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1.0 INTRODUCTION
1.1 PREVIOUS RISK ASSESSMENTS

Two previous rounds of risk assessment of the Giant Mine site have been completed and provide
starting points for the work described herein. The 2001-2002 ecological and human health risk
assessments were carried out in support of the evaluation of alternatives for management of the
underground arsenic trioxide dust. These assessments examined the potential adverse effects on
human health and aquatic and terrestrial species in the vicinity of the Giant Mine site based on
different arsenic discharge scenarios. The assessments focused primarily on potential effects of
arsenic exposure on the aquatic environment including Baker Creek, which flows through the
Giant Mine site, and Back Bay and Yellowknife Bay, which receive the outflow from Baker
Creek. Arsenic in the terrestrial environment was also incorporated into the risk assessments;
however, the effects of surface remediation activities were not addressed.

The results of the 2001-2002 risk assessments suggested that a number of aquatic and terrestrial
species were potentially at risk in Baker Creek for several of the arsenic release scenarios. Of
the terrestrial animals, mink, muskrat and scaup duck were found to be at the greatest potential
risk. In Back Bay and Yellowknife Bay, none of the aquatic or terrestrial species considered in
the assessment were found to be at risk for any of the arsenic release scenarios.

With respect to humans, the 2001-2002 risk assessment found that the arsenic doses from the
consumption of drinking water, fish and animals taken from the study area fell within the normal
range of exposure levels for most Canadians for those scenarios involving low-end arsenic
release rates. For the more pessimistic scenarios, the estimated arsenic doses exceeded the upper
bound for typical Canadian adults and children. The analysis showed that the primary pathways
of exposure were related to consumption of water, fish and duck. The results demonstrated that
management scenarios that will limit the total arsenic release rate to less than 2,000 kg/y would
result in doses that did not exceed the range for typical Canadian adults and children.

The results of the 2001-2002 risk assessments assisted the project team in the selection of the
preferred alternative for dealing with the underground arsenic trioxide. They also showed that it
would be important to consider aquatic pathways and receptors in any further assessment of site
remediation plans.

In 2003, a screening level risk assessment of the Giant Mine site was completed as part of the
funding process for the Federal Contaminated Sites Action Plan (FCSAP) program (SENES
2003). The screening level assessment examined existing surface conditions at the Giant Mine
site, and used conservative assumptions and literature transfer factors. The 2003 results
indicated that in addition to arsenic, antimony, lead, and nickel also present risks to humans.
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However, a subsequent review of the 2003 findings, using site-specific transfer factors, resulted
in hazard quotient values below 0.5 for lead and nickel. Hazard quotient values of less than 1 are
considered to be acceptable; therefore, lead and nickel are not contaminants of concern at the
Giant Mine site.

For antimony, the use of site-specific transfer factors resulted in hazard quotient values to 1.2 for
an adult and 1.9 for a child. The primary source of antimony is contaminated soils, and the
proposed clean-up of arsenic-contaminated soils will also result in a substantial reduction in the
antimony levels in the soils left on surface at the site. It has been estimated that after
remediation of the arsenic-contaminated soils, antimony concentrations will be below the
Canadian Council of Ministers of the Environment (CCME) guideline of 20 mg/kg. (Appendix
E provides a more in-depth discussion on the antimony assessment.) Additionally, there are
hydrocarbon contaminated soils at the site. The hydrocarbon-contaminated soils are associated
with the arsenic-contaminated soils; therefore, clean-up of these soils will result in a clean-up of
the hydrocarbon contaminated soils.

Thus, it was determined that only arsenic would be carried through the Tier 2 risk assessment
presented herein.

1.2 CURRENT RISK ASSESSMENT

The current risk assessment involved the evaluation of proposed remedial options for arsenic
contamination on the surface of the Giant Mine site, as well as possible future releases of arsenic
from the underground workings. Therefore, this assessment considered exposure via water
pathways of several aquatic and terrestrial species as well as exposure of several of the terrestrial
species to contaminated soils, sediments and terrestrial vegetation. Similarly, the contributions
of terrestrial pathways to arsenic transfer from soil-to-humans, from soil-to-vegetation-to-
humans and from soil-to-vegetation-to-animals-to-humans were also considered. The risk
assessment included a complete review of available data on arsenic levels in various media,
recent biological studies on fish and muskrat in Baker Creek and benthic invertebrate studies in
Baker Creek and Back Bay, prediction of arsenic intakes by ecological and human “receptors”,
and a comparison of the predicted intakes to toxicological reference values. The risk assessment
was undertaken within a probabilistic modelling framework.

