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INTRODUCTION

The Department of Indian Affairs and Northern Development (DIAND) are currently
examining several options for managing environmental concerns associated with the
underground storage of arsenic trioxide at the Giant Mine Site. In May of 2001, The
Giant Mine Trioxide Pre-feasibility Study was completed and included a screening level
ecological risk assessment of arsenic releases into the environment and the potential
effects on human health and aquatic and terrestrial species.
The results of the ecological assessment suggested that a number of aquatic and terrestrial
species were potentially at risk in Baker Creek for several arsenic release scenarios. The
key area of uncertainty, however, is the bio-availability of arsenic contained in river and
lake sediments.
Dillon Consulting Limited was retained by DIAND in October of 2001 and again in
2002, to conduct biological sampling in Baker Creek. The goal of this study was to
measure levels of antimony, arsenic, copper, nickel and zinc in benthic plants, animals
and in the sediment solids and pore water.
The 2003 program, as outlined in this document, provides supplementary information to
be used towards the development of a more complete understanding of bio-accumulation
pathways in Baker Creek.

2.0

BIOLOGICAL SAMPLING METHODOLOGIES

The 2003 Biological Sampling Program at Baker Creek followed methodologies outlined
during the 2002 program (Dillon 2002), with a few exceptions.
Specifically, DIAND added three sampling locations to the 2003 program, bringing the
total to seven (Figure 1.0 and photo sheets). DIAND also removed the sampling of fish
tissue from the sampling parameters. Sampling parameters for the 2003 program
included:

• Benthic Invertebrates
• Surface Water Samples
• Sediment Samples
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Water Quality

Five water samples were collected from each site during August 2003. Water samples
were collected by fully submerging (to eliminate air bubbles) sterilized water bottles into
the water column. Parameters sampled were dissolved metals, total metals, major ions,
TDS, TSS and physicals. A blank was taken at all seven sample locations for Quality
Control (QC).
2.1.2 Quality Assurance/Quality Control (QA/QC)
All sample bottles were new and clean. Bottles used for physical, nutrient and total
metals were acid cleaned (dilute sulphuric acid and distilled deionized water) by the
analytical laboratory before use. To minimize potential contamination in the metal
samples, trace metal-clean equipment and procedures were used for the collection and
processing of samples.
Travel and field blanks were collected during the same sampling periods as the water
quality samples. These samples were submitted as part of the field quality assurance
program in order to assess the purity of the chemical preservatives, to assess
contamination from sample containers and/or other equipment used in collection and
handling of the sample, and to detect other systematic or random errors from sampling
through to analysis. Water samples were placed in a cooler and later refrigerated prior to
their shipment for analyses at Taiga Environmental Laboratory in Yellowknife, NT.

2.2

Sediment Quality

At each site (BC1-BC7, see photo sheets), a modified trowel was used to collect triplicate
substrate samples from the bottom of the watercourse in an undisturbed manner (top 2 cm
only). Once collected, sediments were placed into sterilized, glass sediment sample jars
and placed in a cooler. Samples were refrigerated until shipping for analysis (within 24
hours of collection).
Samples were analyzed for metals and sediment composition (i.e. percent sand, silt and
clay) by Taiga Environmental Laboratories, Yellowknife, NT. A one-way ANOVA
followed by a Tukey HSD test for Pair-Wise comparisons was used to determine
significant differences in sediment metal concentrations between sites.
Sediment metal concentrations were evaluated with respect to Canadian Sediment
Quality Guidelines (CSQGs) (CCME 2001). The two types of CSQGs that have been
developed are referred to as Interim freshwater Sediment Quality Guidelines (ISQG) and
the Probable Effect Levels (PEL). When comparing sediment quality to the CSQGs
(using ISQGs and PELs), contaminant levels were classified as having toxicological
concerns that were minimal, potential, or significant based on the following:
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Minimal: below the ISQG;
Potential: between the ISQG and the PEL; and,
Significant : greater than the PEL

Since certain metals and/or compounds have different affinity for particle sizes,
sedime nts collected from the seven sample sites were additionally classified by particle
size (i.e., percent sand, silt and clay). It is possible that the particle size distribution of
the sediments in Baker Creek significantly affects the concentration of metals present in
the substrate samples. Such a discovery would allow future studies to target deposition
zones containing certain particle size, as they may serve as the primary bioaccumulation
pathway in Baker Creek.

