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1.0 INTRODUCTION 

The  Premier  Gold  Mine  is  located on  the  east  side  of  the  Cascade Creek 

Valley in  the Salmon River drainage system,  about 1 km upstream from the 

B.C./Alaska  border. The  mine  site  is drained by Cooper Creek  to the north  and 

west,  and Fletcher  Creek to the  south.  The creeks join  above the Granduc  road 

and  flow  as  Fletcher  Creek  into  Cascade Creek  immediately below the falls  (Figure 

1). The  falls  are  an  impassable  barrier  to  salmon migration. Cascade  Creek, 

which  supports chum, pink, coho, and  sockeye salmon, joins  the  Salmon  River  about 

1.5 km downstream from  the  Fletcher  Creek confluence. 

Westmin  Resources  operates  an  open pit  mine  usi,ng a cyanide  leach to 

extract gold  and silver. The  tailings pond is located in the Cascade  Creek 

Valley  and  the  upper part of Cascade  Creek has been diverted  into Lesley Creek. 

The  tailings  are  discharged  using  the subaerial  technique  and  the supernatant 

discharged  to  Cascade  Creek  above  the falls. 

The  objective of this  study  was to examine  sediment characteristics  (metal 

content,  metal "species",  toxicity)  and surface  water  quality  at sampling 

stations  above  and  below  potential  mine influence. 
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. FIGURE - I : RECEIV ING  WATER  SAM P L l N G  STATIONS 
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2.0  SITE DESCRIPTION 

Receiving water  monitoring  stations were established both above  and below 

potential  mining  operation influences. Stations  names and locations sampled in 

1991 are listed  below and shown  on  Figure 1. For  comparison, Table 8 lists 

stations  sampled  each  year from 1987 to 1991.  Some stations  required  relocation 

due to  mining development. 

STATION  LOCATION 

4 Cascade  Creek  upstream of the tailings pond 

11  Monitoring  Pond discharge 

12  Cascade  Creek downstream of Logan  Creek 

Level 6 Treated  mine  water effluent 
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3.0 MATERIALS AND " H O D S  

3.1 Sediment Analysis 

Sediment samples were collected at four  stations  during a visit to  the 

mine  site on February 25,  1991. A  clean acrylic  corer was  used to collect four 

replicates  from the  streambed at each site. The  samples were transferred  into 

kraft :bags and  kept cool  until  analysed. All samples were sieved to c63  pm 

except for  Station 4 where  the  sample for sequential analysis  was  sieved to e150 

p due to  shortage  of material. Sequential extractions  were air dried  while the 

routine  total metal  analysis  samples  were oven  dried. Total  metal  samples were 

digested  with reverse  aqua  regia  and analysed for  heavy  metals  using IC?@ 

(Inductively Coupled Argon Plasma)  Emission Spectroscopy. A portion of the 

sediment  was ignited at  550°C in a  muffle  furnace  to  determine  the  volatile 

organic component.  The loss  of weight was noted  as  volatile  residue  and  the 

remainder  was reported  as  fixed  residue. All results are reported  as dry weight. 

F(b) : 

3) 

4 )  F(d) : 

Sediment sequential  methodology  was based on the  work of Tessier et al. 

(1979). The  samples  were  rolled  to  homogenise, weighed into  50 ml centrifuge 

tubes, and subjected to a  sequential leaching procedure  designed to partition 

trace metals  into the following  fractions: 

1) F (a) : Exchanqeable  metals. The  sediment  sample is  extracted  with 

1M MgC12  initially at pH 7 at  room temperature  for  one  hour 

on a wrist action  shaker. 

Metals  bound  to  carbonates  or specificallv adsorbed.  The 

residue  from (a) is leached with  1M sodium  acetate adjusted 

to  pH 5 with  acetic  acid at room temperature  for  five  hours 

on a wrist action  shaker. 

Metals  bound to  Fe"n oxides. The  residue  from (b)  is 

extracted at  96°C for six hours  with  0.04M NH40H.HC1 in 25% 

(vol/vol)  acetic  acid. 

