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ABSTRACT

Environmental pollution poses unique and complex health risks to many Indigenous
communities in Canada. These risks arise through both disproportionate exposure to
contaminants and associated impacts on culture, spirituality, language, and traditional food
systems that are unique to Indigenous communities. To date, institutionalized human health risk
assessment (HHRA) approaches have not been developed or implemented with these unique
contexts in mind, and thus often fail to capture health risks of relevance to Indigenous Peoples
and communities. Recent proposed amendments to the Canadian Environmental Protection Act
through Bill S-5 demonstrates regulatory interest in developing new approaches to risk
assessments that are more efficient and ethical than conventional methods. This paradigm shift
presents an opportunity to increase the relevance of HHRA approaches for the Indigenous
communities in which they may be ultimately applied. However, despite the need for Indigenous
community relevant HHRA approaches, and increasing regulatory support in this area, to date
there has been minimal research conducted on the design of HHRA approaches for and by

Indigenous Peoples and in Indigenous community contexts.

The objective of this thesis is to explore, ideate, test, and develop new approaches to
human health risk assessment that are relevant for use for Indigenous community contexts, in
collaboration with communities themselves. Doing so hinges on the consideration of diverse
perspectives, and thus the research uses an interdisciplinary methodological design and data
collection approach. The chapters follow the iterative process of design thinking (empathize,
define, ideate, prototype, test). Chapter 3 presents an initial scoping review on the topic of

contaminated sites and Indigenous Peoples, which compares information from three data streams
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finding an overall diverse and disparate body of literature on the topic and identifying areas for
further research. Chapter 4 presents a multi-sector survey study exploring human health and
ecological risk assessment practice in Indigenous communities in Canada, which narrows in on
key challenges and priorities and compares these amongst sectors. Chapter 5 tests the use of an
HHRA approach of regulatory interest, RISK21, through two collaborative case studies
involving three distinct Indigenous communities (Chipewyan Prairie First Nation, Cold Lake
First Nations, and Apsaalooke (Crow) Tribe). Chapter 6 presents an initial regional-level pilot
test of an existing approach to organizing and measuring Indigenous Health Indicators of
relevance to risk assessment work. Chapter 7 provides an overview of an iterative
methodological approach to designing an Indigenous Health Indicators tool by the
Kanien'kehéd:ka community of Kanesatake, and presents the initial findings of semi-structured,
qualitative interviews on this topic. The health indicators tool may be used by the Kanesatake
Environment Department to contextualize environmental assessments with community-defined

health information.

Together, the chapters in this thesis aim to support the development of HHRA approaches
for contaminants that are relevant, useful, and meaningful for the Indigenous communities in
which, and by whom, they may ultimately be used. To do so, this work includes individual
community-level design work towards risk assessment tools that are useful locally,
simultaneously providing an example of a methodological ‘roadmap’ for other communities that
may increase understanding of how to design, test, and validate new risk assessment tools to suit
their unique contexts. The work also encompasses contributions to a broader understanding of
some of the challenges and priorities with HHRA design and implementation at a national scale,

which is important for eventual regulatory development and adoption.
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RESUME

La pollution environnementale pose des risques uniques et complexes pour la santé de
nombreuses communautés autochtones au Canada. Ces risques découlent a la fois d'une
exposition disproportionnée aux contaminants et des impacts associés sur la culture, la
spiritualité, la langue et les systémes alimentaires traditionnels particuliers aux communautés
autochtones. A ce jour, les méthodes institutionnalisées d'évaluation des risques pour la santé
humaine (ERSH) n'ont pas été élaborées ou mises en ceuvre en tenant compte de ces contextes
particuliers, et ne parviennent donc souvent pas a cerner les risques pour la santé qui concernent
les peuples et les communautés autochtones. Les amendements récents proposés a la Loi
Canadienne sur la Protection de I'Environnement par la Loi S-5 démontrent I'intérét des autorités
réglementaires pour le développement de nouvelles approches d'évaluation des risques plus
efficaces et plus éthiques que les méthodes conventionnelles. Ce changement de paradigme offre
la possibilit¢ d'améliorer la pertinence des approches d'ERSH pour les communautés autochtones
dans laquelle elles pourraient en fin €tre appliquées. Toutefois, malgré la nécessité d’adopter des
approches d’ERSH adaptées aux communautés autochtones, et le support réglementaire croissant
dans ce domaine, peu de recherches ont ét€¢ menées a ce jour sur la conception d'approches
d'ERSH pour et par les peuples autochtones et dans les contextes particuliers des communautés

autochtones.

L'objectif de cette theése est d'explorer, concevoir, tester et développer des nouvelles
approches de I'évaluation de risques pour la santé¢ humaine qui soient adaptées aux contextes des
communautés autochtones, et ce, en collaboration avec les communautés elles-mémes. Pour ce
faire, il faut tenir compte de diverses perspectives. La recherche utilise donc une conception

méthodologique interdisciplinaire et une approche de collecte de données. Les chapitres suivent
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le processus itératif de la pensée design (empathie, définition, idéation, prototypage, évalue). Le
troisiéme chapitre présente un premier examen de la portée au sujet des sites contaminés et des
populations autochtones, qui compare les informations provenant de trois sources de données, ce
qui permet de constater la diversité et la disparité de la documentation sur le sujet et d'identifier
les domaines dans lesquels la recherche doit étre poursuivie. Le quatriéme chapitre présente une
¢tude multisectorielle explorant les pratiques d'évaluation des risques pour la santé¢ humaine et
l'environnement dans les communautés autochtones du Canada, qui met en évidence les
principaux défis et priorités et les compare entre les différents secteurs. Le cinquiéme chapitre
¢value l'utilisation d'une approche d'ERSH d'intérét réglementaire, RISK21, par le biais de deux
¢tudes de cas collaboratives impliquant trois communautés autochtones distinctes (Chipewyan
Prairie First Nation, Cold Lake First Nations et Apsdalooke (Crow) Tribe). Le sixiéme chapitre
présente un essai pilote initial au niveau régional d'une approche existante pour organiser et
mesurer les indicateurs de santé des communautés autochtones pertinents pour le travail
d'évaluation des risques. Le septieme chapitre présente un aper¢u d’un approche méthodologique
itérative pour concevoir un outil d'indicateurs de santé propre a la communauté Kanien'keha:ka
de Kanesatake, et présente les premiers résultats d’entrevues qualitatifs semi-structurés sur ce
sujet. L’outil d’indicateurs de santé pourrait étre utilisé par le département de I'environnement de
Kanesatake pour contextualiser les évaluations des risques a l'aide d'informations sur la santé

définies par la communauté.

Ensemble, les chapitres de cette thése visent a soutenir le développement d'approches
d'ERSH pour les contaminants qui sont pertinentes, utiles et significatives pour les communautés
autochtones dans lesquelles et par lesquelles elles pourraient étre utilisées. Pour ce faire, ce

travail comprend de conception au niveau de la communauté individuelle vers des outils
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d'évaluation des risques qui sont utiles localement. En méme temps, il fournit un exemple de
"feuille de route" méthodologique pour d'autres communautés qui peuvent améliorer la
compréhension de la fagon de concevoir, évaluer et valider de nouveaux outils d'évaluation de
risques pour s'adapter a leurs contextes particuliers. Ce travail contribue ¢galement a une
meilleure compréhension de certains défis et les priorités de la conception et de la mise en ceuvre
de 'ERSH a I'échelle nationale, ce qui est important pour 1'élaboration et I'adoption éventuelles

d'une réglementation.
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CONTRIBUTIONS TO ORIGINAL KNOWLEDGE

This thesis explores the design and development of new approaches to human health risk

assessment for environmental contaminants that are of relevance for Indigenous communities

compared to conventional methods. Summarized below are the contributions to knowledge in

this field:

Considering Indigenous perspectives in the design of new risk assessment approaches:
While the development of New Approach Methodologies (NAMs) for chemicals risk
assessment is well underway, and the disproportionate impact of contaminants on Indigenous
communities and lands is well-known, there has not been, to my knowledge, work that aims
to understand how Indigenous perspectives might be considered in NAMs design. Chapters
4, 5 and 7 demonstrate the inclusion of Indigenous Peoples and communities in the design of
new risk assessment tools and approaches through diverse methods: engaging representatives
from Indigenous health and environment centers and local governments and distinguishing
these voices from other involved parties in a survey (Chapter 4); collaborating with three
unique communities on case studies exploring their perspectives on the use of a relatively
new risk assessment tool (Chapter 5); and developing the local, community-based design of
an Indigenous Health Indicators tool through open-ended interviews (Chapter 7). Moreover,
the thesis as a whole contributes to the goals of a project co-led by the Kanienke:ha’ka

community of Kanesatake.

Provide an example of a methodological roadmap to developing new approaches to

human health risk assessment that are of relevance to communities. Collectively, the
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chapters of this thesis demonstrate an iterative design thinking approach progressing through
empathizing, defining, ideating, prototyping, and testing new approaches to human health
risk assessment for contaminants that are more relevant for Indigenous communities than
conventional methods. Communities (both Indigenous and non-Indigenous) may use a
similar process in developing their own community-relevant environmental assessment

approaches. This overarching contribution is one of few case studies on the topic.

Respond to priorities outlined by the Assembly of First Nations in response to Bill S-5:
In response to Bill S-5 (proposed amendments to the Canadian Environmental Protection Act
1999), the Assembly of First Nations (AFN) submitted recommendations to the House of
Commons Committee on Environment and Sustainable Development. These
recommendations outline the priorities of the AFN to undertake broad and holistic
approaches to evaluating cumulative effects of substances- this includes moving beyond the
narrow definition of interacting chemical effects and including physical and mental health
and the maintenance of traditional practices. This thesis contributes to our understanding of
how Indigenous-defined health risks and impacts from contamination can be more
meaningfully considered in risk assessment methods. Chapters 4-7 explore the ideation,

modification, and testing of such methods.

Respond to priorities identified by regulatory bodies in Bill S-5 and Canada’s
Chemicals Management Plan regarding context-relevant risk assessment and
consideration of vulnerable populations: This thesis works on developing human health

risk assessment methods for Indigenous community contexts (i.e.: ‘context-relevant’) and
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considers various methodologies to answer specific questions on population health, as
recommended by Canada’s Chemicals Management Plan Science Committee. Specifically,
Chapter 5 examines how a new risk assessment approach, RISK21, might be applied and
adapted for Indigenous community contexts. Chapter 6 tests an existing tool (Indigenous
Health Indicators approach) in a new context (First Nations regional level data), developing
our understanding of how it may be scaled. Chapter 7 explores the initial design of a
community-specific Indigenous Health Indicators tool, which may be used to contextualize
risk assessment findings and provides a case study on the use of a community-based
approach. To my knowledge, these chapters are the first to focus on Indigenous community

contexts in response to these regulatory and scientific priorities in Canada.

First multi-sector Canada-wide work on risk assessment practice in Indigenous
communities: Chapter 4 details a survey study exploring the challenges with current risk
assessment practice in Indigenous communities across Canada, and the priorities for new risk
assessment methods, from the perspectives of a variety of disciplines and sector actors that
work on risk assessments for contaminants in Indigenous communities. The survey found
that those collaborating with communities (i.e.: academics and consultants), those who
regulate risk assessments (i.e.: federal, provincial government), and those working from
within communities themselves (i.e.: health and environment center employees, local
government) have different challenges with risk assessment practice and priorities for the
design of new approaches. This was also, to our knowledge, the first survey to gather
perspectives from across Canada on the topic, addressing a paucity of national-level studies

with the literature largely comprised of single community cases.
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Develop and test the RISK21 approach by piloting it’s use in Indigenous community
contexts: In collaboration with three unique communities, Chapter 5 tests out the use of a
NAMs-based tool of regulatory interest (Health and Environmental Science’s Institute’s
RISK21). While this tool has been tested in several community contexts, this is the first test
which considers how it may be used by Indigenous communities, according to one of its lead
developers. We found that while this tool is useful for advancing risk assessment practice in
general, adaptations may improve its relevance for the collaborating communities- including
modifications to the visual outputs for community-level communication and making
assessments more holistic by considering non-chemical information of importance to

communities (for example, qualitative/descriptive information and storytelling).

Explore the use of Indigenous Health Indicators methods for human health risk
assessment on a regional scale: Methods for identifying and measuring community-relevant
health indicators for use as part of environmental assessment strategies have been developed
and tested in a couple of community case studies, however more examples are needed to
understand how they may be used as a new risk assessment tool. Chapter 6 explores the use
of health indicators approaches (Swinomish Indigenous Health Indicators and Piikani Well-
Being Index) for the organization and visualization of non-chemical health information in the
context of contamination, drawing data from a Canada-wide study (First Nations Food,
Nutrition, and Environment Study). This is the first regional case study using a health
indicators approach to contextualize the findings of a conventional HHRA. The results
highlight some of the challenges with scaling such approaches and considerations for

representing both quantitative and descriptive health indicator information.
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Ideate the design of an Indigenous Health Indicators tool for use in the context of
environmental assessment work in Kanesatake: In Chapter 7, following methods
published by the Swinomish Tribal Community, and under the direction of the Kanesatake
Environment Department, we report on the initial development of a community-specific
Indigenous Health Indicators tool which can be used to contextualize environmental
assessments with community defined understandings of health and well-being. Chapter 7
first, outlines the guiding principles of our team that involves Indigenous and non-Indigenous
researchers, including our shared intentions and methodological approach consistent with
community and cultural norms; and second, reports on our initial findings from conducting
qualitative, open-ended interviews with Kanesatake community members towards the
development of an Indigenous Health Indicators tool. Chapter 7 adds to a small handful of
examples of the development of community-specific Indigenous Health Indicators. It may
serve as a case example and methodological reference for the ongoing development of an
Indigenous Health Indicators tool in Kanesatake, and for other communities conducting

similar work.
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CHAPTER 1: GENERAL INTRODUCTION

1.1 Knowledge Gap

Environmental pollution poses unique and complex risks to many Indigenous communities in
Canada, often through both disproportionate exposure (Fernandez-Llamazares et al., 2020) and
impacts on culture (Harris, 2000; O'Neill, 2000), socio-economics (Burger & Gochfeld, 2011),
spirituality, language (Fernandez-Llamazares et al., 2020), and traditional food systems (Chan et
al., 2021). Human health risk assessment (HHRA) methods are used to assess health risks from
exposure to contaminants and are widely used to make decisions about environmental
management, industrial development, and cleanup of contamination on and near Indigenous
lands (Government of Canada, 2019; Sandlos 2016). However, the currently used conventional
HHRA approaches are generic and institutionalized, often failing to meet the unique risk
assessment contexts of Indigenous communities (Harris and Harper, 2000; Harris, 2000;

Assembly of First Nations, 2022).

There is a current scientific and regulatory paradigm shift in chemicals risk assessment,
focused on reducing the cost, time, and resource use of conventional methods. In Canada, there
is regulatory interest in developing new HHRA approaches, which was most recently highlighted
in Bill S-5’s proposed amendments to the Canadian Environmental Protection Act (CEPA)
(Government of Canada, 2022). As the design and development of new risk assessment
approaches is underway, there is an opportunity to increase their relevance for the Indigenous
communities in which they may be ultimately applied. While there are numerous case studies of

conventional HHRAs in the context of Indigenous communities, to date there is minimal
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information available on the design of new risk assessment approaches for and by Indigenous
communities, despite their unique and often disproportionate risk contexts. Importantly,
Indigenous Peoples across Canada are not a homogenous group. While there are many common
contaminant-related health concerns, new risk assessment approaches must be both consistent
and useable by regulatory bodies while flexible to adapt to unique and specific contexts of
individual communities (Barzyk et al., 2015). Also, in support of the right of Indigenous Peoples
to self-determination and self-governance (United Nations, 2007), new risk assessment methods
need not only be relevant to, but usable by the communities in which they are applied and

aligned with their environmental standards, priorities, and community protocols.

1.2 Overall Objective

The objective of this thesis is to explore, ideate, test, and develop new approaches to HHRA
that are relevant for Indigenous community contexts, in collaboration with communities
themselves. To do so, this thesis identifies priorities and challenges with conventional HHRA
methods and subsequently tests and adapts new HHRA approaches and tools in the context of
community-level risk assessments. This approach serves the dual function of first, gathering and
synthesizing information and perspectives on a broad scale, and second, providing community-
level case studies, which are needed to validate and improve the use of the approaches, and to
refine methods for operationalizing new risk assessment tools in new contexts. Further, these
chapters contribute to an ongoing collaborative project based in the Kanien'kehd:ka community
of Kanesatake, by providing information and tools with which to conduct more efficient and

relevant risk assessment work.
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1.2.1 Local Context: Environmental Contaminants and Health Impacts in Kanesatake

To operationalize the broad overall objective of this thesis, the activities presented are
based on, and led by, a specific and local community context. The Kanien'kehd:ka community of
Kanesatake is located at the confluence of the Ottawa and St-Lawrence rivers, north-west of the
island of Tiohtia:ke (Montreal) (Figure 1-1). Kanesatake has been facing environmental justice
concerns over several decades. One prominent concern is a large unregulated dump site (G and R
Recyclage) with industrial wastes of unknown content entering the community from the
surrounding urban and peri-urban area. This has resulted in concerns from community members
regarding the potential health risks related to the contamination. In 2019, the Kanesatake
Environment Department in collaboration with McGill University (The lab of Dr. Niladri Basu)
and Terra Humana Solutions (a research consulting company) launched the environmental
contaminants and health impact project (ECHIP). ECHIP has involved collecting soil, food,
water, and human biomonitoring (hair and urine) samples and conducting a HHRA for local and
traditional foods, to gain an understanding of the potential health risks related to contamination
in the community. More recently, the collaborative team has launched a project exploring new
approaches to contaminant risk assessment for Indigenous community contexts. This thesis is
situated within the ongoing environmental assessment and health impact work in Kanesatake,
and the project team has informed its overall objectives. I have worked on various aspects of the
ECHIP, including field work collecting soil, food and water samples, conducting food frequency
questionnaires for a HHRA, attending and assisting with the organization of community events,
preparing community communications, training students, developing a training manual, data
management and analysis, and attending regular team meetings. While the results of the ECHIP

are not included in this thesis, my experience working with and in the community has informed,
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led and inspired the work. The tools and approaches that are developed and designed in this

thesis serve as resources for the Kanesatake Environment Department in their ongoing projects.

Figure 1-1: Map depicting the location of the community of Kanesatake, northwest of the island

of Montreal (Tiohtia:ke). Map retrieved from: mohawknationnews.com.
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1.2.2 Design Thinking and Interdisciplinary Approach

To respond to the overall objective, the presented thesis aims are based upon a ‘design
thinking” approach. Design thinking is a process used to address complex problems by
understanding needs, challenging assumptions, and creating innovative solutions, with a focus on
the needs of end-users (Abookire et al., 2020). While the term ‘design thinking’ originated from
professional design and has traditionally been applied in business and information technology, it
has become a new paradigm for problem-solving across many different sectors (Dorst, 2011).
For example, this approach has been found to contribute to a greater understanding of problems
and the development of more resource and cost-efficient solutions when applied in a public
health context, compared to conventional problem-solving methods (Abookire et al., 2020).
Research in the natural sciences, particularly sustainability science, has also leveraged design
thinking, though its integration in this field is still relatively limited (Maher et al., 2018). Design
thinking approaches generally progress through five stages: Empathize (i.e.: understanding the
needs of the users of a tool or approach, including through interviews or background research),
define (i.e.: stating the problems and priorities), ideate (i.e.: generate ideas to address the
identified problem), prototype (i.e.: experiment with the proposed solutions), and test (i.e.: try
the solutions out) (Figure 1-2) (Interaction Design Foundation, 2024). The five stages involved
with design thinking are highly iterative, which allows for gradual improvement of a solution

over time (Tschimmel, 2012).

HHRA methods and their results are used by a diversity of disciplines and stakeholders, and
thus the presented design thinking process involves a variety of research methods, data collection

approaches, and engagement across disciplines (Figure 1-2, Table 1-1). The chapters of this
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thesis also involved engagement with those who are a part of, or work in, a diversity of
communities across Canada (Figure 1-3). Interdisciplinary research is defined as “a means of
solving problems and answering questions that cannot be satisfactorily addressed using single
methods or approaches” (Klein, 1990), and its definition may overlap with transdisciplinary

research, which aims to understand multiple values and ideologies and achieve meaningful

outcomes for science and society (Witjes and Vermeulen, 2020). Both approaches are relevant to

this thesis and are integrated throughout its chapters (Table 1-1), though this work is more
closely aligned with interdisciplinary research, which creates connections between disciplines,
while transdisciplinary research transcends disciplinary boundaries (Witjes and Vermeulen,
2020). Central to the process is the design of HHRA methods for and by the Indigenous

communities in which they may be ultimately applied.
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Chapter 5

Chapter 4 Exploring the use of Cha.ptﬂif
Survey exploring HHRA and RISK21 in two ope;l:tsi';:fl:zgtion
i i community case studies
ERA in Indigenous y of IHI methods on

regional datasets

communities in Canada \ /

Cl"lapter.?" _— Ideate Chapter 7
Scoping Review Define Developing IHIs in
Kanesatake

\

Empathize . _ e Test

*Human health risk assessment (HHRA), Ecological risk assessment (ERA), Indigenous Health Indicators (IHIs)

Figure 1-2: Visual representation of design thinking and how the chapters of this thesis fit into
the process. The blue circles represent the steps of the design thinking process, with the green
boxes representing the corresponding chapters. The process is iterative as opposed to linear, as
shown by the dotted arrows, and each chapter spans multiple stages of the design thinking

process. See Section 1.3 Specific Aims for details on the objectives of each chapter.
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Table 1-1: An overview of the methodological approaches used for each chapter. See section 1.3

Specific Aims for a description of each chapter’s objectives.

THESIS DISCIPLINE/
CHAPTER METHODOLOGY FIELD

Scoping Review
PRISMA ScR; SYMBALS (a systematic review strategy blending
3 active learning and snowballing) (Tricco et al., 2018); Joanna
Briggs Institute Methodology for Scoping Reviews (Peters et al.,
2015)

Evidence Synthesis

Online Survey
Following Dillman’s Online Survey Methodology (Dillman et al., Social Sciences;

4 2014). Survey approach adapted from Mondou et al. (2020); and Natural Sciences
Vachon et al. (2017)
Case Studies (Community-based)
5 RISK21 Methodologies outlined by Health and Environmental Natural Sciences;
Sciences Institute (HESI) (Embry et al., 2014; Moretto et al., Health Sciences
2017)
Case Study (Regional)
6 Follows approaches used to develop the Piikani Well-Being Index =~ Health Sciences;
(Quantitative) (Paul et al., 2023) and Swinomish Indigenous Natural Sciences
Health Indicators (Qualitative), (Donatuto et al., 2018)
Key Informant Open-Ended Qualitative Interviews . .
Community-based participatory research (CBPR); Soctal Sciences;
7 ommunity-basec participatory researe ’ Health Sciences,

Swinomish Tribal Community’s Method for Developing

Indigenous Health Indicators (Donatuto et al., 2018); A G
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. Chapter 4- Regional location of communities in
which survey respondents had experience with
HHRA work

Chapter 5- Locations of the Chipewyan Prairie
First Nation, Cold Lake First Nations, and

Crow/Apsaalooke Nation, who collaborated on
community-based case studies

Chapter 7- Location of the Kanien'keha:ka
community of Kanesatake, who lead the
overarching project and the

Kanesatake Indigenous Health Indicators work

. .\ .

United States ;
\unuinn

Figure 1-3: Map depicting the locations of individuals and communities that were involved in

Thesis chapters 4, 5, and 7. Chapter 4 involved individuals as survey respondents, who worked
with or in communities to conduct HHRAs. Chapters 5 and 7 involved collaboration with

communities to develop HHRA methods. Map generated using Google MyMaps.
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1.3 Specific Aims

CHAPTER 3 (Empathize and Define): Examine the state of available evidence and identify

specific knowledge gaps.

Conduct a scoping review to identify and map information (peer-reviewed literature, grey
literature, and federal contaminated site data) on contaminated sites and Indigenous
Peoples in Canada and the US. The review aims to understand and present the state of
knowledge on:

1) The relationship between contaminated sites and Indigenous Peoples, and their land
and food systems;

2) Strategies, challenges, and successes for contaminated sites assessment and
management on Indigenous lands;

3) Indigenous leadership and inclusion in contaminated site assessment and management.

CHAPTER 4 (Define and Ideate): Understand the challenges with risk assessment in Indigenous

communities in Canada, and the priorities for new approaches.

Conduct an anonymous mixed-methods survey of those involved with human health and

ecological risk assessments in Indigenous communities in Canada with the aims of:

1) Understanding risk assessment practice in Indigenous communities;

2) Exploring challenges with conventional assessment methods and comparing these
across sectors;

3) Gathering initial perspectives on the development of new risk assessment approaches.
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CHAPTER 5 (Ideate, Prototype, Test): Explore the use and adaptation of existing new risk

assessment tools in Indigenous community contexts.

Conduct two case studies piloting the use of a new approach to HHRA of regulatory
interest, RISK21, in collaboration with three unique communities (Cold Lake First
Nations, Chipewyan Prairie First Nation, Apsadalooke/Crow Nation) that have published
conventional HHR As. Through these case studies, this chapter aims to:

1) Reflect upon the benefits and challenges of using RISK21 in these contexts;

2) Compare RISK21-based to conventional assessments;

3) Ideate adaptations and improvements to the approach.

CHAPTER 6 (Ideate, Prototype, Test): Explore and pilot test existing approaches to organizing

and evaluating non-chemical health indicator information in risk assessment contexts.

Create a demonstrative case study using an existing Indigenous Health Indicators (IHI)

Approach on a regional dataset (health and contaminant risk assessment data from the

First Nations Food, Nutrition, and Environment Study (FNFNES)). In doing so, we aim

to:

1) Pilot the use of selected IHI methods in a new context, producing a case study, of
which there are few;

2) Explore the feasibility of scaling existing IHI methods for regional indicator datasets;

3) Consider how both qualitative/descriptive and quantitative indicator measurement

methodologies can be used in an assessment;
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4) Ideate how the methods might be considered as part of newly developed human

health risk assessment approaches.

CHAPTER 7 (Ideate, Prototype): Explore the development of an Indigenous Health Indicators

tool relevant to the context of the Kanien'keha:ka Community of Kanesatake.

1)

2)

Establish foundational principles of working together collaboratively, forming a basis for
a project lead by the Kanesatake Environment Department that aims to develop an
Indigenous Health Indicators tool for understanding and assessing community health and
well-being in the context of environmental assessments. Then, guided by the foundational
principles, conduct open-ended, qualitative interviews with key Kanesatake community
members to gather initial perspectives on the topic. The specific aims of this chapter are
to:

Detail the community-led approach to developing Kanesatake Health Indicators,
including intentions, key guiding principles, and methodological design;

Provide an overview of initially identified health indicator themes from interviews with
community members, which lays a groundwork for the next stages of this iterative

process.
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1.4 Positionality Statement

This thesis is primarily conducted by a non-Indigenous person of color who is a doctoral
student at McGill. This positionality and worldview places limitations on the work. Moreover,
McGill University, and the academic research body in general, has not historically conducted
ethical research involving Indigenous Peoples and past and current colonial practices from these
institutions continue to harm Indigenous Peoples and communities today. The location in which
this thesis was primarily conducted (McGill University, Montreal/Tiohtia:ke) is the traditional
territory of the Kanien'keha:ka. In acknowledging this positionality, I sought to align the work
presented here with the priorities identified and recommended by the Indigenous communities
with which I work and understand that the validity and significance of this work is best judged

by those for and by whom the risk assessment approaches described herein are designed.

While this thesis is centered around the prioritization of Indigenous perspectives in the
development of new risk assessment approaches and tools that may eventually enter the
regulatory realm, it is notable that the some of the approaches, concepts, and methods used
throughout this thesis, to my knowledge, were not developed by Indigenous people. However,
the work seeks to ‘flip the script’ in terms of adapting methods to better serve Indigenous
communities such as Kanesatake, as opposed to asking Indigenous Peoples to adapt to fit
regulated and applied tools that they are consulted about too late. The work is based out of, and
approved by, McGill’s Centre for Indigenous Peoples’ Nutrition and Environment (CINE). CINE
was created to respond to Indigenous Peoples’ priorities and concerns on their traditional food
systems and environments. It serves as a resource centre and point of interdisciplinary

information exchange and cooperation between McGill researchers and Indigenous communities.
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My situation within CINE and the resources it provides brings awareness and support to this
work. Acknowledging the limitations of my positionality, I intentionally work to listen actively,

reflect, and engage throughout the research process.
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CHAPTER 2- LITERATURE REVIEW

In Canada, ‘Indigenous’ is an umbrella term that includes First Nations, Inuit, and Métis
communities, though importantly these groups are not homogenous. For example, there are 630
distinct First Nations communities in Canada (The Canadian Encyclopedia, 2023), eight distinct
ethnic Inuit groups in 63 communities in Canada’s North (Freeman, 2023), and five provincially
associated Métis organizations (Government of Canada, 2024a). In the US, there are 574
federally recognized Native American Tribes, 346 of which are in the contiguous US and the
remaining are Alaska Natives (USAGov, 2024). While there are differences between Canada and
the US in their government-to-government and nation-to-nation relationships with Indigenous
Peoples, conventional approaches are used to conduct HHRAs on Indigenous lands in both
countries. Similarly, there are common environmental justice issues related to environmental
contamination and Indigenous Peoples at each administrative level (i.e.:
municipality/province/territory/state/nationally) in both countries, and globally. Thus, while the
focus of this literature review is primarily from a Canadian perspective, literature from Tribal
communities and case studies based in the US are also discussed here and referenced throughout

the thesis chapters.

2.1 Human Health Risk Assessment and Indigenous Communities

Risk assessment is defined as the “qualitative and quantitative evaluation of the risks
posed to human health and/or the environment by the actual or potential presence and/or use of
specific pollutants” (US EPA, 1992). Human Health Risk Assessment (HHRA) uses a generic
framework for calculating human health risks from exposure to contaminants, and generally

40



involves the steps of problem formulation, exposure assessment, hazard identification, dose-
response assessment, and finally risk characterization (Figure 2-1). HHRA methods have been
used to make decisions about environmental and risk management in Indigenous communities
across Canada and the US for several decades (EPA, 2022; Health Canada, 2019; National

Research Council, 1983; van der Vegt et al., 2022).

Hazard Dose- |

.. . response
| Identification p
assessment

Risk Characterization

I

Problem
Formulation

Exposure Assessment

Figure 2-1: Conventional Human Health Risk Assessment (HHRA) Framework. Adapted from
US EPA “Conducting a Human Health Risk Assessment™ (https://www.epa.gov/risk/conducting-

human-health-risk-assessment)

Environmental contamination in the context of Indigenous communities is distinct from
the general population for several reasons. First, Indigenous communities are disproportionately
exposed to contaminants, as is evident in the disproportionate siting of industrial activities and
waste sites on and near Indigenous lands across the country (Government of Canada, 2024b). As
an example, as of 2024 approximately 4600 contaminated sites are located on reserve land in
Canada, accounting for nearly 20% of the total number of sites (Government of Canada, 2024b),
while reserve land makes up an estimated 0.5% of Canada’s total land mass (OECD, 2020). Race

has long been an independent predictor of where hazardous wastes are sited (Bullard et al.,
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2007). While the environmental justice movement has brought some awareness to this problem,
the issue remains pervasive. The disproportionate siting of contaminated sites on Indigenous
lands may be in part due to polluting industries tending to follow the path of ‘least resistance’ by
preying on Indigenous communities who have limited resources to resist or that fall through the
regulatory cracks (Bullard et al., 2007). This issue is perpetuated by a lack of timely and
adequate responses by federal and provincial governments to pollution in Indigenous

communities (Sharp et al., 2016; Solatyavari et al., 2022).

Furthermore, and often less quantifiable, the presence of environmental contaminants has
unique impacts on the cultures (Harris & Harper, 2000; O'Neill, 2000), socioeconomics (Burger
& Gochfeld, 2011), spiritualities, languages (Ferndndez-Llamazares et al., 2020), and traditional
food systems of many Indigenous communities (Chan, Fediuk, et al., 2021; Chan, Singh, et al.,
2021; Fernandez-Llamazares et al., 2020). Recently in Canada, the First Nations Food, Nutrition
and Environment Study was conducted between 2008 and 2018, and sampled 2061 traditional
foods from 92 communities. The study found many of these samples to have elevated
concentrations of mercury, lead, cadmium, and arsenic (Chan, Singh, et al., 2021). Exposure to
such contaminants is associated with physical health risks such as organ damage,
neurodegenerative diseases, cancer, and reproductive and developmental disorders (Briffa et al.,
2020; Engwa et al., 2019). Beyond these physical risks, however, contamination of traditional
foods has contributed to a ‘nutrition transition” for many communities, characterized by the
westernization of diet and lifestyle and a reliance on nutrient-poor market foods, increasing the
prevalence of chronic disease and resulting in cultural losses (Chan, Fediuk, et al., 2021;

Damman et al., 2008). Overall, environmental contamination poses multiple, complex and
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cumulative health risks to Indigenous Peoples that are distinct from the general population, and

thus require unique risk assessment methods.

Overview of the literature

Literature on the topic of HHRAs in Indigenous communities includes both peer-
reviewed literature and a variety of grey literature sources (i.e.: government reports and
guidelines, project reports, and documents from organizations such as the Assembly of First
Nations). The large majority of information on HHRAs and Indigenous communities document
assessments that use conventional methods, with some literature on the topic reporting the
challenges with using conventional methods in these contexts. There is minimal information on
the topic from the perspectives of Indigenous Peoples and communities themselves. Additionally,
much of the literature that is available from community perspectives is focused on single case
studies. While important contributions to the body of literature, these cases represent the voices
of a small handful of Indigenous communities and Peoples on the challenges with HHRAs for
contaminants, in comparison to the relatively large number of contaminated sites on or near

Indigenous lands.

Conventional risk assessment work in Indigenous communities

There is a sizeable body of available literature on the conduct of HHRA work in
Indigenous community contexts. In Canada, the First Nations Environmental Contaminants
Program (FNECP) and Northern Contaminants Program (NCP) fund communities in support of

gathering data on local contamination and conducting risk assessments. In part through the
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FNECP and NCP, a variety of case studies have emerged that document community-specific
HHRA studies, most of which focus on contaminated traditional food sources (Daley et al., 2018;
Doyle et al., 2012; Golzadeh et al., 2021; Golzadeh et al., 2020; Lemire et al., 2015; Matwee &
Pietrock, 2019; McAuley et al., 2018; Moriarity et al., 2020; Moriarity et al., 2023; Thompson et
al., 2017). Most recently, the aforementioned First Nations Food, Nutrition and Environment
Study (FNFNES) lead by the Assembly of First Nations was conducted across 92 First Nations
communities (Chan et al., 2018). This regional study included an HHRA for traditional foods and
is an important contribution to Indigenous-owned regional risk assessment data. Studies that use
conventional methods make up the bulk of the available information on HHRA work in
Indigenous communities. However, several critiques in the literature suggest that the design and

implementation of conventional HHRA methods in these contexts are limited.

Challenges with risk assessment in Indigenous communities

First, an ongoing challenge with conventional HHRA work is the misrecognition and
exclusion of Indigenous Peoples and communities in the process (Arsenault et al., 2019; Brock et
al., 2021; OECD, 2020). In 2011, Canada published a guidance document on “Involving
Aboriginal Peoples in Contaminated Sites Management”, outlining stages of the environmental
assessment process where consultation with Indigenous Peoples is recommended (Health
Canada, 2010). While such documents demonstrate regulatory awareness of the need for
community engagement in risk assessment processes, the current approach to engagement in risk
assessment has been described as inadequate in its recognition of Indigenous Peoples and

communities as rightsholders (Darling et al., 2023), and attempts to consult with Indigenous
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Peoples in environmental assessment processes have been critiqued as largely tokenistic and

lacking meaningful collaboration (Holifield, 2012; Brock et al., 2021).

As another example, in 2022, the government of Canada proposed Bil/ §-5, which
amends the Canadian Environmental Protection Act. Bill S-5 represents the first recognition of
Indigenous Peoples’ right to a healthy environment as outlined in the United Nations Declaration
on the Rights of Indigenous Peoples, and promotes additional considerations for risk assessments
that are specific to vulnerable populations. However, in a response to Bill S-5, the Assembly of
First Nations highlights that it is unclear how the Canadian government plans to maintain these
provisions (Assembly of First Nations, 2022). Specifically, it is recommended by the Assembly
of First Nations to further amend CEPA to consider meaningful consultation with Indigenous
Peoples that respects Nation-to-Nation partnership, and meaningful integration of Indigenous
Knowledge systems in human health and environmental risk assessments (Assembly of First

Nations, 2022).

Second, HHRA methods have been critiqued for their lack of relevance to Indigenous
Peoples, worldviews, and definitions of health. For example, literature identifies that
conventional risk assessments do not produce locally relevant information (Burger & Gochfeld,
2011; Donatuto et al., 2020; Harper et al., 2012; Harris & Harper, 2000), and fail to include
holistic definitions of health that go beyond physical contaminant-related risks (Harris, 2000;
McOliver et al., 2015; Van Oostdam et al., 2005), including nutritional losses related to a dietary
shift (Van Oostdam et al., 2005); and social-cultural losses (Harris & Harper, 2000). When these
factors are considered in risk assessment work, they are supplemental to the ‘core’ risk
assessment most valued by decision-makers, and this type of inclusion has been critiqued as

inadequate. Furthermore, unique exposure pathways, such as the use of medicinal plants in
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ceremony, are often considered outliers and may be left out of analyses (Burger & Gochfeld,
2011). As conventional risk assessment methods tend to examine outliers on an exceptional
basis, this often results in risks specific to Indigenous Peoples being left out of the assessment
(Burger & Gochfeld, 2011). Risk assessments that do not include Indigenous epistemologies and
values ultimately produce risk information that cannot be used or communicated locally
(Donatuto et al., 2020; Gregory et al., 2016; United Nations, 2007). Indigenous environmental
leadership has requested for decades that risk information be produced at both community and

system levels and include eco-cultural metrics (Harris, 2000).

Third, conventional risk assessment methods are often costly, time consuming, and
resource intensive, which limits the capacity of many Indigenous communities to conduct their
own risk assessment work (Pastoor et al., 2014). Many chemicals found at contaminated sites
lack toxicity data necessary for conventional hazard identification and dose-response analysis,
which prevents the establishment of health reference values that inform clean up level (Pastoor et
al., 2014). The lack of available toxicity data for the tens of thousands of chemicals available on
the global market is a universal problem, but it’s impacts disproportionately affect Indigenous
communities near whom contamination is often sited. Further, according to federal data, the
clean-up of contaminated sites on reserve land in Canada often takes decades to progress from
initial assessment to remediation (Government of Canada, 2024b), which is likely due to both
insufficient resources and inefficient risk assessment processes. Finally, while several federal
programs in Canada fund risk assessment work in Indigenous communities (ex: the FNECP and
NCP), such programs often require communities to partner with an external ‘expert’ academic
and are restricted to finite timelines which may not meet the necessary time to establish trusting

relationships within communities (Indigenous Services Canada, 2024; Sharp et al., 2016). These
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resource and time requirements may limit the ability for many communities to conduct risk

assessments that are aligned with their priorities.

While the above identified challenges are notable, the body of literature from which they
arise is small, with most publications on the topic coming from single case studies. There is
minimal information from the perspectives of communities on the challenges with conventional
risk assessment approaches, which makes finding solutions difficult. There is a handful of
literature that includes adaptations to conventional assessment methods, which have the potential
to improve their relevance to community contexts. These include bridging Indigenous and
western scientific knowledge in risk assessments; considering culturally relevant exposure
pathways; and developing expanded risk frameworks and cumulative risk assessment

approaches.

Indigenous Knowledge and risk assessment

Central to the discourse on the use of risk assessments for Indigenous community
contexts is the question of how to bridge Indigenous Knowledge and western science, in a way
that is appropriate and meaningful. Indigenous Knowledge (also often referred to as Traditional
Knowledge, local knowledge, and Traditional Ecological Knowledge), in the context of Canada
is the knowledge held by First Nations, Metis, and Inuit Peoples (IPCA, 2025; McGregor, 2021;
Liboiron, 2021). Indigenous Knowledge has no single formal definition, and the terms and
language of choice should be verified in the context of working with any Indigenous community,
organization, or government (IPCA, 2025; McGregor, 2021; Liboiron, 2021). The term

Indigenous Knowledge is increasingly preferred over other terminology as it refers specifically
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to knowledge that is an integral part of Indigenous societal systems (Indigenous Knowledge
Systems) and is applied here (McGregor, 2021). As we acknowledge the increasing movement
away from the term ‘Traditional Knowledge’ (including during the progression of this thesis), we

note that some of the published manuscripts (in particular, Chapter 3) include this term.

Several efforts to include Indigenous Knowledge in conventional risk assessment
methods are documented. One such effort is to use Indigenous Knowledge to inform various
aspects of the risk assessment process, particularly to more accurately assess human exposures
(i.e.: traditional food sources, exposure pathways, preparation and harvesting techniques) (Daley
et al., 2018; Golzadeh et al., 2021; Golzadeh et al., 2020; Lemire et al., 2015; Matwee &
Pietrock, 2019; McAuley et al., 2018; Robert J Moriarity et al., 2020; Robert J Moriarity et al.,
2023; Thompson et al., 2017). The Government of Canada has published several guidelines that
include considerations for Indigenous community consultation and Indigenous Knowledge
utilization in HHRA work. These include guidelines for conducting a HHRA for country foods
(Health Canada, 2018), and for involving Indigenous Peoples in contaminated site assessment

and management (Health Canada, 2010).

The importance of Indigenous Knowledge in environmental assessment and management
is generally well-acknowledged and information on country food location, preparation, and
consumption may help to improve the relevance of HHRAs in community contexts. However,
the framing of Indigenous Knowledge as supplemental, and ultimately secondary, to
conventional risk assessment approaches has been described in the literature as problematic
(Ellis, 2005). Furthermore, discussions around Indigenous Knowledge and its use in
environmental assessment and management have historically incorrectly assumed that

Indigenous Knowledge is a resource that is free for access and use by non-Indigenous
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researchers (Liboiron, 2021). A recent systematic review of research on the Alberta oil sands
identified multiple challenges with research that braids Indigenous Knowledge and Western-
based sciences, including power imbalances and a lack of resources and funding (Wilcox et al.,
2023). Writings from Indigenous scholars highlight barriers between western science and
Indigenous Knowledges, which may arise from misunderstandings of Indigenous Knowledges as
sources of data (i.e.: knowledge), as opposed to broader ways of knowing (Liboiron, 2021;
Kimmerer, 2013). Overall, there remains a lack of consensus and understanding from the
scientific community on appropriate and meaningful engagement of multiple knowledge systems
in risk assessments, and more support is needed to promote work in this area. Some publications
in the literature outline how collaboration between communities and non-Indigenous researchers
may be further harmonized, and Indigenous Knowledge and western science be bridged, towards
an improved risk assessment. For example, Buell et al (2020) describe how conventional risk
assessment protocols might be ‘deconstructed’ and rebuilt through improved engagement,
community interviewing, and collaborative fieldwork. Data-gathering methods that meaningfully
engage communities have also been proposed in the literature, which aim to promote accuracy,

align with community norms, and consider community values (Donatuto & Harper, 2008).

Exposure scenarios

A commonly cited method for making community-based HHRAs more relevant for
Indigenous Peoples is using exposure scenarios. First developed by Harris and Harper (1997),
exposure scenarios involve the consideration of exposure pathways of cultural and social
relevance that may differ from the general population, for example the inhalation of

contaminants through ceremony (Tilousi & Hinck, 2024) and the ingestion of soil from locally
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harvested plants (Doyle et al., 2012; Doyle et al., 2010). The gathering of local consumption
information as opposed to using generic consumption estimates has also been used to make risk
assessments more community-specific and improve the accuracy of consumption advisories
(Garvin, 2018). While such efforts to more holistically characterize exposures provide a step-up
from conventional and generic methods, some literature advocates a more formal way of
integrating unique exposure pathways into risk assessments, beyond the ‘ad hoc’ basis of
conventional methods. For example, Burger and Gochfeld (2011) published a conceptual model
for evaluating unique and non-standard exposures characteristic of environmental justice
communities. Overall, the use of exposure scenarios has advanced conventional risk assessment
approaches towards greater context relevance, however this approach does not include an
assessment of ‘non-physical’ contaminant-related health risks of importance to many

communities.

Expanded and Holistic HHRA approaches

In response to the above identified challenges, several publications have proposed
modified HHRA methods to increase their relevance to Indigenous community contexts, often
using expanded risk assessment structures. For example, Indigenous environmental leaders have
advocated for risk analysis models that include a holistic view of interconnected human,
ecological, and sociocultural risks (Harris, 2000). Harris and Harper (2000) propose an expanded
risk assessment model that captures the uses and services associated with areas at risk from
contamination. The use of community-specific definitions of risk and health in environmental
assessment has also been advocated for in the literature (Arquette et al., 2002). There are several

community-based examples of risk assessment approaches that aim to be more holistic by
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drawing upon Traditional Knowledge or incorporate existing cultural and spiritual frameworks as
a basis for assessment. The Pictou landing First Nation utilized a Mi’kmaw framework for more
holistically assessing community health impacts (Lewis et al., 2021) and a risk assessment of
Uranium Mining impacts on the Havasupai Tribe was conducted under a holistic framework that
included Traditional Knowledge (Carletta Tilousi & Jo Ellen Hinck, 2024). The Swinomish
Tribal community has published several studies over the last decade and a half that detail the
development and use of community defined Indigenous Health Indicators, which can be used in
parallel with risk assessments to understand the impacts of environmental resource changes such
as contamination (Donatuto et al., 2008; 2020). Such approaches explore potential ways forward
from conventional HHRA methods towards more holistic assessments. However, there is
minimal information on if and how such approaches may be applied in other contexts as they are

typically based on single community case studies.

