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19.0 ASSESSMENT OF POTENTIAL ENVIRONMENTAL EFFECTS 
ON HUMAN AND ECOLOGICAL HEALTH 

Human and ecological health was selected as a valued component (VC) for assessment because 
of its inherent importance to the wellbeing of humans and the natural environment, and to satisfy 
regulatory requirements. This assessment evaluates the change in health to humans and 
populations of ecological receptors that could result from exposure to chemicals of potential 
concern (COPC) released during the construction, operation and closure phases of the Project. 
Project emissions include releases into the terrestrial, aquatic and atmospheric environment that 
may change the concentrations of COPCs in the environment (air, water, soil, sediment and 
country foods). These Project emissions could change the exposures for people and ecological 
receptors with potential consequences to their health. 

Human and ecological health is linked to the following VCs: 

• atmospheric environment (Chapter 7.0) - the emission of Project-related chemicals to the air 
can affect air quality. Changes in air quality can, in turn, alter exposures for human and 
ecological receptors resulting in potential changes in health. The deposition of Project 
generated dust to soil may contribute to changes in soil quality which may, in turn, alter 
exposures for human and ecological receptors thereby altering the health risks associated with 
soil-related exposures. The deposition of Project generated dust may also contribute to 
changes in surface water quality, thereby altering the health risks associated with water-related 
exposures for human and ecological receptors. 

• groundwater (Chapter 9.0) - changes in groundwater quality can affect people that use the 
groundwater as a drinking source and have a potential effect on the aquatic environment 
where it discharges into the surface water. 

• surface water (Chapter 10.0) - discharges and runoff from Project operation may release COPCs 
into groundwater and surface water. A change in surface water quality may affect human and 
ecological receptors that use surface water from the Project area as a source of drinking water. 
Chemicals in the water may further partition to the sediment. As a result, in addition to having a 
potential effect on receptors that live in surface water (e.g., fish), there may also be effects on 
those that live in the sediment associated with that surface water (e.g., benthic invertebrates). 
Changes in sediment quality may result in changes in chemical concentrations in benthic 
invertebrates, which in turn, may result in changes in chemical concentrations in the tissue of fish 
or other biota that feed on benthic invertebrates. Changes in chemical concentrations in fish 
tissue could affect the human and ecological receptors that consume the fish. Changes in 
surface water quality may also affect terrestrial ecological receptors (e.g., moose) that drink the 
water and may led to changes in the chemical concentrations in the tissue of these animals. 
Changes in chemical concentrations in the tissues of terrestrial animals may also affect humans 
and ecological receptors that consume these animals. 
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• fish and fish habitat (Chapter 11.0) - effluent discharge into Kenogamisis Lake and non-point 
sources of discharge from waste rock and tailings areas may result in changes in fish tissue 
metal concentrations. Since fish are captured and consumed by people, there is a link to 
human health. Likewise, fish may be consumed by other fauna.vegetation communities 
(Chapter 12.0) - vegetation health may be affected by dust deposition which could also 
affect organisms that ingest this vegetation. 

• wildlife and wildlife habitat (Chapter 13.0) - atmospheric emissions and water discharges 
(effluent and seepage) from Project activities can add concentrations of parameters of 
potential concern in ambient air, soil, surface water and sediment which in turn may affect 
the health of wildlife. 

• land and resource use (Chapter 16.0) and traditional land and resource use (Chapter 18.0) - 
changes in chemical uptake in vegetation, animals or fish can affect human health through 
direct consumption. 

This VC relies on the risk characterization completed as part of the human health and ecological 
risk assessment (HHERA) to determine if there is a change to human health and ecological 
health, respectively. HHERA is a tool used to estimate the magnitude of potential health risks to 
human and ecological receptors resulting from exposure to Project-related emissions. The HHERA 
technical data report is provided as “Technical Data Report: Hardrock Project – Human Health 
and Ecological Risk Assessment” (HHERA TDR; Appendix F8). 

19.1 SCOPE OF ASSESSMENT 
The HHERA is based on Health Canada’s guidance framework for evaluating human health and 
the Canadian Council of Ministers of the Environment (CCME), Environment and Climate 
Change Canada (ECCC) and the Ontario Ministry of the Environment and Climate Change 
(MOECC) guidance frameworks for evaluating ecological health. The assessment of potential 
changes in human health included the assessment of potential exposures for Aboriginal and 
non-Aboriginal people including sensitive members of the population (e.g., toddlers). 

Potential health risks to workers employed by the Project that live or enjoy recreational activities 
near the Project are assessed in the HHERA. While on the site, however, the health of mine 
workers is protected by occupational health and safety standards, codes and regulations 
established by various provincial and federal governments; thus, occupational health and safety 
is not addressed in the scope of this assessment. 

19.1.1 Regulatory and Policy Setting 

19.1.1.1 EIS Guidelines and ToR Requirements 

The environmental effects assessment for HHERA has been prepared in accordance with the 
requirements of the federal Environmental Impact Statement (EIS) Guidelines (Appendix A1) and 
provincial Terms of Reference (ToR;Appendix A2). Concordance tables demonstrating how EIS 
Guidelines and ToR requirements have been considered are provided in Appendix B. 
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19.1.1.2 Provincial and Federal Regulations 

The Project is located in the province of Ontario where public health is the responsibility of the 
Ontario Minister of Health in accordance with the Health Protection and Promotion Act. Health 
Canada’s mandate includes the protection of human health from exposure to chemicals in the 
environment. Ecological health is the responsibility of multiple regulatory institutions including the 
MOECC, CCME, and ECCC. 

The scope of the Human and Ecological Health VC satisfies the requirements under the 
provincial Environmental Assessment Act (EAA) and the Canadian Environmental Assessment 
Act, 2012 (CEAA 2012), which considers the potential Project effects to human and ecological 
health. The assessment of the Human and Ecological Health VC relies on the HHERA TDR 
(Appendix F8). The HHERA TDR follows guidance frameworks published by Health Canada, the 
MOECC, and CCME as follows: 

• Federal Contaminated Sites Risk Assessment in Canada, Part I: Guidance on Human Health 
Risk Preliminary Quantitative Risk Assessment, Version 2.0 (Health Canada 2012) 

• Federal Contaminated Sites Risk Assessment in Canada, Part II: Health Canada Toxicological 
Reference Values and Chemical-Specific Factors, Version 2.0 (Health Canada 2010c) 

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

• Federal Contaminated Site Risk Assessment in Canada: Supplemental Guidance on Human 
Health Risk Assessment for Country Foods (HHRAFoods) (Health Canada 2010b) 

• A Framework for Ecological Risk Assessment – Canadian Council of Ministers of the 
Environment (CCME 1996) 

• Procedures for the Use of Risk Assessment under Part XV.1 of the Environmental Protection 
Act (Ontario Ministry of the Environment (MOE) 2005) 

• Rationale for the Development of Soil and Groundwater Standards for Use at Contaminated 
Sites in Ontario (MOE 2011) 

• Federal Contaminated Sites Action Plan (FCSAP) (Environment Canada 2012). 

Other than the guidance documents from CCME, Health Canada, and ECCC mentioned above, 
there are no known federal requirements applicable to human and ecological health in the 
context of an HHERA conducted for an environmental assessment (EA). Statutes and regulations 
applicable to fish, vegetation and wildlife (including migratory birds and species at risk) are 
discussed separately in Chapters 11.0 (fish and fish habitat VC), 12.0 (vegetation communities VC) 
and 13.0 (wildlife and wildlife habitat VC), respectively. 
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19.1.2 Influence of Consultation on the Identification of Issues and the 
Assessment Process 

Consultation has been ongoing prior to and throughout the EA process, and will continue with 
government agencies, local Aboriginal communities, and stakeholders through the life of the 
Project. Chapter 3.0 (community and stakeholder consultation) provides more detail on the 
consultation process covering open houses, site visits, targeted meetings, newsletters, 
questionnaires, presentations, and capacity funding for technical reviews and community-based 
studies among other areas. The Record of Consultation (Appendix C) includes detailed 
comments received during the development of the Draft EIS/EA. As part of the information 
sharing throughout the consultation process, Project-related information was provided by 
Aboriginal communities in the form of traditional knowledge (TK) and traditional land and 
resource use (TLRU) studies and other forms of information sharing. This information was 
considered in the environmental effects assessment as described in Section 19.1.3. 

Consultation feedback related to human health and ecological risk has been addressed through 
direct responses (in writing and follow up meetings), updates to baseline information, and in the 
Final EIS/EA, as appropriate. An overview of the key comments that influenced the human health 
and ecological risk effects assessment between the Draft and Final EIS/EA is provided below. 

Incorporation of Aboriginal Community Considerations 

Aboriginal communities and agencies noted the importance of including information identified 
through traditional knowledge studies; in particular how dietary assumptions for Aboriginal 
communities were developed (including consideration of fish consumption), and inclusion of 
Aboriginal receptors in the assessment. In addition, information from key consultation with 
Aroland First Nation (AFN) and Long Lake #58 First Nation (LLFN) representatives was used to 
refine the assumptions used in establish country food collection and consumption patterns 
where data were provided (see Section 19.1.3). 

Toxicological Reference Values for Inhalation Exposure 

LLFN requested additional information relating to the toxicity reference values (TRVs) used to 
assess the potential human health risks associated with inhalation exposures to Project-related 
chemicals and justification of the use of ambient air quality criteria (AAQC) as TRVs. 

In response to the request from the LLFN, the AAQC used to assess inhalation risks were 
reviewed. For non-metals, the TRVs that are directly based on human health were retained. 
These include TRVs for nitrogen dioxide (NO2-1 hour and 24 hour), sulphur dioxide (SO2-24 hour), 
carbon monoxide (CO), particulate matter less than 10 micrometres in diameter (PM10), 
particulate matter less than 2.5 micrometres in diameter (PM2.5), hydrogen cyanide, calcium 
oxide and dolomite. The TRV for SO2 (1-hour) was revised to be consistent with recommendations 
from the British Columbia Ministry of the Environment, whereas TRVs for NO2 (annual) and  
PM10 (annual) to assess these respective chemicals for annual exposure. 
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Inhalation TRVs were added for assessing exposure to 1,3-butadiene, benzene, acrolein, 
formaldehyde and carcinogenic polyaromatic hydrocarbons (PAHs). These airborne 
contaminants were not assessed in the draft version of the HHERA TDR (Appendix F8), but the 
results of air modelling indicate they may be emitted due to the Project. 

In the HHERA TDR (Appendix F8), non-carcinogenic risks due to inhalation of metals are only 
evaluated for exposure to annual concentrations, which represents a chronic exposure. The 
primary source for these TRVs, or reference concentrations (RFCs), was the MOECC Rationale 
document (MOE 2011) because that guidance is specific to Ontario. Where appropriate TRVs 
were not available from MOECC, then TRVs for metals were selected from guidance from the 
United States (U.S.) Environmental Protection Agency (EPA), the California EPA and The 
Netherlands National Institute for Public Health and the Environment. Non-carcinogenic TRVs were 
revised for antimony, beryllium, chromium, mercury, nickel, selenium, uranium and zinc. Although 
the MOECC provides AAQC for short term exposure (e.g., 1-hour, 24-hour) these benchmarks are 
based on a number of air quality modelling assumptions and conversions that do not reflect the 
dose response curves of the toxicological studies for the individual metals. Because the short-term 
(1-hour and 24-hour) ambient air quality objectives are not based on the toxicology of the 
individual metals, these shorter-term exposure periods have not been used to assess potential 
human health risks. For metals, the inhalation TRVs represent yearly-averaged daily inhalation 
exposure limits. Therefore, the assessment of potential human health risks associated with the 
inhalation of particulate-bound metal has been based on comparisons between the predicted 
annual average metal concentrations and the TRVs for the individual metals. 

The selection of TRVs for the ingestion/dermal contact exposure pathways is discussed in the 
HHERA TDR (Appendix F8) and is consistent with guidance from the MOECC and Health Canada. 

The MOECC and the Canadian Environmental Assessment Agency (CEA Agency) also 
requested additional information regarding the selection of TRVs and determination of 
magnitude. 

In response, toxicological information related to the TRVs was provided in HHERA TDR  
(Appendix F8) and include information regarding the magnitude and units of the selected TRV, 
the source agency, the type of TRV and the carcinogenicity of the compound. In addition, the 
toxicological endpoint was also included. 

Inclusion of Small Mammal Data 

Aboriginal communities requested surveys to determine large mammal toxicity. There is little 
practical justification for sacrificing these animals for the collection of small tissue samples for use 
in establishing baseline metal concentrations. However, in response to comments received from 
LLFN and AFN, a small mammal toxicity study was undertaken in the fall of 2016. Trapping and 
analysis of small mammals (e.g., mice, voles) is a common and straightforward method to 
establish baseline levels in mammals. It avoids the need to sacrifice larger mammals and avoids 
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the sampling biases/contamination that may arise from sampling game tissue provided by 
hunters. The results of the small mammal sampling are provided in Section 3.5.7 of the HHERA TDR 
(Appendix F8). These whole body concentrations were adopted as Baseline Case 
concentrations in small mammals and were also directly adopted as Baseline Case 
concentrations in wild meat (i.e., moose tissue). The measured small mammal data replaced the 
modelled Baseline Case concentrations in moose tissue estimated using existing media 
concentrations and uptake factors from the US EPA. The reasons for selecting the small mammal 
data to represent concentrations in moose tissue are noted below: 

• The data are site-specific and special care was taken to avoid metal contamination. 

• The data are representative of herbivorous mammals in LAA. 

• The data consist of whole body analysis including organs and bones; local Aboriginal 
communities indicated they consume more than just moose flesh and concentrations in 
organs and bones should also be considered in the HHERA. 

• Stakeholders requested that the small mammal data be used to inform the concentrations in 
moose tissue. 

• In many cases (e.g., including for arsenic) the measured values in small mammals from the 
LAA are higher or comparable to concentrations in moose flesh or moose organs reported in 
two studies of Ontario moose: 

o First Nations Food, Nutrition and Environment Study (FNFNES): Results from Ontario 
(2011/2012) (Chan 2014) - Moose tissue and organ samples were submitted by First 
Nation communities across Ontario.  

o Nokiiwin Tribal Council Country Foods Study (CanNorth, 2016)- Moose tissue and organ 
samples submitted by 4 First Nation communities near Lake Nipigon. 

