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Abstract

Energy projects may profoundly impact Indigenous peoples. We consider effects
of Canada’s proposed Trans Mountain oil pipeline expansion on the health and
food sovereignty of the Tsleil-Waututh Nation (TWN) through contamination and
impeded access to uncontaminated traditional foods. Federal monitoring and TWN
documentation show elevated shellfish biotoxin levels in TWN’s traditional territory
near the terminus where crude oil is piped. Although TWN restoration work has re-
opened some shellfish-harvesting sites, pipeline expansion stands to increase health
risk directly through rising bioaccumulating chemical toxins as well as through
increased hazardous biotoxins. Climate change from increased fossil fuel use,
expected via pipeline expansion, also threatens to increase algae blooms through
higher temperature and nutrient loading. As the environmental impact assessment
process failed to effectively consider these local health concerns in addition to larger
impacts of climate change, new assessment is needed attending to linked issues of
equity, sustainability and Indigenous food sovereignty.
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The Trans Mountain Pipeline Expansion: challenges to Indigenous
sovereignty and health

Although the United Nation’s latest climate report [1] underlines the importance
of ending the fossil fuel age, political entanglements of the fossil fuel industry
globally have made phase-out tortuously difficult [2, 3]. The current Canadian
government characterizes itself as a leader in the fight against climate change.
Yet it seeks to expand Canada’s oil exports despite concern about global health
impacts and wide public resistance to Canada’s expansion of oil pipelines and
tanker traffic. Environmentalists and Indigenous communities, especially, have
been pushing back. Expanding transportation of the semi-liquid form of crude
oil extracted from the Canadian oil sands in the province of Alberta, known as
bitumen, will intensify adverse local impacts. These come, for example, from
increased exposure to volatile chemicals known to cause respiratory problems [4],
increased risk of pipeline fire [5], and greater greenhouse gas emissions with cli-
mate change-related health impacts [6, 7]. The Trans Mountain Pipeline Expan-
sion [TMX] project is a particularly contentious example, with local, national,
and global policy implications [8—10]. Proponents intend to construct a 987-km
pipeline from the tar sands in the Canadian interior to Burrard Inlet on Canada’s
west coast (the terminus), as shown in Fig. 1. The proponents of the project also
estimate that the planned expansion of its petroleum storage facility and terminal
will trigger a 7-fold increase in marine traffic in the Burrard Inlet [11].

Modelling has shown that a major spill could spread oil across the inlet in
96 hours [11] with a substantial amount landing on beaches [12]. The main petro-
leum product to be shipped through the TMX project will be diluted bitumen (dil-
bit), a blend of oil products typically consisting of 70-80% bitumen and 20-30%
light petroleum condensate (a lighter oil product similar to gasoline) [11]. Aside
from being difficult to clean up because it tends to sink after the lighter conden-
sate evaporates and has long-term persistence in the environment [13], shipping
it risks exposure of the population to polycyclic aromatic hydrocarbons [PAHs],
including the potent carcinogens benzene and benzo[a] pyrene [14, 15]. Benzo[a]
pyrene also affects fetal development, with reproductive, neurological, and immu-
nological effects [4]. Chronic exposure to low levels of benzene can also cause
hemo-toxicity and immunotoxicity [16].

Despite a direct threat to the local population and concerns about pipeline
expansion contributing to additional adverse health impacts of climate change
[10, 17], the Canadian government agency responsible for conducting impact
assessments for Federal projects has not assessed the likely impact of TMX on
the health of the Tsleil-Waututh Nation (TWN), an Indigenous nation located at
the pipeline terminus, known as the ‘People of the Inlet’. TWN is a distinct Coast
Salish nation that has continuously and exclusively occupied the territory of
eastern Burrard Inlet (including the mouth of the Indian River) for thousands of
years, including at least 8 villages and up to 10,000 members before contact with
European populations in 1792 C.E. [18, 19]. Stewardship of the land and gather-
ing of traditional foods are important for cultural transmission of Tsleil-Waututh
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Fig.1 Trans Mountain Pipeline System and nearby Indigenous communities. Aboriginal Affairs and
Northern Development Canada (AANDC) provided the locations of the main Indigenous communities
(https://www.aadnc-aandc.gc.ca/DAM/DAM-INTER-AB/STAGING/texte-text/tnamarch11_ 1315587933
961_eng.pdf. Accessed 2 July 2019) and Province of BC (https://catalogue.data.gov.bc.ca/dataset/first
-nation-community-locations. Accessed 28 June 2019); the Wilderness Committee, Vancouver Office
spatial provided data on the Trans Mountain pipeline and tanker route (https://www.wildernesscommi
ttee.org/news/kinder-morgan-pipeline-watch-map. Accessed 28 June 2019); we derived the locations of
traditional Tsleil-Waututh villages from material published by the Tsleil-Waututh Nation without preju-
dice (https://twnsacredtrust.ca/assessment-report-download/. Accessed 5 May 2019)

