%5D%5B%5D=Sury%2C+Jonathan
https://academiccommons.columbia.edu/search?f%5Bauthor_ssim%5D%5B%5D=Banister%2C+Akilah+N.
https://academiccommons.columbia.edu/search?f%5Bauthor_ssim%5D%5B%5D=May%2C+Rebecca
https://doi.org/10.1002/jat.1521
http://www.cancer.org/cancer/cancercauses/othercarcinogens/intheworkplace/benzene
http://www.ajmc.com/publications/supplement/2006/2006-11-vol12-n13suppl/nov06-2390ps348-s352/1
http://www.ajmc.com/publications/supplement/2006/2006-11-vol12-n13suppl/nov06-2390ps348-s352/1
https://doi.org/10.1023/A:1007764729337
http://www.bcairquality.ca/readings/index.html
http://www.bcairquality.ca/readings/index.html
http://www.bcairquality.ca/readings/index.html
http://www.bcairquality.ca/readings/air-quality-health-index.html
http://www.bcairquality.ca/readings/air-quality-health-index.html
http://www.bcairquality.ca/readings/air-quality-health-index.html
http://www.bcairquality.ca/assessment/air-quality-monitoring.html
http://www.bcairquality.ca/assessment/air-quality-monitoring.html
http://www.bcairquality.ca/assessment/air-quality-monitoring.html
http://www.bcairquality.ca/reports/pdfs/aqotable.pdf
http://www.bcairquality.ca/reports/pdfs/aqotable.pdf


 38 

Bai W, Chen Y, Yang J, Niu P, Tian L, Gao A., 2014. Aberrant miRNA profiles associated with chronic 
benzene poisoning. Experimental and Molecular Pathology, 96(3):426–430. [online] Available at: 
http://www.sciencedirect.com/science/article/pii/S0014480014000616.  

Baltrenas P, Baltrenaite E, Sereviciene V, Pereira, P., 2011. Atmospheric BTEX concentrations in the 
vicinity of the crude oil refinery of the Baltic region. Environmental Monitoring Assessment. 182:115-
127. 

Baum, A., & Fleming, I. (1993). Implications of psychological research on stress and technological 
accidents. American Psychologist, 48,665-672. American Psychologist, 48, 665–672. 

BC Ministry of Environment,2007. Burnaby Oil Spill. [online] Available at: 
http://www.env.gov.bc.ca/eemp/incidents/2007/burnaby_oil_spill_07.htm 

Boehm, P. D., Page, D. S., Brown, J. S., Neff, J. M., & Burns, W. A. (2004). Polycyclic aromatic 
hydrocarbon levels in mussels from Prince William Sound, Alaska, USA, document the return to 
baseline conditions. Environmental Toxicology and Chemistry, 23(12), 2916. doi:10.1897/03-514.1 

Bollati V, Baccarelli A, Hou A, Bonzini M, Fustinoni S, Cavallo D, Byun H-M, Jiang J, Marinelli B, Pesatori 
AC, Bertazzi PA,and Yang, AS., 2007. Changes in DNA Methylation Patterns in Subjects Exposed to 
Low-Dose Benzene. Cancer Res, 67(3):876–80. [online] Available at: 
http://cancerres.aacrjournals.org/content/67/3/876.full.pdf+html.  

Boyle P, Levin B, World Cancer Report 2008, IARC Press International Agency for Research on Cancer, 
2008. 

Brosselin P, Rudant J, Orsi L, Leverger G, Baruchel A, Bertrand Y, Nelken B, Robert A, Michel G, 
Margueritte G, Perel Y, Mechinaud F, Bordigoni P, Hemon D, Clavel J, 2009. Acute childhood 
leukaemia and residence next to petrol stations and automotive repair garages: The ESCALE study 
(SFCE). J Occup Environ Med, 66:598–606. 

Brunnemann KD, Kagan MR, Cox JE, Hoffmann D, 1990. Analysis of 1,3-butadiene and other selected 
gas-phase components in cigarette mainstream and sidestream smoke by gas chromatography–mass 
selective detection. Carcinogenesis 10:1863–1868. 

Buttke D, Vagi S, Bayleyegn T, Sircar K, Strine T, Morrison M, Allen M, Wolkin A. 2012. Mental health 
needs assessment after the Gulf Coast oil spill-Alabama and Mississippi, 2010. Prehosp Disaster Med. 
27(5):401–408 

Camford Information Services, 1999. CPI Product Profiles: 1,3-Butadiene. 

Campbell D, Cox D, Crum J, Foster K, and Riley A, 1994. Later effects of grounding of tanker Braer on 
health in Shetland. BMJ, 309(6957):773-774. 

Campbell D, Cox D, Crum J, Foster K, Chrístie P, Brewster D, 1993. Initial effects of the grounding of 
the tanker Braer on health in Shetland. BMJ 307:1251–1255. 

CAREX Canada, 2014. 1,3-Butadiene. [online] Available at: http://www.carexcanada.ca/en/1,3-
butadiene. [Retrieved 28 December 2014]. 

CAREX, 1999. Carex: industry specific estimates - Summary. [online] Available at: 
http://www.ttl.fi/en/chemical_safety/carex/Documents/5_exposures_by_agent_and_industry.pdf. 
[Retrieved 28 December 2014]. 

http://www.sciencedirect.com/science/article/pii/S0014480014000616
http://www.env.gov.bc.ca/eemp/incidents/2007/burnaby_oil_spill_07.htm
http://www.env.gov.bc.ca/eemp/incidents/2007/burnaby_oil_spill_07.htm
http://www.env.gov.bc.ca/eemp/incidents/2007/burnaby_oil_spill_07.htm
http://cancerres.aacrjournals.org/content/67/3/876.full.pdf+html
http://www.carexcanada.ca/en/1,3-butadiene
http://www.carexcanada.ca/en/1,3-butadiene
http://www.carexcanada.ca/en/1,3-butadiene
http://www.ttl.fi/en/chemical_safety/carex/Documents/5_exposures_by_agent_and_industry.pdf
http://www.ttl.fi/en/chemical_safety/carex/Documents/5_exposures_by_agent_and_industry.pdf
http://www.ttl.fi/en/chemical_safety/carex/Documents/5_exposures_by_agent_and_industry.pdf


 39 

Carey, Francis A, 2014. Benzene (C6H6). Encyclopædia Britannica. [online] Available at:  
http://www.britannica.com/EBchecked/topic/61279/benzene-C6H6. 

Carpenter CP, Shaffer CB, Weil CS, Smyth HF Jr., 1944. Studies on the inhalation of 1:3-butadiene; with 
a comparison of its narcotic effect with benzol, toluol, and styrene, and a note on the elimination of 
styrene by the human. Journal of industrial hygiene and toxicology, 26:69–78. 

Carrasco JM, Lope V, Pérez-Gómez B, Aragonés N, Suárez B, López-Abente G, Rodríguez-Artalejo F, 
Pollán M. Association between health information, use of protective devices and occurrence of acute 
health problems in the Prestige oil spill clean-up in Asturias and Cantabria (Spain): a cross-sectional 
study. BMC Public Health. 2006;6:1. 

Cat. No.: En84-96/2013E-PDF [online] Available at: 
http://www.transmountain.com/uploads/papers/1403235206-federal-study-dilbit-technical-
report.pdf 

Centre for Disease Control (CDC), 2013. Facts about Benzene. [online] Available at: 
http://www.bt.cdc.gov/agent/benzene/basics/facts.asp#  

ChemSpider, undated. Butadiene. [online] Available at: http://www.chemspider.com/Chemical-
Structure.7557.html. [Retrieved 28 December 2014]. 

Cheng H, Sathiakumar N, Graff J et al, 2007. 1,3-Butadiene and leukaemia among synthetic rubber 
industry workers: exposure-response relationships. Chem Biol Interact, 166:15–24. 

Chung, S., & Kim, E. (2010). Physical and Mental Health of Disaster Victims: A Comparative Study on 
Typhoon and Oil Spill Disasters. Journal of Preventive Medicine and Public Health, 43(5), 387. 
https://doi.org/10.3961/jpmph.2010.43.5.387 

City of North Vancouver (2018). About the City. Community Statistics. Available from: 
https://www.cnv.org/your-government/about-the-city/community-statistics. (accessed November 24, 
2018). 

City of Vancouver. (2018). About Vancouver. Our City. Geography. Available online at: 
https://vancouver.ca/news-calendar/geo.aspx. 

CMAJ. (2014). Oil sands pollutants in traditional foods. CMAJ. 186(12).E444. 

Cope, M.R., Slack, T., Blanchard, T.C., & Lee, M.R. (2013). Does time heal all wounds? Community 
attachment, natural resource employment, and health impacts in the wake of the BP Deepwater 
Horizon disaster. Soc Sci Res, 42(3):872–81.  

Corporation of the District of North Vancouver. (2018). Our government. Available at: 
https://www.dnv.org/our-government. (accessed: November 24, 2018). 
Crosby S, Fay R, Groark C, Kani A, Smith JR, and Sullivan T, 2013. Transporting Alberta’s Oil Sands 
Products: Defining the Issues and Assessing the Risks. 180 p. [online] Available at: 
www.crrc.unh.edu/workshops/oil_sands_washington/Final%20NOAA%20Oil%20Sands 
%20Report_03_22.pdf . 

Crude Quality Inc., 2013. Website: crudemonitor.ca, www.crudemonitor.ca/home.php, [Accessed 
September 2013]. 