GGM recognizes that Aboriginal communities are interested in participating in a moose health 
(i.e., tissue sampling) monitoring study in the region. Given the large ranges of these animals and 
mandate of the Ministry of Natural Resources and Forestry (MNRF), GGM will participate in an 
MNRF-led study with local Aboriginal communities during Project operation. 

Consideration of Background Garden Produce Consumption 

The MOECC requested justification as to why the Typical Residential Receptor for exposure via 
vegetation and backyard produce was not assessed in the Draft EIS/EA. 

In response, a qualitative approach was used to exclude vegetation and backyard produce 
consumption from the HHERA TDR as a human health pathway (refer to Section 4.5.3 of 
Appendix F8). Changes in exposure that occur through the consumption of backyard produce, 
and vegetation in general, are driven by changes in metal concentrations in soil. Changes in 
metal concentrations at the locations in Geraldton with the maximum predicted dustfall are less 
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than 1%. Maximum changes in metal concentrations both inside and outside the Project 
development area (PDA) are less than 3% and most changes are less than 1%. Project-related 
changes in soil concentration are small, therefore Project-related changes in vegetation would 
also be small. Therefore, the exclusion of this pathway from the risk assessment is not expected to 
affect the conclusions. 

For the purpose of this assessment, Geraldton is defined as the main community in the Ward of 
Geraldton, located north of Barton Bay on Kenogamisis Lake. Rosedale Point, located on the 
south shore of Barton Bay, is closer to the Project than Geraldton and has been assessed 
separately from Geraldton. 

Deposition of Dust 

MNRF, AFN, GFN, and the CEA Agency on behalf of LLFN requested an evaluation of the effect 
of dust deposition on surface water and potential subsequent uptake into fish, aquatic plants 
and sediment and the corresponding change in potential health risks for human and ecological 
receptors. 

In response, atmospheric modelling was updated to include receptors on Kenogamisis Lake to 
assess particulate and metals deposition. Locations of the receptors are presented on Figure 7-1 
of Chapter 7.0 (atmospheric environment VC). The results showed that dust deposition to the 
surface water of the lake has no measurable effect on predicted surface water quality.  

Potential Exposure to Chemicals in Tailings Management Facility Reclaim Pond 

AFN requested an evaluation of potential exposures of waterfowl to the tailings management 
facility (TMF) pond. Biigtigong Nishnaabeg also provided comments about health effects to 
wildlife, including moose and bears, from the TMF. Baseline Case and Future Case health effects 
for several aquatic and piscivorous avian species including the mallard duck, belted kingfisher 
and great blue heron were evaluated in the ecological risk assessment (ERA). It is unlikely that 
these birds would spend a substantial amount of time foraging in the TMF reclaim pond for the 
following reasons: 

• The mallard and great blue heron have home ranges of 40 to 1,400 hectares (0.4 to 14 km2) 
and 16.6 km2, respectively. These home ranges are much larger than the area of the TMF 
reclaim pond. 

• It is unlikely that the TMF reclaim pond would support populations of benthic invertebrates, 
aquatic plants or fish suitable for foraging and consequently, waterfowl receptors inhabiting 
the area around the PDA are expected to forage for food elsewhere and limit their 
presence in the TMF reclaim pond. 

• The TMF reclaim pond is not considered breeding habitat. 
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Waterfowl exposures to surface water in the TMF reclaim pond is anticipated to be limited to 
direct contact with the reclaim pond water as the birds alight and rest before moving on to 
adjacent water bodies that provide suitable habitat and/or food sources. As such, landing on 
the reclaim pond would not make a meaningful contribution to exposure for waterfowl or other 
piscivorous avian species that may come into contact with water in the TMF reclaim pond.  

19.1.3 Consideration of Aboriginal Information and Traditional Knowledge 

GGM understands the importance of human health and ecological risk to Aboriginal 
communities through information sharing during the consultation process (Chapter 3.0).  
Project-specific TK and TLRU studies (Appendix J) have been considered in Project planning 
including, baseline studies, alternatives, assessment approach, mitigation and monitoring where 
appropriate. However, only non-confidential TK and TLRU information is presented in the Final 
EIS/EA, where applicable to the Project, to respect the preferences of Aboriginal communities. 
An overview of the key Aboriginal information that influenced the human health and ecological 
risk effects assessment between the Draft and Final EIS/EA is provided below. 

AFN, Ginoogaming First Nation (GFN), Eabametoong First Nation (EFN), LLFN and Métis Nation of 
Ontario (MNO) noted the importance of including information identified through traditional 
knowledge studies, such as how dietary assumptions for Aboriginal communities were 
developed (including consideration of fish consumption), and inclusion of Aboriginal receptors in 
the assessment. 

Information from Aboriginal communities was used to refine the estimates of fish consumption 
from Kenogamisis Lake. The proportion of total fish intake that comes from Kenogamisis Lake has 
been increased from 10% to 100% in the Final EIS/EA. In addition to the increase in fish 
consumption from Kenogamisis Lake, the assessment was not limited to the consumption of fish 
fillet, but was expanded to include the consumption of whole fish to reflect members of the 
community who consume the entire fish. Baseline samples of Walleye fillet and liver were 
included in the whole-body consumption evaluation. 

Aboriginal communities noted that healthy and accessible lands and resources are relied upon in 
order to maintain the health of members through the consumption of a traditional diet and a 
connection to culture, traditions and land use. Potential changes to human health and 
ecological health as a result of COPCs are discussed in this chapter. Changes in TLRU are 
discussed further in Chapter 18.0. Aboriginal communities, such as AFN, Animbiigoo Zaagi'igan 
Anishinaabek, EFN, LLFN, GFN and MNO raised concerns with regard to chronic long-term health 
effects for Aboriginal peoples including effects from reduced water quality and ecosystem 
health, including contamination of fish, wildlife and waterfowl. The results predict that potential 
Project-related health effects are unlikely, though monitoring programs (e.g., water, air, fish tissue) 
are provided to evaluate the assumption adopted in the risk assessment. 
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19.1.4 Selection of Potential Environmental Effects and Measurable Parameters 

The selection of potential environmental effects to human and ecological health for the 
purposes of assessment is based on regulatory requirements, the expectations of government 
experts, professional judgment of the study team, recent EAs for mining projects in Ontario, and 
comments provided during consultation. The potential environmental effects selected for 
evaluation include: 

Change in human health – The construction, operation, and closure phases of the Project are 
anticipated to release COPCs into the environment. Direct and indirect exposure to these 
chemicals through inhalation, ingestion or dermal contact could affect human health. 

Change in ecological health – The construction, operation, and closure phases of the Project 
are anticipated to release COPCs into the environment. Direct and indirect exposure of 
ecological receptors to these chemicals through contact with environmental media and/or the 
ingestion of food, water, soil and sediment could affect ecological health. 

Measurable parameters are used to assess the potential for changes to human health and 
ecological health and are based on the risk characterization predictions derived in the HHERA 
TDR (Appendix F8). The measurable parameters used for the assessment of a change in human 
health are the concentration ratio (CR), hazard quotient (HQ) and incremental lifetime cancer 
risk (ILCR). For ecological health, the measurable parameters are the risk quotient (RQ) and 
screening ratio (SR). Technical details for the derivation of each measurable parameter are 
provided in the HHERA TDR (Appendix F8). Table 19-1 summarizes the environmental effects and 
measurable parameters used for this assessment. 
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Table 19-1: Potential Environmental Effects and Measurable Parameters for Human 
and Ecological Health 

Potential 
Environmental 

Effect 

Measurable 
Parameter(s) and 

Units of 
Measurement 

Notes or Rationale for Selection of the Measurable Parameter 

Change in human 
health 

Concentration 
Ratio (CR) 
dimensionless 

The CR quantifies health risks to humans from short-term and 
long-term inhalation exposures to chemicals in the 
atmosphere. The CR is the ratio between atmospheric 
concentrations of COPCs and the applicable health-based 
threshold (such as provincial or federal ambient air quality 
objectives).  

Hazard Quotient 
(HQ) 
dimensionless 

The HQ quantifies non-carcinogenic health risks to humans 
from exposures to chemicals through ingestion and dermal 
contact. The HQ is the ratio between the cumulative daily 
dose of a chemical and its benchmark TRV, as published by 
applicable agencies. 

Incremental 
Lifetime Cancer 
Risk (ILCR) 
dimensionless 

The ILCR quantifies carcinogenic health risks to humans from 
Project-related exposures to carcinogenic chemicals through 
multiple pathways (e.g., ingestion and dermal contact). The 
ILCR is the product of the daily dose of a carcinogenic 
chemical and the benchmark TRV associated with that 
chemical.  

Change in 
ecological health 

Risk Quotient (RQ) 
and  
Screening Ratio 
(SR) 
dimensionless 

The RQ quantifies the potential health risks to ecological 
receptors from exposures to chemicals in the food, water, soil 
and sediment. The RQ for ecological health is analogous to the 
HQ for human health. For birds and mammals, the RQ is the 
ratio between the cumulative daily dose of a chemical and 
the species-specific benchmark TRV. 
For plant, invertebrate (both terrestrial and aquatic) and fish 
communities, the SR is the ratio between the chemical 
concentration in the environmental medium (soil, water or 
sediment) and the regulatory benchmark concentration for a 
chemical in that medium. 

 

19.1.5 Boundaries 

19.1.5.1 Spatial Boundaries 

The areas applied for the assessment of potential environmental effects on human and ecological 
health are described below and shown in Figure 19-1 and Figure 19-2.  

Project Development Area 

The PDA encompasses the Project footprint and is the anticipated area of physical disturbance 
associated with the construction, operation and closure of the Project. The PDA is approximately 
2,200 ha in size. 
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Local Assessment Area 

The local assessment area (LAA), that encompasses the area in which both: a) Project-related 
environmental effects (direct or indirect) can be predicted or measured with a level of 
confidence that allows for assessment; and b) there is a reasonable expectation that those 
potential environmental effects in the LAA could be of concern. The LAA is based on the spatial 
boundaries defined by the atmospheric environment VC (Chapter 7.0) because this area 
incorporates the potential changes in environmental media from air emissions. The LAA includes 
all but one of the receptor locations. The LAA is a 27 km x 28 km area (756 km2) centered on the 
PDA and is approximately 75,600 ha in size. 

The LAA also includes Geraldton, which contains the highest population density in the area. The 
location of the LAA as well as the HHERA receptor locations is provided in Figure 19-1. 

Regional Assessment Area 

The regional assessment area (RAA) is used to provide regional context for determining the 
significance of the residual effects of the Project in combination with other past, present or 
reasonably foreseeable projects or activities. The RAA is based on the spatial boundaries 
defined by the atmospheric environment VC (Chapter 7.0) because this area incorporates the 
potential changes in environmental media from Project air emissions as well as from other 
Project-related emissions. 

For this assessment, the RAA includes the regional airshed which extends out from the PDA and is 
defined as a 50 km radius (7,850 km2) from the center of the PDA and is approximately 785,400 
ha in size. This is considered by the Project team to be the maximum extent that other projects 
may have a measurable effect on air quality in combination with the effects of the Project. 

The RAA is applied to the assessment of cumulative effects. The location of the RAA is provided 
in Figure 19-2. 
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19.1.5.2 Temporal Boundaries 

The temporal boundaries for the assessment of human and ecological health are: 

• Construction): Years -3 and -1 with early ore stockpiling commencing after the first year of 
construction. 

• Operation: Years 1 to 15, with the first year representing a partial year as the Project 
transitions from construction to operation. 

• Closure:  

• Active Closure: Years 16 to 20 corresponding to the period when primary 
decommissioning and rehabilitation activities are carried out.  

• Post-Closure: Years 21 to 36 corresponding to a semi-passive period when the Project is 
monitored and the open pit is allowed to fill with water creating a pit lake. 

19.1.6 Residual Environmental Effects Description Criteria 

Table 19-2 summarizes how residual environmental effects are characterized in terms of 
direction, magnitude, geographic extent, timing, frequency, duration, reversibility and 
ecological and socio-economic context. Quantitative measures or definitions for qualitative 
categories are provided. 

Table 19-2: Characterization of Residual Environmental Effects on Human and 
Ecological Health 

Characterization Description Quantitative Measure or Definition of 
Qualitative Categories 

Direction The relative change compared to 
baseline conditions. 

Positive — the Project will have a beneficial 
effect on human or ecological health. 
Adverse — the Project may have a potential 
detrimental effect on human or ecological 
health. 

Magnitude The amount of change in either the 
measurable parameters or the VC 
relative to baseline conditions. 

Low — Project-related environmental 
exposures are approaching the target 
benchmarks established by a recognized 
health organization (i.e., 0.2<HQ≤2.0; 
1.0<CR≤2.0; 1E-06<ILCR≤1E-05; 1.0<RQ/SR≤2.0) 
and/or are unlikely to substantially change 
human health or an ecological receptor is 
exposed to levels above thresholds, but the 
exposure is not expected to result in serious 
harm to the organism. 
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Table 19-2: Characterization of Residual Environmental Effects on Human and 
Ecological Health 

Characterization Description Quantitative Measure or Definition of 
Qualitative Categories 

Moderate — Project-related environmental 
exposures are predicted to exceed the target 
benchmarks established by a recognized 
health organization (i.e., 2.0<HQ<10.0; 
2.0<CR≤10.0; 1E-05<ILCR≤1E-03; 2.0<RQ/SR≤10) 
and/or may result in a long-term, substantive 
change in change in human health or 
ecological receptors are stressed, and may 
experience health effects as result of exposure, 
although effects are not so severe as to result 
in an effect at a population level. 
High — Project-related environmental 
exposures are predicted to substantially 
exceed the target benchmarks established by 
a recognized health organization (i.e., 
HQ>10.0; CR>10.0, ILCR > 1.0E-03; RQ/SR>10) 
and/or are likely to result in a long-term, 
substantive change in human health or effects 
on ecological receptors may result in 
population-level effects, or an individual 
member of a species that is listed in Schedule 
1 of the Species at Risk Act dies as a result of 
exposure. 

