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1.0 INTRODUCTION

SENES Consultants (SENES) completed a human health and ecological risk assessment
(HHERA) for exposure to contamination at the Terra Mine (SENES 2014), as commissioned by
Public Works and Government Services Canada (PWGSC) on behalf of Aboriginal Affairs and
Northern Development Canada (AANDC), in order to facilitate future decision making regarding
the management of the site. The HHERA was originally completed in 2007 (SENES 2007) and
was later updated in 2014 (SENES 2014) to incorporate new environmental site data that became
available since the original assessment was completed. Risks in the HHERA were calculated for
people that might hypothetically camp at the site over a short period of time (i.e., 8 days) and for
a range of ecological receptors that would be present both in the terrestrial and aquatic
environments at the site.

The HHERA concluded that there are minimal risks to humans and ecological populations from
exposure to most constituents of potential concern (COPC) at the Terra Mine site. However, it
was found that arsenic exposures result in potentially unacceptable risks to human health through
the consumption of fish from Ho-Hum Lake and the consumption of moose roaming the site.
Furthermore, the wetland area was found to contain elevated concentrations of some metals, and
in particular arsenic, that may have potential adverse effects on individual muskrat inhabiting the
wetland area. Little Ho-Hum Lake and Ho-Hum Lake were also identified as areas where
potential adverse effects are occurring from exposure to metals in fish and/or benthic
invertebrates.

In order to guide future remedial activities at the Terra Mine site, PWGSC and AANDC required
that a site-specific target level (SSTL) be developed for arsenic, the main constituent of concern
at the Terra Mine, for surface waters associated with the wetland where the highest arsenic
concentrations are observed. The Wetland Working Group, which consists of AANDC, PWGSC
and the Expert Advisors, agreed that developing an SSTL for arsenic in sediments was not
justified at present as not enough information has been collected to fully understand the arsenic
loadings in the wetland and implications of sediment remediation. In addition, the focus of the
SSTL was the protection of aquatic life as the site is remote and the risk to human health is just
hypothetical.

This report details the methodology, assumptions, and results for the development of an SSTL
for arsenic in surface water for use in the remedial actions at the Terra Mine site. The SSTL for
arsenic is applicable to the discharge from the wetland and not the wetland itself as the wetland
is serving as a sink for arsenic removal.
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1.1 SITE-SPECIFIC TARGET LEVEL

Site-specific target levels (SSTLs) represent risk-based acceptable levels of COPC (e.g., arsenic)
in water (or other media) that are not expected to result in adverse effects to humans and
ecological receptors, based on the assumed receptor characteristics and exposures from the site.

The aquatic SSTL for arsenic was developed using a species sensitive distribution (SSD)
approach, which is the current approach used by the Canadian Council of Ministers of the
Environment (CCME) for developing Water Quality Guidelines for the Protection of Aquatic
Life. The SSTL was based on a given protection level along the SSD curve and is applied to the
outlet of the Terra Mine wetland.

The assumptions made for the risk-based SSTL were intended to err on the side of caution and
therefore they over-estimate intakes.

12 APPLICATION OF SSTLS

While remediation is intended to mitigate environmental risks, it also has the potential to result
in negative impacts. For example, remediating elevated metals concentrations in areas that are
vegetated would typically result in the destruction of the vegetation and associated habitat.
Within the northern context, such impacts would be long lived (e.g., lasting multiple decades).
During the remedial decision-making process it is therefore necessary to consider whether the
net benefit of potential remedial options can be justified. By extension, the application of the
SSTLs needs to be justified and optimized to ensure that the ensuing remedial actions do more
good than harm. As discussed above, the SSTL for arsenic in water should be applied at the
outlet of the wetland.

13 REPORT STRUCTURE
The report has been structured into several chapters, as follows:

Chapter 2 — Site Description: This chapter provides a description of the relevant features at the
Terra Mine site.

Chapter 3 — Methodology: This chapter provides a description of the methodology for
developing an aquatic SSTL for arsenic.

Chapter 4 — Conclusions: This chapter provides a summary of the aquatic SSTL developed for
the Terra Mine site.

