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ABSTRACT

A biological, sediment and water quality survey was con-
ducted between 1974 and 1977 to determine the impact of the operations
of Giant Yellowknife Mines Ltd. on Baker Creek and Yellowknife Bay.

“The discharge of effluent from the tailings ponds of the
mine has caused a marked elevation in the concentration of toxicants
in Baker Creek water. Arsenic and cyanide, for example, were occa-
sionally recorded at 9 and 6 g/m3 respectively. The density of
aquatic biota below the mine was extremely low. The sediments of
Yellowknife Bay contafnedrhigh levels of toxicants up to at least
3 km from the mouth of Baker Creek. There was a marked reduction
in the density of benthic organisms within 3 km from the mine. The
water in Yellowknife Bay occasionally contained very high levels of

arsenic (0.74’g/m3)

3

0.05 g/m>. Several recommendations are made regarding the high level

, well above the maximum limits for potable water,

of contaminants in the tailings pond effluent. 'The most important of

these is immediate improvement in effluent quality.
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RESUME

Entre 1974 et 1977, on a effectué une enquéte sur les
aspects biologiques, les sédiments et la qualité des eaux pour
déterminer les effets des activités de la Giant Yellowknife

Mines Ltd sur le ruisseau Baker et la baie Yellowknife.

Le rejet des effluents des &tangs de stériles de la mine
a causé une élévation marquée du contenu toxique du ruisseau
Baker. On y a, par exemple, enregistré occasionnellement des
taux respectifs de 9 et 6 g/m3 d'arsenic et de cyanures. En
aval de la mine, on a retrouvé une trés faible densité de vie
aquatique. Les sédiments de la baie Yellowknife contenaient
des niveaux de matiéres toxiques trés &levés, jusqu'a trois
‘kilométres au mdins de l'embouchure du ruisseau Baker. La
densit& du benthos se trouvait également réduite de fagon
marquée jusqu'ad trois kilométres de la mine. L'eau de la baie
Yellowknife contenait parfois des niveaux d'arsenic (0.74 g/m3)
de beaucoup supérieurs 3 la limite maximale de 0.05 g/m3 permise
pour 1'eau potable. Le rapport présente plusieurs recommanda-
tions touchant les niveaux €levés de contaminants que contient
1'effluent de 1'étang de stériles. La plus importante consiste

d améliorer sans délai la qualité de ce dernier.
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CONCLUSIONS AND RECOMMENDAT IONS
CONCLUSIONS

1. The discharge of effluent from the tailings ponds of Giant
Yellowknife Mines Ltd. has severely contaminated the lower
section of Baker Creek and caused almost complete destruc-

tion of the native biota.

2. The sediments of Yellowknife Bay are highly contaminated
with arsenic, mercury, copper, lead, zinc and other heavy

metals.

3. The density of bottom living organisms within parts of Yellow-

knife Bay has been greatly reduced.

h, A zone of influence extends at least 3 km from the mouth of

Baker Creek.

5. The level of arsenic in the water of Yellowknife Bay reached

0.74 g/m3
3.

far above the maximum level for potable water (0.05

- g/m

6. The phytoplankton and zooplankton of Yellowknife Bay were

greatly reduced in densities near the mouth of Baker Creek.

7. The ongoing discharge of highly lethal waste into Yellowknife
Bay will probably cause: i) a further expansion of the zone
of influence, ii) further destruction of the bottom fauna,
iii) maintenance of very high arsenic levels in the water of

Yellowknife Bay.

8. The ongoing discharge of highly lethal effluent into Yellow-
knife Bay may be in contravention of Section 33(2) of the

Fisheries Act.
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RECOMMENDAT I ONS

The quality of the tailings pond effluent should be improved
so that the water in Baker Creek is not deleterious to fish
or fish habitat.

Following improvement of effluent quality, restoration of
Baker Creek should be undertaken in order to permit the growth

of normal indigenous aquatic organisms.