Geographic 
Extent 

The geographic area in which the 
residual environmental effect 
occurs.  

PDA — the residual environmental effect is 
restricted to the PDA. 
LAA — the residual environmental effect 
extends into the LAA. 
RAA — the residual environmental effect 
extends into the RAA. 

Timing Considers when the residual 
environmental effect is expected to 
occur. Timing considerations are 
noted in the evaluation of the 
environmental effect, where 
applicable or relevant. 

Not applicable (N/A) — seasonal aspects are 
unlikely to affect human and ecological 
health.  
Applicable — seasonal aspects may affect 
human and ecological health. 

Frequency Identifies how often the residual 
environmental effect occurs within a 
given time. 

Single event — the residual environmental 
effect occurs once. 
Multiple irregular event (no set schedule) — 
the residual environmental effect occurs 
sporadically and is not predictable. 
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Table 19-2: Characterization of Residual Environmental Effects on Human and 
Ecological Health 

Characterization Description Quantitative Measure or Definition of 
Qualitative Categories 

Multiple regular event — the residual 
environmental effect occurs on a regular basis 
and at regular intervals. 
Continuous — the residual environmental 
effect occurs continuously. 

Duration The length of time required until the 
residual environmental effect can 
no longer be measured or otherwise 
perceived. 

Short-term — the residual environmental effect 
lasts less than 24 hours (applies only to human 
health inhalation exposures; typically 
associated with reversible effects). 
Long-term — the residual environmental effect 
may last for construction, operation, or closure 
phases (typically associated with reversible 
effects). 

Reversibility Pertains to whether a measurable 
parameter or the VC can return to 
its baseline conditions after the 
Project activity ceases. 

Reversible — the residual environmental effect 
is likely to be reversed after activity 
completion. 
Irreversible — the residual environmental 
effect is permanent and the VC is unlikely to 
return to its baseline condition. 

Ecological and 
Socio-economic 
Context 

Existing condition and trends in the 
area where the residual 
environmental effects occur. 

Typical — the area is relatively undisturbed or 
not adversely affected by human activity.  
Atypical — the area has been previously 
disturbed by human development or human 
development is still present. 

19.1.7 Significance Thresholds for Residual Environmental Effects 

A significant adverse residual environmental effect for a Change in Human Health and/or a 
Change in Ecological Health is one that results in the Project-related chemical exposures that are 
predicted through the HHERA process to exceed objectives established by the relevant regulatory 
organization(s), and are likely to result in a long-term, substantive change in the health of the 
identified receptor(s). 

This significance threshold considers all of the characterizations described in Table 19-2 when 
making a determination of significance. Direction is considered because the threshold for 
determining significance considers whether the residual effect will have a beneficial or 
detrimental effect on human and/or ecological health. Magnitude is considered because the 
threshold for determining significance considers whether the predicted changes in human and/or 
ecological health risks between Baseline Case and Future Case conditions exceed the risk 
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acceptability benchmarks established by regulatory agencies. Geographic extent is considered 
because the threshold for determining significance considers whether the changes in human 
and/or ecological health risks extend beyond the PDA. Ecological and Socio-Economic Context is 
considered because the threshold for determining significance considers local baseline conditions 
in assessing Project-related environmental effects. 

The remaining characterizations, frequency, duration, reversibility, inform the determination of 
significance in terms of understanding how often and the length of time the environmental 
exposure is predicted and whether the residual effect will return to baseline conditions once the 
Project activity has ceased. 

The significance thresholds for residual environmental effects are provided in Table 19-3. As discussed 
above, a significant residual adverse effect regarding a change to human and/or ecological health 
is one that results from Project-related environmental exposures (e.g., inhalation, direct contact, 
drinking water or country food consumption) that are predicted through the HHERA to exceed the 
target benchmarks established by a recognized health organization(e.g., Health Canada) and are 
likely to result in long-term substantive changes in human and or ecological health. The benchmarks 
used in this assessment to assess Project related risks were HQ=0.2, ILCR=1E-06, CR=1.0, RQ=1.0 and 
SR=1.0. With the exception of polyaromatic hydrocarbons (PAHs), the HQs, ILCRs, CRs, RQs and SRs 
were characterized for single COPCs and the risks were not summed. This is a typical approach in 
Canada and reflects the lack of understanding around the additivity of exposures to different metals. 
The carcinogenic PAHs have similar structures and are thought to exert toxic effects via the same 
mechanism, therefore the cancer risks for PAHs were summed. Additional information justifying this 
approach is provided in Section 4.5.5 of the HHERA TDR (Appendix F8). 

Table 19-3 Significance Thresholds for Human and Ecological Health 

Potential Effect Significance Threshold 

Change to 
human health  

For Non-Carcinogenic Chemicals:  
The significance threshold for CR is relative to the baseline CR.  
• The significant level is reached when the difference between Baseline Case CR 

and Future Case CR exceeds 1.0. 
The significance threshold for HQ is relative to the baseline HQ.  
• The significant level is reached when the difference between Baseline Case HQ 

and Future Case HQ exceeds 0.2. 
For Carcinogenic Chemicals:  
• For inhalation exposures the significance threshold is reached when the difference 

between Baseline Case CR and Future Case CR exceeds 1.0.  
• For ingestion and dermal contact exposures, the significance threshold is reached 

when the Project Alone case ILCR (i.e., the difference between Baseline Case 
ILCR and Future Case ILCR) exceeds the cancer risk acceptability benchmark of  
1 in 1,000,000 (10-6) established by Health Canada and Ontario. 
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Table 19-3 Significance Thresholds for Human and Ecological Health 

Potential Effect Significance Threshold 

Change to 
Ecological 
Health  

A significant adverse residual environment effect for a Change in Ecological Health is 
one that results in Project-related chemical exposures (i.e., the difference in risk 
between Baseline Case and Future Case) that are predicted, through the ecological 
risk assessment process to exceed objectives established by relevant regulatory 
agencies (RQ>1) and are likely to result in a long-term, substantive change in the 
health of the identified receptors.  

19.2 EXISTING CONDITIONS FOR HUMAN AND ECOLOGICAL HEALTH 

Existing conditions for human and ecological health have been established using a predictive 
quantitative risk assessment of the potential human health (i.e., CR, HQ and/or ILCRs) and potential 
ecological health risks (i.e., RQs/SRs) associated with exposures to existing chemical concentrations 
measured in the environment (i.e., the Baseline Case). This section provides a summary of existing 
conditions for human and ecological health and the methods used to characterize baseline 
conditions. Additional details are provided in the HHERA TDR (Appendix F8), “Technical Data Report 
– Hardrock Project: Metal Bioavailability” (Appendix F7) and “Environmental Conditions – Hardrock 
Project: Historical Mining and Lake Water Quality” (Appendix L). 

19.2.1 Methods 

Existing chemical concentrations were established through baseline sampling programs 
conducted between 2012 and 2016, which included sampling of air, surface soil, vegetation, 
surface water, groundwater and fish tissues. Background ambient air quality and dustfall values 
were derived from a combination of existing ambient monitoring networks and Project-specific 
monitoring. Baseline surface soil samples, forage (current year’s non-woody growth), browse 
(current year’s woody growth) and berry samples were collected within the PDA and the LAA. 
Baseline surface water samples were collected from locations in Kenogamisis Lake including; 
Southwest Arm, Barton Bay East, Barton Bay West, Central Basin and the Outflow Basin. Baseline 
fish tissue samples from Spottail Shiner, Trout-Perch, Yellow Perch, Pearl Dace and Walleye were 
collected. Groundwater was collected from monitoring wells installed inside and outside the 
PDA. The baseline environmental data used in the assessment are provided in the HHERA TDR 
(Appendix F8). 

The HHERA followed a conservative approach and focused on hypothetical receptors. In 
assessing potential human health and ecological risks, it is general practice to over-estimate 
exposures so that potential risks are not under-estimated. The HHERA used conservative behavior 
patterns for human and ecological receptors that were intended to over-estimate exposures 
and the associated potential human health and ecological risks. In this HHERA the human 
receptors that are expected to have the greatest exposures are residents in the LAA and 
Aboriginal peoples who engage in traditional practices within the LAA. The selected ecological 
receptors represent species that are native to the area and occupy different trophic levels and 



HARDROCK PROJECT  
FINAL ENVIRONMENTAL IMPACT STATEMENT / ENVIRONMENTAL ASSESSMENT 

Assessment of Potential Environmental Effects on Human and Ecological Health  
June 2017 

  

19.22  
 

guilds. Table 19-1 provides the measurable parameters (i.e., CR, HQ, ILCR, and RQ/SR) that have 
been used to define existing (Baseline Case) risks and to evaluate the potential changes in 
human health and ecological risks that may be related to Project activities (Future Case). 
Additional details on the methods used to establish changes in health from the existing 
conditions are provided in the HHERA TDR (Appendix F8). 

19.2.2 Overview of Existing Conditions 

19.2.2.1 Human Health 

Human receptors considered in this risk assessment, including in the evaluation of baseline 
effects, include the Typical Residential Receptor (Geraldton, Leased Properties, Rosedale and 
Residence 300 [see Figure 19-1]), the Aboriginal/High Use Receptor, the Recreational Receptor, 
and the Park Receptor. A description of these receptors and the assumptions used in estimating 
their chemical exposures, are provided in Section 19.4.1.2. 

As detailed in the HHERA TDR (Appendix F8), the Baseline Case CRs for evaluation of human 
health due to exposure to all criteria air contaminants (CACs; which include NO2, SO2, CO, PM2.5, 
and PM10), non-metals (e.g., hydrogen cyanide, calcium oxide, and dolomite) volatile organic 
compounds, and metals are below the target CR benchmark of 1.0, with the exception of the 
Typical Residential Receptor (Geraldton, Leased Properties, Rosedale and Residence 300) 
exposed to acrolein and benzene from engine exhaust. 

The Baseline Case HQs for exposure to metals for total ingestion were below the benchmark of 
0.2 with the following exceptions:  

• Typical Residential Receptor HQs for arsenic, copper, lead, mercury, methylmercury, thallium 
and zinc. 

• Aboriginal/High Use Receptor HQs for arsenic, copper, lead, manganese, mercury, 
methylmercury, selenium, thallium and zinc. 

• Park Receptor HQ for arsenic, copper, lead, mercury, methylmercury, thallium and zinc. 

• There were a number of additional Baseline Case exceedances for the individual ingestion 
pathways; however, the risks for total ingestion include the exceedances for the individual 
pathways. Therefore, the individual exceedances are not discussed here. The risks for the 
individual pathways are provided in the HHERA TDR. 

• Many of the Baseline Case HQ in excess of 0.2 for methylmercury are due to the presence of 
mercury in fish tissue under existing conditions. There is an existing consumption advisory for 
fish in Kenogamisis Lake due to presence of mercury in fish tissue. This advisory is discussed 
further in Section 4.5.4.1 of the HHERA TDR (Appendix F8). 

There is no single source of metals in environmental media in the LAA. Metal concentrations may 
be related to natural processes as well as historical anthropogenic activity, including mining.  
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19.2.2.2 Ecological Health 

For the evaluation of baseline ecological health, most ecological receptors had baseline RQs/SRs 
below the target benchmark of 1.0, as detailed in the HHERA TDR (Appendix F8). The RQs/SRs 
calculated for the following receptors exceeded the target benchmark of 1.0 for the following: 

• American mink for ingestion of arsenic in benthic invertebrates. 

• Masked shrew for ingestion of arsenic and nickel in terrestrial invertebrates and soil. 

• Meadow vole for ingestion of arsenic in soil. 

• Muskrat for ingestion of arsenic in sediment. 

• River otter for ingestion of arsenic in benthic invertebrates. 

• Belted kingfisher for ingestion of mercury in fish tissue, and vanadium in soil and benthic 
invertebrates. 

• Great blue heron for ingestion of mercury in fish. 

• The mallard duck for ingestion of arsenic, chromium, copper and mercury in benthic 
invertebrates, and vanadium in benthic invertebrates and sediment. 

• Terrestrial plants and soil organisms for exposure to arsenic and manganese in soil. 

A detailed evaluation of predicted health risks from baseline conditions can be found in the 
HHERA TDR (Appendix F8). 

19.3 PROJECT INTERACTIONS WITH HUMAN AND ECOLOGICAL 
HEALTH 

Table 19-4 identifies Project physical activities that may interact with human and ecological 
health. These interactions are indicated by a check mark () and are further discussed in 
Section 19.4 in the context of effects mechanisms, standard and Project-specific mitigation and 
residual effects. These potential environmental effects, Project component and activity 
interactions are consistent with the interactions noted by the disciplines that were relied on to 
inform this chapter and the HHERA TDR (i.e., atmospheric environment VC [Chapter 7.0] and 
surface water VC [Chapter 10.0]). Justification for non-interactions ( - ) is provided following 
Table 19-4. 
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Table 19-4: Potential Project Environmental Effects on Human Health and Ecological 
Health, Prior to Mitigation 

Project Components and Physical Activities 

Potential Environmental Effects  
(prior to mitigation) 

Change in Human 
Health 

Change in Ecological 
Health 

CONSTRUCTION 
Site Preparation (removal of existing buildings and 
associated infrastructure, timber harvesting, 
vegetation clearing, earthworks, overburden and 
topsoil stockpiling, temporary effluent treatment and 
discharge) 

  

Watercourse Crossings and Goldfield Creek Diversion   
Pre-Production Mining and Development of Mine 
Components (open pit, waste rock storage areas, ore 
stockpile, water management facilities, Phase 1 of 
TMF) 

  

Buildings and Supporting Infrastructure (process plant, 
temporary camp, STP, mine dry, administration 
building, truckshop, warehouse and offices, power 
plant) 

  

Linear and Ancillary Facilities (site roads and parking 
areas, onsite pipelines, power lines/transformer station, 
fuel supply, storage and distribution) 

  

Highway 11 Realignment and MTO Patrol Yard 
Relocation   

Aggregate Sources (excavation and dewatering 
related to aggregate source development and 
extraction) 

  

Employment and Expenditure - - 
OPERATION 
Open Pit Mining (drilling, blasting, loading and hauling 
of ore and waste rock)    

Waste Rock Disposal   
Ore Processing (ore crushing and conveyance, ore 
milling)   

Water Management (contact water collection system, 
process water supply, effluent management and 
treatment, open pit dewatering) 

  

Tailings Management (including excavation and 
removal of historical tailings)   

Site Buildings, Linear Facilities and Associated 
Infrastructure (site roads, power plant, explosives 
facility, fuel supply, storage and distribution) 

  

Employment and Expenditure - - 



HARDROCK PROJECT  
FINAL ENVIRONMENTAL IMPACT STATEMENT / ENVIRONMENTAL ASSESSMENT 

Assessment of Potential Environmental Effects on Human and Ecological Health  
June 2017 

  
  19.25 

 

Table 19-4: Potential Project Environmental Effects on Human Health and Ecological 
Health, Prior to Mitigation 

Project Components and Physical Activities 

Potential Environmental Effects  
(prior to mitigation) 

Change in Human 
Health 

Change in Ecological 
Health 

CLOSURE 
Active Closure (primary decommissioning and 
rehabilitation)   

Post-Closure (pit filling and monitoring)   
Employment and Expenditure - - 
NOTES: 
 Potential interactions that might cause an effect without mitigation. 
– Interactions are not expected. 

