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RESUME

La direction de 1la Protection de 1'Environnement a conduit un
prograrme de surveillance, en mai et juin 1987, pour déterminer 1'impact des
effluents de la mine Equity Silver sur le lac Goosly. Une approche
sédimentologique a &té prise pnour évaluer la réponse du lac au rejets de la
mine. Yne augmentation des sulphates et diminution de 1’alcalinité ont &té
observées dans la qualité des eaux de fond. Un facteur de concentration de
3.5 pour le cadmium a été détecté dans les sédiments du lac Goosly. Les
sédiments de 1'étang a sédimentation étaient efficaces a retirer seulement le
cuivre de 1'effluent minier. 0Nes é&tudes plus poussées sont nécessaire pour
gvaluer la signification biologique de concentrations &levées en métaux dans

les sédiments de fond.
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1.0 INTRODUCTION

Equity Silver Mines is located approximately 33 km southeast of
Houston B.C. (Figure 1). The mine began production in September 1980. 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 sediment monitoring
program to address the impact of the mining operation on Goosly Lake in the
Buck Creek system. The sedimentological approach was used for this survey
due to the acknowledged behavior of sediment as a metal sink and the use of
sediment as a tachometer, recording metal input to the system through the
years (Forstner, 1979; Hakanson, 1983; Schindler, 1987).

This survey describes the use of recent sediment collected by
sediment traps (Hakanson 1976) and examines the possibility of utilising

this approach as a monitoring tool.
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2.0 DESCRIFTION OF THE STUDY AREA

The Equity mine is situated at the headwaters of Foxy Creek, and
of Bessemer Creek. The latter is a tributary to the Buck Creek. Buck Creek

flows into Goosly Lake and continuves until it joins the Bulkley River at

Houston (Figure 1).
Eight stations were sampled during the 1987’s survey; four in

1987, for water and the siltcheck dam sediments, and eight on June

May 21,
and water. The sample stations are described in

19-20 1987 for sediment
Table 1 and shown in Figure 1 and 2 .
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TABLE 1 - SAMPLE STATION DESCRIPTION

Station Description
1 -~ Upstream from Bessemer Creek using Buck Creek

Station corresponding to the Waste Management
Branch Station # 0400765,

- Vater and sediment collected during June 1987

2 - Siltcheck dam (within settling pond) Equity
mine’s effluent to the Buck Creek System.
- Water collected during May and June 1987,
and sediments collected during May 1987.

3 ~ Downstream from Bessemer Creek, and 500 m
upstream from station #4.

- VWater and sediments collected during June 1987.

4 - Downstream from Bessemer Creek and upstream of
Goosly Lake, corresponding to the Vaste
Management Branch station # 0400766
- Vater collected during May and June 1987,

and sediments collected during June 1987.

5 - In Goosly Lake 800 metres from Buck Creek Inlet,
18 metres in depth.
- Water collected during May and June 1987, and

sediments collected on June 1987.



- In the middle of Goosly Lake, 18 metres in depth,
corresponding to the Waste Management Branch
station % 0700084

- Water collected during May and June 1987,
and sediments collected during June 1987.

- In Buck Creek 100m downstream of Goosly Lake.

— Water and sediments collected during June 1987

- In Buck Creek 12 km upstream of Houston
- Vater and sediments collected during June 1987
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3.0 MATERTAL AND METHODS

A) VWater

Vater samples were collected on two occasions. The first set of
samples was collected on May 21, 1987 at four locations. A sample of acid
mine drainage was also collected from the acid mine drainage collection pond
on the same day. Only one grab sample was taken at each site.

The second sampling occurred on June 20, 1987. Five creek
stations on Buck creek were collected in triplicate. A single grab sample
vas taken from the mine’s siltcheck discharge as well as for the Goosly Lake
samples. The lake samples were collected one metre from the surface and one
metre from the bottom of the lake using a Van Dorn bottle. One blank sample
was included in the sample set for quality control (see Table 3).

One lake profile was performed at the middle station on June 20,
1988, wusing a Hydrolab digital 4041 indicator unit and a 4021 sonde unit.
Conductivity, temperature, and dissolved oxygen were recorded.

The following chemical parameters were analysed for the two
surveys: Alkalinity, pH, nitrites, nitrates, total residues, filterable
residues, and non filterable residues, and sulphates. In addition to the
preceeding parameters the turbidity and true colour was analysed on May 21,
saﬁpling while ammonia, total nitrogen and total dissclved nitrogen were
analysed on June 20 only. These parameters, labeled as immediates, were
collected using one litre polyethylene bottles. These samples wvere kept
cool until analysed. The organic carbon and inorganic carbon samples were
collected in acid washed glass jars and preserved with a few drops of
concentrated hydrochleric aeid. The dissolved fraction of these two
parameters were filtered within 24 hours of collection, using a 0.45 um
cellulose nitrate filter.

Total metal samples were collected in a 100 ml acid washed
polyethylene sample bottle and preserved with 0.5 ml of nitric acid.
Dissolved metal  samples were filtered the same day through a 0.45 um
cellulose nitéaié“rfilter into a 100 ml polyethylene bottle and preserved

vith 0.5 ml of nitric acid. Total and dissolved metals were reanalysed by
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Inductively Coupled Plasma (ICP) which gave a reading of twenty-six metals.
The detection 1limit for trace metals analysed on ICP are as follows (in
mg/l): Al <0.05; As <0.05; B <0.001; Ba <0.001; Be <0.001; Ca <0.1; Cd
<0.002; Co <0.005; Cr <0.005; Cu <0.005; Fe <0.005; Mg <0.1; Mn <0.001; Mo
<0.005; Na <0.1; Ni <0.02; P <0.05; Pb <0.02; Sb <0.05; Se <0.5; Si <0.1; Sn
<0.01; Sr <0.01; Ti <0.00Z; V <0.005 and Zn <0.002. For cadmium and copper
the samples were reanalysed with the graphite furnace and the values were
below two times the detection 1limit on the ICP procedure. Hardness was
determined from the dissolved metal sample. The graphite furnace detection
limit for cadmium and copper was <0.0001 and <0.0005 mg/l respectively.

Those metals not included in the data tables that are equal or
below the detection 1limit are: arsenic, boron, berellium, cobalt,
molybdenum, nickel, antimony, titanium, and vanadium. Only strontium was
not inecluded in the samples collected on June 20, 1987, due to the large
number of contaminations.