Metals  bound to orsanic  matter and sulphides.  The  residue 

from  (c) is  extracted at  85°C for  five  hours  with  0.02M HNO, 

and 30% K O 2  adjusted  to pH 2 with HNO, and  then at  room 

temperature  with  3.2M NH40Ac in 20% (vol/vol) HNO, for  thirty 

minutes on a wrist action  shaker. 



- 5 -  

5) F(e) : Residual  metals.  The  original  dried  samples  were  weighed in 

Teflon  digestion  vessels  and  digested  with HN03 and  HC1  in a 

microwave  oven,  resulting  in  a  total  fraction ( M T ) .  The 

residual  F(e)  is  calculated  as  F(e) = MT - [F(a) + F(b) + 
F(c) + F(d)l. 

Analysis  was  performed  via  Inductively  Coupled  Argon  Plasma (ICAP) Emission 

Spectroscopy.  The  reference  material NBS 1646  was  used  as  a  check on the 

precision  of  the  procedure. 

3.2 Sediment  Bioassays 

Sediment  bioassays  using  the  freshwater  cladoceran,  DaDhnia  magna,  were 

conducted on samples  from  the  Premier  Gold  property  and  Cascade  Creek  using  a 

test  procedure  adapted  from  Nebeker  et  al.  (1984).  The  tests  were  performed by 

EVS  Consultants  of  North  Vancouver,  B.C.  The  test  sediments  were  received on 

February  27,  1991  and  stored  in  the  dark  at 4°C until  the  bioassays  were 

initiated on March 5, 1991.  The  water  used  for  culture,  testing,  and  controls 

was  reconstituted  l1hardIl  water (APHA, 1989) . Reagent-grade  chemicals  were  added 
to Milli-Q  deionized  water  in  specific  amounts to achieve  a  final  hardness  of 
160-180 mg/L  as  CaCO,.  The  bioassay6  were  conducted  in a constant  environment 

chamber  at  the  required  test  temperature  and  photoperiod. 

Juvenile  daphnids  were  obtained  from  an  in-house  laboratory  culture. 

Cultures  of  daphnids  were  maintained  in  two-litre  glass  beakers  (approximately 

20 adults/L).  Culture  medium  was  replaced  every  Monday,  Wednesday, and Friday; 

offspring  were  removed at that  time  and  new  cultures  initiated  if  required. The 

daphnids  were  fed  a  diet,  consisting  of  YCTF (yeast, cereal  leaves,  trout  food) 
and  three  species of algae,  at  a  rate  of 10 ml/L  whenever  the  culture  medium  was 

renewed.  The  daphnids  used  for  the  ten-day  sediment  bioassays  were  six  days  old 

at  the  start  of  the  bioassay.  Neonates  (e24  hours  old)  were  collected  from  one 

of  the  culture  beakers  and  held  separately  until  the  biO,366ay6  were  initiated. 

Feeding  and  renewal of culture  medium  was  the  same  as  for  the  main  cultures. 

Six-day-old animals  were  used  because  they  had  not  yet  begun  to  produce 

off  -spring  but  were  expected  to  fully  mature  during  the ten-day  exposure  period. 
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Acute  lethality  testing  of  whole  fresh  (unfrozen)  sediments  involved  a 

ten-day exposure of juvenile  daphnids  to  the  test  sediments.  Sediments  were 

prepared  the  day  before  the  test  was  initiated  and  allowed  to  settle  overnight. 

The  daphnids  were  added  the  following  day  (Day 0) . A  one cm layer  of  test 

sedime:nt  was  placed in  one-litre  glass  jars,  covered  with 400 ml  of  culture 

water,  and  mixed  thoroughly.  The  negative  (clean)  control  consisted of culture 

water  only.  Five  replicates  were  prepared  for  each  treatment.  The  jars  were 

covered  with  plastic  lids,  fitted  with  aeration  lines,  and  allowed  to  equilibrate 

overnight.  The  following  day,  each  jar  was  seeded  (randomly  and  blindly)  with 

ten six-day-old daphnids.  Water  chemistry  parameters  (pH,  dissolved  oxygen, 

temperature)  were  measured  in  one  replicate  for  each  treatment on Day 0 and  every 