Based on the relevance of the Project activities and the professional judgment of the assessment 
team, some Project activities are not expected to interact with human and/or ecological health 
because they do not result in emissions; these include: employment and expenditure. 

19.4 ASSESSMENT OF RESIDUAL ENVIRONMENTAL EFFECTS ON HUMAN 
AND ECOLOGICAL HEALTH 

The assessment of the potential change in health to human and ecological receptors associated 
with exposure to COPCs from Project-related activities is based on the health risks characterized 
for these receptors as presented in the HHERA TDR (Appendix F8). 

Project activities during the construction, operation and closure phases are anticipated to release 
chemicals into the environment that could change the chemical quality of air, soil, sediment and 
water. Subsequent changes to the concentrations of these chemicals in the tissues of terrestrial 
wildlife, aquatic wildlife, invertebrates and vegetation communities that live in the environment 
may also occur. 

Releases into the environment include: 

• Emissions of CACs, non-metals and particulate metals from combustion engines and dust 
into the atmosphere. 

• Deposition of rock and ore dust onto the surrounding terrestrial and aquatic environment 
during transport; thereby affecting the metal concentrations of soil, sediment and water with 
subsequent chemical uptake by wildlife, vegetation and invertebrate communities. 

• Discharges and runoff from Project activities may release metals into groundwater and 
surface water, thereby affecting drinking water (surface water only), aquatic life and 
consumers of fish and other aquatic organisms. 
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As presented in the HHERA TDR (Appendix F8), for there to be a health risk three factors must be 
present (see Figure 19-3): 

1. a receptor (i.e., humans or ecological receptors) 

2. a COPC (a hazard) 

3. a way for the receptor to come into contact with the chemical of potential concern 
(exposure pathways). 

 

Figure 19-3: Health Risk Components 

If any one of these three components is missing, there would be no potential for health risks. For 
example, if a receptor and a chemical are present but there is no way for the receptor to come 
into contact with the chemical (i.e., an exposure pathway is not present), there would be no 
potential health risk. 

 

Receptor

Exposure Hazard
Risk
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The assessment of potential changes in human health and ecological risks associated with 
Project-related changes in environmental conditions, considered the following exposure 
pathways: 

• People may inhale CACs, non-metals, and particulate-bound metals. 

• People may be exposed to metals through direct contact with surface soil  
(incidental ingestion and dermal contact). 

• People may be exposed to metals through the ingestion of traditional country foods 
(e.g., berries, traditional plants, wild meat, and fish). 

• People may be exposed to metals in surface water if they drink from the water bodies while 
in the area for recreation, hunting, gathering, or fishing. 

• Terrestrial and aquatic wildlife may be exposed to metals through the ingestion of food 
items, drinking water, vegetation and incidental ingestion of soil and/or sediment. 

• Terrestrial vegetation and invertebrate communities may be directly exposed to metals in 
the soil. 

• Fish and aquatic plants and invertebrates may be directly exposed to chemicals in the 
water and/or sediment. 

• Terrestrial wildlife may be exposed to COPCs through the inhalation of dust. This exposure 
pathway was included with soil ingestion since it was assumed that most inhaled particulates 
will be caught in the mucus membrane, coughed up and swallowed by the animal. With 
respect to potential effects on the respiratory system, there is inadequate toxicological  
dose-response information available to properly evaluate the potential effects associated 
with inhalation exposures to COPCs for ecological receptors and the biological mechanisms 
of action associated with inhalation exposures often differ from those associated with 
ingestion exposures. Thus, using exposure benchmarks derived for ingestion exposures to 
assess potential risks associated with inhalation exposures is often incorrect. Therefore, 
inhalation is not considered further in the evaluation of ecological receptors. 

19.4.1 Analytical Methods 

The HHERA was conducted according to the guidance documents published by Canadian 
agencies as outlined in Section 19.1.1, and detailed in the HHERA TDR (Appendix F8). 
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19.4.1.1 Analytical Assessment Techniques for Human and Ecological Health 

The HHERA TDR (Appendix F8) considered three main scenarios: 

• The "Baseline Case" evaluates existing potential human and ecological health risks based 
upon measured data for COPC concentrations in air, soil, terrestrial plants, water, sediment, 
small mammals, benthic invertebrates and fish. COPC concentrations for soil invertebrates 
and aquatic plants were predicted based upon measured concentrations of COPCs in 
other media. 

• The “Project Alone Case” represents the Project’s contributions to Baseline Case 
environmental conditions. The Project Alone Case was used to assess the incremental 
lifetime cancer risks that would be associated with exposures to carcinogenic chemicals 
released to the environment from Project activities. The Project Alone Case was also used to 
evaluate the Project-related changes in human health and/or ecological risks in situations 
where the predicted Baseline Case risk estimates exceed existing risk acceptability 
benchmarks for non-carcinogenic compounds.  

• The “Future Case” is the sum of Baseline Case and Project Alone conditions and represents 
predicted future environmental conditions. The Future Case was used to evaluate the 
potential health risks that would be associated with chemical concentrations in environmental 
media at points in the future including during the construction, operation, and closure phases.  

19.4.1.2 Assumptions and the Conservative Approach 

Chemicals released to the atmosphere and/or surface water by Project activities during 
construction, operation, and closure may alter human and/or ecological exposures thereby 
altering the potential health risks associated with these exposures. The assessment of potential 
changes in health risk associated with changes in air quality relies on the air quality modelling 
information provided in the atmospheric environment VC (Chapter 7.0). Changes in health risk 
associated with changes in soil quality rely on the deposition modelling information also 
provided in the atmospheric environment VC. The assessment of potential changes in health risk 
associated with changes in water quality relies on the water quality modelling information 
provided for surface water VC (Chapter 10.0). Both the air quality modelling and surface water 
quality modelling incorporate conservatism designed to over-predict the changes in air and 
water quality. The conservatism incorporated into the air and surface water quality modelling is 
discussed in Chapters 7.0 and 10.0, respectively. The conservatism incorporated into the air and 
surface water quality modelling is carried over into the HHERA calculations by providing 
conservative estimates of chemical concentrations in air and water. In addition to the 
conservatism from these sources, the HHERA incorporated several assumptions that are intended 
to over-estimate exposures and the associated health risks, rather than under-estimate potential 
human and ecological health risks. The assumptions specific to the HHERA are provided below. 
The development of these assumptions incorporated information provided through meetings 
with the technical representatives of LLFN and AFN communities. 
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Assumptions Used to Estimate CAC and COPC Concentrations in Environmental Media 

A number of conservative assumptions were used to estimate COPC concentrations in 
environmental media (e.g., air, soil, surface water, sediment and plant and animal tissue) for 
Baseline Case and Future Case. Baseline Case concentrations were estimated using measured 
and/or modelled data depending on the media. Future Case concentrations were estimated 
using Baseline Case concentrations and the predicted changes as a result of the Project. 

Measured Baseline Case Data 

Baseline Case concentrations in air, soil, terrestrial vegetation, small mammals, water, sediment 
and fish were based on samples collected from the LAA: 

Air 

• Baseline Case concentrations were based on the 90th percentile of long-term ambient 
concentrations measured by the National Air Pollution Surveillance, EA data regarding 
ambient levels from two mines located in northern Ontario, and data from GGM’s two 
baseline ambient monitoring locations in the LAA. 

• Baseline Case concentrations were assumed to be consistent throughout the LAA. 

Soil 

• Baseline metal concentrations in soil were based on the 91 samples collected throughout 
the LAA. 

• The 95% upper confidence limit of the mean (UCLM) concentration was adopted as the 
Baseline Case concentration for each metal throughout the LAA. 

Surface Water 

• Baseline Case metal concentrations in surface water were based on 447 samples collected 
from various basins of Kenogamisis Lake. 

• Baseline metal concentrations in surface water were calculated as the spatially-weighted 
average concentrations of the individual metals from Barton Bay East, Barton Bay West, 
Central Basin, Southwest Arm, and the Outlet Basin of Kenogamisis Lake.  

Terrestrial Vegetation 

• Baseline Case metal concentrations were based on the 95% UCLM concentrations of 
individual metals in 69 samples of berries, forage and browse collected in the LAA.  

Small Mammals 

• Baseline Case metal concentrations in small mammals were based on the 95% UCLM of 
individual metals from 60 specimens collected in the LAA. 
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Wild meat (moose) 

• Baseline Case metal concentrations in small mammals were directly adopted as the Baseline 
Case concentrations in wild meat (i.e., moose tissue) 

Sediment 

• Baseline Case metal concentrations in sediments were based on the 95th UCLM concentration 
of 32 sediment samples collected from six locations in Barton Bay, Central basin and the 
Southwest Arm of Kenogamisis Lake. 

Fish 

• For the Human Health Risk Assessment, Baseline Case metal concentrations in fish were 
based on the 95% UCLM concentrations of individual metals from 55 samples of Walleye liver 
and fillet collected from Kenogamisis Lake. 

• For the Ecological Risk Assessment, Baseline Case metal concentrations in fish were based on 
the 95% UCLM concentration of individual metals from 31 whole body samples of Spottail 
Shiner and Trout-Perch collected from Kenogamisis Lake. 

Modelled Baseline Case Data 

Measured concentrations in soil, surface water, terrestrial vegetation and sediment were used to 
predict concentrations in soil organisms, aquatic plants and benthic invertebrates: 

Soil Organisms  

• Estimated concentrations of individual metals were based on concentrations in soil, and 
published factors using generalized equations that relate metal concentrations in soil to 
metal concentrations in soil organisms. 

Aquatic plants 

• Estimated concentrations of individual metals were based on metal concentrations in 
surface water and published uptake factors using generalized equations that relate metal 
concentrations in surface water to metal concentrations in aquatic plants.  

Benthic invertebrates 

• Estimated concentrations of individual metals in benthic invertebrates were based on metal 
concentrations in sediments and published uptake factors using a generalized equation that 
related metal concentrations in sediments to metal concentrations in benthic invertebrates. 
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Future Case 

As discussed above, Future Case concentrations in air, soil and surface water were based on 
modelling: 

Air 

• Air dispersion modelling was used to estimate CAC and COPC concentrations in air at 328 
receptor locations. The receptor locations were selected to represent places where people are 
likely to be present and where they could be exposed to emissions from the Project. The 
selection of receptor locations was based on considerations of land use and on input from local 
communities. Receptor locations included, but were not limited to: residential developments, 
commercial and institutional buildings (e.g., schools) areas known to be used for recreational 
purposes (e.g., MacLeod Provincial Park and the golf course) and locations used for TLRU.  

• Airborne concentrations were modelled for the construction phase and the operation phase 
(Mill Phase 1 and Mill Phase 2). Concentrations of CACs and airborne COPCs during the 
operation phase were higher than those during the construction phase, therefore the HHERA 
focused on evaluating exposures during the operation phase. 

• CAC and COPC concentrations in air were modelled for 1-hour, 24-hour and annual timeframes.  

Soil 

Deposition was modelled for the operation phase when release of rock and ore dust is expected 
to occur. Although it is anticipated that dust would be released from the Project during the 
construction phase, this dust will be comprised of overburden and metal concentrations in this 
material would not be expected to differ from metal concentrations in existing surface soils. Thus, 
dust deposition during the construction phase would not be expected to alter metal 
concentrations in surface soil. Therefore, the construction phase was not included in the prediction 
of the change in metal concentrations in surface soil over the operational life of the Project.  

Deposition was modelled separately for both Mill Phase 1 and Mill Phase 2. The maximum metal 
deposition rate from Mill Phase 1 was used to estimate the increase in metal concentrations in soil 
over the approximately 2 years of Mill Phase 1 operation. The maximum metal deposition rate 
from Mill Phase 2 was used to estimate the increase in metal concentrations in soil over the 
approximately 13 years of Mill Phase 2 operation. The total predicted increase in metal 
concentration in soil was the sum of the predicted metal increase over the approximately 2 years 
of Mill Phase 1 and approximately 13 years of Mill Phase 2 operation.  

The incremental increase in metal concentration in soil resulting from rock and ore dust deposition 
assumed that metal accumulation in the soil would occur over the life of mine (LOM) and that 
there would be no loss of metal from the soil (e.g., from runoff). Deposition modelling was 
conducted for 81 land-based locations both inside and outside the PDA. This includes the golf 
course, which is located inside the PDA.  
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The exposure point concentration in soil was calculated assuming the deposited metals mix with 
the top 10 cm of soil. 

Surface Water 

The calculation of Future Case mean metal concentrations considered surface water quality 
predictions from the operation, and closure Project phases.  

For each metal, the Future Case mean metal concentration was calculated using the data from 
the year where metal concentrations in surface water were predicted to be highest.  