2.3

Laboratory Analyses for Metals/Particle Size

Prior to metals analysis, all sediment samples were dried, ground, mixed with acid and
digested at 85 degrees Celsius for 3 hours.
Arsenic levels were determined using Graphite Furnace Atomic Absorption, as described
in Standard Methods # 3113:B (in Standard Methods for the Examination of Water and
Wastewater, 19th edition), while all other metal levels were determined by Inductively
Coupled Mass Spectrometry, US Environmental Protection Agency Method #200.2 (see
www.epa.gov/epahome/Standards.html).
Particle size of the sediment samples was determined using a Malvern "Mastersizer"
Laser.

2.4

Benthic Invertebrate Sampling

Benthic invertebrate sampling was conducted using multi-plate artificial substrate
samplers, known as Hester-Dendy Plates (Figure 2.1.1). Five replicate plates were
installed in reaches BC1 to BC7 during July 2003 and removed at the end of August
2003. Upon removal, the Hester Dendy plates were carefully separated and the
invertebrates were placed in sample containers. Prior to shipping, samples sent for
metals analyses were placed in a cooler and later refrigerated, while samples sent for
taxonomic identification (Applied Technical Services, Vancouver, BC) were preserved
with ethanol alcohol.
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3.0

RESULTS AND DISCUSSION

3.1

Water Quality

Water samples collected from the seven study sites were analyzed for dissolved and total
metals (antimony, arsenic, copper, nickel and zinc), total organic carbon (TOC) and
standard water quality parameters. The metal concentrations, with the corresponding
CCME guidelines, are presented in Table 3.1.1.
Table 3.1.1: Summary of Metal Results in Baker Creek Water Samples, August 21, 2003.
Parameter

Dissolved
Metals
Antimony
Arsenic
Copper
Nickel
Zinc
Total Metals
Antimony
Arsenic
Copper
Nickel
Zinc

Unit

Location

CCME
Guideline

Site
1

Site
2

Site
3

Site
4

Site
5

Site
6

Site
7

µg/L
µg/L
µg/L
µg/L
µg/L

2.18
43
0.8
0.5
4

2.52
49
0.6
0.37
3.4

103
174
7.3
10.7
7.8

222
236
14.1
15.7
6.8

214
204
15
16.4
8.7

203
203
15.1
14.6
9.1

112
107
8.62
8.74
15

NS
5
2 to 4
25 to 150
30

µg/L
µg/L
µg/L
µg/L
µg/L

2
49
1.1
1.4
<10

2.1
52
1
0.3
<10

95.5
204
11.9
11
<10

216
248
15.4
15.7
<10

213
218
16.4
16.9
<10

209
233
14.4
14.2
<10

160
174
15.1
13.8
12

NS
5
2 to 4
25 to 150
30

NS: Not
Specified

Comparisons were made to the CCME guidelines using the dissolved metal
concentrations, because the total metal concentrations reported may include some metal
ions that are actually present in organic matter in the water column.
None of the samples exceeded the CCME guideline for nickel or zinc. CCME guidelines
do not currently specify a guideline for antimony, although it is considered a priority
substance and a guideline may be established in the future. Of the remaining metals,
arsenic and copper demonstrated several instances of exceeding the CCME guidelines.
As observed in 2002, all water samples collected from Baker Creek exceeded the CCME
guideline of 5 µg/L for arsenic. However, only samples collected downstream of Giant
Mine (Sites 3 – 7) demonstrated copper levels above guidelines (Table 3.1.1; Dillon
2002).
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3.1.1 Antimony Concentrations
Antimony concentrations were found to be between 44 and 94 times higher in water
samples collected downstream of the mine site, when compared to upstream samples
(Sites 1 and 2; Figure 3.1.1). As previously noted, CCME guidelines have not yet been
established for antimony, although it is listed as a priority substance.
There were obvious and substantial increases in antimony concentrations in water
samples collected downstream of the mine site (Figure 3.1.1). It appears that
concentrations are correlated to overall distance from the mine site. With the exception
of Site 3, which is located immediately adjacent to Giant Mine, sample concentrations
decreased with increasing distance from the mine (Figure 3.1.1).

Antimony Conc. (ug/l)

250
200
150
100
50
0
Site 1

Site 2

Site 3

Site 4

Site 5

Site 6

Site 7

Location

Figure 3.1.1. Antimony concentrations in water samples collected in the seven sampling
locations in Baker Creek, August 21, 2003, and CCME guidelines for the protection of
aquatic life.

