Appendix C.7

Human Health and Ecological Risk Assessment

Crawford Nickel Project Impact Statment



Crawford Nickel Project
Technical Data Report — Human
Health and Ecological Risk
Assessment

November 22, 2024

Prepared for:

Canada Nickel Company
%}% CANADA NICKEL
\ COMPANY

Prepared by:

Stantec Consulting Ltd.

@ Stantec



Crawford Nickel Project Technical Data Report — Human Health and Ecological Risk Assessment
Limitations and Sign-off
November 22, 2024

Limitations and Sign-off

This document entitled Crawford Nickel Project Technical Data Report — Human Health and Ecological
Risk Assessment was prepared by Stantec Consulting Ltd. (“Stantec”) for the account of Canada Nickel
Company (the “Client”). Any reliance on this document by any third party is strictly prohibited. The
material in it reflects Stantec’s professional judgment in light of the scope, schedule and other limitations
stated in the document and in the contract between Stantec and the Client. The opinions in the document
are based on conditions and information existing at the time the document was published and do not take
into account any subsequent changes. In preparing the document, Stantec did not verify information
supplied to it by others. Any use which a third party makes of this document is the responsibility of such
third party. Such third party agrees that Stantec shall not be responsible for costs or damages of any kind,
if any, suffered by it or any other third party as a result of decisions made or actions taken based on this
document.

Digitally signed by Digitally signed by
Melissa Whitfield Aslund Pascal Turze

Tl e Date: 2024.11.20 \/ Date: 2024.11.20
12:14:57 -05'00" Prepared by: ' .,

Prepared by: 13:19:07 -05'00'

Signature Signature
Melissa Whitfield Aslund, Ph.D. Pascal Tuarze, MES
Printed Name Printed Name
Digitally signed by / Digitally signed by
Noble, Tania o || Knopper, Loren
W ﬂM Date: 2024.11.20 /57 W7 Date: 2024.11.20
Reviewed by: 13:47:17 -04'00' Approved by: ‘ 12:00:17 -05'00'
Signature Signature
Tania Noble, M.Eng. Loren Knopper, Ph.D.
Printed Name Printed Name

() oo | ) stantec



Crawford Nickel Project Technical Data Report — Human Health and Ecological Risk Assessment
Project Personnel
November 22, 2024

Project Personnel

Report Authors: Gillian Manley, B.A., Risk Assessor
Paul Mazzocco, B.Sc., Risk Assessor
Annick St-Amand, Ph.D., Risk Assessor
Melissa Whitfield Aslund, Ph.D., Risk Assessor
Pascal Tuarze, MES, Risk Assessor

Quality Review: Tania Noble, M.Eng., Senior Risk Assessor

Independent Review: Loren Knopper, Ph.D., Senior Risk Assessor

() canapn e n () stantec



Crawford Nickel Project Technical Data Report — Human Health and Ecological Risk Assessment
Executive Summary
November 22, 2024

Executive Summary

Canada Nickel Company Incorporated (Canada Nickel) proposes to develop, construct, operate, and
progressively reclaim a new open pit nickel mine and processing facility, collectively known as the
Crawford Nickel Project (‘the Project’), approximately 42 kilometres (km) north of Timmins, Ontario along
Highway 655 (the Project). Stantec Consulting Ltd. (Stantec) has been retained by Canada Nickel to
conduct this Human Health and Ecological Risk Assessment (HHERA), which has been completed to
inform the Impact Statement. The Impact Statement is intended to satisfy the federal impact assessment
process under the Impact Assessment Act, 2019 (IAA) and project-specific requirements contained in the
Tailored Impact Statement Guidelines (TIS Guidelines) for the Project, dated March 31, 2023 (refer to
Appendix A.1 of the Impact Statement).

Human Health and Ecological Risk Assessment Methods

In the HHERA, health risk to human and ecological receptors from exposure to contaminants of potential
concern (CoPC) in environmental media (e.g., air, soil, water, and biota) was assessed. The HHERA
consists of two components: a human health risk assessment (HHRA) and an ecological risk assessment
(ERA). The HHRA characterizes the short-term (acute) and long-term (chronic) health risk to people,
while the ERA characterizes the potential chronic risk to a species population, a community of multiple
species, or an individual within a species (applicable to rare and endangered species).

In the context of an Impact Assessment for major infrastructure projects, the HHERA evaluates the
potential change in health risk to people and ecological receptors that may occur between baseline
environmental conditions and estimated future conditions, during the various phases of the Project.
Baseline environmental conditions may be based on historical monitoring data, measured data collected
during baseline studies, or modelled data. Future conditions are based on modelled environmental
conditions that reflect the influence of Project activities. As such, the HHERA considers three scenarios in
evaluating the potential changes in human and ecological health risks.

e Baseline Scenario: evaluates the existing exposures and health risks based on the measured
chemical concentrations in environmental media (air, soil, surface water, sediment, plants, small
prey, and fish).

e Project Alone Scenario: evaluates health risks associated with exposure to estimated chemical
concentrations in environmental media that are attributable only to project activities (i.e. these do
not consider the contribution that Baseline Scenario concentrations make to overall exposure).

e Baseline Plus Project Scenario: evaluates the future health risks based on the estimated
chemical concentrations in environmental media, as determined through detailed modelling from
other VC chapters (e.g. air quality, water quality).
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Baseline and Modelled Future Concentrations

To evaluate the potential health risks from chemicals potentially released by Project-related activities, the
concentrations of the chemicals in environmental media (such as air, soil, surface water, sediment, and
food items) were determined for each assessed scenario (i.e., Baseline Scenario, Project Alone Scenario,
and Baseline Plus Project Scenario). These concentrations, called exposure point concentrations (EPCs),
were used to calculate exposures for human and ecological receptors to CoPC identified in the HHRA
and ERA, respectively.

For the Baseline Scenario, EPCs were estimated using measured baseline data for air, soil, surface
water, terrestrial vegetation, sediment, fish tissue, and aquatic vegetation. Additional baseline EPCs for
wild meat (moose, deer, rabbit, beaver, grouse, duck, and goose) were estimated using a dietary
exposure modelling approach that incorporates the Baseline Scenario EPCs for soil, surface water,
sediment, and applicable dietary items.

Human Health Risk Assessment (HHRA)

The Regional Study Area (RSA) consists of patented lands (privately owned), Crown land, provincial
parks, conservation reserves and First Nation Reserves and encompasses the City of Timmins, Town of
Cochrane, Town of Iroquois Falls, and Town of Smooth Rock Falls. The land within and immediately
surrounding the Project Area is predominantly made up of wetlands, forested areas, and to a lesser
extent, lakes, rivers and ponds. Activities conducted around the Project Area include hunting, trapping,
fishing, and gathering, seasonal living and recreational water use (e.g., canoeing). Based on the above,
two types of representative human receptors were identified to be present within the Local Study Area
(LSA):

¢ Indigenous Receptors —Indigenous people who may live within the LSA seasonally or make use
of the lands within the LSA/RSA for the harvesting of country foods, or who use the areas for
recreational, ceremonial and/or spiritual purposes. This group was assumed to be an infant,
toddler, child, teen, or adult.

e Recreational Receptors — Non-Indigenous people who may live within the LSA seasonally or
make use of the lands within the LSA/RSA for harvesting country foods and/or recreational
activities. This group was assumed to be an infant, toddler, child, teen, or adult.

Human receptors could come into contact with Project-related CoPCs through inhalation and multimedia
exposure pathways.

In terms of inhalation, the risk assessment demonstrated that Project-related contaminants in air are not
likely to be greater than the applicable health-based exposure limits and toxicity reference values at
locations where people are expected to be present for extended periods of time (including overnight stays
or beyond). However, given that some identified CoPCs are non-threshold contaminants for which any
increase in exposure could result in increased health effects (e.g., PM2s), it is recommended that
reasonable mitigations be undertaken to minimize releases of CoPCs to the environment during Project
operations and that monitoring be undertaken to more accurately evaluate exposures. Specific additional
mitigation measures that may be identified through the provincial permitting process for air emissions (i.e.,
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Environmental Compliance Approval) and detailed design are discussed in Chapter 12 (Assessment of
Potential Effects on the Atmospheric Environment) of the Impact Statement.

The assessment also considered multimedia exposures to Indigenous Receptors and Recreational
Receptors while they engaged in activities within the LSA. This included exposures within the North
Driftwood River, West Buskegau River, and Jocko Creek watersheds. It was assumed that these receptors
would have direct contact with soil, drink surface water, and consume fish, wild meat, and vegetation from
the LSA.

The quantitative risk characterization compared estimated exposures to the CoPC for each of the receptors
with the toxicity reference values. This involved the calculation of either hazard quotients (HQ) or
incremental lifetime cancer risks (ILCR).

Project-related risk estimates for arsenic were identified above targets for the North Driftwood River and
West Buskegau River watersheds, while Project-related risk estimates were below targets for the Jocko
Creek watershed. The risk estimates for arsenic are primarily affected by exposures resulting from modelled
changes in surface water, specifically through fish and potable water consumption. However, given that
studies indicate most of the arsenic in fish is in a relatively non-toxic form, that modelled concentrations in
fish tissues were below Health Canada maximum levels, and that concentrations in water meet guidelines
for Canadian drinking water quality, it is expected that Project-related activities would not result in
unacceptable health risk for people in the LSA. Because risk estimates are based on modelled
concentrations, monitoring of arsenic in surface water and fish in each watershed assessed would better
represent changes in exposure.

Ecological Risk Assessment (ERA)

Ecological receptors selected for the ERA are mammals, birds, herptiles, as well as community-based
receptors that can be expected in the LSA/RSA. Species at Risk (SAR) and Species of Conservation
Concern (SOCC) were also considered. For the purpose of this ERA, the primary assessment endpoints
were the protection of populations and communities for standard species (i.e., not species at risk) and the
protection of individuals for species at risk. Potential risks to ecological receptors were assessed for the
LSA according to three watersheds: North Driftwood River watershed, West Buskegau River watershed,
and Jocko Creek watershed. In addition to multimedia exposures to metals, potential plant exposures to
NO2 and SO2 were assessed.

The quantitative risk characterization compared estimated exposures to the CoPC for each of the receptors
with the toxicity reference values. This involved the calculation of HQ that were then compared to a target
HQ of 1.0. Calculated HQs were less than 1.0 for most CoPCs and most ecological receptors, including
community receptors, assessed across the three watersheds assessed. In some cases, HQs were greater
than the threshold of 1.0 in the Baseline scenario and the Baseline Plus Project scenario. However, the
differences between HQs for the Baseline scenario and the Baseline Plus Project scenario (i.e., the Project
Alone scenario) were less than 1.0 for most CoPCs and most ecological receptors assessed in the three
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watersheds assessed, suggesting that the Project-related risks for ecological receptors are expected to be
negligible for most CoPCs.

For mammals and birds, HQs greater than 1.0 were calculated for the Project Alone scenario for nickel in
all three watersheds for the masked shrew (standard and representative of SAR) and the barn swallow.
However, given the conservative assumptions made during modelling and that the geology of the area
exhibits elevated concentrations of nickel in soil, unacceptable risks to these receptors from exposure to
nickel as well as other CoPCs are not expected. Further, their overall exposure to nickel (and several
other metals) is mainly due to the terrestrial invertebrate ingestion pathway. As such, sampling and
analysis of metals in terrestrial invertebrates could support refinements of assumptions associated with
this pathway. Monitoring of nickel concentrations in terrestrial invertebrates (both earthworms and flying
insects) would better represent changes in exposure for the masked shrew, the barn swallow, and those
species they represent.

For herptiles and community receptors, Project-related risks for herptiles as well as terrestrial
invertebrate, terrestrial plant, benthic, and freshwater aquatic communities are expected to be negligible
for CoPCs assessed. However, it is noted that monitoring of metals, including tungsten and uranium, in
surface water and sediment would better represent changes in exposures for benthic and freshwater
aquatic communities.

North Driftwood Diversion Channel

The North Driftwood Diversion Channel is one of the non-contact water diversions that are part of the
water management system for the Project. The realignment of the North Driftwood River channel may
lead to the flooding of organic soils within the main channel excavation which could release mercury from
wetlands and organic soil riparian areas. Mercury methylation due to wetland flooding was identified as a
specific concern during consultation. As such, special consideration was given to evaluating changes in
mercury and methyl mercury concentrations in surface water and how these changes are reflected in
methyl mercury concentrations in fish tissue associated the North Driftwood River channel realignment.

The fish species evaluated for mercury changes related to the North Driftwood River channel realignment
are the same as those considered for the North Driftwood River and included both angling fish for human
exposures and forage fish for ecological exposures. Uptake of both mercury and methyl mercury was
considered, assuming mercury fully converts to methyl mercury in fish tissue.

Changes in methyl mercury concentration in angling and forage fish consumed is calculated to be low
(approximately 4%) and are not expected to markedly increase potential exposures to methyl mercury
through fish consumption for both humans and ecological receptors. While Project-related activities are
not expected to result in increased concentrations of mercury in the environment, the presence of
mercury in fish is a regional concern. The Baseline Scenario mercury concentrations in angling fish tissue
are greater than Health Canada standard of 0.5 mg/kg and there are fish consumption advisories in the
area. People who consume fish from the LSA should follow the fish consumption advisory. The Baseline
Scenario methyl mercury concentrations in forage fish tissue are also greater than the Canadian Tissue
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Residue Guidelines for the Protection of Wildlife Consumers of Aquatic Biota which are intended to
protect wildlife species (ecological receptors) consuming aquatic biota.
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1 Introduction

Canada Nickel Company (Canada Nickel) proposes to develop, operate, and progressively reclaim the
Crawford Nickel Project (‘the Project’), a new open pit nickel mine and processing facility approximately
42 kilometres (km) north of Timmins, Ontario along Highway 655. The Project is being assessed in
accordance with the Impact Assessment Act, 2019.

Stantec Consulting Ltd. (Stantec) has been retained by Canada Nickel to complete an assessment of the
potential change in risk for human and ecological receptors as a result of the Project. This Technical Data
Report — Human Health and Ecological Risk Assessment (HHERA) has been prepared pursuant to the
Impact Assessment Act, 2019 and in consideration of the Tailored Impact Statement Guidelines:
Crawford Nickel Project (TIS Guidelines; Appendix A.1 of the Impact Statement). Figures referenced
throughout this report are provided in Appendix A of this report.

The construction, operations, and decommissioning and closure of the Project have the potential to alter
baseline conditions with respect to the concentrations of chemicals in the air, soil, water, and biota near
the Project. These changes to the environment have the potential to adversely affect the health of human
receptors and ecological receptors (terrestrial and aquatic wildlife, and communities of fish, vegetation,
and invertebrates). The HHERA characterizes the change in exposure to Project-related chemicals that
human and ecological receptors may experience between baseline (existing conditions) and modelled
data for the future conditions, to quantify the potential change to human health and ecological risk that
may be attributed to the Project.

The methods and guidance published by Health Canada were used to assess the human health risks,
while those published by the Canadian Council of Ministers of the Environment (CCME) and the Federal
Contaminated Sites Action Plan (FCSAP) were used to assess the ecological health risk. Details of the
approach followed for the HHERA are explained in Section 7 and Section 8.

The conclusions of this HHERA regarding human health are included in Chapter 21 of the Impact
Statement (Assessment of Potential Effects on Health), while the conclusions regarding ecological health
are included in Chapter 17 (Assessment of Potential Effects on Fish and Fish Habitat) and Chapter 19
(Assessment of Potential Effects on Wildlife and Wildlife Habitat) of the Impact Statement.

1.1  Study Objectives

The objective of the HHERA is to address the potential change in risk for human and ecological receptors
within the Local Study Area (LSA) and Regional Study Area (RSA) as a result of Project-related activities
during construction, operations, and decommissioning and closure, as they relate to some of the
biophysical determinants of health (i.e., environmental conditions that can influence health like air and
water quality, and quality of country/traditional foods).
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1.2  Project Overview

The Project includes the development of an Open Pit, Stockpiles, two ore Processing Plants, and other
mine-related infrastructure, as well as a new rail spur line and the relocation of Highway 655 and an
existing 500 kilovolt (kV) transmission line. Ore will be extracted from a single Open Pit that will be divided
into an East Zone and Main Zone. The projected maximum depth of the Open Pit is 690 metres (m). The
Project has a mineral reserve estimate of 1,715 million tonnes (Mt) and an expected project life of 41
years.

The Project is located approximately 42 km north of the City of Timmins, Ontario, in the geographic
Townships of Crawford, Carnegie, Kidd, Lucas, Beck, Nesbitt, Wark and Prosser. A small portion of the
Project extent within Kidd Township also lies within the municipal boundary of the City of Timmins.

Based on the current Project design, the maximum rate of ore extraction will be up to 240,000 tonnes per
day (tpd) during Year 5 of operations and an average rate of 160,000 tpd over the life of mine. The two
ore Processing Plants and associated service facilities will process run of mine ore delivered to primary
crushers to produce nickel concentrate, iron concentrate, and tailings at a rate of approximately

60,000 tpd at the start of mine life, ramping up to a maximum of 120,000 tpd. In addition to nickel and
iron, other metals such as cobalt, chromium, palladium and platinum are expected to be recovered from
concentrate streams.

Based on the proposed processing rate and current information regarding the ore body, the current life of
the proposed Project is expected to be approximately 41 years. Mining would be completed at a faster
pace than milling, thus mining of ore would occur for about 30 years, then milling alone for the last

11 years.

Concentrate from the processing plants will be loaded onto rail cars and shipped via the rail spur line for
refinement offsite.

1.3 Key Project Activities

The timing of activities and installation of Project components will occur in sequence to allow for the
efficient extraction of materials. Various construction, operations, and decommissioning activities are
proposed throughout the life of the mine. For the purposes of the assessment, these Project activities are
anticipated to be advanced in three phases:

e Construction (Year -3 to Year -1)

e Operations

— Operations phase 1 (Year 1 to Year 5): 60 kilotons per day (kt/d) milling capacity with ore
extraction

— Operations phase 2 (Year 5 to Year 30): 120 kt/d milling capacity with ore extraction
— Operations phase 3 (Year 30 to Year 41): 120 kt/d milling capacity with no ore extraction

e Decommissioning and closure
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— Active closure (Year 41 to Year 46)

— Passive closure (Year 46+)
1.3.1 Construction Phase

The construction phase will include the preparation of the site up to the point at which the first process
plant has been commissioned and is ready to commence operations. This phase will include site
preparation, physical construction, pre-production, and commissioning activities. Construction is
anticipated to begin in the Main Zone and East Zone, and rock extracted at this time may be crushed into
aggregate using a mobile aggregate crusher for use during the construction of roads and other
infrastructure, as necessary.

Additional construction will occur through the operations phase of the Project, which begins with the start
of ore processing.

1.3.2 Operations Phase

The operations phase is focused on the active processing of ore and generation of concentrate for
delivery to market, specifically operation of the Process Plant(s). Due to the sequential nature of the mine
operations, the operations phase of the Project has been divided into 3 sub-phases based on the open pit
extraction schedule and sequential operation of the two Process Plants.

The three sub-phases of the operations phase include:

e Operations phase 1 — This phase includes the operation of the first of two process plants that
will be operating at an ore processing capacity of approximately 60 kt/day (or 21.9 Mt/a). In
process tailings (IPT) carbonation within the process plant may also commence if a carbon
dioxide (COz2) source is available. Mining operations during this phase will produce more ore
than the Process Plant can process, with surplus material to be stockpiled in the East Stockpile
location for future processing. Construction will continue during this phase to expand and
construct the second process plant and other supporting mine infrastructure, including the
Highway 655 realignment. Material will begin to be stored within the West Stockpile at the end
of this phase.

e Operations phase 2 — This phase includes the operation of both process plants at an ore
processing capacity of approximately 120 kt/d (or 43.8 Mt/a), including IPT carbonation. Mining
operations during this phase will produce up to 240 kt/day of ore, which exceeds the processing
capacity of the plants. Low grade ore will continue to be stockpiled in the East and/or the West
Ore Stockpiles.

e Operations phase 3 — This phase includes continuation of the operation of both process plants
at an ore processing capacity of approximately 120 kt/d (or 43.8 Mt/a) following completion of
mining operations (e.g., no further extraction of ore from the pits). The process plants, including
IPT carbonation, will continue to operate by processing the ore stockpiled during operations
phase 1 and 2. As mine operations cease, there will be an opportunity for progressive
reclamation of the pits, haul routes, and other no longer used areas of the Project site.
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1.3.3 Decommissioning and Closure Phase

Following the completion of ore processing, all Project operations will cease, and active closure will
commence. Active closure includes the removal of buildings, structures, and other infrastructure, as well
as reclamation and site stabilization activities. Once complete, the Project will then enter a passive
closure phase as the pit lake fills. During this time, closure monitoring and adaptive mitigation will occur.
Following pit lake filling, the Project site will be permanently closed.

Activities completed during the decommissioning and closure phase of the Project are focused on
reclaiming the environments, establishing physical, chemical, and biological stability at the site, and to
meet desired end land functions and uses. The Mine Development Closure Plan will be updated
throughout the life of the Project as necessary to reflect the environmental requirements in place at the
time of closure. The Mine Development Closure Plan will be prepared, refined, and implemented in
accordance with the Ontario Mining Act and Ontario Regulation 35/24.

Progressive reclamation throughout the course of the mine life will occur, but the majority of the closure
activities will commence at the cessation of mining activities and will be completed five years after ore
processing ceases. Ongoing closure monitoring and maintenance activities will continue throughout both
the active and passive closure phases until the closure objectives have been satisfied and the Project has
been moved to a closed out and abandoned status.

1.3.4 North Driftwood Diversion Channel

The North Driftwood Diversion Channel is one of the non-contact water diversions that are part of the
water management system for the Project. The objectives of the North Driftwood Diversion Channel are:

1) Re-direct flow in the North Driftwood River from Martin Lake westward then northward along the
realigned Highway 655 corridor and to convey this flow back to the North Driftwood River downstream
of the Project site.

2) Provide appropriate opportunities for fish habitat offsetting, in consideration of the environmental
effects of the North Driftwood Diversion Channel.

As noted in the Surface Water Resources Assessment (Appendix C.5 of the Impact Statement), the
realignment of the North Driftwood Diversion Channel may lead to the flooding of organic soils within the
main channel excavation. This flooding could release mercury from wetlands and organic soil riparian
areas, which can be uptaken by primary producer microorganisms. In anaerobic conditions, such as
those found in wetlands, mercury can then be converted to methyl mercury. Both mercury and methyl
mercury can then biomagnify through the food chain. Mercury can be further converted to methyl mercury
within fish tissues, which are subsequently consumed by people and wildlife (Hall & St. Louis, 2004; Hall
B., etal.,, 2005; US EPA, 2005). The Surface Water Resources Assessment (Appendix C.5 of the Impact
Statement) highlighted mercury methylation due to wetland flooding as a specific concern identified
during consultation. As such, special consideration is given to evaluating changes in mercury and methyl
mercury concentrations in surface water and how these changes are reflected in methyl mercury
concentrations in fish tissue associated the North Driftwood Diversion Channel.
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2 Study Area

The Project comprises approximately 11,785 hectares (ha) along Highway 655, approximately 42 km
north of the City of Timmins, Ontario. The Project is located mostly within the Geographic Townships of
Crawford and Lucas, with elements also in the Townships of Nesbitt, Beck, Carnegie, and Prosser. The
proposed Highway 655 realignment and rail spur line extend into the geographic Townships of Kidd and
Wark (which are considered to be part of the City of Timmins).

2.1 Project Area

The Project Area (PA) includes the Project footprint and is the anticipated area of physical disturbance
associated with the construction, operations, and decommissioning/closure of the Project. The PA is
shown on Figure A.1, Appendix A.

2.2 Local Study Area

The Local Study Area (LSA) includes the area in which Project-related effects (direct or indirect) as they
relate to some of the biophysical determinants of health (i.e., air and water quality, and quality of
country/traditional foods) that can be modelled or measured with a level of confidence appropriate for the
assessment and in which there is a reasonable expectation that the potential effects in the LSA are of
public interest. The LSA includes the PA and, to capture effects of the specific environmental components
being assessed, includes the spatial boundaries outlined in the Acoustic Environment LSA, Surface
Water LSA, Fish Habitat LSA, Atmospheric Environment LSA, and Indigenous Interest LSA as shown on
Figure A.1, Appendix A.

2.3 Regional Study Area

The Regional Study Area (RSA) includes the area within which cumulative effects on health conditions
as they relate to some of the biophysical determinants of health are likely to occur, depending on the
location of other past, present, or reasonably foreseeable future projects or activities. The RSA includes
the Surface water RSA, Fish Habitat RSA, Wildlife Habitat RSA, Atmospheric Environment RSA, and
Indigenous Interest RSA (Figure A.1, Appendix A).
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3 Regulatory Setting

As noted in the TIS Guidelines, a human health risk assessment (HHRA) is required to address potential
changes to human health as a result of proposed Project activities. Health Canada provides general
guidance for conducting HHRA and assessing human health affects in Impact Assessments, namely:

e Guidance for Evaluating Human Health Effects in Impact Assessment: Human Health Risk
Assessment (Health Canada, 2023a).

e Guidance for Evaluating Human Health Effects in Impact Assessment: Air Quality (Health
Canada, 2023b).

e Guidance for Evaluating Human Health Effects in Impact Assessment: Country Foods (Health
Canada, 2023c).

¢ Guidance for Evaluating Human Health Effects in Impact Assessment: Drinking and Recreational
Water Quality (Health Canada, 2023d).

The HHRA guidance applicable to federal contaminated sites in Canada was also considered as needed,
including:

e Federal Contaminated Site Risk Assessment in Canada: Guidance on Human Health Preliminary
Quantitative Risk Assessment, Version 3.0 (Health Canada, 2021a).

e Federal Contaminated Sites Risk Assessment in Canada, Part V: Guidance on Complex Human
Health Detailed Quantitative Risk Assessment for Chemicals (DQRAcHem) (Health Canada,
2010a).

e Federal Contaminated Site Risk Assessment in Canada: Supplemental Guidance on Human
Health Risk Assessment for Country Foods (HHRAFqods) (Health Canada, 2010b).

e Federal Contaminated Site Risk Assessment in Canada: Toxicological Reference Values (TRVS),

Version 3.0 (Health Canada, 2021b).

For assessing the ecological risk assessment (ERA), the following federal contaminated sites guidance
was also considered as needed:

o Ecological Risk Assessment Guidance Document — Canadian Council of Ministers of the
Environment (CCME, 2020).

e FCSAP Ecological Risk Assessment Guidance (FCSAP, 2012a) and associated modules.
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4 Project Setting

4.1  Environmental Setting

The RSA consists of patented lands (privately owned), Crown land, provincial parks, conservation
reserves and First Nation Reserves and encompasses the City of Timmins, Town of Cochrane, Town of
Iroquois Falls, and Town of Smooth Rock Falls. The land within and immediately surrounding the PA is
predominantly made up of wetlands, forested areas, and to a lesser extent, lakes, rivers and ponds. The
PA consists primarily of patented mining claims with surface and/or mining rights, mineral leases with
surface and mining rights, and unpatented mining claims with mining rights only. The closest Federal
lands are the Taykwa Tagamou Nation Reserve lands located approximately 37 km away (straight line)
from the PA (14 km southeast of Cochrane).

The Project is located within the Abitibi Ecoregion (Ecoregion 3E) in northeastern Ontario within the
Ontario Shield Ecozone (Crins, Gray, Uhlig, & Wester, 2009). The Ecoregion is underlain by granitic or
gneissic bedrock with intrusions of metavolcanic and metasedimentary rock. Surficial geology is diverse
with highly variable terrain. The northern portion of the Ecoregion is part of the Clay Belt and is underlain
by deep, fine-textured, glaciolacustrine sediments from post-glacial Lake Barlow-Ojibway resulting in an
extensive area of relatively low relief with poor drainage and large areas of extensive wetlands overlain by
deep organic deposits (Appendix B.7.4 of the Impact Statement [2023 Terrestrial Ecology Baseline
Study]). The southern portion of the ecoregion has more varied terrain with poorly developed, thinner
soils, and large areas of exposed bedrock.

The Ecoregion has a humid mid-boreal climate with precipitation ranging from approximately 650 mm to
over 1000 mm near Lake Superior. Mean annual temperatures ranging from -0.5°C in the north to 2.5°C
in the south with a growing season of 167 to 185 days (Banton, et al., 2009).

Land cover within the Ecoregion is typical of southern boreal forests with mixed forests and coniferous
forests covering 29.5% and 28.1% of the landscape, respectively, with smaller amounts of deciduous
forest (7.2% (Crins, Gray, Uhlig, & Wester, 2009)). Forests are composed primarily of boreal species with
black spruce (Picea mariana) and trembling aspen (Populus tremuloides) the most common species with
substantial areas of jack pine (Pinus banksiana) on drier and coarser soils. Balsam fir (Abies balsamea),
white spruce (P. glauca) and paper birch (Betula papyrifera) are common in mixed upland stands with
trembling aspen and black spruce, while tamarack (Larix laricina) is a large component of conifer swamps
and low treed fens and bogs. Red pine (Pinus resinosa) and white pine (Pinus strobus) reach their
northern limit in the southern portion of the Ecoregion where sporadic occurrences of yellow birch (B.
alleghaniensis) and red maple (Acer rubrum) can also occur.

Wetlands around the PA are relatively diverse with all four wetland classes, bog, fen, marsh, and swamp,
present and distributed throughout. Swamps are by far the most common wetland class around the PA.
Fens and marshes are less common compared to swamps and bogs. The most common swamp
community are intermediate conifer swamps. Treed bogs are the most common bog while sparse treed
fens are by far the most common type of fen.
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No designated natural areas are found around the PA, however, several occur within the RSA including
the Kraft Creek/Murphy Creek Wetland and Little Goose Lake Provincially Significant Wetland in the
south of the RSA (Ministry of Natural Resources and Forestry (MNRF) (2024a)); the Mahaffy Township
Ground Moraine Conservation Reserve (MNRF, 2024b); and the Greenwater, Dana Jowsey Lakes,
Frederick House Lake, and Kettle Lakes Provincial Parks.

Based on information from provincial and federal databases, satellite imagery, peer-reviewed literature,
and information shared by Indigenous peoples through engagement, information gathering, and voluntary
information sharing, the area around the PA is known to support a wide range of mammals. These
mammals include, but are not limited to, moose (Alces americanus), American black bear (Ursus
americanus), American marten (Martes americana), American mink (Neovison vison), beaver (Castor
canadensis), Canada lynx (Lynx canadensis), eastern cottontail (Sylvilagus floridanus), meadow vole
(Microtus pennsylvanicus), muskrat (Ondatra zibethicus), North American river otter (Lontra canadensis),
gray wolf (Canis lupus occidentalis), red fox (Vulpes vulpes), red squirrel (Tamiasciurus hudsonicus),
snowshoe hare (Lepus americanus), woodchuck (Marmota monax), and woodland jumping mouse
(Napaeozapus insignis).

The Project falls within Ontario’s Bird Conservation Region 8 — the Boreal Softwood Shield. There are 71
bird species identified as priorities in this region, of which most are landbirds (65%), followed by waterfowl
(17%), waterbirds (12%), and shorebirds (6%).

The Project is located within three subwatersheds: the North Driftwood River and the West Buskegau
River, both of which drain north into the Abitibi River, and Jocko Creek, which drains into Kidd Creek and
subsequently the Mattagami River. Several lakes located adjacent to the PA drain into the North
Driftwood River. Larger, mainstem channels of the North Driftwood River, West Buskegau Creek, and
Jocko Creek within the area are generally wide (6 m to 20 m) with broad floodplains and fine substrates.
The smaller streams and drainage channels draining to these mainstem channels are generally low
gradient, low energy depositional environments with fine-grained organic substrates. Beaver dams and
ponds are frequent in these smaller, headwater subwatersheds. These ponds are typically shallow (<1 m)
with fen mats, sedges, grasses, as well as sparse shrubs providing overhead cover nearshore.

The fish communities in the North Driftwood River, West Buskegau River, and Mattagami River
watersheds are represented by a mix of cool and cold-water fish species typical of northeastern Ontario.
They include a variety of small-bodied (e.g., minnows) and large-bodied (e.g., northern pike) species. A
total of 29 fish species were identified during surveys conducted in 2021, 2022, and 2023. Some of the
common small-bodied fish species in one or more of the watersheds included brook stickleback, fathead
minnow, finescale dace, northern pearl dace, and northern redbelly dace. Some of the common large-
bodied fish species in one or more of the watersheds included northern pike, lake sturgeon, white sucker
and yellow perch.
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4.2 Human Activities

The ways in which people interact with the land within the LSA and RSA is an important component of the
HHRA and is used to identify potential ways a person may be exposed to Project-related chemicals. As
outlined in Chapter 22 of the Impact Statement (Assessment of Potential Effects on Social Conditions),
the RSA consists of lands made up of several municipalities (City of Timmins and the Towns of Smooth
Rock Falls, Cochrane, and Iroquois Falls), privately owned lands, provincial parks, conservation reserves
and First Nation Reserves. There are no provincial parks with the LSA. There are no provincial parks,
conservation reserves, areas of natural or scientific interest or provincially significant wetlands with the
PA. There are no permanent residences (i.e., homes that are lived in year round) near the PA.
Information about hunting, trapping, fishing, and gathering within the RSA provided as part of the Project-
specific Indigenous engagement program with the following six Indigenous nations is included in Section
4.2.1 to Section 4.2.6 (Chapters 25 to 28 of the Impact Statement [Assessment of Potential Effects on
Indigenous Interests]).

e Apitipi Anicinapek Nation

e Flying Post First Nation

¢ Matachewan First Nation

e Mattagami First Nation

e Taykwa Tagamou Nation

e Métis Nation of Ontario - Region 3

Land use by non-Indigenous people also occurs within the LSA/RSA and is included in Section 4.2.7.
4.2.1 Apitipi Anicinapek Nation
4.2.1.1 Hunting and Trapping

Apitipi Anicinapek Nation stated that maintaining and protecting the current use of lands and resources
for traditional purposes, which includes lands used for hunting and trapping, and its members abilities to
exercise their rights to hunt and trap as one of the Nation’s core values (Apitipi Anicinapek Nation, 2023),
(Apitipi Anicinapek Nation, 2024).

Apitipi Anicinapek Nation previously identified that the Nation has the right to maintain and protect wildlife,
including but not limited to moose, black bear, beaver, marten, rabbit, mink, muskrat, fox, and lynx
(Wahgoshig First Nation, Odonaterra Inc. and Shared Value Solutions, 2021) (Apitipi Anicinapek Nation,
2024). In addition to these species, Apitipi Anicinapek Nation has also identified the following species of
cultural importance: fisher, grey fox, muskrat, squirrel, otter, weasel, wolf, coyote, lynx, wolverine, cougar,
boreal caribou, deer, white-tailed deer, geese, eagle (bald eagle), duck, grouse/partridge, crane, and
osprey (Apitipi Anicinapek Nation, 2023) (Apitipi Anicinapek Nation, 2024) (Impact Assessment Agency of
Canada, 2023).
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Apitipi Anicinapek Nation identified key hunting and trapping/snaring areas along Highway 655, at
Boundary Lake, Kirkland Lake, Ghost River, Smooth Rock, along backroads near Cochrane and
Timmins, and small lakes, ponds and wetlands surrounding the PA (Apitipi Anicinapek Nation, 2024). The
Kesagami Caribou Range intersects the PA, LSA, and RSA and was reported by Apitipi Anicinapek
Nation to be an important hunting and trapping area (Impact Assessment Agency of Canada, 2023).

4.2.1.2 Fishing and Water

Apitipi Anicinapek Nation (Apitipi Anicinapek Nation, 2023) (Apitipi Anicinapek Nation, 2024) stated that
one of their core values is maintaining and protecting the current use of lands and resources for
traditional purposes. This includes waters within the LSA/RSA which are used for fishing, the ability to
exercise rights to fish, and for travel and cultural continuity.

Apitipi Anicinapek Nation previously indicated that it has the right and interest to maintain and protect fish,
which includes the following species of importance: perch, catfish, whitefish, splake, sturgeon, northern
pike/jackfish, walleye, speckled trout, rainbow trout, lake trout, and smelts (Wahgoshig First Nation,
Odonaterra Inc. and Shared Value Solutions, 2021) (Apitipi Anicinapek Nation, 2024). In addition to these
species, Apitipi Anicinapek Nation has also identified the following species of cultural importance: bait
fish, sauger, sea trout, bass (large and smallmouth), mooneye, sheepshead, goldeye, brook trout, burbot,
lake sturgeon, pickerel and lake whitefish (Impact Assessment Agency of Canada, 2023) (Apitipi
Anicinapek Nation, 2024).

4.2.1.3 Gathering

Apitipi Anicinapek Nation emphasized that one of their core values is maintaining and protecting the
current use of lands and resources for traditional purposes. This includes lands used for plant and
medicine harvesting and ability to exercise rights to harvest plants (Apitipi Anicinapek Nation, 2023).

Apitipi Anicinapek Nation previously identified that the Nation has the right to maintain and protect plants
(for eating, medicines, ceremony, building materials, and firewood), which includes the following species
of importance: blueberries, raspberries, strawberries, chokeberries, large and small cranberries, hazelnut,
and tamarack (Wahgoshig First Nation, Odonaterra Inc. and Shared Value Solutions, 2021) (Apitipi
Anicinapek Nation, 2024). In addition to these species, Apitipi Anicinapek Nation has also identified the
following species of cultural importance: moss, fungi, reindeer lichen, gooseberries, Labrador tea, and
mushrooms (Impact Assessment Agency of Canada, 2023) (Apitipi Anicinapek Nation, 2024).

4.2.2 Flying Post First Nation
4.2.2.1 Hunting and Trapping

Flying Post First Nation (Flying Post First Nation, 2023) stated that one of its core values is maintaining
and protecting the current use of lands and resources for traditional purposes. This includes lands used
for hunting and trapping, and the ability to practice its right to hunt and trap. Hunting and trapping were
also identified as key components of the Nation’s traditional practices, integral for year-round sustenance,
connection with the ancestors, cultural transmission, and for economic purposes (Flying Post First Nation,
2023).
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The Nation identified that it has the right and interest to maintain and protect wildlife, which include the
following species of importance; moose, ruffed grouse (partridge), and rabbits (Flying Post First Nation,
2023). Moose was identified as a dietary staple for Flying Post First Nation (Flying Post First Nation,
2023). Flying Post First Nation reported that ruffed grouse harvesting generally occurs in the fall to avoid
interrupting their mating season, while rabbit are typically harvested in summer (Flying Post First Nation,
2023). Other species of importance include marten, beaver, fisher, mink, fox, grey fox, muskrat, squirrel,
otter, weasel, rabbit, wolf, coyote, lynx, wolverine, black bear, cougar, boreal caribou, deer, white-tailed
deer; geese, eagle (bald eagle), duck, crane, and osprey (Impact Assessment Agency of Canada, 2023).

4.2.2.2 Fishing and Water

Flying Post First Nation stated that one of its core values is maintaining and protecting the current use of
lands and resources for traditional purposes, including waterways used for fishing and practicing the right
to fish (Flying Post First Nation, 2023). Fishing was identified as a key component of the Nation’s
traditional practices, for sustenance, engaging with the land, and cultural transmission (Flying Post First
Nation, 2023). It was identified as an important skill to teach to youth and cultural gatherings can also
support language learning and learning about traditional medicines (Flying Post First Nation, 2023). The
Nation reported that fishing occurs seasonally when other food sources are unavailable; ice fishing is less
common that it was in the past but often families fish in the summer to store it for the winter (Flying Post
First Nation, 2023). Two fishing areas (North Driftwood River and unspecified lakes off Highway 655) and
two fish habitats (West Buskegau River and North Driftwood River) were reported to intersect the PA
(Flying Post First Nation, 2023).

Flying Post First Nation identified that members have the right and interest to maintain and protect fish in
their territory (Flying Post First Nation, 2023). Fished species of importance to Flying Post First Nation
include walleye (pickerel), northern pike (jackfish), perch, sturgeon (a sacred species), bait fish, sauger,
sea trout, bass (large and smallmouth), mooneye, sheepshead, goldeye, splake, sucker (white and
redhorse), brook trout, burbot, catfish (channel and brown bullhead), lake trout, and lake whitefish (Flying
Post First Nation, 2023) (Impact Assessment Agency of Canada, 2023).

The following water, fishing, fish and fish habitat areas were reported within the RSA (Flying Post First
Nation 2023a; Appendix A.1 of the Impact Statement):

e Fish habitat located 36.5 km northeast of the PA along the Abitibi River

e Fishing area 37.6km west of the PA along the Nat River

e Fishing area 46.3 km southwest of the PA near Flying Post IR 73

e Water source 42.5 km northwest of the PA at Smooth Rock Falls

e Fishing area, sturgeon habitat, drinking water source and swimming area 50.3 km west of the PA
at Groundhog River
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Six additional fishing areas, as well as a sturgeon spawning area and a spill site were identified outside of
the RSA (Flying Post First Nation 2023a; Appendix A.1 of the Impact Statement). The spill was reported
to have occurred at Boulder Lake, approximately 83.6 km southwest of the PA (Flying Post First Nation
2023a). The fishing areas include Bromley Lake, lvanhoe River, lvanhoe Lake, Horwood Lake, Victoria
Creek, and the Foleyet area (Flying Post First Nation 2023a).

4.2.2.3 Gathering

Flying Post First Nation noted that one of its core values is maintaining and protecting the current use of
lands and resources for traditional purposes such as harvesting plants for food and medicine (Flying Post
First Nation, 2023). Food plants and medicines were therefore identified as important to its members
nutrition and health and the continuation of traditional healing and cultural practices (Flying Post First
Nation, 2023). Plant use and knowledge of plants was reported to be an important aspect of knowledge
transmission and connecting youth with the land (Flying Post First Nation, 2023). Plant harvesting was
identified as a right-based value and an important part of Indigenous identity (Flying Post First Nation,
2023).

Food plants of importance to Flying Post First Nation include but are not limited to pin cherry, wild
blueberry, wild cranberry, wild raspberry, wild strawberry, fireweed, wild rice, and wild strawberry (Flying
Post First Nation, 2023) (Impact Assessment Agency of Canada, 2023). Berry-picking generally occurs
mid- to late-summer and the Nation continues to perpetuate ceremonial practices associated with plant
harvesting (Flying Post First Nation, 2023). Plant harvesting activities were reported to sometimes occur
opportunistically when Nation members are performing other activities such as travelling or camping
(Flying Post First Nation, 2023).

Flying Post First Nation noted that maintaining and protecting the current use of lands and resources for
traditional purposes such as harvesting plants for medicine is one of its core values (Flying Post First
Nation, 2023). Plants harvested for medicinal purposes were identified as important to its members
nutrition and health and the continuation of traditional healing and cultural practices (Flying Post First
Nation, 2023). Flying Post First Nation identified plant species of cultural importance which include but
are not limited to bark, sage, sweetgrass, pearly everlasting, cedar and tobacco (Flying Post First Nation,
2023) (Impact Assessment Agency of Canada, 2023).