The HHERA assumed that these worst year spatially-weighted mean concentrations were present 
in the water over the operation, and closure phases. This approach serves to maximize the 
Project contributions to Future Case water quality and will overestimate the lifetime exposures 
and risks experienced by human and ecological receptors. Additional water modelling was 
conducted for arsenic using STELLATM modelling to account for the reduction in concentrations 
due to processes such as sedimentation or reduction. This was done for the following reasons: 

• Arsenic was identified as a primary chemical of concern in Kenogamisis Lake. 

• Arsenic is known to undergo sedimentation and may be released from sediment. 

• Arsenic concentrations are expected to decrease due to the additional rehabilitation 
measures to address the historical MacLeod and Hardrock tailings, therefore additional 
modelling to characterize the decrease was completed. 

Other Environmental Media 

Future Case metal concentrations in soil invertebrates, vegetation, small mammals, wild meat 
sediment, fish and aquatic plants were based on measured or modelled Baseline Case data 
and modelled Future Case metal concentrations in soil and surface water:  

• Future Case metal concentrations in soil invertebrates, terrestrial vegetation and small 
mammals were based on exposure to maximum predicted metal concentrations in soil.  

• Future Case metal concentrations in sediment, fish and aquatic plants were based on the 
spatially-weighted average mean metal concentrations in surface water.  

• The predicted concentrations of COPCs in sediment were based on site-specific partitioning 
factors between surface water and sediment, which were applied to predicted surface 
water concentrations. 

  



HARDROCK PROJECT  
FINAL ENVIRONMENTAL IMPACT STATEMENT / ENVIRONMENTAL ASSESSMENT 

Assessment of Potential Environmental Effects on Human and Ecological Health  
June 2017 

  
  19.33 

 

Receptor Assumptions - Human Health 

Five representative human receptors are evaluated: 

• Typical Residential Receptors – Includes residents from four different areas (Geraldton 
(property not owned by GGM), the properties owned by GGM and located to the northwest 
of the PDA (referred to as Leased Properties), the properties at Rosedale Point located north 
of the PDA and not owned by GGM, and the single residence located northwest of the PDA 
and opposite MacLeod Provincial Park, which is not owned by GGM (referred to as 
Residence 300). Several additional residential receptor locations were included in the 
modelling. However, these receptors are located further away from the Project than the 
receptor locations noted above. Residents within the LAA that are further removed from the 
Project than the receptor locations identified above will be exposed to lower levels of 
Project-related chemicals than the receptors listed above and therefore would experience 
lower health risks than those predicted for the selected receptors. 

• Aboriginal/High Use Receptors – Includes both Aboriginal and non-Aboriginal people who 
may live inside or outside the LAA, but who are assumed to consume higher levels of country 
foods harvested from within the LAA compared to the rest of the population and consume 
surface water from the LAA. 

• Recreational Receptors – People who may be present on the Kenogamisis Golf Course  
(the golf course), which is located within the PDA. Recreational receptors were assumed to 
be adults. 

• Park Receptors – People who occupy MacLeod Provincial Park for the five months per year 
when people may use the park as an area of residence (i.e., camping). 

• Commercial Receptors – People who work in the hardware store near the PDA (i.e., Castle 
Building Supplies). The assumptions used to define exposures for each of these receptor 
groups are summarized below with additional details provided in the HHERA TDR  
(Appendix F8). 

Typical Residential Receptors 

• Spend 100% of their time on their property within the LAA and no distinction was made 
between time spent indoors and time spent outdoors. This means that the CAC and COPC 
concentrations in air predicted for each typical residential receptor location were assumed 
to be the same indoors and outdoors. This approach assumes that inhalation exposures to 
CACs and COPCs happens on a 24-hour per day basis and is not limited to the time a 
person spends outdoors. 

• Typical Residential Receptors were assumed to be exposed to the maximum concentration 
of each CAC and airborne COPC predicted in their location (i.e., Geraldton, the Leased 
Properties, Rosedale Point or Residence 300). 
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• The maximum dust deposition estimates for each mill phase provided by the air quality 
modelling were assumed to represent the dust and metal deposition rate over the 
operational life of the Project. This approach maximizes the predicted increases in metal 
concentrations in soil. The maximum deposition rate predicted for in Geraldton was assumed 
to apply to all of Geraldton. Similarly, the maximum deposition rate in Rosedale Point was 
assumed to apply to all of Rosedale Point and the maximum deposition rate for the Leased 
Properties was assumed to apply to all the residential properties on leased lands. 

• Drinking water is assumed to be provided by the Geraldton municipal supply. Since the 
quality of the municipal supply is not expected to be affected by the Project, drinking water 
consumption is not evaluated for the Typical Residential Receptor. 

• Country food consumption rates are assumed to be the same for each of the Typical 
Residential Receptor groups. 

• Typical Residential Receptors were assumed to obtain 50% of the fish they consume in a year 
from Kenogamisis Lake. 

• Fish consumption rates for the Typical Residential Receptor are based on recommendations 
in the Canadian Food Directorate (Health Canada 2007) for the general population. Health 
Canada (2007) provides ingestion rates for the toddler, child and adult. The ingestion rates 
for the adult were adopted for the teenager. 

• The wild meat intake rate was assumed to be equivalent to 50% of the intake rate for meat 
and eggs. 

Aboriginal/High Use Receptors 

Includes both Aboriginal and non-Aboriginal people who may live inside or outside the LAA, but 
who consume higher levels of country food than the Typical Residential Receptor. This receptor 
was assumed to be present in the LAA for three days per week. This receptor also consumes 
surface water from the LAA. The closest Aboriginal community is located approximately 20 km 
east of the Project, thus it is reasonable to assume that Aboriginal people could be present in 
the area of the Project. Further, consultation input and information from the TK studies have 
indicated that members of the Aboriginal communities use these areas. Aboriginal 
Receptors/High Use Receptors are assumed to use the land or resources in or near the Project for 
fishing, trapping, hunting, and collecting of plants for food and medicinal use. The following 
assumptions apply to the Aboriginal/High Use Receptors: 

• Spend three days per week in the LAA collecting country food. While in the LAA they could 
be exposed to the maximum soil concentrations located outside the PDA and off GGM 
property. The property boundary used in the HHERA was based on the property boundary 
used in the air modelling, which is a spatial boundary that approximately encompasses the 
land around the PDA that is owned by GGM. 
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• While in the LAA the Aboriginal/High Use receptor was assumed to be exposed to the 
maximum concentration of each CAC and airborne COPC outside the PDA and off GGM 
property. 

• While in the LAA it was assumed that the Aboriginal/High Use receptor would get 100% of 
their drinking water from Kenogamisis Lake (i.e., three days per week). 

• Conservatively assumed to obtain 100% of their fish from Kenogamisis Lake. 

• Fish consumption rates are based on recommendations in First Nations Food, Nutrition and 
Environment Study (FNFNES; Chan et al. 2014) for a heavy consumer. FNFNES is a 
comprehensive food study for Aboriginal communities in Ontario (Chan et al. 2014). 

• Conservatively assumed to obtain 100% of their wild meat (assessed as moose) intake from 
the LAA. Although this assumption is likely to overestimate human consumption of wild meat, 
it provides a conservative means of assessing potential exposures for Aboriginal/High Use 
populations. 

• Conservatively assumed to obtain 100% of their intake of traditional plants from the LAA. The 
results for berries were used as a surrogate for all traditional plant consumption (i.e., dietary 
apportionment of 100% berries). It is unlikely that people obtain 100% of their traditional 
plants from the LAA. This approach likely overestimates the potential exposures that people 
could experience through the consumption of country food vegetation and the use of 
traditional medicines; however, in the absence of site-specific food consumption studies, it 
provides a reasonable upper bound estimate of potential exposures for Aboriginal/High Use 
people who are likely to derive a greater portion of their diet from the land than the Typical 
Residential Receptor. 

• As discussed in Section 19.1.3, there were some assumptions that were revised due to 
consultation with Aboriginal communities. These assumptions include the increase of the 
proportion of local fish from 10% to 100% and the selection of inhalation TRVs that are human 
health based.  

Recreational Receptors 

• This receptor group includes adults who work at and/or use the golf course and are assumed 
to be residents of Geraldton or the surrounding community. Therefore, country food 
consumption and fish consumption exposures for the Recreational Receptor would be 
represented by the Typical Residential Receptor. 

• Assumed to be exposed to the maximum concentration of each CAC and airborne COPC 
on the golf course, which is located within the PDA. 

• Assumed to be exposed to the maximum soil concentration in the LAA. 
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Park Receptors 

• Assumed to spend 24 hours per day camping at MacLeod Provincial Park over the 5 months 
of the year when the park is open for camping (May through September).  

• Assumed to be exposed to the maximum concentration of each CAC and airborne COPC in 
MacLeod Provincial Park. 

• Direct contact with metals in the soil (incidental ingestion and dermal contact) was assumed 
to occur in the Park. The soil ingestion rate used in the HHRA includes ingestion or soil and 
dust, which are assumed to have the same concentration. 

• Drinking water in the GUDI (i.e., Groundwater Under the Direct Influence of surface water) 
well in the Park will not be affected by Project activities and therefore drinking water does 
not represent a complete exposure pathway for the Park Receptor. 

• Assumed to have consumption patterns of fish and wild meat that are equivalent to those of 
the Typical Residential Receptor.  

• Assumed to have consumption patterns of traditional vegetation (i.e., berries) that are 
equivalent to the Aboriginal/High Use Receptor.  

• Assumed to obtain 50% of their intake of fish from the Kenogamisis Lake in the LAA.  

Commercial Receptors 

• Assumed to spend 9 hours per day, 5 days per week, 50 weeks per year working at the 
hardware store near the PDA (Castle Building Supplies). 

• While working, this receptor may be exposed to CACs or COPCs in air, or could be exposed 
to COPCs in soil. 

General HHRA Assumptions 

• For each receptor scenario, published characteristics and professional judgment were used 
in determining exposure durations, consumption patterns and ingestion rates (e.g., Health 
Canada 2012).  

• It is ideal to have receptor characteristics that are representative of site-specific conditions; 
however, it is not the most critical factor in assessing potential Project health risks. The goal of 
this assessment is to determine the change in risk between baseline and future conditions, 
and to evaluate if this change in risk is likely to result in a change in human health. In the 
absence of site-specific receptor characteristics, published receptor characteristics that 
reflect the general population and Aboriginal/High Use population were adopted, consistent 
with the accepted risk assessment approach in Ontario and Canada. The information 
provided by Aboriginal communities through consultation input (Appendix C) and TK and 
TLRU studies (Appendix J) was considered in the risk assessment, for instance in the selection 
of exposure pathways. 
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• Mercury in fish and benthic invertebrate tissue was assumed to be 100% methylmercury. Both 
mercury and methylmercury were detected in fish tissue from the LAA. Methylmercury is of 
greater environmental concern due to its propensity to bioaccumulate and higher toxicity, 
therefore it is conservative to assume that mercury in fish is in the form of methylmercury. 

• For all receptors evaluated in the HHERA, the uptake rate of COPCs from ingestion and 
dermal exposure to environmental media was assumed to be 100%. 

• The potential changes in inhalation health risks were assessed for exposure to non-carcinogenic 
and carcinogenic COPCs. The risks associated with inhalation exposures to non-carcinogenic 
chemicals, (CACs, non-metal COPCs and VOCs) are evaluated for 1-hour, 24-hour and annual 
exposure times in cases where time-specific (e.g., 1-hour, 24-hour) inhalation TRVs were 
available. As discussed in the Section 4.4.3.1 of Appendix F8, the non-carcinogenic health risks 
associated with the inhalation of particulate-bound metals were only evaluated for annual 
exposures. For carcinogenic chemicals (metals, VOCs and PAHs; as B(a)PTPE)) the maximum 
predicted Future Case annual average concentrations were used to calculate lifetime 
averaged daily exposures. These lifetime averaged daily exposures were compared to  
cancer-related risk-specific concentrations to assess the potential incremental increase in 
lifetime cancer risk associated with inhalation. Applying the maximum predicted annual 
average concentrations to each year of operation provides a conservative estimate of the 
potential change in lifetime cancer risk that may be associated with inhalation exposures to 
carcinogenic chemicals released by Project-related activities. 

• The predicted concentrations of CACs were compared to human health-based air quality 
standards. The predicted concentrations of particulate-bound metals were compared to 
the TRVs for inhalation exposures. These latter comparisons were based on long-term annual 
average concentrations rather than on short-term (e.g., 1-hour, 24-hour) air quality guidelines 
which are not derived from the toxicological dose-response data for each metal.  

• Potential changes in ingestion health risks for the four human receptor groups were assessed 
for exposure to both non-carcinogenic and carcinogenic COPCs. 

Receptor Assumptions - Ecological Receptors 

• The receptors evaluated in the ERA included herbivorous wildlife (meadow vole, white-tailed 
deer, and ruffed grouse), carnivorous wildlife (bobcat, ermine, red fox, river otter and  
red-tailed hawk), omnivorous wildlife (black bear, muskrat, American robin, belted kingfisher, 
and mallard duck), piscivorous wildlife (American mink and great blue heron) and 
insectivore wildlife (masked shrew). The ERA also included the evaluation of terrestrial plants, 
terrestrial invertebrate, benthic invertebrate and fish communities. The ecological receptors 
assessed in the ERA are expected to provide an adequate and conservative representation 
of the faunal and floral diversity in the LAA. 

• The selection of receptors was informed by the wildlife surveys of the LAA and the guidance 
provided in the FCSAP (Environment Canada 2012). 
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Exposure 

• The ecological receptors identified were assumed to spend their entire lifetime in the area 
that could be affected by the Project. 

• Terrestrial ecological receptors were assumed to be exposed to the maximum Future Case 
soil concentration, which are located on the golf course. 

• Similar to the Aboriginal/High Use Receptor, ecological receptors were assumed to be exposed 
to the average spatially weighted concentration in surface water from Kenogamisis Lake.  

• Where available, exposure factors were selected from Environment Canada (2012). 

• The TRV for birds and mammals were scaled according to the receptor’s body weight 
compared to that of the bird or mammal from which the TRV was derived. 

