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ABSTRACT
Environmental Protection conducted monitoring programs on Goosly Lake
in 1988, 1989, and 1990 to determine the impact of Equity Silver mine
discharges. Multiple approaches were used including sediment coring and
dating, sediment bicassays, sequential exXtractioens, water cquality
meagurements, complexing capacity, fish tissue analysis, and bioclogical
surveys of benthic invertebrates and zooplankton.

Ooverall the quality of the lake has improved from previous surveys
(Godin, 1388). Sediment chemistry showed changes related to treated AMD
discharges to Buck Creek. The lake showed high potential of recovery from
contamination due to a sedimentation rate evaluated at 10.6 mm/vear.

Sediment technigues and peamouth chub tissues may provide adecuate
monitoring tools teo track impacts in the future when the mine is
decommissicned.
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1.0 INTRODUCTION

Equity Silver Mine is located approximately 33 km southeast of
Houston, B.C. The mine began production in September 1880. In November 1981
it was determined that waste rock at the mine site was generating acid. The
company constructed an acid mine drainage collection system and has treated

the water since that time.

Environmental Protection undertook a water and sediment monitoring
program to evaluate the impact of the mining coperation on Goosly Lake in the
Buck Creek system. The sedimentological approach was used in 1987 and
pursued in 1588, 1989, and 1850.
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2.0 DESCRIPTION OF THE STUDY AREA

The Equity mine is near the headwaters of Foxy Creek and Bessemer
Creek, the latter being a tributary to Buck Creek which flows into Goosly
Lake and continues until it joins the Bulkley River at Houston (Figure 1).

Water cuality and sediment stations were visited May 26-27, 1988, June
22-23, 1988, June 30 to July 2, 195%, and June 16-18, 1%%0. A variety of
monitoring activities were undertaken at different stations during the visits

{Table 1, Figure 2)}.

TARLE 1: SAMPLE STATION DESCRIPTION

statio Descripticn Study Performed
n
May 88 June 88 Jun/Jul 89 June 290
1 Buck Creek u/s BRessemer - W W, S W,S
2 Siltcheck dam - W W,S,B W
3 Buck Creek at Goosly Lk. - 1Y W, S W, S
4 Goosly Lake W W s,2,1I -
5 Goosly Lake W W, S - -
6 Goosly Lake W W - -
7 Gocsly Lake W W, S - 3
8 Goosly Lake W W, S 5,2,B, W,8,2,B,I
9 Goosly Lake W W,s s5,Z2,1I -
i Goosly Lake W W z,I s
11 Goosly Lake W W,Ss - wW,5,Z2,B,I
12 Goosly Lake c - W,8,2,R, I W,S8,Z,B,I
13 Buck Creek d/s Goosly Lk. - W W,S W, S
W = Water samples
S = Sediment samples
B = Sediment bicassay
Z = Zooplankton samples
C = Core profile
R = Radionuclide profile
I = Benthic invertebrate samples
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3.0 MATERIALS AND METHCDS

3.1 Water

Water samples collected in Buck Creek on each sampling date consisted
of replicated samples. The lake samples were collected one metre below the
surface, and one metre above the bottom using a Van Dorn bottle. Samples
near the thermocline were sampled either immediately above and below the
thermocline (in the case of a 4-samples-per-watercolumn design), or in the

thermocline (in the case of 3~samples-perwater-column design).

Lake profiles were performed at several stations using a Hydreolab
digital 4041 indicator unit and a 4021 Sonde unit. Conductivity,

temperature, and pH were recorded.

3.1.1 Immedlates. Water quality analysis included alkalinity, pH,
nitrites, nitrates, total residues, filterable residues, non-filterable
residues, and sulphates; these parameters were labeled as immediates.
Samples were collected using one litre polyethylene bottles and kept cool
mmtil analysed. The organic and inorganic carbon samples were ccllected in
acid washed glass jars and preserved with a few drops of concentrated
hydrochloric acid. The dissolved fraction of these two parameters were
filtered within 24 hecurs of collection using a 0.45 gm cellulose nitrate
filter.

3.1.2 Metals. Total metal samples were ceollected in a 100 ml acid
washed polyethvlene sample bottle and preserved with 0.5 ml of nitric acid.
Dissclved metzl]l samples were filtered the same day through a 0.45 um
cellulose nitrate filter into a 100 ml polyvethyvlene bottle and preserved with
0.5 ml of nitriec acid. Total and dissolved metals were analysed by
Inductively Coupled Argon Plasma {ICAP) Emission Spectroscopy which gave a
reading of twenty-six metals. The detection limits for trace metals analysed
on ICAP were (in mg/L): aluminum, <0.05; antimony, <0.05; arsenic, <0.05;
barium, <0.001; beryllium, <0.001; boren, <0.0l; cadmium, <0.005; calcium,
<0.1; cobalt, <0.005; copper, <0.005; iron, <«0.005; lead, <0.05; magnesium,
<0.1; manganese, <0.001; molybdenum, <0.01; nickel, <0.02; phosphorus, <0.1;
selenium, <0.5; siliceon, <0.05; sodium, <0.01; tin, <0.05; strontium, <0.01;
titanium, <0.002; wvanadium, <0.01; and zinc, <0.002. Cadmium, copper, and
lead samples were re-analysed with a graphite furnace when the values were
below twice the detection limit of the ICAP procedure. The graphite furnace
detection limit for cadmium, copper and lead was <0.0001, <0.0005, and
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<0.0005 mg/L, respectively. Hardness was determined from the dissolved metal

sample.

Antimony, arsenic, boron, beryllium, cobalt, molybdenum, nickel,
titanium, and vanadium were not included in the data table due to levels near
or below the detection limit. Strontium was not included in the analysis due

to the large amount of contamination.

21l analyses were performed by the Environmental Protectien laboratory
in West Vancouver in accordance with the Environment Canada, Pacific Region,

Laboratory Manual (Znon., 19%79).

3.1.3 Copper Complexing Capacity. Complexing capacity samples
were collected in August 19%%0, and analysed by CBR International. The
complexing capacity of the organic ligands to kind copper were determined
indirectly by voltametry using a polarograph. The organic ligands were
titrated with increased guantities of Cu?. Such titration curves show a
break in the gradient of the curve that corresponds to the saturation of the

organic ligands to Cu?*. Calculations of complexing capacity and conditienal

stability constants were performed using the method described by Rubic
{1982).

3.2 Sediments
3.2.2 Collection. Lake sediments were collected during the June

1588 survey using a Plexiglas sediment trap with a 45 cm internal diameter
and 5 cm height based on a design described by Hokanseon (1976). Four
lead-weighted arms were attached to the bottom of the trap to add stability
and prevent tipping. The trap was left in place for four weeks. A Plexiglas
lid was lowered on a stainless steel cable fixed in the middle of the trap

during retrieval teo aveoid sample loss.

Lake bottom metal profiles were obtained by lowering a Phleger corer
into the sediments. After corer penetration of about 35-40 cm, wvisual
examination of the transparent ceore liner showed no evident disturbance of
the top sediment with no turbidity above the sediment-water interface.
Sediment was extruded and fractioned at every centimetre based on a
modification of the close-interval fractionator described by Fast and Wetzel
(1974). Sediment fractions were pushed above a Plexiglas plate by a plastic
rod fitted with a rubber bung. The extruded sediment was cut off and
contained by a sliding plastic ring and deposited into the sampling bag. The
plate and ring were rinsed in water prior to each section.



-7 -

Surface lake sediments from the June 1989 and 19%0 surveys were

collected using an Eckman dredge.

Four creek sediment samples were collected at each site using a clean
acrylic tube with a 4.6 cm internal diameter pushed into the streambed about
6-8 com. 2ll sediment samples were transferred inte Kraft seoil sample
envelopes, contained in a Whirl-pack bag, and kept cool until analysed.

3.2.2 Analysis.
3.2.2.1 Metal content. Sediment samples were air dried, sieved to <150

um (except for sediment from traps which were sieved to <632 um), digested
with aqua regia, and analvsed for heavy metals using ICAP. A portion of the
sediments were also ignited at 500°C in a muffle furnace. The loss of weight
was reported as volatile residue and the remainder as fixed residue. Trap
samples were also analysed for total nitrogen which was determined by
autoclaving the sediments with potassium persulphate in a basic environment.
The process converts all forms ¢f nitrogen into nitrate. The results were
cbtained with a colourimetric method. Five samples were submitted for
nitrogen Kjeldahl analysis.

3.2.2.2 Sediment extractions. Samples were air dried, sieved to <150 pm,

and rclled to homogenisze. The samples were weighed into 50 ml centrifuge
tubes and subjected to & segquential leaching procedure designed to partition

trace metals into the following fractions:

1) F{a): Exchangeable metals. The sediment sample is extracted with 1M

MgCl, initially at pH 7 at room temperature for one hour on a
wrist action shaker.
2} F(b): Metals bound to carbonates or specifically adsorbed. The

residue from (a) 1s leached with 1M sodium acetate adjusted to
PH 5 with acetic acid at room temperature for five hours on a
wrist action shaker.

33} F{c}: Metals bound to Fe-Mn oxides. The residue from (b) is extracted
at 96°C for six hours with 0.04M NH,OH.HCl in 25% (vol/vol)
acetic acid.

4) F(d): Metals bound to organic matter and sulphides. The residue from
(c) is extracted at 85°C for five hours with 0.02M HNO, and 30%
E,0, adjusted to pH 2 with HNO, and then at room temperature with
3.2M NH,OAc in 20% ({(vol/veol) HNO3 for 30 minutes on a wrist
action shaker.
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5) F(e): Residual metals. The original dried samples are weighed in
Teflon digestion vessels and digested with HNO;, and HCl in a
microwave oven, resulting in a total fraction (MT). The residual
F(e) is calculated via F(e}) = MT - [F{a) + F(b) + F(¢) + F(d)].

Analysis was performed via Inductively Coupled Argon Plasma (ICAP)

Emission Spectroscopy.

3.,2.2.3 Radionuclear. The radionuclear analysis was provided by Chemex

Consultants, Ltd.

- Principle: Lead-210 is typically determined by measuring the beta
emission of its daughter, bismuth-210, which is isclated by a radiochemical
separation. The direct beta emission of lead-210 is feeble and difficult teo
detect; by contrast, that from bismuth-210 has a higher energy and is easier
to detect. The bismuth-210 activity is measured with a beta detector and

compared with the activity of standards carried through the same procedure.