Cumulative risk assessment

Aligned with these expanded frameworks, another approach that may be useful in
increasing the relevance of risk assessments to communities is cumulative risk assessment.
Cumulative risk assessment (CRA) is the assessment of combined chemical and non-chemical
stressors and vulnerability factors (Payne-Sturges et al., 2018), which are not addressed in
conventional risk assessment methods (Pose-Juan et al., 2016). CRA is increasingly being
promoted as a more holistic way to assess environmental health risks, especially in the context of
communities who are disproportionately exposed or vulnerable to pollution (Callahan & Sexton,
2007; Sexton, 2012), including Indigenous communities. A recent systematic review on the topic

of CRA for environmental and psychosocial stressors found 90 articles, with the majority
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focused on community settings and for the purposes of reducing environmental protection
inequities (Tong & Zhang, 2023). Over the years, the term “Cumulative Risk Assessment” has
been variably defined, ranging from the assessment of combined effects from a mixture of
chemicals to the assessment of multiple chemicals and non-chemical stressors, vulnerability
factors, and impacts, both quantitative and qualitative (Callahan & Sexton, 2007; Sexton, 2012;
Sexton, 2015). For the purposes of this work, we consider the latter broad and holistic definition

of CRA.

CRA methods have been largely quantitative to date, including for example measuring
biomarkers of stress and the concept of allostatic load (Payne-Sturges et al., 2018). There has
also been a rise in the development of GIS-based screening methods using epidemiologic and
demographic data, such as the US EPA’s EJ Screen, CFERST, and EnviroScreen (Lievanos,
2018; Min et al., 2019). Such “Environmental Justice Screening” tools are proposed for use in
the prioritization and allocation of resources to communities, including Indigenous communities,
that are disproportionately affected by environmental hazards, such as contamination. While such
tools begin to fill an important gap in understanding and assessing cumulative risks, the focus on
quantitative data may miss elements of risk important to Indigenous communities, including
those that are qualitative or descriptive. There is minimal research on how to meaningfully and
adequately incorporate community-relevant health information into quantitative CRAs. In recent
years research progress has been made in understanding the applications of CRA in community-
based participatory research on environmental contamination, utilizing multidisciplinary
approaches involving epidemiology, toxicology, social science and statistical methods (Eggers et
al., 2018; Hoover et al., 2015; Payne-Sturges et al., 2018), though examples of Indigenous

community-based CRAs are few. Existing examples include a community-engaged CRA from
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the Apsaalooke/Crow Tribe’s Environmental Health Steering Committee, which explored
exposure to well water contaminants and interview data on economic, cultural, and behavioral
factors related to contamination (Eggers et al., 2018). Harris and Harper have also described the
use of an “eco-cultural dependency web” approach to measuring and characterizing social-
cultural impacts of contamination on health as part of a more holistic and cumulative risk
assessment (Harris & Harper, 2000). While these advances are notable, there is a gap in the
number of available case studies of cumulative risk assessment in Indigenous communities, and a
lack of methodological consensus on CRA approaches in general (Sexton, 2012; Tong & Zhang,

2023).

Overall, while conventional HHRA methods are commonly used, these have been
critiqued as insufficient for assessing health risks of importance to Indigenous communities.
There is minimal information on the development of new risk assessment methods that can meet
the multi-dimensional challenges of the old methods. While there are a few publications
outlining community-relevant risk assessment approaches, there are minimal case studies that
test them out, and thus limited knowledge on their operationalization in other communities

facing similar challenges.

2.2 Regulatory Context for New Approaches to Risk Assessment in Canada

It is well-established in the literature that the risks posed by environmental contaminants
are different for many Indigenous communities than the general population due to unique risk
contexts such as exposure pathways and other non-chemical stressors, and thereby require

unique risk assessment methods (Burger & Gochfeld, 2011; Eggers et al., 2018; Fernandez-
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Llamazares et al., 2020; Harris, 2000; O'Neill, 2000; Van Oostdam et al., 2005). In Canada, Bil/
S-5 commits to the development of new approaches to risk assessment that include cumulative
risks and consider vulnerable populations (Government of Canada, 2023a), which is highly
relevant to Indigenous communities. These changes are part of an ongoing paradigm shift in how
risk assessments are conducted, and decisions are made related to contaminants. Canada’s
Chemicals Management Plan (CMP) Science Committee report in 2016 noted that governing
bodies, including Health Canada and Environment and Climate Change Canada, are developing a
roadmap for integrating New Approach Methodologies (NAMs) with traditional (i.e.:
conventional) risk assessment (Government of Canada, 2017). NAMs are emergent risk
assessment tools and methods that are increasingly embraced by governing bodies as a
replacement for conventional methods. There are a wide variety of NAMs that are currently
being developed and tested for their ability to improve the efficiency, cost-effectiveness, resource
intensity and ethics of conventional HHRAs (Table 2-1) (Government of Canada, 2017).
Increasing focus has been placed on the acceptability and validation of NAMs for use in
regulatory and chemical risk assessment (Mondou et al., 2021). The design of NAMs-based tools
to date has been largely focused on advances in biotechnology (e.g., in silico modeling, high-
throughput screening, toxicogenomics) (Wolf et al., 2022; Government of Canada, 2022b; Sewell
et al., 2024), towards the more efficient production of mechanistic toxicity information
(Government of Canada, 2017; Committee on Human and Environmental Exposure Science in
the 21st Century, et al., 2012). Another purported benefit of NAMs-based risk assessments is that
they are ‘fit-for-purpose’ and context-specific- NAMs may thereby be useful for addressing a
variety of different risk assessment goals, including those of importance to Indigenous

communities, whereas conventional methods generally apply a one-size-fits-all approach
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(Mondou et al., 2021). Less popular in the ‘NAMSs’ discourse is the integration of

interdisciplinary approaches that include diverse information sources (for example,

epidemiologic and social information), which is important for capturing the ‘non-chemical’

health risks posed by environmental contaminants, and ultimately the advancement of methods

that are relevant to communities. There is minimal information available on new, alternative risk

assessment methods in the context of their use for, and by, Indigenous communities.

Table 2-1- Key characteristics that differentiate conventional approaches vs. New Approach

Methodologies in terms of human health risk assessment (Government of Canada, 2017;

Committee on Human and Environmental Exposure Science in the 21st Century, et al., 2012)

Conventional Approaches

New Approach Methodologies (NAMs)

Animals

Resources

Time

Data quality
and scope

Applicability

Use of many live animals (in-vivo
testing)

Expensive
Resource intensive

Lengthy

Data not available for many chemicals
Minimal information on the effects of
multiple chemical and non-chemical

stressors (i.e.: cumulative effects)

Generic, institutionalized

Reduced number of animals for toxicity
testing (in-vitro, in-chemico, and in silico)

Use of available resources, resource-
efficient, less costly

Efficient (high-throughput methods)

Ability to mimic human biology and
provide mechanistic toxicity information
Potential to account for cumulative effects
Chemical prioritization

“Fit-for-purpose”
Facilitates Science Communication

To my knowledge, new approaches to chemicals risk assessment of regulatory interest

have yet to be used or validated by Indigenous communities. There is a current paradigm shift in
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the design and application of HHRA methods. Such new methods may eventually be adopted for
regulatory use and applied in the context of Indigenous community-level risk assessments, which
are used to make decisions that impact environmental management and community health.
Therefore, in response to advocacy from Indigenous leadership (Assembly of First Nations,
2022), now is the time to design, test, and validate new approaches to risk assessments for and by
Indigenous Peoples and communities. This is opposed to repeating the past in which Indigenous

Peoples are consulted only after these approaches have already entered the regulatory realm.

2.3 Research and the Rights of Indigenous Peoples, UNDRIP

The present work requires an understanding of the ethical conduct of research that
involves Indigenous Peoples, and its historical context. Research involving Indigenous Peoples
over the last several decades has been the center of much discussion as it has presented several
ongoing challenges, including the ‘use’ of Indigenous Knowledge without benefit to Indigenous
Peoples. A history of communities being over-researched to the benefit of academic researchers,
and attempts to integrate Indigenous Knowledge into the dominant western scientific body, is a
form of colonization and exploitation for many Indigenous Peoples (Assembly of First Nations,
2018). The structure within which academic research is carried out often approaches Indigenous
communities as research subjects as opposed to partners and involves the ‘extraction’ of
information from communities following which academics never return (Johnson et al., 2023).
This history has damaged the relationships between many Indigenous communities and academia
and understandably resulted in a mistrust of academic researchers by many Indigenous people.

Thus, when conducting research in collaboration with Indigenous Peoples, there are several
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important principles that should form the basis of such collaborations, which have been

described by the Assembly of First Nations and other Indigenous governing bodies.

First, established research guidelines should be appropriately used to maintain researcher
accountability for ethical engagement and research conduct. The principles of Ownership,
Control, Access, and Possession (OCAP) are First Nations developed guidelines on data use,
control, and access (Schnarch, 2004). OCAP is intended to promote Indigenous self-
determination in research and protect the rights of Indigenous Peoples to the control and
collective ownership of their data (Schnarch, 2004). OCAP principles are thereby used as a basis
for collaborative research practice. The Tri-Council Policy Statement (TCPS) Chapter 9 on
research involving Indigenous Peoples is another important guiding document (Government of
Canada, 2022). The TCPS is the official human research ethics policy of Canada’s research
agencies and is a mandatory component of institutional review of research proposals, outlining
considerations for ethical conduct in all aspects of the research process- for example, reflecting
on the risks and benefits of research, obtaining community permissions to conduct research, and
creating a research agreement. Positively, major federal granting agencies are increasingly
prioritizing and supporting Indigenous leadership and collaboration on research in Indigenous
communities. Federal research grating agencies in Canada released a strategic plan to support
Indigenous research in Canada in 2019, which supplements the TCPS (Government of Canada,
2019). Research guidelines specific to Indigenous community-based work are important to
understand as a component of research accountability to the communities that are involved in

this thesis.

Further, of importance in research involving Indigenous Peoples is a knowledge of

conceptualizations on the co-use of multiple knowledge systems. With the challenging history of
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research that privileges western-scientific worldviews while often subsuming Indigenous
epistemologies, several models have been proposed towards a more ethical collaboration
between these knowledge systems. A popular conceptualization is two-eyed seeing (Etuaptmumk
in Mi’kmaw), which was envisaged by Mi’kmaw Elder Dr. Albert Marshall, and is defined as
‘learning to see from one eye with the strengths of Indigenous knowledge and ways of knowing,
and from the other eye with the strengths of mainstream knowledge and ways of knowing, and
using both eyes together, for the benefit of all’ (Reid et al., 2021). ‘Weaving’ and ‘Braiding’ are
also common conceptualizations which bring together knowledge systems with respect for each
system, aiming to go beyond integration or incorporation of one knowledge system into another
more dominant body (Johnson et al., 2023). The two terms are beginning to be distinguished,
with ‘weaving’ additionally including self-determined Indigenous methodologies and research
paradigms (Government of Canada, 2024c¢). Third, ‘ethical space’ is an approach to shifting
asymmetrical power dynamics towards equalized forms of knowledge and involves a dialogue
between worldviews and mutual respect and reciprocity (Nikolakis & Hotte, 2022). All three of
these approaches get at a similar goal of improving collaborations and relationships between
western-scientific and Indigenous knowledges and values, for mutual benefit. While the
institutionalization of these approaches in research practice has not yet been realized, and the
dominance of the western scientific body remains, understanding these principles is an essential

step in engaging with meaningful and ethical collaboration with Indigenous communities.

Reflexive research practice and researcher positionality is another important component
of this thesis work. Positionality statements have become increasingly popular in research
involving Indigenous communities. A positionality statement ideally is used as an ongoing part

of a researcher’s reflexivity, in which they critically reflect on their own personal and socio-
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historical relationships, assumptions, and privileges, and how they are situated within and
interact with the research context (King, 2024). While not a stand-alone solution to the historical
lack of ethical research conduct in communities, positionality statements may be one tool that
can help researchers to continue to reflect upon how knowledge systems interact in their work
and to understand their limitations. Enacting self-awareness and ongoing self-reflection are

important considerations for research involving Indigenous communities.

Finally, and importantly, the UN Declaration on the Rights of Indigenous Peoples
(UNDRIP) outlines key principles that are essential foundational knowledge for research
involving Indigenous Peoples. UNDRIP was adopted by the United Nations General Assembly in
2007 and was endorsed by Canada in 2016. Royal Assent was received for Canada’s ‘UN
Declaration Act’in 2021, and an action plan for its implementation was released in 2023. Cross-
cutting across First Nations, Inuit, and Métis priorities in Canada are the rights to self-
determination and self-governance (Government of Canada, 2023b). Further, the UN Declaration
Act commits to Indigenous Peoples’ rights related to a healthy environment, which includes
meaningful participation in impact assessment processes, and the consideration of socio-
economic factors and cumulative effects (Government of Canada, 2023b). These are a few of
many inherent rights that are related to the presented works of this thesis. These rights underpin
an understanding of Indigenous Peoples and communities as rightsholders, as opposed to simply
stakeholders, when it comes to natural resources assessment and management (Darling et al.,
2023). Working to develop Indigenous-specific and led risk assessment approaches is one
potential contribution towards the realization of Indigenous rights of self-determination and

governance and the right to a healthy environment.
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CONNECTING PARAGRAPHS

Chapters 1 and 2 outline the knowledge on HHRAs and Indigenous communities and
describe the rationale for designing new approaches to risk assessment that better meet the
priorities of communities themselves. While information on the topic is relatively minimal, it is
generally clear from the literature that conventional HHRA approaches may not adequately
address the unique risk contexts of Indigenous Peoples and communities. The process of design
thinking begins with empathizing with and defining the complex ‘problem’ in question. In the
context of environmental assessment and management in Indigenous communities, there are a
variety of actors and perspectives beyond academia that need be considered as part of these
empathize and define stages. Understanding the variety of available knowledge is necessary in

establishing a ‘complete picture’ of the scope of the question this thesis aims to address.

Chapter 3 details a scoping review on the topic of contaminated sites and Indigenous
Peoples in Canada and the US, exploring three distinct data streams: Scholarly literature, grey
literature, and data on contaminated sites from Canadian and US databases. Comparing these
three data streams overall demonstrates that the available knowledge on the topic is diverse yet
disparate, with a small amount of literature on the topic relative to the large number of
contaminated sites on Indigenous lands. Gaps in information and future research priorities
identified through this review include community-specific and led assessment and management
approaches, and the development of holistic and efficient methods that prioritize Indigenous
epistemologies. These findings provide context for the subsequent stages of the design thinking
process detailed in chapters 4-7. This chapter is additionally co-authored by Dr. Niladri Basu and

was published in Integrated Environmental Assessment and Management (Chong et al., 2023).
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CHAPTER 3: Contaminated Sites and Indigenous Peoples in Canada and the US: A
Scoping Review

Katherine Chong ' and Niladri Basu '

! Center for Indigenous Peoples’ Nutrition and Environment (CINE), Faculty of Agricultural and
Environmental Sciences, McGill University, Montreal, Quebec, Canada

3.1 Abstract

Indigenous communities are disproportionately exposed to contaminated sites, and this
poses unique challenges as many Indigenous peoples consider land as an integral part of their
culture and economy. This scoping review aimed to identify and map information on
contaminated sites and Indigenous peoples in Canada and the US, namely: 1) the relationship
between contaminated sites and Indigenous people, and their land and food systems; 2)
strategies, challenges, and successes for contaminated sites assessment and management on
Indigenous land; and 3) Indigenous leadership and inclusion in contaminated site assessment and
management. We followed a PRISMA-ScR (Transparent Reporting of Systematic Reviews and
Meta-Analyses-Extension for Scoping Reviews) checklist to collect data that could be
categorized into these three objectives. Between October 2021 and July 2023, information from
three data streams was retrieved: systematic literature search; a grey literature search; and federal
site data retrieval (Canada’s Federal Contaminated Sites Inventory, US EPA’s contaminated sites
databases, including Superfund). This search yielded 51 peer-reviewed articles, 21 grey literature
articles, and 11,404 federal site records, evidencing the contamination of the lands of 875
Indigenous communities and the presence of 440 different contaminants or contaminant groups.

The body of information was categorized into three themes within the above objectives:
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Objective 1) Indigenous communities and geographic patterns; Contaminated sites, sources, and
media; Contaminated sites and Indigenous lands; Contaminated sites and Indigenous food
systems; Contaminated sites and the health of Indigenous peoples; Objective 2) Site management
and classification processes; Health risk assessment; Risk management; Long-term management;
Objective 3) Collaborative research, Collaborative site management; Traditional knowledge and
contaminated sites. Results highlighted a need to prioritize holism, efficiency, and Indigenous
leadership in site assessment, management, and research, including a focus on community-
specific approaches to site assessment and management; a re-conceptualization of risks that

privileges Indigenous epistemologies; and greater collaboration between stakeholder networks.
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3.2 INTRODUCTION

It is well known that pollution has profound effects on human and environmental health
(Landrigan et al., 2018). In Canada and the United States (US), contaminated sites that arise
from commercial, industrial, or waste disposal activities are a major source of pollution, with
contaminant concentrations that can often pose a human or environmental health hazard
(Contaminated Sites Management Working Group, 2000; EPA, 2021b). Federal Contaminated
Sites (also termed “Superfund” or “Cleanups” in the US) are those for which federal
governments are responsible. These sites disproportionately affect Indigenous People. For
example, in Canada south of the 60" parallel, there are an estimated 4486 Federal contaminated
sites on Indigenous reserve land, making up over 20% of the total sites, although reserves make
up only 0.5% of the total land mass, and Indigenous peoples make up 5% of the total population
in Canada as of 2021 (Government of Alberta, 2023; Government of Canada, 2021; OECD,
2020). Similarly in the US, ~34% of Superfund sites are categorized under ‘Native American
Interest’ by the Environmental Protection Agency (EPA), while Native American people make

up only 2.9% of the total population (EPA, 2021a; Jones, 2021).

Many Indigenous peoples in Canada and the US have traditional ties to the land,
including as an integral part of food systems, language, culture, community, and spirituality. The
health of Indigenous communities cannot be understood independent of the health of the
environment and thus contaminated sites present unique challenges to Indigenous People
(Hoover, 2013). One of the most notable challenges is the impact of contaminants on Indigenous
food systems, including agricultural and subsistence activities such as hunting, gathering,

farming, and gardening (Fernandez-Llamazares et al., 2020). As an example, the First Nations
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Food and Nutrition Study in Canada recently sampled traditional foods from 92 communities,
measuring 2061 samples and finding some of these to have elevated concentrations of metals,
particularly mercury in fish and lead in mammals and birds compared to Canadian guideline
values (Chan, Singh, et al., 2021). Exposure to such contaminants is associated with organ
damage, neurodegenerative diseases, cancer, and reproductive and developmental disorders
(Briffa et al., 2020; Engwa et al., 2019). Furthermore, contamination of traditional foods has
contributed to a ‘nutrition transition’ for many Indigenous communities, characterized by the
westernization of diet and lifestyle and a reliance on nutrient-poor market foods. This transition
is fueling a high prevalence of chronic diseases including obesity and related cardiometabolic
disorders (Chan, Fediuk, et al., 2021; Damman et al., 2008). Overall, exposure to contaminants
results in both direct and indirect health effects for Indigenous peoples, contributing to a loss of
food sovereignty, which is defined as the right to healthy, culturally appropriate, and self-
determined food and agricultural systems, and is a key determinant of overall health (Coté, 2016;

Fernandez-Llamazares et al., 2020).

Unique solutions are required to address the challenges that contaminated sites pose to
Indigenous communities, however environmental research and management processes often use
western-institutionalized risk assessment tools and frameworks which are generic and poorly
apply to Indigenous people (Arsenault et al., 2019; Sandlos & Keeling, 2016a; Wang et al.,
2020). For example, the application of a generic (i.e.: western population focused) risk
assessment model for mercury exposure to studies involving Indigenous populations did not
yield results that were representative of the study population given differences in factors such as
diet and genetics (Canuel et al., 2006). This issue is further complicated by the lack of

toxicological data for the hundreds of chemicals found at contaminated sites (EPA, 2021a;
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Government of Canada, 2021; Wang et al., 2020). Regulatory barriers further challenge
contaminated sites management. The variety of US governmental programs, for example, that
categorize and address contaminated sites has resulted in a fragmented tracking system and a
poor understanding of the scope of the problem (EPA, 2021b). In Canada, Indigenous reserve
land falls under federal jurisdiction, while most environmental management is provincially
mandated (Eckert et al., 2020). The Indian Act constitutes federal legislation on reserve
management, but fails to mention environmental protection, and Indigenous legal systems are not
consistently recognized under the Canadian constitution on the same level as federal and
provincial legislation (Eckert et al., 2020; Gunn K, 2021). Scientific and regulatory discourse
that governs decision-making further highlights this gap. For example, a recent 400-page report
from the US National Research Council that outlines alternatives for managing contaminated
groundwater sites does not mention Indigenous peoples (National Research Council, 2013).
Taken together, there are scientific gaps, regulatory barriers, and a lack of meaningful inclusion
of Indigenous communities, which prevent improvements to the management of federal

contaminated sites.

Contaminated sites threaten land-based food systems that are essential to many
Indigenous communities’ culture, spirituality, and overall health. Scientific, regulatory and
epistemological barriers facing federal contaminated site management adds complexity beyond
previous studies of pollution and Indigenous people in general (Ferndndez-Llamazares et al.,
2020). However, to our knowledge, the topic of federal contaminated sites and Indigenous
people has yet to be reviewed, preventing the advancement of solutions to these barriers. As
such, the objective was this paper was to present the state of knowledge on 1) the relationship

between contaminated sites and Indigenous people, and their land and food systems; 2)

74



strategies, challenges, and successes for contaminated sites management on Indigenous land; and
3) Indigenous leadership and inclusion in contaminated sites management activities. In doing so,
this scoping review maps the available information and identifies evidence gaps and priority
actions pertaining to contaminated sites and Indigenous peoples in Canada and the US (Munn et

al., 2018).
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3.3 METHODS

3.3.1 Positionality Statement

This review was conducted by non-Indigenous researchers at McGill University in Montreal,
Canada. The authors are non-Indigenous persons of color (a doctoral student and Professor).
While every attempt was made to minimize biases, we acknowledge that this positionality and its
historical context places limitations on the present work. The motivation for the review is an
Indigenous community-based project lead by the Kanien'keha:ka (Mohawk) Community of
Kanesatake in Quebec, Canada, that addresses a local contaminated site. The authors are based in
McGill’s Centre for Indigenous Nutrition and Environment (CINE), which affords connections
with many Indigenous communities and stakeholders and provides opportunities for the

promotion of Indigenous methodologies and decolonizing research practices.

3.3.2 Search Strategy and Study Selection Criteria

The search strategy utilized three data streams, which included a systematic scholarly
literature search, a grey literature search, and federal contaminated sites data repositories (Figure
3-1). First, a systematic search of peer-reviewed literature was conducted to identify the state of
knowledge pertaining to the study objectives. Second, a search for grey literature, such as
governmental reports, theses, news articles, and case studies was used to support the findings.
Finally, publicly available federal contaminated site data was downloaded from the US and
Canadian federal government websites. The results were compiled and scrutinized to map the

existing evidence and to develop an understanding of priority scientific and environmental
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management gaps in a multidisciplinary context. The PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses- Extension for Scoping Reviews) checklist was

utilized to ensure that methodology reporting was transparent (Tricco et al., 2018).

Data Streams

|

(1) Systematic ;
i 2 Lit
Literature Search (2) Grey Literature
Web of X News \ Reports
Sci Pub Native Health,  Articles
N({:lenc;, Arctic Health Conference
ed, Scopus Natoriale
Theses,
Dissertations
Indigenous
Literature
Government
Organization
Websites

Figure 3-1: Overview of the three data streams used in this scoping review.
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Systematic literature search. A systematic search of databases (Scopus, Web of Science,
and Pubmed) was used to identify relevant articles. The final search was run on January 10,
2022, and updated July 4, 2023. Boolean operators were used to search each database as follows:
(“First Nation®” OR “Indigenous people*” OR “Native American” OR “Aboriginal” OR “Inuit”
OR “Metis” OR “American Indian” OR “Canadian Indian” OR “Traditional food” OR
“Indigenous agriculture” OR “Country food*” OR “Tribal land” OR “reservation” OR “reserve
land” OR “Indian country””) AND (“contaminated site*” OR “superfund” OR “contaminated
land” OR “brownfield” OR “abandoned mine”). The Scopus search was limited with the operator

TI-ABS-KEY due to initial results from a full-text search that lacked specificity.

Overall, inclusion criteria were broad, to capture the diversity and scope of the
information available on the topic. Papers were included that pertained to federal contaminated
site(s) in Canada or the US, and to Indigenous peoples, communities, and environments exposed
to the site. Both qualitative and quantitative studies were included. Both primary studies (i.e.,
involving the collection of primary data and direct measurement of an outcome of interest) and
secondary studies (i.e., review papers or discussion papers) were included. Literature included
was limited to Canada and the US and published in English. No date limit was placed on the
studies. The review was limited to First Nations, Inuit, and Metis peoples in Canada, and all
Native American peoples in the US, including those residing in non-contiguous states. Notably,
many mainland Indigenous people such as the Haudenosaunee, Cree, and Anishinaabe live in
both the US and Canada, due to the cutting of common cultural territory by the international
border (Native Land Interactive Map, 2021). Furthermore, some Indigenous communities live on
both sides of the US-Mexico Border, and these were considered if the literature was relevant to

the US context. The review used the definition of ‘contaminated site’ as described by the US
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Records identified from;
Web of Science (n= 54)
Scopus (n=95)
PubMed (n=37)
TOTAL (n= 186)

EPA and Environment and Climate Change Canada (ECCC) (See Supplemental Materials,
Glossary of Key Terms) (EPA, 2021b; Government of Canada, 2021). The review excluded

literature on pollution and Indigenous people that was not specific to contaminated sites. The

51 articles for analysis (Figure 3-2; Excel Table S1).

Records removed before
SEFEening:
Duplicates {n=57)

w

i J

Mot peer-reviewed journal
articles (n= 21)

Records screened (n=108)

L

Studies retrieved and
included in review (n= 41)

Excluded [n= &67)
Reason:

Mot about Contaminated Sites (n= 8)
Mot about Indigenous Peaple (n= 48)

Wrong Location (n= 11)

Records added from:
Other Databases (n=4)
Citation search (n= &)
TOTAL (n= 10)

Total Included Articles: (n= 51)

Figure 3-2: Flow diagram adapted from the PRISMA-ScR (Preferred Reporting Items for

search and screening process, involving the reviewing of titles and abstracts, resulted in a total of

Systematic Reviews and Meta-Analyses- Extension for Scoping Reviews) guidelines, outlining

the literature search process for the first data stream (peer-reviewed literature). Search last

updated July 6, 2023.
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Grey literature search. Due to the minimal number of publications in academic journals
related to contaminated sites and Indigenous People in Canada and the US, and to capture a
broader range of perspectives on the topic, a grey literature search was also conducted. Grey
literature included multiple document types produced by all levels of government, academics,
businesses and organizations, that are not controlled by commercial publishing (Mahood et al.,
2014). The review used the search strategy ‘SYMBALS’ (a systematic review methodology
blending active learning and snowballing), which uses backward snowballing to allow
researchers to complement their set of relevant papers with additional sources such as grey
literature (van Haastrecht et al., 2021). The grey literature search was conducted from January

2022 through to March 2022 inclusive.

Grey literature was yielded iteratively from relevant websites, governmental databases,
organizations, and reference lists. Search terms were compiled from the authors’ knowledge on
the topic and information from previous searches. Notably, while we aimed to design a
comprehensive search strategy for grey literature, the iterative and snowballing nature of this
search likely misses key resources that may contain literature not captured here, and this is a
limitation of the review. The search terms used fell into two main categories (“Indigenous
People” and “Contaminated Sites”) with the complete list available in Supplemental Materials
(Table S1). News articles, reports, dissertations, and theses were found in ProQuest and included
if relevant. Governmental websites, including Health Canada, Indigenous and Northern Affairs
Canada, Environment and Climate Change Canada, US EPA and the Tribal Lands Assistance
Center were searched. Information on Indigenous peoples and federal contaminated sites is often
cited in technical reports and therefore, Google Scholar was searched, which has been cited as an

acceptable database for grey literature searches (Haddaway et al., 2015). The search yielded a
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total of 21 selected grey literature articles (Excel Table S2), which included seven government
documents (EPA, 2015; Government of Northwest Territories, 2021; Indigenous and Northern
Affairs Canada, 2016; Michelsen, 2010; US Government Accountability Office, 2019; US
Government Publishing Office, 2016; Woolford, 2017); four journal articles (non-peer-reviewed)
(Castleden et al., 2017; Gallo, 2011; Gover, 2007; Lewis et al., 2015), one opinion article
(Nolan, 2009), one thesis (Clark, 2020), three news articles (Bienkowski, 2012; Hansen, 2018;
Indian Country Today, 2013), one research plan (Chan, 2019), and four conference materials
(Ellison, 2012; Gailus, 2013; Hykin, 2016; Kent, 2016). Although not considered as grey
literature in this review, information was also gathered from nine government webpages, to

better understand the context of the findings (Table S2).

Federal data inventory search. Government websites (US EPA and Government of
Canada) were used to identify available datasets for inclusion. Data on contaminated sites was
publicly available in an Excel spreadsheet format for all federal contaminated sites on reserve
land in Canada from the Federal Contaminated Sites Inventory (FCSI) (n= 6878) (Government
of Canada, 2021) (Excel Table S3), which was downloaded on October 14, 2021. US federally
managed and regulated sites were inventoried across several databases (Excel Tables S5-S7,
Table S17). A search for US EPA Superfund sites categorized under “Native American Interest”
(which includes sites that affect Native American peoples but are not on Tribal lands) from the
Superfund Site Information database was run on October 4, 2021, and re-run on February 16,
2022 to include both the Superfund site data (n=1236) (Excel Table S4) and an inventory of data
on contaminants at Superfund sites (Excel Table S5) (EPA, 2021a). There was also some

information on sites located on tribal lands available through the US EPA’s ‘Cleanups in my
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Community’ (CIMC) tool (EPA, 2023a) including brownfields, federal facilities, and Resource
Conservation and Recovery Act (RCRA)-managed sites (total n=1969) (Excel Table S6). US
EPA’s Leaking Underground Storage Tanks (LUST) on Tribal Lands program identified an
additional 1321 sites (EPA, 2023b) (Excel Table S7). All together, these searches of the
Canadian and US databases resulted in a total of 11,404 records of contaminated site data for
analysis. The information available within each dataset was variable. Canadian FCSI and
Superfund datasets serve as the primary datasets for this review, as they include site location and
Indigenous community affected, site status, risk classification and prioritization ranking, type of
contaminant, and type of contaminant media. FCSI data included the management strategy and
plan for the site, size of the area contaminated, the number of people living in proximity to the
site, and expenditure estimates related to monitoring, remediation, assessment, and maintenance.
Superfund data included indications of whether the contaminants were of human or ecological

concern, the site type (i.e., source of contamination), and exposure control measures.

3.3.3 Data Extraction and Analysis

Included peer-reviewed literature were compiled into a data chart following a model outlined
by the Joanna Briggs Institute Methodology for Scoping Reviews (Peters et al., 2015) (Excel
Table S1). Per this guideline, the following data were extracted and charted: author(s), year of
publication, country of origin, study purpose, location, study population (i.e., sample size),
methodology, and key findings related to the scoping review questions. Additionally, data
extracted that are specific to this study included: contaminated site name, contaminant name or

contaminant class, contaminant media sampled, type (source) of contaminated site, Indigenous
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community of focus and/or territory of focus, the presence of a collaboration between Indigenous
and non-indigenous researchers and/or Indigenous authorship, whether the article was a primary
or secondary data source, whether the article collected qualitative or quantitative data, and the
discipline in which the article was published. For quantitative data, descriptive statistics were
used to map out and better understand the scope of the data. Qualitative data were iteratively

analyzed to develop themes presented in the results section.

Data from both retrieved articles and federal databases were analyzed using Microsoft
Excel Software (Microsoft 365 MSO (Version 2205)), and basic descriptive statistical analyses
were run on these datasets. For example, data such as contaminants of focus, risk assessment
information, and site locations were extracted and compared across data streams. Data was
analyzed in answer to the three study objectives, with additional questions being developed
iteratively as the data was explored. A narrative synthesis of qualitative data was integrated into
this analysis. Complete datasets can be found in supplementary materials, which includes data
extraction charts for peer-reviewed literature (Excel Table S1) and grey literature (Excel Table
S2); and raw data retrieved from Canadian FCSI (Excel Table S3) and US EPA Superfund

databases (Excel Tables S4-S7).
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3.4 RESULTS

The themes identified from the thematic analysis of the data are organized according to
this review’s three objectives and presented in Box 3-1. Information available on contaminated
sites and Indigenous peoples in Canada and the US included 51 peer-reviewed journal articles,
21 pieces of grey literature, and 11,404 contaminated site records from federal databases (Table
3-1). These sources provided data on the potential or actual contamination of the lands of 875
distinct Indigenous tribes and nations and indicated the presence of 440 different chemicals or
chemical groups found at 4976 distinct contaminated sites. Peer-reviewed literature available on
the topic has been published between 1996-2021. Of the 51 peer-reviewed articles, 37 were
primary data sources (i.e., original data collection), while 14 were secondary, including reviews,
historical reviews, and discussion papers. Of the articles collecting primary data, 26 collected
quantitative data, three collected both qualitative and quantitative data, and eight collected
qualitative data only. Throughout these sources, contamination of a wide variety of media, from

soil, air, water, groundwater, and food to human biomarkers were described.
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Box 3-1: Overview of themes identified from scoping review results

1. OBJECTIVE ONE: The relationship between contaminated sites and Indigenous Peoples, and
their land and food systems

1.1 Indigenous communities and geographic patterns
1.2 Contaminated sites, sources, and media

1.3 Contaminated sites and Indigenous lands

1.4 Contaminated sites and Indigenous food systems

1.5 Contaminated sites and the health of Indigenous peoples

2. OBJECTIVE TWO: Strategies, challenges, and successes for contaminated sites management on
Indigenous lands

2.1 Site management and classification processes

2.2 Health risk assessment
2.3 Risk management

2.4 Long-term management

3. OBJECTIVE THREE: Indigenous leadership and inclusion in contaminated sites management
activities

3.1 Collaborative research

3.2 Collaborative site management

3.3 Traditional knowledge and contaminated sites
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Table 3-1: Meta-data from three data streams (systematic literature review, grey literature, and
federal contaminated site databases)

Data Peer- Grey Canadian US EPA TOTAL
reviewed Literature * Federal Superfund and
Literature Contaminated Cleanups Data
Sites Inventory
(FCSI)
Total # of records = 51 21 6878 4526° 11476
# of known active n/a n/a 2428 701 3129
sites ¢ (463 Superfund,
238 LUST)
# of known n/a n/a 2843 1856 (773 4699
archived sites * Superfund, 1083
LUST)

# of suspected sites  n/a n/a 1607 n/a 1607
Indigenous/ 41 11 576 299 (239 875¢
communities (8 Canada, Superfund, 60

identified 30 US, 3 LUST)
US and
Canada)
# of contaminants | 45 15 12 440 440 ¢
identified

2 Grey literature was collected iteratively using SYMBALSs methodology !, and therefore is not
representative of the entire scope of grey literature on the topic

® Figure includes Superfund sites, RCRA (Resource Conservation and Recovery Act), Federal
Facilities, Brownfields, and Leaking Underground Storage Tanks (LUST) (See supplemental
materials Excel Tables S5-S7, and Table S17). Despite there being overlap between these
programs, this number is likely an underestimation 2.

¢ “Active Sites”: have not completed the process for addressing a contaminated site and continue
to pose an environmental and/or financial liability to the federal government are classified as
active %; US Data include only Superfund and LUST

d «“Closed” or “Archived” sites are defined by federal governments as having shown acceptable
levels of human and ecological risk by meeting national guidelines, remedial objectives have
been achieved, and no further action is required *; US data include only Superfund and LUST
¢ A “suspected site” is one at which further assessment is required to determine if the site is
‘contaminated’ (i.e., remedial action may be required) *

' The literature review’s definition of Indigenous included First Nations, Inuit, and Metis
peoples in Canada, and all Native American peoples in the United States, including those
residing in non-contiguous states; Canadian FCSI data was filtered by sites located on reserve
land, and inventories the name of the Indigenous community that lives there; Superfund data
specifies the Native American community which is affected by the site (with the site classified
under “Native American Interest”)

£ duplicates removed
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3.4.1 Objective 1: The relationship between contaminated sites and Indigenous Peoples, and
their land and food systems

Indigenous communities and geographic patterns. Peer-reviewed literature described
contaminated sites affecting 41 distinct Indigenous Tribes and Nations across Canada and the US
(Table 3-1), with some literature focused on multiple Tribes or Nations. A total of 11 individual
communities were the focus of grey articles, with the remaining grey articles focused on
Indigenous Peoples in general as opposed to individual communities. In contrast, more
communities were captured under the federal databases as the US EPA reported Superfund sites
of interest to 239 Indigenous Tribes (EPA, 2021a), and 60 additional communities were listed in
the LUST data (EPA, 2023b) (Excel Tables S4 and S7). Canada’s FCSI included sites affecting
576 distinct Indigenous communities on 745 different reserve lands (Excel Tables S3 and S4)
(Government of Canada, 2021). Notably, Canadian and US federal contaminated site data varied,
in that Canada listed multiple “sites” with unique identifiers in the same geographic region,
while Superfund tended to list one larger area with a single identifier. Of the 51 peer-reviewed
journal articles that were included in the review, 31 were based in the US, 13 were based in
Canada, and seven were based in both the US and Canada. In grey literature, the US EPA
published a report in 2020 estimating that 146 605 Native American people live within one mile
of a Superfund site, and 449 849 live within three miles (EPA, 2020). Canadian FCSI data
provided an estimate of populations (which included Indigenous and non-Indigenous people)
living near contaminated sites on reserves, totaling 2 096 197 people living within 1 km
(Government of Canada, 2021). Canadian FCSI data also reported estimated sizes of the
contaminated areas, which is the area of contaminated media that exceed environmental criteria

(CCME, 2008). The estimates range from 0.0001 to 1,500,000 cubic square meters, with very
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small site estimates potentially related to a lack of available data (Government of Canada, 2021).
Figure 3-3 displays contaminated site locations identified from the four data streams.

(A) (E)

-

(C) o)

Figure 3-3: Co-location of Contaminated Sites affecting Indigenous Peoples based on a review
of data from A) Site locations identified via the primary literature review; B) Site locations
identified in grey literature; C) Site locations identified in US EPA Contaminated sites databases
as being of “Tribal Interest” (both on and off reservations and trust lands) or “On Tribal Lands”;
D) Site locations identified in Canadian Federal Contaminated Site Inventory Data (on-reserve).
Each site 1s indicated with a dot (note: some site locations are the focus of more than one peer-
reviewed article). The maps were generated using OpenStreet Maps and Tableau Software. The
underlying database is available in the supplementary materials (Excel Tables S1-S7). For more
information on Indigenous lands in Canada and the US, please visit the following government

websites: Government of Canada Geoviewer: https://geo.aadnc-aandc.gc.ca/geoviewer-

geovisualiseur/index-eng.html; US EPA EnviroAtlas:

https://enviroatlas.epa.gov/enviroatlas/interactivemap/
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Contaminated sites, sources, and media. Of the contaminated sites described in the 51
peer-reviewed articles, 25 were from mining activity, eight were industrial waste sites, six were
hazardous waste sites, four were military radar, and one was from hydroelectric activities, with
the remainder of unspecified origin (Excel Table S1). Ten grey articles were focused on specific
contaminated sites, which included the mention of seven sites due to mining activities, two from
industrial activities, one nuclear waste site, and one from an accidental spill. The US EPA
reported on Superfund site types, including 159 due to manufacturing/processing/maintenance,
84 mining sites, 98 waste management sites, and 39 recycling sites (EPA, 2021a). However, we
note that most of the sites (n=248) were classified as having “other” sources (EPA, 2021a).
LUSTs contribute to 1321 contaminated sites requiring cleanup on Tribal lands in the US (EPA,
2023b). Canadian FCSI Data does not provide information on contaminant source (Government

of Canada, 2021).

In the peer-reviewed literature, a total of 45 unique contaminants or contaminant groups
were identified or discussed (Table 3-1). While most grey literature was focused on
contaminated sites in general without referencing specific chemicals, eight articles referenced
(but did not measure) specific contaminants of concern, which included lead, arsenic, PCBs,
benzene, cadmium, formaldehyde, uranium, zinc, pentachlorophenol, dioxin, creosote, arsenic,
antimony, lead, manganese, and vanadium. Superfund site data reported the measurement of 440
different contaminants or contaminant groups found at 296 contaminated sites, with lead,
arsenic, and cadmium as the most common ones listed. Of these contaminants listed, 12% were
flagged by US EPA as a potential ecological risk (EPA, 2021a). Canadian FCSI Data reported
contaminant classes as opposed to single contaminants, for a total of 12 different contaminant

classes found at 4680 contaminated sites (Table 3-1). The most commonly reported classes were
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petroleum hydrocarbons (PHCs), polycyclic aromatic hydrocarbons (PAHs), and metals,
metalloids, and organometallics (Government of Canada, 2021). In Canadian FCSI Data, there
were 2198 contaminated sites listed (~32%) without data on contaminants, and in Superfund site

data there were 940 sites (~76%) without contaminant data.

Biological media, including human biomarkers and wildlife were the most common
media tested for contaminants in peer-reviewed literature. Grey literature most often described
the sampling of environmental media including water, food, and sediment, with one piece of
grey literature describing the collection of samples for the measurement of human biomarkers.
Both Superfund and FCSI datasets reported contaminant media tested, with soil being the most
common in both databases, followed by groundwater (Table 3-2). Considering both biological
and environmental media, there were several media utilized in scientific research that were not
identified in federal site assessments. These include human biomarkers (Denham et al., 2005;
Fitzgerald et al., 1996; Fitzgerald et al., 2004; Goncharov et al., 2008; Kegler & Malcoe, 2004;
Kegler, Malcoe, et al., 2010; Rock et al., 2019; Tsuji et al., 2005), plants and plant foods
(Fitzgerald et al., 1996; Fitzgerald et al., 2004; Garvin, 2018; Koch et al., 2013; Samuel-
Nakamura et al., 2017; Sarkar et al., 2019), wildlife and wild game (Brown et al., 2014; Koch et

al., 2013; Rock et al., 2019; Samuel-Nakamura et al., 2017), and tree bark (Flett et al., 2021).
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Table 3-2: Number of contaminants reported by media type in peer-reviewed articles and federal

site records.

Contaminant Media Type

# of contaminants
detected per media
in peer-reviewed
articles * % of total)

# of contaminants
reported per media
in FCSI data® (% of
total)

# of contaminants
reported per media
in Superfund data®
(% of total)

Soil (incl. surface soil)

4(6.3%)

3493 (62.8%)

3817 (34.7%)

Groundwater n/a 1022 (18.4%) 2618 (23.8%)
Sediment 3 (4.8%) 111 (2.0%) 1841 (16.8%)
Surface water 9 (14.3%) 133 (2.4%) 903 (8.2%)
Solid Waste 1 (1.6%) Not reported 403 (3.7%)
Air n/a 56 (1.0%) 184 (1.7%)
Other Media 46 (73%) n/a n/a

TOTAL # 63 5559 10 988

2To display data that is comparable to federal governmental databases, this column reflects the number of
contaminants detected per media per peer-reviewed article collecting primary quantitative data. For a
detailed chart on contaminants sampled including the number of samples taken in each study, see
supplemental materials (Excel Table S1).

®Federal databases (both FCSI and Superfund) provided information on the name of contaminants or
contaminant groups found at each site, and the media in which they were found. Notably, the databases do
not indicate the number of samples taken per media or the contaminant level. This number therefore
provides us with an idea of the prevalence at which each media is sampled, rather than the exact number
of samples per media

Note: See Excel Tables S1, S3, and S5 for complete datasets (EPA, 2021a; Goncharov et al., 2008)
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Contaminated sites and Indigenous lands. Six peer-reviewed studies focused on the
assessment of contaminants found on Indigenous lands affected by contaminated sites
(summarized in Table S4), and in five of these studies there was evidence of contaminant levels
exceeding regulatory guidelines. A study on an abandoned mine waste site proximate to the
lands of the Navajo Nation (Blue Gap Chapter, Arizona), revealed elevated levels of uranium
(67-170 pg/L-1, US EPA reference value 30 pg/L-1) in spring water, and detected uranium
(6,614 mg/kg—1), vanadium (15,814 mg/kg—1), and arsenic (40 mg/kg—1) in mine waste solids
(Blake et al., 2015). Another study examined tree bark on the Spokane reservation (Washington),
nearby the Midnight Mine Superfund site, finding a high geo-accumulation index for uranium
and a moderate index for thorium (Flett et al., 2021). Uranium was also detected in stream
sediments on Inuit Territory in Labrador, Canada, proximal to the Abandoned Kitts-U mine site
(up to 214.46 mg/kg detected, exceeding the Canadian guideline reference value of 23 mg/kg)
(Sarkar et al., 2019). Sediment toxicity tests in Inukjuak Inuit Territory (Saglek Bay, Labrador)
near a military radar site revealed sediment PCB concentrations exceeding Canadian sediment
quality guidelines by 41-fold (Brown et al., 2013). Local birds in Saglek Bay, the shorthorn
sculpin and black guillemot, were found to be exposed to sediments with concentrations
measuring 1000 ng/g within 3 km of a contaminated marine sediment site, exceeding the limits
associated with risk to survival (750 ng/g for sculpin and 77 ng/g for guillemot) (Brown et al.,
2013). Other studies examined the presence or origin of contaminants. For example, a study on
the Yurok Indian Reservation’s Klamath watershed (California) detected a wide variety of
contaminants in water, including carbamates, dioxins/furans, mercury, microcystins,
organochloride pesticides, and phenols including PCP and TCP (Middleton et al., 2019). The

origin of copper contamination dispersed onto the land of the L’ Anse Indian tribal lands
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(Michigan) were confirmed to be from the Mass Mill Superfund close to the Keweenaw

Peninsula in one study using sediment core dating (Kerfoot et al., 2020).

