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6.4.1.4.3 Terrestrial Environment 

For VECs in the terrestrial environment, the Operational phase was selected for assessment in the ERA. 

This is because the Operational phase is expected to be of the longest duration in which a relatively high 

level of activity is planned to occur. The greatest number of potential pathways and contaminant sources 

to the terrestrial environment is likely to occur during this phase (see Section 6.4.1.5 for further discussion 

of pathways and contaminant sources). The Operational phase is when there is the most potential for 

impact from fugitive dust emissions and dust deposition, which is likely to be the most significant pathway 

for COPC exposure from Project-related activities for terrestrial VECs. 

6.4.1.5 Mitigation Measures 

No additional mitigation measures were considered in the assessment beyond what was outlined in 

previous volumes and chapters. For the purposes of the ERA, mitigation measures and management 

strategies outlined in the individual chapters and management plans were considered to have been 

implemented and performing successfully in minimizing/eliminating potential effects.  

Mitigation measures for noise and air quality were described in Volume 4. The Air Quality Monitoring 

and Management Plan and the Noise Abatement Plan can be found in Volume 10, Chapters 17 and 18, 

respectively. 

Mitigation measures for the terrestrial environment were described in Volume 5. The Wildlife 

Mitigation and Monitoring Plan can be found in Volume 10, Chapters 20. 

Mitigation measures for freshwater were covered in Volume 6. Mitigation measures for the marine 

environment were covered in Volume 7. The Aquatic Effects Management Plan, which addresses both 

freshwater and marine environments, can be found in Volume 10, Chapters 19. 

6.4.1.5.1 Mitigation Measures for Non-metal Contaminants of Potential Concern 

Certain atmospheric emissions from the Project were excluded from consideration as COPCs. These 

include volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), dioxins, and 

furans. Although dioxins and furans may be deposited on the surrounding landscape and enter the local 

food web from soil, water, and vegetation, use of controlled incineration technology is predicted to 

substantially reduce the potential contamination exposures (Webster and Mackay 2007). 

An Incineration Management Plan (Volume 10, Chapter 11) will be in place during all phases of the 

Project in order to minimize emissions from incineration activities. This plan will include the 

installation of an incinerator that complies with Nunavut standards (Government of Nunavut 2002) and 

the Canada-Wide Standards for Dioxins and Furans (CCME 2000a) and Canada-Wide Standards for 

Mercury emissions (CCME 2000b). An Air Quality Monitoring and Management Plan (Chapter 17, 

Volume 10) will also be implemented. Due to mitigation, such as installing modern incineration 

equipment, and regular maintaining vehicle, generator, and incinerator emission controls, Project-

related PAH releases to the environment are unlikely to be at high enough concentrations to affect 

human health (Volume 6, Chapter 4). VOCs were not included in the assessment because standards or 

objectives for ambient VOC concentrations have yet to be established for Nunavut and Canada and 

emission levels from the Project are expected to be minimal. 

Fuels, other petroleum products (e.g., oils), and hazardous substances stored and used during Project 

development inside the LSA will require mitigation and management measures to ensure that they do 

not enter the freshwater, marine, and terrestrial environments. The Fuel Management Plan 

(Chapter 4), Spill Contingency Plan (Chapter 5), Oil Pollution Emergency Plan (Chapter 6), Mine Waste 

Rock and Tailings Management Plan (Chapter 9), Landfill and Waste Management Plan (Chapter 10), 
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Hazardous Materials Management Plan (Chapter 12), Explosives Management Plan (Chapter 13), and 

Shipping Management Plan (Chapter 15) can be found in Volume 10. Proper storage, handling, and 

clean-up of any spills of fuels/petroleum products and potentially hazardous substances will reduce the 

potential for these products to affect ecological receptors. Details of a few of the key mitigation 

strategies are listed here as follows: 

o bulk fuel storage areas, hazardous materials storage areas, and explosives storage facilities will 

be bermed and lined with impermeable barriers to minimize the potential for leaks and spills 

to reach the aquatic environment, thereby minimizing the potential for these chemicals or 

fuels to affect the ecological receptors; 

o cyanide destruction will occur in the mill, in order to decrease the levels of cyanide that may 

be found in the TIA; 

o petroleum product storage tanks will have appropriate secondary containment systems to 

prevent hydrocarbon/fuel release to the environment; 

o refuelling and maintenance activities will be done at least 30 m away from water (except in 

case of equipment breakdown or approved activities near water) and refuelling will be done 

only when drainage capture/collection is installed or drip trays are in use; 

o all machinery that has the potential to have a fluid release or leak will be inspected prior to 

each shift and repaired as necessary, and oily water treatment plants at equipment 

maintenance facilities will be used to minimize the introduction of hydrocarbon contaminants 

into the environment, minimizing their potential for uptake by aquatic organisms; 

o an Aquatic Effects Management Plan (Volume 10, Chapter 19) will be implemented to monitor 

for changes in the aquatic environment as a result of Project activities; and 

o if water or waste could pose a risk to wildlife, appropriate measures will be taken to exclude 

wildlife from these areas (e.g., fencing and noise makers; Wildlife Management Plan, 

Volume 10, Chapter 20). 

In addition, other hazardous substances such as hydraulic fluid, explosives, laboratory chemicals and 

solvents, lead acid batteries, and oil filters may be present during various Project phases. Safe 

handling and storage of hazardous materials is governed by the Hazardous Materials Management Plan 

(Volume 10, Chapter 12) and therefore these materials are not expected to pose a risk to the health of 

wildlife, fish and aquatic habitat, or fish community VECs.  

Accidental releases of fuels, other petroleum products, and hazardous substances will be responded to 

efficiently and safely as described in the Spill Contingency Plans (Volume 10, Chapter 5). In particular, 

the following key spill mitigation measures will minimize and prevent exposure of ecological receptors: 

o ships used in the transport of fuel will be conventional double-hulled, compartmentalized 

petroleum tankers, with Shipboard Oil Pollution Emergency Plans and appropriate response gear; 

o the bulk fuel storage facility, pipeline, and all transfer-related equipment will be inspected 

and maintained in order to minimize the potential for fuel leaks or spills to the aquatic and 

terrestrial environments; 

o an Oil Pollution Emergency Plan (Volume 10, Chapter 6) will be implemented, including the 

measures to be used to contain and clean up a potential spill of oil in the marine and 

freshwater environments; and 
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o ship and MLA spill response equipment and personnel will be prepared for deployment prior to fuel 

transfer operations, to ensure a rapid response in the event of a spill to the marine environment, 

and transfer hoses/pipeline will be monitored hourly for leaks or defects during fuel transfers. 

Because spills will be contained and cleaned up according to the Oil Pollution Emergency Plan 

(Volume 10, Chapter 6), the effects of fuel, lubricants, and other COPCs on marine and freshwater 

aquatic VECs (fish, seabirds, and marine mammals) will be low.  

In addition, in the marine environment, shipping will be limited to five to ten ships per year during the 

Construction phase and three to five ships per year during the Operational phase. Ships will not be 

permitted to discharge untreated sewage or oil-containing bilge water in the vicinity of the MLA, in 

accordance with the Vessel Pollution and Dangerous Chemicals Regulation (2001). The use of organotin 

anti-fouling compounds is prohibited for vessels in Canadian waters and will not be used by vessels 

servicing the Project. This will minimize the potential for release of contaminants to the marine 

environment within the LSA and will, therefore, minimize effects to marine water and sediments. 

Therefore, the sources of oils, fuels, and other hazardous chemicals and potential effects to ecological 

health from the exposure to these chemicals are considered negligible and will not be considered further 

in the ERA. 

6.4.1.6 Identification of Disease Vectors 

A zoonotic disease is an infectious disease that has the ability to be transmitted between species 

(sometimes by a vector) from non-human animals to humans, or from humans to other animals. 

A disease vector is a biological agent (e.g., person, animal, or microorganism) that has the ability to 

carry and transmit infectious diseases to other living hosts. Vectors such as arthropods (e.g., mites, 

ticks, lice, fleas, mosquitoes, and flies) and wildlife (e.g., bats, raccoons, and rodents) can transmit 

harmful diseases to humans.  

Zoonotic diseases can be considered contaminants if (Leighton 2003): 

o they are introduced into an ecosystem for the first time by humans; 

o human activity causes them to concentrate in specific areas; 

o human activities alter the ecosystem in a way that changes the occurrence of diseases due to 

changes in relationships between pathogens and their hosts; or  

o genetic engineering technology results in the creation of new man-made pathogen strains. 

Several zoonotic diseases occur in Arctic host species, such as trichinella in walrus and polar bear and 

cryptosporidium in marine and terrestrial mammals (NRCan 2009). However, information is lacking on 

the specific hosts and modes of transmission in the Arctic environment and the situation is changing 

rapidly due to climate change as there is a link between zoonotic diseases and temperature (NRCan 

2009). Environmental temperatures greatly affect vectors with developmental stages that occur 

outside a warm blooded host, for example the developmental rate of insects and nematodes are 

limited by cooler northern climates (Bradley et al. 2005). Two important diseases in Canada (Lyme 

disease spread by ticks, and West Nile virus spread by mosquitoes and wild birds) have not been 

detected in the Arctic due to cold temperatures (Leighton 2011). However, this distribution range may 

change as temperatures in the north increase. For people residing in Nunavut, zoonotic disease 

transmission via wildlife is likely the predominant method of exposure.  

Zoonotic diseases present in the Arctic include: Trichinella, Anisakis, Diphyllobothrium, Echinococcus, 

and Toxoplasma, and potentially Cryptosporidium and Giardia (Polley, Hoberg, and Kutz 2010). 
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Additionally, the Artic fox is a carrier for some strains of rabies, while Brucellosis is caused by the 

bacterial genus Brucella and can be transmitted from animals (e.g., bison, caribou, fox, bears, ringed 

seals, and beluga whales) to people upon contact or consumption (Leighton 2011). However, the ecology 

of Brucella in caribou and marine mammals is too poorly understood to enable identification of current 

trends or predict future trends (Leighton 2011). Each one of these zoonotic diseases can result in obvious 

clinical disease in humans; however, infected people do not always display clinical symptoms. A list of 

potential zoonotic diseases in Nunavut and their wildlife vectors is presented in Table 6.4-3. 

Table 6.4-3.  Potential Zoonotic Diseases in Nunavut and Their Vectors 

Disease Disease Type Vector 

Anthrax (Bacillus anthracis) Bacteria Bison, cervids 

Broad fish tapeworm (Diphyllobothriasis) Parasite Fish 

Brucellosis (Brucella spp.) Bacteria Mammals 

Cryptosporidosis (Cryptosporidium spp.) Parasite Mammals, mosquitos 

Filarial worms (Dirofilaria spp.) Parasite Black flies 

Giardia (Giardia spp.) Parasite Mammals, birds 

Hantavirus (Bunyaviridae) Virus Rodents (e.g., mice) 

Herring roundworm (Anisakiasis simplex) Parasite Fish 

Hydatid Disease (Echinococcus granulosus and Echinococcus 

multilocularis) 

Parasite Canine (dog, wolf, coyote, fox) 

Leptospirosis (Leptospira spp.) Bacteria Beaver, deer, rodents, raccoon 

Plague (Yersinia pestis) Bacteria Rodents, squirrels, mink, marten, 

bobcat, lynx, flea 

Rabies (Rhabdoviridae) Virus Bat, any mammal 

Raccoon Roundworm (Baylisascaris spp.) Parasite Raccoon 

Ringworm (Microsporum canis and Trichophyton verrucosum) Parasite Mammals 

Sarcoptic mange (Sarcoptes scabiei) Parasite Canine (dog, wolf, coyote, fox) 

Toxoplasmosis (Toxoplasma gondii) Parasite Mammals 

Trichinellosis (Trichinella spiralis) Parasite Bear 

Tuberculosis (Mycobacterium bovis and Mycobacterium avium) Bacteria Birds, bison, cervids 

Tularemia (Francisella tularensis) Bacteria Beaver, hare, rabbit, muskrat 

6.4.1.7 Problem Formulation and Pathway Analysis 

The purpose of this section is to establish whether there is a reasonable possibility that there is a 

linkage between a Project-related source of contaminants and ecological receptors (VECs screened into 

the ERA in Section 6.3.2). There are two main potential sources of Project-related contaminants: 

atmospheric emissions of criteria air contaminants (CACs) and fugitive dust; and liquid effluent 

(e.g., effluent, site runoff). 

Atmospheric emissions and contaminants associated with fugitive dust have the potential to enter the 

atmosphere, travel some distance, and settle where they can reside in different media such as marine 

and freshwaterbodies, marine and freshwater sediment, soil and vegetation, and prey (food chain) 

items. Liquid effluent has the potential to enter the terrestrial environment due to direct discharges, 

or enter the marine and freshwater environments (water and sediment) through runoff from the 

terrestrial environment.  
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6.4.1.7.1 Sources and Types of Potential Project-Related Contaminants 

Potential Sources of Project-Related Contaminants Specific to the Atmospheric Environment 

A detailed inventory of Project-related emissions sources, points of release and quantities of air 

contaminants released can be found in the Air Quality Modelling Report (Volume 4, Chapter 1, 

Appendix V4-1B or Rescan 2013i).  

CACs are primarily produced by combustion of diesel and other fuels, and includes nitrogen oxides 

(NOx), sulphur oxides (SOx), ozone (O3), and particulate matter that is less than 2.5 microns or 

10 microns in size (PM2.5, and PM10, respectively). Fugitive dust is typically generated by blasting or 

equipment use. To summarize, sources of Project-related atmospheric contaminants considered in the 

air quality model included:  

o stacks;  

o the processing plant (including generators inside);  

o the underground mines;  

o generators in the pits and at camps;  

o incinerators;  

o equipment (such as mining and personnel trucks, drill rigs, and bulldozers in mines and on 

access roads);  

o aircraft;  

o shipping vessels; and 

o dust emissions from grading and bulldozing, and explosives from drilling and blasting. 

Potential Sources of Project-related Contaminants Specific to the Freshwater Environment 

During the various Project phases, activities and components such as drilling, blasting, and excavation, 

air transportation, road use, and road maintenance can introduce fugitive dust into the air. Fugitive 

dust could then be deposited on surface waters, where contaminants associated with the fugitive dust 

(e.g., metals and blasting residues) could enter either the water or sediment. 

Potential sources of effluent include the water management structures (TIA, WMF, and Collection 

Pond), treated effluent from sewage treatment plants at the camps, and water that has been in 

contact with Project infrastructure (e.g., site infrastructure, pits, underground mines, roads, etc.).  

The water management facilities will collect and store effluents or run-off that may contain 

contaminants. Compounds used in explosives may be present in run-off from waste rock storage areas 

or in effluent or tailings from the mill; effluent from these areas will be collected and directed to the 

appropriate water management facility. Contaminants may be present in treated sewage effluent 

which will be discharged to the land during the Construction phase, until water management facilities 

are built and effluent will then be directed to these structures. Site contact water, which may contain 

metals or other chemicals, will be collected and directed towards the water management structures in 

each of the Project areas (Goose Property Area, George Property Area, and the MLA). 

Water quality modelling was conducted for effluent contained within the TIA. The Water Quality 

Prediction Report (Volume 11) provides details on the sources, points of release, and quantities 

(loadings) of potential contaminants (e.g., metals and blasting residues) to the TIA. 
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Discharge of effluent from water management structures during the Operational phase (i.e., WMF and 

Collection Pond only) could introduce contaminants to the terrestrial or aquatic environments, 

depending on the discharge location. The intended discharge location for these facilities is to land 

(> 500 m from water), but it is possible that run-off from the discharge locations may make its way to 

surface waters over time, carrying contaminants to the aquatic environment. However, any water 

discharged to the environment will meet applicable water quality criteria. 

Some quarries’ and road runoff will go to the environment but the quantities of contaminants 

associated with these potential sources were considered to be negligible relative to other sources 

(e.g., fugitive dust from blasting and road use). Any in-water works, such as stream crossings and 

diversion structures will only be a source of TSS/turbidity and not COPCs. 

Potential Sources of Project-related Contaminants Specific to the Marine Environment 

Marine shipping during Construction and Operational phases can generate air pollutants through the 

combustion of diesel fuel. These air pollutants include CO, NOx, SO2, PM2.5, and PM10. Fugitive dust will 

arise from rock blasting, vehicle movement, handling of fine materials, and incineration of garbage. 

Generally dust will occur sporadically and be suspended for a relatively short time prior to deposition. 

The COPCs could then be taken up by benthic invertebrates, fish, and marine wildlife and could 

accumulate in the food chain. 

Compounds used in explosives during construction of the MLA may be present in run-off to the marine 

environment. Metals occur naturally in environmental media (e.g., water, soil, sediment, and 

vegetation) due to local physical and geological processes, and their concentrations could potentially 

change due to Project activities depositing dust containing metals or due to metal leaching/acid rock 

drainage/metal leaching (ML/ARD).  

Direct discharge of brine from the desalinization plant at the MLA into Bathurst Inlet is proposed; 

however, all other effluents or contact water in the MLA will be directed to the Collection Pond, and 

may be discharged to the tundra (> 500 m away from water). Although potential discharges may occur 

at some distance from the marine environment, run-off containing contaminants from the discharge 

location may reach the marine environment over time. Any in-water works, such as marine jetty/barge 

facilities may be a source of TSS/turbidity but not of COPCs.  

Potential Sources of Project-related Contaminants Specific to the Terrestrial Environment 

Fugitive dust will arise from rock blasting, vehicle movement, and handling of fine materials. Generally 

dust will occur sporadically and be suspended for a relatively short time prior to deposition. Dust 

particles can be a carrier of metals naturally occurring in rocks and can deposit onto soils and vegetation. 

The COPCs could then be taken up by terrestrial wildlife and could accumulate in the food chain. 

Discharge of effluent from water management structures during the Operational phase (WMF and 

Collection Pond only) could introduce contaminants to the terrestrial environment (> 500 m from 

water), where soil and vegetation may take up COPCs. The COPCs could then be taken up by terrestrial 

wildlife and could accumulate in the food chain. 

6.4.1.7.2 Potential Receptor Exposure Routes 

Receptor exposure routes are pathways through which a receptor could be exposed to a COPC. 

The exposure routes that may exist between contaminants and ecological receptors will depend upon 

many factors and may be direct, indirect, or both.  
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Ingestion 

Aquatic and terrestrial receptors could be exposed to COPCs directly by ingesting water and sediment. 

In addition, COPCs could be taken up indirectly through the food chain by ingesting prey items, as 

discussed in the following paragraphs.  

In the aquatic environment, if the concentration of COPCs in either water or sediment changes as a 

result of Project activities, there is potential for those COPCs to enter the food chain and affect the 

health of organisms at progressively higher trophic levels. The aquatic VECs of fish/aquatic habitat 

(i.e., benthic invertebrates) could take up COPCs by consuming primary producers containing COPCs or 

incidental consumption of sediment particles. Any COPCs incorporated into the biomass of primary 

producers and benthic invertebrates would be available for ingestion by fish community VECs (Arctic 

Grayling and Lake Trout). Similarly, marine mammals (e.g., ringed seals) or piscivorous seabirds may be 

exposed to COPCs through the food chain by consuming fish containing COPCs.  

Terrestrial VECs (wildlife, migratory birds, and raptors) ingest freshwater, food, and (in some cases) 

soil. Some soil may be ingested either incidentally (soil attached to plant roots) or because some birds’ 

gizzards require small pebbles for digestion. Herbivorous and omnivorous VECs (e.g., caribou, muskox, 

wolverine and furbearers, grizzly bears, and migratory birds) could be exposed to COPCs when feeding 

on above-ground vegetation. This is because COPCs from deposition of fugitive dust could be found 

either on the plant surface or could have been taken up by plants from soil.  

Omnivores and carnivores (wolverine and furbearers, grizzly bears, and raptors) derive their energy and 

nutritional requirements from a diet consisting mainly or exclusively of animal tissue through either 

predation or scavenging. Therefore, they can be exposed to COPCs via the food chain (i.e., transfer of 

COPCs taken up by lower trophic level organisms to higher trophic level organisms).  

Gill Uptake 

Gill uptake refers to the uptake of COPCs by fish and some benthic invertebrates (i.e., molluscs) 

through the epithelium of the gills or other respiratory surfaces. Gills are not solely involved in 

dissolved oxygen and carbon dioxide exchange, but are also important organs for ion- and 

osmoregulation. In some invertebrate organisms, gills are solely used for feeding, while in other 

organisms they can be used for both feeding and oxygen uptake. Subsequently, COPCs may accumulate 

in fish and invertebrate VECs, making them bio-available to other animals in the food chain. Because 

gill uptake of COPCs can contribute significantly to the overall exposure to COPCs in fish and benthic 

invertebrate VECs, gill uptake was included in the ERA as a potential exposure route. 

Dermal Contact 

Dermal contact is defined as the uptake of COPCs through the skin when an organism is in direct 

contact with the exposure medium (e.g., water, soil, or sediment). The dermal contact exposure route 

was included for aquatic VECs, where benthic invertebrates have a large surface area to volume ratio 

and are embedded in sediments and water. Therefore, the dermal exposure route may be a significant 

portion of benthic invertebrates’ COPC exposures and was included in the assessment for the aquatic 

(freshwater or marine) environment. 

Receptor Exposure Routes Considered Negligible 

Wildlife exposure to contaminants via inhalation and dermal contact are not pathways usually assessed 

in ERAs. Wildlife toxicity reference values for inhalation and dermal pathways are unavailable, plus the 

ingestion pathway is expected to be a much larger contributor to exposure, while inhalation and 

dermal exposures are expected to be very small contributors (Sample et al. 1997; BC MOE 2013b). Thus 
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terrestrial wildlife exposure to contaminants via the inhalation and dermal contact pathways were not 

considered in the ERA. 

6.4.1.7.3 Environmental Receptor Locations 

Baseline studies provided information about where potential ecological receptors were located within 

the freshwater, marine, or terrestrial environment LSAs. More detailed information can be found in 

Section 6.1 (Existing Environment and Baseline Information) or in the chapters for each VEC. 

Freshwater Environment Receptors 

Lakes and ponds where fish have been confirmed to be present during baseline studies (Volume 6, 

Chapter 7) in the Goose and George Property Areas are shown in Figures 6.4-5 and 6.4-6, respectively. 

In the Goose Property Area, fish were captured in all of the sampled lakes; however, most of the 

shallow ponds were not fish-bearing due to their shallow depth and ephemeral connectivity to other 

waterbodies. Lakes in the Goose Property Area contained Lake Trout, Round Whitefish, Lake Cisco, 

Longnose Sucker, Ninespine Stickleback, and Lake Whitefish. Streams were inhabited by Arctic 

Grayling, Slimy Sculpin, and Burbot.  

In the George Property Area, fair to good fish habitat was present in larger waterbodies which contain 

deeper water; smaller, shallow lakes and ponds had poor quality habitat for fish rearing and 

overwintering because they provide little cover and freeze to the bottom during winter. Five species 

were captured in the George Property Area: Lake Trout, Arctic Grayling, Round Whitefish, Burbot, and 

Slimy Sculpin. Lake Trout was the dominant species in lakes. Streams were dominated by Slimy Sculpin 

and Burbot, with some Arctic Grayling. 

Aquatic resources, such as primary (e.g., periphyton and phytoplankton) and secondary producers 

(e.g., benthic invertebrates) were found in waterbodies throughout the freshwater environment LSA 

and were also present in waterbodies where fish were not found. 

Marine Environment Receptors 

Twelve fish species were captured during the baseline Bathurst Inlet fish community surveys (Volume 7, 

Chapter 5). The most abundant species were Fourhorn Sculpin and Capelin. Pacific Herring, Starry 

Flounder, Arctic Cisco, and Saffron Cod were other common species. Arctic Char migrate through the 

marine LSA in late summer as there is an Arctic Char bearing river at the south end of Bathurst Inlet; 

however, Arctic Char have never been captured in baseline studies. Capelin is only expected to be 

present in the marine LSA during the spawning season that runs from mid-July to mid-August. Lake 

Trout may stray into brackish water within the marine LSA but they are mainly a freshwater species. 

All the other marine fish species captured during baseline studies would be expected to be present in 

the marine LSA on a fairly regular basis.  

Seabirds/seaducks occur in staging areas in the marine LSA for approximately one month in the spring 

and again for the month of August. A section of Bathurst Inlet, directly south of the proposed MLA 

within the marine environment LSA, is an important staging area for seabird/seaducks (reviewed in 

Volume 7, Chapter 6, Section 6.1; see Figure 6.1-2). The staging areas are more prevalent in the fall 

relative to the spring. Large flocks of geese migrate through the terrestrial RSA, especially around the 

Goose Property Area, which contains several large wetlands. 
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Ringed seals are the only marine mammals that occur in the marine LSA. They may be present year-

round, although densities of ringed seals are greater from mid-March until early July during pupping 

and moulting periods during the ice-covered season. Ringed seals tend to disperse to other areas during 

the open-water season, although a few ringed seals have been observed in the marine LSA during the 

summer (reviewed in Volume 7, Chapter 7, Section 7.1). There is potential for the Project to alter, or 

disturb high quality habitat for ringed seals in the marine LSA (see Figure 7.5-1 in Volume 7, 

Chapter 7). 

Terrestrial (Wildlife) Receptors 

The wildlife VECs that could be affected by contaminants within the terrestrial environment are: caribou 

(Bathurst herd, Dolphin and Union herd, Beverly herd); grizzly bears; muskox; wolverine and furbearers; 

migratory birds; and raptors. The information below provides a summary of where these species can be 

found in the terrestrial LSA and RSA. Additional details of where these wildlife VECs can be found in the 

terrestrial LSA and RSA can be found in the existing environment section (Section 6.1.7 of this chapter), 

or in the individual chapters for the various wildlife species in Volume 5, Chapters 5 to 10. 

CARIBOU 

Three barren-ground caribou herds have been identified, whose ranges overlap the terrestrial or 

marine wildlife RSAs for the Project. The Bathurst herd is found in the wildlife RSA and LSA primarily 

during spring migration and post-calving periods, and the Beverly herd is found in the RSA and LSA, 

primarily during late summer and fall. The Dolphin and Union caribou herd, which overwinters on the 

coastal mainland of Nunavut, may overlap with portions of the marine RSA to a very small extent 

during the winter but are typically not found within the marine LSA and do not occur in the terrestrial 

wildlife LSA or RSA.  

Bathurst caribou overwinter in the boreal forest and move relatively quickly to calving grounds to the 

northwest of the RSA. Post-calving, some of the females and calves will cross into the western portion 

of the RSA and may be found in the terrestrial LSA from mid-June to mid-July (Volume 5, Chapter 5, 

Section 5.1.2.2 and 5.1.2.5). Throughout the rest of the summer and during fall, Bathurst caribou likely 

do not occur within the terrestrial LSA as they move to areas west and south of the Project area. 

Beverly caribou overwinter in the boreal forest and move relatively quickly to calving grounds to the 

northeast of the RSA. The Beverly herd may travel through the LSA in a northerly direction during 

spring migration, although collaring data indicate this herd generally travels east of the RSA during the 

spring migration to the calving grounds (Chapter 5, Volume 5, Section 5.1.3.2 and 5.1.3.5). The Beverly 

caribou may also overlap with the marine LSA during this period. During post-calving, females and 

calves remain in the Queen Maud Gulf Migratory Bird Sanctuary east of the RSA. During the summer and 

into the fall (mid-July to end of October), Beverly caribou occur in the terrestrial LSA and RSA 

particularly around the southern half of the RSA before migrating south towards the treeline.  

The Dolphin and Union herd can occur in the marine RSA during the winter but are generally not found 

within the marine LSA or the terrestrial wildlife LSA or RSA. Thus, their range does not overlap with the 

Goose and George Property Areas (Volume 5, Chapter 5, Section 5.1.4.2).  

MUSKOX 

Muskox travel in herds and have relatively small seasonal home ranges, but sometimes can migrate 

distances of up to 140 km between summer and winter ranges (Reynolds 1998; Gunn and Fournier 

2000). Muskox have been observed within 2 km of George Camp, and near Project infrastructure sites 

at Goose Property in 2013 (Volume 5, Chapter 7, Section 7.1.5.1). In addition, since 18% of the 

terrestrial LSA (and 13% of the RSA) contains high-quality summer habitat, muskox may be found in the 
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terrestrial LSA during this period (Volume 5, Chapter 7, Figure 7.1-2). During the winter months, only 

4% of the terrestrial LSA (and 6% of the RSA) contains high-quality winter habitat (Volume 5, Chapter 7, 

Figure 7.1-3); however, muskox are relatively sedentary in winter, moving on average 1 to 1.5 km/day, 

therefore may occur in the terrestrial LSA. 

GRIZZLY BEAR 

Grizzly bears have been observed in the terrestrial LSA and RSA between late-April and end of August but 

they can occur in the LSA/RSA between late-April to October; during the rest of the year they are 

hibernating in dens (Volume 5, Chapter 6, Section 6.1.4). There have been no bear observations inside 

the George or Goose PDAs during baseline studies conducted in the RSA, and only one grizzly bear has 

been observed in the MLA PDA. The results of the grizzly bear habitat suitability mapping are similar 

between the LSA and RSA for all seasons and suitability ranks. Within the terrestrial LSA, less than 1% of 

the habitat was rated as high-quality denning habitat for grizzly bear (Volume 5, Chapter 6, Figure 6.1-8). 

Although the area of high-quality spring habitat (2%), summer habitat (9%), and fall habitat (5%) are low 

within the terrestrial LSA, grizzly bear home ranges are very large. Thus, they may occur in the terrestrial 

LSA during these seasons (Volume 5, Chapter 6, Section 6.1.5.2, and Figures 6.1-1 to 6.4-1).  

WOLVERINE AND FURBEARERS 

Wolverines can be found in the terrestrial LSA during the entire year (Volume 5, Chapter 8). Two active 

wolverine den sites were located in the terrestrial LSA during baseline studies conducted in the RSA 

(Volume 5, Chapter 8, Section 8.1.5.2, Figure 8.1-5). One of these dens was located near the Goose 

Property Area in 2012 within 1 km of proposed site infrastructure; the other was located approximately 

2 km away from the Goose Camp. Both dens were found in rocky boulder areas. The results of the wolverine 

habitat suitability mapping for the denning period are similar between the LSA and RSA, with approximately 

46% of the habitat classified as suitable denning habitat (Volume 5, Chapter 8, Figure 8.1-6). 

Grey wolves may also occur in the terrestrial LSA. Grey wolves overwinter alongside caribou below the 

treeline and in the spring follow the migration of barren-ground caribou northwards towards their 

calving grounds (Rescan 2013a). Wolves begin to follow caribou herds southward back towards their 

winter grounds as soon as the young are able to travel with the pack, generally in September (Rescan 

2013a). Thus, wolves can occur in the terrestrial LSA when caribou are available (mid-May through 

end-September), although wolves have occasionally been observed outside of these periods in the 

terrestrial LSA. Observations of wolves and their dens were recorded within the terrestrial LSA 

(Volume 5, Chapter 8, Figure 8.1-7). One wolf den observed in 2007 was located near (north of) the 

George Property Area. Wolf denning occurs from late-April to September, and very little suitable 

denning habitat (< 1%) occurs within the terrestrial wildlife LSA and RSA (Volume 5, Chapter 8, 

Figure 8.1-8).  

RAPTORS 

Five cliff-nesting raptor species have been observed in the terrestrial LSA including golden eagle, bald 

eagle, gyrfalcon, peregrine falcon, and rough-legged hawk (Volume 5, Chapter 10, Figure 10.1-1). Raptors 

generally occur in the LSA and RSA during the breeding and rearing season (April through September), and 

migrate south during the winter. Nesting occurs from April through August and nests are usually located 

on steep ledges or cliffs. Two raptor nest sites have been observed within 1.5 km of project 

infrastructure in the terrestrial wildlife LSA and a total of 147 raptors nest sites were observed in the 

terrestrial wildlife RSA during baseline studies (Volume 5, Chapter 10, Figure 10.1-1). Area of suitable 

cliff-nesting habitat is equivalent to 4% of the terrestrial LSA (see Section 10.1.5.2 in Volume 5 and 

Rescan 2013a). The remainder of the terrestrial LSA (92.2%) was considered not to be suitable for nesting 

habitat as it lacks cliffs. These areas of suitable habitat were similar to those occurring in the RSA. 
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Three ground-nesting species may also occur in the terrestrial RSA including the short-eared owl, 

northern harrier, and snowy owl. The short-eared owl is a ground-nesting species of raptor that has 

been observed in the terrestrial LSA (Volume 5, Chapter 10, Figure 10.1-1), and is a species of 

conservation concern that breeds in the Arctic during the summer (April through September) and 

overwinters in southern regions (Clark 1975; Ims and Fuglei 2005). Approximately half (51.9%) of the 

terrestrial LSA was considered to be suitable habitat for nesting for short-eared owl (see Section 10.1.5 

in Volume 5 and Rescan 2013a) and this proportion was similar to that in the RSA.   

MIGRATORY BIRDS 

Migratory birds consist of upland breeding birds and waterbirds. The majority of migratory bird species 

that breed in the Arctic migrate long distances between their summer range on the tundra and their 

winter ranges at southern latitudes. Migratory birds arrive on the tundra from early- to late-May, to 

breed, and depart again in the fall, usually starting in late-August and throughout September. Upland 

breeding birds consists of landbirds, shorebirds, and ptarmigan and they occur throughout the 

terrestrial LSA (Volume 5, Chapter 9, Section 9.1.5.2 and Figure 9.1-4) during the breeding season. 

Waterbirds also occur within the terrestrial wildlife LSA (Volume 5, Chapter 9, Section 9.1.5.1 and 

Figures 9.1-1a and 9.1-1b) and marine wildlife LSA (Volume 7, Chapter 6, Figure 6.1-2) between spring 

staging, summer breeding and fall migration periods. Concentrations of waterbirds occur on lakes 

and/or marine areas for longer periods of time during staging periods, with staging events lasting up to 

one month in early spring and in autumn during or prior to migration events. During breeding periods, 

which can last up to a few months, density of waterbirds is typically lower as pairs disperse to nesting 

areas (Volume 5, Chapter 9, Sections 9.1.3 and 9.1.5) in the summer. 

6.4.1.7.4 Receptor-Project Interactions 

An interaction matrix outlining the links between VECs included in the ERA and Project components and 

activities is shown in Table 6.4-4. Linkages between Project emissions and potential effects to the 

health of wildlife, fish and aquatic habitat, and fish communities were considered and screened via a 

pathway analysis. Project components are expected to interact with health of wildlife, fish and aquatic 

habitat, and fish community VECs through four interaction pathways: air, freshwater and sediment, 

marine water and sediment, and soil/vegetation pathways.  

At the outset, all of the Project components or activities during the Construction and Operational 

phases were screened for potential linkages to health effects for each VEC. The Reclamation and 

Closure or Post-Closure phases were not included because potential effects to VEC health were 

considered negligible compared to the Construction and Operational phases.  

In the second step, Project components or activities were screened out by considering timing and 

magnitude of potential emissions, environmental design features (e.g., Project design elements), and 

mitigation (e.g., environmental best practices, management policies and procedures). Pathways with 

no linkage are not included in the ERA. By screening for those pathways and Project-related emissions 

that are most likely to have effects on wildlife receptors, receptor-Project interaction pathways are 

short-listed for a comprehensive assessment for potential health effects on VECs in the ERA.  

The potential interactions between Project emissions and receptors are shown in Figure 6.4-7 and 

described in the following sections. 
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Table 6.4-4.  Receptor-Project Interactions and their Rationale for Inclusion in the Environmental Risk Assessment

VEC Project Phase

Operable 

Interaction 

Pathway Project Components and Activities Potential Effects to VEC

Pathway Analysis 

(Included/

Not Included?)