4.2.3 Matachewan First Nation
4.2.3.1 Hunting and Trapping

Matachewan First Nation stated that hunting and trapping continue to be critical cultural and subsistence
practices for members today (Matachewan First Nation, 2023). These practices and associated values
provide members with a range of tangible and intangible benefits including nutrition, food security,
knowledge transmission, connection to land within its territory, and cultural persistence (Matachewan First
Nation, 2023).
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Matachewan First Nation continue to rely on an abundance and diversity of species to exercise hunting
and trapping rights (Matachewan First Nation, 2023) (Impact Assessment Agency of Canada, 2023).
Harvested species include moose, black bear, partridge, lynx, rabbits, duck, beaver (Matachewan First
Nation, 2023) (Impact Assessment Agency of Canada, 2023). Traditional species of importance also
include fisher, mink, fox, grey fox, muskrat, squirrel, otter, weasel, coyote, wolverine, cougar, moose,
boreal caribou, deer, white-tailed deer, geese, eagle (bald eagle), duck, crane, and osprey (Matachewan
First Nation, 2023).

4.2.3.2 Fishing and Water

Matachewan First Nation identified water and fishing practices such as harvesting, sharing of ecological
knowledge, cooking, and processing fish as culturally important values (Matachewan First Nation, 2023).
Waterbodies were reported to be directly connected to the Nations way of life, as waterbodies facilitate
recreational activities such as camping and enjoying being on the land, as well as fishing (Matachewan
First Nation, 2023). Members use waterbodies to travel across their territory to access different fishing
locations during different seasons of the year (Matachewan First Nation, 2023).

Harvesting of water from the land was reported to have occurred for generations and water is perceived
to be a conduit for land-based activities, a resource that is obtained and used by Matachewan, and a
supportive factor for all lifeforms and species — both plants and animals (Matachewan First Nation, 2023).

Matachewan First Nation reported that numerous fish species are important sources of nutrition and
facilitate the transmission of fishing knowledge and practices. These species include, pickerel (walleye),
perch, northern pike/jackfish, trout, whitefish, lingcod, lake trout, speckled trout, sturgeon, minnow, and
bass (Matachewan First Nation, 2023). Traditional species of importance also include bait fish, sauger,
sea trout, mooneye, sheepshead, goldeye, splake, sucker (white and redhorse), brook trout, burbot, and
catfish (channel and brown bullhead) (Matachewan First Nation, 2023) (Impact Assessment Agency of
Canada, 2023).

Matachewan First Nation identified several water, fishing, environmental, and/or fish habitat features that
intersect the PA (Matachewan First Nation, 2023). These include a fishing area along Highway 655 and
North Driftwood River, a snowmobile trail from Timmins to Cochrane, multiple natural spring sources west
of Kirkland, and fish habitat on the West Buskegau River (Matachewan First Nation, 2023).

4.2.3.3 Gathering

Harvesting practices for food plants and medicine, and the health of plant habitats, were reported to be
important values for Matachewan First Nation (Matachewan First Nation, 2023). Matachewan First Nation
highlighted the cultural importance of plants, berries and medicines for a variety of uses (Matachewan
First Nation, 2023). These include but are not limited to foods harvested in specific areas or encountered
during other activities and calling tools for moose (Matachewan First Nation, 2023).
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Matachewan First Nation stated that obtaining food plants from the land is important both for sustenance
and for maintaining traditional ecological knowledge (Matachewan First Nation, 2023). Matachewan First
Nation reported that preferred locations for harvesting food plants and medicines include areas of intact
forest free from chemical spraying (Matachewan First Nation, 2023). A variety of plant medicines are
harvested including blueberry, raspberry, pin cherry, bamagillia buds (balsam poplar), and swampy tea
(Matachewan First Nation, 2023) (Impact Assessment Agency of Canada, 2023). Matachewan First
Nation indicated that the spirit berry is a culturally important species. Matachewan First Nation noted that
the spirit berry grows in two localized patches and appear pure and sacred.

Harvesting practices for medicine, and the health of plant habitats, were reported to be important values
for Matachewan First Nation (Matachewan First Nation, 2023). Matachewan First Nation highlighted the
cultural importance of plants, berries and medicines for a variety of uses (Matachewan First Nation,
2023). These include ceremonial resources as part of the four sacred medicines, and topical and internal
medicines for a variety of ailments including colds, rashes, and cancer (Matachewan First Nation, 2023).

Matachewan First Nation reported that preferred locations for harvesting medicines, include areas of
intact forest free from chemical spraying (Matachewan First Nation, 2023). A variety of plant medicines
are harvested including Labrador tea, cedar, mint, birch bark, mountain ash, mushroom chaga, sage,
willow, and wild rose (Matachewan First Nation, 2023) (Impact Assessment Agency of Canada, 2023).

4.2.4 Mattagami First Nation
4.2.4.1 Hunting and Trapping

Wild game forms a central part of Mattagami First Nation’s diet and therefore access to wild game and a
year-round supply of meat are critically important. Members of Mattagami First Nation remarked that they
have a strong preference for wild over store-bought meat, based on health benefits and flavour
preferences (Mattagami First Nation, 2023a).

Participants interviewed as a part of Mattagami First Nations’ Project-specific study, reported harvesting a
variety of large and small game including moose, bear, beaver, spruce, and ruffed grouse (partridge),
ducks, and rabbit. Hunting continues to sustain Mattagami First Nation’s year-round diet, and participants
recalled the prevalence of hunting and wild game (along a variety of fish) in their childhoods (Mattagami
First Nation, 2023a). Mattagami First Nation noted that the eastern whip-poor-will is a species of concern
and has the potential to be present in the PA (Mattagami First Nation, 2022). Traditional species of
importance also include fisher, mink, fox, grey fox, muskrat, squirrel, otter, weasel, rabbit, coyote, lynx,
wolverine, black bear, and cougar, moose, boreal caribou, deer, white-tailed deer, geese, eagle (bald
eagle), duck, crane, and osprey (Impact Assessment Agency of Canada, 2023).

Several members of Mattagami First Nation have reported that they hunt from permanent or short-term
camps, including trap lines, in addition to the more common day trips for hunting or harvesting animals
while travelling for other purposes (Mattagami First Nation, 2023a). Mattagami First Nation reported that
hunting for moose, grouse, bear, and deer starts in August and finishes in November, and ducks and
geese are hunted from April to May and August to September. The importance of sharing with Elders and
those who are no longer able to access the land was emphasized by members of Mattagami First Nation.
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Members of Mattagami First Nation reported beginning hunting as youths, under the supervision of older
family and community members; with one participant noting that family cabins and traplines are important
areas where youth learn how to harvest and process animals as part of the transition towards supporting
older generations. For some, annual intergenerational hunting trips are an explicit component of ensuring
the continuation of Mattagami traditional knowledge (Mattagami First Nation, 2023a). Mattagami First
Nation members articulate a hunting and trapping ethic that emphasizes the humane killing of animals
and the conservation of meat. As with other elements of hunting and trapping described above, this ethic,
too, is explicitly taught to younger generations of harvesters. As the subject of cultural teaching and
learning, and as critical to food security, success in hunting is celebrated in Mattagami communities.
Participants further describe the act of hunting as relaxing, and as essential to fostering bonding and
learning experiences (Mattagami First Nation, 2023a).

4242 Fishing and Water

Fish represent an important component of Mattagami First Nation members’ wild food diets, along with
many other species of animals and plants (Mattagami First Nation, 2023a). A wide diversity of fish
species, such as pickerel, walleye, northern pike, whitefish, suckers, and perch, are harvested,
processed, and preserved by Mattagami First Nation members using a range of techniques (Mattagami
First Nation, 2023a). Mattagami First Nation fishers utilize different fishing techniques across species and
fishing seasons including rod and reel, spring net fishing, and ice fishing (Mattagami First Nation, 2023a).
Other traditional species of importance also include bait fish, sauger, sea trout, bass (large and
smallmouth), mooneye, sheepshead, goldeye, splake, northern pike/jackfish, sucker (white and
redhorse), brook trout, burbot, perch, catfish (channel and brown bullhead) and lake sturgeon (Impact
Assessment Agency of Canada, 2023).

Mattagami First Nation Members shared their knowledge in their Knowledge and Use Study (Mattagami
First Nation, 2023a). They note that fishing supports their cultural health in ways other than traditional
food access and knowledge transmission, and provide a sense of place and connection to land that
promotes mental health, sense of identity, and social fabric. Mattagami First Nation fishing knowledge is
rich and place-based, typically passed down intergenerationally. This knowledge is learned through
spending significant time on the water, providing Mattagami First Nation fishers with an understanding of
fish habitat, spawning patterns, behaviour, and seasonality. Mattagami First Nation members move
between different fishing areas to harvest a variety of species. North Driftwood River, for example, which
intersects the PA, was identified as a place for smelt fishing. Preserving Mattagami First Nation members
access to and confidence in lakes and rivers is vital to Mattagami First Nation fishing practices and food
security. Traditional food sharing protocols, grounded in Elder care and mutual aid, make sure that the
benefits of fishing practices are amplified throughout the community.

Collecting water from natural sources while out on the land (e.g., at cabins, traplines, fishing sites,
harvesting areas) has always been an important activity for Mattagami First Nation members. Access to
reliable and clean natural drinking water sources is therefore essential to Mattagami First Nation
members’ land-based way of life. For members of Mattagami First Nation, certain waterbodies can have
multiple layers of significance. A single waterway could be a fishing area, a spawning habitat, a
ceremonial site, a drinking water source, and a navigation route, among many others. Water is also
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critical for intangible elements of Mattagami First Nation culture practiced by Mattagami First Nation
members including spirituality and ceremonial values (Mattagami First Nation, 2023a).

4.2.4.3 Gathering

Mattagami First Nation stated that harvesting occurs at a number of preferred harvesting locations and
reported harvesting numerous species including but not limited to blueberries, raspberries, cranberries,
chokecherries, strawberries, as well as a variety of mushrooms including chanterelle, puffball, and shaggy
mane mushrooms (Impact Assessment Agency of Canada, 2023) (Mattagami First Nation, 2023b). For
Mattagami First Nation, berries are especially important food species as they can be preserved for the
winter, providing an important source of nutrients and vitamins throughout the year. While Mattagami First
Nation members harvest berries primarily in the summer, they gather food plants throughout the seasons
and often harvest a diversity of mushrooms species is in the fall (Mattagami First Nation, 2023a).

Mattagami First Nation stated that harvesting of medicinal plants occurs at a number of preferred
harvesting locations, with species including but not limited to rosehips, sweetgrass, cedar, birch, maple,
balsam, tamarack, red willow, swampy sage, and white grandmother sage (Impact Assessment Agency of
Canada, 2023) (Mattagami First Nation, 2023b).

Medicinal plants are valued for their healing properties and used as teas, smudges, medicines, and
ceremonies, which are critical for Mattagami’s ability to seek culturally relevant healing and wellness
(Mattagami First Nation, 2023a). Mattagami First Nation harvests a variety of medicinal plant species,
including but not limited to cedar, birch, maple, balsam, tamarack, red willow, Labrador tea, sage (multiple
varieties), sweetgrass, rose hips, tobacco, and chaga (Mattagami First Nation, 2023a). Similar to food
plants, Mattagami relies on a diversity of species and locations for these medicines. Medicinal plants are
stewarded to make sure an abundance of high-quality resources, and when necessary, they are traded or
shared to make sure individuals have access to the medicines they require (Mattagami First Nation,
2023a). Members of Mattagami First Nation explained how attention to plant health is critical to assure
the freshness and purity for medicinal and sacred uses. It is important to Mattagami members that
medicinal species are found growing naturally (rather than replanted) to assure their potency and quality.
This is especially the case for cedar, which is used in teas, for sacred fires, as a cleansing smudge, and
during funerals. The knowledge of surrounding habitat conditions, quality, purity, and other ecological
knowledge (e.qg., soil conditions) is critical to assure that harvested medicine helps to heal community
members effectively (and avoids potentially harming them) (Mattagami First Nation, 2023a).

4.2.5 Taykwa Tagamou Nation
4.25.1 Hunting and Trapping

Taykwa Tagamou Nation identified hunting as an important aspect of the Nation’s livelihood (Taykwa
Tagamou Nation, 2023a), indicating that members have the right and interest to maintain and protect
wildlife including the following species of significance: moose, grouse/partridge, goose, duck, rabbit; and
other important species to the Nation such as bald eagle, beaver, black bear, boreal caribou, cougar,
coyote, crane, fisher, fox, grey fox, lynx, marten, mink, muskrat, osprey, otter, squirrel, weasel, white-
tailed deer, wolf, and wolverines (Taykwa Tagamou Nation, 2023a) (Taykwa Tagamou Nation, 2023b).
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Taykwa Tagamou Nation reported that waterfowl are hunted in both the spring and the fall, as the birds
followed their annual north—south migration routes.

4.25.2 Fishing and Water

The Taykwa Tagamou Nation has emphasized the critical importance of water and fishing practices to
their core values (Taykwa Tagamou Nation, 2023a). They have noted that the numerous rivers, streams,
and lakes in what is now northeastern Ontario historically provided essential canoe routes for travel and
trade, as well as access to abundant fish populations. The Nation asserts its right and interest in
maintaining and protecting various fish species, including bait fish, large and smallmouth bass, brook
trout, burbot, channel and brown bullhead catfish, goldeye, lake trout, lake whitefish, mooneye, perch,
pickerel/walleye, sauger, sea trout, sheepshead, splake, and white and redhorse sucker (Taykwa
Tagamou Nation, 2023a). Northern pike/jackfish and lake sturgeon are identified as particularly significant
species to the Nation (Taykwa Tagamou Nation, 2023a). The large rivers in the area support a rich
diversity of food fish species, such as pickerel (walleye), lake sturgeon, lake whitefish, brook trout, bait
fish, and northern pike. The Taykwa Tagamou Nation has identified four fishing features that intersect the
PA: Lower Sturgeon Dam Road, North Driftwood River, Highway 655 between Driftwood and Kidd Creek
mine, and West Buskegau River.

4.2.5.3 Gathering

The Taykwa Tagamou Nation has highlighted the importance of plant harvesting practices to their core
values (Taykwa Tagamou Nation, 2023a). They assert their right and interest in maintaining and
protecting key medicinal plant resources such as rose hip berries, horsetail, mullein, raspberry leaves,
goldenrod, cattail, yarrow, plantain, swamp aster, pearly everlasting, and plants used for ceremonial
purposes like Labrador tea and cedar. Additionally, they emphasize the significance of food plants such
as gooseberries, raspberries, sweetgrass, and tamarack (Taykwa Tagamou Nation, 2023a) (Taykwa
Tagamou Nation, 2023b) (Taykwa Tagamou Nation, 2023c).

Blueberries are noted as an essential food source for the community. The Nation also reports harvesting
spruce, gooseberries, tamarack, raspberries, sage, sweetgrass, rose hip berries, horsetail, mullein,
goldenrod, cattail, yarrow, plantain, swamp aster, and pearly everlasting (Taykwa Tagamou Nation,
2023a). Cedar and Labrador tea are specifically harvested for ceremonial purposes (Taykwa Tagamou
Nation, 2023a). Some of these species are used for treating burns, cuts, and stings, as well as for their
anti-inflammatory and antioxidant properties (Taykwa Tagamou Nation, 2023a).

4.2.6 Métis Nation of Ontario — Region 3
42.6.1 Hunting, Trapping and Non-Consumptive Species

Traditional species of importance to Métis Nation of Ontario - Region 3 that were hunted and/or trapped
by its members include marten, beaver, fisher, mink, fox, grey fox, muskrat, squirrel, otter, weasel, rabbit,
wolf, coyote, lynx, wolverine, black bear, cougar, moose, boreal caribou, deer, white-tailed deer, geese,
duck, grouse/partridge, and crane. Métis Nation of Ontario noted that specific bird species are of critical
importance to the Métis, including Canada warbler, common nighthawk, eastern whip-poor-will; olive-
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sided flycatcher, bobolink, barn swallow, bank swallow, evening grosbeak, rusty blackbird, yellow rail
(Impact Assessment Agency of Canada, 2023). Eagle (bald eagle) and osprey are species of cultural
importance for Métis Nation of Ontario - Region 3.

4.2.6.2 Fishing and Water

Traditional species of importance to Métis Nation of Ontario - Region 3 include bait fish, sauger, sea trout,
bass (large and smallmouth), mooneye, sheepshead, goldeye, splake, pike, northern pike/jackfish, sucker
(white and redhorse), brook trout, burbot, perch, catfish (channel and brown bullhead), lake sturgeon,
pickerel/walleye, lake trout, and lake whitefish (Canada Nickel Company, 2022) (Impact Assessment
Agency of Canada, 2023). West Buskegau River and North Driftwood River were identified as fish habitat
and as potential spawning grounds (Canada Nickel Company, 2022) (Impact Assessment Agency of
Canada, 2023). West Buskegau River and the North Driftwood River intersect the PA.

4.2.6.3 Gathering

Traditional species of importance to Métis Nation of Ontario - Region 3 include moss, fungi, reindeer
lichen, blueberries, raspberries, gooseberries, Labrador tea, tamarack, mushrooms (Impact Assessment
Agency of Canada, 2023).

4.2.7 Non-Indigenous Land Use

Several municipalities and developed areas are located within the RSA. However, Project-related effects
to environmental media (e.g., air, soil, water) from Project-related activities are expected to be limited to
within the LSA, which is primarily undeveloped and consists of wetlands, forested areas, and to a lesser
extent, lakes, rivers and ponds. As a result, non-Indigenous land use within the LSA is assumed to be
recreational.

Outdoor recreational activities in Northeastern Ontario includes paddling, fishing, camping, hiking, biking
trails, golfing, ATV trails, outfitters, outdoor experiences, tours, provincial parks, and other resource-
based tourism activities. Winter activities include snowmobiling, Nordic skiing, and snowshoeing (The
Seven Northeastern Ontario Canada, n.d.).

Given the presence of trails, camping areas, and watercourses within the LSA, recreational uses are
expected to include paddling, hunting, berry picking, camping, hiking/biking, snowmobiling, skiing and
snowshoeing.

Fishing is also a popular activity in the region, and fish can be an important part of a healthy diet (Health
Canada, 2007). While fish are a great source of nutrients, they can also contain contaminants (e.qg.,
mercury) from natural sources or human activities (MECP, 2023a). The MECP has issued fish
consumption advisories for waterbodies in Ontario, including Bigwater Lake (MECP, 2021a) and
Mattagami River downstream of Sturgeon Falls (MECP, 2021b), both of which are located within the LSA
(Figure A.5, Appendix A).These advisories are due to the presence of mercury in fish tissue and concerns
related to methyl mercury exposure. Bigwater Lake has consumption advisories for northern pike, walleye
and white sucker while the Mattagami River downstream of Sturgeon Falls has consumption advisories
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for northern pike, walleye and redhorse sucker. The MECP fish consumption advisories for these two
waterbodies were published in 2014 and most recently updated in 2021.

Consumption advisories specify the maximum number of meals per month people can safely eat, based
on the size and species of fish. These advisories are set for the general population as well as sensitive
populations (i.e., women of child-bearing age and children under 15). For example, members of the
general population can safely consume 16 meals (one meal is equivalent to 227 g or 8 oz (MECP, 2023))
per month of northern pike that range in size from 30 to 35 cm caught in Bigwater Lake, while members of
the sensitive population can safely consume 12 meals per month of northern pike of the same size.
People who consume fish from the LSA should follow the advice provided by the MECP in consumption
advisory documents.
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5 Human Health and Ecological Risk Assessment
Methods

The HHERA evaluates the health risk to human and ecological receptors from their exposure to
chemicals in environmental media (e.g., air, soil, water, and biota). The HHERA consists of two
components: an HHRA and an ERA. The HHRA characterizes the short-term (acute) and long-term
(chronic) health risk to people, while the ERA characterizes the potential chronic risk to a species
population (e.g., meadow voles), a community of multiple species (e.g., soil invertebrate community), or
an individual within a species (applicable to rare and endangered species).

In the context of an impact assessment for major infrastructure projects, the HHERA evaluates the
potential change in health risk to people and ecological receptors that may occur between baseline
environmental conditions and estimated future conditions, during the various phases of the Project.
Baseline environmental conditions may be based on historical monitoring data, measured data collected
during baseline studies, or modelled data. Future conditions are based on modelled environmental
conditions that reflect the influence of Project activities.

The HHERA considers three scenarios in evaluating the potential changes in human and ecological
health risks.

e Baseline Scenario: evaluates the existing exposures and health risks based on the measured
chemical concentrations in environmental media (air, soil, surface water, sediment, plants, small
prey, and fish). Chemical concentrations for invertebrates and wild meat (e.g. moose) are estimated
based upon measured concentrations of chemicals in other media.

e Project Alone Scenario: evaluates health risks associated with exposure to estimated chemical
concentrations in environmental media that are attributable only to project activities (i.e. these do
not consider the contribution that Baseline Scenario concentrations make to overall exposure).

e Baseline Plus Project Scenario: evaluates the future health risks based on the estimated
chemical concentrations in environmental media, as determined through detailed modelling from
other Valued Component chapters (e.g. air quality, water quality). These modelling results are used
to estimate the future chemical concentrations in exposure media that human and ecological
receptors are exposed to (i.e. air, soil, surface water, sediment, vegetation, small prey, fish,
invertebrates, and wild meats).

The following sections describe the underlying concepts and approach to conducting an HHERA that is
prescribed by Health Canada, the CCME, and the FCSAP.

() canon ke . () stantec



Crawford Nickel Project Technical Data Report — Human Health and Ecological Risk Assessment
5 Human Health and Ecological Risk Assessment Methods
November 22, 2024

5.1 Components of Health Risk

Risk from exposure to a chemical depends on three factors:

1. The presence of a human or ecological receptor (i.e., receptor).
2. The presence of a chemical with inherent toxicity.

3. The exposure pathway and the degree of human or ecological receptor exposure to a chemical.

As illustrated in Figure 5.1, if all three factors of health risk interact (i.e., a receptor is exposed to a
chemical hazard), a risk may exist. The degree of adverse health risk depends on other factors such as
the exposure dose or concentration, exposure duration, and the inherent toxicity of the chemical to the
human or ecological receptor. If one or more factors(s) is absent, there would be no potential health risk.
Also, if a receptor is exposed to a chemical, but the chemical is inherently non-toxic, then there is no
potential risk.

Figure 5.1 Considerations of a Quantitative HHERA (after Health Canada 2023a)

Receptors
(human,
ecological)

Exposure
Pathway
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5.2 Risk Assessment Framework

The basic risk assessment framework consists of problem formulation, toxicological assessment,
exposure assessment, risk characterization, and uncertainty and sensitivity assessment. Each
component is discussed below.

e The problem formulation is an information gathering and interpretation stage that defines the
nature and scope of the risk assessment, permits practical boundaries to be placed on the overall
scope, and confirms that the HHERA is directed at the key areas and issues of concern related to
the Project emissions. The data gathered provide information regarding the physical layout and
characteristics of the assessment area (e.g., the LSA), the chemicals of potential concern
(CoPCs), possible exposure pathways, potential human and ecological receptors, and other
specific areas or issues of concern.

e The toxicity assessment involves the selection of TRVs and the identification of regulatory
benchmarks for each CoPC as appropriate. Toxicity is the potential for a chemical to produce
damage, permanent or temporary, to the structure or functioning of the receptor's body. Except
for community receptors, the toxicity of a chemical depends on the amount of chemical taken into
the body (referred to as the "dose") and the duration of exposure (i.e., the length of time the
receptor is exposed to the chemical). For community receptors (e.g. plants, benthic invertebrates,
fish), the toxicity depends on the concentration of CoPC in the media where the receptors live.
For example, for benthic invertebrates, the toxicity depends on the concentration of the CoPC in
sediment. For each CoPC, there is a specific dose and duration of exposure necessary to
produce a toxic effect in a given receptor. TRVs are published by provincial, federal, or
international (e.g., United States Environmental Protection Agency [US EPA]) agencies.

e The exposure assessment builds on the receptor and exposure pathway identification completed
in the problem formulation stage. For each CoPC, exposures are estimated for each receptor for
each of the exposure pathways that are relevant for that receptor. The rate of exposure to
chemicals may be expressed as a dose, which is the amount of chemical taken in per body
weight per unit time (e.g., microgram (ug) of chemical per kilogram (kg) body weight per day), or
as a concentration in the exposure pathway (e.g., when considering health risks to people from
the inhalation of CoPC, the rate of exposure would be the chemical concentration in air) or
environmental media. Exposures are estimated for Baseline, Project Alone and Baseline Plus
Project Scenarios.

e The risk characterization involves qualitatively and quantitatively assessing potential risk to
receptors from exposure to CoPC. Within an environmental assessment framework, the health
risks associated with the Baseline Plus Project Scenario are compared to the health risks
associated with Baseline Scenario to provide the context for how the Project may affect health.
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e The uncertainty and sensitivity assessment is an important part of the risk assessment process.
Uncertainties can arise in various aspects of the assessment, such as sample collection and
analysis, exposure estimates, the derivation of TRVs, and the assumptions made when applying
professional judgment. This uncertainty does not invalidate the risk estimate. However,
articulating the uncertainty aids in interpreting the risk estimates. Similarly, a sensitivity analysis
helps identify the effect of assumptions on the results of the risk analysis. A qualitative uncertainty
and sensitivity assessment has been incorporated into this HHERA.

Overall, in risk assessment the industry standard is to overstate, rather than understate, potential health
risks. Regulatory guidance supports use of a protective approach (one that overestimates exposures and
toxicological responses) when assessing potential health risks for both human and ecological receptors.
This protective approach (also known as a conservative approach) has been maintained in the
assessment of potential human health and ecological risks for the Project.
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6 Baseline and Modelled Future Concentrations

To evaluate the potential health risks from chemicals potentially released by Project-related activities, the
concentrations of the chemicals in environmental media (such as air, soil, surface water, sediment, and
food items) were determined for each assessed scenario (i.e., Baseline Scenario, Project Alone Scenario,
and Baseline Plus Project Scenario). These concentrations, called exposure point concentrations (EPCs),
are used to calculate exposures for human and ecological receptors.

Approaches used to define EPCs for each of the assessed scenarios are discussed below. Evaluations of
baseline and future air quality and surface water quality are provided in Chapter 12 (Assessment of
Potential Effects on the Atmospheric Environment) and Chapter 15 (Assessment of Potential Effects on
Surface Water) of the Impact Statement.

For the Baseline Scenario, EPCs were estimated using measured baseline data if available. In the
absence of measured baseline data, Baseline Scenario EPCs were estimated using an uptake factor
approach or dietary exposure modelling. Approaches used to define Baseline Scenario EPCs are
summarized below and further discussed in Sections 6.1 to 6.11 according to each medium.

1. Measured Baseline Data. Measured baseline data for soil, terrestrial vegetation (berries and
other), wild birds, sediment, fish tissue, and aquatic vegetation were collected in field programs
carried out between 2021 and 2023. The sampling locations where baseline data were collected
for these media are shown in Figures A.2 to A.4, Appendix A and the analytical data from these
sampling programs are summarized in Appendix B.

For soll, terrestrial vegetation (berries and other), wild birds, sediment, fish tissue, and aquatic
vegetation, Baseline Scenario EPCs were derived using the following approach:

¢ Where sufficient sample size permits (i.e., n =2 10) with at least four samples that are greater
than the reported detection limit, the 95% upper confidence limit of the mean (UCLM),
calculated using US EPA’s ProUCL Version 5.2 statistical software (US EPA, 2022), was
used to represent a reasonable upper limit of the Baseline Scenario EPC. Duplicate sample
were removed from the data prior to ProUCL analysis. If more than one 95% UCLM value
was recommended by ProUCL, the highest recommended value was selected. ProUCL
output files are provided in Appendix B.

e Where sample size is limited (i.e., n < 10 and/or number of detected samples < 4), the
maximum reported concentration or detection limit (whichever is greater) was selected as the
Baseline Scenario EPC.

The resulting Baseline Scenario EPCs from this analysis are summarized in Appendix B.
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2. Uptake Factors. The uptake factor approach was used to estimate concentrations of metals in
some tissue without measured baseline data. Concentrations of metals in a biological tissue (e.qg.,
terrestrial and benthic invertebrates) were estimated from concentrations in a corresponding
media (e.g., soil or sediment) using a media-specific and parameter-specific uptake factor, as

follows:
EPCj = EPCi x UPj; Equation 6-1
Where:
EPC; = Exposure point concentration in target biotic tissue j (e.g., plants or fish,
mg/kg wet weight)
EPC = Exposure point concentration in measured media i (e.g., soil and/or
surface water, in mg/kg dry weight or in mg/L)
UpP; = Uptake Factor from environmental medium i to target biota tissue j

(parameter, environmental medium, and biotic tissue dependent).
Depending on the chemical and the media, uptake factors were either
based on linear relationships, resulting in a single value, or non-linear
relationships, where the value of the uptake factor depends on the
exposure point concentration. The uptake factors applied to generate
Baseline Scenario EPCs in this HHERA are summarized in Appendix C.

3. Dietary Exposure Modelling: Baseline Scenario EPCs for wild meat (moose, deer, rabbit,
beaver, grouse, duck, and goose) were estimated using a dietary exposure modelling approach
that incorporates the Baseline Scenario EPCs for soil, surface water, sediment, and applicable
dietary items. This approach is discussed further in Section 6.8.

Approaches used to define Project Alone Scenario and Baseline Plus Project Scenario EPCs are
summarized below and further discussed in Sections 6.1 to 6.11 according to each medium. For the
Project Alone Scenario and Baseline Plus Project Scenario, Project Alone Scenario EPCs were
calculated as the difference between Baseline Plus Project Scenario EPCs and Baseline Scenario EPCs.
Baseline Plus Project Scenario EPCs were estimated from modelled Project-related changes in air
concentrations, deposition to soil, and changes in surface water concentrations as described in Chapter
12 (Assessment of Potential Effects on the Atmospheric Environment) and Chapter 15 (Assessment of
Potential Effects on Surface Water) of the Impact Statement.
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The EPCs for air for each of the assessed scenarios were presented in Chapter 12 the Impact Statement
and are reproduced in Section 6.1. Deposition to soil modelled in Chapter 12 of the Impact Statement
were used to estimate Baseline Plus Project Scenario EPCs in soil and the approach is further discussed
in Section 6.2 alongside Baseline Scenario and Project Alone Scenario EPCs. The EPCs for surface
water for each of the assessed scenarios were presented in Chapter 15 of the Impact Statement and are
also presented in Section 6.3. Changes in surface water modelled in Chapter 15 of the Impact Statement
were used to estimate Baseline Plus Project Scenario EPCs in sediment and the approach is further
discussed in Section 6.4 alongside Baseline Scenario and Project Alone Scenario EPCs.

The modelled changes in chemical concentrations in soil (see Section 6.2), surface water (see Section
6.3), and sediment (see Section 6.4) were used to estimate changes in tissue concentrations, excluding
uncovered plants and wild meats (both discussed below in their respective section). This estimation
followed a specific process. First, modelled Baseline Scenario concentrations were calculated using
Baseline Scenario concentrations in soil, surface water, and/or sediment and literature-based uptake
factors. Next, modelled Baseline Plus Project Scenario concentrations were calculated using the same
uptake factors applied to the modelled Baseline Plus Project Scenario concentrations in soil, water,
and/or sediment. The ratio of the modelled Baseline Plus Project Scenario to the modelled Baseline
Scenario concentrations was then multiplied by the measured Baseline Scenario concentrations to
estimate the Baseline Plus Project Scenario concentrations in vegetation, invertebrates, small prey, and
fish tissue. This uptake factor and proportioning approach for estimating Baseline Plus Project Scenario
EPCs of metals was used for the following media:

e Terrestrial plants (encompassing berries and other traditional plants) — estimated based on
modelled change in soil concentrations and/or direct deposition onto uncovered plant surfaces, as
applicable.

e Terrestrial invertebrates — estimated based on modelled change in soil concentrations.
e Terrestrial small prey — estimated based on modelled change in soil concentrations.

e Wild meat — estimated using a dietary exposure modelling approach that incorporates modelled
changed in soil, surface water, sediment, and applicable dietary items (i.e., vegetation).

e Fish — estimated based on modelled change in surface water concentrations.

e Aguatic vegetation — estimated based on modelled change in sediment concentrations.

e Benthic invertebrates — estimated based on modelled change in sediment concentrations.
Baseline Plus Project Scenario estimated concentrations in wild meat (including birds and mammals)

were modelled using the same approach as that use to establish Baseline Scenario EPCs (as mentioned
above and discussed in Section 6.8).

Concentrations in tissues for each of the assessed scenarios are presented in Sections 6.5t0 6.11
according to each medium.
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Baseline data were available in one or more media for the following metals; however, they were not
considered further in the multimedia HHERA due to low toxicity and/or ubiquity in the natural environment
as discussed in Appendix D:

e Aluminum e Lithium e Strontium
e Bismuth e Magnesium e Tin

e Boron e Phosphorus e Titanium
e Calcium e Potassium

e lron e Sodium

For tungsten, baseline sampling of tissue provided limited data, and the modelled percent changes from
Baseline Scenario concentrations in soil were low, as presented in Section 6.2. In addition, there is a lack
of toxicity data available for tungsten in the literature. Therefore, tungsten is not assessed quantitatively.
Instead, it was evaluated qualitatively in the HHRA and ERA. Consequently, tungsten concentrations in
sediment and tissues have not been modelled and are marked as “not calculated” in tables in Sections
6.5t06.11.

As noted in Section 1.3.4, special consideration is given to evaluating changes in mercury and methyl
mercury concentrations in surface water and how these changes are reflected in methyl mercury
concentrations in fish tissue associated the North Driftwood Diversion Channel.

6.1 Air

An evaluation of baseline and future air quality was conducted as part of the air quality assessment in
support of the Impact Statement. A summary of the ambient monitoring data used to evaluate Baseline
Scenario and the modelling methods applied to estimate future air quality conditions (i.e., Project Alone
Scenario and Baseline Plus Project Scenario) is provided below. Additional details (e.g., model software,
model inputs and assumptions) are provided in Chapter 12 of the Impact Statement and the Air Quality
Assessment Technical Data Report (Appendix C.1 of the Impact Statement).

A comprehensive list of Project-related chemicals that may be released to the receiving environment and
have the potential to elicit adverse human or ecological effects was developed based on a review of
several information sources, including:

e the Project design.

e mineralogical and trace constituent analysis of the ore, waste rock and overburden.

e Safety Data Sheets for additives and other chemicals used in the ore milling and concentrating
processes.

e air contaminants with provincial air quality criteria (O. Reg. 419) that may be emitted during
construction, operations, and decommissioning and closure phases.
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e air contaminants emitted from vehicle tailpipe exhaust.

Based on this review, the following key groups of chemicals were identified for evaluation in the air quality
assessment:

e Suspended particulate matter (PM), particulate matter less than 10 microns in diameter (PM1o)
and particulate matter less than 2.5 microns in diameter (PM2s).

e  Other Criteria Air Contaminants (CAC) - substances with regulatory limits including sulphur
dioxide (SO>), nitrogen oxides (NOx), and carbon monoxide (CO).

e Hazardous Air Pollutants - Substances that are capable of causing environmental or health
effects including volatile organic compounds (VOCSs), polycyclic aromatic hydrocarbons (PAHS)
and metals. PAHs and VOCs (including benzo(a)pyrene and benzene) from vehicle tailpipe
emissions were included in the assessment.

e Asbestiform minerals - The ore and waste rock types identified by Canada Nickel (dunite,
peridotite, pyroxenite, metavolcanic and gabbro) are all mafic or ultramafic rock. These rock types
can contain serpentine mineral groups including chrysotile (an asbestiform mineral) as well as
lizardite and antigorite (which are non-asbestiform minerals). Canada Nickel has identified
chrysotile in dunite and peridotite and has not identified amphibole family asbestiform minerals
(which are typically found in felsic rocks). Therefore, chrysotile was included as a chemical for
evaluation in the air quality assessment.

e Diesel particulate matter (DPM)

For the parameters listed above, baseline conditions were evaluated based on a review of ambient
monitoring data from two sources. These included data available from the Canadian National Air Pollution
Surveillance (NAPS) Network and on-site ambient monitoring.

Future conditions (i.e., Project Alone and Baseline Plus Project) were assessed using air dispersion
modelling. This modelling accounted for air emissions during Project construction and/or operation from
activities such as material handling, equipment travel, grading, drilling, blasting, tailpipe emissions from
mobile equipment and locomotives, wind erosion, primary crushing, secondary crushing and screening,
general construction activities, unpaved road dust, and unloading of solid reagents to storage tanks or
mix tanks. The air dispersion modelling for construction and operation was conducted assuming the
worst-case year for each Project phase based on a review of Project emission sources over time. This
means that air dispersion modelling was performed using emissions data from Year -1 of construction
and Year 7 of operation. Air quality emissions during Project decommissioning and closure were not
explicitly modelled because active closure emissions are expected to be less than construction
emissions. Therefore, the assessment of the construction-related scenario was considered to implicitly
address emissions during the active closure phase as well.

The locations evaluated in the air quality dispersion modelling that are pertinent to the HHRA include the
modelled mine boundary and specific sensitive and representative receptor locations selected to
represent places where people are likely to be present and could be exposed to emissions from the
Project.
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1. Modelled Mine Boundary: In addition to the PA as described in Section 2.1, a separate property
boundary has been defined in the air quality assessment provided in Chapter 12 of the Impact
Statement that is applicable to the evaluation of Project effects on human health. The intention of the
modelled mine boundary is to provide a buffer around the PA similar to those at other mines and
industrial sites. Within the modelled mine boundary, seasonal or permanent housing will be avoided.
People (on snowmobile trails, rivers, etc.), could still pass through the area within the modelled mine
boundary (but outside the PA), but time within this area would be limited and no overnight stays
would be possible. These land use restrictions within the modelled mine boundary will be imposed by
Canada Nickel via the following measures.

o Agreements with property owners within the restricted area to remove buildings (through
acquisition of the property or other arrangements)

e Agreements with other individual landowners to prevent construction of any seasonal or
permanent housing through acquisition or specific agreements to defer any construction until after
mine operations are completed

e Crown Leases to be obtained on Crown lands, to restrict access

In addition to the receptor-specific mitigations listed above, the following general mitigations are
proposed within the modelled mine boundary:

¢ Install sighage and/or gates on trails to restrict access into the modelled mine boundary
(agreement with landowners if needed to place the signs)

¢ Prohibit overnight stays in warming huts along the snowmobile trail except in emergencies
(signage for warming huts to be installed)

A map of the proposed modelled mine boundary is presented in Figure A.5, Appendix A Public roads
are not included within the modelled mine boundary.

2. Sensitive and Representative Receptor Locations: Air quality dispersion modelling was also
completed for specific receptor locations selected to represent places where people are more likely to
be present and exposed to emissions from the Project. The selection of these receptor locations for
human health considerations was based on current and historical land use, input from local
communities, a review of the aerial photography, and a field verification program conducted with the
Project team in 2024. Traditional knowledge and land and resource use information were gathered
through engagement with Indigenous nations. This information helped identify 13 potential human
receptor locations across the LSA (Table 6.1, Figure A.5, Appendix A). Among these:

e Seven are existing dwellings, camps or cottages where non-Indigenous overnight use has been
confirmed or assumed. These are labelled as “Sensitive Receptor, Non-Indigenous” in Table 6.1
and Figure A.5, Appendix A),

e Five are generalized locations identified by Indigenous nations as having potential for overnight
stays lasting up to a week at a time in temporary structures such as campers, vehicles, tents, or
ice fishing huts. These are labelled as “Sensitive Receptor, Indigenous’ in in Table 6.1 and Figure
A.5, Appendix A), and
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e Oneis a generalized location along the Mattagami River selected to be representative of
Indigenous uses of this natural feature (identified as “Representative Receptor — Indigenous in
Table 6.1 and Figure A.5, Appendix A).

As shown in Figure A.5, Appendix A, receptors R2, R3, and R4 are located inside the modelled mine
boundary, where future time spent will be limited and overnight stays will not be possible.
Furthermore, Canada Nickel will impose the land use restrictions applicable to within the modelled
mine boundary as described above to receptors R1 and R5. Therefore, the eight receptor locations
located outside the modelled mine boundary (R6, R7, R8, R9, R10, R11, R12, and R13) are
considered representative of areas where people are most likely to be present for chronic exposure
periods and overnight stays.

Table 6.1 Sensitive and Representative Receptor Locations
Receptor Category Description

R12 Sensitive Receptor - Non-Indigenous House South of Site, At Lake 300m East of Highway 655

R2a Sensitive Receptor - Non-Indigenous Camp/Cottage on Davis Lake

R32 Sensitive Receptor - Non-Indigenous Camp on the West Buskegau River

R42 Sensitive Receptor - Non-Indigenous Camp/Cottage East of Site

R52 Sensitive Receptor - Non-Indigenous Camp/Cottage Near Highway 655 South of Site

R6 Sensitive Receptor - Indigenous Campground at Bigwater Lake Campgrounds

R7 Representative Receptor - Indigenous | Mattagami River - Indigenous Site

R8 Sensitive Receptor - Indigenous Overnight Indigenous Habitation Location

R9 Sensitive Receptor - Indigenous Overnight Indigenous Habitation Location

R10 Sensitive Receptor - Indigenous Overnight Indigenous Habitation Location

R11 Sensitive Receptor - Indigenous Overnight Indigenous Habitation Location

R12 Sensitive Receptor - Non-Indigenous Camp/Cottage North of Existing Rail Corridor

R13 Sensitive Receptor - Non-Indigenous Camp/Cottage North of Existing Rail Corridor

Notes:

8 Receptors R2, R3, and R4 are located inside the modelled mine boundary and Canada Nickel will impose the land use
restrictions applicable to within the modelled mine boundary at receptors R1 and R5. Therefore, the eight receptor locations
located outside the modelled mine boundary (R6, R7, R8, R9, R10, R11, R12, and R13) are considered representative of
areas where people are most likely to be present for chronic exposure periods and overnight stays

The maximum modelled concentrations along the modelled mine boundary for Baseline, Project Alone,
and Baseline Plus Project Scenarios during construction and operations as provided in Chapter 12 of the
Impact Statement are summarized in Table 6.2 to Table 6.3. In these tables, modelled cumulative
concentrations (i.e., Baseline Plus Project) are compared to the Ontario Ambient Air Quality Criteria
(AAQC) and the federal Canadian Ambient Air Quality Standards (CAAQS), as identified in Chapter 12 of
the Impact Statement. For parameters modelled as particulate, modelled concentrations are provided
both with and without assuming plume depletion as the particulates travel from the source to receptor.
Comparisons to air quality criteria in these tables are made using predictions without plume depletion.
However, the concentrations with plume depletion more accurately reflect how particulate and chemical
concentrations decrease as particulate settle on nearby surfaces such as vegetation and buildings.
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For some parameters, additional modelling beyond what was reported in Chapter 12 of the Impact
Statement was needed. This additional modelling provided air concentrations for specific averaging
periods or statistical representations of the data that align with health-based exposure limits and toxicity
reference values identified in the human health risk assessment (see Section 1.1). In such cases,
modelling was carried out using the same methods and assumptions described in Chapter 12 of the
Impact Statement, adjusted for the applicable averaging periods or statistical representations of the data.
The results of this supplemental modelling are summarized in Table 6.2 to Table 6.3, below.
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Table 6.2

Maximum Modelled Concentrations for the Construction Scenario Compared to Ontario Ambient Air Quality Criteria
(AAQC) and Canadian Ambient Air Quality Standards (CAAQS) - Modelled Mine Boundary

Maximum Predicted Concentration (ug/m?)