Monday,  Wednesday,  and  Friday  throughout  the  bioassay  period.  These  parameters 

were  measured  in  every  replicate on Day 10. The  containers  were  checked  every 

Monday,  Wednesday,  and  Friday to establish  trends  in  mortality  and  to  count  and 

remove  any  off  spring  produced.  The  animals  were  also  fed  at  that  time. Any 

daphnids  which  had  become  trapped  by  surface  tension  at  the  air/water  interface 

were  gently  submerged. The bioassay w a s  allowed to proceed for ten days at a 

temperature of 23 2 l 0 C  under  a 16:8 hour  1ight:darkness  photoperiod. 

Final  counts  of  surviving  adults  and  offspring  were  made  after  ten  days. 

Daphnids  were  considered  dead  when  there  was no response  to  physical  stimulation 

and  microscopic  examination  revealed no evidence  of  movement. 

3.3 Statistical Analysis 

Statistical  analysis  consisted  of  determining  averages  and  standard 

deviations  for  the  water  quality  data. One-way analysis  of  variance  was 

performed on selected  sediment  data.  Multiple  comparison  procedures  using 

Tukey's  harmonic  significant  differences  were  used  to  produce  the  various  plots, 

with im alpha  value  equal  to 0.05. Barlett's  test  was  used  to  evaluate  the 

homogeneity  of  the  variance  between  sample  sites. 

An arcsine  square-root  transformation  was  used on the  sediment  bioassay 

survival  data, as recommended for percentage  data  (Steel  and  Torrie, 1960) . All 
data  were  tested  for  normality  and  homogeneity  of  variance  prior  to  detailed 

statistical  analyses. Any significant  decreases in survival or total 

reproduction  between  the  test  sediments  and  negative  control  were  determined  by 
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analysis of variance and  Dunnett’ s t-test  using  the TOXSTAT Software program 
(Gulley et  al.,  1990) . 

Power analyses  were performed on the sediment bioassays usingthe computer 

model llPOWER1l from Borenstein and Cohen  (1988) in order to determine  the 

appropriate  sample  size for  future  reproductive sediment  bioassays. 
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4 . 0  RESULTS 

4.1 Total  Sediment  Analysis 

Background  aluminum  and  arsenic  concentrations  in  samples  from  Cascade 

Creek  upstream  (Station 4) were  higher  than  those  from  the  other  stations. 

Calcium,  copper,  mercury,  lead,  and  zinc  concentrations  were  lowest  in  sediment 

sample13  from  Station 4 (Table 1) . 

Sediment  samples  collected  from  Cascade  Creek  downstream  of  the  tailings 

pond  and  the  treated  mine  water  discharge  point  (Station 12) , had 'no significant 
differences  with  the  upstream  station  results  for  any  of  the  metals  plotted 

(Figure 2 )  . The  paired  comparison  between  Stations 4 and 12 for  cadmium  and  zinc 

showed  significant  differences;  however,  Tukey's  multiple  comparison  test  is  not 

too  sensitive  to  normality  departures  of  the  data  but  it  is  sensitive  to 

pronounced  departure  from  homogeneity  of  variance.  Bartlett's test, which 
evaluates  the  homogeneity  of  the  variance, showed an X* equal to 32.47 for 

cadmiurn  and 35.06 €or zinc  at  alpha  equals 0.05 and 3 degrees  of  freedom.  The 

criteria  for  significance  of X' (o.05.3) is 7 .a15 (Zar, 1984) . The  effect  of 
discharges  from  Level 6 are quite evident  for  these  two  elements  using  this 

procedure. 

Monitoring  pond  sediments  (Station 11) were  high  in  calcium  showing  the 

influence of the  milling  process  where  lime  is  added  to  increase  the  pH  for 

cyanidation.  Cadmium,  copper,  mercury,  lead,  and  zinc  content  were  slightly 

elevated  but  not  significantly  different  than  the  upstream  station. 