- Experimental: One gram subsamples of dry soil or sediment were
digested with a mixture of heot concentrated nitrie, perchloric, and
hydroflueric acids and evaperated te dryness in a Teflon dish. The salt
residues were dissolved in 2M hydrochloric acid, a lead and bismuth carrier
solution was added, and the bismuth-210 was extracted inte chloroform with
diethyl-ammonium dithiocarbamate. An aliquot of the extract was removed in
order to test the efficiency of the extraction by atomic absorption
spectroscopy. The remaining bismuth was precipitated as mixed hydroxide and
oxychloride salts redissolved and purified by precipitation of bismuth
oxychloride. The precipitate was collected on a 0.45 um membrane filter,
air-dried, weighed, mounted on a ring and disc assembly, covered with
aluminum feil, and beta-counted after 24 hours. The aluminum foil screened
out any weak beta emissions from lead-210 while allowing the more energetic
bismuth-210 particles to pass through. The storage period of 24 hours
allowed for the decay of other bismuth isotopes (211, 212, 214) which may

have been present.

The activity of samples was compared with the activity of standards
carried through the same procedure. Counting periods were 100 minutes and
the sample activity was reported, together with an uncertainty value which
reflected the fact that the measurement process is a statistical process and,
therefore, has an uncertainty wvalue associated with it. The absolute
detection limit of the method is normally 0.05 Bg but may vary slightly due
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to such factors as sample weight, extraction efficiency, detector efficiency
or detector background activity.

3.3 Bioassays

Sediments for bicassay were collected with an Eckman dredge. Two
samples were collected in 1989, cne from the siltcheck dam and another from
the Goosly Lake bottom. Sediments were kept cool and sent to the Environment

canada, Inland Waters Laboratory in Burlington, Ontario, for analysis.

The 1989 sediments were extracted with Milli-Q reagent grade water (4
cartridge system-1, Super C carbon cartridge, Ion-Ex™ cartridge, Organet-QF
cartridge and a Milli-Stak™ filter with a glass distilled water feed) in a

1:1 ratie (Vol:Wt) and shaken vigorously for 3 minutes. The mixture was
centrifuged at 500 rpm in a refrigerated centrifuge for 10 minutes. The
supernatant was used in the toxicity screening tests. Nine tests were

performed on these sediments (Dutka et al., 1987).

In 1990, three samples were collected from Goosly Lake for z Chironomus
tentans 25-day emergence test. Samples were sent to Burlington for analysis.

3.3.1 Daphnia magna. The Daphnia magna used in these tests is the

largest of the Daphnia, often reaching 5 mm in size. The neonates
(first-instar young) are 0.8 and 1.0 mm long and can be observed by eye.
This stage is the one most commonly used for tolerance studies. Tests are
performed on necnate Daphnia that have been released from the mother’s brood
chamber during the previous 24 hours. In the test, ten necnates are used for
each dilution of sample to be tested. The neonate Daphnia are observed at
1 hour, 4 hours, 24 hours, and 48 hours, and the number of dead animals are
recorded. A 24-hour or 48-hour LC,, or EC;, value is then derived from the
pattern of deaths observed.

3.3.2 Ceriodaphnia dubia. The cladoceran Ceriodaphnia dubiz was used

to evaluate the chronic toxicity of the samples. In this test, six beakers

of approximately 30 ml volume were used for each sample dilution and control,
with one animal per beaker. Tests were performed with young animals that
were as similar in age as possible (8 hrs. maximum)}. On the 3rd, 5th, and
7th day of the test, the young were counted and discarded. During the test
period the animals were fed daily. At the end of the test the number of
young per original adult and the number of broods per adult were compared to

those obtained in the control sample. 2An average of 2.5 broods per adult in
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the controls has been used as the end point in some testing procedures (Rao,
1588).

3.3.3 Agar Spot Plate. This is a simple, rapid procedure for finding
the toxicity o¢f both water-soluble and -insoluble compounds by use of a
direct agar-diffusion assay. The procedure uses a non-toxic carrier system

for DMSO-~glycerol extracted samples and a 30°C incubation temperature. Zones
of inhibition are noted. The bacterial species used to provide the
background lawn is Bacillus cereus and the sample (water or DMSO-glycerol

extract) is spotted onto the seeded agar plate. Resulits can be obtained in
three to four hours or overnight as regquired (Dutka, 1988).

3.3.4 Toxl-chromotest. This is a fairly rapid (2-3 hr) bacterial
colourimetric assay in kit form which can be used to test for toxicant

activity in water and sediment extracts. The assay is based on the ability
of substances {toxicants) to inhibit the de nova synthesis of an inducible
enzyme, beta galactosidase, in a highly permeable mutant of E. geli. The
sensitivity of the test is enhanced by exposing the bacteria to stressing
conditions {provided by kit materials)} after which they are rehydrated in a
cocktall containing a specific inducer of beta galactosidase and essential
factors required for the recovery of the bacteria from thelr stressed
condition. The activity of the induced enzyme is detected by the hydrolysis
of a chromogenic substrate. Toxic materials interfere with the recovery
process and thus with the synthesis of the enzyme and the colour reaction.

3.3.5 Spirillum velutans. The organism S. wvolutans is a large
agquatic bacterium which is readily visible under low magnificatien. It has
flagella fascicles at each end which, under normal conditions, form oriented,
revolving cones allowing the bacterium to move forward and reverse directions
at will. During the reversing process the polar fascicles recrient
simultaneously. To perform the test, $. vclutans is added to a volume of the
sample and the mebility of the organisms is observed with a microscope. If
the sample is toxic but at a non-lethal level, §. veolutans loses coordination
as both fascicles try to assume the head or tail orientation, thus preventing

normal bacterial motion.

3.3.6 Microtox. Microbics Corporation has devised a test for acute
levels of toxicants in water or sediment extracts in which specialized

strains of luminescent bacteria (Photobacterium phosphoreum) are used as the

bicassay organism. This test is functional because the metabolism of the
luminescent bacteria is influenced by low levels of toxicants and,
occaslonally, stimulants. Any alteration of metabolism affects the intensity
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of the organism’s light output. By sensing these changes in light output,
the presence and relative concentration of toxicants can be obtained by
establishing the EC®*® levels from graphed data (EC®® being that concentration
of toxicant causing a 50% reduction in light from the baseline level).

3.3.7 Mutatox. This is & relatively new test, developed by Microbics
Corporation, based on the use of a dark mutant strain of
Photobacterium phosphoreum, M16S, te screen for the presence of genoctoxic

agents. This test will pick up chemicals which are {a) DNA damaging agents,
(b} IDNA intercalating agents, (c¢) direct mutagens which either cause base
substitution or are frame shift agents, and (d) DNA synthesis inhibitors. The
test procedures are similar te those followed in the Microtox test with
incubation of M169 cells, c¢ell media, and sample at 22 % 2°C. Light level
is read after 18 * 1 hour contact and compared to negative controls (dilution

water, solvent concentration used, and scdium azide).

3.3.8 ATP-TOX System. The concentration of ATP per bacterial cell

remains relatively constant and stable throughout all phases of growth.
Thus, bacterial densities can be easily estimated by measuring the ATP
content of the test system. When rapidly growing bacterial cells are exposed
to toxicants, growth inhibition usually occurs. After several life cycles
the toxic effect can be estimated by comparing sample cell growth to the
control via ATP content. However, some toxicants not only inhibit bacterial
growth but alsc affect the luciferase activity during ATP determinations.
Therefore, the observed light output reduction of the test system is the net
result of the inhibition of both bacterial growth and luciferase {called
"total inhibition of the ATP-TOX System"). Luciferase activity inhibition
can ke determined by adding a standard ATP scolution, as enzyme substrate, to
the sample and to a distilled water control, and measuring the light emission
of the enzyme. In our studies, we use E. goli, K-12.PQ37 strain, although

any bacterium or mixture of bacteria can be used in this technique.

3.3.9 Algal-ATP. The algal-ATP toxicant screening test is based on the
inhibition of ATP production in cultures of the green algae Selenastrum
cavricorutum {(Blaise et al., 1984). The ATP content of the stressed

Selenastrum is measured flucrescence. The results are reported as a

percentage of Relative Light Output (RLO) of the non-stressed controls.

3.3.10 Chironomus tentans. Sediments were placed in the test

container and covered by a screen to retain adults. The sediment layer was
3 cm deep, overlain by 15 cm of gently aerated water. At the start of the
test the larvae were added to the test containers. A food mixture of
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cerophyl, fish food, and distilled water was given to the larvae at the start
of the test and again on Day 8, 14, and 18. Adults started to emerge after
20 days. The test was continued for another 5 days to count all emerging
adults and to ocbserve any delayed development.

3.4 Invertebrates

3.4.1 Benthic invertebrates. Benthic invertebrates were collected

using a 225 cm® capacity Eckman dredge. The sample was sieved in the field
through a 350 pm mesh screen in 198% and a 500 pm mesh screen in 1890. The
insects were preserved with Kahle’'s solution: 15 parts ethyl alcohol, 30
parts deionized water, & parts 40% buffered formalin, and 1 part glacial

acetic acid. Rose bengal was added to help insect sorting.

3.4.2 Zooplankton. Zooplankton samples were collected in triplicate
at 3 stations in 19%0. The samples consisted of l6-metre vertical tows using
a plankton net of 150 pm mesh size. Samples were preserved with Kahle’s

golution with Rose bengal added, and send for identification.

3.5 Fish

Fish were cecllected using a gill net of mesh size varyving from 2.5 to
10 cm. The net was deployed perpendicular to the south shore of the lake and
left for 12 hours. Fish were kept frozen until tissues were removed. Scales
were collected and sent to a private laboratory for age identification.
Dissecting tools were rinsed in a deionized water/alcohcl/deionized water
series prior tec preparing each fish. Some muscle tissues were send to a
private lab for lipid analysis while metal analysis for all tissues were

performed at the West Vancouver lab.

3.6 Quality Control

The laboratory personnel performed regular quality contrel on all
water, biota, and sediment analyses. After every tenth sample the laboratory
ran a blank sample. After every 40 samples a reagent blank sample was
evaluated as well as reference material. A re-evaluation of the samples were
performed if measurements were outside of the reference material specified
range. All acids used for field preservation and laboratory digestions were
“Baker Instra-Analysed" for trace metal analysis. The sediment sample
batches included three blanks for each extracted fraction, and three

replicates each of the two in-house EP lab reference materials. The number
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of sample duplicates was at least the square root of the number of samples
in the batch.

3.7 Sstatistics

Means and standard deviations were calculated for all replicated
samples. The coefficient of variation was given only for Goosly Lake
sediments. Student’s t-tests were used for comparisons between stations.
The comparisons, for graphical purposes, were performed by one-~-way ANOVA and
use of Tukey'’'s harmonic significant difference multiple comparison plot. The
significant difference was established when the probability was <0.05.