Delzell E, Sathiakumar N, Graff J et al, 2006. An Updated Study of Mortality among North American 
Synthetic Rubber Industry Workers. Boston, MA: Health Effects Institute, pp. 1–72. 

http://www.britannica.com/EBchecked/topic/61279/benzene-C6H6
http://www.transmountain.com/uploads/papers/1403235206-federal-study-dilbit-technical-report.pdf
http://www.transmountain.com/uploads/papers/1403235206-federal-study-dilbit-technical-report.pdf
http://www.transmountain.com/uploads/papers/1403235206-federal-study-dilbit-technical-report.pdf
http://www.transmountain.com/uploads/papers/1403235206-federal-study-dilbit-technical-report.pdf
http://www.bt.cdc.gov/agent/benzene/basics/facts.asp
http://www.chemspider.com/Chemical-Structure.7557.html
http://www.chemspider.com/Chemical-Structure.7557.html
http://www.chemspider.com/Chemical-Structure.7557.html
https://doi.org/10.3961/jpmph.2010.43.5.387
https://www.cnv.org/your-government/about-the-city/community-statistics
https://vancouver.ca/news-calendar/geo.aspx
https://www.dnv.org/our-government


 40 

Delzell E, Sathiakumar N, Hovinga M et al, 1996. A follow-up study of synthetic rubber workers. 
Toxicology, 113:182–189. 

District of North Vancouver Corporate Services. (January 2016). Merging municipalities: insights on 
North Vancouver reunification. In. North Vancouver, BC. . 

Denissenko MF, Pao A, Tang M, Pfeifer GP. 1996. Preferential formation of benzo[a] pyrene adducts 
at lung cancer mutational hotspots in P53, Science 274: 430–432. 

Divine BJ, and Hartman CM, 2001. A cohort mortality study among workers at a 1,3-butadiene facility. 
Chem Biol Interact, 135-136:535–553. 

Dollhopf R, Durno M, 2011. Kalamazoo River/Enbridge Pipeline Spill 2010. International Oil Spill 
Conference Proceedings: March 2011, Vol. 2011, No. 1, pp. abs422. [online] Available at: 
http://ioscproceedings.org/doi/pdf/10.7901/2169-3358-2011-1-422 

Dor F, Bonnard R, Gourier-Fréry C, Cicolella A, Dujardin R, and Zmirou D, 2003. Health risk assessment 
after decontamination of the beaches polluted by the wrecked ERIKA tanker. Risk 
Analysis, 23(6):1199-1208. 

Dowty BJ, Laseter JL, Storer J, 1976. The transplacental migration and accumulation in blood of 
volatile organic constituents. Pediatr Res 10:696-701. 

Ellison, G, November 5, 2014. New Price Tag for Kalamazoo River Oil Spill Clean Up: Enbridge says 
$1.21 billion. Michigan Live News. [online] Available at: http://www.mlive.com/news/grand-
rapids/index.ssf/2014/11/2010_oil_spill_cost_enbridge_1.html  

Emergency Response Guidebook (ERG,2016), U.S. Department of Transportation, Pipelines and 
Hazardous Materials Safety Administration, Transport Canada, Secretariat of Transport and 
Communications Mexico. [https://www.tc.gc.ca/media/documents/tdg-eng/EnglishERGPDF.pdf] 

Environment Canada, 2000. Priority Substances List Assessment Report (CEPA) for 1,3-Butadiene. 
[online] Available at: http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-
sesc/pdf/pubs/contaminants/psl2-lsp2/1_3_butadiene/1_3_butadiene-eng.pdf. [Retrieved January 
21, 2015]. 

Environment Canada, 2014. Benzene in Gasoline Regulations (SOR/ 97- 493). 
http://www.ec.gc.ca/lcpe-cepa/eng/regulations/detailReg.cfm?intReg=1  

Environmental Protection Agency, 2009. 1,3-Butadiene. [online] Available at: 
http://www.epa.gov/airtoxics/hlthef/butadien.html. [Retrieved 28 December 2014]. 

Eykelbosh, A. (2014). Short- and long-term health impacts of marine and terrestrial oil spills 

Fan, A. Z., Prescott, M. R., Zhao, G., Gotway, C. A., & Galea, S. (2015). Individual and Community-Level 
Determinants of Mental and Physical Health After the Deepwater Horizon Oil Spill: Findings from the 
Gulf States Population Survey. The Journal of Behavioral Health Services & Research, 42(1), 23–41. 
https://doi.org/10.1007/s11414-014-9418-7 

Federal Court of Appeal Decisions. (2018). 2018 FCA 153. Tsleil-Waututh Nation v. Canada (Attorney 
General). Available online at: https://decisions.fca-caf.gc.ca/fca-
caf/decisions/en/item/343511/index.do#_Remedy. 

Fingas M (2015) Review of the properties and behaviour of diluted bitumens. In: Proceedings of the 
Thirty-eighth AMOP Technical Seminar, Environment Canada, Ottawa, ON, pp 470–494 

http://www.mlive.com/news/grand-rapids/index.ssf/2014/11/2010_oil_spill_cost_enbridge_1.html
http://www.mlive.com/news/grand-rapids/index.ssf/2014/11/2010_oil_spill_cost_enbridge_1.html
http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/psl2-lsp2/1_3_butadiene/1_3_butadiene-eng.pdf
http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/psl2-lsp2/1_3_butadiene/1_3_butadiene-eng.pdf
http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/psl2-lsp2/1_3_butadiene/1_3_butadiene-eng.pdf
http://www.ec.gc.ca/lcpe-cepa/eng/regulations/detailReg.cfm?intReg=1
http://www.epa.gov/airtoxics/hlthef/butadien.html
http://www.epa.gov/airtoxics/hlthef/butadien.html
http://www.epa.gov/airtoxics/hlthef/butadien.html
https://doi.org/10.1007/s11414-014-9418-7
https://decisions.fca-caf.gc.ca/fca-caf/decisions/en/item/343511/index.do#_Remedy
https://decisions.fca-caf.gc.ca/fca-caf/decisions/en/item/343511/index.do#_Remedy


 41 

Finlayson-Pitts BJF and Pitts JN, Jr., 1986. Atmospheric Chemistry: Fundamentals and Experimental 
Techniques, John Wiley, New York, pp. 1098 

Franz TJ, 1984. Percutaneous absorption of benzene. Advances in modern environmental toxicology. 
Vol. VI. Applied toxicology of petroleum hydrocarbons:  Princeton Scientific Publishers, Inc., 61-70.  

Fraser Health, 2013. Chevron Community Advisory Panel (CAP) air quality and health impact 
assessment update on September 18, 2013. [online] Available at: 
http://www.chevroncap.ca/files/documents/Attachment2FH_MVCAPPresentationFINAL.pdf 

Freudenburg, W. R., & Jones, T. R. (1991). Attitudes and Stress in the Presence of Technological Risk: A 
Test of the Supreme Court Hypothesis. Social Forces, 69(4), 1143–1168. 
https://doi.org/10.1093/sf/69.4.1143 

Frumkin H, 2010. Environmental Health: From global to local. Second Edition. Jossey-Bass A Wiley 
Imprint.  

Galton DAG, 1986. The myelodysplastic syndromes. Scand J Haematol, 36:11-20. 

Gao A, Yang J, Yang G, Niu P, Tian L., 2014. Differential gene expression profiling analysis in workers 
occupationally exposed to benzene. Science of The Total Environment, 472:872–879. [online] 
Available at: http://www.sciencedirect.com/science/article/pii/S0048969713013727. 

Gill, D. A. (2007). Secondary Trauma or Secondary Disaster? Insights from Hurricane Katrina. 
Sociological Spectrum, 27(6), 613–632. https://doi.org/10.1080/02732170701574941 

Gill, D. A., & Picou, J. S. (1998). Technological disaster and chronic community stress. Society & 
Natural Resources, 11(8), 795–815. https://doi.org/10.1080/08941929809381119 

Gilroy, D. J. (2000). derivation of shellfish harvest reopening criteria following the new Carissa  oil spill 
in Coos Bay, Oregon. Journal of Toxicology and Environmental Health, Part A,  60(5), 317. 
doi:10.1080/00984100050030109 

Golding BT, Barnes ML, Bleasdale C, Henderson AP, Jiang D, Li X, et al, 2010. Modeling the formation 
and reactions of benzene metabolites. Chem Biol Interact. 184:196–200. 

Golding BT, Watson WP. Possible mechanisms of carcinogenesis after exposure to benzene. IARC Sci 
Publ. 1999; 150:75–88.[online] Available at: 
http://www.chevroncap.ca/files/documents/Attachment2FH_MVCAPPresentationFINAL.pdf 

Goldstein, B. D., Osofsky, H. J., & Lichtveld, M. Y. (2011). The Gulf Oil Spill. New England Journal of 
Medicine, 364(14), 1334–1348. https://doi.org/10.1056/NEJMra1007197 

Government of Canada, November 2013. Federal Government Technical Report – Properties, 
Composition and Marine Spill Behaviour, Fate and Transport of Two Diluted Bitumen Products from 
the Canadian Oil Sands. Environment Canada, Fisheries and Oceans Canada, National Energy 
Resources. ISBN 978-1-100-23004-7 

Government of Canada. (2018a). Defining vulnerable populations. A first step towards a policy 
framework on vulnerable populations. Available from: https://www.canada.ca/en/health-
canada/services/chemical-substances/consulting-future-chemicals-management-canada/defining-
vulnerable-populations.html. (accessed: November 24, 2018). 