Besides assessing the risks of the preferred remediation options for the surface and underground
facilities at the Giant Mine site, the risks associated with a “do-nothing” scenario were
evaluated. Appendix F provides an assessment of the “walk-away” or “do-nothing” scenario at
the Giant Mine site. In this scenario, arsenic surface contamination would be left on site and the
mine would be allowed to flood. The worst-case arsenic loadings associated with this scenario
were used in the assessment.

33749 - FINAL - January 2006 1-2 SENES Consultants Limited



Tier 2 Risk Assessment — Giant Mine Remediation Plan

1.3 ECOLOGICAL RISK ASSESSMENT FRAMEWORK

The Canadian Council of Ministers of the Environment (CCME 1996, 1997) has provided
general guidance concerning their views on what constitutes an ecological risk assessment
(ERA). The recommended framework is similar to that proposed by Environment Canada
(Environment Canada 1997). The CCME recommends three levels of investigation:

1) Screening Level Assessment (SLA or Tier 1): essentially a qualitative assessment of
potential risks to important ecological receptors.

2) Preliminary Quantitative Risk Assessment (PQRA or Tier 2): focuses on filling gaps
identified at the screening level.

3) Detailed Quantitative Risk Assessment (DQRA or Tier 3): includes more detailed
data and modelling.

Each level of the assessment includes the following elements:

e Receptor Characterization: At this phase of the assessment the potential receptors are
identified and the pathways of exposure defined.

o Exposure Assessment: The purpose of this stage is to quantify the contact between
the receptor and the contaminant of concern.

e Hazard Assessment: This phase of the ERA examines the potential effects of a
contaminant to a receptor.

e Risk Characterization: The risk characterization stage combines the information
collected in the exposure assessment and the hazard assessment, and the potential for
adverse ecological effects is estimated.

The rigour of the risk assessment adopted for a particular situation should be commensurate with
the degree and extent of potential harm and may progress to a more stringent level (i.e. from Tier
1 to Tier 2 or from Tier 2 to Tier 3) depending on the findings at each level. Each level in this
tiered approach has the same structure and builds upon the data, information, knowledge and
decisions generated from the preceding level. Thus, each level is progressively more rigorous
and complex.

As was done previously for the arsenic trioxide in the underground vaults, the current assessment
is based on the principles of a Tier 2 preliminary quantitative risk assessment. Included in the
Tier 2 assessment were aquatic receptors from various trophic levels (e.g. aquatic plants,
phytoplankton, zooplankton, benthic invertebrates, pelagic and benthic fish). The aquatic
ecosystem assessment considered exposure to arsenic present in the Baker Creek drainage, as
well as in Back Bay and Yellowknife Bay. In addition, detailed pathways modelling was
conducted for several terrestrial receptors to estimate their potential exposure to arsenic present
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in these water bodies and the study area soils and terrestrial vegetation. The terrestrial receptors
identified for inclusion in the assessment included three duck species (mallard, merganser and
scaup), bear, hare, spruce grouse, mink, moose, muskrat and wolf. Caribou were also included in
the assessment as they comprise a significant portion of the local diet and are known to winter in
the study area. It should be noted that site-specific measured data on various media and
ecological species were used where available. An important consideration in an ecological risk
assessment is that it is not necessary to consider all species found in an area, but rather to
consider selected species with different dietary characteristics, so that the effects of all exposure
pathways are considered.

Adverse ecological effects were characterized by the value of a simple screening index
(generally considered to be 1). This index is calculated by dividing the expected exposure or
dose concentration by the selected toxicity reference value for arsenic for each ecological
receptor. The approach to the ecological risk assessment is described in Appendix D.