3.1.2 Arsenic Concentrations
As was observed in 2002, arsenic concentrations in waters samples upstream of Giant
Mine were much lower than levels detected in downstream environments (Figure 3.1.2;
Dillon 2002). Although arsenic concentrations were as much as nine times higher in
samples collected downstream of the mine when compared to levels detected upstream,
all samples were well above the recommended CCME guideline of 5.0 µg/l for the
protection of aquatic life in all locations sampled (Figure 3.1.2).
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As was demonstrated with antimony, arsenic concentrations displayed a declining spatial
relationship with distance downstream of the mine site.
As has been observed in other monitored northern ecosystems (Dillon 2001), it appears
that background levels of arsenic in the Baker Creek watershed are relatively high when
compared to CCME guidelines, under natural cond itions. Upstream of the Giant Mine
site, there appears to be relatively minimal impact from any type of development.
Therefore, one must hypothesize that arsenic levels in Baker Creek would probably occur
above CCME guidelines during natural conditions. However, the presence of Giant Mine
has obviously resulted in compounding the arsenic related problems in the watershed,
with levels occurring as high as nine times levels recorded in upstream environments
(Figure 3.1.2).

Arsenic Conc. (ug/l)

250
200
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100
CCME
Guideline
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0
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Site 6

Site 7

Location

Figure 3.1.2. Arsenic concentrations in water samples collected in the seven samplin g locations
in Baker Creek, August 21, 2003, and CCME guidelines for the protection of aquatic life.

3.1.3 Copper Concentrations
Detected levels of copper in water samples collected upstream of Giant Mine on August
21, 2003, were well below the CCME guideline of 2 ug/l. However, all samples
collected in downstream environments exceeded recommended guidelines (Figure 3.1.3).
Mean copper concentrations in samples collected upstream of the mine was 0.7 ug/l,
while the mean concentration of samples collected downstream of the mine was 12.0
ug/l. Downstream concentrations were up to 17 times higher than levels recorded
upstream and as high as eight times the recommended CCME guideline (Figure 3.1.3).
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Figure 3.1.3. Copper concentrations in water samples collected in the seven sampling locations
in Baker Creek, August 21, 2003, and CCME guidelines for the protection of aquatic life.

3.1.4 Nickel Concentrations
Although nickel concentrations found were well below recommended CCME guidelines
(> 25 ug/l) in all samples collected, as was found with other monitored metal
concentrations, detected levels were significantly higher downstream of the mine site
(Figure 3.1.4).
Mean nickel concentrations in samples collected upstream of the outflow from Giant
mine (Sites 1 and 2) was 0.44 ug/l - significantly lower than the mean concentration of
13.2 recorded in stream water downstream of the mine.
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Figure 3.1.4. Nickel concentrations in water samples collected in the seven sampling locations in
Baker Creek, August 21, 2003, and CCME guidelines for the protection of aquatic life.

3.1.5 Zinc Concentrations
Concentrations of zinc in Baker Creek water samples collected up and downstream of
Giant Mine were all below the CCME recommended guideline of 30 ug/l. However, as
was observed with other monitored parameters, mean levels detected downstream were
significantly higher than upstream levels (9.5 ug/l vs. 3.7 ug/l, respectively; Figure 3.1.5).
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Figure 3.1.5. Zinc concentrations in water samples collected in the seven sampling locations in
Baker Creek, August 21, 2003, and CCME guidelines for the protection of aquatic life.
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3.1.6 Water Quality Summary and Conclusions
As anticipated from previous studies, all measured water quality parameters were found
at higher concentrations in samples collected downstream of the mine site (Dillon, 2002
and 2003).
Although there are water quality concerns upstream of the Giant Mine site with arsenic
levels occurring above recommended CCME guidelines, it is apparent that the outflow
from the Giant Mine is having a detrimental effect on water quality in Baker Creek. All
measured water quality parameters downstream of the mine were significantly higher
than upstream levels.

3.2

Substrate Sediment Analysis

3.2.1 Substrate Particle Size Distribution
The sediment samples collected from each of the monitored sites varied considerably in
composition. There were significantly lower amounts of clay and silt in samples collected
upstream of the mine (Sites 1 and 2) when compared to downstream samples (Sites 3 - 7;
Figure 3.2.1). Similarly, mean composition of sand in substrate samples was much
higher upstream of the mine site when compared to the mean proportion detected in
downstream locations (65% vs. 28%, respectively; Figure 3.2.1). Owing to the fact that
sediments with smaller particle sizes (i.e. lower sand content) have the tendency to
adsorb more metal ions, metal concentrations in sediments may also be affected by
particle size distribution. Since sediment samples collected upstream of the mine site
contain significantly higher proportions of sand in substrates when compared to
downstream environments, one would anticipate that metal concentrations may be lower
in areas upstream of the mine site.
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Figure 3.2.1. Mean sediment composition by particle size from each of the two sample sites
located upstream of Giant Mine (Sites 1 and 2) and the five sample sites found
downstream of Giant Mine (Sites 3 - 7) on Baker Creek, August, 2003.