Government of Canada. (2018b). Defining vulnerable populations. A first step towards a policy 
framework on vulnerable populations. Consulting on the future of chemicals management in Canada. 
Available at: https://www.canada.ca/en/health-canada/services/chemical-substances/consulting-

http://www.chevroncap.ca/files/documents/Attachment2FH_MVCAPPresentationFINAL.pdf
http://www.chevroncap.ca/files/documents/Attachment2FH_MVCAPPresentationFINAL.pdf
http://www.chevroncap.ca/files/documents/Attachment2FH_MVCAPPresentationFINAL.pdf
https://doi.org/10.1093/sf/69.4.1143
http://www.sciencedirect.com/science/article/pii/S0048969713013727
https://doi.org/10.1080/02732170701574941
https://doi.org/10.1080/08941929809381119
http://www.chevroncap.ca/files/documents/Attachment2FH_MVCAPPresentationFINAL.pdf
https://doi.org/10.1056/NEJMra1007197
https://www.canada.ca/en/health-canada/services/chemical-substances/consulting-future-chemicals-management-canada/defining-vulnerable-populations.html
https://www.canada.ca/en/health-canada/services/chemical-substances/consulting-future-chemicals-management-canada/defining-vulnerable-populations.html
https://www.canada.ca/en/health-canada/services/chemical-substances/consulting-future-chemicals-management-canada/defining-vulnerable-populations.html
https://www.canada.ca/en/health-canada/services/chemical-substances/consulting-future-chemicals-management-canada/defining-vulnerable-populations.html


 42 

future-chemicals-management-canada/defining-vulnerable-populations.html. (accessed on: 
November 24, 2018). 

Graff JJ, Sathiakumar N, Macaluso M et al, 2005. Chemical exposures in the synthetic rubber industry 
and lymphohematopoietic cancer mortality. J Occup Environ Med, 47:916–932. 

Grattan, L. M., Roberts, S., Mahan, W. T., McLaughlin, P. K., Otwell, W. S., & Morris, J. G. (2011). The 
Early Psychological Impacts of the Deepwater Horizon Oil Spill on Florida and Alabama Communities. 
Environmental Health Perspectives, 119(6), 838–843. https://doi.org/10.1289/ehp.1002915 

Green, B. L., & Lindy, J. D. (1994). Post-traumatic stress disorder in victims of disasters. The Psychiatric 
Clinics of North America, 17(2), 301–309. 

Green, B.L., Lindy, J. D., Grace, M. C., Gleser, G. C., Leonard, A. C., Korol, M., & Winget, C. (1990). 
Buffalo Creek survivors in the second decade: Stability of stress symptoms. American Journal of 
Orthopsychiatry, 60, 43–54. 

Gwack J, Lee JH, Kang YA, Chang K-J, Lee MS, Hong JY. Acute health effects among military personnel 
participating in the cleanup of the Hebei Spirit oil spill, 2007, in Taean County, Korea. Osong Public 
Health Res Perspect. 2012;3(4):206-12. 

Hansen S, Strom M, Olsen S, Maslova E, Rantakokko P, Kiviranta H, Rytter D, Bech B, Hansen L, 
Halldorsson T, 2014. Maternal Concentrations of Persistent Organochlorine Pollutants and Risk of 
Asthma in Offspring: Results from a prospective cohort with 20 years of follow-up. Environmental 
Health Perspectives. 122(1):93-99. 

Harris NL, Jaffe ES, Diebold J, Flandrin G, Muller-Hermelink HK, Vardiman J, Lister TA, Bloomfield CD 
1999. "The World Health Organization classification of neoplastic diseases of the hematopoietic and 
lymphoid tissues. Report of the Clinical Advisory Committee meeting, Airlie House, Virginia, 
November, 1997". Ann Oncol 10 (12):1419–32. 

Health Canada, 1993. Canadian Environment Protection Act: Priority Substances List Assessment 
Report. [online] Available at: http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-
sesc/pdf/pubs/contaminants/psl1-lsp1/benzene/benzene-eng.pdf: pg. 1 

Health Canada, 2011. Vulnerable Populations. [online] Available at: http://www.hc-sc.gc.ca/ewh-
semt/contaminants/vulnerable/index-eng.php#sen  

Health Canada, 2018. Guidance for the Environmental Public Health Management of Crude Oil 
Incidents – A Guide Intended for Public Health and Emergency Management Practitioners. ISBN: 978-
0-660-24441-9  

Howard PH, Boethling RS, Jarvis WF, Meylan WM, Michalenko EM, 1991. Handbook of environmental 
degradation rates. Chelsea, MI: Lewis Publishers Inc. 

Huff JE, Haseman JK, Demarini DM, Eustis S, Maronpot RR, Peters AC, Persing RL, Chrisp CE, and 
Jacobs AC., 1989. Multiple-site carcinogenicity of benzene in Fischer 344 rats and B6C3F1 mice. 
Environ Health Perspect, 82:125-163. 

Hughes K, Meek MK, Walker M, and Beauchamp R, 2001. 1,3-Butadiene: Human health aspects. WHO 
(Concise International Chemical Assessment Document; 30). 

IARC, 2008. 1,3-Butadiene, ethylene oxide and vinyl halides (vinyl fluoride, vinyl chloride and vinyl 
bromide). IARC Monogr Eval Carcinog Risks Hum. 97:1–510. PMID: 20232717 

https://www.canada.ca/en/health-canada/services/chemical-substances/consulting-future-chemicals-management-canada/defining-vulnerable-populations.html
https://doi.org/10.1289/ehp.1002915
http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/psl1-lsp1/benzene/benzene-eng.pdf
http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/psl1-lsp1/benzene/benzene-eng.pdf
http://www.hc-sc.gc.ca/ewh-semt/contaminants/vulnerable/index-eng.php#sen
http://www.hc-sc.gc.ca/ewh-semt/contaminants/vulnerable/index-eng.php#sen


 43 

IARC, 2012. Volume 100F – Chemical agents and related occupations: 1,3-Butadiene. IARC Monogr 
Eval Carcinog Risks Hum. [online] Available at: http://monographs.iarc.fr/ENG/Monographs/vol100F/ 

Impact Assessment, Inc. (1990). Economic, social and psychological impact assessment of the Exxon 
Valdez oil spill. Final report prepared for Oiled Mayors Subcommittee, Alaska Conference of Mayors. 
La Jolla, CA.  

Insights West & City of Burnaby. (2014). Public Opinion Poll: Kinder Morgan’s Trans Mountain 
Pipeline. Accessed Nov 23, 2018: https://www.burnaby.ca/Assets/TMEP/Public+Opinion+Poll.pdf 

International Programme on Chemical Safety (IPCS), 1993. Environmental Health Criteria 150: 
Benzene. [online] Available at: http://www.inchem.org/documents/ehc/ehc/ehc150.htm  

Irvine, G. M., Blais, J. M., Doyle, J. R., Kimpe, L. E., & White, P. A. (2014a). Cancer risk to  first nations' 
people from exposure to polycyclic aromatic hydrocarbons near in-situ  bitumen extraction in Cold 
Lake, Alberta. Environmental Health: A Global Access  Science Source, 13(1), 7-7. doi:10.1186/1476-
069X-13-7 

Irvine, G., Doyle, J. R., White, P. A., & Blais, J. M. (2014b). Soil ingestion rate determination in   a rural 
population of alberta, canada practicing a wilderness lifestyle. Science of the  Total Environment, 470-
471, 138-146. doi:10.1016/j.scitotenv.2013.09.037 

Janjua NZ, Kasi PM, Nawaz H, Farrooqui SZ, Khuwaja UB, Hassan NU, Jafri SN, Lutfi SA, KadirMM, 
Sathiakumar N, 2006. Acute health effects of the Tasman Spirit oil spill on residents of Karachi, 
Pakistan. BMC Public Health 6:84. 

Jemal A, Thomas A, Murray T, Thun M, 2002. Cancer Statistics, 2002. CA Cancer Journal for Clinicians 
52:23-47 

Jeong, W., Lee, J., Kim, H., Hur, J., Eom, S.-Y., Cheong, H.-K., … Jee, Y. (2011). Long-term Health Effects 
of Hebei Spirit Oil Spill on Cleanup Workers. Epidemiology, 22(1), S128. 
https://doi.org/10.1097/01.ede.0000392063.01086.86 

Jung, S-C, Kim, K-M, Lee, K-S, Roh, S., Jeong, W-C, Kwak, S-J, Lee, I-J, Choi, Y-H, Noh, S-R, Hur, J-I, Jee, 
Y-K, 2013. Respiratory effects of the Hebei Spirit oil spill in children in Taean, Korea. Allergy Asthma 
Immunology Research. The Korean Academy of Asthma, Allergy and Clinical Immunology. 5(6):365-
370. eISSN 2092-7363. 

Keith B, Simon MC, 2007. Hypoxia-Inducible Factors, Stem Cells, and Cancer. Cell, 129:465–472. 
[online] Available at: http://www.sciencedirect.com/science/article/pii/S0092867407005259.  

Keller KA, Snyder CA., 1986. Mice exposed in utero to low concentrations of benzene exhibit enduring 
changes in their colony forming hematopoietic cells. Toxicology; 42:171-181. 

Kelly, E. N., Short, J. W., Schindler, D. W., Hodson, P. V., Ma, M., Kwan, A. K., & Fortin, B. L. (2009). Oil 
sands development contributes polycyclic aromatic compounds to the  Athabasca river and its 
tributaries. Proceedings of the National Academy of Sciences,  106(52), 22346. 
doi:10.1073/pnas.0912050106. 