knowledge to future generations as TWN continues to inhabit, steward, and gov-
ern their traditional territory. Scholars have also noted that this knowledge and
the traditional wisdom of ancestral practices provide important insights in envi-
ronmental management and more broadly, to an equitable transition to a post-
carbon future [20-22]. TWN has never ceded control of its traditional territory
to either the British, prior to the creation of Canada, or to subsequent Canadian
governments that signed treaties with some Indigenous peoples; and TWN has
been contesting the TMX since its inception.

Traditional foods for TWN are historically marine, including salmon, herring,
and shellfish [18]. Oral histories of diet and archaeological evidence confirm that
TWN derived 90% of their protein from marine resources before contact with Euro-
pean populations [23-28]. The TWN subsistence economy depended on fishing—
that also played a central role in religious and ceremonial practices, and feasts [29].
TWN historically collected shellfish in intertidal zones in Burrard Inlet that also
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contributed substantially to TWN’s subsistence economy [29]. Besides nutritional
benefits, traditional foods are an important part of cultural values and a contribu-
tor to mental health [30]. Consuming traditional foods is an essential component of
‘cultural continuity’—the contemporary preservation of Indigenous culture, social
cohesion within a community, and self-determination [31-33]. Lack of cultural con-
tinuity and of traditional foods has also been associated with negative mental health
outcomes, including addictions, substance use and suicide, among others [31]. Thus,
access to traditional foods represents an important pathway in promoting Indige-
nous, spiritual, mental, and physical health.

While the availability of traditional foods to Indigenous communities has been
greatly reduced, the quality of the remaining traditional Indigenous foods across
Canada has also suffered [34]. Among the problems is contamination by several
chemicals including PAHs, mercury, and pesticides found in fish and shellfish that
bioaccumulate and biomagnify in the food chain. This contamination also leads to
reduced consumption of traditional foods by Indigenous people [30]. Despite health
advisories from the Canadian government about marine food contamination and reg-
ulations that prohibit commercial harvesting of shellfish [35], many Indigenous peo-
ple still consume these contaminated foods for lack of nutritional alternatives and
because they associate them with the underlying health benefits and cultural values
[34]. Studies show that chronic and acute exposures to contaminants in traditional
foods pose risks for serious health effects including acute hepatotoxicity and chronic
diseases such as diabetes and cancer [30, 36, 37]. Decreased intake of traditional
foods has also coincided with increased consumption of Western diets high in fat,
salt, and sugar [38] associated with increased risk of obesity, diabetes, dental caries,
anaemia, and lowered resistance to infection [38]. High-fat, energy-dense diets also
increase risk of cardiovascular disease [36].

Negative environmental impacts on food sources affect health equity—the abil-
ity of people to achieve their full health potential regardless of their race, socio-
economic status, or other socially determined circumstances [39]. Health equity, in
this case, is profoundly impacted by challenges to Indigenous ‘food sovereignty’—
local peoples’ self-determined, inherent, never-ceded right to control their own local
food systems, ensuring that gathering practices, ecological resources, and policies
for labour and land are appropriate and relevant to their local contexts [40, 41].
Food sovereignty thus directly calls into question power relationships among groups
within food systems—all participants, organizations, and activities involved in the
production, processing, distribution, and consumption of food products—with par-
ticular focus on reducing power inequities between Indigenous and non-Indigenous
(settler) communities [42, 43].

Indigenous peoples in Canada have experienced profoundly negative impacts on
their food sovereignty through processes of colonization—particularly through the
Indian Act of 1876. This legislation formally forced Indigenous peoples onto res-
ervations and restricted their movement, hindering their ability to hunt, fish, gather,
and sell their local produce. With permission from the Canadian government, pri-
vate interests, settlers and then later corporations, were accordingly assigned rights
to extract timber and mineral resources from Indigenous peoples’ traditional terri-
tories without their consent [44]. These pressures, reinforced by powerful colonial
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practices such as forced assimilation through residential schools [44, 45] led to
loss of healthy foods, and then to declining engagement with traditional foods by
younger generations with negative health outcomes [46].

