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EXECUTIVE SUMMARY 
Tetra Tech Canada Inc. (Tetra Tech) was retained by Public Services and Procurement Canada (PSPC) to 
complete an update to the existing detailed quantitative risk assessment and site-specific risk assessment at the 
Fort Reliance Weather Station, in Fort Reliance, Northwest Territories (herein referred to as the “Site”). 

To plan for site-wide decommissioning and remediation, a Remedial Options Analysis (ROA) was completed in 
2013 and a Detailed Quantitative Risk Assessment (DQRA) and Site-Specific Risk Assessment (SSRA) 
(collectively referred to as a Risk Assessment (RA) were completed in 2013 and 2017, respectively). However, 
additional data gaps identified in a 2017 Data Gap Analysis and Recommended Work Plan report required 
addressing prior to finalizing the plan for Site closure. Utilizing information collected during the data gap sampling 
program in 2017 and 2018, the following report provides an updated risk assessment. Details of the 2017 and 2018 
sampling programs are provided under separate cover. Tetra Tech’s 2017 scope of service was approved under 
Standing Offer No. EW699-170520/004/NCS, call-up 700390073.Tetra Tech’s 2018 scope of service was approved 
under Standing Offer No. EW699-170520/004/NCS, call up 700416807. The risk assessment was updated in 
March 2018 and is updated here as a final document, including the 2018 sampling results in support of the planned 
site remediation activities. 

The risk assessment addresses contaminants exceeding environmental quality guidelines for areas of concern 
(AEC): 

 AEC 1 and 2: Tank Farm and Fuel Storage Area (including AEC 9 and 10, which are stained areas), and Former 
Month Tank Area  

 AEC 5: West Waste Disposal Ground 

 AEC 6: East Waste Disposal Ground 

 AEC 8: Lead-Based Paint Soil Impacts around the Buildings 

Based on the results of the updated risk assessment the following conclusions were made. 

Overall Human Health Conclusions  

The risk at AEC 1 and 2 are within the acceptable range when based on the 95UCL concentration for each identified 
contaminant of potential concern (COPC), which included petroleum hydrocarbon (PHC) F3 and F4, lead and 
cadmium. While remediation of AEC 1 and 2 may not be driven by the risk assessment results, there were areas of 
high PHC concentrations above management limits that were associated with releases from tanks in AEC 2, such 
as the samples collected from stained locations. The risks at AEC 1 and 2 do not require remedial action and are 
within the acceptable range.  

The risk characterization showed that soil at AEC 5 does not pose an unacceptable hazard to any human receptor 
through any exposure route (direct contact and ingestion of berries). The assessment identified tin and dioxin as 
COPCs and assumed that all exposure would occur on the landfill and that all berries collected are from the 
impacted areas, both of which add to the conservative estimate of exposure. Even calculated using conservative 
exposure values, the risks at AEC 5 are acceptable and do not require remediation. However, the remediation plans 
for the site call for removal and offsite disposal of the landfill contents. 
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Risks at AEC 6 were acceptable for all receptors and all COPCs, which included cadmium, molybdenum, tin, and 
dioxins and furans. The highest risk was associated with a toddler exposure to cadmium, but the risk was still below 
the target level and is based on high-end exposure assumptions for this remote site. As AEC 6 is a landfill, 
heterogeneous waste is expected, and remediation plans for the site call for removal and offsite disposal of the 
landfill contents. The risks at AEC 6 were calculated using conservative exposure parameters but do not exceed 
acceptable levels. 

Lead-Based Paint Impacts to Soil 

Results of this screening analysis indicate that the soil around the Refrigerator Building, Warehouse, Ice House, 
Radio Control Building, and Transmitter Building, have been impacted by exterior lead-based paint from the 
surfaces of the buildings. The Accommodation Building and former Power House have not been impacted by 
exterior lead-based paint. It is unlikely, however, that these limited areas of impact would constitute a typical 
exposure area nor are they likely to be contacted on a daily basis by humans. The buildings are unoccupied, some 
are in disrepair, and there are no plans for their use as housing or work stations in the future. Soil impacts are 
confined to surface soil but will continue as long as the buildings are allowed to deteriorate. Although it is unlikely 
that the exposure pathway would be complete for any receptor at the extent and duration assumed by the screening 
levels, soil samples show that the building exteriors are a source of soil contamination and a long-term control 
measure is called for. Remediation plans for the site include removal of these buildings, and soil surrounding the 
buildings may be removed in that effort. 

Overall Ecological Conclusions  

Ecological risk was identified within AEC 1 and 2, for COPCs of lead for birds, zinc for mammals and soil 
invertebrates, PHC F2 and F3 for all ecological receptors, and PHC F4 for mammals. Ecological risk was identified 
within AEC 5 for COPCs of lead for birds, and PHC F3 and F4 for mammals, birds, plants, and soil invertebrates. 
Ecological risk was identified within AEC 6 of chromium, lead and nickel for mammals, chromium, copper, lead, 
zinc, and PHC F3 for birds, lead, nickel and zinc for plants, and zinc and PHC F3 for soil invertebrates.  

Franz Environmental and SENES 2013 noted that contaminated areas of the site total approximately 2.04 hectares. 
The average foraging areas of a snowshoe hare and American robin are approximately 5 hectares and 14 hectares 
respectively (FCSAP 2010). Given that the foraging area exceeds the total expanse of all contaminated areas by 
more than a factor of two, the HQs estimated are likely overestimates of potential hazard to small mammals and 
birds as represented by the snowshoe hare and American Robin. It is expected that small mammal and bird 
receptors would spend less than half of all foraging time in the contaminated areas and therefore the populations 
would not experience adverse impacts.  

While Ecological soil screening levels (SSLs) for chromium, lead, nickel, zinc and PHCs identified soil invertebrate 
and plant risks, the relatively small areas of impact, difficult growing conditions and low habitat quality due to coarse 
and shallow soil make it unlikely that the chromium, lead, nickel, zinc and PHCs will have a population-level effect 
on plants or invertebrates. The lack of plants providing a food source to mammals would also decrease the potential 
for foraging by terrestrial mammals. Remediation plans for the site include the removal and offsite disposal of the 
landfill material from AEC 5 and 6, which would eliminate the identified risks in these AECs. 

However, the consistent finding of risk due to PHCs in AEC 1 and 2, indicates that, while impacts at a population 
level are unlikely, the petroleum products have produced soil staining and could have adverse impacts to ecological 
receptors at an individual level. Remediation plans for the site include the remediation of the soil in this AEC with 
the highest risk. 
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LIMITATIONS OF REPORT 
This report and its contents are intended for the sole use of Public Services and Procurement Canada and their agents. Tetra 
Tech Canada Inc. (Tetra Tech) does not accept any responsibility for the accuracy of any of the data, the analysis, or the 
recommendations contained or referenced in the report when the report is used or relied upon by any Party other than Public 
Works and Government Services Canada, or for any Project other than the proposed development at the subject site. Any such 
unauthorized use of this report is at the sole risk of the user. Use of this document is subject to the Limitations on the Use of this 
Document attached in Appendix F or Contractual Terms and Conditions executed by both parties. 
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1.0 INTRODUCTION 

Tetra Tech Canada Inc. (Tetra Tech) was retained by Public Services and Procurement Canada (PSPC) to 
complete an update to the existing detailed quantitative risk assessment and site-specific risk assessment at the 
Fort Reliance Weather Station, in Fort Reliance, Northwest Territories (herein referred to as the “Site”). The risk 
assessment was updated in March 2018 and is updated here as a final document, including the 2018 sampling 
results in support of the planned site remediation activities. 

The Site is located approximately 270 km east of Yellowknife on the eastern end of Great Slave Lake 
(see attached Figure 1). The Site’s Federal Contaminated Sites Inventory (FCSI) identification number is 00002376 
and the Directory of Federal Real Property (DFRP) identification number is 20920. The Site is currently held by 
Environment Canada and Climate Change (ECCC) with PSPC coordinating the environmental work needed to plan 
for the future site-wide decommissioning and remediation of the Site.  

Since 1993 the Site has been vacant except for a small automated weather station operated by ECCC. The Site 
contains abandoned buildings and infrastructure which are remnants from the Department of National Defence’s 
(DND) occupation between the 1940s and early 1970s and from Atmospheric Environment Service’s (AES) 
occupation starting in the late 1950s and ending in the early 1990s. Since the late 1980s environmental 
investigations have been conducted at the Site by ECCC, PSPC and by various environmental consultants to 
identify and characterize areas of environmental contamination resulting from the Site’s past use. Some remediation 
has also occurred as evident by some newer buildings and infrastructure at the Site associated with a 
decommissioned hydrocarbon containment and bioremediation system which operated from 1991 to 1993. The Site 
history and previous environmental work is further described in the data gap sampling program report. 

To plan for site-wide decommissioning and remediation, a Remedial Options Analysis (ROA) was completed in 
2013 and a Detailed Quantitative Risk Assessment (DQRA) and Site-Specific Risk Assessment (SSRA) (collectively 
referred to as a Risk Assessment (RA) were completed in 2013 and 2017, respectively. However, additional data 
gaps identified in a 2017 Data Gap Analysis and Recommended Work Plan report required addressing prior to 
finalizing the plan for Site closure. Utilizing information collected during the data gap sampling program in 2017 and 
2018, the following report provides an updated risk assessment. The 2017 and 2018 sampling programs and ROA 
are provided under separate cover. Tetra Tech’s 2017 scope of service was approved under Standing Offer 
No. EW699-170520/004/NCS, call-up 700390073. Tetra Tech’s 2018 scope of service was approved under 
Standing Offer No. EW699-170520/004/NCS, call-up 700416807. 

This report was prepared in accordance with the Terms of Reference, Data Gap Sampling and Remedial Options 
Analysis for the Former Weather Station at Fort Reliance, Northwest Territories, July 2017 (TOR 2017) and 
the Updated Terms of Reference, Data Gap Analysis, Delineation of AECs and Pre-Program Planning, Remedial 
Action Plan, Archaeological Assessment, Remedial Design Tender Support for Fort Reliance Former 
Weather Station, Northwest Territories, July 2018 (TOR 2018) issued by ECCC and PSPC and the associated 
Tetra Tech proposals (File No. 704-PENW.EENW03031-01.004 and 734-PENW.EENW03031-09), work plan 
(File No. 704-ENW.EENW03031-04 and 734-ENW.EENW03031-09) and data gap sampling program 
(File No. 704.ENW.EENW03031-04 and 734.ENV.EENW03031-09).  

2.0 BACKGROUND INFORMATION 

A detailed site history and list of previous environmental investigations can be found in the Data Gap 
Sampling Report Sections 1.1.1 and 1.1.2. (Tetra Tech, 2017). Detailed descriptions of the site, as it was observed 
during the 2017 and 2018 Data Gap Sampling Programs can be found in the Data Gap Sampling Reports 
Section 2.0 (Tetra Tech, 2017 & 2018) in Appendix A and B respectively.  
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2.1 Summary of Data Gap Sampling 
Figure 1 in Appendix C gives an overview of the site and the areas of concern (AECs). A description of the areas 
of concern that are being assessed in the risk assessment are below. 

2.1.1 AEC 1 Former Tank Farm and Fuel Storage Area (including AECs 9 and 10) 
Several environmental investigations have occurred in the AEC since 1991. In 2017, Tetra Tech conducted a soil 
sampling and groundwater monitoring investigation in this AEC to verify that contaminant concentrations are stable 
and that any light non-aqueous phase liquid (LNAPL) is immobile. As well, within this AEC Tetra Tech determined 
the extent of the lead in the soil surrounding the buildings from the lead-based paint. 

In 2018, Tetra Tech performed additional soil sampling to delineate petroleum hydrocarbon (PHC) remediation 
areas and performed groundwater monitoring in AEC 1.  

2.1.2 AEC 2 Former Month Tank Area 
The month tank was removed in 2017 and a surficial soil sample collected from within the former month tank 
footprint contained a PHC fraction F2 concentration greater than the applicable guidelines. Tetra Tech attempted 
to determine the extent of the hydrocarbon contaminated soils in the area of this sample. As well, stained areas 
were also noted, and surficial soil samples analyzed within this AEC. 

In 2018, Tetra Tech performed additional soil sampling to delineate PHC remediation areas and performed 
groundwater monitoring in AEC 2.  

2.1.3 AEC 5 West Waste Disposal Area 
In 2017, Tetra Tech sampled the soil and groundwater in and surrounding the waste disposal area to determine if 
soil and groundwater are impacted by the waste disposal ground. Additional groundwater samples were collected 
in 2018, as well, soil samples were collected for leachate testing. 

2.1.4 AEC 6 East Waste Disposal Area 
In 2017, Tetra Tech sampled the soil and groundwater in and surrounding the waste disposal area to determine if 
soil and groundwater are impacted by the waste disposal ground. Additional groundwater samples were collected 
in 2018, as well, soil samples were collected for leachate testing. 

2.1.5 AEC 8 Lead-Based Paint Impacts 
In 2017, Tetra Tech sampled the soil surrounding the buildings where visible paint flakes were seen on the surface 
soil to determine if lead from the paint is impacting the soil. Additional soil samples were collected in 2018 around 
the Radio Control Building, Refrigerator Building, former Power House, and Transmitter Building to assess lead 
content and leachability. 
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3.0 REGULATORY GUIDELINES 

The Site is a federal property and thus is under the jurisdiction of federal environmental regulations. Federal 
environmental guidelines for the assessment and remediation of contaminated sites include the Canadian Council 
of Ministers of the Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) and the Government 
of Canada Federal Contaminated Sites Action Plan (FCSAP) Federal Interim Groundwater Quality Guidelines 
(FIGQG). Analytical results have been compared to guidelines stipulated in these documents along with guidelines 
from either the Alberta or Ontario environmental regulations when a federal guideline for a specific parameter is 
absent.  

3.1 Soil 

3.1.1 CCME Soil Quality Guidelines 
The soil analytical results were compared to the generic numerical guidelines from the CCME Canadian Soil Quality 
Guidelines (CSQGs) and the CCME Canada Wide Standards (CWS) for petroleum hydrocarbons. These guidelines 
are derived to protect human and ecological receptors based on generic scenarios developed for agricultural, 
residential/parkland, commercial and industrial land uses. Currently the Site is a wildlands area, unoccupied and 
unmaintained except for a remotely controlled weather station operated by ECCC. A natural park is planned for the 
future use of the Site, as this land and the surrounding area is within the proposed Thaidene Nene National Park 
Reserve (Parks Canada 2017).  

There is currently no CCME land use applicable to wildlands and/or large parks outside of urban areas 
(parkland standards apply only to urban parks near residences). CCME environmental quality guidelines (EQG’s) 
recognize that the four Tier 1 land uses do not cover the full spectrum of land uses and therefore recommend a 
conservative approach be used by applying the most stringent guidelines (CCME 2006). As such, the most stringent 
land use guidelines, Agricultural (AL), have been used for comparison to the analytical data within the risk 
assessment and would be protective of all future land uses.  

Other factors for selecting the appropriate CCME guidelines for comparison are discussed below.  