Chapter 5 — References: This chapter provides references for literature used in the assessment.
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2.0 SITE DESCRIPTION

The Terra Mine site is one of four abandoned underground silver mines that comprise the Silver
Bear Mines, which are located approximately 400 km northwest of Yellowknife in the Northwest
Territories, near the southeast point of Great Bear Lake. More specifically, the Terra Mine site is
located on a peninsula, situated between the south shore of Rainy Lake (Camsell River) and the
north shore of Ho-Hum Lake (see Figure 2-1). Drainage at the site occurs in a westerly direction
towards the Camsell River and ultimately to Great Bear Lake; Little Ho-Hum Lake drains into
Ho-Hum Lake, which in turn discharges naturally to Moose Bay through a wetland occurring
between the two waterbodies. The mill site at the Terra Mine is located along the north shore of
Ho-Hum Lake, which served as the tailings lake throughout the operation of the mill and
contains submerged tailings and land-based tailings along its north shore. Coarse waste rock,
which was used for the construction of the airstrip and embankments and in the laydown area
around the mill, is distributed throughout the Terra Mine site.

In support of the Silver Bear Mines Remediation Plan (Rescan 2005) and the initial HHERA that
was completed in 2007 (SENES 2007), soil, sediment (including sequential extraction data),
aquatic vegetation (macrophyte), fish, and terrestrial vegetation (browse and forage) data were
collected in 2004 and 2006 during site investigations. These data and supplemental
environmental data that were collected from the site since 2007 were used in the 2014 update to
the HHERA (SENES 2014). Supplemental data used in the HHERA included water quality data
collected from 2007 to 2010; sediment data collected from the wetland in June and August 2009;
and, sediment, fish and terrestrial vegetation (browse, forage and berries) data collected in June
and August 2009 during baseline monitoring.

Surface water quality data have been routinely collected at the Terra Mine site since 2002 from
the following key sampling stations: station T-2 at the outlet of Little Ho-Hum Lake; stations
T-7, T-16 and T-8 in Ho-Hum Lake; station T-9 at the outlet of Ho-Hum Lake in the wetland;
stations T-6/6B, T-10, and T-12 in Moose Bay (Camsell River); and, station T-4 at the Terra
dock in Rainy Lake (Camsell River). Surface water data are available from 2002-2010 and
2013.

Since 2007, additional stations have been sampled in the wetland including MB-1/1A, MB-2,
MB-3, MB-4, HH-1, HH-2 and HH-3. The locations of these stations are shown in Figure 2-2.
Only the most recent water quality data from the last five sampling campaigns, which more
accurately reflect current conditions at the site, were used in the development of the SSTL for
arsenic. This dataset includes arsenic measurements collected at the aforementioned stations
from 2007 to 2010 and in 2013. Mean arsenic data measured over the 2007 to 2013 period are
summarized in Table 2-1.

350600-210 — FINAL — March 2014 2-1 SENES Consultants



Site-Specific Target Level for Arsenic in Surface Waters Associated with the Terra Mine Wetland

Figures 2-3 and 2-4 provide the temporal trends in the measured data for arsenic for the entire
dataset (2002 to 2013) at station T9, which as mentioned is the outlet of Ho-Hum Lake into the
wetland and T6/6B, which is the outlet of the wetland into Moose Bay. As seen from Figure 2-3,
there is no statistically significant temporal trend in the arsenic concentrations at station T-9 and
the average concentration over the last seven years or so (2007-2013; Table 2-1) is
approximately 59 pg/L. Similarly, no trends are seen in the arsenic concentrations at the outlet
of the wetland (station T-6; Figure 2-4) where the average concentration is around 44 pg/L
(2007-2013; Table 2-1).
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Figure 2-1  Terra Mine Site Location and Site Map
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Figure 2-2  Water Quality Sampling Stations at the Terra Mine Site
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Table 2-1 Mean Arsenic Concentrations Measured in Surface Waters at the Terra Mine Site, 2007 to 2013

Little T?Eg
Arsenic Ho-Hum Ho-Hum Lake Wetland Moose Bay (Camsell River) (Camsell
Concentration Lake River)
(hg/L) T-2 T-7* T-16* T-8* T-9* MB** T-6/6B T-10 T-12 T-4