Rationale for Inclusion or Exclusion 

from the Risk Assessment

Camps and mill facility construction, local site roads, airstrip, equipment laydown areas, pad areas

Quarry Development

Tailings Impact Area/Dam or Dyke Construction at Goose Property

Pit Pre-Stripping, Waste Rock Pile Construction, Headframe and Underground Development

Machinery and Vehicle Refuelling/Fuel Storage and Handling

Sewage Treatment Plant and discharge

Landfill Construction/Solid Waste Management

Marine Laydown Area:  on-land laydown areas/fuel storage

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Water Use 

Air Transport of Personnel and Goods

Diesel Power Generation

Marine Transport of Goods

Marine Laydown Area:  in-water infrastructure

Incinerator

Machinery and Vehicle Emmissions

Environmental & Socio-Economic Monitoring

Hiring & Managing Labour and Construction Workforce

Taxes, Contracts, Purchases

Camps and Mill Facility (Goose)

Open Pits: Drilling, Blasting, Excavation

Underground: Drilling, Blasting, Excavation

Waste Rock Storage Area

Tailings Storage

In-Pit and Surface Water Management

Road and Airstrip Use & Maintenance

Water Use

Sewage Treatment Plant and discharge

Equipment Maintenance/Fuel Storage and Handling

Marine Transport of Goods

Marine Laydown Area:  Fuel Storage and Handling

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Diesel Power Generation

Incinerator

Air Transport of Personnel and Goods

Machine and Vehicle Emissions

Environmental & Socio-Economic Monitoring

Hiring and Managing Operations Work Force

Taxes, Contracts, Purchases

(continued)

Construction

Operations

Freshwater Environment 

VECs (fish/aquatic 

habitat, fish 

communities: lake trout 

and Arctic char)

Freshwater and 

sediment

No potential impacts toVECs are expected to result from these 

project activities.

Not included n/a

Freshwater and 

sediment

Construction activities may increase dust deposition (with 

bound metals), which may result in changes to freshwater and 

sediment quality. Construction activities may release liquid 

wastes to the aquatic environment. This could affect the 

quality of freshwater fish/aquatic habitat and the health of 

freshwater fish communities.

Not included Not included because construction activities are 

expected to be less than operation activities and 

the only phase assessed was that with highest 

potential for effects (Operational Phase). 

No potential impacts to VECs are expected to result from these 

project activities.

Not included n/a

Operation activities may increase dust deposition (with bound 

metals), which may result in changes to freshwater and 

sediment quality. Operation activities may also create liquid 

wastes that enter the aquatic environment via the terrestrial 

environment. This could affect freshwater fish/aquatic habitat 

quality and the health of freshwater fish communities.

Included Potential effects to freshwater and sediment 

quality from dust deposition or effluent 

discharge could affect freshwater fish/aquatic 

habitat quality and the health of freshwater fish 

communities and these were included in the 

environmental risk assessment.



Table 6.4-4.  Receptor-Project Interactions and their Rationale for Inclusion in the Environmental Risk Assessment (continued)

VEC Project Phase

Operable 

Interaction 

Pathway Project Components and Activities Potential Effects to VEC

Pathway Analysis 

(Included/

Not Included?)

Rationale for Inclusion or Exclusion 

from the Risk Assessment

Water Use 

Marine Laydown Area:  on-land laydown areas/fuel storage

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Sewage Treatment Plant and discharge

Machinery and Vehicle Refuelling/Fuel Storage and Handling

Marine Laydown Area:  in-water infrastructure

Marine Transport of Goods

Quarry Development

Pit Pre-Stripping, Waste Rock Pile Construction, Headframe and Underground Development

Incinerator

Landfill Construction/Solid Waste Management

Machinery and Vehicle Emmissions

Camps and mill facility construction, local site roads, airstrip, equipment laydown areas, pad areas

Diesel Power Generation

Air Transport of Personnel and Goods

Tailings Management Area/Dam or Dyke Construction at Goose Property

Environmental & Socio-Economic Monitoring

Hiring & Managing Labour and Construction Workforce

Taxes, Contracts, Purchases

Water Use

Tailings Storage

Equipment Maintenance/Fuel Storage and Handling

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Sewage Treatment Plant and discharge

Marine Laydown Area:  Fuel Storage and Handling

Marine Transport of Goods

Machine and Vehicle Emissions

In-Pit and Surface Water Management

Road and Airstrip Use & Maintenance

Waste Rock Piles

Camps and Mill Facility (Goose)

Open Pits: Drilling, Blasting, Excavation

Incinerator

Air Transport of Personnel and Goods

Diesel Power Generation

Underground: Drilling, Blasting, Excavation

Environmental & Socio-Economic Monitoring

Hiring and Managing Operations Work Force

Taxes, Contracts, Purchases

(continued)

Not included

Not included

Operation activities may increase dust deposition (with bound 

metals), which may result in changes to marine water and 

sediment quality. Operation activities may also create liquid 

wastes that enter the aquatic environment. Changes to marine 

water and sediment quality could affect marine fish/aquatic 

habitat, marine fish communities, seabirds/seaducks, and 

ringed seals. 

No potential impacts to VECs are expected to result from these 

project activities.

Potential effects to freshwater and sediment 

quality from dust deposition or effluent 

discharge could affect fmarine fish/aquatic 

habitat, marine fish communities, 

seabirds/seaducks, and ringed seal and was this 

was included in the environmental risk 

assessment.

No potential effects to VECs are expected to result from these 

project activities.

Not included n/a

Operations Marine water and 

sediment

Marine Environment VECs 

(fish/aquatic habitat, 

fish communities: Arctic 

char, seabirds/seaducks, 

ringed seals)

Construction Marine water and 

sediment

Not included Not included because construction activities are 

expected to be less than operation activities and 

the only phase assessed was that with highest 

potential for effects (Operational Phase). 

n/a

Construction activities may increase dust deposition (with 

bound metals), which may result in changes to marine water 

and sediment quality. Construction activities may also create 

liquid wastes that enter the aquatic environment. Changes to 

marine water and sediment quality could affect marine 

fish/aquatic habitat, marine fish communities, 

seabirds/seaducks, and ringed seals. 



Table 6.4-4.  Receptor-Project Interactions and their Rationale for Inclusion in the Environmental Risk Assessment (continued)

VEC Project Phase

Operable 

Interaction 

Pathway Project Components and Activities Potential Effects to VEC

Pathway Analysis 

(Included/

Not Included?)

Rationale for Inclusion or Exclusion 

from the Risk Assessment

Camps and mill facility construction, local site roads, airstrip, equipment laydown areas, pad areas

Quarry Development

Tailings Management Area/Dam or Dyke Construction at Goose Property

Pit Pre-Stripping, Waste Rock Pile Construction, Headframe and Underground Development

Machinery and Vehicle Refuelling/Fuel Storage and Handling

Sewage Treatment Plant and discharge

Landfill Construction/Solid Waste Management

Marine Laydown Area:  on-land laydown areas/fuel storage

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Water Use 

Air Transport of Personnel and Goods

Diesel Power Generation

Marine Transport of Goods

Marine Laydown Area:  in-water infrastructure

Incinerator

Machinery and Vehicle Emmissions

Environmental & Socio-Economic Monitoring

Hiring & Managing Labour and Construction Workforce

Taxes, Contracts, Purchases

Camps and mill facility construction, local site roads, airstrip, equipment laydown areas, pad areas

Quarry Development

Tailings Management Area/Dam or Dyke Construction at Goose Property

Pit Pre-Stripping, Waste Rock Pile Construction, Headframe and Underground Development

Machinery and Vehicle Refuelling/Fuel Storage and Handling

Sewage Treatment Plant and discharge

Landfill Construction/Solid Waste Management

Marine Laydown Area:  on-land laydown areas/fuel storage

Explosives Storage and Handling

Water Use 

Incinerator

Diesel Power Generation

Air Transport of Personnel and Goods

Marine Transport of Goods

Marine Laydown Area:  in-water infrastructure

Chemical and Hazardous Material Storage and Management

Machinery and Vehicle Emmissions

Environmental & Socio-Economic Monitoring

Hiring & Managing Labour and Construction Workforce

Taxes, Contracts, Purchases

(continued)

Terrestrial Environment 

VECs (caribou, grizzly 

bears, muskox, 

wolverine/furbearers, 

migratory birds, raptors)

Construction

Soil and vegetation Construction activities  may increase dust deposition (with 

bound metals), which may result in changes to soil and 

vegetation quality. Caribou, grizzly bears, muskox, 

wolverine/furbearers, migratory birds, and raptors that ingest 

soil and vegetation containing COPCs may experience adverse 

health effects.

Not included Not included because construction activities are 

expected to be less than operation activities and 

the only phase assessed was that with highest 

potential for effects (Operational phase).

No potential impacts to terrestrial VECs are expected to result 

from these project activities.

Not included n/a

Freshwater and 

sediment

Construction activities may increase dust deposition (with 

bound metals), which may result in changes to freshwater and 

sediment quality. Construction may also create liquid wastes 

that enter the aquatic environment via the terrestrial 

environment. Caribou, grizzly bears, muskox, 

wolverine/furbearers, migratory birds, and raptors that ingest 

the water and sediment could experience adverse health 

effects.

Not included Not included because construction activities are 

expected to be less than operation activities and 

the only phase assessed was that with highest 

potential for effects (Operational phase).

No potential impacts to terrestrial VECs are expected to result 

from these project activities.

Not included n/a



Table 6.4-4.  Receptor-Project Interactions and their Rationale for Inclusion in the Environmental Risk Assessment (completed)

VEC Project Phase

Operable 

Interaction 

Pathway Project Components and Activities Potential Effects to VEC

Pathway Analysis 

(Included/

Not Included?)

Rationale for Inclusion or Exclusion 

from the Risk Assessment

Camps and Mill Facility (Goose)

Open Pits: Drilling, Blasting, Excavation

Underground: Drilling, Blasting, Excavation

Waste Rock Piles

Tailings Storage

In-Pit and Surface Water Management

Road and Airstrip Use & Maintenance

Sewage Treatment Plant and discharge

Equipment Maintenance/Fuel Storage and Handling

Marine Transport of Goods

Marine Laydown Area:  Fuel Storage and Handling

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Diesel Power Generation

Water Use

Incinerator

Air Transport of Personnel and Goods

Machine and Vehicle Emissions

Environmental & Socio-Economic Monitoring

Hiring and Managing Operations Work Force

Taxes, Contracts, Purchases

Camps and Mill Facility (Goose)

Open Pits: Drilling, Blasting, Excavation

Underground: Drilling, Blasting, Excavation

Waste Rock Piles

Road and Airstrip Use & Maintenance

Marine Laydown Area:  Fuel Storage and Handling

Explosives Storage and Handling

Chemical and Hazardous Material Storage and Management

Sewage Treatment Plant and discharge

Equipment Maintenance/Fuel Storage and Handling

Diesel Power Generation

Water Use

Tailings Storage

Air Transport of Personnel and Goods

Marine Transport of Goods

In-Pit and Surface Water Management

Incinerator

Machine and Vehicle Emissions

Environmental & Socio-Economic Monitoring

Hiring and Managing Operations Work Force

Taxes, Contracts, Purchases

Notes:

VEC = valued ecosystem component

n/a = not applicable, because no potential impacts were identified.

Terrestrial Environment 

VECs (caribou, grizzly 

bears, muskox, 

wolverine/furbearers, 

migratory birds, raptors)

(cont'd)

Freshwater and 

sediment

Operation activities may increase dust deposition (with bound 

metals), which may result in changes to freshwater and 

sediment quality. Operation activities may also create liquid 

wastes that enter the aquatic environment. Caribou, grizzly 

bears, muskox, wolverine/furbearers, migratory birds, and 

raptors that ingest the water and sediment could experience 

adverse health effects. 

Operations

Soil and vegetation Included Potential effects to caribou, grizzly bears, 

muskox, wolverine/furbearers, migratory birds, 

and raptors  from consuming soil and vegetation 

were included in the environmental risk 

assessment.

No potential impacts to VECs are expected to result from these 

project activities.

Not included n/a

Operation activities may  increase dust deposition (with bound 

metals), which may result in changes to soil and vegetation 

quality.   Caribou, grizzly bears, muskox, wolverine/furbearers, 

migratory birds, and raptors that ingest contaminated soil and 

vegetation may experience adverse health effects.

Included Potential effects to caribou, grizzly bears, 

muskox, wolverine/furbearers, migratory birds, 

and raptors due to effluent discharge or 

atmospheric deposition of COPCs to freshwater, 

sediments, and uptake via the aquatic food 

chain.

No potential impacts toVECs are expected to result from these 

project activities.

Not included n/a
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Air 

Changes to air quality due to Project activities due to the emission of air pollutants is not expected to 

affect the quality of freshwater fish/aquatic habitat and the health of freshwater fish communities and 

this was not included in the ERA. The inhalation of air pollutants by wildlife VECs was not assessed 

(Section 6.4.1.4.2) because the inhalation pathway is a much smaller contributor of contaminant 

exposure for wildlife than the ingestion pathway, and the wildlife VECs are expected to spend limited 

amounts of time in areas where air pollutants may be elevated. Furthermore, wildlife toxicity 

reference values for inhalation are unavailable.  

Fresh Water and Sediments 

COPCs are subject to a range of physical, geochemical and microbiological processes within the 

environment that influence their transport, distribution, and fate. The processes that are active will 

depend upon the properties of the COPC and the environmental media in which they reside. 

Atmospheric emissions, predominately dust particles and associated metals, may get transported over a 

short distance and deposit and freshwater (lakes and streams). Particles in water may settle to 

sediments or remain dispersed in the water column. Partitioning of dust particles to sediments may 

lead to sorption, downstream transport, and potential (bio-) transformation of metal constituents. 

Benthic invertebrates and primary producers in the aquatic habitat may be exposed to COPCs 

associated with particles or COPCs dissolved in the water. Dispersed particles or dissolved COPCs may 

be taken up by fish VECs.  

Liquid effluent has the potential to enter the freshwater environment (via runoff from the terrestrial 

environment), where COPCs can be dispersed and transported downstream, can contribute to nutrient 

loading, or may be (bio-) transformed or (bio-) degraded, depending on the type of effluent COPC. 

Introduction of COPCs to the freshwater environment may result in the freshwater VECs of fish and 

aquatic habitat (includes primary producers, aquatic invertebrates, and sediment), Arctic Grayling, and 

Lake Trout potentially being be exposed to COPCs via dermal contact, gill uptake (for fish), and 

ingestion. Terrestrial wildlife could also take up COPCs from the freshwater aquatic environment 

through drinking water or consumption of prey items (e.g., fish by grizzly bears). 

Marine Water and Sediments 

Similarly to the freshwater environment, atmospheric emissions and liquid effluent have the potential 

to enter the marine environment, where they can disperse in water and/or partition to sediments. 

Marine VECs of fish/aquatic habitat (includes primary producers, aquatic invertebrates, and sediment), 

Arctic Char, seabirds/ducks, and ringed seals could be exposed to COPCs via dermal contact, gill 

uptake (for fish), and ingestion. Seabirds/ducks and ringed seals also have the potential to be exposed 

directly to COPCs in the atmosphere via inhalation.  

The marine water and sediments can also be indirectly affected by atmospheric and liquid emissions 

into streams that enter the marine environment within a distance that is short enough for particles not 

to be able to settle or for COPCs to sufficiently degrade before the stream enters the marine 

environment.  

Terrestrial Environment (Soil and Vegetation) 

Atmospheric emissions have the potential to enter the terrestrial environment by dust deposition on 

soils and vegetation. Small dust particles and associated COPCs can be adsorbed to soil particles and/or 

can be leached into the subsurface soils. Dust and associated COPCs can settle on plant surfaces, but 

can also be taken up by plant roots when incorporated into the soil surface.  
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The representative terrestrial VECs (caribou, muskox, wolverine and furbearers, grizzly bears, 

migratory birds, and raptors) could potentially be exposed to COPCs via food ingestion (from deposition 

of fugitive dust containing COPCs on soil or vegetation) or drinking water and could accumulate COPCs 

in their tissues. However, wildlife exposure to contaminants via inhalation and dermal contact are not 

pathways usually assessed in ERAs. Wildlife toxicity reference values for inhalation and dermal 

pathways are unavailable, plus the ingestion pathway is expected to be a much larger contributor to 

exposure, while inhalation and dermal exposure are expected to be very small (Sample et al. 1997; BC 

MOE 2013b). Thus wildlife exposure to contaminants via the inhalation and dermal contact pathways 

were not considered and the ERA will focus on the ingestion pathway.  

6.4.1.7.5 Conceptual Model 

A conceptual model is a representation of the characteristics of the site in diagrammatic form, and is 

developed within an ERA to identify potential sources, fate, and transport of COPCs potential exposure 

routes, and the possible interaction pathways between COPCs and receptors. Possible combinations of 

environmental components corresponding to significant exposure pathways were identified, while non-

significant pathways were eliminated from further consideration.  

A simplified schematic diagram of the sources of COPCs and pathways by which animals and plants may 

be exposed to emissions from the Project that are considered in the ERA is depicted in Figure 6.4-8. 

There are two general sources of emissions from the Project: atmospheric emissions (e.g., criteria air 

contaminants and fugitive dust with associated COPCs) and liquid effluent (e.g., effluent discharge and 

treated waste water). Fugitive dust and emission particulates have the potential to enter the 

atmosphere, travel some distance, and settle, where they can reside in different media such as marine 

water and freshwater, sediments, soil, and vegetation. These media can be taken up by wildlife, 

aquatic habitat, and fish community receptors through the ingestion exposure route (through the 

ingestion of water and food), dermal uptake (aquatic environment only), and gill uptake (aquatic 

environment only).  

Liquid effluent has the potential to enter the marine and freshwater environments. Wildlife, aquatic 

habitat, and fish community receptors can then be exposed to the contaminants via ingestion of water. 

Dermal contact is another potential exposure route for aquatic habitat and fish communities; however, 

this exposure route would be negligible for wildlife receptors compared to ingestion and was scoped 

out of the ERA. 

Project emissions released to the atmospheric, aquatic, and terrestrial environments have the 

potential to impact animals and plants. The conceptual model guides the remainder of the ERA where 

COPCs are selected, screened for the potential to cause adverse effects in receptors, and the risk to 

ecological VEC species is determined. 

6.4.1.8 Predictive Environmental Modelling and Assumptions 

6.4.1.8.1 Air Quality and Fugitive Dust 

Predictive modelling was used to estimate metal concentrations in air. Only metal COPCs were 

included in the modelling because metals occur naturally in rocks and soils, may be released in fugitive 

dust, and concentrations may become elevated in air during Project activities. Other chemicals were 

not included in the predictive modelling because mitigation will minimize and/or eliminate their 

release to the environment (Section 6.4.1.3). 
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An atmospheric dispersion model was prepared to evaluate potential effects of the Project’s activities 

on air quality, and the methods, results, and assumptions are presented in Volume 4, Chapter 1, and 

Rescan (2013i). A brief summary is provided here for convenience.  

Predicted air concentrations of COPCs due to Project emissions were modelled with the US 

EPA-approved version of CALPUFF (version 5.8) and its related processors. CALPUFF is a multi-layer, 

multi-species non-steady-state puff dispersion model that is capable of simulating the effect of time- 

and space-varying meteorological conditions on contaminant transport, transformation, and removal. In 

order to perform dispersion modelling using CALPUFF, meteorological data was processed by CALMET, 

to provide meteorological input data in the modelling.  

Two air quality modelling domains for the Project were selected based on the atmospheric 

environment LSA, encompassing the area around each of the Goose and George Property PDAs, with 

boundaries of approximately 10 km in all directions from infrastructure (see Figure 1.4-1 in Volume 4, 

Chapter 1 for the air quality LSA modelling domains).  

It is highly unlikely that outside of the atmospheric modelling domains (e.g., at the MLA or along the 

main winter roads) there will be Project-related dust deposition rates substantially higher than 

baseline. Sources or criteria air contaminants and fugitive dust in these areas are expected to be lower 

than what is expected to occur at either the Goose or George Properties. Also, there are no major 

sources of fugitive dust, other than site roads (not winter roads), in most areas outside of the 

atmospheric modelling domains. Potential effects at the MLA will be less than in the other two areas 

during the Operational phase and the impacts on air quality were considered to be insignificant. 

The dispersion model was run using the worst-case emissions scenario, which was determined to occur 

in Year 3 of the Operational phase for the Goose Property Area and Year 7 of the Operational phase for 

the George Property Area (Rescan 2013i). The following were considered as potential emission sources 

of atmospheric contaminants in the air dispersion model (Rescan 2013i): 

o stack (baghouse) emissions; 

o processing plant (includes generator); 

o underground mine (includes generator); 

o generators in open pit; 

o incinerator at camps; 

o equipment, including trucks, drill rigs, bulldozers, both in the mine pits/underground and on 

the access road; 

o aircraft; 

o fugitive dust emissions from grading and bulldozing activities; and 

o explosives (drilling and blasting). 

The potential air contaminants modelled include the following (Rescan 2013i): 

o nitrogen oxides (NOx); 

o sulphur oxides (SOx); 

o carbon monoxide (CO); 
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o total suspended particulate (TSP); 

o particulate matter less than and equal to 10 microns in size (PM10); 

o particulate matter less than and equal to 2.5 microns in size (PM2.5); and 

o fugitive dust. 

The dispersion model was set up so that results were generated for a grid in addition to specific 

receptors locations (as shown in Volume 4, Chapter 1, Figures 1.2-1a and 1.2-1b), which included the 

following: 

o UTM coordinates for each soil, vegetation, wetland sediment, and lake water quality sampling 

site during baseline studies located within the modelling domain (to be used in subsequent soil, 

vegetation, and water quality modelling; and, 

o sites that were considered to be important for wildlife. 

Fugitive dust predicted by the CALPUFF model is likely to contain metals. The model output data on 

maximal dust deposition and the baseline geochemistry for waste rock and ore composition (i.e., mean 

metal concentrations in rock samples) were used to estimate the metal concentration in dustfall (in 

µg/m2-sec for a 30-day average; Rescan 2013i). The annual dustfall levels in Goose and George 

Property Areas are shown in Figures 6.4-9 and 6.4-10, respectively. Metal proportions in rock (split into 

potentially acid generating (PAG) and non-potentially acid generating (nPAG)) and ore were available from 

baseline samples (Volume 11). The following assumptions about metal content of dust were made: 

o unpaved road dust had metal concentrations similar to non-potentially acid generating (nPAG) 

waste rock; 

o fugitive dust from equipment activities (bulldozing/grading) had metal concentrations that 

were an average of all types of rock; and 

o blasting and drilling fugitive dust had metal concentrations that were an average of all types of 

rock. 

The CALPUFF model provides dustfall results in µg/m2-second and to convert this unit into g/m2-year 

the dustfall result was multiplied by 3,600 seconds, 24 hours, and 365 days (to convert from seconds to 

years) and divided by 1,000,000 to convert from µg to g. Appendices V8-6A and V8-6B provide baseline 

and predicted metal concentrations associated with fugitive dust at George and Goose Property Areas, 

respectively.  

6.4.1.8.2 Freshwater Quality 

Modelling Related to Waterborne Emissions 

There will be no effluent discharge from the TIA during the Operational phase of the Project. Although 

discharge from the TIA may occur during the Reclamation and Closure/Post-closure phases and 

discharge from the Water Management Facilities (George Property Area) or Collection Pond (MLA) may 

occur during all post-construction phases, it was assumed that effluent will not be released until water 

quality guidelines or environmental targets can be met in the receiving environment (as per the Site 

Water Monitoring and Management Plan and Aquatic Effects Management Plan, Volume 10, Chapters 7 

and 19, respectively).  



PROJECT # 0194096-0040 GIS # BAC-12-033 December 16 2013

Figure 6.4-9

Annual Dust Deposition, Goose Property Area
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Figure 6.4-10

Annual Dust Deposition, George Property Area
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In addition, mitigation and management plans, including best management practices (BMPs), for 

sewage treatment and effluent disposal, water management (Site Water Monitoring and Management 

Plan, Volume 10, Chapter 7), Spill Contingency Plans (Volume 10, Chapter 5), and a Risk Management 

and Emergency Response Plan (Volume 10, Chapter 3) will be implemented in order to minimize the 

potential for chemical contaminants to enter waterways. Since effluent discharge from the TIA to 

water is not expected during the Operational phase and water quality guidelines or targets are 

expected to be met in the receiving environment at all times when discharges do occur from any of the 

water management facilities, water quality modelling of freshwater environment LSA lakes and streams 

was not conducted for effluent discharge.  

Modelling Related to Airborne Emissions (Dustfall) 

The ERA assumes that activities of road building, maintenance, transport, and materials storage, will 

use appropriate technology and BMPs consistent with what is outlined in the Roads Management Plan 

(Volume 10, Chapter 14) and the Air Quality Monitoring and Management Plan (Volume 10, Chapter 17) 

to properly mitigate and/or minimize effects.  

The US EPA has published methods for use in HHRAs for calculating contaminant concentrations in 

water due to atmospheric particle deposition (US EPA 2005b), which are applicable to ERAs. 

Calculations of the incremental increase in water metal concentrations were based on estimated metal 

concentrations in dustfall determined using data from the CALPUFF air quality dispersion model and 

core sample geochemistry (Rescan 2013i). Air quality dispersion modelling was done for the upper-case 

scenario only (i.e., worst-case emissions scenario, when potential air quality effects were at their 

highest) for a one-year period for the Goose (Year 3 of Operational phase) and George (Year 7 of 

Operational phase) Property areas.  

For the purposes of lake water quality modelling, it was assumed that the dust deposition occurred 

during the worst-case scenario years and that all particles deposited would remain entrained and fully 

mixed in the water column for the full year. No other losses of contaminants from dust deposition were 

included in the model (i.e., loss due to outflow from the lake or deposition and burial in the 

sediments). The worst-case scenario modelling provides a conservative overestimate of the potential 

for annual metal deposition to fresh water from dustfall, since air quality modelling was based on the 

worst-case scenario and not all years would be expected to have similarly high levels of activity. 

A cumulative deposition time of 10 years for the Operational phase was not applied since it was assumed 

that particles will partition to sediments over the period of one year or leave the lake via the outflow and 

therefore be removed from the water column. 

Since the sites that were sampled during the water quality baseline assessment were included in the air 

quality dispersion model as receptor sites (see Rescan 2013i for additional details), it was possible to 

calculate incremental change in water metal concentrations due to dust deposition, such that each 

baseline lake sampling site had a predicted water metal concentration for the modelled year. For lake 

sampling sites that were located outside of the air quality modelling domains, it was assumed that the 

water metal concentration would remain unchanged from baseline levels since it was expected that the 

quantity and quality of metals deposited in dustfall at these locations would remain the same as during 

baseline studies. 

For each lake water quality sampling site, lake volume (Vlake), lake surface area (Alake), and dust 

particle deposition rates (LDEP) were incorporated and the incremental increase in water metal 

concentrations were calculated using the equation below, adapted from the US EPA (2005b):  
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where: 

Cwtot = Total water column COPC concentration (g COPC/m3 water) 

LDEP = Yearly particle-bound COPC deposition to waterbody (g COPC/m2-year) 

Alake = Surface area of lake (m2) 

Vlake = Average water volume of lake (m3) 

CBsln = Mean water COPC concentration at baseline (g COPC/m3 water) 

Benthic burial, outflow from the lake, and COPC volatilization were conservatively assumed to be zero. 

Deposition rates for metals were based on the results of the air quality dispersion model (Rescan 2013i). The 

CALPUFF model provides dustfall results in µg/m2-second and to convert this unit into g/m2-year the dustfall 

result was multiplied by 3,600 seconds, 24 hours, and 365 days (to convert from seconds to years) and 

divided by 1,000,000 to convert from µg to g.  

Once the incremental increase in metal concentration was calculated, it was added to the mean 

baseline COPC concentration at that site in the lake (CBsln) to arrive at a predicted water metal 

concentration (Cwtot). The results for each lake water quality sampling site are presented in 

Appendix V8-6C.  

Emissions during Reclamation and Closure/Post-closure phases were considered to be negligible and 

those during the Construction phase were expected be lower than during the Operational phase (based 

upon the Air Quality section of the DEIS Volume 4, Chapter 1). 

For freshwater streams, predictions of water quality changes due to contaminants in dustfall (i.e., air 

emissions) were not conducted. Streams are constantly flowing, so there is limited opportunity for dust 

deposition to accumulate and affect water quality at any given site since dust and any associated 

contaminants would be regularly flushed away. This is assumption is supported by the assessment of 

dust-borne contaminant loading to lakes, where it was found that contaminant loading was not a 

significant source of metal contaminants (Appendix V8-6C). 

It is highly unlikely that outside of the atmospheric modelling domains (e.g., in the MLA; see 

Section 6.4.1.6.1) there will be Project-related dust deposition rates substantially higher than baseline 

since there are no major sources of fugitive dust in these areas. In addition, the quality of any fugitive 

dust is unlikely to change substantially outside of air quality modelling domains since the quality of the 

sources of dust will not change relative to baseline, so dust deposition of contaminants should be 

similar to baseline conditions.  

6.4.1.8.3 Freshwater Sediment Quality 

The sediment quality chapter of the DEIS (Volume 6, Chapter 5) contains complete baseline information 

(including methodologies and results) and Section 6.1.2 in this chapter contains a summary of sediment 

quality baseline information. 

Since aqueous effluents will not be discharged unless criteria outlined in the future water license can 

be met, sediment quality is expected to remain largely unchanged relative to baseline or is expected 

to have concentrations less than sediment quality guidelines.  

It is possible that changes in sediment quality may originate from atmospheric dust deposition and 

particle-associated metal COPCs. The US EPA has published methods for use in HHRAs for calculating 
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contaminant concentrations in soil due to atmospheric deposition (US EPA 2005b). These calculations 

were adopted for deposition to sediments, assuming that particles will partition completely from the 

water column to sediments. Calculations of the incremental increase in sediment metal concentrations 

were done based on estimated metal concentrations in dustfall determined using data from the air 

quality dispersion model and core sample geochemistry (Section 6.4.1.6.1 or Rescan 2013i). Air quality 

dispersion modelling was done for the upper-case scenario only (i.e., worst-case scenario, when 

potential air quality effects were at their highest) for a one-year period for the Goose (Year 3 of 

Operational phase) and George (Year 7 of Operational phase) Property Areas.  

For the purposes of sediment quality modelling, it was assumed that the dust deposition that occurred 

during the worst-case scenario years occurred each year throughout the Operational phase. This would 

provide a conservative overestimate of the potential for metal deposition to sediments from dustfall, 

since air quality modelling was based on the upper-case scenario and not all years would be expected 

to have similarly high levels of activity. 

Since the sites that were sampled during the lake sediment baseline assessment were included in the 

air quality dispersion model as receptor sites (see Rescan 2013i for additional details), it was possible 

to calculate incremental change in lake sediment metal concentrations due to dust deposition, such 

that each baseline sediment sampling site had a predicted sediment metal concentration at the end of 

the Operational phase. For sediment sampling sites that were located outside of the air quality 

modelling domains, it was assumed that the sediment metal concentration would remain unchanged 

from baseline levels since it was expected that the quantity and quality of metals deposited in dustfall 

at these locations would remain the same as during baseline studies. 

Incremental increase in sediment metal concentrations were calculated using the equation below, 

adopted from the US EPA (2005b):  

���� = 	� �	
� × �	
 !� × ��� × 1000� + ����� 

where: 

CSed = Average sediment concentration over exposure duration (mg COPC/kg sediment) 

LDEP = Yearly particle COPC deposition to waterbody (mg COPC/m2-year) 

tD = Time period over which deposition occurs (10 years) 

dbs = Depth of upper benthic sediment layer (0.03 m) 

CBS = Bed sediment concentration (1.0 g/cm3)  

1000 = Unit conversion factor (from g/cm3 to kg/m3) 

CBsln = Baseline sediment COPC concentration (mg/kg) 

Deposition rates for metals were based on the results of the air quality dispersion model (Section 

6.4.1.6.1 or Rescan 2013i). The CALPUFF model provides dustfall results in µg/m2-second and to 

convert this unit into g/m2-year the dustfall result was multiplied by 3,600 seconds, 24 hours, and 

365 days (to convert from seconds to years) and divided by 1,000,000 to convert from µg to g.  

The time period over which deposition may occur was assumed to be 10 years. A cumulative deposition 

time of 10 years was applied since this is the duration of the Operational phase and the worst-case 

scenario rates of dust deposition were conservatively assumed to occur every year throughout the 

whole phase. Metals deposited with fugitive dust were assumed to mix within the top 0.03 m of 

sediment (dbs), as recommended by the US EPA (2005b) for the depth of the upper benthic sediment 

layer. The bed sediment concentration (Cbs) was set at the default value of 1.0 g/cm3 sediment, as 

recommended by the US EPA (2005b). Partitioning from water to sediment was assumed to be 100%. 



HUMAN HEALTH AND ENVIRONMENTAL RISK ASSESSMENT 

SABINA GOLD & SILVER CORP. 6-67 

Degradation was considered to only have significant effects on organic chemicals (e.g., PAHs) and not 

metals (US EPA 2005b), thus a loss constant was not necessary.  

Once the incremental increase in sediment metal concentration was calculated, it was added to the 

mean baseline metal concentration (CBsln) at that lake site to arrive at a predicted mean sediment 

metal concentration. These results for each sediment sampling site are provided in Appendix V8-6D. 

Emissions during Reclamation and Closure/Post-closure phases were considered to be negligible and 

those during the Construction phase were expected be lower than during the Operational phase (based 

upon the Air Quality section of the DEIS Volume 4, Chapter 1). 

As described for freshwater quality of streams, predictions of stream sediment quality changes due to 

contaminants in dustfall (i.e., air emissions) were not conducted. Streams are constantly flowing and any 

contaminants deposited to the surface would be regularly flushed away. This assumption is supported by 

the assessment of dust-borne contaminant loading to lake water and sediment, where it was found that 

contaminant loading was not a significant source of metal contaminants (Appendices V8-6C and V8-6D). 

Since the settling of the dust-borne contaminants in streams is expected to be even lower than in lakes 

due to the dynamic nature of the streams and low surface area in comparison to the lakes, dust-borne 

contaminant loading to the steams sediment is expected to be negligible as well.  

Streams outside of the atmospheric modelling domains (e.g., in the MLA, along winter roads) are 

expected to have Project-related dust deposition rates substantially lower than what would occur at 

either Goose or George Property. Winter road use and maintenance would not be associated with the 

generation of fugitive dust. Thus sediment quality of streams in the MLA or in the vicinity of winter 

roads was assumed to be similar to baseline. 

6.4.1.8.4 Marine Water and Sediment Quality 

Water quality modelling of the marine environment was done for a spill scenario (Rescan 2013f, 

Appendix V9-3A); however, the spill modelling results were not assessed as part of the ERA since it is 

outside of the course of normal Project activities and represents a single, very specific, emergency 

scenario. It is considered to be an unlikely occurrence and the type of effect to ecological VECs as a 

result of a spill could be highly variable depending on the type and volume of material spilled, 

location, extent, and response to the spill. 

During normal Project activities, brine from the desalination water treatment plant may be discharged 

to the marine receiving environment in Bathurst Inlet and the potential for effects to Bathurst Inlet 

from this discharge was assessed in Volume 11. This discharge is not expected to affect the 

concentration of metals or other contaminants in the marine environment. 

Discharge of effluent from the Collection Pond located in the MLA may occur during all 

post-construction phases. However, it was assumed that effluent will not be released until water 

quality guidelines or environmental targets can be met in the receiving environment (as per the Site 

Water Monitoring and Management Plan and Aquatic Effects Management Plan, Volume 10, Chapter 7 

and 19, respectively). Since effluent will be discharged in a manner that ensures that water quality 

guidelines or targets are met in the receiving environment at all times, water quality modelling of 

marine environment was not conducted.  

It was assumed that outside of the atmospheric modelling domains (e.g., in the MLA; see 

Section 6.4.1.6.1) Project-related dust deposition rates would be similar to baseline levels and the 

quality of dust deposited should be similar to that of baseline conditions. The amount of dust 
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deposition on marine surface waters relative to the volume of seawater in Bathurst Inlet is considered 

to be negligible and would occur in a localized, near-shore area, such that contaminant loading from 

atmospheric deposition to Bathurst Inlet is unlikely to affect water quality. Air emissions from vehicles, 

ships, and camp incinerator within the MLA are much lower than the air emissions within the George 

and Goose Property Areas. Therefore, no air quality modelling was conducted for the MLA (Volume 4, 

Chapter 1). As a result, mean predicted marine water and sediment concentrations within the MLA 

were assumed to be the same as the mean baseline concentrations since they are not expected to 

change significantly.  

6.4.1.8.5 Soil Quality 

The US EPA has published methods for use in risk assessments for calculating contaminant 

concentrations in soil due to atmospheric deposition (US EPA 2005b). Calculations of the incremental 

increase in soil metal concentrations were done based on estimated metal concentrations in dustfall 

determined using data from the air quality dispersion model and core sample geochemistry 

(Section 6.4.1.6.1 or Rescan 2013i). Air quality dispersion modelling was done for the upper-case 

scenario only (i.e., worst-case scenario, when potential air quality effects were at their highest) for a 

one-year period for the Goose (Year 3 of Operational phase) and George (Year 7 of Operational phase) 

Property Areas. For the purposes of soil quality modelling, it was assumed that the dust deposition that 

occurred during the worst-case scenario years occurred each year throughout the 10 year Operational 

phase. This would provide a conservative overestimate of the potential for metal deposition to soil 

from dustfall, since air quality modelling was based on the upper-case scenario and not all years would 

be expected to have similarly high levels of activity. 