Diversity indices were calculated from the bottom fauna data using the
Shannon-Weiner diversity index described by Pielou (1975) and modified as

fellows:

g
Species Diversity (H’) = - Z (P, log,, P.)
i=1
Where P, = n,/N
n, = total number of individuals in the i™ genus
N = totzl number of individuals identified to genus level
g = total number of genera

The use of individuals identified to genus level instead of to species level
results in slightly lower diversity index values.

The diversity of the benthic invertebrate community depends on the
number of species and the evenness with which the individuals are apportioned
among them. The method of measuring evenness is described by Pielou (1978)
and ig given by:

Evenness (J') = H'
log g
Where H’ = the species diversity

o) the number of genera

Benthic community diversity also depends on the species richness (Boyle
et al., 15%0). This index is calculated by Margalef’s formula:

Species Richness (D) = § - T
In (I)
where § = total number of gpecies in the community

I

total number of individuals in the community
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The benthic communities were also analysed using the Percent similarity
index (Psi) as the community index, comparing each station to other stations
using the formula described by Brock (19%77):

k
Psi = 100 - 0.5 ¥ la-bi

where a and b are, for a given species, the percentage of the total
Sample A and B which that species represents.
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4.0 RESULTE AND DISCUSSIOR

4.1 wWater

4.1.1 May 26-27, 1988. Water quality results can be found in Tabkle 2,
and lake profile data in Table 3.

The temperature-conductivity profiles performed during the May survey
showed an increase of conductivity with depth at all stations, with the
greatest change for the eastern stations. Surface conductivity varied from
176.1 to 1B4.6 umhos/cm, while bottom conductivity readings were between
194.8 and 229%.2 umhos/cm. The thermocline was easier to define in the
eastern part of the lake. The western profile was performed a day later and
strong winds increased the mixing of the epilimnion with the metalimnion.
pH was in a neutral range of 7.1 teo 7.7. The surface pH was always greater
than at depth.

Cadmium levels were high at several stations. Total cadmium at one
metre depth was 0.7 ug/L at Station 5; 1.4 jg/L at Station 6; 0.7 ug/L at
Station 10; and 1.5 pg/L at Station 11. The samplé at Station 9, 10 metres
deep, was 2.8 Hg/L. These are above the Canadian Council of Resources and
Environment Ministers guidelines (CCREM, 1987) for the protection of aguatic
life (0.2 dg/L, hardness <60 mg/L; or 0.8 pug/L, hardness 60-120 mg/L). All
dissolved cadmium values were near or below the detection limit of 0.1 pg/L.

Total copper values were all above the detection limit while several
dissoived samples were contaminated. The graphite furnace results were used
since the analysis offered lower detection limits and greater precision.
Generally total copper level deceased with depth; the highest wvalues were
found in the one metre sample at most stations. Significant copper
concentrations were found at Station 4 (6.9 pg/L); Station 5 (9.4 pug/L); and
Statien 11 (8.1 pg/L). All copper samples in Goosly Lake were above the
CCREM guideline for protection of aguatic life (2 ug/L, hardness <120 mg/L).
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TABLE 3: GOCSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILES - May 26-27, 1988

Staticn Depth Conductivity Temperature pH
4 (m} {pmhos /cm) {°C}

1 176.1 9.3 7.7

2 176.4 9.0 7.7

3 182.8 7.4 7.5

4 188.0 6.9 7.6

5 192.6 6.3 7.5

6 194.9 6.1 7.5

7 197.1 6.0 7.5

11 209.7 5.1 7.4

15 221.% 4.5 7.4

17 229.2 4.1 7.3

Station Depth Conductivity Temperature pH
5 {m) ({Umhos /cm} {°C)

1 175.3 $.1 7.5

2 179.3 .0 7.5

3 178.5 B.9 7.5

4 179.5 g.8 7.5

5 179.8 8.5 7.5

6 18%5.8 7.2 7.4

7 192.4 6.4 7.4

8 183.5 6.2 7.4

] 196.8 5.9 7.4

10 169.6 5.8 7.3

11 208.8 5.4 7.3

15 216.8 4.7 7.3

16 224.8 4.4 7.2

Station Depth Conductivity Temperature TH
6 {m) {pmhos /cm) (°C)

1 180.1 8.8 7.4

2 180.9 8.7 7.4

3 183.3 8.1 7.4

4 186.0 7.7 7.4

5 189.3 6.8 7.4

6 192.4 6.4 7.3

7 154.8 6.2 7.3

8 197.1 6.0 7.3

11 207.7 5.4 7.3

13 210.8 5.2 7.3

15 215.9% 4.8 7.2

16 220.2 4.7 7.2
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e TABLE 3 (cont.}:
GOOSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILE - May 26-27, 1988

Station Depth Conductivity Temperature pH

o 7 {m) {mhos /cm) (°C}
1 180.8 8.7 7.4
2 181.58 8.4 7.4
. 3 182.8 8.1 7.4
4 188.2 7.1 7.4
5 1581.5 6.6 7.4
6 154.3 6.3 7.3
— 7 185.1 6.2 7.3
8 187.% 6.0 7.3
) 9 201.¢ 5.8 7.3
190 202.9 5.6 7.2
"" 11 206.0 5.5 7.2
“ 16 213.3 5.1 7.2
o 17 221.1 4.6 7.2
Station Depth Conductivity Temperature pH

_ 8 {m} (Umhos /cm) (°c)
_ 1 181.1 g.6 7.4
2 182.5 8.0 7.1
_ 3 183.6 7.7 7.1
4 1859.3 6.8 7.2
5 182.9 6.5 7.2
6 193.5 6.4 7.2
— 7 187.3 6.0 7.2
8 188.3 5.9 7.1
S 195.8 5.9 7.2
10 202.6 5.7 7.1
— 15 205.7 5.5 7.2
16 209.1 5.3 7.1
Station Depth Conductivity Temperature PH

9 (m) {pmhos /cm) (°C}
- 1 184.1 8.7 7.4
2 183.8 8.7 7.4
3 183.3 8.7 7.5
4 183.5 8.6 7.6
- 5 183.3 8.6 7.6
) 6 183.5 8.5 7.6
7 183.0 8.5 7.6
n 8 183.3 8.4 7.6
9 184.4 8.2 7.6
..... 10 184.4 8.2 7.6
11 184.4 8.2 7.6
- 12 184.5 8.1 7.6
i3 186.0 7.9 7.5
— 14 188.2 7.6 7.5
15 181.2 7.2 7.5
—_ 16 200.7 6.0 7.3
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TABLE 3 (cont.):
GOOSLY LARKE TEMPERATURE-CONDUCTIVITY PROFILE - May 26-27, 1988

Station Depth Conductivity Temperature pH
10 {m} (pmhos/cm) (°C)
1 184.6 8.9 7.4
184.1 8.7 7.4
3 182.7 8.7 7.3
4 182.5 8.7 7.3
5 182.5 8.7 7.3
6 182.2 8.7 7.4
7 183.0 B.5 7.4
8 182.7 8.5 7.4
9 182.7 8.5 7.4
10 183.0 8.5 7.4
11 183.0 8.5 7.4
13 184.5% 8.2 7.4
15 186.5 7.8 7.3
16 189.3 7.5 7.4
17 154.8 €.7 7.3
Station Depth Conductivity Temperature pH
11 {m) {umhos /cm) (°C)
1 180.¢6 8.0 -
2 181.1 8.7 -
3 180.9 8.7 -
4 180.9 8.7 -
5 1i8l.4 8.6 -
6 181.4 8.6 -
7 181.4 8.5 -
8 181.7 8.5 -
11 184.9 8.0 -
15 210.8 5.2 -
16 223.40 4.6 -

The mercury, lead, and chromium samples were near or below the detection
limit. Zinc, although detectable, was always below the 0.03 mg/L CCREM
guideline. These metal wvalues are not suspected to cause problems for

agquatic life.

Most of the total organic carbon was dissolved, varyving 14 to 17 mg/L.
Sulphate levels were fairly consistent throughout the lake with levels of 29
te 38 mg/L. Colour was high at 50-60 relative units and turbidity was 1.3
to 5.3 FTU. Suspended solids were below or close to the detection limit of
5 mg/L while substantial dissolved sclids were present in the water {114-151
mg /L) .
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4.1.2 June 22-23, 1988. Water quality results are presented in
Table 4, and the lake profile data is in Table 5.

The thermocline was between 5 and 8 metres based on the lake stations
temperature-conductivity profiles. Conductivity was lower at the surface,
ranging from 170.5 to 178.8 pmhos/cm. The values at the bottom ranged from
184.5 to 153.5 pmhos/cm corresponding to a surface-bottom difference of 12
to 18 umhos/cm. Most stations experienced a decrease in conductivity at the
thermocline of 2 to 6 umhos/cm from the surface. The pH values throughout
the lake were between 7.0 and 7.8 pH units.

Total cadmium level was 0.5 pg/L at Station € (8 metres deep). This was
above the CCREM guideline for the protection of agquatic life of 0.8 pg/L for
hardness of €0 to 120 mg/L. Disscolved cadmium values were below or close to
the detection limit of 0.1 pg/L. Some high dissolved cadmium values were due

te contamination.

2ll lake samples had carbonate hardness ranging from 62.1 to 70.% mg/L.
Carboncus hardness was almost twice as high as in May 1988 while total
hardness did not increase as much. This can be explained by the large amount
of lime added for the contrel of acid mine drainage during the spring and
summer . Alkalinity did not change from May to June. Alkalinity in May was
similar to the hardness due to the water increasing in calcium content

without benefiting from an increase in buffering capacity.