(n=8) (n=12) (n=12) (n=12) (n=12) (n=25) (n=12) (n=12) (n=12) (n=7)
Arsenic 6.90 65.5 66.6 66.3 58.9 128 43.5 0.73 0.51 0.23
Note:

*includes data from surface depth only (A).
**includes data from stations MB-1, MB-1A, MB-2, MB-3, MB-4, HH-1, HH-2, and HH-3 in the wetland.
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Figure 2-3  Arsenic Concentrations Measured at Station T-9 from 2002 to 2013
Station T-9: Wetland at Ho-Hum Lake Outflow Weir
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Figure 2-4  Arsenic Concentrations Measured at Station T-6 from 2002 to 2013
Station T-6: Moose Bay at Wetland Qutflow
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3.0 METHODOLOGY

This chapter provides a description of the methodology used for developing an SSTL for arsenic
for surface waters associated with the wetland at the Terra Mine for the protection of aquatic life
based on laboratory toxicity data, following a species sensitive distribution (SSD) approach.

Consideration was given to the drinking water guideline for the protection of human health. The
drinking water guideline is based on the consumption of water every day for a lifetime. Given
that the site is very remote, it was assumed that people, if they came to the site, would not drink
water from the outlet of the wetland. Therefore, the arsenic SSTL in water has been developed
for the protection of aquatic life.

3.1 SITE SPECIFIC TARGET LEVEL DEVELOPMENT FOR WATER

The SSTL for arsenic for surface waters at the outlet of the wetland at the Terra Mine site was
developed for the protection of aquatic life based on laboratory toxicity data, following an SSD
approach. The SSD is a statistical representation of the available aquatic toxicity data. In the
SSD approach, data are screened for acceptable effects endpoints and all the screened data are
incorporated in the determination of the SSD.

The Water Quality Task Group of the CCME has a protocol used to develop the Canadian Water
Quality Guidelines for the Protection of Aquatic Life (CCME 2007a). The goals of the protocol
include: (i) accounting for the unique properties of contaminants which influence their toxicity;
and, (ii) incorporating the SSD method, which uses all available toxicity data (provided these
data pass quality control criteria) in the development of the guideline. The SSD approach that is
proposed for the Terra Mine wetland is therefore supported by the CCME protocol (CCME
2007b).

3.2 SPECIES SENSITIVE DISTRIBUTION APPROACH

The first step in the development of an SSD is to compile relevant aquatic toxicity data for the
constituent. Data are generally compiled from the U.S. EPA AQUIRE database, available
technical documents, and independent literature. The toxicity data available from these sources
are then screened to meet the following criteria:

e Freshwater tests;

e Chronic;

e LCx, ECx, MATC endpoints only (where x >10); and,
e Inorganic chemical form.

350600-210 — FINAL — March 2014 3-1 SENES Consultants
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Toxicity tests completed in a saltwater environment, with lowest observable and no observable
effect concentrations (LOEC/NOEC) reported, or with an organic form of the constituent are
excluded from the dataset. Chronic tests were considered to be greater than 4 days (96 hours),
and tests completed in shorter timeframes were also excluded.

Data points were also removed if the concentrations were reported as “less than”, since an
accurate number could not be determined. Result concentrations reported as “greater than” were
conservatively assumed to be equal to the concentration. When multiple endpoints were reported
for a specific species, LC/EC10 and LC/EC20 values were selected as the endpoints of choice
where the data allowed and other endpoints were dropped from the dataset. If only LC/EC50
and MATC endpoints were available, then they were grouped together.

Following the compilation of the dataset, toxicity data were grouped by species. If only one
toxicity value was available for a species, then that value was used as the toxicity value for the
species; however, when multiple toxicity values were available for a species, then the geometric
mean of the toxicity values was calculated and assumed to represent the toxicity value for that
species.