 Contaminant fate, transport and bioavailability are dependent on soil texture (CCME 2006). To account for this, 
CCME guidelines for petroleum hydrocarbons and benzene, toluene, ethylbenzene and xylenes (BTEX) include 
differing standards for fine and coarse textured soil. “Coarse” means coarse-textured soil having a median grain 
size of > 75 µm and “Fine” means fine-textured soil having a median grain size of ≤ 75 µm (CCME 2006). Based 
on grain-size testing during the 2017 Data Gap Sampling Program (see Section 5.4.3.1 in Appendix A) and 
previous investigations, guidelines for coarse-textured soils have been applied.  

 CCME CSQG and CWS-PHCs soil quality guidelines for the protection of potable groundwater may be excluded 
on a site-specific basis if it can be demonstrated that existing or potential potable water sources are not likely 
to be affected (CCME 2006). Given that the Site is unoccupied and that the neighbouring Trophy Lodge sources 
drinking water from Great Slave Lake, soil guidelines for non-potable groundwater site conditions were applied.  

 In addition, CSQG and CCME CWS-PHCs applicable to indoor vapour inhalation have been excluded as Site 
buildings are vacant and uninhabitable.  

 For BTEX compounds, guidelines for the 10-5 incremental cancer risk have been used (CCME 2004). In 
addition, the most stringent of the following applicable guidelines was selected: 

− Soil ingestion 

− Soil dermal contact 

− Soil contact 

− Aquatic life pathway 
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 Two types of human health guidelines are provided for polycyclic aromatic hydrocarbons (PAHs) (CCME 2010). 
Benzo[a]pyrene (B[a]P) Total Potency Equivalents (TPE) is a calculated value protective of direct contact with 
contaminated soil. The B[a]P TPE guideline for the 10-5 incremental cancer risk has been used. The second 
human health guideline for PAHs is the Index of Additive Cancer Risk (IACR) which is protective of potable 
water resources. This guideline has not been applied due to the absence of a nearby drinking water source.  

 The most stringent guideline for individual PAHs protective of environmental health including both interim soil 
quality guidelines from 1991 or 1997 and soil quality guidelines (incl. soil contact, soil and food ingestion, 
freshwater aquatic life pathways) has been applied.  

3.1.2 Other Regulatory Guidelines for Soil 
Due to the absence of federal regulatory guidelines for leachate testing, the guidelines from the Alberta User Guide 
for Waste Managers under the Alberta Environmental Protection and Enhancement Act Table 1 has been used for 
comparison to the leachable lead analytical results to determine the waste classification for lead contaminated soil 
disposal. Additionally, 2018 soil sampling from AECs 1, 2, 5, 6, 8, and 9 were tested for leachable metals and 
petroleum hydrocarbon components. Soil samples from AEC 1,2,8, and 9 were also analyzed for leachable organic 
chemicals. The results of the comparisons of these samples to applicable guidelines are provided in the 2018 Data 
Gap Sampling Report located in Appendix B. 

3.2 Water 
Federal water quality guidelines for use at contaminated sites are applicable based on the proximity to surface 
waterbodies and drinking water, livestock watering or crop irrigation use. For groundwater within 10 m of a surface 
waterbody and for water samples collected directly from a waterbody, the CCME Canadian Water Quality 
Guidelines (CWQG) for the protection of aquatic life apply. For groundwater greater than 10 m from a surface 
waterbody, the FIGQG apply. These federal guidelines along with criteria from the Alberta and Ontario regulations 
(used in the absence of a federal guideline) are discussed in the subsections below.  

The Canadian Drinking Water Quality Guidelines applicable to potable water use were not applied because neither 
groundwater at the Site or surface water immediately adjacent to the Site is used as a potable water source. The 
CCME CWQG protective of livestock watering or crop irrigation use were also not used because livestock watering 
and crop irrigation do not occur at the Site.  

3.2.1 CCME Canadian Water Quality Guidelines 
The CCME CWQG for the protection of aquatic life are nationally approved limits for substances within the water 
column were no adverse toxic effects are expected for aquatic plants and animals (CCME 2007). The CCME CWQG 
protective of freshwater aquatic life apply to water quality within surface water bodies and to groundwater quality 
within the transition zone defined as the 10 m lateral buffer upland from the ordinary high-water mark of a surface 
water body (FCSAP 2012). The data gap sampling locations where the CCME CWQGs apply include the six water 
samples (17SW01, 17SW02, 18SW01, 18SW02, 18SW04, 18SW05) collected from McLeod Bay within Great Slave 
Lake and groundwater samples collected at monitoring wells BH1402, BH1403 and BH1404 located along the 
McLeod Bay shoreline.  

The freshwater CWQG include both short-term exposure guidelines to protect most species against lethality during 
intermittent events and long-term exposure guidelines to protect against all negative effects during indefinite 
exposures (CCME 2007). The freshwater CWQG for long-term exposure have been applied.  
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3.2.2 Federal Interim Groundwater Quality Guidelines  
The FIGQG are intended to provide assessment and remediation criteria for groundwater at contaminated sites as 
an interim measure until CEQG for groundwater are established (FCSAP 2016). The FIGQG apply to all 
groundwater monitoring wells greater than 10 m from a surface waterbody (all Site wells except BH1402 through 
BH1404). Criteria from the FIGQG used for comparison to groundwater analytical results consists of the AL land 
use guidelines for coarse-textured soils (refer to Section 3.1.1 for rationale).  

3.2.3 Other Regulatory Guidelines for Water 
Due to the absence of federal regulatory guidelines, some water quality results were compared to criteria from either 
the Alberta or Ontario environmental regulations. These parameters and the source of comparison criteria is listed 
below.  

 Surface water collected from McLeod Bay or from wells less than 10 m of the McLeod Bay shoreline: 

− F1, F2 and xylenes results were compared to the Alberta Surface Water Quality Guidelines (SWQG) 
Table 1 surface water quality guidelines for the protection of aquatic life were applied as the CCME CEQG 
do not have guidelines for these parameters. 

− F3 and F4 were compared to Ontario Ministry of Environment, Soil, Ground Water and Sediment Standards 
for Use Under Part XV.1 of the Environmental Protection Act, Table 9 Generic Site Condition Standards for 
Use within 30 m of a Water Body in a Non-Potable Groundwater Condition were applied as there are no 
CCME CEQG or Alberta Surface Water Quality Guidelines for these parameters. 

− PAH parameters: 2-methylnaphthalene, acenaphthylene, benzo(b&j)fluoranthene, benzo(g,h,i)perylene, 
benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene were compared to the 
Ontario Ministry of Environment, Table 3.1 Aquatic Protection Values (APV) were applied as there is no 
CCME CEQG or Alberta Surface Water Quality Guidelines for these parameters. 

 Groundwater collected from monitoring wells greater than 10 m from Great Slave Lake: 

− F3 and F4 and cobalt were compared to Ontario Ministry of Environment, Soil, Ground Water and Sediment 
Standards for Use Under Part XV.1 of the Environmental Protection Act, Table 9 Generic Site Condition 
Standards for Use within 30 m of a Water Body in a Non-Potable Groundwater Condition were applied as 
there are no CCME CEQG or Alberta Surface Water Quality Guidelines for these parameters. 

4.0 RISK ASSESSMENT OBJECTIVES 

The RA was completed to re-assess the risks to human health and ecological receptors associated with the above 
indicated areas of concern by using the updated analytical results and the information provided in the 2013 DQRA 
and the 2017 SSRA, prepared by others. As well, the RA considers the following site use scenarios, as relayed by 
PSPC, when updating the risk-based remedial objectives. 

 Demolition of all site buildings: Short-term intense site activity, with very occasional short-term access 
afterwards. Unlimited wildlife access to the site remains unchanged; and 

 National Park Reserve designation: Minimal to no visitors, and wildlife access consistent with that of a National 
Park Reserve.  
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5.0 IDENTIFICATION OF CONTAMINANTS OF POTENTIAL CONCERN 

A Tier I screening of the contaminants of concern was conducted to identify chemicals whose maximum measured 
concentrations exceed applicable generic criteria considered to be protective of both human and ecological 
receptors. These chemicals were then carried forward for Tier II screening, specific to human or ecological 
receptors. 

5.1 Contaminants of Potential Concern Refinement 
The following table includes the maximum concentrations of contaminants of potential concern (COPCs) within 
each AEC that exceeded the EQG for any pathway from the Tetra Tech 2017 and 2018 sampling events. 

Table 5-1: COPCs in Surface Soil 

COPC Maximum 
Concentration 

EQG 
Coarse-
Grained 

Land Use Guideline 
Concentration 

Pathway 

AEC 1 Former Tank Farm and Fuel Storage Area 
PHC F2 3200 mg/kg CCME Agricultural  190 mg/kg 

 150 mg/kg 
 320 mg/kg 
 150 mg/kg 
 380 mg/kg 

 Vapour 
Inhalation(slab-on-grade), 
Vapour Inhalation (basement), 
Protection of Potable 
Groundwater, Ecological Soil 
Contact, and Protection of 
Aquatic Life 

PHC F3 1600 mg/kg CCME Agricultural  300 mg/kg  Ecological Soil Contact 
Naphthalene 0.02 mg/kg CCME Agricultural  0.013 mg/kg  Protection of Aquatic Life 

Lead 1190 mg/kg 
(Building area) 

120 mg/kg 
(Tank area) 

CCME Agricultural  140 mg/kg 
 300 mg/kg 
 70 mg/kg 

 Soil Ingestion, Ecological Soil 
Contact, Ecological Soil and 
Food Ingestion 

Cadmium 4.7 mg/kg CCME Agricultural  1.4 mg/kg, 
 3.8 mg/kg 

 Soil Ingestion, Ecological Soil 
and Food Ingestion 

Zinc 545 mg/kg CCME Agricultural  250 mg/kg  Ecological Soil Contact  
AEC 2 Former Month Tank Area 

PHC F2 551 mg/kg CCME Agricultural  190 mg/kg 
 150 mg/kg 
 320 mg/kg 
 150 mg/kg 
 380 mg/kg 

 Vapour 
Inhalation(slab-on-grade), 
Vapour Inhalation (basement), 
Protection of Potable 
Groundwater, Ecological Soil 
Contact, and Protection of 
Aquatic Life 

PHC F3 40500 mg/kg CCME Agricultural  15000 mg/kg 
 300 mg/kg 
 2500 mg/kg 

 Soil Ingestion and Dermal 
Contact, Ecological Soil Contact, 
and Management Limits 

PHC F4 33500 mg/kg CCME Agricultural  21000 mg/kg, 
 2800 mg.kg 
 10000 mg/kg 

 Soil Ingestion and Dermal 
Contact, Ecological Soil Contact, 
and Management Limits 
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Table 5-1: COPCs in Surface Soil 

COPC Maximum 
Concentration 

EQG 
Coarse-
Grained 

Land Use Guideline 
Concentration 

Pathway 

AEC 5 West Disposal Ground 
Benzene 0.116 mg/kg CCME Agricultural  0.095 mg/kg 

 0.030 mg/kg 
 Vapour 

Inhalation(slab-on-grade), 
Protection of Potable 
Groundwater 

Toluene 1.39 mg/kg CCME Agricultural  0.37 mg/kg 
 0.1 mg.kg 

 Protection of Potable 
Groundwater, Protection of 
Aquatic Life 

PHC F3 2580 mg/kg CCME Agricultural  300 mg/kg 
 2500 mg/kg 

 Ecological Soil Contact, and 
Management Limits 

PHC F4 4430 mg/kg CCME Agricultural  2800 mg.kg  Ecological Soil Contact 
Naphthalene 0.103 mg/kg CCME Agricultural  0.013 mg/kg  Protection of Aquatic Life 

Phenanthrene 0.052 mg/kg CCME Agricultural  0.046 mg/kg  Protection of Aquatic Life 
Cadmium 1.43 mg/kg CCME Agricultural  1.4 mg/kg  Soil Ingestion 

Lead 129 mg/kg CCME Agricultural  70 mg/kg  Ecological Soil and Food 
Ingestion 

Tin 16.3 mg/kg CCME Agricultural  5 mg/kg  Interim guideline 
Dioxins and 

Furans 
32.6 ng/kg CCME Agricultural  4 ng/kg 

 10 ng/kg 
 Provisional (Soil Ingestion), 

Interim guideline 
AEC 6 East Disposal Ground 

PHC F3 820 mg/kg CCME Agricultural  300 mg/kg  Ecological Soil Contact 
Naphthalene 0.019 mg/kg CCME Agricultural  0.013 mg/kg  Protection of Aquatic Life 

Cadmium 1.62 mg/kg CCME Agricultural  1.4 mg/kg  Soil Ingestion 
Chromium 164 mg/kg CCME Agricultural  64 mg/kg  Ecological Soil Contact 

Copper 85.6 mg/kg CCME Agricultural  63 mg/kg  Ecological Soil Contact 
Lead 281 mg/kg CCME Agricultural  140 mg/kg 

 70 mg/kg 
 Soil Ingestion, Ecological Soil 

and Food Ingestion 
Molybdenum 11 mg/kg CCME Agricultural  5 mg/kg  Interim guideline 

Nickel 67.5 mg/kg CCME Agricultural  45 mg/kg  Ecological Soil Contact 
Tin 400 mg/kg CCME Agricultural  5 mg/kg  Interim guideline 
Zinc 965 mg/kg CCME Agricultural  250 mg/kg 

 640 mg/kg 
 Ecological Soil Contact, 

Ecological Soil and Food 
Ingestion 

Dioxins and 
Furans 

48.8 ng/kg CCME Agricultural  4 ng/kg 
 10 ng/kg 

 Provisional (Soil Ingestion), 
Interim guideline 

The following table includes the maximum concentration of COPCs in groundwater within each AEC that exceeded 
the EQG and were greater than 10 m from a surface water body from the Tetra Tech 2017 and 2018 sampling 
events. 
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Table 5-2: COPCs in Groundwater >10m 
COPC Maximum 

Concentration 
EQG Coarse-

Grained 
Land Use Guideline 

Concentration 
Pathway 

AEC 1 Former Tank Farm and Fuel Storage Area 
PHC F1 1.46 mg/L FCSAP Agricultural  0.81 mg/L  Inhalation 
PHC F2 6.48 mg/L FCSAP Agricultural  1.5 mg/L 

 1.8 mg/L 
 1.3 mg/L 

 Inhalation, Soil 
Organisms Direct 
Contact, and 
Freshwater Life 

PHC F3 0.88 mg/L OMOE Non-Potable All 
Property Uses 

 0.5 mg/L  Non-Potable 

Acridine 0.000122 mg/L FCSAP Agricultural  0.00005 mg/L  Freshwater Life 
Anthracene <0.00010 mg/L FCSAP Agricultural  0.000012 mg/L  Freshwater Life 

Benz(a)anthracene <0.00010 mg/L FCSAP Agricultural  0.000018 mg/L  Freshwater Life 
Benzo(a)pyrene <0.00005 mg/L FCSAP Agricultural  0.000015 mg/L  Freshwater Life 