Considerable efforts have been underway to resist these dynamics. The United
Nations Declaration on the Rights of Indigenous Peoples (UNDRIP) [47], signed
onto by Canada in 2016, affirms “the fundamental importance of the right to self-
determination of all peoples” and explicitly:

e Includes the right of Indigenous peoples “to practise and revitalize their cultural
traditions and customs” (Article 11);

e Specifies a right to “enjoyment of their own means of subsistence and develop-
ment, and to engage freely in all their traditional and other economic activities”
(Article 20);

e Affirms Indigenous peoples’ right “to maintain and strengthen their distinctive
spiritual relationship with their traditionally owned or otherwise occupied and
used lands, territories, waters and coastal seas and other resources and to uphold
their responsibilities to future generations in this regard” (Article 25);

e Acknowledges Indigenous peoples right to the “highest attainable standard of
physical and mental health” and that the “States shall take the necessary steps
with a view to achieving progressively the full realization of this right” (Article
24) [23].

Indigenous movements of resistance now seek to encourage state actors to uphold
these fundamental commitments in practice. As one Indigenous scholar put it:
“Decolonization is about realizing that we have power to take back what is rightfully
ours and ensure a future for our future generations” [48]. Upholding the rights out-
lined in UNDRIP is widely seen by Indigenous and many non-Indigenous scholars
as key to promoting Indigenous health and health equity. We therefore examine how
the Trans Mountain Pipeline Expansion may impact food sovereignty and conse-
quently health equity for the Tsleil-Waututh Nation.

Food sovereignty for the Tsleil-Waututh Nation (TWN): chemical
toxicity, biotoxin levels, and the TWN “Burrard Inlet Action Plan”

Oil spills pose a particularly serious risk, as past spills have been shown to induce
elevated levels of PAHs in shellfish tissues. Shellfish can easily take in carcinogenic
PAHs and transfer these exposures to human consumers of them [49, 50]. Oil spills
are a potent source of PAHs as many bivalves ingest or directly absorb petroleum
constituents (and the PAHs present) and bioaccumulate toxicants [51]. Spilled
oil can lie trapped under mussel beds for weeks to months and could be readily
absorbed and enter food chains [11]. Toxic chemical contamination thus poses a
direct health risk to shellfish consumers.

Oil spills and dispersants also affect marine bioroxins. Federal authorities moni-
tored for marine biotoxins (including the neurotoxins saxitoxin, domoic acid, and
okadaic acid) in Burrard Inlet in recent decades [18]. Ingestion of these biotoxins
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can produce nerve damage, e.g. paralysis (paralytic shellfish poisoning), permanent
short-term memory loss (amnesic shellfish poisoning), and diarrhetic shellfish poi-
soning [52]. Okadaic acid is also a known tumor promoter in animal models and is
suspected to cause colorectal cancer in humans [53, 54]. The Federal government
closed Burrard Inlet’s Shellfish Harvest in 1972 due to high levels of certain marine
biotoxins—without effective communication with Indigenous peoples about the
risk. Emerging research suggests an association between oil spills and harmful algae
blooms (also known as red tides). Researchers have reported red tides after oil spills
and the use of oil dispersants [55].

Experiments using ocean samples and laboratory experiments examining the
effects of algal (dinoflagellate) growth showed that separate exposures to crude oil
and oil dispersant led to increased levels in algal species that produce the toxin that
causes diarrhetic shellfish poisoning. Levels of other algae increased, including P.
texanum, a bloom-forming dinoflagellate, and two other algal species that produce
toxins [55], including S. trochoidea, another dinoflagellate that has toxic effects on
shellfish larvae, further exposing consumers of shellfish to toxic contamination [55].
Diatoms from specific genera also increase after oil and dispersant exposure [55];
specific species in these genera produce domoic acid, another harmful biotoxin [55].

Observational studies also suggest that levels of potentially harmful algae can
increase from oil spills, as reported with reference to the presence of Itxoc I in the
Gulf of Mexico in 1979 [56], the Deepwater Horizon oil spill in Offshore Florida,
Gulf of Mexico in 2010 [57] and by the Bohai Sea spill in China in 2011) [58]. The
effects vary based on oil concentrations [59, 60], use of dispersants [61], nutrient-
limited circumstances [62], and types of oil [63, 64]. Ozhan and Bargu [59] showed
increased levels of okadaic acid with increased levels of crude oil, which can further
contaminate shellfish and threaten the health of shellfish consumers. Oil spills, in
addition to directly producing health impacts, can also restrict access to uncontami-
nated marine resources that could otherwise improve health.