All the analysis were performed by the Environmental Protection

laboratory in West Vancouver.
B} Sediments

Sediments from the siltcheck pond wvere collected using a small
inflatable boat on May 19, 1987. The triplicate samples were collected
using an Eckman dredge from the deepest part of the pond (4 m). The sample
was subsampled by using an acrylic tube.

The 1lake sediments were collected using a sediment trap design
by L. BHakanson (1976). This trap allows the collection of recently laid
down sediment deposits. The trap consists of a Plexiglass pan with an outer
height of 5 em and a diametre of 45 cm. Four aluminum arms with lead
weights were attached to the bottom to add stability and prevent the trap
from tipping. Upon retreival a Plexiglass 1id was lowered guided by a
stainless steel cable fixed in the middle of the trap.

The trap was set on May 20, 1987 and retreived on June, 19 1987.
Two- Sites we}é’?éhoosen for comparison basis. One set (six traps per set)

was located in the middle of the lake at a depth of 1B metres while a second
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set was lowvered about 700 to 8OO metres from Buck Creek inlet, at a depth of
1B metres. Echosounding transects were performed prior to the lowering of
the trap to make sure that the bottom was relatively flat. Only four traps
wvere successfully retreived from the original set at each site. Traps with
a very small amount of sediment resulting from disturbance upon retreival
wvere discarded (evidence of dragging, improper fitting of the 1lid or cable
tangling).

Buck Creek sediments were collected in quadruplicate at each site
June 20, 1987. The sediments were collected using a clean acrylic tube (4.6
em I.D.), pushed into the streambed approximately 6-8 cm deep. Sediments at
station 7 on Buck Creek, immediately below Goosly lake, were sampled using a
syringe probe following the methodology described by Derksen (1986). The
samples were tranferred into Kraft soil sample envelopes, contained in a
Whirl pac bag, and kept cool until analyzed.

Analysis were performed on the small fraction size (<150 um) and

after digestion with aqua regia, with Inductively Coupled Plasma

analysed,
(ICP). The Buck Creek sediments were however reanalysed using a smaller
fraction size (<63 um). The sediment were ignited at 5500 C in muffle

furnace and the loss of weight was reported as volatile residues while the

remaining residues were reported as fixed residues. The total nitrogen was
determined by autoclaving the sediments with potassium persulphate in a
basic environment, the process converts all form of nitrogen into nitrate.

The results are obtained with a colerimetric method.

C) Quality Control

The labatory personnel performed regular quality control on all

wvater, biota and sediment analysis. After every tenth sample the laboratory

every 40 samples a reagent blank sample is

A reevaluation of the samples

runs a blank sample. After

evaluated as well as a reference material.

vere performed if measurements were outside of the reference material

specified range. All acids used for field preservation and laboratory

digestions vere "Baher Instra-Analysed” for trace metal analysis.
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D) Statistics

Means and standard deviations were calculated for all repiicated

samples. The coefficient of variation was given only for the Goosly Lake
sediments (Table B8). Student’s t-tests were used for comparisons between
stations. The comparisons, for graphical purposes, were performed by the

one way ANOVA and using the Tukey’s harmonic significant difference multiple
comparison plot. The significant difference was established when the
probability was <0.05. A paired comparison was used to show the differences
betveen the metal analysis on the <63 um and the <150 um sediment fraction

size.
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4.0 RESULTS AND DISCUSSION

A) Vater

The water quality results can be found in Table 2.
1 - May 21, 1987
a — Water Quality Criteria

No Water Quality Objectives have yet been developed for Foxy
Creek, Buck Creek or Goosly Lake. Comparisons can be made of the water
quality results to the possible impact of the Equity mine discharge, in

using the values developed by the Canadian Council of Resources and

Environment Ministers (CCREM), as a reference, to point out parameters of
concern.

The copper guideline calls for 2 wug/l total copper when the
hardness is below 120 mg/l. In the present situation the level was exceeded
all the stations sampled especially at station 5 (17 m), vhere the level

The dissolved fractions were also above 2 ug/l ranging from 3

at

was 6.6 ug/l.
ug/l to 4.1 ug/l, The CCREM guideline for aluminum is 0.1 mg/l for waters
wvith pH above 6.5 and dissolved organic carbon above 2 mg/l. The receiving
water concentrations were all above this level (0.21 to 0.40 mg/l). The
dissolved aluminum at station 4 was also above the total level with a value

of 0.13 mg/l. The cadmium, chromium, lead, and zinc levels were all below
the CCREM guidelines for the protection of aquatic life.
b-Goosly Lake
The survey was preformed shortly after the spring breakup. The
comparison of the water quality in Goosly Lake from the surface measurements
the bottom levels showed a higher concentration of the total metals
station 5. This effect can be seen for all the

versus
in the bottom waters of
metals except for those which were lover than the detection limit.

A comparison of the station 6 with a previous survey (Vilkes

1987), performed in May, 1984 (station 070084), shoved few differences. The

sulphate leveigfﬁé;e clearly increased since May 1984. 1In both surveys the

concentrations were higher in the bottom of the lake. The increase of
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the sulphate level was already apparent in Wilkes data (1987) and is
verified by this data. It seems that the rate of removal of the sulphates
in the 1lake is exceeded by the input rate coming from the mine. The
alkalinity in earlier surveys showed differences between the top and bottom
of the lake and were also higher than what was found in this survey (38.2
and 40.7 mg/l in May 1984; 35.4 mg/l on May 1987). A closer look at the
alkalinity trend is needed since a reduction of the buffering capacity would

have significant effect on Goosly Lake.

2 —~ June 20, 1987

a - Water Quality Criteria

The water gquality data for June 20, 1987 can be found in Table 3.
The lake profile data for station 6 is reported in Table 4.