14 HUMAN HEALTH RISK ASSESSMENT APPROACH

A human health risk assessment (HHRA) evaluates the probability of adverse health
consequences to humans caused by the presence of chemical contaminants in the environment.
Receptor characteristics (e.g. proportion of time spent in the study area, source of drinking water,
composition of diet) and exposure pathways (e.g. inhalation and ingestion) are taken into
consideration. Unlike the ERA, which is concerned with population effects, the HHRA focuses
on the effects on individuals. In this assessment, the HHRA examined the potential impact of
effluent discharges on adults and children in different parts of the community. The assessment
considered similar receptors as was done in the previous assessment, as well as a receptor living
at the Giant Mine Townsite. Dietary intakes, as well as intakes due to soil ingestion, water
consumption and dermal contact, were considered. A sensitivity analysis was conducted as part
of the assessment to examine the influence of obtaining different dietary components from
different locations.

Dietary arsenic consists of both organic and inorganic forms of arsenic. Thus, this assessment
apportioned the dietary contributions of arsenic into organic and inorganic arsenic forms. Recent
studies suggest that some forms of organic arsenic are generally as toxic as inorganic arsenic.
Therefore, the toxicity reference value that was based on studies with inorganic arsenic
compounds was also applied to the toxic organic fraction of the diet. The toxicity reference
values used for the assessment were obtained from Health Canada.

Total estimated arsenic intakes were compared to intakes based on typical Canadian exposures.
Inorganic and toxic organic arsenic exposures were used to estimate both carcinogenic and non-
carcinogenic risk. In this study, the incremental risk of carcinogenic effects was compared to a 1
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in a hundred thousand (1 x 10”) reference lifetime risk level. The one in a hundred thousand
chance of incurring cancer is considered to be an insignificant risk level by regulatory agencies
such as Health Canada.

1.5 REPORT STRUCTURE

The report has been structured into several sections, each of which describes specific aspects of
the risk assessment. These aspects include:

Section 2 — Site Characterization: Provides a summary of the most pertinent information from
recent surveys of surface water quality, sediment quality, fish communities, soil surveys and
garden produce, berry and wildlife surveys to establish current (baseline) conditions.
Information on the quality of water contained in Baker Creek, Back Bay and Yellowknife Bay is
also summarized, as it is required for prediction of future changes in receiving water quality.

Section 3 — Receptor Characterization: Identifies the aquatic and terrestrial species selected for
inclusion in the risk assessment, as well as the human receptors (i.e. adults and children) who
live in the study area.

Section 4 — Exposure Assessment: Describes the pathways model used to predict the fate of
arsenic in the environment, including its uptake by aquatic and terrestrial species and removal to
lake sediments. The site-specific transfer factors used in the pathways model, as well as site-
specific arsenic accessibility are also detailed as are issues related to arsenic accessibility.
Finally, the pathways of exposure of human receptors and their respective dietary characteristics
are described.

Section 5 — Hazard Assessment: Details the toxicity reference values for arsenic used in the
assessment to characterize the risks of potential effects on the health of ecological species and
humans.

Section 6 — Risk Characterization: Presents the results of the pathways modelling and risk
assessments.

Section 7 — Summary and Conclusions: Provides a synopsis of the basis used for the ERA and
HHRA and the findings of these assessments.
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2.0 SITE CHARACTERIZATION

This section describes the study area, presents a summary of arsenic levels measured in
environmental media in the area and outlines considerations included in the assessment of
environmental effects and risks of arsenic releases from remediation actions at the Giant Mine
site. Details of the remediation option under investigation and the results of engineering and
hydrogeological investigations are presented in other project documents.

2.1 STUDY AREA

The study area comprises the Giant Mine site, located immediately north of the City of
Yellowknife, and surrounding environs including a segment of the northern arm of Great Slave
Lake known as Yellowknife Bay (see Figure 2.1-1). Yellowknife Bay receives drainage from
the Yellowknife River at its north end and extends about 18 km before opening into Great Slave
Lake. In this study, Yellowknife Bay was broken into three different segments, as shown in
Figure 2.1-2. The first segment, encompassing Back Bay, a small bay separated from the main
part of Yellowknife Bay by Latham Island, and the majority of the shoreline along the Giant
Mine site, was chosen to represent the highest impacted area. Segment 2 encompasses input
from the Yellowknife River and extends to the tip of Latham Island and is referred to in this
assessment as North Yellowknife Bay. The third segment encompasses the stretch from the City
of Yellowknife to the Dettah community and is referred to herein as South Yellowknife Bay.
The physical characteristics of the bay segments are summarized in Table 2.1-1.