Refined Method -

Base Method —
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ug/m3) (ug/m3) Alone Project Alone Project Criteria®

Total Suspended Particulate Matter (PM) 2 24 120 26 93 120 208 235 196%

8760 60 12 9.3 21 23 34 57%
Total Suspended Particulate Matter (PM) 24 120 26 NC NC 22 49 41%
(MECP Method - excluding haul roads and
wind erosion)P 8760 60 12 NC NC 2.7 14 24%
Inhalable Particulate Matter (PM10)? 24 50 13 28 42 65 78 156%
Inhalable Particulate Matter (PM10) (MECP 24 50 13 NC NC 7.3 20 41%
Method - excluding haul roads and wind
erosion)P
Fine Particulate Matter (PMz5) 2 24 27 12 3.2 16 7.4 20 73%

8760 8.8 6.2 0.3 6.5 0.8 7.0 80%
Fine Particulate Matter (PM2:5) (MECP 24 27 12.4 NC NC 2.1 15 54%
Method - excluding haul roads and wind
erosion) b 8760 8.8 6.2 NC NC 0.3 6.5 73%
Diesel Particulate Matter 2 NA - no criteria 0.2 1.0 1.2 2.1 2.3 NA
(PMz5 from Diesel Combustion)

8760 NA - no criteria 1.8E-02 1.4E-02 3.2E-02 2.6E-02 4.4E-02 NA
Elemental Carbon (from diesel exhaust) 24 15 9.4E-02 0.1 0.2 0.3 0.4 2%
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Maximum Predicted Concentration (ug/m3)

Refined Method -

Base Method —
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ug/m3) (ug/m3) Alone Project Alone Project Criteria ©
Carbon Monoxide (CO) 0.5 6,000 1,170 NC NC 1,370 2,540 42%
1 36,200 965 NC NC 1,128 2,093 6%
8 15,700 965 NC NC 1,426 2,391 15%
Sulphur Dioxide (SO2) 0.17 178 8.6 NC NC 36 45 25%
1 100 5.2 NC NC 22 27 27%
8760 10 0.4 NC NC 5.5E-03 0.4 4%
Nitrogen Dioxide (NO) ¢ 1 400 5.4 NC NC 135 140 35%
24 200 2.2 NC NC 15 18 9%
Fluoride 720 62,000 ND 7.1E-06 7.1E-06 1.8E-05 1.8E-05 <1%
1440 47,000 ND 5.8E-06 5.8E-06 1.5E-05 1.5E-05 <1%
Chromium VI 24 7.00E-04 ND 6.6E-08 6.6E-08 1.5E-07 1.5E-07 <1%
8760 1.40E-04 ND 6.4E-09 6.4E-09 1.5E-08 1.5E-08 <1%
Chromium VI (in PM1o) 24 3.50E-04 ND 2.4E-08 2.4E-08 5.3E-08 5.3E-08 <1%
8760 7.00E-05 ND 2.2E-09 2.2E-09 5.0E-09 5.0E-09 <1%
Mercury 24 2 6.4E-05 7.9E-10 6.4E-05 1.6E-09 6.4E-05 <1%
Aluminum 24 12 0.4 6.7 7.1 15 15 129%
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Maximum Predicted Concentration (ug/m3)

Refined Method -

Base Method —
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ug/m3) (ug/m3) Alone Project Alone Project Criteria ©

Silver 24 1 2.6E-04 2.3E-05 2.8E-04 5.4E-05 3.1E-04 <1%
Arsenic 24 0.3 1.3E-03 2.4E-04 1.5E-03 5.3E-04 1.8E-03 <1%
Barium 24 10 8.6E-03 1.1E-02 1.9E-02 2.5E-02 3.3E-02 <1%
Beryllium 24 1.0E-02 7.6E-04 1.4E-05 7.7E-04 3.2E-05 7.9E-04 8%
Boron 24 120 2.6E-02 8.7E-04 2.7E-02 1.9E-03 2.8E-02 <1%
Bismuth 24 25 1.3E-03 5.5E-06 1.3E-03 1.3E-05 1.3E-03 <1%
Calcium 24 NA - no criteria 0.7 8.1 8.8 19 19 NA
Cadmium 24 2.5E-02 2.6E-04 5.3E-06 2.7E-04 1.2E-05 2.7E-04 1%

8760 5.0E-02 2.6E-04 5.3E-07 2.6E-04 1.2E-06 2.6E-04 5%
Cobalt 24 0.1 7.6E-04 4.2E-03 5.0E-03 9.4E-03 1.0E-02 10%
Chromium 24 0.5 6.0E-03 4.9E-02 5.5E-02 0.1 0.1 23%
Copper 24 50 5.8E-03 9.3E-03 1.5E-02 2.1E-02 2.7E-02 <1%
Iron 24 NA 0.2 4.1 4.4 9.3 9.5 NA
Potassium 24 10 0.1 0.3 0.5 0.8 0.9 9%
Lithium 24 20 ND 1.2E-03 1.2E-03 2.7E-03 2.7E-03 <1%
Magnesium 24 72 0.2 6.5 6.6 15 15 21%
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Health and Ecological Risk Assessment

Maximum Predicted Concentration (ug/m3)

Refined Method -

Base Method —
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline

Period Criteria Concentration Project Plus Project Plus % of

Parameter (hours) (ug/m3) (ug/m3) Alone Project Alone Project Criteria ©
Manganese 24 0.4 8.6E-03 0.1 9.6E-02 0.2 0.2 52%
Manganese (in PM1o) 24 0.2 8.6E-03 2.7E-02 3.5E-02 5.9E-02 6.8E-02 34%
Manganese (in PMz.s) 24 0.1 8.6E-03 2.8E-03 1.1E-02 6.4E-03 1.5E-02 15%
Molybdenum 24 120 7.6E-04 5.1E-05 8.1E-04 1.2E-04 8.8E-04 <1%
Silicon 24 27 ND 0.5 0.5 1.1 1.1 4%
Sodium 24 NA - no criteria 0.5 0.8 1.4 1.8 2.3 NA
Nickel (in PM) 24 0.2 2.6E-03 2.1E-02 2.4E-02 4.7E-02 5.0E-02 25%
8760 4.0E-02 1.7E-03 2.1E-03 3.8E-03 4.6E-03 6.2E-03 16%
Nickel (in PMuo) 24 0.1 2.6E-03 6.8E-03 9.4E-03 1.4E-02 1.7E-02 17%
8760 2.0E-02 1.7E-03 6.6E-04 2.3E-03 1.4E-03 3.0E-03 15%
Lead 24 0.5 3.4E-03 1.2E-04 3.5E-03 2.8E-04 3.7E-03 <1%
720 0.2 1.3E-03 4.4E-05 1.4E-03 3.6E-04 1.7E-03 <1%
Antimony 24 25 1.3E-03 3.9E-05 1.3E-03 9.0E-05 1.4E-03 <1%
Selenium 24 10 2.6E-03 2.7E-05 2.6E-03 6.4E-05 2.7E-03 <1%
Tin 24 10 2.4E-03 3.0E-04 2.7E-03 7.0E-04 3.1E-03 <1%
Strontium 24 120 1.5E-03 1.2E-02 1.4E-02 2.8E-02 3.0E-02 <1%
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Maximum Predicted Concentration (ug/m3)

Refined Method -

Base Method —
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ug/m3) (ug/m3) Alone Project Alone Project Criteria ©

Titanium 24 120 8.8E-03 0.1 0.1 0.3 0.3 <1%
Thallium 24 0.5 2.6E-04 3.9E-06 2.6E-04 9.4E-06 2.7E-04 <1%
Uranium 24 0.3 2.6E-04 1.3E-05 2.7E-04 3.3E-05 2.9E-04 <1%

8760 0.06 2.6E-04 1.4E-06 2.6E-04 3.4E-06 2.6E-04 <1%
Uranium (in PM1o) 24 0.15 2.6E-04 4.5E-06 2.6E-04 1.1E-05 2.7E-04 <1%

8760 0.03 2.6E-04 4.8E-07 2.6E-04 1.1E-06 2.6E-04 <1%
Vanadium 24 2 7.6E-04 1.0E-02 1.1E-02 2.4E-02 2.4E-02 1%
Tungsten 24 5 ND 1.5E-05 1.5E-05 3.2E-05 3.2E-05 <1%
Yttrium 24 5 ND 4.8E-04 4.8E-04 1.1E-03 1.1E-03 <1%
Zinc 24 120 1.5E-02 3.5E-03 1.8E-02 7.8E-03 2.3E-02 <1%
Thorium 24 NA - no criteria ND 7.3E-05 7.3E-05 1.6E-04 1.6E-04 NA
Quartz (in PM1o) 24 5 1.0 1.0 2.0 2.1 3.0 61%
Pyrite 24 NA - no criteria ND 1.7E-05 1.7E-05 3.4E-05 3.4E-05 NA
Biotite 24 NA - no criteria ND 0.5 0.5 1.1 11 NA
Magnetite 24 25 ND 0.5 0.5 1.1 1.1 4%
Hematite 24 25 ND 1.9E-02 1.9E-02 3.7E-02 3.7E-02 <1%
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Maximum Predicted Concentration (ug/m3)

Refined Method -

Base Method —
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ug/m3) (ug/m3) Alone Project Alone Project Criteria ©
Chlorite 24 120 ND 10 10 24 24 20%
Muscovite 24 15 ND 2.0 2.0 4.4 4.4 295%
Talc (fibrous) 24 2 ND 8.4E-02 8.4E-02 0.2 0.2 8%
Chrysotile Asbestos 24 4.0E-02 2.9E-03 1.1E-03 4.0E-03 2.2E-03 5.1E-03 13%
(units are fibres/cms3)d fibres/cms3 fibres/cms3 fibres/cm3 | fibres/cm3 | fibres/cm3 | fibres/cm3
1,3-butadiene 24 10 0.6 NC NC 2.0E-03 0.6 6%
8760 2 0.6 NC NC 1.5E-04 0.6 28%
Acenaphthene 24 NA - no criteria 4.4E-03 NC NC 1.5E-04 4.6E-03 NA
8760 NA - no criteria 8.5E-04 NC NC 1.9E-05 8.7E-04 NA
Acenaphthylene 24 NA - no criteria 8.2E-03 NC NC 2.5E-04 8.4E-03 NA
8760 NA - no criteria 1.6E-03 NC NC 3.9E-05 1.6E-03 NA
Acetaldehyde 0.5 500 ND NC NC 2.0 2.0 <1%
24 500 ND NC NC 0.2 0.2 <1%
Acrolein 1 4.5 ND NC NC 0.2 0.2 5%
24 0.4 ND NC NC 2.5E-02 2.5E-02 6%
Anthracene 24 NA - no criteria 1.6E-04 NC NC 8.4E-05 2.5E-04 NA
8760 NA - no criteria 3.1E-05 NC NC 6.6E-06 3.7E-05 NA
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Maximum Predicted Concentration (ug/m3)

Refined Method -

Base Method —
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ug/m3) (ug/m3) Alone Project Alone Project Criteria ©

Benzene 24 2.3 0.5 NC NC 3.3E-02 0.5 23%

8760 0.45 0.4 NC NC 2.5E-03 0.4 83%
Benzo(a)anthracene 24 NA - no criteria ND NC NC 1.8E-06 1.8E-06 NA

8760 NA - no criteria ND NC NC 3.0E-07 3.0E-07 NA
Benzo(a)pyrene 24 5.00E-05 5.3E-05 NC NC 1.1E-06 5.4E-05 108%

8760 1.00E-05 1.0E-05 NC NC 9.1E-08 1.0E-05 102%
Benzo(b+k)fluoranthene 24 NA - no criteria 2.8E-04 NC NC 9.6E-07 2.8E-04 NA

8760 NA - no criteria 5.3E-05 NC NC 1.3E-07 5.4E-05 NA
Benzo(g,h,i)perylene 24 NA - no criteria ND NC NC 9.6E-07 9.6E-07 NA

8760 NA - no criteria ND NC NC 2.3E-07 2.3E-07 NA
Chrysene 24 NA - no criteria 3.4E-04 NC NC 2.5E-06 3.4E-04 NA

8760 NA - no criteria 6.5E-05 NC NC 3.4E-07 6.5E-05 NA
Dibenzo(a,h) anthracene 24 NA - no criteria ND NC NC 2.8E-07 2.8E-07 NA

8760 NA - no criteria ND NC NC 2.6E-08 2.6E-08 NA
Fluoranthene 24 NA - no criteria 8.2E-04 NC NC 1.3E-04 9.5E-04 NA

8760 NA - no criteria 1.6E-04 NC NC 1.0E-05 1.7E-04 NA
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Maximum Predicted Concentration (ug/m3)

Refined Method -

Base Method —
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ug/m3) (ug/m3) Alone Project Alone Project Criteria ©

Fluorene 24 NA - no criteria 1.5E-03 NC NC 5.1E-04 2.0E-03 NA
8760 NA - no criteria 2.8E-04 NC NC 3.9E-05 3.2E-04 NA
Indeno(1,2,3,c,d)pyrene 24 NA - no criteria ND NC NC 4.8E-07 4.8E-07 NA
8760 NA - no criteria ND NC NC 4.7E-08 4.7E-08 NA
Naphthalene 0.17 50 ND NC NC 0.5 0.5 1%
24 225 ND NC NC 3.9E-02 3.9E-02 <1%
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Maximum Predicted Concentration (ug/m3)
Base Method —
Refined Method - Without Plume
With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ug/m3) (ug/m3) Alone Project Alone Project Criteria ©

Phenanthrene 24 NA - no criteria 2.2E-03 NC NC 2.2E-03 4.4E-03 NA
8760 NA - no criteria 4.2E-04 NC NC 1.7E-04 6.0E-04 NA
Pyrene 24 NA - no criteria 7.1E-04 NC NC 1.1E-04 8.3E-04 NA
8760 NA - no criteria 1.4E-04 NC NC 8.6E-06 1.5E-04 NA
Formaldehyde 24 65 ND NC NC 0.5 0.5 <1%
Hydrocarbons 24 NA - no criteria ND NC NC 1.9 1.9 NA

Notes:
&  Model predictions for particulates including all emissions sources.

b Model predictions for particulates excluding roads and stockpile wind erosion as allowed by MECP Guideline A-10, Section 7.4.1 for facilities with a fugitive
dust BMP. These model predictions were used for comparison to the applicable criteria.

¢ Maximum predicted 1-hr NO2 concentrations using the ARM2 method.

4 Maximum predicted 24-hour Chrysotile Asbestos concentration was converted to fibres/cm3 using a conversion factor of 1ug/m3 = 0.03 fibres/cm3. The
conversion factor was taken from Table 4-2 of the National Research Council (US) Asbestiform Fibers: Nonoccupational Health Risks document.
https://www.ncbi.nIm.nih.gov/books/NBK216742/table/ttt00007/?report=objectonly

& Maximum predicted concentration without plume depletion is compared to the criteria.
NA: not applicable, NC: not calculated, ND: no data
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Table 6.3

and Canadian Ambient Air Quality Standards (CAAQS)- Modelled Mine Boundary

Maximum Modelled Concentrations for the Operation Scenario Compared to Ontario Ambient Air Quality Criteria (AAQC)

Maximum Predicted Concentration (ug/m3)

Refined Method -

Base Method —
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ug/m?3) (ug/m3) Alone Project Alone Project Criteria ®
Total Suspended Particulate Matter (PM) 24 120 26 196 223 507 533 445%
° 8760 60 12 18.5 30 49.9 62 103%
Total Suspended Particulate Matter (PM) 24 120 26 NC NC 33.9 60 50%
(MECP method - excluding haul roads 8760 60 12 NC NC 52 17 28%
and wind erosion) P
Inhalable Particulate Matter (PMzo) @ 24 50 13 57 70 148 161 322%
Inhalable Particulate Matter (PM1o) 24 50 13 NC NC 10 23 46%
(MECP method - excluding haul roads
and wind erosion) P
Fine Particulate Matter (PM25) 2 24 27 12 6.20 19 16.04 28 105%
8760 8.8 6.2 0.7 6.9 1.7 8 90%
Fine Particulate Matter (PM2.5) (MECP 24 27 12 NC NC 3.2 16 58%
method - excluding haul roads and wind 8760 838 6.2 NC NC 05 7 76%
erosion) °
Diesel Particulate Matter 2 NA - no criteria 0.19 1.99 2.18 3.72 3.91 NA
(PM25 from Diesel Combustion) 8760 NA - no criteria 1.8E-02 3.0E-02 | 4.8E-02 6.5E-02 | 8.3E-02 NA
Elemental Carbon (from diesel exhaust) 24 15 9.4E-02 0.37 0.47 0.66 0.76 5%
Carbon Monoxide (CO) 0.5 6,000 1,170 NC NC 3,932 5,102 85%
1 36,200 965 NC NC 3,238 4,203 12%
8 15,700 965 NC NC 1,809 2,348 15%
Sulphur Dioxide (SO2) 0.17 178 8.6 NC NC 121 129 73%
1 100 5.2 NC NC 73 78 78%
8760 10 0.4 NC NC 1.2E-02 3.65E-01 1%
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Maximum Predicted Concentration (ug/m3)
Base Method -
Refined Method - Without Plume
With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ng/m3) (ug/m3) Alone Project Alone Project Criteria ®

Nitrogen Dioxide (NOz) © 1 400 5.4 NC NC 227 232 58%
24 200 2.2 NC NC 42 44 22%

Fluoride 720 62,124 ND 1.3E-05 1.3E-05 2.6E-05 2.6E-05 <1%
1440 46,593 ND 1.1E-05 1.1E-05 2.1E-05 2.1E-05 <1%

Chromium VI 24 7.0E-04 ND 1.9E-07 1.9E-07 4.0E-07 4.0E-07 <1%
8760 1.4E-04 ND 1.5E-08 1.5E-08 3.0E-08 3.0E-08 <1%

Chromium VI (in PM10) 24 3.5E-04 ND 5.4E-08 5.4E-08 1.1E-07 1.1E-07 <1%
8760 7.0E-05 ND 4.9E-09 4.9E-09 9.6E-09 9.6E-09 <1%

Mercury 24 2.0 6.4E-05 6.2E-07 6.5E-05 1.1E-06 6.5E-05 <1%
Aluminum 24 12 0.4 14.4 14.8 37 37.38 312%
Silver 24 1 2.6E-04 4.9E-05 3.1E-04 1.3E-04 3.9E-04 <1%
Arsenic 24 0.3 1.3E-03 5.6E-04 1.8E-03 1.5E-03 2.8E-03 <1%
Barium 24 10 8.6E-03 2.2E-02 3.0E-02 5.7E-02 6.5E-02 <1%
Beryllium 24 1.0E-02 7.6E-04 3.2E-05 7.9E-04 7.6E-05 8.4E-04 8%
Boron 24 120 2.6E-02 2.2E-03 2.8E-02 5.8E-03 3.2E-02 <1%
Bismuth 24 25 1.3E-03 1.3E-05 1.3E-03 3.3E-05 1.3E-03 <1%
Calcium 24 NA - no criteria 0.7 17 18 45 46 NA
Cadmium 24 0.025 2.6E-04 1.2E-05 2.7E-04 3.1E-05 2.9E-04 1%
8760 0.005 2.6E-04 1.1E-06 2.6E-04 2.7E-06 2.6E-04 5%

Cobalt 24 0.1 7.6E-04 9.0E-03 9.7E-03 2.5E-02 2.6E-02 26%
Chromium 24 0.5 6.0E-03 0.1 0.1 0.3 0.3 59%
Copper 24 50 5.8E-03 2.0E-02 2.6E-02 5.2E-02 5.8E-02 <1%

Iron 24 NA 0.2 8.9 9.2 24 24 -

Potassium 24 10 0.1 0.7 0.8 1.7 1.9 19%
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Maximum Predicted Concentration (ug/m?)

Refined Method -

Base Method -
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline

Period Criteria Concentration Project Plus Project Plus % of

Parameter (hours) (ng/m3) (ug/m3) Alone Project Alone Project Criteria ®
Lithium 24 20 ND 2.4E-03 2.4E-03 6.3E-03 6.3E-03 <1%
Magnesium 24 72 0.2 14 14 38 38 53%
Manganese 24 0.4 8.6E-03 0.2 0.2 0.5 0.5 123%
Manganese (in PM1o) 24 0.2 8.6E-03 5.4E-02 6.3E-02 0.1 0.2 76%
Manganese (in PMz2.s) 24 0.1 8.6E-03 5.6E-03 1.4E-02 1.5E-02 2.4E-02 24%
Molybdenum 24 120 7.6E-04 1.1E-04 8.7E-04 2.9E-04 1.1E-03 <1%
Silicon 24 27 ND 1.2 1.2 3.1 3.1 11%
Sodium 24 NA - no criteria 5.2E-01 2.0 2.5 5.1 5.2 NA
Nickel (in PM) 24 0.2 2.6E-03 5.9E-02 6.2E-02 0.2 0.2 78%
8760 4.0E-02 1.7E-03 4.6E-03 6.2E-03 1.1E-02 1.3E-02 31%
Nickel (in PM1o) 24 0.1 2.6E-03 1.5E-02 1.8E-02 3.9E-02 4.2E-02 42%
8760 2.0E-02 1.7E-03 1.3E-03 2.9E-03 3.0E-03 4.7E-03 23%
Lead 24 0.5 3.4E-03 2.0E-04 3.6E-03 4.8E-04 3.9E-03 <1%
720 0.2 1.3E-03 7.7E-05 1.4E-03 1.8E-04 1.5E-03 <1%
Antimony 24 25 1.3E-03 8.2E-05 1.3E-03 2.2E-04 1.5E-03 <1%
Selenium 24 10 2.6E-03 5.7E-05 2.7E-03 1.5E-04 2.8E-03 <1%
Tin 24 10 2.4E-03 6.2E-04 3.0E-03 1.7E-03 4.1E-03 <1%
Strontium 24 120 1.5E-03 2.5E-02 2.7E-02 6.5E-02 6.7E-02 <1%
Titanium 24 120 8.8E-03 0.3 0.3 0.7 0.7 <1%
Thallium 24 0.5 2.6E-04 6.4E-06 2.7E-04 1.6E-05 2.8E-04 <1%
Uranium 24 0.3 2.6E-04 2.4E-05 2.8E-04 5.1E-05 3.1E-04 <1%
8760 6.0E-02 2.6E-04 3.2E-06 2.6E-04 6.5E-06 2.7E-04 <1%
Uranium (in PM1o) 24 0.15 2.6E-04 7.6E-06 2.7E-04 1.6E-05 2.8E-04 <1%
8760 3.0E-02 2.6E-04 1.0E-06 2.6E-04 2.1E-06 2.6E-04 <1%
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Maximum Predicted Concentration (ug/m?)

Refined Method -

Base Method -
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ng/m3) (ug/m3) Alone Project Alone Project Criteria ®
Vanadium 24 2 7.6E-04 2.2E-02 2.3E-02 5.8E-02 5.9E-02 3%
Tungsten 24 5 ND 4.2E-05 4.2E-05 1.1E-04 1.1E-04 <1%
Yttrium 24 5 ND 1.1E-03 1.1E-03 2.9E-03 2.9E-03 <1%
Zinc 24 120 1.5E-02 7.9E-03 2.3E-02 2.1E-02 3.6E-02 <1%
Thorium 24 NA - no criteria 0 1.8E-04 1.8E-04 4.6E-04 4.6E-04 NA
Quartz (in PM10) 24 5 0.99 2.7 3.7 4.9 5.9 117%
Pyrite 24 NA - no criteria ND 2.0E-04 2.0E-04 3.4E-04 3.4E-04 NA
Biotite 24 NA - no criteria ND 1.0 1.0 2.7 2.7 NA
Magnetite 24 25 ND 1.9 1.9 4.6 4.6 18%
Hematite 24 25 ND 6.6E-02 6.6E-02 0.14 0.14 <1%
Chlorite 24 120 ND 22 22 56 56 NA
Muscovite 24 15 ND 5.4 5.4 12 12 806%
Talc (fibrous) 24 2 ND 0.3 0.3 0.6 0.6 32%
Phosphorus 24 0.5 ND 1.1E-07 1.1E-07 2.2E-07 2.2E-07 <1%
Platinum 24 0.2 ND 3.4E-11 3.4E-11 6.4E-11 6.4E-11 <1%
Palladium 2 24 10 ND 1.2E-10 1.2E-10 2.2E-10 2.2E-10 <1%
Chrysotile Asbestos (units are fibres/cms3) o4 _ 0.04 _2.9E-03 _9.6E-03 _1.3E-02 _1.7E-02 _2.0E-02 50%
d fibres/cm?3 fibres/cm3 fibres/cm® | fibres/cm3 fibres/cm® | fibres/cm3
1,3-butadiene 24 10 0.6 NC NC 3.4E-03 0.6 6%
8760 2 0.6 NC NC 3.3E-04 0.6 28%
Acenaphthene 24 NA - no criteria 4.4E-03 NC NC 2.4E-04 4.6E-03 NA
8760 NA - no criteria 8.5E-04 NC NC 2.2E-05 8.7E-04 NA
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Maximum Predicted Concentration (ug/m?)

Refined Method -

Base Method -
Without Plume

With Plume Depletion Depletion
Averaging Baseline Baseline Baseline

Period Criteria Concentration Project Plus Project Plus % of

Parameter (hours) (ng/m3) (ug/m3) Alone Project Alone Project Criteria ®
Acenaphthylene 24 NA - no criteria 8.2E-03 NC NC 3.9E-04 8.5E-03 NA
8760 NA - no criteria 1.6E-03 NC NC 4.2E-05 1.6E-03 NA
Acetaldehyde 0.5 500 ND NC NC 2.8 2.8 <1%
24 500 ND NC NC 0.3 0.3 <1%
Acrolein 1 4.5 ND NC NC 0.3 0.3 7%
24 0.4 ND NC NC 4.2E-02 4.2E-02 11%
Anthracene 24 NA - no criteria 1.6E-04 NC NC 1.5E-04 3.1E-04 NA
8760 NA - no criteria 3.1E-05 NC NC 1.4E-05 4.5E-05 NA
Benzene 24 2.3 0.5 NC NC 5.5E-02 0.5 24%
8760 0.45 0.4 NC NC 5.4E-03 0.4 83%
Benzo(a)anthracene 24 NA - no criteria ND NC NC 2.3E-06 2.3E-06 NA
8760 NA - no criteria ND NC NC 3.1E-07 3.1E-07 NA
Benzo(a)pyrene 24 5.0E-05 5.3E-05 NC NC 2.2E-06 5.5E-05 110%
8760 1.0E-05 1.0E-05 NC NC 2.2E-07 1.0E-05 103%
Benzo(b+k)fluoranthene 24 NA - no criteria 2.8E-04 NC NC 1.9E-06 2.8E-04 NA
8760 NA - no criteria 5.4E-05 NC NC 1.9E-07 5.4E-05 NA
Benzo(g,h,i)perylene 24 NA - no criteria ND NC NC 1.4E-06 1.4E-06 NA
8760 NA - no criteria ND NC NC 2.3E-07 2.3E-07 NA
Chrysene 24 NA - no criteria 3.4E-04 NC NC 4.1E-06 3.4E-04 NA
8760 NA - no criteria 6.5E-05 NC NC 3.8E-07 6.5E-05 NA
Dibenzo(a,h) anthracene 24 NA - no criteria ND NC NC 8.8E-07 8.8E-07 NA
8760 NA - no criteria ND NC NC 8.8E-08 8.8E-08 NA
Fluoranthene 24 NA - no criteria 8.2E-04 NC NC 2.3E-04 1.0E-03 NA
8760 NA - no criteria 1.6E-04 NC NC 2.2E-05 1.8E-04 NA
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Maximum Predicted Concentration (ug/m3)
Base Method -
Refined Method - Without Plume
With Plume Depletion Depletion
Averaging Baseline Baseline Baseline
Period Criteria Concentration Project Plus Project Plus % of
Parameter (hours) (ng/m3) (ug/m3) Alone Project Alone Project Criteria ®
Fluorene 24 NA - no criteria 1.5E-03 NC NC 8.6E-04 2.3E-03 NA
8760 NA - no criteria 2.8E-04 NC NC 8.5E-05 3.7E-04 NA
Indeno(1,2,3,c,d)pyrene 24 NA - no criteria ND NC NC 6.0E-07 6.0E-07 NA
8760 NA - no criteria ND NC NC 5.0E-08 5.0E-08 NA
Naphthalene 0.17 50 ND NC NC 0.9 0.9 2%
24 225 ND NC NC 9.2E-02 9.2E-02 <1%
Phenanthrene 24 NA - no criteria 2.2E-03 NC NC 5.2E-03 7.4E-03 NA
8760 NA - no criteria 4.2E-04 NC NC 5.2E-04 9.4E-04 NA
Pyrene 24 NA - no criteria 7.1E-04 NC NC 2.6E-04 9.7E-04 NA
8760 NA - no criteria 1.4E-04 NC NC 2.6E-05 1.6E-04 NA
Formaldehyde 24 65 ND NC NC 0.9 0.9 1%
Potassium amyl xanthate 24 NA - no criteria ND 5.4E-02 5.4E-02 9.2E-02 9.2E-02 NA
Sodium hexametaphosphate 24 15 ND 8.7E-02 8.7E-02 0.1 0.1 <1%
Hydrocarbons 24 NA - no criteria ND NC NC 3.3 3.3 NA

Notes:

& Model predictions for particulates including all emissions sources.

b Model predictions for particulates excluding roads and stockpile wind erosion as allowed by MECP Guideline A-10, Section 7.4.1 for facilities with a fugitive dust BMP. These
model predictions were used for comparison to the applicable criteria.

Maximum predicted 1-hr NO2 concentrations using the ARM2 method.

4 Maximum predicted 24-hour Chrysotile Asbestos concentration was converted to fibres/cm? using a conversion factor of 1pg/m?® = 0.03 fibres/cm®. The conversion factor was
taken from Table 4-2 of the National Research Council (US) Asbestiform Fibers: Nonoccupational Health Risks document.
https://www.ncbi.nIm.nih.gov/books/NBK216742/table/ttt00007/?report=objectonly

€ Maximum predicted concentration without plume depletion is compared to the criteria.

NA: not applicable, NC: not calculated, ND: no data
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Table 6.4 Summary of Supplemental Air Quality Model Results to Support Human Health Risk Assessment - Construction
Scenario, Modelled Mine Boundary

Maximum Predicted Concentration (ug/m?)
Refined Method - Base Method —
Baseline With Plume Depletion Without Plume Depletion
Concentration Baseline Plus Baseline
Parameter Averaging Period (ug/m3) Project Alone Project Project Alone Plus Project

1,3-Butadiene 1-hour 14 NC NC 0.018 14
Acetaldehyde 1-hour ND NC NC 1.7 1.7
Acetaldehyde Annual ND NC NC 0.013 0.013
Arsenic Annual 0.0013 2E-05 0.0013 5E-05 0.0013
Beryllium Annual 0.00078 1E-06 0.0008 3E-06 0.0008
Benzene 1-hour 1.2 NC - 0.28 15
Chr_ysotile Asbestos Annual _ 0.001 _ 9E-05 '0.0011 _0.0002 _0.0012
(units are fibres/cm?3)2 fibres/cm?3 fibres/cm3 fibres/cm3 fibres/cm3 fibres/cm?3
Formaldehyde 1-hour ND NC NC 5.1 5.1
Formaldehyde Annual ND NC NC 0.042 0.042
Naphthalene Annual ND NC NC 0.0031 0.0031
NO2 (ARM2 method)®P 24-hour, 99th percentile® 2.2 NC NC 13 15
NO2 (ARM2 method)P 1-hour 0.33 NC NC 3.2 3.5
PM1o 24-hour, 99th percentile® 13 NC NC 43 56
PMuio Annual 8.3 2.8 11 6.2 15
PM2s 24-hour, 99th percentile® 12 NC NC 5.1 18
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and Ecological Risk Assessment

Maximum Predicted Concentration (ug/m?)

Refined Method -
With Plume Depletion

Base Method —
Without Plume Depletion

a.

b.

C.

Baseline
Concentration Baseline Plus Baseline
Parameter Averaging Period (ug/m?3) Project Alone Project Project Alone Plus Project
Quartz (IN PMio) Annual 0.41 0.057 0.47 0.13 0.54
SO2 24-hour, 99th percentile® 2.1 NC NC 0.049 2.2
Notes:

Chrysotile Asbestos concentration was converted to fibres/cm?® using a conversion factor of 1ug/m® = 0.03 fibres/cm?. The conversion factor was taken from Table 4-2 of the

National Research Council (US) Asbestiform Fibers: Nonoccupational Health Risks document.

https://www.ncbi.nim.nih.gov/books/NBK216742/table/ttt00007/?report=objectonly .
NO; concentrations modelled using the Ambient Ratio Method (ARM2) method

99" percentile of the annual distribution of 24-hour average concentrations

NC: not calculated, ND: no data
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Table 6.5 Summary of Supplemental Air Quality Model Results to Support Human Health Risk Assessment - Operation Scenario,
Modelled Mine Boundary
Maximum Predicted Concentration (ug/m3)
Refined Method - Base Method —
Baseline With Plume Depletion Without Plume Depletion
Concentration Baseline Plus Baseline Plus
Parameter Averaging Period (ug/m3) Project Alone Project Project Alone Project
1,3-Butadiene 1-hour 1.4 NC NC 0.025 1.4
Acetaldehyde 1-hour ND NC NC 2.3 2.3
Acetaldehyde Annual ND NC NC 0.029 0.029
Arsenic Annual 0.0013 0.00005 0.0013 0.00012 0.0014
Beryllium Annual 0.00078 0.0000032 0.00078 0.0000069 0.00079
Benzene 1-hour 1.2 NC NC 0.41 1.6
Chry_sotile Asbestos (units Annual _ 0.001 _0.00034 _0.0013 _0.00064 _0.0016
are fibres/cm3)2 fibres/cms3 fibres/cm3 fibres/cm?3 fibres/cms3 fibres/cms3
Formaldehyde 1-hour ND NC NC 7 7
Formaldehyde Annual ND NC NC 0.091 0.091
Naphthalene Annual ND NC NC 0.0092 0.0092
NO2 (ARM2 method)®P 24-hour, 99th percentile® 2.2 NC NC 41 43
NO2 (ARM2 method)P Annual 0.33 NC NC 7.1 7.4
PMaio 24-hour, 99th percentile® 13 NC NC 110 120
PMz1o Annual 8.3 55 14 13 22
PMzs 24-hour, 99th percentile® 12 NC NC 12 24
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Maximum Predicted Concentration (ug/m?)

Refined Method -
With Plume Depletion

Base Method —
Without Plume Depletion

a.

b.

C.

Baseline
Concentration Baseline Plus Baseline Plus
Parameter Averaging Period (ng/m3) Project Alone Project Project Alone Project
Quartz (IN PMio) Annual 0.41 0.19 0.61 0.37 0.78
SO2 24-hour, 99th percentile® 2.1 NC NC 0.11 2.3
Notes:

Chrysotile Asbestos concentration was converted to fibres/cm?® using a conversion factor of 1ug/m® = 0.03 fibres/cm?. The conversion factor was taken from Table 4-2 of the

National Research Council (US) Asbestiform Fibers: Nonoccupational Health Risks document.

https://www.ncbi.nim.nih.gov/books/NBK216742/table/ttt00007/?report=objectonly .
NO; concentrations modelled using the Ambient Ratio Method (ARM2) method

99" percentile of the annual distribution of 24-hour average concentrations

NC: not calculated, ND: no data

=) CANADA NICKEL

50




Crawford Nickel Project Technical Data Report — Human Health and Ecological Risk Assessment
6 Baseline and Modelled Future Concentrations
November 22, 2024

6.2 Soil

Baseline soil data are summarized in Appendix B. These data were used to calculate EPCs for the
Baseline Scenario as described in Section 6.

Future soil concentrations (Baseline Plus Project Scenario) were estimated using modelled air deposition
data for construction and operations phases. The modelled dust deposition rates at each of the selected
deposition receptor locations were used to estimate the concentrations of metals in soil, with the following
assumptions:

e Metal accumulation in the soil from deposition would occur over the life of the Project
(construction and operations) and there would be no loss of metal from the soil (e.g., from runoff).

e The Project construction phase is three years long and the Project operations phase is 40 years
long.

e Deposition rates were modelled for 79 receptor locations, as described in Chapter 12 of the
Impact Statement.

e The deposition rate during the construction phase is the modelled deposition rate during “Year -1”
(with Year O representing the beginning of operations).

e The deposition rate during the operations phase is based on the modelled deposition rate during
“Year 7”. These are protective assumptions representing years expected to have highest rates of
deposition. As such, these values were considered for the purposes of this assessment and the
95™ percentile of the total deposition rates among the receptor locations during the Project
(operations phase) is used.

e The surface soil bulk density of 1,200 kg/m?3, which represents soil suitable for good plant growth
and root development, is based on the mean bulk density of Ontario sites assessed within the
On-Farm Applied Research and Monitoring Soil Health Technical Report (Soil Resource Group,
2023, p. Table 4).

e The mass of the deposited dust has a negligible effect on the estimated soil concentrations. The
mass of the deposited dust is minor compared to the mass of the surface soil prior to deposition,
and conservatively was not included within the calculation of Baseline Plus Project Scenario soll
concentrations.

e The surface soil mixing zone is 14 cm (0.14 m) thick. This depth is based on soil mixing depth as
a function of time from the literature (Drivas, Bowers, & Yamartino, 2011). The mixing zone of 14
cm reflects a mine life of 43 years (i.e., the Project’'s assumed construction and operations
phases), rounded down to the nearest centimetre.

A sample calculation of the modelled future soil concentrations (Baseline Plus Project Scenario) is
included in Appendix C.
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Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario soil concentrations are
presented in Table 6.6, along with the modelled future percentage change from baseline. As noted
previously, Project Alone Scenario EPCs were calculated as the difference between Baseline Plus Project
Scenario EPCs and Baseline Scenario EPCs.

Table 6.6 Representative Concentrations of Metals in Soil
Modelled Future (Construction and Operations Phases)
g?;ﬁgrr:g . _ Baseline Plus Project Scenario
Concentration Project Alone Scenario Concentration % Change from
Parameter (mg/kg) Concentration (mg/kg) (mg/kg) Baseline
Antimony 0.23 0.0060 0.24 3%
Arsenic 2.7 0.084 2.8 3%
Barium 50 3.1 53.1 6%
Beryllium 0.35 0.0079 0.36 2%
Cadmium 0.52 0.0015 0.52 0.3%
Chromium (Total) | 26 18.4 44.4 71%
Chromium VI 0.13 1.8E-05 0.13 <0.1%
Cobalt 6 1.7 7.7 28%
Copper 22 1.4 23.4 7%
Lead 15 0.046 15.0 0.3%
Manganese 380 14.3 394.3 4%
Mercury 0.096 4.9E-07 0.096 <0.1%
Molybdenum 0.59 0.013 0.60 2%
Nickel 16 28.3 44.3 177%
Selenium 0.57 0.0042 0.57 0.7%
Silver 0.5 0.0035 0.50 0.7%
Thallium 0.11 0.0010 0.11 0.9%
Tungsten 1.51 0.0077 1.52 0.5%
Uranium 11 0.0053 1.11 0.5%
Vanadium 23 1.6 24.6 7%
Zinc 67 1.0 68.0 2%
Notes:
NC = Not calculated
NM = Not measured
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6.3 Surface Water

Baseline EPCs used for surface water the same as those provided in the Surface Water Resources
Assessment (Appendix C.5 of the Impact Statement). Average values from the samples within each of the
three watersheds are used for baseline conditions. Additional details regarding baseline surface water
sampling are also provided in the Technical Data Report - Surface Water.

The Project Alone and Baseline Plus Project Scenarios are based on modelled surface water
concentrations as provided in the Surface Water Resources Assessment (Appendix C.5 of the Impact
Statement), which included modelled surface water concentrations at selected locations downstream of
each final discharge point (FDP) in the North Driftwood River and West Buskegau River and at selected
locations in Jocko Creek (no FDP to Jocko Creek, only seepage). For the purposes of the HHERA,
locations under normal operation conditions scenario were selected to provide representative and
protective surface water concentrations. As such, surface water concentrations used in the HHERA for
the Project Alone Scenario and Baseline Plus Project Scenario were from the following five selected
modelled locations under normal operation conditions:

e Within the North Driftwood River watershed:

— at the point of full mixing with discharge from the Tailings Management Facility (TMF)
seepage and runoff collection ponds (FDP-TMF-SP)

— at the point of full mixing with discharge from Collection Pond 2 (FDP-SP-02)
e Within the West Buskegau River watershed:
— at the point of full mixing with discharge from Collection Pond 1 (FDP-SP-01)
— at the point of full mixing with discharge from Collection Pond 3 (FDP-SP-03)
e  Within the Jocko Creek watershed:
— atthe location where those Baseline Plus Project Scenario surface water concentrations

modelled to increase from Baseline Scenario were the highest (JC1 Pourpoint)

Locations of the ponds (FDP-TMF-SP, FDP-SP-01, FDP-SP-02, and FDP-SP-03) and of the modelled
surface water concentrations (points of full mixing and JC1 Pourpoint) are presented Chapter 15 of the
Impact Statement.

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario surface water
concentrations are presented in Table 6.7, Table 6.8 and Table 6.9 for the North Driftwood, West
Buskegau, and Jocko Creek watersheds, respectively, along with the modelled future percentage change
from baseline.

Chromium VI concentrations in surface water are not available for the Baseline Scenario, and the
Baseline Plus Project concentrations were estimated to be below typical reportable detection limits (RDL).
Changes in chromium VI concentrations in soil between the Baseline Scenario and the Baseline Plus
Project Scenario are also considered negligible (<0.1%). Therefore, chromium VI was not evaluated
further in the HHERA.
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The Project is not expected to be a significant source of mercury to the aquatic environment. Mercury
inputs associated with the Project were below typical RDL; as such, and as discussed in the Surface
Water Resources Assessment (Appendix C.5 of the Impact Statement), a value corresponding to half the
RDL was carried forward in the surface water modelling. As such, changes in mercury concentrations in
surface water are expected to be negligible for the Baseline Plus Project scenario in the three watersheds
assessed. Therefore, with the exception of changes in mercury concentrations associated with the North
Driftwood River channel realignment (see Section 6.12), further assessment of mercury in the aquatic
environment (e.g., sediment, fish, benthic invertebrates) were not evaluated further in the HHERA.
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Table 6.7 Representative Concentrations of Metals in Surface Water — North Driftwood River Watershed
Modelled Future — Point of Full Mixing — TMF Seepage Modelled Future — Point of Full Mixing — Collection
and Runoff Collection Ponds Pond 2
Baseline Project Alone Baseline Plus Project Scenario Baseline Plus Project Scenario
Scenario Scenario Project Alone
Concentration Concentration Concentration % Change Scenario Concentration % Change
Parameter (mgl/L) (mgl/L) (mgl/L) from Baseline | Concentration (mg/L) (mg/L) from Baseline
Antimony 0.00010 0.00029 0.00039 285% 0.00025 0.00035 247%
Arsenic 0.00060 0.0040 0.0046 667% 0.0039 0.0045 652%
Barium 0.0083 0.00034 0.0086 4% 0.0050 0.013 60%
Beryllium 2.0E-05 0.00033 0.00035 1674% 0.00022 0.00024 1115%
Cadmium 2.0E-05 2.7E-07 2.0E-05 1% 1.2E-06 2.1E-05 6%
Chromium 0.0013 0.0044 0.0057 337% 0.0043 0.0056 330%
(Total)
Cobalt 0.00030 0.00051 0.00081 169% 0.00049 0.00079 164%
Copper 0.0012 0.0024 0.0036 199% 0.0023 0.0035 195%
Lead 0.00028 0.00016 0.00044 59% 0.00019 0.00047 67%
Manganese 0.067 Negligible 0.067 <0.1% Negligible 0.067 <0.1%
Mercury ! 2.5E-06 1.8E-06 4.3E-06 73% 1.7E-06 4.2E-06 71%
Molybdenum 5.0E-05 0.0036 0.0037 7292% 0.0033 0.0033 6532%
Nickel 0.00080 0.010 0.011 1275% 0.0092 0.010 1150%
Selenium 0.00013 0.00066 0.00079 508% 0.00062 0.00075 479%
Silver 1.0E-05 Negligible 1.0E-05 <0.1% Negligible 1.0E-05 <0.1%
Thallium 1.0E-05 Negligible 1.0E-05 <0.1% Negligible 1.0E-05 <0.1%
Tungsten 0.00010 0.00074 0.00084 738% 0.00070 0.00080 701%
Uranium 3.0E-05 0.0039 0.0040 13133% 0.0039 0.0039 12833%
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Modelled Future — Point of Full Mixing — TMF Seepage
and Runoff Collection Ponds

Modelled Future — Point of Full Mixing — Collection

Pond 2

Baseline Project Alone Baseline Plus Project Scenario Baseline Plus Project Scenario
Scenario Scenario Project Alone
Concentration Concentration Concentration % Change Scenario Concentration % Change
Parameter (mgl/L) (mgl/L) (mgl/L) from Baseline | Concentration (mg/L) (mgl/L) from Baseline
Vanadium 0.00070 0.0053 0.0060 757% 0.0052 0.0059 741%
Zinc 0.0060 0.0080 0.014 133% 0.0080 0.014 133%
Notes:

1. Inputs associated with the Project for mercury were below typical RDL; as such, a value corresponding to half the RDL was carried forward in calculation of
inputs to receiving environment for this parameter.