Since the sites that were sampled during the soil baseline assessment were included in the air quality 

dispersion model as receptor sites (see Rescan 2013i for additional details), it was possible to calculate 

incremental change in soil metal concentrations due to dust deposition, such that each baseline soil 

sampling site had a predicted soil metal concentration at the end of the Operational phase. For soil 

sampling sites that were located outside of the air quality modelling domains around Goose and George 

properties, it was assumed that the soil metal concentration remained unchanged from baseline levels 

since it was expected that the quantity and quality of metals deposited in dustfall at these locations 

would remain the same as during baseline studies. 

Incremental increase in soil metal concentrations were calculated using the equation below, as 

suggested by the US EPA (2005b):  

�� = 	100 ×	� #
$% × &#� × �# 

where: 

CS = Average soil concentration over exposure duration (mg COPC/kg soil) 

100 = Unit conversion factor (from mg-m2 to kg-cm2) 

D = Yearly dry deposition rate of contaminant (g/m2-year) 

tD = Time period over which deposition occurs (10 years) 

Zs = Soil mixing zone depth (2 cm) 

BD = Soil bulk density (1.5 g/cm3) 
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Deposition rates for metals were based on the results of the air quality dispersion model 

(Section 6.4.1.6.1 or Rescan 2013h). The CALPUFF model provides dustfall results in µg/m2-second and 

to convert this unit into g/m2-year the dustfall result was multiplied by 31.51.  

The time period over which deposition may occur was assumed to be 10 years. A cumulative deposition 

time of 10 years was applied since this is the duration of the Operational phase and the worst-case 

scenario rates of dust deposition (that would occur in Year 3 for Goose Property Area and Year 7 for 

George Property Area of the Operational phase) were conservatively assumed to occur every year 

throughout the whole phase. Metals deposited with fugitive dust were assumed to mix within the top 

2 cm of soil (Zs), as recommended by the US EPA (2005b) for untilled soils. The bulk density (BD) was 

set at the default value of 1.5 g soil/cm3 soil, as recommended by the US EPA (2005b). Weathering and 

degradation were considered to only have significant effects on organic contaminants (e.g., PAHs) and 

not metals (US EPA 2005b), thus a soil loss constant was not necessary.  

Once the incremental change in soil metal concentration was calculated, it was added to the baseline 

metal concentration at that site to arrive at a predicted soil metal concentration.  The predicted metal 

concentrations for each soil sampling site are provided in Appendix V8-6E. 

Air emissions in the form of fugitive dust during Reclamation and Closure/Post-closure phases were 

considered to be negligible and those during the Construction phase were expected be lower than 

during the Operational phase (Volume 4, Chapter 1). 

6.4.1.8.6 Vegetation Quality 

In order to predict vegetation concentrations of metals, a BTF should be used to account for metal 

uptake from soil. BTFs can be used to represent the relationship between metal concentrations in soil 

relative to metal concentrations in plant tissues.  

Since BTF values can be quite variable, site-specific BTF values were calculated wherever possible in 

order to predict metal uptake in plants from the soil. This was done by calculating a BTF for each 

baseline sampling site where both soil and vegetation were collected at the same time. Sampling 

locations where soil and vegetation were co-sampled during baseline studies for the terrestrial LSA 

included sites: 54, 64, 80, 94, 101, 104, 108, and W026.  

Soil and vegetation metal concentrations from baseline studies were used to calculate site-specific 

BTFs for soil to lichen (Table 6.4-5), and soil to berries (Table 6.4-6). Only sites with matched soil and 

vegetation metal concentrations in the terrestrial LSA were included in the BTF calculations. If either 

the soil or vegetation metal concentrations during baseline sampling were below method detection 

limits, then a site-specific BTF could not be calculated and instead published BTF values from Staven 

et al. (2003) and Baes et al. (1984) were used. The raw baseline data can be found in Rescan (2013b, 

2013e) and the soil and vegetation chapters of the DEIS, Volume 5, Chapters 3 and 4.  

The BTF values (Tables 6.4-5 and 6.4-6) were used to predict metal concentrations in vegetation via 

root uptake or uptake into the lichen thallus by multiplying them with the predicted soil concentrations 

(Section 6.4.1.6.5, Appendix V8-6E). These predictions are presented in Appendix V8-6F for lichen and 

sedge, and Appendix V8-6G for berries. 

                                                 

1 Unit conversion factor includes conversion from seconds to hours (3600 seconds/hour), hours to days (24-hours per day), days to 

years (365 days/year), and µg to g (1,000,000 µg/g). 
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Plants also experience direct deposition of dustfall to their above ground surfaces, and this 

concentration was calculated using the equation provided by the US EPA (2005b):  

' = 1000 × # × () × *1.0 − �-).−/) × 0)12
3) × /)  

where: 

Pd = Plant (above ground produce) concentration due to direct deposition (mg COPC/kg DW) 

1000 = Units Conversion factor (mg/g) 

D =  Yearly average dry deposition (g/m2-year) 

Rp = Interception fraction of the edible portion of plant (unitless) 

kp = Plant surface loss coefficient (year-1) 

Tp = Length of plant exposure to deposition per harvest of the edible portion of the plant (year) 

Yp = Yield or standing crop biomass of the edible portion of the plant (productivity; kg DW/m2) 

The CALPUFF model provides dustfall results in µg/m2-sec and to convert this unit into g/m2-year the 

dustfall result was multiplied by 31.52. The interception fraction of the edible portion of plant (Rp) was 

set to 0.39 for berries, which is the default value provided by the US EPA (2005b), and 0.769 for lichens 

and sedge which is the value the US EPA recommends for silage (US EPA 2005b). The plant surface loss 

coefficient (kp) was set to the default value of 18 year-1 recommended by the US EPA (2005b). The 

length of plant exposure to deposition per harvest of the edible portion of the plant (Tp) was set to 

0.329 year since the vegetation experiences approximately 4 months of ice-free growing conditions 

annually (120 days divided by 365 days). The yield or standing crop biomass of the edible portion of the 

plant (Yp) was set to 0.25 kg DW/m2 for berries, which the US EPA (2005b) recommends for exposed 

fruits, and was set to 5.66 for lichens and sedge, which the US EPA (2005b) recommends for exposed 

vegetables.  

The total predicted metal concentration in vegetation was then calculated as the concentration 

predicted in the plant or lichen due to root or thallus uptake plus the concentration on the vegetation 

surface due to deposition. Results are provided in Appendix V8-6H for lichens and sedge and 

Appendix V8-6I for berries, alongside a comparison to the measured baseline concentration.  

6.4.1.9 Screening Process for Contaminants of Potential Concern 

6.4.1.9.1 General Methodology for Selecting Contaminants of Potential Concern 

Contaminants measured during field studies of the atmospheric environment (Volume 4), freshwater 

environment (Volume 6), marine environment (Volume 7), terrestrial environment (Volume 5), and 

human environment (Volume 8) under baseline conditions are listed in Table 6.4-7. Metals are 

the primary type of contaminants that will be the subject of this ERA since other chemicals that may 

be in use or present during Project activities are unlikely to have an effect on ecological receptors 

after mitigation and management measures are implemented (Section 6.4.1.3). Air pollutants 

(e.g., NO2, SO2, ozone) were not assessed as having the potential to affect the health of ecological 

receptors, since inhalation was not considered to be an exposure route for ecological receptors 

(Section 6.4.1.5.2). 

                                                 

2 Unit conversion factor includes conversion from seconds to hours (3600 seconds/hour), hours to days (24-hours per day), days to 

years (365 days/year), and µg to g (1,000,000 µg/g). 



Table 6.4-5.  Site-specific Biotransfer Factors for Soil to Lichen (Cladina stygia and  Stereocaulon paschale ) and Sedge (Carex aquatilis )

54 64 80 94 101 104 108 108 LBS 9 LBS 10 LBS 11 LBS 13 NE3 W026

C. stygia C. stygia C. stygia S. paschale C. stygia C. stygia S. paschale C. stygia C. stygia C. stygia C. stygia C. stygia C. stygia C. aquatilis

Aluminum 0.159 0.159 0.0312 0.0423 0.0248 0.0371 0.0171 0.0240 0.0278 0.0496 0.0233 0.0178 0.142 0.0000943 0.0594 0.0618 0.0581 -

Antimony - - - - - - - - - - - - - - - - - 0.00013

Arsenic 0.0218 0.439 0.0417 0.0448 0.0377 0.0441 0.0236 0.0346 0.0143 0.0288 0.00711 0.00836 0.159 0.00766 0.0717 0.0859 0.0696 -

Barium 0.502 1.01 1.37 0.629 0.739 0.591 0.503 0.446 0.627 0.354 0.0575 0.511 1.00 0.0816 0.642 0.723 0.641 -

Beryllium - - - - - - - - - - - - - 0.122 - - - 0.01

Bismuth - - - - - - - - - - - - - - - - - 0.5

Cadmium - - - - - - - - - - 0.438 0.962 - 0.0353 0.700 - 0.700 -

Calcium 1.22 1.22 1.40 1.23 0.720 0.795 0.694 0.459 0.516 0.759 0.132 0.738 1.24 0.288 0.824 0.967 0.855 -

Chromium - 0.0603 - - - - - - - 0.0231 0.0201 - 0.0844 - 0.0470 0.0603 0.0470 -

Cobalt 3.10 1.14 0.326 0.434 0.0680 0.361 0.110 0.204 - 0.0761 0.0119 0.0737 0.0965 0.00859 0.506 0.718 0.500 -

Copper 0.832 0.798 0.412 0.261 0.111 0.148 0.114 0.0820 0.0653 0.153 0.0126 0.132 0.502 0.0599 0.280 0.345 0.279 -

Iron 0.0328 0.0840 0.0219 0.0218 0.0122 0.0298 0.0115 0.0209 0.0131 0.0323 0.0189 0.0112 0.0478 - 0.0280 0.0294 0.0276 -

Lead 0.184 0.446 0.189 0.0994 0.132 0.0810 0.101 0.154 0.322 0.313 0.311 0.0962 0.559 - 0.241 0.173 0.230 -

Lithium - - - - - - - - - - - - - - - - - 0.025
3

Magnesium 0.107 0.252 0.147 0.099 0.163 0.191 0.0909 0.0762 0.0466 0.0776 0.0237 0.0570 0.217 0.0645 0.121 0.141 0.119 -

Manganese 0.688 0.783 0.637 0.282 0.563 0.892 1.01 1.10 0.472 0.111 0.0460 0.237 1.50 0.520 0.670 0.744 0.640 -

Mercury 2.79 7.10 8.23 - - - - - 4.50 8.57 0.779 4.32 3.50 0.0118 4.97 6.04 4.97 -

Molybdenum - - - - - - - - - - - - - 0.181 - - - 0.8

Nickel 3.34 0.865 0.233 0.212 0.101 0.127 0.130 0.076315789 - 0.0767 0.0187 0.0660 0.161 0.0897 0.472 0.636 0.451 -

Phosphorus 1.95 1.05 1.20 1.14 0.960 0.855 0.702 0.771 0.661 0.884 0.320 1.29 1.79 - 1.04 1.08 1.04 -

Potassium 4.43 2.65 2.67 1.69 2.10 1.79 1.69 2.16 2.79 1.92 0.135 2.97 2.58 - 2.32 2.40 2.27 -

Selenium - - - - - - - - - - - - - - - - - 0.25

Silver - - - - - - - - - - - - - - - - - 0.00027

Sodium - - - - - - - - - - - - - - - - - 0.3

Strontium 1.63 0.866 1.09 1.72 0.432 0.659 0.603 0.411 0.286 0.552 0.124 0.541 0.111 0.0919 0.609 0.926 0.694 -

Thallium - - - - - - - - - - - - - - - - - 0.004

Tin - - - - - - - - - - - - - - - - - 0.03

Titanium 0.0258 0.0454 0.0146 0.0128 0.0131 0.0118 0.0118 0.0278 0.0250 0.0796 0.263 0.0172 0.116 - 0.0543 0.0204 0.0511 -

Uranium 0.203 0.187 0.0373 0.0687 0.0446 0.0446 0.0210 0.0248 0.0223 0.0615 0.0180 0.0238 0.16 - 0.0707 0.0789 0.0705 -

Vanadium - 0.0394 - - - - - 0.0198 - 0.0365 0.0304 - 0.0627 - 0.0378 0.0296 0.0378 -

Zinc 1.71 1.47 1.59 0.583 0.966 0.640 0.653 0.831 0.598 0.355 0.149 0.581 2.05 0.565 0.966 1.06 0.937 -

Notes: 

BTF = Biotransfer Factor, LSA = Local Study Area

Metal concentrations for a site (either in vegetation and/or soil) that were below method detection limits were eliminated from the BTF calculation and are shown as (-) in the table.
1
 Calculation of average BTFs does not include site W026 as that sample is of sedge, not lichen like the other sites.

2
 Source: Staven et al. (2003), unless otherwise noted.

3
 Source: Baes et al. (1984)

Sites within the Human Health LSA = 54, 64, 80, 101, 104, 108, LBS9, LBS10, LBS11, LBS13, NE3, W026.

Sites within the Terrestrial LSA = 54, 64, 80, 94, 101, 104, 108, W026.

Metals

Average BTF for 

Human Health LSA
1

Average BTF for 

Terrestrial LSA
1

Average BTF 

for all Sites
1

Published 

BTF
2



Table 6.4-6.  Site-specific Biotransfer Factors for Soil to Bog Blueberry (Vacciunium uliginosum ) and Bog Cranberry (V. vitis-idaea ) 

54 54 94 108 108 LBS 9 LBS 10 LBS 11  LBS 12 LBS 13 NE3 NE3

V. vitis-idaea V. uliginosum V. uliginosum V. vitis-idaea V. uliginosum V. uliginosum V. uliginosum V. uliginosum V. uliginosum V. uliginosum V. vitis-idaea V. uliginosum

Aluminum 0.00132 - - 0.000576 - 0.000541 - 0.0000723 - 0.000290 0.00443 - 0.00120 0.00107 0.00120 -

Antimony - - - - - - - - - - - - - - - 0.00008

Arsenic - - - - - - - - - - - - - - - 0.006

Barium 0.206 0.0849 0.0751 0.164 0.0795 0.257 0.155 0.0110 0.214 0.185 0.432 0.135 0.175 0.136 0.167 -

Beryllium - - - - - - - - - - - - - - - 0.0015

Bismuth - - - - - - - - - - - - - - - 0.5

Cadmium - - - - - - - 0.313 - 0.674 - - 0.494 - 0.494 -

Calcium 0.505 0.187 0.173 0.230 0.0898 0.221 0.0980 0.0649 0.314 0.221 0.993 0.244 0.288 0.282 0.278 -

Chromium - - - - - - - - - - - - - - - 0.0045

Cobalt 0.0333 0.0172 0.00570 0.00888 0.00620 - - - - 0.00636 - - 0.0144 0.0174 0.0129 -

Copper 0.116 0.0657 0.0469 0.0843 0.0454 0.0759 0.118 0.0116 0.0782 0.0546 0.806 0.287 0.158 0.0790 0.149 -

Iron 0.000298 - - 0.000270 - 0.000310 0.000159 0.0000992 0.000206 0.000145 0.00130 - 0.000348 0.000289 0.000348 -

Lead - - - - - - - - - - - - - - - 0.01

Lithium - - - - - - - - - - - - - - - 0.025
2

Magnesium 0.0833 0.0390 0.0165 0.0381 0.0211 0.0373 0.0192 0.00986 0.0183 0.0192 0.212 0.0645 0.0511 0.0469 0.0482 -

Manganese 1.07 0.616 0.187 0.497 0.231 0.0547 0.0714 0.0257 0.114 0.0827 1.76 0.274 0.436 0.612 0.415 -

Mercury - - - - - - - - - - - - - - - 0.37

Molybdenum - - - - - - 0.108 0.0186 - - - - 0.063 - 0.0633 -

Nickel 0.104 0.0495 0.0131 0.0217 0.0243 0.0418 0.0183 0.00632 0.0136 0.0244 0.0495 0.0619 0.0378 0.0528 0.0357 -

Phosphorus 1.45 1.10 0.585 0.588 0.371 0.613 0.849 0.298 1.22 0.688 1.84 0.905 0.902 0.924 0.876 -

Potassium 8.84 5.37 1.78 3.89 1.96 3.25 3.29 0.229 3.50 2.38 6.77 3.23 3.88 5.11 3.71 -

Selenium - - - - - - - - - - - - - - - 0.05

Silver - - - - - - - - - - - - - - - 0.0008

Sodium - - - - - - - - - - - - - - - 0.3

Strontium 0.264 0.0679 0.0705 0.0832 0.0361 0.377 0.0429 0.0233 0.0708 0.208 0.0283 0.00797 0.110 0.131 0.107 -

Thallium - - - - - - - - - - - - - - - 0.0004

Tin - - - - - - - - - - - - - - - 0.006

Titanium - - - - - - - - - - - - - - - 0.0055
2

Uranium - - - - - - - - - - - - - - - 0.004

Vanadium - - - - - - - - - - - - - - - 0.0055
2

Zinc 0.185 0.131 0.0987 0.377 0.105 0.215 0.133 0.0439 1.06 0.122 0.719 0.355 0.313 0.180 0.295 -

Notes: 

BTF = Biotransfer Factor, LSA = Local Study Area

Metal concentrations for a site (either in vegetation and/or soil) that were below method detection limits were eliminated from the BTF calculation and are shown as (-) in the table.
1
 Source: Staven et al. (2003), unless otherwise noted.

2
 Source: Baes et al. (1984)

Sites within the Human Health LSA = 54, 108, LBS9, LBS10, LBS11, LBS12, LBS13, NE3.

Sites within the Terrestrial LSA = 54, 94, 108.

LSA = local study area

Metals

Average BTF for 

Human Health LSA

Average BTF for 

Terrestrial LSA

Average BTF 

for all Sites

Published 

BTF
1



Table 6.4-7.  Metals and other Contaminants of Potential Concern Measured or Assessed during Baseline Studies

COPC

Atmospheric 

Environment

Freshwater 

Environment - 

Sediments

Freshwater 

Environment - 

Streams & Lakes

Marine 

Environment - 

Sediments

Marine 

Environment - 

Bathurst Inlet Water

Terrestrial 

Environment - 

Soil

Terrestrial 

Environment - 

Vegetation

Human 

Environment - 

Country Foods

NO2 X - - - - - - -

SO2 X - - - - - - -

O3 X

CO X

TSP X - - - - - - -

PM2.5 X - - - - - - -

PM10 X - - - - - - -

Fugitive dust X - - - - - - -

Anions & cations - - - - - - - -

Aluminum X X X X X X X X

Antimony X X X X X X X -

Arsenic X X X X X X X X

Barium X X X X X X X -

Beryllium X X X X X X X -

Bismuth X X X X X X X -

Boron X - X - X - - -

Cadmium X X X X X X X X

Calcium X X X X X X X -

Cesium - - - - X - - -

Chromium X X X X X X X X

Cobalt X X X X X X X -

Copper X X X X X X X X

Gallium - - - - X - - -

Iron X X X X X X X -

Lead X X X X X X X X

Lithium X X X X X X X -

Magnesium X X X X X X X -

Manganese X X X X X X X -

Mercury X X X X X X X X

Molybdenum X X X X X X X -

Nickel X X X X X X X X

Phosphorus X X X X X X X -

Potassium X X X X X X X -

Rhenium - - - - X - - -

(continued)



Table 6.4-7.  Metals and other Contaminants of Potential Concern Measured or Assessed during Baseline Studies (completed)

COPC

Atmospheric 

Environment

Freshwater 

Environment - 

Sediments

Freshwater 

Environment - 

Streams & Lakes

Marine 

Environment - 

Sediments

Marine 

Environment - 

Bathurst Inlet Water

Terrestrial 

Environment - 

Soil

Terrestrial 

Environment - 

Vegetation

Human 

Environment - 

Country Foods

Rubidium - - - - X - - -

Selenium X X X X X X X X

Silicon X - X - X - - -

Silver X X X X X X X -

Sodium X X X X X X X -

Strontium X X X X X X X -

Sulphur - X - X - - - -

Tellurium - - - - X - - -

Thallium X X X X X X X X

Thorium - - - - X - - -

Tin X X X X X X X -

Titanium X X X X X X X -

Tungsten - - - - X - - -

Uranium X X X X X X X -

Vanadium X X X X X X X -

Yttrium - - - - X - - -

Zinc X X X X X X X X

Zirconium - - - - X - - -

Notes:

COPC = contaminant of potential concern

NO 2  = nitrogen dioxide

SO 2  = sulphur dioxide

O 3  = ozone

CO = carbon monoxide

TSP = total suspended particles

PM 2.5  = particulate matter up to and including 2.5 µm in size

PM 10  = particulate matter up to and including 10 µm in size

(X) = measured or assessed

(-) = not analyzed
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Metals occur naturally in environmental media (e.g., water, soil, sediment, and vegetation) due to 

local physical and geological processes, and their concentrations could potentially change as a result of 

Project activities due to deposition of dust containing metals or due to discharge of effluents 

containing metals.  

The screening process for metals to be included or excluded from the ERA is shown as a flowchart in 

Figure 6.4-11. When considering each environmental medium (i.e., water, sediment, soil, and 

vegetation), predicted metal concentrations were screened against two assessment criteria: applicable 

guidelines and baseline concentrations. Modelled concentrations were first screened against the 

following applicable CCME Guidelines:  

o Water Quality Guidelines for the Protection of Aquatic Life - Freshwater and Marine (CCME 

2013c);  

o Interim Sediment Quality Guidelines (ISQGs) and Probable Effects Levels (PELs) for the 

Protection of Aquatic Life - Freshwater and Marine (CCME 2013a); and 

o Soil Quality Guidelines for the Protection of Environmental and Human Health - Agricultural 

(CCME 2013b). 

Hazard quotients were calculated by dividing the predicted concentration of a metal by the guideline 

limit in each relevant media. COPCs with a HQ less than 1.0 were screened out of the ERA, since these 

metals would not be expected to cause adverse effects in ecological receptors due to exposure in the 

environmental media. Metals without a guideline were carried through to the second step of screening 

since the goal was to identify any COPCs that have a significant change in concentration in any 

environmental media as a result of Project activities. 

Metals with a HQ greater than 1.0 relative to the guideline limit and metals with no guidelines were 

retained for a second screening step. In the second screening step, the predicted metal concentrations 

were compared to the 95th percentile of the baseline concentrations. This baseline concentration was 

selected because, considering spatial variability, field sampling variability, variability in laboratory 

methods, and conservatism within the modelling, any contaminant concentration less than the 95th 

percentile baseline concentration is unlikely to be sufficiently distinguishable from background levels 

to be considered a Project-related effect. This step was done to ensure that all COPCs identified and 

carried through the ERA process were only those COPCs with concentrations that were predicted to 

increase due to Project-related activities and it eliminates COPCs which already exceeded guidelines 

during baseline studies (which is not a Project-related effect). If a predicted metal concentration was 

greater than the 95th percentile concentration (i.e., HQ greater than 1.0), then the metal would be 

identified as a COPC and would be carried forward in the ERA for further evaluation. 

At the end of the screening process for each environmental medium, any metals that had either:  

 HQ greater than 1.0 relative to guideline and a HQ greater than 1.0 relative to baseline a)

concentrations, or 

 no guideline and a HQ greater than 1.0 relative to baseline concentrations  b)

were retained as COPCs in the ERA to be further assessed for their potential to cause health effects in 

freshwater, marine, or terrestrial receptors. 



GRAPHICS #PROJECT #

Figure 6.4-11

BAC-0040-0210194096-0040-0007 September 12, 2013

Screening Process for Selection of
Contaminants of Potential Concern

Notes: COPC = contaminant of potential concern
           HQ = hazard quotient

NO

NO

Is the predicted concentration of 
the contaminant > guideline limits?

(i.e., HQ > 1.0) 

YES

YES

Is the predicted concentration of 
the contaminant > 95th percentile 

of baseline concentration
(i.e., HQ > 1.0) 

Contaminant is not considered
a Project-related COPC

Contaminant screened out 
of risk assessment 

Contaminant is considered a 
Project-related COPC

COPC screened into risk 
assessment, additional consideration

and characterization of potential 
health effects is warranted 
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6.4.1.9.2 Screening of Contaminants of Potential Concern in Freshwater and Sediment 

Modelling of the water quality in the TIA was carried out for the Operational phase (Volume 11). 

However, since discharge of effluent from the TIA to the aquatic environment will not occur during this 

phase, there is no direct linkage between the TIA water and freshwater VECs such as benthic 

invertebrates and fish. In addition, mitigation measures will be applied to exclude wildlife and birds 

from accessing the TIA (Wildlife Mitigation and Monitoring Plan, Volume 10, Chapter 20). Therefore, 

the water and sediment quality in the TIA was not screened against guidelines and not assessed 

further. 

Screening of COPCs in freshwater due to dust deposition was limited to surface water metal 

concentrations from the lakes. Since it was assumed that Project-related dust deposition into stream 

waters are negligible (see Section 6.4.1.6.2), no changes in water quality of the streams are expected 

as a result of dust deposition from Project activities.  

Appendix V8-6C provides the 95th percentile of the baseline and the predicted lake water quality 

concentrations as result of dust deposition for each lake sampling site within the George and Goose 

Property Area. Predicted lake water metal concentrations were compared to the CCME Freshwater 

Quality Guidelines for the Protection of Aquatic Life (CCME 2013c) and to baseline lake water metal 

concentrations (95th percentile of data collected in 1993, 1997, 2011,2012, and 2013; n = 239). Results 

of these comparisons and HQ calculations are presented in Table 6.4-8.  

None of the predicted metal concentrations in lakes were greater than the CCME Guidelines, except for 

copper in the George Property Area (HQ relative to guideline of greater than one). The 95th percentile 

of baseline concentrations of copper was also greater than the CCME Freshwater Quality Guidelines for 

the Protection of Aquatic Life due to natural geological features that create high metal concentrations 

and are not due to Project-related activities. The predicted mean concentration of copper was slightly 

greater than the CCME Guideline but was below the 95th percentile of baseline concentration and 

therefore assumed to be within the range of natural variation for the area. All of the HQs calculated 

relative to baseline concentrations were less than one. As a result, no COPCs were identified in 

freshwater for further evaluation in the ERA. 

Similar to screening of COPCs in freshwater, screening of COPCs in freshwater sediments were limited 

to the lakes. Since it was assumed that project related dust deposition into stream waters are 

negligible (see Section 6.4.1.6.2 and 6.4.1.6.3), the dust deposition into the streams sediment was 

assumed to be negligible as well.  

Appendix V8-6D provides the 95th percentile of the baseline and the predicted lake sediment quality 

concentrations as result of dust deposition for each lake sampling site within the George and Goose 

Property Area. Predicted lake sediment metal concentrations were compared to the CCME Interim Sediment 

Quality Guidelines for the Protection of Aquatic Life - Freshwater (CCME 2013a) and to baseline sediment 

metal concentrations (95th percentile of data collected in 2007, 2010, 2011, 2012, and 2013; n = 188).  

Arsenic and copper at both Properties, and chromium in sediments of Goose Property lakes were predicted 

to be greater than CCME Guidelines during the Operational phase and had HQs greater than one relative to 

the guidelines (Table 6.4-9). However, the 95th percentile of baseline concentrations for these same metals 

was greater than the CCME Guidelines; this is due to natural geological features that create high metal 

concentrations in sediment and not due to Project-related emissions. None of the predicted metal 

concentrations exceeded the 95th percentile of the baseline concentrations and HQs relative to baseline 

were less than one. As a result, no COPCs were identified in freshwater sediment for further evaluation in 

the ERA.  
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6.4.1.9.3 Screening of Contaminants of Potential Concern in Marine Water and Sediment 

Concentrations of metals in the MLA marine water and sediment are not expected to change 

significantly from baseline concentrations. Air emissions from vehicles, ships, and the camp incinerator 

within the MLA are much lower than the air emissions within the George and Goose Property Areas and 

no air quality modelling was conducted for the MLA (Volume 4, Chapter 1). Since no COPCs were 

identified in water and sediment quality in the Goose and George property areas (Section 6.4.1.7.2) 

where emissions and potential for changes in environmental quality are higher, it is probable that no 

COPCs would be identified in the MLA either.  

Therefore, the mean predicted marine water and sediment metal concentrations within the MLA were 

assumed to remain within the range of natural baseline water and sediment metal concentrations 

(i.e., less than the 95th percentile of baseline concentrations), which would mean that a HQ calculated 

relative to baseline would be less than one. As a result, no COPCs were identified in marine water or 

sediment for further evaluation in the ERA.  

6.4.1.9.4 Screening of Contaminants of Potential Concern in Soil 

Predicted soil metal concentrations from dust deposition during Year 3 (Goose Property Area) and year 

seven (for George Property Area) of the Operational phase of the Project were compared to the CCME 

Soil Quality Guidelines for the Protection of Environmental and Human Health - Agricultural (CCME 

2013c) and the 95th percentile of baseline soil metal concentrations. Results of these comparisons and 

HQ calculations can be seen in Table 6.4-10 for sites within the terrestrial LSA.  

None of the mean predicted metal concentrations were greater than the CCME Guidelines for soil 

quality. All of the calculated HQs relative to guidelines were less than one. As a result, comparison of 

predicted mean soil metal concentrations to baseline data was not required and no COPCs were 

identified in soil for further evaluation in the ERA.  

6.4.1.9.5 Screening of Contaminants of Potential Concern in Vegetation 

There are currently no guidelines available for use in comparisons of measured or predicted vegetation 

tissue metal concentrations. Therefore, comparisons of vegetation or berry baseline metal 

concentrations (from samples collected in 2012) were compared to mean predicted metal 

concentrations in vegetation or berries for sites within the Terrestrial LSA. Results of this comparison 

can be seen in Table 6.4-11 for lichens and sedge and Table 6.4-12 for berries.  

None of the mean predicted metal concentrations in vegetation (lichen, sedge, and berries) were 

greater than the 95th percentile of baseline concentrations. As a result, no COPCs were identified in 

vegetation for further evaluation in the ERA.  

6.4.1.10 Risk Assessment — Marine Environment 

6.4.1.10.1 Identification of Contaminants of Potential Concern 

Atmospheric dust deposition will be negligible and effluent discharges will be carefully controlled in the 

MLA. Marine water quality is expected to be the same as baseline (or within the 95th percentile 

of baseline concentrations). Therefore, based on information currently available and assuming that 

mitigation measures are fully implemented (Section 6.4.1.3), no impacts to marine fish and aquatic 

habitat (i.e., benthic invertebrates), fish community (i.e., Arctic Char), seabirds/seaducks, and marine 

mammal (ringed seal) VECs are expected from emissions or discharges associated with Project activities.  



Table 6.4-8.  Lake Water Screening for Contaminants of Potential Concern for Sites within the Freshwater Environment Local Study Area

Predicted Mean 

Lake Water 

Concentration 

(mg/L)

Predicted 

Concentration

> Guideline?

Hazard 

Quotient 

Relative to 

Guideline

95th Percentile of 

Baseline Lake Water 

Concentration
2 

(mg/L)

Predicted 

Concentration

> Baseline 95th 

Percentile?

Hazard 

Quotient 

Relative to 

Baseline

Retained 

as a COPC?

Predicted Mean 

Lake Water 

Concentration 

(mg/L)

Predicted 

Concentration

> Guideline?

Hazard Quotient 

Relative to 

Guideline

95th Percentile of 

Baseline Lake Water 

Concentration
2 

(mg/L)

Predicted 

Concentration

> Baseline 95th 

Percentile?

Hazard 

Quotient 

Relative to 

Baseline

Retained 

as a COPC?

pH
3 6.5 - 9.0 - No - 8.228 - - No n/d No - 8.06 - - No

Hardness - - - - 64.2 - - No n/d - - 35.2 - - No

TSS - 2.39 - - 4.00 No 0.598 No 1.62 - - 2.00 No 0.81 No

Total Metals

Aluminum
4 0.1 0.0432 No 0.432 0.0748 No 0.578 No 0.0223 No 0.223 0.0370 No 0.60 No

Antimony - 0.000478 - - <0.002 No - No 0.000083 - - 0.000095 No 0.87 No

Arsenic 0.005 0.000431 No 0.0863 0.000977 No 0.441 No 0.000255 No 0.0510 0.000468 No 0.54 No

Barium - 0.00313 - - 0.0133 No 0.236 No 0.00608 - - 0.0197 No 0.31 No

Beryllium - 0.0000577 - - <0.0002 No - No 0.0000951 - - <0.0002 No - No

Bismuth - 0.000729 - - 0.00123 No 0.595 No 0.000290 - - <0.0005 No - No

Boron 1.5 0.0121 No 0.00809 0.0258 No 0.470 No 0.005791 No 0.00386 0.0108 No 0.54 No

Cadmium
4 0.000021 0.0000106 No 0.506 0.0000300 No 0.354 No 0.00000699 No 0.333 0.0000180 No 0.39 No

Calcium - 5.97 - - 15.36 No 0.389 No 3.16 - - 7.58 No 0.42 No

Chromium
5 0.001 0.000578 - - 0.00157 No 0.368 No 0.000237 - - 0.000795 No 0.30 No

Cobalt - 0.000589 - - 0.000996 No 0.592 No 0.000170 - - 0.000685 No 0.25 No

Copper
4 0.002 0.00210 Yes 1.05 0.00307 No 0.685 No 0.00194 No 0.969 0.00380 No 0.51 No

Iron 0.3 0.0831 No 0.277 0.218 No 0.381 No 0.0614 No 0.205 0.235 No 0.26 No

Lead 0.001 0.000221 No 0.221 0.00113 No 0.196 No 0.000348 No 0.348 0.000547 No 0.64 No

Lithium - 0.00250 - - <0.005 No - No 0.00255 - - <0.005 No - No

Magnesium - 2.15 - - 6.38 No 0.338 No 1.66 - - 4.20 No 0.40 No

Manganese - 0.00874 - - 0.0398 No 0.220 No 0.00470 - - 0.0120 No 0.39 No

Mercury 0.000026 0.0000259 No 0.996 0.00000613 Yes 4.23 No 0.00000556 No 0.214 <0.00001 No - No

Molybdenum 0.073 0.000116 No 0.00159 <0.00005 No - No 0.0000357 No 0.00049 0.0000590 No 0.61 No

Nickel
4 0.0643 0.00447 No 0.0695 0.0123 No 0.364 No 0.00400 No 0.0622 0.0113 No 0.35 No

Phosphorus 4 0.00561 No 0.00140 0.0109 No 0.514 No 0.00398 No 0.0010 0.00975 No 0.41 No

Potassium - 0.438 - - 0.807 No 0.542 No 0.454 - - 0.913 No 0.50 No

Selenium 0.001 0.000120 No 0.120 0.000324 No 0.371 No 0.0000664 No 0.0664 <0.0002 No - No

Silver 0.0001 0.0000193 No 0.193 <0.00001 No - No 0.00000511 No 0.0511 <0.00001 No - No

Sodium - 0.950 - - 1.74 No 0.545 No 0.798 - - 1.88 No 0.42 No

Strontium - 0.0245 - - 0.0460 No 0.531 No 0.0166 - - 0.0495 No 0.34 No

Thallium 0.0008 0.000710 No 0.887 <0.00005 No - No 0.000108 No 0.135 <0.0001 No - No

Tin - 0.000731 - - 0.00273 No 0.268 No 0.000101 - - <0.0001 No - No

Titanium - 0.00348 - - <0.0003 No - No 0.00498 - - <0.01 No - No

Uranium 0.015 0.0000107 No 0.000716 0.000304 No 0.035 No 0.00000644 No 0.00043 0.0000160 No 0.40 No

Vanadium - 0.000254 - - <0.00001 No - No 0.000226 - - <0.001 No - No

Zinc 0.03 0.00506 No 0.169 0.0197 No 0.257 No 0.00188 No 0.063 0.00510 No 0.37 No

Notes: 

COPC = contaminant of potential concern, CCME = Canadian Council of Ministers of the Environment
1
 CCME (2013e). Canadian Water Quality Guidelines for the Protection of Aquatic Life, long term.

2
 Values provided are the 95th percentile concentration of metals in lakes sampled in 1993, 1997, 2011,  2012, and 2013 (n = 113 for George Property Area lakes; n = 126 for Goose Property Area lakes).

3
 Units are pH rather than mg/L.

4
 CCME Guideline pH or hardness dependent.

5
 CCME Guideline for hexavalent chromium.

(-) no value, < means that the concentration for the parameter was below detection limits

Grey shading indicates concentrations that exceed the CCME Guidelines, or a hazard quotient that exceeds 1.