Fluoranthene <0.00010 mg/L FCSAP Agricultural  0.00004 mg/L  Freshwater Life 
Fluorene 0.0048 mg/L FCSAP Agricultural  0.003 mg/L  Freshwater Life 

Naphthalene 0.0427 mg/L FCSAP Agricultural  0.0011 mg/L  Freshwater Life 
Phenanthrene 0.00188 mg/L FCSAP Agricultural  0.0004 mg/L  Freshwater Life 

Pyrene <0.0001 mg/L FCSAP Agricultural  0.000025 mg/L  Freshwater Life 
Quinoline <0.0040 mg/L FCSAP Agricultural  0.0034 mg/L  Freshwater Life 

Iron 12.3 mg/L FCSAP Agricultural  0.3 mg/L  Freshwater Life 
AEC 5 West Disposal Ground 

Anthracene 0.000166 mg/L FCSAP Agricultural  0.000012 mg/L  Freshwater Life 
Barium 0.524 mg/L FCSAP Agricultural  0.5 mg/L  Freshwater Life 

Cadmium 0.00017 mg/L FCSAP Agricultural  0.00009 mg/L  Freshwater Life 
Copper 0.016 mg/L FCSAP Agricultural  0.004 mg/L  Freshwater Life 

Iron 0.35 mg/L FCSAP Agricultural  0.3 mg/L  Freshwater Life 
Molybdenum 0.096 mg/L FCSAP Agricultural  0.073 mg/L  Freshwater Life 

Uranium 0.052 mg/L FCSAP Agricultural  0.015 mg/L  Freshwater Life 
AEC 6 East Disposal Ground 

Cobalt 0.182 mg/L OMOE Non-Potable All 
Property Uses  

 0.052 mg/L  Non-Potable 

Copper 0.0411 mg/L FCSAP Agricultural  0.004 mg/L  Freshwater Life 
Iron 1.67 mg/L FCSAP Agricultural  0.3 mg/L  Freshwater Life 

Selenium 0.0074 mg/L FCSAP Agricultural  0.001 mg/L  Freshwater Life 
Uranium 0.11 mg/L FCSAP Agricultural  0.015 mg/L  Freshwater Life 

The following table includes the maximum concentration of COPCs in groundwater within each AEC that exceeded 
the EQG and were less than 10 m from a surface water body from the Tetra Tech 2017 and 2018 sampling events. 
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Table 5-3: COPCs in Groundwater <10m 

COPC Maximum 
Concentration 

EQG 
Coarse-
Grained 

Land Use Guideline 
Concentration 

Pathway 

AEC 1 Former Tank Farm and Fuel Storage Area 
PHC F2 1.99 mg/L AEP Surface Water  0.11 mg/L  Protection of Freshwater 

Aquatic Life 
Acenaphthylene 0.0002 mg/L OMOE Surface Water  0.00014 mg/L  Aquatic Protection Value 

Anthracene <0.000016mg/L CCME Surface Water  0.000012 mg/L  Freshwater Aquatic Life 
Naphthalene 0.00496 mg/L CCME Surface Water  0.0011 mg/L  Freshwater Aquatic Life 

Phenanthrene 0.00071 mg/L CCME Surface Water  0.0004 mg/L  Freshwater Aquatic Life 
Iron 12.5 mg/L CCME Surface Water  0.3 mg/L  Freshwater Aquatic Life 

COPCs in Subsoil 
 No subsoil samples were collected during this investigation.  

COPCs in Soil Vapour 
 No soil vapour samples were collected during this investigation.  

COPCs in Indoor Air 
 No indoor air samples were collected during this investigation.  

6.0 HUMAN HEALTH RISK ASSESSMENT 

In Canada, risk assessment has been accepted by provincial and federal governments as a valid method to guide 
management decisions. The risk assessment methods for this assessment were based on the following guidance 
documents: 

 Health Canada. 2010, updated 2012. Federal Contaminated Site Risk Assessment in Canada Part I: Guidance 
on Human Health Preliminary Quantitative Risk Assessment (PQRA); 

 Health Canada. 2010. Federal Contaminated Site Risk Assessment in Canada Part II: Health Canada 
Toxicological Reference Values (TRVs); 

 Health Canada. 2010. Federal Contaminated Site Risk Assessment in Canada Part V: Guidance on Human 
Health Detailed Quantitative Risk Assessment for Chemicals; 

 Health Canada. 2011. Federal Contaminated Site Risk Assessment in Canada Supplemental Guidance:  
Checklist for Peer Review of Detailed Human Health Risk Assessments (HHRA);  

 Health Canada. 2011. Federal Contaminated Site Risk Assessment in Canada, Spreadsheet Tool for Human 
Health Detailed Quantitative Risk Assessment. Version 2011-12-12; 

− The 2011 Spreadsheet tool was reviewed and updated as needed with exposure parameters and toxicity 
values to be current as of December 2017; and 

 Health Canada. 2017. Federal Contaminated Site Risk Assessment in Canada: Supplemental Guidance on 
Human Health Risk Assessment of Air Quality. 
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6.1 Problem Formulation 
The purpose of the Problem Formulation component is to identify the chemicals, receptors, and exposure pathways 
that are applicable for the Site. The COPCs were identified as part of the baseline; however, further refinement of 
the COPCs was completed to focus on parameters that are most applicable to the individual human health risk 
assessment. Individual pathways included in the guideline derivation for human health were reviewed for the current 
and surrounding land use – Agricultural for human receptors which would be protective of the current land use if 
demolition of all site buildings occurred and if the site becomes a national park reserve.  

Human receptors were selected by examining the activities that might occur under Agricultural land use scenarios.  

The objective of the exposure pathway identification is to determine all of the potential routes by which human 
receptors could be exposed to COPCs in contaminated media from the site. The results of the Problem Formulation 
phase are summarized in the development of a conceptual site model (CSM) that depicts the exposure pathways 
and receptors. 

6.1.1 Human Receptors 
Humans potentially impacted by the COPCs were identified under the Agricultural Land Use Scenario.  

Receptor Age Group Rationale 
Maintenance / 
Construction 
Worker 

Adult (20+ years) 
 This is the short-term target group for evaluation, as they would spend 

more time at this location than all other receptors during future 
remediation and occasional site monitoring. 

Park Worker / 
Lodge Worker Adult (20+ years) 

 This receptor group is expected to have long-term seasonal exposure 
to the site, although exposures would likely involve less intensive 
contact with soil than maintenance or construction workers. 

Seasonal 
Visitors 

Adult (20+ years) 
Teen (12 -19 years) 
Child (5 - 11 years) 

Toddler (7 months to 4 years) 

 Temporary visitors to the site are expected to spend no more than a 
few hours at the site while passing through, hunting or hiking. 

 Infants were excluded from the risk assessment, as it is highly unlikely 
they would be present on-site.  

6.2 Exposure Pathway Identification for Human Health 
An exposure pathway is a mechanism by which a human receptor is exposed to chemicals from a source. Several 
possible exposure pathways may exist at a site. The following four elements constitute a complete exposure 
pathway: 

 A source and mechanism of chemical release; 

 A retention or transport medium; 

 A point of potential receptor contact with the affected medium; and 

 A means of entry into the body at the contact point. 

Complete pathways represent situations where there is potential for receptors to be exposed to contaminants. 
Incomplete pathways represent situations where exposure or contact with the contaminant is unlikely to occur, there 
risk to the receptor is negligible. 
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6.2.1 Soil 
The CCME guidelines contain site-specific factors for soil. The site-specific factors for agricultural land use are as 
follows: direct contact (ingestion and dermal contact), vapour inhalation (slab-on-grade and basement), protection 
of potable groundwater, protection of groundwater for aquatic life, ecological soil and food ingestion, nutrient cycling, 
ecological soil contact, produce, meat, milk and management limits. Nutrient cycling is indicated as “not calculated’ 
in CCME and therefore guidelines were not available at this time. As per Table 2 in the Alberta Environment and 
Parks (AEP) Tier 2 Soil and Groundwater Remediation Guidelines, soil nutrient and energy cycling processes are 
included as part of the direct contact with soil pathway (AEP 2016).  

Of the pathways presented in the CCME soil guidelines, the human exposure pathways at the site are identified as 
complete or incomplete below. 

6.2.1.1 Human Health – Soil Ingestion and Dermal Contact  
Soil ingestion and dermal contact exceedance exist at the site for PHCs F3 and F4, cadmium, lead and dioxins and 
furans at near surface. People accessing the site currently or in the future may potentially be exposed to soil impacts 
at each AEC. This exposure pathway would also be applicable for remedial and / or construction workers who could 
bring soil to surface. As such, this pathway is considered to be complete and was evaluated in this assessment. 

6.2.1.2 Human Health – Vapour Inhalation 
Subsurface vapours may migrate though soils and infiltrate into buildings (referred to as vapour intrusion) at 
distances up to 30 m from the PHC source (HC 2012 and ITRC 2007). The buildings on the site are not occupied 
or used and there is no potential future expected use of these buildings as they are scheduled to be removed. 
Therefore, this exposure pathway is considered incomplete and not further evaluated. 

6.2.1.3 Human Health – Inhalation of Particulate Matter 
Soil particles suspended in (outdoor) air would be expected to be inhaled by any people present on the site. As 
such, this pathway is considered to be complete and was evaluated in this assessment. 

6.2.1.4 Human Health – Drinking Water 
The groundwater ingestion pathway is typically considered applicable if a Site is underlain by a potential domestic 
use aquifer (DUA) or is within 500 m of a potential DUA. The nearest source of drinking water is McLeod Bay, Great 
Slave Lake. Groundwater at the site is not used as a potable water supply. The closest drinking water system is at 
Trophy Lodge, adjacent to the site. The Lodge water supply is obtained from Great Slave Lake. This exposure 
pathway is therefore considered incomplete and not further evaluated.  

6.2.1.5 Consumption of Berries and Plants 
This exposure pathway considers ingestion of berries and plants that may have accumulated COPCs from soil into 
their tissues. Several types of berries grow on the site and are sometimes harvested for food. Therefore, 
consumption of berries and plants was retained for evaluation in the HHRA.  

6.2.1.6 Consumption of game 
This exposure pathway considers consumption of game that may have accumulated COPCs into their tissues. 
Several small mammals inhabit the area and may consume plants or animals that have ingested contaminated soil. 
However, the areas of soil impact at the Site are limited, do not constitute desirable habitat compared to surrounding 
areas, and would constitute only a small fraction of the home range of larger game. However, if hunting at this site 
were allowed, the home range of game is far greater than the impacted area. For example, the home range of a 
moose is 46 km2 to 262 km2, and for a black bear is 3 km2 to 1147 km2. In contrast, the impacted areas of the Site 
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have been estimated to be 2.04 ha (0.0204 km2). This would provide a decrease in exposure of game to 
contaminated soil by at least a factor of 0.0002 to 0.007. As such, the amount of exposure of game to this small 
area is insignificant and would not measurably impact the body burden of any COPC in game animals.  

Therefore, consumption of game was not retained for evaluation in the HHRA. 

6.2.1.7 Consumption of fish 
This exposure pathway considers consumption of fish that may have accumulated COPCs from surface water or 
sediment into their tissues. COPCs have not been identified in surface water. Little to no sediment is present in the 
Lake along the shore of AEC 1. Consumption of fish was therefore not retained for evaluation in the HHRA. 

6.2.1.8 Management Limits 
As per CCME (2008), management limits must be applied at all soil depths if the ecological soil contact pathway 
has been eliminated. There are exceedances to PHC F2 to F4 in surficial soils. A review of the individual factors 
considered by CCME in the development of the management limits has been reviewed relative to their applicability 
to the subject site as described below. 

Free phase formation: Free phase PHC formation is undesirable because a free phase acts as a source of future 
contamination and may result in effects on indoor air quality and potable groundwater. No free phase products have 
been identified on the ground surface in the area of the identified PHCs. Some non-aqueous phase liquids (NAPL) 
have been identified intermittently within AEC 1. Since the NAPL is intermittent and a pump and treat system has 
been utilized at the site to remove the mobile NAPL, the majority of the NAPL remaining in the soils are isolated 
globules and are most likely immobile. However, the management limit pathway has been carried forward into the 
risk assessment. 

Effects on workers in trenches: Potential risks to humans working in trenches may occur since higher vapour 
infiltration rates occur in trenches compared with surface exposures. CCME (2008) used a model to predict the 
influx of contaminant vapours into trenches. Exposure to PHC vapours for workers in trenches is a concern with 
respect to the assessment of soil, and therefore this pathway is complete.  

Fire and explosive hazards: When PHC vapour concentrations exceed the lower explosive limit, combined with 
sufficient oxygen and an ignition source, a fire or explosive hazard exists. CCME (2008) conducted modeling using 
the Johnson and Ettinger model and the trench model to establish a limit for explosive risks. A limit for F2 of 
5,200 mg/kg was calculated for both coarse and fine soils. Given the levels of identified PHC soil impacts and soil 
vapour concentrations, a source of ignition is possible to produce a fire hazard on this site. 

Effects on buried infrastructure: Petroleum hydrocarbons can affect buried infrastructure, including underground 
utilities. There are no thresholds for F1 to F4 that would be protective of buried infrastructure. PHCs in the surface 
soils would not be in contact with deep buried utilities at the site and therefore have not been included as a pathway. 
Buried infrastructure is unlikely at this site, given the bedrock and it’s the sites remoteness and therefore this is not 
likely a concern.  

Aesthetic considerations: Aesthetic considerations at a site include odours, visible impacts on soils, and effects 
on the taste of potable water (CCME 2008). PHC-impacted soil at this site is located at depths from surface to 
0.3 mbgs. Odours are also not considered a concern due to the location of the identified PHCs in an open exterior 
environment. Potable groundwater is not present at the subject site; therefore, aesthetic impacts on potable 
groundwater are not applicable. 
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Technological factors (i.e., difficulty of some soils to naturally bioremediate): The primary technological factor to 
be considered at PHC-impacted sites is the ability for biodegradation to occur, since this is the preferred method 
for remediating PHC in soils. PHCs within the benzene, toluene, ethylbenzene, xylene, F1 and F2 ranges will 
naturally attenuate. The management limit for technological factors is driven by the difficulty in developing 
bioremediation systems for PHCs in the F3 and F4 ranges and the consideration of toxicity of F3 to ecological 
receptors. Since the site is remote, management activities addressing these technological factors are not 
considered necessary at the site. 

6.2.2 Groundwater / Surface Water 
Federal water quality guidelines for use at contaminated sites are applicable based on the proximity to surface 
waterbodies and drinking water, livestock watering or crop irrigation use. For groundwater within 10 m of a surface 
waterbody and for water samples collected directly from a waterbody, the CCME CWQG for the protection of aquatic 
life apply.  

For groundwater greater than 10 m from a surface waterbody, the FCSAP FIGQG apply. The FIGQG include site 
specific factors for groundwater including: inhalation, soil organism direct contact, freshwater life, marine life, 
irrigation, livestock, and wildlife watering.  