TABLE 4

GOOSLY LAKE CONDUCTIVITY PROFILE (Station 6) June 19, 1987

SPECIFIC CONDY———— =5,
DEPTH METERS TEMP. DEG. C UMHOS/CH
0.0 15.9 145
1.0 14.1 149
3.0 12.8 153
5.0 10.7 158
7.0 7.7 170
9.0 6.5 176
11.0 6.1 178
15.0 5.5 180
S VX 5.5 181
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The comparison of the receiving water with the CCREM guidelines
shovs exceedance at different areas of the system for five metals. The
aluminum levels were all above the guideline of 0.1 mg/l, while the
dissolved fraction were near or below the detection limit of 0.05 mg/1l. The
knowledge of speciation for this metal would be important to differentiate
the effect of erosion and a potential toxicant especially since at station 5
(17m), the level was 0.98 ug/l and pH 6.5. The chromium level of one of the
replicate was 0.112 mg/1 at station 8. The cause of this result is unknown.
The copper 1levels showed high wvariability in the replicates and at the
control station, this reflects the nature of the mineralisation in the area.
The iron levels were also all above the CCREM of 0.3 mg/l but their vide
distribution shows the influence of the system on that metal. The marshes
may contribute to the introduction of dissolved iron in the system. No
graphite furnace analysis for lead was performed to better confirm the
distribution of the metal at levels lower than 20 ug/l. It is therefore
difficult to compare the water with the CCREM guidelines where the criterin

developed is 1 ug/l for waters with hardness below 60 mg/1.
b- Buck Creek

There was no significant differences between the the various
stations for total aluminum except at station 8 where the levels vere
elevated. This particular increase in Buck Flats may be due to the erosion
occuring in this riffle area as the dissolved fraction does not exceed the
detection limit.

The 1level of calcium increased immediately downstream of the
effluent discharge. At station 8, the level dropped back to background
levels.

Cadmium concentrations at station 2 were 0.7 ug/l total and
0.5 ug/l dissolved cadmium. All the other concentrations were at or below
the detection limit of 0.1 ug/l. '

One. of .the replicate at station 8 for total chromium was
comﬁlé}eiy différent from the other two. The reason for this might be

explained by the erosion occuring at that station.
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Copper concentrations showed a very high wvariability at the

upstream station. Due to this variability, no significant differences in

the copper concentrations were found in downstream stations.
There was an increase of manganese in the downstream stations
after the effluent discharge. Increased concentrations were in the lake

water surface and increased towards the bottom of the water column. The

increase of manganese in Buck Flats (station 8) may be due to the erosion or

contamination of a replicate.
The effect of =zinc after the effluent input was only shown at

station 3.
¢ - Goosly Lake

The comparison of Goosly Lake June survey with the May 1987
of metal levels at depth for aluminum, iron,

survey revealed an increase
Magnesium, calcium, and sodium changed

manganese, and also in the hardness.
There was a decrease with depth for copper. The

However, in comparison with a

from the previous survey.
alkalinity, pB and sulphates also decreased.

previous survey performed on June 2, 1986, the sulphate levels were higher

and alkalinity and pB were lower at depth in June 1987.

The conductivity profile conducted at station 6 on June 19, 1987

indicated a thermocline situated between 5 and 7 meters. The water

conductivity increased with depth from 145 to 181 umhos/cm. The greatest

increase in conductivity also occurred between 5 and 7 metres in depth.

B) SEDIMENTS
1 - Goosly Lake
a — Station Differences

The results are presented in Table 5, statistical analysis plots

can be seen in Figure 3a to 3e, and the statistical station separation on

Table 6. Coer e T
s No significant differences could be found between station 5 and

6, for the following metals: barium, beryllium, caleium, cobalt, iron,
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manganese, molybdenum, sodium, nickel, phosphorus, silicon, tin, titanium,
strontium and vanadium.

The metal content of the sediments was greatest at station 5 for
chromium as well as f°r,§i§E9~£E§iEBS_EEi°h may be from the influence of
Buck Creek. Station 6 was significantly greater than station 5 for the
following parameters: aluminum, cadmium, copper, magnesium, lead, zinc,

total nitrogen and volatile residue.

b - Siltcheck

The results from the siltcheck station can be seen in Table 7.

No significant differences could be detected between the
siltcheck sediments and stations 5 and 6, for the following metals:

aluminum, beryllium, caleium, cadmium, cobalt, iron, sodium, nickel,

- phosphorus, =silicon, strontium, titanium and vanadium. Barium, manganese,

molybdenum, tin and volatile residues concentrations were significantly
lower than the two 1lake stations. The siltcheck was higher than the two
lake stations for copper and fixed residues. The siltcheck sediments were
equal to station 6 concentrations but higher than station 5 for lead, zinc
and total nitrogen.

The number of replicates of the siltcheck sediments was 3 and the
lake samples was 4. The confidence limits are very sensitive to the number
of replicates and a small sample size tends to increase the confidence
interval. The difference in the number of samples between the siltcheck
sediments and the lake sediments explains the reason why aluminum, cadmium
and chromium are equal, vhen lake stations are compared together,
differences occurs. An increased sampling of the sediments in the siltcheck
would help us to better determine differences for these metals.

It appears that, except for removal of copper and fixed residues,
the siltcheck site does not precipitate the heavy metals as well as Goosly
Lake. It is well known that the organic materials have a high affinity to
heavy metals and-~an  increase of organics might improve the water gquality

coming from the siltcheck dam, however, it might also increase the
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availability of cadmium to aquatic organisms.
¢ - Ecological Risk Assessment
The following evaluation 1is  heavily based on the
sedimentological approach from Lars Hakanson (1980) developed in Sweden.

This approach concerns only limnic systems and should be used as a crude

model to evaluate the state of the environment.

REQUIREMENTS

Recent sediments were collected to compare them to preindustrial
levels. The surface layer of the lake sediments provide the most valuable

information; it will give the most recent accumulation of heavy metal,

~greatest interaction with surface vater and benthic invertebrates, and also

the greatest possibility of remobilisation.
The two approaches to obtain recent sediments relies on sediment

traps and cores. For the cores the usual criteria is to subsample the core
thin layers (< 1 em). This approach was used by Bakanson, (1983), Davidson,
(1985), Aggett, (1985), Johnson, (1986), Cornwell,(1986) and many other
researchers. In our situation wve choose to use sediment traps which allow
the collection of large amounts of recent sediment. The construction of the
traps were made according to the design of Hakanson (1976).

The location of the trap is important in order to obtain
undisturbed sediment from the bottom of the lake. The sediment trap should
be located in an area of accumulation. This analysis was performed prior to
the survey with a bathymetric map provided by B. Wilkes (1987). The slope
at different depths was calculated. The slope between the depth of 15
metres and 18- metres was 0.4 2% vhile from 18 metres to the centre (23
metres) the” slope was 3%. With this small slope the traps would be within
depths in which resuspension was minimal. The slope between 3 and 6 metres
vas 15%; from Q_;qﬂgrmetres, it was 12% as well as between 9 and 12 metres.