Negligible = Project-related contributions are considered negligible
NC = Not calculated
NM = Not measured
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Table 6.8 Representative Concentrations of Metals in Surface Water — West Buskegau River Watershed
Modelled Future - Point of Full Mixing — Collection Modelled Future — Point of Full Mixing — Collection
Pond 1 Pond 3
Baseline Plus Project Baseline Plus Project
Baseline Project Alone Scenario Project Alone Scenario
Scenario Scenario % Change Scenario % Change
Concentration Concentration Concentration from Concentration Concentration from
Parameter (mgl/L) (mgl/L) (mg/L) Baseline (mgl/L) (mgl/L) Baseline
Antimony 0.00010 6.5E-05 0.00016 65% 3.02E-05 0.00013 30%
Arsenic 0.00090 0.00093 0.0018 103% 0.00012 0.0010 13%
Barium 0.0075 0.0039 0.011 53% 0.00052 0.0080 %
Beryllium 2.0E-05 Negligible 2.0E-05 <0.1% Negligible 2.0E-05 <0.1%
Cadmium 3.9E-05 Negligible 3.9E-05 <0.1% Negligible 3.9E-05 <0.1%
Chromium 0.0013 0.0011 0.0024 82% 0.00013 0.0014 10%
(Total)
Cobalt 0.00030 0.00012 0.00042 41% 1.9E-05 0.00032 6%
Copper 0.0017 0.00051 0.0022 30% 6.0E-05 0.0018 4%
Lead 0.00047 5.4E-05 0.00052 12% 1.4E-07 0.00047 <0.1%
Manganese 0.068 Negligible 0.068 <0.1% Negligible 0.068 <0.1%
Mercury * 4.8E-06 1.1E-07 4.9E-06 2% Negligible 4.8E-06 <0.1%
Molybdenum 5.0E-05 0.0011 0.0011 2127% 0.00024 0.00029 482%
Nickel 0.0010 0.0024 0.0034 240% 0.00040 0.0014 40%
Selenium 0.00012 0.00016 0.00028 134% 3.7E-05 0.00016 31%
Silver 1.0E-05 Negligible 1.0E-05 <0.1% Negligible 1.0E-05 <0.1%
Thallium 1.0E-05 Negligible 1.0E-05 <0.1% 1.9E-07 1.0E-05 <0.1%
Tungsten 0.00010 0.00026 0.00036 256% 6.6E-05 0.00017 66%
Uranium 4.0E-05 0.0010 0.0010 2400% 0.00012 0.00016 298%
Vanadium 0.0011 0.0012 0.0023 114% 0.00015 0.0012 14%
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Modelled Future - Point of Full Mixing — Collection

Modelled Future — Point of Full Mixing — Collection

Pond 1 Pond 3
Baseline Plus Project Baseline Plus Project
Baseline Project Alone Scenario Project Alone Scenario
Scenario Scenario % Change Scenario % Change
Concentration Concentration Concentration from Concentration Concentration from
Parameter (mgl/L) (mgl/L) (mg/L) Baseline (mgl/L) (mgl/L) Baseline
Zinc 0.0070 0.0018 0.0088 26% 0.00020 0.0072 3%
Notes:

1. Inputs associated with the Project for mercury were below typical RDL; as such, a value corresponding to half the RDL was carried forward in
calculation of inputs to receiving environment for this parameter.

Negligible = Project-related contributions are considered negligible
NC = Not calculated
NM = Not measured
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Table 6.9 Representative Concentrations of Metals in Surface Water — Jocko Creek Watershed
Modelled Future
JC1 Pourpoint
Baseline Scenario Project Alone Scenario Baseline Plus Project Scenario
Parameter Concentration (mg/L) Concentration (mg/L) Concentration (mg/L) % Change from Baseline
Antimony 0.00010 7.9E-05 0.00018 79%
Arsenic 0.00070 8.7E-06 0.00071 1%
Barium 0.0073 2.9E-05 0.0073 0.4%
Beryllium 2.0E-05 Negligible 2.0E-05 <0.1%
Cadmium 4.2E-05 Negligible 4.2E-05 <0.1%
Chromium 0.0013 Negligible 0.0013 <0.1%
(Total)
Cobalt 0.00020 1.5E-05 0.00021 7%
Copper 0.0023 Negligible 0.0023 <0.1%
Lead 0.00041 Negligible 0.00041 <0.1%
Manganese 0.040 0.00062 0.040 2%
Mercury 3.9E-06 2.4E-08 3.9E-06 0.6%
Molybdenum 5.0E-05 0.00059 0.00064 1176%
Nickel 0.00090 0.00034 0.0012 38%
Selenium 0.00019 5.7E-05 0.00025 30%
Silver 1.0E-05 Negligible 1.0E-05 <0.1%
Thallium 1.0E-05 9.8E-07 1.1E-05 10%
Tungsten 0.00010 0.00015 0.00025 154%
Uranium 4.0E-05 Negligible 4.0E-05 <0.1%
Vanadium 0.00080 Negligible 0.00080 <0.1%
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Baseline Scenario

Modelled Future
JC1 Pourpoint

Project Alone Scenario

Baseline Plus Project Scenario

Parameter Concentration (mg/L) Concentration (mg/L) Concentration (mg/L) % Change from Baseline
Zinc 0.0080 Negligible 0.0080 <0.1%
Notes:

NC = Not calculated
NM = Not measured

Negligible = Project-related contributions are considered negligible
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6.4 Sediment

Baseline sediment data are summarized in Appendix B. Baseline Scenario sediment EPCs were
calculated as described in Section 6. Measured Baseline Scenario sediment data are not available for the
Jocko Creek watershed (Appendix B.2 of the Impact Statement [2021-2023 Fish and Fish Habitat
Baseline]). Its Baseline Scenario sediment data was assumed to be represented by the North Driftwood
River watershed sediment based on proximity, as further discussed in Section 8.5. As noted in

Section 6.3, there is no FDP in Jocko Creek.

Baseline Plus Project Scenario EPCs of metals in sediment were estimated using the modelled Baseline
Plus Project Scenario EPCs in surface water, as provided in Section 6.3. Where available, uptake factors
for water-to-sediment were based on concentration ratios (CR) from Sheppard, Long and Sanipelli
(2010), which were adjusted to reflect site-specific sediment characteristics (e.g., organic carbon and
grain-size). For barium, beryllium, mercury, and silver, CRs were not available from Sheppard et al.
(2010). For these metals, sediment-to-water partition coefficients were obtained from CSA (CSA, 2011).

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario sediment concentrations
are presented in Table 6.10, Table 6.11 and Table 6.12

for the North Driftwood, West Buskegau, and Jocko Creek watersheds, respectively, along with the
modelled future percentage change from baseline. As noted previously, Project Alone Scenario EPCs
were calculated as the difference between Baseline Plus Project Scenario EPCs and Baseline Scenario
EPCs.
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Table 6.10 Representative Concentrations of Metals in Sediment — North Driftwood River Watershed
Modelled Future — Point of Full Mixing — TMF Modelled Future — Point of Full Mixing — Collection
Seepage and Runoff Collection Ponds Pond 2
Baseline ) . . .
Scenario Baseline Plus Project Baseline Plus Project
Concentration Project Alone Scenario Scenario Project Alone Scenario Scenario
Parameter (mg/kg) Concentration (mg/kg) Concentration (mg/kg) Concentration (mg/kg) Concentration (mg/kg)
Antimony 0.20 0.29 0.49 0.25 0.45
Arsenic 4.0 3.6 7.6 3.5 7.5
Barium 88 0.34 88 4.9 93
Beryllium 0.42 0.80 1.2 0.54 1.0
Cadmium 0.85 0.00029 0.85 0.0013 0.85
Chromium (Total) 32 3.1 35 3.0 35
Cobalt 8.3 4.9 13 4.7 13
Copper 20 8.0 28 7.8 28
Lead 22 1.2 23 1.3 23
Manganese 700 Negligible 700 Negligible 700
Molybdenum 0.79 1.4 2.2 1.3 2.1
Nickel 20 85 105 7 97
Selenium 0.70 0.013 0.71 0.012 0.71
Silver 0.12 Negligible 0.12 Negligible 0.12
Thallium 0.15 Negligible 0.15 Negligible 0.15
Tungsten 0.56 NC NC NC NC
Uranium 1.3 12 13 12 13
Vanadium 28 19 47 18 46
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Modelled Future — Point of Full Mixing — TMF

Modelled Future — Point of Full Mixing — Collection

Seepage and Runoff Collection Ponds Pond 2
Baseline ) . . .
Scenario Baseline Plus Project Baseline Plus Project
Concentration Project Alone Scenario Scenario Project Alone Scenario Scenario
Parameter (mg/kg) Concentration (mg/kg) Concentration (mg/kg) Concentration (mg/kg) Concentration (mg/kg)
Zinc 110 1.2 111 1.2 111
Notes:

NC = Not calculated
NM = Not measured

Negligible = Project-related contributions are considered negligible
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Table 6.11 Representative Concentrations of Metals in Sediment — West Buskegau River Watershed
Parameter Baseline Modelled Future - Point of Full Mixing — Modelled Future — Point of Full Mixing — Collection
Scenario Collection Pond 1 Pond 3
Con(;egn/}(rg;ion Project AI_one Baseline Plus_ Project Project Alone Scenario Baseline Plus_ Project
Scenario Scenario Concentration (mg/kg) Scenario
Concentration Concentration (mg/kg) Concentration (mg/kg)
(mg/kg)
Antimony 0.12 0.052 0.17 0.024 0.14
Arsenic 29 0.65 3.6 0.084 3.0
Barium 70 3.9 74 0.52 71
Beryllium 0.40 Negligible 0.40 Negligible 0.40
Cadmium 0.76 Negligible 0.76 Negligible 0.76
Chromium (Total) 31 0.59 32 0.071 31
Cobalt 8.8 0.93 9.7 0.14 8.9
Copper 12 1.3 13 0.16 12
Lead 15 0.30 15 0.00077 15
Manganese 920 Negligible 920 Negligible 920
Molybdenum 0.50 0.32 0.82 0.073 0.57
Nickel 17 16 33 2.6 20
Selenium 0.78 0.0024 0.78 0.00055 0.78
Silver 0.10 Negligible 0.10 Negligible 0.10
Thallium 0.13 Negligible 0.13 0.0010 0.13
Tungsten 0.50 NC NC NC NC
Uranium 11 23 3.4 0.29 14
Vanadium 27 3.4 30 0.41 27
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Parameter Baseline Modelled Future - Point of Full Mixing — Modelled Future — Point of Full Mixing — Collection
Scenario Collection Pond 1 Pond 3
Con(;egn/}(rg;lon Project Alone Baseline Plus Project Project Alone Scenario Baseline Plus Project
Scenario Scenario Concentration (mg/kg) Scenario
Concentration Concentration (mg/kg) Concentration (mg/kg)
(mg/kg)
Zinc 80 0.21 80 0.024 80
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
NM = Not measured

Table 6.12 Representative Concentrations of Metals in Sediment — Jocko Creek Watershed
Modelled Future — JC1 Pourpoint
Baseline Scenario Concentration Project Alone Scenario Baseline Plus Project Scenario
Parameter (mg/kg) Concentration (mg/kg) Concentration (mg/kg)
Antimony 0.20 0.081 0.28
Arsenic 4.0 0.0078 4.0
Barium 88 0.029 88
Beryllium 0.42 Negligible 0.42
Cadmium 0.85 Negligible 0.85
Chromium (Total) 32 Negligible 32
Cobalt 8.3 0.14 8.4
Copper 20 Negligible 20
Lead 22 Negligible 22
Manganese 700 21 702
Molybdenum 0.79 0.23 1.0
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NC = Not calculated
NM = Not measured

Negligible = Project-related contributions are considered negligible

Modelled Future —JC1 Pourpoint
Baseline Scenario Concentration Project Alone Scenario Baseline Plus Project Scenario
Parameter (mg/kg) Concentration (mg/kg) Concentration (mg/kg)

Nickel 20 2.8 23

Selenium 0.70 0.0011 0.70

Silver 0.12 Negligible 0.12

Thallium 0.15 0.0063 0.16
Tungsten 0.56 NC NC

Uranium 1.3 Negligible 1.3
Vanadium 28 Negligible 28

Zinc 110 Negligible 110

Notes:
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6.5 Terrestrial Vegetation

Terrestrial vegetation includes covered and uncovered plants (also referred to as leafy vegetables) and
berries that may be consumed by human and ecological receptors. Baseline terrestrial vegetation data
are summarized in Appendix B.

Sampled species include the following non-berry plants, as well as the berries species discussed in
Section 6.5.1:

e Blueberry leaves e Mullein e Swamp aster
¢ Goldenrod e Pearly everlasting e Tealeaf

e Grass e Plantain e Yarrow

e Horsetail e Raspberry leaf

e Labrador tea e Rosehip leaf

Baseline Scenario terrestrial plant EPCs were calculated as described in Section 6. Baseline Scenario
terrestrial vegetation data does not include silver as it was not analysed; instead, Stantec estimated silver
in Baseline Scenario vegetation by calculating uptake from soil using the same methodology as for future
modelled concentrations, discussed in the sections below.

Modelled future concentrations of metals in terrestrial plants, including berries, were estimated via
calculation of uptake from future modelled soil using published uptake factors for soil to vegetation, in
addition to contribution from direct deposition from air (US EPA, 2005). Uptake factors were generally
sourced from Bechtel Jacobs (1998), Sheppard and Evenden (1990), and US EPA (2007), where
available; uptake factors for molybdenum, silver, and thallium are calculated as the mean of available
values from published sources including Baes lll, et al. (1984), the International Atomic Energy Agency
(IAEA, 1994), Davis et al. (1993), and Zach et al. (1988).
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Contribution from direct deposition was calculated as follows consistent with US EPA (2005):

1,000 x Dytotal X Rp; x [1.0 — e(-*»xTpd] Equation 6-2

C
Yp; X kp

plants deposition =

where:
Chplants deposion = Concentration of chemical in plants due to direct deposition (mg/kg dry weight)
1,000 = units conversion factor
Dytotal = Yearly total deposition (g / m? - y)
Rpi = Interception fraction of the edible portion of plant tissue (unitless) (US EPA, 2005)
kp = Plant surface loss coefficient (1/y) (US EPA, 2005)

Tpi = Length of plant’s exposure to deposition per harvest of the edible portion (y) (US EPA,
2005)

Ypi = Yield or standing crop biomass of edible portion (kg dry weight/m?) (US EPA, 2005)

The moisture content of terrestrial vegetation was used when estimating concentrations of terrestrial
vegetation by calculating uptake from soil. Moisture contents were assumed to be the average of the
values from samples collected during baseline sampling, as follows: 78.8% for berries (n=11) and 74.7%
for non-berries (n=53).

Modelled future concentrations in berries were used to calculate risks to humans from consumption of
traditional foods. Concentrations in berries and uncovered vegetation were also used to estimate
concentrations in tissues of target hunting species as well as health risks for ecological receptors.

6.5.1 Berries

Baseline Scenario metal concentrations in berries include concentrations from the berries sampled during
terrestrial vegetation sampling as discussed above. Sampled species were blueberry, choke cherry,
cranberry, pin cherry, raspberry, rosehip berry, and squash berry. Baseline Scenario berry EPCs were
calculated as described in Section 6. Modelled future concentrations were calculated as described in
Section 6.5.

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario berry concentrations are
presented in Table 6.13.
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Table 6.13 Representative Concentrations of Metals in Berries
Parameter Baseline Scenario Modelled Future
Conc\tlevr;ttrs\lt(ie(i)grlh(tTg/kg Project Alone Scenario Baseline Plug Project
Concentration (mg/kg wet Scenario
weight) Concentration (mg/kg wet
weight)
Antimony 0.0020 0.00011 0.0021
Arsenic 0.0086 0.0011 0.010
Barium 2.2 0.17 2.4
Beryllium 0.0020 0.00012 0.0021
Cadmium 0.023 8.0E-05 0.023
Chromium (Total) 0.060 0.22 0.28
Cobalt 0.019 0.021 0.039
Copper 1.1 0.086 1.2
Lead 0.011 0.00048 0.012
Manganese 33 1.4 34
Mercury 0.0010 6.8E-09 0.0010
Molybdenum 0.69 0.015 0.70
Nickel 0.17 0.56 0.73
Selenium 0.010 0.00011 0.010
Silver 0.0024 4.97E-05 0.0025
Thallium 0.00040 1.36E-05 0.00041
Tungsten NM NC NC
Uranium 0.0011 5.70E-05 0.0012
Vanadium 0.052 0.019 0.071
Zinc 25 0.048 25
Notes:
NC = Not calculated
NM = Not measured

6.5.2 Other Terrestrial Plants

Baseline Scenario metal concentrations in other terrestrial plants were based on concentrations from
vegetation sampling as discussed above.

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario uncovered terrestrial
plant concentrations other than berries are presented in Table 6.14.
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Table 6.14 Representative Concentrations of Metals in Uncovered Terrestrial Plants (Non-
Berries)
Baseline Scenario Modelled Future
Parameter Conc\?vr:attr\?vt:a(i)gh(tr)ng/kg Project Alone Scenario Baseline Plug Project
Scenario
Concentrati(_)n (mg/kg wet Concentration (mg/kg wet
weight) weight)
Antimony 0.0028 0.00021 0.0030
Arsenic 0.029 0.0029 0.032
Barium 9.3 0.65 9.9
Beryllium 0.0176 0.00059 0.018
Cadmium 0.043 0.00016 0.043
Chromium (Total) 0.26 0.61 0.87
Cobalt 0.079 0.060 0.14
Copper 1.7 0.14 1.8
Lead 0.11 0.0014 0.11
Manganese 39 1.8 40.8
Mercury 0.0020 1.4E-08 0.0020
Molybdenum 0.66 0.015 0.67
Nickel 0.24 1.1 1.3
Selenium 0.027 0.00030 0.027
Silver 0.0034 0.00010 0.0035
Thallium 0.0024 4.7E-05 0.0024
Tungsten NM NC NC
Uranium 0.0054 0.00015 0.0056
Vanadium 0.25 0.054 0.30
Zinc 9.8 0.17 10.0
Notes:
NC = Not calculated
NM = Not measured
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6.6

Terrestrial Invertebrates

While a targeted baseline sampling plan was developed to collect terrestrial invertebrates, too few
samples (i.e., one worm and one slug) were collected to support an assessment of baseline chemical
concentrations. As such baseline Scenario concentrations and modelled future concentrations (Project
Alone and Baseline Plus Project Scenarios) of metals in terrestrial invertebrates were estimated via
calculation of uptake from baseline soil and future modelled soil, respectively, as discussed in Section 6,
using published uptake factors for soil to terrestrial invertebrates. Uptake factors were generally sourced
from Sample, Beauchamp, et al. (1998a), cited within US EPA (2007) where available. The available
sources reviewed by US EPA (2007) did not contain bioaccumulation factors for antimony; because no
earthworm bioaccumulation data were located for antimony, a default BAF of 1 was assumed (US EPA,
2007). The uptake factor for thallium was calculated from data collected in the vicinity of Saint John, New
Brunswick (Jacques Whitford, 2008). The model focuses on earthworms as the "model" soil invertebrate,
due to the relative abundance of data and models to estimate contaminant uptake, and the perceived
importance of earthworms in food webs. Assumptions involved in uptake calculations include the use of

the following values:

e Soil to invertebrate bioavailability factor of 1.0 (conservative default value)

e Solil invertebrate metabolic factor of 1.0 (conservative default value)

e Dry weight to wet weight conversion factor of 0.16, based on earthworms (US EPA, 1993)

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario terrestrial invertebrate
concentrations are presented in Table 6.15.

Table 6.15 Representative Concentrations of Metals in Terrestrial Invertebrates
Modelled Future
Baseline Plus Project
Baseline Scenario Project Alone Scenario Scenario
Concentration (mg/kg | Concentration (mg/kg wet | Concentration (mg/kg wet
Parameter wet weight) weight) weight)
Antimony 0.037 0.00096 0.038
Arsenic 0.078 0.0017 0.080
Barium 0.728 0.045 0.77
Beryllium 0.0025 5.7E-05 0.0026
Cadmium 0.79 0.0018 0.79
Chromium (Total) 1.3 0.90 2.2
Cobalt 0.12 0.032 0.15
Copper 1.9 0.033 2.0
Lead 1.1 0.0029 1.1
Manganese 4.1 0.10 4.2
Mercury 0.026 1.3E-07 0.026
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Modelled Future
Baseline Plus Project
Baseline Scenario Project Alone Scenario Scenario
Concentration (mg/kg | Concentration (mg/kg wet | Concentration (mg/kg wet

Parameter wet weight) weight) weight)
Molybdenum 0.090 0.0019 0.092
Nickel 2.7 4.8 7.5
Selenium 0.090 0.00067 0.090
Silver 0.16 0.0011 0.16
Thallium 0.00083 7.7E-06 0.00083
Tungsten NC NC NC
Uranium 0.0058 2.8E-05 0.0058
Vanadium 0.15 0.011 0.17
Zinc 54 0.27 55
Notes:
NC = Not calculated

6.7  Terrestrial Small Prey

Terrestrial small prey represent an important food source for ecological receptors. Baseline Scenario
concentrations and modelled future concentrations (Project Alone and Baseline Plus Project Scenarios)
of metals in terrestrial small prey were estimated via calculation of uptake from baseline soil and future
modelled soil, respectively, as discussed in Section 6, using published uptake factors for soil to terrestrial
mammals. Uptake factors were generally sourced from Sample, Beauchamp, et al. (1998b) and US EPA
(2007) where available. The available sources reviewed by US EPA (2007) did not contain
bioaccumulation factors for antimony; because no earthworm bioaccumulation data were located for
antimony, a default BAF of 1 was assumed (US EPA, 2007). The uptake factors for molybdenum,
thallium, uranium, and vanadium were calculated from data collected in the vicinity of Saint John, New
Brunswick (Jacques Whitford, 2008). The model focuses on small mammals as prey, due to the relative
abundance of data and models to estimate contaminant uptake. Assumptions involved in uptake
calculations include the use of the following values:

e Plant foods to animal bioavailability factor of 1.0 (conservative default value)

¢ Small herbivore metabolic factor of 1.0 (conservative default value — not metabolized)

e Dry weight to wet weight conversion factor of 0.32, a typical value for small mammals (US EPA,
1993)

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario terrestrial invertebrate
concentrations are presented in Table 6.16.
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Table 6.16 Representative Concentrations of Metals in Terrestrial Small Prey
Parameter Baseline Scenario Modelled Future
Conc\?vr;ir\?\}ie?gh&r)r]g/kg Project Alone Scenario Baseli.ne Plus Projept
Concentration (mg/kg Scenario Concentration
wet weight) (mg/kg wet weight)
Antimony 0.00015 3.8E-06 0.00015
Arsenic 0.0057 0.00014 0.0058
Barium 11 0.069 1.2
Beryllium 0.0043 7.2E-05 0.0044
Cadmium 0.15 0.00021 0.15
Chromium (Total) 0.81 0.39 1.2
Cobalt 0.042 0.012 0.054
Copper 3.9 0.035 3.9
Lead 1.1 0.0016 1.1
Manganese 25 0.094 2.6
Mercury 0.0038 2.0E-08 0.0038
Molybdenum 0.042 0.00089 0.042
Nickel 0.91 0.55 1.5
Selenium 0.17 0.00048 0.17
Silver 0.00064 4.5E-06 0.00064
Thallium 0.0040 3.7E-05 0.0040
Tungsten NC NC NC
Uranium 0.00081 3.9E-06 0.00081
Vanadium 0.091 0.0063 0.097
Zinc 38 0.043 38
Note:
NC = Not calculated
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6.8 Wild Meat

The wild meat species selected were based on the top species by consumption rate from Chan et al.
(2014). Additional discussion of species selection is provided in Section 7.3.1. Baseline Scenario and
Baseline Plus Project Scenario metal concentrations in wild meat (moose, deer, rabbit, beaver, grouse,
duck, and goose) were modelled using generalized equations from the US EPA (2005). The generalized
equation used to calculate metals concentrations in wild meat that will be consumed by humans is:

Crneat = ((FFOODi X Qroopi(meat) X CFoom) + (Fs X Qs(mear) X Cs)

Equation 6-3
+ (FSed X QSed(meat) X CSed) + (FW X QW(meat) X CW )) X Ba(meat) X MF

where:
Cmeat = Concentration of chemical in meat tissue (mg/kg wet weight)

Froopi = Fraction of food i from site (conservatively set at 100%; unitless), can consist of
terrestrial vegetation (coniferous or deciduous), berries or aquatic vegetation

Qroopimeaty = Quantity of food i (including terrestrial and/or aquatic vegetation, invertebrates, etc.)
ingested by animal (kg dry weight/day)

Croopi = Concentration of chemical in food i (mg/kg dry weight)

Fs = Fraction of soil from site (conservatively set at 100%; unitless)
Qs(meay = Quantity of soil ingested by animal (kg dry weight/day)

Cs = Concentration of chemical in soil (mg/kg dry weight)

Fsea = Fraction of sediment from site (conservatively set at 100%; unitless)
Qsedmeaty = Quantity of sediment ingested by animal (kg dry weight/day)
Csed = Concentration of chemical in sediment (mg/kg dry weight)

Fw = Fraction of water from site (conservatively set at 100%; unitless)
Qwmeaty = Quantity of water ingested by animal (L/day)

Cw = Concentration of chemical in surface water (mg/L)

Bameat) = chemical-specific bio-transfer factor for animal (day/kg wet weight)

MF = Metabolic factor (set at 1.0; unitless)
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The target hunting species were conservatively assumed to spend an entire lifetime within the RSA and
not range into other areas that would be subject to different (lesser) rates of deposition. As such, the
fractions of soil, terrestrial vegetation, terrestrial invertebrates, surface water, aquatic plants, benthic
invertebrates, and sediment that the target species would consume within the RSA regions have
conservatively been set at 100%. It was also conservatively assumed that all metals are 100%
bioavailable and are not metabolized (i.e., metabolic factor of 1). The intake rates of sail, terrestrial
vegetation, terrestrial invertebrates, surface water, aquatic plants, benthic invertebrates and sediment for
the moose, snowshoe hare, beaver, spruce grouse and mallard were estimated using the animals’ body
weights and the equations provided in US EPA (2005). The body weights of each species and the intake
rates for each media are provided in the receptor profiles in Section 8.1.3.

Uptake factors from the primary literature and intake rates for estimating animal tissue concentrations are
available for beef cattle. In accordance with US EPA (2005) guidance, to estimate the uptake of
chemicals into the target hunting species, the beef uptake factor is adjusted based on the relative lipid
content of these animals. The fat contents of the target hunting species were assumed as follows, based
on information from the U.S. Department of Agriculture’s FoodData Central website (USDA, 2024): 1% for
moose, 3% for deer and rabbit, 5% for beaver, 1% for grouse, 15% for duck, and 4% for goose, in
contrast to 19% for the beef cattle.

Concentrations of metals in wild meat under baseline conditions were estimated using the equations and
uptake factors described above, as well as the baseline concentrations for solil, terrestrial vegetation,
terrestrial invertebrates, surface water, aquatic plants, benthic invertebrates and sediment. The
concentrations under future conditions were estimated using the same equations and uptake factors and
the estimated future concentrations in these media.

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario terrestrial invertebrate
concentrations are presented in Table 6.17 to Table 6.23.
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Table 6.17 Representative Concentrations of Metals in Wild Meat — Large Terrestrial Mammal (Moose)
Jocko Creek Watershed
West Buskegau River Watershed Concentration (mg/kg Concentration (mg/kg wet
North Driftwood River Watershed Concentration (mg/kg wet weight) wet weight) weight)
Modelled Future — Point of Full Modelled Future — Modelled Future —
Mixing — TMF Seepage and Modelled Future — Point of Full Point of Full Mixing Point of Full Mixing Modelled Future —
Runoff Collection Ponds Mixing — Collection Pond 2 — Collection Pond 1 — Collection Pond 3 JC1 Pourpoint
Baseline Baseline Baseline
Baseline Plus Baseline Plus Project Plus Project Plus Project Plus
Baseline Project Alone Project Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
Antimony 6.7E-06 4.0E-06 1.1E-05 3.5E-06 1.0E-05 6.6E-06 1.2E-06 7.9E-06 6.8E-07 7.3E-06 6.7E-06 1.2E-06 8.0E-06
Arsenic 0.00027 0.00020 0.00047 0.00020 0.00047 0.00027 5.3E-05 0.00032 1.0E-05 0.00028 0.00027 4.4E-06 0.00028
Barium 0.00075 3.8E-05 0.00079 5.2E-05 0.00080 0.00074 5.1E-05 0.00080 3.9E-05 0.00078 0.00075 3.7E-05 0.00078
Beryllium 1.1E-05 1.2E-05 2.3E-05 8.1E-06 1.9E-05 1.1E-05 2.2E-07 1.1E-05 2.2E-07 1.1E-05 1.1E-05 2.2E-07 1.1E-05
Cadmium 5.2E-06 1.5E-08 5.2E-06 1.6E-08 5.2E-06 5.2E-06 1.4E-08 5.2E-06 1.4E-08 5.2E-06 5.2E-06 1.4E-08 5.2E-06
Chromium 0.0025 0.0024 0.0049 0.0024 0.0049 0.0025 0.0023 0.0048 0.0023 0.0048 0.0025 0.0023 0.0048
(Total)
Cobalt 0.0027 0.0016 0.0043 0.0016 0.0043 0.0027 0.00093 0.0037 0.00080 0.0035 0.0027 0.00080 0.0035
Copper 0.022 0.0035 0.025 0.0035 0.025 0.022 0.0019 0.024 0.0013 0.023 0.022 0.0012 0.023
Lead 6.6E-05 2.0E-06 6.8E-05 2.2E-06 6.8E-05 6.3E-05 8.8E-07 6.4E-05 2.9E-07 6.3E-05 6.6E-05 2.9E-07 6.6E-05
Manganese 0.032 0.00078 0.033 0.00078 0.033 0.032 0.00078 0.033 0.00078 0.033 0.032 0.00082 0.033
Mercury 2.4E-05 5.1E-08 2.4E-05 4.9E-08 2.4E-05 2.4E-05 3.4E-09 2.4E-05 6.5E-11 2.4E-05 2.4E-05 7.3E-10 2.4E-05
Molybdenum 0.0070 0.0026 0.0096 0.0024 0.0093 0.0070 0.0010 0.0080 0.00033 0.0073 0.0070 0.00053 0.0075
Nickel 0.0040 0.014 0.018 0.014 0.018 0.0040 0.0075 0.012 0.0060 0.010 0.0040 0.0059 0.010
Selenium 6.8E-05 2.6E-06 7.1E-05 2.5E-06 7.0E-05 6.8E-05 9.2E-07 6.9E-05 5.3E-07 6.9E-05 6.8E-05 6.0E-07 6.9E-05
Silver 3.0E-05 2.7TE-07 3.0E-05 2.7TE-07 3.0E-05 2.8E-05 2.7E-07 2.8E-05 2.7E-07 2.8E-05 3.0E-05 2.7E-07 3.0E-05
Thallium 0.00072 1.0E-06 0.00072 1.0E-06 0.00072 0.00072 1.0E-06 0.00072 5.9E-06 0.00072 0.00072 2.9E-05 0.00075
Tungsten NC NC NC NC NC NC NC NC NC NC NC NC NC
Uranium 1.0E-05 8.0E-05 9.1E-05 7.9E-05 8.9E-05 1.0E-05 1.8E-05 2.8E-05 2.2E-06 1.2E-05 1.0E-05 2.2E-08 1.0E-05
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Jocko Creek Watershed

Concentration (mg/kg wet
North Driftwood River Watershed Concentration (mg/kg wet weight)

West Buskegau River Watershed Concentration (mg/kg

wet weight)
Modelled Future — Point of Full

weight)
Modelled Future — Modelled Future —
Mixing — TMF Seepage and Modelled Future — Point of Full Point of Full Mixing Point of Full Mixing Modelled Future —
Runoff Collection Ponds Mixing — Collection Pond 2 — Collection Pond 1 — Collection Pond 3 JC1 Pourpoint
Baseline Baseline Baseline
Baseline Plus Baseline Plus Project Plus Project Plus Project Plus
Baseline Project Alone Project Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
Vanadium 0.0017 0.00087 0.0026 0.00085 0.0026 0.0017 0.00024 0.0019 1.1E-04 0.0018 0.0017 8.9E-05 0.0018
Zinc 0.00064 1.1E-05 0.00065 1.1E-05 0.00065 0.00064 7.4E-06 0.00064 6.5E-06 0.00064 0.00064 6.4E-06 0.00065
Notes:
NC = Not calculated
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Table 6.18 Representative Concentrations of Metals in Wild Meat — Large Terrestrial Mammal (Deer)
North Driftwood River Watershed Concentration (mg/kg wet Jocko Creek Watershed Concentration
weight) West Buskegau River Watershed Concentration (mg/kg wet weight) (mg/kg wet weight)
Modelled Future — Point of
Full Mixing — TMF Modelled Future — Point of Modelled Future — Point of | Modelled Future — Point of
Seepage and Runoff Full Mixing — Collection Full Mixing — Collection Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Antimony 4.1E-06 4.0E-07 4.5E-06 3.7E-07 4.5E-06 4.1E-06 2.3E-07 4.4E-06 2.0E-07 4.3E-06 4.1E-06 2.4E-07 4.4E-06
Arsenic 5.8E-05 1.0E-05 6.8E-05 9.8E-06 6.8E-05 5.8E-05 5.3E-06 6.3E-05 4.0E-06 6.2E-05 5.8E-05 3.9E-06 6.2E-05
Barium 0.00048 3.5E-05 0.00051 3.6E-05 0.00051 0.00048 3.6E-05 0.00051 3.5E-05 0.00051 0.00048 3.5E-05 0.00051
Beryllium 4.8E-06 4.6E-07 5.3E-06 3.8E-07 5.2E-06 4.8E-06 2.1E-07 5.1E-06 2.1E-07 5.1E-06 4.8E-06 2.1E-07 5.1E-06
Cadmium 3.9E-06 1.4E-08 3.9E-06 1.4E-08 3.9E-06 3.9E-06 1.4E-08 3.9E-06 1.4E-08 3.9E-06 3.9E-06 1.4E-08 3.9E-06
Chromium 0.0013 0.0022 0.0036 0.0022 0.0036 0.0013 0.0022 0.0035 0.0022 0.0035 0.0013 0.0022 0.0035
(Total)
Cobalt 0.0013 0.00076 0.0020 0.00076 0.0020 0.0013 0.00075 0.0020 0.00075 0.0020 0.0013 0.00075 0.0020
Copper 0.016 0.0012 0.017 0.0012 0.017 0.016 0.0012 0.017 0.0012 0.017 0.016 0.0012 0.017
Lead 3.3E-05 3.1E-07 3.3E-05 3.2E-07 3.3E-05 3.3E-05 2.9E-07 3.4E-05 2.8E-07 3.3E-05 3.3E-05 2.8E-07 3.3E-05
Manganese 0.018 0.00075 0.019 0.00075 0.019 0.018 0.00075 0.019 0.00075 0.019 0.018 0.00075 0.019
Mercury 1.0E-05 7.3E-09 1.0E-05 7.0E-09 1.0E-05 1.0E-05 5.0E-10 1.0E-05 6.3E-11 1.0E-05 1.0E-05 1.6E-10 1.0E-05
Molybdenum 0.0054 0.00013 0.0055 0.00013 0.0055 0.0054 0.00012 0.0055 0.00012 0.0055 0.0054 0.00012 0.0055
Nickel 0.0019 0.0055 0.0074 0.0055 0.0074 0.0019 0.0055 0.0074 0.0055 0.0074 0.0019 0.0055 0.0074
Selenium 3.8E-05 1.5E-06 3.9E-05 1.5E-06 3.9E-05 3.8E-05 6.7E-07 3.9E-05 4.6E-07 3.8E-05 3.8E-05 4.9E-07 3.8E-05
Silver 1.9E-05 2.6E-07 1.9E-05 2.6E-07 1.9E-05 1.9E-05 2.6E-07 1.9E-05 2.6E-07 1.9E-05 1.9E-05 2.6E-07 1.9E-05
Thallium 4.9E-05 9.7E-07 5.0E-05 9.7E-07 5.0E-05 4.9E-05 9.7E-07 5.0E-05 9.7E-07 5.0E-05 4.9E-05 1.0E-06 5.0E-05
Tungsten NC NC NC NC NC NC NC NC NC NC NC NC NC
Uranium 1.7E-06 6.2E-07 2.3E-06 6.1E-07 2.3E-06 1.7E-06 1.7E-07 1.9E-06 4.0E-08 1.7E-06 1.7E-06 2.2E-08 1.7E-06
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North Driftwood River Watershed Concentration (mg/kg wet

weight)

West Buskegau River Watershed Concentration (mg/kg wet weight)

Jocko Creek Watershed Concentration

(mg/kg wet weight)

Modelled Future — Point of
Full Mixing — TMF Modelled Future — Point of Modelled Future — Point of | Modelled Future — Point of
Seepage and Runoff Full Mixing — Collection Full Mixing — Collection Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Vanadium 0.00054 9.6E-05 0.00063 9.5E-05 0.00063 0.00054 8.8E-05 0.00063 8.6E-05 0.00062 0.00054 8.6E-05 0.00062
Zinc 0.00033 6.7E-06 0.00034 6.7E-06 0.00034 0.00033 6.3E-06 0.00034 6.2E-06 0.00034 0.00033 6.2E-06 0.00034
Notes:

NC = Not calculated
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Table 6.19 Representative Concentrations of Metals in Wild Meat — Small Terrestrial Mammal (Rabbit)
North Driftwood River Watershed Concentration (mg/kg wet Jocko Creek Watershed Concentration
weight) West Buskegau River Watershed Concentration (mg/kg wet weight) (mg/kg wet weight)
Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection | of Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Antimony 2.8E-07 1.6E-08 3.0E-07 1.5E-08 3.0E-07 2.8E-07 1.1E-08 2.9E-07 1.1E-08 2.9E-07 2.8E-07 1.2E-08 2.9E-07
Arsenic 5.1E-06 4.0E-07 5.5E-06 3.9E-07 5.5E-06 5.1E-06 2.8E-07 5.4E-06 2.4E-07 5.3E-06 5.1E-06 2.4E-07 5.3E-06
Barium 2.2E-05 1.6E-06 2.4E-05 1.6E-06 2.4E-05 2.2E-05 1.6E-06 2.4E-05 1.6E-06 2.4E-05 2.2E-05 1.6E-06 2.4E-05
Beryllium 3.7E-07 1.9E-08 3.9E-07 1.7E-08 3.9E-07 3.7E-07 1.2E-08 3.8E-07 1.2E-08 3.8E-07 3.7E-07 1.2E-08 3.8E-07
Cadmium 1.8E-07 6.2E-10 1.9E-07 6.2E-10 1.9E-07 1.8E-07 6.2E-10 1.9E-07 6.2E-10 1.9E-07 1.8E-07 6.2E-10 1.9E-07
Chromium 0.00013 0.00014 0.00027 0.00014 0.00027 0.00013 0.00014 0.00027 0.00014 0.00027 0.00013 0.00014 0.00027
(Total)
Cobalt 0.00011 4.7E-05 0.00016 4.7E-05 0.00016 0.00011 4.7E-05 0.00016 4.7E-05 0.00016 0.00011 4.7E-05 0.00016
Copper 0.00072 5.5E-05 0.0008 5.5E-05 0.00078 0.00072 5.4E-05 0.00078 5.4E-05 0.00078 0.00072 5.4E-05 0.00078
Lead 3.7E-06 1.9E-08 3.7E-06 1.9E-08 3.7E-06 3.7E-06 1.8E-08 3.7E-06 1.8E-08 3.7E-06 3.7E-06 1.8E-08 3.7E-06
Manganese 0.00078 3.2E-05 0.00081 3.2E-05 0.00081 0.00078 3.2E-05 0.00081 3.2E-05 0.00081 0.00078 3.2E-05 0.00081
Mercury 6.5E-07 1.9E-10 6.5E-07 1.8E-10 6.5E-07 6.5E-07 1.5E-11 6.5E-07 3.8E-12 6.5E-07 6.5E-07 6.2E-12 6.5E-07
Molybdenum 0.00021 5.0E-06 0.00022 5.0E-06 0.00022 0.00021 4.7E-06 0.00022 4.6E-06 0.00021 0.00021 4.6E-06 0.00021
Nickel 0.00012 0.00030 0.00043 0.00030 0.00043 0.00012 0.00030 0.00043 0.00030 0.00043 0.00012 0.00030 0.00043
Selenium 2.1E-06 5.0E-08 2.2E-06 4.8E-08 2.2E-06 2.1E-06 2.8E-08 2.2E-06 2.2E-08 2.2E-06 2.1E-06 2.3E-08 2.2E-06
Silver 1.5E-06 1.6E-08 1.5E-06 1.6E-08 1.5E-06 1.5E-06 1.6E-08 1.5E-06 1.6E-08 1.5E-06 1.5E-06 1.6E-08 1.5E-06
Thallium 4.2E-06 5.9E-08 4.28E-06 5.9E-08 4.3E-06 4.2E-06 5.9E-08 4.3E-06 5.9E-08 4.3E-06 4.2E-06 6.0E-08 4.3E-06
Tungsten NC NC NC NC NC NC NC NC NC NC NC NC NC
Uranium 1.8E-07 1.7E-08 2.0E-07 1.7E-08 2.0E-07 1.8E-07 5.2E-09 1.9E-07 1.9E-09 1.8E-07 1.8E-07 1.4E-09 1.8E-07
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North Driftwood River Watershed Concentration (mg/kg wet

weight)