These federal guidelines along with criteria from the Alberta surface water criteria for the protection of aquatic life 
and Ontario regulations for non-potable groundwater and the aquatic protection values were used in the absence 
of a federal guideline. The Ontario regulation for non-potable groundwater is based on the vapour inhalation or 
aquatic protection values. 

6.2.2.1 Ingestion of Potable Groundwater 
As discussed above, groundwater on Site is not used as a potable water supply. Ingestion of potable groundwater 
was therefore not retained for evaluation. There are no known potable water wells within the vicinity of the Site. The 
Trophy lodge relies on surface water from Great Slave Lake as a potable water source. 

6.2.2.2 Inhalation  
This exposure pathway considers volatilization of COPCs from groundwater to soil vapour, and subsequent 
migration to indoor or outdoor air. Based on information provided, the buildings on Site are not operational and 
future use is not anticipated. The exposure pathway of inhalation of vapours in indoor air was therefore not retained 
for further evaluation. Exposure via outdoor air is expected to be insignificant due to dilution of all COPCs in ambient 
outdoor air. Inhalation of vapours in outdoor air was therefore not retained for evaluation. 

6.2.2.3 Incidental Direct Contact with Groundwater 
Excavation activities that may take place within the AECs may intersect the water table, resulting in exposure to 
groundwater by construction workers. However, health and safety plans would include mitigative measures to limit 
exposure. Incidental direct contact with groundwater was therefore not retained for qualitative evaluation for the 
construction worker. 

6.2.2.4 Inhalation of Vapours in a Construction Trench 
This exposure pathway considers volatilization of COPCs from groundwater to soil vapour, and subsequent 
migration to ambient air within a construction trench. However, health and safety plans would include mitigative 
measures to limit exposure. Incidental direct contact with groundwater was therefore not retained for qualitative 
evaluation for the construction worker. 
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6.2.2.5 Surface Water/Sediment Ingestion and Dermal Contact 
This exposure pathway considers incidental ingestion/dermal contact with COPCs in surface water and sediment 
via splashing and hand-to-mouth contact. COPCs have not been identified in surface water. Little to no sediment is 
present in the Lake along the shore. Incidental ingestion and dermal contact with surface water and sediment was 
therefore not retained for evaluation in the HHRA. 

6.2.2.6 Consumption of Fish 
This exposure pathway considers consumption of fish that may have accumulated COPCs from surface water or 
sediment into their tissues. COPCs have not been identified in surface water. Little to no sediment is present in the 
Lake along the shore. Consumption of fish was therefore not retained for evaluation in the HHRA. 

6.3 Results of the Problem Formulation 
Below is a summary of the COPCs that remain after the problem formulation. Since AEC 2 is contained within 
AEC 1, they have been combined for the purposes of this risk assessment. As well, the surficial soil samples taken 
from adjacent to the buildings within AEC 1 for lead have been removed from the RA and have been dealt with 
separately. 

Table 6-1: Summary of COPCs 
Remaining COPCs Pathway Human Health 

AEC 1 and 2 
PHC F3, F4 Soil Ingestion, Dermal Contact and Management Limit Pathways are complete 
Lead and Cadmium Soil Ingestion pathway is complete. 

AEC 5 
PHC F3 Management Limits Pathway is complete 
Cadmium Soil Ingestion Pathway is complete 
Tin Interim Guideline 
Dioxins and Furans Interim Soil Ingestion Pathway is complete 

AEC 6 
Cadmium and Lead Soil Ingestion Pathway is complete 
Molybdenum and Tin Interim guideline 
Dioxins and Furans Interim Soil Ingestion Pathway is complete 

 

6.4 Conceptual Site Model 
A summary of the contaminant transport mechanisms, potentially impacted media, receptors of concern, COPCs, 
and potentially complete exposure pathways is presented in a Conceptual Exposure Model (CEM) for the different 
AECs. Areas of Concern 1 and 2 have been combined, as they overlap. All these models would apply to the land 
use scenario outlined in the Section 4.0. Only operable exposure pathways are identified and evaluated further in 
the risk assessment. A graphical CEM is provided as Figure 2 in Appendix C. 
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6.5 Exposure Assessment 
The exposure point concentration (EPC) represents the concentration to which the identified receptors could be 
exposed under the pathways determined in the problem formulation. COPCs were selected from the most recent 
data set, and for soil, all samples were collected from a depth of 0 mbgs to 0.5 mbgs. ProUCL (USEPA 2016) was 
used to summarize the data, determine its distribution, and calculate an upper bound concentration (the 95 percent 
upper confidence limit of the mean, 95UCL) to be used as the exposure point concentration. ProUCL recommends 
a minimum of 10 discrete sampling results to adequately estimate an exposure point concentration. Therefore, the 
2018 sampling results were combined with those from both the September 2017 Data Gap Sampling investigation 
and the Phase II/III 2013 report (Franz Environmental/SENES 2013) for the selected COPCs to determine an 
exposure point concentration for each to be used for risk assessment purposes. The Phase II/III report 
(Franz Environmental/SENES 2013) and the 2018 sampling effort did not include samples for dioxins or furans; 
therefore, for these chemicals, only data from the September 2017 sampling effort were used.  

Data for AEC 1 and 2 were combined for the purposes of determining an EPC. AEC 2 is contained within AEC 1, 
and a receptor is likely to be exposed to all areas without preference for one area over the other. AEC 5 and AEC 6 
were treated as separate exposure areas because they are physically separate from each other and from the AEC 1 
and 2 areas. They each represent a conceptually distinct exposure area. 

Exposure point concentrations were calculated for soil, as surface water and groundwater do not have complete 
exposure pathways for humans. Soil data from the September 2017 and 2018 sampling efforts as well as from 2013 
(Franz Environmental/SENES 2013) were aggregated for the following COPCs: 

 AEC 1 and 2: PHCs F2, F3 and F4, Lead, Cadmium; 

 AEC 5: PHC F3, Cadmium, Tin, Dioxins and furans; and 

 AEC 6: Cadmium, Lead, Molybdenum, Tin, Dioxin and Furans. 

In instances where duplicate samples were available, the higher of the original or duplicate sample was used as 
representative of site conditions and was included in the calculation of the exposure point concentration. Individual 
sample results were entered into ProUCL v. 5.11 (EPA 2016) and the following summary statistics were produced. 
Table 6-2, 6-3, and 6-4 contain the results for AEC 1&2, AEC 5, and AEC 6 respectively. The ProUCL output data 
is located in Appendix D. 

Table 6-2: Exposure Point Concentrations for AEC 1&2 COPCs 

Chemical Minimum 
(mg/kg) 

Maximum 
(mg/kg) 

Frequency of 
Detection 

Arithmetic Average of 
Detected Results 

(mg/kg) 

UCL (1) 
(mg/kg) 

Distribution of 
Data (1) 

Cadmium 0.034 4.7 10/28 0.63 0.22 Lognormal 
Lead 1.9 120 24/24 11.86 14.8 Lognormal 
F3 16 40,500 58/80 1674 3876 Not Discernable 
F4 2 33,500 25/80 2165 2704 Not Discernable 

1) Distribution generated by ProUCL and used by the program to estimate a UCL for use as an exposure point 
concentration. The listed UCLs are the recommended values from ProUCL. 
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Table 6-3: Exposure Point Concentrations for AEC 5 COPCs 

Chemical Minimum 
(mg/kg) 

Maximum 
(mg/kg) 

Frequency of 
Detection 

Arithmetic Average 
of Detected Results 

(mg/kg) 

UCL 
(mg/kg) (1) 

Distribution of 
Data (1) 

Cadmium 0.027 1.43 10/14 0.188 0.58 Not Discernable 
Tin 1 16.3 4/14 5.25 7.18 Gamma 

Dioxins (2) 
(ng/kg) 0.0621 32.6 4/4 8.35 NA NA 

1) Distribution generated by ProUCL and used by the program to estimate a UCL for use as an exposure point concentration. 
The listed UCLs are the recommended values from ProUCL. 

2) Note that dioxin concentrations are in units of ng/kg. There are too few sample to calculate the UCL or determine data 
distribution for dioxin. 

3) NA = Not Applicable 

Table 6-4: Exposure Point Concentrations for AEC 6 COPCs 

Chemical Minimum 
(mg/kg) 

Maximum 
(mg/kg) 

Frequency of 
Detection 

Arithmetic Average of 
detected Samples (mg/kg) 

UCL 
(mg/kg) (1) 

Distribution of 
data (1) 

Cadmium 0.025 7.6 11/13 1.05 4.53 gamma 
Lead 3.92 281 13/13 33.16 124.6 Not discernable 

Molybdenum 0.14 11 11/13 2.36 5.34 Gamma 
Tin 2.3 400 6/13 97.55 241.4 Gamma 

Dioxin (2) 
(ng/kg) 0.128 48.8 4/4 12.39 NA NA 

1) Distribution generated by ProUCL and used by the program to estimate a UCL for use as an exposure point concentration. 
The above listed UCL is recommended value from ProUCL. UCL and data distribution cannot be calculated for dioxin 
because there are too few samples. 

2) Note that dioxin concentrations are in units of ng/kg. There are too few sample to calculate the UCL or determine data 
distribution for dioxin. 

3) NA = Not Applicable 

6.5.1 Exposure Parameters 
As described in the problem formulation, human receptors identified included adult-ages environmental workers, 
construction workers, or seasonal and park workers, as well as the occasional visitor. The occasional visitor is 
assumed to range in age from toddler to adult. It is anticipated that each of these receptors would be seasonal and 
temporary, as the site is planned for use as a National Park and has already been designated as a national historic 
site since 2008. All workers were assumed to be present up to four months of the year and seven days per week, 
given the inaccessibility of the area during winter months. The occasional visitor was assumed to be present two 
days/week for four months (32 days per year) which likely is an overestimate of actual exposure. However, a chronic 
exposure duration estimate allows for a more conservative assessment of risk, particularly potential elevations to 
child blood lead levels from exposure to lead in soils, as the half-life of lead in the body is 30 days (HC 2013).  

It is also assumed that the environmental worker will be working under a health safety plan that will limit, if not 
eliminate, the exposure pathways. Due to those working conditions, the environmental worker is quantitatively 
assessed. However, it is assumed that a park worker or seasonal employee of the nearby Trophy Lodge would 
have unrestricted access to the site and their exposures were assessed for a seven day per week, four-month 
exposure. 
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The following site-specific and default exposure parameters were used in the DQRA spreadsheet model to assess 
exposures: 

Table 6-5: Exposure Parameters used to Estimate Dose 

Parameter Adult (20+) Teen Child Toddler 
Exposure Time (hours) 8 8 8 8 

Exposure Frequency (days) 
Worker – 7 
Visitor – 2 2 2 2 

Exposure (weeks/year) 
Worker – 16 
Visitor – 13 13 13 13 

Exposure Duration (years) 
Worker – 35 
Visitor – 80 80 80 80 

Soil ingestion (g/day) Worker – 0.1 
Visitor – 0.02 

0.02 0.02 0.08 

Body weight (kg) 70.7 59.7 32.9 16.5 

Dermal Contact with soil Hands, arms, and legs Hands, arms, 
and legs 

Hands, arms, and 
legs 

Hands, arms, 
and legs 

Inhalation rates (m3/day) 16.6 15.6 14.5 8.3 

Consumption of berries 
75 grams/day 

Worker - 16 days/year 
Visitor – 13 days/year 

75 grams/day 
13 days/year 

75 grams/day 
13 days/year 

75 grams/day 
13 days/year 

Consumption of game, though possible, was not quantitatively assessed. The site is to be maintained as a 
National Park, and the large home range of game animals compared to the small size of the impacted area renders 
this an insignificant exposure. While hunting may occur in the area, it should not occur while park visitors are 
present. Additionally, the larger game that would be a sustainable food source have a large home range 
(for example, moose have a home range of 46 km2 to 262 km2). The amount of time that large game would spend 
grazing in these areas would be very small. As such, bioaccumulation of these COPCs in large mammals would be 
negligible. Potential impacts to ecological receptors from site COPCs are evaluated in Section 7.0. 

Consumption of berries was assessed as an occasional occurrence. It was assumed that visitors and workers could 
gather berries once a week for the time that they are present on-site. Berries were assumed to present and 
harvestable while receptors are present; therefore 13 occasions of berry gathering were assumed to occur for a 
visitor and 16 occasions were assumed to occur for a seasonal worker. It was further assumed that 75 grams of 
berries were harvested each time and that all berries were ingested immediately after harvesting. Concentrations 
of COPCs in berries were estimated from the soil exposure point concentration and the ratio of soil concentration 
to berry concentration, as determined by Sheppard et al (2012) and as follows:  

Berry concentration (mg/kg) = Soil concentration (mg/kg) x Concentration ratio x Dry-to-wet weight conversion 
factor. 

COPC Concentration ratio (1) 
Cadmium  0.04 

Lead 0.0011 
Molybdenum 0.11 

Tin 0.15 
Dioxin (2) 8.76E-4 

1) Concentration ratio of berry to soil as determined by Sheppard et al 2012 
2) Bioaccumulation factor of soil to wet-weight plant for 2,3,7,8-TCDD as determined by ORNL 2017. 
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The dry-to wet conversion factor of 0.151 for bushberries was used (Baes et al 1984). 

6.6 Hazard Assessment 
The hazard assessment is the process of identifying the relevant and appropriate toxicity values required for 
evaluating potential human health effects related to predicted exposures to COPCs. It involves identification of the 
potentially toxic effects of the COPCs and the determination of the amount of the COPCs that can be taken into the 
body without experiencing adverse health effects. This value is called a Toxicity Reference Value (TRV). For 
chemicals that do not cause cancer, there is a threshold exposure level below which no observable adverse health 
effects occur. Above the threshold, adverse health effects may occur, and can increase in severity with increasing 
exposure to the substance. For chemicals that can cause cancer (carcinogens), a non-threshold TRV is considered 
applicable. Even at low doses, there is some risk of genetic damage. The following section evaluates the toxicity 
and carcinogenicity of the selected COPCs and summarizes the TRVs that were used in the human health risk 
assessment. Hazard-based ecological screening values are described in Section 7.7. 

6.6.1 Evaluation of COPC Carcinogenicity 
Health Canada, the USEPA, and the International Agency for Research on Cancer (IARC) categorize chemicals as 
to their carcinogenicity. For each parameter, the regulatory agencies evaluate evidence from human and animal 
studies and classify the data in terms of whether the information is adequate to suggest that a chemical is a 
carcinogen or not. The classifications typically consider whether information is sufficient to classify a substance as 
a carcinogen, or if there is limited, inadequate, or no data, or if there is evidence of non-carcinogenicity. As new 
research becomes available, the USEPA, IARC, and Health Canada then adjust their provisional classification 
based on the results of new studies or other supporting evidence of carcinogenicity. The USEPA, IARC, and Health 
Canada classification systems based on a weight of evidence are shown in the below table. 