The increased international consumption of oil stimulated through the TMX pro-
ject will further contribute to climate change, with rising global temperatures also
likely increasing harmful algal blooms due to favourable growing conditions in
warmer waters [65]. The average number of days above 25 °C in Burrard Inlet is
predicted by local health authorities to triple by 2050 to 60-70 days per year [66].
This temperature may produce dramatic effects on evaporation rates, hence increas-
ing local populations’ exposure to the hazardous constituents of dilbit. Increased
ocean temperatures can also intensify ocean stratification—where water with differ-
ent physical properties form horizontal layers that prevent water mixing—and fur-
ther promote algal growth [65, 67]. Climate change, with increasing intensity and
frequency of extreme rain events, may boost nutrient loading of waterways through
sewerage over-flow, septic releases, and agricultural run-off. This too promotes
harmful algal blooms [67, 68]. Increased CO, atmospheric concentrations may pro-
duce harmful algal blooms directly through increased CO, in water coupled with
ocean acidification [68]. Such algal blooms will reverse restoration work done by
TWN and threaten their food sovereignty and health.

Water quality monitoring conducted by the British Columbia Ministry of
Water, Land and Air Protection in 1991, 1994, 2000, and 2002 showed PAH levels
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exceeding long-term objectives for the inlet [69]. Environment Canada also identi-
fied PAHs as a significant sediment contaminant in Burrard Inlet in 1988. Provincial
government sampling in 2000 also exceeded water quality objectives in both water
and soil samples in Burrard Inlet [70]. Kinder Morgan, the Texas-based company
that owned the pipeline until the Canadian government bought it in 2018 (in the
midst of the protests), conducted environmental monitoring after the 2007 Westridge
Oil Spill but halted this in 2012 [71]. Metro Vancouver previously measured PAH
levels in fish tissues every 5 years [71, 72] but no government entity currently col-
lects data on the concentrations of PAHs or other chemicals hazards in shellfish
tissues in the Burrard Inlet even though previous monitoring conducted by TWN
indeed indicated elevated levels of PAHSs in shellfish tissues [18]. TWN monitored
shellfish biotoxin levels from 2010 to 2013 [73] and now monitors shellfish as part
of its Burrard Inlet Action Plan [71]. The Federal Government continues to monitor
marine biotoxin levels through the Canadian Shellfish Sanitation Program, an inter-
departmental program that aims to ensure shellfish harvested in Canada are safe to
eat [51]. Although the values fluctuate from year to year, marine biotoxin levels in
Burrard Inlet continue to exceed levels safe for human consumption, representing
a health threat to those who consume these toxins in seafood. Anecdotal evidence
of higher cancer incidence among TWN families that continued to harvest shell-
fish than amongst TWN families who abandoned the practice have raised concerns
within TWN (personal communication with members of TWN).

To improve the health and integrity of Burrard Inlet, TWN drafted the Bur-
rard Inlet Action Plan in 2015 in partnership with an engineering company to be
an Indigenous-led, science-based initiative [71]. The Action Plan aims to achieve
its goals by 2025. Its priorities include improving water quality, assuring consistent
monitoring, conserving intertidal habitats, and recovering shellfish beds [71]. Pro-
tecting these habitats from additional sources of pollution is essential to restore the
inlet and promote the health of marine life providing traditional foods and thereby
the health of the Tsleil-Waututh people.

Environmental impact assessment and the importance of health
equity

Canada’s National Energy Board (NEB) conducted the Environmental Impact
Assessment (EIA) for this project approved in 2016. While typically the Canadian
government should be responsible for conducting impact assessments, its recent pur-
chase of the TMX project from the Texas-based Kinder Morgan company has led
to concerns about conflict of interest as the government has become both the owner
and regulator of the project, prompting calls by civil society groups for an independ-
ent health assessment [6, 7, 10]. Amidst widespread protests and arrests of environ-
mental and climate change activists from Indigenous and concerned non-Indigenous
populations attempting to block the construction [74, 75], and a court challenge led
by TWN—on August 30th 2018 the Federal Court of Appeal overturned the gov-
ernment’s prior approval of the project. The Court ordered a new review to con-
sider potential impact of increased tanker traffic on the marine population. Despite
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public health and advocacy group presentations [6, 18, 76], the ruling did not men-
tion a need to assess the carcinogenic and neurotoxic hazards that threaten the health
of local human populations. On 22 February 2019, the NEB again recommended
approval. Their Reconsideration Report argued that the benefits of this project for
national interests would outweigh the substantial impacts to the Southern resident
killer whale (orca) population and Canada’s contribution to global greenhouse gas
emissions [77].