CCME 

Guideline
1 

(mg/L)

George Property Area

Physical Tests

George Property Area



Table 6.4-9.  Lake Freshwater Sediment Screening for Contaminants of Potential Concern for Sites within the Freshwater Environment Local Study Area

Predicted Mean 

Lake Sediment 

Concentration 

(mg/kg)

Predicted 

Concentration

> Guideline?

Hazard 

Quotient 

Relative to 

Guideline

95th Percentile of 

Baseline Lake 

Sediment 

Concentration
2 

(mg/kg)

Predicted 

Concentration

> Baseline 95th 

Percentile?

Hazard 

Quotient 

Relative to 

Baseline

Retained 

as a COPC?

Predicted Mean 

Lake Sediment 

Concentration 

(mg/kg)

Predicted 

Concentration

> Guideline?

Hazard Quotient 

Relative to 

Guideline

95th Percentile of 

Baseline Lake 

Sediment 

Concentration
2 

(mg/kg)

Predicted 

Concentration

> Baseline 95th 

Percentile?

Hazard 

Quotient 

Relative to 

Baseline

Retained 

as a COPC?

Aluminum
5 - 14,872 - - 32,200 No 0.462 No 9,484 - - 15,100 No 0.628 No

Antimony - 0.177 - - 0.398 No 0.445 No 0.0800 - - 0.140 No 0.571 No

Arsenic 5.9 95.6 Yes 16.2 125 No 0.762 No 20.3 Yes 3.44 54.8 No 0.371 No

Barium - 56.3 - - 141 No 0.400 No 51.2 - - 86.6 No 0.592 No

Beryllium - 0.483 - - 1.06 No 0.458 No 0.414 - - 0.765 No 0.541 No

Bismuth - 0.249 - - 0.500 No 0.497 No 0.117 - - 0.220 No 0.533 No

Cadmium
5 0.6 0.398 No 0.663 1.12 No 0.355 No 0.303 No 0.505 0.634 No 0.478 No

Calcium - 2395 - - 3355 No 0.714 No 2,391 - - 3,623 No 0.660 No

Chromium 37.3 52.8 Yes 1.42 120 No 0.440 No 27.5 No 0.738 41.9 No 0.658 No

Cobalt - 37.4 - - 73.9 No 0.506 No 20.0 - - 36.7 No 0.547 No

Copper
5 35.7 77.3 Yes 2.17 159 No 0.488 No 74.6 Yes 2.09 139 No 0.538 No

Iron - 31,898 - - 50,800 No 0.628 No 22,948 - - 66,650 No 0.344 No

Lead 35 6.90 No 0.197 12.0 No 0.577 No 5.32 No 0.152 8.12 No 0.655 No

Lithium - 28.9 - - 66.4 No 0.436 No 11.8 - - 18.5 No 0.639 No

Magnesium - 8,818 - - 19,775 No 0.446 No 3,664 - - 5,934 No 0.618 No

Manganese - 556 - - 1,845 No 0.301 No 148 - - 449 No 0.331 No

Mercury 0.17 0.0302 No 0.178 0.0554 No 0.545 No 0.0559 No 0.329 0.101 No 0.554 No

Molybdenum - 1.62 - - 3.71 No 0.438 No 0.979 - - 1.76 No 0.556 No

Nickel
5 - 97.6 - - 175 No 0.558 No 69.0 - - 127 No 0.543 No

Potassium - 1,019 - - 2,923 No 0.349 No 755 - - 1,157 No 0.653 No

Selenium - 0.349 - - 0.658 No 0.530 No 0.445 - - 0.800 No 0.557 No

Silver - 0.227 - - 0.500 No 0.455 No 0.162 - - 0.376 No 0.431 No

Sodium - 104 - - 210 No 0.497 No 106 - - 184 No 0.576 No

Strontium - 11.6 - - 22.2 No 0.525 No 14.6 - - 27.1 No 0.538 No

Thallium - 0.161 - - 0.500 No 0.322 No 0.0987 - - 0.141 No 0.699 No

Tin - 1.21 - - 2.50 No 0.482 No 1.02 - - <1 No - No

Titanium - 460 - - 1203 No 0.382 No 302 - - 434 No 0.695 No

Uranium - 1.35 - - 2.53 No 0.533 No 1.32 - - 2.17 No 0.606 No

Vanadium - 37.0 - - 83.5 No 0.443 No 30.4 - - 43.2 No 0.705 No

Zinc 123 145 Yes 1.18 311 No 0.467 No 71 No 0.581 120 No 0.594 No

Notes: 

COPC = contaminant of potential concern, CCME = Canadian Council of Ministers of the Environment
1
 CCME (2013b). Canadian Interim Sediment Quality Guidelines for the Protection of Aquatic Life. 

(-) no value, < means that the concentration for the parameter was below detection limits

Total Metals

CCME 

Guideline
1 

(mg/kg)

Goose Property Area George Property Area

2
 Values provided are the 95th percentile concentration of metals in lake sediment sampled in  2007, 2010,  2011, 2012, and 2013 (n = 58 for George Property Area Lakes; n = 130 for Goose Property Area Lakes). Concentrations below method detection limits were set to half the method 

detection limit.



Table 6.4-10.  Soil Screening for Contaminants of Potential Concern for Sites within the Terrestrial Local Study Area

Metals

Predicted Mean Soil 

Concentration 

(mg/kg)

CCME Soil 

Guidelines
1 

(mg/kg)

Predicted 

Concentration

> Guideline?

Hazard Quotient 

Relative to 

Guideline

95th Percentile 

of Baseline Soil 

Concentration
2 

(mg/kg)

Predicted 

Concentration

> Baseline

95th Percentile?

Hazard Quotient 

Relative to 

Baseline

Retained 

as a COPC?

Aluminum 4,560 - - - 8,463 No 0.539 No

Antimony <0.10 20 No - <0.10 No - No

Arsenic 6.93 12 No 0.578 20.0 No 0.346 No

Barium 38.0 750 No 0.0507 93.2 No 0.408 No

Beryllium 0.149 4 No 0.0371 0.446 No 0.333 No

Bismuth <0.20 - - - <0.20 No - No

Cadmium 0.112 1.4 No 0.0799 0.402 No 0.278 No

Calcium 2,203 - - - 5,622 No 0.392 No

Chromium 14.5 64 No 0.226 30.8 No 0.471 No

Cobalt 6.65 40 No 0.166 11.26 No 0.591 No

Copper 18.4 63 No 0.292 65.7 No 0.280 No

Iron 9,059 - - - 15,380 No 0.589 No

Lead 2.35 70 No 0.0336 4.17 No 0.564 No

Lithium 6.87 - - - 15.8 No 0.436 No

Magnesium 2,428 - - - 5,193 No 0.468 No

Manganese 68.1 - - - 141 No 0.483 No

Mercury 0.0334 6.6 No 0.00506 0.1208 No 0.276 No

Molybdenum 0.380 5 No - 0.81 No 0.467 No

Nickel 19.6 50 No 0.392 50.0 No 0.392 No

Phosphorus 481 - - - 976 No 0.493 No

Potassium 431 - - - 688 No 0.626 No

Selenium 0.186 1 No 0.186 0.594 No 0.314 No

Silver <0.10 20 No - <0.10 No - No

Sodium 72.3 - - - 130 No 0.556 No

Strontium 14.4 - - - 32.9 No 0.438 No

Thallium 0.0384 1 No 0.0384 0.081 No 0.472 No

Tin <2.0 5 No - <2.0 No - No

Titanium 235 - - - 429 No 0.548 No

Uranium 0.598 23 No 0.0260 1.61 No 0.371 No

Vanadium 18.4 130 No 0.142 32.0 No 0.574 No

Zinc 16.9 200 No 0.0846 35.8 No 0.473 No

Notes:

CCME = Canadian Council of Ministers of the Environment
1
 CCME (2013c). Soil Quality Guidelines for the Protection of Environmental and Human Health - Agricultural. 

2
 95th percentile of soil metal concentrations for data collected in 2012.

(-) = no value, < indicates the value or mean was below the method detection limit for that parameter.
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Table 6.4-11.  Vegetation Screening for Contaminants of Potential Concern for Sites within the 

Terrestrial Local Study Area 

Metals 

Predicted Mean 

Concentration 

(mg/kg) 

95th Percentile 

of Baseline 

Concentration1 

(mg/kg) 

Predicted 

Concentration > 

Baseline 95th 

Percentile? 

Hazard Quotient 

Relative to 

Baseline 

Retained as 

a COPC? 

Aluminum 302 685 No 0.440 No 

Antimony < 0.050 < 0.050 No - No 

Arsenic 0.287 0.647 No 0.444 No 

Barium 17.9 26.3 No 0.679 No 

Beryllium < 0.5 < 0.5 No - No 

Bismuth < 0.150 < 0.150 No - No 

Cadmium 0.0175 0.0706 No 0.248 No 

Calcium 1315 1814 No 0.725 No 

Chromium < 0.50 < 0.50 No - No 

Cobalt 2.38 7.19 No 0.330 No 

Copper 3.34 7.14 No 0.468 No 

Iron 281 551 No 0.510 No 

Lead 0.462 0.862 No 0.536 No 

Lithium < 0.50 < 0.50 No - No 

Magnesium 442 530 No 0.834 No 

Manganese 61.1 104 No 0.588 No 

Mercury 0.0240 0.0588 No 0.409 No 

Molybdenum < 0.050 < 0.050 No - No 

Nickel 6.67 25.2 No 0.265 No 

Phosphorus 339 403 No 0.84 No 

Potassium 983 1169 No 0.841 No 

Selenium < 1.0 < 1.0 No - No 

Silver < 0.050 < 0.050 No - No 

Sodium < 100 < 100 No - No 

Strontium 5.91 8.99 No 0.657 No 

Thallium < 0.050 < 0.050 No - No 

Tin < 0.250 < 0.250 No - No 

Titanium 6.90 12.9 No 0.535 No 

Uranium 0.0331 0.0853 No 0.388 No 

Vanadium <0.50 < 0.50 No - No 

Zinc 16.4 21.7 No 0.756 No 

Notes: 
1 95th percentile baseline metal concentrations in vegetation samples collected in 2012. 

(-) = no value, < indicates the value or mean was below the method detection limit for that parameter. 
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Table 6.4-12.  Berries Screening for Contaminants of Potential Concern for Sites within the 

Terrestrial Local Study Area 

Metals 

Predicted Mean 

Concentration 

(mg/kg) 

95th Percentile 

of Baseline 

Concentration1 

(mg/kg) 

Predicted 

Concentration > 

Baseline 95th 

Percentile? 

Hazard 

Quotient 

Relative to 

Baseline 

Retained as 

a COPC? 

Aluminum 2.58 5.52 No 0.467 No 

Antimony < 0.010 < 0.010 No - No 

Arsenic < 0.010 < 0.010 No - No 

Barium 3.57 6.11 No 0.585 No 

Beryllium < 0.10 < 0.10 No - No 

Bismuth < 0.030 < 0.030 No - No 

Cadmium 0.0121 0.0265 No 0.458 No 

Calcium 287 458 No 0.626 No 

Chromium < 0.10 < 0.10 No - No 

Cobalt 0.0508 0.0894 No 0.568 No 

Copper 0.916 1.38 No 0.665 No 

Iron 1.76 3.02 No 0.583 No 

Lead < 0.020 < 0.020 No - No 

Lithium < 0.10 < 0.10 No - No 

Magnesium 123 176 No 0.701 No 

Manganese 38.2 59.4 No 0.643 No 

Mercury < 0.0010 < 0.0010 No - No 

Molybdenum 0.00980 0.0194 No 0.505 No 

Nickel 0.522 0.994 No 0.525 No 

Phosphorus 222 279 No 0.796 No 

Potassium 1422 2048 No 0.694 No 

Selenium < 0.20 < 0.20 No - No 

Silver < 0.010 < 0.010 No - No 

Sodium < 200 <200 No - No 

Strontium 0.640 1.36 No 0.472 No 

Thallium < 0.010 < 0.010 No - No 

Tin 0.181 0.259 No 0.697 No 

Titanium < 1.0 < 1.0 No - No 

Uranium < 0.0020 < 0.0020 No - No 

Vanadium < 0.10 < 0.10 No - No 

Zinc 3.40 7.26 No 0.468 No 

Notes: 
1 95th percentile baseline metal concentrations in berry samples collected in 2012. 

(-) = no value, < indicates the value or mean was below the method detection limit for that parameter. 
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6.4.1.11 Risk Assessment — Terrestrial Wildlife 

6.4.1.11.1 Identification of Contaminants of Potential Concern 

No Project-related COPCs were identified during the screening process for the freshwater environment 

(Section 6.4.1.7.2) or the terrestrial environment (soil in Section 6.4.1.7.4; vegetation in 

Section 6.4.1.7.5). Freshwater water and sediment, soil, and vegetation metal concentrations were 

within the 95th percentile of baseline concentrations and/or were below freshwater, sediment, or soil 

quality guidelines. Therefore, based on information currently available and assuming that mitigation 

measures are fully implemented (Section 6.4.1.3), no health impacts for the wildlife VECs in the 

terrestrial environment (caribou, muskox, wolverine and furbearers, grizzly bears, migratory birds, and 

raptors) are expected from emissions or discharges associated with Project activities.  

6.4.1.12 Uncertainties in the Environmental Risk Assessment 

The process of evaluating risks to ecological VECs from exposure to COPCs in environmental media 

involves multiple steps, each containing inherent uncertainties that ultimately affect the final risk 

estimates. These uncertainties exist in numerous areas, including the collection of samples, laboratory 

analysis, estimation of potential exposures or prediction of COPC concentrations in environmental 

media (modelling), and derivation of TRVs, potentially resulting in either an over- or under-estimation 

of risk. However, for the present study, where uncertainties existed, a conservative approach was 

taken to overestimate rather than underestimate potential risks. 

There is inherent uncertainty associated with the use of any model as real world processes, such as 

atmospheric conditions, are simplified. Baseline sampling did not include the concentration of metals 

in air associated with PM10 and this was calculated based on the proportion of metals in dustfall, which 

has several assumptions involved. Furthermore, predicted concentrations of metals associated with 

PM10 were also calculated based on the proportion of metals in Back River rocks, again with several 

assumptions. In general, air dispersion models accurately but conservatively predict atmospheric 

concentrations and deposition levels so that model results are often interpreted with the understanding 

that the predicted effects are likely overestimated. 

Freshwater and sediment were collected inside the LSA during baseline studies from several years 

(1993, 1997, 2011, 2012, and 2013; n = 239 for water and n = 188 for sediments) and used to establish 

baseline concentrations and total (baseline plus Project) model predictions. Soil samples (n = 35) were 

collected inside the LSA in 2012. Vegetation samples co-located with soil samples and inside the LSA 

(berry n = 15, lichen n = 18, and sedge n = 3) were collected in 2012. These datasets are considered 

large enough to provide a good indication of the COPC concentrations in these environmental media in 

the LSA and provide adequate statistical estimates for screening purposes. 

Laboratory non-detects of metal concentrations in water, sediments, and soils add uncertainty as the 

non-detects are set to half their method detection limit for calculation purposes (i.e., statistical 

summaries of means and 95th percentiles) and for screening of COPCs. This approach assumes that, on 

average, all values between the detection limit and zero could be present, and that the average value 

of non-detects could be as high as half the detection limit. Generally, replacement of non-detects with 

values half of their detection limit is a conservative estimate and recommended when there is a 

likelihood that the COPC is actually present (actual concentration is larger than zero), but does not 

over-estimate the concentration (actual concentration is smaller than the detection limit) and 

therefore does not over-estimate potential risk (US EPA 1991).  

Biotransfer factors were used to model Project-related plant COPC concentrations. Modelling of plant 

COPC concentrations has a higher level of uncertainty than measuring concentrations. Biotransfer 
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factors were calculated on a site-specific basis from baseline concentrations in co-collected soil and 

plant baseline samples wherever possible. This method assumes that the plant obtained the COPCs 

entirely from the soil that was analyzed and excludes uptake from other sources. This approach is 

conservative as it would over-estimate the actual soil-to-plant BTF. Where concentrations were below 

method detection limits, BTFs could not be calculated reliably and were substituted with non-site 

specific literature-based BTFs. This added an additional level of uncertainty.  

6.4.1.13 Conclusions of the Environmental Risk Assessment for Contaminants 

No Project-related COPCs, including metals, were identified in the freshwater, marine, or terrestrial 

environments. Thus, there is negligible potential risk of the Project on health of fish and aquatic 

habitat, fish communities, wildlife, migratory birds, and raptor VECs.  

6.4.2 Human Health Risk Assessment (HHRA) for Contaminants 

6.4.2.1 Introduction to Human Health Risk Assessment 

Risk assessment is a tool used to characterize potentially adverse health effects from Project-related 

contaminant emissions.  

The following five steps are generally included in the risk assessment:  

1. Problem Formulation: identifies a representative set of receptors that may be present, 

COPCs that may be present at levels potentially harmful to receptors, and pathways by 

which receptors may be exposed to COPCs. A conceptual model, which is a pictorial 

representation of the exposure pathways and routes of COPCs associated with this specific 

assessment, is one of the major outcomes of the Problem Formulation. 

2. Exposure Assessment: the extent to which receptors might be exposed to the COPCs. 

Calculates the estimated daily intake (EDI) of COPCs by receptors for each relevant exposure 

pathway identified in the Problem Formulation. The calculations use site-specific COPC 

concentrations in environmental media (e.g., air, water, sediment, soil, vegetation, and 

country foods) and receptor-specific characteristics (e.g., body weight, ingestion rate, and 

consumption frequency). 

3. Effects Assessment: identifies tolerable daily intakes (TDIs), or levels of daily exposure that 

can be taken into the body without appreciable health risk. These are referred to as 

toxicity reference values (TRVs) by some regulatory agencies. For COPCs with guidelines, 

these values were used instead of TRVs. 

4. Risk characterization: determines the potential occurrence of adverse health effects by 

comparing the EDI with the TRV or the predicted concentration of a COPC with the 

guideline limit for that COPC. 

5. Uncertainty Analysis and Data Gaps: evaluation of the assumptions, uncertainties and 

conservatism made throughout the assessment and their effects on the conclusions. 

The main pathways through which human health can be affected by the environment are through air 

quality, drinking water, and consumption of country foods. The HHRA is organized to assess the 

potential for effects to human health from each of these general pathways. 
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6.4.2.2 Potential Valued Components and Scoping for the HHRA 

Canadian federal and provincial governments and health officials have accepted the World Health 

Organization’s (WHO) definition of holistic health:  

A state of complete physical, mental and social well-being and not merely the absence 
of disease or infirmity. (WHO 1948) 

This was expanded to include: 

The extent to which an individual or group is able, on the one hand, to realize 
aspirations and to satisfy needs, and on the other, to change or cope with the 
environment. Health is therefore seen as a resource for everyday life, not the 
objective of living; it is seen as a positive concept emphasizing social and personal 
resources, as well as physical capacities. (WHO 1984) 

This definition indicates that all aspects of well-being should be considered when assessing human health, 

including physical, social, emotional, spiritual, and environmental impacts on health. There are many 

determinants of human health, such as: the physical environment (including environmental 

contaminants), heredity, lifestyle (e.g., smoking, drinking, diet, exercise, and coping skills), occupation, 

education, and the social and economic environment a person lives in (Health Canada 2000).  

The selection of potential VECs or VSECs for the Project was based on a scoping process developed by 

NIRB and Sabina Gold & Silver Corp., which involved public consultation with all potentially-affected 

communities, the TK report (KIA 2012), consultation with regulatory agencies, and regulatory 

considerations.  

There are many VECs or subjects of note related to the human environment included in the DEIS: 

o Archaeology; 

o paleontology (subject of note); 

o non-traditional land and resource use; 

o socio-economics (VEC = economic development, business opportunities, employment, 

education, and training); 

o health, safety and community well-being; and 

o country foods. 

However, not all of these VSECs or subjects of note are relevant for the HHRA since they would not be 

considered susceptible to effects from contaminants or noise, or would not be pathways for 

contaminant exposure in human receptors. In addition, some of the VECs listed in the previous section 

(6.3.1.1) for the ERA would be relevant for the HHRA since the VECs may be pathways through which 

contaminant exposure to human receptors could occur. Further scoping of the VECs and VSECs for 

inclusion in the HHRA is detailed in Section 6.3.2.2. 

6.4.2.3 Valued Components Included in HHRA  

The Project has the potential to adversely affect human health, directly and indirectly, during the Site 

Preparation, Construction, Operational, Reclamation and Closure, and Post-closure phases. 

The inclusion of human health into the ERA process in Canada has been mandated by the federal 

government (e.g., Health Canada) and by Nunavut under various requirements, such as:  



HUMAN HEALTH AND ENVIRONMENTAL RISK ASSESSMENT 

SABINA GOLD & SILVER CORP. 6-91 

o Nunavut Impact Review Board (NIRB 2006): Guide to the Preparation of Environmental Impact 

Statements recommends identifying, predicting, evaluating, and communicating information 

about the impacts of a development proposal on human health. 

Health Canada (2004a, 2010e) suggests that environmental assessments contain information, as 

applicable, on: 

o noise effects; 

o air quality effects; 

o drinking and recreational water quality; 

o contamination of country foods (fish, wild game, berries, etc.); 

o radiological effects; 

o electric and magnetic fields effects; 

o federal air, water, and soil quality guidelines/standards used in HHRAs; and 

o First Nations and Inuit health. 

Humans, and consequently human health, have the potential to interact with Project components, and 

health is of high importance to society and individuals. The physical component of human health was 

considered in the HHRA because the physical health of humans living in or travelling through the 

Project area has the potential to be affected directly through either biochemical pathways 

(e.g., contaminants in water, air, or country food) or biophysical pathways (noise).  

Radiological effects and electric/magnetic field effects were not considered since the Project is not 

expected to lead to alterations in radiological, electric, or magnetic levels. Ultimately, the selection of 

VECs or VSECs for inclusion in the HHRA was also directed by the EIS Guidelines for the Project.   

Of the VSECs included in the Project DEIS, archaeology or paleontology would not be affected by 

contaminants or noise and were therefore excluded from the HHRA. Volume 8, Chapters 3 

(Socio-economics) and 4 (Land Use), of this DEIS contain an assessment of other non-physical 

determinants of health that are not included in this HHRA, such as education, employment, health and 

community well-being, and land use. 

6.4.2.4 Spatial Boundaries 

The spatial boundaries for the HHRA are defined, in part, by the extent to which the Project might be 

expected to have effects on the environment (i.e., air quality, drinking water quality, quality of 

country foods), which could in turn affect human health. The following criteria were used to determine 

the spatial boundaries: 

o the physical or socio-economic extent of project activities and potential Project impacts; 

o the location and distribution of VECs or VSECs, including the spatial extent of ecosystems and 

protected areas potentially affected by the Project; and 

o the spatial extent of the known current use of lands and resources for traditional purposes. 

Four general spatial boundaries were used in the HHRA: 
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1. Project Footprint — includes all physical structures and activities that comprise the Project as 

specified in the Project Description (Volume 1, Chapter 3). 

2. Potential Development Area (PDA) — includes the Project Footprint, plus a buffer area. 

3. LSA — includes both the Project Footprint and the PDA and is the area where there is a 

reasonable expectation of immediate impacts from the Project activities on valued 

environmental and socio-economic components. The LSA includes the PDA plus a buffer. 

4. RSA — a broader area where there is a potential for direct, indirect, or cumulative 

environmental or socio-economic impacts and includes lands, waters, and potentially affected 

communities in the Nunavut Settlement Area (NSA). 

The LSA and RSA for the country foods effects assessment (Volume 8, Chapter 5) and HHRA are the 

same. The HHRA LSA includes two boxes around the Goose and George Property Areas (the same shape 

and size as the air quality LSA) and a smaller box around the MLA on the Bathurst Inlet peninsula. 

The LSA also includes a 1-km buffer zone along the main winter roads connecting the properties. 

The LSA encompasses many of the baseline sampling locations for tissue metal concentrations in fish, 

and water, sediment, vegetation, and soil quality. 

The HHRA RSA is the same as the one used by terrestrial and country foods VECs and covers all the 

areas included in the HHRA LSA. It was delineated based on the expected use of the region by wildlife 

species assessed as VECs. The RSA extends 35 km from the Goose and George properties, the MLA, and 

the main winter road access corridors. The RSA was selected to reflect a larger area anticipated to 

provide habitat for raptors, carnivores and caribou, which have large home ranges. The HHRA LSA and 

RSA can be seen in Figure 6.4-12.  

The potential health effects from the Project from changes to air quality, drinking water quality, and 

quality of country foods are evaluated separately, although it is acknowledged that the combination of 

effects can act synergistically or additively to affect the overall health and feeling of well-being of 

people at the Project site and of temporary users of adjacent areas. 

6.4.2.5 Temporal Boundaries 

Human health could potentially be affected throughout all phases of the Project. Temporal boundaries 

were defined in relation to planned activities over the lifetime of the Project within which a 

reasonable expectation of interaction with environmental or socio-economic components can be 

predicted. These were adjusted as appropriate to reflect seasonal variations or life-cycle requirements 

of biological receptors, or forecasted trends in socio-economic receptors. The Project is expected to 

have negligible potential impacts on VECs outside of these temporal boundaries. Temporal boundaries 

were defined based on for the following Project phases: 

o Site Preparation — 2 years; 

o Construction phase — 2 years; 

o Operational phase — 10 years; 

o Reclamation and Closure phase — 10 years; 

o Post-closure phase — 5 years; 

o Other potential phases: 

− Temporary Closure — less than 2 years, and 

− Care and Maintenance phase — 2 to 10 years. 
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There are two main pathways for contaminants to enter the environment: airborne emissions 

(e.g., dust, particulates, and gases) and liquid emissions (e.g., effluent discharge). For the purposes of 

the HHRA and based on the information available at the time of writing, the phase in which the 

greatest potential for effects to human receptors was selected for assessment, with consideration of 

the potential for both air and water emissions during those phases. This was done to represent the 

upper bound of expected Project-related changes and therefore represents the phase or phases 

associated with the greatest level of risk; risk during other phases would be expected to be lower. 

Selection of Project phases for assessment and the rational for their selection is described in the 

following sections.  

6.4.2.5.1 Potential for Human Health Effects Related to Air Quality 

The Operational phase was selected for assessment, since this phase was considered to have the 

highest potential for Project-related air emissions (Volume 4, Chapter 1 and Appendix V4-1B). Other 

phases of the Project would be expected to have lower emissions, and thus lower potential risk to 

human health due to air quality. 

6.4.2.5.2 Potential for Human Health Effects Related to Drinking Water Quality 

The Operational phase was considered to have the highest potential for effects to human health 

through the consumption of drinking water. This is the phase during which people (e.g., off-duty 

workers) are most likely to be present in close proximity to Project site (see Section 6.4.2.5.4).  

Although there will be no discharge of effluent to the freshwater environment during this phase, the 

potential for fugitive dust emissions are highest during the Operational phase (Volume 4, Chapter 1 and 

Appendix V4-1B). Contaminants can be carried from sources to receptors by fugitive dust, which can be 

then deposited on surface waters as dustfall. Therefore, the Operational phase represents the upper 

bound or worst-case for potential water quality effects due to dust deposition (i.e., air emissions).  

6.4.2.5.3 Potential for Human Health Effects Related to Quality of Country Foods 

Based on the information available at the time of assessment, the Operational phase was considered to 

have the greatest potential for effects to health of consumers of country foods (Volume 8, Chapter 5). 

This also aligns with the air quality assessment, which used Year 3 of the Operational Phase for Goose 

Property and Year 7 of the Operational phase for George Property as the worst case scenario 

(Volume 4, Chapter 1). The Operational phase was selected since the greatest level of Project-related 

activity will occur during this phase and therefore it is likely to have the greatest potential for both air 

and liquid/water emissions of potential contaminants that could affect the quality of country foods.  

6.4.2.6 Mitigation Measures 

No additional mitigation measures were considered in the assessment beyond what was outlined in the 

previous chapters. Mitigation measures for air quality were covered in Volume 4, Chapter 1. Mitigation 

measures for surface water quality were covered in Volume 6, Chapter 4. Mitigation measures for 

country foods were covered in Volume 8, Chapter 5. 

6.4.2.6.1 Mitigation Measures for Fuels, Other Petroleum Products, and Hazardous Substances 

Certain atmospheric emissions from the Project were excluded from consideration as COPCs. These 

include volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), dioxins, furans, 

and acid gases. Although dioxins and furans may be deposited on the surrounding landscape and enter 

the local food web from soil, water, and vegetation, use of controlled incineration technology is 

predicted to substantially reduce the potential contamination exposures (Webster and Mackay 2007). 



DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORTING VOLUME 8: HUMAN ENVIRONMENT 

6-96 RESCAN ENVIRONMENTAL SERVICES LTD., AN ERM COMPANY | PROJ#0194096-0040 | REV E.1 | DECEMBER 2013 

An Incineration Management Plan (Volume 10, Chapter 11) will be in place during all phases of the 

Project in order to minimize emissions from incineration activities. This plan will include the 

installation of an incinerator that complies with Nunavut standards (Government of Nunavut 2002) and 

the Canada-Wide Standards for Dioxins and Furans (CCME 2000a) and Canada-Wide Standards for 

Mercury emissions (CCME 2000b). An Air Quality Monitoring and Management Plan (Chapter 17, 

Volume 10) will also be implemented. Due to mitigation, such as installing modern incineration 

equipment, and regular maintaining vehicle, generator, and incinerator emission controls, 

Project related PAH releases to the environment are unlikely to be at high enough concentrations to 

affect human health (Volume 6, Chapter 4). VOCs were not included in the assessment because 

standards or objectives for ambient VOC concentrations have yet to be established for Nunavut and 

Canada and emission levels from the Project are expected to be minimal. Acid gases are not expected 

to affect human health. 

Fuels, petroleum products, and other hazardous substances used in mine development and operation 

could affect human health if not properly managed.  Since the potential for effects to human health is 

related to the quality of environmental media, protection of the environment is important for minimizing 

potential effects to human health.  

Petroleum products, such as fuel and hydraulic oil, will be present at the Project throughout the 

various phases (except post-closure). Flocculants and chemical reagents, such as ammonium nitrate 

and lime, will be used and stored at the site. Hazardous substances may be present during the Site 

Preparation, Construction, Operational, and Closure and Reclamation phases of the Project. This 

includes materials such as fuel, waste oil, explosives, cyanide, sulphuric acid, chlorine, laboratory 

chemicals and solvents, lead acid batteries, and oil filters. 

Fuels, other petroleum products (e.g., oils), and hazardous substances stored and used during Project 

development inside the LSA will require mitigation and management measures to ensure that they do not 

enter the freshwater, marine, and terrestrial environments. The Fuel Management Plan (Chapter 4), Spill 

Contingency Plan (Chapter 5), Oil Pollution Emergency Plan (Chapter 6), Mine Waste Rock and Tailings 

Management Plan (Chapter 9), Landfill and Waste Management Plan (Chapter 10), Hazardous Materials 

Management Plan (Chapter 12), Explosives Management Plan (Chapter 13), and Shipping Management Plan 

(Chapter 15) can be found in Volume 10. Proper storage, handling, and clean-up of any spills of 

fuels/petroleum products and potentially hazardous substances will reduce the potential for these 

products to affect ecological receptors. Details of a few of the key mitigation strategies related to these 

substances are listed as follows: 

o bulk fuel storage areas, hazardous materials storage areas, and explosives storage facilities will 

be bermed and lined with impermeable barriers to minimize the potential for leaks and spills 

to reach the aquatic environment, thereby minimizing the potential for these chemicals or 

fuels to affect ecological receptors; 

o cyanide destruction will occur in the mill, in order to decrease the levels of cyanide that may 

be found in the TIA; 

o petroleum product storage tanks will have appropriate secondary containment systems to 

prevent hydrocarbon/fuel release to the environment; 

o refuelling and maintenance activities will be done at least 30 m away from water (except in 

case of equipment breakdown or approved activities near water) and refuelling will be done 

only when drainage capture/collection is installed or drip trays are in use; 

o all machinery that has the potential to have a fluid release or leak will be inspected prior to 

each shift and repaired as necessary, and oily water treatment plants at equipment 



HUMAN HEALTH AND ENVIRONMENTAL RISK ASSESSMENT 

SABINA GOLD & SILVER CORP. 6-97 

maintenance facilities will be used to minimize the introduction of hydrocarbon contaminants 

into the environment, minimizing their potential for uptake by aquatic organisms; 

o an Aquatic Effects Management Plan (Volume 10, Chapter 19) will be implemented to monitor 

for changes in the aquatic environment as a result of Project activities; and 

o if water or waste could pose a risk to wildlife, appropriate measures will be taken to exclude 

wildlife from these areas (e.g., fencing and noise makers; Wildlife Management Plan, 

Volume 10, Chapter 20). 

In addition, other hazardous substances such as hydraulic fluid, explosives, laboratory chemicals and 

solvents, lead acid batteries, and oil filters may be present during various Project phases. Safe 

handling and storage of hazardous materials is governed by the Hazardous Materials Management Plan 

(Volume 10, Chapter 12) and therefore these materials are not expected to pose a risk to human health 

through contamination of air, water, or country foods.  

Accidental releases of fuels, other petroleum products, and hazardous substances will be responded to 

efficiently and safely as described in the Spill Contingency Plans (Volume 10, Chapter 5). In particular, 

the following key spill mitigation measures will minimize and prevent exposure of human receptors: 

o Ships used in the transport of fuel will be conventional double-hulled, compartmentalized 

petroleum tankers, with Shipboard Oil Pollution Emergency Plans and appropriate response gear; 

o The bulk fuel storage facility, pipeline, and all transfer-related equipment will be inspected 

and maintained in order to minimize the potential for fuel leaks or spills to the aquatic and 

terrestrial environments; 

o An Oil Pollution Emergency Plan (Volume 10, Chapter 6) will be implemented, including the 

measures to be used to contain and clean up a potential spill of oil in the marine and 

freshwater environments; and 

o Ship and MLA spill response equipment and personnel will be prepared for deployment prior to 

fuel transfer operations, to ensure a rapid response in the event of a spill to the marine 

environment, and transfer hoses/pipeline will be monitored hourly for leaks or defects during 

fuel transfers. 

Because spills will be contained and cleaned up according to the Oil Pollution Emergency Plan 

(Volume 10, Chapter 6), the effects of fuel, lubricants, and other COPCs on marine country foods 

(shellfish, fish, waterfowl, and marine mammals) will be low.  

In addition, in the marine environment, shipping will be limited to five to ten ships per year during the 

Construction phase and three to five ships per year during the Operational phase. Ships will not be 

permitted to discharge untreated sewage or oil-containing bilge water in the vicinity of the MLA, in 

accordance with the Vessel Pollution and Dangerous Chemicals Regulation (2001). The use of organotin 

anti-fouling compounds is prohibited for vessels in Canadian waters and will not be used by vessels 

servicing the Project. This will minimize the potential for release of contaminants to the marine 

environment within the LSA and will, therefore, minimize effects to marine water and sediments. 

Therefore, the sources of fuels/petroleum products and other potentially hazardous substances and their 

potential effects on human health are considered negligible and will not be considered further. 

6.4.2.7 Problem Formulation and Pathway Analysis 

The purpose of this section is to establish whether there is a reasonable possibility that there is a 

linkage between a Project-related source of contaminants and human receptors. There are two main 



DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORTING VOLUME 8: HUMAN ENVIRONMENT 

6-98 RESCAN ENVIRONMENTAL SERVICES LTD., AN ERM COMPANY | PROJ#0194096-0040 | REV E.1 | DECEMBER 2013 

potential sources of Project-related contaminants: atmospheric emissions of criteria air contaminants 

(CACs) and fugitive dust; and liquid effluent (e.g., effluent, site runoff).  

Atmospheric emissions and contaminants associated with fugitive dust have the potential to enter the 

atmosphere, travel some distance, and settle where they can reside in different media such as marine 

and freshwater waterbodies, marine and freshwater sediment, soil and vegetation, and country foods. 

Liquid effluent has the potential to enter the terrestrial environment due to direct discharges, or enter 

the marine and freshwater environments (water and sediment) through runoff from the terrestrial 

environment.  

6.4.2.7.1 Sources of Potential Project-related Contaminants 

Since human health can be affected by changes in air, drinking water, or country foods quality, 

potential Project-related sources of contaminants were identified that could lead to changes in in 

these pathways. Air quality can be affected by the generation of atmospheric emissions from Project 

components or activities. Drinking water quality could be affected by Project components or activities 

that affect freshwater quality. The quality of country foods could be changed due to Project-related 

sources of contaminants in the atmospheric, freshwater, marine, or terrestrial environments. 