Kim, Y.-M., Park, J.-H., Choi, K., Noh, S. R., Choi, Y.-H., & Cheong, H.-K. (2013). Burden of disease 
attributable to the Hebei Spirit oil spill in Taean, Korea. BMJ Open, 3(9), e003334. 
https://doi.org/10.1136/bmjopen-2013-003334 

Kinder Morgan Canada, 2014. Trans Mountain Pipeline System. [online] Available at: 
http://www.kindermorgan.com/pages/business/canada/transmountain.aspx 

http://monographs.iarc.fr/ENG/Monographs/vol100F/
http://monographs.iarc.fr/ENG/Monographs/vol100F/
https://www.burnaby.ca/Assets/TMEP/Public+Opinion+Poll.pdf
http://www.inchem.org/documents/ehc/ehc/ehc150.htm
https://doi.org/10.1097/01.ede.0000392063.01086.86
http://www.sciencedirect.com/science/article/pii/S0092867407005259
https://doi.org/10.1136/bmjopen-2013-003334
http://www.kindermorgan.com/pages/business/canada/transmountain.aspx
http://www.kindermorgan.com/pages/business/canada/transmountain.aspx
http://www.kindermorgan.com/pages/business/canada/transmountain.aspx


 44 

Kinder Morgan, undated. Westridge Marine Terminal Improvements. [online] Available at: 
http://www.transmountain.com/marine-westridge-terminal  

King B, Gibbons J. Health Hazard Evaluation of Deepwater Horizon Response Workers (HETA 2010-
0115 & 2010-0129-3138). Springfield, Virginia: U.S. Department of Health and Human Services, 
Centers for Disease Control and Prevention; National Institute for Occupational Safety and 
Health;2011 Aug. Available from: http://www.cdc.gov/niosh/hhe/reports/pdfs/2010-0115-0129-
3138.pdf. 

Kipen HM, Cody RP, and Goldstein BD, 1989. Use of longitudinal analysis of peripheral bloodcounts to 
validate historical reconstructions of benzene exposure. Environ Health Perspect, 82:199-206. 

Kirk RE, Othmer DF, Grayson M, and Eckroth D, 1983. Kirk-Othmer Encyclopedia of Chemical 
Technology. New York: John Wiley. 

Kroll-Smith, S., & Couch, S. R. (1993). Symbols, ecology, and contamination: Case studies in the 
ecological-symbolic approach to disaster. Research in Social Problems and Public Policy, 5, 47-13. 

Kucab JE, van Steeg H, Luijten M, Schmeiser HH, White PA, Phillips DH, Arlt VM. 2015. TP53 mutations 
induced by BPDE in Xpa-WT and Xpa-Null human TP53 knock-in (Hupki) mouse embryo fibroblasts, 
Mutat. Res. 773: 48–62. 

Kwok, R. K., McGrath, J. A., Lowe, S. R., Engel, L. S., Jackson, W. B., Curry, M. D., … Sandler, D. P. 
(2017). Mental health indicators associated with oil spill response and clean-up: cross-sectional 
analysis of the GuLF STUDY cohort. The Lancet Public Health, 2(12), e560–e567. 
https://doi.org/10.1016/S2468-2667(17)30194-9 

Laffon B, Fraga-Iriso R, Pérez-Cadahía B, and Méndez J, 2006. Genotoxicity associated to exposure to 
Prestige oil during autopsies and cleaning of oil-contaminated birds. Food and Chemical 
Toxicology, 44(10):1714-1723. 

Larionov LT, Shtessel TA, Nuselman EN, 1934. Concerning the effect of butadiene, pseudobutylene 
and isoprene. Kazanskij Meditsinskij Zhurnal, 5:440–445. 

Li K, Jing Y, Yang C, Liu S, Zhao Y, He X, Li F, Han J, Li G, 2014. Increased leukaemia-associated gene 
expression in benzene-exposed workers. Scientific Reports, 4:5369. [online] Available at: 
http://www.nature.com/srep/2014/140704/srep05369/full/srep05369.html?WT.ec_id=SREP-
20140708.  

Licht JD, Sternberg DW, 2005. The molecular pathology of acute myeloid leukaemia. Hematology Am 
Soc Hematol Educ Program: 137-142. 

Lima, B. R., Pai, S., Toledo, V., Caris, L., Haro, J. M., & Lozano, J. (1993). Physical and Mental Health of 
Disaster Victims: A Comparative Study on Typhoon and Oil Spill Disasters. J Nerv Ment Dis 181(6), 388-
393. http://dx.doi.org/10.3961/jpmph.2010.43.5.387 

Lo Pumo R, Bellia M, Nicosia A, Micale V, Drago F, 2006. Long-lasting neurotoxicity of prenatal 
benzene acute exposure in rats. Toxicology. [online] Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/16698163 

Loomis D, Guyton KZ, Grosse Y, El Ghissassi F, Bouvard V, Benbrahim-Tallaa L, Guha N, Vilahur N, 
Mattock H, Straif K; International Agency for Research on Cancer Monograph Working Group (2017). 
Carcinogenicity of benzene, Lancet Oncol. 2017 Dec;18(12):1574-1575. PMID: 29107678 

http://www.transmountain.com/marine-westridge-terminal
https://doi.org/10.1016/S2468-2667(17)30194-9
http://www.nature.com/srep/2014/140704/srep05369/full/srep05369.html?WT.ec_id=SREP-20140708
http://www.nature.com/srep/2014/140704/srep05369/full/srep05369.html?WT.ec_id=SREP-20140708
http://dx.doi.org/10.3961/jpmph.2010.43.5.387
http://www.ncbi.nlm.nih.gov/pubmed/16698163


 45 

Lupo PJ, Symanski E, Waller DK, Chan W, Langlois PH, Canfield MA, Mitchell LE, 2011. Maternal 
exposure to ambient levels of benzene and neural tube defects among offspring: Texas, 1999-2004. 
Environmental Health Perspectives. [online] Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/20923742  

Lyons R, Temple J, Evans D, Fone D, Palmer S, 1999. Acute health effects of the Sea Empress oil spill. 
Journal of Epidemiology Community Health. 53(5):306-310. 

Macaluso M, Larson R, Lynch J et al, 2004. Historical estimation of exposure to 1,3-butadiene, styrene, 
and dimethyldithiocarbamate among synthetic rubber workers. J Occup Environ Hyg, 1:371–390. 

Mackay D, Shiu WY, Ma KC, 1993. Illustrated handbook of physical-chemical properties and 
environmental fate of organic compounds. Vol. III. Chelsea, MI: Lewis Publishers Inc. 

Madé B, 1991 Unpublished data, Industrial Programs Branch, Environment Canada. 

Marcus WL, 1990. Chemical of Current Interest: Benzene. Cancer risk from benzene. Adv Mod Environ 
Toxicol, 17:127-188 

Maritime Connector, undated. Aframax. [online] Available at: http://maritime-
connector.com/wiki/aframax/ [Retrieved 14 February 2015]. 

Matanoski G, Francis M, Correa-Villaseñor A et al, 1993. Cancer epidemiology among styrene-
butadiene rubber workers. IARC Sci Publ, 127:363–374. 

Matanoski GM and Schwartz L, 1987. Mortality of workers in styrene-butadiene polymer production. J 
Occup Med, 29:675–680. 

Matanoski GM, Santos-Burgoa C, Schwartz L, 1990. Mortality of a cohort of workers in the styrene-
butadiene polymer manufacturing industry (1943–1982). Environ Health Perspect, 86:107–117. 

McGowan E, Song L, June 26, 2012. The Dilbit Disaster: Inside the biggest oil spill you’ve never heard 
of, Part 1. InsideClimate News. [online] Available at: 
http://crrc.unh.edu/sites/crrc.unh.edu/files/media/docs/Workshops/oil_sands/The%20Dilbit%20Disa
ster-
%20Inside%20the%20Biggest%20Oil%20Spill%20You've%20Never%20Heard%20Of%20(3%20Parts).p
df  

McMichael AJ, Spirtas R, Gamble JF, Tousey PM, 1976. Mortality among rubber workers: relationship 
to specific jobs. J Occup Med, 18:178–185. 

McMichael AJ, Spirtas R, Kupper LL, 1974. An epidemiologic study of mortality within a cohort of 
rubber workers, 1964–72. J Occup Med, 16:458–464. 

Meinhardt TJ, Lemen RA, Crandall MS, Young RJ, 1982. Environmental epidemiologic investigation of 
the styrene-butadiene rubber industry. Mortality patterns with discussion of the hematopoietic and 
lymphatic malignancies. Scand J Work Environ Health, 8:250–259. 

Meo S, Al-Drees A, Rasheed S, Meo I, Al-Saadi M, Ghani H, Alkandari J. Health complaints among 
subjects involved in oil cleanup operations during oil spillage from a Greek tanker “Tasman Spirit.” Int 
J Occup Med Environ Health. 2009;22(2):143–148. 