West Buskegau River Watershed Concentration (mg/kg wet weight)

Jocko Creek Watershed Concentration

(mg/kg wet weight)

Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection | of Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Vanadium 5.1E-05 5.7E-06 5.7E-05 5.7E-06 5.7E-05 5.1E-05 5.5E-06 5.7E-05 5.4E-06 5.7E-05 5.1E-05 5.4E-06 5.7E-05
Zinc 1.6E-05 3.0E-07 1.63E-05 3.0E-07 1.6E-05 1.6E-05 2.9E-07 1.6E-05 2.9E-07 1.6E-05 1.6E-05 2.9E-07 1.6E-05
Notes:
NC = Not calculated
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Table 6.20 Representative Concentrations of Metals in Wild Meat — Aquatic Mammal (Beaver)
North Driftwood River Watershed Concentration (mg/kg wet Jocko Creek Watershed Concentration
weight) West Buskegau River Watershed Concentration (mg/kg wet weight) (mg/kg wet weight)
Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point of
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Antimony 1.2E-06 1.2E-06 2.4E-06 1.0E-06 2.2E-06 1.0E-06 3.0E-07 1.3E-06 1.5E-07 1.2E-06 1.2E-06 3.4E-07 1.5E-06
Arsenic 5.8E-05 4.9E-05 0.00011 4.8E-05 0.00011 5.5E-05 1.2E-05 6.6E-05 1.8E-06 5.6E-05 5.8E-05 4.4E-07 5.8E-05
Barium 0.00010 2.7E-06 0.00010 6.4E-06 0.00011 9.4E-05 6.1E-06 0.00010 2.9E-06 0.00010 0.00010 2.4E-06 0.00010
Beryllium 2.2E-06 3.4E-06 5.6E-06 2.3E-06 4.5E-06 2.2E-06 1.7E-08 2.2E-06 1.7E-08 2.2E-06 2.2E-06 1.7E-08 2.2E-06
Cadmium 6.2E-07 1.1E-09 6.3E-07 1.5E-09 6.3E-07 6.1E-07 9.2E-10 6.1E-07 9.2E-10 6.1E-07 6.3E-07 9.2E-10 6.3E-07
Chromium 0.00062 0.00025 0.00087 0.00025 0.00087 0.00061 0.00020 0.00082 0.00020 0.00081 0.00062 0.00019 0.00082
(Total)
Cobalt 0.00065 0.00036 0.0010 0.00035 0.0010 0.00066 0.00012 0.00078 7.4E-05 0.00074 0.00065 7.4E-05 0.00072
Copper 0.0024 0.00062 0.0030 0.00061 0.0030 0.0023 0.00021 0.0025 0.00010 0.0024 0.0024 8.0E-05 0.0025
Lead 2.0E-05 8.4E-07 2.1E-05 9.5E-07 2.1E-05 1.6E-05 2.6E-07 1.7E-05 2.6E-08 1.7E-05 2.0E-05 2.5E-08 2.0E-05
Manganese 0.0041 4.8E-05 0.0041 4.8E-05 0.0041 0.0042 4.8E-05 0.0043 4.8E-05 0.0043 0.0041 5.7E-05 0.0041
Mercury 4.1E-06 1.4E-08 4.1E-06 1.3E-08 4.1E-06 4.0E-06 8.9E-10 4.0E-06 5.3E-12 4.0E-06 4.1E-06 1.9E-10 4.1E-06
Molybdenum 0.00058 0.00049 0.0011 0.00044 0.0010 0.00058 0.00018 0.00076 0.000046 0.00063 0.00058 8.5E-05 0.00067
Nickel 0.00072 0.0028 0.0035 0.0025 0.0033 0.00069 0.00091 0.0016 0.00051 0.0012 0.00072 0.00051 0.0012
Selenium 1.1E-05 8.5E-07 1.2E-05 8.0E-07 1.2E-05 1.1E-05 2.2E-07 1.1E-05 7.3E-08 1.1E-05 1.1E-05 1.0E-07 1.1E-05
Silver 4.4E-06 2.2E-08 4.5E-06 2.2E-08 4.5E-06 4.0E-06 2.2E-08 4.1E-06 2.2E-08 4.1E-06 4.4E-06 2.2E-08 4.5E-06
Thallium 0.00014 8.3E-08 0.00014 8.3E-08 0.00014 0.00014 8.3E-08 0.00014 1.1E-06 0.00014 0.00014 5.7E-06 0.00014
Tungsten NC NC NC NC NC NC NC NC NC NC NC NC NC
Uranium 2.2E-06 1.9E-05 2.1E-05 1.8E-05 2.0E-05 2.1E-06 4.0E-06 6.2E-06 5.0E-07 2.6E-06 2.2E-06 2.0E-09 2.2E-06
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North Driftwood River Watershed Concentration (mg/kg wet

weight)

West Buskegau River Watershed Concentration (mg/kg wet weight)

Jocko Creek Watershed Concentration

(mg/kg wet weight)

Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point of
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Vanadium 0.00038 0.00022 0.00060 0.00022 0.00060 0.00038 4.8E-05 0.00042 1.2E-05 0.00039 0.00038 7.6E-06 0.00039
Zinc 9.3E-05 1.5E-06 9.4E-05 1.5E-06 9.4E-05 8.8E-05 6.7E-07 8.9E-05 4.5E-07 8.9E-05 9.3E-05 4.2E-07 9.3E-05
Notes:

NC = Not calculated
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Table 6.21 Representative Concentrations of Metals in Wild Meat — Terrestrial Bird (Grouse)
North Driftwood River Watershed Concentration (mg/kg wet Jocko Creek Watershed Concentration
weight) West Buskegau River Watershed Concentration (mg/kg wet weight) (mg/kg wet weight)
Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection | of Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Antimony 4.4E-08 2.3E-09 4.7E-08 2.2E-09 4.7E-08 4.4E-08 1.8E-09 4.6E-08 1.7E-09 4.6E-08 4.4E-08 1.8E-09 4.6E-08
Arsenic 4.6E-07 4.5E-08 5.0E-07 4.5E-08 5.0E-07 4.6E-07 3.2E-08 4.9E-07 2.8E-08 4.9E-07 4.6E-07 2.8E-08 4.9E-07
Barium 3.2E-06 2.4E-07 3.5E-06 2.4E-07 3.5E-06 3.2E-06 2.4E-07 3.5E-06 2.4E-07 3.5E-06 3.2E-06 2.4E-07 3.5E-06
Beryllium 3.4E-08 2.2E-09 3.6E-08 1.9E-09 3.6E-08 3.4E-08 1.4E-09 3.5E-08 1.4E-09 3.5E-08 3.4E-08 1.4E-09 3.5E-08
Cadmium 6.9E-08 1.9E-10 6.9E-08 1.9E-10 6.9E-08 6.9E-08 1.9E-10 6.9E-08 1.9E-10 6.9E-08 6.9E-08 1.9E-10 6.9E-08
Chromium 1.2E-05 1.7E-05 2.9E-05 1.7E-05 2.9E-05 1.2E-05 1.7E-05 2.9E-05 1.7E-05 2.9E-05 1.2E-05 1.7E-05 2.9E-05
(Total)
Cobalt 9.6E-06 5.4E-06 1.5E-05 5.4E-06 1.5E-05 9.6E-06 5.3E-06 1.5E-05 5.3E-06 1.5E-05 9.6E-06 5.3E-06 1.5E-05
Copper 0.00011 8.2E-06 0.00012 8.2E-06 0.00012 0.00011 8.2E-06 0.00012 8.2E-06 0.00012 0.00011 8.2E-06 0.00012
Lead 3.8E-07 2.4E-09 3.9E-07 2.4E-09 3.9E-07 3.8E-07 2.3E-09 3.9E-07 2.3E-09 3.9E-07 3.8E-07 2.3E-09 3.9E-07
Manganese 0.00012 5.0E-06 0.00013 5.0E-06 0.00013 0.00012 5.0E-06 0.00013 5.0E-06 0.00013 0.00012 5.0E-06 0.00013
Mercury 1.3E-07 2.2E-11 1.3E-07 2.1E-11 1.3E-07 1.3E-07 2.0E-12 1.3E-07 7.4E-13 1.3E-07 1.3E-07 1.0E-12 1.3E-07
Molybdenum 3.6E-05 8.3E-07 3.7E-05 8.3E-07 3.7E-05 3.6E-05 8.0E-07 3.7E-05 7.9E-07 3.7E-05 3.6E-05 7.9E-07 3.7E-05
Nickel 2.0E-05 5.0E-05 7.0E-05 5.0E-05 7.0E-05 2.0E-05 5.0E-05 7.0E-05 5.0E-05 7.0E-05 2.0E-05 5.0E-05 7.0E-05
Selenium 3.5E-07 6.6E-09 3.5E-07 6.5E-09 3.5E-07 3.5E-07 4.1E-09 3.5E-07 3.5E-09 3.5E-07 3.5E-07 3.6E-09 3.5E-07
Silver 3.5E-07 3.3E-09 3.6E-07 3.3E-09 3.6E-07 3.5E-07 3.3E-09 3.6E-07 3.3E-09 3.6E-07 3.5E-07 3.3E-09 3.6E-07
Thallium 3.5E-07 6.6E-09 3.5E-07 6.6E-09 3.5E-07 3.5E-07 6.6E-09 3.5E-07 6.6E-09 3.5E-07 3.5E-07 6.7E-09 3.5E-07
Tungsten NC NC NC NC NC NC NC NC NC NC NC NC NC
Uranium 1.2E-08 1.9E-09 1.4E-08 1.8E-09 1.4E-08 1.2E-08 5.7E-10 1.3E-08 2.0E-10 1.2E-08 1.2E-08 1.5E-10 1.2E-08
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North Driftwood River Watershed Concentration (mg/kg wet

weight)

West Buskegau River Watershed Concentration (mg/kg wet weight)

Jocko Creek Watershed Concentration

(mg/kg wet weight)

Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection | of Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Vanadium 3.8E-06 6.2E-07 4.4E-06 6.2E-07 4.4E-06 3.8E-06 5.9E-07 4.4E-06 5.9E-07 4.4E-06 3.8E-06 5.9E-07 4.4E-06
Zinc 4.4E-06 5.4E-08 4.5E-06 5.4E-08 4.5E-06 4.4E-06 5.3E-08 4.5E-06 5.2E-08 4.5E-06 4.4E-06 5.2E-08 4.5E-06
Notes:
NC = Not calculated
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Table 6.22 Representative Concentrations of Metals in Wild Meat — Waterfow!l (Duck)
North Driftwood River Watershed Concentration (mg/kg wet Jocko Creek Watershed Concentration
weight) West Buskegau River Watershed Concentration (mg/kg wet weight) (mg/kg wet weight)
Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection | of Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Antimony 1.8E-06 1.9E-06 3.7E-06 1.6E-06 3.4E-06 1.6E-06 4.8E-07 2.1E-06 2.3E-07 1.8E-06 1.8E-06 5.3E-07 2.3E-06
Arsenic 0.00038 0.00026 0.00064 0.00025 0.00064 0.00032 5.7E-05 0.00037 7.5E-06 0.00032 0.00038 7.0E-07 0.00038
Barium 0.00030 1.6E-06 0.00030 1.7E-05 0.00031 0.00026 1.4E-05 0.00027 2.3E-06 0.00026 0.00030 5.7E-07 0.00030
Beryllium 8.4E-06 1.6E-05 2.4E-05 1.1E-05 1.9E-05 8.1E-06 3.6E-09 8.1E-06 3.6E-09 8.1E-06 8.4E-06 3.6E-09 8.4E-06
Cadmium 1.4E-05 5.9E-09 1.4E-05 1.6E-08 1.4E-05 1.3E-05 2.9E-09 1.3E-05 2.9E-09 1.3E-05 1.4E-05 2.9E-09 1.4E-05
Chromium 0.0039 0.00026 0.0042 0.00026 0.0041 0.00384 0.00013 0.0040 9.8E-05 0.0039 0.0039 9.4E-05 0.0040
(Total)
Cobalt 0.00080 0.00046 0.0013 0.00045 0.0012 0.00082 0.00010 0.00092 3.1E-05 0.00085 0.00080 3.2E-05 0.00083
Copper 0.035 0.0050 0.040 0.0049 0.040 0.029 0.0013 0.031 0.00017 0.029 0.035 1.7E-05 0.035
Lead 8.4E-05 3.5E-06 8.8E-05 4.0E-06 8.8E-05 6.5E-05 1.0E-06 6.6E-05 1.8E-08 6.5E-05 8.4E-05 1.5E-08 8.4E-05
Manganese 0.0098 8.4E-06 0.0098 8.4E-06 0.0098 0.011 8.4E-06 0.011 8.4E-06 0.011 0.0098 3.7E-05 0.0099
Mercury 1.3E-05 3.6E-08 1.3E-05 3.5E-08 1.3E-05 1.3E-05 2.3E-09 1.3E-05 9.6E-12 1.3E-05 1.3E-05 4.8E-10 1.3E-05
Molybdenum 0.00083 0.0014 0.0022 0.0012 0.0021 0.00073 0.00044 0.0012 0.00010 0.00083 0.00083 2.2E-04 0.0011
Nickel 0.0028 0.0083 0.011 0.0075 0.010 0.0025 0.0022 0.0048 0.00079 0.0033 0.0028 0.00077 0.0036
Selenium 0.00012 2.1E-06 0.00012 2.0E-06 0.00012 0.00013 4.3E-07 0.00013 1.2E-07 0.00013 0.00012 2.1E-07 0.00012
Silver 1.3E-05 4.7E-08 1.3E-05 4.7E-08 1.3E-05 1.2E-05 4.7E-08 1.2E-05 4.7E-08 1.2E-05 1.3E-05 4.7E-08 1.3E-05
Thallium 0.00038 0.00000 0.00038 0.00000 0.00038 0.00036 1.8E-08 0.00036 2.7E-06 0.00036 0.00038 1.6E-05 0.00039
Tungsten NC NC NC NC NC NC NC NC NC NC NC NC NC
Uranium 4.0E-06 3.6E-05 4.0E-05 3.6E-05 4.0E-05 3.8E-06 7.9E-06 1.2E-05 9.8E-07 4.8E-06 4.0E-06 3.9E-10 4.0E-06
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North Driftwood River Watershed Concentration (mg/kg wet

weight)

West Buskegau River Watershed Concentration (mg/kg wet weight)

Jocko Creek Watershed Concentration

(mg/kg wet weight)

Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection | of Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Vanadium 0.00065 0.00042 0.0011 0.00041 0.0011 0.00064 8.0E-05 0.00072 1.1E-05 0.00065 0.00065 1.6E-06 0.00065
Zinc 0.0017 5.3E-06 0.0017 5.3E-06 0.0017 0.0016 1.5E-06 0.0016 5.0E-07 0.0016 0.0017 3.7E-07 0.0017
Notes:
NC = Not calculated
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Table 6.23 Representative Concentrations of Metals in Wild Meat — Waterfowl (Goose)
North Driftwood River Watershed Concentration (mg/kg wet Jocko Creek Watershed Concentration
weight) West Buskegau River Watershed Concentration (mg/kg wet weight) (mg/kg wet weight)
Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection | of Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Antimony 1.7E-06 6.1E-08 1.7E-06 6.0E-08 1.7E-06 1.7E-06 5.5E-08 1.7E-06 5.4E-08 1.7E-06 1.7E-06 5.5E-08 1.7E-06
Arsenic 3.3E-05 1.5E-06 3.4E-05 1.5E-06 3.4E-05 3.3E-05 1.3E-06 3.4E-05 1.3E-06 3.4E-05 3.3E-05 1.3E-06 3.4E-05
Barium 0.00010 6.7E-06 0.00010 6.7E-06 0.00010 0.00010 6.7E-06 0.00010 6.7E-06 0.00010 0.00010 6.7E-06 0.00010
Beryllium 2.3E-06 7.3E-08 2.3E-06 7.0E-08 2.3E-06 2.3E-06 6.4E-08 2.3E-06 6.4E-08 2.3E-06 2.3E-06 6.4E-08 2.3E-06
Cadmium 9.5E-07 3.0E-09 9.6E-07 3.0E-09 9.6E-07 9.5E-07 3.0E-09 9.6E-07 3.0E-09 9.6E-07 9.5E-07 3.0E-09 9.6E-07
Chromium 0.0008 0.00076 0.0016 0.00076 0.0016 0.0008 0.00076 0.0016 0.00076 0.0016 0.0008 0.00076 0.0016
(Total)
Cobalt 0.00072 0.00025 0.0010 0.00025 0.0010 0.00072 0.00025 0.0010 0.00025 0.0010 0.00072 0.00025 0.0010
Copper 0.0031 0.00022 0.0033 0.00022 0.0033 0.0031 0.00022 0.0033 0.00022 0.0033 0.0031 2.22E-04 0.0033
Lead 2.6E-05 1.0E-07 2.6E-05 1.0E-07 2.6E-05 2.6E-05 1.0E-07 2.6E-05 1.0E-07 2.6E-05 2.6E-05 1.0E-07 2.6E-05
Manganese 0.0030 0.00012 0.0032 0.00012 0.0032 0.0030 0.00012 0.0032 0.00012 0.0032 0.0030 0.00012 0.0032
Mercury 3.8E-06 3.0E-10 3.8E-06 2.9E-10 3.8E-06 3.8E-06 3.8E-11 3.8E-06 2.1E-11 3.8E-06 3.8E-06 2.5E-11 3.8E-06
Molybdenum 0.00071 1.6E-05 0.00073 1.6E-05 0.00073 0.00071 1.6E-05 0.00073 1.5E-05 0.00073 0.00071 1.55E-05 0.00073
Nickel 0.00072 0.0015 0.0023 0.0015 0.0023 0.00072 0.0015 0.0023 0.0015 0.0023 0.00072 0.0015 0.0023
Selenium 1.1E-05 1.4E-07 1.1E-05 1.4E-07 1.1E-05 1.1E-05 1.1E-07 1.1E-05 1.0E-07 1.1E-05 1.1E-05 1.0E-07 1.1E-05
Silver 1.0E-05 8.8E-08 1.0E-05 8.8E-08 1.0E-05 1.0E-05 8.8E-08 1.0E-05 8.8E-08 1.0E-05 1.0E-05 8.8E-08 1.0E-05
Thallium 2.7E-05 3.1E-07 2.7E-05 3.1E-07 2.7E-05 2.7E-05 3.1E-07 2.7E-05 3.2E-07 2.7E-05 2.7E-05 3.2E-07 2.7E-05
Tungsten NC NC NC NC NC NC NC NC NC NC NC NC NC
Uranium 1.2E-06 3.1E-08 1.3E-06 3.0E-08 1.3E-06 1.2E-06 1.3E-08 1.3E-06 8.4E-09 1.2E-06 1.2E-06 7.7E-09 1.2E-06
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North Driftwood River Watershed Concentration (mg/kg wet

Jocko Creek Watershed Concentration

(mg/kg wet weight)

weight) West Buskegau River Watershed Concentration (mg/kg wet weight)
Modelled Future — Point
of Full Mixing — TMF Modelled Future — Point Modelled Future — Point Modelled Future — Point
Seepage and Runoff of Full Mixing — Collection of Full Mixing — Collection | of Full Mixing — Collection Modelled Future — JC1
Collection Ponds Pond 2 Pond 1 Pond 3 Pourpoint
Baseline Baseline Baseline Baseline Baseline
Project Plus Project Plus Project Plus Project Plus Project Plus
Baseline Alone Project Alone Project Baseline Alone Project Alone Project Baseline Alone Project
Parameter Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Vanadium 0.00034 3.0E-05 0.00037 3.0E-05 0.00037 0.00034 3.0E-05 0.00037 2.95E-05 0.00037 0.00034 2.95E-05 0.00037
Zinc 7.9E-05 1.3E-06 8.0E-05 1.3E-06 8.0E-05 7.9E-05 1.3E-06 8.0E-05 1.3E-06 8.0E-05 7.9E-05 1.3E-06 8.0E-05
Notes:

NC = Not calculated
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6.9 Fish

Fish consists of fish for human consumption (larger “angling fish”) and smaller fish representing fish as
general ecological receptors (“forage fish”). Baseline data are summarized in Appendix B. These data
were used to calculate EPCs for the Baseline Scenario as described in Section 6. Angling fish were not
collected in the Jocko Creek watershed during baseline sampling, and so Baseline Scenario angling fish
in the Jocko Creek watershed are assumed to be represented by those for the North Driftwood
watershed, as was done for sediment (discussed in Section 6.4). Baseline Scenario fish data does not
include silver as it was not analysed; instead, Stantec estimated silver in Baseline Scenario fish by
calculating uptake from soil using the same methodology as for future modelled concentrations,
discussed below. Uptake is assumed to be the same between angling fish and forage fish.

Modelled future concentrations (Project Alone and Baseline Plus Project) of metals in fish were estimated
via calculation of uptake from baseline surface water and future modelled surface water, respectively, as
discussed in Section 6, using published uptake factors for surface water to fish. Uptake factors were
sourced from Davis et al. (1993), Holdway, Sprague and Dick (1982), McGeer et al. (2003), Nussey, van
Vuren and du Preez (2000), the IAEA (1994), or the Canadian Standards Association (CSA, 2011), where
available. The uptake factor used for arsenic (100 mg/kg wet weight per mg/L water) encompasses the
upper end of values from US EPA (2003) and Lijzen et al. (2001). Where uptake factors were not
available (i.e., for thallium), Stantec calculated site-specific uptake factors based on measured baseline
data in surface water and fish tissue.

Assumptions involved in uptake calculations include a fish metabolic factor of 1.0 (conservative default
value). The moisture content of fish was used when estimating concentrations by calculating uptake from
surface water. Moisture contents were assumed to be the average of the values from forage fish samples
collected during baseline sampling: 78.3% (n=53).1

Modelled future fish concentrations are estimated as described in the sections below. Modelled future
concentrations of angling fish are used to calculate risks to humans from consumption, while modelled
future concentrations of forage fish were used to estimate concentrations in tissues of target species as
well as health risks for ecological receptors.

6.9.1 Angling Fish

Angling fish are assumed to be those consumed by human receptors and include the following species
sampled during baseline studies: northern pike, walleye, and perch.

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario angling fish
concentrations are presented in Table 6.24, Table 6.25 and Table 6.26.

1 Angling fish were not included in the average tissue moisture content calculations as the majority of angling fish
consisted of Northern Pike, which were analyzed as muscle rather than as whole fish, as discussed in Section 8.5.
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As discussed in Section 4.2, the MECP has fish consumption advisories for waterbodies within the LSA
(including fish consumption advisories for Bigwater Lake and Mattagami River downstream of Sturgeon
Falls due to mercury). The MECP fish consumption advisories are generally based on guidelines from
Health Canada (MECP, 2023a). Health Canada has also set a maximum limit for 0.5 parts per million
(ppm; or 0.5 mg/kg) total mercury in retail fish, with few exceptions.

The Baseline Scenario mercury concentrations in fish tissue are greater than Health Canada standard for
retail fish. This is not unexpected given the fish consumption advisories within the LSA (Bigwater Lake
and Mattagami River downstream of Sturgeon Falls) (MECP, 2021a; MECP, 2021b).
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Table 6.24 Representative Concentrations of Metals in Angling Fish — North Driftwood River Watershed
Parameter Baseline Modelled Future — Point of Full Mixing — TMF Modelled Future — Point of Full Mixing — Collection
Scenario Seepage and Runoff Collection Ponds Pond 2
Concentration Project Alone Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mv\%lfgh\get Concentration (mg/kg Scenario Concentration Concentration (mg/kg wet Scenario Concentration
wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)
Antimony 0.0022 0.0063 0.0085 0.0054 0.0076
Arsenic 0.072 0.48 0.55 0.47 0.54
Barium 0.047 0.0019 0.049 0.0281 0.075
Beryllium 0.0020 0.033 0.035 0.022 0.024
Cadmium 0.0011 1.5E-05 0.0011 6.5E-05 0.0012
Chromium (Total) 0.036 0.12 0.16 0.12 0.15
Cobalt 0.0040 0.0068 0.011 0.0066 0.011
Copper 0.16 0.32 0.48 0.31 0.47
Lead 0.0091 0.0054 0.014 0.0061 0.015
Manganese 0.60 Negligible 0.60 Negligible 0.60
Molybdenum 0.0040 0.29 0.30 0.26 0.27
Nickel 0.040 0.51 0.55 0.46 0.50
Selenium 0.12 0.61 0.73 0.58 0.70
Silver 0.083 Negligible 0.083 Negligible 0.083
Thallium 0.0039 Negligible 0.0039 Negligible 0.0039
Tungsten NM NC NC NC NC
Uranium 0.00040 0.053 0.053 0.051 0.052
Vanadium 0.020 0.15 0.17 0.15 0.17
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Parameter Baseline Modelled Future — Point of Full Mixing — TMF Modelled Future — Point of Full Mixing — Collection
Scenario Seepage and Runoff Collection Ponds Pond 2
Concentration . . - . . . - .
Project Alone Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet . - . ) : .
weight) Concentratlt_)n (mag/kg Scenario Concen_tratlon Concentratlc_m (mg/kg wet Scenario Concen_tratlon
wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)
Zinc 4.9 6.5 11 6.5 11
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
NM = Not measured
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Table 6.25 Representative Concentrations of Metals in Angling Fish — West Buskegau River Watershed
Parameter Baseline Modelled Future — Point of Full Mixing — Modelled Future — Point of Full Mixing — Collection
Scenario Collection Pond 1 Pond 3
Concentration Project Alone Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mv\%lfgh\get Scenario Scenario Concentration Concentration (mg/kg Scenario Concentration
Concentration (mg/kg wet weight) wet weight) (mg/kg wet weight)
(mg/kg wet weight)
Antimony 0.0020 0.0013 0.0033 0.00060 0.0026
Arsenic 0.034 0.035 0.069 0.0045 0.038
Barium 0.021 0.011 0.032 0.0015 0.022
Beryllium 0.0020 Negligible 0.0020 Negligible 0.0020
Cadmium 0.0029 Negligible 0.0029 Negligible 0.0029
Chromium (Total) 0.023 0.019 0.042 0.0023 0.025
Cobalt 0.0040 0.0017 0.0057 0.00025 0.0043
Copper 0.165 0.050 0.21 0.0058 0.17
Lead 0.0040 0.00046 0.0045 1.2E-06 0.0040
Manganese 0.14 Negligible 0.14 Negligible 0.14
Molybdenum 0.0040 0.085 0.089 0.019 0.023
Nickel 0.040 0.10 0.14 0.016 0.056
Selenium 0.27 0.37 0.64 0.084 0.36
Silver 0.083 Negligible 0.083 Negligible 0.083
Thallium 0.0021 Negligible 0.0021 4.0E-05 0.0021
Tungsten NM NC NC NC NC
Uranium 0.00040 0.010 0.010 0.0012 0.0016
Vanadium 0.020 0.023 0.043 0.0028 0.023
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Parameter Baseline Modelled Future — Point of Full Mixing — Modelled Future — Point of Full Mixing — Collection
Scenario Collection Pond 1 Pond 3
Concentration Project Alone Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet . - . . . )
weight) Scenano_ Scenario Concen_tratlon Concentrathn (mg/kg Scenario Concen_tratlon
Concentration (mg/kg wet weight) wet weight) (mg/kg wet weight)
(mg/kg wet weight)
Zinc 8.9 2.3 11 0.25 9.2
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
NM = Not measured
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Table 6.26 Representative Concentrations of Metals in Angling Fish —Jocko Creek Watershed
Parameter Baseline Scenario Modelled Future —JC1 Pourpoint
Concentratic_)n (mg/kg wet Project Alone Scenario Concentration Baseline Plus Project Scenario Concentration
weight) (mg/kg wet weight) (mg/kg wet weight)
Antimony 0.0022 0.0017 0.0039
Arsenic 0.072 0.00090 0.073
Barium 0.047 0.00019 0.047
Beryllium 0.0020 Negligible 0.0020
Cadmium 0.0011 Negligible 0.0011
Chromium (Total) 0.036 Negligible 0.036
Cobalt 0.0040 0.00030 0.0043
Copper 0.16 Negligible 0.16
Lead 0.0091 Negligible 0.0091
Manganese 0.60 0.0094 0.61
Molybdenum 0.0040 0.047 0.051
Nickel 0.040 0.015 0.055
Selenium 0.12 0.036 0.16
Silver 0.083 Negligible 0.083
Thallium 0.0039 0.00038 0.0043
Tungsten NM NC NC
Uranium 0.00040 Negligible 0.00040
Vanadium 0.020 Negligible 0.020
Zinc 4.9 Negligible 4.9
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
NM = Not measured
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6.9.2 Forage Fish

Forage fish species analysed as part of the sampling program were Brook Stickleback, Fathead Minnow,
Finescale Dace, Lake Chub, Northern Pearl Dace, and Northern Redbelly Dace. Baseline Scenario EPCs
were calculated as described in Section 6. Modelled future concentrations were calculated as described
in Section 6.9.

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario berry concentrations are
presented in Table 6.27, Table 6.28, and Table 6.29 for the North Driftwood River, West Buskegau River,
and Jocko Creek watersheds, respectively.
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Table 6.27 Representative Concentrations of Metals in Forage Fish — North Driftwood River Watershed
Baseline Modelled Future — Point of Full .Mixing — TMF Seepage Modelled Future — Point of Full Mixing — Collection
Scenario and Runoff Collection Ponds Pond 2
Concentration Project Alone Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration (mg/kg Scenario Concentration Concentration (mg/kg Scenario Concentration
Parameter weight) wet weight) (mg/kg wet weight) wet weight) (mg/kg wet weight)
Antimony 0.0020 0.0057 0.0077 0.0049 0.0069
Arsenic 0.024 0.16 0.18 0.16 0.18
Barium 3.8 0.16 4.0 2.3 6.1
Beryllium 0.0020 0.033 0.035 0.022 0.024
Cadmium 0.018 0.00024 0.018 0.0011 0.019
Chromium (Total) 0.038 0.13 0.17 0.13 0.16
Cobalt 0.018 0.030 0.048 0.030 0.048
Copper 19 3.8 5.7 3.7 5.6
Lead 0.031 0.018 0.049 0.021 0.052
Manganese 8.1 Negligible 8.1 Negligible 8.1
Molybdenum 0.033 2.4 2.4 2.2 2.2
Nickel 0.040 0.51 0.55 0.46 0.50
Selenium 0.26 1.3 1.6 1.2 15
Silver 0.083 Negligible 0.083 Negligible 0.083
Thallium 0.0046 Negligible 0.0046 Negligible 0.0046
Tungsten 5.1E-05 NC NC NC NC
Uranium 0.0022 0.29 0.29 0.28 0.28
Vanadium 0.067 0.51 0.57 0.50 0.56
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Modelled Future — Point of Full Mixing — TMF Seepage

Modelled Future — Point of Full Mixing — Collection

NC = Not calculated

Negligible = Project-related contributions are considered negligible

Baselln_e and Runoff Collection Ponds Pond 2
Scenario
Concentration Project Alone Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration (mg/kg Scenario Concentration Concentration (mg/kg Scenario Concentration
Parameter weight) wet weight) (mg/kg wet weight) wet weight) (mg/kg wet weight)
Zinc 47 63 110 63 110
Notes:
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Table 6.28 Representative Concentrations of Metals in Forage Fish — West Buskegau River Watershed
Modelled Future — Point of Full Mixing — Collection Modelled Future — Point of Full Mixing — Collection
. Pond 1 Pond 3
Baseline
Scenario Project Alone
Concentration Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration Scenario Concentration Concentration (mg/kg wet Scenario Concentration
Parameter weight) (mg/kg wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)
Antimony 0.0027 0.0017 0.0044 0.00081 0.0035
Arsenic 0.038 0.039 0.077 0.0051 0.043
Barium 49 2.6 7.5 0.34 5.2
Beryllium 0.0020 Negligible 0.0020 Negligible 0.0020
Cadmium 0.017 Negligible 0.017 Negligible 0.017
Chromium (Total) 0.038 0.031 0.069 0.0038 0.042
Cobalt 0.029 0.012 0.041 0.0018 0.031
Copper 1.1 0.33 1.4 0.039 1.1
Lead 0.068 0.0079 0.076 2.0E-05 0.068
Manganese 17 Negligible 17 Negligible 17
Molybdenum 0.041 0.87 0.91 0.20 0.24
Nickel 0.075 0.18 0.26 0.030 0.11
Selenium 0.18 0.24 0.42 0.056 0.24
Silver 0.083 Negligible 0.083 Negligible 0.083
Thallium 0.0056 Negligible 0.0056 0.00011 0.0057
Tungsten 5.1E-05 NC NC NC NC
Uranium 0.0023 0.054 0.057 0.0068 0.0090
Vanadium 0.078 0.089 0.17 0.011 0.089
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Modelled Future — Point of Full Mixing — Collection

Modelled Future — Point of Full Mixing — Collection

. Pond 1 Pond 3
Baseline
Scenario Project Alone
Concentration Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration Scenario Concentration Concentration (mg/kg wet Scenario Concentration
Parameter weight) (mg/kg wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)
Zinc 52 13 65 1.5 53
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
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Table 6.29 Representative Concentrations of Metals in Forage Fish —Jocko Creek Watershed
Baseline Scenario Modelled Future — JC1 Pourpoint
Concentration (mg/kg wet Project Alone Scenario Concentration (mg/kg Baseline Plus Project Scenario Concentration
Parameter weight) wet weight) (mg/kg wet weight)
Antimony 0.0020 0.0016 0.0036
Arsenic 0.022 0.00028 0.022
Barium 2.2 0.0088 2.2
Beryllium 0.0020 Negligible 0.0020
Cadmium 0.053 Negligible 0.053
Chromium (Total) 0.010 Negligible 0.010
Cobalt 0.014 0.0010 0.015
Copper 1.6 Negligible 1.6
Lead 0.16 Negligible 0.16
Manganese 12 0.18 12
Molybdenum 0.026 0.30 0.33
Nickel 0.040 0.015 0.055
Selenium 0.25 0.076 0.33
Silver 0.083 Negligible 0.083
Thallium 0.011 0.0010 0.012
Tungsten 5.1E-05 7.9E-05 0.00013
Uranium 0.00066 Negligible 0.00066
Vanadium 0.020 Negligible 0.020
Zinc 45 Negligible 45
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
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6.10 Aquatic Vegetation

Aquatic vegetation consists of general aquatic plants as well as cattails. Metals concentrations in cattails
were assessed separately to represent aquatic plants for human consumption, as cattails may be
consumed by humans as discussed in Section 4.2. Baseline aquatic vegetation samples were collected
from 2021 to 2023. Based on the limited number of samples collected (18 samples), baseline aquatic
vegetation data were not separated by watershed (i.e., Baseline Scenario EPCs are not watershed
specific). Because silver was not measured in aquatic vegetation, the Baseline Scenario EPC for silver
was estimated using uptake factors and baseline sediment data.

Modelled future concentrations of metals in aquatic plants (Project Alone and Baseline Plus Project
Scenarios) were estimated via calculation of uptake from future modelled sediment, as discussed in
Section 6, plus deposition from air using the same method and equation presented for terrestrial plants in
Section 6.5. Uptake factors from freshwater sediment to aquatic plants are the same as the uptake
factors from soil to terrestrial plants (Section 6.5) multiplied by the aquatic plant dry weight to wet weight
conversion factor.

The moisture content of aquatic vegetation was used when estimating concentrations of aquatic
vegetation by calculating uptake from sediment. Moisture contents were assumed to be the average of
the values from samples collected during baseline sampling, as follows: 82.1% for all aquatic vegetation
(n=13) and 78.0% for cattails (n=5).

Future aquatic vegetation concentrations are estimated as described in the sections below. Estimated
future concentrations of cattails are used to calculate risks to humans from consumption as traditional
foods, while modelled concentrations of future general aquatic plants were used to estimate
concentrations in tissues of target hunting species as well as health risks for ecological receptors.

6.10.1 Aquatic Plants

Baseline Scenario metal concentrations in aquatic plants include concentrations from samples of cattails,
as well as wild calla and other unspecified aquatic plants. Baseline Scenario aquatic plant EPCs were
calculated as described in Section 6.

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario aquatic plant
concentrations are presented in Table 6.30, Table 6.31, and Table 6.32 for the North Driftwood River,
West Buskegau River, and Jocko Creek watersheds, respectively (note that Baseline Scenario
concentrations are the same for each watershed, as discussed in Section 6.3).
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Table 6.30 Representative Concentrations of Metals in Aquatic Plants — North Driftwood River Watershed
Modelled Future — Point of Full Mixing — TMF
Baseline Seepage and Runoff Collection Ponds Modelled Future — Point of Full Mixing — Collection Pond 2
Scenario Project Alone
Concentration Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration (mg/kg Scenario Concentration Concentration (mg/kg wet Scenario Concentration
Parameter weight) wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)
Antimony 0.0064 0.0094 0.016 0.0081 0.014
Arsenic 0.30 0.27 0.57 0.26 0.56
Barium 4.7 0.018 4.7 0.26 5.0
Beryllium 0.016 0.031 0.047 0.021 0.037
Cadmium 0.025 8.6E-06 0.025 3.8E-05 0.025
Chromium 0.48 0.046 0.53 0.045 0.53
(Total)
Cobalt 0.18 0.11 0.29 0.10 0.28
Copper 1.6 0.64 2.2 0.62 2.2
Lead 0.23 0.012 0.24 0.014 0.24
Manganese 98 Negligible 98 Negligible 98
Molybdenum 0.68 1.2 1.9 1.1 1.8
Nickel 0.94 4.0 4.9 3.6 4.5
Selenium 0.035 0.00064 0.036 0.00060 0.036
Silver 0.0094 Negligible 0.0094 Negligible 0.0094
Thallium 0.049 Negligible 0.049 Negligible 0.049
Tungsten NM NC NC NC NC
Uranium 0.12 1.1 1.3 1.1 1.2
Vanadium 1.3 0.84 2.1 0.82 2.1
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Modelled Future — Point of Full Mixing — TMF
Seepage and Runoff Collection Ponds

Baseline Modelled Future — Point of Full Mixing — Collection Pond 2
Scenario Project Alone
Concentration Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration (mg/kg Scenario Concentration Concentration (mg/kg wet Scenario Concentration
Parameter weight) wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)
Zinc 9.4 0.11 9.5 0.11 9.5
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
NM = Not measured
@ Stantec
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Table 6.31 Representative Concentrations of Metals in Aquatic Plants — West Buskegau River Watershed
Modelled Future — Point of Full Mixing — Collection Modelled Future — Point of Full Mixing —
. Pond 1 Collection Pond 3
Baseline
Scenario Project Alone
Concentration Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration Scenario Concentration Concentration (mg/kg wet Scenario Concentration
Parameter weight) (mg/kg wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)

Antimony 0.0064 0.0028 0.0092 0.0013 0.0077
Arsenic 0.30 0.067 0.37 0.0087 0.31

Barium 4.7 0.26 5.0 0.035 4.7
Beryllium 0.016 Negligible 0.016 Negligible 0.016
Cadmium 0.025 Negligible 0.025 Negligible 0.025
Chromium 0.48 0.0091 0.49 0.0011 0.48

(Total)

Cobalt 0.18 0.019 0.20 0.0029 0.18

Copper 1.6 0.18 1.8 0.021 1.6

Lead 0.23 0.0046 0.23 1.2E-05 0.23
Manganese 98 Negligible 98 Negligible 98
Molybdenum 0.68 0.44 1.1 0.10 0.78

Nickel 0.94 0.86 1.8 0.14 1.1
Selenium 0.035 0.00011 0.035 2.5E-05 0.035

Silver 0.0078 Negligible 0.0078 Negligible 0.0078
Thallium 0.049 Negligible 0.049 0.00036 0.049
Tungsten NM NC NC NC NC

Uranium 0.12 0.26 0.38 0.032 0.15
Vanadium 1.3 0.16 14 0.019 1.3
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Baseline
Scenario

Concentration

Modelled Future — Point of Full Mixing — Collection

Pond 1

Modelled Future — Point of Full Mixing —
Collection Pond 3

Project Alone
Scenario

Baseline Plus Project

Project Alone Scenario

Baseline Plus Project

(mg/kg wet Concentration Scenario Concentration Concentration (mg/kg wet Scenario Concentration
Parameter weight) (mg/kg wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)

Zinc 9.4 0.025 9.4 0.0028 9.4

Notes:

Negligible = Project-related contributions are considered negligible

NC = Not calculated

NM = Not measured
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Table 6.32 Representative Concentrations of Metals in Aquatic Plants — Jocko Creek Watershed
Modelled Future — Point of Full Mixing —JC1 Pourpoint
Baseline Scenario Concentration Project Alone Scenario Concentration Baseline Plus Project Scenario
Parameter (mg/kg wet weight) (mg/kg wet weight) Concentration (mg/kg wet weight)
Antimony 0.0064 0.0026 0.0090
Arsenic 0.30 0.00059 0.30
Barium 4.7 0.0016 4.7
Beryllium 0.016 Negligible 0.016
Cadmium 0.025 Negligible 0.025
Chromium (Total) 0.48 Negligible 0.48
Cobalt 0.18 0.0031 0.18
Copper 1.6 Negligible 1.6
Lead 0.23 Negligible 0.23
Manganese 98 0.30 98
Molybdenum 0.68 0.20 0.88
Nickel 0.94 0.13 1.1
Selenium 0.035 5.5E-05 0.035
Silver 0.0094 Negligible 0.0094
Thallium 0.049 0.0021 0.051
Tungsten NM NC NC
Uranium 0.12 Negligible 0.12
Vanadium 1.3 Negligible 1.3
Zinc 9.4 Negligible 9.4
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
NM = Not measured
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6.10.2 Cattails

Cattails were sampled as discussed in Section 6.10. Baseline Scenario EPCs for cattails were calculated
as described in Section 6.