This report again failed to acknowledge additional credible human health risks
including those discussed above and of further loss of Indigenous food sovereignty.
Even where the Federal Court of Appeal’s ruling addressed the need to consider
impact on the orca population [78], the NEB failed; the NEB’s reconsideration press
release of 22 February 2019 concluded that “Project-related marine shipping is
likely to cause significant adverse environmental effects on the Southern resident
killer whale and on Indigenous cultural use associated with the Southern resident
killer whale”, yet approved continuation.

Risks to human health—beyond those related to the disappearance of orcas—
need also to be (re)considered. Failure to do so would, in our view, violate both the
right to “life, liberty and security of the person”, enshrined in Section 7 of the Cana-
dian Charter of Rights and Freedoms, and Canada’s obligations under UNDRIP.
The omission of human health impacts in the NEB’s original review of the Trans-
Mountain Pipeline Expansion, repeated in the subsequent court-ordered reconsid-
eration of the project, remains unacceptable. We argue that the health impact of this
project on TWN through threats of contamination related to food sovereignty of
these Indigenous people is also essential to consider.

While EIAs are among the most important environmental governance tools,
recent research in political ecology and other disciplines accentuates limitations of
EIAs and their entanglements in political processes [79]. Lack of adequate commu-
nity consultation, with EIAs conducted “as tokenistic tools to approve developments
rather than to genuinely engage with the concerns of interested and affected groups”
[80] means that EIAs are increasingly recognized as narrow ‘expert’ exercises domi-
nated by extractive sector interests while undermining public trust [81].

The Trans Mountain Pipeline Expansion is a powerful illustration of a highly
flawed EIA process wedded to an agenda visibly at odds with the UNDRIP (that
Canada signed). The TWN, whose health and food sovereignty stand to be further
negatively impacted, actively opposed the project. Arguing that the project is not
even in the national interest economically, TWN Chief Leah George Wilson empha-
sized: “The health and well-being of Burrard Inlet is integral to the health and well-
being of our people, our economy and indeed, who we are as a people” [82]. None-
theless, on 18 June 2019, the Federal Government again approved this project, and
again the approval made no mention of the health concerns or food sovereignty.

Health Impact Assessments (HIAs) include methods to evaluate the human health
impacts of policies and programs [83]. Like EIAs, HIAs commonly consist of a
6-stage process of scoping, screening, assessment, recommendations, reporting, and
monitoring and evaluation [80]. The methods for HIAs, like EIAs, focus narrowly
on the “scoping” and ‘“screening” stages that determine what impacts and factors
are included in the assessment [83, 84]. The HIA for the TMX is no exception [11,
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12]. As other researchers have noted, ‘equity-focused” HIAs—that prioritize fair or
just health outcomes both within and across populations—are important as projects
interact with other stressors to disproportionally affect vulnerable populations across
space and time [83]. A recent literature review of equity-focused HIAs found that
even when equity is more prominent, many HIAs equate equity with addressing
health disparities alone rather than analyzing root causes of injustice [83]. That is,
they fail to integrate environment, community, and equity—as in this case.

A recent review of EIA processes for Canada’s oil sands extraction concerning
Indigenous peoples concluded that “much of the research supporting regulatory
decisions has been imbued with a discredited, one-way view of cultural change that
pays inadequate attention to ongoing subsistence and spiritual practices” [85]. With
the proposed sevenfold increase in tanker traffic through TWN (and other Indige-
nous territories), the failure of the EIA process to seriously investigate the impact
of the Trans Mountain Pipeline Expansion on the subsistence and spiritual practices
of the Tsleil-Waututh First Nation (or other Indigenous nations along the pipeline),
along with the many health concerns, is consistent with this observation.

Conclusion

Healthy and nutritious foods are important for improving population health. Cana-
da’s EIA process used for this fossil fuel expansion project failed to properly con-
sider health impacts of climate change and the health risks of severe spills. These
will affect all the local populations. It also ignored local health concerns specific
to Indigenous communities, including the impact on TWN’s wellbeing, physical,
mental, and spiritual. The Health Officers Council (HOC) of BC, along with the
Canadian Medical Association and Doctors of BC, have long called for improving
HIAs for major resource development projects. In 2019, the HOC also endorsed a
call for an independent comprehensive health impact assessment of the TMX. The
analysis reported here supports the conclusion that the current assessment of this
project is unacceptable. We assert that a proper HIA is needed to respect Canada’s
international commitments to UNDRIP and the Paris accord on climate change, and
to address the health concerns of both Indigenous and non-Indigenous populations.
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