Contaminated sites and Indigenous food systems. Seven peer-reviewed articles
examined contaminants and Indigenous peoples’ food (both plant and wildlife) (Table S5)
(Brown et al., 2014; Fitzgerald et al., 2004; Garvin, 2018; Koch et al., 2013; Rock et al., 2019;
Samuel-Nakamura et al., 2017; Schmitt et al., 2006). A total of 58 varieties of plant and animal
foods were sampled, including 42 plant species, four mushroom species, and 12 animal species.
Seals that are a part of Inuit diets in Labrador, Canada were evidenced to contain PCBs and
organochloride pesticides that exceeded adverse effects thresholds of 1.3 mg/kg (Brown et al.,
2014). Hares, mushrooms, and wild berries at a variety of contaminated sites affecting First
Nations in Canada were assessed for bioaccessible arsenic species, with the highest observed
bioaccessibility in hare meat and mushrooms, and the lowest observed for berries and plants,
through the results were highly variable between samples (Koch et al., 2013). Mutton consumed
by Navajo Nation members in Arizona were found to exceed reference dietary intake levels for
uranium, arsenic, cadmium, lead, molybdenum, and selenium (Rock et al., 2019; Samuel-
Nakamura et al., 2017). In studies on the traditional foods of the Eight Tribes and Nations of
Northeastern Oklahoma, fish and crayfish were found to contain lead and cadmium, posing a
hazard to human consumers of carnivorous wildlife (lead consumption from crayfish up to 58.75
mg/kg/day (Toxicological Reference Value (TRV) 1.68), from carp up to 7.54 mg/kg/day; and
cadmium from crayfish up to 1.66 mg/kg/day (TRV 1.47) (Schmitt et al., 2006), and 36 species
of edible plants within a contaminated area were found to have significantly different levels of

cadmium, lead, and zinc than plants outside of the contaminated area (Garvin, 2018). Overall,
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contaminants studied in food were primarily heavy metals (Garvin, 2018; Koch et al., 2013;
Rock et al., 2019; Samuel-Nakamura et al., 2017; Schmitt et al., 2006), with one study
examining PCBs and organochloride pesticides (Brown et al., 2014). Traditional foods and
medicinal plants are not included as sampling media in Federal site data for Canada or the US

(EPA, 2021a; Government of Canada, 2021).

Contaminated sites and the health of Indigenous peoples. Superfund data showed that
59% of contaminants found at Superfund sites were at levels that pose a risk to human health
(EPA, 2021a). The Superfund database inventories 122 sites at which human exposures are
“under control” (i.e., the exposure is under EPA limits or precautions have been put in place to
prevent human exposure), while the human exposure status of 1075 sites remain unknown (EPA,

2021a).

In scholarly literature, a total of 3867 Indigenous participants were included across articles,
with a total of 2224 participants in seven articles related to contaminant exposures and human
health outcomes (summarized in Table S6), primarily from the Akwesasne Mohawk (Ontario,
Quebec, and New York) (823 participants in 5 studies) and Navajo (Utah, New Mexico, and
Arizona) (1304 participants in one study) Nations, and also from the Ramapough Lunaape
Nation (New Jersey) (97 participants in one study) (Denham et al., 2005; Fitzgerald et al., 1996;
Fitzgerald et al., 2004; Goncharov et al., 2008; Hund et al., 2015; Hwang et al., 2001; Meltzer et
al., 2020). The majority of these articles examined PCBs (Denham et al., 2005; Fitzgerald et al.,
1996; Fitzgerald et al., 2004; Goncharov et al., 2008; Hwang et al., 2001). A study conducted in
the Mohawk community of Akwesasne evidenced the presence of PCBs in breast milk (Hwang

et al., 2001) and serum (Fitzgerald et al., 2004) in a sample of 97 Akwesasne Mohawk women.
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Among a sample of 138 Akwesasne Mohawk girls, low levels of serum lead (mean 0.49 ug/dL)
were associated with significantly lower probability of having reached menarche, and serum
PCBs (mean 0.12 ppb) were associated with a significantly higher probability of attaining
menarche (Denham et al., 2005). Serum PCBs and pesticides were associated with heart disease
in a sample of 335 Akwesasne Mohawk men (Goncharov et al., 2008). A large cohort study
(1304 participants) examined chronic diseases in Navajo Nation members, finding self-reported
kidney disease, diabetes, and hypertension to be highly prevalent in the population (43% of the
sample had at least one of the three diseases, and 20% had at least two), and to be associated
with self-reported exposure to uranium mine wastes (with a 28% higher risk of hypertension for

those with an active exposure to mine wastes) (Hund et al., 2015).

Furthermore, five peer-reviewed articles explored the impacts of contaminated sites on
Indigenous peoples using qualitative interviews (Table S7) (Cassady, 2007; Clausen et al., 2023;
Hoover, 2013; Smith et al., 2010; Teufel-Shone et al., 2021). In the case of the Aamjiwnaang
First Nation (Ontario), semi-structured interviews of 18 community members were conducted,
with interviewees reporting fear related to contamination, unknown long-term health effects, and
a changing relationship to the earth resulting from a large, contaminated site nearby (“Chemical
Valley”) (Smith et al., 2010). According to participants, these effects were not addressed by
federal cleanup strategies, and continued to impact the community once the site was remediated
(Smith et al., 2010). Loss of culture, language, and social connection was reported as an
implication of Superfund sites affecting fishing activities in semi-structured interviews with 65
Akwesasne Mohawk community members (Hoover, 2013). Navajo Nation members in 12 at-
home focus group interviews described that the Gold King Mine Spill (San Juan River,

Northwestern US) was a continuation of colonial violence on Indigenous peoples which removed
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the community’s agency and voice and forced their relocation (Teufel-Shone et al., 2021). An
additional study of the Dine (Navajo) Peoples through focus groups described the harm to social
relations across time and space, spiritual harm, and the community’s focus on healing following
the spill (Clausen et al., 2023). An ethnographic article that involved informal interviews with
Inupiaq Inuit members (Alaska) described that the discovery of a contaminated site created

suspicions about health effects such as cancer amongst the community (Cassady, 2007).

There are efforts described in grey literature to better understand the potential effects and
impacts of contaminated sites on Indigenous peoples’ health. One notable example is the Giant
Mine Health Effects Monitoring Program, which monitors human biomarkers for Arsenic and
other contaminants in the Ndilo and Dettah communities in Yellowknife, Northwest Territories
and communicates these findings to communities (Chan, 2019). News articles in grey literature
provided information on some Indigenous community members’ perceptions of the health
impacts of contaminated sites. For example, one article described a shift away from cultural
practices due to a large contaminated site (“Chemical Valley”) close to the Aamjiwnaang First
Nation (Bienkowski, 2012), and another described the perceived threat of Superfund Sites to the
overall health (including both cancer and non-cancer endpoints) of Native American people
across the US (Hansen, 2018). A review article in the grey literature also described concerns of
Native American communities on the potential effects of abandoned mine sites in the western US

on child development (Lewis et al., 2015).
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3.4.2 Objective 2: Strategies, challenges, and successes for contaminated sites management on
Indigenous lands

Site management and classification processes. According to government documents in
the grey literature, both US and Canadian contaminated site management programs follow a
standard process for assessing, planning for, and remediating contaminated sites (Table S8).
Contaminated sites on Indigenous lands are managed similarly to sites on non-Indigenous lands
in North America, including the application of standardized risk assessment and management
frameworks that fall under federal programs such as the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) and the US Department of Energy and
Defense’s Cleanup Programs in the US and Contaminated Sites Management Program (CSMP)
in Canada (Contaminated Sites Management Working Group, 2000; EPA, 2021b). These
programs provide guidelines for site classification and prioritization and outline a stepwise

process for addressing federal contaminated sites.

Under these programs, 37.5% of Superfund sites are classified as “active” while the
remainder have been “archived” (i.e.: remediated or assessed as not requiring remediation) in the
federal data. Site status information was also available for LUSTs on Tribal lands, where 18% of
sites were “Open” (EPA, 2023b). Similarly, 35.3% of Canadian sites are categorized as “active”
while 23.4% are “suspected” and the remainder are “closed”. FCSI data indicated the current
stage of contaminated site management (Figure 3-4), with the largest proportion of active sites
(n=1331) in the “detailed testing” stage. Superfund data reported on whether the site required
“no further action/not eligible” (688 records), “referred to a cleanup program” (277 sites), or
“assessment needed or ongoing” (62 sites). While it was not possible to categorize all 51 peer-

reviewed articles by stages of contaminated site processes, these were tagged by the author based
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on the topic of focus, which was most commonly risk assessment (11 articles), environmental
assessment (9 articles), risk management (9 articles), and socio-cultural impacts (10 articles),
with fewer articles focused on post-remediation (3 articles) and long-term assessment/legacy

impacts (1 article).

Historical Review  mo—
Initial Testing

Detailed Testing

Planning

Process

Remediation
Re-testing

Monitoring

Stage of Contaminated Site

Mo further action

Referred to other program
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Figure 3-4: Bar graph representing the combined number of sites in Canada and the US (x-axis)

at each stage of the contaminated sites management process (y-axis), as classified under federal

management programs (CERCLA and CSMP) as of 04/10/2021 (Excel Tables S3 and S4).
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Health risk assessment. In an effort to address the unique consumption patterns of
subsistence populations, federal governments have published guidelines for more
comprehensively assessing exposures to country foods, including in the context of frameworks
such as the Human Health Risk Assessment (HHRA) and through the development of exposure
scenarios (Harper, 2007; Health Canada, 2018). In peer-reviewed literature, the benefits and
challenges of assessments for contaminated sites that include exposure scenarios for Indigenous
communities were outlined in two primary and four secondary articles (Tables S9 and S10).
Potential benefits were described in two case studies on the testing and validation of exposure
scenarios related to hazardous waste contamination on the Umatilla Indian reservation (Oregon),
and of uranium contamination on the Spokane reservation (Washington). These exposure
scenarios were found to improve the holistic nature of risk assessments, which included the
consideration of pre-site land use and socio-political factors associated with exposure, compared
to generic risk assessments that do not measure community-specific exposure (Harper et al.,
2012; Harper et al., 2002). Challenges to risk assessment were described in two peer-reviewed
articles on the development of exposure scenarios for consumption patterns of the Confederated
Tribes of the Umatilla Indian Reservation (Oregon) located near a Superfund (Department of
Energy’s Hanford Site) (Harris & Harper, 1997), and the validation of a risk assessment
ingestion value by estimating soil ingestion by the Xeni Gwet’in First Nation (British Colombia)
through the contaminated Chilko Watershed (Doyle et al., 2012). Both studies found
inconsistencies between risks posed to Indigenous peoples and risks assessed in standard
HHRAS, including soil ingestion values and exposures due to lifestyle factors, religious
practices, and non-food exposures (Doyle et al., 2012; Harris & Harper, 1997). In qualitative

research, interviews with 35 members of the Colombia river basin tribe (Umatilla, Oregon)
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highlighted that risk assessments in Indigenous communities measure risk on the same scales as
non-Indigenous communities, despite evidence that contaminated sites create unique risks for
Indigenous people that are not possible to quantify using traditional methods (Harris & Harper,
1997). Furthermore, two discussion articles critiqued standardized risk assessments due to a lack
of consideration of cumulative effects of contaminants, incompatibility with tribal life ways
(Holifield, 2012), the privileging of property owners and lack of benefit to Indigenous peoples,
and the use of non-Indigenous definitions of health to define risks (Arquette et al., 2002). An
article focused in the Akwesasne Mohawk community cited a lack of Indigenous involvement

and resources allocated to the community as a major barrier to effective risk assessment

(Arquette et al., 2002).

Grey literature evidenced risk assessments that were conducted for specific sites and
communities, including for example an HHRA of legacy arsenic contamination as a response to
concerns surrounding health risks from the Ndilo and Dettah (Dene) communities from exposure
to contaminants from the Giant Mine (Yellowknife, Northwest Territories) (Government of
Northwest Territories). According to government documents, under CERCLA and CSMP,
health risk assessment is used to measure and quantify physical health risks and is part of the
standardized process for contaminated site management. Notably, according to Canadian
guidelines, conducting an HHRA typically requires the “hire of a qualified consultant with the
necessary technical and scientific expertise to perform the work™ (Contaminated Sites
Management Working Group, 2000). In Canada, the National Classification System for
Contaminated Sites is used to evaluate and classify sites based on the level of human and
environmental risk posed by the site (Canadian Council of Ministers of the Environment, 2008).

In Canadian FCSI Data, sites are ranked as either “High priority” (1016 site records), “Medium
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priority” (1198 site records), “Low priority” (491 site records), or “No priority for action” (429
site records) based on this system (Government of Canada, 2021). A site classified as “High
priority” has imminent risks or documented adverse outcomes to both human and environmental
health and are thus prioritized for risk management and remediation by the Canadian federal
government (Canadian Council of Ministers of the Environment, 2008). The US EPA uses a
similar tool, the Hazard Ranking System, to assign a quantitative value to the human and
environmental risks posed by a site, which determines whether a Superfund site will be
categorized under a ‘“National Priorities List” (NPL) (EPA, 2017). The Superfund dataset
categorized site records as “not NPL” (1022 records), “deleted NPL” (27 records), “removed
from NPL” (one record), “proposed NPL” (nine records), “part of an NPL site” (46 records), or
“final NPL” (131), indicating that 186 sites are of high priority (i.e., classified as “NPL”) (EPA,
2021a). Thus, across Canadian and US federal datasets, there are 1202 sites that are classified as
“high priority” due to human and environmental health risks (Chan, Fediuk, et al., 2021; Samuel-

Nakamura et al., 2017).

Risk management. The management of risks related to contaminated sites in Canada and
the US involves removing or reducing contaminants and limiting the use of contaminated media
by affected communities. Risk management strategies are unique to each site, and involve input
from regulators, site owners, policies, and local communities (Contaminated Sites Management
Working Group, 2000; EPA, 2022d). Five peer-reviewed research articles tested various risk
management strategies related to contaminated sites and Indigenous communities (Table S11). A
study on risk mapping of contaminants on the lands of the Navajo Nation (Churchrock Chapter,

New Mexico) and a survey of 151 community members found that the maps were helpful in
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avoiding the risk of consumption of contaminated food and water arising from the Churchrock
Uranium Mine Site (deLemos et al., 2009). Another study cited the effectiveness of safety
protocols (education on the proper handling of hazardous wastes) for nine Fort Albany Cree First
Nation workers (Ontario) employed to clean-up the Mid-Canada Radar contaminated site,
finding no significant burden of blood lead and PCBs before and after the clean-up (Tsuji et al.,
2005). Three studies explored the influence of a lay-health advisor intervention on blood lead
concentrations in children living in proximity to the Tar Creek Superfund Site, comparing results
between members of the Eight Tribes and Nations of Northeastern Oklahoma and Non-
Indigenous, white participants that lived near the site. Influences on lead exposure prevention
behaviors were first assessed through qualitative interviews with 380 children’s caregivers
(Bland et al., 2005). Then, caregiver-child pairs (n=331 pairs, 43.5% Native American)
participated in a cross-sectional study, measuring children’s blood lead, and conducting
structured caregiver interviews before and after a 2-year intervention in which caregivers were
trained by local community health advisors on how to prevent children from blood lead
poisoning (Bland et al., 2005; Kegler & Malcoe, 2004). The study found a reduction in blood
lead before and after the intervention. Of Native American children, blood lead levels decreased
significantly from time 1 (6.00 ug/dL) to time 2 (4.97 ug/dL), with no significant difference from
the white control group. Another study was conducted at a third time point (4 years later),
finding improved lead preventative behaviors (handwashing) in Indigenous participants (167
Indigenous and 213 white participants) (Kegler, Malcoe, et al., 2010). Another review article
described a precautionary principle for risk management at the Zortman-Landusky Mine

Superfund Site on the Fort Belknap Reservation (Montana), home to the Assiniboine and Gros
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Ventre Tribes, in which caution was exercised in site management when risk was unknown

(Emel & Krueger, 2003).

Five peer-reviewed articles described the use of consumption advisories to manage risks
related to country foods. One article focused on the territories of the Ahahminquus community of
the Mowachaht Tribe and the Sliammon people (British Colombia) and analyzed the use of
Canadian health advisories and fishery closures related to contaminated sites near the Gold River
and Powell River fisheries. The study found that the risks are comparable when switching from
country foods to market foods, and that such advisories may be substituting one risk for another
(Wiseman & Gobas, 2002). The relationship between country foods and market foods was also
examined in two studies focused on the Inupiaq Inuit and the Akwesasne Mohawk Nation
(Cassady, 2007; Hoover, 2013). Advisories for consuming traditional fish resulted in inadequate
nutrition and cultural loss for the Akwesasne Mohawk Community (Hoover, 2013). An
ethnographic field study focused on the Project Chariot abandoned waste site (Alaska) described
that Inupiaq Inuit considered traditional foods to be curative and preventive of health issues,
despite the issuance of advisories, and also described local knowledge (e.g., visually checking
wild game for tumors) that could be used to determine if food was contaminated (Cassady,
2007). Two articles in grey literature discussed the contamination of subsistence food resources
in Indigenous communities in general (Bienkowski, 2012; EPA, 2015), with one article noting
that studies of contaminants most often result in avoidance advisories (Bienkowski, 2012). One
government document described successful implementations of consumption advisories and
community education related to contaminated foods on the lands of several Indigenous

communities after receiving federal grants from the US EPA Superfund, including the
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Akwesasne Mohawk Nation, Anishinaabe Nation (Great lakes region of Canada and the US),

and Yurok tribe (California) (EPA, 2015).

Long-term management. In peer-reviewed literature, information in five review articles
described that communities continue to face long-term site-related challenges after a site is
remediated and closed by the federal government, evidencing the difference in perspectives on
the definitions of remediation and recovery between communities themselves and government
regulators (Moore-Nall, 2015; Sandlos & Keeling, 2016a; Sandlos & Keeling, 2016b; Smith et
al., 2010; Teufel-Shone et al., 2021). For example, one article described that a contaminated site
resulted in alienation of Navajo Nation members (Arizona) from their traditional territory, even
after remediation (Sandlos & Keeling, 2016b). Another article described that there was a lack of
acknowledgement of the legacy impacts of contaminated sites by federal governments, despite
advocacy efforts by the Dettah and Ndilo communities (Yellowknife) on the remediation of the
Giant Mine in Canada (Sandlos & Keeling, 2016a). Long-term health impacts were also
described in the context of the Los Alamos National Laboratory Superfund Site and the Tribes of
the Southwestern US (Moore-Nall, 2015). The Gold King Mine spill was described in one
review article as contributing to a history of relocation and lack of agency and voice for the

Navajo (Dine) Nation, with lasting impacts on the community (Teufel-Shone et al., 2021).

Three semi-quantitative studies examined post-remediation land uses of contaminated
sites (Table S12) (Burger, 2004a, 2004b; LeClerc & Keeling, 2015). Two of these studies
utilized structured interviews and found that future land use preferences differed by ethnicity,
with participants that were members of the Shoshone Bannock tribe (Idaho) rating camping,

fishing, hunting, and returning the land to Native people higher than white participants did.
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Native American participants were generally underrepresented, however, in both studies (324 out
of 1370 participants (23.6%) and 11 out of 254 participants (3.5%)) (Burger, 2004a, 2004b).
Another study involving semi-structured interviews of 18 members of the Dene and Metis
communities of Fort Resolution (Northwest Territories) found that since the establishment and
closing of the Abandoned Pine Point Mine site, the community’s land use patterns had changed
from a land-based economy to a mixed economy reliant on wage labor, concluding that post-
remediation land use would likely be different than land uses before the site’s establishment

(LeClerc & Keeling, 2015).

In conference materials in grey literature, one document recommended designing
remediation processes at Superfund sites that can more effectively account for tribal needs to
permanently restore the land for tribal uses (Michelsen, 2010). Another article described that due
to the political and financial dynamics associated with site remediation on reserve land in
Canada, the federal government will remediate a site at the lowest possible cost, which often
does not meet the standard that Indigenous communities desire for post-remediation land use and
development (Gailus, 2013). In federal datasets, both Superfund and FCSI categorized most of
the sites under “no further action required”, with 2408 such sites in Canada and 688 sites in the

US (EPA, 2021a; Government of Canada, 2021).
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3.4.3 Objective 3: Indigenous leadership and inclusion in contaminated sites management
activities

Collaborative research. Of the included peer-reviewed literature, 22 articles described a
collaboration between academic researchers and Indigenous people or communities (Arquette et
al., 2002; Blake et al., 2015; Denham et al., 2005; Fitzgerald et al., 1996; Fitzgerald et al., 2004;
Flett et al., 2021; Goncharov et al., 2008; Harper et al., 2012; Hoover, 2013, 2016; Kegler &
Malcoe, 2004; Kegler, Malcoe, et al., 2010; Kegler, Rigler, et al., 2010; Meltzer et al., 2020;
Middleton et al., 2019; Rock et al., 2019; Sarkar et al., 2019; Smith et al., 2010; Teufel-Shone et
al., 2021). Several articles described collaborative efforts between academic institutions and
Indigenous communities, as well as community-led research projects (deLemos et al., 2009;
Goncharov et al., 2008; Harper et al., 2012; Hoover, 2013, 2016; Kegler & Malcoe, 2004;
Kegler, Malcoe, et al., 2010; Kegler, Rigler, et al., 2010; Rock et al., 2019). Some of these
studies described such collaborations as mutually beneficial. For example, interviews with 64
Akwesasne Mohawk members on their collaboration with SUNY Albany, a public University in
New York State, revealed that there were benefits to members such as education, job skills, grant
money and information; and to researchers such as better results, access to the community and
help of Mohawk workers in the field (Hoover, 2016). One article analyzed contaminated site
response networks consisting of the Eight tribes of Northeastern Oklahoma and non-Indigenous
organizations, concluding that there was an increase in collaboration over time (Kegler, Rigler, et
al., 2010). Peer-reviewed literature supports that federal grants help to facilitate multi-study
projects in communities, as was the case with a collaborative project between the Eight tribes of
Northeastern Oklahoma and the University of Oklahoma entitled ‘Tribal Efforts Against Lead’

(Kegler & Malcoe, 2004; Kegler, Malcoe, et al., 2010; Kegler, Rigler, et al., 2010). Challenges
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to collaboration were also described in peer-reviewed literature. For example, members of the
Akwesasne Mohawk community described difficulties with time constraints due to the finite
nature of academic funding, a lack of trust between researchers and community members, and
inadequate science communication (Hoover, 2016). Two review articles described an ongoing
need for greater funding and resources allocated to collaborative Indigenous-lead research on

contaminated sites in the United States (Lewis et al., 2017; Moore-Nall, 2015).

Grey literature and government websites indicated that federal funding agencies in both
the US and Canada provide support to Indigenous communities to address contaminated sites
(EPA, 2022c¢; 2021), which has helped to build capacity and resilience (Environment and
Climate Change Canada, 2019; Hoover, 2016; United States Government Accountability Office,
2020). Examples of such programs include the First Nations Environmental Contaminants
Program (FNECP) and the Northern Contaminants Program (NCP) in Canada, and funds
allocated under CERCLA in the US, including the Superfund State and Indian Tribe Core
Program Cooperative Agreements (EPA, 2022b). Government reports in grey literature describe
that tribes in the US have used EPA grants to support capacity building in environmental
programs, and that First Nations in Canada have benefitted from the FNECP (Environment and
Climate Change Canada, 2019; Hoover, 2016; United States Government Accountability Office,
2020). Many federal granting agencies require that Indigenous communities partner with
academic institutions (Ferguson, 2021; Indigenous Services Canada, 2021; National Institute of
Environmental Health Sciences, 2022), which is aligned with the aforementioned peer-reviewed
literature from academics involving collaborative efforts with Indigenous communities.
Furthermore, grey literature from governmental funding agencies and review papers described

that the requirement to partner with an established scientist trained in an academic institution

107



(Ferguson, 2021; Indigenous Services Canada, 2021; National Institute of Environmental Health
Sciences, 2022) limits the ability of many communities to obtain funding independently, and
often results in a large amount of scientific and monetary resources focused on a single
community (Ferguson, 2021; Fitzgerald et al., 1996; Fitzgerald et al., 2004; Hoover, 2013, 2016;

Kegler & Malcoe, 2004; Kegler, Rigler, et al., 2010), while other sites have minimal support.

Collaborative site management. Peer-reviewed literature described the methods of
evaluation collaborations between Indigenous communities and non-Indigenous institutions,
such as in the example of the Fort Albany Cree First Nation, wherein a Canadian governmental
framework was used to evaluate whether a true partnership existed between the Canadian
government and First Nation (Sistili et al., 2006), Another review article described a diminished
societal, governmental, academic, and political response to the Sequoyah Corporation fuels
release and the Church Rock spill, nuclear releases affecting the Cherokee (Oklahoma) and
Navajo (New Mexico) nations, compared to contaminating events of a similar scale affecting
white communities (Brugge et al., 2007). One article described that Indigenous-led tourism of
contaminated sites helped tribal Nations in Oklahoma to engage with empowerment and promote
Indigenous perspectives around contaminated site crises and may lead to alternative approaches

to remediation (Chew Bigby et al., 2022).

The US and Canadian federal governments have a “Duty to Consult”, which is a legal
obligation to engage in government-to-government consultation with Indigenous peoples when
actions and decisions may affect Indigenous interests. This does not cover external stakeholders
such as private environmental managers, although the government can delegate aspects of the

consultation process to these groups (Brideau, 2019; EPA, 2011a). Government documents are
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available in grey literature on inclusion and collaboration with Indigenous communities on
contaminated site processes. Canada has a federal guidance document indicating areas in which
inclusion of Indigenous communities may occur, recommending that Indigenous people assist
with the contaminated site process, and providing potential opportunities for Indigenous
involvement (for example, community members performing media sampling or hiring
Indigenous companies to carry out remediation work) (Health Canada, 2010). Indigenous
inclusion on Superfund site management follows a consultation process outlined by the US EPA,
which defines the establishment, appropriateness and extent of consultation and collaboration
with federally recognized tribes (EPA, 2011a). After determining that there was insufficient
consultation with tribes at NPL Superfund sites (18 NPL sites with documented consultation, 7
of which had incomplete data), the US Government Accountability Office recommended
documented consultation with tribes at 4 of the 9 steps in contaminated site processes, which
excludes initial assessment, remedial design, construction completion and post-construction
completion (i.e., maintenance and long term actions) and post-remediation development (US

Government Accountability Office, 2019).

Non-governmental grey literature highlighted a lack of Indigenous inclusion in
contaminated sites assessment and management processes voiced by Indigenous peoples. For
example, a news article described that members of the Akwesasne Mohawk Tribe (New York)
were dissatisfied with their opportunities to provide input into remediation decisions on the US
EPA Alcoa Grasse River Superfund site (Indian Country Today, 2013). Chief Glenn Nolan of the
Missanabie Cree First Nation (Ontario) outlined the lack of Indigenous involvement in the
assessment, management, and communication of risks associated with abandoned mine sites

(Nolan, 2009). The article proposed actions to improve consultation with Indigenous people,
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including community involvement beginning from initial assessment, accessible communication
of results, and the development of ongoing collaborative monitoring strategies (Nolan, 2009).
While not a dominant theme in literature or government guidance documents, successful
instances of Indigenous leadership in contaminated site management are evidenced in grey
literature sources (Assembly of First Nations, 2001; EPA, 1996; Tribal Superfund Working
Group, 2022). The Tribal Superfund Working Group, for example, has published several tribe-
led efforts to fight community contamination, such as in the case of the Fort Mojave Indian Tribe
(California) remediation project on the Topock site (Tribal Superfund Working Group, 2022).
First Nations in Canada have also demonstrated leadership in reclaiming and remediating land
contaminated by abandoned mines, for example, by leading discussions among the Assembly of

First Nations (Canada-wide) on remediation options (Assembly of First Nations, 2001).

Traditional knowledge and contaminated sites. In peer-reviewed literature, one
discussion article described the negative impacts of historical subsumption of Traditional
Knowledge within technical contaminated site processes in the remediation of the Giant Mine,
Northwest Territories, which was seen by the local Dene First Nation, Dettah and Ndilo (Navajo)
communities as an inadequate and inappropriate inclusion of Traditional Knowledge (Sandlos &
Keeling, 2016a). The article also describes that Traditional Knowledge is most often formally
considered in wildlife and ecological management, and less so considered in remediation design
or implementation, despite the importance of historical memories of social, economic, and
environmental change associated with remediation activities (Sandlos & Keeling, 2016a). This is
consistent with grey literature from the Tribal Superfund Working Group, describing that

remedial design is not a required component of consultation with Tribes (Tribal Superfund
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Working Group, 2023). Traditional Knowledge’s important role in understandings of
contamination and remediation is described in the context of the Inupiaq Inuit and Project
Chariot (an abandoned hazardous waste site) (Cassady, 2007), and in the collaboration of the
Fort Albany Cree First Nation in the remediation of a Radar Line contaminated site (Sistilli et al.,

2006).

The US EPA recently published a document outlining the ‘integration’ of Traditional
Knowledge into environmental science, policy, and decision-making processes, in response to
tribal leaders’ requests to enhance its use (Woolford, 2017). In grey literature, Health Canada
lists Traditional Knowledge as a component of exposure assessment within the HHRA (Health
Canada, 2018), and in a recent update of their Northern Contaminated Sites Management Plan
(NCSMP), pledged to increase inclusion of Traditional Knowledge studies into project planning
and implementation, although the operational methods of this are not published (Crown-

Indigenous and Northern Affairs Canada, 2021).
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3.5 DISCUSSION

This scoping review identified, mapped, and analyzed the existing information on
contaminated sites and Indigenous peoples in Canada and the US, seeking to address three main
objectives outlined in the introduction. The research was motivated by observations that
contaminated sites disproportionately affect Indigenous communities (Fernandez-Llamazares et
al., 2020; Lewis et al., 2017), and that there is limited research on the subject matter, without
which a deeper understanding cannot be realized to permit evidence-based solutions. Findings
from 51 scholarly articles, 21 grey literature pieces, and US and Canadian federal contaminated
site databases revealed a disparate yet also vast and multi-disciplinary body of information on
contaminated sites affecting Indigenous peoples and their health, land, and food systems. The
number of articles identified from the systematic literature search covers a relatively small
proportion of the total number of federal contaminated sites identified from federal inventories
that affect Indigenous peoples. Of the peer-reviewed literature retrieved, a total of 35 sites were
described, while there were 11,404 sites inventoried by federal governments. According to a
report from the US National Research Council, there is no information on the total number of
sites with elevated contaminant levels, and many facilities are considered ‘closed’ while
contamination remains, evidencing that this total site count is likely much greater (National
Research Council, 2013). Information on 875 Indigenous communities was identified through
this review, while there exist in total 574 Tribal entities in the US (National Conference of State
Legislators, 2020) and in Canada there are 630 First Nations and 53 Inuit communities (Crown-
Indigenous and Northern Affairs Canada, 2022), as well as eight Metis Settlements (although the

majority of Metis in Canada do not live on official settlements). Thus, the information available
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identifies a substantial amount (approximately 64%) of Indigenous communities that are

potentially impacted by federal contaminated sites, though this is likely an underestimation.

3.5.1 Objective 1: The relationship between contaminated sites and Indigenous peoples, and
their land and food systems

We note through our mapping exercise that site locations in the US and Canada are
widespread, however the majority are south of the 60" parallel in Canada, and that data from the
three evidence streams may largely underrepresent the geographic scope of contaminated sites
that affect Indigenous peoples. A discussion specific to federal contaminated sites is applicable
to Indigenous communities that live on federally managed land. Notably, due to regulatory and
legal provisions under the Indian Act, Canadian FCSI data primarily concerns First Nations
reserves, which are considered federal lands and are mostly inhabited by First Nations
communities with the majority being south of the 60" parallel. Approximately 328,048 (40 %) of
First Nations members in Canada live on reserve land according to the 2016 census (Indigenous
Services Canada, 2020). Accordingly, FCSI data does not represent the total amount of
contaminated sites affecting Indigenous communities in the country, and furthermore, Inuit and
Metis communities are likely most underrepresented, as the majority do not live on reserve land
(Gailus, 2013). Contaminated sites affecting Indigenous communities off-reserve are usually
managed provincially or privately and thus are not captured by federal databases (Government of
Canada, 1985). Similarly in the US, there are state-run remediation programs that are not
captured in this review, which focused only on sites inventoried at the federal level, and this is a

limitation. One grey literature article estimated that 1200 Indigenous communities in Canada
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have either an active mine, an abandoned mine site, or a mine exploration project on their
territory, which is more than double the number of communities listed in the FCSI,
demonstrating that there are many sites of potential or actual concern to Indigenous communities
that are not tracked by the federal government (Nolan, 2009). Similarly, the US EPA does not
have explicit criteria for determining how a Superfund Site is deemed to be of ‘Native American
Interest’, and many sites are managed by non-federal governing bodies (termed ‘cleanups’) or
private industries (EPA, 2023a; US Government Accountability Office, 2019), which are not
included in Superfund data. Thus, the information presented in this review is limited to federally
managed and inventoried contaminated sites affecting Indigenous peoples, but there are many

sites managed under other jurisdictions not accounted for by federal governments or this review.

Contaminated sites are a pervasive issue for Indigenous communities in Canada and the
US, with peer-reviewed literature and federal data indicating that the largest proportion of these
sites arise from mining activity and industrial development on or adjacent to lands inhabited by
Indigenous peoples. It is notable that there are many sites for which the source of contamination
is unknown or not documented, which includes no contaminant source information for sites
listed in the FCSI, brownfields, RCRA sites, and other cleanups in the US, as well as 248 (20%)
Superfund site records. This review also found that there is minimal primary scientific research
on the assessment of contamination from these sites (i.e., 45 unique contaminants measured in
scientific studies in the literature compared to 440 unique contaminants measured and recorded
in federal datasets), with most studies examining a single contaminant or a handful of

contaminants.

Indigenous peoples are exposed to contaminants from contaminated sites through a

variety of pathways, which includes inhalation, ingestion of drinking water and contaminated
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foods, and contact with contaminated soil and sediments. Literature on traditional food systems
across Canada and the US evidences a diversity of exposure pathways unique to Indigenous
communities, including for example through subsistence diets that include wild foods and
medicinal plants (Chan, Fediuk, et al., 2021; Fernandez-Llamazares et al., 2020; Jonasson et al.,
2019). Notably, while peer-reviewed literature examined in this review documents the presence
of a variety of contaminants in plant foods, wildlife, wild game, and human biomarkers (Brown
et al., 2014; Denham et al., 2005; Fitzgerald et al., 1996; Fitzgerald et al., 2004; Flett et al., 2021;
Garvin, 2018; Goncharov et al., 2008; Kegler & Malcoe, 2004; Kegler, Malcoe, et al., 2010;
Koch et al., 2013; Rock et al., 2019; Samuel-Nakamura et al., 2017; Sarkar et al., 2019; Tsuji et
al., 2005), information on these potential exposure sources is not captured in federal databases.
As Indigenous peoples have unique consumption and land use patterns compared to the general
population, exposures that are estimated based on generic federal frameworks employed in
environmental assessments may be limited (Arquette et al., 2002; Cassady, 2007; Doyle et al.,
2012; Harris & Harper, 1997; Holifield, 2012; Lewis et al., 2017). In a search of the US EPA
Exposure Factors Handbook with the keyword “Native American”, six tables are available
pertaining to exposure to contaminants through the consumption of fish, but there is no
information pertaining to any other exposure pathway (EPA, 2022a). This is one example of the
paucity of data and classification tools for environmental assessments involving Indigenous
peoples. Furthermore, it is surprising to find that human biomarkers and wildlife were the most
commonly tested media throughout the retrieved peer-reviewed literature, as abiotic media and
plants are less resource-intensive to sample, and generally do not pose human ethics concerns.

We hypothesize that this finding may not be an accurate representation of the commonly tested

115



media at contaminated sites, and rather may reflect a bias in peer-reviewed publications for

unique or interesting results (Huesemann, 2002).

Our review found that the current body of literature on the potential health impacts of
contaminated sites on Indigenous peoples is relatively small and lacks diversity. We identified
seven peer-reviewed articles with quantitative data on health outcomes. Four of these articles
were focused on the Mohawk community of Akwesasne (Table S6), and they documented a
range of chronic and developmental outcomes associated with exposure to chemical stressors
(primarily lead and PCBs), including early menarche, heart disease, kidney disease, diabetes, and
hypertension. In four qualitative peer-reviewed studies, factors that are considered to be social
and environmental determinants of Indigenous peoples’ health including culture, spirituality,
language, and community, were found to be adversely influenced by contaminated site exposure
(Cassady, 2007; Hoover, 2013; Reading & Wien, 2009; Smith et al., 2010; Teufel-Shone et al.,
2021). There was evidence that many Indigenous communities face long-term site-related
challenges including a changing relationship to the earth, fear related to contamination, and
cultural loss (Moore-Nall, 2015; Sandlos & Keeling, 2016b; Smith et al., 2010; Teufel-Shone et
al., 2021). While these findings are not easily generalizable (i.e., they report on findings from 6
of 815 communities identified by federal databases who are potentially exposed to contaminated
sites), they alert us to the possibility that health risks are elevated in such impacted communities
and call for the need to scale-up research in this area. Finally, the literature captured in this
review was generally limited to single or isolated chemical exposures, which provides a limited
picture of contaminant related risks. In reality, multiple chemical and non-chemical factors
interact to modify risks. For example, the need for consideration of non-chemical and socio-

cultural factors in risk assessment has been called for by communities, such as the Mohawk
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community of Akwesasne (Arquette et al., 2002) and the Crow Tribe in Montana (Eggers et al.,
2018). As another example, research from the First Nations people of the Innu Community
found that genetics and diet play a role in mercury exposure (Canuel et al., 2006). We
recommend that future research efforts involve the development and use of cumulative risk

assessment methods for contaminated sites in Indigenous community contexts.

3.5.2 Objective 2: Strategies, challenges, and successes for contaminated sites management on
Indigenous lands

According to federal data, the progression through the ten-step process for addressing a
contaminated site can take decades (EPA, 2021a; Government of Canada, 2021). In the Canadian
commissioner’s report on federal contaminated sites, it was identified that there are more sites in
the inventory than funds available for their management, and as a result only the highest priority
sites are addressed (Ellison, 2012; Government of Canada, 2012). Furthermore, existing
regulations make it difficult for communities to receive federal funding for site remediation
unless they can prove that there is a high risk to human health and the environment, the
assessment of which involves lengthy and expensive technical processes that are often
outsourced to experts in academia and consulting, for example, that conduct HHRAs (Gailus,
2013). This results in a catch-22 in which the current regulatory and federal funding structure
requires that Indigenous communities rely on outsourcing work, which thus limits internal

capacity building.

This review found that contaminated sites are often addressed by federal governments,

industry, and the scientific community as an isolated, technical problem, (Contaminated Sites
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Management Working Group, 2000; EPA, 2011b; 2019) while they are considered by many
Indigenous peoples as part of a broader legacy of environmental injustice (Cassady, 2007,
Holifield, 2012; Lewis et al., 2017; Moore-Nall, 2015; Sandlos & Keeling, 2016b; Smith et al.,
2010; Teufel-Shone et al., 2021). Federal risk assessment systems are useful to organize and
prioritize site management, however according to our review these assessments are not
necessarily aligned with the needs of the communities affected by them (Contaminated Sites
Management Working Group, 2000). Furthermore, there is evidence in peer-reviewed literature
to suggest that the use of generic “one-size-fits-all” risk assessment models (such as the HHRA
in Canada and the Hazard Ranking System in the US) for contaminated sites lack benefit to
Indigenous people (Arquette et al., 2002; Cassady, 2007; Doyle et al., 2012; Harris & Harper,
1997; Holifield, 2012; Lewis et al., 2017). Although sites are ‘closed’ when they are deemed to
be at a safe risk level by federal governments, this review found evidence that Indigenous
peoples face long-term and cumulative challenges that are not supported by governmental
resources and funding (Moore-Nall, 2015; Sandlos & Keeling, 2016a; Sandlos & Keeling,
2016b; Smith et al., 2010; Teufel-Shone et al., 2021). This current western scientific approach
contradicts Indigenous epistemologies such as the Seven Generations Principle, a
Haudenosaunee philosophy followed by many Indigenous communities in Canada and the US, in
which decision-making considers the well-being of people and environments seven generations
into the future (Joseph, 2020). These factors point to the need for a holistic approach from both
academics and governments which includes moving beyond physical and finite impacts to
understanding contaminated sites as complex, multi-faceted issues with long term and
cumulative effects (Brugge et al., 2007; Holifield, 2012; Nolan, 2009; Sandlos & Keeling,

2016a; Smith et al., 2010; Teufel-Shone et al., 2021). Recent evidence affirms the positive
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benefit of environmental risk assessments that privilege Indigenous epistemologies and
leadership, a strategy which may help to respond to the lack of prioritization of Indigenous
conceptualizations of risk in contaminated site assessment (Buell et al., 2020). Taken together,
these factors point to a need for efficient, low-cost, Indigenous-led and community-based
assessment methods that can rapidly predict health and environmental risks, which would help to
build community capacity and improve the efficiency and cost-effectiveness of current
assessment and prioritization processes. There is an increasing focus on the development of New
Approach Methodologies (NAMs) for environmental risk assessment by industry, government,
and academics (Government of Canada, 2017; Krewski et al., 2010), and these findings suggest
that Indigenous perspectives should be considered and prioritized as a part of current NAMs

development.

The majority of peer-reviewed research on risk management included in this review was
focused on avoiding contaminant exposure (for example, through the use of fish consumption
advisories), which is consistent with a global pollution management trend in which risk reduction
through public and community level intervention is replaced with risk avoidance that emphasizes
individual level action (Ferndndez-Llamazares et al., 2020). It is possible that this ‘downstream’
approach to management of contaminated sites perpetuates the vulnerability narrative that is
often associated with Indigenous communities by Western knowledge systems, having the
potential to hinder communities from gaining greater autonomy (Haalboom & Natcher, 2012).
For example, the consumption of country foods contributes to better dietary quality and
adequacy compared to store-bought foods (Batal et al., 2021; Kuhnlein & Chan, 2000; Luongo et
al., 2020; Sheehy et al., 2015). This has been evidenced in the recent First Nations Food,

Nutrition, and Environment Study (FNFNES), which examined nutrient adequacy and nutrient
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sources of adults among ninety-two First Nations communities across Canada and found that
greater intakes of key nutrients occurred on days when traditional foods were eaten (Batal et al.,
2021). Furthermore, in addition to nutritional value, there are many other benefits known with
certainty by Indigenous communities to using traditional food systems, including lower food
costs, physical activity in the harvest, and sociocultural values (i.e.: cultural identity, community
sharing, children’s education, nature conservation), which is well-cited in reviews on the topic
(Kuhnlein & Chan, 2000; Luongo et al., 2020). Consumption advisories have shown to have a
potentially negative impact on communities including the disruption of social, psychological,
nutritional, economic, and lifestyle aspects, potentially outweighing the risks of contaminant
exposure (Kuhnlein & Chan, 2000; McAuley & Knopper, 2011). However, we note that there are
cases where contaminants pose high risks to health and risk avoidance strategies are necessary in
the short-term, and in these situations, community involvement may help to improve the
effectiveness of such strategies. A review on consumption advisories describes that through the
involvement of First Nations community members in the process, risk management approaches
such as traditional food consumption advisories can positively benefit First Nations communities
(McAuley & Knopper, 2011). Examples of this include the reduction of PCB body burdens for
community members of Akwesasne First Nation in the US and Canada, reduction of mercury
levels in hair of Northern Quebec Cree peoples, and behavioral changes in fishing practices to
protect against contaminant exposures in the Chesapeake Bay area in the US, all of which were
achieved through effective and community-engaged communication strategies (McAuley &
Knopper, 2011). The optimization of such strategies in federal contaminated sites risk
management is an area for further research. We also note that a large proportion of peer-

reviewed articles (n=20) identified in this review were problem-based (Blake et al., 2015; Brown
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et al., 2014; Brown et al., 2013; Cassady, 2007; deLemos et al., 2009; Denham et al., 2005;
Fitzgerald et al., 1996; Fitzgerald et al., 2004; Goncharov et al., 2008; Hoover, 2013; Hund et al.,
2015; Hwang et al., 2001; Kerfoot et al., 2020; Koch et al., 2013; Meltzer et al., 2020; Middleton
et al., 2019; Rock et al., 2019; Samuel-Nakamura et al., 2017; Smith et al., 2010; Teufel-Shone
et al., 2021) as opposed to solution-focused. Notably, we did not find any peer-reviewed articles
focused on specific remediation strategies nor restoring land back to pre-contamination
conditions. While the advancement from risk identification to remediation is complex and faces
political, legal, and social barriers, this gap highlights an opportunity to advance research in this

area with a focus on Indigenous-led remediation and management.