Another approach taken was to evaluate the area of accumulation
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using a formula developed by L. Hakanson (1982). The formula described
below shows the relationship between the erosion and transportation area
versus the accumulation zones. The interest of this approach is that from
easily obtainable limnological data, an appreciation of station location is

possible. The formula is expressed as follovs:

aE+T=100—aA=52.O{(VE/Dmax)—O.Z}(DmaXIB*D)*log(GO.6D/V5)+19.3
where ap. o = The percentage of erosion and transportation

a, = The percentage of accumulation

a = The area of the lake (Goosly Lake= 2.41 ka)

D = Mean depth (Goosly Lake = 10.3 m)

Dmax = Maximum depth (Goosly Lake = 23 m)

The percentage of accumulation area feor Goosly Lake is
- approximately 68¥%, as derived from the formula. It was found using a
bathymetric map produced by B. Wilkes that 52% of the bottom surface area
lies below 9 metres (30 feet). This means that the location of the trap
below this level would result in the collection of nevw material.

The sediment samples collected were almost liquid which reveals
the very high water content. Further to this observation the settling of
the sediments in imhoff cones did not indicated the presence of sands .

The replicability of the samples were good, as per the
coefficient of variability (Table 8). This adds confidence in the result
obtained by the traps as been representative of the bottom floor. However
the sedimentological approach suggest that the samples (at least 5) should
be evenly distributed over the accumulation area of the lake or any
sub-~-basin, to make a proper estimate of the parameters mean values. The
even distribution of the traps was not performed because the evaluation of
the quality of the data was more important in this first trial.

Unfortunately the background levels were not addressed in
details. Fragmentary data provided by Wilkes (1987) will hovever be

utilised . in a lateér section. The utilisation of a preindustrial reference
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level, as established by Bowen (1966), provides useful information which can
be adequate for the present approach. These levels are (ug/g dry solids): As
= 15, € = 1.0, Cr = 90, Cu = 50, Hg = 0.25, Pb = 70, Zn = 175. This
problem of background 1levels directly related to Goosly Lake will be

addressed in future surveys.
CONTAMINATION FACTOR AND DEGREE OF SEDIMENT CONTAMINATION

The contamination factor is defined as the mean content of the
substance in the lake divided by the preindustrial reference value for that
substance (Hakanson 1980). The overall average for Goosly Lake (station 5
and 6) was: for arsenic belov the detection limit (<8 ug/l), 3.5 ug/g Cd,
39.1 ug/g Cr, 116.2 ug/g Cu, 70.1 wug/g Pb, and 276.6 uvg/g Zn. The
contamination factor for Goosly Lake was:

As 0.3
cd 3.5
Cr 0.4
Cu 2.3
Pb 1.0
Zn 1.6

The  higher the contamination factor (Cfl) the higher the
contamination. The following description indicates the relative

contamination of each substance into the lake.
i

cf” «1 low contamination

1< Cfi< 3 moderate contamination

3< Cfi< 6 considerable contamination
6 very high contamination

The degree of contamination is the sum of all contamination
factors. For Goosly Lake this sum was 9.1. Since only six substances were
used instead of the eight proposed by Hakanson, the following terminology to

describe the degree of contamination (Dc) has been used :
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De <6 lov contamination

6 < Dc < 12 moderate contamination

12 < D¢ < 24 considerable contamination
Dc > 24 very high contamination

SEDIMENTOLOGICAL TOXICOLOGICAL FACTORS (Stl)

The toxicity factor is included here to take into consideration
the different toxicity of a substance to the environment. The toxicity of a
metal is seen to be inversely proportional'to the abundance of this element
in the nature. The sequence in nature, taken from relative abundance in
rocks, soils, fresh water, plants, and animals, showed the following: 2Zn <

Cu < Pb < Cr < As < Cd < Hg (Hakanson, 1980).
The presence of these metals in sediments also depend on the

- ability of the element to sink to the bottom of the lake. By taking into

account the toxicity, the sink effect of the various substances and by
normalizing the data with a square root of the value to account for
different order of magnitude, the sedimentological toxicological factor
(Sti) for the six substances are the following (Hakanson, 1980):

cd 30

As léhaﬁ\}

Pb 5 \

Cu 5 :

Cr 2 '

Zn 1 /J
The sedimentological toxicological factors and the lake sensitivity are used

in developing the lake toxic response.

LAKE SENSITIVITY

The sensitivity of toxic substances varies from lake to lake and

the appreciationfof”tﬁis sensitivity may be utilised to evaluate the risk of
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the release of these toxic subtances to the environment. The trophic status
of a lake can be determined from the sediment by using the loss on ignition
(IG) and the nitrogen content. A bioproduction level (BPI) can be
determined as the N-content on the regression line for IG=10% (Hakanson
1984). The toxic response of all metals, except for arsenic which show a
special pattern in water and sediment, appear to be related to the degree of
bioproduction (Hakanson 1980), i.e. the negative effects tend to increase
wvith decreasing bieproduction. The toxic response value (Tri) has been
related to an intermediate bioproduction (BPI) wvalue of 5 which is
characteristic for moderately eutrophic lakes, This value (BPI = 5.0) is
looked upon as a reference value for the evaluation of the toxic response as
the 1lake bioproduction index changes. The normative factor chosen is
therefore V5/VEPI (Hakanson, 1980). Based on this principle and the
previously discussed sedimentological toxic factor, the toxic response (Tri)

for all the metals except for arsenic is expected to be:

Substance Sti Norm Tri
cd 30 V5/VEPI 30%V5/VBPT
As 10 - 10
Pb 5 V5/VEPI 5%V5/VBPT
Cu 5 V5/VBP1 5%V5/VEPL
Cr 2 V5/VEPI 2*V5/VEPT
Zn 1 V5/VEPT 1%xV5/VBFT

Extra analysis were performed on the Goosly Lake sediments in
order to provide a better appreciation of the organic fraction of the
sediments. These samples were submitted at the same time as the other
replicates and represent two samples from station 6 and one from station 5.

The following table gives the result of these analysis:
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TABLE 9 SEDIMENT TOTAL NITROGEN AND VOLATILE RESIDUE
Replicate TN SVR SFR
mg/Kg mg/Kg . mg/Kg
Repl.l 7200 164,000 836,000
Repl.2 6900 171,000 829,000
Repl.3 5800 146,000 851,000

The regressicon of the nitrogen content to the loss on ignition of
organic contents for all of Goosly Lake data (N= 9) was: N= 0.0543 IG -
3.46. From this regression the bioproduction index (BPI) in Goosly lake was

1.97.