Metro Vancouver, 2011. 2011 Lower Fraser Valley air quality monitoring report. [online] Available at: 
http://www.metrovancouver.org/services/air-
quality/AirQualityPublications/2011LFVAQMonitoringFullReport.pdf 

http://www.ncbi.nlm.nih.gov/pubmed/20923742
http://maritime-connector.com/wiki/aframax/
http://maritime-connector.com/wiki/aframax/
http://crrc.unh.edu/sites/crrc.unh.edu/files/media/docs/Workshops/oil_sands/The%20Dilbit%20Disaster-%20Inside%20the%20Biggest%20Oil%20Spill%20You've%20Never%20Heard%20Of%20(3%20Parts).pdf
http://crrc.unh.edu/sites/crrc.unh.edu/files/media/docs/Workshops/oil_sands/The%20Dilbit%20Disaster-%20Inside%20the%20Biggest%20Oil%20Spill%20You've%20Never%20Heard%20Of%20(3%20Parts).pdf
http://crrc.unh.edu/sites/crrc.unh.edu/files/media/docs/Workshops/oil_sands/The%20Dilbit%20Disaster-%20Inside%20the%20Biggest%20Oil%20Spill%20You've%20Never%20Heard%20Of%20(3%20Parts).pdf
http://crrc.unh.edu/sites/crrc.unh.edu/files/media/docs/Workshops/oil_sands/The%20Dilbit%20Disaster-%20Inside%20the%20Biggest%20Oil%20Spill%20You've%20Never%20Heard%20Of%20(3%20Parts).pdf
http://www.metrovancouver.org/services/air-quality/AirQualityPublications/2011LFVAQMonitoringFullReport.pdf
http://www.metrovancouver.org/services/air-quality/AirQualityPublications/2011LFVAQMonitoringFullReport.pdf
http://www.metrovancouver.org/services/air-quality/AirQualityPublications/2011LFVAQMonitoringFullReport.pdf
http://www.metrovancouver.org/services/air-quality/AirQualityPublications/2011LFVAQMonitoringFullReport.pdf


 46 

Metro Vancouver, undated. Air Quality Regulatory Program. [online] Available at: 
http://www.metrovancouver.org/services/Permits-regulations-enforcement/air-
quality/Pages/default.aspx. [Retrieved 5 January 2015]. 

Metro Vancouver. (2011 (Updated 2017)). Metro Vancouver 2040. Shaping our future. Regional 
Growth Strategy. Bylaw No. 1136, 2010. Available online: 
http://www.metrovancouver.org/services/regional-planning/metro-vancouver-2040/about-metro-
2040/Pages/default.aspx. (downloaded: November 24, 2018). 

Miraglia, R. (2002). The Cultural and Behavioral Impact of the Exxon Valdez Oil Spill on the Native 
Peoples of Prince William Sound, Alaska. Spill Sci Technol Bull, 7(1), 75–87. 

Morita A, Kusaka Y, Deguchi Y, Moriuchi A, Nakanaga Y, Iki M, Miyazaki S, Kawahara K, 1999. Acute 
health problems among the people engaged in the cleanup of the Nakhodka oil spill. Environ Res, 
81:185–194. 

Morris, J. G., Grattan, L. M., Mayer, B. M., & Blackburn, J. K. (2013). Psychological Responses and 
Resilience of People and Communities Impacted by The Deepwater Horizon Oil Spill. Transactions of 
the American Clinical and Climatological Association, 124, 191–201. 

Murphy, S. (1984). Stress levels and health status of victims of a natural disaster. Res Nurs Health, 
73(1), 205–215. 

National Academies Press. Committee on the Effects of Diluted Bitumen on the Environment. 2016. 
Spills of diluted bitumen from pipelines: A comparative study of environmental fate, effects and 
response. Available for download at: https://www.nap.edu/download/21834.  

National Energy Board. (2018). Trans Mountain Pipeline ULC. Trans Mountain Expansion Project. 
National Energy Board reconsideration of aspects of its Recommendation Report as directed by Order 
in Council P.C. 2018-1177. File OF-Fac-Oil-T260-2013-03 59. Hearing Order MH-052-2018. 
National Energy Board. (May 2016). National Energy Board Report. Trans Mountain Expansion Project. 
OH-001-2014. Available online at: https://www.neb-
one.gc.ca/pplctnflng/mjrpp/trnsmntnxpnsn/index-eng.html 

National Research Council [NCR], 1994. Science and Judgment in Risk Assessment. Washington, DC: 
National Academy Press. 

Natural Resources Defense Council [NRDC], 1997. Our Children at Risk: the five worst environmental 
threats to their health. [online] Available at: http://www.nrdc.org/health/kids/ocar/chap4.asp  

NEB 2018. Document #A95761. Letter from Dr. David Huntley. Filed Nov. 15, 2018. 

Nebert DW, Roe AL, Vandale SE, Bingham E, Oakley GG, 2002. NAD(P)H: quinone oxidoreductase 
(NQO1) polymorphism, exposure to benzene, and predisposition to disease: a HuGE review. Genet 
Med, 4:62–70. 

NIOSH, 1990. National Occupational Exposure Survey (1981–83). Cincinnati, OH: US Department of 
Health and Human Services, Public Health Service, National Institute for Occupational Safety and 
Health. [online] Available at: http://www.cdc.gov/noes/noes4/13410sco.html 

Nojima K, Fukaya K, Fukui S, and Kanno S, 1975. "Studies on Photochemistry of Aromatic 
Hydrocarbons". Chemosphere, 4(2):77-82. 

http://www.metrovancouver.org/services/Permits-regulations-enforcement/air-quality/Pages/default.aspx
http://www.metrovancouver.org/services/Permits-regulations-enforcement/air-quality/Pages/default.aspx
http://www.metrovancouver.org/services/Permits-regulations-enforcement/air-quality/Pages/default.aspx
http://www.metrovancouver.org/services/Permits-regulations-enforcement/air-quality/Pages/default.aspx
http://www.metrovancouver.org/services/regional-planning/metro-vancouver-2040/about-metro-2040/Pages/default.aspx
http://www.metrovancouver.org/services/regional-planning/metro-vancouver-2040/about-metro-2040/Pages/default.aspx
https://www.nap.edu/download/21834
https://www.neb-one.gc.ca/pplctnflng/mjrpp/trnsmntnxpnsn/index-eng.html
https://www.neb-one.gc.ca/pplctnflng/mjrpp/trnsmntnxpnsn/index-eng.html
http://www.nrdc.org/health/kids/ocar/chap4.asp
http://www.cdc.gov/noes/noes4/13410sco.html
http://www.cdc.gov/noes/noes4/13410sco.html


 47 

Norris, F. H., Friedman, M. J., & Watson, P. J. (2002). 60,000 Disaster Victims Speak: Part II. Summary 
and Implications of the Disaster Mental Health Research. Psychiatry: Interpersonal and Biological 
Processes, 65(3), 240–260. https://doi.org/10.1521/psyc.65.3.240.20169 

Ohiozebau, E., Tendler, B., Codling, G., Kelly, E., Giesy, J. P., & Jones, P. D. (2017). Potential  health 
risks posed by polycyclic aromatic hydrocarbons in muscle tissues of fishes from  the Athabasca and 
Slave rivers, Canada. Environmental Geochemistry and Health, 39(1),  139-160. doi:10.1007/s10653-
016-9815-3 

Pacchierotti F, Adler ID, Anderson D, Brinkworth M, Demopoulos NA, Lahdetie J, et al, 1998. Genetic 
effects of 1,3-butadiene and associated risk for heritable damage. Mutation Research. 397(1):93-115. 

Palinkas LA, Petterson JS, Russell JC, and Downs MA, 2004. Ethnic differences in symptoms of post-
traumatic stress after the Exxon Valdez oil spill. Prehospital and Disaster Medicine, 19(01):102-112. 

Palinkas, L. A., Russell, J., Downs, M. A., & Petterson, J. S. (1992). Ethnic Differences in Stress, Coping, 
and Depressive Symptoms after the Exxon Valdez Oil Spill: The Journal of Nervous and Mental 
Disease, 180(5), 287–295. https://doi.org/10.1097/00005053-199205000-00002 

Palinkas, L., Petterson, J., Russell, J., & Downs, M.A. (1993). Community patterns of psychiatric 
disorders after the Exxon Valdez oil spill. Am J Psychiatry, 150, 1517–1523. 

Palinkas, L.A., Downs, M.A., Petterson, J.S., & Russell, J. (1993). Social, Cultural, and Psychological 
Impacts of the “Exxon Valdez” Oil Spill. Human Organization, 52(1), 1–13. 

Paris M, September 6, 2013. Enbridge’s Kalamazoo Cleanup Dredges Up 3-Year-Old Oil Spill. CBC-
Radio Canada. [online] Available at: http://www.cbc.ca/news/politics/enbridge-s-kalamazoo-cleanup-
dredges-up-3-year-old-oil-spill-1.1327268  

Parker R, 2014. Enbridge Settles Class Action Lawsuit Over Kalamazoo River Oil Spill. Michigan Live 
News. [online] Available at: 
http://www.mlive.com/news/kalamazoo/index.ssf/2014/12/enbridge_settles_class_action.html#inca
rt_story_package   

Partnership for Solutions, December 2002. Chronic conditions: making the case for ongoing care. 
Johns Hopkins University. [online] Available at: http://www.kff.org/uninsured/upload/covering-the-
uninsured-growing-need-strained-resources-fact-sheet.pdf. [Accessed August 2, 2006]. 

Paustenbach DJ, Bass RD, and Price P, 1993. Benzene toxicity and risk assessment, 1972-1992: 
Implications for Future Regulation. Environ Health Perspect. 101(Suppl. 6):177-200 

Penn A, Snyder CA, 1993. Inhalation of sidestream cigarette smoke accelerates development of 
arteriosclerotic plaques, Circulation 88:1820–1825. 

Pérez-Cadahía B, Laffon B, Pásaro E, Méndez J, 2006. Genetic damage induced by accidental 
environmental pollutants. TheScientificWorldJOURNAL, 6:1221–1237. 

Pérez-Cadahía B, Laffon B, Porta M et al, 2008. Relationship between blood concentrations of heavy 
metals and cytogenetic and endocrine parameters among subjects involved in cleaning coastal areas 
affected by the ‘Prestige’ tanker oil spill. Chemosphere, 71(3):447-455. 