TABLE 2.1-1
BACK BAY AND YELLOWKNIFE BAY PHYSICAL ATTRIBUTES
Characteristics Units Back Bay Yellowknife Bay
Segment 1 Segment 2 Segment 3
Surface Area m’ 2.51x 10° 5.30x 10° 12.73 x 10°
Volume m’ 17.33 x 10° 44.03 x 10° 143.02 x 10°
Mean Depth m 6.9 8.3 11.2

Surface water modelling was conducted to assess the movement of arsenic from the Giant Mine
site into the aquatic environment of Back Bay via surface run-off in Baker Creek. A lake
dispersion model (referred to herein as LAKEVIEW and described in Appendix B) was used to
determine the concentration of arsenic in surface water and sediments in Back Bay and
Yellowknife Bay for the remediation case loading scenario. Historical information was used to
calibrate the model, as discussed in Appendix B.
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FIGURE 2.1-1
REGIONAL SETTING
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Besides the aquatic environment, the risk assessment also took into account arsenic levels
present in soil and vegetation at the Giant Mine property and in the surrounding communities.
These include the City of Yellowknife, Latham Island and the community of Dettah on the east
shore of Yellowknife Bay.

2.2 SOURCE CHARACTERISTICS
2.2.1 Potential Future Releases Associated with Remediation Case

The modifications proposed in the Remediation Plan discussed in the main report are expected to
decrease the arsenic discharges from surface sources within the mine area. After those measures
are implemented, it is reasonable to expect that background and mine area arsenic releases will
be reduced. In addition, some of the arsenic load from the mine site will go directly into Back
Bay and some will still enter Baker Creek. The risk assessment examined one “Remediation
Case” that was selected to cover these likely arsenic releases.

In the Remediation Case, 290 kg/yr from background sources (220 kg/yr upstream of the mine
and 70 kg/yr from tributaries) and 190 kg/yr in surface runoff from the mine site is assumed to
go directly into Baker Creek, for a total of 480 kg/yr. In addition, it was assumed that 140 kg/yr
of arsenic from the treatment plant and 70 kg/yr from surface run-off would enter Back Bay. In
total for the Remediation Case, it was assumed that 690 kg/yr arsenic was emitted to the aquatic
environment. In addition, Baker Lake sediments will be removed and some sections of Baker
Creek will be realigned; however, portions of Baker Creek will still have arsenic concentrations
of up to 2,200 mg/kg. No surface ponds will be present on site with the exception of the treated
water storage pond. The arsenic concentration in the pond is expected to average approximately
0.38 mg/L, but the pond will be fenced. Therefore, it will be inaccessible.

2.3 ARSENIC IN ENVIRONMENTAL MEDIA

The following sections summarize raw data in a number of media that were considered in the
assessment. In the aquatic environment, measured data in water, aquatic vegetation, benthic
invertebrates and fish were used to derive transfer factors for us in the pathways model. In the
terrestrial environment, measured concentrations of soil, garden vegetables and berries were
used.  Site-specific transfer factors were derived from measured soil and vegetation
concentrations for predicting concentrations of arsenic in browse and forage.

2.3.1 Surface Water Quality

A detailed summary of the data collected on arsenic levels in Baker Creek, Back Bay and
Yellowknife Bay waters is provided in Appendix A. A number of literature sources were
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reviewed for the compilation of the data, including: Dillon (2002a, 2002b, 2004), Falk et al.
(1973), HydroQual (1989), Jackson et al. (1996), Jackson et al. (1998), Lorax (1999), Mace
(1998), Moore et al. (1978) and Ollson (1999). Table 2.3-1 presents a statistical summary of the
data for each area of concern. It should be noted that high concentrations of arsenic in Baker
Creek occurred prior to the water treatment process being installed.

TABLE 2.3-1
MEASURED ARSENIC LEVELS IN WATER (1973-2004) (ng/L)
Baker Creek | Back Bay | Yellowknife River North S;;;lyowknife South S;;lll;)wknife
# of Samples 53 49 8 26 35
Arithmetic Mean 998 31 0.26 11 17
Standard Deviation 2332 108 0.07 20 89
Geometric Mean 170 4.7 0.25 3.9 1.3
Geometric Std Dev 8.9 6.0 1.4 4.2 3.8
Minimum 0.3 0.3 <0.3 0.3 0.3
Maximum 12,600 740 0.3 83 350

Note: for the purposes of the summary, values measured as < the detection limit were considered as 2 the detection limit.