Table 6-6: Weight of Evidence Classification System for Carcinogenicity  

Health Canada IARC USEPA Description 
I 1 A Human carcinogen 
II 2A B 

B1 
B2 

Probable human carcinogen 
Limited human evidence available 

Inadequate human evidence; sufficient animal evidence 
III 2B C Possible human carcinogen 
IV 3 D Not classifiable as to human carcinogenicity 
V 4 E Evidence of non-carcinogenicity for humans 

Under this paradigm, it is assumed that if a chemical is known or suspected to be a carcinogen in humans 
or laboratory animals (Health Canada Group I or II), the chemical has the potential to cause cancer at any level 
of exposure. This is referred to as a non-threshold effect. For chemicals with non-carcinogenic effects 
(Health Canada Group III, IV, and V), there is a threshold below which no adverse impacts are expected. The below 
table summarizes the weight-of-evidence carcinogenic classifications for the selected COPCs. 

Table 6-7: Weight of Evidence Carcinogenic Classification for Site COPCs 

COCs Health Canada IARC USEPA 
Cadmium II (via inhalation exposure) 1 B1 

Molybdenum Not Carcinogenic Not Carcinogenic Not Assessed 
Tin No information No information No information 

Dioxin/Furan III 1 Not available at this time 
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6.6.2 Toxicity Benchmarks 
A reference value for a chemical with non-carcinogenic effects is called a “Tolerable Daily Intake” (TDI) 
and represents an acceptable daily dose of that chemical; this dose is expressed in units of mg/kg-day 
for noncarcinogenic effects. TRVs were used from the DQRA model for all COPCs as listed below 
(HC 2010, ATSDR 2017) for the pathways of soil ingestion and dermal contact with soil, as well as ingestion of 
berries.  

Table 6-8: Human Health COPC and Key Noncarcinogenic Toxicological Effects 
Selected 

COC 
TRV Toddler 
(mg/kg-day) 

TRV Adult 
(mg/kg-day) 

Critical Effect Reference 

Cadmium 0.001 0.001 

Kidney: Renal Tubular dysfunction manifested by 
low molecular weight proteinuria. TRV based on 
NOAEL from epidemiological study of 
occupational exposures 

HC 2010 

Molybdenum 
0.023 

(ages 7 month 
to 11 years) 

0.028 (ages 20+ years); 
0.027 (ages 12-19 years) 

Reproductive effects; subchronic 
developmental/reproductive study in rats. 
NOAEL of 0.9 mg/kg-day with an uncertainty 
factor of 30 

HC 2010 

Tin 0.3 0.3 
Intermediate MRL, based on hematological 
effects 

ASTDR 
2017 

Dioxin/Furan 2.3E-9 2.3E-9 

Developmental effects including immune and 
reproductive effects in offspring of exposed 
dams. Uncertainty factor of 3.2 based on 
intraspecies variability. Group 2B 

HC 2010 

While cadmium is considered a potential carcinogen by Health Canada, it is classified as such only for the inhalation 
pathway. Exposures to cadmium via inhalation of particulates were not assessed as the inhalation exposure 
pathways are not complete and were not carried forward in the risk assessment.  

6.7 Risk Characterization 
In risk characterization, the ratio of estimated exposure and toxicity reference values for both carcinogenic and 
non-carcinogenic chemicals provides estimates of risks. The following sections describe methods to calculate only 
non-carcinogenic risk estimates, as carcinogenic parameters were not identified. 

6.7.1 Non-Carcinogenic Risk Characterization 
Risk estimates for non-carcinogenic COPCs are defined as hazard quotients. Hazard quotients (HQ) are calculated 
based on a ratio of the estimated exposure and the toxicity reference values identified as the tolerable daily intake 
(TDI) or Tolerable Concentration (TC) according to the following equation: 

Hazard Quotient =       Estimated Daily Dose (mg/kg-day or mg/m3)                              
                                             Tolerable Daily Intake (mg/kg-day) or Tolerable Concentration (mg/m3) 

Non-carcinogenic risk characterization in the assessment was completed for all COPCs.  

When the HQ is greater than the target risk value, the scenario poses a potential concern and requires further 
evaluation or risk management. It is important to note that hazard quotients greater than the target risk value do not 
necessarily indicate that adverse health effects will occur. This is because of the conservative assumptions used in 
estimating concentrations and in setting the target value. HQ that are less than target risk value indicate that 
exposure is within acceptable levels and no further risk management is necessary. HQ greater than the target risk 
value suggest that further investigation or risk management (e.g., remediation) may be warranted. 
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For non-carcinogens, the target risk value used was 0.2. This target risk value accounts for additional exposure to 
the chemicals of concern from sources other than the site. Therefore, the target risk value of 0.2 represents an 
allocation of 20% of a person’s daily exposure from site sources and the remaining 80% would come from other 
sources. Other sources of exposure include ambient air, household products, soil and water contact from locations 
other than the site. 

6.7.2 Risk Estimate Results 
A summary of non-carcinogenic risk estimates calculated for exposure to AECs 1&2, 5, and 6 is presented in 
Tables 6-9, 6-10, and 6-11. The complete model information and output is provided in Appendix E.  

6.7.2.1 AEC 1 and 2 
The calculated UCLs for each COPC within this AEC were compared to screening values before being carried 
forward in the quantitative risk assessment.  

The calculated 95UCL of cadmium was 0.22 mg/kg, below the agricultural screening value of 1.4 mg/kg. Therefore, 
cadmium was not carried forward further for this AEC. 

The calculated 95UCL of lead was 14.8 mg/kg, far below the agricultural screening value of 70 mg/kg. Note that 
this estimate excludes lead-based paint impacted soils, which are discussed in Section 6.8. Since the 95UCL for 
lead was below the screening level, it was excluded from further consideration in this AEC. 

PHC F3 had a calculated 95UCL of 3,876 mg/kg, which is below the Human Direct Contact Pathway 
screening value of 15,000 mg/kg, as direct pathways are the only exposure pathways that are complete 
(inhalation pathways are incomplete for this site). Therefore, PHC F3 was not carried forward in the human health 
risk assessment. Similarly, the calculated 95UCL for PHC F4 was 2,704 mg/kg which is below the Human Direct 
Contact Pathway screening value of 21,000 mg/kg. PHC F4 was not carried forward in this AEC.  

6.7.2.2 AEC 5 
The calculated UCLs for each COPC within this AEC were compared to screening values before being carried 
forward in the quantitative risk assessment. The 95UCL concentration for cadmium of 0.58 mg/kg was below the 
screening level of 1.4 mg/kg and therefore it was not carried forward in the risk assessment for this AEC.  

The 95UCL concentrations calculated for tin and dioxins were used to estimate human health risk from exposure 
to these COPCs in soils. They are presented in Table 6-9. For all receptors, the HQ for tin was well below acceptable 
levels and the HQs for dioxin were also well below the target HQ of 0.2. 

Table 6-9: Risk Summary AEC 5 
Receptor COPC Soil Concentration TRV HQ 
Toddler Tin 7.18 0.3 2.16E-04 

Dioxin 0.00000835 2.3E-9 0.0327 
Child Tin 7.18 0.3 1.31E-03 

Dioxin 0.00000835 2.3E-9 0.0210 
Teen Tin 7.18 0.3 7.39E-04 

Dioxin 0.00000835 2.3E-9 0.0145 
Visitor Tin 7.18 0.3 6.30E-04 

Dioxin 0.00000835 2.3E-9 0.0132 
Worker Tin 7.18 0.3 6.58E-04 

Dioxin 0.00000835 2.3E-9 0.0173 
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6.7.2.3 AEC 6 
The calculated UCLs for each COPC within this AEC were compared to screening values before being carried 
forward in the quantitative risk assessment. The 95UCL concentrations calculated for cadmium, molybdenum, tin, 
and dioxins were used to estimate human health risk from exposure to these COPCs in soils. The results are 
presented in Table 6-11. Results for all COPCs and for all receptors are well below the target HQ of 0.2 individually. 
The HQ for cadmium for the toddler is 0.153 and comprises the majority of the total hazard associated with this 
receptor (HQs totalled 0.37 for all COPCs for the toddler receptor). No other COPC posed a HQ above 0.2 for any 
receptor, and total hazards for all other receptors were below 0.2 as well, indicating little potential for health effects 
from this AEC. 

Table 6-10: Risk Summary for AEC 6 

Receptor COPC Soil Concentration TRV HQ 
Toddler Cadmium 4.72 0.001 0.153 

Molybdenum 4.92 0.023 0.0938 
Tin 251.2 0.3 0.0518 

Dioxin 0.00001239 2.3E-9 0.0701 
Child Cadmium 4.72 0.001 0.0680 

Molybdenum 4.92 0.023 0.00824 
Tin 251.2 0.3 0.0464 

Dioxin 0.00001239 2.3E-9 0.0311 
Teen Cadmium 4.72 0.001 0.0375 

Molybdenum 4.92 0.027 0.00387 
Tin 251.2 0.3 0.0262 

Dioxin 0.00001239 2.3E-9 0.0215 
Visitor Cadmium 4.72 0.001 0.0317 

Molybdenum 4.92 0.028 0.00315 
Tin 251.2 0.3 0.0224 

Dioxin 0.00001239 2.3E-9 0.0196 
Worker Cadmium 4.72 0.001 0.0370 

Molybdenum 4.92 0.028 0.00335 
Tin 251.2 0.3 0.0233 

Dioxin 0.00001239 2.3E-9 0.0257 

6.7.3 Overall Human Health Conclusions 
The risk at AEC 1 and 2 are within the acceptable range when based on the 95 UCL concentration for each identified 
COPC. The exposure concentrations for cadmium, lead, PHC F3 and PHC F4 are below screening levels after 
aggregating data across the AECs. While remediation of the AEC 1 and 2 areas may not be driven by the risk 
assessment results, there were areas of high PHC concentrations associated with releases from tanks in AEC 2, 
such as the samples collected from stained locations. The risks at AEC 1 and 2 do not require remedial action and 
are within the acceptable range.  

AEC 5 human health HQs are below 0.2 for all receptors, based on the 95 UCL concentrations for tin and dioxin, 
the identified COPCs. The highest HQs were for toddlers, totaling 0.033. The hazards at AEC 5 do not require 
remedial action and are within the acceptable range based on the evaluated human exposure pathways. However, 
the remediation plans for the site call for removal and offsite disposal of the landfill contents. 
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HQs at AEC 6 were below 0.2 for all receptors and all COPCs. The highest HQ was associated with a toddler 
exposure to cadmium, but the HQ was still below 0.2 and is based on high-end exposure assumptions for this 
remote site. As AEC 6 is a landfill, heterogeneous waste is expected, and remediation plans for the site call for 
removal and offsite disposal of the landfill contents. The risks at AEC 6 were calculated using conservative exposure 
parameters but do not exceed acceptable levels. 

6.8 Lead-based Paint Impacts to Soil around Buildings 
Seven buildings at Fort Reliance were evaluated for impacts to soil from exterior lead-based paint: the Ice House, 
Warehouse, Radio Control Building, Transmitter Building, Refrigerator Building, former Power House, and 
the Accommodations Building. Soil samples were collected from the surface to a depth of 0.3 m. As shown in 
Table 6-11, several samples exceeded the agricultural (70 m/kg) screening values for lead in soil, although all of 
the exceedances but two were confined to the surface samples. Sample 17ICES01 from the Ice House exceeded 
the screening value at a depth of 0.3 m with a concentration of 154 mg/kg and sample 18TBS03 from the Transmitter 
Building exceeded the screening value at a depth 0.1 m with a concentration of 120 mg/kg.  

Table 6-11: Surface Soil Analytical Results 
Location Sample ID Depth (m) Lead Concentration (mg/kg) 

Accommodations Building 17ACB01N 0 17.2 
17ACBS01 0 21.1 

Refrigerator Building 17RB01 0 1190 
17RB01 0.3 14.9 
17RB02 0 121 
18RB03 0 50 
18RB03 0.3 18 

Warehouse 17WH01 0 1020 
17WH01 0.3 8.12 
17WH02 0 242 

Ice House 17ICEN01 0 417 
17ICEN01 0.3 20.3 
17ICEN02 0 86.5 
17ICES01 0 690 
17ICES01 0.3 154 
17ICES02 0 151 

Radio Control Building 17RBCS01 0 159 
17RBCS01 0.3 5.43 
17RBCS02 0 73.3 
17RBCW01 0 90.5 
17RBCW01 0.3 5.05 
17RBCW02 0 22.4 
18RCBS04 0 15 

18RCBS04 DUP 0 9.4 
Former Power House 18PHW01 0.1 6.7 
Transmitter Building 17TBE01 0 471 

17TBE01 0.3 10.5 
17TBE02 0 128 
17TBS01 0 234 
17TBS01 0.3 6.48 
17TBS02 0 200 
18TBE03 0.1 4.4 
18TBS03 0.1 120 
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Results of this screening analysis indicate that the soil around these buildings, except at the Accommodation 
Building and former Power House Building, have been impacted by exterior lead-based paint from the surfaces of 
the buildings. It is unlikely, however, that these limited areas of impact would constitute a typical exposure area nor 
are they likely to be contacted on a daily basis by humans. The buildings are unoccupied, some are in disrepair, 
and there are no plans for their use as housing or work stations in the future. Soil impacts are confined to surface 
soil but will continue as long as the buildings are allowed to deteriorate. Although it is unlikely that the exposure 
pathway would be complete for any receptor at the extent and duration assumed by the screening levels, soil 
samples show that the building exteriors are a source of soil contamination and a long-term control measure is 
called for. Remediation plans for the site include removal of these buildings, and soil surrounding the buildings may 
be removed in that effort. 

7.0 ECOLOGICAL RISK ASSESSMENT 

The Ecological Risk Assessment (ERA) was completed to assess risks to ecological receptors associated with soil 
and groundwater impacts at the Site. It was completed for the protection of species at risk (SAR) at an individual 
level and non-SAR at a community/population level. In Canada, risk assessment has been accepted by provincial 
and federal governments as a valid method to guide management decisions. The risk assessment methods for this 
assessment were based on the following guidance documents: 

 Canadian Council of Ministers of the Environment. 1996. A Framework for Ecological Risk Assessment: 
General Guidance; 

 Environment Canada. 2012. Federal Contaminated Sites Action Plan (FCSAP) Ecological Risk Assessment 
Guidance; 

 Environment Canada. 2012. Federal Contaminated Site Action Plan (FCSAP) Supplemental Guidance for 
Ecological Risk Assessment –  Standardization of Wildlife Receptor Characteristics; and 

 Environment Canada. 2010. Federal Contaminated Site Action Plan (FCSAP) Supplemental Guidance for 
Ecological Risk Assessment – Toxicity Test Selection and Interpretation. 

7.1 Problem Formulation 
The purpose of the Problem Formulation component is to identify the chemicals, receptors, and exposure pathways 
interact at the Site. The COPCs were identified as part of the baseline; however, further refinement of the COPCs 
was completed to focus on parameters that are most applicable to the ecological risk assessment. Individual 
pathways included in the guideline derivation for ecological health were reviewed for the current and surrounding 
land use – Agricultural for ecological receptors.  

Ecological receptors were selected by examining the activities that might occur under Agricultural land use 
scenarios.  