Total copper values were all above the detection limit while dissolved
values were subject to several contaminations. The graphite furnace results
were used since the analysis led to greater precision with lower detecticn
values. Generally total copper levels decreased with depth; high values were
fecund at the one metre deep sample at most stations. Significant copper
concentrations were found at Station 4 (5.1 Hg/L at 1 metre depth) and
Station 11 (7.1 pg/L at 7 metres depth). 2ll copper samples in Goosly Lake
were above the CCREM guideline for protection of aguatic life (2 ug/L for
water with hardness below 120 mg/L).
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TABLE 5: GOOSLY LARKE TEMPERATURE-~-CONDUCTIVITY PROFILES -~ June 22-23,
Station Depth Conductivity Temperature pH
4 {m) {tmhos /cm) (°C)
1 175.8 13.4 7.0
2 173.0 13.3 7.3
3 172.5 13.2 7.4
4 172.5 13.0 7.6
5 172.0 i2.9 7.6
& 171.8 11.2 7.5
7 173.3 9.2 7.3
8 173.0 8.6 7.2
9 174.8 8.0 7.2
10 176.3 7.7 7.1
14 1%0.3 5.9 7.1
16 1%81.0 5.7 7.0
17 181.3 5.6 7.0
Station Depth Conductivity Temperature pH
5 (m) {imhos /cm) (°C)
1 172.8 13.3 7.1
2 172.5 12.9 7.4
3 172.0 11.7 7.4
4 171.5 11.5 7.4
5 171.5 11.4 7.4
6 171.8 11.2 7.4
7 177.3 10.6 7.4
8 172.5 9.2 7.3
S 174.0 8.1 7.3
10 177.8 7.5 7.2
1% 183.3 6.7 7.0
12 i85.8 6.4 7.2
14 188.5 6.0 7.2
16 189.8 5.8 7.1
17 150.8 5.6 7.0
Station Depth Conductivity Temperature pH
6 (m) (pmhos /cm) {°cy
1 176.0 1z.6 -
2 175.8 12.5 -
3 174.5 12.5 -
4 174.0 12.5 -
5 174.90 i1.5 -
6 175.8 9.4 -
7 175.0 8.6 -
8 176.3 8.0 -
S 180.0 7.4 -
10 180.8 7.1 -
12 i82.0 6.7 -
14 186.5 6.4 -
15 188.8 6.1 -

1988



TABLE 5 (cont.):

o GOOSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILES - June 22-23, 1988
- Station  Depth Conductivity Temperature PH
- 7 (m) {umhos/cm) (°C}
B 1 177.0 i3.4 7.7
175.8 12.8 7.7
3 175.3 12.7 7.7
o 4 175.0 12.3 7.7
5 174.5 11.1 7.5
6 175.8 5.4 7.4
_ 7 176.0 B.5 7.4
8 176.5 8.2 7.3
9 178.3 7.8 7.3
10 179.8 7.7 7.3
- 12 182.8 7.1 7.3
14 188.5 6.3 7.2
— 15 189.8 6.1 7.2
16 181.0 5.9 7.1
. Station Depth Conductivity Temperature PE
- 8 (m} {pmhos /cm) {°cj
o 1 178.8 13.4 7.8
: 175.5 12.7 7.8
— 3 175.0 12.6 7.7
4 174.3 122.4 7.7
o 5 172.8 11.2 7.8
) 174 .3 .7 7.3
""" 7 174.8 8.9 7.3
8 175.8 8.4 7.3
- 9 176.3 g.0 7.3
10 177.5 7.8 7.3
™ 12 175.8 7.4 7.2
14 184.3 6.8 7.2
15 187.3 6.4 7.1
o le 188.8 6.1 7.1
17 151.5 5.7 7.0
Station Depth Conductivity Tenmperature pH
..... 9 (m) {pmhos /cm) {(°C)
_ 1 172.7 13.2 7.7
2 172.3 12.9 7.7
3 171.8 12.6 7.7
4 172.5 10.9 7.6
— 5 173.0 9.3 7.5
& 173.3 8.8 7.4
7 174.0 8.2 7.3
8 175.8 7.8 7.3
. S 176.0 7.7 7.3
10 177.5 7.6 7.3
""" 12 181.0 6.9 7.3
14 188.90 6.0 7.2
. 15 183.5 5.8 7.2
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TABLE 5 (cont.):

GOOSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILES - June 22-23, 1988
Station Depth Conductivity Temperature PH
10 {m) (Lmhos /cm) (°C)
1 176.3 12.5 T
2 175.3 12.4 7.7
3 175.0 12.1 7.7
4 174.5 11.7 7.6
5 175.3 11.0 7.5
6 176.3 10.2 7.4
7 176.5 8.1 7.3
8 1738.5 7.6 7.3
9 183.3 7.1 7.2
10 187.5 €.4 7.1
14 193.5 5.7 7.1
16 193.5 5.6 7.1
Station Depth Conductivity Temperature pH
il {m} {Umhos /cm) {°C)
1 170.5 13.0 7.6
2 1689.3 12.8 7.7
3 169.0 1z.5 7.7
4 169.5 12.0 7.7
5 170.3 10.0 7.5
6 171.8 8.5 7.4
7 172.8 8.2 7.4
g 173.3 g.0 7.3
] 173.8 7.8 7.3
10 174.3 T.7 7.3
12 177.8 7.3 7.3
14 182.¢ 6.7 7.2
15 184.5 6.4 7.2

The creek sample results showed an increase of copper at Station 3
downstream of the mine discharge (Table 6). The copper level never returned
to the background level after leaving Goosly Lake, both on the total and
dissolved basis. Substantial precipitation of dissolved iron and manganese
could be observed after the water leaves the lake. The cadmium values were
iower than the lake results. It seems that the cadmium concentrations may
reside longer in the lake than the creek. The hardness and sulphate were
clearly influenced by the mine discharge. The water residence in the lake
did not reduce these parameters to background levels. Total organic carbon
was not substantially influenced by the mine discharge or the lake residence

time.
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4.1.3 June 320 -~ July 2, 1989. The water quality results are given
in Table 7, and lake profile data in Table 8.

The thermocline was between 5 and € metres depth. There was an increase
in conductivity between the surface and the bottom, however measurements
fluctuated near the thermocline. pH decreased from the surface (7.9} to the
bottom (7.0).

Cadmium concentrations in the lake did not increase compared to the 1988
surveys. Although only the middle lake station was sampled (Station 12), all
samples were below the detection limit. Total and dissoclved copper levels
were above the CCREM guidelines for the protection of aguatic life. Total
organic carbon was high (21 to 23 mg/L) compared to the June 1888 survey (14
to 18 mg/L). Hardness was comparable to the June 1988 survey.

The Buck Creek upstream and downstream stations were all below the
detection limit for total and dissolved cadmium. Copper had a different
response as Station 3 and 13 had dissclved fraction concentrations almost
identical to the discharge concentrations at Station 2. The dissolved level

at the contrel station was five times less.

TABLE 8: GOOSLY LARE TEMPERATURE~-CONDUCTIVITY PROFILE - June 30, 1989

Station Depth Conductivity Temperature pH
12 {(m}. (pmhos /cm) (°c)

1 164.8 14.8 7.9

165.8 14.6 7.7

3 173.3 13.4 7.6

4 163.8 12.5 7.5

s 1587.5 10.4 7.3

€ 161.3 8.8 7.2

7 162.8 7.4 7.2

8 163.0 6.8 7.2

S 163.3 6.4 7.1

10 164.3 6.1 7.0

15 168.5 5.1 7.2

) 169.5 5.1 7.0
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TABLE 7 (Cont.) %, WATER QUALITY - BUCK CREEK SYSTENK
June 30, 1989
ALK DISICP DISICP FR NFR PH S04 TIC TOC
Station HC BT
MG/L MG/L NG/L NG/L NG/L REL.U, NG/L XG/L MG/L
Repl. 1 47.6 48.4 49.3 95 4. 8.1 S 9 15
1 Repl. 2 47.6 48.7 49.6 96 i8 8.1 S 9 15
Repli. 3 S4.2 48.8 49.8 S8 6 8.1 4 8 16
Average 63.1 48.6 45.6 56 i2 8.1 S 9 13
S.D. 26.9 0.2 0.3 2 a 1) 1 1 h
Repl. 1 73.3 520 530 8384 23 8.3 370 16 4
2 Repl. 2 74.7 5318 528 &88 bl 8.3 420 195 11
Repl. 3 74.7 1% 525 aae 1 4-1 8.3 410 16 9
Avarage 74.2 518 528 gae 23 8.3 400 1é 8
S.D. 0.8 3 3 2 1 0 26 1 4
Repl. 1 55.3 179 i7rs 250 S0 8.2 77 11 15
3 Repl. 2 . 55.3 146 149 249 21 8.2 &8s 11 16
Repl. 3 55.3 143 145 250 20 a,2 88 11 i8
Averaqs 55.3 156 158 250 30 8,2 84 i1 16
5.D. 0.0 20 19 1 17 0 6 0 2
(1 m) 36.9 64.1 64.8 124 <% 8.0 27 8 21
i2 (3 » 34.9 €2.0 62.7 115 4= 8.0 29 7 22
(8 m) 36.9 62.% 63.1 120 147 8.1 28 7 21
(16 ») 41.7 €2.4 €3.0 121 13- 8.1 29 6 23
Repl. 1 35.9 %9.8 €0.5 116 L 43 8.0 27 6 22
13 Repl. 2 35.5 61.2 62.1 136 <S5 8.0 28 7 21
Repl. 3 35.9 61.7 €2.4 119 (41 8.0 24 6 22
Avarage 35.9 60.9 61.7 117 - 8 26 6 22
5.D. 0.0 1.0 1.0 2 - 0 2 1 1
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4.1.4 June 15-17, 1990. The water quality results are presented
in Table 9, and the lake profile data is in Table 10.

The thermocline could be found between 6 and 8 metres depth at Stations
11 and 12. At Statien 8, the thermocline was disturbed due to strong
west-east winds. Warmer surface waters migrated toward the eastern part of
the lake and lowered the thermocline to a depth of 11 to 12 metres. This
effect of internal seiche has been reported before (Hutchinson, 1857).

Lake pH varied from 7.0 in the hypolimnion te 8.1 in the epilimnion.
Conductivities were fairly constant varying between 33.3 and 36.8 fmhos/cm.
Conductivity was reduced from earlier surveys which had levels on the order
of 180 pmhos/cm (Godin, 1988).

4.2 Sediments

4.2.1 Lake Surface Sediment Collection. Sediment traps were located in
the lake in May 1988 at Stations 5, 7, 8, 9, and 11. Retrieval was performed
orn June 22, 1988. Sediment was collected by an Eckman dredge at Stations 4,
g, 9, 10, and 12 on July 2, 1988, and Stations 7, 8, 10, 11, and 12, on June
16, 1990. Tables 11, 12, and 13 show the results of these samples.