2.3.2 Sediment Quality

A large number of studies on sediments in Yellowknife Bay have been carried out and a detailed
analysis of the sediment data considered for this assessment is presented in Appendix B.
Literature sources included: Golder (2004), Dillon (2002a, 2002b, 2004), HydroQual (1989),
Jackson et al. (1996), Jackson et al. (1998), Mace (1998), Moore et al. (1979) and Mudroch et al.

(1989). Table 2.3-2 presents a statistical summary of the data.
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TABLE 2.3-2
MEASURED ARSENIC LEVELS IN SEDIMENT (mg/kg (dw))
Baker Creek | Back Bay North S;eil;)wknife South S;e;l;wknife
# of Samples 29 37 76 11
Arithmetic Mean 1,545 875 269 32
Standard Deviation 837 707 347 22
Geometric Mean 1,202 612 110 26
Geometric Std Dev 2.5 2.7 4.2 1.9
Minimum 69.7 59.2 6.9 10
Maximum 3,757 3,140 1,870 90

Note:  Surficial sediments (0 - 5 cm) only were considered.

2.3.3 Fish Surveys

A detailed summary of data collected on arsenic levels in fish is provided in Appendix A. In
preparation of Table 2.3-3 provided in this section, the data on several fish species were
combined as it was found that there was little difference in arsenic levels between species.
Arsenic concentrations in long nose sucker, northern pike and lake whitefish were available for
Baker Creek and Yellowknife Bay (Falk et al. 1973). Northern pike and lake whitefish are
included for Yellowknife Bay. For Resolution Bay, burbot, inconnu, lake trout, northern pike
and walleye were analyzed by Evans et al. (2001) and Boucher et al. (1997).

TABLE 2.3-3
MEASURED ARSENIC LEVELS IN FISH MUSCLE (mg/kg (ww))
Baker Creek | Yellowknife Bay | Resolution Bay Overall

# of Samples 9 408 14 431
Arithmetic Mean 0.29 0.20 0.16 0.20
Standard Deviation 0.06 0.15 0.07 0.15
Geometric Mean 0.28 0.20 0.15 0.19
Geometric Std Dev 1.24 2.08 1.48 1.66
Minimum 0.21 0.02 0.08 0.02
Maximum 0.37 1.11 0.32 1.11

Note: for the purposes of the summary, values measured as < the detection limit were considered as > the detection limit.

Dillon (2002c¢) carried out some recent surveys of fish in Baker Creek. In these surveys they
captured 3 arctic grayling and 2 northern pike upstream of the mine. They also captured
7 longnose sucker and 3 northern pike downstream near the mouth of Baker Creek. The average
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concentration of arsenic in the fish captured upstream of the mine was 3 mg/kg wet weight and
the average captured downstream was 1 mg/kg wet weight. Two of the samples from the
upstream location and 7 of the samples from the downstream location were below the detection
limit. The authors could not determine why there was a difference in the arsenic concentrations
in these two different locations. The overall arsenic concentration in fish tissue was 1.6 mg/kg.
These concentrations were significantly elevated compared to those of previous studies which
were conducted in 1973.

2.3.4 Aquatic Vegetation Concentrations

The complete data on measured arsenic concentrations in aquatic vegetation are provided in
Appendix A. A summary of the vegetation data is presented in Table 2.3-4 for the Yellowknife
Area for the combined dataset of all plant species. Vegetation considered in the summary
include: bur reed, cattail, duckweed, Eurasian water milfoil, pondweed, horsetail and sedge.
Data included in the summary statistics were obtained from Koch et al. (2000) and Dillon
(2002a).