RISK FACTOR AND RISK INDEX

The risk factor (Erl) of a certain toxic chemical is equal to the

contamination factor multiplied to the toxic response of that substance.

Substance :
Zn
Cr
Cu
Pb
As
Cd

Tri
1.59
3.18
7.97
7.97
10.00

47.79

L S N . A

’ Cfi = Eri
1.58 = 2.52
0.4 =  1.28
2.32 = 18.48 &
1.0 = 7.97
0.3 = 3.00
3.5 = 167.28 <~

The relative evaluation of the risk factor can be appreciate as

following:
Erl < 40
40 < Er* < BO

80 < Er’ < 160
160 < Er' < 320

S Y

low potential ecological risk

moderate potential ecological risk

considerable potential ecological risk

high potential ecological risk

very high ecological risk
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The potential ecological risk index (RI) can be appreciate in the
same way as the degree of contamination by adding all the risk factors.
This risk index for Goosly Lake was 200.5. This following terminology for
the six parameters used allows an appreciation of the potential ecological
risk for Goosly Lake.

RI < 115 low ecological risk for the lake

115 < RI < 230 moderate ecological risk for the lake

230 < RI < 460 congiderable ecological risk for the lake
RI > 460 very high ecological risk for the lake

GOOSLY LAKE ASSESSMENT IN LIGHT OF THE RISK INDEX

It should be stressed that the above evaluation is basically a
tool to diagnose lakes and sub-basins for water pollution control purposes.
There are few methodological refinements that can be obtain from future
sampling surveys. The wuse of preindustrial metal levels in the sediments
determined from the area and taking into consideration the specific
geological features should help to evaluate the contamination factor with
better accuracy. Metal concentrations in lake sediments determined for
British Columbia (McKean, C.J.P. 1985 quoted in Wilkes 1987) showed, on the
dry weight basis, that the average level from 202 lakes was: 40.4 ug/g As;
1 ug/g; 36 ug/g Cr; 42 ug/g Cu; 42 ug/g Pb; and 90 ug/g Zn. These reference
levels are usually lower than the one derived from sedimentary rocks except
for cadmium where the level is the same and arsenic vhich is about 2.5 times
higher. There was no range of metal concentration with these data to
express the variability of the B.C. sediments. One sediment sample
collection in Goosly Lake from a core by Wilkes, 10 to 20 cm belovw the
sediment surface was used here for comparison purposes. The contamination

factor (Cfl) for the metals calculated with these reference numbers are:
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Provincial Mean Goosly Lake Sediment (Vilkes 1987)
Parameter Cfi Eri Cfi Eri
As 0.12 1.25 0.21 2.16
cd 3.5 167.28 & >3.5 >167.28
Cr 1.08 3.43 1.5 4.77
Cu 2.76 21.99 2.15 17.13
Pb 1.66 13.23 2.5 19.92
Zn 3.07 4.88 2.6 4.21

This potential risk index sum of 212.06 for Goosly Lake using the
provincial mean and 215.47 wusing Goosly Lake data. These levels are not
increased significantly from the previocus risk value of 200.5.

A greater distribution of the sampling over the whole area of
accumulation of the 1lake would help to get a better mean value for the
toxic substances and also for the evaluation of the bioproductien index.
This should be addressed in the next survey as well as the determination of
the site specific sediment reference levels. The analysis of silver and
mercury in the sediments should be performed. These refinements may change
substantially the risk index for Goosly Lake but are unlikely to reclassify
the lake to a lower ecological risk.

The main effect of the cadmium on the ecological risk is obvious.
Cadmium threshold for some zooplankton populations (CCREM, 1987) is at the
detection limit in water samples hovever the level found in the sediments
for this metal is above the detection limit. Different groups of
zooplankton populations have different sensitivity to cadmium releases.
Amongst the most sensitives are the cladocerans followed by calanoids
copepods and with cyclopoid copepods the most resistant (Laurence and Holoka
1987).

The zooplankton collected from May 1983 to September 1985 (Wilkes
1987) showed that the dominant species are copepods and more specifically

the cyclopoids. Bovever, no baseline surveys vere performed on the lake
prior —to the gp%fétion and it is not possible for the moment to determine

the pre-mining zooplankton community structure in Goosly Lake.
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The contamination factors (Cfi) for Goosly Lake showved the
introduction of heavy metals to the system. The toxic reponse (Tri)
indicates the sensitivity of the lake to further cadmium input.

Information on the bicavailability of cadmium in Goosly Lake
should be generated. There is presently no data that would indicate whether
the cadmium (and other heavy metals) would become more available from the
sediments with time. Several approaches can be taken to assess the impact
of heavy metal accumulation in the Jlake sediments to the aquatic

environment. Sediment fractioning should give an appreciation of the metal

mobility into the environment. Reproduction tests with Daphnia magna on a

sediment elutriation may give an insight on the effect the bottom sediments
may have on the zooplankton populations. Benthic invertebrates, due to
their close relationship with the sediments, should be good indicators of
the metal influence on the biota. Metal concentrations in fish tissues in
Gooly Lake should give an estimate of the metal bioavailability to the

agquatic resource.

2 - BUCK CREEK SEDIMENT

a - Sediment Fraction Size

The collection of sediments was not uniform for all the statioms
visited. At station 7 the syringe method was used (Derksen 1985), while
the other sediments were collected using the plastic corer. The analysis
shoved an anomaly at station 7 where the metal content in the sediments were
often higher than the upstream or downstream stations. This discrepency was
suspected to be generated by the selectivity of the sediment fraction size
using the syringe method where only fine sediments are collected (largest
opening 2.0mm). In order to aveoid a size fraction effect, the sediments
vere reanalysed on the fraction size less than 63 um. This procedure has
been found to be the most appropriate method to described the concentration
of heavy metals in sediments (Hakanson 1983). The sediments analysed using
the <150 um fraction size are presented in Table 10 and the sediments

reanalysed with the fraction size less than 63 um are presented in Table 11.