The objective of the exposure pathway identification is to determine all of the potential routes by which ecological 
receptors could be exposed to COPCs in contaminated media from the site. The results of the Problem Formulation 
phase are summarized in the development of a CSM that depicts the exposure pathways and receptors. 
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7.2 Ecological Receptors 
A desktop biological inventory was completed in order to identify what plants and animals would likely be living at 
or foraging for food at the site, and potentially exposed to contaminated soils, groundwater and / or surface water 
at the site. A field survey of the site was also completed during the 2018 Data Gap Sampling event. The results of 
this assessment are presented in the 2018 Data Gap Sampling Report in Appendix B.  

While there are many ecological species that could be present in a site setting, it is not practical to evaluate all 
species. Risk assessments must limit their focus on only some of the specific animals that might use a site. 
Representative receptors selected for the risk assessment are those that have the greatest potential for exposure, 
that play a key role in the food web, and that have sufficient characterization data to facilitate calculations of 
exposure and health risks. A receptor of concern is generally a single species which serves a surrogate for the 
other related species. The following criteria from CCME (1996) and Environment Canada (EC) (2012) were used 
to select the receptors evaluated in the risk assessment: 

 Potentially sensitive to the substances identified at a site; 

 Known or expected habitat of animals recognized by the government as threatened or endangered or of special 
concern; 

 Year-round residents at a site; 

 Migratory birds, where a significant proportion of the population is concentrated in the vicinity of a site during 
certain periods; 

 Dominant within local biological communities, or functioning as keystone species within nearby ecosystems; 

 Recognized as good indicators or surrogate species (i.e., representative of other similar organisms of a general 
type and feeding niche); 

 Of aesthetic value or of value to the local human population; or 

 Of recreational importance. 

The site is located in the Taiga Shield Ecozone of Canada within the High Subarctic Ecoregion.  

Dominant vegetation that was observed at the site during the field visit can be found in Table 5.2-1 of the 2018 Data 
Gap Sampling Report in Appendix B. No rare plants or rare communities were observed, however, due to seasonal 
restrictions, a rare plant survey was not completed.  

A table of wildlife species that were either observed on the site as incidentals or by sign, such as scat or nests, can 
be found in Table 5.2-2 in the 2018 Data Gap Sampling Report in Appendix B. A complete list of wildlife species of 
management concern (listed under the NWT, COSEWIC or SARA), with the potential to be found on the site is 
included as Table 9 in the 2018 Data Gap Sampling Report in Appendix B. 

Fish species that were identified near the site can be found in section 5.3.3 of the 2018 Data Gap Sampling Report 
in Appendix B. 

Based on the site information, the site provides a desirable habitat for some ecological receptor groups, such as 
small mammals and birds, as well as berries and soil invertebrates. As stated above, large mammals have a large 
enough home range that potential exposure would be limited. Aquatic ecological receptors are not being carried 
forward into the risk assessment, as there isn’t a suitable habitat for aquatic receptors near the AEC and continued 
sampling of the surface water in the lake has shown there is no environmental concern.  
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7.2.1.1 Species of Concern 
Risk assessment guidance recommends that species listed as rare, endangered, or threatened with habitats 
confirmed to be present within the study area or likely to be present in the future, be included as receptors in a risk 
assessment (EC 2012).  

Based on the Species at Risk Act (SARA), the Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) and the Species at Risk in the NWT (GNWT), there are a few threatened or species of special concern 
present in the region. 

Terrestrial species listed as threatened or have special concern with a range that included the site include the 
barren-ground caribou, woodland caribou, wolverine, peregrine falcon and barn swallow. 

Tetra Tech completed an assessment of the Site property for wildlife and wildlife habitat in 2018. Evidence of one 
listed species (Barn Swallow nest), was observed in the second floor of the Radio Control Building. No other listed 
species were observed on site. As per the FCSAP Ecological Risk Assessment Guidance from March 2012, the 
barn swallow’s diet consists of 99% insects and 1% berries making it unlikely to be affected by contaminated soil. 
Peregrine Falcon (Falco peregrinus), nesting is not likely to occur on site due to the lack of cliffs. A peregrine falcon 
was noted in previous reports to have nested in the radio tower, however the radio tower has been removed from 
the site and during field survey there was no indication that it still inhabits the Site. Barren Ground Caribou 
(Rangifer tarandus groenlandicus), may seasonally be present based on range maps and habitat availability. 
Mammals such as American Black Bear (Ursus americanus), Muskox (Ovibos moschatus) and Gray Wolf 
(Canis lupis), have also been seen in the region by Trophy Lodge staff and the habitat on Site could support these 
animals seasonally. Based on incidental sightings and sign during Tetra Tech’s assessment, common species found 
on Site include Moose, Spruce Grouse and Common Raven. As per the site information (i.e., available habitat, diet, 
proposed demolition of the building, size and location of the site) and the area being snow covered for a significant 
of the year, there is limited, if any, potential of exposure to listed species of concern on the site. Therefore, the 
identified species of concern in the region of the site do not need to be considered further. 

7.3 Exposure Pathway Identification for Ecological Risk 
An exposure pathway is a mechanism by which an ecological receptor is exposed to chemicals from a source. 
Several possible exposure pathways may exist at a site. The following four elements constitute a complete exposure 
pathway: 

 A source and mechanism of chemical release; 

 A retention or transport medium; 

 A point of potential receptor contact with the affected medium; and 

 A means of entry into the plant or animal at the contact point. 

Complete pathways represent situations where there is potential for receptors to be exposed to contaminants. 
Incomplete pathways represent situations where exposure or contact with the contaminant is unlikely to occur, there 
risk to the receptor is negligible. 
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7.3.1 Soil 
The CCME guidelines contain site-specific factors for soil. The site-specific factors for agricultural land use are as 
follows: direct contact (ingestion and dermal contact), vapour inhalation (slab-on-grade and basement), protection 
of potable groundwater, protection of groundwater for aquatic life, ecological soil and food ingestion, nutrient cycling, 
ecological soil contact, produce, meat, milk and management limits. Guidelines for protection of growing produce 
are not calculated currently as part of the CCME guidelines as well as growing produce in this area is extremely 
unlikely so this pathway was not included further in this evaluation. 

Of the pathways presented in the CCME soil guidelines, the ecological exposure pathways at the site are identified 
as complete or incomplete below. 

7.3.1.1 Ecological Health – Soil Contact  
The Site is currently used occasionally and covered with gravel and some vegetation (grasses, shrubs and trees) 
and snow covered for a significant portion of the year. The ecological direct soil contact pathway is relevant for 
vegetation and soil invertebrates. Therefore, the ecological soil contact pathway is considered to be complete and 
was evaluated in this assessment. 

7.3.1.2 Ecological Health – Freshwater Aquatic Life 
The freshwater aquatic life pathway is applicable if a surface water body is located within 500 m downgradient of a 
site. In cases where the groundwater gradient is indeterminate, all surface water bodies within 500 m of the site are 
considered.  

7.3.1.3 Ecological Health – Ingestion of Plants, Soil Invertebrates, and Prey 
Plants and soil invertebrates can take up COPCs from soil into their tissues, which are then subsequently consumed 
by wildlife. Small mammals that are exposed to soil and food can also accumulate COPCs into their body. Therefore, 
food chain transfer was evaluated for birds and mammals. 

This exposure pathway will only be evaluated for metal COPCs as hydrocarbons are not readily accumulated in the 
plant or animal tissues. 

7.3.2 Surface Water / Groundwater 
Federal water quality guidelines for use at contaminated sites are applicable based on the proximity to surface 
waterbodies and drinking water, livestock watering or crop irrigation use. For groundwater within 10 m of a surface 
waterbody and for water samples collected directly from a waterbody, the CCME CWQG for the protection of aquatic 
life apply.  

For groundwater greater than 10 m from a surface waterbody, the FCSAP FIGQG apply. The FIGQG include site 
specific factors for groundwater including: inhalation, soil organism direct contact, freshwater life, marine life, 
irrigation, livestock, and wildlife watering. The pathways for marine life, irrigation, livestock were not considered 
further as they do not apply to the Site or its future use. The pathway for wildlife watering was also not considered 
further, as there are no surface water bodies at the site, other than McLeod Bay, which has been shown to not be 
impacted. 

These federal guidelines along with criteria from the Alberta surface water criteria for the protection of aquatic life 
and Ontario regulations for non-potable groundwater and the aquatic protection values were used in the absence 
of a federal guideline. The Ontario regulation for non-potable groundwater is based on the vapour inhalation or 
aquatic protection values. 
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7.3.2.1 Ecological Health – Freshwater Aquatic Life 
The freshwater aquatic life pathway is applicable if a surface water body is located within 500 m downgradient of a 
site. In cases where the groundwater gradient is indeterminate, all surface water bodies within 500 m of the site are 
considered. However, this pathway was evaluated and dismissed as a potential concern in the Phase II/III ESA and 
is not further evaluated as no sampling data have shown impacts to surface water. Therefore, while chemicals in 
soil were identified that exceeded these screening levels (Table 7-1, below), no further evaluation was conducted 
because sampling from near-shore locations in McCloud Bay has shown no impacts to surface water 
(Franz Environmental/SENES 2013).  

7.3.2.2 Ecological Health – Soil Organism Direct Contact  
The Site is currently used occasionally and covered with gravel and some vegetation (grasses, shrubs and trees) 
and snow covered for a significant portion of the year. The ecological soil organism direct contact pathway is 
relevant for vegetation and soil invertebrates. Therefore, the ecological soil organism direct contact pathway is 
considered to be complete and was evaluated in this assessment.  

7.4 Results of the Problem Formulation 
Below is a summary of the COPCs carried forward into the ERA after the problem formulation. Bolded pathways 
have been carried forward. 

Table 7-1: Summary of COPCs 
Remaining COPCs Pathway 

Terrestrial Ecological Aquatic Ecological 
AEC 1 

PHC F2 Soil Organism Direct Contact 
Pathway is Complete 

Although soil concentrations exceed screening 
levels, Freshwater Life Pathway is not 
Complete and not further evaluated 

PHC F3  Ecological Soil Contact pathway is 
complete 

-- 

Naphthalene -- Although soil concentrations exceed Aquatic 
Life screening levels, the pathway is not 

Complete and not further evaluated  
Lead Ecological Soil Contact and Soil and 

Food Ingestion pathways are 
complete 

-- 

Cadmium and Zinc Soil and Food Ingestion pathway is 
complete 

-- 

AEC 2 
PHC F2 Ecological Soil Contact pathway is 

complete 
Although groundwater concentrations exceed 
Aquatic Life screening levels, the pathway is 

not Complete and not further evaluated  
PHC F3 and F4 Ecological Soil Contact pathway is 

complete 
-- 

AEC 5 
Toluene, Naphthalene, 

Phenanthrene 
-- Although soil concentrations exceed Aquatic 

Life screening levels, the pathway is not 
Complete and not further evaluated  

PHC F3 and F4 Ecological Soil Contact pathway is 
complete 

-- 

Lead Soil and Food Ingestion pathway is 
complete 

-- 
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Table 7-1: Summary of COPCs 
Remaining COPCs Pathway 

Terrestrial Ecological Aquatic Ecological 
AEC 6 

PHC F3, Chromium, Nickel Ecological Soil Contact pathway is 
complete 

-- 

Naphthalene -- Although soil concentrations exceed Aquatic 
Life screening levels, the Pathway is not 

Complete and not further evaluated  
Copper Ecological Soil Contact pathway is 

complete 
Although soil concentrations exceed 

Freshwater Life screening levels, the pathway 
is not Complete and not further evaluated  

Lead Soil and Food Ingestion pathway is 
complete 

-- 

Zinc Ecological Soil Contact and Soil and 
Food Ingestion pathways are 

complete 

Although soil concentrations exceed 
Freshwater Life screening levels, the pathway 

is not Complete and not further evaluated  

7.5 Conceptual Site Model 
A summary of the contaminant transport mechanisms, potentially impacted media, receptors of concern, COPCs, 
and potentially complete exposure pathways is presented in a CEM for the different AECs. Areas of Concern 1 and 
2 have been combined, as they overlap. All these models would apply to the land use scenario outlined in the 
Section 4.0. Only operable exposure pathways are identified and evaluated further in the risk assessment. A 
graphical CEM is included as Figure 2 in Appendix C.  
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7.5.1 AEC 1 and 2 
COPC and Medium    Exposure Pathway   Receptor 

7.5.2 AEC 5 
COPC and Medium    Exposure Pathway   Receptor 

7.5.3 AEC 6 
COPC and Medium    Exposure Pathway   Receptor  

7.6 Exposure Assessment 
Similar to the human health risk assessment, the exposure point concentration represents the concentration to 
which the identified receptors could be exposed under the pathways determined in the problem formulation. COPCs 
were selected from the most recent data set, and for soil, all samples were collected from a depth of 0 mbgs to 
0.5 mbgs. ProUCL (version 5.1.1) was used to summarize the data, determine its distribution, and calculate an 
upper bound concentration (the 95 percent upper confidence limit of the mean, 95UCL) to be used as the exposure 
point concentration. ProUCL recommends a minimum of ten discrete sampling results to adequately estimate an 
exposure point concentration. Therefore, the sampling results from both the September 2017 Data Gap Sampling 
investigation, the 2018 sampling event and the Phase II/III 2013 report (Franz Environmental 2013) were combined 
for the selected COPCs determine an exposure point concentration for each to be used for risk assessment 
purposes.  

PHC F2, F3, F4 and 
Lead in Soil

Ecological Soil 
Contact

Plants, invertebrates, 
mammals, and birds

Lead, Cadmium, and 
Zinc in Soil

Soil and Food 
Ingestion

Plants, invertebrates, 
mammals, and birds

PHC F3 and F4 in Soil Ecological Soil 
Contact

Plants, invertebrates, 
mammals, and birds

Lead in Soil Soil and Food 
Ingestion

Plants, invertebrates, 
mammals, and birds

PHC F3, Chromium, 
Nickel, Copper, and Zinc in 

Soil
Ecological Soil Contact Plants, invertebrates, 

mammals, and birds

Lead and Zinc in Soil Soil and Food 
Ingestion

Plants, invertebrates, 
mammals, and birds
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AEC 1 and AEC 2 were treated as one exposure unit, while AEC 5 and AEC 6 were treated as separate exposure 
areas. Petroleum hydrocarbon and metals collected from AEC 1 and stained soil areas in September 2017 and 
2018 and data from Franz 2013 from the tank farm area and shore line were aggregated to represent AEC 1 and 
AEC 2.  

Exposure point concentrations were calculated for soil, as surface water and groundwater do not have complete 
exposure pathways for ecological receptors. Soil data from the September 2017 and 2018 sampling efforts as well 
as from 2013 were aggregated for the following COPCs: 

 AEC 1 and 2: PHC F2, F3, F4, cadmium, lead, zinc  

 AEC 5: PHC F3 and F4, lead 

 AEC 6: PHC F3, chromium, copper, lead, nickel, zinc 

In instances where duplicate samples were available, the higher of the original or duplicate sample was used as 
representative of site conditions and was included in the calculation of the exposure point concentration. Individual 
sample results were entered into ProUCL v. 5.11 (EPA 2016) and the following summary statistics were produced. 
Table 7-2, 7-3, and 7-4 contain the results for AEC 1&2, AEC 5, and AEC 6 respectively. The ProUCL output data 
is located in Appendix D. 