TABLE 2.3-4
MEASURED ARSENIC LEVELS IN
AQUATIC VEGETATION (mg/kg (dw))

Yellowknife Area
# of Samples 23
Arithmetic Mean 58
Standard Deviation 55
Geometric Mean 33
Geometric Std Dev 3.9
Minimum 0.52
Maximum 260

24 TERRESTRIAL ENVIRONMENT

2.4.1 Soil Concentrations

Measured arsenic concentrations in soil were available for a number of areas around
Yellowknife, including the Giant Mine property, the Giant Mine Townsite, Latham Island, the
Dettah community and the City of Yellowknife. The complete dataset is provided in
Appendix A and a summary of the data is presented in Table 2.4-1.
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TABLE 2.4-1
MEASURED ARSENIC LEVELS IN SOIL (mg/kg (dw))

Yellowknife Latham Dettah Giant Mine |Old Giant Mine
City Island Community Site Townsite

# of Samples 282 24 8 226 41
Arithmetic Mean 97 193 46.6 2497 1630
Standard Deviation 157 202 53.1 6313 3145
Geometric Mean 42 106 26.3 988 353
Geometric Std Dev 3.8 3.6 3.1 4.4 6.7
Minimum 2.5 7 7.2 52 19
Maximum 1190 780 144 87000 16600

2.4.2 Terrestrial Vegetation Concentrations

The complete data on measured arsenic concentrations in vegetation are provided in
Appendix A. A summary of the vegetation arsenic measurements is presented in Table 2.4-2 for
moss, lichen and mushrooms. Data for other types of vegetation are provided in Appendix A.

TABLE 2.4-2
MEASURED ARSENIC LEVELS IN
TERRESTRIAL VEGETATION (mg/kg (dw))

::;ﬁ:g(i;l # of Samples Minimum Maximum Ge;{rz:ltlric Average ls)tei:;:;r;
Moss 7 490 1900 1018.8 1100 452
Lichen 9 6.4 2300 55.7 336.4 754

Mushroom 5 8.3 1010 70 295.6 434

Arsenic concentrations in berries were studied by Davey et al. (1998) and associated papers.
Areas of interest included the City of Yellowknife, Giant Mine, Joliffe Island (south of Latham
Island) and Dettah Road. Berries analyzed included: raspberry, gooseberry, cranberry, rose hip
and blueberry. A summary of the data is presented in Table 2.4-3.
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TABLE 2.4-3
MEASURED ARSENIC LEVELS IN BERRIES (mg/kg (ww))

Yellowknife Giant Mine Joliffe Island | Dettah Road Overall

# of Samples 7 6 3 2 18

Arithmetic Mean 0.10 0.52 0.12 0.04 0.24
Standard Deviation 0.06 0.70 0.04 0.001 0.43
Geometric Mean 0.08 0.28 0.12 0.04 0.12
Geometric Std Dev 2.0 33 1.3 1.0 2.8
Minimum 0.02 0.05 0.08 0.04 0.02
Maximum 0.20 1.91 0.12 0.04 1.91

2.4.3 Medicinal Tea Concentrations

A review of information from the Medicinal Plants Study Report 2002-2003 (Chan 2003)
provided a summary of arsenic concentrations in teas obtained from various medicinal plants
within the study area. Table 2.4-4 provides a summary of the arsenic concentrations in
medicinal teas obtained from the Giant Mine site, as well as in the vicinity of the Dettah

Community.
TABLE 2.4-4
MEASURED ARSENIC LEVELS IN MEDICINAL TEAS (pg/L)
Location Summary of Measured Data
#of Minimum Maximum Arithmetic Geo Mean Geo Std.
Samples Mean Dev.
Giant Mine 9 0.1 527.4 77.8 323 3.8
Dettah 29 0.05 170.4 29.6 14.5 33

2.4.4 Terrestrial Animal Concentrations

Information exists on contaminant levels in wildlife from the Northwest Territories in general.
Although these data are from areas other than Yellowknife and the receptor locations considered
in this assessment, the data from the literature are presented here to provide a reference level and
comparison for predicted levels. Recently, a survey was conducted on muskrats living on Baker
Creek; these results are also presented below.
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Moose and Caribou

Six moose and two woodland caribou were sampled by Sahtu Dene Council (1998). Arsenic
levels in all kidney, muscle and liver samples for moose and caribou were below the detection
limit of 0.2 mg/kg (dw). Comments on the results included the small number of samples
analyzed for the large geographically diverse area.