- 39 -

-

D -mO N
- . -
HNO N

Lali -y q - OO = e
. . s R

- et O e LA N - J
Lo ) -l

-4

OB 2D

!
9790
ON
dd1ase

6
9
L
0
4
z

9z

I3:1)
yLo
669

916

(444
0L9
866
TES
4 2
909

elt
114
169
EP9
0L
i1 4 4

ozZ
9901
»G6
986
o6
06ct

e
oro1
L4414
0ETY
OELL
9.9
2/90
L]
d01dds8

0L69
0Z69
0904
0z69
0969

61¢
GOET
09E6
orze
ocen
o658

1€z

€6E9
0829
08¥9
0L19
0099

0%z

L5589
0649
CEET
OEY9
0169

69

oste
1] L34
0168
OESS
0648

9/90

do1a3as doigas doldaas

0B6E

CLGLE
QOLTY
000LE
009LE
0Q0EE

£90Z
0000
008LE
oopZTH
120004 4
0089t

TOES

0039
00Ee
00Z6E
0069¥
000Z6

1A S
0509¢€
0099¢
00ZLE
OOEYE
0019¢
8/90
o1 a4

t
1)
1
]
]
¥
t

sz C'E ez z'o 991 10 »Z - L1811
L ¢4 1oy (A1) o'z €999 €0 99z -== SLGPT
»zz 0'ee et L1 0Z99 €0 €6z 2> CO0EST
1€z 6" 9¢E PeLY 6°1 0999 €0 Z8Z @ 00rGT
0°'81 L' 981 z'T 09%9 rA ] zZeT 8> O0EZT
LT 8oy 81z T’ 0169 »'o LT [ 24 OOEST
L°TT » 01 E£'S <0 14311 L 14 - CETY
TS L 4} 9L e'1 8€920T %°0 £9Z === S2E8T
o‘ce 0°99 0°gZ Tz 001EY L°0 SEE oz» 0018z
9°Eyr LToL T°¢1 z'1 0010 9°0 Sz L2 00orLT
E°LE 9°96 E°€ET 1R B TA: €0 [:[44 6> Q0L
L°BE T°EL 8 LY 1z 0996 £0 (4 74 L 24 00891
9°z z'e B'E g0 9. 0°0 iy --- ¥29
&9t [ A ¢ 4 0 91 t'y goLL E'0 90z i {44 41
0°6t L'1y 0'61 6°1 06SL A 61 6> 00LYT
T°€EE 9°'Cy £'91 £ 0619 €0 061 {44 Q0RET
L°8E 6°9€ L3 ) €0 09LL £°0 ‘zze o2 00Z¥1
6°LE 9'8e &°LT L 06ZL E'O 224 L34 006 T
'S b} £t £'0 ELZ 1*0 0 - 2091
£°9% S 68 6°81 1"z £6SL E’O g0z - L2601
crZe €L L7881 9t 064 E°0 98t 24 OOLET
6'9% S 6¥ 0 4 o'z O¥eL T'0 061 | 2 [1e, 4 41
A 4] L°'%9 1°61 o'z 0TLL z°'o oz 9 (Lo )¢
L°E9 0°9% 6°ZZ e'e 00%L €'0 4= 4 4] 00PLE
z°t L1 A £°0 LAt o0 61 --- £9Z
) 3 ¢4 - 4 4 st 20 €169 o 344 - 0sZel
1oz 69 99t ot 0629 0 [4 ¥4 }] 00SET
¥iz g'sy 9°c1 »o 08EL £'0 LET L} 00ZET
L°Tz 9°Zy Tl £ 0LZL T'o 31 4 L b4 00¥ET
€0z LTEP 181 01 oTL9 z°0 £ 14 -2 006ZY
9/90 a/on a9/90 a/90 a/9n a/90 2/90 9/9n 9790
no o 0o ao v aq va 6V v
d0Iads dDIG3s doIQ3s dDIQIE d4DId3as dd1g3ds d4I1d3i6  dDIdIs

24861 ‘0z wunp

(un OGT>) WIUSETPES HeEID MONng

*a's
nbazeay
¥ dey
€ 1dey
Z 1dey
1°1dey

‘a's
obexsay
¥t 1dey
€" Tdey
Z 1dey
1 1dey

Qe
ebuinay
$° [dey
€ Tdey
Z°1dey
1°1dey

Qs
abeaany
prdey
£ 1dey
Z°1dey
1 1dey

‘a‘s
wbexeay
»°1dey
£ 1dey
z°1dey
1* 1dey

-

-

-t

uo13vig,

01 ayqel




- 40 -

e G e o e e A oAk m Mt e e e e e e e e —— - ———— - P -

BOEOT  ¥PEOT  B°Q »UEY €S - R A 1 oS E €9 ¢ 1€ ‘qa°s

OSPEE 008996 0°C2ZT  ¥'66  SEET  O0'EOT O aby oz EPPT 2 Sir ebuieay
O00THE 000296 0°ZZT E€°06 OIET  OI1T 6 o8b zz 09T ¥z 06% »* 1dey
00T6E 000196 O°EZT  §°16  O6ZT  0°60T O©I 00% 24 OEPT zz 008 £ 1dey
0008T  000Z96 O°EEl  O°611  OEET 8'€® 6 oty 9z 0EST 14 Ot Z-1dmy ]
0098E 000796 O°ZZT  6°96¢  OIFY  0°80T O1 00¥ 8z oevt sz o8y 1 1dey
ZLRET LMY 0'GL ZULl 29 6" 12z € ote ot €01 % €L ‘a‘g
00EES  0000P6 G°EEZ  O°IZT  OLIZ  $'IET 91 QEC sz BYSL 1 00% ebsaeay
- S O'¥ME  O'EFT  0BOZ G EST 61 000t o 0zez £ 0zy ¥ 1dey
0096, 0OO¥ZE 0'06T 0°0Z1 0ZZZ  0'0ZT 91 oor 8t oOrZ 9y 09y £ Tdey
009¥E 000SHE O0°91Z  0°0ZT  081Z  O'®Il  E1 09¢ 61 0eS2 & o¥G Z-1dwy L
OOE6F  000THE 0°POT  0°10T 00ZZ  O0°0ET &t oBE €z o¥oz zy oes 1-1dey
LLTV  LBE® 2@ L9 9 o'y z 33 € ] 1 o ‘q's
CL6EF  0009G6 §°IGT  ZT€OT  0L01 By 6 1% 9z 0zzL Lz £0E sbureay
001Z¥  0008G6 O0°IST  0°20T 0601  0°L0T @ ols 62 01z2 @ ose »- 1dey
00ZGE 000196 0°I91 O°EIT  ORIT  0°'E0T  OF obs <z 0622 6z oSz E"Tdey
00L8F  O0OISE O'¥ST 8766  0€0T 0601 & obS zz 081z 9z 08z Z° 1dey v
006SP  000¥SE O0°OPT  1°96  OZOT  0°00T O 065 & ocze 9z 0EE 1" 1dey