Sediments  samples  from  the  treated  mine  water  discharge  (Level 6) had 

significant  levels  of  calcium,  cadmium,  copper,  mercury,  manganese,  lead  and 

zinc.  Calcium  content  was  high  due to the  treatment  of  mine  water  with  lime  to 

precipitate  metal  complexes  out of the  water. 
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4.2 Semential Extraction 

Sediment  sequential  extractions  were  performed  for  all  stations  (Tables 

2 - 5). Evaluation  focuses on cadmium,  copper,  lead,  and  zinc  due  to  their 

significance  'in  the  acid  rock  drainage  and  mill  effluent  process  (Figures 3 - 6) . 
The  biological  availability  of  an  element  was  evaluated  by  the  ease  at  which  it 

can  be  remobilized  from  the  sediments. The exchangeable  and  carbonate  fractions 

were  viewed  as  having  the  highest  potential  to  become  bioavailable. The other 

fractions  may  or  may  not  become  bioavailable  depending on other  processes  such 

asa  mi'zrobial  degradation,  bioaccumulation  ,of  the  organic  fraction,  oxidation of 

sulphides,  or  changes  in  redox  potential  and  solubilization  of  the  iron  and 

manganese  oxides. 

Sediments  from  Cascade  Creek  upstream  of  the  tailings  pond  (Station 4) had 

some  cadmium  available  with  a  combined  exchangeable  and  carbonate  fraction  of 1.8 

pg/g.  Copper (8.16 pg/g)  and  lead (121 pg/g)  were  available in the  carbonate 

fraction while zinc (139.9 pg/g) was available in  the  first two fractions. 

Sediments  from  Cascade  Creek  downstream  of  the  tailings  and  monitoring 

ponds  (Station 12) had  a  pattern  similar  to  that  at  Station 4. Cadmium (4.5 

pg/g)  and  zinc (483.8 pg/g)  were  present  in  the  exchangeable  and  carbonate 

fractions.  Copper (21.2 pg/g)  and  lead (190 pg/g)  were  available in the 

carbonate  fraction.  Levels  were  considerably  higher  than  at  Station 4. 

Sediments  from  the  monitoring  pond  discharge  (Station 3 )  had  undetectable 

amounts of cadmium,  copper,  lead,  and  zinc  in  the  exchangeable  fraction.  All 

metals  could  be  detected in the  carbonate  fraction.  Cadmium  levels  were 1.3 

pg/g,  the  lowest  of  the  four  sites.  Copper  concentration  was 35.8 pg/g,  lead 249 

pg/g,  and  zinc  was 123 pg/g.  These  metals  might  be  in  the  form  of  metal  cyanide 

complexes. 

Concentrations  in  sediments  from  the  mine  water  treatment  pond  (Station 

4) were  the  highest  measured.  Cadmium  was 201.4 pg/g,  copper 309.4 pg/g,  lead 

337 pg/g,  and  zinc 18,633 pg/g  in  the  exchangeable  plus  carbonate  fractions. In 

each  case  the  carbonate  fraction  was  much  greater. 
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TABLE 2: SEDIMENT SEQUENTIAL EXTRACTION - STATION 4 - CASCADE CREEK UPSTREAM OF 
TAILINGS POND - FEBRUARY 26, 1991 