3.2.2 Substrate Sediment Metal Analysis
As would have been anticipated from the project design, the sample reach located furthest
upstream of the mine (Site 1), with the exception of zinc, had significantly lower
concentrations of all measured parameters (Table 3.2.1). However, as was observed by
Dillon 2002, Site 2, which is also located upstream of Giant Mine, had metal
concentrations similar to or higher than levels found downstream of the mine site (Sites 3
– 7; Table 3.2.1).
Results from studies conducted in 2002 and 2003 indicate that Site 2 lies in a sediment
depositional zone at the head of Baker Lake (Dillon 2002). It appears that during high
water events, Site 2 which is located at the confluence between Baker Creek and Baker
Lake, acts as a deposition area for lake sediments bound with metal ions originating from
the Giant Mine site. This hypothesis is further strengthened by the fact that Site 3, which
is located in Baker Lake and immediately adjacent to the discharge from Giant Mine, has
significantly higher copper concentrations than the other monitored sites. If the sediment
metal concentrations in Baker Lake have been influenced by past mining activities, one
would expect to find the highest concentration of sediment copper levels in Baker Lake,
as the copper ions would be forced to precipitate out of solution as a result of higher pH
levels in the lake environment (Dillon 2002).
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Table 3.2.1 Mean sediment concentrations of selected metals from samples collected up and
downstream of Giant Mine, June 4, 2003, and CCME freshwater sediment guidelines for
the protection of aquatic life. (n=6)
* - Guidelines currently not yet established.

Compound
Antimony
Arsenic
Copper
Nickel
Zinc

Site 1
6.5
192.0
12.1
43.7
124.0

Site 2
728.0
2930.0
126.0
49.6
534.0

Site 3 Site 4
160.0 153.0
981.0 4380.0
1540.0 159.0
139.0
77.1
247.0 392.0

Site 5
21.5
615.0
62.3
43.8
128.0

Site 6 Site 7
90.3
97.6
686.0 2350.0
169.0 178.0
75.5
83.4
332.0 280.0

CCME
ISQG
*
5.9
35.7
*
123.0

CCME
PEL
*
17.0
197.0
*
315.0

3.2.3 Sediment Antimony Concentrations
As was found by Dillon 2002, 2003 sediment samples collected in Baker Creek found
that antimony concentrations were lowest in the site located the furthest upstream of
Giant Mine (Site 1; Figure 3.2.3). Antimony concentrations at all other sample locations
(Sites 2 – 7), were highly variable but all were significantly higher than levels detected at
Site 1.
As previously discussed, Site 2 appears to lie in a sediment deposition zone and therefore
for the purposes of sediment metal concentration analysis, Site 2 is considered an
impacted site. Concentrations ranged from a low of 6.5 ug/l at Site 1 to a high of 728.0
ug/l at Site 2. Antimony levels recorded in sediment samples at sites located further
downstream appeared highly variable and concentrations did not appear to be
significantly correlated with substrate composition (ANOVA; p>0.05), or distance from
Giant Mine.
Although CCME sediment guidelines have not been established for antimony, it is
considered a priority substance. It is unknown what detected levels of antimony have on
the aquatic community, but the presence of Giant Mine in the Baker Creek watershed has
resulted in sediment antimony concentrations as much as 112 times levels recorded in
upstream “unimpacted” environments.
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Figure 3.2.3. Antimony concentrations in sediment samples collected in the seven sampling
locations in Baker Creek, August 21, 2003.

3.2.4 Sediment Arsenic Concentrations
The CCME has established two sets of guidelines for sediments: the Interim Sediment
Quality Guideline (ISQG) and the Probable Effects Level (PEL). For arsenic, the ISQG
is 5.9 mg/kg and the PEL is 17.0 mg/kg. All of the arsenic results obtained during this
study exceed both the ISQG and the PEL, including the “unimpacted” site (Site 1),
located upstream of Giant Mine. This is not unexpected, as a mine once operated at the
site, and although arsenic rich soils have been documented to occur near mine sites, they
occur at naturally high levels in some areas of Northern Canada. In RWED’s recently
updated “Contaminated Site Guideline” (November 2003), a different guideline has been
established for arsenic in soils and sediments near Yellowknife, where two gold mines
have operated in the past. The sediment value is 150 ug/g, however all detected sediment
arsenic concentrations still exceed this guideline and samples collected downstream of
Giant Mine, exceeded it considerably (Table 3.2.1; Figure 3.2.4).
Sediment samples collected upstream of Giant Mine (Site 1), contained arsenic
concentrations of 192.0 ug/l (Table 3.2.1). Although this level exceeds CCME ISQG and
PEL guidelines by a considerable amount, levels detected upstream were only slightly
above RWED’s Contaminated Site Guideline. Comparatively, samples collected
downstream of Giant Mine ranged from a low of 615.0 ug/l at Site 5, to a high of 4380.0
ug/l at Site 4, which is as much as 30 times RWED’s “Contaminated Site Guidelines” and
742 times the recommended CCME (ISQG) guideline (Table 3.2.1).
Again, arsenic levels detected were highly variable in samples collected downstream of
the Giant Mine site and did not appear to be significantly correlated with substrate
particle size or distance from the mine site (ANOVA p>0.05).
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Figure 3.2.4. Arsenic concentrations in sediment samples collected in the seven sampling
locations in Baker Creek, August 21, 2003, RWED Contaminated Site Sediment Guideline
(2003).