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario cattail concentrations are
presented in Table 6.33, Table 6.34, and Table 6.35 for the North Driftwood River, West Buskegau River,
and Jocko Creek watersheds, respectively (note that Baseline Scenario concentrations are the same for
each watershed, as discussed in Section 6.3).
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Table 6.33 Representative Concentrations of Metals in Cattails — North Driftwood River Watershed
Parameter Baseline Modelled Future — Point of Full Mixing — TMF Modelled Future — Point of Full Mixing — Collection Pond
Scenario Seepage and Runoff Collection Ponds 2
Concentration Project Alone Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mv\%lrégh\;\;et Concentration (mg/kg Scenario Concentration | Concentration (mg/kg wet Scenario Concentration
wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)
Antimony 0.0020 0.0026 0.0046 0.0030 0.0050
Arsenic 0.025 0.023 0.048 0.023 0.049
Barium 1.3 0.095 1.3 0.030 1.3
Beryllium 0.0020 0.0026 0.0046 0.0039 0.0059
Cadmium 0.014 3.3E-05 0.014 1.7E-05 0.014
Chromium (Total) 0.15 0.16 0.31 0.16 0.31
Cobalt 0.033 0.032 0.065 0.033 0.065
Copper 0.47 0.19 0.66 0.20 0.67
Lead 0.050 0.0034 0.054 0.0030 0.053
Manganese 234 0.12 234 0.12 234
Molybdenum 13 2.2 3.5 24 3.8
Nickel 0.088 0.56 0.65 0.60 0.69
Selenium 0.010 0.00021 0.010 0.00022 0.010
Silver 0.012 2.8E-05 0.012 2.8E-05 0.012
Thallium 0.0073 8.4E-06 0.0073 8.4E-06 0.0073
Tungsten NM NC NC NC NC
Uranium 0.00069 0.0063 0.0070 0.0065 0.0072
Vanadium 0.026 0.030 0.056 0.030 0.056
Zinc 7.8 0.096 7.9 0.096 7.9
Notes:
NC = Not calculated
NM = Not measured
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Table 6.34 Representative Concentrations of Metals in Cattails — West Buskegau River Watershed
Parameter Baseline Modelled Future — Point of Full Mixing — Collection | Modelled Future — Point of Full Mixing — Collection Pond
Scenario Pond 1 3
Concentration Project Alone Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mv\%li(é;h\;\;et Concentration (mg/kg Scenario Concentration | Concentration (mg/kg wet Scenario Concentration
wet weight) (mg/kg wet weight) weight) (mg/kg wet weight)
Antimony 0.0020 0.00091 0.0029 0.00045 0.0025
Arsenic 0.025 0.0064 0.032 0.0014 0.027
Barium 1.3 0.095 1.3 0.035 1.3
Beryllium 0.0020 6.5E-05 0.0021 6.5E-05 0.0021
Cadmium 0.014 1.2E-05 0.014 1.2E-05 0.014
Chromium (Total) 0.15 0.15 0.30 0.15 0.30
Cobalt 0.033 0.017 0.049 0.014 0.047
Copper 0.47 0.063 0.53 0.018 0.49
Lead 0.050 0.0014 0.052 0.00038 0.051
Manganese 234 0.12 234 0.12 234
Molybdenum 1.3 0.87 2.2 0.20 1.5
Nickel 0.088 0.31 0.40 0.24 0.33
Selenium 0.010 6.5E-05 0.010 4.1E-05 0.010
Silver 0.010 2.8E-05 0.010 2.8E-05 0.010
Thallium 0.0073 8.4E-06 0.0073 6.2E-05 0.0074
Tungsten NM NC NC NC NC
Uranium 0.00069 0.0015 0.0022 0.00022 0.00091
Vanadium 0.026 0.016 0.042 0.013 0.039
Zinc 7.8 0.029 7.9 0.011 7.8
Notes:
NC = Not calculated
NM = Not measured
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Table 6.35 Representative Concentrations of Metals in Cattails — Jocko Creek Watershed
Parameter Baseline Scenario Concentration (mg/kg Modelled Future — Point of Full Mixing —JC1 Pourpoint
wet weight) Project Alone Scenario Concentration Baseline Plus Project Scenario
(mg/kg wet weight) Concentration (mg/kg wet weight)
Antimony 0.0020 0.00086 0.0029
Arsenic 0.025 0.00074 0.026
Barium 1.3 0.026 1.3
Beryllium 0.0020 6.5E-05 0.0021
Cadmium 0.014 1.2E-05 0.014
Chromium (Total) 0.15 0.15 0.30
Cobalt 0.033 0.014 0.047
Copper 0.47 0.012 0.48
Lead 0.050 0.00038 0.051
Manganese 234 0.82 235
Molybdenum 1.3 0.39 1.7
Nickel 0.088 0.24 0.33
Selenium 0.010 5.0E-05 0.010
Silver 0.012 2.8E-05 0.012
Thallium 0.0073 0.00031 0.0076
Tungsten NM NC NC
Uranium 0.00069 4.4E-05 0.00073
Vanadium 0.026 0.013 0.039
Zinc 7.8 0.008 7.8
Notes:
NC = Not calculated
NM = Not measured
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6.11 Benthic Invertebrates

Benthic invertebrates were not collected during baseline sampling. Baseline Scenario concentrations and
modelled future concentrations (Project Alone and Baseline Plus Project Scenarios) of metals in benthic
invertebrates were estimated via calculation of uptake from baseline sediment and future modelled
sediment, respectively, as discussed in Section 6, using published uptake factors for sediment to benthic
invertebrates. Uptake factors for sediment to benthic invertebrates were obtained from Garn et al. (2001),
Hamilton et al. (2002), Haus et al. (2007), ORNL (1998), and Welsh and Maughan (1994). Assumptions
involved in uptake calculations include the use of the following values:

e Solil invertebrate metabolic factor of 1.0 (conservative default value)
e Dry weight to wet weight conversion factor of 0.24, based on a percent moisture content of
invertebrates of 76% (69% to 84%) (Gewurtz, Lazar, & Haffner, 2000)

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario benthic invertebrate
concentrations are presented in Table 6.36, Table 6.37, and Table 6.38 for the North Driftwood River,
West Buskegau River, and Jocko Creek watersheds, respectively.
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Table 6.36 Representative Concentrations of Metals in Benthic Invertebrates — North Driftwood River Watershed
Baseline Modelled Future — Point of Full .Mixing — TMF Seepage Modelled Future — Point of Full Mixing — Collection
Scenario and Runoff Collection Ponds Pond 2
Concentration Project Alone Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration (mg/kg Scenario Concentration Concentration (mg/kg Scenario Concentration
Parameter weight) wet weight) (mg/kg wet weight) wet weight) (mg/kg wet weight)
Antimony 0.0014 0.0021 0.0035 0.0018 0.0033
Arsenic 1.5 0.90 2.35 0.88 2.3
Barium 12 0.047 12 0.67 13
Beryllium 0.056 0.11 0.16 0.071 0.13
Cadmium 0.98 0.00023 0.98 0.0010 0.98
Chromium (Total) 5.7 0.20 59 0.19 5.9
Cobalt 0.020 0.012 0.032 0.011 0.031
Copper 32 4.1 36 4.0 36
Lead 2.0 0.084 2.1 0.095 2.1
Manganese 106 Negligible 106 Negligible 106
Molybdenum 0.41 0.74 1.2 0.67 1.1
Nickel 2.8 6.7 9.6 6.0 8.8
Selenium 0.44 0.0080 0.45 0.0075 0.45
Silver 0.0094 Negligible 0.0094 Negligible 0.0094
Thallium 0.030 Negligible 0.030 Negligible 0.030
Tungsten NC NC NC NC NC
Uranium 0.022 0.20 0.23 0.20 0.22
Vanadium 0.51 0.34 0.84 0.33 0.84
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Modelled Future — Point of Full Mixing — TMF Seepage

Modelled Future — Point of Full Mixing — Collection

NC = Not calculated

Negligible = Project-related contributions are considered negligible

Baselln_e and Runoff Collection Ponds Pond 2
Scenario
Concentration Project Alone Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration (mg/kg Scenario Concentration Concentration (mg/kg Scenario Concentration
Parameter weight) wet weight) (mg/kg wet weight) wet weight) (mg/kg wet weight)
Zinc 168 0.39 168 0.39 168
Notes:
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Table 6.37 Representative Concentrations of Metals in Benthic Invertebrates — West Buskegau River Watershed
Baseline Modelled Future — Poilr;t of Full Mixing — Collection Modelled Future — Point of Full Mixing — Collection
Scenario ond 1 Pond 3
Concentration | Project Alone Scenario Baseline Plus Project Project Alone Scenario Baseline Plus Project
(mg/kg wet Concentration (mg/kg Scenario Concentration Concentration (mg/kg Scenario Concentration
Parameter weight) wet weight) (mg/kg wet weight) wet weight) (mg/kg wet weight)
Antimony 0.00086 0.00037 0.0012 0.00017 0.0010
Arsenic 1.1 0.19 1.3 0.025 1.2
Barium 9.6 0.53 10 0.071 9.6
Beryllium 0.053 Negligible 0.053 Negligible 0.053
Cadmium 0.91 Negligible 0.91 Negligible 0.906
Chromium (Total) 5.7 0.039 5.7 0.0048 5.674
Cobalt 0.021 0.0022 0.023 0.00034 0.021
Copper 27 1.0 28 0.12 27
Lead 1.5 0.023 1.5 6.0E-05 1.5
Manganese 140 Negligible 140 Negligible 140
Molybdenum 0.26 0.17 0.43 0.038 0.30
Nickel 24 1.7 4.1 0.37 2.8
Selenium 0.49 0.0015 0.49 0.00035 0.49
Silver 0.0078 Negligible 0.0078 Negligible 0.0078
Thallium 0.026 Negligible 0.026 0.00019 0.0259
Tungsten NC NC NC NC NC
Uranium 0.018 0.039 0.057 0.0048 0.0233
Vanadium 0.49 0.062 0.55 0.0075 0.50
Zinc 157 0.088 157 0.010 157
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
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Table 6.38 Representative Concentrations of Metals in Benthic Invertebrates — Jocko Creek Watershed
Modelled Future — JC1 Pourpoint
Baseline Scenario Concentration Project Alone Scenario Concentration Baseline Plus Project Scenario
Parameter (mg/kg wet weight) (mg/kg wet weight) Concentration (mg/kg wet weight)
Antimony 0.0014 0.00059 0.0020
Arsenic 15 0.0021 15
Barium 12 0.0040 12
Beryllium 0.056 Negligible 0.056
Cadmium 0.98 Negligible 0.98
Chromium (Total) 5.7 Negligible 5.7
Cobalt 0.020 0.00034 0.020
Copper 32 Negligible 32
Lead 2.0 Negligible 2.0
Manganese 106 0.32 106
Molybdenum 0.41 0.12 0.53
Nickel 2.8 0.36 3.2
Selenium 0.44 0.00068 0.44
Silver 0.0094 Negligible 0.0094
Thallium 0.030 0.0012 0.031
Tungsten NC NC NC
Uranium 0.022 Negligible 0.022
Vanadium 0.51 Negligible 0.51
Zinc 168 Negligible 168
Notes:
Negligible = Project-related contributions are considered negligible
NC = Not calculated
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6.12 North Driftwood River Channel Realignment

As noted in Section 1.4.4, special emphasis is placed on changes in mercury and methyl mercury
concentrations in surface water and how these changes may affect methyl mercury concentrations in fish
tissue due to the North Driftwood River channel realignment.

Baseline Scenario mercury (i.e., total mercury) concentrations in fish tissue are calculated as the
maximum between the mercury and methyl mercury concentrations as a conservative assumption to
account for uncertainty in laboratory analysis.

The fish species evaluated for mercury changes related to the North Driftwood River channel realignment
are the same as those considered for the North Driftwood River (Section 6.9). Future concentrations in
fish tissue (Project Alone and Baseline Plus Project) were modelled by estimating uptake from baseline
and modelled future surface water, respectively. Uptake of both mercury and methyl mercury was
considered, assuming mercury fully converts to methyl mercury in fish tissue.

Baseline Scenario, Project Alone Scenario, and Baseline Plus Project Scenario associated with the North
Driftwood River channel realignment water, angling fish, and forage fish are presented in Table 6.39,
Table 6.40, and Table 6.41. Concentrations of methyl mercury in angling fish are used to calculate human
health risks from consumption, while concentrations in forage fish were used to calculate ecological
health risks.

Table 6.39 Concentrations of Mercury and Methyl Mercury in Surface Water — North Driftwood
River Channel Realignment
Modelled Future — North Driftwood River Channel Realignment
Project Alone Baseline Plus Project Scenario
Baseline Scenario Scenario
Concentration Concentration Concentration % Change from
Parameter (mg/L) (mgl/L) (mgl/L) Baseline
Mercury 2.5E-06 Negligible 2.5E-06 <0.1%
Methyl mercury 1.0E-07 9.0E-09 1.1E-07 9%
Notes:
Negligible = Contributions associated with the North Driftwood River channel realignment are considered negligible

Table 6.40 Concentrations of Mercury and Methyl Mercury in Angling Fish — North Driftwood
River Channel Realignment
Modelled Future — North Driftwood River Channel Realighment
Project Alone Baseline Plus Project Scenario
Baseline Scenario Scenario
Concentration Concentration Concentration % Change from
Parameter (mg/kg wet weight) (mg/kg wet weight) (mg/kg wet weight) Baseline
Mercury 2.4 Assumed completely transformed to methyl mercury
Methyl mercury 2.4 0.10 2.5 ‘ 4%
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Table 6.41 Concentrations of Mercury and Methyl Mercury in Forage Fish — North Driftwood
River Channel Realignment
Parameter Baseline Scenario Modelled Future — North Driftwood River Channel Realignment
Concentration . . . .
(mg/kg wet weight) Project Al_one Baseline Plus Project Scenario
Scenario .
i Concentration % Change from
Concentration (mg/kg wet weight) Baseline
(mg/kg wet weight)
Mercury 0.048 Assumed completely transformed to methyl mercury
Methyl mercury 0.046 0.0020 0.048 4%
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7 Human Health Risk Assessment

7.1 Problem Formulation

The key tasks of the problem formulation for the HHRA were:

e |dentification of CoPC: Identification of those Project-related chemicals that may be released to
the receiving environment and that have the potential to elicit adverse human health effects.

o Receptor Identification: Identification of the individuals that may be affected by the Project, which
includes the people with the greatest probability of exposure to the CoPC and/or those that have
the greatest potential sensitivity to the CoPC.

e Exposure Pathway Identification: Identification of the potential ways in which CoPC move through
the environment from a source to a point of contact with people

e Conceptual Site Model (CSM) Development: Development of a visual CSM showing the release
mechanisms, source media, transport mechanisms, exposure pathways and CoPC for the
identified receptors.

The spatial and temporal boundaries are also an important part of the problem formulation. These
boundaries were discussed in Section 2.

7.1.1 Identification of Human Health Contaminants of Potential Concern

The following subsections outline how CoPCs were identified by exposure routes and media. Specifically,
inhalation of air and ingestion of/dermal contact with multiple media (including soil, sediment, surface
water and country foods), also referred to as the multimedia assessment. The HHRA considers potential
emissions from the Project, as well as dispersion/remobilization of chemicals in the environment that are
elevated in baseline conditions.

7.1.1.1 Inhalation

As described in Section 6.1, air emission inventories were prepared for the construction and operation
phases of the Project using operational and design information, and emission factors published by
regulatory agencies such as the US EPA or Environmental and Climate Change Canada.

As noted by Health Canada (Health Canada, 2023b), to determine the human health impacts of changes
to air quality, the concentrations of modelled air contaminants should be compared to “the most stringent
federal, provincial or territorial air quality standards” applicable to the PA. For this Project, the applicable
air quality standards (identified in Chapter 12 of the Impact Statement) comprised the Ontario Ambient Air
Quality Criteria (AAQC) and the federal Canadian Ambient Air Quality Standards (CAAQS). Comparisons
of modelled air quality contaminant concentrations during construction and operations to the AAQC,
CAAQS, and other applicable Ontario Air Contaminant Benchmarks (including guidelines and screening
levels) are provided in Chapter 12 of the Impact Statement and are summarized in Section 6.1.

(o) cavoa ok 12 () stantec



Crawford Nickel Project Technical Data Report — Human Health and Ecological Risk Assessment
7 Human Health Risk Assessment
November 22, 2024

Health Canada (2023b) notes that further health assessment of air quality contaminants may not be
necessary if modelled concentrations or levels of these contaminants remain well below the applicable
CAAQS or other criteria. However, a health-based risk assessment is recommended for non-threshold
contaminants (i.e., those contaminants that may cause health effects at any exposure level) and for
contaminants that are modelled to approach or exceed applicable air quality guidelines or standards.
Additionally, Health Canada (2023a) notes that chemicals should be screened into a quantitative HHRA if
no guidelines exist and modelled concentrations increase above background levels. Therefore, chemicals
identified as being potentially released into air by the Project were identified for consideration as CoPCs
in air for the HHRA if:

- The contaminant is a known non-threshold contaminant (includes carcinogens and non-threshold
non-carcinogens, see further discussion in Section 1.1),

- Modelled contaminant concentrations approach or exceed applicable criteria at the maximum
location along the modelled mine boundary (i.e., the modelled contaminant concentration (without
plume depletion) for Baseline Plus Project scenario at the maximum location along the modelled
mine boundary was greater than 85% of the applicable air quality criteria as summarized in
Section 6.1), or

- The modelled contaminant concentration is greater than background levels due to the Project and
no applicable air quality criterion was identified, as summarized in Section 6.1.

In addition, some chemicals were excluded as CoPCs based on a case-by-case review of additional
guantitative and qualitative lines of evidence (see below). A summary of the chemicals identified as CoPC
is provided in Table 7.1.
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Table 7.1 Human Health Contaminants of Potential Concern (CoPCs) in Air

Non-Threshold

(Carcinogens Approache_s or No Crite_ria Identified as
and Non- Exceeds erterla (per Section CoPC?

carcinogens) (per Section 6.1) 6.1)
Criteria Air Contaminants
;I’I;JI:/EIA)I suspended particulate matter v v i No, see text
Coarse particulate matter (PM10) v v - Yes
Fine particulate matter (PM2.5) v v - Yes
Nitrogen dioxide (NO2) v v - Yes
Sulphur dioxide (SO2) v - - Yes
Volatile Organic Compounds
1,3-Butadiene v - - Yes
Acetaldehyde v - - Yes
Benzene v v - Yes
Formaldehyde v - - Yes
Hydrocarbons - - v No, see text
Diesel Particulate Matter
Diesel particulate matter v - v Yes
PAHs
Acenaphthene - - v Yes
Acenaphthylene - - v Yes
Anthracene - - v Yes
Benz(a)anthracene v - v Yes
Benzo(a)pyrene v v - Yes
Benzo(b)fluoranthene v - v Yes
Benzo(g,h,i)perylene v - v Yes
Chrysene v - v Yes
Dibenzo(a,h)anthracene v - v Yes
Fluoranthene - - v Yes
Fluorene - - v Yes
Indeno(1,2,3-c,d)pyrene v - v Yes
Phenanthrene - - v Yes
Pyrene - - v Yes
Process Chemicals
Potassium Amyl Xanthate - - v No, see text
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Non-ThreshoId Approaches or No Criteria -
(Carcinogens Exceeds Criteria | (per Section Identified as
and Non- : CoPC?

carcinogens) (per Section 6.1) 6.1)
Metals and Minerals
Aluminum - 4 - No, see text
Arsenic v - - Yes
Beryllium v - - Yes
Cadmium v - - Yes
Calcium - - v No, see text
Chromium VI v - - Yes
Iron - - v No, see text
Manganese - v - Yes
Nickel v - - Yes
Sodium - - v No, see text
Thorium - - v No, see text
Biotite - - v No, see text
Chrysotile Asbestos v - - Yes
Magnetite - v - No, see text
Muscovite - v - No, see text
Pyrite - - v No, see text
Quartz (in PM1o) v v - Yes

Notes: Checkmark (v') indicates criterion is applicable to this parameter and dash (-) indicates that criterion is not
applicable to this parameter.

The additional lines of evidence relied to exclude parameters as CoPCs on a case-by-case basis are
summarized below.

e Total Suspended Particulate Matter. Although modelled concentrations of total suspended
particulate matter (PM) (i.e., total particulate matter with an aerodynamic diameter less than
44 um) were greater than applicable air criteria (per Section 6.1), it was not identified as CoPC
because existing evidence indicates that health effects related to inhaltion of particulate matter
are most strongly correlated with smaller particulate size (Health Canada, 2016a). For example,
the World Health Organization notes that, “the effects of long-term particulate matter exposure on
mortality seem to be attributable to PM2 s rather than coarse particles” (WHO, 2006). Therefore,
PM1o and PM2zs were retained as CoPCs to assess the potential for particulate matter to affect
human health in this HHRA.

e Hydrocarbons. The term “hydrocarbons” encompasses a broad group of chemicals that contain
carbon and hydrogen atoms. Petroleum products such as gasoline and diesel typically contain
hundreds to thousands of hydrocarbon compounds in varying proportions. Total hydrocarbons
were modelled as a byproduct of fuel combustion even though certain individual hydrocarbons
(e.g., benzene) have also been modelled and evaluated individually. The CCME (2008) has
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identified reference concentrations (RfCs) for various aliphatic and aromatic subfractions of total
petroleum hydrocarbons (PHC). These RfCs represent concentrations that can be inhaled
continuously over a lifetime without resulting in appreciable risk of deleterious effects for non-
carcinogenic effects (i.e., RfCs are equivalent to TCs for threshold effects as described in Section
7.2.1). The lowest (most sensitive) RfC from CCME (2008) for a PHC subfraction is 0.2 mg/m?3
(200 pg/m3); which is applicable to Ce- C16 range aromatic hydrocarbons. Given that the the
maximum modelled 24-hour concentration of total hydrocarbons at the modelled mine boundary
due to the Project for either the construction or operation phases as shown in Section 6.1 is

3.3 pg/mé3 (i.e., two orders of magnitude lower than the most sensitive RfC for a subfraction of
PHC from CCME (2008)), it can be concluded that non-cancer effects from exposure to total
hydrocarbons in air will be negligible from the Project and therefore total hydrocarbons were not
identified as CoPCs in air for human health.

e Potassium Amyl Xanthate. Potassium amyl xanthate (PAX) is a process chemical that is widely
used in mining as a flotation reagent. This chemical will be supplied in bulk bags as a dry reagent
and subsequently diluted to a solution, transferred to the day tank, and distributed to the flotation
circuit. It is not volatile and was modelled to be released as a particulate in air as a result of
product loading/ transferring, which is assumed to occur inside of the processing plant building.
As such, off-site emissions of this chemical are modelled to be extremely low (i.e., the maximum
concentrations in air modelled to occur at the modelled mine boundary was 0.09 pg/m? (24-hour).
By comparison, a no observed adverse effect concentration (NOAEC) of 23 mg/m? (23,000
ug/m?3) was established for this chemical in a 30-day inhalation (aerosol) study based on no
observed effects in rats (DOW, 1976; Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH) , 2020). Given that the the maximum 24-hour concentration of potassium
amyl xanthate modelled at the modelled mine boundary due to the Project (0.09 pug/md) is six
orders of magnitude lower than this 30-day NOAEC, it can be concluded that effects from
exposure to potassium amyl xanthate in air will be negligible from the Project and therefore
potassium amyl xanthate was not identified as a CoPC in air for human health.

e Manganese. Manganese in air was modelled and compared to Ontario ambient air quality criteria
in Section 6.1 at the modelled mine boundary as manganese in total suspended PM, manganese
in PM10, and manganese in PM25. Modelled manganese concentrations met the applicable
criteria for all three size fractions at the modelled mine boundary for the Project construction
phase. However, for the Project operation phase, modelled manganese concentrations were
greater than the applicable criteria at the modelled mine boundary for manganese in total
suspended PM but not for manganese in PM1o or manganese in PMzs. In the Ontario ambient air
quality criteria rationale document (MECP, 2020) it is specified that the metal concentration in the
lowest particulate size fraction is the most relevant from a toxicological perspective. The criteria
provided for the larger particulate fractions are described as being available to address
implementation issues associated with monitoring and/or modelling of contaminants and are
therefore not strictly health-based. Since concentrations of the smaller, toxicologically relevant
fractions were below the criteria at the modelled mine boundary, manganese was not identified
as a CoPC in air for human health.

e Thorium. As noted by ATSDR (2019a), the toxicity of thorium to humans and animals via
inhalation, oral, or dermal exposure pathways is poorly understood. Studies of occupational
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exposure to thorium have provided some evidence of respiratory disease, liver disease, and
increased incidence of pancreatic, lung, and hematopoietic cancers in exposed workers (ATSDR,
2019a). However, these workers were also exposed to humerous other toxic agents and
therefore a direct attribution to thorium exposure alone cannot be made (ATSDR, 2019a). Animal
studies of chronic inhalation exposure to low concentrations of thorium dioxide did not result in
adverse effects in rats, rabbits, or dogs (ATSDR, 2019b). As such, ATSDR (2019a) provides no
minimal risk level (MRL) concentrations for thorium via inhalation or oral exposure in the absence
of “suitable human or animal data regarding health effects following inhalation or oral exposure to
thorium and its progeny”. However, the US Department of Energy (US DOE) has established
temporary emergency exposure limits (TEELS) for thorium. The ‘TEEL-1’ value derived by DOE is
intended to represent “the airborne concentration of a substance above which it is predicted that
the general population, including susceptible individuals, when exposed for more than one hour,
could experience notable discomfort, irritation, or certain asymptomatic, non-sensory effects.
However, these effects are not disabling and are transient and reversible upon cessation of
exposure” (US DOE, 2016). For thorium, the TEEL-1 value derived by DOE is 30 mg/m?3 (i.e.,
30,000 pg/m?®) (US DOE, 2016). In contrast, the maximum 24-hour concentration of thorium in air
modelled at the modelled mine boundary during construction or operation for the Project Alone
scenario was 4.6 x 10 pg/m3. Given that the modelled concentrations are eight orders of
magnitude lower than the 1-hour TEEL-1 value from DOE (2018), it can be concluded that effects
from exposure to thorium in air will be negligible from the Project and therefore thorium was not
identified as a CoPC in air for human health.

e Non-carcinogenic inorganic components of particulate matter (aluminum, calcium, iron,
sodium, biotite, magnetite, muscovite, and pyrite). Inorganics and minerals are being
released to air from this project as particulate matter released from geological sources in the area
due to various activities such as material handling, equipment travel, grading, drilling, blasting,
wind erosion, and unpaved road dust. Aluminum, calcium, iron, and sodium are ubiquitous,
naturally occurring elements (Appendix D) while biotite, magnetite, muscovite and pyrite are
naturally occuring minerals. As noted previously, PM1o and PM2s have been retained as CoPCs.
The link between specific inorganic components of particulate matter and observed human health
outcomes remains poorly understood (Schlesinger, 2007). For example, a review by Schlesinger
(2007) of epidemiological studies focused on crustal components of PM25 such as aluminum,
calcium, and iron concluded that these parameters do not appear to pose signficant individual
health risks. Similarly, occupational exposure guidelines for biotite, magnetite, and muscovite,
indicate that these minerals have limited inherent toxicity via inhalation. For example biotite and
muscovite are phyllosilicate minerals within the mica group for which the National Institute for
Occupational Safety and Health (NIOSH) provides a recommended exposure limit (REL) time-
weighted average concentration protective of daily occupational exposure of 3000 pg/m?3 (NIOSH,
2019b) and magnetite is an iron oxide for which NIOSH provides a REL of 5000 pg/m3 (NIOSH,
2019a). In contrast, the maximum modelled 24-hour concentrations of these parameters along
the modelled mine boundary during Project construction or operations range from 2.7 pg/m?to 12
ug/m? as shown in Table 6.3. Therefore, these inorganic parameters will be evaluated as
components of PMzs rather than as individual CoPC.
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7.1.1.2 Multimedia

As described in Section 6.1, a comprehensive list of chemicals related to air emissions during Project
construction and/or operations was developed. The Project-related chemicals released to the receiving
environment (air and water) may alter baseline conditions with respect to the concentrations of chemicals
in the air, soil, water, and biota near the Project.

While chemicals that might increase in environmental media due to Project activities (evaluated in Section
6) could initially be considered as CoPCs, Health Canada (2023a) notes that if the modelled
concentrations from the Baseline Plus Project Scenario are below screening criteria for the impacted
media, the problem formulation phase of the risk assessment may conclude that the chemicals do not
need to be carried forward as CoPCs in a quantitative risk assessment. In cases where there are no
screening criteria available for an environmental medium (e.g., country foods), the CoPCs may be carried
forward into a quantitative risk assessment to determine whether there may be health risks (Health
Canada, 2023a). Federal human health-based guidelines were applied where available to identify CoPCs.
When these were not available, human health-based guidelines were obtained from the province of
Ontario.

Baseline Plus Project Scenario soil EPCs were compared to federal human health-based guidelines from
the CCME (i.e., Canadian Soil Quality Guidelines, CSQGs) (CCME, 1999)) or provincial human health-
based guidelines (i.e., direct contact component, or S1) from the (MECP, 2011a), where appropriate
(Table E-1, Appendix E). Federal and provincial human health-based guidelines for agricultural land use
were applied because it is the most sensitive land use. Baseline Plus Project Scenario soil EPCs were
less than the federal and provincial human health-based guidelines. As indicated in Table 6.6, except for
chromium (71%), cobalt (28%) and nickel (177%), the percent change between Baseline Scenario and
Baseline Plus Project Scenario soil EPCs is less than 10%. Further, the percent change for cadmium,
chromium VI, lead, mercury, selenium, silver, thallium, tungsten and uranium are below 1%.

Baseline Plus Project Scenario surface water EPCs were compared to federal human health-based
guidelines from Health Canada (2024) (i.e., Guidelines for Canadian Drinking Water Quality (GCDWQ)) or
provincial human health-based guidelines (i.e., drinking water component, or GW1) from the MECP
(2011a)), where appropriate (Table E-2, Appendix E). Baseline Plus Project Scenario surface water EPCs
were less than the federal and provincial human health-based guidelines. In the absence of a Health
Canada GCDWQ or MECP drinking water component (GW1), the tungsten EPCs in surface water were
compared to Provincial Water Quality Objective (PWQOs; (MECP, 1994)), which is stated to be protective
of recreational uses. The tungsten EPCs in surface water were less than the PWQO (0.03 mg/L). As
indicated in Table 6.7, except for cadmium (< 6%), manganese (< 2%) silver (< 0.1%) and thallium (<
10%), the percent change in surface water EPCs between Baseline Scenario and Baseline Plus Project
Scenario are greater than 10%.
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In the absence of human health-based sediment guidelines, Health Canada (2017b) states sediment
concentrations may be screened against available human health-based residential/parkland soil quality
guidelines. Therefore, Baseline Plus Project Scenario sediment EPCs were compared to federal CSQG
(CCME, 1999) or provincial human health-based guidelines (i.e., direct contact component, or S1) from
the MECP (2011a), where appropriate (Table E-3, Appendix E). Baseline Plus Project Scenario sediment
EPCs were less than the federal and provincial human health-based guidelines, with the exception of
vanadium. The vanadium EPCs in sediment at TMF Seepage and Runoff Collection Ponds (47 mg/kg)
and Collection Pond 2 (46 mg/kg) are greater than the provincial direct contact component value.

As outlined by Health Canada (2023a), when human health pathway-specific guidelines are not available
for an environmental medium and concentrations are greater than background concentrations,
parameters should be evaluated quantitatively. Since the Baseline Plus Project Scenario metal EPCs in
country food are greater than Baseline Scenario metals concentrations (e.g., see Section 6), the following
metals were identified as CoPCs for quantitative evaluation:

e Antimony e Cobalt e Selenium
e Arsenic o Copper e Silver

e Barium e Lead e Thallium

e Beryllium e Manganese e Uranium
e Cadmium e Molybdenum e Vanadium
e Chromium (Total) o Nickel e Zinc

Project-related discharges are not expected to result in increased concentrations of mercury in the
aquatic environment. As a result, mercury was not carried forward for quantitative assessment. However,
the North Driftwood River Channel realignment may result in methylation of mercury in inundated soil
(Section 6.12). As a result, additional consideration of methyl mercury in fish is provided in Section
7.4.2.2.

Insufficient data are available to support quantitative assessment of tungsten due to limited toxicological
and bioaccumulation information. Tungsten is discussed qualitatively in Section 7.4.2.2 and considered in
the uncertainty analysis.

Flying Post First Nation and Matachewan First Nation expressed concern about the use of pesticides and
herbicide in areas where meat is harvested, citing links to cancer and bioaccumulation within the food
chain. If pesticides are used, they must be applied by qualified applicators who adhere to the label
instructions approved by Pesticide Management Regulatory Agency. As a result, pesticides are not
included as CoPC during the construction, operations and closure stages.
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7.1.2 Identification of Human Receptors

As described in Section 4, the RSA consists of patented lands (privately owned), Crown land, provincial
parks, conservation reserves and First Nation Reserves and encompasses the City of Timmins, Town of
Cochrane, Town of Iroquois Falls, and Town of Smooth Rock Falls. The land within and immediately
surrounding the PA is predominantly made up of wetlands, forested areas, and to a lesser extent, lakes,
rivers and ponds. Activities conducted around the PA include hunting, trapping, fishing, and gathering,
seasonal living and recreational water use (e.g., canoeing). Based on the above, two types of
representative human receptors were identified to be present within the LSA/RSA.

e Indigenous Receptors — Includes Indigenous people who may live within the LSA seasonally or
make use of the lands within the LSA/RSA for the harvesting of country foods, or who use the
areas for recreational, ceremonial and/or spiritual purposes. This receptor was assumed to be an
infant, toddler, child, teen, or adult.

e Recreational Receptors — Includes non-Indigenous people who may live within the LSA
seasonally, or make use of the lands within the LSA/RSA for harvesting country foods and/or
recreational activities. This receptor was assumed to be an infant, toddler, child, teen, or adult.

Some populations may be more sensitive to exposures compared to most people. These populations
include, but are not limited to, pregnant people, toddlers (due to their higher intake rates relative to their
body weight), elderly, Indigenous people (harvest and consume higher levels of traditional foods than
non-Indigenous members of the population) and people with respiratory diseases.

Occupational exposures of workers for the project are not assessed within the HHRA. Instead, worker
health and safety is addressed through compliance with applicable provincial and federal legislation. Non-
work-related exposures of these persons, which would occur outside the modelled area during non-work
hours, would be the same as the other human receptors already identified.

7.1.3 Identification of Exposure Pathways

Exposure pathways are used to describe how a substance can move from media (e.g., soil) to a point
where it can enter the body. Only those pathways for which there is a reasonable potential for exposure
were considered quantitatively in the HHRA (i.e., a complete exposure pathway). A discussion of the
complete and incomplete exposure pathways, by media, relevant for the Project is provided below and
summarized in Table 7.2.

7.1.3.1 Air

CoPCs will be released to the air from Project-related activities and the receptors could inhale these
CoPCs, either as vapours or as suspended particulates. Therefore, the inhalation of CoPCs from air
emissions is a complete exposure pathway and was evaluated further in the HHRA. When evaluating this
exposure pathway, both short-term and long-term exposures were considered.
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7.1.3.2 Soil

Dust dispersion and deposition from Project-related activities could affect soil quality. Indigenous and
Recreational Receptors could come in direct contact with CoPCs in soil through incidental ingestion,
dermal contact and inhalation of suspended particulates outside of the PA. Therefore, these pathways are
complete and were evaluated further in the HHRA.

Given that the Project-related CoPCs for multimedia are metals, and metals are not volatile, inhalation of
vapours migrating from soil into air (outdoor or indoor) outside of the PA is an incomplete exposure
pathway and was not evaluated further in the HHRA.

7.1.3.3 Groundwater

As outlined in the Chapter 14 of the Impact Statement (Assessment of Potential Effects on Groundwater),
seepage from Project infrastructure has the potential to affect groundwater quality. However, there are no
known groundwater users within the seepage pathways of the Impoundment Facility or East and West
Stockpiles. Although there is a drilled well for water supply located within the seepage pathway of the
TMF, it is not expected to be affected. This is based on estimated travel time from the TMF to the drilled
well, the rehabilitation of the TMF with a vegetative cover by Year 30, and the anticipated drainage of
tailings within the TMF, resulting in less seepage from the facility. Therefore, potable groundwater-related
pathways (i.e., drinking, cooking, bathing/showering) were not evaluated further in the HHRA.

Given that the Project-related CoPCs for multimedia are metals, and metals are not volatile, inhalation of
vapours migrating from groundwater into air (outdoor or indoor) outside of the PA is an incomplete
exposure pathway and was not evaluated further in the HHRA.

7.1.34 Surface Water

As outlined in the Chapter 15 of the Impact Statement (Assessment of Potential Effects on Surface
Water), the Mattagami First Nation indicated surface water could be used as a drinking water source and
the six Indigenous nations listed in Section 4.2 have expressed concern regarding changes in drinking
water quality. In addition, Indigenous and Recreational Receptors may consume water while in the LSA
engaging in activities, but these consumptions rates would be much less than a potable water supply.
Further, Indigenous and Recreational Receptors could occasionally come into contact with surface water
through incidental ingestion/dermal contact during recreational activities such as boating and fishing. As
discussed in Section 7.1.1.2, modelled concentrations (i.e., Baseline Plus Project Scenario) were below
the GCDWQ, which suggests ingestion of surface water is not of concern; however, ingestion is being
considered as part of the multimedia assessment. Dermal exposures are considered negligible relative to
ingestion, especially given that modelled concentrations are below the GCDWQ); therefore, only ingestion
related pathways were evaluated further in the multimedia assessment.
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7.1.3.5 Sediment

According to Health Canada (2017b), direct contact with sediment can occur via incidental ingestion of
sediments that are submerged under water or are periodically exposed (e.g., wetlands) (also referred to
as bedded sediments), dermal absorption when sediments adhere to skin, incidental ingestion of
suspended sediment in surface water and inhalation of airborne particulates when sediment dry out
periodically. People are not expected to come in direct contact with sediment via incidental ingestion of
bedded sediments or dermal absorption given that these types of exposures are for on-land activities
which are not anticipated as outlined in Section 4. In addition, inhalation of airborne sediments is not
expected to occur since sediments in the watersheds are not expected to dry out. Lastly, incidental
ingestion of suspended sediment in surface water is accounted for when evaluating surface water as a
potable water source (Health Canada, 2017b). Based on the above, sediment exposure pathways were
not evaluated further in the HHRA.

7.1.3.6 Country Foods

People are known to hunt, trap, fish and gather within the LSA/RSA. Project-related activities could lead
to higher concentrations of CoPCs in plants, wild meat and fish as outlined below.

e Deposition of dust and metals onto soils and vegetation, and subsequent accumulation in
vegetation could occur as a result of Project-related activities. In addition, an increase in surface
water concentrations and subsequent uptake by aquatic vegetation could occur. Since
Indigenous and Recreational Receptors could consume wild vegetation (terrestrial and aquatic),
the consumption of traditional food is a complete pathway and was evaluated in the HHRA. As
discussed in Section 4 and Section 6.1, buildings within the LSA/RSA are seasonal
camps/cottages. Given that these locations are used recreationally and are not permanent
residences (i.e., homes that are lived in year round), garden produce isn’t expected to be grown
at these locations. Therefore, consumption of garden produce is an incomplete pathway and was
not evaluated further in the HHRA.

e Similarly, changes in surface water quality due to Project-related activities could result in higher
concentrations of CoPCs in fish tissues. Indigenous and Recreational Receptors could consume
local fish. Therefore, the consumption of fish is a complete exposure pathway and was evaluated
further in the HHRA.

e Concentrations of CoPCs in the tissues of wild animals could be higher because of changes in
soil, surface water, fish and vegetation concentrations due to Project-related activities. Since
Indigenous and Recreational Receptors could consume wild meat, consumption of wild meat is a
complete exposure pathway and was evaluated in the HHRA.
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Table 7.2 Summary of Exposure Pathways in the HHRA
Assessed Further in the
Exposure Pathway Receptor HHRA

Inhalation of CoPCs from air emissions (short- | Indigenous Receptor Yes

term and long-term) Recreational Receptor

Incidental ingestion of and dermal contact with | Indigenous Receptor Yes

soil and inhalation of suspended particulates Recreational Receptor

Surface water ingestion Indigenous Receptor Yes
Recreational Receptor

Recreational water use (incidental ingestion Indigenous Receptor No

and dermal contact) Recreational Receptor

Ingestion of and dermal contact with Indigenous Receptor No

groundwater Recreational Receptor

Incidental ingestion of sediment (suspended) Indigenous Receptor No
Recreational Receptor

Dermal contact with sediment Indigenous Receptor No
Recreational Receptor

Inhalation of vapours migrating from soil or Indigenous Receptor No

groundwater into air Recreational Receptor

Consumption of wild vegetation Indigenous Receptor Yes
Recreational Receptor

Consumption of garden produce Indigenous Receptor No
Recreational Receptor

Consumption of fish Indigenous Receptor Yes
Recreational Receptor

Consumption of wild meat Indigenous Receptor Yes
Recreational Receptor

7.1.4 Conceptual Site Model
An important step in the problem formulation is the development of the CSM. The CSM is a visual

representation of CoPCs, the associated source and release mechanisms, and potential exposure
pathways to the identified human receptors. The human health CSM is presented in Figure 7.1.
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Figure 7.1 Conceptual Site Model for Human Health Risk Assessment
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7.2  Toxicity Assessment

The toxic potency of a chemical is dependent on the inherent properties of the chemical itself (its ability to
cause a biochemical or physiological response at the site of action within the receptor’s body) as well as
the ability of the chemical to reach the site of action. The toxicity assessment (also known as a hazard
assessment) involves the selection of toxicological reference values (TRVs), also referred to as exposure
limits, for each CoPC. The TRVs are estimates of the maximum exposure dose (from oral exposure) or
exposure concentration (from inhalation exposure) to which people (including members of sensitive
subgroups such as pregnant women, infants, children, the elderly) could be exposed without an
appreciable risk of adverse effects.

When establishing TRVs for a CoPC, the type of dose-response relationship leading to a possible effect
needs to be considered as well as the duration of exposure. Effects are typically classified as threshold or
non-threshold based on a chemical’s mode of action (Health Canada, 2021a).

7.2.1 Threshold Effects

A threshold effect is one where a certain dose must be exceeded for toxicity to occur. A no observable
adverse effect level (NOAEL) can be identified for threshold contaminants, which is the dose or amount of
the contaminant that results in no obvious response. When developing a TRV for a CoPC with threshold
effects, uncertainty factors are applied to the NOAEL to provide an added level of protection. This results
in the derivation of a TRV that is lower than the NOAEL, and thus reasonably expected to be protective of
the general public (including health-sensitive members of the population such as children, seniors, and
people with existing health conditions) following exposure for a prescribed period of time. The TRVs for
threshold contaminants in air are typically provided in terms of an acceptable concentration such as a
tolerable concentration (TC), which refers to the acceptable concentration of an airborne chemical for
which the primary route of exposure is inhalation, and tolerable daily intake (TDI), which refers to the
acceptable dose of a chemical and is most commonly expressed in terms of the total intake of the
chemical per unit of body weight per day (mg/kg bw-day).

7.2.2 Non-Threshold Effects

A non-threshold effect occurs when there is no specific dose below which a toxic effect does not occur.
This implies that any level of exposure to a non-threshold CoPC carries some degree of risk of effect.
Consequently, there is no NOAEL for chemicals with non-threshold effects. The dose-response
relationship for non-threshold CoPCs is typically conceptualized as linear. At low doses, the adverse
health effect may need to be mathematically extrapolated from higher dose data or larger population
studies. Non-threshold effects are further categorized into carcinogenic and non-carcinogenic effects.
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7.22.1 Carcinogens

Regulatory agencies such as Health Canada and the US EPA assume that any level of long-term
exposure to carcinogens is associated with some “hypothetical cancer risk”. Generic nomenclature for
TRV for carcinogens includes inhalation unit risk (IUR), defined as the upper-bound excess lifetime
cancer risk estimated to result from continuous inhalation exposure to an agent at a unit concentration of
1 ug/m® (US EPA 1989a), and slope factor (SF), which is generally defined as the upper-bound increased
cancer risk from a lifetime exposure to a dose of 1 mg/kg bw-day.

7.2.2.2 Non-carcinogens

In theory, any level of exposure to a non-threshold non-carcinogen carries some degree of risk for an
effect. At very low doses, the toxic effect may be at the cellular level without an observable adverse
health effect. As the dose increases, the severity of the adverse health effects can also increase, and
additional health effects can appear. For these CoPC, TRVs may not be available. In such cases,
exposures may be benchmarked against exposure limits or air quality guidelines that are designed to
protect public health.

7.2.3 Acute and Chronic Toxicity Reference Levels

The toxicity of a chemical varies with the duration of exposure. Thus, it is important to differentiate TRVs
based on where the exposure duration is acute (short-term) or chronic (long-term), as described below:

e Acute: The amount or dose of a chemical that can be tolerated without evidence of adverse health
outcomes on a short-term basis. As described in Health Canada (2010a), an acute exposure
periods is anything less than 14 days and often involves a single high-intensity exposure.

e Chronic: The amount of a chemical that is expected to be without health outcomes, even when
exposure occurs continuously or regularly over extended periods (greater than 90 days per Health
Canada (2010a).