Potential Sources of Project-Related Contaminants Specific to Air Quality 

A detailed inventory of Project-related emissions sources, points of release and quantities of air 

contaminants released can be found in the Air Quality Modelling Report (Volume 4, Chapter 1, 

Appendix V4-1B or Rescan 2013i).  

Project emissions to air are expected from the use of diesel as a fuel, from travel along unpaved roads, 

from blasting and ore preparation, and from the combustion of solid wastes at the camps. Diesel 

engines emit hydrocarbons, CO, PM2.5, and PM10, and were an input parameter to the air quality model. 

The Project is expected to contribute to air emissions from the combustion of diesel for transportation 

throughout the Project time frame, and for power generation during the Construction and Operational 

phases. Diesel emissions will be reduced during the Reclamation and Closure and Post-closure phases of 

the Project. 

Incinerators will be used at all camps during the Construction and Operational phases to manage 

combustible solid wastes and to reduce the need for transportation and disposal of solid wastes off 

site. Combustion of wastes will result in the release of air contaminants to the environment during 

Construction, Operational, and Reclamation and Closure phases. Therefore, CAC emissions from 

incinerators were included into the air quality model. 

Air emissions may also result from rock blasting in Goose and George Property Area deposits and at the 

processing plant. The detonation of explosives generates gases such as CO, NOx, ammonia, and SO2. 

Blasting will also create particulate matter that may contain metals. However, it is expected that 

blasting effects would be localized (Volume 4, Chapter 1) and will therefore have a very limited effect 

on the health of off-duty workers and people off-site. Criteria air contaminant emissions, dustfall, and 

associated metals from rock blasting were included in the air quality model. 

CACs are primarily produced by combustion of diesel and other fuels, and includes carbon 

monoxide (CO), nitrogen oxides (NOx), sulphur oxides (SOx), ozone (O3), and particulate matter that is 

less than 2.5 microns or 10 microns in size (PM2.5, and PM10, respectively). Fugitive dust is typically 

generated by blasting or equipment use and may be associated with COPCs such as metals. To 

summarize, sources of Project-related atmospheric contaminants considered in the air quality 

model included:  
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o stacks;  

o the processing plant (including generators inside);  

o the underground mines;  

o generators in the pits and at camps;  

o incinerators;  

o equipment (such as mining and personnel trucks, drill rigs, and bulldozers in mines and on 

access roads);  

o aircraft;  

o shipping vessels; and 

o dust emissions from grading and bulldozing, and explosives from drilling and blasting. 

Potential Sources of Project-related Contaminants Specific to the Freshwater Environment 

During the various Project phases, activities and components such as drilling, blasting, and excavation, 

air transportation, road use, and road maintenance can introduce fugitive dust into the air. Fugitive 

dust could then be deposited on surface waters, where contaminants associated with the fugitive dust 

(e.g., metals) could enter either the water or sediment. 

Potential sources of effluent include the water management structures (TIA, WMF, and Collection 

Pond), treated effluent from sewage treatment plants at the camps, and water that has been in 

contact with Project infrastructure (e.g., site infrastructure, pits, underground mines, roads, etc.).  

The water management facilities will collect and store effluents or run-off that may contain 

contaminants. Compounds used in explosives (e.g., ammonia, nitrate, and fuel/oil) may be present in 

run-off from waste rock storage areas or in effluent or tailings from the mill; effluent from these areas 

will be collected and directed to the appropriate water management facility. Contaminants may be 

present in treated sewage effluent which will be discharged to the land during the Construction phase, 

until water management facilities are built and effluent will then be directed to these structures. Site 

contact water, which may contain metals or other chemicals, will be collected and directed towards 

the water management structures in each of the Project areas (Goose Property Area, George Property 

Area, and the MLA). 

Water quality modelling was conducted for effluent contained within the TIA. The Water Quality 

Prediction Report (Volume 11) provides details on the sources, points of release, and quantities 

(loadings) of potential contaminants (e.g., metals and blasting residues) to the TIA. 

Discharge of effluent from water management structures during the Operational phase (i.e., WMF and 

Collection Pond only) could introduce contaminants to the terrestrial or aquatic environments, 

depending on the discharge location. The intended discharge location for these facilities is to land 

(> 500 m from water), but it is possible that run-off from the discharge locations may make its way to 

surface waters over time, carrying contaminants to the aquatic environment. 

Some quarries’ and road runoff will go to the environment but the quantities of contaminants associated 

with these potential sources were considered to be negligible relative to other sources (e.g., fugitive 

dust from blasting and road use). Any in-water works, such as stream crossings and diversion structures 

are considered to be potential sources of total suspended solids/turbidity and not COPCs. 
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Potential Sources of Project-related Contaminants Specific to the Marine Environment 

Marine shipping during Construction and Operational phases can generate air pollutants through the 

combustion of diesel fuel. These air pollutants include CO, NOx, SO2, PM2.5, and PM10. Fugitive dust will 

arise from rock blasting, vehicle movement, handling of fine materials, and incineration of garbage. 

Generally dust will occur sporadically and be suspended for a relatively short time prior to deposition. 

The COPCs could then be taken up by benthic invertebrates, fish, and marine wildlife and could 

accumulate in the food chain. 

Compounds used in explosives during construction of the MLA may be present in run-off that will be 

directed to the Collection Pond at the MLA. Metals occur naturally in environmental media (e.g., 

water, soil, sediment, and vegetation) due to local physical and geological processes, and their 

concentrations could potentially change due to Project activities depositing dust containing metals or 

due to metal leaching/acid rock drainage/metal leaching (ML/ARD).  

Direct discharge of brine from the desalinization plant at the MLA into Bathurst Inlet is proposed; 

however, all other effluents or contact water in the MLA will be directed to the Collection Pond, and 

may be discharged to the tundra (> 500 m away from water). Although potential discharges may occur 

at some distance from the marine environment, run-off containing contaminants from the discharge 

location may reach the marine environment over time.  

Potential Sources of Project-related Contaminants Specific to the Terrestrial Environment 

Fugitive dust will arise from rock blasting, vehicle movement, and handling of fine materials. Generally 

dust will occur sporadically and be suspended for a relatively short time prior to deposition. Dust 

particles can be a carrier of metals naturally occurring in rocks and can deposit onto soils and 

vegetation. The COPCs could then be taken up by terrestrial wildlife and could accumulate in the 

country foods.  

Discharge of effluent from water management structures during the Operational phase (WMF and 

Collection Pond only) could introduce small amounts of contaminants to the terrestrial environments 

(>500 m from water), where soil and vegetation may take up COPCs. The COPCs could then be taken up 

by terrestrial wildlife and could accumulate in country foods. 

6.4.2.7.2 Potential Human Receptor Exposure Routes 

Humans can be exposed to sources of Project-related contaminants via the ingestion, inhalation, and 

dermal contact exposure routes, as described in the following sections. 

Inhalation 

Inhalation is a potential exposure route if a contaminant is present in the air. Metals in dust, fine 

particulate matter, and other CACs released into the atmosphere from the Project and its activities 

could potentially affect air quality in HHRA LSA during Construction, Operational, and Reclamation and 

Closure phases of the Project. The inhalation exposure route was included as a potential exposure 

pathway in the HHRA. 

Ingestion 

Ingestion is a potential exposure route if the contaminant is ingested though country food, drinking, or 

hand-to-mouth behaviour.  

Airborne contaminants and fugitive dust from the Project and its activities (Site Preparation, 

Construction, Operational, and Reclamation and Closure phases) could be deposited on the edible 
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portions of berries consumed by humans. COPCs from atmospheric deposition onto soil or vegetation 

could also be taken up by wildlife species via their diet, which could subsequently be taken in by 

people consuming country foods.  

Inadvertent soil ingestion could also expose humans to contaminants from atmospheric deposition or 

effluent discharge. However, soil ingestion and hand-to-mouth behavior were not included as pathways 

because they are mainly of concern for children, and children are not likely to be present in the HHRA 

LSA and would not be affected by COPCs in soil.  

Contaminants could also be deposited to surface water and may directly affect worker or public health 

if the water is ingested. Specific waterbodies in the study area used by Inuit for collecting drinking 

water were not identified historically (KIA 2012) or recently (Rescan 2013d). Drinking water was 

reported to be collected from rivers, streams and lakes as needed by trappers, hunters, and 

recreational users. Workers living in the George and Goose Camps will receive drinking water from 

George and Goose lakes and even though the water from George and Goose lakes will be treated, the 

assessment of drinking water for off-shift workers is included in this HHRA. 

Dermal Contact 

Dermal absorption is a potential exposure route if the contaminant can be absorbed through the skin. 

COPCs present in atmospheric or liquid/effluent emission from the Project and its activities could 

potentially be deposited onto soil or enter water in the HHRA LSA during the Site Preparation, 

Construction, Operational, and Remediation and Closure phases of the Project. Direct dermal contact 

with either soil or water could lead to contaminant uptake in off-duty workers or the public  

Dermal contact is generally only considered in relation to exposure of children, but children are not 

expected in the HHRA LSA. Therefore, this route of exposure will not be included in the HHRA as 

dermal exposure to COPCs is not considered to represent a significant health risk in adults due to 

limited contact with soil and water (US EPA 1995).  

6.4.2.7.3 Human Receptor Locations 

The Project area is located in an isolated part of Nunavut with very limited road access. This area 

supports limited hunting, fishing, trapping, gathering, and recreational activities by Inuit, residents, 

and tourists (typically in tour groups).  

The nearest land users to the Project are Inuit who temporarily access the traditional camping and 

hunting areas within in the HHRA LSA and RSA. While there are main travel routes within the area, Inuit 

land users follow animals and may take different routes at any time depending on weather conditions, 

the purpose of the trip, and other variables (Rescan 2013d).  

Other potential land users are tourists visiting and exploring the area inside the HHRA LSA and RSA. 

There are also workers at an exploratory Arctic Char fishery near Kingaok. For this assessment it was 

assumed that the people who frequent these areas are potential receptors. 

The important areas that tourists and locals may use are shown in Figures 6.4-13 and 6.4-14 (Rescan 

2013d), many of which occur outside of the HHRA LSA and RSA. Activities or locations outside of the 

LSA or RSA will not be considered further, since the potential for Project-related effects to human 

health outside of these areas is negligible.  

Activities and locations of potential human receptors with the HHRA LSA are summarized in the 

following paragraphs (Rescan 2013d). 
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Within the LSA, tourists may: 

o visit the Bathurst Inlet Lodge camp at Fishing Creek (located near the MLA). 

Within the LSA, local people may: 

o be staff at the Bathurst Inlet Lodge camp at Fishing Creek (located near the MLA); 

o be land users from Cambridge Bay, Omingmaktok, and Kingaok who trap, fish, and gather 

country foods throughout the area; 

o hunt moose and caribou along the western shores of Bathurst Inlet in the summer and fall, and 

at times while travelling Bathurst Inlet by boat; 

o fish throughout Bathurst Inlet and at many freshwater lakes in the area; 

o harvest marine country foods (e.g., clams, mussels, sea urchin, starfish, and crab) in areas 

along Bathurst Inlet; and 

o pass through on the way to Beechey Lake, a common destination for land users from Kingaok, 

Omingmaktok, and Cambridge Bay. 

The area around Beechey Lake is used for hunting (caribou), trapping (wolf and wolverine), fishing, 

gathering (eider duck and Canada goose eggs), camping, and variety of other recreational activities. 

Beechey Lake is a main destination for hunters from Cambridge Bay who travel south from the 

community during the winter and typically overnight at Omingmaktok; these individuals continue their 

travel south through Bathurst Inlet on snowmobiles while fishing Arctic Char along the way. There are 

numerous places to make camp in the Beechey Lake area, including many old cabins and some that are 

currently used. Fishing often takes place in the Beechey Lake area as people camp there and hunt, 

fish, trap, and gather. 

Specific waterbodies in the LSA used by Inuit for collecting drinking water were not identified 

historically (KIA 2012) or recently (Rescan 2013d). While travelling near the mine site, it is expected 

that Inuit land users may obtain fuel as well as drinking water from the Project camps. Therefore, 

when considering drinking water sources for the human health risk assessment, only drinking water 

sources for the camps (George and Goose lakes) were assessed. Both lakes are located nearest to 

Project infrastructure and activities, and therefore this approach is considered conservative.  

Within the RSA, tourists may: 

o visit the Huikitak River Conservation Area from June to September; 

o visit the Bathurst Inlet Lodge camps and take tours at Bathurst Lake; 

o partake in the Bathurst Inlet Lodge canoe route at Hanningayuk (Beechey Lake); 

o attend small ship expeditionary cruises in August and September offered by the Adventure 

Canada tour company. Their advertised “Into the Northwest Passage tour” includes travel 

through Gjoa Haven, Bathurst Inlet, Coronation Gulf, and Kugluktuk (Adventure Canada 2013). 

Shore visits include hikes on the open tundra at Bathurst Inlet.  
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Tourist Receptors in Relation to the Human Health Local and
Regional Study Areas of the Back River Project

Figure 6.4-13
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Local Human Receptors in Relation to the Human Health Local
and Regional Study Areas of the Back River Project

Figure 6.4-14
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Within the RSA, locals may: 

o be staff at the Bathurst Inlet Lodge camp at Bathurst Lake or staff guiding the Bathurst Inlet 

Lodge canoe route at Hanningayuk (Beechey Lake); 

o be staff at the exploratory Arctic Char fishery located near Kingaok; 

o hunt seals throughout Bathurst Inlet, which prominent hunting areas located on the western 

shores of Bathurst Inlet, north of the community of Kingaok. Open water in Bathurst Inlet is 

particularly optimal for seal harvesting. Hunters from Omingmaktok and Kingaok hunt seal in 

the spring and fall along the shores of Bathurst Inlet; 

o harvest bird and bird eggs in numerous harvesting areas located along the shores of Bathurst 

Inlet, Bathurst Lake, Beechey Lake, and many others; 

o hunt caribou within one main caribou hunting area located partially within the RSA (an area 

through which the Bathurst herd migrates north of the Hackett River); 

o harvest fox just south of the community of Kingaok; 

o ice fish; individuals from Kingaok and Omingmaktok indicated ice fishing takes places over the 

Christmas holidays and jigging takes place during spring break in Bathurst Inlet; 

o fish for Arctic Char (as reported by land users from Cambridge Bay) at the southern end of 

Bathurst Bay; 

o harvest plants and other vegetation (as reported by land users in Kingaok and Omingmaktok); 

and 

o pass through on a travel route within the RSA, such as a common route used by people from 

Kingaok, Omingmaktok, and Cambridge Bay that extends from Cambridge Bay to the 

community of Kingaok and on to either Beechey Lake or Contwoyto Lake. 

In addition to tourist and local users, workers employed by the Project will also be present within the 

HHRA LSA and RSA. Although on-duty workers would be present in the LSA, their exposure to COPCs 

would be managed under the Occupational Health and Safety Plan (Volume 10, Chapter 25) and will not 

be assessed in the HHRA. However, the health of off-duty employees residing on site will be included in 

the assessment as recommended by Health Canada (2010d).  

6.4.2.7.4 Receptor-Project Interactions 

An interaction matrix outlining the links between human health and Project components and activities 

is shown in Table 6.4-13. Linkages between Project emissions and potential residual effects to the 

health of humans were considered and screened via a pathway analysis. First, all potential effects 

pathways for the Project were listed (Table 6.4-13). Project components are expected to interact with 

health of human receptors through three interaction pathways: air, drinking water, and country foods 

pathways.  

At the outset, all of the Project components or activities during the Construction and Operational 

phases were screened for potential linkages to human health through air quality, drinking water, or 

consumption of country foods. Both of these phases were included in the scoping since they are most 

likely to be associated with potential for effects to human health; ultimately though, only Operational 

phase activities were assessed in the HHRA (see Section 6.4.2.3 for rationale). The Reclamation and 

Closure or Post-Closure phases were not included in the scoping exercise because potential effects to 

human health were considered negligible compared to the Construction and Operational phases.  
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In the second step, Project components or activities were screened out by considering timing and 

magnitude of potential emissions, environmental design features (e.g., Project design elements), and 

mitigation (e.g., environmental best practices, management policies and procedures). Pathways with 

no linkage are not included in the ERA. By screening for those pathways and Project-related emissions 

that are most likely to have effects on human receptors, receptor-Project interaction pathways are 

short-listed for a comprehensive assessment for potential human health effects in the HHRA.  

The potential interactions between Project emissions and receptors are shown in Figure 6.4-15 and 

described in the following sections. 

Air Quality 

Blasting, transportation (e.g., vehicles, aircraft/helicopters), and machinery use during Construction 

and Operational phases will create airborne particulates. Other atmospheric emissions will also be 

created by use of incinerators at camps or exhaust from vehicles, aircraft, ships or generators. 

Airborne material may directly be inhaled by people, affecting their respiratory health through the 

inhalation pathway. 

The Operational phase consists of mine development and ore processing, and people (e.g., off-duty 

workers) will be present in the LSA during this phase. The Operational phase will likely have the highest 

potential for effects on human health due to the potential for changes in air quality and water quality. 

Year 3 of the Operational phase at the Goose Property Area and Year 7 of the Operational phase at the 

George Property Area are expected to have the greatest air emissions, thus those years were modelled 

as the worst-case scenarios (Volume 4, Chapter 1). 

Drinking Water 

Water quality is an essential ecosystem component and good water quality is important for the 

maintenance of safe potable water sources for workers and the public. Specific waterbodies used by 

Inuit for collecting drinking water were not identified in the study area historically (KIA 2012) or 

recently (Rescan 2013d). However, drinking water may be collected from rivers, streams and lakes as 

needed by trappers, hunters, and recreational users. 

Atmospheric emissions, predominately dust particles and associated metals, may get transported over a 

short distance and deposit and freshwater (lakes and streams). Particles in water may settle to 

sediments or remain dispersed in the water column. Alteration of drainage patterns, rates, and 

quantities of diverted non-contact water to new waterways may change downstream flows, water 

levels, channel/bank stability in streams and lakes and may affect fresh water and sediment quality. 

Liquid effluent (e.g., treated wastewater, site runoff) has the potential to enter the freshwater 

environment via runoff from the terrestrial environment. Changes in surface water quality could affect 

the quality of drinking water and therefore human health.  

Country Foods 

Country foods are animals, plants and fungi used by humans for nutritional or medicinal purposes that 

are harvested through hunting, fishing, or gathering of vegetation (Health Canada 2010e). Harvesting of 

country foods currently occurs in the country foods RSA and LSA, as recorded in land use baseline 

studies (Rescan 2013d). Primary harvesters are Inuit from the Kitikmeot Region, trapline owners, public 

hunters, and commercial guides and their clients.  

  



Table 6.4-13.  Human Receptor-Project Interactions and their Rationale for Inclusion in the Human Health Risk Assessment

Pathway Analysis

(Included/Not Included?)

Camps and mill facility construction, local site roads, airstrip, equipment laydown areas, pad areas

Quarry Development

Tailings Management Area/Dam or Dyke Construction at Goose Property

Pit Pre-Stripping, Waste Rock Pile Construction, Headframe and Underground Development

Machinery and Vehicle Emmissions

Diesel Power Generation

Air Transport of Personnel and Goods

Landfill Construction/Solid Waste Management

Incinerator

Marine Laydown Area:  on-land laydown areas/fuel storage

Marine Laydown Area:  in-water infrastructure

Marine Transport of Goods

Machinery and Vehicle Refuelling/Fuel Storage and Handling

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Water Use 

Sewage Treatment Plant and discharge

Environmental & Socio-Economic Monitoring

Hiring & Managing Labour and Construction Workforce

Taxes, Contracts, Purchases

Camps and mill facility construction, local site roads, airstrip, equipment laydown areas, pad areas

Quarry Development

Water Use 

Tailings Management Area/Dam or Dyke Construction at Goose Property

Pit Pre-Stripping, Waste Rock Pile Construction, Headframe and Underground Development

Machinery and Vehicle Refuelling/Fuel Storage and Handling

Sewage Treatment Plant and discharge

Landfill Construction/Solid Waste Management

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Machinery and Vehicle Emmissions

Diesel Power Generation

Air Transport of Personnel and Goods

Incinerator

Marine Laydown Area:  on-land laydown areas/fuel storage

Marine Laydown Area:  in-water infrastructure

Marine Transport of Goods

Environmental & Socio-Economic Monitoring

Hiring & Managing Labour and Construction Workforce

Taxes, Contracts, Purchases

Camps and mill facility construction, local site roads, airstrip, equipment laydown areas, pad areas

Quarry Development

Tailings Management Area/Dam or Dyke Construction at Goose Property

Pit Pre-Stripping, Waste Rock Pile Construction, Headframe and Underground Development

Machinery and Vehicle Refuelling/Fuel Storage and Handling

Sewage Treatment Plant and discharge

Landfill Construction/Solid Waste Management

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Marine Laydown Area:  on-land laydown areas/fuel storage

Marine Laydown Area:  in-water infrastructure

Marine Transport of Goods

Water Use 

Machinery and Vehicle Emmissions

Diesel Power Generation

Air Transport of Personnel and Goods

Incinerator

Environmental & Socio-Economic Monitoring

Hiring & Managing Labour and Construction Workforce

Taxes, Contracts, Purchases

(continued)

Operable Interaction 

Pathway

Drinking Water Construction activities may produce short-term changes in air pollutant concentrations and 

dust deposition, which may result in changes in water quality affecting drinking water 

sources. Alteration of drainage patterns, rates, and quantities of diverted non-contact 

water to new water ways may change downstream flows, water levels, channel/bank 

stability in streams and lakes and may affect fresh water and sediment quality, which may 

affect the quality of drinking water and therefore human health. Release of insufficiently-

treated sewage may enter the water and result in the degradation of drinking water quality 

affecting human health. 

Air Construction activities, waste incineration, and fuel combustion produce air emissions (dust, 

air contaminants, fuel combustion emissions)  may result in short-term changes in air 

pollutant concentrations, which may directly affect human health through the inhalation 

pathway. 

Not included

No potential impacts to human health through the air interaction pathway are expected to 

result from these Project activities.

Not included

Not included, because construction emissions are 

expected to be less than operations emissions and 

worst-case scenario (Operation phase) is assessed.

No potential impacts to human health through the air interaction pathway are expected to 

result from these Project activities.

Not included n/a

Not included Not included, because construction activities are 

expected to result in smaller changes to drinking 

water quality than operations activities, and worst-

case scenario (Operational phase) is assessed.

n/a

Country Foods Short-term changes in air pollutant concentrations may result in changes in contaminant 

concentrations  in soil and water which may affect human health through effects on country 

foods. Alteration of drainage patterns, rates, and quantities of diverterted non-contact 

water to new water ways may change downstream flows, water levels, channel/bank 

stability in streams and lakes and may affect fresh water and sediment quality, which may 

affect human health through effects on country foods. Release of insufficiently-treated 

sewage may enter the water (fresh water or marine water) and result in the degradation of 

aquatic country foods and human health. 

Not included Not included, because construction activities are 

expected to result in smaller changes to quality of 

country foods than operations activities, and worst-

case scenario (Operational phase) is assessed.

No potential impacts to human health through the country food interaction pathway are 

expected to result from these Project activities.

Not included n/a

Project Phase Project Components and Activities Potential Effects to VEC/VSEC

Rationale for Inclusion or Exclusion

 from the Analysis

Construction



Table 6.4-13.  Human Receptor-Project Interactions and their Rationale for Inclusion in the Human Health Risk Assessment (completed)

Pathway Analysis

(Included/Not Included?)

Camps and Mill Facility (Goose)

Open Pits: Drilling, Blasting, Excavation

Underground: Drilling, Blasting, Excavation

Waste Rock Piles

Road and Airstrip Use & Maintenance

Diesel Power Generation

Incinerator

Air Transport of Personnel and Goods

Machine and Vehicle Emissions

Marine Transport of Goods

Tailings Storage

In-Pit and Surface Water Management

Water Use

Sewage Treatment Plant and discharge

Equipment Maintenance/Fuel Storage and Handling

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Marine Laydown Area:  Fuel Storage and Handling

Environmental & Socio-Economic Monitoring

Hiring and Managing Operations Work Force

Taxes, Contracts, Purchases

Open Pits: Drilling, Blasting, Excavation

Underground: Drilling, Blasting, Excavation

Waste Rock Piles

Tailings Storage

In-Pit and Surface Water Management

Road and Airstrip Use & Maintenance

Sewage Treatment Plant and discharge

Equipment Maintenance/Fuel Storage and Handling

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Marine Laydown Area:  Fuel Storage and Handling

Marine Transport of Goods

Camps and Mill Facility (Goose)

Water Use

Diesel Power Generation

Incinerator

Air Transport of Personnel and Goods

Machine and Vehicle Emissions

Environmental & Socio-economic Monitoring

Hiring and Managing Operations Work Force

Taxes, Contracts, Purchases

Camps and Mill Facility (Goose)

Open Pits: Drilling, Blasting, Excavation

Underground: Drilling, Blasting, Excavation

Waste Rock Piles

Tailings Storage

In-Pit and Surface Water Management

Road and Airstrip Use & Maintenance

Diesel Power Generation

Incinerator

Sewage Treatment Plant and discharge

Equipment Maintenance/Fuel Storage and Handling

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Air Transport of Personnel and Goods

Machine and Vehicle Emissions

Marine Laydown Area:  Fuel Storage and Handling

Marine Transport of Goods

Water Use

Environmental & Socio-Economic Monitoring

Hiring and Managing Operations Work Force

Taxes, Contracts, Purchases

Note: n/a = not applicable, because no potential impacts were identified

Operations Air Operation activities (driling, blasting, excavation, milling, materials handling, waste 

incineration, and fuel combustion) can produce air emissions (dust, air contaminants, fuel 

combustion emissions)  that may result in changes in air pollutant concentrations, which 

may directly affect human health through the inhalation pathway. 

Included Potential air quality effects to human health were 

included in the human health assessment for the 

worst case scenario during the Operational phase for 

the inhalation pathway.

No potential impacts to human health through the inhalation pathway are expected to 

result from these Project activities.

Not included n/a

No potential impacts to human health through changes in drinking water quality are 

expected to result from these Project activities.

Not included n/a

Country Foods Changes in air pollutant concentrations may result in changes in contaminant concentrations 

in soil and water, which may affect human health through effects on country foods. 

Alteration of drainage patterns, rates, and quantities of diverterted non-contact water to 

new water ways may change downstream flows, water levels, channel/bank stability in 

streams and lakes and may affect fresh water and sediment quality, which may affect 

human health through effects on country foods. Release of insufficiently-treated sewage 

may enter the water (fresh water or marine water) and result in the degradation of aquatic 

country foods and human health. 

Included Potential effects from country foods to human 

health were included in the human health 

assessment for the worst case scenario during 

Operational phase for the ingestion pathway.

No potential impacts to human health through the country food interaction pathway are 

expected to result from these Project activities.

Not included n/a

Drinking Water Operational phase activities may produce changes in air pollutant concentrations and dust 

deposition, which may result in changes in water quality affecting drinking water sources. 

Alteration of drainage patterns, rates, and quantities of diverted non-contact water to new 

water ways may change downstream flows, water levels, channel/bank stability in streams 

and lakes and may affect fresh water and sediment quality, which may affect the quality of 

drinking water and therefore human health. Release of insufficiently-treated sewage may 

enter the water and result in the degradation of drinking water quality affecting human 

health. 

Included Potential freshwater quality effects to human health 

were included in the human health assessment for 

the worst case scenario during Operational phase for 

the ingestion pathway.

Project Phase

Operable Interaction 

Pathway Project Components and Activities Potential Effects to VEC/VSEC

Rationale for Inclusion or Exclusion

 from the Analysis
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Water quality is important for maintaining the quality of the food web, including vegetation, fish and 

wildlife. Water quality is closely linked with conservation and fish productivity and fish habitat 

resources (Volume 6, Chapter 6: Fish and Aquatic Habitat). Atmospheric emissions, predominately dust 

particles and associated metals, may get transported over a short distance and deposit and freshwater 

(lakes and streams). Particles in water may settle to sediments or remain dispersed in the water 

column. Benthic invertebrates and primary producers in the aquatic habitat may be exposed to COPCs 

associated with particles or COPCs dissolved in the water. Dispersed particles or dissolved COPCs may 

be taken up by fish VECs.  

Atmospheric emissions also have the potential to enter the terrestrial environment by dust deposition 

on soils and vegetation. Small dust particles and associated COPCs can be adsorbed to soil particles 

and/or can be leached into the subsurface soils. Dust and associated COPCs can settle on plant 

surfaces, but can also be taken up by plant roots when incorporated into the soil surface. Wildlife 

could then potentially be exposed to COPCs via food ingestion, which can in turn affect the quality of 

country foods for human consumption. 

Liquid effluent (e.g., treated wastewater, site runoff) has the potential to enter the freshwater 

environment via runoff from the terrestrial environment. Introduction of COPCs to the freshwater 

environment may result in uptake of COPCs by fish. Terrestrial wildlife could also take up COPCs from 

the freshwater aquatic environment through drinking water or consumption of prey items (e.g., fish by 

grizzly bears). COPCs that may be present in fish or wildlife could then be taken in by consumers of 

country foods. 

6.4.2.7.5 Conceptual Model 

A conceptual model is a representation of the characteristics of the site in diagrammatic form, and is 

developed as part of a HHRA to identify potential sources, fate, and transport of COPCs 

(Section 6.4.2.5.1), potential exposure routes (Section 6.4.2.5.2), and the possible interaction 

pathways between COPCs and receptors (Sections 6.4.2.5.3 and 6.4.2.5.4). Possible combinations of 

environmental components corresponding to significant exposure pathways were identified, while non-

significant pathways were eliminated from further consideration. 

Figure 6.4-16 is a simplified schematic diagram of the interaction pathways by which human receptors 

may potentially be exposed to Project emissions released to the atmospheric, aquatic, and terrestrial 

environments. The conceptual model guides the remainder of the HHRA where COPCs are selected, 

screened for the potential to cause adverse effects in receptors, and the risk to human health is 

determined. 

6.4.2.8 Predictive Environmental Modelling 

6.4.2.8.1 Air Quality and Fugitive Dust 

An atmospheric dispersion model was prepared to evaluate potential effects of the Project’s activities 

on air quality, and the methods, results, and assumptions are presented in Volume 4, Chapter 1, and 

Rescan (2013i). A brief summary is provided here for convenience.   

Predicted air concentrations of COPCs due to Project emissions were modelled with the US EPA-

approved version of CALPUFF (version 5.8) and its related processors. CALPUFF is a multi-layer, multi-

species non-steady-state puff dispersion model that is capable of simulating the effect of time- and 

space-varying meteorological conditions on contaminant transport, transformation, and removal. 

In order to perform dispersion modelling using CALPUFF, meteorological data was processed by 

CALMET, to provide meteorological input data in the modelling.  
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Two air quality modelling domains for the Project were selected based on the air quality LSA, 

encompassing the area around each of the Goose and George Property Areas, with boundaries of 

approximately 10 km in all directions from infrastructure (see Figure 1.4-1 in Volume 4 for the 

atmospheric environment LSA modelling domains). The sizes of the air quality modelling domains were 

established such that the majority of air contaminant species would approach background 

concentrations within the modelling domains.  

It is highly unlikely that outside of the atmospheric modelling domains (e.g., at the MLA or along the 

main winter roads) there will be Project-related dust deposition rates substantially higher than 

baseline. Sources or criteria air contaminants and fugitive dust in these areas are expected to be lower 

than what is expected to occur at either the Goose or George Properties. Also, there are no major 

sources of fugitive dust, other than site roads (not winter roads), in most areas outside of the 

atmospheric modelling domains. Potential effects at the MLA will be less than in the other two areas 

during the Operational phase and the impacts on air quality were considered to be insignificant. 

The dispersion model was run using the worst-case scenario, which was determined to occur in Year 3 

of the Operational phase for the Goose Property Area and Year 7 of the Operational phase for the 

George Property Area (Rescan 2013i).  

The following were considered as potential emission sources of atmospheric contaminants in the air 

dispersion model (Rescan 2013i): 

o stack (baghouse) emissions; 

o processing plant (includes generator); 

o underground mine (includes generator); 

o generators in open pit; 

o incinerator at camps; 

o equipment, including trucks, drill rigs, bulldozers, both in the mine pits/underground and on 

the access road; 

o aircraft; 

o fugitive dust emissions from grading and bulldozing activities; and, 

o explosives (drilling and blasting). 

The potential air contaminants modelled include the following (Rescan 2013i): 

o nitrogen oxides (NOx); 

o sulphur oxides (SOx); 

o carbon monoxide (CO); 

o total suspended particulate (TSP); 

o particulate matter less than and equal to 10 microns in size (PM10); 

o particulate matter less than and equal to 2.5 microns in size (PM2.5); and, 

o fugitive dust. 
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CACs are primarily produced by combustion of diesel and other fuels. Fugitive dust will arise from rock 

blasting or drilling, vehicle movement, and handling of fine materials. Generally dust will occur 

sporadically and be suspended for a relatively short time prior to deposition. Dust particles can be a 

carrier of metals naturally occurring in rocks and will be deposited onto soils, water, and vegetation.  

The dispersion model was set up so that results were generated for a grid in addition to specific 

receptors locations (as shown in Volume 4, Figures 1.4-1 and 2.1-1), which included the following: 

o off-duty workers residing in the camps; 

o UTM coordinates for each soil, vegetation, wetland sediment, and lake water quality sampling 

site during baseline studies located within the modelling domain (to be used in subsequent soil 

and vegetation quality modelling; Sections 6.4.2.6.4 and 6.4.2.6.5); 

o receptor points on transects around selected road sites to allow mapping of a dusting profile 

from roads; and 

o sites that were considered to be important for wildlife. 

Since emissions will not vary appreciably from one section of roadway to another, a section 

representative of typical road conditions was selected and the predicted pattern and gradients of air 

contaminant concentrations with distance from the chosen road section was assumed to be indicative 

of the air contaminant concentrations along the entire road. 

Fugitive dust predicted by the CALPUFF model is likely to contain metals. The model output data on 

maximal dust deposition and the baseline geochemistry for waste rock and ore composition (i.e., mean 

metal concentrations in rock samples) were used to estimate the metal concentration in dustfall (in 

µg/m2-sec for a 30-day average; Rescan 2013i). The annual dustfall levels in Goose and George 

Property Areas are shown in Figures 6.4-9 and 6.4-10, respectively. Metal proportions in rock (split into 

potentially acid generating (PAG) and non-potentially acid generating (nPAG)) and ore were available from 

baseline samples (Volume 11). The following assumptions about metal content of dust were made: 

o unpaved road dust had metal concentrations similar to non-potentially acid generating (nPAG) 

waste rock; 

o fugitive dust from equipment activities (bulldozing/grading) had metal concentrations that 

were an average of all types of rock; and 

o blasting and drilling fugitive dust had metal concentrations that were an average of all types 

of rock. 

The CALPUFF model provides dustfall results in µg/m2-second and to convert this unit into g/m2-year 

the dustfall result was multiplied by 3,600 seconds, 24 hours, and 365 days to convert from seconds 

to years and divided by 1,000,000 to convert from µg to g. Appendices V8-6A and V8-6B provide 

baseline and predicted metal concentrations associated with fugitive dust at George and Goose 

Property Areas.  

This proportion of metals in dustfall was also used to calculate the concentration of metals on PM10, 

which could potentially be inhaled by human receptors. Appendix V8-6J provides baseline and 

predicted metal concentrations associated with PM10 concentrations at George and Goose Camps. 
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6.4.2.8.2 Freshwater Quality 

Modelling Related to Waterborne Emissions 

There will be no effluent discharge from the TIA during the Operational phase of the Project. Although 

discharge from the TIA may occur during the Reclamation and Closure/Post-closure phases and 

discharge from the Water Management Facility (George Property Area) or Collection Pond (MLA) may 

occur during all post-construction phases, it was assumed that effluent will not be released until water 

quality guidelines or environmental targets can be met in the receiving environment (as per the Site 

Water Monitoring and Management Plan and Aquatic Effects Management Plan, Volume 10, Chapters 7 

and 19, respectively).  

In addition, mitigation and management plans, including best management practices (BMPs), for 

sewage treatment and effluent disposal, water management (Site Water Monitoring and Management 

Plan, Volume 10, Chapter 7), Spill Contingency Plans (Volume 10, Chapter 5), and a Risk Management 

and Emergency Response Plan (Volume 10, Chapter 3) will be implemented in order to minimize the 

potential for chemical contaminants to enter waterways. Since effluent discharge from the TIA to 

water is not expected during the Operational phase and water quality guidelines or targets are 

expected to be met in the receiving environment at all times when discharges do occur from any of the 

water management facilities, water quality modelling of freshwater environment LSA lakes and streams 

was not conducted for effluent discharge.  