3.2.5 Sediment Copper Concentrations
As was found in previous studies and in other monitored sediment metal concentrations
in the lower portion of the Baker Creek watershed during 2003, copper concentrations
were lowest in sediments collected the furthest upstream of Giant Mine in the
“unimpacted” Site 1 (Table 3.2.1; Figure 3.2.5). Site 1 copper concentrations (12.1 ug/g)
were well below both the CCME ISQG and PEL Sediment Quality Guidelines for the
Protection of Aquatic Life at 35.7 ug/g and 197.0 ug/g, respectively. All other sediment
samples collected in the Baker Creek watershed from the sites that are all considered
impacted from past mining activities (Sites 2 – 7) were found to contain copper
concentrations well above the recommended ISQG Guideline (Table 3.2.1; Figure 3.2.5).
However, only Site 3 sediment samples contained copper concentrations above the
suggested PEL Guideline.
As was previously discussed, Site 3 is located along the shoreline of Baker Lake in close
proximity to the outflow from the Giant Mine site. The higher pH level in Baker Lake,
when compared to the outflow from the Giant Mine site, results in a large amount of the
copper present in the water column to precipitate (Dillon 2002). It is hypothesized that
the ammonia present in the outflow from the mine site results in an elevation in pH levels
in Baker Lake. When outflow from the mine enters the lake, this increase in pH causes
the copper to precipitate out of the water column, and is therefore not as readily available
in downstream areas.
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Copper Conc. (ug/g)

There are obvious concerns associated with sediment copper concentrations in the Baker
Creek watershed. Levels increased from a low of 12.1 ug/g in “unimpacted” Site 1,
upstream of the mine site to a high of 1540.0 ug/g in Site 3, adjacent to the mine. Levels
detected downstream again were highly variable and did appear to be significantly
correlated with particle size or distance from the mine (ANOVA; p>0.05).
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Figure 3.2.5. Copper concentrations in sediment samples collected in the seven sampling
locations in Baker Creek, August 21, 2003, and CCME (PEL) Sediment Quality Guidelines
for the Protection of Aquatic Life.

3.2.6 Sediment Nickel Concentrations
Sediment nickel concentrations in Baker Creek did not appear to be correlated with
sediment particle size or distance from the mine site (ANOVA; p>0.05). As was
observed in 2002, nickel concentrations throughout the sample area were highly variable,
and concentrations were not considered significantly different between the unimpacted
site (Site 1) and the study sites located downs tream of the mine (Table 3.2.1; Figure
3.2.6).
Sediment nickel concentrations ranged from a low of 43.7 at Site 1 to a high of 139.0 at
Site 3. As no CCME guidelines have been developed for sediment nickel concentrations,
comparisons could not be made. It does appear that Giant Mine may have contributed to
somewhat to higher levels of nickel concentrations in sediment sample s, as levels
detected in Site 3 (immediately adjacent to the outflow from the mine site) were 2 – 3
times the levels detected in all other sample areas. Further testing would be required to
test this hypothesis, as it is beyond the scope of this report.
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Figure 3.2.6. Nickel concentrations in sediment samples collected in the seven sampling
locations in Baker Creek, August 21, 2003.