Pérez-Cadahía B, Lafuente A, Cabaleiro T, Pásaro E, Méndez J, Laffon B, 2007. Initial study on the 
effects of Prestige oil on human health. Environment International. 33(2):176-85. 

https://doi.org/10.1521/psyc.65.3.240.20169
https://doi.org/10.1097/00005053-199205000-00002
http://www.cbc.ca/news/politics/enbridge-s-kalamazoo-cleanup-dredges-up-3-year-old-oil-spill-1.1327268
http://www.cbc.ca/news/politics/enbridge-s-kalamazoo-cleanup-dredges-up-3-year-old-oil-spill-1.1327268
http://www.mlive.com/news/kalamazoo/index.ssf/2014/12/enbridge_settles_class_action.html#incart_story_package
http://www.mlive.com/news/kalamazoo/index.ssf/2014/12/enbridge_settles_class_action.html#incart_story_package
http://www.kff.org/uninsured/upload/covering-the-uninsured-growing-need-strained-resources-fact-sheet.pdf
http://www.kff.org/uninsured/upload/covering-the-uninsured-growing-need-strained-resources-fact-sheet.pdf


 48 

Peterson CH, Rice SD, Short JW, Esler D, Bodkin JL, Ballachey BE, Irons DB. (2003). Long-term 
ecosystem response to the Exxon Valdez oil spill. Science, 302:2082–2086. 

Picou, J.S., & Rosebrook, D. R. (1993). Technological accident, community class action litigation, and 
scientific damage assessment: A case study of court-ordered research. Sociological Spectrum, 13, 
117–138. 

Picou, J.S., Gill, D.A., Dyer, C.L., & Curry, E.W. (1992). Stress and disruption and in an Alaskan fishing 
community: Initial and continuing impacts of the Exxon Valdez oil spill. Industrial Crisis Quarterly, 6, 
235-257.  

Picou, S., & Martin, C. (2007). Long-Term Community Impacts of the Exxon Valdez Oil Spill: Patterns of 
Social Disruption and Psychological Stress Seventeen Years after the Disaster. Final report submitted 
to the National Science Foundation, Office of Polar Research, Washington, D.C., Award Number: 
0002572. 

PubChem, undated. Compound summary for 1,3-Butadiene. [online] Available at: 
http://pubchem.ncbi.nlm.nih.gov/compound/1_3-butadiene#section=Top. [Retrieved 28 December 
2014]. 

Public Health Agency of Canada, 2001. Population Health Promotion: An integrated model of 
population health and health promotion. [online] Available at: http://www.phac-aspc.gc.ca/ph-
sp/php-psp/php3-eng.php  

Public Health Agency of Canada, 2013. Implementing the Population Health Approach. [online] 
Available at: http://www.phac-aspc.gc.ca/ph-sp/implement/index-eng.php 

Rattle, R., & Kwiatkowski, R. E. (1999). The Need for SIA/HIA Harmonization within EIA. Presented at 
the International Association for Impact Assessment Conference, Glasgow, June 1999. 

Rodin, M., Downs, M., Petterson, J., & Russell, J. (1992). Community impacts resulting from the Exxon 
Valdez oil spill. Industrial Crisis Quarterly, 6(3), 219–234. 
https://doi.org/10.1177/108602669200600304 

Rodriguez-Trigo G, Zock JP, Montes II, 2007. Health effects of exposure to oil spills. Arch 
Bronconemology. 43(11):628-635. 

Ross D, Zhou H, 2010. Relationships between metabolic and non-metabolic susceptibility factors in 
benzene toxicity. Chem Biol Interact; 184:222–8. 

Royal Society of Canada Expert Panel. Nov. 2015. The behavior and environmental impacts of crude 
oil released in aqueous environments. The Royal Society of Canada The Academies of Arts, 
Humanities and Sciences of Canada. ISBN: 978-1-928140-02-3. Available for download at: https://rsc-
src.ca/en/behaviour-and-environmental-impacts-crude-oil-released-into-aqueous-environments  

Rung, A. L., Oral, E., Fontham, E., Harrington, D. J., Trapido, E. J., & Peters, E. S. (2015). Mental Health 
Impact of the Deepwater Horizon Oil Spill Among Wives of Clean-up Workers. Epidemiology 
(Cambridge, Mass.), 26(4), e44–e46. https://doi.org/10.1097/EDE.0000000000000303 

Sandmeyer EE, 1981. Aromatic hydrocarbons. In: Clayton GD, Clayton FE, eds. Patty's Industrial 
Hygiene and Toxicology. Vol. 2B. 3rd rev. ed. New York, NY: John Wiley and Sons, p. 3253-3283 

Sathiakumar N, Graff J, Macaluso M et al, 2005. An updated study of mortality among North American 
synthetic rubber industry workers. Occup Environ Med, 62:822–829. 

http://pubchem.ncbi.nlm.nih.gov/compound/1_3-butadiene#section=Top
http://pubchem.ncbi.nlm.nih.gov/compound/1_3-butadiene#section=Top
http://pubchem.ncbi.nlm.nih.gov/compound/1_3-butadiene#section=Top
http://www.phac-aspc.gc.ca/ph-sp/php-psp/php3-eng.php
http://www.phac-aspc.gc.ca/ph-sp/php-psp/php3-eng.php
https://doi.org/10.1177/108602669200600304
https://rsc-src.ca/en/behaviour-and-environmental-impacts-crude-oil-released-into-aqueous-environments
https://rsc-src.ca/en/behaviour-and-environmental-impacts-crude-oil-released-into-aqueous-environments
https://doi.org/10.1097/EDE.0000000000000303


 49 

Schvoerer C, Gourier-Frery C, Ledrans M et al, 2000. Epidemiologic study on short-term health 
alterations in people participating in the cleanup of places contaminated by Erika oil. Retrieved from 
http://www.invs.sante.fr/publications/erika3/rapmaree_dist.pdf , 22May15. 

Setton, Palmer, and Moher (n.d.). Polycyclic aromatic hydrocarbons (PAHs) in traditional foods. 
Spatial Sciences Research Lab. Retrieved from:  
http://web.uvic.ca/~ssrl01/CAREXtemp/Miss%20PAH%20in%20traditional%20food.pdf 

Sha Y, Zhou W, Yang Z, Zhu X, Xiang Y, Li T, Zhu D, Yang X, 2014. Changes in Poly(ADP-Ribosyl)ation 
Patterns in Workers Exposed to BTX. PLoS One, 9(9):e106146. [online] Available at: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4162541/. 

Sharma VM, Calvo JA, Draheim KM, Cunningham LA, Hermance N, Beverly L, Krishnamoorthy V, 
Bhasin M, Capobianco AJ, and Kelliher MA, 2006. Notch1 Contributes to Mouse T-Cell Leukemia by 
Directly Inducing the Expression of c-myc. Mol. Cell. Biol. 26(21):8022-8031. [online] Available at: 
http://mcb.asm.org/content/26/21/8022.short.  

Shi Q, Godschalk RWL, van Schooten FJ. 2017. Inflammation and the chemical carcinogen 
benzo[a]pyrene: Partners in crime. Mutat Res. 2017 Oct;774:12-24. 

Sim MS, Jo IJ, Song HG, 2009. Acute health problems related to the operation mounted to clean the 
Hebei Spirit oil spill in Taean, Korea. Marine Pollution Bulletin. Elsevier Ltd. p. 51-57. 

Smith CJ, Perfetti TA, Rumple MA, Rodgman A, Doolittle DJ, 2000. International Agency for Research 
on Cancer Group 2A carcinogens reported in cigarette mainstream smoke. Food Chem Toxicol. 
38:371–383. 

Smith M, Zhang L, Jeng M, Wang Y, Guo W, Duramad P et al, 2000. Hydroquinone, a benzene 
metabolite, increases the level of aneusomy of chromosomes 7 and 8 in human CD34-positive blood 
progenitor cells. Carcinogenisis. 21 (8): 1485-1490.  

Statistics Canada. (2017(a)). Burnaby, CY [Census subdivision], British Columbia and Greater 
Vancouver, RD [Census division], British Columbia (table). Census Profile. 2016 Census. Statistics 
Canada Catalogue no. 98-316-X2016001. Ottawa. Released November 29, 2017. 
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E (accessed 
November 24, 2018). 

Statistics Canada. (2017(b)). Greater Vancouver, RD [Census division], British Columbia and British 
Columbia [Province] (table). Census Profile. 2016 Census. Statistics Canada Catalogue no. 98-316-
X2016001. Ottawa. Released November 29, 2017. https://www12.statcan.gc.ca/census-
recensement/2016/dp-pd/prof/index.cfm?Lang=E (accessed November 24, 2018). 

Statistics Canada. (2017(c)). North Vancouver, DM [Census subdivision], British Columbia and Greater 
Vancouver, RD [Census division], British Columbia (table). Census Profile. 2016 Census. Statistics 
Canada Catalogue no. 98-316-X2016001. Ottawa. Released November 29, 2017. 
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E (accessed 
November 24, 2018). 

Statistics Canada. (2017(d)). North Vancouver, CY [Census subdivision], British Columbia and Greater 
Vancouver, RD [Census division], British Columbia (table). Census Profile. 2016 Census. Statistics 
Canada Catalogue no. 98-316-X2016001. Ottawa. Released November 29, 2017. 
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E (accessed 
November 24, 2018). 

http://www.invs.sante.fr/publications/erika3/rapmaree_dist.pdf
http://web.uvic.ca/%7Essrl01/CAREXtemp/Miss%20PAH%20in%20traditional%20food.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4162541/
http://mcb.asm.org/content/26/21/8022.short
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E


 50 

Statistics Canada. (2017(e)). Vancouver, CY [Census subdivision], British Columbia and Greater 
Vancouver, RD [Census division], British Columbia (table). Census Profile. 2016 Census. Statistics 
Canada Catalogue no. 98-316-X2016001. Ottawa. Released November 29, 
2017.https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E 

Steenland K, Thun M, Lally C, Heath C Jr., 1996. Environmental tobacco smoke and coronary heart 
disease in the American Cancer Society CPS-II Cohort. Circulation, 94: 622–628. 