Modelling Related to Airborne Emissions (Dustfall) 

The US EPA has published methods for use in HHRAs for calculating contaminant concentrations in water 

due to atmospheric particle deposition (US EPA 2005b). Calculations of the incremental increase in water 

metal concentrations were based on estimated metal concentrations in dustfall determined using data 

from the CALPUFF air quality dispersion model and core sample geochemistry (Section 6.4.1.6.1 or 

Rescan 2013i). Air quality dispersion modelling was done for the upper-case scenario only (i.e., worst-

case emissions scenario, when potential air quality effects were at their highest) for a one-year period for 

the Goose (Year 3 of Operational phase) and George (Year 7 of Operational phase) Property areas.  

For the purposes of lake water quality modelling, it was assumed that the dust deposition occurred 

during the worst-case scenario years and that all particles deposited would remain entrained and fully 

mixed in the water column for the full year. No other losses of contaminants from dust deposition were 

included in the model (e.g., loss due to outflow from the lake or deposition and burial in the 

sediments). The worst-case scenario modelling provides a conservative overestimate of the potential 

for annual metal deposition to fresh water from dustfall, since air quality modelling was based on the 

worst-case scenario and not all years would be expected to have similarly high levels of activity. 

A cumulative deposition time of 10 years for the Operational phase was not applied since it was assumed 

that particles will partition to sediments over the period of one year or leave the lake via the outflow and 

therefore be removed from the water column. 

Since the sites that were sampled during the water quality baseline assessment were included in the air 

quality dispersion model as receptor sites (see Rescan 2013i for additional details), it was possible to 

calculate incremental change in water metal concentrations due to dust deposition, such that each 

baseline lake sampling site had a predicted water metal concentration for the modelled year. For lake 

sampling sites that were located outside of the air quality modelling domains, it was assumed that the 

water metal concentration would remain unchanged from baseline levels since it was expected that the 

quantity and quality of metals deposited in dustfall at these locations would remain the same as during 

baseline studies. 
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For each lake water quality sampling site, lake volume (Vlake), lake surface area (Alake), and dust 

particle deposition rates (LDEP) were incorporated and the incremental increase in water metal 

concentrations were calculated using the equation below, adapted from the US EPA (2005b):  

����� = 	��	
� × ���� × 1	����
����� � + ����� 

where: 

Cwtot = Total water column COPC concentration (g COPC/m3 water) 

LDEP = Yearly particle-bound COPC deposition to waterbody (g COPC/m2-year) 

Alake = Surface area of lake (m2) 

Vlake = Average water volume of lake (m3) 

CBsln = Mean water COPC concentration at baseline (g COPC/m3 water) 

Benthic burial, outflow from the lake, and COPC volatilization were conservatively assumed to be zero. 

Deposition rates for metals were based on the results of the air quality dispersion model (Section 6.4.1.6.1 

or Rescan 2013i). The CALPUFF model provides dustfall results in µg/m2-second and to convert this unit into 

g/m2-year the dustfall result was multiplied by 3,600 seconds, 24 hours, and 365 days (to convert from 

seconds to years) and divided by 1,000,000 to convert from µg to g.   

Once the incremental increase in metal concentration was calculated, it was added to the mean 

baseline COPC concentration at that site in the lake (CBsln) to arrive at a predicted water metal 

concentration (Cwtot). The results for each lake water quality sampling site are presented in 

Appendix V8-6K.  

Emissions during Reclamation and Closure/Post-closure phases were considered to be negligible and 

those during the Construction phase were expected be lower than during the Operational phase (based 

upon the Air Quality section of the DEIS Volume 4, Chapter 1). 

For freshwater streams, predictions of water quality changes due to contaminants in dustfall (i.e., air 

emissions) were not conducted. Streams are constantly flowing, so there is limited opportunity for dust 

deposition to accumulate and affect water quality at any given site since dust and any associated 

contaminants would be regularly flushed away. This is assumption is supported by the assessment of 

dust-borne contaminant loading to lakes, where it was found that contaminant loading was not a 

significant source of metal contaminants (Appendix V8-6K). 

It is highly unlikely that outside of the atmospheric modelling domains (e.g., in the MLA; see 

Section 6.4.2.6.1) there will be Project-related dust deposition rates substantially higher than baseline 

since there are no major sources of fugitive dust in these areas. In addition, the quality of any fugitive 

dust is unlikely to change substantially outside of air quality modelling domains since the quality of the 

sources of dust will not change relative to baseline, so dust deposition of contaminants should be 

similar to baseline conditions.  

6.4.2.8.3 Marine Water and Sediment Quality 

Water quality modelling of the marine environment was done for a spill scenario (Rescan 2013f, 

Appendix V9-3A); however, the spill modelling results were not assessed as part of the ERA since it is 

outside of the course of normal Project activities and represents a single, very specific, emergency 

scenario. It is considered to be an unlikely occurrence and the type of effect to human health as a 

result of a spill could be highly variable depending on the type and volume of material spilled, 

location, extent, and response to the spill. 
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During normal Project activities, brine from the desalination water treatment plant may be discharged 

to the marine receiving environment in Bathurst Inlet and the potential for effects to Bathurst Inlet 

from this discharge was assessed in Volume 11. This discharge is not expected to affect the 

concentration of metals or other contaminants in the marine environment. 

Discharge of effluent from the Collection Pond located in the MLA may occur during all post-

construction phases. However, it was assumed that effluent will not be released until water quality 

guidelines or environmental targets can be met in the receiving environment (as per the Site Water 

Monitoring and Management Plan and Aquatic Effects Management Plan, Volume 10, Chapter 7 and 19, 

respectively). Since effluent will be discharged in a manner that ensures that water quality guidelines 

or targets are met in the receiving environment at all times, water quality modelling of marine 

environment was not conducted.  

It was assumed that outside of the atmospheric modelling domains (e.g., in the MLA; see 

Section 6.4.2.6.1) Project-related dust deposition rates would be similar to baseline levels and the 

quality of dust deposited should be similar to that of baseline conditions. The amount of dust 

deposition on marine surface waters relative to the volume of seawater in Bathurst Inlet is considered 

to be negligible and would occur in a localized, near-shore area, such that contaminant loading from 

atmospheric deposition to Bathurst Inlet is unlikely to affect water quality. Air emissions from vehicles, 

ships, and camp incinerator within the MLA are much lower than the air emissions within the George 

and Goose Property Areas. Therefore, no air quality modelling was conducted for the MLA (Volume 4, 

Chapter 1). As a result, mean predicted marine water and sediment concentrations within the MLA 

were assumed to be the same as the mean baseline concentrations since they are not expected to 

change significantly.  

6.4.2.8.4 Soil Quality 

The US EPA has published methods for use in risk assessments for calculating contaminant 

concentrations in soil due to atmospheric deposition (US EPA 2005b). Calculations of the incremental 

increase in soil metal concentrations were done based on estimated metal concentrations in dustfall 

determined using data from the air quality dispersion model and core sample geochemistry (Section 

6.4.1.6.1 or Rescan 2013i). Air quality dispersion modelling was done for the upper-case scenario only 

(i.e., worst-case scenario, when potential air quality effects were at their highest) for a one-year 

period for the Goose (Year 3 of Operational phase) and George (Year 7 of Operational phase) Property 

Areas. For the purposes of soil quality modelling, it was assumed that the dust deposition that occurred 

during the worst-case scenario years occurred each year throughout the 10 year Operational phase. 

This would provide a conservative overestimate of the potential for metal deposition to soil from 

dustfall, since air quality modelling was based on the upper-case scenario and not all years would be 

expected to have similarly high levels of activity. 

Since the sites that were sampled during the soil baseline assessment were included in the air quality 

dispersion model as receptor sites (see Rescan 2013i for additional details), it was possible to calculate 

incremental change in soil metal concentrations due to dust deposition, such that each baseline soil 

sampling site had a predicted soil metal concentration at the end of the Operational phase. For soil 

sampling sites that were located outside of the air quality modelling domains around Goose and George 

properties, it was assumed that the soil metal concentration remained unchanged from baseline levels 

since it was expected that the quantity and quality of metals deposited in dustfall at these locations 

would remain the same as during baseline studies. 
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Incremental increase in soil metal concentrations were calculated using the equation below, as 

suggested by the US EPA (2005b):  

�� = 	100 ×	� #
$% × &#� × �# 

where: 

CS = Average soil concentration over exposure duration (mg COPC/kg soil) 

100 = Unit conversion factor (from mg-m2 to kg-cm2) 

D = Yearly dry deposition rate of contaminant (g/m2-year) 

tD = Time period over which deposition occurs (years) 

Zs = Soil mixing zone depth (cm) 

BD = Soil bulk density (g/cm3) 

The CALPUFF model provides dustfall results in µg/m2-second and to convert this unit into g/m2-year 

the dustfall result was multiplied by 31.53.  

The time period over which deposition may occur was assumed to be 10 years. A cumulative deposition 

time of 10 years was applied since this is the duration of the Operational phase and the worst-case 

scenario rates of dust deposition (that would occur in Year 3 for Goose Property Area and Year 7 for 

George Property Area of the Operational phase) were conservatively assumed to occur every year 

throughout the whole phase. Metals deposited with fugitive dust were assumed to mix within the top 

2 cm of soil (Zs), as recommended by the US EPA (2005b) for untilled soils. The bulk density (BD) was 

set at the default value of 1.5 g soil/cm3 soil, as recommended by the US EPA (2005b). Weathering and 

degradation were considered to only have significant effects on organic contaminants (e.g., PAHs) and 

not metals (US EPA 2005b), thus a soil loss constant was not necessary.  

Once the incremental change in soil metal concentration was calculated, it was added to the baseline 

metal concentration at that site to arrive at a predicted soil metal concentration. The predicted metal 

concentrations for each soil sampling site are provided in Appendix V8-6L. 

Air emissions in the form of fugitive dust during Reclamation and Closure/Post-closure phases were 

considered to be negligible and those during the Construction phase were expected be lower than 

during the Operational phase (Volume 4, Chapter 1). 

6.4.2.8.5 Vegetation Quality 

In order to predict vegetation concentrations of metals, a BTF should be used to account for metal 

uptake from soil. BTFs can be used to represent the relationship between metal concentrations in soil 

relative to metal concentrations in plant tissues.  

Since BTF values can be quite variable, site-specific BTF values were calculated wherever possible in 

order to predict metal uptake in plants from the soil. This was done by calculating a BTF for each 

baseline sampling site where both soil and vegetation were collected at the same time. Sampling 

locations where soil and vegetation were co-sampled during baseline studies were identified. For the 

Human Health LSA this included sites: 54, 64, 80, 101, 104, 108, LBS 9, LBS 10, LBS 11, LBS 12, LBS 13, 

NE3, and W026.  

                                                 

3 Unit conversion factor includes conversion from seconds to hours (3600 seconds/hour), hours to days (24-hours per day), days to 

years (365 days/year), and µg to g (1,000,000 µg/g). 
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Soil and vegetation metal concentrations from baseline studies were used to calculate site-specific 

BTFs for soil to lichen (Table 6.4-5), and soil to berries (Table 6.4-6). Only sites with matched soil and 

vegetation metal concentrations in the terrestrial LSA were included in the BTF calculations. If either 

the soil or vegetation metal concentrations during baseline sampling were below method detection 

limits, then a site-specific BTF could not be calculated and instead published BTF values from Staven 

et al. (2003) and Baes et al. (1984) were used. The raw baseline data can be found in Rescan (2013b, 

2013e) and the soil and vegetation chapters of the DEIS, Volume 5, Chapters 3 and 4.  

The BTF values (Tables 6.4-5 and 6.4-6) were used to predict metal concentrations in vegetation via 

root uptake or uptake into the lichen thallus by multiplying them with the predicted soil concentrations 

(Section 6.4.2.6.5, Appendix V8-6L). These predictions are presented in Appendix V8-6M for lichen and 

sedge, and Appendix V8-6N for berries. 

Plants also experience direct deposition of dustfall to their above ground surfaces, and this 

concentration was calculated using the equation provided by the US EPA (2005b):  

' = 1000 × # × () × *1.0 − �-).−/) × 0)12
3) × /)  

where: 

Pd = Plant (above ground produce) concentration due to direct deposition (mg COPC/kg DW) 

1000 = Units Conversion factor (mg/g) 

D =  Yearly average dry deposition (g/m2-year) 

Rp = Interception fraction of the edible portion of plant (unitless) 

kp = Plant surface loss coefficient (year-1) 

Tp = Length of plant exposure to deposition per harvest of the edible portion of the plant (year) 

Yp = Yield or standing crop biomass of the edible portion of the plant (productivity; kg DW/m2) 

The CALPUFF model provides dustfall results in µg/m2-sec and to convert this unit into g/m2-year the 

dustfall result was multiplied by 31.54. The interception fraction of the edible portion of plant (Rp) 

was set to 0.39 for berries, which is the default value provided by the US EPA (2005b), and 0.769 for 

lichens and sedge which is the value the US EPA recommends for silage (US EPA 2005b). The plant 

surface loss coefficient (kp) was set to the default value of 18 year-1 recommended by the US EPA 

(2005b). The length of plant exposure to deposition per harvest of the edible portion of the plant (Tp) 

was set to 0.329 year since the vegetation experiences approximately 4 months of ice-free growing 

conditions annually (120 days divided by 365 days). The yield or standing crop biomass of the edible 

portion of the plant (Yp) was set to 0.25 kg DW/m2 for berries, which the US EPA (2005b) recommends 

for exposed fruits, and was set to 5.66 for lichens and sedge, which the US EPA (2005b) recommends 

for exposed vegetables.  

The total predicted metal concentration in vegetation was then calculated as the concentration 

predicted in the plant or lichen due to root or thallus uptake plus the concentration on the vegetation 

surface due to deposition. Results are provided in Appendix V8-6O for lichens and sedge and 

Appendix V8-6P for berries, alongside a comparison to the measured baseline concentration.  

                                                 

4 Unit conversion factor includes conversion from seconds to hours (3600 seconds/hour), hours to days (24-hours per day), days to 

years (365 days/year), and µg to g (1,000,000 µg/g). 
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6.4.2.9 Screening Process for Contaminants of Potential Concern 

6.4.2.9.1 General Methodology for Selecting Contaminants of Potential Concern 

Metals are the primary type of contaminants that will be the subject of this ERA since other chemicals 

that may be in use or present during Project activities are unlikely to have an effect on ecological 

receptors after mitigation and management measures are implemented (Section 6.4.2.3). Metals occur 

naturally in environmental media (e.g., water, soil, and vegetation) due to local physical and 

geological processes, and their concentrations could potentially change due to Project activities due to 

deposition of dust containing metals or due to effluent discharge containing metals.  

Contaminants measured during field studies of the atmospheric environment (Volume 4), freshwater 

environment (Volume 6), marine environment (Volume 7), terrestrial environment (Volume 5), and 

human environment (Volume 8) under baseline conditions are listed in Table 6.4-7. 

The screening process for COPCs is shown as a flowchart in Figure 6.4-11. When considering each 

environmental medium or biota (i.e., air, water, or country foods) that could affect human health, 

COPC concentrations predicted by modelling were screened against two assessment criteria, applicable 

guidelines and baseline concentrations. Modeled concentrations were first screened against applicable 

guidelines.  

First, where territory-specific guidelines were available, modeled concentrations were screened 

against Nunavut Guidelines: 

o Nunavut’s Ambient Air Quality Standards (Government of Nunavut 2011). 

Where Nunavut Guidelines were unavailable, CCME Guidelines were used in the screening process. The 

CCME has established the following environmental quality guidelines for different media:  

o Canadian Ambient Air Quality Standards for PM2.5 (CCME 2012) 

o Water Quality Guidelines for the Protection of Aquatic Life - Freshwater and Marine (CCME 

2013c); and 

o Soil Quality Guidelines for the Protection of Environmental and Human Health - Agricultural 

(CCME 2013b).  

Finally, if neither Nunavut-specific nor CCME guidelines were available, guidelines from other 

jurisdictions were incorporated into the screening procedure:  

o British Columbia’s Air Quality Objectives (BC MOE 2013a); 

o Ontario's Ambient Air Quality Criteria (Ontario MOE 2012); and 

o Effects screening levels (ESL) lists used in the review of air permitting data by Texas 

Commission on Environmental Quality (Texas CEQ 2013). 

Hazard quotients (HQs) were calculated by dividing the predicted concentration of a metal by the 

guideline limit in each relevant media. COPCs with a HQ less than 1.0 were screened out of the HHRA, 

since these metals would not be expected to cause adverse effects in ecological receptors due to 

exposure in the environmental media. Metals without a guideline were carried through to the second 

step of screening since the goal was to identify any COPCs that have a significant change in 

concentration in any environmental media as a result of Project activities. 
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Metals with a HQ greater than 1.0 relative to the guideline limit and metals with no guidelines were 

retained for a second screening step. In the second screening step, the predicted metal concentrations 

were compared to the 95th percentile of the baseline concentrations. This baseline concentration was 

selected because, considering spatial variability, field sampling variability, variability in laboratory 

methods, and conservatism within the modelling, any contaminant concentration less than the 95th 

percentile baseline concentration is unlikely to be sufficiently distinguishable from background levels 

to be considered a Project-related effect. This step was done to ensure that all COPCs identified and 

carried through the HHRA process were only those COPCs with concentrations that were predicted to 

increase due to Project-related activities and it eliminates COPCs which already exceeded guidelines 

during baseline studies (which is not a Project-related effect). If a predicted metal concentration was 

greater than the 95th percentile concentration (i.e., HQ greater than 1.0), then the metal would be 

identified as a COPC and would be carried forward in the HHRA for further evaluation. 

At the end of the screening process for each environmental medium, any metals that had either:  

 HQ greater than 1.0 relative to guideline and a HQ greater than 1.0 relative to baseline a)

concentrations, or 

 no guideline and a HQ greater than 1.0 relative to baseline concentrations  b)

were retained as COPCs in the HHRA to be assessed for their potential to cause health effects in 

environmental and human receptors. 

6.4.2.9.2 Screening of Contaminants of Potential Concern in Air 

The purpose of the air quality effects assessment was to evaluate the potential for Project activities to 

affect human health through the inhalation of air contaminants. The Project has the potential to 

release COPCs via airborne emissions, including: fugitive dust, PM10 with bound metals, and CACs (CO, 

NO2, SO2, TSP, PM2.5, and PM10). These contaminants were evaluated in the HHRA. 

The rationale for this evaluation was that people use the area near the Project for hunting, trapping, 

berry picking, and recreation, and could inhale potential contaminants in the air that may be emitted 

from the Project. Off-duty workers residing in the worker camps could also be exposed to air 

contaminants from Project sources.  

Modelled concentrations of contaminants were screened at two locations, George Property and Goose 

Property camps, because off-duty workers reside in the camps and contaminant concentrations are 

expected to be highest near Project infrastructure and activities. Therefore, any potential exposures at 

the camps will be higher than exposures for land users located at a distance further away from the 

Project, resulting in a conservative assessment for potential risk to other land users. The atmospheric 

environment, which included air quality, was also evaluated in DEIS Volume 4, Chapter 1.  

Criteria Air Contaminants 

Nunavut has established Ambient Air Quality Standards (AAQSs; Government of Nunavut 2011) which 

were used to screen the criteria air contaminants. For certain air contaminants there are no Nunavut 

standards, thus those criteria air contaminants were compared against the CCME Ambient Air Quality 

Standards (CCME 2012) or the BC MOE Air Quality Objectives (BC MOE 2013a).  

Predicted concentrations for SO2, NO2, CO, non-fugitive dust (24-hour and annual averaged TSP, PM10, 

PM2.5), fugitive dust (annual TSP and 24-hour and annual PM2.5), and total dust (annual TSP and 24-hour 

and annual PM2.5) were below guideline limits and were therefore screened out as COPCs 

(Table 6.4-14).  



Table 6.4-14.  Summary of Baseline and Model Predictions of Criteria Air Pollutants at Goose and George Camps

Predicted Air 

Concentration 

(µg/m
3
)

Predicted

> Guideline?

Hazard 

Quotient 

Relative to 

Guideline

Baseline 

Concentration 

(µg/m
3
)

Predicted

> Baseline?

Hazard 

Quotient 

Relative to 

Baseline

Selected 

as a COPC?

Predicted Air 

Concentration 

(µg/m
3
)

Predicted

> Guideline?

Hazard 

Quotient 

Relative to 

Guideline

Baseline 

Concentration 

(µg/m
3
)

Predicted

> Baseline?

Hazard 

Quotient 

Relative to 

Baseline

Selected 

as a COPC?

1-hour 450 - 450 32.4 No 0.0720 16.25
4 Yes 2.00 No 5.26 No 0.0117 3.75

4 Yes 1.40 No

24-hour 150 - 160 9.29 No 0.0619 3.25
4 Yes 2.86 No 1.95 No 0.0130 0.75

4 Yes 2.60 No

Annual 30 - 25 1.56 No 0.0520 1.3
4 Yes 1.20 No 0.350 No 0.0117 0.3

4 Yes 1.17 No

1-hour 400 - 400 148 No 0.371 7.5
4 Yes 19.8 No 90.4 No 0.226 13.75

4 Yes 6.57 No

24-hour 200 - 200 86.3 No 0.432 1.5
4 Yes 57.6 No 52.8 No 0.264 2.75

4 Yes 19.2 No

Annual 60 - 60 23.5 No 0.391 0.6
4 Yes 39.1 No 6.54 No 0.109 1.1

4 Yes 5.95 No

1-hour - - 14,300 1390 No 0.0972 1250
5 Yes 1.11 No 1340 Yes 0.0937 1250

5 Yes 1.07 No

8-hour - - 5,500 939 No 0.171 142.9
5 Yes 6.57 No 933 Yes 0.170 142.9

5 Yes 6.53 No

24-hour 120 - 120 13.0 No 0.108 7
5 Yes 1.86 No 10.7 No 0.0889 7

5 Yes 1.52 No

Annual 60 - 60 2.19 No 0.0365 1.4
5 Yes 1.56 No 1.72 No 0.0287 1.4

5 Yes 1.23 No

PM10 24-hour - - 50 9.71 No 0.194 3.8
6 Yes 2.56 No 5.66 Yes 0.113 3.8

6 Yes 1.49 No

24-hour 30 27 25 6.46 No 0.215 3.8
7 Yes 1.70 No 5.09 No 0.170 3.8

7 Yes 1.34 No

Annual - 8.8 8 1.27 No 0.144 0.76
7 Yes 1.67 No 0.960 No 0.109 0.76

7 Yes 1.26 No

24-hour 120 - 120 490 Yes 4.09 7
5 Yes 70.1 Yes 137 No 1.15 7

5 Yes 19.6 Yes

Annual 60 - 60 58.2 No 0.970 1.4
5 Yes 41.6 No 11.7 No 0.195 1.4

5 Yes 8.35 No

PM10 24-hour - - 50 123 No 2.45 3.8
6 Yes 32.3 Yes 37.2 Yes 0.745 3.8

6 Yes 9.80 No

24-hour 30 27 25 11.8 No 0.395 3.8
7 Yes 3.12 No 7.14 No 0.238 3.8

7 Yes 1.88 No

Annual - 8.8 8 2.40 No 0.273 0.76
7 Yes 3.16 No 1.11 No 0.126 0.76

7 Yes 1.46 No

24-hour 120 - 120 493 Yes 4.11 7
5 Yes 70.4 Yes 139 No 1.16 7

5 Yes 19.9 Yes

Annual 60 - 60 59.0 No 0.984 1.4
5 Yes 42.2 No 12.0 No 0.200 1.4

5 Yes 8.56 No

PM10 24-hour - - 50 125 No 2.51 3.8
6 Yes 33.0 Yes 38.9 Yes 0.779 3.8

6 Yes 10.2 No

24-hour 30 27 25 13.7 No 0.455 3.8
7 Yes 3.59 No 8.43 No 0.281 3.8

7 Yes 2.22 No

Annual - 8.8 8 2.91 No 0.331 0.76
7 Yes 3.83 No 1.32 No 0.150 0.76

7 Yes 1.74 No

Notes:

COPC = contaminant of potential concern

CO = carbon monoxide

NO 2  = nitrogen dioxide

SO 2  = sulphur dioxide

TSP = total suspended particles 

PM 2.5  = particulate matter up to and including 2.5 µm in size

PM 10  = particulate matter up to and including 10 µm in size
1
 Government of Nunavut (2011).  

2
 CCME (2012). 

3
 BC MOE (2013a). Level A,  Maximum Acceptable Level, or National Maximum Desirable Level.

4
 Baseline concentrations of NO 2  and SO 2  are the maximum 30-day averaging concentrations measured by passive air sampling stations in 2012, which are compared most appropriately to annual guidelines. US EPA conversion factors were used to convert the 30-day average into 1-hour and annual averaging periods.  

5
 CO and TSP baseline concentrations are the annual averages used for the Bathurst Inlet and Road Project (BIPR; located northwest of the study area), which is representative of background levels typical in Nunavut. US EPA conversion factors were used to convert into 1-hour, 8-hour , and 24-hour averaging periods.

6
 PM 10  baseline concentration is the highest concentration measured at Mary River over a 24-hour averaging period, which is representative of background PM 10  levels typical in Nunavut. 

7
 PM 2.5  baseline concentration is the highest concentration measured at Mary River over a 24-hour averaging period, which is representative of background PM 2.5  levels typical in Nunavut. US EPA conversion factors were used to convert into annual averaging periods.

Concentration used for calculating chronic exposure is the predicted maximum concentration for 24-hour averaging.

Bold and grey shading indicates concentrations above guideline and baseline concentrations and both hazard quotients larger than one. Therefore retained as a COPC for the assessment.

Criteria Air Pollutant

Averaging 

Period

SO2 

NO2 

CO 

PM2.5

PM2.5

Total 

(fugitive + 

non-fugitive)

TSP 

TSP 

PM2.5

TSP 

Non-fugitive

Fugitive

Nunavut Ambient 

Air Quality 

Standards
1 

(µg/m
3
)

CCME - Canadian 

Ambient Air 

Quality Standards
2 

(µg/m
3
)

BC Air Quality 

Objective
3 

(µg/m
3
)

George CampGoose Camp
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Predicted 24-hour average concentrations of fugitive TSP and total TSP exceeded the guideline 

concentrations at both George and Goose Camps, as did the 24-average concentration of fugitive and 

total PM10 at Goose Camp only (Table 6.4-14). These guideline exceedances resulted in HQ’s greater 

than 1.0, and these COPCs were then compared to baseline concentrations in the second step in the 

screening process for COPCs. 

Baseline concentrations of TSP were unavailable for the Project site thus the annual average 

concentrations from the nearby BIPR project (Rescan 2013o) were adopted. Baseline concentrations for 

PM10 were also unavailable for the Project site and instead the maximum concentrations during 24-hour 

averaging at the nearby Mary River Project (RWDI 2012) were adopted (3.8 µg/m3).  

Screening found that the predicted concentration of fugitive TSP and total TSP and at Goose and 

George camps, and for fugitive and total PM10 at Goose Camp, were greater than baseline 

concentrations. Fugitive TSP is the predominant contributor to total TSP (i.e, makes up 99% of the total 

TSP concentration). Similarly, fugitive PM10 is the predominant contributor to total PM10 (i.e., makes up 

95 to 98% of the total PM10. Therefore, only total TSP and PM10 were selected as COPCs and were 

scoped into the HHRA. These COPCs will require additional consideration to determine the level of risk 

to human health posed by exposure to these CACs. 

Metals on PM10 

Neither Nunavut nor the CCME have standards or guidelines for the allowable limits of metals in PM10. 

Therefore, predicted metal concentrations in PM10 were compared to chronic inhalation (24-hour) 

health-based guidelines for humans from the Texas Commission on Environmental Quality Effects 

Screening Levels (Texas CEQ 2013) and the Ontario Ministry of Environment Ambient Air Quality Criteria 

(Ontario MOE 2012). 

All predicted concentrations of metals bound to PM10 with applicable guidelines (Ontario MOE 2012; 

Texas CEQ 2013) were below guidelines and therefore had a hazard quotient relative to guideline of 

below 1.0 (Table 6.4-15). Predicted PM10 metal concentrations for those parameters without guidelines 

were compared to baseline concentrations. For those without guidelines, predicted metal 

concentrations did not exceed baseline concentrations resulting in hazard quotients below 1.0. 

Therefore, none of the metals on PM10 were screened in as COPCs in the risk assessment.  

6.4.2.9.3 Screening of Contaminants of Potential Concern in Drinking Water 

The purpose of the drinking water effects assessment was to evaluate the potential for Project activities 

to affect human health via the ingestion of water. Water resources in Nunavut are managed by Aboriginal 

Affairs and Northern Development Canada (AANDC 2013). Nunavut does not have legislation for drinking 

water and utilizes Health Canada’s Drinking Water Quality Guidelines (Health Canada 2012b), which have 

been used in this HHRA as the first step in screening for COPCs in drinking water. 

Health Canada recommends that surface water should always be treated before using it for drinking 

(Health Canada 2007). Workers living in the George and Goose camps will receive drinking water from 

George and Goose lakes that will be monitored and treated as required to meet established drinking 

water guidelines and criteria for contaminants and bacteriological quality. All water treatment systems 

will obtain appropriate approval from the responsible authorities, and the type of treatment and the 

capacity of the facility will be able to achieve water quality standards as stated in the permit. After 

treatment, potable water will be distributed to the main facilities and the camps.  

Drinking water quality was only assessed for Goose and George Lakes since they are the only known and 

identified potential sources of drinking water. In addition, these lakes are in close proximity to Project 



DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORTING VOLUME 8: HUMAN ENVIRONMENT 

6-128 RESCAN ENVIRONMENTAL SERVICES LTD., AN ERM COMPANY | PROJ#0194096-0040 | REV E.1 | DECEMBER 2013 

infrastructure, so any changes in water quality would be greater at these sites than in lakes located at 

a greater distances away from dust sources. If no significant changes in drinking water quality are 

noted in Goose or George lakes, then it is unlikely that Project-related changes in water quality would 

occur in waterbodies further away. 

Freshwater quality baseline parameters were obtained from samples collected from George (n = 15) 

and Goose (n = 26) lakes in 1993, 1997, 2011, 2012, and 2013. The predicted metal concentrations in 

the lakes due to atmospheric deposition were compared to the Canadian Drinking Water Quality 

Guidelines (Health Canada 2012b) and the 95th percentile of baseline concentrations for each 

parameter and HQs were calculated. Results of these comparisons and HQ calculations can be seen in 

Table 6.4-16. 

As seen in Table 6.4-16, all predicted metal concentrations were below the guidelines and below the 

95th percentile of baseline concentrations, thus all the HQs were below 1.0. Therefore, no COPCs were 

identified in drinking water. 

6.4.2.9.4 Screening of Contaminants of Potential Concern in Country Foods 

The purpose of the country foods effects assessment was to evaluate the potential for Project 

activities to affect human health from the consumption of country foods.  

Because country foods take up contaminants from environmental media (i.e., freshwater and marine 

water, soil, and vegetation), the quality of the foods is directly related to the quality of the 

environmental media. To determine the potential effects to country foods, predicted changes to the 

environmental media were screened against relevant guidelines and baseline concentrations for each 

of the environmental media, using the methodology explained in Section 6.4.2.7.1 to identify COPCs. 

If the predicted concentrations of metals in each of the environmental media were either below 

guidelines or below baseline levels, then there would be no predicted decreases in the quality of 

country foods.  

Screening of Freshwater Quality 

The water quality in freshwater streams was not expected to change significantly compared to baseline 

as a result of Project activities (Section 6.4.2.6.2), and therefore no metals were identified as COPCs 

in streams.  

To screen for COPCs in freshwater that could affect the quality of country foods, the mean predicted 

lake water concentrations were compared to the CCME Water Quality Guidelines and the 95th 

percentile of the baseline lake metal concentrations. The predicted water COPC concentration 

for cadmium exceeded the guideline limit and the hazard quotient was determined to be 1.04. The 

95th percentile of baseline concentrations are higher than predicted concentrations, therefore 

cadmium was not selected as a COPC. None of the predicted concentrations of other metals in 

freshwater lakes exceeded guideline limits and the hazard quotients were below 1.0 (Table 6.4-17). 

None of the predicted water COPC concentrations exceeded the 95th percentile of the baseline lake 

concentrations, and all of the calculated HQs (for baseline) were less than one (Table 6.4-17). 

Overall, no COPCs that could change the quality of country foods relative to baseline levels were 

identified in freshwater. 

  



Table 6.4-15.  Screening of Model Predictions of Metals in PM10

Predicted Metal 

Concentration in 

PM10 (µg/m
3
)

Predicted

> Guideline?

Hazard Quotient 

Relative to 

Guideline

Baseline Metal 

Concentration in 

PM10
3
 (µg/m

3
)

Predicted

> Baseline?

Hazard Quotient 

Relative to 

Baseline

Selected 

as a COPC?

Predicted Metal 

Concentration in 

PM10 (µg/m
3
)

Predicted

> Guideline?

Hazard Quotient 

Relative to 

Guideline

Baseline Metal 

Concentration in 

PM10
3
 (µg/m

3
)

Predicted

> Baseline?

Hazard Quotient 

Relative to 

Baseline

Selected 

as a COPC?

Aluminum 5 - 0.00142 No 0.000284 0.00775 No 0.184 No 0.0102 No 0.00204 0.00441 Yes 2.31 No

Antimony 0.5 - 0.00000000400 No 0.00000000800 0.0000058 No 0.000688 No 0.0000000274 No 0.0000000548 0.0000158 No 0.00173 No

Arsenic 0.067 - 0.00000396 No 0.0000591 0.0000597 No 0.0663 No 0.0000227 No 0.000339 0.0000158 Yes 1.43 No

Barium 0.5 - 0.00000633 No 0.0000127 0.000137 No 0.0462 No 0.0000458 No 0.0000916 0.000216 No 0.212 No

Beryillum 0.002 - 0.00000000174 No 0.000000868 0.0000294 No 0.0000591 No 0.0000000123 No 0.00000616 0.0000786 No 0.000157 No

Bismuth 5 - 0.0000000107 No 0.00000000213 0.0000294 No 0.000363 No 0.0000000712 No 0.0000000142 0.0000786 No 0.000906 No

Boron 5 - 0.000000524 No 0.000000105 0.000581 No 0.000902 No 0.000003717 No 0.000000743 0.00158 No 0.00235 No

Cadmium 0.01 - 0.00000000381 No 0.000000381 0.0000232 No 0.000164 No 0.0000000273 No 0.00000273 0.00000786 No 0.00347 No

Calcium - - 0.000479 - - 0.0294 No 0.0163 No 0.00352 - - 0.0204 No 0.173 No

Chromium 0.041 0.00035 0.00000451 No 0.0129 0.0000482 No 0.0934 No 0.0000319 No 0.0912 0.0000786 No 0.406 No

Cobalt 0.02 - 0.00000105 No 0.0000524 0.0000228 No 0.0459 No 0.00000751 No 0.000376 0.0000158 No 0.474 No

Copper 1 - 0.00000312 No 0.00000312 0.00146 No 0.00214 No 0.0000223 No 0.0000223 0.00381 No 0.00587 No

Iron 5 - 0.00371 No 0.000743 0.0114 No 0.326 No 0.0263 No 0.00525 0.00907 Yes 2.90 No

Lead - - 0.000000308 - - 0.0000692 No 0.00445 No 0.00000214 - - 0.0000661 No 0.0323 No

Lithium - - 0.000000151 - - 0.000294 No 0.000516 No 0.00000107 - - 0.000898 No 0.00119 No

Magnesium - - 0.000779 - - 0.0291 No 0.0268 No 0.00557 - - 0.0158 No 0.351 No

Manganese 0.2 0.2 0.0000232 No 0.000116 0.000546 No 0.0425 No 0.000167 No 0.000837 0.000367 No 0.456 No

Mercury 0.025 - 0.000000000191 No 0.00000000764 0.00000294 No 0.0000650 No 0.00000000122 No 0.0000000487 0.00000786 No 0.000155 No

Molybdenum 3 - 0.0000000732 No 0.0000000244 0.00000294 No 0.0249 No 0.000000514 No 0.000000171 0.0000259 No 0.0198 No

Nickel 0.059 0.1 0.00000249 No 0.0000422 0.0000557 No 0.0447 No 0.0000176 No 0.000299 0.000113 No 0.156 No

Phosphorus - - 0.00000000366 - - 0.140 No 0.0000000261 No 0.0000000259 - - 0.0564 No 0.000000458 No

Potassium 2 - 0.000372 No 0.000186 0.227 No 0.00164 No 0.00267 No 0.00133 0.283 No 0.00942 No

Selenium 0.2 - 0.0000000102 No 0.0000000512 0.0000581 No 0.000176 No 0.0000000700 No 0.000000350 0.000158 No 0.000442 No

Silver 0.01 - 0.00000000527 No 0.000000527 0.000000703 No 0.00750 No 0.0000000339 No 0.00000339 0.00000158 No 0.0214 No

Sodium - - 0.0000514 - - 0.117 No 0.000441 No 0.00037 - - 0.283 No 0.00132 No

Strontium 2 - 0.00000138 No 0.000000689 0.0000923 No 0.0149 No 0.0000100 No 0.00000498 0.0000812 No 0.123 No

Thallium 0.1 - 0.0000000105 No 0.000000105 0.00000581 No 0.00180 No 0.0000000746 No 0.000000746 0.0000158 No 0.00471 No

Tin 0.1 - 0.00000000273 No 0.0000000273 0.00000760 No 0.000359 No 0.0000000182 No 0.000000182 0.0000158 No 0.00115 No

Titanium 5 - 0.0000788 No 0.0000158 0.000581 No 0.136 No 0.00057 No 0.000115 0.00158 No 0.363 No

Uranium 0.2 0.15 0.0000000615 No 0.000000410 0.000000581 No 0.106 No 0.000000432 No 0.00000288 0.00000158 No 0.273 No

Vanadium 0.05 - 0.00000347 No 0.0000693 0.0000581 No 0.0596 No 0.0000252 No 0.000504 0.000158 No 0.159 No

Zinc 2 - 0.00000311 No 0.00000156 0.00100 No 0.00311 No 0.0000222 No 0.0000111 0.00215 No 0.0103 No

Notes:

1
 Texas Commission on Environmental Quality (Texas CEQ 2013). Guidelines are for chronic (24-hour) exposure.

2
 Ontario Ministry of the Environment (Ontario MOE 2012). Guidelines are for chronic (24-hour) exposure.

3
 See Appendix V8-6J and text in Section 6.4.2.6.1 for method used to calculate metals bound to PM 10 .

PM 10  = particulate matter up to and including 10 µm in size

George Camp

Metals

Texas CEQ 

ESL
1 

(µg/m
3
)

Ontario 

AAQC
2 

(µg/m
3
)

Goose Camp



Table 6.4-16.  Screening of Predicted Metal Concentrations in Lakes Used as Drinking Water Sources

Predicted Mean 

Concentration 

(mg/L)

Drinking Water 

Guidelines
1 

(mg/L)

Predicted

> Guideline?