3.5.3 Objective 3: Indigenous leadership and inclusion in contaminated sites management
activities

Most research we found on contaminated sites and Indigenous peoples involved a
collaboration between western academics and Indigenous communities (Excel Table S1). Several
such partnerships, such as in the case of the Mohawk community of Akwesasne and SUNY
Albany, have shown to provide mutual benefit (Hoover, 2016). While our review notes that
industry, government, and the scientific community acknowledge the importance of Indigenous
inclusion (Arquette et al., 2002; Ellison, 2012; Gover, 2007; Holifield, 2012; Michelsen, 2010;
Nolan, 2009; Sistili et al., 2006), we found minimal evidence of Indigenous leadership in the
management of contaminated sites. Recent literature from Indigenous scholars on natural
resource management describes that the inclusion of and collaboration with Indigenous peoples

in environmental management is often tokenistic (Parsons et al., 2021). The contribution of
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Indigenous voices in contaminated site management often occurs too late in the federal process,
which perpetuates the “downstream’ approach to site management discussed earlier. Vague
definitions of ‘inclusion’ of Indigenous peoples in contaminated site management were found
throughout this review (Health Canada, 2010; EPA, 2011a), which risks the subsumption of
Indigenous peoples into non-Indigenous management bodies (Fernandez-Llamazares et al.,
2020). Our review found that non-Indigenous stakeholders are the powerholders in the
management of contaminated sites and largely control collaborations with Indigenous
communities. For example, US and Canadian federal guidance documents outline how, when,
and to what extent Indigenous peoples are to be included or consulted, omitting Indigenous
leadership in designing the process or management plan, and thus maintaining federal
governments as the power-holders (EPA, 2011a; Health Canada, 2010). In the US, under
CERCLA, tribes are excluded from identifying contaminated sites for inclusion on the Superfund
National Priorities List, unless they have Treatment-as-State (TAS) jurisdiction (Gover, 2007;
Michelsen, 2010). While site identification is a resource-intensive process for which the US EPA
is overall responsible for, such clauses limit the possibility of participation for tribes who do not
have access to such funds or TAS jurisdiction. Furthermore, based on our findings, the
information related to contaminated site management on Indigenous lands was dominated by
non-Indigenous voices. Government documents and academic articles included in this review
were primarily authored by non-Indigenous persons, while Indigenous voices could be found in
news articles and other web-based grey literature. To this effect, platforms that provide a seat at
the decision-making table for federal contaminated sites may underrepresent Indigenous peoples.
These findings are consistent with a recent review highlighting the inadequate inclusion of

Indigenous peoples in environmental management in general (Fernandez-Llamazares et al.,
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2020). Increased efforts and research to strategize Indigenous leadership and prioritize
Indigenous epistemologies in relation to contaminated site management may contribute to more

holistic and sustainable contaminated site management processes.

Results indicated that federal governments, Indigenous communities, and academics
acknowledge a complex relationship between Indigenous Traditional Knowledge and western
science in the context of contaminated site management, but that the approaches to achieving
successful collaboration are a work in progress (EPA, 2011a; Health Canada, 2010; Reid et al.,
2021; Sandlos & Keeling, 2016a; Woolford, 2017). Recent publications demonstrate that
increased efforts are being made to collaborate with Traditional Knowledge holders, including
through increased federal funding for collaborations, working groups, and discussions around
Traditional Knowledge (EPA, 2011a; Sandlos & Keeling, 2016a; Woolford, 2017). However,
federal and academic collaboration initiatives in contaminated site management and research
processes may in some cases continue to perpetuate paternalistic environmental practices if left
unchecked, as we note that “Using”, “Incorporating”, and “Integrating” Traditional Knowledge
into western science and governance has been described in academic literature as a form of
assimilation (Reid et al., 2021). New approaches that engage Indigenous and Western ways of
knowing harmoniously may continue to propel collaborative engagement between knowledge
systems forward. One such approach is Two-Eyed Seeing, a term popularized by Mi’kmaw Elder
Dr. Albert Marshall, through which we “learn to see from one eye with the strengths of
Indigenous knowledges and ways of knowing, and from the other eye with the strengths of

mainstream knowledge, and we use both eyes together” (Reid et al., 2021). Through this

approach, Indigenous environmental management goals related to contaminated sites may begin
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to be realized through collaboration between networks such as Indigenous leadership, Indigenous

community members, industry, federal governments, and the scientific community.

3.5.4 Strengths and Limitations of This Review

This is the first scoping review to examine the issue of federal contaminated sites and
Indigenous peoples, and thus addresses a research gap. Given the disparate evidence base, the
compilation and synthesis of data and information from the scholarly literature, federal data and
grey literature is a major strength of this review, as it enables us to see with greater diversity,
clarity, and objectivity the many perspectives involved in the subject matter. The use of both
published and unpublished literature promotes the consideration of voices that are not typically
heard in academic literature. Furthermore, the study used a rigorous and transparent search
strategy, following the PRISMA guideline for scoping reviews (Tricco et al., 2018). To ensure a
comprehensive search of the diversity of literature, the search strategy included three databases

as well as reference list searches.

Despite the strengths of this work, there are some notable limitations. Foremost is the
lack of data. Across the three data streams we relied on, there is relatively minimal information
(i.e., contaminant sources and types, human exposure pathways, health outcomes) on federal
contaminated sites to which Indigenous peoples are potentially exposed. Within federal
databases, there are 3138 contaminated sites listed without data on contaminants, and a small
fraction of these inventoried sites have been the focus of peer-reviewed scientific studies.

Despite evidence from federal databases on the presence of hundreds of contaminants (i.e., 440
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unique contaminants identified) present at contaminated sites, there is almost no peer-reviewed
research on community-specific exposures or health outcomes in the literature. Such a lack of
knowledge (i.e., unknown potential health and environmental effects) has been shown to create
stress and fear for many Indigenous communities, thereby changing their relationship with the

land (Cassady, 2007; Hoover, 2013; Smith et al., 2010; Teufel-Shone et al., 2021).

Furthermore, due to the relatively small and disparate body of knowledge on the issue of
contaminated sites and Indigenous peoples in North America, it is difficult to draw strong
conclusions on the findings (though our findings are generally consistent). While there has been
a legacy of challenges related to contaminated sites for Indigenous peoples, the documentation of
federal contaminated sites is relatively recent, with the US Superfund program established in
1980 (Beins, 2015) and the Canadian Contaminated Sites Working Group established in 1995
(Contaminated Sites Management Working Group, 2000). According to our review, peer-
reviewed literature available on the topic is dated as early as 1996. In addition, Indigenous
peoples across Canada and the US are not a homogenous group, and the findings of this review
are not generalizable. However, the nature of a scoping review is that it provides a general
overview of current knowledge on the topic and can thus provide some motivation and direction

for future research.

This study did not identify all relevant grey literature, but rather sought grey literature
iteratively as the review developed per the SYMBALS protocol described in the methods (van
Haastrecht et al., 2021). This strategy thus failed to identify all relevant resources that may have
contained grey literature of relevance to our study, which could have led to the omission of
valuable information. For example, the Interstate Technology and Regulatory Council provides

guidance documents and training to tribal stakeholders in the field of groundwater remediation,
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which was not captured within our strategy (Interstate Technology Regulatory Council, 2023).
Despite these limitations, this strategy helped with the management of the breadth of concepts
within the broad topic of contaminated sites and Indigenous communities and enabled the
gathering of multiple perspectives on a single concept, as opposed to single perspectives on
multiple topics. The included literature was reviewed by one reviewer, and this is a major
limitation. However, the relatively small body of literature available allowed for the selected
articles to be reviewed with a high degree of detail and rigor by one reviewer. We also note that
while we used the PRISMA-ScR checklist for scoping reviews to ensure a rigorous search
strategy, it is possible that relevant papers were still missed. Finally, and as elaborated in the
methods section (Positionality Statement), we note that this review was conducted by non-
Indigenous academics, who have a limited understanding of the experiences of Indigenous
peoples and communities. Every attempt was made to acknowledge this positionality and ensure

transparency in the process of writing this article.

3.5.5 Future Recommendations

Overall, our review demonstrated a need for more holistic, upstream, and efficient
approaches in the assessment, management, and research of contaminated sites that impact
Indigenous lands and communities. We recommend that future works focus on community-
specific approaches to site management and a re-conceptualization of risks related to
contaminated sites that privileges Indigenous epistemologies; greater collaboration between

networks such as the scientific community, Indigenous communities, and federal governments;
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and a re-evaluation of current frameworks in which contaminated sites are addressed with

Indigenous leadership at the forefront.
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CONNECTING PARAGRAPHS

Chapter 3 presented a scoping review of available peer-reviewed literature, grey
literature, and federal data on contaminated sites that affect Indigenous peoples in Canada and
the US, identifying the large inventory of contaminated sites that affect Indigenous lands and
communities, in contrast to a small and disparate body of literature on the topic. There is
minimal information on how risk assessment methods may be made relevant to communities,
with the existing literature coming from a handful of single-community case studies and often

lacking Indigenous community-level perspectives.

Chapter 4 explores the practice of, challenges with, and priorities for human health and
ecological risk assessment methods in Indigenous communities in Canada, by surveying a
diverse set of participants from both within and outside of communities on the topic. As part of
the ‘define’ and ‘ideate’ phases of the design thinking process, this chapter narrows in on
defining the challenges with current risk assessment methods, from the perspectives of those who
practice them, and identifies priorities for the design of new methods. The survey is Canada-
wide, providing a different scale of understanding than the existing literature largely based on
single case studies. The results highlight challenges with resource availability, risk
communication, and cumulative risk assessment methods, which are priority areas for advancing
risk assessment practice. Perspectives differed between sector groups, namely those who work
for the federal or provincial government, academics, and those who work within communities.
Respondents to the survey overwhelmingly agreed on the need for new approaches to risk
assessment for Indigenous communities. This chapter is published in Integrated Environmental
Assessment and Management, 2024 (Chong et al., 2024a). | am the first author. It is additionally

authored by Laurie Chan, Gordon Hickey, and Niladri Basu.
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CHAPTER 4: Exploring Practice, Challenges, and Priorities for Human Health and
Ecological Risk Assessments in Indigenous Communities in Canada

Katherine Chong,'?, Laurie Chan 3, Gordon Hickey !, Niladri Basu'”

! Faculty of Agricultural and Environmental Sciences, McGill University, Quebec, Canada
2 Centre for Indigenous Peoples’ Nutrition and Environment, McGill University, Quebec, Canada

3 Department of Biology, Faculty of Science, University of Ottawa, Ottawa, Ontario, Canada

4.1 Abstract

Indigenous peoples in Canada are disproportionately exposed to environmental
contaminants and may face elevated health risks related to unique cultural, spiritual, and
economic relationships to the land, including the use of traditional food systems. However, to
date institutionalized approaches to assess risks to human and ecological health from
contaminants have not been well developed or implemented with Indigenous community
contexts in mind. There is regulatory interest in developing new approach methods (NAMs) for
risk assessment, and thus an opportunity to increase their relevance for Indigenous communities
in which they will be ultimately applied. Therefore, we conducted an anonymous mixed-methods
survey of those involved with risk assessment in Indigenous communities in Canada to: first,
understand risk assessment practice in Indigenous communities; second, explore challenges with
conventional assessment methods and compare these across sectors; and third, gather
perspectives on the development of new approaches. A total of 38 completed survey responses
were received (14% response rate). Respondents were from Indigenous community environment
and health offices (21% of respondents), Indigenous governments (8%), federal and provincial

governments (21%), and academia (45%). Risk communication was seen as the most challenging
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part of risk assessment (71% responded “difficult”), and there was agreement amongst nearly all
respondents that time (86%), cost (76%), and resource availability (86%) were “moderate” to
“serious” problems. Few respondents (16%) had heard of “New Approach Methods” for risk
assessment, while 76% of respondents (and 100% of community-based respondents) agreed on
the need to develop improved risk assessment approaches. To modernize risk assessment,
respondents recommended advancing cumulative risk assessment methods, improving risk
communication, and promoting Indigenous leadership and Traditional Knowledge in assessment

activities.
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4.2 BACKGROUND

Indigenous communities in Canada are disproportionately exposed to environmental
contaminants compared to the general population. For example, approximately 4500
contaminated sites are located on reserve land in Canada, accounting for 29% of the total number
of sites (Government of Canada, 2022a). It is established in the literature that health and
ecological risks posed by environmental contaminants are different for many Indigenous
communities than the general population due to unique exposure pathways and non-chemical
stressors, including impacts on culture (Harris, 2000; O'Neill, 2000), socio-economics (Burger &
Gochfeld, 2011), spirituality, language (Fernandez-Llamazares et al., 2020), and traditional food

systems (Chan et al., 2021).

In Canada, federal and provincial environmental policies regulate industrial activities and
contaminated site remediation (Government of British Columbia, 2021; Government of Canada,
2023a). Government-published guiding documents detail the well-established methods to assess
human health and ecological risks related to environmental contamination, including frameworks
for Human Health Risk Assessment (HHRA) and Ecological Risk Assessment (ERA), which are
used across sectors (Government of British Columbia, 2023; Health Canada, 2019). However,
these conventional approaches are generic and institutionalized and thus may be limited in their
ability to address the complex and unique risk contexts that many Indigenous communities face
(Arquette et al., 2002; OECD, 2020). For example, the steps and data sources of typical HHRAs
do not necessarily include exposure scenarios relevant to many Indigenous peoples, including
ceremonial events (ex.: smudging) and consumption of traditional foods (Burger & Gochfeld,
2011). Conventional risk assessment methods have also been critiqued for their lack of ability to

meet community-specific needs or include Indigenous perspectives and priorities (OECD, 2020).
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The methods are also fiscally costly and time-consuming for communities to conduct (Pastoor et
al., 2014), and the risk information produced may not be locally useful (Harper et al., 2012;
Harris, 2000). Further, conventional methods typically assess health risks based on exposure to
single chemicals, whereas many Indigenous communities are concerned about the cumulative
effects of multiple stressors on well-being, including the impacts on both physical and mental

health (Arquette et al., 2002; Mitchell, 2019).

While HHRA and ERA methods follow the same principal framework (i.e.: hazard
assessment; dose-response assessment; exposure assessment; risk characterization), the
methodology of each step differs. For example, hazard identification in ERA involves the
assessment of indicator species and ecosystem indices for evaluating the impact of chemical
stressors, whereas HHRA examines risks to a single species (humans) (Burger and Gochfeld,
1996; National Research Council, 2009). While there are methodological distinctions between
HHRA and ERA, writings from Indigenous environmental leaders suggest that they should not
be considered as separate entities, as the interconnection of human and ecological health is
central to many Indigenous communities globally (Redvers et al., 2022). Indigenous
environmental leaders have advocated for risk analysis models that include a holistic view of

interconnected human, ecological, and socio-cultural risks (Harris, 2000).

A few studies have been published on community-based risk assessment work, with
adaptations to conventional methods for Indigenous community contexts (Doyle et al., 2012;
Harris & Harper, 1997; McAuley et al., 2016; McAuley et al., 2018; Middleton et al., 2019;
Schmitt et al., 2006). One such adaptation, as demonstrated in several community-based risk
assessment studies, aims to include Traditional Knowledge within the conventional risk

assessment process, including through the incorporation of traditional harvesting and preparation
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practices for country foods into sampling methods (McAuley et al., 2016; McAuley et al., 2018),
and community-based monitoring programs that rely on Traditional Knowledge to identify
contaminant sources and media relevant to the community (Middleton et al., 2019). Government
and regulatory bodies have also documented the need to include Traditional Knowledge and
context-specific information in risk assessment work. Health Canada provides supplemental
guidance on Human Health Risk Assessment (HHRA) for country foods (Health Canada, 2018),
including in the context of contaminated sites (Health Canada, 2010a), and on involving
Indigenous peoples in contaminated sites management (Health Canada, 2010b). However, some
literature has indicated that such methods of inclusion of Traditional Knowledge and Indigenous
peoples, while an improvement, are insufficient. Specifically, writings on the topic suggest that
attempts to include Traditional Knowledge within a dominant Western knowledge system do not
adequately address the problem (Arsenault et al., 2019), as the core assumptions, definitions, and
structures inherent to current risk assessment approaches remain, many of which do not align

with Indigenous worldviews.

A few modified risk assessment methods have been proposed to further increase their holism
and relevance to Indigenous communities. Arquette et al. (2002) proposed a new risk assessment
paradigm that links community health, risk assessment, and environmental restoration,
emphasizing the use of community-specific definitions of risk and health. Buell et al. (2020)
more recently described a collaborative process of deconstructing and rebuilding conventional
risk assessment methods with elements that simultaneously recognize Indigenous and Western
Knowledge systems. Both proposed frameworks highlight the need for Indigenous inclusion,
holism, and a re-framing of Western-institutionalized assumptions as a basis for a new risk

assessment paradigm. While these approaches are an improvement to conventional methods,
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they are typically based on single-community cases, and have yet to be recognized or utilized in
the context of decision-making in Canada. There is minimal information on how such

approaches may be employed in wider contexts.

Proposed updates to the Canadian Environmental Protection Act (CEPA) 1999 through the
recent Bill S-5 aim to modernize HHRA and ERA methods to practices that are more ethical,
efficient, and predictive than conventional methods. In particular, this modernization aims to
leverage newly developed tools, technologies and approaches termed New Approach Methods
(NAMs), with the expectation that they will eventually be used for regulatory purposes
(Government of Canada, 2017, 2022b). Risk assessment modernization is increasingly being
embraced and promoted by governing bodies such as Health Canada (Barton-Maclaren et al.,
2022; Bhuller et al., 2021). Bill S-5 also commits to the United Nations Declaration on the
Rights of Indigenous Peoples (UNDRIP), which includes the right to self-determination. While
there has been a rapid acceleration in the development of NAMs to reduce the need for animal
testing and leverage advances in biotechnology (e.g., in-silico modeling, high-throughput
screening, toxicogenomics) (Wolf et al., 2022; Government of Canada, 2022b), there is much
less focus and information available on the topic of new, alternative risk assessment methods in
the context of their use for, and by Indigenous communities themselves (Chong and Basu, 2023).
In response to Bill S-5, the Assembly of First Nations recommended that the amendments
include considerations for the meaningful integration of Indigenous Knowledge systems in

human health and environmental risk assessments and studies (Assembly of First Nations, 2022).

There is a need for new risk assessment approaches for environmental contaminants in
Indigenous communities, and these approaches must meaningfully include Indigenous peoples.

There 1s minimal information available on the practice of risk assessment or on the design of new
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risk assessment methods from the perspectives of Indigenous communities and those they
collaborate with. Thus, the objectives of this study are threefold: first, to gain an understanding
of those who practice HHRAs and ERAs for environmental contaminants in Indigenous
communities in Canada; second, to identify the challenges with currently used HHRA and ERA
methods in this context and compare them across sectors; and third, to gather initial perspectives
on the development of new risk assessment approaches. This work aims to improve our
understanding of risk assessment in Indigenous communities across Canada to inform the design

of new risk assessment approaches.
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4.3 METHODS

4.3.1 Positionality and context

This study contributes to, and is driven by, a collaborative body of work that is led by
members of the Kanien'keha:ka community of Kanesatake, which aims to develop new risk
assessment approaches that are community-relevant. The authors of this paper are non-
Indigenous academics from McGill University’s Center for Indigenous Peoples’ Nutrition and
Environment (CINE) (KC, NB); McGill University’s Faculty of Agricultural and Environmental
Science (GH, KC, and NB), and the University of Ottawa’s Faculty of Science (HMC). This
positionality limits the perspectives and worldviews through which this work is written.
However, every effort has been made to limit potential biases, including the pre-testing of data

collection instruments and member checking the results.

4.3.2 Recruitment and data collection

The study was reviewed and approved by McGill University’s Research Ethics Board for
research involving humans and follows the Tri-Council Policy Statement (TCPS) on research
involving Indigenous peoples (Section 9). Canada’s northern territories have territorial level
licensing boards with varying ethics requirements, to which we adapted our recruitment
strategies. For example, the Yukon territory does not require a license to actively recruit
respondents. However, the Northwest Territories requires individual community permissions to
actively recruit residents, and accordingly we did not pursue such engagements given the general
(as opposed to individual community-focused) nature of our survey. The survey was anonymous,
and no data were collected on a respondent’s location of residence, though the location(s) of their

experience with professional risk assessment practice was asked (but not required).
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The survey was designed based on the recommendations of Dillman et al. (2014) and drew
influence from a survey of Canadian risk assessors (Vachon et al. 2017), and work on
perceptions of NAMs in the ecotoxicology community (Mondou et al. 2020). A purposive (non-
probability) sampling technique was used to identify respondents, which is common in
exploratory survey research (Dillman et al., 2014). The recruitment list was drawn from past
projects involving risk assessments in Indigenous communities across Canada, including the
First Nations Food, Nutrition and Environment Study (FNFNES), First Nations Environmental
Contaminants Program (FNECP), Northern Contaminants Program (NCP), studies included in a
recent review of contaminated sites and Indigenous communities (Chong & Basu, 2023), and
contacts within the authors’ networks. The email addresses of potential respondents were
collected from publicly available sources, including university, government, community, and
organization websites and documents. The initial ‘long list’ included band council members,
community researchers, industry professionals, consulting professionals, federal or provincial
employees, and academics. A total of 311 email addresses were initially identified, of which 269
were successfully sent an invitation (Figure 4-1). To participate, respondents needed to self-
identify as having experience with risk assessment (human health and/or ecological) in

Indigenous communities in Canada.
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Unable to deliver or bounced emails n= 49
- Email address not found n=34

P - Onleave n=6

- Suspected Spam n=1

Initial Email
Recruitment List:

311
B
< Redirected to another email address: n=7
Total Number
emailed: 269 > Response partially complete: 41

Total Completed Surveys: 38

Figure 4-1: Respondent recruitment flowchart displaying the process from initial contact of

potential respondents to final total of completed surveys.

The survey questions were designed and organized around the three study objectives, then
informed by a literature review on risk assessment for environmental contaminants in Indigenous
communities (Chong & Basu, 2023). An initial version of the survey instrument was pre-tested
in March 2023 with 5 people involved in risk assessment in Indigenous communities, including
community members, academics, and consultants, to ensure question clarity and consistency in
interpretation. Based on feedback from the pre-test, the survey (Supplemental Materials
Document A) was amended and then distributed between May and June 2023. The first section

had 12 questions that focused on the respondent’s profile and practice of risk assessments in the
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context of Indigenous communities. The second section had 17 questions about perspectives on
the challenges with current risk assessment methods. The third section had three questions and
asked respondents for ideas on how new risk assessment approaches may be designed to meet
the needs of Indigenous communities. Several questions use a Likert scale, in which respondents
choose from ordered, descriptive responses to indicate their attitudes or agreement towards a
particular statement. An ordinal, typically bipolar scale such as a Likert scale is useful for
assigning quantitative values to descriptive information and is commonly used in survey research
to understand attitudes and feelings, and thus are applicable to the present work (Dillman et. al,

2014; Losby & Wetmore, 2012).

Data analysis methods were modeled after a study by Vachon et al. (2017) that surveyed
Canadian risk assessors, which had a similarly small sample size of 29 respondents, and a study
by Mondou et al. (2020), which compared perceptions of NAMs across sectors in the
ecotoxicology community. Responses to the survey questions were exported through the Lime
Survey software into a Microsoft Excel spreadsheet. Data analysis involved descriptive statistics
performed through Microsoft Excel Functions (i.e.: averages and frequencies), goodness-of-fit
statistical tests to explore relationships between demographic variables and responses, and open
coding of data collected using open-ended questions (i.e., the codes and themes were developed
and modified as we worked through the text) (Maguire & Delahunt, 2017; Vachon et al., 2017).
Analyses focused particularly on the relationships between respondents’ professional
sector/experience level and their responses to questions, using Spearman’s Rank Correlation and
Maximum likelihood ratio Chi-Square to test these relationships. A Chi-Square test is used to
test for a relationship between categorical variables (for example, professional sector and

identified challenges with risk assessment), and Spearman’s rank is used to test relationships
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between ordinal or nominal variables (for example, years of professional experience and
perceived difficulty with risk assessment process). Maximum likelihood ratio Chi-Square (G-
test) is used in situations where the sample size is too small to meet the assumptions of a
standard Pearson’s Chi-Square test (McHugh, 2013; MacDonald, 2014). Details of the analysis

methods used, including test statistics and p-values, are found in supplemental materials (Tables

$3-S5).
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4.4 RESULTS

In total, 79 survey responses were initiated, 38 of which were completed and 41 of which
were partially completed. The partially completed surveys were those which respondents
initiated but did not finish. These surveys were discarded, and no data were used from them, as
was outlined in the consent form. The 38 completed surveys represent a 14.1% response rate.
There were no statistically significant relationships between participant sector and responses to
survey questions, which is likely due to a small sample size. The data from sector subsamples are
thus presented descriptively, and the patterns observed amongst them are discussed. The

limitation of a small sample size is considered and discussed in the interpretation of our results.

4.4.1 Objective 1: Understand the practice of risk assessments in Indigenous communities

Characteristics of respondents. Table 4-1 outlines the characteristics of respondents.
Briefly, the combined respondent experience with risk assessment covered every province and
territory in Canada, expect Prince Edward Island (Figure S1). There were respondents from First
Nations, Inuit, and Metis communities, as well as non-Indigenous respondents. While
university/academic settings comprised the largest sector, survey respondents also reported
working in Indigenous community-based environment offices and health centres, local
Indigenous governments, and federal and provincial governments. Respondent experience with
risk assessments in Indigenous communities ranged from less than a year to over 20 years, with
near-even representation in all experience categories. Respondents reported a diversity of roles
and tasks as part of their involvement in risk assessment. Most respondents had experience with

both HHRA (69%) and ERA (75%). The respondents’ levels of experience with the stages of the
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risk assessment process were highly variable. Overall, most had experience with risk
characterization (78%) and communication (86%), with less having experience with

toxicity/hazard assessment (69%) (Table S1).
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Table 4-1: Demographic Characteristics of Respondents

Demographic Characteristics n (%)
Location(s) of respondent experience in risk assessment*?
Alberta 7 (18.4%)
British Colombia 8 (21.1%)
Manitoba 4 (10.5%)
New Brunswick 4 (10.5%)
Newfoundland and Labrador 5 (13.2%)
Northwest Territories 10 (26.3%)
Nova Scotia 4 (10.5%)
Nunavut 13 (34.2%)
Ontario 6 (15.8%)
Prince Edward Island 0
Quebec 11 (29%)
Saskatchewan 4 (10.5%)
Yukon 6 (15.8%)
Federal 4 (10.5%)
Other (“Inuit Nunangat”; “Nunavik”) 2 (5.4%)
TOTAL 88
Sector
Local Indigenous Government (Ex: Band Council) 3 (7.9%)
Indigenous Community-Based Environment Office 7 (18.4%)
Indigenous Community-Based Health Centre 1 (2.6%)
Federal or Provincial Government 8 (21.1%)
University/Academia 17 (44.7%)
Industry/Business 0
Consulting 1 (2.6%)
Non-Governmental Organization (NGO) 0
Other: “Nationally with Inuit” 1 (2.6%)
TOTAL 38
Role(s)/task(s) in risk assessment*P
Researcher 27 (71.1%)
Project Manager 18 (47.4%)
Risk Assessor 8 (21.1%)
Community Health Professional 1 (2.6%)
Environmental Protection/Management Professional 8 (21.1%)
Education/Communication Professional 13 (34.2%)
Regulator/Policy-Maker 4 (10.5%)
Community Organizer 5 (13.2%)
Other: “International advocacy”; “Consultation”; “Monitoring committee” 3 (7.9%)
TOTAL 87
Years of Experience
0-5 years 8 (21.1%)
6-10 years 7 (18.4%)
11-15 years 9 (23.7%)
16-20 years 5(13.2%)
More than 20 years 9 (23.7%)
TOTAL 38

*Respondent had the option to select multiple responses, * Multiple responses: 18 respondents reported one location; nine
respondents reported two locations; four respondents reported three locations; two respondents reported four
locations; and there was one respondent reporting five, seven, eight, and ten locations.; ® Multiple responses: 12
respondents reported having one role; 11 respondents reported two roles; seven respondents reported three roles; six
respondents reported four roles; and one respondent reported five roles.
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Risk assessment work in Indigenous communities. Respondents were asked to list the top
three human health risks, chemicals, and ecological risks of concern in the Indigenous
communities where they conducted risk assessment work (Figure 4-2). In identifying the human
health outcomes of concern, cancer was most often listed (37%), followed by
neurological/cognitive developmental risks (29%) and diabetes (21%). Contaminants of concern
listed by respondents was most frequently mercury (by 68% of respondents), with lead (29%),
PCBs (26%) and PFAS (26%) also mentioned relatively frequently. A variety of ecological risks
were identified by respondents, with the impacts on wildlife (58%) and traditional foods (50%)
being most prominent, followed by water (24%). A complete list of the contaminants, ecological,

and human health risks identified by respondents is available in supplemental materials (Table

S2, a-c).
a) b) : _ c)
Fetal/Birth outcomes
Mental Health
Diabetes/Endocrine PS  DCRs Water Qual ity
Cancer ])[I\\/lel"Clll”y Wlldllfe
Res) \I’A or S
Cardiometabolic Lead pans Traditional food
‘NlITI‘ilit‘E] t‘”lm;

Figure 4-2: Word cloud representing coded responses to open-ended questions: /n your experience with
risk assessments in Indigenous communities, what are the top three: a) Human health risks of concern? b)
Chemicals of concern? c) Environmental/Ecological risk of concern? The size and darkness of color in
the figure is relative to the number of responses. Word clouds were created using Worditout software
(www.worditout.com).
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4.4.2 Objective 2: Challenges with risk assessments in Indigenous communities in Canada

Challenges with the steps of the risk assessment process. Respondents were asked to
answer a Likert-scale style questionnaire on their level of difficulty with steps and aspects of the
risk assessment process (Figure 4-3, Section A in blue). Most respondents indicated that all steps
of the risk assessment process are either “difficult” or “very difficult” with risk communication
(71%) being “difficult” to over two-thirds of respondents, followed by exposure assessment
(66%), risk characterization (66%) and hazard assessment (58%). Alternatively, most
respondents (58%) ranked problem formulation as “easy” or “very easy” on average. Notably,
risk communication was perceived as “difficult” or “very difficult” by most federal and
provincial government (88%) and academic (82%) respondents, and less so by Indigenous
community environment and health office (38%) and Indigenous government (67%)
respondents. Problem formulation was also perceived as more “difficult” on average by
respondents from federal and provincial government agencies (63%) compared to respondents
from all other sectors (Academia 12%; Indigenous government 33%; Environment and health
office 38%). There were no significant correlations between the respondents’ reported level of
difficulty with risk assessment steps and their level of experience, except for the relationship
between self-rated experience and perceived difficulty with problem formulation, for which there
was a significant albeit weak negative correlation (correlation coefficient -0.37; p-value <0.05)

(Table S3).

Resource challenges with risk assessment. Respondents were asked to rank how much of
a problem various resource-level aspects of risk assessment are on a Likert scale (Figure 4-3,

Section B in red). Community-level resource availability (86%), time (86%), and financial costs
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(76%) were all considered to be “moderate” to “serious” problems for the majority of the 38
respondents. Interestingly, respondents from Indigenous governments and community-based
environment and health offices considered on average for these resource factors to be more of a
problem than federal/provincial government respondents, with the perspectives of academics
falling between these two groups. For example, 50% of government employees perceived cost to
be a “moderate” problem, while 82% of academics and 91% of those working at the community
level ranked cost as a “moderate” to “serious” problem. Similarly, 100% of community-based
respondents considered time and resource availability as “moderate” to “serious” problems,
while fewer academics and federal/provincial employees ranked these factors as problematic
(82% time and resources for academics, 88% time and 76% resources for federal/provincial
government employees). However, there was not a significant relationship between sector of

employment and responses to resource related questions (Table S4).

Challenges with conventional risk assessment work. Respondents were asked to rank the
level of difficulty of various aspects of risk assessment work, including communicating results,
context-specific use, and inclusion of Indigenous knowledge (Figure 4-3, Section C in green).
Most ranked these aspects as “difficult” to “very difficult”, with the assessment of cumulative
risks (combined chemical and non-chemical stressors) being most often ranked as “difficult” or
“very difficult” (87%), followed by communicating risk assessment results to community
members (78%), adapting risk assessment methods to community-level priorities (61%),
including Indigenous knowledge (61%), and involving Indigenous researchers and community
members (60%). Responses were similar across sectors, however communicating risk
assessment results to community members was perceived as “difficult” to 100% of federal or

provincial employees, compared to 82% of academics, and 64% of community-based
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respondents. Also, involving Indigenous community members in risk assessments was rated
most “difficult” by federal/provincial respondents (75%), and less so by academics (59%) and
community-based respondents (55%). However, there was no statistically significant relationship

between respondent sector and difficulty rankings (Supplemental table S4).

An open-ended section was provided for respondents to describe any additional
challenges with risk assessments that were not addressed in the survey. The responses were
coded using thematic analysis, yielding 4 main themes from 42 coded responses (Table 4-2,
detailed code Table S6). Overall, many of the described challenges related to the epistemological
differences between institutionalized risk assessment methods and practice, and an idealized
assessment from the perspective of communities. For example, the most frequently cited
challenge with risk assessments was a lack of focus on community-level priorities and
community engagement (26% of respondents). The structure of risk assessment processes was
also a challenge for four respondents in academia and from within communities (11%), who
wrote that funding timelines are not aligned with the amount of time needed to establish trusting
and collaborative relationships between Indigenous communities and other sectors such as
researchers and governments. From a technical and methodological perspective, three
respondents (8%) noted that the assumptions and worldviews embedded into western scientific
risk assessment methods do not align with Indigenous epistemologies. The feasibility of
measuring exposures, particularly through human biomonitoring, was described as a challenge
due to the remoteness of communities, availability of equipment, and historical misuse of such

samples from Indigenous communities which limits community trust.
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Table 4-2: Thematic summary of responses to the open-ended question: Are there other challenges with
risk assessments in Indigenous communities that we have not asked about? Please describe them.
Complete coding table is available (Supplemental Materials, Table S6)

THEME SUB THEME (% OF RESPONDENTYS)
e Limited community capacity to conduct risk assessment (competing
CAPACITY priorities) (8%)

o  Staff capacity and availability of external experts (8%)
STRUCTURAL CHALLENGES e  Unrealistic time requirements (11%)

e Lack of focus on community priorities or engagement (26%)

o Imposition of external research agendas and data control by external
stakeholders (11%)

e  Other (5%)

e  Risk communication (balancing known benefits and potential risks of
country food consumption) (8%)

METHODOLOGICAL/TECHNICAL e  Exposure measurement (8%)

e  Assumptions embedded in risk assessment do not align with
Indigenous epistemologies (8%)

ENGAGEMENT/COLLABORATION
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Question Section: A: Difficulty with risk B: Resource C: D.ifﬁculty with aspects of D: Level of
assessment steps related problems risk assessment work agreement
0% _ 0% 0% - 0%
Legend: % of responses % of responses
% of responses "Difficult" or "moderate" or % of responses “Difficult” or "Agree" or
"Very difficult" "serious" “Very difficult” "Strongly agree"
Question#: | 1 | 2 [ 3 [ 4] 5| 6 [ 78 [ow|uu][n]n|i]i5]i1s
SECTOR (n)
Local Environment/ Health Dept. (8) 38 _ 38
Indigenous Gov. (3) & _
Federal and Provincial Gov. (8)
Academia (17) 12 _
YEARS EXPERIENCE (n)
0-10 years (15) 1373 73 74 67
11-20 years (14)
More than 20 years (9) 22 44 33 44 44
HHRA EXPERTISE (n)
No Experience (11) 0 - 36 - 36
Novice/Intermediate (22) 45 ﬁ
Advanced (5) 40 —
ERA EXPERTISE (n)
No Experience (10) 0 50 40 50 80
Novice/Intermediate (24) 46 75
Advanced (4) 25 50 50 50 50 75
Total (n=38) 32 [ 66 58 66 71 76

A (1-5): How difficult do you find each of the following
aspects of risk assessments conducted in Indigenous
communities? (Likert Scale: Very easy, Easy, Difficult,
Very difficult, Don't know)

: Problem Formulation
: Exposure Assessment
: Toxicity/Hazard Assessment
: Risk Characterization
: Risk Communication

B (6-8): In your experience with risk assessments in
Indigenous communities, how much of a problem are the
following aspects? (Scale: Not at all a problem, Minor
problem, Moderate problem, Serious problem, Don't know)

: The financial costs associated with risk assessments.

: The amount of time needed to conduct a risk assessment.

: The availability of resources within the community to conduct a risk
assessment.

0 J N[ B WD —

C (9-13): In your experience with risk assessments in
indigenous communities, how difficult are the following
aspects of the work? (Likert Scale: Very easy, Easy,
Difficult, Very difficult, Don't know)

9: Including Indigenous knowledge in risk assessments.

10: Involving Indigenous researchers and community members in risk
assessments.

11: Accounting for the cumulative effects of both chemical and non-
chemical (ex: social) stressors.

12: Communicating risk assessment results to community members.

13: Adapting risk assessment methods to meet community-level priorities.

D (14-16): Please indicate your level of agreement with the
following statements (Likert scale: Strongly disagree,
Disagree, Agree, Strongly agree, Don't know)

14: In general, I am satisfied with the way that risk assessments are carried
out for regulatory purposes in Indigenous communities.

15: In general, I am confident in the results of risk assessments to make
decisions that affect Indigenous communities.

16: There is a need for new, improved approaches to risk assessments in
Indigenous communities.

Figure 4-3: Heat map of respondent-identified challenges with risk assessments through Likert-scale
questions compared to demographic variables. The heat map does not display “Don’t know” responses, or
responses identifying an aspect of risk assessment as “easy”. An expanded heatmap that includes these
responses can be found in the supplemental excel file S1.
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4.4.3 Objective 3: Designing new approaches to risk assessment

Respondents were asked about their level of satisfaction with the risk assessment
methods currently employed in Indigenous communities, and their confidence with the use of
risk assessment results for decision-making (Figure 4-3, Section D in yellow, 14-15). Most
federal and provincial government employees were confident with risk assessment results (i.e.,
83% “agreed”), while respondents employed at the community level (i.e.: in Indigenous
government and environment or health offices), were overall not confident (27% ““agreed”), with
academics sharing similar perspectives to those at the community level (40% “agreed”).
Satisfaction with the way that risk assessments were conducted showed similar trends, with most

respondents indicating dissatisfaction with risk assessment conduct (68%).

We also asked respondents about their level of agreement on the need for new and
improved approaches to risk assessments in Indigenous communities (Figure 4-3, Column 16), to
which 76% responded “agree” or “strongly agree”, 11% “disagree” or “strongly disagree”, and
the remainder indicated “don’t know”. There was not a statistically significant difference in
responses amongst sectors (Table S6). However, those working at the community level (i.e.:
Indigenous government, local health centers and environment offices) unanimously agreed that
there is a need for new risk assessment approaches (100%) while external sectors had a mixture
of positive and negative responses (50% of provincial/federal employees and 76% of academics
agreed). All respondents who “disagreed” or “strongly disagreed” were from the
federal/provincial government or academia. While this is a small sample size, the findings
indicate dissatisfaction and lack of confidence in current risk assessment approaches, and general

agreement across sectors on the need for new, improved approaches.
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Of the total respondents, relatively few (16%) had heard of New Approach
Methodologies (NAMs). There was no relationship between the number of years of experience
that respondents had in risk assessment and their familiarity with NAMs. Of the six respondents
who had heard of NAMs, five had experience with the use of ERAs, three with HHRAs, and
three with both. Only respondents who worked for the federal/provincial government or in
academia had heard of NAMs. Respondents answered an open-ended question on what needs to
be considered in the design and development of new risk assessment approaches, through which
several themes were identified through thematic analysis and open coding (Table 4-3, detailed
code Table S7). A total of 60 responses were coded. The most frequent response (37% of
respondents) was that new risk assessment approaches must be Indigenous-led and community-
engaged and based upon community-level priorities. Overall, respondents envisioned a variety of
factors that would contribute to improved approaches to risk assessment in Indigenous
community contexts, which included advancing structure/governance, data management,

capacity building, communication, community engagement, and methodological considerations.
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Table 4-3: Respondent ideas on what needs to be considered in the design and development of new risk
assessment approaches in Indigenous communities. The complete coding table can be found in
supplemental materials (table S7).

THEME

Structure/Governance

Data Management

Capacity Building

Communication

Methodological

Community
Engagement .

SUB-THEME (% of respondents)

Improve regional governance (5)

Increase the role of local
government (5)

Community data control (5)
Improved monitoring (3)

Internal staff capacity (13)

Technical/general (8)

Cultural relevance (5)

Risk/benefit balance (13)

Cumulative risks (13)

Inclusion of local knowledge (24)

Traditional food exposure
measurement (5)

Meet community priorities and
engage community members (32)

Clear community benefits (5)

Examples

A strong regional governance system provides a
reporting body for research and facilitates health
messaging.

Information shared directly with band council
(For First Nations communities); reduce federal
governance.

Community archives to track all information
over time.

Continuously updated representative data on
exposures is needed.

Training researchers, healthcare practitioners
and other internal members.

Ability to conduct on-site analyses.

Traditional food advisories- health messaging
should focus on benefits of traditional food
consumption.

Considering chemical mixtures and non-
contaminant stressors and risk factors (cultural,
social, economic, etc.); consider future land
uses; holistic approaches.

Appropriateness of current risk assessment
assumptions must be based on local perceptions;
Indigenous research methodologies and ways of
knowing prioritized.

Improve methods to account for unique
traditional food uses.

Risk assessment must be based on community-
level priorities and leadership;
Co-interpretation of data.
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4.5 DISCUSSION

This research explored the use of human health and ecological risk assessment methods
in Indigenous communities in Canada, including challenges with current practice and priorities
for the development of new methods. While regulatory bodies are interested in modernizing risk
assessment approaches, such methods have yet to be designed to address the challenges being
faced in Indigenous community-level contexts. To our knowledge, this is the first survey on the
topic. A diversity of professionals who have experience with risk assessments in Indigenous
communities across Canada were surveyed, including community members working in local
Indigenous government, environment, and health departments, and those who collaborate on the
work, including academics, consultants, and federal and provincial employees. We aimed to
recruit a diversity of respondents from different sectors; although the self-identified sector that
the respondent belongs to may be different than those on our original recruitment list, we
estimate that our invitation list was 37% Indigenous environment and health offices (7%
response rate), 31% academia (18% response rate), 10% federal and provincial government (25%
response rate), and 7% Indigenous government (13% response rate), with the remainder from
consulting, organizations, and unknown sectors. As the total number of professionals involved
with risk assessments in Indigenous communities across Canada is unknown, we cannot
calculate the representativeness of our results. Our sample size is relatively small and is
distributed in favor of academics (45%), while consultants (3%) are underrepresented. While we
do not know the size and sector distribution of the total population, these sample attributes have
the potential to bias the results. This limits our ability to extrapolate the results to risk assessment
in general or in Indigenous communities across Canada, nor would it be appropriate to do so,

given the uniqueness of each community. The relatively low response rates among the
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Indigenous environment and health offices, and government may reflect the challenge of the lack
of resources/time to participate in this type of questionnaire-based research. The situation was
particularly exacerbated during or after the COVID pandemic (Spagnolo et al., 2020). However,
our sample incorporates a diversity of voices known to be involved in risk assessment work in
this context, especially those from Indigenous communities themselves. Future research or
further consultations with Indigenous environment and health offices, and Indigenous

governments will need to be designed to accommodate their needs.