3.2.7 Sediment Zinc Concentrations
The lowest detected zinc concentration was 124.0 ug/g, recorded in the “unimpacted”
Site 1 (Table 3.2.1; Figure 3.2.7). Levels detected in the other study areas displayed a
high amount of spatial variability within the watershed, and concentrations did not appear
to be significantly correlated with particle size or distance from the outflow of the mine
site (ANOVA; p>0.05). Sediment zinc concentrations in Sites 2 – 7 ranged from a low of
128.0 ug/g at Site 5 to a high of 534.0 ug/g at Site 2.
As was reported in 2002, all sediment zinc concentrations were detected above the
suggested CCME ISQG Guideline of 123.0 ug/g (Dillon 2002: Table 3.2.1). However,
only samples from Sites 2, 4 and 6 occurred at concentrations above the PEL Guideline
of 315.0 ug/g.
It does appear that Baker Creek has a naturally high background level of zinc in its
sediments, as the “unimpacted” site (Site 1) contained zinc concentrations similar to the
CCME ISQG recommended guideline (124.0 ug/g vs. 123.0 ug/g, respectively).
However, the presence of the mine has obviously compounded these effects, as zinc
sediment levels detected downstream of the mine occurred at concentrations over four
times than detected in Site 1.
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Figure 3.2.7. Zinc concentrations in sediment samples collected in the seven sampling locations
in Baker Creek, August 21, 2003, and CCME (PEL) Sediment Quality Guidelines for the
Protection of Aquatic Life.

3.2.8 Summary Sediment Metal Concentrations
With the exception of nickel concentrations, all measured sediment metal concentrations
were substantially higher in areas downstream of the mine site, when compared to
upstream samples. Three of the five biologically significant metals that were investigated
during this study were found to exceed levels recommended by CCME ISQG and PEL
freshwater sediment downstream of the mine site (Table 3.2.1). Only antimony and
Nickel were found to not exceed CCME guidelines, as none have yet been established.
Only arsenic was found at levels which exceeded both CCME and RWED guidelines in
the “unimpacted” site (Site 1), and it appears that the Baker Creek watershed has either
high background levels of arsenic in the system, or there are other contributing factors
further upstream. Further testing would be required to test this hypothesis.
Grain size of the sediments did not appear to be correlated with sediment metal
concentrations in the Baker Creek watershed (p>0.05). If sediment grain size was a
major factor affecting metal concentrations, higher levels would have been expected at
Sites 5 and 6, which had the lowest mean particle size. However, the highest metal
concentrations were generally found at Sites 2 and 3, which had a much larger particle
size.
The location of Sites 2 and 3, with respect to the mine location, probably influenced
results to a much greater extent than would particle size. Sites and 2 and 3 are more
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closely spatially associated with the abandoned mine site, and elevated levels of all
measured compounds detected here is probably due to the closeness to mine itself.
Although sediment particle size would contribute somewhat to sediment metal
concentration detected in the Baker Creek watershed, the extent of this effect would
require further investigation as it is beyond the scope of this study. It is logical to assume
that metal concentrations detected are a result of both the proximity of the sample
location to mine site itself and substrate particle size.

3.3

Benthic Invertebrate Tissue Analysis

Stream benthos are secondary producers that feed primarily upon algae and detritus.
They form an important link in the food web, often being a primary source of food for
both small and large fish. Bent hic invertebrates are also important indicators of water
and sediment quality. Their life cycle is short compared to that of fish and other
organisms, and they tend to demonstrate the effects of changing water or sediment quality
much more quickly than fish and may be able to tolerate greater levels of pollution.

3.3.1 Tissue Metal Concentrations
Substrate benthos samples were collected from all seven of the sample reaches. Stream
benthos community tissue sampling analysis found higher concentrations of all measured
metals in downstream samples (Sites 3 – 7) when compared to benthic samples collected
upstream of the Giant Mine site (Sites 1 and 2; Table 3.3.1). Benthic metal tissue
concentrations of antimony, arsenic, copper, nickel and zinc occurred at levels as much as
48, 33, 29, 45 and 2.4 times higher, respectively, in downstream samples when compared
to individuals collected up stream of the mine site (Table 3.3.1).
Owing to the fact that CCME benthic tissue guidelines have not yet been established,
results were compared to CCME sediment quality ISQG guidelines. Stream benthos
community tissue sampling detected arsenic concentrations as much as 8.5 times higher
than CCME guidelines for the protection of aquatic life, downstream of the Giant Mine
site, but levels detected upstream (Sites 1 and 2) were well below guidelines (Table
3.3.1).
Levels of copper in benthic invertebrate tissue samples were also found to exceed CCME
guidelines at Sites 6 and 7 only, as tissue concentrations appeared to increase with
distance downstream from the mine. Although all other measured tissue metal
concentrations were found to increase with distance downstream from the mine site,
detected levels were either under CCME guidelines, or guidelines have yet to be
established.
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Table 3.3.1. Selected metal concentrations in benthos tissue samples collected in the seven
sample locations in Baker Creek, 2003, and CCME guidelines for the protection of
aquatic life.