The geometric mean was selected instead of the arithmetic mean in order to minimize the bias
towards high test results. Species mean values were then ranked from lowest to highest and the
percent of species affected was calculated using equation (1):

% Affected = — K05 149 (1)

Number of Species

After manipulation of the dataset and ranking, the U.S. EPA SSD generator (2010) was then used
to develop the curves for the SSDs. The U.S. EPA SSD generator applies a log-probit
distribution to the dataset to develop the SSD curve. In the development of SSD curves for long
term exposure, Environment Canada prefers the use of concentrations that affect 10% of the
population as they are considered to be “no-effects” endpoints. Concentrations that affect 20%
of the population are also used and are considered to be “low effects endpoints”. For the
majority of the toxicity information for the various aquatic species exposed to arsenic, only lethal
concentrations that affect 50% of the population (i.e., LC50 values) were available in the
literature. These concentrations were used to derive the SSD curves.

3.3 SPECIES SENSITIVITY DISTRIBUTION FOR ARSENIC

The complete dataset for arsenic is provided in Appendix A and indicates which data points were
included in the development of the SSD. Data from U.S. EPA AQUIRE were used as the basis of
the dataset, with additional data obtained from a literature search. The Vocke et al. (1980) test
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result for Scenedesmus acutus was also considered in the development of the SSD for arsenic,
since this test is the basis of the CCME (2001) arsenic water quality guideline. The aquatic
toxicity data for arsenic were grouped by species (Table 3-1) and the 19 species were ranked.

The SSD curve presented in Figure 3-1 was developed using the U.S. EPA SSD generator
(2010). There was a good fit for the data (* = 0.951). Additional parameters describing the
curve can be found in Table 3-2.

Table 3-1 Summary of Data for Development of SSD for Arsenic Aquatic Toxicity
Concentration SR Species %
Species Common Name Endpoint Mean b ?
(nag/L) Rank Affected
(pa/L)

Gastrophryne Eastern Narrow- o
carolinensis Mouthed Toad 40 LCS0 40 ! 3%
Scenedesmus acutus | ¢ oon Algae 48 EC50 48 2 1%

var. acutus
Gammarus fossarum | Amphipod 200 LC50 200 3 16%
483 LC50
Hyalella azteca Scud 494 LC50 518 4 21%
581 LC50

Oncorhynchus . 540 LC50 0
mykiss Rainbow Trout 540 LC50 540 5 26%

. . . 1140 MATC o
Ceriodaphnia dubia | Water Flea 1259 EC50 1,198 6 32%
Daphnia magna Water Flea 1300 IC10 1,300 7 37%
Physa fontinalis Snail 2200 LC50 2,200 8 42%
Asellus aguaticus Isopod 2310 LC50 2,310 9 47%

Niphargus . o
rhenorhodanensis Amphipod 3970 LC50 3,970 10 53%
Ambystoma opacum | Marbled 4450 LC50 4,450 11 58%

Salamander

. 5100 LC50 o

Coregonus hoyi Bloater 11000 LC50 7,490 12 63%
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Table 3-1 Summary of Data for Development of SSD for Arsenic Aquatic Toxicity (Cont’d)

. Concentration . Ge'&metrlc Species %
Species Common Name (ng/L) Endpoint ean Rank Affected
(ng/L)
1500 MATC
1500 MATC
. Fathead 7079 EC50
Pimephales promelas Minnow 11000 MATC 7,779 13 68%
18200 LC50
21700 LC50
24900 LC50
490 LC50
Carassius auratus Goldfish gg}gg iggg 11,717 14 74%
36200 LC50
Chronic
4900 Toxicity
Threshold
10800 LC50
Salmo gairdneri Rainbow Trout 12600 LC50 12,994 15 79%
13300 LC50
13900 LC50
18500 LC50
27430 LC50
Jordanella floridae Flagfish 14200 EC50 14,200 16 84%
18000 LC50
Salvelinus fontinalis | Brook Trout 19400 LC50 19,115 17 89%
20000 LC50
Micropterus Largemouth 42100 LC50 42,100 18 95%
salmoides Bass
31600 LC50
37000 LC50
Lepomis . 42200 LC50
mapcrochirus Bluegill 47800 LC50 46,255 19 100%
61700 LC50
67300 LC50

Table 3-2 Arsenic SSD Curve Parameters

Parameters
Slope 1.081
Intercept 1.310
R? 0.951
GrandMean 3413
SumSQ 235.789
CSSQ 14.464
MSE 0.051
Tcrit 1.740
N 19
df 17

350600-210 — FINAL — March 2014 34 SENES Consultants



Site-Specific Target Level for Arsenic in Surface Waters Associated with the Terra Mine Wetland

Figure 3-1  Species Sensitive Distribution for the Protection of Aquatic Life - Arsenic
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3.4 APPLICATION OF SPECIES SENSITIVE DISTRIBUTION CURVE TO WETLAND

From Table 3-1, it can be seen that the available aquatic toxicity data for arsenic are
predominantly LC50 values and this needs to be kept in mind when applying the SSD curve to
the development of an SSTL.