4.5.1 Sectoral differences

This survey had a small sample size, which limits statistical inference. Further research is
needed to verify the results presented here. Thus, differences in responses amongst professionals
from different sectors are presented descriptively. Our results revealed some notable differences
in responses amongst sector groups, particularly: those working within Indigenous communities
(Indigenous government, community environment offices, and community health centres); those
working in academia; and those working for the federal or provincial government. There were
too few responses from other sectors to compare them similarly. Overall, we noted three key
differences in responses between these sector groups. First, the sectors faced varied challenges
related to the communication of and trust in risk assessment results. Both academics and federal
and provincial employees perceived risk communication and community involvement to be more
difficult than those working in communities themselves. Those working within Indigenous
communities were the least confident in risk assessment results for their use in decision-making,

followed by academia, with federal and provincial employees having the most confidence in the
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results. These challenges with trans-sectoral communication and overall confidence align with
previous research findings that some communities experience mistrust in externally driven and
institutionalized environmental assessment approaches, and this may be related to inadequate
communication of results to communities (Arsenault et al., 2019; Sandlos & Keeling, 2016).
Second, we found that financial resources, time, and community capacity were perceived as less
of a barrier to federal and provincial government respondents than other sectors. This finding
may be partially explained by previous research on contaminated sites, which describes that
Canadian federal site management on First Nations reserve land is generally done within the
established protocol and pre-defined budget, which may not address the specific requirements or
concerns of some communities (Gailus, 2013). The findings from our survey give a clearer
picture of the realities of risk assessment work at the community level compared to the
perceptions of risk assessments at a federal level, however further research is required to
understand the complexities. Third, all community-based respondents agreed on the need for a
new approach to risk assessments, compared to majority agreement among academics and less
(but still majority) agreement among federal and provincial employees. These findings align with
recent research on factors affecting the perception of NAMs in the ecotoxicology community,
which concluded there is a difference in the mean perceived viability of NAMs, particularly
between academics versus non-academics (Mondou et al., 2020). Our survey varies from these
findings in that there were differences in the perceptions on the need for new approaches not
only between academics and non-academics, but between academics, community-based and
government employees. Another recent study analysed public consultation submissions
regarding environmental assessment reform and found sectoral differences in agreement on the

need for science in reformed environmental assessment regimes in Canada, including around

169



cumulative effects and decision-making (Jacob et al., 2018). Like our results, there was
agreement amongst sectors on the need for improved approaches to cumulative effects
assessment, and increased transparency in the assessment process, including through
communication. Jacob et al. (2018) found that those working in industry perceived less of a need
for scientific change in environmental assessment compared to other sectors, and our results can
add to these findings by highlighting some potential differences in perspectives between
academics, government employees, and Indigenous offices on the details of changes needed to

risk assessment work.

While not addressed in our results, we also note that the overall purpose of conducting a
risk assessment may differ amongst sectors. For example, government agencies have
traditionally performed routine assessments for individual, physical health risks as a foundation
for decision-making, management, and closing of contaminated sites (Arquette et al, 2001;
Indigenous and Northern Affairs Canada, 2016), while community-led risk assessments often are
aimed at contributing to a more holistic and community-engaged understanding of community
health (Arquette et al., 2001; Eggers et al., 2018). These inherent differences in the motivation

behind conducting a risk assessment may also contribute to the findings presented in this survey.

While previous studies have examined the perceptions of sector groups involved with
environmental management, few have explored and compared perceptions concurrently. To our
knowledge, there has not been a previous study comparing differences between sectors within
and outside of Indigenous communities on the topic of risk assessment methods. While not an
emergent theme in our survey, we note the importance of distinguishing between Indigenous
rightsholders and non-Indigenous ‘stakeholders’ (Ettawageshik & Norman, 2020). Whereas

federal and provincial employees, academics, and other collaborators have vested interests in this
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work, Indigenous community members have the right to self-determination, autonomy over their
traditional territories, and free, prior, and informed consent in environmental risk assessment and
management processes as outlined by UNDRIP (United Nations, 2007). Aligned with our study,
Brock et al. (2021) conducted semi-structured interviews with Indigenous, industry, and
government actors in environmental management, noting significant differences in the perceived
definitions of engagement and consultation between Indigenous peoples and government
employees, and the perceived roles of respondent groups in the environmental management
process. Our findings add further insight into the varied perceptions amongst sectors, specifically
on the topic of risk assessment challenges and priorities. Central to both Brock et al. (2021) and
our study is the finding that improved communication between sectors may elevate
collaboration, thus strengthening environmental management approaches. Improving
communication and collaboration between sectors is challenging, and few evidence-based
strategies have been developed on the topic (Chircop et al., 2015). While there are many studies
examining relationships between researchers and communities, there are far fewer that examine
multiple sectors. Suggestions have emerged from a variety of disciplines, especially the health
sciences, and include identifying co-benefits, building long-term relationships as opposed to
project-specific, and having team members that are specifically focused on the work of
collaboration (Rudolph et al., 2013). Such methods may be applicable to improving collaboration

in risk assessment work in Indigenous communities and are areas for further research.
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4.5.2 Structural and bureaucratic elements of risk assessment

Overall, time, cost, and resource availability were considered “moderate” to “serious”
problems when conducting risk assessment work in Indigenous communities in Canada, which is
consistent with the available literature on the topic in the U.S. and internationally. For example,
writings from the Akwesasne task force on the environment describe that Native governments
face challenges accessing financial and other resources needed to address environmental
concerns, and do not receive funding equitable to state and provincial governments (Arquette et
al., 2002). Also consistent with our findings are previously cited challenges with unrealistic
timelines and community capacity as barriers to trusted and effective environmental assessments
in Canada (Arsenault et al., 2019). In Canada, many community risk assessment projects are
through federally funded programs, including the First Nations Environmental Contaminants
Program (FNECP), Northern Contaminants Program (NCP), and First Nations Baseline
Assessment Program (Government of Canada, 2023b; Government of Canada, 2022¢). Such
programs emphasize local capacity building efforts and have provided many communities with
funds to learn more about local contamination and provide a basis for risk mitigation. While
these programs often contribute positively to community-based risk assessment work, this survey
also highlights bureaucratic elements that present barriers to optimizing risk assessments. For
example, the common requirement to outsource an external ‘expert’ (an “academically trained
scientist” [Government of Canada, 2022c]) to collaborate on the project, and finite research
timelines that are insufficient for establishing a trusting relationship between a community and a
potential collaborator are considerable barriers. Brock et al. (2021) found that many Indigenous
peoples inherently mistrust the processes of ‘engagement’ and ‘consultation’ employed by the

federal government in environmental management, a relationship which is highly contextualized.
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Improving communication and collaboration amongst these groups, which may be in part

facilitated by deconstructing institutional barriers, may contribute to increased trust.

4.5.3 Epistemological differences, Traditional Knowledge, and inclusion of Indigenous peoples

Challenges with the adequate inclusion of Indigenous community perspectives and
knowledge were evident in the survey, which is a well-documented issue in the literature on
environmental assessment and management in Indigenous communities in Canada (Arsenault et
al., 2019; Bowie, 2013) and globally (Wolfley, 1998). The inclusion of Traditional Knowledge
and consultation with communities in risk assessment processes has become increasingly
recognized as a key need in Canadian governmental reports and guidelines (Health Canada,
2010b, 2018). Discourse on the topic of Traditional Knowledge use in environmental
management continues to push such policies beyond ‘inclusion’ to meaningful collaboration and
recognition of Traditional Knowledge as a distinct knowledge system that should not be
subsumed into the dominant ‘western-scientific’ body (Bowie, 2013; Ellis, 2005; Fernandez-
Llamazares et al., 2020; Assembly of First Nations, 2022; Zurba & Papadopoulos, 2023). The
development of new risk assessment methods aligned with such policies must also consider the
protection and confidentiality of Traditional Knowledge (Sinjela et al., 2005). The First Nations
Principles of OCAP (Ownership, Control, Access, and Possession) asserts First Nations authority
over how knowledge may be collected, used, and disseminated and supports data sovereignty
(FNIGC, 2024). OCAP is an example of a tool that may support appropriate relationships with

Traditional Knowledge systems in risk assessment research and work.

173



Many of the challenges identified in this survey were underpinned by epistemological
differences between Indigenous communities themselves and the western-scientific methods
applied to risk assessments. While recent updates to the Canadian Environmental Protection Act
1999 through Bill S-5 highlight the need to uphold UNDRIP (Government of Canada, 2022b),
the challenges that were identified through this study may undermine Indigenous peoples’ right
to self-determination by limiting their ability to lead risk assessment work in their communities.
Respondents made several suggestions for the development of new risk assessment methods,
including that they be community-based and led, moving beyond engagement and involvement
of communities within largely non-Indigenous risk assessment frameworks. According to
writings from First Nations leadership in Canada, this should include that governing bodies
consult with and obtain free, prior, and informed consent from Indigenous peoples (Assembly of
First Nations, 2022). The revitalization of self-governing capacities in Indigenous communities
will ultimately contribute to improved environmental risk assessment processes (Bowie, 2013).
In recent years, the First Nations Food, Nutrition, and Environment Study (FNFNES) was
conducted, a Canada-wide environmental and health assessment purposefully led and designed
by the Assembly of First Nations (Chan et al., 2021). Positively, the FNFNES represents a shift
from conventional federally led and controlled assessments and promotes participatory research
approaches. However, it uses generic and institutionalized risk assessment methods and a
Western knowledge-based design, which limits the value of its results in terms of Indigenous
ownership and sovereignty. The Principal Investigators of FNFNES acknowledged the limitation
and called on decision-makers to support First Nations-led leadership and solutions to address

systemic problems relating to food, nutrition and the environment affecting First Nations
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(FNFNES, 2021). We also emphasize the importance of Indigenous community leadership in the

design of new risk assessment methods and in future risk assessment implementation.

4.5.4 Technical and scientific aspects

The survey results highlight several technical and scientific challenges with the risk
assessment process used in Indigenous communities, including the ability of risk assessment
methods to account for cumulative risks and adapt to community-level priorities. The ability to
account for the combined effects of chemical and non-chemical stressors was considered the
most challenging by respondents. The growing development of cumulative risk assessment
methods has largely focused on the quantitative assessment of risks related to exposure to
multiple chemical stressors, and more recently, attention has been drawn to the inclusion of non-
chemical, psychosocial stressors (ex: socio-economic strain, discrimination, housing insecurity)
(Payne-Sturges et al., 2018). In the context of Indigenous communities, a few frameworks have
been proposed for holistic risk assessment, including a variety of environmental indicators and
socio-cultural factors, both quantitative and qualitative. For example, Harris and Harper’s (2000)
work proposed an eco-cultural dependency web to better characterize risks to tribal health on the
Umatilla Indian Reservation in the US. More recently, Arsenault et al. (2019) proposed a
restructuring of environmental assessment processes with Indigenous Knowledge systems, which
is applicable to risk assessment work. The need for more holistic assessment approaches has also
been recommended by the Assembly of First Nations (2022). Such approaches, in combination
with emergent CRA methodologies may aid in painting a more complete picture of the realities

of health and ecological risks faced by Indigenous communities. The basis of cultural and
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spiritual beliefs for many Indigenous communities includes the interconnected nature of human
and ecological health. However, these assessments are typically siloed in regulatory risk
assessment work (Arsenault et al., 2019; Health Canada, 2019). Most respondents in this survey
had experience with both human health and ecological risk assessments, and future research may

seek to leverage these experiences and integrate these two risk assessment domains.

4.5.5 Risk communication

Challenges with risk communication that is locally relevant were a theme throughout this
study, especially in balancing the risks and benefits of contaminated traditional food
consumption. This challenge has been cited in previous publications related to risk
communication in Indigenous communities, particularly in the Canadian Arctic, known as the
‘Arctic Dilemma’ (Kriimmel & Gilman, 2016). A reduction in contaminant exposure is
conventionally considered ‘successful” management. However, there are complex losses
associated with the diminished use of traditional food systems, and this effect is well
documented, including in synthesis reports from the Arctic Monitoring and Assessment Program
(Adlard et al., 2018). There are gaps in the literature on risk communication strategies for
Indigenous communities (Boyd & Furgal, 2019), however, it has been evidenced that trust is an
essential element of communication in practice (Boyd et al., 2019). Findings from this study
suggest a general lack of trust, both in the results of risk assessments for decision-making, and
between communities and external risk assessors. Future research may explore the trust levels in

information sources included in risk assessments. Risk assessment approaches that are
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community designed and led, including in methods, implementation, and communication, may

increase trust in the results.

4.5.6 New approaches to risk assessment in Indigenous communities

As ‘New Approach Methodologies’ (NAMs) for risk assessment are of regulatory interest
at this moment, it is an opportune time to develop NAMs with the priorities of Indigenous
communities at the forefront. However, few respondents had heard of ‘“NAMSs’, though nearly all
respondents agreed that there is a need for new and improved approaches to risk assessment in
Indigenous communities. Several themes emerged that provide a basis on which to further
explore and develop such methods. The results of risk assessment work need to be locally
relevant. This includes the ability to meet Indigenous community-level priorities, communicate
results effectively, and incorporate Traditional Knowledge. Similar needs have been previously
communicated in publications globally (Arsenault et al., 2019; Ellis 2005; Wolfley, 1998), and
this survey adds a Canada-based perspective. The development of risk assessment methods that
incorporate risk communication tools and strategies relevant to communities (i.e.: based upon
Indigenous epistemologies) is an area for further research. According to respondents, risk
assessment work should consider multiple chemical and non-chemical stressors, including social,
cultural, and economic factors. In the context of Indigenous communities, this may go beyond
the conventional use of the term ‘cumulative risk’ and its methodologies (largely quantitative to
date (Sexton, 2012)) and include greater involvement of the social sciences. There is strong
inertia for the development of NAMs in a variety of fields, and a recognition of the need for

collaboration between disciplines in their development and application. To help overcome this,
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for example, social sciences literature on the use of toxicogenomics as a NAM has documented
that innovation (researcher)-centric drivers to NAM development undermine adopter-centric
drivers that focus instead on ease of use and integration with known practices (Pain et al., 2020),
and as such NAMs development should be driven by the users. The findings of our survey
support the need for collaborative efforts in developing NAMs in the field of risk assessment,
and specifically ones that are driven by Indigenous community-based sectors. Future research
may, therefore, include the development of new risk assessment methods, led by Indigenous
communities and involving interdisciplinary collaboration. This may include adapting methods

currently under development to meet community-level contexts.

4.5.7 Limitations

This survey received 38 completed responses, which is not representative of the
population of professionals involved in risk assessment work in Indigenous communities across
Canada, the total number of which is unknown. Thus, the presented results cannot be widely
applied to all risk assessment work in all Indigenous communities in Canada. Further, each
Indigenous community in Canada is unique, and thus, even with a larger sample size, the
findings are not generalizable. Also, while we made some comparisons between responses from
different professional sectors, these sub-groups are small and thus cannot represent the opinions
of whole sectors. There were not statistically significant differences across sectors, likely due to
the small sample size. Finally, an online survey format helps to eliminate power dynamics

between respondent and researcher or amongst respondents (Dillman et al., 2014), but a
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limitation of this method is that it prevents the participation of those who do not have access to
or ability to use a computer and does not allow for the flexibility to adapt questions based on
responses as in an in-person interview. There were a limited number of open-ended questions in
this survey, which intended to collect baseline information on the selected objectives and identify
knowledge gaps, and this is common of online, anonymous surveys. However, this limits the
depth of information received. Future research (ex: key informant interviews) may uncover
further detail on the presented findings. Anonymous online survey results are limited by a non-
response bias. The response rate of 14.1% is relatively low, though similar to studies on which
we designed our methods and to which we compare our results. For example, a survey of
Canadian risk assessors had a response rate of less than 15% (Vachon et al, 2017), and another
survey of perceptions of NAMs in the ecotoxicology community had a response rate of 13%
(Mondou et al., 2020). We followed a non-probability sampling method, which is commonly
used for exploratory research, and of which a lower participation rate is common (Dillman et al.,
2014). Factors contributing to a low response rate may include the length of the survey, lack of

incentive, and recruitment strategy.

Despite these limitations, we surveyed a diversity of professionals who have conducted
risk assessment work in many regions across Canada, with results showing an overall agreement
on the limitations of current risk assessment methods and the need for new ones. These findings
lay a groundwork for further exploring and developing risk assessment methods that better

respond to the challenges identified here.
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4.6 CONCLUSIONS

While regulatory bodies promote the development of new risk assessment approaches,
such methods have yet to be designed to address the challenges being faced in Indigenous
community-level contexts. To our knowledge, this is the first multi-sectoral survey on the
challenges with and priorities for human health and ecological risk assessments in Indigenous
communities across Canada. We surveyed a diverse group of professionals with varied
experiences and roles in risk assessment practice in this context. Our results revealed notable
differences in perspectives amongst sector groups, particularly those working within and outside
of Indigenous communities. Improved communication and collaboration among sectors, which
recognizes the Indigenous right to self-governance and prioritizes Indigenous leadership, may
advance risk assessment practices and methods. This may facilitate a shared understanding of
multi-sectorial goals, priorities, and challenges thus streamlining the development of more
effective risk assessment methods that meet a variety of needs. New risk assessment approaches
need to consider cumulative risks of multiple chemical and non-chemical stressors, adapt to
community-level contexts, and integrate HHRA and ERA approaches. Recommendations for
future research topics include optimizing communication of risk assessment results to

communities, and developing community designed and lead HHRA and ERA approaches.
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CONNECTING PARAGRAPHS

Chapter 4 detailed findings from a Canada-wide survey of those who work on risk
assessments in Indigenous communities. The survey identified differences in perspectives
between respondents from federal and provincial governments, academia, and within
communities (i.e.: local government, community environment offices, health centers). Overall,
risk assessments in Indigenous communities are challenged by a lack of cumulative risk
assessment methods, communication, and resource availability, which provide priority areas for
the improvement of conventional methods and the development of new methods, areas in which
further research is needed. There was general agreement on the need for new risk assessment

approaches for Indigenous community contexts.

With these findings in mind, and aligned with the ‘prototype’ and ‘test’ phases of the
design thinking process, chapter 5 pilot-tests RISK21. RISK21 is a new HHRA approach
developed by the Health and Environmental Sciences Institute, which has gained attention from
regulators (Health Canada, US EPA). RISK has been tested in a variety of risk assessment
contexts but has yet to be designed or tested for and by Indigenous communities. This study
involved a collaboration with three communities (The Crow/Apséaalooke Nation, Cold Lake First
Nation and Chipewyan Prairie Dene First Nation) who have experience with community-level
risk assessment. We conducted case studies to test the use of RISK21 in these community
contexts, compare it to conventional methods, and discuss its relevance. Fruitful discussions with
the collaborating communities highlighted the need to consider both qualitative/descriptive as
well as quantitative information in cumulative risk assessment approaches, and to further

develop communication outputs that are widely accessible to communities.
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CHAPTER 5: Exploring the Use of the RISK21 Approach for Indigenous Community-
Based Human Health Risk Assessments: Two Case Studies
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5.1 Abstract

Indigenous peoples in North America are disproportionately exposed to environmental
contaminants and may face elevated health risks related to unique socio-cultural ties to the land.
Conventional human health risk assessment (HHRA) methods do not account for these unique
contexts. Regulators (i.e.: Health Canada, US EPA) have called for the development of more
ethical and efficient HHRA approaches, but to our knowledge no such approaches have been
designed in consideration of Indigenous community contexts. RISK21 is a new HHRA approach
gaining regulatory attention. We present two case studies piloting RISK21°’s use in collaboration
with three unique communities (Cold Lake First Nations, Chipewyan Prairie First Nation,
Apsaalooke/Crow Nation). Our objectives are first, reflect upon the benefits and challenges of
using RISK21 in these contexts; second, compare RISK21-based to conventional assessments;
and third, ideate adaptations and improvements to the approach. The RISK21-based analyses had

similar descriptive results to the original conventional assessments, including when using less
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information. We found RISK21 useful for rapid chemical assessment and visually representing
data from multiple sources. We recommend areas where RISK21 (and other next-generation
HHRA approaches) might be improved for Indigenous community contexts, including increasing
the community-relevance of communication tools and incorporating holistic and non-

conventional information.

KEY WORDS: Human health risk assessment; New approach methodologies (NAMs);

Indigenous communities; RISK21; Cumulative risk assessment; traditional food
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5.2 INTRODUCTION

Environmental pollution is a pervasive issue for Indigenous communities across Canada
and the US. For example, approximately 4500 contaminated sites, largely driven by external
industrial and mining activities, are located on First Nations reserve land in Canada (Government
of Canada, 2021). In a recent report from the federally led Northern Contaminants Program,
exposures to several persistent organic pollutants and heavy metals were up to eleven-fold higher
among Inuit men and women from northern Canada compared to the general Canadian
population in the South (Government of Canada, 2017). In the US, approximately 34% of
Superfund sites are deemed “Native American Interest” sites (i.e.: they affect Native American
peoples) (Chong and Basu, 2023), with an estimated 146 605 Native American people living
within one mile of a Superfund site (US EPA, 2020). Many Indigenous communities face unique
risks and impacts related to environmental pollution, including from contaminated sites,
compared to the general population. This is not only due to disproportionate physical exposure,
but also through impacts on culture, spirituality, language, the economy, and many other facets of
life to which the land is a central element (Harris, 2000; O'Neill, 2000; Van Oostdam et al., 2005;
Burger and Gochfeld, 2011; Eggers et al., 2018; Ferndndez-Llamazares et al., 2020). The
contamination of traditional food systems has been particularly impactful, through chemical
exposures and cultural losses associated with an inability to conduct traditional harvesting,
fishing, hunting, and agricultural activities, and resulting in a transition to nutrient-poor market
foods (Damman et al., 2008; Chan et al., 2021). It has also contributed to a breakdown of
intergenerational knowledge transfer related to procuring, processing, and preparing traditional

foods (Robin et al., 2021).
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Human health risk assessment (HHRA) is a method used to estimate the “nature and
probability of adverse health effects in humans who may be exposed to chemicals in
contaminated environmental media” (US EPA, 2022). HHRAs are required by many
governments globally prior to the initiation of industrial or development projects, and to make
decisions about remediation and risk management at existing contaminated sites, including those
that impact Indigenous communities (Health Canada, 2004). However, such generic and
institutionalized HHRA methods have been described as inadequate for addressing the unique
risk assessment needs of the Indigenous communities in which they are used. This includes, for
example, that conventional HHRA methods may not adapt to community-specific needs or
include Indigenous perspectives (OECD, 2020), are considered costly and time consuming
(Pastoor et al., 2014), and often produce risk information that is not locally useful (Harris, 2000;
Harper et al., 2012). Further, there is no well-established and agreed upon method for assessing
combined risks of multiple chemical and non-chemical (socio-cultural) stressors (i.e.: cumulative
risks) (Fox et al., 2017; Tong and Zhang, 2023). A recent systematic review concluded that while
evidence continues to emerge on the harms associated with combined chemical and psychosocial
stressors, there has been minimal progress on the integration of cumulative risk assessment into

environmental management or public health policy decision-making (Tong and Zhang, 2023).

Within the past few decades, communities and governments in Canada and the US have
called for a need to change the way that HHR As are conducted, especially in regulatory contexts.
There is increasing emphasis on the adoption of alternatives that are cheaper, more efficient, less
resource intensive, and fit for purpose. This paradigm shift is marked by the U.S. National
Research Council’s “Science and Decision Report” of 2009 and the U.S. National Academy’s

book, “Exposure Science in the 21st Century” of 2012. Aligned with this shift, Canada’s 2016
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Chemicals Management Plan (CMP) Science Committee recommended that governing bodies,
including Health Canada (HC) and Environment and Climate Change Canada (ECCC), must
develop a roadmap for integrating alternative risk assessment approaches into regulatory
decisions (CMP Science Committee, 2016). Most recently, in February of 2022, amendments to
the Canadian Environmental Protection Act (CEPA) 1999 were proposed in Bill S-5,
“Strengthening Environmental Protection for a Healthier Canada” Act. Bill S-5 specifically
references honoring the United Nations Declaration on the Rights of Indigenous Peoples
(UNDRIP), calls for improved risk communication, and ultimately developing new approaches
to risk assessment for environmental contaminants. These amendments are particularly relevant
to the many First Nations, Inuit, and Métis communities who are affected by environmental
pollution and are subject to risk assessment results (United Nations, 2007; Government of

Canada, 2022).

A variety of alternative tools and approaches to toxicity testing, exposure assessment, and
risk assessment are currently under development. The desire is that modernized approaches will
underpin the next generation of standards on which regulatory decisions will be based. One such
approach is the Health and Environmental Sciences Institute’s (HESI) RISK21, a HHRA
approach that aims to optimize the use of existing information and testing resources (Embry et
al., 2014). RISK21 was developed in response to recommended improvements to HHRA
approaches, including by the National Academy of Sciences, to more efficiently, ethically, and
transparently reach a risk or safety determination compared to conventional methods (Embry et
al., 2014; risk21.org). RISK21’s components include a conceptual framework for risk assessment
and a visual exposure-toxicity matrix, which allows for exposure and hazard information to be

evaluated and compared effectively (Embry et al., 2014). RISK21 also includes a framework for
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assessing cumulative risks and has a web-based risk communication tool (Moretto et al., 2017).
RISK21 has been noted as a strategy for the integration of alternative risk assessment approaches
in Canada’s Chemicals Management Plan (CMP) committee report (CMP Science Committee,
2016) and publications from the US EPA (Turley et al., 2019). Institutional legitimacy of
RISK21 is increasing, with eight government and regulatory agencies (including Health Canada),
two academic institutions, five industries, and two consulting organizations involved (HESI,
N.D.). A variety of case studies have been published using the RISK21 approach, for example,
prioritizing chemicals in drinking water (Wolf et al., 2016; Dellarco et al., 2017) and assessing
pyrethroid exposures in bed netting (Doe et al., 2016). However, RISK21 has not been used or
validated in the context of Indigenous community-based risk assessments (M. Embry, personal
communication, November 2022). In fact, to our knowledge, to date there has been no evidence
of collaboration on the development of any next generation risk assessment tools with the

Indigenous communities to which they may be ultimately applied.

Therefore, the objective of this paper is to explore and critically examine the use of the
RISK21 tool in the context of Indigenous community-level HHRA data, through case studies.
The expected outcomes are to first, reflect upon the use of the approach in these contexts,
including its benefits and challenges; second, compare the approach (including results and
conclusions) to conventional risk assessment methods; and third, to discuss and ideate
adaptations or additions to the tool to improve its use in-context. This study is conducted in
collaboration with three distinct communities: The Chipewyan Prairie First Nation, Cold Lake
First Nations, and Apsaalooke/Crow Nation. The cases use data from risk assessments that have

been previously conducted in these communities (Eggers et al., 2018; McAuley et al., 2018). The
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critical evaluation and discussion of RISK21°’s use in these contexts includes perspectives of the

community members and their collaborators, who are co-authors of this work.
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5.3 METHODS

5.3.1 The RISK21 approach

HESI describes RISK21 as ‘a flexible framework whereby both exposure and hazard are
evaluated using all relevant sources of information, with a goal of reducing unnecessary resource
utilization while providing sufficient precision and accuracy to make decisions protective of
human health’ (Embry, 2018). The approach is centred on four principles: (1) focus on problem
formulation; (2) utilize existing information; (3) start with exposure rather than toxicity; and (4)
use a tiered approach to data development and decision-making. These principles are organized
into a “roadmap”, which provides a basic framework for conducting risk assessments
(supplemental materials S1) (Pastoor et al., 2014). Under this framework, risk assessments are
conducted beginning at the lowest tier (tier 0) and progressing to higher tiers based on the
assessment’s results and available information. Exposure tiers and toxicity tiers can be combined
at various levels. For example, if there is a high level of toxicity data available for a chemical,
but minimal exposure data available, the two can be used to characterize risk. The decision on
what level of precision is required for assessment and decision-making is based upon the
problem formulation stage (Pastoor et al., 2014). The case studies presented here will utilize
various modalities of the RISK21 roadmap and matrix to explore its potential use in-context,
which will be discussed in relation to the above objectives. The RISK21 approach followed in
these case studies draws on publications from HESI, including methodology papers on the basic
roadmap for HHRA (Embry et al., 2014; Pastoor et al., 2014), and its use demonstrated in a case

study (Doe et al., 2016), and two methodology papers on problem formulation and use of the
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framework to conduct a cumulative risk assessment (Solomon et al., 2016; Moretto et al., 2017)

(supplemental materials S2).

5.3.2 Case Studies

To respond to our objective, the case studies presented involve the collaboration of three
Indigenous communities who have conducted risk assessment activities for environmental
contaminants (Table 1). Members and partners of the communities of focus in the case studies
are co-authors of this work and have experience with risk assessments, and thus the discussion
stems from their critical consideration of the use of the RISK21 approach and ideas for its
adaptation. The case studies represent a “pilot test” of RISK21°s use in community contexts, with
two distinct risk assessment scenarios: (1) to characterize human health risks from contaminant
exposure; and (2) to assess cumulative risks (i.e.: the combined risks posed by multiple chemical
and non-chemical stressors). All data used in the case studies are publicly available and
published online. The risk assessment questions in these cases are those posed at the community
level and capture a range of data contexts, through which we may identify the potential
limitations and/or benefits of using RISK21 in this context. The results are not meant to be
prescriptive, nor are they meant to be interpreted as actionable information on potential health

risks.
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Table 5-1: Summary table of case studies used to explore the use of RISK21 in context.

media of focus

Case # 1 2
Community | Chipewyan Prairie First Nation and Cold Lake First Apsaalooke Nation (Crow Tribal community),
name(s) and Nations, Alberta, Canada Montana, USA
location
Assessing human health risks from Cadmium exposure Cumulative risk assessment for contaminated well
through Moose tissues in the Chipewyan Prairie First water and the Apsadlooke/Crow Nation, Montana
Case Study Nation and Cold Lake First Nations
Name
Risk Characterizing risk Cumulative risk (chemical and non-chemical)
Assessment
Focus
Exposure Moose meat (kidney, liver, muscle) Well water

2013. University of Ottawa, Ottawa, ON. 2016:155.
Available from
https://www.fnfnes.ca/docs/FNFNES_Alberta Regional
Report ENGLISH 2019-10-09.pdf

Chemicals of | Cadmium Arsenic, Manganese, Zinc, Uranium, Nitrate
interest
McAuley et al., 2018. Cadmium Tissue Concentrations in | Eggers et al., 2018. Community Engaged
Kidney, Liver and Muscle in Moose (Alces Alces) From Cumulative Risk Assessment of Exposure to
First Nations Communities in Northern Alberta. Frontiers Inorganic Well Water Contaminants, Crow
in Sustainable Food Systems. 2018; 2(69). Reservation, Montana. International Journal of
https://doi.org/10.3389/fsufs.2018.00069 Environmental Research and Public Health. 15(1).
https://doi.org/10.3390/ijerph 15010076
Reference Chan et al., 2016. First Nations Food, Nutrition and
publications Environment Study (FNFNES): Results from Alberta
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5.4 RESULTS

This section summarizes two case studies on human health risk assessments using the
RISK21 approach, following a tiered exposure and/or toxicity assessment depending on the
availability of data for each case. While we had access to all data at the outset, for demonstrative
purposes we progressed from the use of less “precise” to more “precise” data following RISK21,
where “precision” of exposure and toxicity values is defined as “the degree of accuracy in the
data... proportional to the quality and quantity of data used to generate the estimate” (Embry et
al., 2014). The case studies are organized as two separate results and discussion sections. The
discussion sections detail our observations gleaned from each case in relation to the objectives
outlined, specific to each community’s perspective. The separation of the case discussions is
intended to highlight the uniqueness of the two contexts. We discuss our third objective, ideating

potential future adaptations and areas for research, in consideration of both cases.

5.4.1 Case Study 1- Assessing human health risks from Cadmium exposure through Moose

tissues in the Chipewyan Prairie First Nation and Cold Lake First Nations

Step 1- ‘Problem Formulation’

Scenario: The harvest and consumption of moose is essential to the dietary, social, and
cultural well-being of many members of the Chipewyan Prairie First Nation (CPFN) and the
Cold Lake First Nations (CLFN) in Alberta, Canada. CPFN and CLFN traditional territory is in
Alberta’s oil sands region, and there are concerns about the impacts on moose meat and

subsequent human health concerns for consumers in these communities (McAuley et al., 2016;
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McAuley et al., 2018). Of particular concern is the community’s potential exposure to cadmium,
a heavy metal that can accumulate in the tissues of moose, particularly in the kidneys and liver
(McAuley et al., 2018). This case study will use the basic RISK21 framework and matrix to
conduct an HHRA, utilizing data from an original community-based risk assessment published

by McAuley et al. (2018).

Purpose: The purpose of this risk assessment is to characterize risks associated with the
consumption of cadmium in moose tissues (muscle, kidney, and liver) by community members.
The results will be compared to the original human health risk assessment conducted to estimate

benchmark consumption quantities in CPFN and CLFN (McAuley et al., 2018).

Step 2- ‘Assembly of Information’

Following the RISK21 framework, we first assemble information relevant to the risk
assessment, including chemical properties, biological activity, adverse effects, and use and
exposure information (Doe et al., 2016). Cadmium is a well-characterized heavy metal (US EPA,
2023a; US EPA, 2023b) with risk assessment information available through the US EPA’s
CompTox Database and Integrated Risk Information System (IRIS); and Health Canada (Health
Canada, 1986; US EPA, 2023a; US EPA, 2023b). Evidence supporting the information on
cadmium is considered the highest possible according to CompTox (Level 1: Expert curated,
highest confidence in accuracy and consistency of unique chemical identifiers) (US EPA, 2023a).
Cadmium’s mechanism of action involves effects on cell proliferation, differentiation, and

apoptosis. Adverse effects of cadmium include cancer and organ system toxicity (skeletal,
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urinary, reproductive, cardiovascular, central/peripheral nervous, reproductive) (Rahimzadeh et

al., 2017).

The First Nations Food, Nutrition and Environment study (FNFNES) report from Alberta
provides regional consumption rates (average and maximum) of moose meat, kidney, and liver
for First Nations adults in Alberta (n=603) and cadmium concentrations (average and maximum)
found in a sample of each tissue (moose meat n=9; kidney n=8; liver n=7) (Chan et al., 2016).
Further, community-specific data is available on average and maximum cadmium concentrations
from a 2018 study by the CLFN and CPFN, which involved the harvesting of 35 moose (26 from
CPFN, 9 from CLFN) and analysis of cadmium concentrations in the tissues (muscle, liver,

kidney) (McAuley et al., 2018).

Step 3- ‘Tiered Risk Assessment’

While all the data were available at the outset of our case study, we conducted the
assessment in two tiers, beginning with lower-tier exposure estimates (tier 0) based upon
regional exposure data and progressing to more “precise” exposure estimates (tier 1) based on
local community data, demonstrating the stepwise collection of data following the RISK21
approach (Pastoor et al., 2014). In this case study, both steps used the same level of toxicity
information (i.e.: RfD from US EPA and Health Canada based on mode of action information,

which is the highest tier/tier 3).
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First assessment- Tier (0 exposure assessment (minimal information)

The first assessment involved the use of lower-tier data (i.e.: regional data from the FNFNES
study as opposed to community-specific exposure information), simulating the initial availability

of minimal data and demonstrating the stepwise use of the RISK21 framework.

a. Exposure estimate: Using the data from FNFNES on Moose consumption rates for First
Nations in Alberta and mean and maximum cadmium concentrations in moose meat, we
calculate average and maximum chronic daily intake (CDI) values, providing an exposure
range (Table 5-2).

b. Toxicity estimate: The US EPA’s CompTox dashboard catalogs cadmium toxicity values
for oral exposures at the highest level of evidence (including mechanistic information).
EPA’s IRIS provides the No-Observed Adverse Effects Level (NOAEL) and reference
doses (RfDs) for cadmium ingested via food. Thus, we will use a toxicity estimate range
that spans from the NOAEL (10 ug/kg/day) to the RfD (1 ug/kg/day) (Health Canada,
1986; US EPA, 2023a).

c. Plotting exposure and toxicity data on the RISK21 matrix: Exposure and toxicity
estimate ranges from the previous two steps are plotted using the RISK21 webtool
(Figure 5-1a) (HESI, 2023).

d. Assessment of safety: Examining the visual matrix (Figure 5-1a), maximum exposure
estimates for cadmium in kidney tissue approach the yellow area, beyond which the risks
are considered unacceptable to human health by US EPA standards. This assessment has a
relatively high degree of uncertainty, as the exposure data used is regional as opposed to
community-specific, and there was a small sample size of moose tissues in which

cadmium concentrations were measured in the FNFNES study (moose meat n=9; kidney
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n=8; liver n=7). Also, the assessment does not account for background levels of cadmium
(ex.: in other foods, soil, water, cigarette smoke). These limitations may prompt us to
proceed to the next tier of the RISK21 approach, using community-specific exposure

information.

Table 5-2: Chronic Daily Intake (CDI) Values for Total Population’s Cadmium Consumption in
Moose Tissues (meat, liver, kidney) (ug/kg/day). Daily moose meat consumption values are from
the FNFNES report on Alberta (Chan et al., 2016). Tier 0 uses FNFNES exposure estimate
values and regional moose meat contaminant measurements (Chan et al., 2016; McAuley et al.,
2018). Tier 1 uses exposure estimates from moose harvested by the Chipewyan Prairie First
Nation (CPFN) and Cold Lake First Nations (CLFN) (McAuley et al., 2018). The calculation of
exposure estimates used standard human body weight (70.7 kg) measures for an average
Canadian recommended by Health Canada (Health Canada, 2019), as used in the original risk
assessment by McAuley et al. (2018).

Tier 0 Exposure
Assessment (Minimal Tier 1 Exposure Assessment (Deterministic information)
information)
. Chipewyan Prairie First 7 q
Regional Data (FNFNES) Nation Cold Lake First Nations
Tissue Daily Moose Cadmium Cadmium Cadmium
Type meat Concentration | Total CDI | Concentration | Total CDI | Concentration | Total CDI
consumption in Tissues (ug/kg/day) in Tissues (ug/kg/day) in Tissues (ug/kg/day)
(g/kg/day) (ug/g) (ug/g) (ug/g)
Muscle
0.165 0.009 0.001 0.039 0.006 0.004 0.001
(Avg)
Muscle 0.826 0.016 0.013 0.064 0.053 0.007 0.006
(Max)
Liver 0.006 1.161 0.007 2.582 0.016 0.860 0.005
(Avg)
Liver 0.028 3.78 0.107 245 0.697 1.900 0.054
(Max)
Kidney 0.006 13.17 0.082 11.948 0.074 4.600 0.029
(Avg)
Kidney 0.020 31.1 0.633 78.9 1.607 11.000 0.224
(Max)
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Figure 5-1: Plotting of exposure and toxicity information on the RISK21 Matrix. Plots created
using the RISK21 Webtool (www.risk21.org). The Matrix presents a “red zone” and a “green
zone” separated by a yellow margin. The green area indicates where exposure is below the
considered ‘safe’ level for human health (i.e.: minimal risk) (Doe et al., 2016) Figure 5-1a uses
regional exposure information from the FNFNES study (Chan et al., 2016) to estimate exposures
(tier 0, minimal information). Tier 1 used community-specific exposure data from 26 harvested
moose samples from CPFN (Figure 5-1b), and from 9 moose samples from CLFN (Figure 5-1c),
as published by McAuley et al. (2018).

5-1a: Tier 0 Assessment (Regional exposure data from FNFNES)
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5-1b: Tier 1 Assessment (Local exposure data from CPFN)

0.001

001

Kidney
v 4

10 | 1< %/

Estimate of Toxicity (ug/kg/d)

NN

100

0.001 001 01 1 10 100

Estimate of Exposure (ugrkg/d)

206



5-1c: Tier 1 Assessment (Local exposure data from CLFN)
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Second Assessment- Tier 1 (Further investigation of exposure)

a. Estimate of exposure: The second-tier exposure estimate used community-specific data

from CPFN and CLFN (i.e.: 35 locally harvested moose, 26 from CPFN and 9 from
CLFN). Community-specific consumption data is unavailable, so the same consumption
values from the FNFNES were used (Chan et al., 2016) to calculate the CDI values

(Table 5-2).

. Estimate of toxicity: As the toxicity information available for cadmium is at the highest

level of evidence, the same values will be used as in the first assessment.

Plotting exposure and toxicity data on the RISK21 matrix: The RISK21 webtool was
used to plot the exposure and toxicity estimates for both communities onto individual
visual matrices (Figures 5-1b and 5-1c).

Assessment of safety: The community-level data provides a more accurate estimation of
exposure and differentiates assessments between the two communities. Compared to the

Tier 0 exposure assessment, exposure values for CPFN slightly exceed regional-level
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values, moving the assessment towards the ‘red-zone’ i.e.: the area of potential concern
(Figure 5-1b). The exposure values for CLFN were slightly lower than values calculated
using regional data, moving the assessment towards the ‘green zone’ (i.e.: safe level of

exposure) (Figure 5-1c¢).

Step 4- Outcome and Conclusions
A conclusion that may stem from the assessment is that moose kidney and liver should be
consumed with caution, especially in the context of CPFN. Certainty of this assessment may

increase at higher exposure data tiers (ex: human biomonitoring data).

5.4.2 Case Study 2- Cumulative risk assessment for contaminated well water and the

Apsadlooke/Crow Nation, Montana

The RISK21 approach includes a framework for conducting a cumulative risk assessment
(CRA) (i.e.: assessing risks of combined exposure to multiple chemical and non-chemical
stressors) (Moretto et al., 2017). This approach involves identifying common chemical
assessment groups and non-chemical modulating factors. Unlike the first case, the framework for
CRA includes a ‘gatekeeper step’ prior to problem formulation. This step assesses the evidence
for co-exposure and common toxicity of the contaminants in question, which (under the RISK21

framework) determines the need for a CRA.

Scenario: The Crow Reservation in Montana is home to the Apsaalooke/Crow people,

and 1s rich in water resources, including several mountain-fed rivers. Water quality began to
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visibly deteriorate in the 1960s with regional expansion of agriculture and mining. This resulted
in the installation of costly well water infrastructure in homes, subsequently leading to metals
contamination from the wells (Eggers et al., 2015; Eggers et al., 2018; Martin et al., 2021).
Today, about half of the families on the Reservation rely on home well water for cooking and
drinking, although quality remains poor (Eggers et al., 2018). Using a community-based
participatory research approach, members from the Apsdalooke/Crow Tribal community and
researchers from Montana State University conducted a CRA of exposure to inorganic
contaminants (uranium, zinc, manganese, arsenic, and nitrate) in well water, integrating multiple
knowledge sources (Eggers et al., 2018). The study involved the quantification of exposures to
well water contaminants, a CRA for multiple chemicals, and a discussion of tribal members’
knowledge of the contamination based on surveys and interviews, incorporating secondary health
and economic data. Drawing data from the original CRA conducted by Eggers et al. (2018), this
demonstrative case will explore the use of the RISK21 CRA framework in-context and compare

it to the original assessment.

Step 1: Gatekeeper Step

For multi-chemical CRA to occur (prior to considering non-chemical stressors), the
RISK21 framework requires evidence of both co-exposure of receptors to chemicals and
common toxicity (i.e.: assuming dose additivity occurs when chemicals have a similar mode of
action) (Moretto et al., 2017). However, RISK21 publications acknowledge a lack of
methodological consensus on the criteria to determine when it is toxicologically appropriate to
include chemicals in a CRA, consistent with literature on the topic (Callahan and Sexton, 2007;

Moretto et al., 2017 ). Criteria for conducting a CRA may range from evidence of co-exposure
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only, to in-vitro and in-silico methods, to common apical effects or a common mechanism of
action (US EPA, 2011; Moretto et al., 2017). The contaminants considered in this case have
evidence of co-exposure (i.e.: are found in the same well water source), and some of them have
potentially common endpoints (i.e.: diabetes has been found to be associated with U, Mn, and
As). In addition, a CRA was justified, and conducted, in the original study by Eggers et al.
(2018) (Table 5-1). Following US EPA and other relevant risk assessment guidance (US EPA,
2011; OECD, 2018), and aligned with the original community-based study, the present case

study thus considers all chemicals within a common chemical assessment group.

Step 2: Problem Formulation

This risk assessment will aim to answer: ‘What are the cumulative risks associated with
Apsaalooke Tribal community members’ exposures to inorganic well water contaminants?’. The
contaminants of interest are uranium (U), manganese (Mn), arsenic (As), zinc (Zn), and nitrate
(NO3-). The assessment will characterize non-cancer risks associated with contaminants (both
cumulatively and independently), and subsequently consider the effects of modulating factors

(i.e.: economic, cultural, social, legal, and physical factors).

Step 3: Assembly of Information (Exposure and Toxicity)

Exposure information (i.e.: contaminant measures of 164 wells, 197 participant surveys
from 165 Tribal families) for well water at the community level is summarized (Table 5-3)

(Eggers et al., 2018). This information represents a relatively high tier of exposure data
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(environmental monitoring data- Tier 2 of the RISK21 framework) and provides evidence of

common exposure as the contaminants were found in the same well water samples.

Toxicity information available in the Integrated Risk Information System (IRIS) from the
US EPA (Table 5-3) represents the highest level of evidence for chemical toxicity data used for
regulatory decision making on human health risks in both the US and Canada (Health Canada,
2021; US EPA, 2023c; US EPA, 2023d). An evidence/concordance table was created to compare
details of the toxicity information amongst the chemicals (supplemental materials S3). While it is
established that As exposures are associated with carcinogenic risks (International Agency for
Research on Cancer, 2012), for demonstrative and simplistic purposes, and as the case is not
meant to be interpreted as real risk assessment results, the assessment here presented considers

non-carcinogenic risks only.

Table 5- 3: Exposure and toxicity information and Hazard Quotients for contaminants found in well water
on the Crow Reservation, Montana (Eggers et al. 2018). Exposure calculations assume a standard human
body weight of 70kg, and an average well water consumption rate of 2L/day per the original assessment.
The RfDs are from the US EPA IRIS database through US EPA CompTox
(https://comptox.epa.gov/dashboard) The right column displays the Hazard Index (HI) method for CRA,
which involves summing chemical hazard quotients (HQ). Given that the HI is >1, the combined
exposure to the chemicals of concern is at a level that poses a human health risk greater than that of
individual chemicals. IRIS, Integrated Risk Information System; RfDs, reference doses; CRA, cumulative
risk assessment.