8296 849  G°€l 18 S-S | ) z oET » 1 z ~.4 *a's
0OGSE  00CP96 B°6BT 96T BIET E°l6 L €9 ze 9o0Ez €€ ece sbeway

O0T9E  000%96 O°'BPl  0°£91  OLEL L'16 6 008 ) 09EZ gE 00t p*1dey
00887 . 000T/6 ©O'Z¥T  O°EZT  OITY  E°E6 P org 8z 0922 ot 0%E £ 1dey

00ZGZ  000ZL6 OEML  0°8ST 0Bl Z'¥e 6 oLz ZE o9z ze OSE Z*1dey €
0062% 000TE6 O0°0LT  O0°GET  OIET  0°0IT £ ors LE oc1Z €€ 0sE 1" 1dey
SE9% 905G 1'01 €6 06 1'6 z »9 € ze 1 92 *a's

GZ9LE  O0SZ96 T°E6  9°90T7 6Tl 6°%9 6 1S 6t 6491 Lz oLz sbuamay

00GEE 000996 0°90T O'LIT  OMZT 9°¢s  Z1 oor zz 0041 o9z 00€ ¥ 1dey :
0000F 00009 ¥'68  0°L0T OPIt  £°B8 L obe 61 otLt 8z 092 £ 1dey )
O0SPF  0009CE 6°G0  #°PE  OZOT 0°96 @ oss ¢t 0091 8z (¥4 Z 1dey T
OOTZE 00089% 0°68  0°80T OSIT 964 @ oLy | £4 00L1 9z 00€ 1°1dey

ON/0H 9N/ 9/9n 0790 a/9n 9790 o/9n 9/90 /90 9/90 9/50 5790 uey3els,

_ NZ A 41 ¥§ NG 15 ad d 11 T
HAS ¥46 d4OIQ35 dO103S dDICES dOIGES dOIUIS dDIQS d4DI03S  d2IQEE  dOIgES 4DIdas

L8961 ‘Or sunp

(¥n OGTI) WIUSNTPes ¥eel1Dd wong
(*3u00) OT srqey |




41

dd1das

8zZo1
<86
0zZot

0801

AN
£vd

104
9y
£05

GET
849
PLL
9
o1e
LE5

602

08ET
0621
011
OEZT
0631

NH
401038

161
06TL

01EL
0469
06ZL

LES

8Z9L
0689
086L
08GL
0608

EHE

06EL
e124:7
0869
(318 74
QZEL

dd14q3s

1ie 6°0 LA

€ECGE 1*12 1'€S
00QSE £ 02 LYES
00¥PE 012 870G

Q09ZE 1°6E 6°EL
ODYEE  6'0E 268
00Z0E  9°ZE T°€L
bIPZ (28 &'l

8299 §°Gh [ 4
O0LEY &'EP z'ep
00%9p A Svy
00%YF 6 L¥ 1°sk
GOBSY Z ep (138 4
61vE S'1 ek

geZhib  £'09 8" %s
o0lgry 0769 g 68
O0TEP 6°69 Z'Ls
00TLY  €°99 9'06%
00PTS 089 L°Ly
LP21 0z o'z

K¢rOF  L°6Z 9'Z%
00STE 192 0°zs
0010y L'BZ 6'ES
0088E 0'6e | 2 4™
00ELY 0'TE 6 6%

lllllll —mmemmr mmEam -

9/00 /90 9/0Nn
ad N0 D
d2143s dDIM3S d0Ida3s

|n £9))

18 4 Z'0
b'L 6°0
&'z 9'0
o't 01
9°9 o't
'z Y
ez E*Y
o'y 6'1
01 o'x
8> o'l
£'s ‘o
L 1 1'Z
6°6 o'z
9°zT 'z
0°g1 6"t
028 21 F A4
69 2'0
LT 1z
$*0E 'z
6'> 61
L0t 1z
(A 6'1
&b S‘o
6’97 g1
0°GT 0z
0°Z1 0°1
0Lt 0
G°EZ (A
2/9n 3/00
00 ad

dolais d4dd1das

£861 ‘0Z eunp
SJUBNTPRE Hasld

692 0°0
096L 8’0
0B84 8°0
obLL g0
0929 ]
bey 1‘0
L6898 L0
0968 g°'0
[18.0°) L0
0ZE6 L0
81 0°0
GELY 90
0698 |0
Q9g® 8'c
0668 80
00Le e0
vz 10
[U34:1 6°0
0EZ6 &'0
0Eag 8’0
0BLe 8’0
0898 01
SZE 0’0
G018 L0
0994 8°0
0518 L0
oL1g L0
arre L0
9/90 /90
¥o a4

ddIgias dJddIqds

wong

- mmm e mr - - —————

11 - LLL
01E --- EESST
60€E @ 00EST
00g 8> 08P T
1zZ¢€ 324 Q0P9t
14 --- (A=A
91z - L9601
SEL o> 00€9T
861 34 Q06ET
21 134 00LPT
£y - SEB
14 LT 00LLT
|¥44 6> 00991
24 9> 00ELTY
51 LY 00487
L9Z 63 00Z8Y
L ot 8191
oz 12 SZ9LT
952 8> Q0BLY
EvZ o1 00E9T
FAYA &C 00591
$0E €T 00861
11 .- (472
S6g - 00LLY
6L :2d 00S81
Z0E 6> 008L1
00E &> Lo TA
L6Z 2> 00497
9794 9/9n 0/90