Metals  Exchange-  Fe+Mn  Organic & 

(ET/g)  able  Carbonates  Oxide  Sulphide6  Residual  Total 

As 
A1 

AS 

Ba 

Be 

Ca 

Cd 

co 

Cr 

cu 

Fe 

K 

Mn 

Mo 

Ni 

P 

Pb 

Sb 

Sn 

Sr 

Ti 

V 

Zn 

c0.5 

c3 

c3 

41.5 

c0.05 

555 

0.5 

c5 

0.56 

c0.3 

c3 

c100 

14.1 

c0.5 

'c 1 

c5 

c3 

c3 

<3 

7.45 

co .1 

0.6 

10.9 

c0 -5 

223 

c3 

80 

0.1 

240 

1.3 

c5 

0 -55 

8.16 

455 

c100 

2  04 

c0.5 

2 

7 

121 

c3 

<3 

2.5 

co.1 

c0.5 

129 

c0.5 

1020 

c3 - 

97.7 

0.2 

170 

0.89 

8 

2.9 

7.91 

6520 

c100 

591 

c 0 . 5  

3 

50 

47 

c3 

c3 

2.4 

co .1 

1 

84.1 

c0.5 

594 

16 

3.5 

c0.05 

1040 

c0.3 

c5 

1.4 

13.9 

1970 

c100 

14.7 

c0.5 

1 

685 

c3 

c3 

c3 

6 -76 

co.1 

0.7 

23.8 

c2 

14700 

210 

684 

c0.4 

1950 

c2.71 

c12 

14  6 

29.1 

45800 

2400 

1420 

20 

114 

558 

24  8 

c10 

14 0 

17.3 

97.8 

35.7 

313 

c2 

16500 

22 6 

907 

0.7 

3950 

5.4 

c20 

151 

59.1 

54700 

2400 

2320 

20 

12 0 

1300 

416 

c10 

14 0 

36.4 

97 .8 

38 

561 
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TABLE 21: SEDIMENT SEQUENTIAL EXTRACTION - STATION 12, CASCADE CREEK DOWNSTREAM 
OF LOGAN CREEK - FEBRUARY 26, 1991 

Metals  Exchange-  Fe+Mn  Organic & 

(Pg/g)  able  Carbonates  Oxide  Sulphides  Residual  Total 

As <O .5 c0.5 <O .5 0.7 <5.3 6 

A1 3 550 1330 850 14600 17300 

As <2 <2 <2 . 14 146 160 

Ba 35.4 65 72 3.3 406 582 

Be < O .  05 0.08 0.2 < O .  05 < O  .32 0.6 

Ca 1800 2740 460 1420 5680 12100 

Cd 2.6 1.9 1.1 1.7 23.8 31.1 

co c5 <5 <5 <5 <20 <20 

Cr <o .2 0 . 5  1.5 1.1 30.1 33.2 

cu <o .2 21.2 8 -23 78.7 155 263 

Fe <2 74  8 8460 4190 57600 71000 

K <90 <90 <9 0 <90 2600 2600 

"l 53.3 665 771 22.5 2080 3590 

Mo <O .5 .<o. 5 0.5 <O .5  c6 -5 7 

Ni c0.9 1 1 <O .9 22 24 

P <5 10 30 890 670 1600 

Pb <2 19 0 84.4 c2 463 737 

Sb c2 <2 <2 <2 c8  <8 

Sn c2 <2 <2 <2 <8 <8 

Sr 12.9 14.2 4.1 6.63 31.6 69.4 

Ti <0.09. < O .  09 < O .  09 9 389 398 

V c0.5 <O .5 2 1 44 47 

Zn 36.8 447 156 231 2660 3530 
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TABLE 4: SEDIKBNT SEQUENTIAL EXTRACTION - STATION 11, MONITORING POND EFFLUENT 
- FEBRUARY 26, 1991 