There are two ways in which the SSD curve can be applied to the development of an SSTL for
the outlet of the wetland: 1) using protection levels and, 2) comparing measured arsenic
concentrations to the SSD curve. These two approaches are described below.

3.4.1 Protection Levels

The CCME approach allows for the use of different protection levels in site-specific applications.
The CCME generally selects the concentration associated with the protection of 95% of the
species (i.e., the 5% level of the SSD) when following the SSD approach for the development of
water quality guidelines. This is widely considered a conservative threshold for effects to
aquatic ecosystems. Due to the fact that LC50 endpoints were used for the development of the
arsenic SSD, this may also be the most appropriate endpoint to use for the outlet of the wetland.
However, a risk management decision can be made by the custodian whereby a different
protection level is selected. Table 3-3 summarizes arsenic concentrations that are protective of
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80%, 90%, and 95% of the species, based on the central tendency and upper and lower prediction
intervals of the SSD curve. The specific species from the SSD potentially affected at each
protection level for the central tendency are also summarized. As seen from the table, at both the
95% and 90% levels, the potential species that are affected are Gastrophryne carolinensis
(narrow-mouth toad), Scenedesmus acutus (alga). The Northwest Territories is outside the
expected range of the narrow-mouth toad (Gastrophryne carolinensis) and the 95% protection
limit is considered to be protective of the aquatic ecosystem.

Table 3-3 Protection Levels Based on Arsenic Species Sensitive Distribution

Concentration (ug/L)
riEeien Lower Upper Species Affected at Central Tendency
Level Central L =
Prediction Prediction
Tendency
Interval Interval
95% 78 31 196 Gastrophryne carolinensis, Scenedesmus acutus
90% 169 69 414 Gastrophryne carolinensis, Scenedesmus acutus
0% 431 130 1035 Gastrophryne carolinensis, Scenedesmus acutus,
Gammarus fossarum

3.4.2 Measured Arsenic Concentrations

The second approach is to look at the measured arsenic concentrations from various sampling
stations within and in the vicinity of the wetland and then determine where these concentrations
lie on the SSD curve. Then a risk management decision can be made as to whether the species
that are not protected are considered to be important to the aquatic ecosystem in the wetland.

Figure 3-2 provides an example of the SSD curve with mean arsenic concentrations measured at
various stations within the wetland (T-9 and MB; see Figure 2-2) also shown on the curve. The
arsenic concentrations were 59 pg/L at station T-9 and 128 pg/L at station MB (see Table 2-1).
Figure 3-3 presents the curve with measured arsenic concentrations in Ho-Hum Lake (mean of
stations T-7, T-16 and T-8) upstream of the wetland and Moose Bay just downstream of the
wetland (T-6). The arsenic concentrations for Ho-Hum Lake (HHL) and Moose Bay (T-6) were
66 ng/L and 44 pg/L, respectively.

As seen from these figures, the potentially affected species are the narrow-mouth toad
(Gastrophryne carolinensis) and an alga (Scenedesmus acutus), which are the same species that
are affected when the 95% protection level is selected.
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Figure 3-2  Species Sensitive Distribution with Mean Concentrations (2007-2013)
Measured in the Wetland (T9, MB)
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Figure 3-3  Species Sensitive Distribution with Mean Concentrations (2007-2013)
Measured in Ho-Hum Lake (HHL) and Moose Bay at Wetland Outflow (T6)

T8 HHL
1 -
. ° Lepomis mgcmchirus
09 Crgplefﬁg salmoides
elinys*fontinalis

08 4 rdaga%fié floridae
- n ' gairdneri
% 0.7 4 ° Cafassius auratus
-
% 06
] stoma opacum
% 0.5 yphargus
@ ’ rfienorhodanensis
% s aquaticus
w 044
©
c
-% 0.3 4 iodaphnia dubia
Q Oncorfiynchus mykiss
o 024 S e i Central Tendency
2 Hystiella azteca 5% Prediction Interval
o 011 ammarls fossarum