Mean Tissue Concentration (µg/g)
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
Compound
Antimony
Arsenic
Copper
Nickel
Zinc

0.05
1.5
1.85
0.11
38.6

0.29
3.8
12.1
0.33
33.5

3.25
10.2
7.89
1.5
44.7

1.05
7.7
4.26
0.72
11.6

2.05
21.7
11.1
3.32
91

2.39
50.2
43.6
4.93
23.9

1.95
19.5
53.9
3.45
82.1

CCME *
PRI
5.9
35.7
N/A
123

* - Canadian Council of Ministers of the Environment – Interim freshwater sediment quality guidelines.
PRI – Guidelines currently not yet established – priority substance.
Note – all results are based on dry weight samples.

3.3.2 Spatial Effects on Benthic Tissue Metal Concentrations
Owing to the natural tendency of invertebrate drift to downstream locations, one would
hypothesize that invertebrates collected in the furthest downstream sample locations in
Baker Creek would have spent more time in the section of stream most severely impacted
from past mining activities, and would therefore have a greater opportunity to bioaccumulate metals (Wilzbach et al. 1988). Conversely, organisms sampled further
upstream would have spent less time in the impacted stream reach, and therefore should
contain lower concentrations of selected metals.
Although sample sites were not placed at equidistant locations along the monitored
section of Baker Creek, site numbers are relatively evenly spread out along the study
reach. As previously discussed, Site 1 is the uppermost sample area and site number
increases downstream to Site 7, which is located at the confluence of Baker Creek with
Great Slave Lake.
When benthic antimony tissue concentrations were correlated with their relative distance
downstream of the mine site, there was a relatively weak but positive correlation between
site number (distance downstream of the mine site) and metal concentration (R2 =0.33;
Figure 3.3.1).
Owing to the tendency of invertebrate drift to downstream habitats, it appears that benthic
invertebrates bio-accumulate antimony in tissue samples, the longer they remain in the
system. It appears that benthic antimony tissue concentrations are positively related to
the distance downstream of the mine site, and regression analysis generated a relatively
successful prediction of benthic antimony concentrations by site number (antimony Conc.
= 0.3107(sample #) + 0.3329; R2 =0.33).
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Benthic tissue arsenic concentrations were also significantly and positively correlated
with sample number (Figure 3.3.2). Again, a regression analysis generated a relatively
successful prediction of benthic arsenic concentrations by site number (arsenic conc. =
5.6536(sample #) - 6.2429; R2 =0.53).
Benthic tissue copper and nickel concentrations demonstrated the most significant
correlation with distance from the mine site (Figures 3.3.3 and 3.3.4). Regression
analysis on both sampled metals generated two very successful predictors of tissue metal
concentrations (copper conc. = 7.9414(sample #) – 12.523; R2 =0.69 and nickel conc. =
0.7514(sample #) – 0.9543; R2 =0.77).

Antimony Conc. (ug/g)

Although a correlation between zinc tissue concentrations and distance downstream did
demonstrate a positive relationship, it was considered weak and not significant (Figure
3.3.5; R2 =0.17). As previously discussed in Section 4.2.5, background levels of zinc in
Baker Creek appear to be naturally high, and there did not appear to be a significant
spatial relationship between mine impacts and stream sample area. Although zinc
concentrations did appear to be generally higher in sediment samples collected
downstream of the mine site, sample location or substrate particle size could not explain
the variances. Therefore, it is not surprising that benthic tissue zinc concentrations only
demonstrated a weak positive temporal relationship.
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Figure 3.3.1. Comparison of benthic tissue antimony concentrations with the approximate
distance downstream in the study reach in Baker Creek, August 21, 2003. Sample location
1 is the furthest upstream sample area and sample location 7 is located at the mouth of
Baker Creek.
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Copper Conc. (ug/g)

Figure 3.3.2. Comparison of benthic tissue arsenic concentrations with the approximate distance
downstream in the study reach in Baker Creek, August 21, 2003. Sample location 1 is the
furthest upstream sample area and sample location 7 is located at the mouth of Baker
Creek.
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Figure 3.3.3. Comparison of benthic tissue copper concentrations with the approximate distance
downstream in the study reach in Baker Creek, August 21, 2003. Sample location 1 is the
furthest upstream sample area and sample location 7 is located at the mouth of Baker
Creek.
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Figure 3.3.4. Comparison of benthic tissue nickel concentrations with the approximate distance
downstream in the study reach in Baker Creek, August 21, 2003. Sample location 1 is the
furthest upstream sample area and sample location 7 is located at the mouth of Baker
Creek.