1 INTRODUCTION
1.1 General

The mining and milling of base metals and gold in the
Northwest Territories are known to produce toxic wastes, origi-
nating from overflow and seepage from tailings disposal areas,
mine wastewater and runoff from tailings deposits and waste rock-
piles (8-10). These wastes include a wide variety of toxicants
including mercury, arsenic, cyanide and heavy metals. There have
been several studies into the effects of metal mining on aquatic
ecosystems in the Northwest Territories, though many have been of
short duration. These include investigations into the effects of
Canada Tungsten Mining Co. on the Flat River (4, 6), a survey of
the effects of 2 gold mines and 2 silver mines (2) and a chemical
contamination survey at Pine Point (2).

Giant Yellowknife Mines Ltd. is one of the 2 operating
gold mines in the Northwest Territories, with an average milling
capacity of 1100 tons/day. Its mill is known to produce lethal
effluents which flow from the tailings pond into Baker Creek and
then to Yellowknife Bay (9, 10). The mine has been in operation
since 1949 and it is therefore possible that this discharge has
had a substantial impact on the aquatic flora and fauna. Falk,
Miller and Kostiuk (2) were the first to conduct a biological
survey of Yellowknife Bay in relation to metal pollution. Although
they concluded that the mine was not having a substantial impact on
the biota, it must be pointed out that their study was of very short
duration. Subsequently, the Northwest Territories District Office
of the Environmental Protection Service conducted a biological,
sediment and water quality survey of Baker Creek and Yellowknife
Bay between 1974 and 1977. The purpose of the study was to obtain
a detailed data base to define: i) the zone of influence of tail-
ings disposal on the aquatic environment, ii) the concentration of
metal contamination in sediments and water, and ifi) the need for

future study.



1.2 Description of Study Area

Yellowknife Bay, located on the north shore of Great
Slave Lake at Lat. 62°29'N, Long. IIAOZZ'W, has an approximate
area of 32 km2 (Figure 1). It measures 11.3 km long, 2.8 km wide
and is situated at an elevation of 165 m above sea level. The bay
has a maximum depth of 40 m but near Baker Creek the water is 3-10
m deep. The bay receives discharge from Yellowknife River to the
north and communicates directly with Great Slave Lake to the south
(Figure 2). There are 2 populated areas in the vicinity of the bay.
The largest of the two is the City of Yellowknife with a population
of 11,000, located on the western shore (Figure 2). The other is a
small village called Detah, with a population of about 200, situated
near the southeastern shore of Yellowknife Bay.

Giant Mine lies about 5 km north of the City of Yellow-
knife on the western shore (Figure 2). Production started at an
average of 232 tons of ore milled daily in 1949, and had increased
to 1000 tons per day by 1961. Between 1949 and the middle of the
1960's, gold was extracted from the ore using a combination of mer-
cury amalgamation and cyanidation. Subsequent extraction, however,
depended entirely on cyanidation. Tailings are currently piped to
a series of ponds which decant directly into Baker Creek (Figure 3),
although in the early 1960's some tailings were deposited directly
into Yellowknife Bay just north of Baker Creek. Chemical character-
istics of the effluent draining from the tailings ponds into Baker

Creek are given in Table 1.
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2 MATERIALS AND METHODS
2.1 General

The effect of the mining operations on Baker Creek was
determined from collections of water and biota samples taken at
one station situated 2 km upstream from the mine and at one station
1 km downstream from the point where tailings decant into the creek.

In order to obtain a detailed picture of the impact of
the mine on Yellowknife Bay, samples of water, sediment and aquatic
biota were collected over the period June 1974 to March 1977 (Table
2). To determine the levels of metal contamination in sediments
throughout Yellowknife Bay, samples were collected at 70 stations
during 1974 (Figure 4). To facilitate the analysis of this large
‘amount of data, the samples were pooled into 6 groups according to
their distance from the mine. Additional samples of sediment were
collected during September of 1975 at 10 stations in Yellowknife
Bay, and at depth increments of 0-5, 5-10 and 10-15 cm (Figure 5).

In 1976, 24 transects for the collection of water,
aquatic biota and additional sediment samples were established
from thg mouth of Baker Creek into Yellowknife Bay,'and up the
middle of Back Bay (Figure 6 —_Table 2). These transects provided
representative sample sites closely following the mine waste dis-
persal pattern predicted for this study. Collections were made at
LOO m intervals during June of 1976. All population estimates were
calculated as means. Triplicate sediment sampling was also com-
pleted during this period. This program involved sampling at 4
stations (e, f, i, j) (Figure 5). Station e was situated 1.3 km
from the mouth of Baker Creek while f, i and j were located at dis-
tances of 1.6, 6.5 and 9.5 km, respectively. Details of sampling
dates are recorded in Table 2.