Table 7-2: Exposure Point Concentrations for AEC 1&2 COPCs 
Chemical Minimum 

(mg/kg) 
Maximum 
(mg/kg) 

Frequency of 
Detection 

Arithmetic Average 
(mg/kg) 

UCL 
(mg/kg) 

Distribution of 
data (1) 

Cadmium 0.034 4.7 10/28 0.63 0.22 Lognormal 
Lead 1.9 120 24/24 11.86 14.8 Lognormal 
Zinc 10 545 28/29 56.07 149.1 Not discernable 
F2 10 8,700 48/80 1,693 3,903 Lognormal 
F3 16 40,500 58/80 1,674 3,876 Not Discernable 
F4 2 33,500 25/80 2,165 2,704 Not Discernable 

1) Distribution generated by ProUCL and used by the program to estimate a UCL for use as an exposure point concentration. 

Table 7-3: Exposure Point Concentrations for AEC 5 COPCs  
Chemical Minimum 

(mg/kg) 
Maximum 
(mg/kg) 

Frequency of 
Detection 

Arithmetic Average 
(mg/kg) 

UCL 
(mg/kg) 

Distribution of 
data (1) 

Lead 3.15 129 14/14 14.16 52.7 Not discernable 
F3 21 2,580 6/12 493.7 2,464 Lognormal 
F4 21 4,430 6/12 810 3,781 Gamma 

1) Distribution generated by ProUCL and used by the program to estimate a UCL for use as an exposure point concentration. 

Table 7-4: Exposure Point Concentrations for AEC 6 COPCs 

Chemical Minimum 
(mg/kg) 

Maximum 
(mg/kg) 

Frequency of 
Detection 

Arithmetic Average 
(mg/kg) 

UCL 
(mg/kg) 

Distribution of 
data (1) 

Chromium 18 164 13/13 51.54 83.71 Not Discernable 
Copper 3.99 85.6 12/13 20.02 40.52 Gamma 
Lead 3.92 281 13/13 33.16 124.6 Not discernable 
Nickel 10 67.5 13/13 27.18 42.88 Lognormal 
Zinc 6.7 965 12/13 134 546.5 Gamma 
F3 12 820 8/8 156.5 597.6  Gamma (2) 

1) Distribution generated by ProUCL and used by the program to estimate a UCL for use as an exposure point 
concentration. 

2) ProUCL cautions that 10 or more samples are generally required for the calculation of UCL and data distribution 
determination.  
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7.7 Hazard Assessment 
COPCs for the ecological assessment included chromium, copper, lead, zinc, and petroleum hydrocarbon fractions 
F2, F3, and F4. To evaluate potential hazard associated with exposure to soil COPCs, ecological risk-based soil 
screening levels (SSLs) were used to calculate receptor-specific HQs.  

The objective of the hazard (toxicity) assessment is to define the acceptable dose (as mg COPC per kg body weight 
of the receptor) that ecological receptors can be exposed to on a chronic basis without risk of adverse health effects 
at the population level. The ecological risk assessment uses literature-derived TRVs measuring long-term chronic 
exposure. For example, chronic reproductive exposures would include exposure for any duration greater than 1/3 of 
a species’ gestation period, and chronic growth measures would include exposure for any duration greater than 
1/10 of a plant or animal species’ lifespan. The USEPA’s Eco SSL TRVs were used and are based on a 
comprehensive literature review that selected TRVs based on studies demonstrating no or low observable adverse 
effect levels (NOAELs and LOAELs). The USEPA typically selects a TRV based on the growth, reproduction, and 
survival endpoints that documented effects for those endpoints based on the highest NOAEL that is lower than the 
lowest LOAEL. The TRVs are used to developed ecological receptor screening values. 

For ecological receptors, the goal is not to protect each individual from any potentially toxic effect, but rather to 
protect enough individuals so that a viable population and community of organisms can be maintained (SAB 2006). 
TRVs for snowshoe hare (terrestrial mammal) and American robin (bird) and soil screening levels (SSLs) for 
terrestrial mammals, birds, plants, and soil invertebrates were identified from USEPA Ecological Soil Screening 
Levels (Eco SSL, 2007a) and TRVs (EPA 2005a, 2005b, 2007b, 2007c, 2007d). This is a preferred resource used 
in the ERA as these TRVs were derived using a large number of studies with strict evaluation criteria for TRVs for 
terrestrial mammals and birds. The TRV and corresponding soil screening value are presented below in Table 7-5.  

Table 7-5: Summary of Toxicity Reference Values and Soil Screening Levels 

Receptor COPC TRV (mg/kg-day) SSL (mg/kg-day) (1) 
Mammal – Hare Cadmium 1.47 0.36 

Chromium 2.4 34-81 
Copper 5.6 49 
Lead 4.7 56 
Nickel 1.7 130 
Zinc 75.4 79 

PHC F2 -- 1700 (2) 
PHC F3 -- 1700 (2) 
PHC F4 -- 1700 (2) 

Bird – American Robin Cadmium 0.77 0.77 
Chromium 2.66 26 

Copper 4.05 28 
Lead 1.63 11 
Nickel 6.71 210 
Zinc 66.1 46 

PHC F2  450 (4) 
PHC F3  400 (4) 
PHC F4  2,800 (4) 
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Table 7-5: Summary of Toxicity Reference Values and Soil Screening Levels 

Receptor COPC TRV (mg/kg-day) SSL (mg/kg-day) (1) 
Vegetation Cadmium  32 

Chromium -- 310 (3) 
Copper -- 70 
Lead -- 120 
Nickel  38 
Zinc -- 160 

PHC F2 -- 600 (4) 
PHC F3 -- 620 (4) 
PHC F4 -- 2,800 (4) 

Soil Invertebrate Cadmium  140 
Chromium -- 310 (3) 

Copper -- 80 
Lead -- 1700 
Nickel  280 
Zinc -- 120 

PHC F2 -- 450 (4) 
PHC F3 -- 400 (4) 
PHC F4 -- 2,800 (4) 

1) EPA SSLs 2005a, 2005b, 2007b, 2007c, and 2007d 
2) New Jersey Department of Health (2010) 
3) MOE 2011 
4) CWS PHC 2008 

Petroleum hydrocarbons do not have Eco-SSLs from USEPA. However, a search for uptake factors (ORNL 2017, 
CWS-PHC 2008) showed that PHCs do not bioaccumulate to any great extent in plants or animals. For consistency 
of approach, a general ecological SSL from the New Jersey Department of Health (2010) of 1,700 mg/kg was used 
to assess mammalian exposure to PHC in soils. This value is based on observed health effects to ecological 
receptors above this concentration but does not specify which fractions are included. It was used to assess potential 
hazard to the mammalian receptor for PHC F2, F3, and F4. For plants and soil invertebrates, values consistent with 
Franz Environmental and SENES 2013 were used (CWS-PHC 2008). For PHC F2, the SSLs were 600 mg/kg for 
plants and 450 mg/kg for soil invertebrates. For PHC F3, the SSL for plants was 620 mg/kg and for soil invertebrates 
was 400 mg/kg. The SSL for PHC F4 for plants and soil invertebrates was 2,800 mg/kg. These PHC screening 
levels are based on information in the CWS- PHC (2008) on effects to plants or soil invertebrates at the 25% effect 
level. There is very little research for the effects of PHCs on avian species. Therefore, as a conservative approach 
the soil invertebrate SSL’s were utilized as it is assumed that avian species, such as the American robin would feed 
on the soil invertebrates. 

Chromium does not have an ecological SSL from USEPA. Therefore, a value from the Ontario Ministry of the 
Environment (MOE 2011) was used to assess hazards for plants and soil invertebrates. The chromium SSL of 
310 mg/kg for agricultural/other land use for the protection of soil invertebrates and plants is based on direct soil 
contact. It was derived using a weight of evidence approach from 6 studies found to be suitable for this purpose 
and represents the 25th percentile rank distribution of effect levels.  
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7.8 Ecological Risk Characterization  
Risk estimates were developed for ecological receptors quantified by calculating a HQ using the ecological 
screening values in Table 7-5. The methodology used to calculate HQ values and the results are presented below. 

7.8.1 Hazard Quotient Assessment 
The potential for wildlife hazards can be estimated numerically using a HQ. A HQ is the ratio of the potential 
exposure to a single chemical to an estimated using the ecological SSL. For mammals, the SSL is based on the 
TRV, at which no or minimal adverse effects are likely to occur during the lifetime of that animal. 

HQs were calculated for each COC-receptor combination as follows:   

Hazard Quotient = Soil concentration (mg/kg) 
                              ECO- SSL (mg/kg) 

If the HQ is less than or equal to 1.0, the COPC is considered to pose a negligible hazard to the receptor. Hazard 
quotients in excess of 1.0 should be reviewed and consideration given towards the assumptions used to estimate 
exposure, and the uncertainty used to derive the TRVs. The soil concentration used for the HQ calculation was the 
95UCL as determined by ProUCL, using data from the September 2017 and 2018 sampling and Franz 
Environmental and SENES 2013, as described in Section 7.6. 

The HQ for the hare, vegetation, and soil invertebrates were calculated using the concentrations presented in 
Tables 7-2, 7-3, and 7-4 of Section 7.6 and the SSLs from Table 7-5. Results are presented below by AEC.  

7.8.2 AEC 1 and 2 
HQs were determined for the snowshoe hare, robin, plants, and soil invertebrates for AEC 1 and 2. Cadmium does 
not pose an unacceptable HQ, as all the receptors had soil concentrations below screening levels, indicating that 
impacts to the population are unlikely. Lead, zinc, PHC F2, F3, and F4 all exceed the SSLs, and are associated 
with HQs above 1.0.  

Lead is associated with and HQ of 1.35 (birds) but of the September 2017 and 2018 and Franz Environmental and 
SENES (2013) data, only 4 individual samples had concentrations of lead above the SSL of 11 mg/kg. One of the 
samples from 2017 was from the stained area (17Stain1) which also had high concentrations of PHC F3.  

Zinc is associated with HQs of 1.24 (soil invertebrates) to 3.24 (birds) but of the September 2017 and 2018 and 
Franz Environmental and SENES (2013) data, only 4 individual samples had concentrations of zinc above the SSL 
of 46 mg/kg. Both 2017 samples with zinc above the SSL were from the stained areas (17Stain1 and 17Stain3) 
which also had high concentrations of PHC F3. 

Similarly, the PHC fractions had UCL concentrations in excess of all of the ecological SSLs. However, 
concentrations above the SSL were not located near the shoreline (Franz Environmental and SENES 2013 
samples) and were confined to the tank farm area and stained soil sampling locations. In the 2017 sampling data, 
only PHCs F3 and F4 exceeded the SSLs in the stained soil samples. In the 2018 sampling data, only PHCs F2 
and F3 exceeded the SSLs in samples taken to delineate the stained soil areas identified in 2017. Of the Franz 
Environmental and SENES sampling data reported in 2013, PHC F2 exceeded 450 mg/kg in many samples. All 
PHC F3 and F4 results were below 1,700 mg/kg for the mammal receptor in the Franz Environmental and SENES 
2013 data but 10 samples exceeded the SSL for PHC F3 of 400 mg/kg for the soil invertebrate receptor and 
8 samples exceeded the SSL of 620 mg/kg for the soil plant receptor. 
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Table 7-6: HQ Calculation for AEC 1&2 
Receptor COPC Soil Concentration (mg/kg) SSL (mg/kg-day) HQ 

Mammal – Hare Zinc 149.1 79 1.89 
PHC F2 3,903 1,700 2.30 
PHC F3 3,876 1,700 2.28 
PHC F4 2,704 1,700 1.59 

Bird – American Robin Lead 14.8 11 1.35 
Zinc 149.1 46 3.24 

PHC F2 3,903 450 8.67 
PHC F3 3,876 400 9.69 

Plants PHC F2 3,903 600 6.51 
PHC F3 3,876 620 6.25 

Soil Invertebrates Zinc 149.1 120 1.24 
PHC F2 3,903 450 8.67 
PHC F3 3,876 400 9.69 

7.8.3 AEC 5 
Lead is associated with and HQ of 4.79 (birds) but of the September 2017 and 2018 and Franz Environmental and 
SENES (2013) data, only one sample had a concentration of lead above the SSL of 11 mg/kg. The sample 
(Sample 17SS06 at 0.3 mbgs) was from 2017 and was from the central portion of the waste area within the waste.  

The 95UCL concentrations for PHC F3 and F4 results exceeded the SSL of 1,700 mg/kg for the mammal receptor 
and also display HQs above 1.0 to the bird, plant and soil invertebrate receptor. However, only one sample had a 
concentration exceeding the SSL (Sample 17SS06 at 0.3 mbgs) and all other detected concentrations in 2017 
ranged from 90 mg/kg to 134 mg/kg for PHC F3 and 21 mg/kg to 249 mg/kg for PHC F4. The high HQs for PHC F3 
and F4 for birds, plants and soil invertebrates is also an overestimate of site-related hazard, as only one sample 
exceeded the SSL. 

Additionally, the impacted area of AEC 5 is estimated at 900 m2, far smaller than the foraging area of the snowshoe 
hare or American robin. The HQs to mammal and bird receptors are likely overestimated based on the amount of 
time that a receptor would spend in AEC 5.  

Table 7-7: HQ Calculation for AEC 5 

Receptor COPC Soil Concentration 
(mg/kg) SSL (mg/kg-day) HQ 

Mammal – Hare 
PHC F3 2,464 1700 1.45 
PHC F4 3,781 1700 2.22 

Bird – American Robin 
Lead 52.7 11 4.79 

PHC F3 2,464 400 6.16 
PHC F4 3,781 2,800 1.35 

Plants 
PHC F3 2,464 620 3.97 
PHC F4 3,781 2,800 1.35 

Soil Invertebrates 
PHC F3 2,464 400 6.16 
PHC F4 3,781 2,800 1.35 
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7.8.4 AEC 6 
COPCs for AEC 6 were comprised primarily of metals and PHC F3. 

Chromium had HQs ranging from 1.1 to 2.6 (corresponding to hexavalent chromium and trivalent chromium, 
respectively) for mammals and the HQ was 3.37 for birds. There is no EPA SSL for chromium available for toxicity 
to plants and soil invertebrates, therefore the MOE 2011 ecological screening value of 320 mg/kg was used, 
resulting in an HQ of 0.27. Although the HQs for mammals and birds exceeded an HQ of 1.0, the estimate did not 
take into account foraging range or amount of time that a receptor would spend in the impacted areas. The impacted 
area of AEC 6 totals approximately 362 m2, which is much smaller than the foraging range of a snowshoe hare or 
American robin. The HQs to mammals and birds, therefore, is likely an overestimate of the potential of an adverse 
effect.  