. Average exposure Reference dose Hazard quotients (H
Chemical Name (ug /kg% day)p (ug/kg/day) q (HQ)
Arsenic (As) 0.034 0.3 0.114
Manganese (Mn) 2914 46 0.063
Zinc (Zn) 3.143 300 0.01
Nitrate (Ni) 46 1600 0.029
Uranium (U) 0.229 0.2 1.143
SUM (Hazard Index) 1.356
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Step 4: Using the RISK21 Matrix to Assess Risk

a. Plotting information on the RISK21 matrix: The exposure and toxicity information were
plotted on the RISK21 matrix (Figure 5-2). Lines on the matrix define three areas: area of
potential concern for individual compounds (right of the solid black line), area in which
chemicals are considered for a CRA (between solid and dashed black lines), and area of no
concern (left of the dashed black line). The lines represent cut-off points for
exposure/toxicity ratios, which may be determined by policy or the scenario in question
(for demonstrative purposes we use 1:1 and 1:1000 margins of exposure for the lower and
higher thresholds, respectively). The matrix shows that U exposures alone are at a level
which may pose a risk to human health. Depending on the priorities outlined in the problem
formulation stage, the risk assessment may stop here until the risks posed by U are
addressed. The remaining chemicals lie between the dashed and solid black lines, so do not
pose human health risks independently, but we may assess them as a chemical group
(Moretto et al., 2017). Notably, as this plot used average exposure estimates, it may not
represent ‘high consumers’ (ex.: those exceeding 2L of water consumption per day or using
highly contaminated wells) and does not account for background exposures (ex.: water
used in food preparation). Furthermore, oral reference doses (RfDs) are used to estimate
toxicity in this assessment, which produces different results than would the use of other
reference values. For example, Maximum Contaminant Level Goals (MCLGs) for drinking
water as defined by the US EPA are set at a value of zero for both As and U (US EPA,
2024). Thus, the risks as calculated from RfDs identify U alone as being at a level of

concern, but if the EPA MCLGs for drinking water were applied, As would also be
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identified. The determination of which guidelines should be used in an assessment would

be community-specific and dependent upon the problem formulation stage.

. Applying CRA method: Based on the above assessment of the RISK21 matrix, we
conduct a multi-chemical CRA using an existing methodology. Aligned with the original
assessment by Eggers et al. (2018), we used a Hazard Index (HI) method, which involves
summing the Hazard Quotients (HQ) (i.e. the ratios between the exposure and toxicity
values of each chemical) (Table 5-3). An HI >1.0 indicates that there are non-
carcinogenic health risks for well water consumption over a lifetime (Eggers et al. 2018).
The five chemicals in this case study produce an HQ of 1.36, indicating an increased risk
to human health compared to exposure to each individual chemical. According to Moretto
et al. (2017), the HQ cannot be accurately visualized on the RISK21 matrix due to the
application of safety factors to reference doses prior to comparing them to exposure
estimates. Thus, this assessment will consider individual chemicals and how non-

chemical stressors may impact their exposure and toxicity.

Consideration of modulating factors: In the study by Eggers et al. (2018), 30 key
informant interviews described economic, cultural, and behavioral factors within the
community that may be important when assessing the contaminant data. Several other
papers authored by members of the Crow Environmental Health Steering Committee and
Tribal Research Group further highlight factors that may modulate contaminant exposure
and/or toxicity (Table 5-4). For example, a study that conducted 97 well water tests and

homeowner surveys described physical health (inability to seek out and transport clean
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water home), location (proximity to U sources), spirituality, and adequacy of health
services as factors potentially contributing to contaminant exposure (Eggers et al., 2015).
A survey of community members described that the lack of access to education and
information about contamination, minimal financial and technical resources, and no
routine testing or communication of results, contributed to perceived contaminant-related
risks (Martin et al., 2021). Finally, complex jurisdictional and legal issues prevent the
Apsaalooke/Crow Tribal community from controlling and owning contaminant
monitoring, challenging their efforts to repair and replace water infrastructure and
potentially contributing to ongoing exposure (Doyle et al., 2018).

Under RISK21°’s framework, modulating factors are understood quantitatively
(i.e.: effects on biological processes and key events within a mode of action for a given
chemical), falling into the categories of host, lifestyle, and environment factors (Simon et
al., 2014). However, many of the factors considered in the original community-based
assessment (Eggers et al., 2018) are qualitative descriptive measures of importance to the
community, including survey information and local knowledge from key informants.
Thus, we adapted the evidence table as proposed in the RISK21 framework to display
hypothesized relationships between modulating factors and exposure/toxicity. While the
magnitude of these factors cannot be precisely determined, their directional effect on
either exposure or toxicity were estimated, which was based on qualitative descriptions of

their effects observed in the Apsdalooke/Crow Tribal community population (Table 5-4).
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Table 5-4: Summary of modulating factors for well water contaminants on the Crow
Reservation, Montana, describing hypothesized relationships between modulating factors and
exposure, toxicity, or both.

prevalence rates

vulnerability to nephrotoxic effects of U (Eggers et al., 2018; Menke, 2016).
U in urine increases likelihood of diabetes (Menke, 2016)

Physicians in the community health center have noticed that people with
diabetes are losing kidney function more rapidly (Eggers et al., 2018).
Diabetes has also been associated with both Mn (Shan, 2016) and As
exposures (Liu, 2016; Rahman, 1998; Tseng and Chen, 2000)

Modulating EXP | Description Direction/
Factor or Magnitude
TOX (increase or
decrease)
Income EXP | Purchasing bottled water and water treatment is an economic hardship for Increase and
and lower-income families; those that can afford bottled water use it for decrease (all
TOX | cooking/drinking (Eggers et al., 2018; Eggers et al,. 2015). contaminants)
Lower socio-economic status families have decreased access to healthcare
services, increasing toxicity risks (Mitchell, 2019).
Access to and TOX | Lack of adequate health care services leads to inadequate treatment of Increase (all)
adequacy of @) potential toxic effects of exposures to chemicals in well water (Eggers et
health services al. ,2015).
Physical health | EXP | Poor physical health decreases one’s ability to seek out and transport clean Increase (all)
water home, reliance on contaminated well water increases (Eggers et al.,
2015; Martin et al., 2021).
Environmental | EXP | 21% of community members surveyed felt confident they understood well Unknown
health literacy stewardship measures to protect well water from contamination (Eggers et al.,
2018).
No significant difference in exposure for ‘Environmentally literate”
participants (Eggers et al., 2018). This has been noted in other studies in
Indigenous communities (Dellinger et al., 2022).
Access to EXP | Reservation members feel they lack access to information about water quality | Increase (all)
information and concerns (Martin et al., 2021).
education No community-based opportunities for homeowners to learn how to take care
of wells or plumbing (Martin et al., 2021).
Environmental | EXP | Inadequate environmental enforcement and complex legal and regulatory Increase (all)
regulation issues contribute to drinking water disparities (Eggers et al., 2018).
Delay in addressing contamination and establishing clean water
infrastructure- under-recognition of Local Knowledge as water quality data
needed to secure funding, institutionalization of funding boards, intersecting
legal responsibilities (state vs. federal), poor environmental enforcement, lack
of tribal authority (Doyle et al., 2018).
Diabetes TOX | Diabetes prevalence double the statewide average. Diabetes increases Increase (U,

Mn, As)
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Plotting modulating factors on the RISK21 matrix: Based on the above
information on modulating factors, we add directional arrows to the RISK2 1 matrix to
represent hypothesized changes to exposure and/or toxicity that these factors may
precipitate (Figure 5-2). While there is evidence from the literature to support a potential
relationship between modulating factors on exposure to and toxicity of the metals found
in well water (both as a group and individually), the effects of these factors (socio-
cultural and socio-economic) are variable and often qualitative, and thus it is not possible
to accurately estimate the magnitude of increased or decreased risk. Rather, the figure
presents a visual representation of the hypothesized potential relationship of these factors

to exposure and toxicity.

Conclusions from plotting of modulating factors: Based on the visual representation of
modulating factors in relation to individual chemical exposure and toxicity, it is apparent
that these factors have the potential to bring some chemicals (i.e.: As and Mn) from an
area of “no expected risk” to an area of “potential human health risk”, while also

magnifying the “potential human health risk” of U.
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Figure 5-2: RISK21 plot displaying estimates of toxicity and exposure data for chemicals of concern in
well water on the Crow Reservation, Montana. Plot created using the RISK21 Webtool (www.risk21.org).
The solid line defines the area of potential concern for individual compounds (cut-off set at a 1:1 margin
of exposure). The dashed line represents the level above which chemicals may be considered for a CRA,
or below which the exposure is low enough to indicate no concern for interaction (set at ratio of
exposure/toxicity of 1:1000). The arrows represent modulating factors on the matrix from the second-tier
assessment. Note there are some chemicals (Arsenic, Manganese, and Zinc) with evidence of modulating
factors potentially increasing both exposure and toxicity (for example, diabetes and uranium exposure
both as risk factors for poor kidney health), and thus a diagonal arrow is placed to represent this. Note that
the arrow sizes are not proportional to the magnitude of an estimated effect.
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Step 5: Outcomes and Conclusions

Conclusions that come from the above assessment may be that exposures to well-water
contaminants, in combination with one another and in the context of non-chemical modulating
factors, potentially pose health risks to Apsdalooke/Crow Tribal community members. Variations
amongst individual community members’ physical and social factors may be either protective or
further increase contaminant-related risks. We may also use the above assessment to prioritize

specific chemicals of concern (i.e.: U) that exceed regulatory limits on their own.
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5.5 DISCUSSION

5.5.1 Objective 1: Conventional versus RISK21-based HHRA
Case Study 1

The first case study pilots the use of the RISK21 approach for dietary risk
characterization of cadmium in moose muscle, kidney, and liver in the CLFN and CPFN. The
case used a tiered exposure assessment, initially using regional-level data to estimate exposure
values and progressing to the use of community-specific information. We compare the original
community-based assessment (McAuley et al., 2018), which examined exposures to cadmium
and determined benchmark consumption quantities, to the RISK21-based assessment (tier 0,
regional-level exposure estimates, and tier 1, community-level exposure estimates), both
quantitatively and descriptively. First, from a quantitative perspective, the original assessment
indicates that the risk value (HQ) for high consumers of moose kidney is equal to one. In the
RISK21-based assessment, we calculated HQ < 1 for high consumers of cadmium in the tier 0
assessment (regional data). In the tier 1 assessment using community-specific data, in CLFN we
also calculated HQ < 1, though in CPFN we calculated HQ > 1 (supplemental materials S4).
Notably, the original assessment considered background exposures, with an assumption of a
background cadmium exposure of 0.22 ug/kg-bw/day, and thus used an “allowable cadmium
exposure” of 0.78 ug/kg-bw/day (2018), while the RISK21-based HQ calculations used a
reference dose of 1 mg/kg-bw/day, which does not account for background exposures.
Furthermore, the original assessment combined data across three communities, while the
RISK21-based assessments were community-specific in tier 1. Lastly, the original assessment
determined benchmark consumption quantities, while the RISK21-based assessment did not.

From a descriptive or decision-making perspective, the original risk assessment published by
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McAuley et al. (2018) concluded that moose muscle was safe, while kidney and liver
consumption should be limited. In comparison, the results of our RISK21 case study here
concluded that kidney should be consumed with caution (i.e.: high consumers land in the “red
zone” on the matrix). Muscle tissues were in the “green zone” (i.e.: no concern), while liver was
plotted in the “yellow zone” (i.e.: potential concern) for CPFN for the second-tier assessment,
while all tissues fell into the “green zone” for CLFN. The use of this information would be at the
discretion of decision-makers. In the context of RISK21, the less “precise”, lower-tier estimates
(i.e.: generated from regional-level data) might be used for preliminary decisions when

community-level data are unavailable.

Case Study 2

The second case study used the RISK21 CRA framework to demonstrate a quantitative
CRA of multiple chemical stressors, and subsequently visualize potential relationships between
non-chemical modulating factors and contaminant exposure and toxicity in the context of
quantitative exposure and toxicity data, survey data, and secondary demographic information
from the Apsaalooke/Crow Tribal community. The assessment may be used to highlight the need
for measures to directly reduce exposure (i.e.: through environmental health education,
remediation, and legal and policy action) and reduce the impact of modulating factors that
potentially contribute to disproportionate exposure and toxicity (i.e.: addressing social
determinants of health linked to socioeconomic status such as housing and water security, better

access to primary and tertiary healthcare, etc.).
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We compare the assessment conducted on the Crow Reservation by Eggers et al. (2018)
to the presented RISK21-based case. Quantitatively, both the original study and RISK21-based
assessment used the same CRA methodology (Hazard Index), and thus the results were
comparable. Descriptively, conclusions stemming from the RISK21 case study here (i.e.: that
multiple chemical exposures, and other contextual factors, may increase health risks related to
well water contamination for Apsaalooke/Crow Tribal community members) is aligned with
those reported in the original assessment by Eggers et al. (2018). Methodologically, a notable
difference was the requirement of a “gatekeeper step” in RISK21 for chemicals to have both
evidence of common toxicity and co-exposure (Moretto et al., 2017), while in contrast, there is a
general lack of agreement from the scientific community on when it is toxicologically
appropriate to group chemicals for CRA (Callahan and Sexton, 2007; Moretto et al., 2017), and
criteria can range from co-exposure only to a variety of toxicity information. US EPA published
guidelines and current literatures on CRA were followed in the original community-based case
and in the present case study (US EPA, 2011; Stoiber et al., 2019). Another key difference was
that the RISK21 framework favors quantitative information input on modulating factors, while
the information of importance to the original community assessment is largely qualitative and
descriptive. Despite these differences, we were able to plot the information on the RISK21
matrix. In this sense, we found the tool to be flexible for a range of data availability contexts and

found the matrix useful for integrating and visualizing multiple information sources.
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5.5.2 Objective 2: Challenges and benefits

Case Study 1

In the first case study, there were several data limitations to consider in the interpretation
of the RISK21 assessment results. First, cadmium concentrations in moose organ tissues are
related to age (Arnold et al., 2006), and the assessment does not account for this. The animals
harvested by CLFN were juveniles, therefore the cadmium organ concentrations were much
lower than those in animals harvested by CPFN (i.e.: average liver cadmium concentrations were
2.582 ug/g in CPFN harvested moose versus 0.860 ug/g in CLFN harvested moose; and similarly,
11.948 versus 4.6 ug/g for kidney and 0.039 versus 0.004 ug/g for muscle, respectively). A
second limitation was the use of standardized assumptions to calculate exposure. For example,
the use of standard human body weight and regional-level exposure data may miss important
outliers related to country food consumption at the community level (ex: children and older
adults). While the lower-tier exposure estimates may be useful for an initial assessment, the
variations between the first and second assessments’ RISK21 matrices demonstrates that
obtaining community-level exposure information can assist with understanding variations
between exposures in individual communities. Finally, the RISK21-based case studies presented
here did not account for background exposures, potentially leading to an underestimate of

exposure values.

We note some challenges with the use of the RISK21 approach in this context. First, the
matrix was limited in its application to community-level risk communication. The authors of the
original risk assessment did not foresee the tool to be able to help communities to understand risk
in a different way. While the matrix is likely simple to use for those with experience in risk

assessment and provides a risk visualization tool that can facilitate discussion between risk
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assessment professionals, it may not be interpretable by the general community or easy to
communicate, which is a priority for the CLFN and CPFN. This perspective is consistent with
literature on the persistent challenges with risk communication in many other Indigenous
communities globally (Boyd and Furgal, 2019; Boyd and Furgal, 2022; Fernandez-Llamazares et
al., 2020). The original publication by McAuley et al. (2018) aimed to estimate benchmark
consumption quantities associated with minimal health risks for community members (i.e.:
amounts that can be safely consumed, in servings per month). While the tool can assist with

these estimations, the matrix itself is not widely accessible as a risk communication tool.

Furthermore, an important element of risk communication for CPFN and CLFN is the
ability to account for potential food insecurity (for example, through the loss of confidence in
traditional food systems resulting from consumption advisories) (McAuley and Knopper, 2011),
which is not inherent to this approach. Previous writings on risk communication in Indigenous
communities evidences the potentially negative impacts of miscommunicating or
misunderstanding risks related to country foods. For example, an assessment of traditional food
alternatives for coastal First Nations communities in BC found that switching to market foods
may pose greater health risks than continuing to eat potentially contaminated traditional food
(Wiseman and Gobas, 2002). Incorporating different units of measure into the RISK21 matrix,
such as servings per month as opposed to mg/kg/day, may be more appropriate for community-
wide risk communication. Consumption guidance regarding reducing the size of meals from
older animals may help to reduce exposure. The National Research Council (1996) writes that
decision-making must recognize uncertainties in risk assessments, including both the magnitude

and its sources, as well as fundamental biases. RISK21’s visual output may also be made more
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transparent as a decision-making tool by including a component indicating the precision of the

assessment, data tiers used, and uncertainties.

The regional data from the recent FNFNES study was helpful for estimating exposures in
the absence of community-specific consumption data and was used in both the RISK21-based
and original community HHRAs. In combination with other databases (ex.: US EPA CompTox
dashboard), the FNFNES exposure data (i.e. consumption information and average regional
concentrations of contaminants found in a variety of traditional foods) can be used for
preliminary risk assessment. It is important to emphasize that the use of regional data (when
available) would be based upon the community-level risk assessment needs and may not be
appropriate to address all risk assessment goals, and thus detailed problem formulation is an
essential first step (Pastoor et al., 2014). In the context of a community-based assessment, initial
problem formulation needs to be community-led and community perspectives on the data needed

for decision-making should be prioritized.

Case Study 2

There were several potential challenges with the RISK21 approach in the context of
cumulative risk assessment for well water contamination in the Apsadlooke/Crow Nation. First,
within-community variations in exposures and modulating factors are difficult to communicate
through the visual matrix (for example, socio-economic status and spatial variations in U
concentrations) (Eggers et al., 2015). The integration of this information into the visual output
may be an area for adaptation. Second, as mentioned above, RISK21’s framework favors

quantitative information to estimate the effects of modulating factors on exposure and toxicity
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(Solomon et al., 2016), though this does not well-capture the historical nature (i.e.: over several
decades, and in a format that is descriptive and observational) of how water contamination has
affected community members (Doyle et al., 2018). For example, Apsaalooke/Crow Tribal
community members have noted that the loss of water security has contributed to poor physical
health outcomes, deterioration of ecosystems and species vital to spiritual and cultural practices
(Doyle et al., 2018), and a loss of connection to the land (Eggers et al., 2015). This is consistent
with writings from other communities and Indigenous scholars on the importance of cumulative
and holistic risk assessment that includes qualitative information. For example, the Mohawk
community of Akwesasne writes that a holistic risk assessment approach must consider multi-
disciplinary and qualitative information sources (Arquette et al., 2002). Harris and Harper's
(2000) work on eco-cultural dependency webs in tribal health risk assessment describes that
elements of health (ecological, human, socio-cultural, and socio-economic) interact in complex
ways and must be factored into assessments. These and other “non-conventional” information
sources need to be considered in a CRA. Though there is minimal consensus to date on how this
might be achieved (Callahan and Sexton, 2007; Sexton 2012; Sexton, 2015), writings on CRA
methods have defined that qualitative assessments are possible, depending on the circumstances,
and in some cases may be the only way to understand complex cumulative risks (ex.:
sociocultural stressors accompanying the known presence of contaminants in traditional foods)
(Callahan and Sexton, 2007). In this case study, we adapted the RISK21 approach to visualize
hypothesized relationships between qualitative data and exposure and toxicity estimates.
Development and adaptation of methods to account for qualitative information in risk assessment
is an area for further research. Lastly, RISK21 is a human health (as opposed to ecological) risk

assessment tool, which is consistent with regulatory standards in which these are conventionally
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considered as separate assessments. Considering both human and ecological risks, as well as
interacting components, is important to include in modernized risk assessments, especially in
Indigenous communities. This need was recently highlighted in a statement from the Assembly
of First Nations in response to proposed amendments to the Canadian Environmental Protection
Act (CEPA) through Bill S-5 (AFN, 2022). Further adaptations to the RISK21 tool might
consider adding an integrated ecological risk assessment step that is factored into an overall
improved understanding of cumulative risk. The need for a shift from single-chemical risk
assessment approaches to CRA is recognized in Bill S-5 and globally (National Research
Council, 2009; WHO, 2009; Government of Canada, 2022). This case study supports that new
CRA methods, such as RISK21 be developed for a variety of data contexts, including in
situations with disparate evidence on modes of action for chemicals (which is not readily
available for the tens of thousands of chemicals available on the global market), and for a

diversity of non-chemical information of importance to communities.

5.5.3 Objective 3: Potential adaptations and areas for further research

Conventional risk assessment work in Indigenous communities faces several inherent
challenges (Harris, 2000; Arquette et al., 2002; Harper et al., 2012; Chong and Basu, 2023), and
as we consider modernizing risk assessment practices, these challenges must be accounted for. In
the current study, we piloted the use of the RISK21 approach in the context of two case studies
involving three Indigenous communities and discussed the cases amongst co-authors from the
communities of focus. In doing so, we uncovered some considerations for the improvement of

next-generation risk assessment approaches such as RISK21.
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First, the RISK21 approach follows a “hierarchy” of evidence, in which certain sources of
evidence and knowledge are privileged over others through the tiering of information. This
approach prioritizes the initial chemical assessment over non-chemical stressors and does not
well incorporate non-quantitative (i.e.: qualitative, descriptive) information. Similarly, for
communities who engage in risk assessment work, the privileging of western-scientific
information over Indigenous knowledge systems is an ongoing challenge, as cited in a recent
systematic review on the braiding of Indigenous knowledge systems and western sciences in the
Alberta oil sands region (Wilcox et al., 2023). These findings and ours highlight the need for a
better understanding of biases towards the value of certain evidence sources within risk
assessment approaches, and adaptations that best meet community-specific contexts. The US
National Research Council (NRC) recommends that cumulative risk assessment should be
included in regulatory decision-making, instead of as a part of a general background description
of context (NRC, 2009; Sexton, 2015). Further, writings on Indigenous processes of decision-
making emphasize that Traditional Knowledge and political systems must be considered in
addition to conventional risk assessment findings to make well-informed environmental
management decisions, such as in the Inuvialuit Final Agreement (Indian and Northern Affairs
Canada, 2005). Similarly, we found that non-quantitative evidence of importance to communities
should be considered as primary as opposed to secondary, contextual information. This may
include the consideration of non-conventional information sources (ex., local and traditional
knowledge, descriptive and qualitative information). The meaningful use of such information in
risk assessment, and its potential incorporation into the RISK21 tool is an area for further

research.
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Second, while the definition of ‘health’ in conventional risk assessment guidance tends to
focus on physical health risks related to chemical exposures (Health Canada, 2019; US EPA,
2022), Indigenous communities and leaders have called for a more holistic perspective (Chong
and Basu, 2023). For example, the Mohawk community of Akwesasne (Arquette et al., 2002)
and the Confederated Tribes of the Umatilla Indian Reservation (Harris and Harper, 2000) have
published papers with approaches to risk assessment that consider interconnected economic,
environmental, political and social factors. The RISK21 CRA framework may assist in providing
a way to visualize and incorporate multiple sources of information related to physical health
risks, and we recommend that new approaches such as RISK21 continue to be adapted to
consider diverse definitions of ‘health’ and a holistic understanding of health risks. This may
include re-defining and increasing the parameters of key terminology used in RISK21 to

facilitate its adaptation to specific contexts.

Third, we recommend that risk assessment approaches such as RISK21 continue to strive to
improve the communication of results to communities in ways that are meaningful and relevant.
In our case studies, it was deemed that the visual communication output (i.e.: RISK21 matrix)
remained most accessible to those with an expertise with conventional risk assessment work, but
less so for community members. For example, axes labeled with exposure and toxicity estimates
in ug/kg/day are not readily interpretable into tangible applications for risk management at the
community or individual level. The risk communication matrix presented here may be most
helpful within a ‘western-scientific’ understanding of risk but may still not be suitable for
communities themselves. This is consistent with previous writings on the limitations of
conventional risk communication in Indigenous community contexts, especially related to

traditional foods (McAuley and Knopper, 2011; Robin et al., 2021). Further research may
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explore how to bridge this gap, including through the consideration of community-level
communication from the beginning of risk assessment processes that are led by communities
themselves. One idea is to use social media and new technology, which has been evidenced to
improve health risk messaging in the Arctic, notably by replacing traditional top-down
approaches with two-way communication that in turn can be used to better understand the
perceptions and interpretations of messages from the community at large (Krummel and Gilman,
2016; Basu et al., 2022). We also note that the communities of focus in the presented case
studies, and many others who conduct community-based risk assessment work, have strong
communication strategies and ongoing efforts to make risk assessment results relevant to
community members. We recommend that newly designed risk assessment approaches consider
ways in which their outputs could be made more harmonious with community-level

communication efforts.

Finally, and fourth, for many Indigenous communities, risk assessment work requires
holistic, community-specific approaches, as well as time to establish trusting relationships
between communities and external risk assessors. ‘21% Century Risk Assessment’ of increasing
interest to regulatory bodies prioritizes efficiency in decision-making, time, and resource use
(National Research Council, 2009; Embry et al., 2014; CMP Science Committee, 2016; Stucki et
al., 2022), which is a needed response to the current paucity of information on contaminants and
contaminated sites globally. We recommend that community-based cases such as ours that
explore the use of RISK21 and other new approaches may help to gather a diversity of
experiences and perspectives and ensure the harmonization of community and regulatory

priorities in next-generation risk assessments, and there is a need for more research in this area.
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Leveraging transdisciplinary approaches such as user experience and design thinking may assist

in ideating further improvements to next-generation risk assessments.

229



5.6 CONCLUSIONS

Two case studies were conducted to explore the use of the RISK21 HHRA framework and
matrix in the context of three Indigenous communities. The first case study involved risk
characterization for cadmium exposures through moose tissues consumed by the Cold Lake First
Nations and the Chipewyan Prairie First Nation in Alberta. The second case was a cumulative
risk assessment (i.e.: assessed multiple chemical and non-chemical factors) for exposures to well
water contaminants for the Apsaalooke/Crow Tribal community in Montana. Overall, the
descriptive results from the RISK21-based analysis performed here were similar to results from
the original assessments. This similarity held when we performed RISK21-based analysis with
lower data tiers (i.e.: using less information than a conventional assessment). We also found
RISK21 potentially useful in these contexts for rapid assessment of chemicals, and for visually
representing data from multiple sources. However, overall we found that the current RISK21
approach may require adaptations to adequately address the HHRA needs of the Indigenous
community contexts presented here. Thus, within the two cases, we identified and discussed
several areas in which the RISK21 approach may be adapted for improved relevance and utility
within the specific Indigenous community contexts studied here, and these ideas may be utilized
by other communities who wish to conduct similar work. These include: (1) dismantling
hierarchies of evidence that favor quantitative information; (2) broadening to more holistic
definitions of health in HHRAs; (3) improving community-level risk communication outputs;
and (4) producing more context-specific case studies to understand the use and adaptation of the

tool in a variety of contexts.
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5.6.1 Limitations

The two case studies presented represent unique risk assessment situations in three
Indigenous communities across North America. However, as is the nature of case studies, the
findings reflect a snapshot in time in the communities of focus. In addition, they were
purposefully selected here for demonstrative purposes. There is a wide diversity of communities
and purposes for which risk assessments are used, as demonstrated in the FNFNES study which
reported large differences in exposure estimates according to seasonal, agricultural, and
traditional food patterns and use among First Nations communities across Canada (Chan et al.,
2021). This diversity extends internationally as described in a recent review of Indigenous
peoples and pollution (Fernandez-Llamazares et al., 2020). Thus, the presented cases using
RISK21 here may not be widely generalizable. Further, assumptions inherent to risk assessment
increase uncertainty in the context of Indigenous communities. For example, the standard body
weight from Health Canada is derived from the general population, although it is well-known
that nutrition and food security in Indigenous communities contributes to differences in average
weight. Finally, though the data collection methods used in the originally cited assessments were
rigorous, and every effort was made to minimize biases, researcher bias is inherent to case study

methodology, and is present in our reported results and interpretations.
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CONNECTING PARAGRAPHS

Chapter 5 detailed two case studies conducted in collaboration with three unique
Indigenous communities in the US and Canada, testing the use of the RISK21 approach to
HHRA on existing data and comparing it to conventional approaches. RISK21°s visual input was
an interesting way to display the data (particularly in the cumulative risk assessment case), and it
produced similar results to conventional methods while using less precise data. However, one of
the key learnings from these cases was that the involved communities have a variety of
qualitative and quantitative non-chemical information of relevance to the assessment that is not

meaningfully included or communicated in the tested approach.

Chapter 6 explores the use of methods that identify and measure Indigenous Health
Indicators (IHIs) of community relevance, which are community-defined and measured factors
that can be assessed alongside an HHRA towards a more holistic and contextualized assessment.
Here, we pilot-test existing IHI approaches published by two communities to consider their
application at a regional scale using existing data from the First Nations Food, Nutrition, and
Environment Study (FNFNES). Following the design thinking process, this chapter is part of
‘ideation’ and ‘prototyping’ towards the development of Indigenous Health Indicators
approaches. Key findings from this initial ideation phase were shared with members of the
Environment Department in the Kanien:keha'ka community of Kanesatake, towards the
development of an IHI approach in this community-specific context as detailed in chapter 7. This
chapter was not submitted as a peer-reviewed publication but is included here as a part of the
design process which can be referenced by others who wish to conduct similar work in designing
and testing new risk assessment tools. I am the first author of this chapter, and it is additionally

co-authored by Dr. Niladri Basu.
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CHAPTER 6: Indigenous Health Indicators (IHIs) as a New Approach to Human Health
Risk Assessments for Contaminants- Pilot Testing IHI Operationalization on a Regional
Scale

Katherine Chong ' and Niladri Basu '

! Center for Indigenous Peoples’ Nutrition and Environment (CINE), Faculty of Agricultural and
Environmental Sciences, McGill University, Montreal, Quebec, Canada

6.1 Abstract

Human health risk assessment (HHRA) approaches for environmental contaminants are
used to make environmental management decisions in Indigenous communities but often fail to
adequately assess ‘health’ as defined by communities themselves. There are few case studies and
a lack of methodological consensus on how to meaningfully include community-relevant health
information in HHRAs. Two communities (The Swinomish Tribal Community and Amskapi
Piikani Blackfoot Nation) have published methods for the development and use of ‘health
indicators’ (termed Indigenous Health Indicators or IHI in this work), which are community-
defined and measured factors that can be used in parallel to risk assessments to understand and
communicate potential health impacts (6 Swinomish health indices and 9 Piikani well-being
indices). A growing body of regional health indicator information is available through recent
initiatives to address the gap in knowledge on Indigenous health, such as the Canada-wide First
Nations Food, Nutrition, and Environment Study (FNFNES), but the possibility of using the IHI
approaches on these datasets has not been tested. Thus, we aim to pilot test the use of these two
published approaches to organizing IHI (Piikani Well-being Index and Swinomish IHI) on a
regional set of indicators and contaminant information. Our objectives are to first, pilot the use of

selected IHI methods in a new context; second, explore the feasibility of scaling IHI methods for
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regional indicator datasets; third, consider both qualitative/descriptive and quantitative indicator
measurement methodologies; and fourth, ideate how IHI approaches may be considered in the
development of new risk assessment approaches. The resultant case study utilizes 10 attributes in
three existing indicator categories from the FNFNES to ideate how IHI tools may be included in
the development of new approaches to HHRA of relevance to Indigenous communities. The
results highlight several inherent challenges with scaling a ‘values-based’ approach. If, and how,
regional IHI values may be operationalized in HHRA methods or used to screen for potential
health ‘risks’ remains in question. Future work may seek to address some of these challenges

and explore other existing regional datasets.
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6.2 BACKGROUND

Human Health Risk Assessment (HHRA) approaches are used to make decisions about
the management of environmental contaminants, by quantifying potential health risks based on
chemical exposure and hazard information. Of those most affected by HHRAs in Canada are
Indigenous Peoples and communities, who often face unique contaminant related risks by both
disproportionate exposure (Government of Canada, 2022) and unique impacts on land-based
cultural, spiritual, and food systems different from the general population (Fernandez-
Llamazares et al., 2020). Despite these disproportionate and unique health impacts, conventional
HHRA approaches do not effectively define or evaluate health from the perspectives of
Indigenous communities themselves, which leads to health risk assessment results that lack

relevance to Indigenous Peoples (Gregory, 2016; O’Rourke, 2024).

Recent literature and reports from the Assembly of First Nations (AFN) highlights that
the development of risk assessment methods that are more context-specific, including the
consideration of both multiple chemical and non-chemical factors (for example, social, cultural,
and economic), is important in the development of community-relevant approaches (Assembly of
First Nations, 2022; Chong et al., 2024a; Eggers et al., 2018; Hoover et al., 2015). There are a
range of approaches for conducting more context-specific assessments, including cumulative risk
assessment methods that consider biomarkers of stress (i.e.: allostatic load) (Lewis et al., 2011;
Sexton & Linder, 2011), to GIS-based screening methods using epidemiologic and demographic
data (i.e.: EJ Screen, CalEnviroScreen) (Lievanos, 2018; Min et al., 2019). The importance of
gathering descriptive information about health risks and local knowledge related to

contamination has been increasingly recognized in regulatory risk assessment guidance (Health
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Canada, 2018, 2019). However, current risk assessment approaches are critiqued as inadequate in
their consideration of these information types, and focused too narrowly on western science
defined, physiological aspects of health (Gregory et al., 2001; Gregory, 2016; Mullen et al.,
2023). Several Indigenous communities have conducted studies aiming to more meaningfully
bring forth non-chemical information in their assessments (Eggers et al., 2018; M. K. Gislason &
H. K. Andersen, 2016), have developed models for more holistic assessment approaches
(Arquette et al., 2002; Harper et al., 2012; Harris & Harper, 2000), and have sought to identify
values that can be used to increase the relevance of environmental assessments (Failing et al.,
2013; Reid et al., 2014). However, the number of available community-based cases is small, and
there remains a lack of methodological consensus on how to consider community-relevant
information on ‘non-chemical’ health risks in risk assessments (Callahan & Sexton, 2007,

Sexton, 2012; Sexton, 2015).

A US EPA workshop identified the use of health indicators from the health and social
sciences as a potential avenue for better characterizing health risks related to contamination
(Sanchez et al., 2010). Health indicators are measures of health that can be either quantitative
(ex: socioeconomic status, chronic disease rates, percentage of food secure households) or
descriptive (ex: cooperation within a community network, access to traditional medicines), with
the former being the focus of most studies to date on the topic (Donatuto et al., 2020). While
many studies based in Indigenous communities utilize health indicators generally to define health
risks and impacts (Arquette et al., 2002; Bouche, 2022; Maya K Gislason & Holly K Andersen,
2016; Hackett et al., 2018; Harris & Harper, 2000; Kryzanowski & Mclntyre, 2011), the use of
this approach presents several challenges. First, generic western-scientific indicators often lack

community-relevance and may miss aspects of ‘health’ of importance to Indigenous Peoples as
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previously described. Second, at a regulatory level, there is ambiguity as to how health indicators
can be meaningfully applied to risk assessment. For example, Health Impact Assessment
guidance published by Health Canada mentions Aboriginal health and Traditional Knowledge
but does not include a method by which these can be incorporated into an assessment in a way
that is legitimate to both regulators and community members (Gregory, 2016), often resulting in
their subsumption into the dominant western framework. In addition to the lack of
methodological guidance on how to measure health in a relevant and meaningful way in
Indigenous community contexts (Satterfield et al., 2013), there is minimal information on how
health indicators can be operationalized for health risk assessments and decision making. In
general, there is a paucity of information on health indicators of concern for Indigenous Peoples
in Canada (Chan et al., 2021; Donatuto et al., 2016), though recent initiatives begin to address
this gap. In Canada, there is a growing body of Indigenous led and defined health data, including
through the First Nations Information Governance Center’s (FNIGCs) regional health survey
(RHS) and community health survey, and the First Nations Food, Nutrition, and Environment
Study (FNFNES). Both are led by First Nations organizations and utilize First Nations

definitions of health as the basis for collecting health indicator information.

Responding to some of these challenges, methods for community-defined and measured
Indigenous Health Indicators (IHI) have emerged over the last decade and a half. A leader in the
development of IHI approaches is the Swinomish Tribal Community, who have published
numerous papers since 2011 which outline methods for the identification and testing of a suite of
IHI. THI can be used in parallel to risk assessment methods and to holistically assess Indigenous
health, including ‘intangible’ aspects (ex: relations to the natural environment, importance of

ceremonies) (Donatuto et al., 2016; Donatuto et al., 2011; Donatuto et al., 2020). These methods
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involve the ranking and weighting of IHI in the context of environmental changes (such as
contamination), to prioritize potential health outcomes of concern. These include the use of a
descriptive ranking approach, which assigns numerical value to descriptive information,
presenting a way to consider community defined and measured health indicators in
environmental assessments. Following the development of these methods, a few other
communities have trialed the use of IHIs in various contexts, including the Squaxin Island Tribe,
Tsleil-Waututh First Nation, and Coast Salish communities (Donatuto et al., 2016; Donatuto et
al., 2014). The results of these trials have been positive, demonstrating the potential for the
Swinomish IHI methods to be applicable in other settings (Donatuto et al., 2016). More
quantitative in nature, the Amskapi Piikani Blackfeet Nation have also recently (in 2023)
published their methodology for developing a suite of community-specific indicators for
community-defined health assessment. These “Piikani Well-Being Indices” (PWI) are
quantitative and often demographic in nature, while their parameters (i.e.: values indicating good

or poor health) are community-defined (Paul et al., 2023).

While there are numerous approaches available for the identification of health indicators,
the IHI approach was chosen due to its intended application in the context of environmental
assessments, including through the inclusion of a ‘threshold approach’ (i.e.: identifying when a
health indicator level is unacceptable, as defined by community members), and the PWI
approach provides a similar method for community-based risk identification and definition, in a
quantitative context (Donatuto et al., 2016; Paul et al., 2023). The ‘threshold’ approach is similar
to that used in conventional HHRA methods for identifying health risks and thus is particularly

relevant to this demonstrative case.
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Canada is undergoing a paradigm shift in the way that HHRAs for environmental
contaminants are conducted. New approach methodologies (NAMs) are tools, technologies, and
approaches that respond to the need for more resource efficient, time-saving, and ethical risk
assessment (National Academies of Sciences & Medicine, 2022). There is increasing regulatory
interest in the development of NAMs for decision-making, including as a part of Canada’s
Chemicals Management Plan and most recently, written into ‘Bill S-5°, which outlines proposed
amendments to the ‘Canadian Environmental Protection Act’(CEPA) (Government of Canada,
2022). Bill S-5 also marks the first consideration of the United Nations Declaration on the Rights
of Indigenous Peoples (UNDRIP) in the CEPA. UNDRIP includes the right to a ‘healthy’
environment and to self-determination for Indigenous Peoples, however, the operationalization
of these rights in the CEPA remains unclear (Assembly of First Nations, 2022). While NAMs for
‘next generation’ HHRA are being designed and tested, this development has yet to include
Indigenous Peoples or consider the specific priorities of Indigenous communities. There is a need
to develop new risk assessment approaches that are relevant for the Indigenous communities in

which they will ultimately be applied.

As the development of NAMs for risk assessment is underway, Indigenous Health
Indicators are an emergent and promising tool for improving the relevance of risk assessments
for Indigenous communities and capturing important definitions of health from community
perspectives. They are valuable organization and communication tools for health information of
importance to communities and have been successfully tested and used in a handful of
community-led contexts. Here we mention two methods that are published and publicly
available, the Swinomish IHI and PWI. Simultaneously, recent initiatives to address the gap in

knowledge on Indigenous defined and measured health status are underway, with Canada-wide
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information emerging from studies such as the FNFNES and FNIGC RHS. These regional
assessments, while Indigenous led, continue to use conventional methods, while the possibility
of using the IHI approaches on these datasets have not been tested. Further, while the PWI and
[HI examine different types of information (descriptive versus quantitative), there is a lack of
consensus on how a diversity of semi-quantitative, descriptive, and quantitative indicator
information might be considered cumulatively in the context of contamination (Sexton, 2012;
Sexton, 2015), and further, whether it is appropriate to do so (Donatuto et al., 2016; Gregory,
2016). There is no information on if and how such methods might be scaled to understand their

broader applicability.
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6.3 OBJECTIVES

We aim to pilot test the use of an existing Indigenous Health Indicators (IHI) approach on a
regional set of indicators and contaminant risk assessment information. Our objectives in doing

so are to:

1. Pilot the use of selected IHI methods in a new context, producing a regional assessment
case study.

2. Explore the feasibility of scaling existing IHI methods for regional indicator datasets.

3. Consider how both qualitative/descriptive and quantitative indicator measurement
methodologies may be integrated.

4. Ideate how the methods might be considered as part of newly developed human health

risk assessment approaches.

We propose that using a ‘health indicators’ approach is one way in which risk assessment
practice can be developed to include greater consideration for and relevance to Indigenous
communities. Here, we explore the potential role of existing IHI methods in the development of
more holistic and relevant risk assessment approaches. To do so, we pilot test the PWI and [HI
methods on existing regional-level First Nations’ health indicators data. This case study uses a
publicly available regional dataset (FNFNES) to first, organize and visualize both ‘quantitative’
and ‘qualitative/descriptive’ health indicators of potential relevance; and second, consider this
‘non-chemical’ health indicator information in the context of contaminant risk assessment

information, towards a more ‘holistic’ risk assessment approach.
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6.4 METHODS

6.4.1 Positionality Statement

The authors of this case study are non-Indigenous academics from McGill University’s
Center for Indigenous Peoples’ Nutrition and Environment. This work is part of a project co-lead
by the Kanien’keha:ka community of Kanesatake and McGill University, which aims to
understand how NAMs for contaminant risk assessment can be designed to meet the priorities of
Indigenous communities. This study was conducted to learn about the IHI methods, lessons from
which may then be applied to it’s use in Kanesatake. Members of the Ratishontsanonhstats
Kanesatake Environment team provided inspiration and support for this work. Despite all efforts
to conduct research with this positionality in mind, the authors acknowledge that the biases and

worldviews that arise from their identities place limitations on this work.

6.4.2 Data Source

The First Nations Food, Nutrition, and Environment Study (FNFNES) was a 10-year,
Canada-wide study co-led by the Assembly of First Nations (AFN), University of Ottawa, and
Université de Montréal, involving 92 participating First Nations communities (Chan, 2019). The
FNFNES collected a range of information on contaminant concentrations in food and water, as
well as consumption, nutrition, food security, health and lifestyle survey data. We chose this
dataset based on its public availability online, the leadership of the study by the AFN, and the
categorization of the information geographically, with which we were able to conduct an

assessment that compares data amongst regions. The FNFNES survey data (i.e.: food security,
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health and lifestyle information) are used to determine the ‘IHI’ values in this case study. These
data were collected in the locations where a conventional HHRA for contaminants in traditional
foods and water was conducted (i.e.: measuring contaminant exposures and comparing these to a
reference toxicity value to calculate health risk) as part of the FNFNES. The FNFNES food
security, health, and lifestyle survey data are organized in this case study as in the referenced IHI
and PWI approaches. This provides an opportunity to more broadly consider qualitative, ‘non-
chemical’ and descriptive information on potential health risks (i.e.: the IHIs in this case study),
in the context of conventional HHRA data which captures quantitative health risks from

contaminant exposure and toxicity information.

6.4.3 Organizing Health Indicators

We draw upon several methods for organizing and measuring health indicators
(summarized in Table 6-1). Both the Swinomish Tribal Community and Piikani Nation’s methods
use broad indicator categories, and then sub-categories or ‘attributes’ of each indicator, which
detail it’s meaning as defined by the community (Donatuto et al., 2016; Paul et al., 2023). The
FNFNES categorizes data in their report under several sub-headings, and thus we use these
headings here as indicator ‘categories’, with specific measures as ‘attributes’. We attempted to
align these categories with the existing methodologies by comparing available indicators in the

FNFNES data to the Swinomish IHI and PWI categories (Table 6-1).
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Table 6-1: Summary of referenced Methodologies for organizing and measuring Indigenous
Health Indicators. *Indicates an indicator category that FNFNES data used in the current case
study matched. See supporting information for a table of FNFNES data organized by indicator.

Institutional Capacity and Traditional
Governance

Our Culture

Social and Educational, Lifeway*
Our Business, Affairs, and
Economics*

Our Land Tenure

Name Community | Indicator Categories Types of Output
information
(Input)
Swinomish | Swinomish | Community Connection Descriptive Scale | Numerical
Indigenous | Tribal . Ranking Index (Scale
Health Community Natural Resources Security Weighting and of 1-4)
Indicators Cultural Use* prioritization of
(IHI) Education indicators
Self-Determination
Resilience*
Piikani Amskapi Our Health* Quantitative Numerical
Wellbeing | Piikani . metrics Index (Scale
Index Blackfeet Our Lands and Stewardship of 0-1)
(PWI) Nation Our Food Sovereignty*

6.4.4 Determining Indicator Values

This case study draws upon two methodologies developed by members and collaborators

of the Swinomish Tribal Community (Donatuto et al., 2016; Donatuto et al., 2020; Donatuto et

al., 2014; Donatuto et al., 2011) and the Amskapi Piikani Blackfoot Nation (Paul et al., 2023). In

these approaches, values-based measurement of health indicators requires community input to
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determine what is considered an indicator value representing “good” or “poor” health. In the case
of the Swinomish Indigenous Health Indicators (IHI), Donatuto et al. describe a participatory
method for ranking and weighting indicators using descriptive scales, which assign values to
indicator attributes on a number of dimensions- including for example ranking the current health
status of an indicator (Donatuto et al., 2016), predicted changes to an indicator status over time,
and the relative importance of indicators in scenarios such as resource change and contamination
(Donatuto et al., 2020; Donatuto et al., 2011). The descriptive scale rankings assign numerical
values- for example, the health status of an indicator could be ranked on a scale of 1-4 (i.e.:
1=doing poorly; 2=doing okay; 3=doing pretty good; 4=doing great), and average rankings
amongst community members determine the indicator value. These rankings could also be used
to prioritize indicators, for example, those which fall into an average ranking of ‘doing poorly’ or
below may be considered for further evaluation and management. Lastly, an indicator that is
consistently weighted with no or little importance may be reconsidered in an indicator list for
that specific scenario (Donatuto et al., 2016; Donatuto et al., 2014). In the case of regional data
from FNFNES, we do not have information on the relative importance of the various indicators
used, and thus we weigh them equally in this evaluation. However, the data are available
publicly online in regional reports from the FNFNES (Chan, 2019) and thus can be repurposed in

subsequent works.