Metal analysis of fish flesh was conducted on specimens
collected from Back Bay and Yellowknife Bay by personnel from the
Figheries and Marine Service during 1974 and 1975. A summary of
the data recorded from these studies is given in Section 4 of this

report.



FIGURE 4 LOCATION OF SEDIMENT SAMPLING STATIONS USED DURING 1974,
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2.2 Water and Sediment Quality

Water samples for chemical analysis were collected using
a b litre plastic Van Dorn bottle at the surface and at 10 m depth
intervals. Samples taken for the determination of nutrient levels
were frozen within 2 hours of collection. Those taken for the
measurement of heavy metals and arsenic were preserved by acidifi~

cation to pH 2 or lower with concentrated HNO Samples for mercury

determination were preserved by acidifying wizh concentrated stoh
to a pH of 2 or lower. Metal and nutrient analyses were performed
by the Edmonton Laboratories of the Environmental Protection Service
using the methods of Traversey (6). Water temperatures and condue-
tivity were determined at 1 m depth intervals using a portable meter
(Mode1 33, Yellow Spring Instrument Co.).

Sediments were collected using a coring tube lined with
plastic (Model 2400 H, Wildco). The material was frozen within 2
hours of collection and most metals were analyzed by Barringer Re-
search Ltd. (Toronto) using plasma emission spectrometry. However,
arsenic was analyzed by hydride generation followed by colorimetric
determination with silver diethyldithie=carbonate and mercury by

flameless atomic absorption spectrometry by Barringer Research Ltd,

2.3 Biological Measurements

Samples of attached and.planktonic algae from 2 stations
on Baker Creek (Figure 3) were collected and analyzed as outlined
in Moore (3). The zoobenthos was taken using a Surber sampler with
a mesh size of 0.75 mm. It was found that a large number of inver-
tebrates occurred deep in the substrate (0.5 m), making their re-
covery difficult. Therefore, quantitative determinations of the
zoobenthos were not made. The downstream drift of Baker Creek was
collected using a tow net (mesh size: 45 um: diameter at mouth
50 cm) set for 15 minute intervals on each sampling date.

Phytoplankton samples in Yellowknife Bay Qere taken at
5 m depth intervals using a 4 litre Van Dorn bottle and analyzed
within 1-2 hours of collection (3). Zooplankton was sampled at

the same stations in 5 m depth intervals using the trap described



_]3_

by Schindler (5). |In the laboratory, the samples of zoop lankton
were made up to 100 ml with distilled water and subsampled so that
approximately 100 animals could be conveniently counted/sample.

The zoobenthos was taken using a 15 x 15 x 25 cm Ekman dredge. The
samples were returned immediately to the laboratory and sorted using

a screen with 0.25 mm openings.

RESULTS
3.1 Physical and Chemical Conditions
3.1.1 Baker Creek

Upstream from the mine (Figure 3), arsenic concentrations
in the water reached 0.09 g/m3 (Appendix 1). Other toxicants such
as zinc, copper, nickel and cyanide seldom exceeded 0.005 g/m3. The
hydrologic regime was characterized by maximum discharge (30 m3/sec)
“in May followed by a gradual decrease to 0.05'm373eé"ih'DecembéF”"”
(Figure 7). Temperatures rose to a maximum of 1900 in August and
remained above freezing between April and October. Toxicant levels
in Baker Creek, downstream from the mine, were occasionally very high

3

(Appendix 1). For example, arsenic was recorded at 9.1 g/m” while
the corresponding values for zinc, copper, nickel and cyanide were
0.4, 4.1, 0.3 and 6.1 g/m3 respectively. Suspended solids were

also high, occasionally reaching 68 g/m3 (Appendix 1).