Hazard 

Quotient for 

Guideline

95th Percentile of 

Baseline Water 

Concentration
2 

(mg/L)

Predicted

> Baseline 

95th Percentile?

Hazard 

Quotient for 

Baseline

Retained 

as a COPC?

Predicted Mean 

Concentration 

(mg/L)

Drinking Water 

Guidelines
1 

(mg/L)

Predicted

> Guideline?

Hazard 

Quotient for 

Guideline

95th Percentile of 

Baseline Water 

Concentration
2 

(mg/L)

Predicted

> Baseline 

95th Percentile?

Hazard 

Quotient for 

Baseline

Retained 

as a COPC?

Aluminum 0.0354 0.1 No 0.354 0.0694 No 0.510 No 0.0583 0.1 No 0.583 0.207 No 0.282 No

Antimony <0.002 0.006 - - <0.002 No - No <0.002 0.006 No - <0.002 No - No

Arsenic 0.000232 0.010 No 0.0232 0.000319 No 0.729 No 0.000351 0.010 No 0.0351 0.000603 No 0.582 No

Barium 0.00731 1 No 0.00731 0.0137 No 0.534 No 0.00302 1 No 0.00302 0.00563 No 0.536 No

Beryllium <0.0002 - - - <0.0002 No - No <0.0002 - - - <0.0002 No - No

Bismuth <0.002 - - - <0.002 No - No 0.000993 - - - 0.00230 No 0.432 No

Boron 0.00661 5 No 0.00132 0.0151 No 0.437 No 0.0164 5 No 0.00329 0.0328 No 0.501 No

Cadmium 0.00000952 0.005 No 0.00190 0.0000273 No 0.349 No 0.0000122 0.005 No 0.00244 0.0000300 No 0.406 No

Calcium 3.50 - - - 6.50 No 0.539 No 5.61 - - - 11.6 No 0.485 No

Chromium 0.000285 0.05 No 0.00570 0.000730 No 0.390 No 0.000681 0.05 No 0.0136 0.00163 No 0.419 No

Cobalt 0.000146 - - - 0.000295 No 0.494 No 0.000593 - - - 0.00136 No 0.435 No

Copper 0.00192 1 No 0.00192 0.00375 No 0.512 No 0.00191 1 No 0.00191 0.00275 No 0.696 No

Iron 0.0677 0.3 No 0.226 0.0703 No 0.963 No 0.0907 0.3 No 0.302 0.337 No 0.269 No

Lead 0.000124 0.010 No 0.0124 0.000421 No 0.294 No 0.000415 0.010 No 0.0415 0.00129 No 0.320 No

Lithium <0.005 - - - <0.005 No - No <0.005 - - - <0.005 No - No

Magnesium 1.62 - - - 2.91 No 0.557 No 2.16 - - - 3.84 No 0.561 No

Manganese 0.00376 0.05 No 0.0751 0.00876 No 0.429 No 0.0103 0.05 No 0.205 0.0314 No 0.327 No

Mercruy <0.00005 0.001 No - <0.00005 No - No <0.00005 0.001 No - <0.00005 No - No

Molybdenum <0.0004 - - - <0.0004 No - No 0.000149 - - - 0.000260 No 0.574 No

Nickel 0.00448 - - - 0.00792 No 0.566 No 0.00435 - - - 0.00811 No 0.537 No

Phosphorus <0.3 - - - <0.3 No - No <0.3 - - - <0.3 No - No

Potassium 0.419 - - - 0.685 No 0.612 No 0.460 - - - 0.760 No 0.606 No

Selenium 0.0000805 0.01 No 0.00805 0.000213 No 0.378 No 0.000149 0.01 No 0.0149 0.000310 No 0.482 No

Silver <0.00001 - - - <0.00001 No - No 0.00000709 - - - 0.0000125 No 0.567 No

Sodium 0.777 - - - 1.28 No 0.607 No 0.962 - - - 1.67 No 0.576 No

Strontium 0.0194 - - - 0.0363 No 0.536 No 0.0205 - - - 0.0420 No 0.489 No

Thallium <0.003 - - - <0.003 No - No <0.003 - - - <0.003 No - No

Tin <0.002 - - - <0.002 No - No 0.00100 - - - 0.00241 No 0.415 No

Titanium <0.01 - - - <0.01 No - No <0.01 - - - <0.01 No - No

TSS <4 - - - <4 No - No 2.34 - - - 3.65 No 0.642 No

Uranium 0.00000508 0.02 No 0.000254 0.0000110 No 0.462 No <0.00001 0.02 No - <0.00001 No - No

Vanadium <0.001 - - - <0.001 No - No 0.000279 - - - 0.000538 No 0.518 No

Zinc 0.00222 5 No 0.000444 0.00485 No 0.458 No 0.00804 5 No 0.00161 0.0224 No 0.360 No

Notes:

1
 Health Canada (2012b). Maximum acceptable concentrations and other values.

2
 Baseline lake data collected in 1993, 1997, 2011, 2012, 2013.

(-) = no value

< indicates the value or mean was below the method detection limit for that parameter.

Metals

George LakeGoose Lake



Table 6.4-17.  Surface Water Screening for Contaminants of Potential Concern for Lake Sites within the Country Foods Local Study Area

Metals

CCME Freshwater 

Guidelines 
1
  (mg/L)

95th Percentile of Baseline 

Lake Surface Water 

Concentrations 
2
 (mg/L)

Predicted Mean Lake 

Surface Water 

Concentration (mg/L)

Predicted

> Guideline?

Hazard 

Quotient for 

Guideline

Predicted 

> Baseline

95th Percentile

Hazard 

Quotient for 

Baseline

Retained 

as a COPC?

Aluminum 0.1 0.0647 0.0269 No 0.269 No 0.416 No

Antimony - <0.00010 <0.00010 - - No - No

Arsenic 0.005 0.000837 0.000315 No 0.0629 No 0.376 No

Barium - 0.0136 0.0056 - - No 0.413 No

Beryllium - 0.000100 0.0000866 - - No 0.866 No

Bismuth - <0.00050 <0.00050 - - No - No

Boron 1.5 0.00971 0.00730 No 0.0049 No 0.751 No

Cadmium 0.00000827 0.0000307 0.00000863 Yes 1.04 No 0.281 No

Calcium - 17.5 3.90 - - No 0.223 No

Chromium 0.0089 0.000440 0.000320 No 0.0360 No 0.728 No

Cobalt - 0.00448 0.000435 - - No 0.097 No

Copper 0.002 0.00384 0.00197 No 0.984 No 0.513 No

Iron 0.3 0.199 0.0804 No 0.268 No 0.403 No

Lead 0.001 0.000735 0.000290 No 0.290 No 0.394 No

Lithium - <0.0050 <0.0050 - - No - No

Magnesium - 4.40 1.83158 - - No 0.416 No

Manganese - 0.0296 0.00847 - - No 0.286 No

Mercury 0.000026 <0.000010 <0.000010 No - No - No

Molybdenum 0.073 0.0000553 0.0000540 No 0.000740 No 0.978 No

Nickel 0.0280 0.0260 0.00488 No 0.174 No 0.188 No

Potassium - 0.853 0.452 - - No 0.531 No

Selenium 0.001 <0.0002 <0.0002 No - No - No

Silicone - 1.89 n/d - - No - No

Silver 0.0001 <0.000010 <0.000010 No - No - No

Sodium - 1.75 0.86 - - No 0.492 No

Strontium - 0.0458 0.0185 - - No 0.403 No

Thallium 0.0008 <0.00010 <0.00010 No - No - No

Tin - <0.00010 <0.00010 - - No - No

Titanium - <0.010 <0.010 - - No - No

Uranium 0.2 0.0000270 0.00000828 No 0.0000414 No 0.307 No

Vanadium - 0.000383 0.000237 - - No 0.620 No

Zinc 0.03 0.00747 0.00280 No 0.0935 No 0.375 No

Notes:

CCME = Canadian Council of Ministers of the Environment
1
 CCME (2013e). Canadian Water Quality Guidelines for the Protection of Freshwater Aquatic Life.

2
 95th percentile of lake water samples collected between 2010 and 2012.

(-) = no value

< indicates the values or mean was below the method detection limit for that parameter.
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Screening of Marine Water Quality 

Concentrations of metals in the MLA marine water and sediment are not expected to change from 

baseline concentrations. Air emissions from vehicles, ships, and camp incinerator within the MLA are 

much lower than the air emissions within the George and Goose Property Areas. Therefore, no air 

quality modelling was conducted for the MLA. As a result, the mean predicted marine water and 

sediment concentrations within the MLA are assumed to be similar to the mean baseline 

concentrations. As a result, no COPCs were identified in marine water or sediments.  

Screening of Soil Quality 

Predicted soil metal concentrations as a result of dust deposition during Year 3 (Goose Property Area) 

and Year 7 (for George Property Area) of the Operational phase of the Project were first screened 

against CCME Agricultural Soil Quality Guidelines (CCME 2013c). None of the predicted metal 

concentrations were greater than the CCME Guidelines. All of the HQs calculated relative to the 

guidelines were less than 1.0. Results of these comparisons and HQ calculations can be seen in 

Table 6.4-18 for sites within the George and Goose Property Areas, the MLA, and areas outside of the air 

quality modelling domain. Predicted soil metal concentrations without guidelines were subsequently 

screened against the 95th percentile of baseline concentrations (from samples collected in 2012). None 

of the predicted mean soil metal concentration exceeded the 95th percentile of baseline concentrations 

and all hazard quotients were below 1.0. As a result, no COPCs that could change the quality of country 

foods relative to baseline were identified in soil. 

Screening of Vegetation Quality 

Vegetation baseline concentrations (from samples collected in 2012) for total metals were compared to 

mean predicted concentrations, since guidelines are not available for vegetation quality. Results of this 

comparison can be seen in Table 6.4-19 for lichens and sedge and Table 6.4-20 for berries. None of the 

mean predicted metal concentrations were greater than the 95th percentile of baseline concentrations. 

As a result, no COPCs that could change the quality of country foods relative to baseline were identified 

in vegetation.  

Results of Screening of Contaminants of Potential Concern for Country Foods 

Overall, no COPCs were identified in any of the environmental media that were screened and 

incremental changes in environmental media quality due to Project activities were small. Since no 

COPCs were identified in any environmental media as a result of Project activities, no COPCs were 

identified that could affect the quality of country foods relative to baseline.  

6.4.2.10 Risk Assessment for Human Health due to Air Contaminants 

6.4.2.10.1 Identification of Contaminants of Potential Concern in Air 

For parameters with predicted maximum concentrations that were above standards and objectives, 

these exceedances were found to be well within the air quality modelling domains Any potential 

effects to air quality would therefore be limited to within the boundaries of the LSA. 

Predicted 24-hour average concentrations of fugitive and total TSP exceeded baseline and guideline 

concentrations at George and Goose Camps, as did the 24-average concentration of fugitive and total 

PM10 at Goose Camp (Section 6.4.2.7.2). The guideline screening relied on chronic and acute air quality 

objectives and standards (Government of Nunavut 2011; CCME 2012; BC MOE 2013a). These 

exceedances resulted in HQs greater than 1.0, and these COPCs were retained in the HHRA for further 

analysis to determine if effects to human health are likely to occur. 



Table 6.4-18.  Soil Screening for Contaminants of Potential Concern for Sites within the Country Foods Local Study Area

Metals

Predicted Mean Soil 

Concentration 

(mg/kg)

CCME Soil 

Guidelines
1 

(mg/kg)

Predicted 

Concentration

> Guideline?

Hazard Quotient 

Relative to 

Guideline

95th Percentile 

of Baseline Soil 

Concentration
2 

(mg/kg)

Predicted 

Concentration

> Baseline

95th Percentile?

Hazard Quotient 

Relative to 

Baseline

Retained 

as a COPC?

Aluminum 5,603 - - - 10,225 No 0.548 No

Antimony 0.0717 20 No 0.00358 0.173 No 0.415 No

Arsenic 9.06 12 No 0.755 34.2 No 0.265 No

Barium 40.3 750 No 0.0537 112 No 0.360 No

Beryllium 0.216 4 No 0.0540 0.540 No 0.400 No

Bismuth <0.20 - - - <0.20 No - No

Cadmium 0.112 1.4 No 0.0802 0.402 No 0.279 No

Calcium 2,182 - - - 4,755 No 0.459 No

Chromium 15.8 64 No 0.247 33.8 No 0.467 No

Cobalt 7.28 40 No 0.182 16.1 No 0.452 No

Copper 20.7 63 No 0.329 72.1 No 0.288 No

Iron 10,116 - - - 16,650 No 0.608 No

Lead 2.62 70 No 0.0374 5.13 No 0.510 No

Lithium 8.35 - - - 20.8 No 0.401 No

Magnesium 2,961 - - - 6,258 No 0.473 No

Manganese 93.4 - - - 280 No 0.333 No

Mercury 0.0343 6.6 No 0.00520 0.121 No 0.285 No

Molybdenum 0.367 5 No - 0.803 No - No

Nickel 20.5 50 No 0.409 54.6 No 0.375 No

Phosphorus 495 - - - 968 No 0.511 No

Potassium 556 - - - 780 No 0.712 No

Selenium 0.189 1 No - 0.590 No - No

Silver <0.10 20 No - <0.10 No - No

Sodium 71.7 - - - 130 No - No

Strontium 12.8 - - - 32.9 No 0.389 No

Thallium 0.0385 1 No 0.0385 0.0945 No 0.407 No

Tin <2.0 5 No - <2.0 No - No

Titanium 238 - - - 402 No 0.591 No

Uranium 0.675 23 No 0.0293 2.05 No 0.330 No

Vanadium 20.1 130 No 0.155 38.4 No 0.524 No

Zinc 19.0 200 No 0.0950 40.6 No 0.468 No

Notes:

CCME = Canadian Council of Ministers of the Environment
1
 CCME (2013c). Soil Quality Guidelines for the Protection of Environmental and Human Health - Agricultural. 

2
 95th percentile of soil metal concentrations for data collected in 2012.

(-) = no value, < indicates the value or mean was below the method detection limit for that parameter.
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Table 6.4-19.  Vegetation Screening for Contaminants of Potential Concern for Sites within the 

Human Health Risk Assessment Local Study Area 

Metals 

Predicted Mean 

Concentration 

(mg/kg) 

95th Percentile 

of Baseline 

Concentration1 

(mg/kg) 

Predicted 

> Baseline 

95th Percentile? 

Hazard 

Quotient 

Retained as 

a COPC? 

Aluminum 337 726 No 0.464 No 

Antimony < 0.050 < 0.050 No - No 

Arsenic 0.285 0.602 No 0.474 No 

Barium 14.5 24.8 No 0.585 No 

Beryllium < 0.50 < 0.50 No - No 

Bismuth < 0.150 < 0.150 No - No 

Cadmium 0.0254 0.0698 No 0.363 No 

Calcium 1117 1742 No 0.641 No 

Chromium < 0.50 < 0.50 No - No 

Cobalt 1.72 6.04 No 0.285 No 

Copper 2.51 6.77 No 0.371 No 

Iron 324 687 No 0.472 No 

Lead 0.730 1.58 No 0.462 No 

Lithium < 0.50 < 0.50 No - No 

Magnesium 384 528 No 0.727 No 

Manganese 54.4 102 No 0.533 No 

Mercury 0.0498 0.124 No 0.403 No 

Molybdenum < 0.050 < 0.050 No - No 

Nickel 4.94 19.2 No 0.257 No 

Phosphorus 325 423 No 0.769 No 

Potassium 914 1,141 No 0.801 No 

Selenium < 1.0 < 1.0 No - No 

Silver < 0.050 < 0.050 No - No 

Sodium < 100 < 100 No - No 

Strontium 4.54 8.76 No 0.518 No 

Thallium < 0.050 < 0.050 No - No 

Tin < 0.250 < 0.250 No - No 

Titanium 9.7 18.3 No 0.528 No 

Uranium 0.0321 0.0782 No 0.410 No 

Vanadium 0.837 0.968 No 0.865 No 

Zinc 15.1 21.5 No 0.700 No 

Notes: 
1 95th percentile baseline concentrations of vegetation samples collected in 2012. 

(-) = no value 

< indicates the value or mean was below the method detection limit for that parameter. 



HUMAN HEALTH AND ENVIRONMENTAL RISK ASSESSMENT 

SABINA GOLD & SILVER CORP. 6-137 

Table 6.4-20.  Berries Screening for Contaminants of Potential Concern for Sites within the Country 

Foods Local Study Area 

Metals 

Predicted Mean 

Concentration 

(mg/kg) 

95th Percentile 

of Baseline 

Concentration1 

(mg/kg) 

Predicted 

> Baseline 

95th Percentile? 

Hazard 

Quotient 

Retained as 

a COPC? 

Aluminum 6.30 9.00 No 0.700 No 

Antimony < 0.010 < 0.010 No - No 

Arsenic < 0.010 < 0.010 No - No 

Barium 3.42 6.02 No 0.568 No 

Beryllium < 0.10 < 0.10 No - No 

Bismuth < 0.030 < 0.030 No - No 

Cadmium 0.0165 0.0354 No 0.468 No 

Calcium 284 521 No 0.546 No 

Chromium < 0.10 < 0.10 No - No 

Cobalt < 0.020 < 0.020 No - No 

Copper 1.05 1.60 No 0.657 No 

Iron 3.73 6.35 No 0.587 No 

Lead < 0.020 < 0.020 No - No 

Lithium < 0.10 < 0.10 No - No 

Magnesium 129 201 No 0.645 No 

Manganese 28.6 63.5 No 0.451 No 

Mercury < 0.0010 < 0.0010 No - No 

Molybdenum 0.0166 0.0200 No 0.829 No 

Nickel 0.424 0.845 No 0.502 No 

Phosphorus 250 360 No 0.693 No 

Potassium 1,377 2,255 No 0.611 No 

Selenium < 0.20 < 0.20 No - No 

Silver < 0.010 < 0.010 No - No 

Sodium < 200 < 200 No - No 

Strontium 0.742 1.80 No 0.413 No 

Thallium < 0.010 < 0.010 No - No 

Tin 0.00600 0.299 No 0.0201 No 

Titanium < 1.0 < 1.0 No - No 

Uranium < 0.0020 < 0.0020 No - No 

Vanadium < 0.10 < 0.10 No - No 

Zinc 5.41 15.9 No 0.340 No 

Notes: 
1 95th percentile baseline concentrations of berry samples collected in 2012. 

(-) = no value 

< indicates the value or mean was below the method detection limit for that parameter. 
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6.4.2.10.2 Potential Effects in Human Receptors from Contaminants of Potential Concern in Air 

The CACs that were screened into the HHRA included PM10 and TSP; all other CACs or air contaminants 

considered were below air quality objectives and standards. PM10 and TSP are considered to be 

threshold contaminants (i.e., COPCs that begin to have health effects above a certain threshold but are 

not carcinogenic). 

The potential human health effects resulting from poor air quality involve the body’s respiratory and 

cardiovascular systems, and may range from subtle biological and physical changes to difficulty 

breathing, wheezing, coughing, and aggravation of existing respiratory and cardiac conditions. 

Individual reactions depend on the type of air contaminant, the degree of exposure, the individual’s 

health status, and genetics. These effects can result in increased medication use, increased doctor and 

emergency room visits, a higher number of hospital admissions, and even premature death (Health 

Canada 2004b). Although everyone is at risk from the health effects of air contaminants, certain 

individuals are more susceptible (Health Canada 2004b). Sensitive individuals who are more susceptible 

to respiratory contaminants may feel the effects more acutely, or at lower levels than the average 

person in the population. Typically children, the elderly, and people with cardio-respiratory health 

problems (e.g., asthma or chronic bronchitis) are the most susceptible (Health Canada 2009). 

PM10 can be generated from burning of fossil fuels for heating, transportation, and the generation of 

electricity, motor vehicles travelling on unpaved site roads during the ice-free season, moving and 

crushing of rock and ore, and construction and blasting activities. PM10 is produced primarily by 

mechanical processes (e.g., construction activities, blasting, road dust re-suspension, and wind). 

Epidemiological and toxicological studies have shown combustion-derived particles (e.g., from 

incinerators and diesel engines) are more toxic than non-combustion derived particles (e.g., road dust 

or fugitive dust). However, PM10 can travel into and lodge themselves deep in the lungs posing a health 

risk, particularly in susceptible and sensitive subpopulations. Exposure can result in: coughing; 

breathing difficulties; reduced lung function; increased use of asthma medication; irritation of the eyes 

and nose; lung inflammation and increasing response to an inhaled allergen; acute respiratory illnesses 

in children; and lung cancer.  

TSP consists of larger airborne particles that have a diameter up to 100 µm. Commonly referred to as 

dust or dirt, these particles can be released to the air from natural sources as well as human activities 

(e.g., motor vehicles travelling on unpaved site roads). When these larger particles are inhaled, over 

99% of them are either exhaled or trapped in the upper areas of the respiratory system and expelled. 

However, they can cause irritation of the bronchial system and lungs. 

The potential health effects listed above do not represent an exhaustive list, but the most common 

direct health effects are listed to provide rationale for their inclusion in the health effects assessment. 

Indirect effects from air contaminants generally include restricted activity days, lost school days, lost 

work days, unscheduled hospital admissions, and an increase in mortality.  

6.4.2.10.3 Human Receptor Characteristics and Conversion Factors 

Human Receptor Characteristics 

A variety of age groups are often considered due to differences in sensitivity to air contaminants. When 

evaluating the risks to human health from exposure to contaminants, human receptor selection 

generally depends on the type of contaminant evaluated. For instance, the receptor selected for 

threshold contaminants is either the group that has the greatest exposure per unit body weight per 

day, which are typically children, or individuals who are particularly sensitive to potential adverse 

effects (e.g., elderly).  
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However, the Project is in a remote location, and children and the elderly are highly unlikely to be in 

the vicinity of sources of PM10 or TSP from the Project (i.e., within the LSA, close to the camps). Public 

access to the Project sites will be controlled. Other potential human receptors in the region (e.g., 

tourists and hunters) are more likely to be further away from Project-related air COPC sources (see 

Figures 6.4-13 and 6.4-14) and these people will only experience background air quality, or transiently 

exposures to COPCs while passing through areas close to Project infrastructure. Air quality is assumed 

to reach background concentrations outside of the air quality LSA (Volume 4, Chapter 1). 

Consequently, health effects from the exposure to air contaminants will be assessed for individuals 

that are present near the Project sites regularly during the Construction and Operational phases, who 

are adults with sensitivity to air contaminants similar to an average, normal population. Therefore, the 

primary potential receptor considered in the assessment are off-duty workers residing on-site.  

Conversion Factors 

To estimate the fraction of time exposed, it was assumed that off-duty workers occupy the Project 

operation camp areas for 24 hours a day with worker shifts lasting 12 hours a day. The off-duty workers 

were assumed to be exposed to the emission for six months per year (182 days) due to shift rotations 

with two weeks on and two weeks off. This exposure duration is considered a conservative estimate 

since actual exposure times may be lower due to vacation or other leave from work. It was assumed 

that people will be exposed to Project related emissions for 10 years during the Operational phase.  

The modelling tools and inputs described in Rescan (2013i) allowed TSP and PM10 to be predicted from 

model simulations. The air quality model predicted 24-hour and annual average TSP and 24-hour 

averaged PM10 concentrations from Project-related emissions during operation. The parameters used to 

calculate human exposure to air contaminants were:  

o IR = inhalation rate (assumed to be 16.6 m3/day for adults; Health Canada 2009); 

o BW = body weight (70 kg; Richardson 1997); 

o D1 = fraction of hours per day spent at site (exposure time; unitless; assumed to be 12 hours 

per 24 hours); 

o D2 = fraction of days per week spent at site (exposure frequency; unitless; assumed to be seven 

days per week); and 

o D3 = fraction of weeks per year spent at site (exposure frequency; unitless; assumed to be 

183 days per year, based on two weeks on/two weeks off rotation). 

6.4.2.10.4 Air Quality Exposure Assessment, Toxicity Assessment, and Risk Characterization 

The air quality exposure assessment evaluated the potential human health effects from the inhalation 

of TSP and PM10 by calculating estimated daily exposures from inhalation (EDEI). Inhalation HQs were 

then calculated by dividing the EDEI by applicable tolerable daily intakes (TDIs). 

For the exposure assessment of CACs that exceeded guidelines in the initial screening, the predicted 

maximum concentration for the 24-hour averaging period was used to calculate the chronic exposure 

dose due to inhalation of the COPC. The 24-hour, rather than annual, averaging period was used to 

represent the concentration to which human receptors would be exposed to on a daily basis during 

their rotation at the site (for workers). The exposure doses for the receptors at the George and Goose 

Camps are estimated using the following equation (Health Canada 2009): 

4#45 = 	��67 × (86�9 × 5( × #1 × #2 × #3
&<  
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where:  

EDEI = estimated daily exposure from inhalation of (non-carcinogenic) COPC in air (mg/kg BW/day) 

Cair = maximum concentration of COPC in air (mg/m3) 

RAFinh = inhalation relative absorption factor (unitless, assumed to be 1) 

IR = inhalation rate (assumed to be 16.6 m3/day for adults; Health Canada 2009) 

BW = body weight (70 kg) 

D1 = fraction of hours per day spent at site (exposure time; unitless; assumed to be 12 hours over 

24 hours) 

D2 = fraction of days per week spent at site (exposure frequency; unitless; assumed to be seven 

days per week) 

D3 = fraction of weeks per year spent at site (exposure frequency; unitless; assumed to be 183 days 

per year based on two weeks on/two weeks off rotation) 

The EDEI is the average daily dose from the inhalation route that a human receives due to frequenting 

the site (Health Canada 2009).  

Table 6.4-21 presents the COPCs that were selected for further evaluation and the calculated exposure 

dose of air contaminants (EDEI) for off-duty workers.  

Table 6.4-21.  Risk Characterization for Contaminants of Potential Concern in Air that Exceeded 

Guidelines at George and Goose Camps 

Parameter Unit 

George Camp Goose Camp 

Total TSP, 24-hour Total TSP, 24-hour Total PM10, 24-hour 

Cair mg/m3 0.139 0.493 0.125 

RAFinh unitless 1 1 1 

IR m3/day 16.6 16.6 16.6 

D1 unitless 0.5 0.5 0.5 

D2 unitless 1 1 1 

D3 unitless 0.5 0.5 0.5 

BW kg 70 70 70 

EDEI mg/kg BW/day 0.00827 0.0293 0.00745 

NAAQO1 mg/m3 0.12 0.12 0.05 

TDI Inhalation2 mg/kg BW/day 0.0285 0.0285 0.0119 

Risk Characterization Hazard Quotient 0.291 1.03 0.628 

Notes: 

Cair = maximum air concentration of COPC at receptor including background (mg/m3) 

RAFinh = inhalation relative absorption factor (unitless, assumed to be 1) 

IR = receptor inhalation rate (assumed to be 16.6 m3/day for adults; Health Canada 2009) 

D1 = fraction of hours per day spent at site (exposure time; unitless; assumed to be 12 hours over 24 hours) 

D2 = fraction of days per week spent at site (exposure frequency; unitless; assumed to be 7 days per week) 

D3 = fraction of weeks per year spent at site (exposure frequency; unitless; assumed to be 183 days per year based on 

two week on/two week off rotation) 

BW = body weight (70 kg) 

EDEI = estimated daily exposure from inhalation of (non-carcinogenic) COPC in air (mg/kg BW/day), calculated as 

EDEI = (Cair × RAFinh × R × D1 × D2 × D3)/BW 
1 National Ambient Air Quality Objectives  (Maximum Desirable, mg/m3) 
2 TDI Inhalation = tolerable daily intake (mg/kg BW/day); calculated as TDI = NAAQO × IR × RAFinh/BW 

Hazard quotient calculated as HQ = EDEI/TDI 

Grey shading indicates a hazard quotient greater than one. 
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As determined during screening of potential contaminants (Section 6.4.2.7.2), only total TSP (24-hour 

average) at George Camp and total TSP (24-hour average) and total PM10 (24-hour average) at Goose 

Camp exceeded guidelines and were evaluated further. Calculation of the EDEI based on maximum 

24-hour averaged concentrations of TSP and PM10 are shown in Table 6.4-21.  

Toxicity assessment involves the classification of the potential effects of substances and the estimation 

of the amount of a substance that can be received by an organism without adverse health effects. An 

appropriate toxicity benchmark or TRV was determined for each COPC based on its reported mode of 

action. For threshold substances (i.e., generally not a carcinogen), adverse effects are expected to 

only occur above a certain dose rate. The guidelines for TSP and PM10 were reviewed and the national 

ambient maximum desirable air quality objectives (NAAQO) were used as a toxicity reference value 

(TRV) for inhalation risks. 

An inhalation tolerable daily intake (TDI) was derived based on the TRV and by including the average 

inhalation rate and body weight for an adult (RAIS 2013): 

0#5 = 	0(� × 5( × (86�9
&<  

where: 

TDI = tolerable daily intake through inhalation (mg/kg BW/day) 

TRV = toxicity reference value (mg/m3) 

IR = inhalation rate (assumed to be 16.6 m3/h for adults; Health Canada 2009) 

RAFinh = inhalation relative absorption factor (unitless, assumed to be 1) 

BW = body weight (70 kg) 

Table 6.4-21 shows the calculation results. The TDI was used for comparison with the predicted maximum 

EDEI for each COPC and is expressed as an HQ, using the following equation (Health Canada 2009): 

=> = 	4#450#5  

where:  

HQ = hazard quotient 

EDEI = estimated daily exposure from inhalation of COPC in air (mg/kg BW/day) 

TDI = tolerable daily intake through inhalation (mg/kg BW/day) 

The HQs for TSP and PM10 at the George and Goose Camps are presented in Table 6.4-21. A HQ is the 

ratio between the exposure likely to be incurred by the person and the amount of exposure that is 

considered to be safe. At the George Camp, the HQ for TSP (24-hour averaging) was below 1.0, 

indicating negligible potential for health risk to adults from inhalation of TSP.  

At Goose Camp, the HQ for PM10 (24-hour averaged) was calculated to be 0.63. A HQ smaller than 

1.0 indicates that there is negligible potential for risk to human health from inhalation of PM10 in a 

normal adult population.  

However, at Goose Camp the HQ for total TSP (24-hour averaging) was 1.03. An HQ value greater than 

1.0 does not necessarily indicate that a health risk exists, but indicates that predicted exposure is 

greater than the established safe exposure limit and that there is potential for elevated risk to be 

present. A HQ of 1.0 was used as the threshold, because CACs are not expected to be present in 

environmental media other than air (e.g., country food or water) that are taken up by human 
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receptors. The HQ for total TSP was only slightly above 1.0 which indicates a relatively low potential 

for risk from TSP inhalation. Given that most human health effects related to particulates are 

experienced from inhalation of the portion of fine particulates (i.e., PM2.5 and PM10) and given that 

PM2.5 did not exceed guidelines and PM10 had a HQ related to a derived TDI of less than 1.0, it is 

unlikely that members of the normal (i.e., not sensitive receptors), adult population expected to be 

present at Goose Camp will experience health effects from TSP. 

6.4.2.11 Risk Assessment for Human Health Due to Drinking Water 

6.4.2.11.1 Identification of Contaminants of Potential Concern in Drinking Water 

All predicted metal concentrations in Goose and George lakes were below the guidelines and below the 

95th percentile of baseline concentrations, and the HQs were below 1.0 (Section 6.4.2.7.3). Thus no 

COPCs were identified in drinking water due to Project activities. 

6.4.2.12 Risk Assessment for Human Health Due to Country Foods Contaminants 

6.4.2.12.1 Identification of Contaminants of Potential Concern in Country Foods 

All predicted metal concentrations in fresh and marine water, soil, and vegetation were below 

applicable guideline limits or the 95th Arctic Char percentile of baseline concentrations 

(Section 6.4.2.7.4), thus all the HQs were below 1.0. No COPCs were identified that could affect the 

quality of country foods relative to baseline conditions. No adverse effects from Project activities and 

components anticipated to affect human health from the consumption of country foods (Volume 8, 

Chapter 5).  

6.4.2.13 Uncertainties in the Human Health Risk Assessment 

The process of evaluating human health risks from exposure to environmental media involves multiple 

steps, each containing inherent uncertainties that ultimately affect the final risk estimates. These 

uncertainties exist in numerous areas, including the collection of samples, laboratory analysis, estimation 

of potential exposures, and derivation of toxicity reference values, potentially resulting in either an over- 

or under-estimation of risk. However, for the HHRA, where uncertainties existed, a conservative 

approach was taken where possible to overestimate, rather than underestimate, potential risks. 

Baseline data for NO2 and SO2 was limited to samples collected in 2012. Site-specific baseline data for 

CO, TSP, PM10, and PM2.5 was not collected and, instead, measured concentrations from other locations 

in Nunavut were used as baseline levels for the George and Goose Camps (Section 6.1.1 and Volume 4, 

Chapter 1). The model predictions of COPC concentrations used in the calculations and presented in 

the air quality sections were the maximum concentrations predicted, thus likely overestimate exposure 

and risk. Human receptor exposures were further overestimated by assuming that workers will be 

working at the camps for 10 years and during this time the highest emissions will occur continuously.  

Baseline sampling did not include the concentration of metals in air bound to PM10 and this was 

calculated based on the proportion of metals in dustfall, which has several assumptions involved 

(Section 6.4.2.6.1). Furthermore, predicted concentrations of metals bound to PM10 were also 

calculated based on the proportion of metals in Back River rocks, again with several assumptions. 

These assumptions have the potential to increase the uncertainty in the assessment. 

To generate the air quality model, several assumptions had to be made regarding input parameters 

(i.e., specific equipment that will be used and associated specifications).The conservatism is a result of 

the assumptions used in the exposure assessment models (Volume 4, Chapter 1 and Appendix V4-1B). 
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Additionally, exposure modelling is performed for outdoor receptors, but off-duty workers are likely to 

spend most of their time indoors. It is likely, but not certain, that the quality of the indoor air 

environment will be higher than the quality of the outdoor environment.  