7.2.4 Identification of Applicable Exposure Limits and Toxicological
Reference Values

A number of sources were consulted in the selection of exposure limits and TRVs for assessing inhalation
and oral exposures to CoPC. The primary sources that were consulted, based on recommendations in
Health Canada (2023a), are listed below.

e Health Canada

e US EPA Integrated Risk Information System (IRIS)

o World Health Organization (WHO)

e National Institute for Public Health and the Environment (Netherlands)

e Agency for Toxic Substances and Disease Registry (ATSDR)

() crvson i 12 () stantec



Crawford Nickel Project Technical Data Report — Human Health and Ecological Risk Assessment
7 Human Health Risk Assessment
November 22, 2024

e California Environmental Protection Agency (CalEPA), which includes the California Office of
Environmental Health Hazard Assessment (OEHHA)

If no TRVs were available from the above sources, additional sources were considered (e.g., Ontario
Ministry of Conservation and Parks (MECP) and peer-reviewed literature).

Per Health Canada (2023a) guidance, priority was given to Health Canada TRVs, and these were
employed where available. Where TRVs were selected from a source other than Health Canada,
additional information is provided below to support that selection.

The exposure limits and TRVs presented in this section are grouped based on effect type (i.e., threshold
and non-threshold). Some chemicals can exhibit both threshold and non-threshold effects (Health
Canada, 2021a), and may therefore have multiple TRVs listed here. In instances where both threshold
and non-threshold TRVs are applicable, health risks from exposure will be evaluated for both modes of
action.

7.24.1 Inhalation Exposure Limits and TRVs

According to Health Canada (2023b), modelled concentrations of CoPCs in air should be evaluated
against relevant air quality standards. This was done in the Air Quality Assessment (Appendix C.1 of the
Impact Statement) and reported in Chapter 12 of the Impact Statement. However, the standards used
(e.g., Ontario Ambient Air Quality Criteria (AAQC), and the federal Canadian Ambient Air Quality
Standards) are often based on statistical representations of existing airshed data and not necessarily
health based. This section describes the exposure limits and TRVs (TCs and IURSs) that were relied on to
evaluate risk associated with modelled concentrations of CoPCs in air. In addition, for carcinogenic
parameters with identified IURSs, risk specific concentrations (RSCs) that would correspond to an
incremental lifetime cancer risk (ILCR) of one in one hundred thousand (1 x 10°°) assuming exposure to
this concentration over an entire lifetime (80 years) were calculated according to Equation 7-1, below.

1 x 107° Equation 7-1

RSC(ug/m?) = TUR (ng/m®) <

As discussed further in Section 7.4, Health Canada (2021a) considers an ILCR of less than 1 x 10 to be
essentially negligible. As such, the RSCs represent concentrations that would result in negligible
increases to a person’s lifetime cancer risk even when exposed to that concentration constantly over an
80-year lifetime. Where concentrations higher than the RSC are observed during a Project phase,
additional risk characterization may be considered to account for less than lifetime exposure during that
Project phase, as discussed further in Section 7.4.
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7.2.4.1.1 Criteria Air Contaminants

The criteria air contaminants PM1o, PM25, NO2, and SO: are non-threshold contaminants, for which it is
acknowledged that any increase in exposure to these contaminants may result in adverse health effects.
However, the severity of effects increases incrementally with exposure concentration and exposure
duration. The absence of clearly defined TRVs for these parameters presents a technical challenge for
health regulatory agencies and health risk practitioners on how to assess the incremental increase in
health risk resulting from modelled or measured exposure concentrations.

In the absence of standard TRVs such as a TC or IUR for these parameters, inhalation exposure limits
(ELs) have been identified based on reviews of the data characterizing the potential health effects from
exposure to varying levels of these parameters in ambient air as summarized by Health Canada and
WHO.

In most cases, WHO ambient air quality guidelines (WHO, 2021) have been adopted as exposure limits
for these parameters. These limits are defined by the WHO as, “The lowest exposure level of an air
pollutant above which the guideline development group is confident that there is an increase in adverse
health effects,” and that, “It is assumed that adverse health effects do not occur or are minimal below this
concentration level.” The WHO air quality guideline is essentially the lowest level of exposure for which
there is evidence of adverse health effects (WHO, 2021). In addition to the WHO ambient air quality
guidelines, an acute (10 minute) exposure limit for SOz is provided based on a review of toxicological data
provided by Health Canada (2016c). This 10-minute exposure limit is based on controlled human
exposure studies, which showed a lowest observed adverse effect concentration of 1,050 pug/m?3, with an
uncertainty factor of 6 (i.e., 1,050 ug/m? divided by 6 equals 175 pg/m?). This 10-minute SO reference
concentration is expected to be protective of respiratory effects in humans, including sensitive populations
like people with asthma. For SO, Health Canada (2016c) concluded that there is inadequate evidence to
infer a causal relationship between long-term SOz exposure and cardiovascular effects, reproductive and
development effects, total mortality, or cancer. As such, evaluation of the effects of chronic exposure to
SO: has not been conducted in this HHRA.

7.24.1.2 Volatile Organic Compounds

VOCs are organic compounds with a high vapour pressure at ambient temperatures that allow these
substances to volatilize or evaporate into the air relatively quickly. Fuel-based VOCs associated with
Project-related activities include 1,3-butadiene, acetaldehyde, benzene, formaldehyde, toluene and total
hydrocarbons.

1,3-Butadiene

1,3-Butadiene is a flammable, colourless gas with a mild aromatic odour. It is ubiquitous in the
environment and is produced from the combustion of organic matter. Emission sources include chemical
products industries such as plastics, refined petroleum and coal, automobile exhaust (gasoline- and
diesel- motor vehicles) and cigarette smoke. In air, 1,3-butadiene is rapidly degraded by photochemical
reactions to form acrolein and formaldehyde (US EPA, 2002b).
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There is a paucity of data on acute human exposure to butadiene. The OEHHA (2013) developed an
acute (1-hour) exposure limit of 660 pg/m? for 1,3-butadiene based on an inhalation study using pregnant
mice and offspring, as it addressed the most sensitive non-cancer endpoint associated with butadiene —
developmental effects (lowered male fetal weight). As no acute toxicity-based criterion for 1,3-butadiene
has been established by regulatory agencies in Canada, nor by the US EPA, the OEHHA value was
selected for this HHRA.

The US EPA (2002b) established a chronic inhalation TRV of 2.0 ug/m? for 1,3-butadiene, derived on a
human equivalent benchmark response of 1,980 pg/m?® from a two-year mouse inhalation study (National
Toxicology Program (NTP), 1993) and an uncertainty factor of 1,000 (3 for interspecies variation, 10 for
intraspecies variability, 10 for extrapolation to a level below the 10% effect level, and an additional 3-fold
for an incomplete database). The critical effect was ovarian atrophy. This value was selected as the
chronic (annual) ambient air exposure limit by both the Ontario MOECC (2016) and the OEHHA (2013)
and was considered appropriate to evaluate long-term non-carcinogenic exposure risks to 1,3-butadiene
within the current assessment.

Health Canada (2024) derived an inhalation unit risk of 5.9 x 10 (ug/m®), which equates to a risk-
specific concentration of 1.7 pg/m?2at the 1 in 100,000 risk level. This value was derived from a
retrospective cohort study (Delzell, Sathiakumar, & Macaluso, 1995) of more than 15,000 male styrene-
butadiene rubber production workers to provide high-quality epidemiologic data on leukemia risk from 1,3-
butadiene exposure. The IUR from Health Canada (2024) and resulting RSC calculated to be equivalent
to an incremental lifetime cancer risk (ILCR) of 1 in 100,000 (1 x 10°%) were considered appropriate to
evaluate long-term carcinogenic exposure risks to 1,3-butadiene within the current assessment.

Acetaldehyde

Health Canada (2017a) has developed residential indoor air quality guidelines for acetaldehyde. The
short-term exposure limit is derived from the results of a controlled human exposure study by Prieto et al.
(2000) that investigated bronchoconstriction response in asthmatic human volunteers. Health Canada
(2017a) identified 142 mg/m? as the point of departure in this study as it represented the lower 95%
confidence level of the concentration required to produce a 20% fall in forced expiratory volume in one-
second geometric mean for asthmatic subjects following a 2-minute exposure to acetaldehyde. An
uncertainty factor of 100 was then applied to account for use of a LOAEL and to account for sensitive
receptors (e.g., more severe asthmatics and children). This resulted in a final short-term residential indoor
air quality guideline for acetaldehyde of 1,420 ug/m?3, which is recommended to be compared to a one-
hour air sample. As such, this value was considered appropriate to evaluate acute non-carcinogenic
exposure risks to acetaldehyde within the current assessment.

With respect to long-term exposure, Health Canada (2017a) reviewed the available toxicological data for
acetaldehyde and concluded that acetaldehyde is carcinogenic, but that it exerts its carcinogenic effect
through a non-linear mode of action and that non-cancer effects are precursors to a carcinogenic effect.
Therefore, Health Canada (2017a) developed a long-term exposure limit based on a non-cancer endpoint
that is considered protective of carcinogenic effects. Specifically, the long-term exposure limit developed
by Health Canada (2017a) is based on a study by Dorman et al. (2008), who observed a NOAEL of
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89 mg/m®based on degeneration of the olfactory epithelium in rats. This was converted to a human
equivalent concentration of 120 mg/m? using a physiologically-based pharmacokinetic model, which was
then adjusted for continuous exposure, resulting in an adjusted human equivalent concentration of

21 mg/m3. Health Canada (2017a) then applied an uncertainty factor of 75 to account for the use of
animal rather than human toxicity data, additional sensitivity in the human population, and uncertainty in
the shape of the lower region of the concentration-response curve, resulting in a final long-term
residential indoor air quality guideline for acetaldehyde of 280 ug/m?, which is recommended to be
compared to a sample collected over at least 24-hours. As such, this value was considered appropriate to
evaluate chronic non-carcinogenic and carcinogenic exposure risks to acetaldehyde within the current
assessment.

Benzene

Benzene is a colourless liquid with a high vapour pressure and a sweet odour at room temperature, which
is produced by natural (e.g., volcanoes and forest fires) and anthropogenic activities (ATSDR, 2007).
Incomplete combustion of gasoline, coal, oil and other petroleum- based fuels are the most significant
sources of benzene released into the environment (ATSDR, 2007). Inhalation is the general public’s
primary route of exposure to benzene (ATSDR, 2007). Acute exposure to benzene may cause dizziness,
headaches, and drowsiness while chronic inhalation exposure to benzene affects the bone marrow, and
the immune and central nervous systems (ATSDR, 2007).

In both human and animal non-carcinogenic studies, data suggest the most sensitive endpoint for short-
term inhalation exposure to benzene is hematotoxicity (ATSDR, 2007; TCEQ, 2015). A lowest-observed-
adverse-effect-level of approximately 10 ppm for hematotoxic effects of benzene in mice was indicated in
a key study by Rozen et al. (1985), which was selected as the key study by both the TCEQ (2015) in their
derivation of an acute exposure limit (1 hour) of 580 pg/m?3, and by ATSDR (2007) in their derivation of an
acute (1 to 14 day) exposure limit of 30 ug/m?* (0.009 ppmv), both of which were used in this HHRA.

Health Canada (2021b) provides an IUR for benzene of 1.6 x 10 (ug/m3)%, which corresponds to a risk-
specific concentration of 0.6 ug/m?® at a 1 in 100,000 (1 x 10°®) risk level. This value was derived based
on the incidence of leukemia observed in human occupational studies (Rinsky, et al., 1987; Paxton,
Chinchilli, Brett,, & Rodricks, 1994; Hayes, et al., 1997). The IUR from Health Canada (2021b) and
resulting RSC were considered appropriate to evaluate long-term carcinogenic exposure risks to benzene
within the current assessment.

Formaldehyde

Health Canada (2006a) established a 1-hour exposure limit for formaldehyde of 123 pug/m? and an 8-hour
exposure limit of 50 ug/m?3. The 1-hour exposure limit recommended by Health Canada represents one
fifth of the NOAEL for eye irritation in a human clinical study by Kulle (1993). The 8-hour exposure limit is
the lower end of the exposure category associated with no significant increase of asthma hospitalization
(Rumchev, Spickett, Bulsara, Phillips, & Stick, 2002).
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More recently, the TCEQ (2008) developed an acute (1-hour) exposure limit of 50 pg/m? for formaldehyde
based on key inhalation studies on human volunteers by Pazdrak et al. (1993) and Krakowiak et al.
(1998). The critical health effect in these studies was eye and nose irritation. The TCEQ (2008) 1-hour
exposure limit was selected as the acute exposure limit in this HHRA and is considered protective of the
eye irritation and asthma effects identified by Health Canada (2006a).

To derive a chronic exposure limit protective of non-carcinogenic health effects, the TCEQ (2008) relied
on a key study by Wilhelmsson and Holmstrom (1992), who identified the specific critical effects of
formaldehyde exposure in the key study as increased rates of symptoms such as eye, nasal, and lower
airway discomfort (e.g., cough, wheezing) in a study of exposed workers. The TCEQ derived a chronic
exposure limit of 11 ug/m?3, which is considered appropriate to assess the potential threshold effects of
chronic exposure to formaldehyde.

With respect to carcinogenic effects, Health Canada (2006a) noted that carcinogenicity studies have
reported an increased incidence of nasal cavity carcinomas at exposure levels greater than or equal to
6.7 mg/m? (6700 pg/m?3) but that no such tumours were observed at lower concentrations of up to

2.4 mg/m?® (2400 ug/m?3) and therefore concluded that exposure limits protective of irritation and
inflammatory responses will also be protective of potential carcinogenic effects. Therefore, the TCEQ
(2008) chronic exposure limit of 11 pug/m?3 described above is considered protective of both non-
carcinogenic and carcinogenic effects.

7.24.1.3 Diesel Particulate Matter

Diesel exhaust is a complex mixture of hundreds of chemicals including airborne particles and gases from
the combustion products of diesel fuel (Health Canada, 2016b). The exact composition of the mixture is
variable, and depends on the nature of the engine, operating conditions, fuel composition, emission
control system, and additives (NTP, 2021).

Many of the individual components of diesel exhaust have been modelled individually and will be
evaluated based on comparison to individual TRVs (e.g., NOz, CO, SOz, PM1o, PM2s, VOCs, and PAHS).
The risk characterization presented in Section 7.4 of this HHRA for each of these individual components
of diesel exhaust provides a partial evaluation of potential risks associated with exposure to diesel
exhaust (i.e., assessing toxicity of diesel exhaust via the toxicity of some of its components). However, a
human health risk assessment for diesel exhaust that was completed by Health Canada in 2016 (Health
Canada, 2016b) concluded that “the component or components of diesel exhaust that are the most
relevant toxicologically...have not yet been identified” and that “[tjhe most appropriate metric for diesel
exhaust exposure remains unknown.” Thus, an evaluation of the toxicity of diesel exhaust as a mixture,
and DPM as a surrogate, is provided below.

Health Canada reviewed a number of studies on the health effects of exposure to diesel exhaust and
diesel exhaust particles (synonymous with DPM for the purpose of this HHRA) ranging from rural farm,
urban city, and occupational exposures (Health Canada, 2016b). Inhalation of diesel exhaust may result
in a variety of health effects, in part due to the mixture of chemical hazards, where each chemical hazard
may have different types of health effects and at different concentrations. Sensitive groups of people
generally include children, asthmatics, and people with chronic obstructive pulmonary disease.
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Acute inhalation of diesel exhaust shows a causal relationship with respiratory effects, and a likely
relationship with cardiovascular and immunological effects. There is some evidence to suggest a
relationship between exposure to diesel exhaust and reproductive, developmental, and central nervous
system effects. However, long-term relationships are more difficult to distinguish due to the co-exposure
to other airborne hazards in the air.

For non-cancer health effects, Health Canada (2016b) chose DPM as the basis for development of acute
and chronic exposure guidance values as:

e toxicological studies have demonstrated DPM to be the main causative agent of many of the
health effects associated with diesel exhaust exposure

e removal of the particulate component of diesel exhaust resulted in fewer or less severe health
effects

¢ the DPM component of exhaust contains compounds known to be hazardous to human health,
and DPM contributes to ambient PM, which is also known to be harmful to human health

e DPM is typically the parameter used to set experimental exposure levels

Health Canada (2016b) reviewed controlled human exposure studies to determine the critical effect
associated with short-term exposure to diesel exhaust, and concluded that respiratory endpoints are the
most sensitive, with effects demonstrated at lower concentrations than for other types of endpoints (such
as cardiovascular health). Based on multiple studies conducted with healthy and/or mildly asthmatic
participants, increased measures of airway resistance and/or respiratory inflammation were observed at
100 pg/m?3 diesel exhaust particulate for a 2-hour exposure period (Behndig, et al., 2006; Ried|, et al., 2012;
Mudway, et al., 2004; Behndig, et al., 2011; Stenfors, et al., 2004). Based on this lowest-observed adverse
effect level of 100 pg/m3, Health Canada (2016b) derived a short-term exposure (2-hour) guidance value
for diesel exhaust particulate of 10 pg/m3. This Health Canada value was used as the TRV for non-
carcinogenic effects due to short-term exposures in this HHRA.

For chronic exposure to diesel exhaust, a consistent exposure—response relationship for respiratory effects
were observed in studies with animal test species, and epidemiological studies also indicate that respiratory
health effects are associated with human exposures (Health Canada, 2016b). Health Canada (2016b)
derived a chronic exposure limit using the NOAEL of 0.46 mg/m?® diesel exhaust particulate from the
inhalation study on rats by Ishinishi et al. (1986) by performing dosimetric modelling to derive a human
equivalent concentration of 0.12 mg/m?® diesel exhaust particulate. Based on the human equivalent
concentration of 0.12 mg/m?® diesel exhaust particulate and applying a composite uncertainty factor of 25,
Health Canada derived a chronic exposure guidance value of 5 ug/m? diesel exhaust particulate. This value
is consistent with values previously developed by the World Health Organization, the US EPA and the
California EPA, and was used as the TRV for non-carcinogenic effects due to chronic exposure to DPM in
this HHRA.
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In addition to the non-cancer health effects described above, the International Agency for Research on
Cancer (IARC) has classified diesel exhaust as a Group 1 human carcinogen. The Group 1 classification
indicates that there is sufficient evidence to conclude carcinogenicity in humans. Specifically, diesel exhaust
has exhibited a causal relationship with lung cancer, and a suggested relationship with bladder cancer
(Health Canada, 2016b; IARC, 2014). However, within their 2016 human health risk assessment for diesel
exhaust, Health Canada (2016b) did not evaluate studies for use in a quantitative exposure—response
analysis of lung cancer risk with diesel exhaust particulate.

Rather, Health Canada (2022a) provided a quantitative estimate of the risk of lung cancer associated with
exposure to PM2s in Canada that may be used to provide an estimate of the additional lung cancer mortality
(ALCM) from DPM according to the following equation:

BExposure) __ .
ALCM = (e D eB_Expsoure] - Baseline rate - years Equation 7-2
where,
B = 0.01196 (the slope coefficient for the relationship between the pooled hazard ratio
for lung cancer mortality in the Canadian population (1.127 (95% CI: 1.085, 1.170))
per 10 pg/m? increase in long-term exposure to ambient PM2s (Health Canada,
2022a)
Exposure = the predicted Project-related annual DPM concentration for each year of Project
Construction and Operation
Baseline = 45.5 per 100,000 (the 2021 Canadian age standardized mortality rate for lung
rate cancer) (Health Canada, 2022a)
Years = Number of years evaluated
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7.24.1.4 Polycyclic Aromatic Hydrocarbons

Polycyclic aromatic hydrocarbons (PAHS) are a class of organic compounds containing only carbon and
hydrogen, where the carbon atoms form multiple aromatic rings. These compounds are ubiquitous in the
environment and are formed by incomplete combustion of organic matter. Natural processes that produce
PAHSs include volcanic activity, forest fires, and lightning strikes. Additionally, PAHs are found naturally in
fossil fuels such as oil and coal. Human activities including the combustion of fossil fuels, barbequing,
flame cooking or smoking food, and tobacco smoking can also produce PAHs and release it into the air
through the formation of smoke and soot. Among the PAHs, naphthalene is the predominant PAH found
in gasoline and diesel exhaust (Marr, et al., 1999).Some PAHSs are associated with non-carcinogenic
effects (e.g., anthracene) and some are associated with carcinogenic effects (e.g., benzo(a)pyrene).

Threshold (Non-carcinogenic) Effects of PAHs

Non-carcinogenic PAHs potentially emitted by Project-related activities and modelled as individual
compounds include: acenaphthene, acenaphthylene, anthracene, fluoranthene, fluorene, naphthalene,
phenanthrene and pyrene. Health Canada (2021b) has identified threshold (non-carcinogenic) effects
associated with benzo(a)pyrene, which is also associated with carcinogenic effects. Toxicologically
relevant exposure limits associated with inhalation exposure to individual PAHs are limited to naphthalene
and benzo(a)pyrene.

Health Canada (2013) reviewed the literature related to the health effects associated with inhalation of
naphthalene and concluded that naphthalene has been shown to cause tissue damage and cancer in the
nasal passages and lungs of rats and mice exposed to high levels in laboratory studies. It is considered a
possible carcinogen for humans, although there is not yet sufficient evidence to prove it causes cancer in
humans (Health Canada, 2013). Importantly, Health Canada concluded that a short-term indoor air
exposure limit is not necessary as prevention of initial cytotoxicity is considered likely to prevent tumour
development and lesions on chronic exposure. Health Canada derived a chronic TRV of 10 pg/m? based
on an adjusted lowest observed adverse effect level of 9.3 mg/m?3 from chronic inhalation study on rats by
NTP (2000) and an uncertainty factor of 1000 (Health Canada, 2013; Health Canada, 2021b). The critical
effect was respiratory tract toxicity. This chronic exposure limit was used in this HHRA.

The US EPA (2017) developed a chronic exposure limit for benzo(a)pyrene of 0.002 pg/m? for
developmental toxicity. The key study was an inhalation study in rats exposed for four hours per day for
10 days during gestation that identified decreases in embryo/fetal survival as the critical effect (Archibong,
et al., 2002). Health Canada (2021b) cited this TRV and it was used in this HHRA.

Although inhalation exposure limits and TRVs were not available for the other specific non-carcinogenic
PAHSs, a TRV representative of aromatic hydrocarbons ranging from Co to Cis (which would include PAHs
such as acenaphthene, acenaphthylene, anthracene, fluoranthene, fluorene, naphthalene, phenanthrene,
and pyrene) was identified by the Total Petroleum Hydrocarbon Criteria Working Group

(TPHCWG) (1997). The TPHCWG (1997) acknowledges that data for this group of compounds is limited;
however, of the available information the TPHCWG (1997) selected an inhalation study using rats (Clark,
Butterworth, Martin, Roderick, & Bird, 1989) as the key study to set a chronic RfC of 200 pug/m?3. This
chronic RfC is based on a NOAEL of 900,000 ug/m? for increased liver and kidney weights in male rats.
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This NOAEL was adjusted to account for continuous exposure (rats were only exposed for 6 hrs/d,
5d/week for 1 year) and applied a 1,000 fold uncertainty factor (including an uncertainty factor of 10 to
account for sensitive subpopulations, a factor of 10 to account for animal to human extrapolation, and a
factor of 10 to account for converting a subchronic exposure to a chronic exposure). The chronic
reference concentration of 200 pug/m?® developed by the TPHCWG (1997) was used as the chronic TRV in
this HHRA.

Non-Threshold (Carcinogenic) PAHs

Although there is strong evidence of carcinogenicity for several PAH compounds, benzo(a)pyrene is the
compound that has been most reliably studied for carcinogenicity. The IARC classifies benzo(a)pyrene as
a Group 1 human carcinogen. The Group 1 classification indicates that there is sufficient evidence to
conclude carcinogenicity in humans. Studies on the carcinogenic potential of other PAHs in humans is
less certain, and many other PAHs that are suspected carcinogens, such as benz(a)anthracene, are
classified as Group 2B human carcinogens. Group 2B carcinogens are those that are considered possible
human carcinogens based on limited evidence in human studies, or inadequate evidence in human
studies but strong evidence in animal studies.

The mechanism of carcinogenicity among PAHSs is believed to be similar. However, the carcinogenic
potential differs between PAHs. Health Canada (2021b) recommends assessing exposures to mixtures of
carcinogenic PAHs according to the relative potency factors approach, also known as potency
equivalency factor approach, in which carcinogenic PAHs are adjusted for their carcinogenic potency
relative to benzo(a)pyrene (B(a)P). Concentrations of each compound are multiplied by their relative
potency factors and summed to give a B(a)P total potency equivalents (TPE), which represents the
carcinogenic potency of the entire mixture. The following relative potency factors were used in this HHRA:

e Benz(a)anthracene = 0.1

e Benzo(a)pyrene =1.0

e Benzo(b)fluoranthene = 0.1

e Benzo(g,h,i)perylene = 0.01

e Benzo(k)fluoranthene = 0.1

e Chrysene =0.01

e Dibenz(a,h)anthracene = 1.0
e Fluoranthene = 0.001

¢ Indeno (1,2,3-c,d)pyrene = 0.1
e Phenanthrene = 0.001

The final B(a)P TPE is then compared to the chronic carcinogenic exposure limit for B(a)P.

The US EPA (2017) developed a IUR for benzo(a)pyrene of 0.0006 (ug/m®)* based on a study by
Thyssen et al. (1981). Thyssen et al. (1981) exposed groups of Syrian golden hamsters to
benzo(a)pyrene in air. Exposure-related neoplasms were found in the nasal cavity, larynx, pharynx,
esophagus, and forestomach. Health Canada (2021b) cited this IUR of 0.0006 (ug/m?3)?, which equates to
a RSC of 0.017 ug/m3at a 1 in 100,000 (1 x 10°®) risk level. Therefore, this IUR and resulting RSC were
selected as the TRVs for B(a)P TPE.
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7.2.4.1.5 Metals and Minerals

Arsenic, Beryllium, Cadmium, Chromium VI, Nickel

Arsenic, beryllium, cadmium, chromium VI, and nickel have been detected in geological samples from the
PA. Consequently, these metals are anticipated to be present in dust (as particulate) generated by
various Project activities. Health Canada (2021) has provided inhalation unit risks for arsenic, beryllium,
cadmium, and chromium VI based on lung cancer and for nickel based on lung, nasal, kidney, prostate,
and buccal cavity cancers. Health Canada (2021) also provided chronic non-cancer tolerable
concentrations for beryllium (based on immunotoxicity and respiratory toxicity) and chromium VI (based
on respiratory tract toxicity). These Health Canada (2021b) values were adopted as the TRVs for
inhalation for these metals in this HHRA.

Chrysotile Asbestos

The term asbestos encompasses several types of naturally-occurring fibrous minerals, the most common
of which is chrysotile asbestos. Asbestos may be found in rocks (e.g., ultramafic rock) and may be
released when those rocks are broken or crushed. Asbestos may also be released to the environment
due to natural weathering and erosion. Once it is released, asbestos may become suspended in air for
long periods where it may subsequently be inhaled. Historically, methods for quantifying asbestos in air
have included both mass-based methods that results in mass-based units (e.g., pg/m?) and counting
methods that result in fibre-based units (e.g., fibres/cm?). The counting methods are considered more
responsive, because samples with masses that are too low to be accurately weighed can still be
amenable to counting (National Research Council (US), 1984). However, the methods used to count
fibres may result in considerable variability. For example, counts made by phase contrast microscopy are
limited to asbestos fibers longer than 5 pm and >0.4 pm in diameter and will produce lower values than
counts made using electron microscope, which can detect much smaller fractions (US EPA, 2020).
Therefore, when evaluating toxicity of asbestos based on fibre-based units, it is important to specify the
applicable analytical technique. The TRVs for asbestos relied on in this HHRA are based on fiber counts
made by phase contrast microscopy, in accordance with US EPA (2020).

In 2020, the US EPA released a risk evaluation for chrysotile asbestos, assessing its carcinogenicity
based on five epidemiological study cohorts that analyzed lung cancer and mesothelioma (US EPA,
2020). The evaluation highlighted a long latency period for the onset of asbestos-related respiratory
diseases. Consequently, the US EPA concluded that individuals exposed to asbestos earlier in life might
be at a higher risk of developing respiratory problems than those exposed later. To address this, the EPA
developed a worst-case inhalation unit risk (IUR) of 0.16 (fibres/cm3)~* for a lifetime of exposure starting
at birth. They also created a table of ‘less than lifetime’ IURs, showing decreased cancer risk with
increased age at first exposure and/or reduced duration of exposure. For example, the IUR for someone
exposed to chrysotile asbestos for 40 years starting at age two is 1.30 x 10 (fibres/ cm®)* while the IUR
for someone exposed to chrysotile asbestos for 40 years starting at age 20 is reduced by more than half
to 4.86 x 1072 (fibres/ cm3)™* (US EPA, 2020). For this HHRA, the worst-case IUR based on an assumed
lifetime of exposure starting at age zero from US EPA (2020) of 0.16 (fibres/ cm®)*was adopted for initial
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risk characterization. This is equal to a risk specific concentration of 6.25 x 10 fibres/cm? at the
1in 100,000 risk level for a lifetime of exposure.

Crystalline Silica (Quartz in PM1o)

Crystalline silica is mineral commonly found in the earth's crust. Acute and chronic exposures of humans
to crystalline silica via inhalation have been associated with various respiratory effects ranging from
respiratory irritation, cough, and shortness of breath to chronic bronchitis, emphysema, silicosis and lung
cancer (OEHHA, 2005). An acute (24-hour) reference exposure level for crystalline silica (including
quartz, cristobalite, tripoli, and tridymite) was published by TCEQ in 2020 based on pulmonary
inflammation and cytotoxicity (TCEQ, 2020). This value was considered appropriate for assessing risk to
human health based on acute exposure to crystalline silica (quartz in PM10) via inhalation in this HHRA. In
2005, OEHHA released a chronic toxicity summary for respirable crystalline silica that is applicable to
silicon dioxide, quartz, tridymite, and cristobalite. In this summary, OEHHA (2005) derived a chronic
inhalation reference exposure level of 3 pg/m?® of respirable crystalline silica based on silicosis as the
critical effect. Although crystalline silica has been classified as a Class 1 known human carcinogen, no
IUR has been identified for this parameter (OEHHA, 2005). The correlation between exposure to
crystalline silica and silicosis is better understood than the correlation between exposure to crystalline
silica and lung cancer, and there is evidence that silicosis can be a precursor to lung cancer following
crystalline silica exposure (Sato, Shimosato, & Klinman, 2018). Therefore, in the absence of an applicable
IUR, the OEHHA reference exposure level was considered appropriate for assessing risk to human health
based on chronic exposure to crystalline silica (quartz in PMuo) via inhalation in this HHRA.

7.2.4.1.6 Summary

The health-based inhalation exposure limits and TRVs applied in this HHRA are summarized in Table 7.3
and Table 7.4, respectively.
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Table 7.3 Inhalation Exposure Limits for Criteria Air Contaminants
Chemical of Exposure Exposure
Potential P?ariod Limi?( /m?) Critical Effect Reference
Concern H9
Acute (1-hour) 200 Respiratory effects (WHO, 2021)
Nitrogen Acute (24-hour) 252 Mortality and respiratory effects (WHO, 2021)
Dioxide (NOz2) Chronic . (WHO, 2021)
(Annual) 10 Mortality
A 10- . Health
Sulphur rcnlﬁﬁjt(e)o 175 Respiratory effects ( eaztOl%i;lada,
Dioxide (SO -
loxide (SO2) Acute (24-hour) 402 Respiratory effects (WHO, 2021)
Particulate Acute (24-hour) 152 Mortality (WHO, 2021)
Matter (Fine) Chronic . (WHO, 2021)
(PMzs) (Annual) ° Mortality
Particulate Acute (24-hour) 452 Mortality (WHO, 2021)
Matter . (WHO, 2021)
(Coarse) ihrom(l: 15 Mortality
(PMi0) (Annual)
Note:

a. 99th percentile of the annual distribution of 24-hour average concentrations (equivalent to 3-4 exceedance
days per year)
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Table 7.4 Inhalation Toxicological Reference Values
Toxicological Reference Value
Non-
Carcinogenic Carcinogenic
Inhalation
Chemical of Tolerable Risk Specific Unit Risk
Potential Exposure | Concentration | Concentration (IUR)
Concern Period (TC) (ug/m3) | (RSC) (ug/m3) | (ug/m3)1 | Critical Effect Reference
Volatile Organic Compounds
1,3-Butadiene | Acute 660 pg/ms3 - - Developmental | OEHHA (2013)
(1-hour) effects
Chronic 2 pg/ms3 - - Ovarian
(Annual) atrophy US EPA (2002b)
Chronic - 1.7 pg/ms3 5.9 x 106 Leukemia Health Canada
(Annual) (ng/m3)1 (2024)
Acetaldehyde? | Acute 1420 pg/m3 - - Respiratory Health Canada
(1-hour) effects (2017a)
Chronic 280 pg/ms3 - - Olfactory Health Canada
(Annual) epithelial (2017a)
degeneration
in the nasal
cavity of rats
Benzene Acute 580 pg/m?3 - - Blood toxicity | TCEQ (2015)
(1-hour) (bone marrow
depression)
Acute (24- | 30 pg/m?3 - - Blood toxicity | ATSDR (2007)
hour) (bone marrow
depression)
Chronic - 0.6 pg/ms 1.6 x 105 Leukemia Health Canada
(Annual) (ug/m3)1 (2021b)
Formaldehyde? | Acute 50 ug/m3 - - Eye and nose | TCEQ (2008)
(1-hour) irritation
Chronic 11 pg/ms3 Eye, nasal, TCEQ (2008)
(Annual) and lower
airway
discomfort
Diesel Particulate Matter
Diesel Acute (2- | 10 pg/m?3 Respiratory Health Canada
particulate hour) effects (2016b)
matter i .
Chronic 5 pug/m3 Respiratory Health Canada
(Annual) effects (2016b)
Chronic See Equation 7-2 Lung cancer Health Canada
(Annual) mortality (2022a)
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Toxicological Reference Value
Non-
Carcinogenic Carcinogenic
Inhalation
Chemical of Tolerable Risk Specific Unit Risk
Potential Exposure | Concentration | Concentration (IUR)
Concern Period (TC) (ug/m3) | (RSC) (ug/m3) | (ug/m3)1 | Critical Effect Reference
PAHs
Naphthalene Chronic 10 pg/m3 Nasal effects Health Canada
(Annual) (hyperplasia (2021b)
and metaplasia
in respiratory
and olfactory
epithelium,
respectively)
Benzo(a)pyrene | Chronic 0.002 pg/m3 Developmental | Health Canada
(Annual) effects (2021b)
Aromatic Co- Chronic 200 pg/m? Liver and TPHCWG (1997)
Cie® (Annual) kidney effects
Benzo(a)pyrene | Chronic 0.017 pg/ms3 0.0006 Cancer Health Canada
TPE® (Annual) (g/m3)1 (tumours of the | (2021b)
upper
gastrointestinal
tract and upper
respiratory
tract)
Metals and Minerals
Arsenic Chronic 0.0016 pg/m3 | 0.0064 Cancer (lung) | Health Canada
(Annual) (ug/m3)1 (2021b)
Beryllium Chronic 0.02 Immunotoxicity | Health Canada
(Annual) and respiratory | (2021b)
toxicity
Chronic 0.0042 pg/ms3 0-002§' . Cancer (lung) | Health Canada
(Annual) (ug/m3y (2021b)
Cadmium Chronic 0.0024 pg/m3 | 0.0042 Cancer (lung) | Health Canada
(Annual) (ug/m3)1 (2021b)
Chromium VI Chronic 0.1 Respiratory Health Canada
(Annual) tract toxicity (2021b)
Chronic 0.00013 pg/m?® | 0.076 Cancer (lung) | Health Canada
(Annual) (ug/m3)1 (2021b)
Nickel Chronic 0.0077 pg/m3 | 0.0013 Cancer (lung, | Health Canada
(Annual) (ng/m3)1 nasal, kidney, | (2021b)
prostate,
buccal cavity)
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Toxicological Reference Value
Non-
Carcinogenic Carcinogenic
Inhalation
Chemical of Tolerable Risk Specific Unit Risk

Potential Exposure | Concentration | Concentration (IUR)

Concern Period (TC) (ug/m3) | (RSC) (ug/m3) | (ug/m3)1 | Critical Effect Reference
Chrysotile Chronic 6.25 x 10 0.16 Cancer (lung US EPA (2020)
asbestos (Annual) fibres/cm?3 (fibres/ cm3)- | and

1 mesothelioma)
Crystalline silica | Acute (24- | 24 pg/m3 Respiratory TCEQ (2020)
(Quartz) (in hour) inflammation
PMyg)ad i S
Chronic 3 pg/ms3 Silicosis OEHHA (2005)
(Annual)
Notes:

a  Non-carcinogenic tolerable concentration is also considered protective of carcinogenic effects for
acetaldehyde, formaldehyde, and crystalline silica
b Sum of acenaphthene, acenaphthylene, anthracene, fluoranthene, fluorene, naphthalene, phenanthrene,

pyrene

¢ B(a)P total potency equivalents (TPE) calculated by summing concentrations of carcinogenic PAHs, adjusted

by applying total potency equivalents (TPE)

d  TRVs reported here for crystalline silica are applicable to the occupationally defined respirable fraction, which
has a 50% cut-point at 4 um particle aerodynamic diameter and represents a subfraction of total PMio.
Therefore, comparison of modelled crystalline silica (quartz in PM1o) concentrations to these TRVs is a
protective approach that will marginally overestimate potential risks.

TC - Tolerable Concentration the acceptable concentration of an airborne chemical for which the primary route of

exposure is inhalation

RSC - Risk-specific concentration calculated to be equivalent to an incremental lifetime cancer risk (ILCR) of

1in 100,000 (1 x 10-°) based on lifetime exposure where RSC (ug/m?) = (1 x 10-%)/[IUR (ug/m?)-1]

7.2.4.2 Oral Toxicological Reference Values

Oral TRVs established by Health Canada (2021b) and US EPA IRIS (2024) were primarily relied on in the
multimedia evaluation. When oral TRVs were not available from Health Canada or the US EPA, oral
TRVs from ATSDR, Netherlands and CalEPA were relied on. The values derived by ATSDR are chronic
minimal risk levels and are lower than the levels of a chemical that may cause adverse health effects to
sensitive populations. The oral TRVs for non-carcinogenic and carcinogenic metals are provided in

Table 7.5.
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Table 7.5 Oral Toxicological Reference Values
Toxicological Reference Values
Threshold Non-Threshold
Tolerable | Carcinogenic | Non-Carcinogenic
Daily
Intake
Chemical (TDI) Slope Factor
Of Potential (mg/kg- SF (mg/kg- Risk Specific Dose
Concern day) day)? (mg/kg-day) Critical Effect Reference
Antimony 0.0004 Not applicable | Not applicable Decreased lifespan and blood | US EPA
glucose levels, and altered IRIS
cholesterol levels (2024a)
Arsenic 0.0003 1.8 Not applicable Threshold: Dermal toxicity US EPA
(inorganic*) (lesions, disease) IRIS
Non-Threshold: Cancer (2024a)
(bladder, lung, liver) Health
Canada
(2021b)
Barium 0.2 Not applicable | Not applicable Kidney toxicity Health
(lesions) Canada
(2021b)
Beryllium 0.002 Not applicable | Not applicable Gastrointestinal toxicity (Health
(lesions) Canada,
2021b)
Cadmium 0.0008 Not applicable | Not applicable Kidney toxicity (kidney Health
function) Canada
(2021b)
Chromium 1.5 Not applicable | Not applicable No effects observed at any Health
(Total) dose level Canada
(2021b)
TRV for
trivalent
chromium
selected.
Cobalt 0.003 Not applicable | Not applicable Increased blood cell count. ATSDR
No chronic value provided. (2023)
Modified from subchronic oral
minimum risk level (MRL).
Copper 0.426 Not applicable | Not applicable Gastrointestinal toxicity and Health
liver toxicity (liver function) Canada
(2021b)
Lead Not Not applicable | 0.0005** Neurodevelopmental toxicity Health
applicable (cognitive function) Canada
(2021b)
Manganese 0.025 Not applicable | Not applicable Neurodevelopmental toxicity Health
Canada
(2021b)
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Toxicological Reference Values
Threshold Non-Threshold
Tolerable | Carcinogenic | Non-Carcinogenic
Daily
Intake
Chemical (TDI) Slope Factor
Of Potential (mg/kg- SF (mg/kg- Risk Specific Dose
Concern day) day)? (mg/kg-day) Critical Effect Reference
Molybdenum | 0.005 Not applicable | Not applicable Increased uric acid US EPA
levels IRIS
(2024a)
Nickel 0.05 Not applicable | Not applicable Endocrine effects in the (RIVM,
pancreas and thyroid 2001)
Selenium Infant: Not applicable | Not applicable Hair and nail brittleness and Health
0.0055 loss Canada
Toddler: (2021b)
0.006
Child:
0.0063
Teen:
0.0062
Adult:
0.0057
Silver 0.005 Not applicable | Not applicable Dermal toxicity (discoloration | US EPA
of the skin) IRIS
(2024a)
Thallium 1.4E-05 Not applicable | Not applicable Not available CalEPA
DW
(CalEPA,
1999) in
MECP
(2011b)
Uranium 0.0006 Not applicable | Not applicable Kidney toxicity Health
(lesions) Canada
(2021b)
Vanadium 0.001 Not applicable | Not applicable No significant human health ATSDR
effects. No chronic value (2012)
provided. Modified from
subchronic oral MRL.
Zinc Infant: Not applicable | Not applicable Cellular damage Health
0.49 Canada
Toddler: (2021b)
0.48
Child: 0.51
Teen: 0.54
Adult: 0.57
Notes:
* Qrganic arsenic compounds (e.g., arsenocholine and arsenobetaine) found in most fish have been determined
to be relatively non-toxic (Health Canada, 2006b)
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Toxicological Reference Values
Threshold Non-Threshold
Tolerable | Carcinogenic | Non-Carcinogenic
Daily
Intake
Chemical (TDI) Slope Factor
Of Potential (mg/kg- SF (mg/kg- Risk Specific Dose
Concern day) day)? (mg/kg-day) Critical Effect Reference

** Based on the available scientific literature, no threshold could be established for the identified critical effect for
lead (neurodevelopmental toxicity). As such, (Health Canada, 2021b) guidance identifies a provisional TRV of
0.0005 mg/kg-day, which is the benchmark dose level where the change in response is likely to be smaller than
1% (BMDLo1) from EFSA (EFSA, 2013).

7.3 Exposure Assessment

The main objective of the exposure assessment is to develop a quantitative estimate of exposure for
human receptors to each CoPC, based on CoPC concentrations in environmental media and receptor
characteristics.

7.3.1 Receptor Characterization

Generic physical characteristics (i.e., body weight, soil ingestion rate, inhalation rate, skin surface area,
and soil loading to skin) were selected from Health Canada (2017b) and Health Canada (2021a), and are
provided in Table E-4, Appendix E. Because there are no permanent residences within the LSA, it is
unlikely that receptors would spend 100% of their time within the LSA. However, because it is possible
that people could spend more than 90 days per year at the seasonal camps and cottages, exposures at
these locations are considered chronic exposures. Consistent with Health Canada (2021a), initial risk
calculations assume an exposure term of 1, which implies that receptors are exposed continuously to
media - 24 hours per day, 7 days per week, 52 weeks per year for an assumed lifetime of 80 years.