In contrast to the descriptive measurement of Swinomish IHI, the Piikani Well Being
Index uses quantitative measures (for example, demographic information or disease prevalence).
However, the determination of whether a value is indicative of good or poor health also relies on

a value judgement. In the PWI study by Paul et al., the community sets ‘goalposts’ for each
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indicator, (i.e.: maximum and minimum values for the indicator, set on a 0-1 scale, with a value

of 1 indicating optimal health) (Paul et al., 2023).

As mentioned above, both the Swinomish IHI and PWI studies organize indicators by
broad category, with attributes precisely defining each indicator. The value of each attribute
contributes to an overall indicator score. In the Swinomish IHI method, the attributes of each
indicator are also ranked and weighted relative to one another to determine the importance of
each to the indicator score. For the purposes of this demonstrative case, while we assumed equal
weights, we avoided including indicator measures that were too similar in the FNFNES report

(for example, ‘# of years of education’ and ‘% of population having completed high school’).

In this example, using regional-level data from FNFNES, we cannot make value
judgements about what values would be indicative of ‘good’ or ‘poor’ health as defined by
communities. This definition likely varies between communities, as it will be based on
community-specific experiences and expectations and may change over time (Donatuto et al.,
2020, Goodman et al., 2014). We also cannot make judgements about the relative importance of
attributes of each indicator in comparison to others. Thus, for demonstrative purposes we apply
here a percentile ranking methodology, which is used in the US EPA’s EJScreen (Environmental
Justice Screening tool) to assess and prioritize sociodemographic indicators of concern. The US
EPA developed EJScreen’s tool for environmental justice screening, which involves a suite of
indicators that aim to assess priority socio-demographic concerns in relation to environmental
contamination. EJScreen is used by the US EPA to screen and prioritize environmental justice
community health risks using large regional datasets (US EPA, 2024). While not an Indigenous
community-specific approach, some methodological considerations from EJScreen are useful

when evaluating regional data, and the approach is designed for the prioritization of population
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groups who face environmental justice concerns. The use of a percentile ranking approach allows
us to compare indicator scores across regions, and ultimately to identify priority geographic

regions of concern for each indicator area.

While we used an EJScreen approach, we chose not to compare each value for First
Nations health indicators to the general Canadian population as EJ Screen does for the US- doing
so upholds an assumption that the general average is the standard to which First Nations
communities should aspire, when in fact, many communities have their own ideals and standards
for health which are not necessarily in line with the non-Indigenous population. Overall, it is
important to maintain that the use of percentile rankings is generally used for screening, which is
a first step in identifying locations, contaminants, and/or health concerns where further focus
may be needed. However, screening level assessments are not risk assessments and do not

determine the presence or absence of a ‘health risk’ in a given location (US EPA, 2024).

Quantitative indicator data from FNFNES was used per region and a percentile rank was
calculated. For data that involves a descriptive scale (for example, self-reported health status
ranging from poor to excellent), we followed Donatuto et al.’s (2016) methodology for
determining an average rank value, and then compared regionally by assigning a percentile
ranking. We then took the percentile rank for each and averaged them to get an overall value for
the indicator group. The combination of indicator attributes to get a total indicator value is
consistent with the referenced IHI methods (Donatuto et al, 2016; Donatuto et al., 2020; Paul et

al., 2023).

Some data represent ‘positive’ indicators of health, that is, the higher the value, the
‘better’ (for example, level of physical activity), while others are the inverse (for example, rate of

chronic disease). To average percentile rankings into a single ranking per attribute, we converted
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all ‘negative’ values into positive ones. For example, ‘diabetes rate’ can be inversely converted to
‘percent of population with absence of diabetes’. Some of these assumptions, however, are
subject to bias. For example, the perspective that a higher level of education is ‘better’ is one
which may not be universally shared. Acknowledging this, for demonstrative purposes we
assigned positive or negative value to the data used and convert all data to ‘positive indices’ from

which we can draw an overall health indicator value in each category.

6.4.5 Contaminant Information

We also took regional-level FNFNES data on contaminant exposure and ‘hazard quotient’
method for HHRA and compared these results across regions. We applied color-coded
conditional formatting to highlight areas with the highest ‘risk’ (i.e.: a hazard quotient greater
than 1.0), which follows a similar format as [HI methods in studies by Donatuto et al. (2016).
This format allows us to visualize, and potentially prioritize, areas which may be of highest
concern for both contaminant exposure and health indicator status. For example, if the results
reveal both contaminant-related risks and increased health indicator vulnerabilities for a region,
management may target both areas. Further consideration for contaminant-related risks may be
given to areas whose hazard quotient do not exceed the ‘risk’ threshold, but who have increased

vulnerabilities in health indicator categories.
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6.5 RESULTS

6.5.1 Overview of health indicators

The following results demonstrate the organization and visualization of existing regional
health indicator information following the IHI approaches outlined above (Table 6-2). The
FNFNES health indicator categories chosen for this case were based on the FNFNES’ available
data and previously identified IHIs from the referenced studies (Table 6-1), leading to the
identification of three indicator categories with ten total attributes: sociodemographic
information (2 attributes), food sovereignty and security (4 attributes), and health and lifestyle
factors (4 attributes). Attributes were drawn from the FNFNES regional reports and organized by
indicator categories, for a total of 7 quantitative and 3 descriptive attributes identified and used
for this case (Table 6-2a). The indicator categories and attributes were differentiated into
descriptive (shaded grey) and quantitative indicator information and displayed as percentile
rankings (Table 6-2b). Finally, the attributes (both descriptive and quantitative) were summed
into a single indicator ‘value’, which is visually represented as ‘better’ (green) or ‘worse’ (red)

health compared to the other indicators and regions, using conditional formatting (Table 6-2c¢).

The final, consolidated table (6-2c) of indicators provides a simplified visual comparison
of the indicators across regions, integrating both qualitative and quantitative data. We note that
these two data ‘types’ are not equally weighted in each indicator category. For example, for the
indicator category ‘food security and sovereignty’, there are three quantitative and one
descriptive attribute, though all four are weighted equally. Comparing indicator values across
regions in Table 6-2c, we can see that there are regions with amongst the highest values in some

indicator categories, but the lowest in others. For example, Alberta has one of the lowest
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percentile rankings for ‘sociodemographic information’ (0.17), but it has the second highest
percentile ranking for the ‘health and lifestyle’ category (0.75). Results can similarly be
compared within and between regions, however limitations to their interpretation and use are

further discussed below.

6.5.2 Overview of HHRA data visualization

Contaminant information was conditionally formatted so that red represents a hazard
quotient greater than one (i.e. a potential ‘risk’), as reported by the FNFNES (Table 6-3). Using
this format, one can ‘narrow-in’ on contaminants and regions of greatest concern. For example,
this format highlights that mean Arsenic contamination was above the referenced hazard values
in British Colombia, indicated by a red-colored box (Table 6-3), which may flag this region and
contaminant for further evaluation and management. The color-coded and side-by-side format
also shows comparisons between regions and produces a visual representation of the data, which
can further be compared in relation to the health indicators table (Table 6-2). Notably, as the
hazard quotient data are color-coded in relation to a hazard value, as opposed to in relation to
each other as in the case of the indicator information, viewing the tables together requires a
detailed understanding of the differences between these two classifications and color schemes to

interpret their meaning.
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Table 6-2 (a-c): FNFNES ‘Indigenous Health Indicators’ Assessment tables, demonstrating the
process for calculating indicator values in the present case study, following methodologies by
Donatuto et. al (2018), Paul et al., (2023), and the US EPA (2004).

Table 6-2a: Initial Raw Data. Grey indicator attributes are those evaluated using descriptive scale
rankings.

Indicator Category

Indicator Attributes (% rank) BC AB SK MB ON QC AT
Sociodemographic o) 110 . 65 58 61 64 51 76
Information % Highschool Education or greater 0.83) 50 (0) 0.33) (0.50) 0.67) ©.17) (1.00)
% Main source of income is wages * (used as a proxy for 59 49 46 44 56 57 52
employment) (1.00) (0.33) (0.17) (0.00) (0.67) (0.83) (0.50)
Food Sovereignty % reporting household Traditional food harvesting and production 75 56.(0) 62 560) 70 79 62
and Food Security practices (083) (033) (0.67) (1.00) 033
. . 190 116 139 107 70 109 68
mean traditional food intake days per year (1.00) ©0.67) 0.83) 033) ©0.17) (0.50) (0.00)
% of adults who did not report wanting more traditional foods in 9000 | 2 22 34 27 16 40
their household (i.e.: not missing traditional foods) } (0.33) (0.33) (0.83) (0.67) 0.17) (1.00)
Food security scale (scale of 1-4; severe, moderate, marginal, none) (3{')(_)12 7 (2{')?00) ?6?353) ?6(.)597) (Bf(?o) ?6(_?0) ?6_25?3)
Health and Lifestyle . 58 56 52 46 49 34 52
% absence of obesity (1.00) (0.83) (0.50) (0.17) (0.33) (0.00) (0.50)
. 9 83 81 75 75 80
% absence of Diabetes ao | 08y | oon | 0n | *O | e | 050
Self-reported health status (Average scale ranking from 1-5; poor, 2.98 2.96 2.96 290 | 29 2.97 2.99
fair, good; very good; excellent) (0-83) (0.33) (0.33) ) (0.17) (0.67) (1.00)
Self-reported activity level (Average scale ranking from 1-4; 234 2.45 2.28 2.15 2.32 a0 | 228
sedentary, somewhat active, moderately active, highly active) (083) (1.00) (033) 0.17) (0.67) ) (033)

Table 6-2b: Conditional formatting per percentile rank. In the Indicator Attributes column, grey indicates
a qualitative/descriptive indicator, while white indicates a quantitative indicator.

Indicator
Category Indicator Attributes BC AB SK MB ON QC AT
Socio- Highschool Education or greater (%) 0.83 0.33 0.5 0.67 1
demographic - - - .
Information | Main source of income is wages * (*used as 1 033 067 0.83 05
a proxy for employment)
Traditional food harvesting and production
practices reported at the household level (% | 0.83 0.33 0.67 1 0.33
of households)
Traditional Mean traditional food intake days per year 1 0.67 0.83 0.33 0.5
l;(::idsiycit:ir:lys % of adults who did not report wanting
more traditional foods in their household 0.83 0.67 1
(i.e.: not missing traditional foods)
Food security scale (scgle of 1-4; severe, 067 1 05 083
moderate, marginal, none)
Absence of obesity (%) 1 0.83 0.5 0.33 0.5
Absence of Diabetes (%) 1 0.83 0.67 0.5
Health and
Lifestyle Self-reported health status (Average scale
Measures ranking from 1-5; poor, fair, good; very 0.83 0.33 0.33 0.67 1
good; excellent)
Self-reported activity level (Average scale
ranking from 1-4; sedentary, somewhat 0.83 1 0.33 0.67 0.33
active, moderately active, highly active)

260



Table 6-2¢: Summary of Totaled Indicator Values

Indicator Value Percentile Rank

Indicator Category BC
Sociodemographic Information 0.92
Traditional Food Systems and
. 0.50
Security
0.92

Health and Lifestyle Measures

Table 6-3: FNFNES regional contaminant risk assessment for heavy metals and organic

contaminants. Values taken from the FNFNES regional report (Chan et al., 2019) and

conditionally formatted to display hazard quotient values of higher concern (red) and no concern

(green).
Hazard Quotients (Mean)
Contaminant BC AB SK MB ON QC AT
METALS
Arsenic Mean - 0.004 0.01 0.02 0.02 0.03 0.41
Maximum ‘ 0.01 0.02 0.02 0.03 0.04 0.76
Cadmium Mean 0.26 0.11 0.04 0.04 0.08 0.18 0.02
Maximum 0.54 0.11 0.05 0.05 0.08 0.19 0.05
Lead Mean 0.06 0.06 0.01 0.04 0.09 0.06 0.01
Maximum 0.13 0.11 0.02 0.05 0.1 0.06 0.07
Mercury Mean 0.06 0.03 0.07 0.38 0.08 0.08 0.02
Maximum 0.47 0.03 0.07 0.49 0.09 0.2 0.05
ORGANIC CONTAMINANTS
HCBs Mean 0.0018 | 0.00003 | 0.0003 | 0.0001 | 0.00045 | 0.0004 | 0.0002
DDE Mean 0.0001 0 | 0.00001 | 0.0001 | 0.00004 | 0.00003 | 0.00001
PCB Mean 0.0003 | 0.00001 | 0.0005 | 0.00011 | 0.00261 0.003 | 0.0003
Chlordane Mean 0.0029 | 0.00007 0.001 | 0.00024 | 0.00318 0.001 0.001
Toxaphene Mean 0.0018 | 0.00001 | 0.0001 | 0.00009 | 0.00222 | 0.0002 | 0.0002
PAH Mean 0.00001 | 0.00001 | 0.00004 | 0.00001 | 0.00056 0 0
PFCs Mean 0.0059 | 0.00072 0.02 | 0.00566 | 0.0312 0.01 0.01
PBDE Mean 0.0075 | 0.00018 0.001 | 0.00654 | 0.0078 0.02 | 0.0005
Dioxan and Furan | Mean 0.00004 0 0.002 | 0.00001 | 0.0001 0.01 0
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6.6 DISCUSSION

Health information of relevance to communities is an important consideration in the
development of accurate and ethical next-generation human health risk assessment approaches.
Here, we used two existing community-based [HI approaches (the Swinomish IHI and Piikani
Well-being Index) and piloted these methods on a regional scale, leveraging existing data from a
large regional dataset (the FNFNES). We sought to explore the feasibility of scaling the IHI
approach and the integration of both quantitative and descriptive or qualitative health indicator
information, and further, to ideate how IHI approaches may be used in the context of HHRA for
contaminants. Overall, in response to our objectives, this case study highlights limitations to the
operationalization of the IHI approaches at a regional scale as presented here, primarily due to a
lack of community-specific information on values and priorities, which is essential to these
approaches. The scaling of the approach in a data organization and visualization sense, as
displayed here, is potentially feasible and this requires further research. Qualitative/descriptive
and quantitative information may be sorted and presented alongside each other for an overview
of the differences between attributes amongst and within regions, though combining these into a
single indicator value results in a loss of potentially important meaning and could lead to
misrepresentation of the information. The color-coded, visual representation and organization of
both IHI and conventional HHRA information has potential to be useful for representing and

prioritizing the socio-demographic and socio-cultural contexts of contaminant-related risks.

Pilot testing the IHI approaches in a new context may help us to move towards mutually
recognized methods that can be adapted for a variety of contexts and be understood and valued
by both communities and regulators alike. It also helps us to identify challenges and knowledge

gaps with the transferability of the approach, as we further discuss below. Novel to this paper
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was regional scaling of the IHI methodologies, the combination of methods to consider both
quantitative and descriptive information, and the visual organization of survey data in relation to

contaminant risk assessment information.

6.6.1 Applying the IHI approach on a regional scale

The need for Indigenous definitions of ‘health’ in ‘health risk assessment” has been
previously identified (Arquette et al., 2002; Gregory, 2016; Harris & Harper, 2000), and the use
of an Indigenous Health Indicators (IHI) approach may help to address this gap. Of central
importance to the IHI approaches, as published by the communities leading their development, is
the involvement of community members in the process (Donatuto et al., 2016; Paul et al., 2023).
While the considered regional health indicators are Indigenous defined, as the FNFNES is co-led
by the Assembly of First Nations, a major limitation to this case study was a lack of community
involvement. Ultimately, a key finding was the inability to conduct a ‘values-based’ assessment
on a regional scale, which is essential to the methodology. This was not possible as the
definitions of and priorities for health vary between communities within a region. Despite this
difference, organizing and visualizing the data using a ‘health indicators’ approach that identifies
areas of ‘better’ and ‘worse’ health has potential as a helpful tool. The uses of this tool may
include further mobilizing the use of large regional datasets to prioritize regional health concerns
and to contextualize contaminant risk assessments. Thus, ‘scaling’ the IHI approach to a regional
level in this case study was potentially feasible for the data organization and visualization

components, but not necessarily for values-based assessment.
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Unique to this case study in comparison to the published IHI methods (Donatuto et al., 2016;
Paul et al., 2023) was the use of percentile rankings to ‘scale’ the approach (i.e.: to compare,
synthesize, and communicate the data amongst regions). This adaptation was adopted from the
US EPA’s EJ Screen. We note that Indigenous communities and leaders have critiqued EJ Screen
for its lack of relevance to community contexts, due to the use of generic health indicators that
are applied to the general population (Mullen et al., 2023). Applying an IHI approach to tools
such as EJ Screen, where the methodology involves Indigenous defined and measured indicators
as opposed to generic ones, may begin to address this challenge. However, the integration of a
percentile ranking approach into the IHI methods presented several notable limitations. First, the
percentile ranking method did not capture the ‘values-based’ measurement essential to the IHI
and PWI methods, as described above (Donatuto et al., 2020; Gregory, 2016; Paul et al., 2023).
Second, the percentile ranking approach may produce “false negatives”. For example, results
from the FNFNES in Ontario shows the lowest food insecurity rates amongst regions (29% of all
households), and the highest average food security ranking (3.24/4, with 4 indicating no food
security) and thus the ‘best’ percentile ranking (1.00) for this indicator attribute compared to the
other regions (Table 6-2) (Chan et al., 2018). However, compared to the general Canadian food
insecurity average (18% of Canadians in 2021) (Uppal, 2023), a food insecurity rate of 29% is
still relatively high. In this example, while using percentile rankings may be useful for
identifying regions of the highest concern, improving food security may be a priority
everywhere, which a percentile ranking method could underrepresent. Overall, further research is
needed to understand the application of an IHI approach at a regional scale, which may include

leveraging regional prioritization tools such as EJ Screen.
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6.6.2 Qualitative/descriptive and quantitative values

Using a combination of two methods, we pilot-tested a way to consider both qualitative
and quantitative non-chemical information as part of the same indicator value. This is opposed to
a hierarchy that favors quantitative information, which is an identified limitation in literature on
cumulative risk assessment for contaminants (Sexton, 2015). This integration of qualitative and
quantitative non-chemical information is unique to this case study compared to the referenced
methodologies. A key challenge identified through this case study is that the scaling of the
approach to a regional level may lead to an over-simplification of the data, especially qualitative
and descriptive information. The final visual summary (Table 6-2c) does not represent many of
the nuances of the diverse dataset used to create it, which is better represented in Tables 6-2a and
6-2b. Some of the data was categorized as ‘qualitative/descriptive’ and organized using ranking
scales, following a methodology by Donatuto et al. (2016) (though we acknowledge that this
method was designed for community-level assessment). Throughout the steps of the process
(through results Tables 6-2a to 6-2c), the data is distilled, which loses some of the distinct
meanings of each of the indicator attributes. While there is a desire to better and more
meaningfully represent qualitative and descriptive information in risk assessments, this method
represents the information similarly to quantitative data by including it in the same summed
calculation, which may diminish or subsume it’s meaning. This finding is consistent with
writings on mixed methods research, which cites a potential for loss of meaning when
‘converting’ qualitative to quantitative data, which is challenged by minimal guidance for
researchers on the topic (Hochwald et al., 2023). While quantitative indices are more
straightforward to assess on a regional scale, they may miss some of the nuances and

‘intangibles’ of health risks of importance to communities that qualitative/descriptive data elicits
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(Gregory, 2016). Furthermore, there are an unequal number of attributes per indicator, and thus
attributes in larger groups have less weight. In this case study, the assumption of equal weight
across attributes of an indicator is likely inaccurate, though it is unclear how data on the relative
importance of each attribute (variable to context) may be applied at a regional scale, and this is
an area for further research. The data used and organized in this case study is openly provided for

others to repurpose and reorganize, as the approach continues to be developed and iterated.

Despite these limitations, the organization of both qualitative and quantitative
information on health indicators into indicator categories is one potential component of
addressing the commonly cited problem of an over-reliance on quantitative information as the
‘core’ risk assessment, while qualitative and descriptive information is often seen as
supplemental (Burger and Gochfeld, 2011). Furthermore, we note through this case study that the
use of descriptive scale rankings in a health indicators approach is a way in which such
information may be considered, prioritized, and compared to contaminant risk assessment
information. While this approach may not capture the nuances of descriptive and qualitative
information, exploring it’s use at this regional scale is a potentially important, and to our
knowledge novel, way to integrate qualitative, descriptive and community-defined aspects of
health into conventional risk assessment approaches. Transferring this approach to other settings
and scales, as we have done here, is a step towards improving our understanding of its

applicability to next generation risk assessment approaches.
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6.6.3 Visualizing and Interpreting Indigenous health indicators in the context of HHRA data

Applying an IHI approach to survey data from the FNFNES provides a novel way to
organize, visualize and categorize health information alongside contaminant information, which
may be useful for prioritization of both chemical and non-chemical risks; it may also be used to
‘narrow in’ on chemical and non-chemical stressors of concern for inclusion in a cumulative risk
assessment. Further developing the visual ‘heatmap’ style presentation here for greater

community-level accessibility may be an area for further work.

Led by federal and provincial governmental organizations, the United States has several
environmental justice screening and mapping tools (i.e.: EJScreen, CalEnviroScreen,
EnviroAtlas, etc.), which assist with the identification of priority geographic areas of concern in
relation to health indicators and contaminant-related risks (Lievanos, 2018; Min et al., 2019; US
EPA, 2024). However, such tools are lacking in Canada, with only one existing application of the
EnviroScreen method in British Columbia (Buse et al., 2022). While the use of these population-
level tools in the context of Indigenous communities for decision-making has several limitations
(Mullen et al., 2023), they may be useful as a component of regional level prioritization and
decision-making. Further research in Canada may investigate how to utilize Indigenous-defined
health indicator approaches in context-relevant environmental justice tools. This is an especially
relevant research need given that royal assent was recently received for Canada’s Bill C-226, An
Act respecting the development of a national strategy to assess, prevent and address
environmental racism and to advance environmental justice. Bill C-226 specifically references
the meaningful involvement of Indigenous and racialized communities in strategies to address
harms posed by environmental racism (Parliament of Canada, 2023). The development of tools

that can assess and address environmental contamination in ways that are meaningful and
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relevant to Indigenous communities, as this approach may begin to realize, is one component of

upholding this commitment.

Another potential limitation to this approach is that presentation of data as ‘positive’
versus ‘negative’ indicators is somewhat visually confusing (for example, measuring the number
of respondents who do not have diabetes, as opposed to the prevalence of diabetes), and
manipulating the data to fit this structure has the potential to precipitate misinterpretations or
misrepresentations. Thus, a person viewing the data would require a clear understanding of its
meanings to accurately interpret the findings. Relevant and clear communication is a priority for
improving Indigenous community-level risk assessment approaches (Chong et al., 2024a).
Strategies for communication and engagement are discussed in detail in the IHI and PWI
methodologies referenced here. Such strategies include using local language in communications
and providing traditional foods and activities at community events where information is
presented (Donatuto et al., 2016; Donatuto et al., 2011; Paul et al., 2023). While not tested here,
the operationalization of this method at local levels necessitates the consideration of such

strategies.

Organizing and visualizing indicator information on a regional scale, and exploring how it
may be considered in the context of contaminant risk assessment, may aid in the development of
next-generation risk assessment approaches. New approach methodologies (NAMs) aim to be
more efficient and predictive, and less resource intensive than conventional methods. Exploring
how an indicators approach may be considered in the design of NAMs-based tools is important.
For example, RISK21 is a NAMs-based risk assessment tool that produces a visual matrix and
provides a framework for cumulative risk assessment but does not have an avenue for including

qualitative and descriptive information as part of the core assessment (Chong et al., 2024b;
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Moretto et al., 2017). Considering how an IHI approach may be complemented by such tools,

and vice versa, is an area for further research.

Furthermore, this case study compared the regionally available data from FNFNES to the
indicator categories identified, however there are several other databases with information on
Indigenous health. These include the FNIGC regional health survey data (of which there are over
60 listed indicators and 466 data available online) (First Nations Information Governance Centre,
2024), and studies lead by Inuit and Metis communities and governments, such as the
Qanuippitaa? Inuit health survey (Ayotte et al., 2024), although these surveys are not explicitly
focused on health indicators in the context of contamination. Future work might, if desired by
Indigenous governing bodies and leadership, look at establishing a consistent and harmonized
database of regional Indigenous health information for use in assessments where local data is

lacking.

In considering the utility of using an IHI approach in the context of an HHRA for
contaminants, several limitations are evident. While the IHI approach may offer a different way
to prioritize contaminant and health information together, we acknowledge that there is usually
no causal link between these data. The interactions between health indicators and contaminant
exposure are complex and not represented by this method. This method’s utility may lie in aiding
us in identifying contaminants and health indicators of greatest concern, which could then be
prioritized for further evaluation. However, we maintain that the case presented here is not a risk
assessment, but rather a data organization and visualization tool which may be used to better
understand the contexts of communities who face potential harms from contamination, beyond

conventional hazard and exposure data.
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Thus, a next step may be to explore how these indicators can be used to interpret
contaminants information and further how they can be interpreted in relation to one another.
Some indicators may represent vulnerabilities that precipitate increased ‘risks’ related to
contaminant exposure, and some represent impacts of contaminant exposure on health. Many
likely fall into both categories. Compared to conventional methods, an IHI approach considers
health indicators information in parallel to contaminant information (as opposed to supplemental
to the ‘core’ risk assessment). However, the question of the appropriate level of ‘integration’ of
IHI into HHR A methods remains. Hazard Quotient values for contaminant risk assessments are
calculated by comparing exposure to hazard values. If exposure exceeds the hazard value (i.e.: a
Hazard Quotient >1), this is considered a potential ‘risk’. One way in which to further
operationalize the IHI in risk assessment contexts is to identify ‘thresholds’ that are standards for
health risks as defined by communities, and to use these thresholds in a similar way that a hazard
value (for example, a ‘tolerable daily intake’ value) would be used to assess contaminant-related
risks. Somewhat similarly, studies that use the Swinomish IHI consider the relative importance
of indicators to dealing with resource change compared to the perceived impact (Donatuto et al.,
2020; Donatuto et al., 2014; Donatuto et al., 2011). Donatuto et. al (2016) also suggest that an
IHI ‘ranking’ approach may be used to establish a threshold (i.e.: a value at which negative
impacts would occur) (Donatuto et al., 2016). To do this on a regional level, however, would
require further data gathering and value judgements on indicator values of ‘risk’, which may be
challenged by variations amongst communities, and further, by the conventional definition of
risk itself. While the use of the Hazard Quotient method presents risks in black and white,
qualitative and descriptive health information is more nuanced, and may require an entirely

different approach, while recognizing that an assessment method itself cannot fully capture the
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realities of contaminant-related ‘risks’ and impacts faced by Indigenous communities. Future
research on such approaches should proceed cautiously, noting that the IHI are not meant to be

subsumed within generic methods (Donatuto et al., 2016).

6.6.5 Data Sovereignty

Finally, we note that in the development of any large-scale, regional, or screening-level tools,
the principles of Indigenous data sovereignty and self-determination must be upheld. Here, we
used a publicly available regional dataset from the FNFNES, the collection and reporting of
which was co-led by the Assembly of First Nations following the First Nations Data Sovereignty
Principles of Ownership, Control, Access, and Possession (OCAP) (Chan et al., 2021; First
Nations Information Governance Centre, 2022; Schnarch, 2004). However, the
operationalization of the approach proposed here, and any approach leveraging Indigenous data,
requires ongoing collaboration. Developing and applying western-scientific approaches,
including the use of screening and prioritization tools, should be done only with the consent and
under the leadership of Indigenous communities. Doing so will help to ensure their relevance and
applicability to contexts and ultimately produce methods that are beneficial to communities
themselves (Mullen, 2022; Mullen et al., 2023). The use of IHI approaches designed by and for
communities is one tool that may assist with decision-making and assessment reflective of the

environmental health issues specific to and prioritized by Indigenous Peoples.
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6.7 CONCLUSIONS

A consistent and agreed upon methodological approach for including community-relevant
health information in risk assessments has yet to be established. Methods for developing and
using Indigenous Health Indicators (IHI) by two communities (The Swinomish Tribal
Community and Piikani Blackfoot Nation) present promising ways forward and have been tested
in a handful of settings to date. This paper aimed to explore the operationalization of these two
methodologies in the context of regional survey data that was collected alongside a regional
HHRA for environmental contaminants. The resultant demonstrative case represents an ideation
of how IHI tools may be used in the development of new approaches to risk assessment that are
more relevant to Indigenous community contexts than conventional methods. To capture the
diversity of available data (both qualitative and quantitative), we attempted to use the two
communities’ established methods in combination and compare them alongside conventional
HHRA data, producing a visual organization of the data that may be used as a component of an
approach for prioritizing HHRA information and health indicator information in parallel. While
the indicator information does not produce a ‘risk assessment’, the comparison of indicator
values amongst regions is an approach that may be used to better understand the contexts of
contaminant-related risks. Alongside health indicator information, contaminant HQs may be
further contextualized and potential vulnerabilities or protective factors in relation to
contamination may be recognized. This information may be used to identify areas for further
research, allocation, and management. The organization of information in this case study may
also provide an ideation of the approach in the design of a visual communication tool for health
risk assessment information, both ‘chemical’ and ‘non-chemical’. Overall, however, this case

highlights several inherent challenges with scaling a ‘values-based’ approach. If, and how, IHI
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values may be further operationalized in new HHRA methods or used to determine health ‘risks’
remains in question. Future work may seek to address some of these challenges, as well as

consider and leverage other existing regional datasets.
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CONNECTING PARAGRAPHS

Chapter 6 provides an initial pilot-test of the use of existing IHI methods on a regional
scale using data from the First Nations Food, Nutrition, and Environment Study (FNFNES).
Novel to this case study was regional scaling of the IHI methodologies, the combination of
methods to consider both quantitative and descriptive information, and the visual organization of
survey data in relation to contaminant risk assessment information. Overall, Chapter 6 highlights
inherent challenges with increasing the scale of application of an IHI approach, which is values
based. The presented case study misses several important aspects of the originally developed
method and contributes to a different overall goal and outcome. However, the case study also
provides some insight into considerations for the development of new approaches to HHRA for
Indigenous community contexts. The findings further highlight a gap in knowledge on the
development of methods for assessing non-conventional aspects of human health of importance
to Indigenous communities in risk assessments, including qualitative-descriptive and semi-
quantitative information. These key findings were shared with collaborating community-based

team members in Kanesatake.

Considering some of the key findings from chapters 3 through 6 contributes to the
approach in chapter 7. This chapter outlines the initial stages of the design of an Indigenous
Health Indicators tool of relevance to the Kanien'keha:ka community of Kanesatake (including
elements of the ‘empathize/define’, ‘ideate’, and ‘prototype’ phases of design thinking), and
takes the form of a written progress report that was prepared for the Kanesatake Environment
Department. It is the first of an intended series of iterative studies under the First Nations
Baseline Assessment Program on Health and the Environment (BAPHE). Community leadership,

communication, and meaningful collaboration have been important themes throughout this thesis
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and contribute to the approach in this chapter, which acknowledges that an important part of
collaborative work with communities involves relationship building and reaching a mutual
understanding of the goals, methods, and intended outcomes of the work. The Swinomish Tribal
Community’s Indigenous Health Indicators work, from which we draw our methodology, began
with a similar approach to relationship building and community design, and has been in process
for over a decade. We expect that the development of Indigenous Health Indicators relevant to
Kanesatake will take several years and continue to evolve thereafter. Such a timeline does not fit
into the academic requirements of this dissertation. Thus, this initial study focuses firstly on
detailing the community-based and context specific approach for developing health indicators in
Kanesatake, which was co-developed by the involved authors. Secondly, we provide an overview
of our initial findings from qualitative, open-ended interviews with community members, from
which we identify a few health indicator themes, and which drive the next stages of this work. In
doing so, we provide a methodological resource and case example, which can be used to deepen
the collaborative work based in Kanesatake that is planned for the next few years, and as a

reference for those who may wish to conduct similar work.

This chapter is co-authored by myself, Valerie Gabriel, and Dr. Niladri Basu. I am the first

author.
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CHAPTER 7: Putting our minds together: Kanesatake Kanien'keha:ka Perspectives on
Developing a Health Indicators Tool- Progress Report

Katherine Chong!, Valerie Gabriel °, Niladri Basu !
! Centre for Indigenous Peoples’ Nutrition and Environment, McGill University, Quebec, Canada

2 Ratishontsanonhstats Kanesatake Environment, Kanesatake, Quebec, Canada
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7.2 Abstract

Decades of environmental justice concerns and polluting activities on the territory of the
Kanehsata:ke (Kanesatake) Kanien'kehd:ka (Mohawk) have resulted in concerns from
community members about potential risks to their health. In response, in 2019 the Kanesatake
Environment Department launched a project that documents contaminant concentrations in soil,
food, and water, and conducted a human health risk assessment to characterize risks from
exposure to local food sources. While an important start to understanding potential contaminant-
related health risks, these conventional assessments use western-scientific definitions of
physiological health, but do not include important aspects of health (ex: social, cultural) as
defined by the community. ‘Indigenous Health Indicators’ are metrics that are specific to
community knowledge, worldviews and priorities for health, and may be one tool that can
complement ongoing environmental assessment work by helping to further understand and
prioritize health risks related to contamination in and surrounding Kanesatake. This study is the
first stage of a project that aims to develop a community-relevant Indigenous Health Indicators
tool for assessing health and well-being as viewed from community perspectives. With this
objective in mind, we acknowledge the historical and present failures of the academy in
conducting research involving Indigenous communities that understands, respects and prioritizes
cultural safety. We must begin by laying a groundwork for our project in the specific context of
Kanesatake by nurturing a meaningful collaboration and clarifying the roles of community and
academic researchers. Thus, the objective of this initial report is to first, detail our community-
led approach to developing ‘Kanesatake Environmental Health Indicators’, including our guiding
principles and methodological design; and second, to provide an overview of initially identified

indicator themes that lay a foundation for the next stages of this process. Between May and
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September of 2024, we developed key guiding principles of this work, which include creating a
safe space for dialogue that follows cultural and community norms; safeguarding community
knowledge; honoring living and iterative project execution; relationship building; and
acknowledging limitations. Following these principles, from November to December 2024 we
conducted semi-structured, open-ended interviews with five community members from multiple
generations. These discussions identified that safety, community connectedness, and the land
base are all important indicators of health that are impacted by environmental and resource
changes in Kanesatake. Future work will continue to iteratively develop these themes, through
ongoing consultation with community members and focus groups, prototyping, and testing in a

variety of environmental assessment contexts.
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7.3 BACKGROUND

7.3.1 The Kanien'kehda:ka (People of the Flint) of Kanesatake

The Kanien'keha:ka (Mohawk) community of Kanehsata:ke (Kanesatake) is located at the
meeting of the Ottawa and St-Lawrence rivers, northwest of the island of Tiohtia:ke (Montreal).
Kanien'kehd:ka are one of five original members and the easternmost nation of the
Haudenosaunee and are known as the keepers of the eastern door. For many decades, the
community of Kanesatake has been facing environmental injustices that include polluting
activities from government, industry, and the surrounding region (Bhat, 2022; Fayazi et al.,
2020). Kanesatake Kanien'keha:ka territory does not fall under reserve status as defined by The
Indian Act, which creates a lack of legislative clarity over governmental fiduciary responsibilities
to provide for local land management (Hurley, 2001; Fayazi at al., 2020). Unresolved historic
and current injustices create complex legal and political relationships between Kanesatake and
the federal (Canada), provincial (Quebec), and municipal (Oka) governments, which further
complicates the management, assessment, and regulation of potential contamination in the
community (Fayazi et al., 2020). One major concern is ‘G and R recyclage’, a large unregulated
dumpsite with industrial waste of unknown content entering the community from the
surrounding urban and peri-urban areas (Bergeron, 2023). Kanesatake elders have noticed an
increase in cases of cancer in the community since the dumping activities began (Kanesatake
Environmental Contaminants and Health Impact Project, 2020). There is also a potential threat to
a variety of local traditional food sources of importance to Kanesatake (ex: cultivated fruits and
vegetables, forest foods and medicines, locally caught fish), an agricultural community who

consume fish from the St. Lawrence River and share a fishing and hunting ground (Tiowéro:ton)

284



with their Kanien'keha:ka sister community, Kahnawa:ke (Kahnawake). In response to concerns
around these polluting activities, Ratishontsanonhstats Kanesatake Environment and their
partners launched the Environmental Contaminants and Health Impact Project (ECHIP) in 2019
(FNECP, 2020). The ECHIP has worked on measuring heavy metal (ex: mercury, cadmium,
arsenic, lead) and organic contaminant concentrations in soil, food, and water on the territory;
testing human biomarkers (i.e.: hair and urine) for heavy metals; and conducting a human health
risk assessment (HHRA), which seeks to understand potential health risks from exposure to

contaminants in traditional foods and water (FNECP, 2020).

Measuring the presence and levels of heavy metals and organic contaminants and
quantifying potential ‘health risks’ has been the subject of the ECHIP and numerous studies to
date in the territory (Balkwill-Tweedie, 2020; Boudreau and Turcotte, 1982; Boulet et al., 1983;
Fayazi et al., 2020; Bhat et al., 2022). However, this information addresses a narrow
understanding of the potential health impacts of environmental contamination on Kanesatake
community members. Conventional risk assessment approaches are rigid and narrowly focused
on chemical exposure and toxicity, but do not broadly capture stressors and outcomes of
community relevance, such as potential social, mental, spiritual, cultural, physical, economic,
and environmental health impacts of contamination on community members (Assembly of First
Nations, 2022; Eggers et al., 2018; Sexton and Linder, 2011). Throughout the ECHIP,
community members have voiced their concerns about the availability and quality of traditional
food systems, have expressed a lack of trust in local water sources, and have reported conflicts
that have arisen from polluting events. Thus, as a next step to the ECHIP, there is a need to
meaningfully include these losses and impacts in the environmental assessment methods

currently employed. This knowledge is of the utmost importance in understanding how the
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community perceives their health and well-being, and ultimately for accurately understanding
how contamination impacts the community. A meaningful environmental health assessment at
Kanesatake may only be realized if approaches are used that views and defines health from the

community perspective.

7.3.2 Indigenous Health Indicators

While many Indigenous communities, including Kanesatake, face disproportionate
impacts from pollution, environmental health assessments by government agencies, industry, and
non-community researchers most often fail to include Indigenous understandings of health and
well-being (O’Rourke et al., 2024). Writing on community-based environmental assessment has
identified that ‘health indicators’ are a potential way to better understand health risks related to
environmental pollution for unique communities (Sanchez et al., 2010). Community-defined
health indicators are metrics that are specific to community knowledge of health and well-being,
which can be used in tandem with conventional environmental health assessments. Health
Indicators may be descriptive (ex: access to traditional medicine, or community connection) or
more quantitative (ex: socioeconomic status or disease rates) (Donatuto et al., 2016; Paul et al.,
2023). There are a few available examples of community-based identification and measurement
of health indicators. For example, the Swinomish Tribal Community (Puget Sound, Washington
State) have published numerous papers since 2011 which outline methods for the identification
and testing of ‘Indigenous Health Indicators’, that can holistically measure Indigenous health
risks and impacts, including ‘intangible’ (ex: social, mental, cultural) information (Donatuto et
al., 2011; Donatuto et al., 2016; Donatuto et al., 2020). Other communities (ex: the Squaxin

Island Tribe and Tsleil-Waututh Nation) have participated in case studies using this method, and
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the results have been positive, demonstrating the potential for the approach to developing health

indicators to be applicable in other settings (Donatuto et al., 2020).

In the context of Kanesatake, Indigenous Health Indicators may be one tool that can help
to further understand and characterize health risks and impacts related to contamination in the
community and surrounding area, and to document changes to community health overtime in
relation to environmental conditions and as resource changes (ex: industrial development, access
to clean water, remediation, etc.) are introduced. As such, the authors launched this study under
the direction of the Kanesatake Environment Department through the First Nations Baseline
Assessment Program for Health and the Environment (BAPHE). The overall objective of the
project is to develop community-relevant Indigenous Health Indicators that can be used as a tool
for understanding and assessing health and well-being, as viewed from community perspectives

in Kanesatake. This study is the first of an intended series of steps towards this stated objective.

7.3.3 Approach to Developing Indicators

With this objective in mind, we must first acknowledge that to date, ‘research’ conducted
in Indigenous communities globally and across disciplines has generally lacked the necessary
components to maintain cultural safety and engage in meaningful collaboration between
Indigenous and non-Indigenous researchers (Ball & Janyst, 2008; Castleden et al., 2012;
Liboiron, 2021; Parsons et al., 2016). Ethical guidelines on research involving Indigenous
Peoples emphasize relationship building and developing shared goals and expectations, though
this stage is often compromised by time constraints fundamental to academic research projects

(Castleden et al., 2012). Several ways forward and examples of improved collaborative
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relationships exist or have been proposed (Donatuto et al., 2011, 2016; Newing et al., 2024,
Gellman, 2021), from which we learn that there is a need to lay a groundwork for our work in the

specific context of Kanesatake.

Thus, the objectives of this initial study are two-fold: First, to detail our proposed
community-led approach to developing Kanesatake Environmental Health Indicators, including
our intentions, key guiding principles, and methodological design; Second, to provide an
overview of our initial interviews with five key community members and the resultant themes
identified, which lay a groundwork for the next stages of this iterative process. This report
provides a methodological resource and case example, which can be used throughout this

project’s progression, and as a reference for those who may wish to conduct similar work.
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7.4 METHODS

7.4.1 Basic Principles

This project’s methodological approach draws upon the principles of community-based
participatory research (CBPR). CBPR is an approach that is focused on equitable participation,
local relevance, and the usefulness of the results to the community (Israel et al., 1998; Israel et
al., 2001; Ochocka and Janzen, 2014). Rather than a research ‘method’, CBPR is a process by
which decision-making power and ownership is shared between the researchers and community,
with the goal of mutually respectful relationships between university researchers and Indigenous
communities (Castleden et al., 2012; Israel et al., 2001). While there are guiding principles,
CBPR does not have an overarching framework, and so the methods here are developed and
driven by the community context. This work explores the key principles for developing a
tool/method (Kanesatake Environmental Health Indicators) by community members themselves.
In doing so, unlike conventional research in which the design, analysis, and control of the work
takes place in the academy, this project brings forward the views and priorities of community
members in shaping this methodological tool from the outset, which lays a foundation for this
community-led project. We also draw inspiration from specific examples of the development of
Indigenous Health Indicators, including publications from the Swinomish Tribal Community and
Amskapi Piikani Blackfoot Nation, which emphasize the importance of acknowledging and
fostering strong and communicative relationships, community leadership, and a clear
understanding of the research intention (Donatuto et al., 2016, Paul et al., 2023). In line with this,

the project team laid out several guiding principles prior to commencing the project, which are

289



applicable to this and future stages of the work. These principles guide our methodological

approach.

1. Creating Space

Central to this project is the need to build Kanesatake Environmental Health Indicators
from the ground up. Institutionalized ‘health indicators’ that are commonly used by federal and
provincial governments impose pre-existing and often colonial assumptions about what ‘health’
is (Donatuto et al., 2011), which is not suitable for use in Kanesatake. Historically, such
measurements and frameworks have been imposed upon communities to measure and quantify
health. Thus, to develop health indicators of relevance to the Kanien'keha:ka of Kanesatake, it is
necessary to start at the grassroots level, with local community members and their lived
experiences and knowledge, as opposed to using a top-down approach. This project’s initial
exploration of potential health indicators was open-ended and came from the community
members interviewed, without the bias of a pre-existing framework or internally identified
indicators. The notion of creating space for dialogue without the imposition of colonial
assumptions or norms is a key part of our approach to recruitment, interviewing, and follow-up.
For example, under the direction of the community researcher (VG) we provide individuals with
the complete study information, including the questions we will ask, as part of our informed
consent process; to the best of our ability, we avoid imposing time limits to our recruitment and
discussions, and maintain an open door for follow-up discussions and visits; we aim to facilitate
the natural flow of dialogue between the community researcher and academic researcher and
between the researchers and participants; we encourage participants to explore their thoughts and

emotions connected to their experiences; we are mindful of the language used to describe the

290



study and are transparent about our intentions and limitations; and we provide flexibility and
adaptability to the needs of the community members in the interview format, team members

present, and location.