Sediment arsenic content greatly increased from 1687 to 1988, This was
partly due tc the improved detection limit of the ICAP procedure which was
changed from 50 MUg/g in 1987 to 8 Ug/g in 1988. The arsenic content of the
reference material averaged 11.6 + 1.3 ug/g. In 1989, the determination of
arsenic in the reference material was <8 Hg/g, indicating not all arsenic in
the sample was accounted for. It is difficult to determine if the sediment
arsenic content showed significant elevation due to these problems with the

reference material or some other influence.
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1990

TABLE 10: GOOQSLY LAKE TEMPERATURE CONDUCTIVITY-PROFILE ~ June 15-16,
Station Depth Conductivity Temperature pH
8 {m) {pmhos /cm) (°C}
1 34.2 13.4 7.7
2 33.5 13.4 7.7
3 33.95 13.4 7.7
4 33.9 13.4 7.8
5 33.9 13.3 7.8
& 33.8 13.2 7.6
7 33.8 11.9 7.5
8 33.5 11.8 7.4
9 34.2 10.4 7.3
10 33.9 9.8 7.2
11 33.9 9.2 7.1
12 33.8 8.0 7.0
13 33.6 7.8 7.0
14 33.7 7.6 7.0
15 33.6 7.2 7.0
16 33.5 6.6 7.0
Station Depth Conductivity Temperature DH
11 {m) (Umhos/cm) (°C)
s 3¢.8 12.7 7.7
2 34.5 12.3 7.6
3 34.3 12.0 7.6
4 34.1 i1.8 7.5
5 34.1 11.8 7.5
6 34.2 11.¢ 7.4
7 34.4 g.5 7.2
8 33.9 7.3 7.2
9 33.4 5.8 7.1
10 33.3 6.3 7.2
11 33.3 6.2 7.1
15 33.3 5.6 7.1
16 33.3 5.6 7.0
Staticn Depth Conductivity Temperature PH
12 (m) (Hmhos /cm) (°C)
1 36.5 13.1 7.6
2 34.7 13.0 8.1
3 34.2 12.9 7.8
4 33.¢9 12.3 7.7
5 34.2 11.7 7.6
6 34.5 11.4 7.5
7 34.6 10.4 7.4
8 34.6 8.8 7.3
9 34.4 8.9 7.3
10 33.5 B.7 7.0
15 33.0 7.0 7.0
i8 33.7 5.5 7.0
19 33.7 5.5 7.0
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The average cadmium concentration in Goosly Lake was 0.8 pg/g in 1988,
1.0 pg/g in 1989, and below the detection limit in 1990. The 198% average
is suspect since several replicates were below the detection limit. In 19588

the sediments were analysed in the graphite furnace which gave lower values.

Sediment copper concentrations decreased from an average of 116 Ug/g in
1987 (Godin, 1988) to %6 Mg/g in 1988 and 86 Hg/g in 198%, but increased to
109 Mg/g in 1880.

The mercury level in Goosly Lake sediments measured 0.387 * 0.043 ug/g
in 1988, increased to 0.614 * 0.273 pg/g in 1989%, and fell to 0.25% =+ 0.017
Ug/g in 1950. As for cadmium, levels rose to 1989 but sharply decreased the

following year.

Average lake sediment lead levels seemed to be reduced consistently from
1987 {70.1 ug/g) to 1850 (26 ug/g). The average lead content in 1988 was 50
Lg/g and in 1989, 38 pg/g.

Zinc sediment concentration showed subsgtantial wvariability. In 1987
sediment samples the average was 277 jg/g while in 1988 it was 299 ug/g. 1In
198% the concentration was only 160.8 Hg/g, but to rose again to 300 ug/g in
1550.

4.2.2 Buck Creek Sediment Collecticn. The sediment analysis results

are presented in Tables 12, 13, and 14.

The arsenic detectjion problem was the same for the creek samples as for
lake samples. The 1988 analysis did not have a low enocugh detection limit
and the 1%89 analysis of the reference material was lower than the certified
value, thus failing to detect a portion of arsenic. In 1990 the detection
of arsenic showed high wvariability (57%) in the recovery of reference

material.
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Cadmium concentrations in creek sediments were lower in 1588 and 1950
samples than in 1983%. All stations showed cadmium levels below or close to
the detection limit. In 1989 cadmium concentration was 1.0 Hg/g at Station
3 and 1.2 pg/g at Station 13 downstream of Goosly Lake. In 1987 station 13
had cadmium levels of 1.8 Ug/g (Godin, 1988}.

The 1989 copper results may be low since the reference material
analvtical result was lower than the certified value. Values ranged from a
low of 3.9 pg/g at Station 13 (1989%) to 74 ug/g at Station 3 (1988). Values

for creek stations in 1990 fell within this range.

Mercury concentrations were analysed in 1988, 1989%, and 19S0C. The
average value at Station 3 was substantially higher in 1989 (0.438 ug/g
compared te 0.188 uUg/g in 1988) but there is no statistical difference
between the two due to the high variability in the 1989 results. Further
investigation of the changes in mercury content in Buck Creek sediments in
1990 showed levels reduced to an average range between 0.051 and 0.08% pg/g.

The lead values did not change substantially between the three stations,
however a slight reduction over the vears of sampling was noticeable. The

lead values ranged between <B Hg/g and 26 Hg/g.

4.2.3 Goosly Lake Core Profile. A sediment core proiile of the lzake

bottom was taken from the deepest part of the lake (Station 12} on May 23,
1588, to evaluate metal contamination through time. Three replicates were
taken (Table 15). Figures 2 to 11 show average concentration versus depth
for arsenic, cadmium, chromium, copper, lead, manganese, mercury, silicon,

and zinc.

Contamination evaluation using sediment cores is based on the assumption
that there is a negligible redistribution of metals within the sediment
column and relatively uniform sedimentation rates. Kemp et al. (1976) found
that the assumption is valid for many metals such as copper, nickel, lead,
cadmium, chromium, and mercury, but iron and manganese migrate upward from
reducing teo oxidizing sites. One of the problems with the impact evaluation
at Equity has been the lack of proper baseline evaluation. This approach may
fill the gap by describing the pre-industrial condition and therefore
establish the level of contamination from Equity Silver operations.
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Metal content increased in all profiles from 10 cm deep to the surface
cf the sediments. The deeper portions had a falrly constant metal
concentration which could be considered the baseline concentration for this
area. Johnson et al. (1986) found similar increases in recent sediments for
iron, manganese, mercury, lead, zinc, and cadmium. Vertical profiles of
mercury had more wvariability than the other metals. Nickel, copper, and
chromium had little difference in Turkey Lakes profiles (Johnson et al.,
1986) .

The correlation of manganese to other metals in the Goosly Lake core
profile was high feor strontium, r=0.98; iron, r=0.56; calcium, r=0.92;
cadmium, r=0.89; zinc, r=0.85; mercury, r=0.83; lead, r=0.82; copper, r=0.82;
sodium, r=0.80; aluminum, r=0.76; and arsenic, r=0.74. Metals with almest
no correlation or negative correlation include chromium, r=-0.05; nickel,
r=-0.09; silicon, r=-0.31; and titanium, r=-0.80. From these relationships,
it could be said that chromium is a conservative metal, not influenced by
other metal depositions. Chromium has the near vertical metal distribution

of a fairly constant deposition.

Cornwell {1986) showed that zinc profiles are less affected by manganese
and iron migration in the sediment than the cther trace metals. The elevated
zinc concentration in the metal oxides enriched sediments would not be
diagenetic feature. The strong correlation of zinc with manganese and the
other metals suggests that the measurements are truly representative of the
metal deposition and not of a diagenetic feature. The strong presence of
iron and sulphate in the environment may suggest that sulphate reduction may
prevent the migration of metals in the sediment and therefore protect the
environment from degradation by the trace metals. The migration of metals
to the surface along with manganese and iron has a significant effect in

lakes where sedimentation rates are particularly low, as in an arctic lake.

Background concentrations were taken as the concentrations prior to the
inflection point of the concentration profile. The inflection point was
considered to be at the 10 cm level based on several metal analyses. This
also corresponds to the beginning of the mining activity in the area based
on the lead-210 determination. The baseline concentrations are discussed
further in Section 4.7.

4.2.4 Lead-210. Results from the 1989 radiodating core are presented
in Table 16 and Figures 12 and 13. Linear regression was performed on the
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results except that from the surface (0 cm). The equation for the line is

described by the following formula:

vy (#°Pb) = -0.01308(depth) + 0.64515
r = -0.69376
Y705, = 0.666

This linear relationship is barely significant and depends on several factors
as discussed below. Based on this linear relationship the surface

sedimentation rate is estimated at 10.6 mm/year.

Several factors contribute to the low degree of correlation in the
regression. Nevissi (1985) showed that the lead-210 deposition in the
Pacific Northwest is not constant and is very much influenced by annual and
seasonal variations. Assumptions of constant atmospheric lead-210 input
should be re-examined in light of these new results. Contributien to this
flux from radon emanations, volcanoces, forest fires, =so0il dust, and
anthropogenic sources would all influence the lead-210 results. Joshi (1989)
further explored these problems by suggesting that any lead-210 dating
estimation should result from the substracting of the sedimentary radium-226
from the total lead-210 to produce unsupported lead-210. Xrishnaswamy et al.
{1971) showed that unsupported lead-210 results have large error values as
depth increases because total lead-210 and radium-supperted lead-210

activities are comparable.

TABLE 16: GOOSLY LARKE LEAD-210 ANALYSIS IN SEDIMENT CORE SAMPLE, 19588

Sediment Depth Lead-210 % Moisture
(cm} Ba/g C.L.

S.0 - 6.0 0.82 + 0.14 79.8
106.0 - 11.0 0.28 £ 0.11 B2.1
15.0 - 16.0 0.48 = 0.08 77.9
20.0 - 21.0 ¢.21 £+ 0.05 79.8
25.0 - 26.0 0.33 £ 0.06 77.6
ic.0 - 31.0 0.35 + §.07 75.4
35.0 - 36.¢0 0.13 + 0.06 75.%5
36.0 - 37.0 0.37 £ 0.04 76.6
37.0 - 38.0 <0.05 76.6

At Statieon 12 - May 23, 1988



The methodology used in our survey completely digested the samples. On
the other hand, Joshi and Durham (1576) suggested that the entire sample must
be brought inte solution for geochronclogy. These same authors pointed ocut
that lead recovery could be affected by the lag time between the
radiochemical extraction and the formation of bismuth-210. At first there
is a decrease due to the lead-210 activity from natural thorium, then
bismuth~210 activity increased to a plateau after 10 days.

Lead had the most variable results in the 1987 sediment trap sampling
program. Future investigation of dating with lead-210 should involwve the
analysis of radium-226, re-evaluation of the digestion procedure, the
replication of the sampling to obtain a distribution of the measurement, and
an evaluation of lead inputs from the mine. Cesium-137 measurements could
also be used, but cesium tends to be mobile in sediment. Additionally,
geochronology in sediment cores may be supported by pollen counts since

iogging activity in the area would result in changes to plant composition.

4.2.5 Sequential Extraction. It is widely accepted that adsorption of

contaminants to particulate matter is a major process affecting the
concentration of contaminants in the water phase. Some models wview the
sorption as a completely reversible process but there is growing evidence of
the incomplete reversibility and slow kinetics of metazls and hydrophobic
contaminants. Sequential extraction was performed on the sediments in order
to determine the reactivity of the sediments to biolegical interaction.
While the chemical separation of the metal fraction does not replicate
biological activity, it is believed that the gradient of chemical reactivity
may reflect some of the biclogical sensitivity to these metals. This is one
of many methodelogies to attempt to evaluate desorption strength and its
effect on the biota.