Similar results were presented by Elkin ef al. (1998) in a study of 20 caribou from the Bluenose
caribou herd. Arsenic levels measured in liver, kidney, spleen and bone were below the
detection limit of 0.2 mg/kg (dw) for all samples. The results of a comparable study of
20 caribou from the Lake Harbour herd (Elkin et al. 1999) showed arsenic levels in liver and
kidney below the detection limit. Liver and kidney of 20 caribou from the Beverly herd also had
average arsenic levels below the detection limit (Elkin and MacDonald 2000). Of the
20 samples, two liver samples had detectable arsenic levels (maximum 0.2 mg/kg (dw)) and
three kidney samples had detectable arsenic levels (maximum 0.4 mg/kg (dw)).

As part of a monitoring project of contaminants in Yukon wildlife, hunters submitted tissue
samples for wildlife including bison, moose, caribou and mule deer (Gamberg and Palmer 1998).
Results of arsenic levels in muscle were available for six bison samples. The average arsenic
concentration was 0.06 mg/kg (dw) with a standard deviation of 0.02 mg/kg (dw). Reported
contaminant levels were considered to be baseline.

Birds

A summary of arsenic levels in harvested avian species in the Canadian Arctic from 1988 to
1994 was provided by Braune et al. (1997). Birds were grouped by trophic level:

e browser - ground dwellers such as grouse and ptarmigan that feed mainly
on terrestrial vegetation;

e grazers - geese that graze mainly on aquatic and terrestrial vegetation;

e omnivores - surface-feeding ducks with a varied diet consisting of mainly

aquatic vegetation;
e molluscivores - diving ducks feeding mainly on invertebrates; and

e piscivores-diving ducks feeding mainly on fish.

Results from Braune ef al. (1997) are shown in Table 2.4-5.

33749 - FINAL - January 2006 2-10 SENES Consultants Limited



Tier 2 Risk Assessment — Giant Mine Remediation Plan

MEASURED ARSENIC LEVELS IN WATERFOWL AND GAME BIRDS (pg/kg(ww))

TABLE 2.4-5

. Number of Arsenic Concentration
Trophic Level

samples Range
Browser 91 <70
Grazers 59 <100
Omnivores 149 <30-110
Molluscivores 178 <30-426
Piscivores 5 <30-232

Muskrat

A study by Kennedy et al. (1998) completed on beaver and muskrat in the area of the Slave
River Delta did not detect (detection limit of 5 mg/kg (dw)) arsenic in the liver or muscle of
beaver (n = 12) and muskrat (n = 10 for liver, n = 9 for muscle).

Recent biological studies were carried out that specifically targeted the muskrat population on
Baker Creek. Twelve active burrows were discovered (downstream of the mine workings) that
supported an estimated population of between 66 and 197 animals (Jacques Whitford 2003).
Subsequent to this study, a number of muskrat were trapped both upstream and downstream of
the mine workings and arsenic analyses were carried out on the muscle, organs (liver and kidney)
and tail of the muskrats (Golder 2004). Table 2.4-6 provides a summary (mean and maximum)
of the measured data. The analyses showed that the kidney had the highest concentration of
arsenic and the muscle had the lowest arsenic concentration (Golder 2004). This is not
surprising as studies in other animals generally support the notion that organs have higher
concentrations of metals than the muscle. As seen from the table, the mine workings have an
effect on the concentration of arsenic measured in the muskrats. Muskrats downstream have, on
average, approximately two times higher concentrations than the ones collected upstream.

TABLE 2.4-6
SUMMARY OF MEASURED ARSENIC LEVELS IN TISSUES OF MUSKRATS FROM
BAKER CREEK
Measured Arsenic Concentrations (mg/kg ww)
Upstream Downstream
Liver Kidney Muscle Liver Kidney Muscle
Mean 0.66 0.7 0.24 1.39 2.64 0.51
Maximum 1.18 1.4 0.5 1.76 7.18 0.63
Source: Golder (2004).
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3.0 RECEPTOR CHARACTERIZATION

The receptor characterization phase involves selection of ecological and human receptors for
inclusion in the risk assessment and identification of their pathways of exposure to the
contaminants of concern. As it is not practical to assess risks to all ecological species, it is
common practice to select representative species based on level of potential exposure,
importance as a food source for other species and/or humans, importance for cultural reasons, or
because they are endangered or rare species. Factors generally considered in the selection of
human receptors include proximity of residence to source, reliance on local vegetation and game
as a food source, use of the study area, etc.