] Gosmusacutus var. acutus

0 °| Gastrophryne carolinensis
1 10 100 1000 10000 100000 1000000
Arsenic Concentration (pg/L)

350600-210 — FINAL — March 2014 3-7 SENES Consultants



Site-Specific Target Level for Arsenic in Surface Waters Associated with the Terra Mine Wetland

3.5 APPLICATION OF THE ARSENIC SSTL FOR THE WETLAND

Based on the outcome of the two methods discussed above, it is recommended that the arsenic
SSTL for the wetland at the Terra Mine site be selected as the central tendency of the arsenic
SSD curve at the 95% protection level, which corresponds to a value of 78 pg/L. This value is
considered to be protective of the aquatic species present in the aquatic environment at the Terra
Mine site and should be applied to the outlet of the wetland into Moose Bay. Application of the
SSTL to the wetland itself is not recommended as it is understood that the wetland is serving as a
function to remove arsenic.

To provide a context for the derivation of the SSTL, the background related to the development
of the CCME guideline is provided. The water quality guideline for arsenic for the protection of
freshwater life is 5 pg/L, which was derived by multiplying the chronic 14-d EC50 for growth
endpoints of approximately 50 pg/L (Vocke et al. 1980) for the most sensitive organism to
arsenic, the alga Scenedesmus acutus by a safety factor of 0.1. This datum point was considered
in the development of the SSD. The proposed SSTL does not protect this particular species but
is protective of 95% of the species, which is considered to represent an aquatic ecosystem.

Figures 3-4 and 3-5 show a comparison between the proposed SSTL and the measured data at
T-9 (inlet to wetland) and T-6 (outlet of wetland). As seen from Figure 3-4, although historically
arsenic concentrations measured in June 2003 and 2004 exceeded the SSTL, with the exception
of one sampling event since then in August 2008 (79 pg/L), arsenic concentrations at the inlet to
the wetland have been below the SSTL concentration of 78 pg/L. At the outlet of the wetland
(Figure 3-5), all arsenic concentrations measured since 2002 have been below the SSTL.
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Figure 3-4  Arsenic Concentrations in Wetland Area (T-9) Relative to SSTL

Station T-9: Wetland at Ho-Hum Lake Outflow Weir
140

120

100

Site-Specific Target Level (95% Protection) =78 ug/L

80

60

40

Arsenic Concentration (pg/L)

20

0

2003 2004 2005 2006 2007 2008 2009 2010 2013
I June
m July
. August
 September
—o— Annual Avg

Figure 3-5  Arsenic Concentrations in Moose Bay (T6) Relative to SSTL

Station T-6: Moose Bay at Wetland Outflow
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4.0 CONCLUSIONS

Sampling programs have been conducted in the aquatic environment at the Terra Mine site since
2002. Levels of arsenic are elevated over CCME guidelines and numerous studies have been
carried out to characterize the arsenic loadings in Ho-Hum Lake, the wetland and Moose Bay.
There is a need to establish an SSTL for arsenic in water at the outlet of the wetland. The
proposed value of 78 pg/L for arsenic in water has been developed using an SSD approach and is
representative of the protection of 95% of the aquatic species.

It is recommended that the SSTL be applied to average annual measurements at the outlet of the
wetland (station T-6) as follows:

e Arsenic levels below a value of 78 pg/L are considered protective of all aquatic species
and no action is required beyond routine monitoring; and,

e Arsenic levels above 78 pug/L suggest that follow-up investigations of sediments, benthic
community, and fish (which do not migrate and have limited mobility) be initiated.
Sampling may be warranted between stations T-6 and T-10 to determine whether adverse
effects on aquatic biota populations are being observed in Moose Bay.

It should be noted that over the past number of years, the arsenic concentrations at the inlet and
outlet of the wetland have essentially measured below the SSTL.
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APPENDIX A:

Summary of Aquatic Toxicity Data Considered in Developing Species
Sensitive Distribution Curve for Arsenic
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