19.4.2 Assessment of Change in Human Health 

19.4.2.1 Project Mechanisms for Change in Human Health 

Atmospheric emissions (vehicle exhaust and rock and ore dust) and water discharges (treated 
effluent discharge and seepage) from Project activities can increase COPCs concentrations in 
ambient air, soil and water. This can lead to increases of these chemicals in various 
environmental media including vegetation, wild meat and fish tissue. In the absence of 
mitigation measures, potential changes in air, water and country food quality may affect the 
health of human receptors engaged in hunting, trapping, traditional and recreational activities 
within the LAA. 

19.4.2.2 Mitigation for Change in Human Health 

A number of mitigation measures have already been incorporated in the Project as detailed in 
Chapters 7.0 (atmospheric environment VC), 9.0 (groundwater VC) and 10.0 (surface water VC) 
to eliminate or reduce environmental effects of the Project which also serve to address human 
health effects mechanisms described above. These mitigation measures include, but are not 
limited to, the use of dust suppressants (e.g., water), dust collectors and protective covers, a 
Water Management and Monitoring Plan (Appendix M1) including surface water runoff control 
practices, water treatment, historical tailings reclamation, progressive rehabilitation and a Soil 
Management Plan (a Conceptual Soil Management Plan is provided in Appendix M9). 

The mitigation measures to reduce air emissions and dust deposition are described in detail in 
the atmospheric environment VC (Chapter 7.0). Mitigation measures to control discharges into 
both surface water and groundwater are described in detail in the surface water VC 
(Chapter 10.0) and groundwater VC (Chapter 9.0), respectively. 
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19.4.2.3 Characterization of Residual Environmental Effect for Change in Human Health 

This section provides a summary of the predicted health risks due to the Project. Assessment of 
residual environmental effects related to changes in human health are presented for each of 
the four receptor groups identified in Section 19.4.1.2. This assessment assumed the presence of 
the planned mitigation measures. A detailed discussion of the predicted health risks is presented 
in the HHERA TDR (Appendix F8). 

Effects Related to Dust and Surface Water Runoff 

The use of industry standard dust mitigation and surface water runoff control practices will limit or 
eliminate potential exposures to human for the following Project components and physical activities:  

• site preparation 

• watercourse crossings and Goldfield Creek diversion 

• aggregate source extraction 

• construction of buildings and supporting infrastructure 

• construction of linear and ancillary facilities 

• Highway 11 Realignment  

• waste rock disposal 

• ore processing 

• tailings management 

Dust mitigation will limit or eliminate dust inhalation exposures for people engaged in hunting, 
trapping, fishing, recreational and traditional activities in the areas where Project construction 
activities occur. Control and treatment of runoff during construction and site preparation 
activities will limit or eliminate potential human exposures to chemicals in site-related particulate 
matter in runoff water; therefore, residual effects are likely to be not significant and no further 
assessment is warranted for these Project activities. 

Inhalation-Related Human Health Risks 

The dispersion of CACs and COPCs (COPCs include non-metals, VOCs, carcinogenic PAHs and 
metals) in ambient air was modelled for the construction and operation phases (Mill Phase 1 and 
Mill Phase 2) of the Project. The predicted concentrations of CACs and COPCs for the construction 
phase were lower than the predicted concentrations for the operation phase, therefore the 
concentrations from the operation phase were used to evaluate potential inhalation exposures. 
The maximum predicted concentrations from the worst-case years for Mill Phase 1 and Mill Phase 2 
were used as inputs to the human health risk assessment to estimate potential health risks 
associated with short-term (1-hour and 24-hour) and long-term (annual average) inhalation 
exposures to chemicals released from the Project. CRs were used to evaluate the potential 
change in human health risks. 



HARDROCK PROJECT  
FINAL ENVIRONMENTAL IMPACT STATEMENT / ENVIRONMENTAL ASSESSMENT 

Assessment of Potential Environmental Effects on Human and Ecological Health  
June 2017 

  

19.40  
 

The potential changes in inhalation health risks were assessed for exposure to non-carcinogenic 
and carcinogenic COPCs. The risks associated with inhalation exposures to non-carcinogenic 
chemicals, (CACs, non-metal COPCs and VOCs) are evaluated for 1-hour, 24-hour and annual 
exposure times in cases where time-specific (e.g., 1-hour, 24-hour) inhalation TRVs were 
available. The risks associated with inhalation of carcinogenic chemicals (metals, VOCs and 
PAHs (as B(a)PTPE)) were evaluated based on lifetime exposure. For Each CAC and COPC, 
concentration ratios (CRs) for each scenario are based on a comparison of the inhalation TRVs 
with the predicted concentration of each CAC and COPC from the construction and operation 
phases (Mill Phase 1 and Mill Phase 2). Further details are discussed in the atmospheric 
environment VC (Chapter 7.0). The full set of inhalation risk estimates are provided in the HHERA 
TDR (Appendix F8). A summary of the non-cancer risks for each CAC or COPC with calculated 
Baseline Case and/or Future Case risks in excess of 1.0 is provided in Table 19-5. The CRs 
associated with inhalation to the carcinogenic COPCs (1,3-butadiene, acetaldehyde, benzene, 
formaldehyde, PAH, arsenic, beryllium and nickel) are below 1.0, meaning that the incremental 
lifetime cancer risk associated with emissions from the Project is below the 10-6 (one in a million) 
cancer risk acceptability benchmark established by the MOECC. The CRs associated with 
inhalation exposures to the carcinogenic Project-related chemicals are presented in Section 
4.4.3.1 of the Appendix F8. 

For non-carcinogenic risks, with the exceptions of PM10, acrolein and benzene, the CRs 
associated with inhalation exposures for the non-carcinogenic CACs and COPCs are below 1.0. 
This demonstrates that, in general, the change in inhalation exposures to the non-carcinogenic 
CACs and COPCs between Baseline Case and Future Case conditions, represent negligible 
human health risks. 

The air quality assessment (Chapter 7.0) provided predicted PM10 concentrations for the 
construction and operation phases (Mill Phase 1 and Mill Phase 2). As presented in Table 19-5, 
concentration ratios based on the maximum predicted concentrations were below the target 
benchmark of 1.0 for all CACs and non-metal COPCs with the following exceptions: 

• The Future Case 24-hour PM10 for the Typical Residential Receptor (Geraldton).  

• The Future Case 24-hour PM10 for the Typical Residential Receptor (Rosedale Point).  

• The Aboriginal/High Use Receptor who may be present in the LAA outside the PDA locations 
that are considered Off-Property.  

The prediction of CRs above 1.0 for these receptors is based on a comparison of the maximum 
predicted PM10 concentration over the course of a year. These values do not represent the PM10 
concentrations that would typically be present in the air on a continuous basis. To understand the 
potential human health risks that may be associated with elevated PM10 concentrations, it is 
necessary to determine how often these exceedances occur and whether they happen on 
consecutive days. To determine the potential human health risks associated with the inhalation of 
PM10, a frequency analysis was completed for Geraldton, Rosedale Point and the areas outside 
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the PDA and Off-Property. The frequency analyses are discussed in detail in Section 4.4.3.1 of the 
HHERA TDR (Appendix F8). In each case PM10 levels exceeded the 24-hour benchmark on single 
day of the worst year for Mill Phase 1 and on a single day for the worst-case year for Mill Phase 2. 
These single exceedances represent exceedance frequencies of 0.3% (1 day per year) in each 
location. As a result, 99.7% of the time PM10 concentrations are below the benchmark of 50 µg/m3 
and therefore, the inhalation of PM10 represents a negligible human health risk for the Typical 
Residential Receptor living in the Rosedale Point area.  

For acrolein and benzene (predicted to be present due to vehicle emissions), the CRs for the 
Typical Residential Receptor under Baseline and Future Case conditions are above 1.0. However, 
the change in CR between Baseline Case and Future Case conditions are less than 0.2, which is 
the acceptable benchmark for the Project’s contribution to risk. Therefore, for the Typical 
Residential Receptor, inhalation exposures to acrolein and benzene under Baseline Case and 
Future Case conditions represent negligible human health risks. 

Overall, the increases in exposures that result from Project-related changes in air quality 
represent a negligible human health risk. 

Table 19-5: Inhalation Health Risks that Exceeded the Applicable Benchmark 

CACs and 
Non-Metal 

COPCs 

Averaging 
Period 

CRs 

Receptor Discussion Baseline 
Case 

Future 
Case 

PM10 24-hour 5.23E-01 1.25E+00 Typical Residential 
Receptor (Geraldton) 

The frequency analyses 
indicated that the yearly 
frequencies of 
exceedance are low 
enough that potential 
health risks are negligible. 

5.23E-01 1.41E+00 
Typical Residential 
Receptor  
(Rosedale Point) 

5.23E-01 1.54E+00 Aboriginal/High Use 
Receptor 

Acrolein Annual 1.96E+00 1.98E+00 Typical Residential 
Receptor (Geraldton) 

Change in risk between 
Baseline Case and Future 
Case is less than the risk 
acceptability benchmark 
of 0.2. As a result, the 
change in exposure 
between Baseline Case 
and Future Case 
conditions represents a 
negligible human health 
risk.  

1.96E+00 1.98E+00 
Typical Residential 
Receptor  
(Leased Properties) 

1.96E+00 1.99E+00 
Typical Residential 
Receptor  
(Rosedale Point) 

1.96E+00 2.02E+00 
Typical Residential 
Receptor  
(Residence 300) 
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Table 19-5: Inhalation Health Risks that Exceeded the Applicable Benchmark 

CACs and 
Non-Metal 

COPCs 

Averaging 
Period 

CRs 

Receptor Discussion Baseline 
Case 

Future 
Case 

Benzene Annual 1.23E+00 1.25E+00 Typical Residential 
Receptor (Geraldton) 

Change in risk between 
Baseline Case and Future 
Case is less than the risk 
acceptability benchmark 
of 0.2. As a result, the 
change in exposure 
between Baseline Case 
and Future Case 
conditions represents a 
negligible human health 
risk.  

1.23E+00 1.24E+00 
Typical Residential 
Receptor  
(Leased Properties) 

1.23E+00 1.24E+00 
Typical Residential 
Receptor  
(Rosedale Point) 

1.23E+00 1.24E+00 
Typical Residential 
Receptor  
(Residence 300) 

NOTE: 
Bold CR exceeds benchmark of 1.0 

Ingestion-Related Human Health Risks 

The human health risks associated with ingestion exposures to COPCs were evaluated as the 
sum of the exposure pathways that contribute to total ingestion exposures. The pathways that 
contribute to the total ingestion exposure include: 

• Soil Contact (ingestion and dermal contact) – Evaluated for all receptors. Receptors were 
assumed to be exposed to maximum predicted concentration in soil in the receptor 
location. It is noted that the Aboriginal/High Use Receptor was assumed to be exposed to 
the maximum concentration outside the PDA and off GGM property. 

• Water Ingestion – Evaluated for Aboriginal/High Use Receptor. Receptor was assumed to 
consume water from multiple locations within the various basins of Kenogamisis Lake while 
they are present in the LAA. 

• Wild Meat Ingestion – Evaluated for Typical Residential Receptor, Aboriginal/High Use 
Receptor and Park Receptor. 

• Fish Ingestion – Evaluated for Typical Residential Receptor, Aboriginal/High Use Receptor and 
Park Receptor. 

• Traditional Vegetation (i.e., berries) Ingestion – Evaluated for the Aboriginal/High Use 
Receptor and the Park Receptor. 
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The risks associated with each of these individual exposure pathways are presented in 
Section 4.4.3 of the HHERA TDR (Appendix F8). In general, the risks associated with total ingestion 
exposures to metals under Baseline Case and Future Case conditions are below the non-cancer 
risk acceptability benchmark of HQ<0.2 established by Health Canada and the MOECC. For 
several compounds, the total ingestion non-cancer risks exceed the HQ>0.2 non-cancer risk 
acceptability benchmark. The non-carcinogenic human health risks that exceed the  
0.2 benchmark are summarized in Table 19-6 and are discussed below. 

• Typical Residential Receptor:  
The risk estimates for the four types of Typical Residential Receptors are comparable, 
therefore only the results for the Typical Residential Receptor (Geraldton) are summarized. 
For the Typical Residential Receptor, the predicted health risks associated with total ingestion 
exceed a HQ of 0.2 under Baseline Case and Future Case conditions for arsenic, copper, 
lead, mercury, methylmercury, thallium and zinc. For each of these COPCs the change in risk 
between Baseline Case and Future Case conditions is less than a HQ of 0.2. Based on this, 
the changes in total ingestion exposures to metals between Baseline Case and Future Case 
conditions represent a negligible human health risk. For arsenic, there is a predicted 
decrease in total ingestion exposure health risk between Baseline Case and Future Case 
conditions. This decrease is attributed to the decrease in arsenic exposures through fish 
consumption. The additional rehabilitation measures to address the historical MacLeod and 
Hardrock tailings is predicted to improve water quality in that part of Kenogamisis Lake. This 
improvement in water quality is predicted to lower arsenic concentrations in fish and thereby 
reduce the exposure to arsenic through fish consumption.  

• Aboriginal/High Use Receptor: 
For the Aboriginal/High Use Receptor, the predicted health risks associated with total 
ingestion exceed a HQ of 0.2 under Baseline Case and Future Case conditions for arsenic, 
copper, lead, manganese, mercury, methylmercury, selenium and thallium. For arsenic, 
methylmercury, selenium, thallium and zinc. The change in risk between Baseline Case and 
Future Case conditions is less than a HQ of 0.2, which represents a negligible change in 
health risk as a result of the Project. The HQ for antimony is below 0.2 for Baseline Case, but 
above 0.2 for Future Case. However, the change in risks between Baseline Case and Future 
Case is less than 0.2 and is therefore considered negligible. As for the Typical Residential 
Receptor, the additional rehabilitation measures to address the historical MacLeod and 
Hardrock tailings is predicted to result in a decrease in total ingestion risk for arsenic between 
Baseline Case and Future Case conditions. 