2. Safeguarding community knowledge and promoting cultural safety

Aligned with the creation of a safe space, our team discussed at the outset the necessity of
safeguarding community knowledge. Aligned with the founding principles of a health indicators
project conducted by the Amskapi Piikani Blackfoot Nation (Paul et al., 2023), this project is
intended to serve the community from which the knowledge originates. We maintain that the
legitimacy and validity of this work is best judged by those for whom it is conducted (i.e.:
Kanesatake Kanien’keha:ka community members), and it is with this principle in mind that we
shape our methodological design, reporting, and communications. We also acknowledge the
traditionally extractive nature of non-Indigenous academic or governmental research, and the
fact that there is not a specific or consistent mechanism in place to ensure that community
knowledge is safeguarded, and cultural safety is upheld within these organizations. Our methods,
detailed below, consider how knowledge and information is safeguarded throughout the process.
Most importantly, the community lead (VG) is familiarized with community and cultural
Kanien’keha:ka traditional norms, is well integrated in the community, and can speak to the topic
of cultural sensitivity and safety. Additionally, we work to safeguard knowledge by avoiding
audio recording, and through mechanisms such as member checking (i.e.: verifying with
participants that we have accurately captured their perspectives), ongoing consultation, and an
informed consent process. This project follows the First Nations principles of data sovereignty,

OCAP (Ownership, Control, Access, and Possession) (Neglia, 2022; Schnarch, 2004). Authors
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involved in this work have taken a course on how to enact the OCAP principles. This key

principle will require ongoing consideration throughout the project’s progression.

3. Living Culture- Living Project

Foundational to this project is an acknowledgement that Kanesatake has a living culture,
and therefore the health indicators must be fluid and adaptable and the tool developed will be
iterated to reflect this. In other words, this is not a ‘one and done’ project in which research will
be conducted and then the tool left as-is; rather it is intended to continue to be adapted and
changed based on the living definition of health in the community. Thus, we do not intend for
there to be an ‘ultimate’ version of a Kanesatake Environmental Health Indicators tool, though
we do intend to create a foundational set of indicators that we expect to evolve over time. We
also intend for the resultant tool to be adaptable to the contexts in which it will be used (i.e.: “fit

for purpose’).

4. Relationship Building

Aligned with the iterative and long-term nature of this work, we prioritize relationship
building in both the design and implementation of this project. First, this means relationship
building between Indigenous and non-Indigenous collaborators involved in the project, including
through ongoing discussion, active communication, and having a shared vision, which are well
known ethical principles foundational to CBPR (Castleden et al., 2012; Ochocka and Janzen,
2014). Second, and perhaps less-often enacted in conventional research, are relationships as part

of the methodological design including in the involvement of community members in the entire
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process of designing Kanesatake Environmental Health Indicators. In contrast to conventional
“key informant interviews”, the involved community members have an opportunity for ongoing
dialogue with the research team who will revisit the themes and engage in continuous
discussions as new themes emerge. This design honors community and cultural norms around
communications and relations. Third, we anticipate future interest from new community
members who wish to share in the project. Though funding timelines for the current work are
finite, we foresee the necessity of continuation of the Kanesatake Environmental Health
Indicators work, which will require future navigating to ensure proper funding and planning
alongside other environmental projects without delay. Although other environmental projects
end, the nature of this work is a long-term intention and commitment from those involved to the

community and to relationship building.

5. Inherent limitations
Finally, we work to develop the health indicators while acknowledging that they will
never encompass all aspects of health important to the community, and this will always be a key
limitation of the work. There is no written format or academic framework that can represent the
complex nature of health and well-being of a community. Acknowledging this limitation, the
researchers involved engage in reflexive practices (also a key tenet of CBPR) that ground the

work in this understanding and strive to reach the limits of these inherent boundaries.
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7.4.2 Interview Design

Prior to beginning this study, approval was obtained from the Mohawk Council of
Kanesatake (MCK) through a Band Council Resolution (BCR), and from McGill University’s
Research Ethics board (REB) (file # 24-06-016). In line with the guiding principles described
above, the methodology presented here was designed by the project’s community lead (VG),
whose lived experience as a community member and knowledge of cultural norms were essential
to developing a method consistent with community needs. We also drew inspiration from the
approach taken by the Swinomish Tribal Community to develop Indigenous Health Indicators,
that is, beginning with conversations with local community members to better understand health
from community perspectives (Donatuto et al., 2011). For this initial stage in which we begin to
ideate health indicators, the project team planned open-ended qualitative interviews with
community members. Community members invited for the interviews were able to speak about
the concept of health and environment in Kanesatake. Our goal for this initial round was to speak
with 6-8 Kanien’kehd:ka community members, with participation from multiple generations.
Effort was made to recruit interviewees of diverse gender identities, ages, occupational
backgrounds, and living and familial situations. The community members were provided with all
information on the project, both written and verbally as needed, to decide whether they would
like to participate. We returned to the community members two weeks after they received the
study information, to ask if they were interested in participation. The recruitment occurred in

October to November 2024, with the interviews occurring from November to December 2024.

The interviewing team included a Kanesatake-based community lead (VG), who has
worked on numerous other environmental projects in the community, including an environmental

indicators project using a similar interview style (Gabriel, 2018); and an academic lead (KC),
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who is a PhD candidate at McGill University and has been working on projects led by the
Kanesatake Environment Department for over 3 years prior to the start of this project.
Supervising the project were staff of the Kanesatake Environment Department, and an academic
supervisor (NB) from McGill University, who has been collaborating with the Department for

over 5 years.

General guidance on the approach for the interviews and a list of guiding questions were
developed by the project team between May and September of 2024 (Supporting Information 1).
The interviews take the form of “sitting down for tea”- they are informal, they are not audio
recorded, and they have the option to be anonymous. The community members have the option
to be interviewed by one or both members of the interview team, in the location of their choice.
The interview team members take written notes during the interview, which are used to identify
initial themes and then to return to the community member to clarify if it accurately represents
what they meant (member checking) and to revise the themes as needed. The interviewees were
also made aware that they could contact the team should additional information come to mind,

and if so, the team would make another visit to them to hear their additional words.

Analysis of the interview information included in this report took place over several
weeks beginning in November of 2024, as described above. After each interview, the researchers
debriefed and reflected upon the information discussed for an additional 1-2 hours and then had
several follow-up meetings to further develop a shared understanding of the information. The
academic researcher (KC) used a qualitative, thematic analysis approach to analyzing the
information (Braun and Clarke, 2019; Byrne, 2022), and the community researcher (VG) used a
culturally and community-rooted approach, with ongoing discussions occurring throughout the

analysis process between the involved researchers to come to a common and shared
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understanding of the information and the emergent themes. After the interview notes were
transcribed, open coding was used to identify initial themes, using thematic analysis methods
(Braun and Clarke, 2019; Byrne, 2022). Drawing from these methods, the analysis was an

iterative process involving familiarization, generating initial codes, and generating themes

(Byrne 2022).
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7.5 RESULTS

This section provides a progress update on the interviews to date towards the
development of community-based health indicators in Kanesatake. As mentioned above, the
intention is to continue to develop and iterate the health indicators through further engagements
and discussions. Thus, we present here a summary of our to-date findings, as well as proposed
future directions and plans for ongoing indicator development. The results presented here are
meant to be demonstrative of the process of indicator development, and to provide a sense of
how the indicators are beginning to take shape. We present the themes identified here in general
terms, and without direct quotations from interviewees, purposefully. This is because the themes
will continue to evolve and require further consultation with involved community members. Our
priority is to avoid misrepresentation of the interviewees, and to uphold the safeguarding of

community knowledge as outlined in our guiding principles.

A total of 11 community members were contacted to participate in the study- five agreed
(45%), one refused (9%), two did not respond (18%), and three agreed to be interviewed in the
future, but were not available for this round of interviews (27%). The results presented here arise
from the analysis of the five interviews to date. Discussions with the five community members
who are included in this report took place in their home(s), or the community researcher’s home,
with both the community researcher (VG) and academic researcher (KC) present. The
interviewees’ ages ranged between 22 and 65 years old. The interviews lasted an average of 2-3

hours.

297



7.5.1 Overarching Themes

Throughout the interviews, two overarching themes emerged which may help to guide
our conceptualization of health indicators specific to Kanesatake. First, when asked about health,
100% of the community members we spoke with conceptualized health as a more holistic state
of wellbeing. Wellbeing, from the perspectives of the interviewees, exists in interconnected
realms (mental, spiritual, physical, and emotional), which are maintained in balance. When one
of these realms are affected, the others are thus also impacted. Second, central to all the
interviews was the overarching theme of healing. The external pressures placed on the
community, which have resulted from past and ongoing settler colonialism through genocide and
assimilation, was voiced by community members as an important element that contributes to
imbalance, and ultimately impacts community health and well-being. Pressures on all the realms,
including through ongoing negative environmental changes (such as polluting events, dumping
on the territory, and land base changes) and industrial developments (such as construction of
commercial buildings on the territory), make it difficult for community members to achieve

balance.

7.5.2 Health Indicator Themes

Understanding these overarching themes, three potential indicator themes emerged from
the interviews, which were described as factors in health and wellbeing and contribute to
achieving balance, and as having been impacted by changes to the environment over time. These
themes comprise our initial set of indicator areas which will be explored in further depth, in

addition to other themes that may arise, including through ongoing member checking, and
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additional interviews. Thus, we expect that these themes will develop, deepen and change over

time. Safety, Community Connectedness, and The Land Base were the three initial indicator

themes that emerged from the interviews, which are summarized in Table 7-1. Within each

theme, we identify elements that make up the indicator, and their definitions.

Table 7-1- Identified indicator themes resulting from five initial interviews with Kanesatake
Kanien’kehd:ka community members. The three indicator ‘categories’ identified encompass
various elements that comprise health and well-being for community members. Each element
was described by interviewees as having been impacted, in some way, by changes to the
environment over time, including through local development and pollution.

Indicator category

Indicator elements and definitions

Safety

Physical- community members move around the community
without fear of physical harm

Environmental- community members can trust in the land
for cultural practices and recreation

Relational- community members can express themselves
without fear of interpersonal conflict

Land Base

Neutrality- community members have access to community
spaces free from pollution and/or conflict

Food sovereignty- community members self-determine food
systems, including access to agriculture and harvest

Land Stewardship- community members have respectful
relationships with the land

Community Connectedness

Individual- community members cooperate with one
another

Familial- the community engages in collective living and
can rely on each other

Organizational- community organizations work together
towards a shared vision
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7.6 DISCUSSION

The creation of safe space for community members to explore and share culturally
relevant perspectives and lived experiences is important for the development of a culturally
integrated understanding of community health, which will ultimately result in more meaningful
and comprehensive environmental assessments. It is in this spirit that we title our project
“Putting our minds together”- this signifies our intention and commitment to work with diverse
community perspectives that may otherwise be ignored or mishandled within conventional and
institutionalized environmental assessment studies. This title is also an important reminder of the
respectful collaboration between the Indigenous and non-Indigenous researchers and Indigenous
community members involved with this work. This report lays a groundwork for the current and
future work of developing community and culturally relevant health indicators for use in parallel

with scientific environmental assessments in Kanesatake.

Importantly, this first report outlines our methodological approach to co-designing
community-based Indigenous Health Indicators in Kanesatake. Building upon the work of others
(Donatuto et al., 2016; Paul et al., 2023), we also provide a case example of engaging in
community co-creation of new tools for environmental health assessment. While the approach
follows some key principles that have been described in writing on CBPR and Indigenous Health
Indicator development, it has been specifically designed in the context of the cultural and
community norms in Kanesatake. It is important to note that while approaches to engaging in
community-based research may share commonalities, there is no ‘one size fits all” method
(Castleden et al., 2016; Israel et al., 2001; Ochocka and Janzen, 2014), and thus laying a
groundwork of intentions, principles and methods prior to beginning a project is necessary for

any team looking to conduct similar work. This requires a considerable amount of time, patience,
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and commitment from team members, which have been historically finite resources in academic
settings and government-funded projects (Castleden et al., 2016). In the context of Kanesatake,
the ECHIP has been ongoing since 2019, and over the past year we have begun to focus on the
Kanesatake Environmental Health Indicators, which are intended to complement and advance the
ECHIP. There is much more work to be done, and thus we emphasize and acknowledge here the

time and resources required to sustain this collaborative work.

Aligned with the work by the Swinomish Tribal community, the indicators and themes
that we plan to develop are intended to be used in parallel to other relevant environmental
assessments (Donatuto et al., 2016), such as the human health and ecological risk assessments
and environmental monitoring which are ongoing in Kanesatake. The community-identified
indicators are not meant to be subsumed into these assessments or used ‘piecemeal’ towards
predominantly western scientific endeavours, which has been an identified issue with past works
which aim to understand non-chemical risks related to contamination and environmental change
(Donatuto et al., 2016; O’Rourke et al., 2024). Furthermore, the themes and potential health
indicators identified here are not new and have been known by community members in the form
of oral tradition and discussed in response to environmental harms that span a timeframe of
centuries. The writing and analysis of the themes presented here do not add to their validity, but
rather they present an alternative way of documenting and communicating them, which is
important for transmitting information across a variety of disciplines and sectors. The
development of Kanesatake Environmental Health Indicators may support environmental health
assessments that are consistent with a known, longstanding Kanien'keha:ka statement that the
health of the environment is the health of the people (Gabriel, 2018). The five initial interviews

with Kanesatake community members spanned multiple generations and provided some initial
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perspectives on the development of Kanesatake Environmental Health Indicators. Specifically,
we identified a few key themes which we will continue to co-develop and expand upon in

ongoing interviews.

Some of the overarching themes, including balance and the four realms of wellbeing
(mental, spiritual, physical, emotional), are aligned with previous writing from Kanien'keha:ka
communities, including Kanesatake’s sister communities of Kahnawake and Akwesasne. For
example, a study of perceived holistic health and physical activity in Kahnawake describes
health as a balance, drawing upon the medicine wheel concept (Cargo et al., 2007). While we
acknowledge that the balance conceptualization of health presented here has been visually
depicted in other papers as a Medicine Wheel, we have chosen to refrain from using this
visualization. This is firstly because interviewees did not explicitly mention the Medicine Wheel
in our discussions, and second because of knowledge of the community researcher that the
medicine wheel is relevant for some, but not all, Kanesatake community members. The findings
so far provide some indication that community environmental initiatives may require a holistic
and balanced approach, rather than a problem-based approach, to improving environmental
health and wellbeing. These findings are aligned with studies based in Kahnawake that
recommend a shift from problem-based to holistic approaches to improving community health

and well-being (Cargo et al., 2007; Hovey et al., 2016).

The three initial themes identified here are subject to change. However, findings from the
five interviews thus far provide an indication that environmental changes on the territory, such as
pollution and development, have a relationship to various elements of health and well-being for
the interviewed members of Kanesatake, which are different from the health risks measured in

conventional environmental assessment studies. Similarly, writings based in Akwesasne describe

302



the impacts of industrial development on holistic well-being including mind, body, and spirit
(Jacobs, 2018). We also note that the themes identified so far in Kanesatake are different from
those identified in other Indigenous Health Indicators projects from other communities
(Donatuto et al., 2011; Donatuto et al., 2016; Paul et al., 2023). Further, the social determinants
of health recognized by the Assembly of First Nations (AFN) are similar to our findings in some
instances (ex: historical factors and community connectedness), however there are some
indicators (ex: safety) identified by Kanesatake community members that are not included in the
AFN’s framework (AFN, N.D.). These initial findings further support the need for this work in

this specific and unique context.

7.6.1 Next steps

This progress report is the first iteration of the ongoing exploration of community-based
health indicators for use alongside environmental assessments, and to better understand the
impacts of environmental changes on community health. Our future stages of work will continue
to develop and report on our learnings from the use of the methodological approach and
foundational principles outlined here, and to adapt these overarching principles as needed.
Guided by these evolving principles, our next step will be to continue to develop the initial
themes identified here through ongoing discussion amongst the project team. Then, we plan to
return to the original interviewees, as well as new interviewees, to further develop the themes in
more depth, and to verify and add to the findings as we go. After another round of interviews at
the individual level, we plan to include representatives from various organizations around the
community. Once we have further developed our initial set of indicator themes, we will conduct

another round of consultation with community members to understand community-relevant ways
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to measure the indicators, which may draw from a few pre-existing works which use descriptive
scales (Donatuto et al., 2016) and could also include socio-demographic measures (Paul et al.,
2023). We expect that this next phase will take a minimum of 12 months (from January to
December 2025). We then plan to ‘test’ the prototype set of Kanesatake Environmental Health
Indicators with collaborating community members to improve our understanding of community
wellbeing in the context of the ongoing environmental assessment work in Kanesatake, including
human health risk assessments through the ECHIP. Importantly, a necessity for continuing to
build upon this work is to support the capacity of community members involved. With a desire to
continue the work beyond the current project timeline, the next steps also involve planning for
project sustainability including longer term funding. Finally, beyond the context of Kanesatake,
an opportunity for future work exists for other communities who wish to develop community-
relevant health indicators. Particularly, we provide one example here of a community-relevant

approach, which adds to a relatively small number of case studies on the topic.
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7.7 CONCLUSIONS

This report outlines our progress to-date on an intended ongoing, living documentation of
the development of Kanesatake Environmental Health Indicators. The intention is to develop a
community-relevant Indigenous Health Indicators tool for assessing health and well-being as
viewed from community perspectives in Kanesatake, and for use by the community itself. The
resultant tool may be used alongside environmental assessments to improve our understanding and
documentation of the relationships between environmental changes and community health and
well-being. The objective of this initial report was to highlight key founding principles of our
methodological approach (creating safe space, safeguarding community knowledge; iterative
work; relationship building; and acknowledging limitations), as well as to identify initial emergent
themes. We conducted semi-structured, open-ended interviews with five community members,
from which we have thus far identified three themes (Safety, Community Connectedness, and The
Land Base) as potential indicators related to health and well-being in Kanesatake, and which may
be impacted by local contamination and environmental changes. These themes require further
exploration and development, including prototyping and testing in a variety of community-based

contexts, which drives the future stages of this work.

7.7.1 Limitations

First, it is important to note that like the interview themes, the guiding principles of this
work as stated are not developed to their ultimate stage. They are adaptable as the project changes,
and as our understandings and collaborative relationships develop. Thus, as we engage in reflexive

research practice and learn lessons, subsequent reports will revisit and adapt these principles.

305



Second, the five interviews conducted in this initial round of interviewing is not representative of
the entire community. This work is a start to building upon our understanding of health and
wellbeing in Kanesatake and gathering some initial perspectives. As previously mentioned, it is
not possible to represent health and wellbeing in Kanesatake in the form of a written report, and
thus this work presents a very narrow picture of the expressions of the interviewees. We note that
the nature of thematic analysis involves several rounds of iteration to “solidify themes”. Following
our grounding principles, we do not aim for an ultimate version of a health indicators tool or to
reach a consensus, but rather to continuously build upon the work, maintaining fluidity and

adaptability as is aligned with health and wellbeing in Kanesatake.
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CHAPTER 8: GENERAL DISCUSSION

8.1 Designing Human Health Risk Assessment Approaches for Indigenous Community
Contexts

Environmental pollution disproportionately burdens Indigenous Peoples and
communities, and this problem is pervasive and well-documented (Fernandez-Llamazares et al.,
2020). The National Research Council’s (NRC) Science for Environmental Protection: The Road
Ahead defines environmental pollution problems of today as ‘wicked problems’- that is, they
exist on various spatial and temporal scales, across multiples systems and sectors, and extend
beyond the understanding of a single discipline or organization (NRC et al., 2012). Pollution that
impacts Indigenous communities, and the development of approaches that adequately and
holistically assess the resultant health risks, is also a multifaceted challenge. Thus, there are
many tools and approaches needed to develop and assess the complex dimensions of the problem
(NRC et. al, 2012). This is consistent with the Assembly of First Nations’ National Climate
Strategy which describes the need to develop multidimensional and interconnected solutions to
environmental challenges (Assembly of First Nations, 2023). The chapters of this thesis work
with various tools and approaches, developing an understanding of the ‘problem’ at multiple
levels- from regional, national, and international scales to a local and community-based focus.
The chapters do not present a ‘solution’ to the wicked problem of HHRA approaches that are
currently, and have historically been, employed in communities. However, the chapters present a
range of sectoral, disciplinary, and methodological findings, contributing to a ‘toolbox’ that may

be useful by and for Indigenous community-relevant human health risk assessment approaches.
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Scoping and scaling

This thesis originally sought to design new approaches to HHRAs for contaminated sites
in First Nations communities, which was motivated by the specific context of the Kanien'keha:ka
community of Kanesatake. The priorities stemmed from a collaborative Environmental
Contaminants and Health Impact Project that was launched in response to concerns surrounding
unregulated waste dumping, among other polluting events, in the community. At the outset, the
importance of scope and scale became quickly apparent. The scope of this thesis broadened in
many ways and narrowed in others. First, while contaminated sites are important in the context
of First Nations communities, they are also of concern to Inuit and Metis communities in Canada
and Tribal communities in the United States. While these groups are not homogenous, there are
common environmental assessment challenges among them and thus the framing of the thesis
was expanded to consider Indigenous communities in general. Second, while HHRA approaches
serve an important purpose in assessing and managing formally classified federal contaminated
sites, this is only one of many contexts in which they are used. Thus, the scope of the overall
thesis expanded to HHRA approaches for contaminants in any application, and in fact,
understanding that there is a wide diversity of risk assessment contexts was fundamental to the
work. Outlined in Chapters 3-7 is the design thinking process through which we ideated and
defined some of the key challenges with HHRAs, and then narrowed in on some existing key
tools and approaches (namely RISK21 and Indigenous Health Indicators) to prototype and test

for their relevance to a variety of unique risk assessment contexts.

Throughout the process, the scale of the chapters progressed from broad to specific. They
involved first, gaining a broad understanding of the topic on an international scale; Second,

addressing key knowledge gaps and gaining multi-sector perspectives on a national scale; Third,
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prototyping and testing an existing tool with two geographically and culturally diverse
community case studies; and fourth, beginning to develop through existing methods a context-
specific tool for use locally in Kanesatake. This multi-level approach that moves from broad
understanding to testing specific solutions is consistent with the design thinking process, with the
broader research focuses being important requisite knowledge for the subsequent narrower
studies. Furthermore, though earlier chapters had a scope much broader than the specific context
of Kanesatake, these steps provide a toolkit that can be further developed and utilized at this

specific, local scale.

The chapters of this thesis highlight the importance of Indigenous leadership and
involvement in the design of HHRAs for Indigenous community contexts and begin to consider
how such approaches may be scaled for broader applications. While natural sciences researchers
and federal and provincial governments have increasingly called for the inclusion of Indigenous
science and Indigenous leadership in environmental assessment and management, these demands
have not been matched with sufficient resources with which to do so (Eckert et al., 2020). Many
communities’ involvement in designing and implementing environmental assessments such as
HHRASs may be hindered by significant capacity limitations that have resulted from systemic
injustices, past and current exploitations, and severe underfunding. Chapters 3 and 4 highlight
some of the capacity challenges experienced by communities in risk assessment work (ex: lack
of adequate funding (amount and duration), lack of trained personnel), and these are aligned with
a recent review examining barriers to Indigenous involvement in federal environmental
assessment processes in Canada (Eckert et al., 2020). While scaling, adapting, and ultimately
improving HHRA approaches for Indigenous community contexts requires the leadership and

involvement of Indigenous peoples, it is essential to support the capacity of communities to do
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so. This may include increased federal and provincial support to communities to conduct
environmental assessment work, longer-term capacity funding for communities, training

opportunities, and equitable distribution of research funds to community partners.

Diversity and Interdisciplinarity

Another prominent theme that emerged throughout the chapters of this thesis was the
importance of diversity and interdisciplinarity in the design of new risk assessment approaches.
This theme highlights the importance of not only considering diverse perspectives, but engaging
diverse disciplines, exploring diverse contexts, and using diverse methodologies towards a more
comprehensive understanding of community-relevant HHRA approaches. For example, Chapter
4 highlights how perspectives on the challenges with risk assessment differ between sectors,
especially those working at the community level compared to academics and federal and
provincial government employees. Understanding these sectoral differences is important to
developing new HHRA approaches that address diverse challenges at multiple levels. Chapter 5
explores the unique perspectives and contexts of three communities on the use of a RISK21
approach to HHRA, and chapters 6 and 7 highlight the need for new HHRA tools (i.e.:
Indigenous Health Indicators approach) to be adaptable to unique and diverse contexts, and to
include individual communities’ input in their design. Furthermore, the importance of
considering diverse information sources, including non-conventional sources such as
descriptions, stories, and qualitative data, was highlighted in Chapters 5-7. Overall, the emergent
themes of diversity and interdisciplinarity reinforced that the challenges with HHRA work for
Indigenous community contexts are complex and multifaceted, and thereby must be addressed by

complex and multifaceted solutions.

314



The importance of multi- and inter-disciplinarity has been included in writings on
environmental management in general (Edwards, 2019; Hillman et al., 2005) and recognized by
the Government of Canada in their recent funding calls for environmental impact assessment
projects (Impact Assessment Agency of Canada, 2024). Furthermore, cumulative risk assessment
(i.e.: the analysis, characterization, and possible quantification of combined risks to health or the
environment from multiple agents or stressors (US EPA, 2024)) is intertwined with some of the
approaches and tools described in this thesis (ex: RISK21’s cumulative risk assessment
framework and the inclusion of Indigenous Health Indicators information parallel to risk
assessments). While writing on cumulative risk assessment methods have called for the inclusion
of diverse information sources- not only quantitative, but also qualitative, socio-cultural
information, there are no consistently agreed upon methods for doing so (Callahan and Sexton,
2007; Sexton 2012). We pilot-test one such tool here (i.e.: Indigenous Health Indicators) and
future research may focus on building out tools to further support diverse information sources in
HHRA work. This thesis supports that diverse information sources, when relevant to the
community of focus, need be meaningfully included in risk assessments. Overall, the findings of
this thesis, in combination with other works on cumulative risk assessment and holistic HHRA,
point us towards an expanded risk assessment approach that engages multiple disciplines and

considers diverse information of relevance to communities.

Design as adaptation and validation

Over the course of this thesis my understanding of ‘design’ has changed greatly. The
initial proposal for this work included the design of a new risk assessment tool ‘from scratch’,

through a series of methods including a Delphi survey which involves a multi-staged interview
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design process. However, the work revealed that the design process can look like multiple
iterations and adaptations to existing tools and approaches, and testing and adapting them in new
contexts (such as Indigenous community contexts) is a method of design. The external validity of
existing tools and methods for risk assessment (RISK21, Indigenous Health Indicators) is

explored through pilot tests in a diversity of contexts and scales.

Furthermore, my understanding of the diverse and complex nature of HHRA in
Indigenous communities is that the development of any ‘one-size-fits-all tool’ is impossible. A
single and streamlined framework, as is common in conventional and regulatory assessments for
contaminants, is insufficient for addressing the complex situation of contamination in Indigenous
communities in general, as well as the specific needs of individual communities. Rather, several
tools and techniques may need to be adopted and used to adequately capture the human health
‘risks’ of contaminants in a variety of contexts. Akwesasronon scholar Abraham Francis writes
on the concept of context specificity, which involves the recognition of the social, cultural,
political, and environmental histories that have implications for natural resource management
(Francis, 2019). Context specificity brings us towards the uniqueness of community contexts and
away from the concept of ‘one-size-fits-all’ in environmental management (Francis, 2019),
which is important to consider in the design of risk assessment approaches that meet community-
level priorities and is consistent with the findings of this thesis. The design of HHRA approaches

is a context-specific process, which is thereby iterative and continuous as opposed to finite.
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8.2 Local, Scientific and Societal Significance
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Figure 8-1: Summary of the social, scientific, and local significance (orange boxes) of each

chapter (blue boxes). The green boxes represent the overarching significance of the thesis.

A summary of the potential local, scientific, and societal significance of this thesis is
shown in Figure 8-1. First, an important contribution of this thesis is the exploration,
prototyping, and testing of HHRA methods that may be used locally to better understand and
assess community health risks related to contamination. Specifically, this work was embedded in
a larger community-based project led by the environment department of Kanesatake (the
Environmental Contaminants and Health Impact Project (ECHIP) and the ALLIANCE Project),
which aims to understand how local contamination impacts the health of the community,
including through monitoring and the development of new assessment tools. The chapters of this
thesis refine the tools which the Kanesatake Environment team may use in their ongoing
assessment and monitoring work. The initial prototype of the Indigenous Health Indicators tool

in Kanesatake may be useful for the communication of community environmental health
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information at a variety of levels- including from community members to the environment
department, and to external collaborators and governments. To my knowledge, there are very
few case studies which explore the design of new risk assessment approaches for Indigenous
community contexts. Thus, the presented work is potentially useful locally for Kanesatake, but
the approach to testing and developing risk assessment tools may also serve as an example for

other communities who wish to conduct similar work.

Second, the chapters of this thesis contribute to scientific advancement in the field of risk
assessment, with a specific focus on Indigenous communities. Chapters 3 and 4 identify
knowledge gaps, challenges, and priorities in this area, which are necessary first steps in the
advancement of knowledge on the topic. Then, in Chapters 5-7 we ideate, test and develop
existing risk assessment tools (RISK21 and Indigenous Health Indicators) over three studies, in
various contexts and scales. This addresses a paucity of existing information on the testing of
these tools in the scientific literature and identifies areas which may be considered for their
adaptation and development. Together, the approach outlined in these chapters contributes to a
methodological and multidisciplinary ‘roadmap’ for continuing to develop and design new risk
assessment approaches that are both locally relevant and operational in diverse contexts. This
thesis intentionally collaborates with Indigenous communities to co-develop risk assessment
tools and approaches, which begins to address a lack of information in the scientific literature on
community-based design of HHRA methods to date. Chapter 7 specifically examines not only
the design of new methods, but places emphasis on methodological approaches to design work
that are community-relevant and culturally safe, lessons from which may help to inform a variety

of collaborative scientific contexts.
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Third, the chapters of this thesis respond to a societal and regulatory shift towards new
risk assessment approaches and the recent proposed amendments to the Canadian Environmental
Protection Act (CEPA) through Bill S-5 (Government of Canada, 2017; 2023; Moretto et al.,
2017; NRC, 2012), which presents an opportunity to develop HHRA methods to be more
suitable for Indigenous community contexts than conventional methods. Bill S-5 mentions the
United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP), which includes the
right to self-determination and to a healthy environment. These rights may be supported by the
findings of this thesis through the development of methods to be usable, accessible and relevant
to communities. Furthermore, Bill S-5 promotes the development of cumulative risk assessment
methods and the consideration of vulnerable populations (Government of Canada, 2017, 2023).
Testing the operationalization of new risk assessment approaches using specific case studies
contributes to a better understanding of their use and transferability to multiple settings, towards
their development across a variety of contexts, uses, and populations. Furthermore, the recent
passing of Bill C-226 on June 20, 2024, holds the Canadian government accountable for
developing a national strategy on environmental racism within the next two years (House of
Commons of Canada, 2024). As outlined in Bill C-226, the forthcoming national strategy will
include a commitment to the meaningful involvement and participation of environmental justice
communities (including Indigenous, racialized, and marginalized communities) in assessing and
addressing environmental justice issues (House of Commons Canada, 2024). The work presented
in this thesis contributes to the advancement of methods that aim to meaningfully engage
communities that have historically been subject to environmental injustices, particularly through
disproportionate exposure and vulnerability to contaminants, and thus supports key goals

outlined in Bill C-226.
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Designing a consistent approach to HHRA that can address both community-level and
regional or federal needs is a challenge, and this is reiterated in work by the US EPA comparing
community, state, and federal cumulative risk assessment approaches and frameworks (Barzyk et
al., 2015). Many communities (both Indigenous and non-Indigenous) want assessments to reflect
their exposure realities and consider unique costs to their health, while federal approaches must
be unbiased and transferable across contexts (Barzyk et al., 2015). While community and federal
approaches to human health and cumulative risk assessments generally have common goals (i.e.:
to protect human health), their approaches differ greatly. Further development of a harmonized
and consistent risk assessment has been advocated for, to ensure better communication between
sectors and long-term applicability (Barzyk et al., 2015). However, the importance of avoiding a
‘cookie cutter’ approach is also paramount. This thesis work focuses on the priorities and
experiences of HHRA work at the level of Indigenous communities, however, these findings
may be used in future works at other levels (for example, regional or federal) towards the

development of a flexible yet consistent risk assessment approach.

8.3 Strengths and Limitations

8.3.1 Limitations

First, it is not feasible to develop a single approach or tool that will be appropriate for
HHRA in all Indigenous communities- while a few case studies are presented here, they are not
necessarily broadly applicable. The external validity of the work is a limitation. However, as
described, the uniqueness of communities means that there is no ‘one-size-fits-all’ approach to

HHRAs, and these case studies add to a relatively small pool of examples. These examples
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contribute to a ‘toolbox’ from which communities and other researchers may draw inspiration

from, as is relevant to their specific contexts.

Second, the timeline of a PhD program places limitations on the work. In the example of
the Swinomish Indigenous Health Indicators, it has taken over a decade to develop and test the
community-relevant set of indicators, and this work continues to be ongoing. For an academic
such as myself who isn’t from the community, the nature of relationship building in Kanesatake,
and indeed in many Indigenous communities, requires a long timeline that includes the
establishment of trust and continual work to understand and engage with the unique context. A
relationship between my supervisor at McGill and the community has developed since 2019,
with my involvement in the project since 2021. Although my thesis work is finite, the research
presented is situated within the larger context of a co-led project between Kanesatake
Environment and McGill University. As an example, the Kanesatake Health Indicators project
presented in Chapter 7 requires, at a minimum, several more years of work and is planned to
continue well beyond a thesis timeline. Thus, while a short timeline is a limitation, the shared
nature of the work with the project team ensures its continuity beyond the chapters presented

here.

Third, and similarly, my positionality is a limitation of the work. As a non-Indigenous
academic, my worldviews and personal context places limitations on my interpretation and
representation of the data, and thus the results of this thesis. While I am the primary author of
this thesis, I acknowledge that the best people to research and speak about HHRAs in Indigenous
community contexts are those from communities themselves. The focus of this thesis is on
highlighting these voices and perspectives, and actively reflecting on how the results can

accurately represent them. This includes listening closely to those I collaborate with to determine
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research priorities, practicing humility, and continuing to check my personal and positional

biases.

Fourth, this thesis focused on Human health risk assessment, while it generally does not
address ecological risk assessment (ERA), except in chapter 4. HHRA and ERA are
methodologically distinct in many ways, though they generally follow the same framework (i.e.:
hazard assessment, dose-response assessment, exposure assessment, risk characterization).
Writing from Indigenous environmental leaders suggests that these two assessments should not
be considered as separate entities, as the interconnection of human and ecological health is
central to many Indigenous communities globally (Redvers et al., 2022). Indigenous
environmental leaders have advocated for risk analysis models that include a holistic view of
interconnected human, ecological, and socio-cultural risks (Harris, 2000). Thus, a limitation to
this thesis is that it generally isolates HHRA as a method separate from ERA, despite the
worldview of many Indigenous communities that the two do not exist siloed. However, the
expansion of HHRA approaches to consider health more holistically has the potential to include
ecological health risks, and further, many of the findings of this thesis may be generally
applicable to ERA processes- for example, the need for improved communication and the
consideration of multiple and interacting stressors. Further research is needed to understand these

challenges and bridge the gap between these two related but different assessment types.

8.3.2 Strengths

One of the main strengths of this thesis is its engagement of multiple disciplines and

fields. The chapters used an interdisciplinary approach and engaged a diversity of those involved
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in the work of risk assessment, whose experiences come from a wide variety of unique
community contexts. While this thesis is housed in the Faculty of Agricultural and
Environmental Science at McGill, its methods draw from the social sciences, health sciences,
and humanities. Beyond the methodology, this thesis research involved collaborations with
Indigenous community researchers, community environment departments, research consultants,
and other academics. Doing so has developed the work’s understanding of the diversity of needs

and perspectives that need be considered in the design of new risk assessment approaches.

Another strength of this thesis is its relevance to the current regulatory climate, given
recent governmental commitments to environmental justice through Bill C-226, and as well as to
upholding the UN Declaration on the Right of Indigenous Peoples and on advancing contaminant
risk assessment through Bill S-5. The opportune timing of these Bills moving through the house
of commons supports and reinforces the importance of engaging with communities in the design

of new risk assessment tools and approaches.

Finally, and importantly, a strength of this thesis is its situation within a larger,
community-led project in Kanesatake. This research was conducted under the guidance of the
Kanesatake Environment Department, who drove the research questions, provided feedback on
new research ideas, and were engaged in fruitful discussions at all stages of the work.
Simultaneously, the team was developing and carrying out a local environmental monitoring
program (Environmental Contaminants and Health Impact Project/ECHIP), which provided
important insight into the realities of environmental and human health risk assessment in a
community context and set the priorities for this thesis work. The research questions, while
spanning multiple levels and sectors, were driven by ideas that arose through meetings with the

environment department, conversations with community members, and observations in day-to-
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day community work. This continued engagement inspired and guided each chapter and was an

integral part of this thesis.

8.4 Future Directions

Overall, the chapters of this thesis demonstrate that the design of new HHRA approaches of
relevance to communities may involve multiple tools and approaches that can be utilized based
on the specific context. Thus, the co-development and use of a ‘toolbox’ by risk assessors,
communities, and regulators may be an appropriate step towards achieving more relevant
assessments. This ‘toolbox’ may encompass multidisciplinary strategies, including the two
explored here (RISK21 and IHI approaches), which can be leveraged by communities as they see
fit to develop a greater understanding and measurement of health risks related to contaminants.
Similar ‘toolboxes’ have been developed that provide tools to fit specific risk assessment
contexts, including for example Canada’s Chemicals Management Plan Risk Assessment toolbox
(Government of Canada, 2016) and the US EPA’s Expobox (US EPA, 2023). Future directions
may involve further case studies and other testing methods towards the adaptation and
improvement of the approaches described here, and to build out a toolbox that provides user-
friendly and community-engaged tools for Indigenous communities to conduct context-specific

risk assessments.

Communication of risk assessment results is another centrally important theme that emerged
in all the chapters of this thesis. While considerations for adequate communication of HHRA
process and results are discussed (particularly in Chapters 4 and 5), further research led by

communities may continue to refine and adapt new risk assessment tools that can be easily and
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transparently communicated in a community-relevant manner. This thesis used components of
User Experience methodologies, which explore the “perceptions and responses that result from
the use and/or anticipated use of a product, system or service” (Vermeeren et al., 2010) which is
common in design research. For example, Chapter 5 explores and discusses community
perceptions of the use of the RISK21 approach. User experience methods may be leveraged in
future research to understand and improve the accessibility of HHRA tools and outputs to diverse

communities.

Overall, this thesis work contributes to an ongoing, iterative process that is fundamental
to design thinking. The developments to existing risk assessment tools and approaches made here
need to continue to cycle through iterations, prototyping and testing for new contexts and scales.
Doing so will help to ensure that new HHRA approaches meet the dynamic and complex

priorities and needs of diverse Indigenous communities.
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CHAPTER 9: GENERAL CONCLUSION

Following a design thinking process, this thesis developed and adapted new approaches
to HHRASs to increase their relevance to Indigenous community-level contexts, in collaboration
with communities themselves. The work encompassed multidisciplinary, multimethodological,
and multisector approaches. First, a scoping review comparing grey literature, scholarly
literature, and federal contaminated site data was conducted to identify priority research areas
and the state of knowledge; second, a survey was conducted comparing the challenges and
perspectives on risk assessment work across sectors; third, RISK21 (a relatively new HHRA
approach) was pilot tested in collaboration with three communities in two case studies; fourth, a
regional scale pilot-test of the operationalization of an Indigenous Health Indicators Tool was
conducted; and fifth, the early development of an Indigenous Health Indicators tool in the local
context of Kanesatake was carried out. Together these studies contribute to the development of
tools that may improve the relevance of HHRAs for communities compared to conventional
methods, including through enhanced communication outputs, considering multiple information
sources (including qualitative), and expanding the conceptualization of health risks related to
contaminants towards a more holistic understanding. This thesis also serves as an example of the
process for adapting and developing risk assessment tools which may be used by communities

and their collaborators who wish to conduct similar work.
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Supporting Information for Chapter 3

A word document with supplemental materials (Tables S1-S17, Figures S1-S2) and an Excel
spreadsheet with supplementary tables and data (Excel Table S1-S7) can be found in the
‘Supporting Information’ section of the published manuscript at:
https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.4869
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Supporting Information for Chapter 4

Supporting information for this chapter can be found in the ‘Supporting Information’ section of
the published manuscript, and includes:

e The survey instrument (Supporting information A)

e Various tables and figures that provide deeper information about the study (Supporting
information B)

e An excel spreadsheet of raw survey results data (Supporting information C)

The information can be found here:
https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.4927?af=R
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Supporting information for Chapter 5

Supporting information can be found in the ‘Supplementary Material’ section of the published
manuscript, which includes a word document containing supplementary materials S1-S7:
https://www.facetsjournal.com/do1/10.1139/facets-2024-0085
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Supporting information for Chapter 6

Supporting Information 1: Grouping of identified FNFNES data into indicator categories (PWI

and Swinomish IHI)

Health Indicator Categories

| Relevant FNFNES Data

THI Indicators

Community connection- Work, sharing, relations

Natural Resources Security- quality, access

“% wanting more traditional foods in their household”
(access)
“food security scale” (quality and access)

Cultural Use- respect and stewardship, sense of
place

“Traditional Food Harvesting and Production Practices
Reported Per Household” (Sense of place)
“Mean Traditional food intake days per year”

Education- the teachings, elders, youth

Self-Determination- healing and restoration,
development, trust, restoration

Resilience- self-esteem, identity, sustainability

“Self-reported health status” (self-esteem)
“Self-reported activity level” (self-esteem, sustainability)

PWI Indicators

Our Health

“% absence of diabetes”
“% absence of obesity”

Our Lands and Stewardship

Our Food Sovereignty

“Traditional Food Harvesting and Production Practices
Reported Per Household”

“Mean Traditional food intake days per year”

“Food security scale”

Institutional Capacity and Traditional
Governance

Our Culture

Social and Educational, Lifeway

“Highschool education or greater”

Our Business, Affairs, and Economics

“% Main source of income is wages”

Out Land Tenure
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Supporting Information 2: FNFNES HHRA Data tables, using 95™ percentile exposure estimates

Hazard Quotients (95th percentile)

Contaminant BC AB SK MB ON QC AT
METALS
Arsenic Mean 0.02 0.05 0.05 0.1

Maximum 0.02 0.06 0.07 0.11
Cadmium Mean 0.22 0.14 0.17 0.17

Maximum 0.26 0.16 0.17 0.17
Lead Mean 0.23 0.25 0.05 0.17 0.41 0.39 0.05

Maximum 0.46 0.43 0.12 0.17 0.48 0.4 0.36
Mercury Mean 0.12 0.32 0.45 0.27 0.08

Maximum 0.14 0.35 0.21
ORGANIC
CONTAMINANTS
HCBs Mean 0.0073 | 0.00014 0.001 | 0.00038 | 0.00235 0.002 0.001
DDE Mean 0.0003 0 0| 0.00004 | 0.00019 0.0001 | 0.00004
PCB Mean 0.0011 | 0.00006 0.002 | 0.00055 | 0.01273 0.01 0.001
Chlordane Mean 0.0113 | 0.00023 0.002 | 0.00007 | 0.01338 0.005 0.003
Toxaphene Mean 0.0075 | 0.00005 0.0002 | 0.00002 0.009 0.001 0.001
PAH Mean 0.00004 | 0.00003 0.0002 | 0.00003 | 0.00128 | 0.00001 0
PFCs Mean 0.0238 | 0.00333 0.07 | 0.02554 | 0.14652 0.05 0.05
PBDE Mean 0.0251 | 0.00087 0.01 | 0.03644 | 0.03289 0.12 0.002
Dioxan and Furan | Mean 0.0001 0 0.01 | 0.00002 | 0.00054 0.05 | 0.00001
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Supporting Information for Chapter 7
Supporting Information 1: Interview Guide

Title of Project: Putting Our Minds Together: Kanesatake Kanien'keha:ka Perspectives on
Developing a Health Indicators Tool

While the following questions serve as prompts for the interview, we will follow the interviewee's lead. The
questions represent general themes that we hope to address. However, after explaining the project's
purpose, we will allow the interviewee to express themselves freely outside of these questions. Prior to
beginning the interview, and periodically throughout the interview, the interviewer will remind participants
that they can choose not to respond to any questions, or stop the interview, at any time. To protect the
privacy of others, the interviewer will invite the interviewee to use pseudo-names as needed and when
possible.

1. Understanding ‘Health’
Question: What does being healthy mean to you?

- Possible prompts:

e |ndividually (What are some personal experiences (past, present or future) that you and your
family members went through which have impacted your health? There is no time limit, so feel
free to share anything.)

e Asacommunity (Looking to other families, and community organizations, what do you think is
normalized as healthy? What is normalized as being unhealthy?)

Question: How has health of the community changed over time?

- Possible prompts:

o Where have the biggest differences taken place (physical, mental, social, spiritual) and why?

2. Connection of the environment to community health
Question: What do you think is the importance of the environment (natural world/nature) to the health of
the community?

- Possible prompts:
e Has your relationship with the environment changed over time? Why or why not? (examples:
contamination, access, availability, cultural connection, etc.)

3. Connection of contamination to health
Question: There are a number of pollution sources around and on Kanesatake lands (examples: G and R,
pesticide use, niobium mine). Do you think that contamination affects the health of the community? If
so, how?

Questions adapted from: Donatuto J (2008). When seafood feeds the spirit yet poisons the body:
Developing Health Indicators for Risk Assessment in a Native American Fishing Community. University of
British Colombia, Vancouver. Retrieved June 18 2024 from:
https://open.library.ubc.ca/media/stream/pdf/24/1.0066720/1
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