Copper was associated with HQs below 1.0 for mammals, plants and soil invertebrates, but exceeded an HQ of 
1.0 for birds based on the calculated 95UCL concentrations. However, only 3 individual samples exceeded the bird 
SSL of 28 mg/kg. All three of the samples were collected in 2017:  17SS01 (0.2 mbgs) at 25.8 mg/kg, 
17SS02 (0.3 mbgs) at 85.6 mg/kg, and 17BH07 (0-0.51 mbgs) at 31.6 mg/kg. Samples 17SS01 and 17SS02 are 
from within the waste mound, sample 17BH07 is 5 m south of the waste area. The impacted area of AEC 6 totals 
approximately 362 m2, which is much smaller than the foraging range of an American robin. The HQs to birds, 
therefore, is likely an overestimate of the potential of an adverse effect. 

Nickel was associated with HQs below 1.0 for mammals, birds, and soil invertebrates, but exceeded an HQ of 
1.0 for plants based on the calculated 95UCL concentration. However, only 3 individual samples exceeded the plant 
SSL of 38 mg/kg. Two of the samples were collected in 2017:  17SS03 (0.2 mbgs) at 48.1 mg/kg and 17SS04 
(0.3 mbgs) at 67.5 mg/kg. The third sample was from Franz Environmental and SENES 2013 and was reported as 
57 mg/kg in sample TP1233-1. These exceedances are sporadic but indicate that there are contaminants within the 
landfill that could impact local vegetation. 

Lead was associated with an HQ below 1.0 for soil invertebrates, but exceeded an HQ of 1.0 for mammals, birds, 
and plants based on the calculated 95UCL concentrations. There are 5 individual samples that exceed the lowest 
SSL for birds of 11 mg/kg. Sample 17SS02 at 0.3 mbgs which is located within the waste mound with a 
concentration of 281 mg/kg is driving the high 95UCL. Although the HQs for mammals and birds exceeded an HQ 
of 1.0, the estimate did not take into account foraging range or amount of time that a receptor would spend in the 
impacted areas. The impacted area of AEC 6 totals approximately 362 m2, which is much smaller than the foraging 
range of a snowshoe hare or American robin. The HQs to mammals and birds, therefore, is likely an overestimate 
of the potential of an adverse effect. 

Zinc had HQs above 1.0 for mammals, birds, plants and soil invertebrates based on the 95UCL. Five individual 
samples exceeded the bird SSL of 46 mg/kg, only 3 individual samples exceeded the mammal SSL of 79 mg/kg, 
and only 2 of those exceeded the plant and soil invertebrate SSLs of 120 mg/kg and 160 mg/kg respectively. Two 
of the samples were collected in 2017: 17SS01 (0.2 mbgs) at 965 mg/kg, 17SS02 (0.3 mbgs) at 303 mg/kg, and 
17SS04 (0.3 mbgs) at 67.6 mg/kg. The fourth and fifth samples were from Franz Environmental and SENES 2013 
and were reported as 60 mg/kg and 92 mg/kg. These exceedances are sporadic but indicate that there are 
contaminants within the landfill that could impact plants and soil invertebrates. Although the HQs for mammals and 
birds exceeded an HQ of 1.0, the estimate did not take into account foraging range or amount of time that a receptor 
would spend in the impacted areas. The impacted area of AEC 6 totals approximately 362 m2, which is much smaller 
than the foraging range of a snowshoe hare and American robin. The HQs to mammals and birds, therefore, is 
likely an overestimate of the potential of an adverse effect. 

The concentration of PHC F3 was below the SSL for mammals (HQ of 0.35) and plants (HQ of 0.96). PHC F3 had 
a HQs of 1.5 for birds and soil invertebrates. However, only one sample in AEC 6 had a measured concentration of 
PHC F3 above 400 mg/kg:  sample 17SS02 (0.3 mbgs) had a detection of PHC F3 at 820 mg/kg and all other 
samples measured 106 mg/kg or less. The contamination appears to be limited, and it is unlikely that the predicted 
ecological impact would be realized.  
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Table 7-8: HQ Calculation for AEC 6 
Receptor COPC Soil Concentration (mg/kg) SSL (mg/kg-day) HQ 

Mammal – Hare 
Chromium 87.7 34-81 1.1 – 2.6 

Lead 124.6 56 2.23 
Zinc 546.5 79 6.92 

Bird – American Robin 

Chromium 87.7 26 3.37 
Copper 40.52 28 1.45 
Lead 124.6 11 11.33 
Zinc 546.5 46 11.88 

PHC F3 598 400 1.5 

Plants 
Lead 124.6 120 1.03 
Nickel 42.8 38 1.13 
Zinc 546.5 160 3.42 

Soil Invertebrates 
Zinc 546.5 120 4.55 

PHC F3 598 400 1.5 

7.9 Ecological Health Conclusions 
As show in Table 7-6 through 7-8, PHCs and occasionally metals had HQs above 1.0 based on the calculated 
95UCL concentrations of COPCs. In AEC 1 and 2, lead was associated with an HQ above 1.0 for birds, zinc was 
associated with HQs above 1.0 for mammals, birds and soil invertebrates, PHC F2 and F3 were associated with 
HQs above 1.0 for all ecological receptors, and PHC F4 was associated with an HQ above 1.0 for mammals.  

For AEC 5, lead was associated with an HQ above 1.0 for birds and PHC F3 and F4 were associated with HQs 
above 1.0 for mammals, birds, plants and soil invertebrates.  

Chromium, lead and zinc at AEC 6 was associated with an HQ above 1.0 for mammals, chromium, coper, lead, 
zinc and PHC F3 were associated with HQs above 1.0 for birds, lead, nickel and zinc were associated with HQs 
above 1.0 for plants, and zinc and PHC F3 were associated with HQs above 1.0 for soil invertebrates.  

Franz Environmental and SENES 2013 noted that contaminated areas of the site total approximately 2.04 hectares. 
The average foraging areas of a snowshoe hare and American robin are approximately 5 hectares and 14 hectares 
respectively (FCSAP 2010). Given that the foraging area exceeds the total expanse of all contaminated areas by 
more than a factor of two, the HQs estimated are likely overestimates of potential hazard to small mammals and 
birds as represented by the snowshoe hare and American Robin. It is expected that small mammal and bird 
receptors would spend less than half of all foraging time in the contaminated areas and therefore the populations 
would not experience adverse impacts.  

While Ecological SSLs for chromium, lead, nickel, zinc and PHCs identified soil invertebrate and plant HQs that 
were above 1.0, the relatively small areas of impact, difficult growing conditions and low habitat quality due to coarse 
and shallow soil make it unlikely that the chromium, lead, nickel, zinc and PHCs will have a population-level effect 
on plants or invertebrates. The lack of plants providing a food source to mammals would also decrease the potential 
for foraging by terrestrial mammals and birds. Remediation plans for the site include the removal and offsite disposal 
of the landfill material from AEC 5 and 6, which would eliminate the identified risks in these AECs. 

However, the consistent finding of HQs above 1.0 due to PHCs in AEC 1 and 2, indicates that, while impacts at a 
population level are unlikely, the petroleum products have produced soil staining and could have adverse impacts 
to ecological receptors at an individual level. Remediation plans for the site include the remediation of the soil in 
this AEC with the highest risk.  
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8.0 CLOSURE 

We trust this document meets your present requirements. If you have any questions or comments, please contact 
the undersigned.  

 
Respectfully submitted, 
Tetra Tech Canada Inc. 
 
 
 
 
 
Prepared by:  Reviewed by: 
Kelly Jones, B. Sc. Theresa K. Lopez, MSPH 
Environmental Scientist Senior Toxicologist, Human Health Risk Assessment 
Direct Line: 306.347.4039 Direct Line: 303.507.9160 
Kelly.Jones@tetratech.com Theresa.Lopez@tetratech.com 
 
/cee 
 



 QUANTITATIVE RISK ASSESSMENT AND SITE-SPECIFIC RISK ASSESSMENT 
 FILE: 704-ENW.EENW03031-09 | DECEMBER 4, 2018 | FINAL 
 

 

 39 
 
 
Quantitative Risk Assessment and Site-Specific Risk Assessment - Final.docx 

REFERENCES 
Agency for Toxic Substances and Disease Registry (ATSDR). 2017. Minimal Risk Levels, June 2017. Available 

at: https://www.atsdr.cdc.gov/mrls/index.asp. 

Alberta Environment and Parks, 2016. Alberta Tier 1 Soil and Groundwater Remediation Guidelines.  
Alberta Environment and Sustainable Resource Development, 2014. Environmental Quality Guidelines for Alberta 

Surface Waters. 

Baes CF, R.D. Sharp, A.L. Sjoreen, R.W. Shor. 1984. A Review and Analysis of Parameters for Assessing 
Transport of Environmentally Released Radionuclides through Agriculture. Oak Ridge National 
Laboratory, ORNL-5786. September. 

Canada’s Historic Places 2010. Standards and Guidelines for the Preservation of Historic Places in Canada: 
A Federal, Provincial, and Territorial Collaboration. Second Edition. Available at 
http://www.historicplaces.ca/media/18072/81468-parks-s+g-eng-web2.pdf. 

Canadian Council of Ministers of the Environment, 2004. Canadian Soil Quality Guidelines for the Protection of 
Environmental and Human Health. Benzene. 

Canadian Council of Ministers of the Environment, 2008 and updated online. Canadian Environmental Quality 
Guidelines. 

Canadian Council of Ministers of the Environment (CCME), 2008. Canada-Wide Standards (CWS) for Petroleum 
Hydrocarbons (PHC) in Soil: Scientific Rationale Supporting Technical Document.  

Canadian Council of Ministers of the Environment. 1996. A Framework for Ecological Risk Assessment: General 
Guidance; 

Canadian Council of Ministers of the Environment, 2010. Canadian Environmental Quality Guidelines, 
Carcinogenic and Other Polycyclic Aromatic Hydrocarbons. 

Canadian Council of Ministers of the Environment, 2016. Guidance Manual for Environmental Site 
Characterization in Support of Environmental and Human Health Risk Assessment, Volume 1 Guidance 
Manual. 

Environment Canada. 2012. Federal Contaminated Sites Action Plan (FCSAP) Ecological Risk Assessment 
Guidance; 

Environment Canada. 2012. Federal Contaminated Site Action Plan (FCSAP) Supplemental Guidance for 
Ecological Risk Assessment - Standardization of Wildlife Receptor Characteristics; 

Environment Canada. 2010. Federal Contaminated Site Action Plan (FCSAP) Supplemental Guidance for 
Ecological Risk Assessment - Toxicity Test Selection and Interpretation; 

Ecosystem Classification Group. 2008. Ecological Regions of the Northwest Territories – Taiga Shield. 
Department of Environment and Natural Resources, Government of the Northwest Territories, 
Yellowknife, NT, Canada 

Franz Environmental and SENES Consulting. 2013. Detailed Quantitative Risk Assessment, Fort Reliance 
Weather Station, Northwest Territories. Final Report. 

Federal Contaminated Sites Action Plan (FCSAP). 2010. Ecological Risk Assessment Guidance, Draft. 
Federal Contaminated Sites Action Plan (FCSAP). 2016. Guidance Document on Federal Interim Groundwater 

Quality Guidelines for Federal Contaminated Sites. May 2010, updated 2016. 

Health Canada 2010. Health Canada Toxicological Reference Values (TRVs) and Chemical-Specific Factor, 
Part 2.  

Health Canada. 2010, updated 2012. Federal Contaminated Site Risk Assessment in Canada Part I:  Guidance 
on Human Health Preliminary Quantitative Risk Assessment (PQRA); 

https://www.atsdr.cdc.gov/mrls/index.asp


QUANTITATIVE RISK ASSESSMENT AND SITE-SPECIFIC RISK ASSESSMENT 
FILE: 704-ENW.EENW03031-09 | DECEMBER 4, 2018 | FINAL 
 
 

 40 
 
 
Quantitative Risk Assessment and Site-Specific Risk Assessment - Final.docx 

Health Canada. 2010. Federal Contaminated Site Risk Assessment in Canada Part II:  Health Canada 
Toxicological Reference Values (TRVs); 

Health Canada. 2010. Federal Contaminated Site Risk Assessment in Canada Part V:  Guidance on Human 
Health Detailed Quantitative Risk Assessment for Chemicals; 

Health Canada. 2011. Federal Contaminated Site Risk Assessment in Canada Supplemental Guidance:  
Checklist for Peer Review of Detailed Human Health Risk Assessments (HHRA); 

Health Canada. 2017. Federal Contaminated Site Risk Assessment in Canada: Supplemental Guidance on 
Human Health Risk Assessment of Air Quality; and 

Health Canada. 2011. Federal Contaminated Site Risk Assessment in Canada, Spreadsheet Tool for Human 
Health Detailed Quantitative Risk Assessment. Version 2011-12-12. 

Health Canada 2013. Final Human Health State of the Science Report on Lead. February. Available at: 
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-
publications/environmental-contaminants/final-human-health-state-science-report-lead.html#a10   

Health Canada. 2017. Guidelines for Canadian Drinking Water Quality. 

National Park Service. 2006. Appropriate Methods for Reducing Lead-paint Hazards in Historic Housing, by Park, 
S.C., and D.C. Hicks. Preservation Briefs No. 37. Washington: National Park Service. 1995, Revised 
October 2006. Available at https://www.nps.gov/tps/how-to-preserve/briefs/37-lead-paint-hazards.htm 

Ontario Ministry of the Environment (MOE) 2011, Rationale for the development of soil and groundwater 
standards for use at contaminated sites in Ontario, AppendixA2 Tables of components for soil standards, 
Table 2 - Full Depth, Potable Water Scenario, Agricultural Land Use, coarse-grained soils. Plants & Soil 
Org. 

Ontario Ministry of the Environment (MOE) 2011, Rationale for the development of soil and groundwater 
standards for use at contaminated sites in Ontario, Aquatic Protection Values, 

Ontario Ministry of Environment and Climate Change, Soil, Ground Water, and Sediment Standards for use under 
Part XV.1 of the Environmental Protection Act, 2011. 

Science Advisory Board for Contaminated Sites (SAB). 2006. Draft Guidance for Detailed. Ecological Risk 
Assessments (DERA) in British Columbia. 

United States Environmental Protection Agency (USEPA). 2007a. Ecological Soil Screening Levels (EcoSSL). 
Various years. http://www.epa.gov/ecotox/ecossl 

USEPA 2005a. Ecological Soil Screening Levels for Cadmium, Interim Final. OSWER Directive 9285.7-65. 
March. 

USEPA 2005b. Ecological Soil Screening Levels for Lead, Interim Final. OSWER Directive 9285.7-70. March. 

USEPA 2007b. Ecological Soil Screening Levels for Copper, Interim Final. OSWER Directive 9285.7-68. July 
2006, revised February 2007. 

USEPA 2007c. Ecological Soil Screening Levels for Nickel, Interim Final. OSWER Directive 9285.7-76. July 2006, 
revised February 2007. 

USEPA. 2007d. Ecological Soil Screening Levels for Zinc, Interim Final. OSWER Directive 9285.7-73. June 2007. 

http://www.epa.gov/ecotox/ecossl/