• Recreational Receptor: 
For the Recreational Receptor, the predicted health risks associated with total ingestion were 
below 0.2 for under Baseline Case and Future Case. 
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• Park Receptor: 
For the Park Receptor, the predicted health risks associated with total ingestion exceed a HQ 
of 0.2 under Baseline Case and Future Case conditions for arsenic, copper, lead, mercury, 
methylmercury, thallium and zinc. For all four metals, the change in risk between Baseline 
Case and Future Case conditions is less than a HQ of 0.2. Based on this, the changes in total 
ingestion exposures to metals between Baseline Case and Future Case conditions represents 
a negligible human health risk. As for the Typical Residential Receptor, the additional 
rehabilitation measures to address the historical MacLeod and Hardrock tailings is predicted 
to result in a decrease in total ingestion risk for arsenic between Baseline Case and Future 
Case conditions.  

Table 19-6: Non-carcinogenic Human Health Risks for Total Ingestion 

Receptor COPC 
HQ 

Discussion Baseline 
Case 

Future 
Case 

Typical 
Residential 
Receptor 

(Geraldton) 

Arsenic 8.22E+00 8.20E+00 Reduction in risk between Baseline Case and 
Future Case conditions 

Copper 2.96E-01 2.99E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Lead 3.68E-01 3.75E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Mercury 3.83E-01 3.85E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Methylmercury 1.78E+00 1.78E+00 Negligible increase in health risk between 
Baseline Case and Future Case 

Thallium 1.20E+00 1.21E+00 Negligible increase in health risk between 
Baseline Case and Future Case 

Zinc 2.66E-01 2.67E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Aboriginal/ 
High Use 
Receptor 

Antimony 1.16E-01 2.83E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Arsenic  8.05E+00 7.83E+00 Decrease in health risk between Baseline 
Case and Future Case  

Copper 3.39E-01 3.42E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Lead 3.55E-01 3.64E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Manganese 2.09E-01 2.08E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Mercury 4.17E-01 4.19E-01 Negligible increase in health risk between 
Baseline Case and Future Case 



HARDROCK PROJECT  
FINAL ENVIRONMENTAL IMPACT STATEMENT / ENVIRONMENTAL ASSESSMENT 

Assessment of Potential Environmental Effects on Human and Ecological Health  
June 2017 

  
  19.45 

 

Table 19-6: Non-carcinogenic Human Health Risks for Total Ingestion 

Receptor COPC 
HQ 

Discussion Baseline 
Case 

Future 
Case 

Methylmercury 1.13E+01 1.13E+01 Negligible increase in health risk between 
Baseline Case and Future Case 

Selenium 3.41E-01 3.63E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Thallium 4.10E+00 4.28E+00 Negligible increase in health risk between 
Baseline Case and Future Case 

Zinc 3.29E-01 3.30E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Park 
Receptor Arsenic 7.31E+00 7.29E+00 Decrease in health risk between Baseline 

Case and Future Case 

Copper 3.02E-01 3.05E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Lead 3.22E-01 3.29E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Mercury 4.19E-01 4.22E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Methylmercury 1.78E+00 1.78E+00 Negligible increase in health risk between 
Baseline Case and Future Case 

Thallium 2.40E+00 2.57E+00 Negligible increase in health risk between 
Baseline Case and Future Case 

Zinc 2.71E-01 2.72E-01 Negligible increase in health risk between 
Baseline Case and Future Case 

Arsenic 7.31E+00 7.29E+00 Decrease in health risk between Baseline 
Case and Future Case 

NOTE: 
Bold HQ exceeds benchmark of 0.2 

Arsenic is the only COPC that is considered carcinogenic via ingestion. In each case, the ILCR 
based on Project Alone was below the benchmark of 1.0E-06 or there was a decrease in ILCR 
between Baseline Case and Future Case due to the additional rehabilitation measures to 
address the historical MacLeod and Hardrock tailings. Overall, the increase in carcinogenic 
health risks for arsenic for each receptor as a result of the Project are considered negligible. 
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19.4.3 Assessment of Change in Ecological Health 

19.4.3.1 Project Mechanisms for Change in Ecological Health 

Similar to the mechanisms identified for human health (Section 19.4.2.1), in the absence of 
mitigation, atmospheric emissions and water discharges (treated effluent discharge and 
seepage) from Project activities will add COPCs to the environment, potentially resulting in 
increased concentrations in ambient air, soil, surface water and sediment. In turn, these 
changes may affect the health of ecological receptors. 

19.4.3.2 Mitigation for Change in Ecological Health 

A number of mitigation measures have already been incorporated in the Project as detailed in 
Chapters 7.0 (atmospheric environment VC), 9.0 (groundwater VC) and 10.0 (surface water VC) 
to eliminate or reduce environmental effects of the Project which also serve to address 
ecological health effects. These mitigation measures include, but are not limited to, the use of 
dust suppressants (e.g., water), dust collectors and protective covers, a Water Management 
and Monitoring Plan (Appendix M1) including surface water runoff control practices, progressive 
rehabilitation and a Soil Management Plan (a Conceptual Soil Management Plan is provided in 
Appendix M9). 

The mitigation measures to reduce dust deposition are described in the atmospheric environment 
VC (Chapter 7.0). Mitigation measures to control discharges into both surface water and 
groundwater are described in the surface water VC (Chapter 10.0) and groundwater VC 
(Chapter 9.0), respectively.  

Through consultation, GGM recognizes that Aboriginal communities are interested in participating 
in a moose health (i.e., tissue sampling) monitoring study in the region. Given the large ranges of 
these animals and mandate of the Ministry of Natural Resources and Forestry (MNRF), GGM will 
participate in an MNRF-led study with local Aboriginal communities during Project operation.  

19.4.3.3 Characterization of Residual Environmental Effects for Change in Ecological 
Health 

This section provides a summary of the predicted ecological health risks due to the Project 
including the mitigation measures presented in Section 19.4.3.2. A detailed discussion of the 
predicted ecological health risks is presented in the HHERA TDR (Appendix F8). 

Consistent with the assessment of human health (Section 19.4.2.3), the use of industry standard 
dust mitigation and surface water runoff management will limit or eliminate potential exposures 
to ecological receptors for the same Project components and physical activities discussed in 
that section. Therefore, this section focuses ecological exposures to Project emissions, which may 
not be mitigated by standard measures. 
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The assessment of ecological health evaluated a receptor’s change in health risk based on 
exposure to metals from ingesting food, water, soil and sediment or contact with water, 
sediment and soil. Ecological receptors were chosen to represent wildlife species from various 
feeding levels in the food chain (e.g., herbivorous terrestrial mammal, omnivorous aquatic bird, 
insectivorous terrestrial bird). As discussed in Section 19.4.1.2, the ecological receptor species 
selected in the assessment of ecological health include: 

• American mink (Mustela vison) • meadow vole (Microtus pennsylvanicus) 

• American robin (Turdus migratorius) • moose (Alces alces) 

• belted kingfisher (Ceryle alcyon) • muskrat (Odatra zibethicus) 

• black bear (Ursus americanus) • red fox (Vulpes vulpes) 

• bobcat (Lynx rufus) • red-tailed hawk (Buteo jamaicensis) 

• ermine (Mustela ermine) • river otter (Lutra canadensis) 

• great blue heron (Ardea Herodias) • ruffed grouse (Bonasa umbellus) 

• mallard duck (Anas platyrhynchos) • white-tailed deer (Odocoileus virginianus) 

• masked shrew (Sorex cinereus) 
 

Terrestrial plant and soil invertebrate communities were also evaluated based on their close 
association with soil. Fish, plants and invertebrates were evaluated based on their close 
association with the surface water and the sediment. Detailed descriptions of the feeding guild 
(e.g., terrestrial herbivores) and receptor characteristics for each ecological receptor species 
are provided in the HHERA TDR (Appendix F8). 

For the assessment of ecological receptors, published characteristics with consideration of  
site-specific conditions were used in determining exposure durations, consumption patterns and 
ingestion rates (e.g., Environment Canada 2012). The receptor characteristics used to calculate 
the RQ values for ecological receptors SR for community receptors are described in detail in the 
HHERA TDR (Appendix F8). It is noted that the life span of ecological receptors is not a factor in 
risk modelling. 

Summary of Ecological Health Risks 

Dustfall predictions were used to assess the potential for change in soil quality. The amount of 
metal deposited to the soil from dust deposition during the operation phase (i.e., Project phase 
during which deposition onto the soil would be the highest) was used to predict metal 
concentrations in soil from Project activities. These predicted soil concentrations were added to 
the baseline soil concentrations to predict future metal concentrations in soil. Discussion of the 
methods used to estimate future metal concentrations in soil is provided in the HHERA TDR 
(Appendix F8). The maximum soil concentrations were assumed to remain constant in the soil 
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throughout the LOM, and potential health risks to ecological receptors were based on exposure to 
these maximum concentrations for the duration of a receptor’s lifetime. Potential health risks were 
determined for ecological receptors that may be exposed to soils within the LAA through direct 
ingestion, direct contact, ingestion from grooming and preening, dermal contact, inhalation of 
dust, and ingestion of food items. Ecological receptors are assumed to be exposed to maximum 
soil concentrations based on the location of maximum modelled deposition in the LAA. 

With respect to potential changes in surface water quality, ecological receptors could potentially 
consume surface water and sediment from any of the basins of Kenogamisis Lake. Exposure 
concentrations are based on the water quality modelling discussed in ”Technical Data Report - 
Mass Balance Modelling of Arsenic Concentrations in Water and Sediment of Kenogamisis Lake, 
Geraldton, Ontario” (Appendix F13), where potential changes in water quality were modelled for 
three future conditions including operation and closure. Modelling was based on average 
conditions and the exposure point concentration was the average concentration in the various 
basins weighted by the surface area of the basins. Exposure concentrations for sediment were 
based on modelling of surface water inputs to sediment using site-specific partition coefficients. 
Discussion of the methods used to estimate future metal concentrations in surface water and 
sediment is provided in the HHERA TDR (Appendix F8). Potential health risks to ecological 
receptors were based on exposure to baseline and future predicted concentrations for the 
duration of a receptor’s lifetime. The additional rehabilitation measures to address the historical 
MacLeod and Hardrock tailings is expected to result in a reduction of arsenic concentrations in 
surface water, sediment, benthic invertebrates, and aquatic plants. 

The risks associated with each individual exposure pathway are presented in Appendix H of the 
HHERA TDR (Appendix F8), and the completed listed of total ingestion risk estimates for each 
receptor under Baseline Case and Future Case is provided in the HHERA TDR (Appendix F8). In 
general, the risks associated with total ingestion exposures to metals under Baseline Case and 
Future Case conditions are below the acceptable benchmark of 1.0 for SR and RQ. The RQs/SRs 
that exceed the benchmark are summarized in Table 19-7 and are discussed below. 

American Mink 

Baseline Case and Future Case RQs for ingestion of arsenic exceeded 1.0. The RQs are mainly 
influenced by the ingestion of benthic invertebrates. The predicted health risks decrease from 
Baseline Case to Future Case as a result of the additional rehabilitation measures to address the 
historical MacLeod and Hardrock tailings. These measures are expected to reduce the overall 
weighted mean arsenic concentrations in water from the various basins and are also therefore 
predicted to decrease the weighted mean concentrations in sediment and benthic 
invertebrates. As such, the changes in health risks due to the Project are expected to be 
negligible. 
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Masked Shrew 

Baseline Case and Future Case RQs for ingestion of arsenic and nickel exceeded 1.0. These RQs 
are mainly influenced by dietary intake of terrestrial invertebrates and soil ingestion. The 
potential Project related changes in soil are negligible, therefore the corresponding change in 
risk between Baseline Case and Future Case are also negligible. 

Meadow Vole 

Baseline Case and Future Case RQs for ingestion of arsenic exceed 1.0. These RQs are mainly 
influenced by soil ingestion. The potential Project related changes to soil are negligible, therefore 
the corresponding change in risk between Baseline Case and Future Case is also negligible. 

Muskrat 

Baseline Case and Future Case RQs for ingestion of arsenic exceeded 1.0. These RQs are mainly 
influenced by the ingestion of sediment. The Future Case RQ was lower than the Baseline RQ 
due to the additional rehabilitation measures to address the historical MacLeod and Hardrock 
tailings. As such, the change in health risks as a result of the Project are expected to be 
negligible. 

River Otter 

Baseline Case and Future Case RQs for ingestion of arsenic exceeded 1.0. The RQs are mainly 
influenced by the ingestion of benthic invertebrates, however, the Future Case RQ was lower 
than the Baseline RQ due to the additional rehabilitation measures to address the historical 
MacLeod and Hardrock tailings. As such, the change in health risks as a result of the Project are 
expected to be negligible. 

Belted Kingfisher 

Baseline Case and Future Case RQs for ingestion of mercury and vanadium exceeded 1.0.  

For mercury, the Baseline Case and Future Case RQs are above 1.0. These results are driven by 
the ingestion of fish. The Project is not expected to increase the concentration of mercury in fish 
tissue. Because the Project is not expected to increase mercury in fish tissue, the change in 
health risk between Baseline Case and Future Case conditions is predicted to be negligible for 
the Belted Kingfisher. 

For vanadium, the Baseline Case and Future Case RQs are above 1.0. These results are driven by 
the ingestion of soil and benthic invertebrates. The Project-related change in vanadium 
concentrations in soil and benthic invertebrates between Baseline Case and Future Case 
conditions is predicted to be negligible. Therefore, for the Belted Kingfisher the change in health 
risk between Baseline Case and Future Case conditions is predicted to be negligible. 
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Great Blue Heron 

Baseline Case and Future Case RQs for ingestion of mercury exceeded 1.0. 

For mercury, the Baseline Case and Future Case RQs above are above 1.0. These results are 
driven by the ingestion of fish. The Project is not expected to increase the concentration of 
mercury in fish tissue. Because the Project is not expected to increase mercury in fish tissue, the 
change in health risk between Baseline Case and Future Case conditions is predicted to be 
negligible for the great blue heron. 