It is increasingly recognized that the ecological significance of
pollutant inputs is determined more by the specific form and reactivity than
by the accumulation rate. This effect typically refers to surface-bound
poellutants, which become partly mobilized in the aquatic habitat by changes
of pH and redox conditions, increased salinities, or concentration of organic
chelators. The metal contaminants introduced into the agquatic environment
usually represent relatively unstable chemical forms and should be more
accessible for short- and middle-term gecchemical processes (Fdrstner, 1987).
A chemical leaching approach exhibits distinect advantages compared to
thermodynamic models since the former incorporates information on the
diagenetic effects (aging, diffusion) and reactions kinetics (Fdrstner,
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1987); however, recent discussions of sequential extraction discourage its
use due to the lack of validation of the methodology {MNirel and Morel, 1590).
For example Karlsson et al. (1987) found that significant amounts of corganic
matter characterized as humic and fulvic acids were simultanecusly
incorporated in the hydrous oxide phase. The sequential extractions in this
study are not utilised to identify chemical phases but to evaluate the
relative ease with which the metal load is released by lowering the pH or

increasing the redox potential.

The sediment extractions were performed only on sediments recently
deposited in the sediment traps. Metal partitioning of anoxic sediments must
be performed under oxygen free conditions, with de-aeration of leaching
agents prior to contact with the samples (Férstner, 1587). The sediments
subject to the sequential extraction were not collected or analysed under
nitrogen atmosphere since it was felt that the sediment at the water
interface would be subject teo oxidation. No dissclved oxygen probe

observations indicated oxygen depletion near the sediment.

The five fractions (exchangeable, carbonate, iron and manganese oxides,
organic, and residual) were obtained from samples collected in 1987 and 1988
(Table 17). Elements of concern (arsenic, cadmium, copper, lead, and zinc}

are represented in Figures 14 to 18.

A gualitative rather than guantitative approach 1is used for ths
evaluation of biological significance of the metal leachate from the
sediment. The pH of the extractant and the oxidation state increase from the
exchangeable portion to the total portion. The biclogical activity is

interpreted according to this approach in regard to Goosly Lake sediments.

Arsenic content in the exchangeable phase was very small compared to the
overall metal content. The distribution of metal through the fraction did
not appear to change between stations or between the two years sampled.
Cadmium content in the sediments showed a large proportion easily
exchangeable. The values varied from 0.4 to 2.5 Hg/g, or 50 to 69% of the
total cadmium content in the sediment. Copper showed very little activity
in the exchangeable and carbonate fraction. Most of the copper content was
retrieved from the organic fraction which is consistent with the strong
affinity of the metal with humic and fulvic acids. Lead cconcentrations were
mostly found in the residual portion and some in the organiec and sulphide

fraction (listed as "organic" on Table 17).



AT

7

oL
o/
L1
JINVIHO

2/90
KH
wnalsay

oL 1A
st'9
L9°%
¥
9790

[l
DINVIED

[ {4

[ 14

1" 41

| 4
01040
HD

IvHaaIs3y S3CIX0

14
ez
4
1€

9%
[ 4
o1
L4
9/00 4790
Bv 5
JINVOHO £3QIXO

2/00
1]
WnAIs3Y

Ygrssacl 1 Creyan g

e dadiatl’

001 142 £°99
101 18z (-3 2]
101 8°cZ L 4
| ] [0y 24 £7 9%
o790 9790 2/00
HZ NZ NZ
IVAAISIY DINVIYO S3JAIXO
0% (/44 0LTe 00E8E 00697 00061
ey 08zl oced 00ZSE  00E9T 00IRL
99 0061 ooy 00%%E 00991 0O1rZ
€6¥ 0821 QTLy O0%EE  OQ0PEL 00V
9/00 9,90 9790 8790 3/9N0 27904
KM HM K a4 34 EK]
“NOTGHVD “NVHOXI  TVL0L  "dIS3ay DINVIHO S3IJIKO
£°0 S0 1 Le €°0> Z°0» Yo
$°0 €0 L -1 @7 0> t A }] [k}
¥'0 »0 99t -- z°0 o0
£°0 £°0 6°%E | ] f At [NV}
9/0n D95 9790 9/00 2/94 9790
L. o 4o 0 ad ao
*NOGHYD "NVHOXI  VL0L "OISIM DINVOHO S3dIXO0
o 14 LL Q0LLT  00LY aze
(44 <> 29 QOBTT  O0FP L8
42 o L9 QOLET  0OZO0F 8EL
(44 4 YL 00S0Z  06%) 1514
a9/9n a9/90 D/9N0 2/00 2790 9/9N0
sV &V &Y v v Y
"HOGHYD “MVHOXI  IVL0L  “GIS3ay DINYOHO S3QIXO

B884) Pro L8b/ {SININIAIS INVT ATS00D

g°st <ot oL 14 ]
tral L0 44 LST ar>
E° 9% 9° L1 sz s>
(A Z°el EET 1A
93/99 9/00 3700 9790
HZ HZ KZ 94
‘HOBHYD "HVHOXZ  VLOL  "QIS3H
sCl 4 00LSL 979
18z > 00694 6782
biy [4) 00L9L L 1A
0SE [4] 00I¥L 9°0Z
n/9n 2720 2790 9700
a4 a4 EF no
‘HOGYYD "HVHOX3  IWi0L  ‘aIs3d
L0 FA A 9°€E 699
E'O sz 9'g s
S°0 91 £z 8L
70 | ) e o ole
37940 9/010 9/90 3/00
qao ao ad vo
*HOBBYD “NYHOX3 w0l "OIsad
oc Z QOLOE Dy
[44 ¥ o0ZB8T 1>
1w € 0058 S° D>
oz £ Q0BRS¢
2730 a2/20 9/94 27930
v v v ov
"NORHYD *NVHOXZ  WL0L  °aI1s3d

-CNOILOVHLXT W1LNINOTS

(Hoy 32803

Zt b ]
o1 4
9'e >
E°6 44
9/00 9/20
a4 od
OIKVOHO &34IXD
ST0e L ¢
6°'ES ¥
6Ly | 3
S 9 9°€
9790 9/90
no no
QINVOHO S3ITIXO
0991 668
o¥LY 679
(131 <69
CEBY €L9
0/90 o/90
vo vo
DINVOMO S3AINOD
S'0 | M3
L ¥ 0>
L 0
S0 0>
9790 34900
ov oy

JINVOHO £3dIX0

[A
[ 44
t4]
42
/90
ad
*HOSHYD
e
[ 4
| O 4
[ 2 4
9790
fike)
*HOGUYD
tve
o9
LOL
L9
/90
¥
*NOUUVYD
¥ 0>
| 2}
¥ 0
o
9790
oy
*NOBYUYD

FO Ie8A) Iequnu Udye3s

<> ZE ({1 2R3
Z» [ %)) (99)L
s ec Wy
o 6L L9
9/9n  o/on  aequny
ad 4d uotImyg
*HYHOXE II0L
T°0r  0°08  (RMILT
[} ] 1°99 {(98) L
00§18 et
F A2 ] LT [¥FA Y]
9/90  9/0n asquny
o 40 uorIeIg
*NVHONZ  WVIOL
0659 00601  (YRHTT
009%  OIZ6  ($91L
ORES 0806  (LWIZT
056 0608  (LD)9
5790 o/on Aeqeny
¥ o uotImlg
"NVHOXE  TviOL
-
| M) ] [A43 (31 2R3
0 o I
s O (wnet
o o e
9/90 /90 Aequng
ov oy uorInig
“NVHOXZ  WLOL
2°LT TEvL



- 72 -

The levels in the exchangeable, carbonate, and oxides fractions were all
below the detection limit of 2 pg/g. Zinc levels in the exchangeable and
carbonate fractions were guite low. Most of the zinc content was found in

the residual fraction.

The sequential extraction showed that &the only metal of concern in
Goosly Lake was cadmium due to the ease at which the metal may be released

from the sediment.

Several experiments addressed the leachability of cadmium under various
conditions. An experiment by Lion et al. {(1982) with lead and cadmium using
samples from oxidized surface layers of mudflats in San Francisco Bay estuary
showed releases of adsorbed cadmium within a timeframe of 96 hours, whereas
lead was substantially non-desorbable over the 264 hour duration of the

experiment .

Salomons (1980) showed typical effects of temporal increases in sorption

intensity for cadmium and zinc on fine grained fluviate particles (Table 18).

TABLE 18: PERCENT NON-DESORBABLE CADMIUM AND ZINC ON RIVER SUSPENDED MATTER
AFTER TREATMENT WITH NaCl SOLUTION OF SEAWATER CONCENTRATION

Days i 3 8 24 60
Cadmium (%) 24 30 33 37 40
Zine (%) 60 67 70 74 B8

An experiment designed by ahlf et al. (1984), integrating sediment
biocassay and the sediment extraction, showed that uptake of nickel and
cadmium by algae had a significant correlation toc the adsorbed/exchangeable
phase as determined from the extraction studies. These extractions were

based on the Tessier et al. (1979%) procedure.

Bicavailability testing using a multichamber device by Calmano et al.
(1988} indicated that copper and cadmium were mainly influenced by organic
substances at the binding sites and these were of particular importance in
the transfer of these elements into bioclogical systems. Even at a relatively
small percentage of organic substances, these materials may be involved in
metabolic processes and, thus, may constitute the major carriers by which
metals are transferred within the food chain.
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The control of heavy metals from the mine’s acid leachate, especially
copper, has been through lime precipitation and settling in a sedimentation
pond prior te discharge. This practice has had an effect which could be
noticed in the lake (Table 19). The annual average total calcium and
sulphate concentrations increased in Goosly Lake from 1982 to 1988; in 198%
these concentrations appeared to decrease. In 1950, water quality analyses
indicated a net increase in concentration of these elements. This was due to
the large amount of treated AMD discharge to Goosly Lake in 1590 (see Section
4.8} .