Freshwater and sediment were collected inside the LSA during baseline studies from several years 

(1993, 1997, 2011, 2012, and 2013, n = 239 for water and n = 188 for sediments) and used to establish 

baseline concentrations and model total (baseline plus Project contribution) predicted concentrations. 

Soil samples (n = 28) were collected inside the LSA in 2012. Vegetation samples co-located with soil 

samples inside the LSA (berry n = 15, lichen n = 18, and sedge n = 3) were collected in 2012. These 

datasets are considered large enough to provide a good indication of the COPC concentrations in these 

environmental media in the LSA and provide adequate statistical estimates for screening purposes. 

Laboratory non-detects of metal concentrations in all environmental media add uncertainty as the non-

detects were set to half their detection limit for calculation purposes (means and 95th percentiles) and 

screening of COPCs. This approach assumes that on average all values between the detection limit and 

zero could be present, and that the average value of non-detects could be as high as half the detection 

limit. Generally, replacement of non-detects with values half of their detection limit is a conservative 

estimate and recommended when there is a likelihood that the COPC is actually present (actual 

concentration is larger than zero), but does not over-estimate the concentration (actual concentration 

is smaller than the detection limit) and therefore does not over-estimate potential risk (US EPA 1991).  

Biotransfer factors were used to model Project-related plant COPC concentrations. Modelling of plant 

COPC concentrations has a higher level of uncertainty than measuring concentrations. Biotransfer 

factors were calculated on a site-specific basis from baseline concentrations in co-collected soil and 

plant baseline samples. This method assumes that the plant obtained the COPCs entirely from the soil 

that was analyzed and excludes uptake from other sources. This approach is conservative as it would 

over-estimate the soil-to-plant BTF (since some of the uptake could come from other sources, such as 

deposition of dust on surfaces). Where concentrations were below method detection limits, BTFs could 

not be calculated reliably and were substituted with non-site specific literature-based BTFs. This added 

uncertainty to the modelling of plant COPC concentrations. 

6.4.2.14 Conclusions of Human Health Risk Assessment for Contaminants 

Predicted 24-hour average concentrations of total TSP was identified as a COPC at the proposed George 

and Goose Camps, as was the 24-average concentration of total PM10 at Goose Camp 

(Section 6.4.2.7.2). These COPCs could potentially be inhaled by off-duty workers at the camps.  

Additional, more refined assessment of these COPCs found that total TSP at George Camp, and total 

PM10 at Goose Camp were unlikely to lead to human health effects through the inhalation of these 

COPCs (Section 8.4.2.8.4). However, the risk characterization HQ for total TSP at Goose Camp was 

1.03, which is only slightly above the threshold HQ of 1.0. This indicates that total TSP poses a low risk 

to humans at the camp, and the potential health effects may include irritation of the bronchial system 

and lungs. 

No COPCs were identified that would change the quality of either drinking water (Section 6.4.2.7.3) or 

country foods (Section 6.4.2.7.4) relative to baseline conditions.  The potential for effects to human 

health is expected to be similar to baseline conditions and is not projected to change significantly due 

to Project-related activities. Any incremental change in environmental quality related to Project 

components or activities that could affect drinking water or country foods quality within the LSA is 

expected to remain within the range of baseline natural variability. 
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6.4.3 Risk Assessment for Noise 

6.4.3.1 Noise Assessment Methodology 

The Noise and Vibration Modelling Report (Rescan 2013m, Appendix V4-2B) was prepared by 

Environmental Resources Management (ERM) and provides details of the modelling undertaken to assess 

the environmental impact of noise and vibration associated with the proposed gold mining, and 

construction and operational activities at the Project (Rescan 2013m).  

Noise and vibration is an important environmental factor because a change may adversely affect 

wildlife, workers, and local residents. Noise is defined as any undesirable sound that can irritate 

people, disturb rest or sleep, result in loss of hearing, or otherwise affect the quality of life of affected 

individuals (PWC Consulting 2002). Noise can result in psychological and physiological effects (e.g., 

stress), mental health effects, and effects on residential behavior (WHO 1999). 

In addition, noise may adversely affect wildlife causing them to avoid important habitats and/or take 

time away from their key behaviours such as feeding, breeding or watching for predators, which can 

ultimately lead to reduced reproduction and increased mortality. Direct effects of high noise levels and 

shock waves on fish include mortality or internal injury (e.g., hearing, bleeding, and ruptured swim 

bladder). Many of these concerns were raised in the TK reports. 

Vibration may be in the form of ground vibration or blasting overpressure (i.e., pressure waves in the 

atmosphere). These ground-borne or airborne vibrations can cause cosmetic and structural damage to 

buildings as well as disturbances to local residents, workers and wildlife. 

Currently, Health Canada has not established noise guidelines or enforceable noise thresholds or 

standards (Health Canada 2010e), while Nunavut and the Northwest Territories only have occupational 

exposure limits for noise (CCOHS 2011). The noise assessment approach advised by Health Canada is to 

characterize baseline and Project-related noise and determine its potential impact on noise-sensitive 

receptors (Health Canada 2010e).  

Provincial and international guidelines were included as comparative regulatory context for noise since 

ground-borne noise regulations, guidelines, or criteria at the Territorial and Federal level do not exist. 

Modelled noise levels at receptor locations can also be compared to the baseline noise levels and 

provincial and international guidelines adopted by Health Canada (2010e). 

6.4.3.2 Spatial Boundaries 

The atmospheric environment, which included noise, was evaluated in DEIS Volume 4, Chapter 2 and Rescan 

(2012g) and Rescan (2013m). Study areas were established based on the “zone of influence” beyond which 

the residual effects of the Project are expected to diminish to a negligible state. The expected zone of 

influence was determined using baseline studies, consultation, and expert knowledge.  

Based on professional judgement, and other assessments in northern regions such as that for the Snap 

Lake Project, Project related noise may be audible under calm conditions at a distance of up to 10 km 

(De Beers Canada Inc. 2002). Therefore, two LSAs were selected for the Project extending 10 km in all 

directions from infrastructure around the Goose and George Property Areas as seen in Figures 1.4-1 and 

2.1-1 in Volume 4, and Rescan (2013m). These two modelling domains were chosen to encompass 

temporary construction camps and permanent operation camps. 

The noise and vibration impacts from the MLA are expected to be less than either the George or Goose 

Property Areas. If the effects of the highest emissions year at the Goose and George Property Areas are not 
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predicted to be significant then the potential effects from the entirety of the Project at the MLA should 

also not be significant. As such, the MLA is not included in the scope of the noise modelling assessment. 

6.4.3.3 Temporal Boundaries 

The noise assessment considers the Construction and Operational phases of the Project. Modelling 

years were chosen to be years in which the highest numbers of mobile and fixed equipment units are 

expected to be in use, as follows: 

o Operational phase Year 3 for the Goose Property Area; 

o Operational phase Year 7 for the George Property Area. 

If the effects of these years are predicted to be not significant then the potential effect for the 

entirety of the Project should also be not significant. 

Noise and vibration levels have also been predicted for two scenarios to represent snap shots of the 

fixed wing aircraft operations and the helicopter operations using the permanent airstrips at the 

George and Goose Property Areas. 

The noise impact during the decommissioning phase is expected to be less than during the construction 

and operation phases and therefore this phase is not explicitly included. 

6.4.3.4 Mitigation Measures 

No additional mitigation measures for noise were considered in the assessment beyond what was 

outlined in the Noise and Vibration chapter (Volume 4, Chapter 2). 

6.4.3.5 Sources of Project-related Noise 

There are several Project-related sources of noise arising from the different activities and the types of 

equipment used as well as numbers of each type of equipment at the Project sites are described in 

detail in Section 3 of the noise modelling report (Rescan 2013m).  

Potential sources of noise that were included in the model were: 

o Fixed infrastructure, such as the processing plant and fans; 

o Mobile equipment such as dozers, haul trucks, forklift, graders, and fuel trucks;  

o Blasting and explosives; and, 

o Aircraft and helicopters. 

6.4.3.6 Receptor Locations 

Receptor locations may be defined as any point occupied by persons or wildlife where extraneous noise 

and/or vibration are received. The George Camp (400 m NE from the closest mine deposit) and Goose 

Camp (1,400 m NE from the closest mine deposit) have been identified as being representative of the 

closest and/or potentially most affected sensitive human receptor locations within 10 km of the 

infrastructure of the George and Goose Property Areas. These locations have been adopted as the 

project-specific assessment locations for the sensitive receptors. 

This assessment does not include occupational exposure to noise by workers at the Project site; 

however, off-duty workers who reside in the George and Goose Camps will potentially be impacted by 
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Project noise. These individuals can be considered temporary residential receptors and noise impacts 

on them will be assessed. In line with current best practices, the noise assessment for the worker’s 

camps will consider the potential effects on sleep disturbance. Other potential impacts such as 

interference with speech communication and the potential for noise complaints do not need to be 

assessed for onsite human receptors. 

Receptor locations for environmental receptors (e.g., wildlife) were described in the individual 

chapters on wildlife (Volume 5, Chapters 5 through 10; Volume 6, Chapters 6 and 7). 

6.4.3.7 Receptor-Project Interactions 

The Operational phase of the Project will likely create a high level of noise due to blasting, use of 

helicopters and vehicles, and large construction and mining operation machinery. This creates the 

potential for human health effects due to noise, such as disturbed rest and sleep, loss of speech 

comprehension, or loss of hearing in extreme cases. Table 6.4-22 identifies the project activities and 

potential impacts from noise to the human health VEC for Construction and Operational phases. 

Receptor locations for environmental receptors (e.g., wildlife) were described in the individual 

chapters on wildlife (Volume 5, Chapters 5 through 10; Volume 6, Chapters 6 and 7). 

6.4.3.8 Method for Identifying Noise Levels of Concern 

Noise is measured in a non-linear scale known as decibels (dB); however, these measurements are 

filtered or weighted (A-weighted) to account for noise frequencies that are audible to humans and 

weights lower frequencies as less important than mid- and higher-frequencies (WHO 1999). Measured 

noise levels that are A-weighted are reported as dBA. Table 6.4-23 presents typical noise levels from 

familiar sources in terms of dBA, provided by the Alberta Energy Resources Conservation Board Noise 

Control Directive 038 (ERCB 2007). 

Effects to human health for noise-sensitive human receptors were assessed in accordance with current 

best practices and the following relevant guidance:  

o Alberta Noise Directive 038 (ERCB 2007); 

o Health Canada (2010e) Useful Information for Environmental Assessment (Section 6: Noise 

Effects); 

o WHO (1999) Guidelines for Community Noise; 

o Michaud, Bly and Keith (2008) Using a change in percent highly annoyed with noise as a 

potential health effect measure for projects under the Canadian Environmental 

Assessment Act; 

o US EPA (1974) Information on levels of environmental noise requisite to protect public health 

and welfare with an adequate margin of safety; 

o Environment Canada (2009)The Environment Code of Practice for Metal Mines; 

o International Standards Organization (ISO 2003) ISO 2631/2 Mechanical Vibration and 

Shock - Evaluation of human exposure to whole-body vibration Part 2; 

o German Standard Organization (1970) Vibrations in Building Construction DIN 4150; and 

o Swiss Association of Standardization (1978) Effects of Vibration on Construction: SN640 312. 

  



Table 6.4-22.  Human Receptor-Project Interactions Due to Noise and their Rationale for Inclusion in the Human Health Risk Assessment

Pathway Analysis

(Included/Not Included?)

Camps and mill facility construction, local site roads, airstrip, equipment 

laydown areas, pad areas

Quarry Development

Tailings Management Area/Dam or Dyke Construction at Goose Property

Pit Pre-Stripping, Waste Rock Pile Construction, Headframe and 

Underground Development

Winter Road construction and use from Bathurst Inlet to Goose & George 

properties, and between Goose & George

Machinery and Vehicle Emmissions

Diesel Power Generation

Air Transport of Personnel and Goods

Sewage Treatment Plant and discharge

Landfill Construction/Solid Waste Management

Incinerator

Marine Laydown Area:  on-land laydown areas/fuel storage

Marine Laydown Area:  in-water infrastructure

Marine Transport of Goods

Water Use 

Machinery and Vehicle Refuelling/Fuel Storage and Handling

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Environmental & Socio-Economic Monitoring

Hiring & Managing Labour and Construction Workforce

Taxes, Contracts, Purchases

Camps and Mill Facility (Goose)

Open Pits: Drilling, Blasting, Excavation

Tailings Storage

Waste Rock Piles

Road and Airstrip Use & Maintenance

Winter Road construction and use from Bathurst Inlet to Goose & George 

properties, and between Goose & George

Diesel Power Generation

Air Transport of Personnel and Goods

Underground: Drilling, Blasting, Excavation

In-Pit and Surface Water Management

Water Use

Incinerator

Sewage Treatment Plant and discharge

Equipment Maintenance/Fuel Storage and Handling

Chemical and Hazardous Material Storage and Management

Explosives Storage and Handling

Machine and Vehicle Emissions

Marine Transport of Goods

Marine Laydown Area:  Fuel Storage and Handling

Environmental & Socio-Economic Monitoring

Hiring and Managing Operations Work Force

Taxes, Contracts, Purchases

Note: n/a = not applicable, because no potential impacts were identified

Construction Noise Construction activities may result in noise levels 

that have the potential to affect human health 

through sleep disturbance at camp locations.

not included Not included, because noise is expected to be less during the 

construction phase and only worst case scenario (operation phase) 

is assessed.

No effects to noise and human health are 

expected from these project activities.

not included n/a

Operations Noise Operation activities may result in noise levels that 

have the potential to affect human health through 

sleep disturbance at camp locations.

included Noise levels were assessed for worst-case scenarios during operation 

(Year 3 - Goose Property Area and Year 7 - George Property Area), 

when the highest number of mobile and fixed equipment units is in 

operation and has the highest potential to affect human health.

No effects to noise and human health are 

expected from these project activities.

not included n/a

Project Phase Interaction Pathway Project Components and Activities Potential Effects to VEC/VSEC Rationale for Inclusion or Exclusion from the Analysis
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Table 6.4-23.  Sound Levels of Familiar Noise Sources 

Source Sound Level (dBA) 

Bedroom of a country home 30 

Soft whisper at 1.5 m 30 

Quiet office or living room 40 

Moderate rainfall 50 

Inside average urban home 50 

Quiet street 50 

Normal conversation at 1 m 60 

Noisy office 60 

Noisy restaurant 70 

Highway traffic at 15 m 75 

Loud singing at 1 m 75 

Tractor at 15 m 78 - 95 

Busy traffic intersection 80 

Bus or heavy truck at 15 m 88 - 94 

Jackhammer 88 - 98 

Loud shout 90 

Freight train at 15 m 95 

Modified motorcycle 95 

Jet taking off at 600 m 100 

Amplified rock music 110 

Jet taking off at 60 m 120 

Air-raid siren 130 

Notes: 

Source: ERCB (2007) 

dBA = A-weighted decibels 

Baseline data are used to assess the changes in noise levels due to predicted Project activities. 

Baseline noise levels were monitored at 10 locations around the George and Goose Property Areas 

during March and June of 2012 (Rescan 2012g); however, only station S10 at the George Camp and S01 

at the Goose Camp are applicable to the HHRA (Table 6.4-24). The baseline study collected noise data 

on the continuous equivalent sound level over a time period of 24 hours (Leq) and the 90th percentile 

level (L90, which is the A-weighted sound pressure level that is exceeded 90% of the time during the 

measurement period). Due to the influence of existing anthropogenic noise sources on baseline noise 

monitoring average rural ambient sound levels for a “quiet, rural area” have been used (Table 6.4-24; 

ERCB 2007). 

The Project location is currently described as pristine wilderness with no noise impact relating to 

industrial activity. The Construction and Operational phases of the Project will introduce 

environmental noise sources largely in the form of construction equipment, haul vehicles, blasting, 

vehicle traffic, and aviation traffic (fixed wing and helicopter).  
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Table 6.4-24.  Baseline Noise Data of 24-Hour Logarithmic Average Leq and L90 Noise Levels 

Location 

Baseline 24-Hour 

Logarithmic Average 

Leq (dBA) 

Baseline 24-Hour 

Logarithmic Average 

L90 (dBA) 

Baseline Noise Level Used in Assessment 

(dBA) 

March June March June Day (Ld) Night (Ln) Day-Night (Ldn) 

George Camp 55 60 37 47 

35 25 35 Goose Camp 62 70 56 52 

Notes: 

Baseline data was collected in 2012. 

Leq = continuous equivalent sound level over a time period 

L90 = ninetieth percentile level (the A-weighted sound pressure level that is exceeded 90% of the time during the 

measurement period) 

dBA = A-weighted decibel 

Ld = day-time sound level 

Ln = night-time sound level 

Ldn = day-night equivalent sound level 

The noise assessment (Volume 4, Chapter 2) evaluates the results of the noise modelling study 

undertaken specifically for the Project (Rescan 2013m) following the assessment methodology 

established for the Project (Volume 9, Chapter 1 of the DEIS) to determine potential effects of Project 

noise on human receptors. The assessment methodology is summarized in Volume 4, Chapter 2 and 

Rescan (2013m). Full details of the assessment of noise from road transportation, industrial sites, 

blasting, and aircraft noise, and applicable model standards and software used are provided in Rescan 

(2013m). The type of ground cover (noise absorptive or reflective), typical meteorological conditions at 

the Project site, topography and obstacles (Project buildings and equipment) were incorporated into 

the model predictions. 

The following assessment scenarios have been developed to quantify potential mining operation and 

construction noise levels and aviation operation noise levels across the assessment area.  

o Scenario 1: representative of mining Operational and Construction phase noise within the 

George Property Area occurring at Year 3 during the Project life; 

o Scenario 2: representative of mining Operational and Construction phase noise within the 

Goose Property Area occurring at Year 7 during the Project life; 

o Scenario 3: representative of combined aviation operations from fixed wing aircraft operations 

utilising the permanent airstrips at the George and Goose Property Areas;  

o Scenario 4: representative of helicopter operations between the George and Goose Property 

Areas; and 

o Scenario 5: representative of blasting activities. 

Scenarios 1 and 2 offer a representative snap shot of mining and processing operations and construction 

activities. Scenarios 3, 4, and 5 offer a representative snap shot of aviation operations and blasting 

impacts at, and between, each of the PDAs. 
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6.4.3.9 Noise Exposure Assessment 

6.4.3.9.1 Environmental Receptors 

Noise effects on wildlife receptors were evaluated in the specific wildlife chapters of the DEIS 

(Volume 5, Chapters 5 through 10; Volume 6, Chapters 6 and 7). 

6.4.3.9.2 Human Receptors 

The EA approach used to assess the effects from Project-related noise on human health is similar to 

that described for the Project (Volume 4, Chapter 2). The potential for noise to cause human health 

effects was assessed to identify the need for monitoring and mitigation, and to develop adaptive 

mitigation strategies if required. The health effects related to noise were assessed using the results of 

the noise model presented in Volume 4, Chapter 2, and Rescan (2013m), and comparisons to the 

appropriate human health noise guidelines and standards. 

Health Canada (2010e) recommends evaluating increases in predicted noise levels over baseline 

conditions for the day-time (Ld) and night-time (Ln) equivalent noise levels, as well as a whole day 

equivalent noise level descriptor (Ldn). Impulsive and tonal characteristics of source noise can increase 

potential adverse effects and should also be accounted for. People are often exposed to sounds from 

more than one source and combinations of health effects are common, such as interference with 

speech in the day and sleep disturbance at night, thus the total adverse health load of noise must be 

considered over 24-hours (WHO 1999). 

6.4.3.10 Potential Effects in Receptors from Noise 

6.4.3.10.1 Environmental Receptors 

Noise effects on wildlife receptors were evaluated in the specific wildlife chapters of the DEIS 

(Volume 5, Chapters 5 through 10; Volume 6, Chapters 6 and 7). 

6.4.3.10.2 Human Receptors 

Noise and vibration is a fairly broad term and it is important to select the correct measureable 

parameters in order to assess the potential effects of the Project on the receiving environment. A 

proper assessment of noise impact is important to ensure that decisions regarding noise mitigation 

requirements are based on the expected significance of the noise impact. 

The potential impacts to human health are: sleep disturbance; interference with speech 

communication; complaints; change in percent highly annoyed (% HA); noise induced rattling; and noise 

induced hearing loss (WHO 1999; Health Canada 2010e). The potential noise effects covered in this 

assessment are those recommended by Health Canada (2010e) and are discussed below in more detail. 

Noise induced hearing loss (NIHL) has been discussed but has not been assessed in this study. 

Sleep Disturbance 

Uninterrupted sleep is required for normal physiological and mental functioning; however, 

environmental noise commonly causes sleep disturbance (WHO 1999). The primary effects of sleep 

disturbance are: difficulty falling asleep; awakenings and alterations of sleep stages or depth; 

increased blood pressure, heart rate and finger pulse amplitude; vasoconstriction; changes in 

respiration; cardiac arrhythmia; and increased body movements (WHO 1999). There are also 

secondary/after-effects of sleep disturbance which occur the following morning or day(s): reduced 

perceived sleep quality; increased fatigue; depressed mood or well-being; and decreased performance 

(WHO 1999). A good night’s sleep requires indoor night-time equivalent sound levels (Ln, LAeq, 22:00 to 
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07:00 hours) of continuous background noise below 30 dBA and individual noise events exceeding 

45 dBA (LAFmax) should be not be exceeded more than 10 to 15 times per night (WHO 1999). Sensitivity 

to noise disturbance varies considerably between individuals, and this guideline is taken to apply to the 

whole population, so the vast majority of the population would not suffer sleep disturbance above 

higher levels. It is thus a conservative criterion not generally applicable to HHRA, but does provide a 

point of reference from which to understand potential noise impacts on humans. Studies around 

airports have shown that there is little effect on the general population sleeping in their homes from 

aircraft noise levels below approximately LAE 90 dB (approximately LAmax 80 dB). 

As the Project is expected to operate 24-hours a day on two 12-hour shifts, sleep disturbance at the 

George and Goose Camps may occur throughout the day and night. As a conservative assumption, 

recommended WHO limits are compared to Ln values. 

Sound is attenuated as it is transmitted indoors, and the amount of reduction mostly depends on 

whether windows are open or not. The US EPA (1974) suggests assuming an outdoor-to-indoor noise 

reduction of 15 dBA if windows are slightly open and 30 dBA if windows are closed. The actual sound 

reduction depends on construction materials, geometry, and other factors of the room and building. An 

attenuation of 30 dBA is typically assumed in cold climates where building shells are more airtight than 

structures in warmer climates, meaning that the noise attenuation rates are higher. 

Interference with Speech Communication 

Speech interference is a masking process that renders speech incapable of being understood (WHO 

1999). Normal speech has a sound pressure level of approximately 50 dBA, and indoors noise with sound 

levels of 40 dBA or more interferes with speech comprehension (US EPA 1974). Outdoors, background 

noise levels should be kept below 55 dBA for continuous noise, and this takes into consideration that 

95% of sentence intelligibility is acceptable outside where the separation between speakers is typically 

larger than indoors and where there are more sound interferences (US EPA 1974). 

Complaints 

A partial indication of a problem with noise can arise from noise complaints; however, the individual 

has to be willing and/or able to make a complaint and they require some expectation that the 

complaint will cause a reduction in noise (Michaud, Bly, and Keith 2008). When the normalized 24-hour 

A-weighted equivalent sound level (Ldn) reaches 62 dBA complaints become widespread and complaints 

should be expected if the Project Ldn is greater than 75 dBA (US EPA 1974). 

High Annoyance 

The % HA is a reliable and widely accepted indicator of human health effects due to environmental 

noise and is calculated using the adjusted Ldn (or Rating Level) pre- and post-Project (Michaud, Bly, and 

Keith 2008; Health Canada 2010e). Much of the data available on the health and welfare effects of 

noise are expressed in terms of % HA, yet this is a description of a subjective human reaction to “noise 

interference” (US EPA 1974). While the % HA can be statistically quantified, it is not a legal concept 

and it is the actual interference with activity that is important (US EPA 1974). However, the change 

in % HA within an average community in reaction to sound levels has been reported as uniform 

(Michaud, Bly, and Keith 2008). Health Canada (2010e) advises that when there is a change in the % HA 

at any given receptor greater than 6.5%, then noise mitigation measures should be considered, or if the 

Project Ldn exceeds 75 dBA. 

The response to noise is subjective and is affected by many factors such as the: difference between the 

Specific Sound (sound from the Project) and the Residual Sound (noise in the absence of the Specific 
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Sound); characteristics of the sound (e.g., if it contains tones, impulses, etc.); absolute level of sound; 

time of day; local attitudes to the Project; and expectations for quiet. 

Adjustments to sound levels are suggested to account for more annoying sound characteristics such as 

the presence of tonal or impulsive noise (US EPA 1974). The penalty for tones and regular impulsive 

sound is a +5 dBA adjustment to the predicted, calculated, or measured sound pressure level (US EPA 

1974). The penalty for highly impulsive noise is a +12 dBA adjustment. The penalties for high-energy 

impulsive sound (e.g., blasting) and sound with strong low frequency content are variable and 

calculated according to the American National Standards Institute (ANSI) standard S12.9-2005/Part 4 

(ANSI 2005). The penalty for sound with strong low frequency content should only be considered if the 

C-weighted sound pressure level is more than 10 dB higher than the A-weighted sound pressure level. 

Noise Induced Rattling 

The American National Standards Institute (ANSI) standard S12.9-2005/Part 4 (ANSI 2005), states that 

the sum of the sound levels in the 16-, 31.5- and 63-Hz octave bands should be lower than 70 dB to 

prevent rattles from low-frequency noise and the associated annoyance due to this effect (ANSI 2005). 

Noise Induced Hearing Loss (NIHL) 

When the human ear is exposed to excessive sound levels over long periods of time, permanent damage 

may occur (WHO 1999). Hearing impairment is an increase in the threshold of hearing and may be 

accompanied by tinnitus (ringing in the ears) and primarily occurs in the higher frequency range of 

3,000 to 6,000 Hertz (Hz), with the largest effect at 4,000 Hz (WHO 1999). The human ear is typically 

affected at the 4,000 Hz frequency first when damaged by noise, thus this frequency is considered the 

most noise-sensitive and is the frequency most important to be protected (US EPA 1974). Changes of 

less than 5 dB in hearing level are typically not considered noticeable or significant (US EPA 1974). 

As exposure time increases, noise-induced hearing impairment occurs at frequencies as low as 

2,000 Hz. Hearing impairment is not expected at sound levels less than 70 dBA (energy equivalent 

sound level), even when exposure is prolonged (WHO 1999). Average sound pressures should never 

exceed 70 dBA for 24 hours, with peaks of 140 dB for adults and 120 dB for children to avoid hearing 

loss from noise exposure (WHO 1999). The duration of sound exposure becomes an important risk factor 

for hearing loss as sound levels increase above 70 dB. 

NIHL concerns are normally most efficiently addressed in the Project detailed design phase due to the 

high variation in actual occupational noise exposures depending on design details. Therefore, assessing 

the potential for NIHL has not been included in this assessment. 

Based on the previous identification of potential effects, five criteria have been chosen to rate 

potential effects (sleep disturbance, interference with speech communication, complaints, high 

annoyance, and noise induced rattling). All of these criteria are for off-site human receptors except for 

sleep disturbance, where onsite mine camps have been assessed with the assumption that windows 

would be closed. A significant effect is likely to occur if any of the following occur at any receptor 

outdoors (Table 6.4-25). 

Minimial night time blasting, aircraft or road traffic is expected; however, the maximum night-time 

sound level (LAFmax) has been included as a Project metric since night-shift workers may sleep in the 

camps during the day.  
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Table 6.4-25.  Project Noise Impact Criteria 

Project Metric Description Limit 

Ld Day-time noise level for assessing speech interference 55 dBA 

Ln Night-time noise level for assessing sleep disturbance outside the Project boundary 45 dBA 

Night-time noise level for assessing sleep disturbance inside the Project boundary 

(i.e., windows closed) 

60 dBA 

LAE Noise level for assessing sleep disturbance outside the Project boundary 90 dBA 

Noise level for assessing sleep disturbance inside the Project boundary 

(i.e., windows closed) 

120 dBA 

Ldn Assessing the likelihood of complaints 62 dBA 

Legal action / Project noise mitigation required 75 dBA 

\% HA Increase in % HA metric before and after Project initiation 6.5% 

LLF Using the sum of low frequency energy content to assess the likelihood of noise 

induced rattling 

70 dBA 

Assessing low frequency noise annoyance: sum of low frequency energy content > 65 dB 65 dB 

C-weighted Ldn exceeds A-weighted Ldn by 10 dB 10 dB 

Lpeak Peak sound pressure level for assessing human sensitivity to impulsive blasting noise 120 dB 

LAFmax Sleep disturbance level (internal) not to be exceeded more than 10-15 times per night 45 dBA 

Notes: 

Ld = day-time (07:00 to 22:00) equivalent sound level 

Ln = night-time (22:00 to 07:00) equivalent sound level 

LAE = noise event levels 

Ldn = day-night equivalent sound level 

% HA = percent highly annoyed 

LLF = low frequency sound level 

Lpeak = peak sound pressure level 

LAFmax = maximum night-time sound level 

dBA = A-weighted decibel 

dB = decibel 

6.4.3.11 Significance of the Risk to Receptors from Noise 

6.4.3.11.1 Environmental Receptors 

Noise effects on wildlife receptors were evaluated in the specific wildlife chapters of the DEIS 

(Volume 5, Chapters 5 through 10; Volume 6, Chapters 6 and 7). 

6.4.3.11.2 Human Receptors 

This section presents the findings of the noise and vibration impact assessment with results presented 

for each of the mining and construction scenarios outlined in Section 6.4.3.6 above. Calculated noise 

levels for each of the mining, aviation, and blasting scenarios with respect to human receptors are 

presented in Tables 6.4-26 to 6.4-28. 

As there are no known existing human receptors within 10 km of either the George or Goose Property 

Areas, the impacts of noise on human health focus solely on the Project worker’s camps. In line with 

current best practice, the noise assessment for the George and Goose Camps will consider the potential 

effects on sleep disturbance.  
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Table 6.4-26.  Noise Modelling Results for the George and Goose Camp Locations for Mining 

Operations Scenarios 1 and 2 

Receptor 

Calculated Noise Level 

Ln
1 

Limiting Criteria 

Ln
2 Comply? 

George Camp 57 
60 

Yes 

Goose Camp 61 No 

Notes: 
1 All noise levels are internal dBA re 2 x 10-5 Pa assuming a noise attenuation of 30 dBA. 
2 Night-time noise level for assessing sleep disturbance inside the Project boundary. 

Ln = night-time sound level 

Table 6.4-27.  Noise Modelling Results for the George and Goose Camp Locations for Aviation Noise 

(Fixed Wing and Helicopter) Scenarios 3 and 4 

Receptor 

Calculated Noise Level 
Limiting Criteria2 

LAE Comply? Fixed Wing LAE Helicopter LAE 

George Camp 87 70 
90 

Yes 

Goose Camp 86 78 Yes 

Notes: 

All noise levels are external dBA re 2 × 10-5 Pa. 

LAE = noise event levels 

Table 6.4-28.  Noise Modelling Results for the George and Goose Camp Locations for Blasting Noise 

from Mining Operations Scenario 5 

George Property Area Predicted Noise Level, dB 

Location LCP North Pit Locale 1 Pit Locale 2 Pit N Locale 2 Pit S 

Charge Weight (kg TNT) 427 320 274 274 

Receptor dB Lpeak dB Lpeak dB Lpeak dB Lpeak 

George Camp 96 78 108 110 

Goose Camp 71 72 70 71 

Goose Property Area Predicted Noise Level, dB 

Location 

Llama Pit 

(open) N 

Llama Pit 

(open) S 

Umwelt Pit 

(open) N 

Umwelt Pit 

(open) N 

Main Pit 

(open) West 

Main Pit 

(open) East 

Charge Weight (kg TNT) 321 321 296 296 187 187 

Receptor dB Lpeak dB Lpeak dB Lpeak dB Lpeak dB Lpeak dB Lpeak 

George Camp 72 71 71 71 72 69 

Goose Camp 104 106 108 107 85 97 

Notes: 

dB = decibel 

Lpeak = peak sound pressure level 

As seen in Table 6.4-26, the predicted noise levels meet the limiting criteria (60 dBA) at George Camp 

and exceed the criteria at Goose Camp by 1 dBA. This exceedance is considered to be within a 

tolerable range and could be easily mitigated through building construction and design. 
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There will be about eight flights per day at the George and Goose Property Area airstrips in the busiest 

period of production. For this reason, the assessment of noise impact from aircraft operations is based 

on noise event levels (LAE) rather than period averaged noise levels (Ln, Ld, etc). Calculated noise levels 

for each of the aviation scenarios with respect to human receptors are presented in Table 6.4-27. 

Table 6.4-27 shows that aviation noise is not predicted to exceed the limiting criteria (90 dBA) at 

either the George or Goose Camps. 

Calculated noise levels from blasting operations with respect to human receptors are presented in 

Table 6.4-28.  

Table 6.4-28 shows that predicted external noise levels from blasting exceed the sleep disturbance 

limit of 45 dBA at both the George and Goose Camps. Internal noise levels will be reduced by at least 

30 dBA which removes the majority of the predicted exceedances, although some still remain. 

However, this limit needs to be exceeded 10 to 15 times to result in sleep disturbance. 

6.4.3.12 Conclusions of Human Health and Environmental Risk Assessment for Noise 

The predicted noise levels from mining operations exceeded the limiting criteria at Goose Camp by 

only 1 dBA. Predicted noise levels from aviation did not exceed the limiting criteria inside either the 

George or Goose Camps. Predicted external noise levels from blasting exceed the sleep disturbance 

limiting criteria at both the George and Goose Camps. Noise levels inside buildings will be reduced by 

at least 30 dBA which removes the majority of the predicted exceedances, although some still remain. 

However, the limiting criteria need to be exceeded 10 to 15 times to result in sleep disturbance. 

The limiting criteria exceedances from predicted noise due to mining operations and blasting are 

considered to be within a tolerable range and could be easily mitigated through building construction 

and design. 

6.4.4 Conclusions of the Human and Environmental Risk Assessment 

6.4.4.1 Conclusions of the Environmental Risk Assessment for Contaminants 

No Project-related COPCs, including metals, were identified in the freshwater, marine, or terrestrial 

environments. Thus, there is negligible potential risk of the Project on health of fish and aquatic 

habitat, fish communities, wildlife, migratory birds, and raptor VECs.  

6.4.4.2 Conclusions of Human Health Risk Assessment for Contaminants 

Predicted 24-hour average concentrations of total TSP was identified as a COPC at the proposed George 

and Goose Camps, as was the 24-average concentration of total PM10 at Goose Camp 

(Section 6.4.2.7.2). These COPCs could potentially be inhaled by off-duty workers at the camps.  

Additional, more refined assessment of these COPCs found that total TSP at George Camp, and total 

PM10 at Goose Camp were unlikely to lead to human health effects through the inhalation of these 

COPCs (Section 8.4.2.8.4). However, the risk characterization HQ for total TSP at Goose Camp was 

1.03, which is only slightly above the threshold HQ of 1.0. This indicates that total TSP poses a low risk 

to humans at the camp, and the potential health effects may include irritation of the bronchial system 

and lungs. 

No COPCs were identified that would change the quality of either drinking water (Section 6.4.2.7.3) or 

country foods (Section 6.4.2.7.4) relative to baseline conditions.  The potential for effects to human 

health is expected to be similar to baseline conditions and is not projected to change significantly due 
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to Project-related activities. Any incremental change in environmental quality related to Project 

components or activities that could affect drinking water or country foods quality within the LSA is 

expected to remain within the range of baseline natural variability. 

6.4.4.3 Conclusions of Human Health and Environmental Risk Assessment for Noise 

The predicted noise levels from mining operations exceeded the limiting criteria at Goose Camp by 

only 1 dBA. Predicted noise levels from aviation did not exceed the limiting criteria inside either the 

George or Goose Camps. Predicted external noise levels from blasting exceed the sleep disturbance 

limiting criteria at both the George and Goose Camps. Noise levels inside buildings will be reduced by 

at least 30 dBA which removes the majority of the predicted exceedances, although some still remain. 

However, the limiting criteria need to be exceeded 10 to 15 times to result in sleep disturbance. 

The limiting criteria exceedances from predicted noise due to mining operations and blasting are 

considered to be within a tolerable range and could be easily mitigated through building construction 

and design. 
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