Mallard Duck 

Baseline Case and Future Case RQs for ingestion of arsenic, chromium, copper, mercury, and 
vanadium exceeded 1.0. The RQs for arsenic, chromium, copper and mercury are due to the 
ingestion of benthic invertebrates. The Future Case RQ for arsenic was lower than the Baseline 
RQ due to the additional rehabilitation measures to address the historical MacLeod and 
Hardrock tailings. As such, the change in arsenic related health risks as a result of the Project are 
expected to be negligible. The Project-related changes in concentrations of chromium, copper 
and mercury in sediment are predicted to be negligible. As a result, changes in the 
concentrations of these metals in benthic invertebrates are also predicted to be negligible. 
Therefore, for the mallard duck the changes in exposure between Baseline Case and Future 
Case are also expected to be negligible. 

The RQ for vanadium is driven by the ingestion of benthic invertebrates and sediment. The 
increases in vanadium concentrations in sediment between Baseline Case and Future Case 
conditions is predicted to be negligible. By extension, the increase in vanadium concentrations 
in benthic invertebrates between Baseline Case and Future Case conditions is expected to be 
negligible. Therefore, for the mallard duck, the changes in exposure between Baseline Case and 
Future Case are expected to be negligible. 

Terrestrial Plant and Soil Organisms 

Baseline Case and Future Case RQs for ingestion of arsenic and manganese exceeded 1.0. 
These RQs are mainly influenced by exposure to soil. The potential Project-related changes in soil 
are negligible, therefore the corresponding change in risk between Baseline Case and Future 
Case are also negligible. 
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Table 19-7: Ecological Risk Quotients that Exceed the Applicable Ingestion 
Benchmark- Mammals and Birds 

Receptor Chemicals 
RQ 

Discussion Baseline 
Case 

Future 
Case 

American 
Mink Arsenic 3.25E+00 3.20E+00 

The RQs>1 are mainly influenced by the dietary intake of 
benthic invertebrates. Project activities will result in 
additional rehabilitation measures to address the 
historical MacLeod and Hardrock tailings. As a result of 
this rehabilitation, the Project is not expected to increase 
the concentration of arsenic in sediment and by 
extension in benthic invertebrates. Therefore, the 
corresponding change in exposure between Baseline 
Case and Future Case represents an improvement over 
current conditions, and RQs in the Future Case are 
expected to be lower than under existing conditions. As 
such, Project activities are not expected to result in 
unacceptable risks. 

Masked 
Shrew 

Arsenic 2.83E+00 2.86E+00 
The RQs>1 are mainly influenced by the dietary intake of 
soil invertebrates and soil ingestion. Potential increases in 
arsenic and nickel soil concentrations as a result of Project 
activities are negligible, therefore the corresponding 
changes in exposure between Baseline Case and Future 
Case are also expected to be negligible. Nickel 1.31E+00 1.35E+00 

Meadow 
Vole Arsenic 1.49E+00 1.50E+00 

The RQs>1 are mainly influenced by dietary intake of soil. 
The potential increase in arsenic soil concentration as a 
result of Project activities is negligible, therefore the 
corresponding changes in exposure between Baseline 
Case and Future Case are expected to be negligible. 

Muskrat Arsenic 1.51E+00 1.50E+00 

The RQs>1 are attributed to the ingestion of sediment. 
Project activities will result in additional rehabilitation 
measures to address the historical MacLeod and 
Hardrock tailings. Therefore, the corresponding change 
in exposure between Baseline Case and Future Case is 
for the better, and RQs in the Future Case are expected 
to be lower than under existing conditions. As such, 
Project activities are not expected to result in 
unacceptable risks. 

River Otter Arsenic 3.10E+00 3.03E+00 

The RQs>1 are driven by the otter’s consumption of 
benthic invertebrates. Project activities will result in 
additional rehabilitation measures to address the 
historical MacLeod and Hardrock tailings. The 
concentrations in benthic invertebrates are related to 
the concentrations in sediment. Therefore. the 
corresponding change in exposure between Baseline 
Case and Future Case is for the better, and RQs in the 
Future Case are expected to be lower than under 
existing conditions. As such, Project activities are not 
expected to result in unacceptable risks.  
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Table 19-7: Ecological Risk Quotients that Exceed the Applicable Ingestion 
Benchmark- Mammals and Birds 

Receptor Chemicals 
RQ 

Discussion Baseline 
Case 

Future 
Case 

Belted 
Kingfisher 

Mercury 2.14E+00 2.14E+00 

The RQs>1 for mercury are related to ingestion of fish 
tissue. The Project is not anticipated to increase the 
concentrations of mercury in surface water and therefore 
increases in fish tissue concentration are not expected. 
Therefore, the corresponding changes in exposure 
between Baseline Case and Future Case are expected 
to be negligible.  

Vanadium 1.25E+00 1.27E+00 

The RQs>1 for vanadium are related to soil ingestion and 
benthic invertebrate ingestion. The increase in soil and 
benthic invertebrates due to the Project is expected to 
be negligible, therefore the corresponding changes in 
exposure between Baseline Case and Future Case are 
expected to be negligible. 

Great Blue 
Heron Mercury 1.50E+00 1.50E+00 

The RQs>1 for mercury are mainly influenced by the 
dietary intake of freshwater fish. The increases in mercury 
concentration in fish tissue concentration are expected 
to be negligible, therefore the corresponding changes in 
exposure between Baseline Case and Future Case are 
expected to be negligible. 

Mallard Duck 

Arsenic 1.83E+00 1.82E+00 

RQs>1 for arsenic are due to ingestion of benthic 
invertebrates. Project activities will result in additional 
rehabilitation measures to address the historical MacLeod 
and Hardrock tailings. The concentrations in benthic 
invertebrates are related to the concentrations in 
sediment. Therefore, the corresponding change in 
exposure between Baseline Case and Future Case is for 
the better, and RQs in the Future Case are expected to 
be lower than under existing conditions. As such, Project 
activities are not expected to result in unacceptable risks. 

Chromium 
(Total) 1.29E+00 1.29E+00 RQs>1 for chromium, copper and mercury are due to 

ingestion of benthic invertebrates. The increases in 
sediment and therefore benthic invertebrates as a result 
of the Project are expected to be negligible, therefore 
the changes in exposure between Baseline Case and 
Future Case are also expected to be negligible.  

Copper 1.21E+00 1.21E+00 

Mercury 1.03E+00 1.03E+00 

Vanadium 5.64E+00 5.65E+00 

RQs>1 for vanadium are due to the ingestion of benthic 
invertebrates and sediment. The increases in sediment 
and therefore also in benthic invertebrates as a result of 
the Project are expected to be negligible, therefore the 
changes in exposure between Baseline Case and Future 
Case are also expected to be negligible. 
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Table 19-7: Ecological Risk Quotients that Exceed the Applicable Ingestion 
Benchmark- Mammals and Birds 

Receptor Chemicals 
RQ 

Discussion Baseline 
Case 

Future 
Case 

Plants and 
Soil 

Invertebrates 

Arsenic 5.17E+00 5.22E+00 

The SRs>1 are mainly influenced by the increase in soil 
due to deposition. The change in RQ between Baseline 
Case and Future Case is less than 1.0, therefore the 
corresponding change in exposure is considered 
negligible. 

Manganese 8.64E+00 8.65E+00 

The SRs>1 are mainly influenced by the increase in soil 
due to deposition. The change in RQ between Baseline 
Case and Future Case is less than 1.0, therefore the 
corresponding change in exposure is considered 
negligible. 

NOTE: 
Bold RQ/SR exceeds benchmark of 1.0. 

A detailed discussion of all ecological receptors evaluated is found in the HHERA TDR (Appendix F8). 

Summary of Change in Ecological Health 

The ERA identified that overall the release of chemicals into the terrestrial and aquatic 
environments as a result of Project activities are not expected to result in adverse effects to 
terrestrial or aquatic wildlife. A high degree of conservatism is used in estimating ecological 
exposures to environmental media, and the ERA process is designed to overstate potential 
health risks. 

19.4.4 Summary of Residual Environmental Effects on Human and Ecological 
Health 

A summary of residual environmental effects that are likely to occur as a result of the Project is 
provided in Table 19-8. 

Residual adverse effects are considered further in terms of their significance in Section 19.5 and 
carried forward to the cumulative effects assessment (Chapter 23.0). A conceptual framework 
and scope for environmental management and monitoring plans, including follow-up and 
monitoring programs is provided in Chapter 23.0. Conceptual environmental management and 
monitoring plans are also provided in Appendix M. These include the Water Management and 
Monitoring Plan (Appendix M1), the Conceptual Air Quality Management and Monitoring Plan 
(Appendix M7) and the Conceptual Aquatic Management and Monitoring Plan (Appendix M12).
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Table 19-8: Summary of Residual Environmental Effects on Human and Ecological Health  

Residual Effect 

Activity Residual Environmental Effects Characterization 
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Direction Magnitude Geographic 
Extent Timing Frequency Duration Reversibility 

Ecological and 
Socio-economic 

Context 

CHANGE IN HUMAN HEALTH 

Change in human 
health risk 

   
Adverse Low LAA N/A Continuous Long-Term Irreversible Atypical 

Direction: Adverse. Taking into account proposed air quality and water quality mitigation and 
management measures, it is predicted that the Project is likely to cause a negligible increase in human 
health risk.  
Magnitude: Low. With the implementation of mitigation measures for air quality and surface water 
quality, the Project-related environmental exposures are not expected to substantially change human 
health.  
Geographic Extent: LAA. It is expected that the increases in human health risk will be limited to the LAA. 
Timing: N/A. Human exposures to Project emissions will occur on a year-round basis. 
Frequency: Continuous. The change in exposure and health risk will be continuous over the life of the 
Project. 
Duration: Long-term. The change in exposure and health risk will continue into the post-closure phase of 
the Project.  
Reversibility: Irreversible. The change in health risk associated with the change in exposures to Project-
related chemicals are unlikely to return to baseline conditions. For example, once metals are deposited 
to soil they will not be removed, making the increase in metal concentration permanent. The resulting 
change in health risk is irreversible. 
Ecological and Socio-Economic Context: Atypical. The area has been previously subjected to mining 
activity and/or human development. 
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Table 19-8: Summary of Residual Environmental Effects on Human and Ecological Health  

Residual Effect 

Activity Residual Environmental Effects Characterization 
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Direction Magnitude Geographic 
Extent Timing Frequency Duration Reversibility 

Ecological and 
Socio-economic 

Context 

CHANGE IN ECOLOGICAL HEALTH 

Change in ecological 
health risk 

   Adverse Low LAA N/A Continuous Long-Term Irreversible Atypical 

Direction: Adverse. Taking into account proposed air quality and water quality mitigation and 
management measures, it is predicted that the Project is likely to cause a negligible increase in 
ecological health risk.  
Magnitude: Low. With the implementation of mitigation measures for air quality and surface water 
quality, the Project-related environmental exposures are not expected to substantially change 
ecological health.  
Geographic Extent: LAA. It is expected that the increases in ecological risk will be limited to the LAA. 
Timing: N/A. Ecological exposures to Project emissions will occur on a year-round basis. 
Frequency: Continuous. The change in exposure and ecological risk will be continuous over the life of 
the Project. 
Duration: Long-term. The change in exposure and ecological risk will continue into the post-closure 
phase of the Project. 
Reversibility: Irreversible. The change in ecological risk associated with the change in exposures to 
Project-related chemicals are unlikely to return to baseline conditions. For example, once metals are 
deposited to soil they will not be removed, making the increase in metal concentration permanent. The 
resulting change in health risk is irreversible. 
Ecological and Socio-Economic Context: Atypical. The area has been previously subjected to mining 
activity and/or human development. 

NOTE: 
See Table 19-2 for detailed definitions. 
  Residual effect anticipated. 
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19.5 DETERMINATION OF SIGNIFICANCE 
When predicted human or ecological health risks are less than the target benchmark, adverse 
health effects are not expected and correspondingly a change to human or ecological health 
is not expected. When Project related health risks are greater than the benchmarks, then the 
change in human health risks may be significant (Table 19-3). Due to a strong conservative bias 
that arises from implicit conservative assumptions in HHERA methodologies, if predicted human 
or ecological health risks exceed the target benchmark, it does not necessarily indicate an 
adverse health effect is expected or that a change to health will occur; rather, this prompts a 
more in-depth review of assumptions and conservatism outlined in the HHERA to determine 
whether the assumptions are unreasonably precautionary. 

With the implementation of mitigation measures for air and surface water, the potential increase 
in health risk as a result of the Project is negligible. The HHERA results indicate that: 

• health and ecological risks for most COPC and most species will not exceed regulatory 
thresholds and where exceedances are predicted, they are due to baseline conditions, or  

• where Future Case inhalation exposures are predicted to exceed the regulatory thresholds, 
the predicted exceedances are based on single events and do not represent continuous 
exposures that would represent potential concerns for human health or ecological risks.  

In light of the results of the HHERA and the planned mitigation measures, the residual 
environmental effects of the Project on a change in human health and a change in ecological 
health, during all phases of the Project, are rated not significant. Follow-up programs for surface 
water and air emissions will serve to confirm the HHERA predictions and this conclusion. 

19.6 PREDICTION CONFIDENCE 
Confidence in predictions of residual effects on human and ecological health relies on the 
quality and quantity of baseline data, understanding of Project mechanisms, and risk assessment 
assumptions. Uncertainties associated with the environmental assessment of human and 
ecological health risks are addressed using conservative assumptions that err on the side of 
overestimating potential exposures and the associated health effects. 

The quality and quantity of available scientific information on the air and water quality 
modelling predictions are adequate to have a high level of confidence in the conservatism of 
predictions for residual effects from the Project.  

The health-based criteria used in the human health assessment have been developed by 
agencies and are designed to be protective of sensitive members of the population, including 
children and the elderly. The toxicological benchmarks used in the assessment of ecological risks 
have been developed by agencies and are designed to be protective of ecological receptor 
populations. The criteria established by agencies incorporate a high degree of scientific scrutiny 
in their development; therefore, there is a high degree of confidence that human and 
ecological toxicological benchmarks used in the assessment of residual effects will provide 
conservative estimates (i.e., over predict) potential changes in human and ecological health. 
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