No distinction was made between time spent indoors and time spent outdoors. This means that the CoPC
concentrations in air estimated for each receptor location were assumed to be the same indoors and
outdoors. This approach assumes that inhalation exposures to CoPC happens on a 24-hour per day
basis and is not limited to the time a person spends outdoors. Receptors were assumed to be exposed to
the exposure point concentrations (EPCs) for the appropriate exposure averaging periods (e.g., 1-hour,
24-hour, annual average) for each CoPC.

Receptors were conservatively assumed to obtain all of their wild meat, fish, berries, and aquatic plants
from watersheds within the LSA. This conservative assumption is consistent with Health Canada (2023a)
guidance and likely overestimates actual consumption since community and Indigenous engagement
indicates that people source their country foods from locations beyond the LSA.

Generic consumption rates for traditional food (i.e., amount of food eaten in a day) are not provided by
Health Canada (2021a). Indigenous nations confirmed the traditional foods that they consumed within the
LSA, as discussed in Section 4. The consumption patterns identified by the Indigenous nations are
consistent with regional studies, discussed in more detail below.
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The First Nations Food, Nutrition & Environment Study (FNFNES) was co-led by principal investigators
from the Assembly of First Nations and researchers from the University of Ottawa and I'Universite de
Montreal. This study (Chan, et al., 2014) is a highly regarded source for traditional food consumption
information and provides estimates of traditional food intake for average and heavy consumers from 18
Indigenous communities in Ontario. As part of the FNFNES, communities were categorized by ecozone
and culture area. Within Ontario, there are three terrestrial ecozones: Boreal Shield, Hudson Plains and
Mixedwood Plains. As outlined in Chan et al. (2014), cultural areas “is an older concept developed by
anthropologists in the nineteenth century to identify geographic areas within which Indigenous
communities shared a greater number of traits/cultural affinities than from those outside the area. In
Ontario, there are two identified culture areas (Northeast and Subarctic)’. Using the identified ecozones
and culture areas, Indigenous communities in Ontario were categorized as part of the FNFNES into one
of four categories: Boreal Shield/Subarctic (Ecozone 1), Boreal Shield/Northeast (Ecozone 2), Hudson
Plains/Subarctic (Ecozone 3) and Mixedwood Plains/Northeast (Ecozone 4).

Information on traditional foods consumption from the Boreal Shield/Subarctic (Ecozone 1) was used in
the HHRA. The Boreal Shield was chosen because the spatial boundaries for the HHERA are located
within this ecozone. The Subarctic cultural area was selected based on the locations and boundaries of
the Indigenous nations involved in the Project-specific Indigenous Engagement program, the boundaries
of Treaty 9, and a comparison of traditional foods identified in the engagement program to those in the
FNFNES (Chan, et al., 2014).

The species and tissues chosen for inclusion in the assessment are representative of the most consumed
by receptor group. While not all species listed by First Nations could be included, the selected species are
among the most consumed and recognized as traditional foods, thus providing a reasonable upper bound
estimate of potential exposure for the receptor groups considered. For example, food consumption rates
of harvested species that were not included in Table 7.6 (e.g., black bear) are discussed in Section
7.5.8.2.

Because information on traditional food intake provided by Chan et al. (2014) was limited to Indigenous
adults, protective assumptions were made to estimate intake rates for other age groups and to apply the
study results to Indigenous and Recreational Receptors in the HHRA.

To estimate the daily intake rates of traditional foods consumed by younger age groups (i.e., for a toddler,
child, and teen), a life stage conversion factor was calculated using information provided by Richardson
(1997) for different food groupings. For example, the life stage conversion factor for wild meat for a teen
was calculated by dividing the average amount for the meat and eggs group for a teen by the average
amount from the meat and eggs group for an adult. This life stage conversion factor was then multiplied
by the traditional foods consumption rate for adults to calculate the different consumption rate for the
various age groups. Although some people may introduce foods, such as berries, to infants between five
and six months of age, this is not considered a substantive source of exposure and it was assumed that
an infant would not consume traditional foods.

Since Indigenous Receptors are assumed to harvest and consume higher levels of traditional foods than
non-Indigenous members of the population, the values for the heavy consumer (i.e., the 95™ percentile
grams of traditional food per day) from Chan et al. (2014) provided the basis for Indigenous Receptors,
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with the exception of fish. The average consumer fish consumption rate provided by Chan et al. (2014) for
an adult was used for the Indigenous Receptor as it is considered unlikely that a heavy consumer of fish
would obtain all of their fish from the three watersheds. The fish consumption rate is discussed further in
the uncertainty section.

Recreational Receptors are assumed to harvest and consume smaller amounts of traditional foods.
Health Canada (2007) provides fish consumption rates for the general population for adults, toddlers and
children which were used in the HHRA. In the absence of federal consumption rates for the general
population for foods other than fish, the values for the average consumer from Chan et al. (2014) were
used. Food consumption rates for different traditional foods and age groups are provided in Table 7.6.
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Table 7.6 Food Consumption Rates
Parameter ‘ Units ‘ Infant ’ Toddler ‘ Child ‘ Teen ’ Adult ‘ Reference/Explanation?®?
Indigenous Receptors
Local Wild Life stage conversion factor
Meat - g/day N/A 5.2E+01 | 7.4E+01 | 1.0E+02 | 1.0E+02 | calculated based on the average
Moose? amount of meat and eggs for the
age group (toddler — 86 g/day,
Local Wild child — 123 g/day and teen — 170
Meat - Deer g/day N/A 5.9E+00 | 8.4E+00 | 1.2E+01 | 1.1E+01 g/day) (Richardson, 1997) and
the average amount for the adult
Local Wild (166 g/day) (Richardson, 1997).
Meat - g/day | N/A | 6.9E+00 | 9.9E+00 | 1.4E+01 | 1.3E+01 | Receptors were assumed to
Rabbit obtain 100% of their wild meat
from within the LSA.
Local Wild
Meat - g/day N/A 5.7E-01 | 8.2E-01 | 1.1E+00 | 1.1E+00
Beaver
,\'A‘ggf" \S’ﬂgk g/day | N/A | 6.2E+00 | 8.9E+00 | 1.2E+01 | 1.2E+01
Local Wild
Meat - g/day N/A 1.7E+01 | 2.4E+01 | 3.3E+01 | 3.2E+01
Goose
Local Wild
Meat - g/day N/A 6.2E+00 | 8.9E+00 | 1.2E+01 | 1.2E+01
Grouse
Local Fish | g/day | N/A | 1.8E+01 | 2.8E+01 | 3.3E+01 | 3.5E+01 | Life stage conversion factor
calculated based on the average
amount of fish and shellfish for
the age group (toddler — 56
g/day, child — 90 g/day and teen
— 104 g/day) (Richardson, 1997)
and the average amount for the
adult (111 g/day) (Richardson,
1997).
Receptors were assumed to
obtain 100% of their fish from
within the LSA.
wild g/day | N/A | 2.6E+01 | 3.0E+01 | 2.9E+01 | 2.8E+01 | Life stage conversion factor
Vegetation calculated based on the average
Intake - amount of fruits and juices for
Berries the age group (toddler — 234
g/day, child — 268 g/day and
teen — 258 g/day) (Richardson,
1997) and the average amount
for the adult (245 g/day)
(Richardson, 1997). Receptors
were assumed to obtain 100% of
berries from the LSA.
wild g/day N/A 3.1E+00 | 4.5E+00 | 5.5E+00 | 6.3E+00 | Life stage conversion factor
Vegetation calculated based on the average
Intake — amount of Other vegetables for
Aquatic the age group (toddler — 67
Vegetation g/day, child — 98 g/day and teen
— 120 g/day) (Richardson, 1997)
= ANADA NICKEL
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Parameter Units | Infant | Toddler Child Teen Adult Reference/Explanation?®?
(e.g., cattails, and the average amount for the
wild rice)* adult (137 g/day) (Richardson,
1997). Receptors were assumed
to obtain 100% of aquatic plants
from the LSA.
Recreational Receptor
Local Wild Life stage conversion factor
Meat - g/day N/A 1.3E+01 1'91E+0 2‘7f+0 2'61E+0 calculated based on the average
Moose? amount of meat and eggs for the
) age group (toddler — 86 g/day,
Local Wild glday N/A 1 9E+00 2.7E+0 | 3.7E+0 | 3.6E+0 |  pild— 123 g/day and teen — 170
Meat - Deer 0 0 0 g/day) (Richardson, 1997) and
i the average amount for the adult
Lo&ila\{v_”d giday | N/A | 1.8e+00 | 26E+0 | 3.6E+0 | 3.5E+0 | (166 g/day) (Richardson, 1997).
Rabbit 0 0 0 Receptors were assumed to
- obtain 100% of their wild meat
Local Wild from within the LSA.
Meat - g/day N/A 1.5E-01 | 2.1E-01 | 3.0E-01 | 2.9E-01
Beaver
+ + +
I\'A‘g;f‘! \I’Dvﬂgk g/day | N/A | 2.5E+00 3'5(')5 0 4'95 0 4'8(')5 0
Local Wild
Meat - giday | NA | 51E+00 | [3E0 | LOE+O | 9.9E+0
0 1 0
Goose
Local Wild
Meat - glday N/A 1 3E+00 1.8E+0 | 2.6E+0 | 2.5E+0
0 0 0
Grouse
Local Fish g/day N/A 1.0E+01 | 1.4E+0 | 2.2E+0 | 2.2E+0 | The ingestion rates provided by
1 1 1 Health Canada 2007 were
selected for the toddler, child
and adult. In the absence of an
ingestion rates for the teen, the
adult ingestion rate was used.
Receptors were assumed to
obtain 100% of their fish from
within the LSA.

Wwild g/day N/A 5.7E+00 | 6.5E+0 | 6.3E+0 | 6.0E+0 | Life stage conversion factor
Vegetation - 0 0 0 calculated based on the average
Berries amount of fruits and juices for

the age group (toddler — 234
g/day, child — 268 g/day and
teen — 258 g/day) (Richardson,
1997) and the average amount
for the adult (245 g/day)
(Richardson, 1997). Receptors
were assumed to obtain 100% of
berries from the LSA.
wild g/day N/A 1.0E+00 | 1.5E+0 1.8E+0 | 2.1E+0 | Life stage conversion factor
Vegetation — 0 0 0 calculated based on the average
Aquatic (e.g., amount of Other vegetables for
the age group (toddler — 67
g/day, child — 98 g/day and teen
= ANADA NICKEL
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Parameter Units | Infant | Toddler Child Teen Adult Reference/Explanation?®?
cattails, wild — 120 g/day) (Richardson, 1997)
rice)* and the average amount for the

adult (137 g/day) (Richardson,
1997). Receptors were assumed
to obtain 100% of aquatic plants
from the LSA.

Note:

1In Table 10b of Chan et al. (2014), traditional food intake rates are provided by category (e.g., game meat,
plants) but also for the top three species per category (e.g., moose, deer and rabbit). When the sum of the
traditional food intake rates for the individual species per category was greater than the total per category (e.g.,
sum of moose, deer and rabbit was greater than total game meat), the individual food intake rates were used.
When the total per category was greater than the sum of the individual species (e.g., total fish was greater than
sum of walleye and northern pike), the total per category was used.

2The intake rates for beaver meat were selected from Appendix F of Chan et al. (2014).
3 The intake rate for the moose is the sum of moose meat and moose organ intakes.

4 Aguatic plants, such as cattails and wild rice, may be consumed by the identified receptors. Based on information
provided by Chan et al. (2014), wild rice was identified as the third most consumed plant within Ecozone 1.
Therefore, the consumptions rate for wild rice was used as a surrogate for aquatic plants. In addition, in the
absence of measured data for wild rice, measured data for cattails were used.

N/A — Not applicable

7.3.2 Inhalation Exposures

The inhalation exposure limits and TRVs presented in Section 7.2.4.1 are expressed based on chemical
concentrations in air (e.g. ug/mq) rather than as doses on a per body weight basis (mg/kg-day). As a
result, potential human health risks associated with inhalation exposures to CoPC are characterized by
comparing the predicted CoPC concentration in air with the corresponding TRVs (Section 7.2.4.1).
Inhalation TRVs are provided for specified exposure durations (e.g. 1-hour, 2-hour, 24-hour, annual
average).

As noted in Section 6.1, the locations evaluated in the air quality dispersion modelling that are pertinent to
the HHRA include the modelled mine boundary and sensitive and representative receptor locations
selected to represent places where people are likely to be present and could be exposed to emissions
from the Project. Given the land use restrictions to be imposed by Canada Nickel within the modelled
mine boundary (including receptor locations R2, R3, and R4) and at receptor locations R1 and R5 (see
Section 6.1), the eight sensitive and representative receptor locations located outside the modelled mine
boundary (R6, R7, R8, R9, R10, R11, R12, and R13) are considered representative of areas where
people are most likely to be present for chronic exposure periods and overnight stays. Outside of these
areas, exposure is anticipated to be short-term and transient. Therefore, evaluation of chronic exposure
(and risk) will be applicable only for the eight sensitive and representative receptor locations located
outside the modelled mine boundary (R6, R7, R8, R9, R10, R11, R12, and R13) and acute exposure (and
risk) may occur elsewhere outside the modelled mine boundary. Given that the TRVs are provided for
specified exposure durations, it is not necessary to adjust the predicted CoPC concentrations in air prior
to comparison with the respective TRVs. Rather, The CoPC concentrations for the various exposure
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averaging periods (1-hour, 2-hour, 24-hour, annual average) can be compared directly to the respective
TRVs to estimate the potential inhalation health risk for these receptor groups.

As such, the exposure values used in the risk characterization are based on the maximum modelled air
concentrations at the modelled mine boundary and at the Sensitive and Representative Receptor
Locations described in Section 6.1.

7.3.3 Multimedia Exposures

Exposure equations provided by Health Canada (2023a) were used to calculate exposure estimates for
each multimedia CoPC quantitatively evaluated in the HHRA. The equations used to calculate exposure
estimates are shown in Appendix C. As discussed in Section 7.3.1, as per Health Canada (2021a), initial
risk calculations assume an exposure term of 1, which implies that receptors are exposed continuously to
media - 24 hours per day, 7 days per week, 52 weeks per year for an assumed lifetime of 80 years.

Exposure estimates were calculated for the different receptors (Indigenous and Recreational Receptors),
the five modelled locations (i.e., TMF Seepage and Runoff Collection Ponds, Collection Pond 1,
Collection Pond 2 Collection Pond 3 and JC1 Pourpoint) within the three watersheds, and three different
scenarios (Baseline, Project Alone and Baseline Plus Project). For the Baseline Scenario, exposure
estimates were calculated using measured baseline data (where available) or calculated using the uptake
factor approach or dietary exposure modelling. Baseline Plus Project Scenario were calculated using
terrestrial exposure estimates that incorporate the combined metal accumulation in the soil from
deposition over the life of the Project (which occurs after Year 40, following construction and operations),
and surface water exposure estimates based on points of full mixing and the JC1 Pourpoint (modelled to
occur at various times over the life of the Project, depending on FDP and parameter).

When estimating exposure to arsenic in fish tissue, it was assumed that arsenic existed only in its
inorganic form, which is more toxic to humans. This assumption was made even though fish tissues
typically contain organic arsenic compounds (e.g., arsenocholine and arsenobetaine), which have been
determined to be relatively non-toxic (Health Canada, 2006b). In a study conducted by CFIA in 2018/2019
(CFIA, 2019), total and inorganic arsenic concentrations were measured in 92 domestic fish samples from
local and regional retail locations from six cities across Canada. The fish samples were found to have low
average levels of inorganic arsenic. Total arsenic was detected in each of the 92 samples with an
average concentration of 1027 ug/kg, while inorganic arsenic was only detected in 56 samples with an
average concentration of 1.31 pg/kg. Based on these results, inorganic arsenic made up a small portion
(approximately 0.1%) of the arsenic analyzed in fish (the remaining being organic arsenic). A worked
example, including equations, for an Indigenous toddler exposed to arsenic within the North Driftwood
River watershed (TMF Ponds) for the Baseline Scenario is provided in Appendix C. Exposure estimate
summary tables are provided in Appendix E.
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Receptor characteristics, such as ingestion rates and body weights, are presented in Section 7.3.1 and
Appendix E. The EPCs for soil, surface water, wild terrestrial vegetation (i.e., berries), wild aquatic
vegetation (i.e., cattails), wild meat, and fish tissue for the Baseline, Project Alone and Baseline Plus
Project Scenarios are presented in Section 6. Although EPCs for other terrestrial plants (e.g., Labrador
tea) are available, Chan et al. (2014) indicate less than 10% of the population consumes this type of
vegetation. As a result, consumption of other terrestrial plants is discussed in Section 7.5.8.3.

The RAF is used to account for bioavailability, which represents the amount of the chemical that is
absorbed in the body and becomes available to target organs and tissues. This is most commonly used in
the assessment of dermal dose, since dermal TRVs are rare and oral toxicity benchmarks are most often
used to assess dermal risks. In these cases, dermal RAFs are applied to reflect dermal bioavailability
relative to the oral route. For exposure calculations involving oral ingestion and inhalation of particulates,
the RAFs were set to a default of 100% or 1.0. This is based on the conservative assumption that the
bioavailability of the chemical in the assessment is equivalent to the bioavailability of the chemical in the
toxicity study used to derive the TRV. Selected dermal absorption factors from Health Canada (2021b)
and MECP (2011b) are shown in Table E-5, Appendix E.

7.4 Risk Characterization

The quantitative risk characterization compares the estimated exposures to the CoPC for each of the
receptors with the toxicity reference values. This typically involves the calculation of either hazard
guotients (HQ) or incremental lifetime cancer risks (ILCR), which can be calculated using the following
general equations from Health Canada (2023a).

Equation
Direct HQ = Estimated Exposure (ug/kg bw/day) 7-3
Contact TDI (ug/kg bw/day)
Hazard
Quotient
(HQ) HO = Air Concentration (ug/m3) x Fraction of Time Exposed Equation
) TC (ug/m?) 7-4
Inhalation
Equation
Direct ILCR = Lifetime Average Daily Dose (ng/kg bw/day) 7-5
Incremental | contact x SF (ug/kg bw/day)~
Lifetime
Cancer
Risk (ILCR) ]
Inhalati ILCR = Air Concentration (ug/m3) x Fraction of Time Exposed Equation
nhalation
x IUR (ug/m3)~1 7-6
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For chemicals with a threshold mode of action, Health Canada (2023a) considers a target HQ of 1.0 to be
applicable if all potential exposure media and pathways are considered, including background dietary
intake. Where an HHRA evaluates only project-related exposures (excluding background estimated daily
intake for sources not related to the project, including consumer products, food, air, and water), a target
HQ of less than or equal to 0.2 is deemed negligible to compensate for the exposures not taken into
consideration (Health Canada, 2023a). Health Canada (2023a) indicates that if the calculated HQ is
greater than the applicable target (0.2 or 1.0, as described above), further consideration is warranted to
either reduce uncertainty in the risk assessment or identify mitigation measures to reduce exposure to
contaminants for which the applicable target HQ was exceeded.

For chemicals with a carcinogenic mode of action, Health Canada (2023a) indicates that only Project-
related exposures are to be considered in the ILCR calculation. Health Canada (2021a) considers an
ILCR of less than one in one hundred thousand (1 x 10°°) to be essentially negligible. Health Canada
(2023a) indicates that further examination of the potential risk is recommended if the calculated ILCR is
greater than 1 x 10°5.

For lead, an I1Q decrement less than 1 is considered acceptable (Health Canada, 2021b). Conversely, if
the 1Q decrement is greater than 1 there may be a potentially unacceptable risk to human health.

Specific approaches applied to assess risk due to exposure via inhalation, ingestion, and dermal contact
pathways are described in further detail below.

7.4.1 Human Health Risk Via Inhalation

74.1.1 Methods

Inhalation exposure limits and TRVs applicable to the evaluation of Project-related effects on air quality
were identified in Section 7.2.4.1, above and are summarized in Table 7.3 and Table 7.4.

These values include inhalation exposure limits (ELs) for criteria air contaminants with non-carcinogenic
non-threshold effects as well as standard TRVs including TCs applicable to threshold effects and IURs
applicable to carcinogenic effects. For chemicals with a carcinogenic mode of action, Table 7.4 also
includes RSCs calculated to be equivalent to an ILCR of 1 in 100,000 (1 x 10°) assuming a lifetime (80
years) of continuous exposure based on the IUR where RSC (ug/m?) = (1 x 10°)/[IUR (ug/m®)1]. As such,
for CoPCs with an EL, TC, or RSC identified in Table 7.3 or Table 7.4 it is possible to calculate exposure
ratios (ERs) using modelled air concentrations where:

Exposure Ratio (ER) _ Modelled Air Concentration (ug/m?3)
(unitless) - EL, TC, or RSC (ug/m?3)

Equation 7-7

For criteria air contaminants with non-threshold modes of action, it is acknowledged that the ELs are not
equivalent to TRVs and therefore adverse effects to health may occur even when the ER is less than one.
However, for CoPCs for which TCs applicable to threshold effects or inhalation unit risks (IURs)
applicable to carcinogenic effects have been identified, the ERs calculated according to Equation 7-7 can
be interpreted according to Health Canada (2023a) guidance for CoPCs with threshold and non-threshold
(carcinogenic) modes of action as described below.
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e Threshold Effects: For CoPCs with a threshold mode of action, the ER is equivalent to the HQ
described in Equation 7-4 and can be compared to a benchmark of 1.0 where background air
concentrations are available and to a benchmark of 0.2 if background air concentrations are not
available per Health Canada (2023a).

e Non-threshold (Carcinogenic) Effects: For CoPCs with a non-threshold carcinogenic mode of
action, the ER provides an indication of whether the ILCR described in Equation 7-6 would meet the
target ILCR of one in one hundred thousand (1 x 10 assuming a lifetime of exposure to that
concentration (i.e., fraction of time exposed is assumed to be equal to 1.0). As such, if the ER for
a particular non-threshold carcinogen for a Project Alone scenario is less than 1.0, this indicates
that the ILCR is essentially negligible and generally no further assessment is considered necessary.
However, if the ER for the Project Alone scenario is greater than 1.0, additional risk characterization
may be required to more accurately account for the less than lifetime duration of the applicable
Project phase by adjusting the ‘fraction of time exposed’ in the ILCR calculation described in
Equation 7-6. For the assessment of carcinogenic effects, the risk-specific concentrations (and the
ER) are only applicable to the Project Alone scenario as they were developed to address cancer
risks that are above existing conditions (i.e., the ILCR). There are no regulatory benchmarks of
acceptable or tolerable cancer risk for existing incidences of cancers. Therefore, exposure ratios
for carcinogens for Baseline and Baseline Plus Project Scenarios are provided for context, but are
not compared to the target of 1.0.

Therefore, the first step applied to characterize health risk associated with the inhalation pathway for
CoPCs with an EL, TC, or RSC identified in Table 7.3 or Table 7.4 was to calculate ERs to evaluate the
maximum modelled air concentrations at the modelled mine boundary described in Section 6.1. Although
the modelling results described in Section 6.1 include predictions made with and without plume depletion,
ERs are calculated using values modelled without plume depletion, unless otherwise noted. This
assumption will protectively overestimate exposures given that concentrations of particulate and CoPCs
in particulate are expected to be depleted from plumes as they travel from source to receptor due to
deposition on surfaces such as vegetation and structures. Predictions considering plume depletion may
be discussed as an additional refinement in the risk characterization, if required.

For CoPCs with threshold and non-threshold (carcinogenic) modes of action, if the ERs are less than the
applicable target (1.0 or 0.2, as defined above) at the modelled mine boundary described in Section 6.1,
this indicates that the ER is also less than the applicable target (1.0 or 0.2, as defined above) for that
CoPC in the LSA area outside the modelled mine boundary. In such cases, human health risk related to
inhalation of that CoPC was considered acceptable and further assessment of risk related to inhalation of
that CoPC was not required.

(&) canaon Nicke 161 () stantec



Crawford Nickel Project Technical Data Report — Human Health and Ecological Risk Assessment
7 Human Health Risk Assessment
November 22, 2024

The second step applied to characterize health risk associated with the inhalation pathway therefore
focused on further assessment of risk for:

e Criteria Air Contaminants with non-threshold modes of action, and

e CoPCs with threshold and non-threshold (carcinogenic) modes of action for which an ER greater
than the applicable target (1.0 or 0.2, as defined above) was identified using the maximum
modelled concentrations from the modelled mine boundary

For these parameters, further assessment or risk will focus on predicted health risks at the eight receptor
locations located outside the modelled mine boundary considered representative of areas where people
are most likely to be present (i.e., R6, R7, R8, R9, R10, R11, R12, and R13, as described in Section 6.1)

In addition, in the absence of a defined IUR that could be used to define an RSC for DPM, the second
step of risk characterization for the inhalation pathway includes an evaluation of the potential for cancer
risks due to exposure to DPM using the formula described in Equation 7-2, above.

7.4.1.2 Construction Phase

7.4.1.2.1 Exposure Ratios at the Modelled Mine Boundary and Human Receptor Locations

Exposure ratios (ERs) based on the maximum modelled air concentrations at the modelled mine
boundary assuming no plume depletion for each human health CoPC in air during Project construction
are presented in Table 7.7. In Table 7.7, specific CoPCs and exposure durations are identified as
requiring a more detailed evaluation of the significance of the estimated risk if one of the following
conditions was met:

e For ERs based on a threshold effect endpoint (EL or TC), the ER for Baseline, Project Alone, or
Baseline Plus Project is greater than 1.0 (if a baseline concentration is available) or greater than
0.2 (in the absence of applicable baseline data).

e For ERs based on a non-threshold effect endpoint (RSC), the Project Alone values are greater
than 1.0. Baseline and Baseline Plus Project Scenarios are not compared to a threshold of 1.0 in
this case as the RSC is based on a target ILCR relative to baseline conditions.

In addition, further evaluation was identified as applicable for diesel particulate matter to evaluate cancer
risks based on an additional lung cancer mortality (ALCM) calculation.

Therefore, the analysis presented in Table 7.7 indicated that a more detailed evaluation of the significance
of potential risk outside the modelled mine boundary was required for:

e PMz2s (24-hour and annual),

e  PMuo (24-hour and annual),

e Chrysotile asbestos (annual), and

e DPM (annual)
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As such, exposure estimates and ERs for this subset of CoPCs and averaging periods are provided in
Table 7.8 for the eight receptor locations outside the modelled mine boundary where people are most likely
to be present (i.e., R6, R7, R8, R9, R10, R11, R12, and R13 as discussed in Section 6.1). The exposure
estimates and ERs in Table 7.8 are provided for model results with and without plume depletion. As
described in Section 6.1, model results generated without plume depletion will protectively overestimate
exposures given that concentrations of particulate and CoPCs in particulate are expected to be depleted
from plumes as they travel from source to receptor due to deposition on surfaces such as vegetation and
structures. In contrast, the model results with plume depletion may be considered as a more realistic

refinement.

Further interpretation of the results presented in Table 7.7 and Table 7.8 are provided in

Section 7.4.1.2.2.

Table 7.7

Exposure Ratios based on Maximum Predicted Ground Level Concentrations

Along Modelled Mine Boundary During Construction Assuming No Plume

Depletion

Maximum Exposure Ratio (ER) 2
(Without Plume Depletion)

Chemical of Potential Endpoint Baseline Plus
Concern Exposure Period Type Baseline Project Alone Project
Criteria Air Contaminants
Nitrogen Dioxide (NO,)°¢ Acute (1-hour) EL 0.027 0.67 0.7
Acute (24-hour) EL 0.088 0.52 0.61
Chronic (Annual) EL 0.033 0.32 0.35
Sulphur Dioxide (SO,) Acute (10-minute) EL 0.049 0.21 0.26
Acute (24-hour) EL 0.054 0.0012 0.055
Particulate Matter (Fine) Acute (24-hour) EL 0.83 0.34 1.2
(PMz3) Chronic (Annual) EL 12 0.16 14
Particulate Matter (Coarse) Acute (24-hour) EL 0.29 0.96 1.2
(PMao) Chronic (Annual) EL 0.55 0.41 0.96
Volatile Organic Compounds
1,3-Butadiene Acute (1-hour) TC 0.002 0.000026 0.0021
Chronic (Annual) TC 0.28 0.000077 0.28
Chronic (Annual) RSC 0.33 0.000091 0.33
Acetaldehyde Acute (1-hour) TC ND 0.0012 0.0012
Chronic (Annual) TC ND 0.000048 0.000048
Benzene Acute (1-hour) TC 0.0021 0.00049 0.0026
Acute (24-hour) TC 0.016 0.0011 0.017
Chronic (Annual) RSC 0.62 0.0042 0.62
Formaldehyde Acute (1-hour) TC ND 0.1 0.1
Chronic (Annual) TC ND 0.0038 0.0038
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Maximum Exposure Ratio (ER) 2P
(Without Plume Depletion)
Chemical of Potential Endpoint Baseline Plus
Concern Exposure Period Type Baseline Project Alone Project
Diesel Particulate Matter
Diesel particulate matter Acute (2-hour) TC 0.019 0.21 0.23
Chronic (Annual) TC 0.0036 0.0052 0.0088
Chronic (Annual) Other See text See text See text
PAHs
Naphthalene Chronic (Annual) TC ND 0.00031 0.00031
Benzo(a)pyrene Chronic (Annual) TC 0.0051 0.000045 0.0051
Aromatic Cg-C¢ Chronic (Annual) TC 0.000017 0.000017 0.000034
Benzo(a)pyrene TPE® Chronic (Annual) RSC 0.00098 0.000021 0.001
Metals and Minerals
Arsenic Chronic (Annual) RSC 0.8 0.031 0.83
Beryllium Chronic (Annual) TC 0.039 0.00015 0.039
Chronic (Annual) RSC 0.19 0.00073 0.19
Cadmium Chronic (Annual) RSC 0.11 0.0005 0.11
Chromium VI Chronic (Annual) TC ND 0.00000015 0.00000015
Chronic (Annual) RSC ND 0.00011 0.00011
Nickel (in PMg) Chronic (Annual) RSC 0.22 0.18 0.39
Chrysotile asbestos Chronic (Annual) RSC 16 2.9 19
Crystalline silica (Quartz) (in Acute (24-hour) TC 0.041 0.086 0.13
PMso) Chronic (Annual) TC 0.14 0.042 0.18

Notes:
a.

as described below:

Bolding and shading indicates that a more a more detailed evaluation of the significance of the estimated risk is required

i.  For ERs based on exposure limit (EL) or tolerable concentration (TC), bolding and shading indicates that the ER for
Baseline, Project Alone, or Baseline Plus Project is greater than 1.0 (if a baseline concentration is available) or greater
than 0.2 (in the absence of applicable baseline data).

ii. For ERs based on a risk specific concentration (RSC), bolding and shading indicates that Project Alone values are
greater than 1.0. Baseline and Baseline Plus Project Scenarios are not compared to a threshold of 1.0 in this case as

the RSC is based on a target incremental lifetime cancer risk (ILCR) relative to baseline conditions.

iii. For diesel particulate matter, cancer risks will be evaluated using an additional lung cancer mortality (ALCM)

calculation.

For NO,, SO,, PM,s, and PMyy, the 24-hour exposure limit is based on the 99" percentile of the annual distribution of 24-

hour average concentrations (equivalent to 3-4 exceedance days per year). Therefore, the ERs for these CoPCs for the 24-
hour period are based on the 99™ percentile of the annual distribution of 24-hour average concentrations at the location with
the maximum predicted ground level concentrations for that CoPC.

¢ NO, concentrations modelled using the Ambient Ratio Method (ARM2) method, which applies a varying ambient ratio of
NO; to total NOy in the atmosphere to calculate NO, concentrations based on modelled NOy concentrations. For further
details see Chapter 12 of the Impact Statement (Assessment of Potential Effects on the Atmospheric Environment).

Sum of acenaphthene, acenaphthylene, anthracene, fluoranthene, fluorene, naphthalene, phenanthrene, pyrene

B(a)P total potency equivalents (TPE) calculated by summing concentrations of carcinogenic PAHSs, adjusted by applying
total potency equivalents (TPE)

EL - Exposure Limit; ND — No Data; RSC - Risk Specific Concentration; TC - Tolerable Concentration
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Table 7.8 Exposure Estimates and Exposure Ratios During Construction at Human Receptor Locations Outside the Modelled Mine Boundary for CoPCs and Exposure Durations Identified as Requiring Further Risk
Evaluation Based on Predicted Exposure Concentrations at Modelled Mine Boundary (With and Without Plume Depletion)
Concentrations (ug/m? or fibres/cm3)? Exposure Ratios (ERs)?®
EL. TC, or RSC® Without Plume Depletion With Plume Depletion Without Plume Depletion With Plume Depletion
Chemical of (ng/mé or fibres/cm?3) Baseline Plus Baseline Plus Baseline Plus Baseline Plus
Potential Concern Exposure Period Receptor a Baseline Project Alone Project Project Alone Project Baseline Project Alone Project Project Alone Project

Particulate Matter Acute R6 15 12 0.49 13 0.17 13 0.83 0.03 0.86 0.01 0.84
(Fine) (PMz.5) (24-hour) R7 11 13 0.38 13 0.07 0.90 0.03 0.85
R8 15 14 0.62 13 0.10 0.93 0.04 0.87

R9 1.9 14 0.73 13 0.12 0.95 0.05 0.88

R10 0.51 13 0.18 13 0.03 0.86 0.01 0.84

R11 0.52 13 0.16 13 0.03 0.86 0.01 0.84

R12 0.52 13 0.16 13 0.03 0.86 0.01 0.84

R13 0.50 13 0.16 13 0.03 0.86 0.01 0.84

Chronic (Annual) R6 5 6.2 0.03 6.2 0.01 6.2 1.2 0.006 1.2 0.002 1.2

R7 0.05 6.3 0.03 6.2 0.011 1.3 0.005 1.2

R8 0.08 6.3 0.04 6.2 0.017 1.3 0.009 1.2

R9 0.10 6.3 0.04 6.2 0.019 1.3 0.009 1.2

R10 0.03 6.2 0.01 6.2 0.006 1.2 0.002 1.2

R11 0.03 6.2 0.01 6.2 0.005 1.2 0.002 1.2

R12 0.03 6.2 0.01 6.2 0.006 1.2 0.002 1.2

R13 0.03 6.2 0.01 6.2 0.006 1.2 0.002 1.2

Particulate Matter Acute R6 45 13 43 17 15 15 0.29 0.10 0.39 0.03 0.32
(Coarse) (PMio) (24-hour) R7 9.5 23 3.4 16 0.21 0.50 0.08 0.37
R8 13 26 5.6 19 0.29 0.58 0.12 0.42

R9 16 29 6.5 20 0.35 0.64 0.14 0.44

R10 4.6 18 1.7 15 0.10 0.39 0.04 0.33

R11 45 18 15 15 0.10 0.39 0.03 0.32

R12 45 18 15 15 0.10 0.39 0.03 0.32

R13 4.4 17 1.5 15 0.10 0.39 0.03 0.32

Chronic (Annual) R6 15 8.3 0.24 8.5 0.09 8 0.55 0.02 0.57 0.01 0.56

R7 0.45 8.7 0.24 9 0.03 0.58 0.02 0.57

R8 0.69 9.0 0.38 9 0.05 0.60 0.03 0.58

R9 0.79 9.1 0.37 9 0.05 0.60 0.02 0.58

R10 0.23 8.5 0.09 8 0.02 0.57 0.01 0.56

R11 0.22 8.5 0.08 8 0.01 0.57 0.01 0.56

R12 0.26 8.5 0.10 8 0.02 0.57 0.01 0.56

R13 0.25 8.5 0.10 8 0.02 0.57 0.01 0.56
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EL, TC, or RSC?

Concentrations (ug/m? or fibres/cm?)?2

Exposure Ratios (ERs)?¢

Without Plume Depletion

With Plume Depletion

Without Plume Depletion

With Plume Depletion

Chemical of (ng/m3 or fibres/cm?) Baseline Plus Baseline Plus Baseline Plus Baseline Plus
Potential Concern Exposure Period Receptor a Baseline Project Alone Project Project Alone Project Baseline Project Alone Project Project Alone Project
Chrysotile Asbestos Chronic (Annual) R6 6.3E-05 1.0E-03 8.9E-06 1.0E-03 3.3E-06 1.0E-03 16 0.14 16 0.05 16
(units are fibres/cm?) R7 1.6E-05 1.0E-03 6.5E-06 1.0E-03 0.26 16 0.10 16

R8 2.5E-05 1.0E-03 1.1E-05 1.0E-03 0.41 16 0.17 16

R9 3.4E-05 1.0E-03 1.4E-05 1.0E-03 0.54 17 0.23 16

R10 8.6E-06 1.0E-03 3.2E-06 1.0E-03 0.14 16 0.05 16

R11 8.2E-06 1.0E-03 3.1E-06 1.0E-03 0.13 16 0.05 16

R12 9.8E-06 1.0E-03 3.6E-06 1.0E-03 0.16 16 0.06 16

R13 9.7E-06 1.0E-03 3.5E-06 1.0E-03 0.15 16 0.06 16

Diesel particulate Chronic (Annual) R6 NA 1.8E-02 1.3E-03 1.9E-02 4.6E-04 1.8E-02 NA NA NA NA NA
matter R7 2.5E-03 2.1E-02 1.1E-03 1.9E-02 NA NA NA NA
R8 4.3E-03 2.2E-02 1.9E-03 2.0E-02 NA NA NA NA

R9 4.8E-03 2.3E-02 2.0E-03 2.0E-02 NA NA NA NA

R10 1.3E-03 1.9E-02 4.5E-04 1.8E-02 NA NA NA NA

R11 1.2E-03 1.9E-02 4.2E-04 1.8E-02 NA NA NA NA

R12 1.4E-03 1.9E-02 4.7E-04 1.8E-02 NA NA NA NA

R13 1.3E-03 1.9E-02 4.6E-04 1.8E-02 NA NA NA NA

Notes:

iii.
¢ For PM,s, and PMyy, the 24-hour exposure limit is based on the 99" percentile of the annual distribution of 24-hour average concentrations (equivalent to 3-4 exceedance days per year). Therefore, the exposure concentrations and ERs for these CoPCs for the 24-hour period are based on the 99"
percentile of the annual distribution of 24-hour average concentrations at the location with the maximum predicted ground level concentrations for that CoPC.
EL - Exposure Limit; ND — No Data; RSC - Risk Specific Concentration; TC - Tolerable Concentration; NA — Not Applicable

For ERs based on exposure limit (EL) or tolerable concentration (TC), bolding and shading indicates that the ER for Baseline, Project Alone, or Baseline Plus Project is greater than 1.0 (if a baseline concentration is available) or greater than 0.2 (in the absence of applicable baseline data).

For ERs based on a risk specific concentration (RSC), bolding and shading indicates that Project Alone values are greater than 1.0. Baseline and Baseline Plus Project Scenarios are not compared to a threshold of 1.0 in this case as the RSC is based on a target incremental lifetime cancer
risk (ILCR) relative to baseline conditions.

Units are pg/m? for all CoPCs except for chrysotile asbestos, for which the RSC and concentrations are reported as fibres/cm?.

For diesel particulate matter, cancer risks will be evaluated using an additional lung cancer mortality (ALCM) calculation.

Bolding and shading indicates that a more a more detailed evaluation of the significance of the estimated risk is required as described below:
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74122 Risk Evaluation for Individual CoPCs

As described above additional risk evaluation for the construction phase was not required for CoPCs with
a threshold or carcinogenic mode of action for which the ERs presented in Table 7.7 were less than their
applicable target. Therefore, health risks associated with inhalation of these CoPCs in the LSA/RSA are
expected to be negligible as defined by Health Canada (2023a).

However, further risk evaluation was required for the construction phase for the following CoPCs:
e Criteria air contaminants

— CoPCs with threshold or carcinogenic modes of action with ERs greater than their applicable
target (1.0 or 0.2, as described in Section 7.2.1) in Table 7.7, i.e.,chrysotile asbestos

e Diesel particulate matter (DPM)

Further discussion of each the potential for health risks due to inhalation for each of these CoPCs is
provided below.

Criteria Air Contaminants (NO2, SOz, PMzs, and PMuo)

As described in Section 7.2.4.1.1, NO2, SOz, PM2s, and PMio are non-threshold contaminants. It is
acknowledged that any increase in exposure to these contaminants may result in adverse health effects.
Therefore, the increased ERs for these CoPCs related to the Project as shown in Table 7.7 may result in
increased adverse health risks.

However, the severity of effects increases incrementally with exposure concentration and exposure
duration. Most of the exposure limits for these CoPCs identified in Table 7.3 are WHO ambient air quality
guidelines. According to WHO (2021), these guidelines represent the lowest level of exposure for which
there is evidence of adverse health effects. It is assumed that adverse health effects do not occur or are
minimal below this concentration level (WHO, 2021). The only exposure limit for a criteria air contaminant
identified in Table 7.3 that is not a WHO ambient air quality guideline is the acute 10-minute exposure
limit for SO2, which is considered by Health Canada (2016c) to be protective of respiratory effects in
humans, including sensitive populations like people with asthma. Therefore, adverse health effects are
also considered to be minimal below this concentration level.
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As such, the ERs less than 1.0 for criteria air contaminants calculated for the Baseline Plus Project
Scenario in Table 7.7 are considered to represent negligible or minimal health risks. For criteria air
contaminants and averaging periods for which an ER greater than 1.0 is presented in Table 7.7,
additional rationale to discuss the potential for human health risks due to inhalation of Project-related
emissions of these CoPCs is provided below:

e Particulate Matter (PM1o and PMzs). The ERs for the Baseline Plus Project scenario during Project
construction based on the maximum predicted ground level concentration along the modelled mine
boundary for PM2s (24-hour and annual) and PMio (24-hour) were greater than 1.0 (Table 7.7).
The isopleths for the Baseline Plus Project scenario during Project construction of these
parameters for these exposure periods during construction are provided in Figures A.6 to A.8,
Appendix A and the ERs for these parameters for the Baseline Plus Project scenario during Project
construction specific to the receptor locations where people are expected to be regularly present
during Project Construction are provided in Table 7.8.

For PM2s (24-hour), PM1o (24-hour), and PM1o (annual), ERs were less than 1.0 at each of the
evaluated sensitive receptor locations outside the modelled mine boundary (Table 7.8). Given that
these ERs were calculated based on comparison to guidelines considered to represent “the lowest
level of exposure for which there is evidence of adverse health effects” per WHO (2021), adverse
health effects due to exposure to PM2s (24-hour), PM1o (24-hour), and PM1o (annual) are expected
to be negligible at these receptor locations.

For PMzs (annual), the Baseline Concentration of 6.2 pg/m?is already greater than the WHO (2021)
annual average PM2s guideline of 5 ug/m?®. As such, the ER for baseline conditions was 1.2 (Table
7.7, Table 7.8). As shown in Figure A.7, Appendix A, the spatial extent where modelled PM2s
concentrations increase by greater than 0.5 pg/m?® (i.e., less than 10% of the pre-existing
background concentration) is limited to areas north and east of the modelled mine boundary (< 2
km from the modelled mine boundary). These areas do not overlap with any of the sensitive
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