Steer P, 1996. Letter dated August 28, 1996, to J. Sealy, Health Canada, from P. Steer, Ontario Ministry 
of Environment and Energy, Science and Technology Branch, re. 1,3-butadiene and chloroform data 
(File No. 1E080149.MEM). 

Strom M, Hansen S, Olsen S, Haug L, Rantakokko P, Kiviranta H, Halldorsson T, 2014. Persistent 
organic pollutants measured in maternal serum and offspring neurodevelopmental outcomes: A 
prospective study with long-term follow-up. Environ Int, 68:41-48.  

Suárez B, Lope V, Pérez-Gómez B, Aragonés N, Rodríguez-Artalejo F, Marqués F, Guzmán A, Viloria , 
Carrasco JM, Martín-Moreno JM, López-Abente G, Pollán M. Acute health problems among subjects 
involved in the cleanup operation following the Prestige oil spill in Asturias and Cantabria (Spain). 
Environ Res. 2005;99(3):413–24. 

Tentori L, Balduzzi A, Portarena I, Levati L, Vernole P, Gold B, Bonmassar E, and Graziani G, 2001. Poly 
(ADP-ribose) polymerase inhibitor increases apoptosis and reduces necrosis induced by a DNA minor 
groove binding methyl sulfonate ester. Cell Death and Differentiation, 8:817828. [online] Available 
at: http://www.nature.com/cdd/journal/v8/n8/abs/4400863a.html. 

The City of Burnaby. (2018). About Burnaby. https://www.burnaby.ca/About-Burnaby/About.html. 
(accessed: November 24, 2018) 

The Weather Channel, 2014. Weather History for Vancouver, Canada. [online] Available at: 
http://www.wunderground.com/history/airport/CYVR/2009/7/25/MonthlyHistory.html?req_city=NA
&req_state=NA&req_statename=NA  

Thompson M, Boekelheide K, 2013. Multiple environmental chemical exposures to lead, mercury and 
polychlorinated biphenyls among childbearing-aged women (NHANES 1999-2004): Body burden and 
risk factors. Environmental Research, 121:23-30.  

Thompson, K., Picard, C. R., & Chan, H. M. (2017). Polycyclic aromatic hydrocarbons (PAHs)  in 
traditionally harvested bivalves in northern British Columbia, Canada. Marine  Pollution Bulletin, 
121(1-2), 390-399. doi:10.1016/j.marpolbul.2017.06.018 

Trans Mountain Pipeline ULC, June 2014. Human Health Risk Assessment of Westridge Marine 
Terminal Technical Report. 

Trans Mountain Pipeline ULC, undated. Technical Report 7.1. Ecological Risk Assessment. [online] 
Available at: 
http://transmountain.s3.amazonaws.com/application14/V7_RISK_ASSESS_MGMT_SPILLS.pdf  

Trans Mountain, 2014. Release Reported by Trans Mountain – 1961 – June 2014. [online] Available at: 
http://www.transmountain.com/uploads/pages/1406228835-2014-06-30_NEBSpillChart_Web.pdf  
(Background info) 

Trans Mountain, 2014. Trans Mountain Project Overview. [online] Available at: 
http://www.transmountain.com/project-overview. 

http://www.nature.com/cdd/journal/v8/n8/abs/4400863a.html
https://www.burnaby.ca/About-Burnaby/About.html
http://www.wunderground.com/history/airport/CYVR/2009/7/25/MonthlyHistory.html?req_city=NA&req_state=NA&req_statename=NA
http://www.wunderground.com/history/airport/CYVR/2009/7/25/MonthlyHistory.html?req_city=NA&req_state=NA&req_statename=NA
http://transmountain.s3.amazonaws.com/application14/V7_RISK_ASSESS_MGMT_SPILLS.pdf
http://www.transmountain.com/uploads/pages/1406228835-2014-06-30_NEBSpillChart_Web.pdf
http://www.transmountain.com/uploads/pages/1406228835-2014-06-30_NEBSpillChart_Web.pdf
http://www.transmountain.com/uploads/pages/1406228835-2014-06-30_NEBSpillChart_Web.pdf
http://www.transmountain.com/project-overview
http://www.transmountain.com/project-overview
http://www.transmountain.com/project-overview


 51 

Trans Mountain. (December 21, 2016). Oil tankers part of forecasted overall growth in vessel traffic in 
Port of Vancouver. Available online at: https://www.transmountain.com/news/2016/oil-tankers-part-
of-forecasted-overall-growth-in-vessel-traffic-in-port-of-vancouver. 

Tsai SP, Wendt JK, Ransdell JD, 2001. A mortality, morbidity, and hematology study of petrochemical 
employees potentially exposed to 1,3-butadiene monomer. Chem Biol Interact, 135-136:555–567. 

TWN 2015. Tsleil-Waututh Nations Assessment of the Trans Mountain Pipeline and Tanker Expansion 
Proposal. File OF-Fac-Oil-T260-2013-03 02. Filed May 26, 2015. 

United Nations Environment Programme (UNEP) & United Nations Human Settlements Programme 
(UNHSP), 2005.Urban Air Quality Management Toolbook. [online] Available at: 
http://ww2.unhabitat.org/wuf/2006/aqm/documents/handbook.pdf   

VCH 2018. Lower Mainland Facilities Management. Moving towards climate resilient health facilities 
for Vancouver Coastal Health. Oct. 2018. 

Viñas, L., Franco, M. A., Soriano, J. A., González, J. J., Ortiz, L., Bayona, J. M., & Albaigés, J. (2009). 
Accumulation trends of petroleum hydrocarbons in commercial shellfish from the  galician coast (NW 
spain) affected by the prestige oil spill. Chemosphere, 75(4), 534- 541. 
doi:10.1016/j.chemosphere.2008.12.003 

Vitol. (2015). Safety Data Sheet: Diluted Bitumen. Accessed Nov 23, 2018: https://www.vitol.com/wp-
content/uploads/2016/09/Dilbit-I5002a-Rev.002.pdf 

Vogel E and Günther H, 1967. "Benzene Oxide-Oxepin Valence Tautomerism". Angewandte Chemie 
International Edition in English 6(5):385–401 

Von Ehrenstein OS, Aralis H. Cockburn M, Ritz B, 2014. In utero exposure to toxic air pollutants and 
risk of childhood autism. Epidemiology. [online] Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/25051312  

Ward EM, Fajen JM, Ruder AM et al, 1995. Mortality study of workers in 1,3-butadiene production 
units identified from a chemical workers cohort. Environ Health Perspect, 103:598–603. 

Webb E, Bushkin-Bedient S, Cheng A, Kassotis CD, Balise V, Nagel SC, 2014. Developmental and 
reproductive effects of chemicals associated with unconventional oil and natural gas operations. 
Reviews on Environmental Health. [online] Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/25478730  

Whitworth KW, Symanski E, Coker AL, 2008. Childhood lymphohematopoietic cancer incidence and 
hazardous air pollutants in southeast Texas, 1995–2004. Environ Health Perspect, 116:1576–1580. 

Wickliffe JK, Ammenheuser MM, Salazar JJ et al, 2003. A model of sensitivity: 1,3-butadiene increases 
mutant frequencies and genomic damage in mice lacking a functional microsomal epoxide hydrolase 
gene. Environ Mol Mutagen, 42:106–110. 

Wikipedia contributors. (2018). North Vancouver (district municipality). In Wikipedia, The Free 
Encyclopedia. Retrieved: November 24, 2018, from 
https://en.wikipedia.org/w/index.php?title=North_Vancouver_(district_municipality)&oldid=8699173
45. 

Winek CL and Collom WD, 1971. Benzene and toluene fatalities. J Occup Med, 13:259-261 

https://www.transmountain.com/news/2016/oil-tankers-part-of-forecasted-overall-growth-in-vessel-traffic-in-port-of-vancouver
https://www.transmountain.com/news/2016/oil-tankers-part-of-forecasted-overall-growth-in-vessel-traffic-in-port-of-vancouver
http://ww2.unhabitat.org/wuf/2006/aqm/documents/handbook.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25051312
http://www.ncbi.nlm.nih.gov/pubmed/25478730
https://en.wikipedia.org/w/index.php?title=North_Vancouver_(district_municipality)&oldid=869917345
https://en.wikipedia.org/w/index.php?title=North_Vancouver_(district_municipality)&oldid=869917345


 52 

World Health Organization. (1984). Health Promotion: A Discussion Paper on the Concept and 
Principles. In. Cophenhagen, Denmark: World Health Organization Regional Office for Europe 

Xia, K., Hagood, G., Childers, C., Atkins, J., Rogers, B., Ware, L., . . . Folmer, H. (2012). Polycyclic 
aromatic hydrocarbons (PAHs) in mississippi seafood from areas affected by  the deepwater horizon 
oil spill. Environmental Science & Technology, 46(10), 5310- 5318. doi:10.1021/es2042433 

Xing C, Marchetti F, Li G et al, 2010. Benzene exposure near the US permissible limit is associated with 
sperm aneuploidy. Environ Health Perspect, [online] Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/20418200 

Yin SN, Li GL, Tain FD et al, 1987. Leukaemia in benzene workers: a retrospective cohort study. Br J Ind 
Med, 44:124-128. 