3.1 ECOLOGICAL RECEPTORS

The assessment for the Remediation Case at the Giant Mine site considered the potential adverse
effects on the ecology in the area, as well as the water and sediment quality. The health of
ecological receptors depends on the quality of the food (i.e., aquatic and terrestrial vegetation
and biota), soil or sediment and water they consume, therefore, the sources of these dietary items
are important aspects to consider when assessing the implications of the Remediation Case at the
Giant Mine site.

3.1.1 Aquatic Receptors

Aquatic receptors selected for the assessment were based on the species chosen in previous
assessments at the Giant Mine site. Figure 3.1-1 provides a schematic representation of the
selected ecological receptors for the aquatic environment. The aquatic species chosen represent
a typical food chain that would be found in aquatic systems and are known to be found in Baker
Creek, Back Bay and Yellowknife Bay (see Appendix D).

3.1.2 Terrestrial Receptors

Table 3.1-1 provides a list of the receptors assessed from the terrestrial environment. These
receptors were chosen as representative species found in the area (see Appendix D for a detailed
discussion). In this assessment, it was assumed that all the terrestrial receptors would be found
along Baker Creek. For Back Bay and Yellowknife Bay, it was assumed that ducks were the
only terrestrial receptors that would spend a large portion of their time, while in the study area, in
contact with these open water bodies.
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FIGURE 3.1-1
AQUATIC RECEPTORS CONSIDERED IN THE ASSESSMENT
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TABLE 3.1-1
SUMMARY OF THE ECOLOGICAL RECEPTORS SELECTED
FROM THE TERRESTRIAL ENVIRONMENT

HERBIVORE
e  Barren Ground Caribou
e  Moose
e  Muskrat

e Snowshoe hare
e  Spruce grouse

OMNIVORE
e  Black Bear
e Ducks
- Mallard
- Merganser
- Scaup
CARNIVORE
e  Mink
e  Wolf

Five different herbivore species were chosen as being representative of species in the area:
Muskrat which consumes primarily aquatic vegetation, moose which consume aquatic and
terrestrial vegetation; and barren ground caribou, spruce grouse and hare which consume only
terrestrial vegetation. Ptarmigan was not explicitly considered in the assessment as its diet is
very similar to that of spruce grouse which was chosen for this assessment.

Black bear and ducks were selected as representative of the omnivore species. Ducks were
chosen as representative of aquatic birds and were subdivided into mallards (which consume a
mixture of plankton from the water column and benthic invertebrates from the lake sediment),
mergansers (which consume primarily fish) and scaup (which consume mainly aquatic snails
from lake sediment). Bear was chosen since a large portion of its diet consists of berries.

Finally, two different carnivores were chosen: wolf, which consume mainly terrestrial animals,
and mink, which consume mainly fish from the aquatic environment. The wolf was chosen since
it is important culturally to the First Nations People. While fox are known to be found in the
vicinity of the Giant Mine site, they have not been explicitly considered since their exposure is
captured within the range of exposures of the mink and the muskrat. Similarly, these two
receptors also encompass the exposure of a beaver. All terrestrial receptors were assumed to
consume soil or sediment depending on where they obtained their food. Figure 3.1-2 provides a
schematic of the receptors selected for this assessment. The following section discusses the
pathways that have been considered in this Tier 2 assessment.
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FIGURE 3.1-2
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3.2 ECOLOGICAL PATHWAYS

Several different pathways were considered in the ecological assessment. These pathways are
linked to either the aquatic environment of Baker Creek, Back Bay and Yellowknife Bay or the
terrestrial environment including the Giant Mine site and lower Baker Creek watershed.

Figures 3.2-1a to 3.2-1d provide schematic representations of the potential pathways of exposure
for the terrestrial receptors considered in this assessment. The figures also provide the ingestion
rates for all the pathways considered for each of the terrestrial receptors.

It has been assumed that all species with the exception of ducks drink water from Baker Creek
while in the study area. These species also obtain all their food from along Baker Creek or the
Giant Mine site. Several different ducks were assessed in different areas such as Baker Creek,
Back Bay and Yellowknife Bay. These ducks were assumed to obtain water from the location
where they were assessed. Details of receptor dietary characteristics and other model parameters
are provided in Appendix D.
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Tier 2 Risk Assessment for Management of Arsenic Trioxide Dust, Giant Mine

FIGURE 3.2-1 a