100

y = 5.6286x + 23.971
R2 = 0.1702

80
60
40
20
0
1

2

3

4

5

6

7

Sample Location

Figure 3.3.5. Comparison of benthic tissue zinc concentrations with the approximate distance
downstream in the study reach in Baker Creek, August 21, 2003. Sample location 1 is the
furthest upstream sample area and sample location 7 is located at the mouth of Baker
Creek.

2003 Baker Creek Monitoring Report, Draft
INAC-Giant Mine Project Team
April 2004

Dillon Consulting Limited

- 25 -

3.3.3 Summary of Benthic Tissue Metal Concentrations
Benthic invertebrate tissue samples collected downstream of the Giant Mine site detected
generally higher concentrations of all sample parameters, when compared to the upstream
unimpacted site (Site 1). Although the small sample size prevented any statistical
comparisons between sites, mean concentrations of antimony, arsenic, copper and nickel
were found at much higher concentrations downstream of the mine. The one exception
was zinc concentrations that appeared to be highly variable and not effected by sample
location.
It was obvious that benthic invertebrates present in Baker Creek are accumulating metals
from the Giant Mine tailings pond and the associated outflow. Benthic metal tissue
concentrations of antimony, arsenic, copper, nickel and zinc occurred at levels as much as
48, 33, 29, 45 and 2.4 times higher, respectively, in downstream samples when compared
to individuals collected upstream of the mine site. Arsenic concentrations in benthic
tissue samples downstream of the mine (Sites 3-7) exceeded CCME guidelines; however,
tissue samples collected upstream were below the recommended guidelines. Copper
concentrations were also observed to exceed recommended CCME guidelines in the two
furthest downstream sample sites (Sites 6 and 7), only. The exact effect that these metals
found in benthic tissues at this concentration may have on the aquatic environment is
uncertain, as CCME tissue concentration guidelines have yet to be established.
There were obvious and significant temporal effects on benthic invertebrate metal tissue
concentrations in the lower portion of the Baker Creek watershed. All measured tissue
metal concentrations, with the exception of zinc, demonstrated a significant positive
correlation with increasing distance downstream from the mine site. Owing to the theory
of invertebrate drift, we must assume that organisms collected further downstream would
have spent more time in the study reach than those collected upstream, and therefore had
more time to bio-accumulate the monitored metals (Wilzbach et al. 1988). Although the
study sites were not spaced at equidistant points along the study reach of Baker Creek,
sample locations were relatively evenly spaced out in order to get a complete picture of
conditions throughout the lower section of the watershed. Therefore, correlations made
between study site number and benthic invertebrate tissue concentrations are considered
valid, but future monitoring programs may be able to better quantify invertebrate bioaccumulation pathways by using a more precise measurement of distance.

4.0

CONCLUSIONS

There were generally higher concentrations of the five biologically significant “focus”
metals (antimony, arsenic, copper, nickel, and zinc) in benthic tissue, water quality and
sediment samples collected immediately adjacent to Giant Mine, and downstream of the
mine in general.
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Although water samples collected upstream of the mine contain arsenic concentrations
slightly above CCME PEL guidelines, these levels increase four fold downstream of the
mine. The effluent from Giant Mine increased water copper concentrations to a level
above CCME guidelines and a substantial increase in antimony and nickel concentrations
was also observed when downstream samples were compared to samples collected
upstream of the mine.
There were obvious and significant temporal effects on benthic invertebrate metal tissue
concentrations in the lower portion of the Baker Creek watershed. All measured tissue
metal concentrations, with the exception of zinc, demonstrated a significant positive
correlation with increasing distance downstream from the mine site.
It was apparent that Giant Mine has had detrimental effects on sediment quality in the
portions of Baker Creek adjacent to, and downstream of the mine. There were
significantly lower concentrations of antimony, arsenic, copper, and nickel in sediment
samples collected at the site furthest upstream of the mine, when compared to the other
five sites
The operation of the Giant Mine in the Baker Creek watershed has had detrimental
effects on the physical and biotic community in the area. It is beyond the scope of this
study to determine if or how the biotic community has been hampered, or suppressed by
the exposure to elevated levels of these metals from the Giant Mine effluent, but it was
obvious that length of exposure was significantly and positively correlated with benthic
tissue metal concentrations.

5.0

RECOMMENDATIONS

1). Future studies should increase the sample size for all measured parameters, thereby
increasing the statistical power of the study and providing a more concrete answer as to
the Mine’s effects on the Baker Creek watershed and future monitoring programs may be
able to better quantify invertebrate bio-accumulation pathways by using a more precise
measurement of distance.
2). Future studies should also compare conditions in Baker Creek with more pristine
system to understand exactly what part of the biotic community has been most severely
affected by the high levels of the focus metals present in the system.
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