3.1.2 Yellowknife Bay

The concentration of metals in the sediments along tran-
sects A-B, A-A'-C, A-A'-D, A-A'-E and A-F decreased as distance from
the mouth of Baker Creek increased (Figure 8, Appendix I1). ATl
levels were very high with arsenic, for example, ranging up to 3000
ppm 100 m from the mouth of Baker Creek and up to 2400 ppm at a dis-
tance of 1600 m. Similarly, mercury had a maximum of 496 ppb at 100 m
and 420 ppb at 1600 m. Metal levels along transect G-H in Back Bay
were elevated (Appendix 1), showing a mean arsenic value of 153 ppm.
Large quantities of mercury were also present with a maximum value of

478 ppb being recorded. Based on the cumulative data collected from
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stations a-] and areas 1-6, it is apparent that metal levels‘in the
sediments tended to decrease as the distance from the point of dis-
charge increased (Appendix I11). For example, arsenic concentrations
reached 450 ppm at station c and fell to 8 ppm at station i.

Arsenic in the water was recorded at a maximum level of
0.74 g/m3 along the transects (Appendix 1IV), far in excess of the
maximum permissable limit (0.05 g/m3) recommended in the Canada
Drinking Water Standards. Similarly, copper and iron were high on
one occasion, reaching concentrations of up to 0.28 g/m3. There
was also a considerable amount of nutrient input from Baker Creek,
with total phosphorus levels at the mouth reaching 0.19 g/m3 (Ap-
pendix 1V). A '

At stations e, f, h and j, most heavy metal concentrations
in the water samples fell below detectable limits (Appendix V). How-’
ever, a few high levels were seen, such as magﬁesium and'zinc? where
8.4 and 0.3 g/m3

showed a distinct peak in June, reaching 0.4 g/m3 at station e.

, respectively, were recorded. In addition, arsenic

3.2 Biological Measurements
3.2.1 Baker Creek

The aquatic life in the upper reaches of Baker Creek was

very abundant and diverse. For example, three species of fish -

pike (Esox lucius L.), stickleback (Pungitius pungitius (L.)), and
sculpins (Cottus cognatué Richardson) - were collected coincidentally
with the water and invertebrate samples. Large numbers of algae

were also found in the water (plankton), on rocks (epilithon), and

on plant stems (epiphyton) (Figures 9-11). Although accurate den-
sity estimates were not made, invertebrate populations on the bottom
frequently exceeded 5000 animals/mz. The most common species were
larval Simuliidae, Ephemeroptera, Plecoptera and Trichoptera. The
drift of the stream included Crustacea and Rotifera with maximum
population levels reaching 500 animals/m3.

Below the mine, fish, crustaceans, insects and rotifers

were never encountered. The benthic fauna consisted of a few
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(<100/m2) Oligochaetes. While algae were usually absent, one species
(Chlamydomonas lapponica) was recorded at low densities during July
and August of 1975. ‘

3.2.2 Yellowknife Bay
3.2.2.1 Zoobenthos

The density of benthic organisms was extremely low near

the mouth of Baker Creek, averaging <200 animals/m2 (Figure 12).
Recovery of the populations began at a distance of 1000-1200 m from
the mouth of Baker Creek. The predominant species within the con-

~ taminated zone were Procladius denticulatus Sublette, Heterotris-
socladius changi Saether, and Pontoporeia affinis. Large numbers

of invertebrates were recorded at $tations e, f, i and‘j. Densities
frequently exceededYIO,OOO animals/m2 during the winter, falling to
<2000/m2 in the summer (Figures 13-16). The most common species were
generally similar to those outlined for the polluted area. Bottom
sampling was also conducted in the area used for tailings disposal
in Yellowknife Bay during the early part of the 1960's (Figure 17).
No anlmals could be found in this area.

.Based on the density of benthic organlsms along the tran-
sects and at the collection stations, a well defined zone of in-
fluence can be delineated in Yellowknife and Back Bays (Figure 17).
This zone, comprised of areas where densities are <400 animals/mz,
extends throughout almost the entire length of Back Bay.

It should be pointed out here that the delineation of the
zone is based on the collections made during June, July and August
1976. Based on Figures 13-16, it is apparent that these collections
were made at a period of low seasonal densities. [t is therefore
likely that the abundance of the biota within the zone of influence ‘
would, however, remain low compared to the nonfimpacted areas.