Zahid M, Saeed M, Roga EG, Cavalieri EL, 2010. Benzene and dopamine catechol quinones could 
initiate cancer or neurogenic disease. Free Radical Biology and Medicine. [online] Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/19909805 

Zhang L, Lan Q, Li G, Shen M, Vermeulen R, Guo W et al, 2012. Leukemia-related chromosomal loss 
detected in hematopoietic progenitor cells of benzene-exposed workers. Leukemia. 26(12):2494-8.  

Zhu BQ, Sun YP, Sievers RE, Isenberg WM, Glantz SA, Parmley WW, 1993. Passive smoking increases 
atherosclerosis in cholesterol-fed rabbits, J Am Coll Cardiol, 21:225–232. 

Zhu J, Wang H, Yang S et al, 2013. Comparison of toxicity of benzene metabolite hydroquinone in 
hematopoietic stem cells derived from murine embryonic yolk sac and adult bone marrow. Public 
Library Of Science [PLOS] One. [online] Available at: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3734044/    

Zock JP, Rodriguez-Trigo G, Pozo-Rodriguez F, Barbera JA, Bouso L, Torralba Y, Anto JM, Gomez FP, 
Fuster C, Verea HS, SEPAR-Prestige Study Group, 2007. Prolonged respiratory symptoms in clean-up 
workers of the Prestige oil spill. Am J Resp Crit Care, 176:610–616. 

  

http://www.ncbi.nlm.nih.gov/pubmed/20418200
http://www.ncbi.nlm.nih.gov/pubmed/19909805
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3734044/


 53 

Appendices  

Appendix 1: The Government of Canada’s proposed definition of vulnerable populations 

The Government of Canada is currently undertaking a consultation on a proposed definition 
on vulnerable populations within the context of chemicals management17. The definition is 
the first step in the creation of an over-arching policy framework that would enhance the 
protection of vulnerable populations through a range of activities across the chemical 
management continuum. These include targeted monitoring and surveillance activities to 
examine the exposure potential for specific populations at risk (e.g., Indigenous peoples, 
people living near contaminated sites or in rural communities, etc.), as well as risk 
assessment, risk management, risk communication activities. 

 
The definition of vulnerable populations that Health Canada has proposed to adopt for the 
assessment and management of chemicals is set out below, along with additional language the 
Government has included to clarify the interpretation of the definition.  

 
Definition: 

a group of individuals within the general Canadian population who, due to 
either greater susceptibility and/or greater exposure, may be at greater risk 
than the general population of experiencing adverse health effects from 
exposure to chemicals 
 
Interpretation: 

For the purposes of the proposed definition of vulnerable populations, 
individuals with greater biological susceptibility include those who may be 
more vulnerable due to biological or health status including: 

1. life-stages where there is a change in normal development or function of 
biological systems, including the developing fetus during pregnancy, 
infants, children, youth and the elderly. Certain life stages are more 
susceptible to impacts on development, including from exposures to 
chemicals with endocrine related modes of action  

2. sex-related susceptibilities such as impacts on reproduction including from 
exposures to chemicals with  endocrine related modes of action  

                                                      
17The consultation is part of a strategy to strengthen the Government’s overall approach to how it takes vulnerable 

populations into consideration in its chemical management and risk assessment activities. The 60-day 
consultation period is November 22, 2018 to January 21, 2019. More information on the proposed definition can 
be found here: https://www.canada.ca/en/health-canada/services/chemical-substances/consulting-future-
chemicals-management-canada/defining-vulnerable-populations.html.  

https://www.canada.ca/en/health-canada/services/chemical-substances/consulting-future-chemicals-management-canada/defining-vulnerable-populations.html
https://www.canada.ca/en/health-canada/services/chemical-substances/consulting-future-chemicals-management-canada/defining-vulnerable-populations.html
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3. individuals who may be more susceptible to the impacts of chemicals due 
to pre-existing health conditions, such as illnesses or genetic disorders or 
due to heightened sensitivity to chemicals 

 
For the purposes of the proposed definition of vulnerable populations, 
individuals with greater exposures may include:  

• infants and children who may have greater exposures to certain chemicals 
due to behavioural reasons such as soil and dust ingestion  

• people living near industrial or commercial facilities or any other area with 
elevated levels of pollutants, including mixtures  

• Indigenous Peoples and communities who may be significantly impacted, 
due to their close ties to the land and their consumption of country and 
traditional foods  

• individuals with dietary habits different from the general population, 
including individuals with special dietary requirements, newborns and 
infants, new immigrants, or individuals in hunting and fishing communities 
consuming country foods that may have elevated levels of certain 
chemicals 

• individuals who may have increased exposure to chemicals due to their 
usage patterns 

• individuals, who for occupational reasons, may be exposed to higher levels 
of chemicals  

• individuals, who for socio-economic considerations may be exposed to 
higher levels of chemicals, for instance through compromised housing 
conditions  

Source: (Government of Canada, 2018b) 
 
In its consultation document, the Government acknowledges that the proposed definition 
“focusses primarily on physiological and exposure considerations” and notes that “individuals’ 
unique backgrounds (such as culture, language, geography, disability) can impact how they are 
exposed to chemicals, as well as influence their understanding and how they manage risks 
related to chemicals.”  
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Appendix 2: Methods for dissemination block conversion for population density 

Census data at the dissemination block and the census subdivision levels were obtained from 
Statistics Canada for 2016 and downloaded from the Government of Canada's open data portal 
(https://open.canada.ca/en/open-data), along with the 2016 Dissemination block shapefile. To 
calculate populations of the various zones, the dissemination block population data was clipped 
using the population ecumene layer with a 500-meter buffer. Using the field calculator, the 
next step was to calculate a population density for each clipped dissemination block by dividing 
the population by the area of the polygon. The shapefile was then converted into a raster with 
25-meter pixel resolution using the population density value. Finally, in order to calculate the 
population for any given overlaying variable, the ‘zonal statistics as table’ tool was used to sum 
the pixel values within each polygon. Finally, using the field calculator, this sum was divided by 
1600 to convert the density back into a population count. The value of 1600 was used because 
that is the number of 25m by 25m squares in a single square kilometer. 
 

https://open.canada.ca/en/open-data
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Appendix 3: Impacted Populations in Burrard Inlet 

City of Vancouver 
Figure 3: Distribution of population in Vancouver, CY by broad age group  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 4: Population of Vancouver, CY by 5-year age group and sex 
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Figure 5: Distribution of population in Burnaby, CY by broad age group 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Population of Burnaby, CY by 5-year age group and sex 
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Figure 7: Distribution of population in the District of North Vancouver, by broad age group 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Population of the District of North Vancouver, by 5-year age group and sex 
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Figure 9: Distribution of population in the City of North Vancouver, by broad age group 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Population of the City of North Vancouver, by 5-year age group and sex 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Children
	Women of childbearing age
	Older adults
	Benzene and 1,3-butadiene
	Benzene
	Dilbit
	Benzo[a]pyrene
	District of North Vancouver
	City of North Vancouver
	Children and youth aged 0 to 19
	Females aged 20 to 39
	Adults aged 65 years or more
	Impacts of human-caused vs. natural disasters
	Prevalence of mental health effects
	Chronicity
	Effects related to resource loss
	Effects related to clean-up efforts
	Effects on Indigenous Peoples
	PAH levels in traditional foods
	Population at risk: present day
	Population at risk: 2041 (projected)
	Present day scenario
	Future scenario
	List of deficiencies identified in the HIA performed by the proponent
	City of Vancouver
	City of Burnaby
	North Shore
	District of North Vancouver
	City of North Vancouver
	About this report
	Executive summary
	Introduction
	Methods & organization of this report

	Background & context
	What is a comprehensive, cumulative health impacts assessment (HIA)?
	What populations need to be considered in a comprehensive, cumulative HIA?
	Children
	Women of childbearing age
	Older adults

	What are the main contaminants that a comprehensive, cumulative HIA should consider?
	Benzene and 1,3-butadiene
	Benzene
	Dilbit
	Benzo[a]pyrene


	What is known about the populations along the Burrard Inlet?
	City of Vancouver
	City of Burnaby
	North Shore
	District of North Vancouver
	City of North Vancouver

	Vulnerable populations in the municipalities along the Burrard Inlet
	Children and youth aged 0 to 19
	Females aged 20 to 39
	Adults aged 65 years or more


	What is known about the potential human health impacts of a major spill?
	Toxicological effects
	Mental health effects
	Impacts of human-caused vs. natural disasters
	Prevalence of mental health effects
	Chronicity

	Community impacts
	Effects related to resource loss
	Effects related to clean-up efforts
	Effects on Indigenous Peoples
	PAH levels in traditional foods


	What factors must be considered in modelling a major spill?
	Anticipated increase in tanker traffic
	Chemical characteristics of dilbit
	Transport Canada’s emergency response guidelines for a marine spill of crude oil
	Population at risk
	Population at risk: present day
	Population at risk: 2041 (projected)

	Worst-case spill scenarios
	Present day scenario
	Future scenario


	Discussion
	Exposure model issues and transparency
	Components of a comprehensive, cumulative health impacts assessment
	List of deficiencies identified in the HIA performed by the proponent

	Limitations of this report
	Recommendations

	References
	Appendices
	Appendix 1: The Government of Canada’s proposed definition of vulnerable populations
	Appendix 2: Methods for dissemination block conversion for population density
	Appendix 3: Impacted Populations in Burrard Inlet
	City of Vancouver
	City of Burnaby
	North Shore
	District of North Vancouver
	City of North Vancouver