4.3 Copper Complexing Capacity

Goosly Lake aﬁd Buck Creek waters are characterized by high dissclved
organic content. Humic and fulvic acid are long organic molecules resulting
from the decomposition of plant material and give water a tea colouration
which is typical of Goosly Lake. These organic materials posess high
affinity to heavy metals, and to copper, in particular. The chelation of
copper tends to keep the metal in the water column; however, the binding of
the metal to the organic substance reduces the toxicity of copper. A copper
complexing capacity test of Buck Creek waters performed in 198% indicated
that 28.6 to 47.9 ppb of copper could peotentially be bound to the organic
substance (Table 20). Although the water concentration of cepper in this
system was above the CCREM guidelines, the risk of these levels should not

result in degradation of the aguatic resources.
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TABLE 19: ANNUAL AVERAGE CALCIUM AND SULFHATE CONCENTRATIONS IN GOOSLY LAKE

Calcium Sulphate
Year Depth {mg/L) {mg/L)
1982 Surface 12.1 15.2
Bottom 12.2 15.4
1983 Surface 11.2 14.2
Bottom 13.2 14.2
1584 surface 12.5 12.7
Bottom 12.8 13.5
1985 Surface 15.0 20.0
Bottom 13.9 13.7
1986 Surface 16.1 29.3
Bottom 15.3 23.2
1987 Surface 22.6 43 .3
Bottom 20.6 36.7
1988 Surface 23.1 31.5
Bottom 24.3 33.2
1589 Surface 20.1 37.3
Bottom 18.1 28,8
1960 Surface 28.1 4.3
Bottom 25.1 54.4

Based on data provided by WMB Smithers, B.C. Ministry oI Environment

TABLE 20: COPPER COMPLEXING CAPACITY FOR BUCK CREER SYSTEM - 138%

Station pH Cu Complexing Complexed Cu
Capacity Potential
1 7.81 6.37x10"7 40.8 ppb
2 8.30 4.50x1077 2B.6
3 7.65 7.54x1077 47.9
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4.4 Bloassays

The sediment bioassay is another method of assessing the biocavailability
of particulate~associated contaminants. Bioassays were performed on various
trophic levels and with different response levels in order to scan a

multitude of effects that may be present in the sediments.

Rezults showed that lake sediment samples collected in 1989 did not
contain acutely toxic chemicals; however, they may have produced sublethal
effects (Table 21). Positive responses were found with the repreduction,
enzyme inhibkition, and genotoxicity tests. Based on the ranking system
developed by Dutka (1988), the lake sediment was as toxic as the sediment
collected in the siltcheck, resulting from the neutralization of acid mine
drainage (Table 21). The most interesting aspect of these results is the
strong inhibition of Ceriocdaphnia dubia reproduction. Ceriodaphnia was not
identified in the zooplankton samples collected in 1985 (Wilkes and Maclean,
1287). This could mean either that the organism was never found in the lake

or had been eliminated by competition with other zooplankton populations such

as Daphnia sp.

One of the arguments against the use of sediment biocassays is that the
extraction does not represent the conditions in the natural system. The
tests used in this series of experiments are more disturbing to the natural

processes than other tests using insects such as Chironomus Lentans or

Hyalella sp.

Sediment was collected@ from Stations 8, 11, and 12 in 1880 for a

Chironomus tentang 25-day emergence test. The results showed that Goosly

Lake sediments were not toxic at that time since larval emergence was not
affected.

4.5 Benthic Invertebrates

Benthic invertebrates were collected on July 2, 198%, and June 16-18,
1990, with an Eckman dredge (Tables 22 and 23). The samples were collected
at depths varyving between 13.5 and 19 metres.
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TABLE 22: SUMMARY COF BENTHIC MACROINVERTEBRATES -
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GOOSLY LAKE - 1988

Speciesg Station
4 8 9 10¢ 12

COPEPODA

Harpacticoida - 6 - - -
HYDRACARTNA - 1 4 - -
DIPTERA

Ceratopogonidae:

Palpomyia sp.- - 1 - - -

Chironimidae:

Fhaenospectra sp. 21 11 2 1 28

Chironomus sp. 4 4 9 5 16

Procladius sp. 1 2 - - 1

Rheotanytarsus sp. - 2 3 - 1

Paratanytarsus - - 1 - -

Psectrocladius sp. - - 1 - -

BEukieferiella sp. - - 2 - -

Cardioocladius sp. - - 2 - -

Thienemanniella sp. - - 2 - -
OLIGOCHAETA

Tubificidae, juv. 1e 16 2 3 14

Lumbrificidae, juv. 2 - - 1

Naididae:

Nais sp. - - 13 - -

Chaetogaster sp. - - 5 - -

Stylaria lacustris - - 2 - -
NEMATODA 2 1is 14 - i
OSTRACODA - - 1 - -
TCTAL NUMBER 46 61 61 9 63
DENSITY (#/m?) 2044 2711 2711 400 2800
NUMBER OF TaAXA & 9 15 3 7
DIVERSITY INDEX 0.56 0.78 1.02 0.4 0.87
EVENNESS 0.72 0.82 c.87 0.84 0.67
RICHNESS INDEX 1.31 1.55 1.77 0.51 1.45
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TABLE 23: BENTHIC INVERTEBRATES - GQOOSLY LARKE - June 16-18, 1950
Station 8 Station 11 Station 12
{average of 3 replicates)

PLANKTONIC ORGANISMS:

Diptera

Chackhorus sp. L 5 23 14
Calancida

Diaptomidae juv. <l 1 v
Cladocera

baphnia rosea 4 7 <l
Daphnia schodleri <1 0 0
(Ceriodaphnia sp?) dam. <1l <1 G
EPIBENTHIC OCRGANISMS:

Cyclopeoida

Cyclopoida juv. <1 <1 <l
BENTHIC ORGANISMS:

Empididae pupae

Chironmidae pupae

Chironomus sp. 4 7 4
Phaenopsectra sp. 1 4 3
Oligochaeta

Tubificidae, Jjuv. 3 6 1
TOTAL AVERAGE NUMRBRER 23 47 20
DENSITY ({#/m?) 1035 2102 875
NUMBER OF TAXA ) 8 9
PIVERSITY 0.47 0.65 0.7¢
EVENNESS 0.60 0.72 0.80
RICHNESS 1.59 1.82 2.68

TABLE 24: PERCENTAGE SIMILARITY INDEX OF BENTHIC INVERTEBRATES IN GOOSLY
LARE - 1989 AND 1990

1989 Station 8 9 10 12
4 56.55 18.4 53.45 81.4
B 38.7 43.15 64.85
g 19.75 22.85
10 58.70
1590 Station 11 1z
8 73.76 56.48

11 77.53
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Substantial differences in the composition and community structure
existed between the two surveys (Table 24). The initjial structure of the
benthic invertebrates in Goosly Lake was not characterized. Natural
variability due to many complex biotic and abiotic factors prevented the
differentiation between pollution impacts and normal change. Bovle et al.
{189%0) showed that the sensitivity, stability, and consistency of community
indices are all dependent on initial conditions. Furthermore, they caution
the biologist that the present stage of technical development may give
misleading biological interpretations of the data they tend to summarize.
Rather than performing more complex statitical approaches such as ordination
technigues on a very small data set, the data reported here should be used
cqualitatively.

4.6 Zooplankton

Zooplankton data can be found in Table 25. The density of organisms
varied from 40,807 to 55,010 per cubic metre.

Pennak (1578} stated that the density of rotifers in most plankton
samples varies from 40,000 to 500,000 individuals per cubic hetre. In our
stu&y the density varied from 17,000 to 23,000/m’ and appeared to be governed
by food availability. The most abundant and common rotifers in general
cpen—water plankton communities are Xeratella sp., Kellicottia sp., Filins
sp., and Asplanchna sp.; these species are found in Goosly Lake (Table 25).
Pennak mentioned that alkaline waters generally contain relatively few
species but large numbers whereas acid waters contain large numbers of
species and few individuals. In seven earlier surveys, Wilkes and Maclean
(1987) found two fewer species but a2 higher density than this survey. The
predator Asplanchna sp. was found in much greater numbers than previous
surveys, but Polyartha sp., found in previous late summer surveys, was not
found.

Copepoda are represented by the two suborders Calanoida and Cyclopoida.
Generally the cyclopoids are represented by only one dominant species, and
often cocdominance with a clanoid is encountered. Pennak stated that Cvclops

biscuspidatus is generally one of the dominant species. This species was

identified in Wilkes’ surveys but our survey only identified Cvclops
scutifer. It was not possible to determine if the species was well identified
or reflected a change in lake conditions (anthropogenic or seasonal). Cyclops
scutifer is said to be abundant in the hypolimnion of limnetic habitats.
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TABLE 25: ZOOPLANKTON - GOOSLY LAKE - June 16-18, 1950

Station 8 Station 11 Staticn 12
{average of 3 replicates, in organisms/m®)

Diptera

Chaocborus sp. L 4 2 3
Chacborus sp. P <1 0 0
Calanoida

Aglaodiaptomus leptopus 0 34 ]
Diaptomidae juv. 3 71 ¢
Epischura sp Jjuv. 0 ¢ 2
Calancida juv. 5 0 8
Nauplii 13108 15877 14570
Cvclopeida

Cyclops scutifer 1017 1090 934
Cyclopeida juv. 4916 14336 6668
Cladocera

Daphnia (pulex?) 0 2 0
Daphnia rosea 1153 2524 1037
Daphnia schedlieri 45 49 160
Daphnia ambigua 48 54 46
Ceriodaphnia sp. 5 ¢ 0
Bosmina longirostris 312 443 200
Sida crystalina 5 0 3
Leptodora kindtii 2 0 0
Rotifera

Asplancha sp? 4112 3957 4660
Kellicotia sp. 17154 16024 11340
Filina sp. 1745 703 1000
Keratella {(quadradenta) 117 144 117
Keratella (cochlearis) 59 ¢ 58

The Diaptomidae family in the calanoids suborder have a preference for
cold waters. It is interesting to note that species from this family were
mostly found at Station 11, where the hypolimnion was colder for a greater
depth of the water cclumn. More calancid species were identified in this

survey (4) than in Wilkes’' sgeven surveys (1).

The 1990 survey showed a high proportion of both calanocid and cyclopoid
juveniles as compared to adults {18x te 25x). This is a good indication that

reproduction was not affected.

Cladoceran populations are known to exhibit large fluctuations in
numbers, starting with low numbers in early spring and increasing to large

populations as the temperature reaches 6 to 12°C. Summer populations are
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usually smaller. Caldoceran species in the same lake have frequently shown
large fluctuations from year to vear. Sida crystalina has shown populatien

maxima during fall in Goosly Lake, which could explain the low numbers in
July. Daphnia sp., Bosmina sp., and Ceriodaphnia sp. are common limnetic

species. Cladocerans are well known for their sensitivity to toxic
substances and especially their sensitivity to metals. The population seemed
to be adequately diverse in the lake with large numbers of individuals. This
seems to indicate good lake conditions with respect to metal concentrations.

4.7 Pish Tissue Analysis

The muscle tissue metal analysis for mercury content in rainbow trout
showed that the levels were well below the comsumption limit of 0.5 pg/g wet
weight (Table 26); however, orne peamouth c¢hub accumulated higher
concentrations. The reason for this difference is not clear but it may be
related to the diet. All stomach contents evaluated showed that the chub
were feeding exclusively on zooplankton while the trout were feeding on
insect larvae and adults.