Multiple regression analysis was used to correlate inver-
tebrate densities within the zone of influence to metal levels in
" the substrate. As indicated in Table 3, over 90% of the variability

in invertebrate populations can be related to metal concentrations.
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BAKER
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SEWAGE
OUTFALL

FIGURE 12 DENSITY OF ZOOBENTHOS IN BACK BAY. Numbers refer to animals/mz.
Samples taken during June; July and August 1976.
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All species combined
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SEASONAL CHANGES IN THE DENSITY OF CHIRONOMIDS AT
STATION e.

changi = Heterotrissocladius changi
modestus = Dicrotendipes modestus

. denticulatus = Procladius denticulatus
bellus = Procladius bellus

digitus = Cryptochironomus digitus
peleenis = Ablabesmyia peleenis
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FIGURE 14 SEASONAL CHANGES IN THE DENSITY OF CHTIRONOMIDS AT
STATION f.
P. denticulatus = Procladius denticulatus
C. decorus = Chironomus decorus
P. nebeculosum = Polvpedilum nebeculosum
C. viridula = Cryptochironomus viridula
C. plumosis = Chironomus plumosis
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i~

H. changi

H. oliveri

P. hamiltoni

Micropsectra sSp.------

M. bathyphila

P. denticulatus —-----

0
J A S O N D J F M A M J J A S8 O
1975 1976
FIGURE 15 SEASONAL CHANGES IN THE DENSITY OF CHIRONOMIDS

AT STATION j.
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Site £

Site i

Site j

1975 1976

FIGURE 16 SEASONAL CHANGES IN THE DENSITY OF Pontporeia affinis
AT STATIONS £, i, AND j.
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TABLE 3

MULTIPLE REGRESSION. ANALYSIS RELATING THE DENSITY

OF BENTHIC ORGANISMS TO THE CONCENTRATION OF
METALS IN THE SEDIMENTS OF YELLOWKNIFE BAY

METAL . RANK r MR2
Zinc 1 -0.71 . 33.0
Arsenic. 2 -0.46 63.2
Lead 3 -0.63 80.3
Mercury L -0.55 92.1
Copper 5. -0.64 94,5
Nickel 6 -0.60 95.6
- Cadmium 7 -0.49 96.7

r = correlation coefficient

'MRZ = accumulated variation of the dependent
variable accounted for by the step-wise . .

entry of the independent variables. -

values significant at P = 0.05
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Therefore it is apparent that the contamination originating from the
mine has had a direct and significant effect on the biota of the
Bay. Furthermore, the zone of influence as>illustrated in Figure
17, depicts the area of immediate contamination, given the highly
significant correlation (P=0.05) between invertebrate densities and

metal levels,

3.2.2.2 Zooplankton

The density of all species of zooplankton was generally
identical along transects A-A'-C, A-A'-D and A-A'-E (Figure 18).
However, levels were low at the mouth of Baker Creek and, to a
lesser degree, at 400 m from the mouth. Prevalent species in-
cluded the rotifers Keratella cochlearis Ahlstrom, Kellicottia
Longispina (Kellicott), Synchaeta stylata Weiz., the copepods
Cyclops bicuspidatus thomasi Forbes, Diaptomus ashlandi Marsh,
Diaptomus sicilis Forbes and the cladocerans Holopedium gibberum
Zaddach and Bosmina longirostris (0.F. Muller) (Figures 19-21).
The species composition of the zooplankton communities at stations
e, f, i and j was usually identical to that found on the transects,
though Leptodora kindtii (Focke) was occasionally recorded at j
but nowhere else. The density of several species was significantly
greater at station f than in the other areas particularly in the

case of Synchaeta stylata (Figure 19).

3.2.2.3 Phytoplankton
Phytoplankton densities were also generally similar along

transects A-A'-C, A-A'-D, and A-A'-E (Figure 22). The predominant

species were Asterionella formosa Hass., Diatoma temue Ag., Melosira
iglandica 0.F. Mul., Dinobryon spp., Seenedesmus quadricauda (Turp.)
Breb. (Figure 23). Algal populations at stations e, f, h and j were
3

similar, with maximum densities of 7 x 10 cells/m2 being reached in
the summer. The species composition of the assemblages was generally
comparable among the 4 stations (Figure 23, 24). However, Scenedesmus

spp. were rare at station j.
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= ZONE OF INFLUENCE

€ LATHAM
ISLAND ~

SEWAGE

OUTFALL
[ —
0.5 KM
FIGURE 17 THE ZONE OF INFLUENCE CAUSED BY THE OPERATIONS OF GIANT

YELLOWKNIFE MINES LTD. IN BACK BAY. Maximum summer zoobenthic

densities were <400 animals/m2 within the zone of influence.