va sy w
doIQas d4o1a3s ddIa3s

‘a‘s
sbeieAy
p*1dey
e 1day
2*1dey
1 1dey

‘a‘s
sboxeAy
v 1dey
€ rday
z*1dey
1 1day

‘a'g
sbozasy
¥ 1day
€' Tday
z*1day
1 rday

‘a's
sboaeay
b 1day
£* 1dey
Z*1day
1 1day

‘q‘s
sbeaeay
b tdey
£* 1dey
Z"1dey
1°1day

e ———

uotIeIs

IT wiqet



42

0 gt £°b0
L9 9z

£°291 8501
07961 0'zoy
0°891 0" 801
07891 Q" Lot
045l 0°907%
06 £°S

8°€G1 £°€ZT

o grl 0'6Z1
[oRr AN 0Lt
0" gkl 09zt
0°L91 0°1Z1

L°S1 ¥°9

g'1ot g L0t
0°ZZY 0 LTT
L 16 07901
boig o' Zot
0901 0901

2/91 /90

NZ

A

[o74

OEQT
068t
0181
0EBRT

01

80ZT
00Z1
00ZT
gzl
01Z1

95

g8zt
OEEL
03Z1
0Bl
061t

SS

GEZ1
0Lzl
05Z1
0871
opll

9/9n

1L

9/90
Hs

2/90
NS

dd1g3s 40IQ3s ddIQas dDIdIs ddIals

4867

‘QZ sunp

ErL

e: 7
0sL

1s

Bee
0So
osg
068
0Le

d0143s

(an £g>) SIURETRAN YaIID HOng

[ ¢
£E

it
9t
EG
ot
og
1£

LE
o¥
o
LE
1

9790
a4

GZt

QIEZ
otzz
oLzZz
oSk

P4

SisZ
OLEZ
o1sZ
0062
089¢

1149

EEEL
06¥Z
0622
06EZ
0912

801

Ep6T
0102
0zZel
0081
ooz

9790

d

/9
IR

2/90
¥N

ddIa3s ddIaas doIQas 40143as

*qQ's
wheaany
- 1day
€ 1day
Z* 1dey
1 1dey

"a°sg
abuvaaay
v tday
£ 1day
Z'1dey
1 1dey

Qs
ebewiaay
v 1day
€" 1day
2 1dey
1*tdey

“g's
[ 113 ¢ FAY)
¥ 1dey
£-yday
z1day
1 1day

‘a‘s
sbuieay
¥* 1dey
g* rday
Z° 1dey
1 1day

uoT3e35

1T a1qey}



results to determine the effect

metal content.
fraction size less than 63 um for all the metals except for chremium, lead,

- 43 -

A paired comparison between the two method were performed on the
of using different fraction size on the

The metal content was significantly higher (p <0.05) in the

nickel, strontium, zinc and cadmium (Table 12).

b - Station Differences

The evaluvation of differences in metal content at the various

stations were performed by using the data generated by the small fraction

size (<63um). The fixed residues, volatile residues and total nitrogen

analysis were performed on the <150 um fraction size. A graphical

statistical evaluation can be found in Figure 4a to 4e and the statistical

separation on Table 13.
The aluminum concentration in the sediment
decreased at station 7

did not increase

significantly downstream of Bessemer Creek, but

downstream of Goosly Lake.
The calcium level increased downstream of Bessemer Creek with a

level similar to the control station at station 8. This increase is mainly

due to the addition of lime to the mine effluent for water quality control

purposes.
There was no significant increase of the cadmium content

downstream of Bessemer Creek. The levels start te decrease downstream of

Goosly Lake and are significantly lower than the control station at

station 8. The cadmium level at the control station averaged 1.8 ug/kg.

indicate that the upstream station contributes to the increase of
The establishment of a

the evaluation of the

This may
the cadmium content in the sediments of Goosly Lake.

baseline level for Goosly Lake is critical for

contamination factors.
The chromium and nickel concentrations in the sediments were

significantly higher at station 7 than any other stations. The significance

of these results are unknown.
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Table 12: Paired Comparisons Between Buck Creek Sediment <150 um and <63 um
Obs Variable Mean Std Error T ~ PROB>|T|
18 Aluminium 2055.56 569.50 3.61 0.0032

Calcium 819.44 204,28 4.01 0.0009
Cadmium 0.06 0.23 0.27 0.7884
Chromium 3.43 1.98 1.73 0.1016
Copper 5.10 1.72 2.97 0.0086
Iron 2594.44 899.56 2.89 0.0102
Magnesium 507.78 237.27 2.14 0.0471
Manganese 110.61 10.99 2.70 0.0152
Nickel 1.17 1.05 1.11 0.2841
Phosphorus 120.00 46.71 2.57 0.0199
Lead 13.28 7.12 1.87 0.0795
Silicon . 430.56 27.11 15.88 0.0001
Tin ~3.44 1.37 ~2.52 0.0357
Strontium 1.38 3.41 0.41 0.6899

Zinc -20.79 52.92 -0.39 0.6993
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The copper content was significantly increased downstream of

Bessemer Creek and decreased significantly at each stations dowvnstream vhere

it was lower than the control station at station 8.
The iron, magnesium, phophorus and strontium sediment contents

wvere increased downstream of Bessemer Creek but reduced downstream of Goosly

Lake.
No significant differences were found in the Buck Creek sediments

for lead due to the great variability of the results.
A gignificant increase of the =zinc concentrations in the
sediments dowvnstream of Bessemer Creek was found with no decrease downstream

of Goosly Lake. Station B was significantly lower than the station 3, 4 and

7.

The fixed residues 1level were significantly lower at station 7
after sedimentation in Goosly Lake, and increased to a similar level as the
control station at station 8. The volatile residues content vere higher
downstream of Goosly Lake but decreased to a similar level at station 8.

The same pattern was shown for the total nitrogen sediment content.
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5.0 CONCLUSTION

The water quality of Goosly Lake showed a steady increase in
sulphate in the bottom of the lake and a tendency to have lower alkalinity
compared to previous surveys. The buffering capacity is still high but the

<z

long-term implication of this decrease has still to be resolved.

The station in the deep part of the lake tends to accumulate
higher metal values in the sediment for aluminum, cadmium, copper and zinc,
vhen compared to the station closer to Buck Creek inlet. Based on
pre-industrial sediment levels, province-wide average and preliminary
baseline sediment in Goosly Lake, the contaminafion factor varies between
2.15 to 2.76 for copper; 1.0 to 2.5 for lead and 1.6 to 3.07 for zinc.
The cadmium contamination factor was consistently 3.5 using three different
. sources of sediment reference material. The toxicity of cadmium is known to
be an order of magnitude higher than the other metals and the next question
is to address the bioavailability and toxicity of increased cadmium in
Goosly Lake sedimeﬁt. Following by positive response to the first question,
the biological significance on Goosly Lake populations of such effect would

have to be answered.

AN

The siltcheck pond sediments wvere effective in removing only &

copper from the mine effluent. All the other metals were not significantly

different from Goosly Lake.

Buck Creek sediments were highly variable. Metal analysis on
different size fractions contributed to the variability. It is suggested
that the fraction <63 um be used for the analysis of sediments. Only copper

was significantly reduced downstream of the mine discharge.
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