The lipid content did not reveal much about the fitness of the fish due
te the high variability in the results (Table 27). No relationship could be
found for lipid content and age or species. The lipid content would be
affected seriously by reproduction stage; trout were collected after spawning
and, therefore, would be expected to have lower lipid content in their

tissues.

All tissue metal concentrations were reported on a dry weight basis
(Takles 28 to 31). The muscle tissue from rainbow trout collected in Geosly
Lake by B. Wilkes compared relatively well with our results. Tissue
differences between rainbow trout and peamouth chub were more evident. Metal
content in peamouth tissues was higher in almost all instances for muscle,
gills, and kidney. The most striking difference between the two species were
for the kidney levels where cadmium, mercury, and zinc concentrations were
much higher in the chub population.
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TABLE 26: FISH MUSCLE MERCURY ANALYSIS - GOOSLY LAKE - June 17, 1980

Rainbow trout

Sample # Age Weight Length Mercury content

{year) {gm) (cm) (Lg/g wet weight)
1 4 53.2 17.6 0.087
2 4 55.8 17.0 0.081
3 4 79.9 20.2 0.134
4 4 64.89 18.0 0.088
5 4 104 20.4 0.08¢C
6 4 77.0 is.z 0.078
7 3 43.3 16.0 0.084
8 3 57.8 17.7 0.064
9 3+ 87.3 20.5 0.051
10 3+ 60.1 i8.0 0.069
11 3 60.0 i7.7 0.072
12 3 49.2 16.5 0.071
13 3 52.4 16.6 0.060
14 2+ 54.4 17.0 0.072
15 2+ 47 .8 17.2 0.072
16 2+ 40.6 15.4 C.052
17 2+ 26.7 13.7 0.056

Peamouth chub

Sample # Age Weight Length Mercury content

{year) {gm) (cm) (Lg/g wet weight)
1 3+ 53.6 17.0 0.257
2 34+ - 17.2 0.505
3 3+ 35.0 15.4 0.225
4 3+ 44.3 15.7 0.207
5 3+ 57.9 18.1 0.462
6 3+ 42.¢ 14.8 0.021
7 3+ 43.3 16.6 0.142
8 3+ - 16.8 0.450
9 3+ - 17.0 0.464
10 3+ 48.1 i5.9 0.454
11 3+ 47 .8 17.6 0.300

Note: Peamouth chub stomachs contained essentially zooplankton while rainbow
trout stomachs contained insect larvae and numerous flying adults.
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TABLE 27: LIPID CONTENT IN FISH MUSCLE - GOOSLY LAKE - June 17, 1990

Fish Number Lipid (%) “ Fish Number Lipid (%) H
Rainbow trout H Peamouth chub

" 1 0.5 17 1.3
2 0.9 18 1.2
3 - ﬂ 19
4 1.4 20 1.2
5 - 21
6 1.0 22 0.9
7 0.8 i 23 1.0
8 1.2 24 0.7
9 1.1 25 0
10 26 1.2
11 1.3 27
12 0.6
13 0.6
14 0.9
15 1.3
16 0.9

N 17 1.2 |

4.8 BEcological Risk Assesgsment DRAFQE-J

An ecological risk assessment based on the work of Hakanson (1880) was
previously described for Goosly Lake {Godin, 1988). The current report
attempts to better define certain parameters that were not well defined in
the past assessment. The contamination factor described by Hakanson (1980)
is defined in two ways: based on literature references and on the core data
(Table 32). The level of contamination increases according to the literature

contamination factor, while that derived from the core values decreases.

The latter may better reflect the actual discharges as there is a delay
of a year or two between release and sedimentation. The mine discharges of
elements through the AMD treatment system vary substantially from year to
yvear (Table 33, company files). The contamination factor based on the
sediment core data seems to follow the AMD discharge to Bessemer Creek with
a lapse of two years.
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TABLE 32: GOOSLY LAKE METAL CONTAMINATION FACTOR (CI)

A) Baseline level determined by lake values from literature
Element 1987 1988 1989 1350
(n=8) {n=5) (n=5) (n=5)
Arsenic (15 Hg/d) 0.3 3.53 2.87 3.33
Cadmium (1.0 Hg/g) 3.5 0.9 1.0 0.8
Chromium (S0 pg/g) 0.4 0.36 0.44 0.41
Copper (5C gg/g) 2.3 1.92 1.72 2.18
Lead (70 Mg/g) 1.0 0.71 0.54 0.37
Mercury (0.25 Hg/g)} - 1.55 2.95 1.04
Zinc (175 pg/g) 1.58 1.71 2.09 1.71
2.CE. 9.38 10.67 11.61 .84
Based on Hakanson (1580}
B) Baseline level determined from sediment cores
Elemsnt 1987 1988 1989 1880
(n=8) (n=5) (n=5) (n=5)
Arsenic (2.7 pg/g) 0.88 5.46 4.43 5.15
cadmivm (1.0 HC/g) 4.18 1.05 1.18 0.94
Chromium (90 Hg/g) 0.97 0.81 0.98 0.92
Copper (50 Hg/g) 1.16 0.96 0.87 1.08%
Lead (70 ug/g) 8.65 6.17 4.69 3.2
Mercury (0.25 pg/g)l - £.94 1.48 0.63
Zinc {175 pg/g) 0.80 0.87 1.06 0.87
2CE. . 16.64 1€.26 14.6% 12.8
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TABLE 33: EQUITY MINE AMD PUMP RECORDS

Year AMD Discharged to Buck Creek "
1885 634,000 m’ ”
1586 468,600 m’

1987 268,200 m’ H
1588 no discharges to Buck Creek "
1989 78,400 m® S L7 L I
1950 804,900 m? | ) "

The Risk Factor describes the potential ecological risk of a given
contaminant in the lake, according to the contamination factor and the toxic
response of the element. The toxic response is a relationship between the
toxicity of the element and the bioproduction index of the lake (Hakanson,
1580). The bioproductive index for Goosly Lake was defined as 1.57 (Godin,
1888). The Risk Index {RI} is the summation of all risk facters. Table 34
shows the risk factor and index for both methods of assessing the

contamination factor.

The risk index was based on 8 contaminants, however only 7 were used
1988 to 1950. Accordingly, Hakanson's evaluation scale was adjusted to allow

an appreciation of Goosly Lake potential ecological risk:

RI < 130 Low ecological risk for the lake
i30 <« RI < 260 Moderate ecological risk for the lake
260 <« RI <« 525 Considerable ecclogical risk for the lake

RI > 525 Very high ecological risk for the lake
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A} Risk index determined by contamination factor based on literature values

TABLE 34: GOOSLY LARKE RISK INDEX

Element 1987 1988 1389 1990
{(n=8) (n=5) {(n=5} (n=5)

Arsenic 3.00 35.3 28.7 33.3
Cadmium 167.28 43.01 47.78% 38.23
Chromium 1.28 1.14 1.38 1.30
Copper 18.48 15.3 13.71 17.37
Lead 7.97 5.66 4.30 2.94
Mercury - 157.36 299.48 105.58
Zinc 2.52 2.72 3.33 2.74
RI 200.5 260.48 398.7 201.44

B) Risk index determined by contamination factor based on sediment cores

Element 1987 1988 1989 18580
(n=8) (n=5) (n=5) {(n=5)
Arsenic 8.8 54.6 44.3 51.5
Cadmium 189.76 50.18 56.39 44.92
Chromium 2.08 2.58 3.12 2.93
Copper 9.24 7.65 6.83 8.68
Lead 68.94 49.17 37.40 25.5
Mercury - 95.43 156,25 63.95
Zinc 1.27 1.38 1.68 1.38

RI 281.09 260.98% 300.07 198.86
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It should be noted that the record for 1987 is not based on the same
number of contaminants since mercury was not determined in 1987. 1In 1987 the
lake risk factor was moderate based on literature contamination factors, but
considerable based on the sediment core data. This could be a reflection of
a spill of AMD to Bessemer Creek of up to 8,172 tonnes which was reported in
April 1886.

The risk index based on sediment core data shows that the lake
ecological risk was considerable up to 1990 when it decreased to a moderate
level. In 19889, Equity Silver updated the AMD collection system to intercept
groundwater seepages flowing toward Buck Creek. The improvements associated
with the reduction of discharges should result in the amelioration of the
conditions in Goosly Lake. These changes in ecological risks are consistent
with the sediment bicassays results. It is hypothesized that Goosly Lake
sediments in 1992 should produce a risk index similar or better than in 1990.



~ 54 -~ e

EJEP“ £ = f°

5.0 CONCLUSIONS

Equity Silver mine’'s impact on Goosly Lake was evaluated from various
perspectives. Water quality, sediment, bicassay, plankton population, and
fish tissue samples were collected from four different surveys in order to

determine the health of the lake.

Water quality showed that the copper levels were elevated and above the
CCME guidelines. However, complexing capacity of Buck Creek waters was
sufficient to chelate copper and prevent toxic effect. Sediment cores showed
that the copper concentrations in the lake were not unduly elevated and that

Goosly Lake has historically been elevated for this element.

Sediment chemistry showed changes in concentration levels from the earliy
surveys in 1987 to the more recent survey in 19%0. These levels reflected
the mining activity in terms of treated AMD releases and effluent spills.
Changes in chemical speciation from 1987 and 1988, especially for cadmium,
give added information regarding the effect of water quality on sediment and
on agquatic biota. The high allochthonocus material discharge to the lake is
reflscted by the high sedimentation rate (10.6 mm/year). This alsc provides
& high contamination recovery potential for the lake because of the fast rate

at which sediment layers are buried.

Bioassay studies performed in 1988 showed sublethal effects such as

inhikition of reproduction in Ceriodaphnia, enzyme inhibition, and

genotoxicity. Two years later, emergence tests using Chironomus tentans
failed tc show evidence of sublethal toxicity. The reduction of sediment

contamination is reflected in the biological response from the biocassays.

No conclusive results could be produced from the benthic and zooplankton
populations due to the high variability of these measurements. The inability
to track these population through time allows only a description of the
presence and absence of certain species and their relative abundance. This
information could be added to baseline information to evaluate the mine’s
performance after abandonment, but contains too many uncertainties for the
characterization of population alteration from the mine’'s influence.

Fish tissue metal 1levels showed that trout populations are not
negatively affected by the mine discharges. The significance of metal

concentrations in peamouth chub tissues has not been determined. This
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species has low values from a sport fisheries aspect but could be used as a
monitoring species.

The utilization of contamination risk index showed improvement of
the sediment quality in Goosly Lake. This tool may be useful in tracking
Goosly Lake conditions, since several other approaches are in agreement with
the technique.
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