3

3

Animals x 107 /m

S = N W s W Q H N W &~ WU

o DM W &~ u

-30 -

Transect A-A'-C

=
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FIGURE 18 DENSTITY OF ZOOPLANKTON ALONG TRANSECTS A-A'-C,

A-A'-D, A-A'-E.IN:YELLOWKNIFE BAY. Vertical

bar represents 957 confidence limits.
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SEASONAL CHANGES IN THE DENSITY OF THE DIFFERENT
DEVELOPMENT STAGES OF Diaptomus ashlandi AT
STATIONS e, £, i AND j.C: refers to the copepodite

stage, and N refers to the nauplian stage.
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FIGURE 22 DENSITY OF PHYTOPLANKTON ALONG TRANSECTS A-A'-C,
A-A'-D, A-A'-E. Vertical bar represents 95%

confidence limits.
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FIGURE 23 SEASONAL CHANGES IN THE DENSITY OF PLANKTONIC
ALGAL SPECTES AT STATIONS e, £, i, AND j.
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i . FISH

The concentrations of all heavy metals (arsenic, copper,
lead, zinc, cadmium, nickel, mercury) were low in northern pike
and whitefish collected from Yellowknife Bay and Back Bay by per-
sonnel from the Fisheries and Marine Service during 1974 and 1975.
The concentration of arsenic, for example, was always less than
0.4 ppb, while mercury was recorded at less than 0.2 ppm in all

specimens (unpublished data).

5 GENERAL DISCUSSION

The operations of Giant Yellowknife Mines have clearly
had a detrimental effect on a large part of Back Bay. The sedi-
ments of the bay are contaminated with arsenic and mercury up to
a distance of at least 3 km from the mine. The water in Back Bay.
contained very large amounts of arsenic on at least 2 occasions,

3 for potable water (1).

far above the maximum limit of 0.05 g/m
The high concentrations of metals that are currently entering
Yellowknife Bay from Baker Creek may result in an expansion of
the zone of influence. Therefore, the quality of effluent from
the mine must be greatly improved as soon as possible.

Although the multiple regression analysis showed that
there were significant correlations between zoobenthos densities
and the concentrations of metals in the sediments, it should be
pointed out that other factors could have affected the inverte-
brate populations. For example, water depth, the organic content
of the substrate, and substrate compactness could have influenced
the populations. Furthermore, although there was a good correla-
tion between invertebrate densities and metal levels within the
zone of influence, there were several instances in which high con-
centrations of metals occurred outside of the zone (see for example,
Figure 8). Therefore, while the response of the benthos to metal
contamination depended to some degree on natural environmental con-
ditions, the marked reduction in the density of the biota-was also

strongly related to the mining activities, as illustrated in Figure 17.



The fish in Yellowknife Bay and Back Bay are safe for
human. consumption despite the high level of metal contamination
inYthe sediments. This is probably related to the fact that all
species are free to move out of the contaminated zoné of influence.
Consequently, exposure to the heavy metals may be very brief. The
marked reduction in the density of the bottom fauna in the bay,
however, has reduced the food supply for bottom feeding fish such
as lake whitefish, round whitefish and grayling. In addition, it
is unlikely that the bottom fauna will recover while the effluent,
with its high metal levels, continues to be deposited into the bay.

Based on the water quality characteristics of Baker Creek
there can also be little doubt that a deleterious discharge is taking
place into Yellowknife Bay. This discharge may be in contravention
of Section 33 of the Fisheries Act. Furthermore, the results of bio-
assay testing conducted by the Environmental Protection Service as
part of its Monitoring and Surveillance survey at the mouth of Baker
Creek indicated that there was always 100% mortality of rainbow
trout within 96 hours (10).

It is not recommended that any restorative action be at-
tempted on the most heavily impacted zones of Yellowknife Bay. Re-
colonization is expected to be slow, the rate depending upon the
burial or alteration of the contaminated sediments. However, it is
expected that fish will move into Baker Creek when water quality im-

proves, and major food organisms will once again inhabit Baker Creek.
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