Metals  Exchange - Fe+Mn  Organic & 

(ccg/g) able  Carbonates  Oxide  Sulphides  Residual  Total 

As 
A1 

As 

Ba 

Be 

Ca 

Cd 

co 

Cr 

cu 

Fe 

K 

Mn 

Mo 

Ni 

P 

Pb 

Sb 

Sn 

Sr 

Ti 

V 

Zn 

c0.4 

3 

c2 

32.3 

c0.04 

1470 

co .2 

c4 

0.5 

co .2 

c2 

80 

132 

c0.4 

c 0 . 8  

c4 

c2 

c2 

c2 

6 

c0 - 0 8  

c0.4 

c0.08 

c0.4 

526 

c2 

62.6 

0 . 0 8  

14300 

1.3 

c4 

1.2 

35.8 

2660 

100 

1240 

c0.4 

3 

20 

249 

4 

c2 

58.6 

c 0 . 0 8  

c0.4 

123 

c0.4 

803 

c2 . 
48 

0.1 

6 70 

0 . 8 5  

c4 

0 -98 

5.46 

5330 

c80 

14  3 

c0.4 

c0.8 

30 

72.7 

2 

c2 

5 -97 

c 0 . 0 8  

2 

62.5 

c0.4 

684 

9 

3.5 

c0.04 

1270 

2.7 

c4 

0.62 

71.5 

4070 

c80 

19.3 

c0.4 

c 0 . 8  

837 

c2 

c2 

<2 

7.1 

3.9 

1 

405 

42 

10400 

101 

712 

c0.32 

7990 

15.7 

c20 

6.7 

61.2 

35600 

3120 

756 

c4 

c7 

413 

369 

c 14 

c8 

31.3 

240 

31 

1780 

42 

12400 

110 

858 

0.5 

25700 

20.5 

c20 

10 

174 

47700 

3300 

2290 

4 

10 

1300 

691 

20 

c8 

109 

244 

34 

2370 
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TABLE !i: SEDIMENT SEQUENTIAL EXTRACTION - LEVEL 6 ,  TREATED MINE WATER EFFLUENT 
- FEBRUARY 26 ,  1 9 9 1  

Metals  Exchange-  Fe+Mn  Organic & 

( W g )  able  Carbonates  Oxide  Sulphide6  Residual  Total 

Ag 

A l  

AS 

Ba 

Be 

Ca 

Cd 

eo 
Cr 

cu 
Fe 

K 

Mn 

Mo 

Ni 

P 

Pb 

Sb 

Sn 

Sr 

Ti 

V 

Zn 

c0.4 

2 

<2 

16.5 

c0.04 

4200 

24.4 

c4 

0.3 

2.4 

c2 

c80 

249 

<o .4 
c0.8 

c4 

c2 

c2 

c2 

57.6 

c0.08 

c0.4 

233 

c0.4 

2640 

c2 

49.8 

0.4 

57600 

177 

c4 

co .2 

307 

2420 

c80 

1620 

c0.4 

3 

50 

337 

<2 

c2 

330 

c0.08 

c0.4 

18400 

c0.4 

1660 

c2 . 

20.4 

0.48 

3960 

12.1 

<4 

co .2 

4.1 

17700 

e80 

403 

~ 0 . 4  

c0.8 

53 

218 

c2 

c2 

26.4 

c0 -08 

1 

4240 

c0.4 

1110 

8 

7.11 

0 -06 

260 

3.6 

c4 

0.62 

666 

4920 

e80 

29.9 

0.7 

c0.8 

310 

105 

c2 

c2 

1.8 

12.8 

2 

546 

21 21 

9890 15300 

46 54 

443 537 

0.06 1 

70000 136000 

152 3 69 

<20 c20 

4 -58 5.5 

391 1370 

23700 48700 

2900 2900 

2010 4310 

c3.3 4 

e6 9 

497 910 

1170 1830 

c8 c8  

c8 c8  

207 623 

209 222 

26 29 

14700 38100 



- 21 - 

0) 
t .- 
L 

c. 0 
" 

c 
0 
2 

- 

0 
M 

0 
c\I 

0 

a 

W 
3 

c9 
W 
CK 
3 
(3 
L 

.. 

- 



- 2 2  - 

\ 

0 0 0 0 0 
0 .  rn 0 ul cv 7 7 



- 2 3 -  . 

n 

0 
0 
d- 

\ 

0 
0 
m 

0 
0 
nl 

0 
0 
F 

\ 

\ 

\ 

L 

0 

n a 
W 
-I 

I 

P 

n 
-I 
0 
(3 
U 
W - z 
W 
U 
Q 

7 
0 

I 

- c 
i, a 



- 24 - 

\ 

\ 

\ 

m d- m a 7 0 

a 
J 
0 
c3 

W 
U a. 



- 25 - 

4.3 Sediment Bioassays 

The  sediment  bioassay  data  are  reproduced  in  Table 6 while  the  results of 

the  sediment  bioassays  are  summarized  in  Table 7. Mean  survival  in  the  test 

sediments  ranged  from  a  low  of 0.2 out  of 10 ( 2 % )  for  Level 6 to a  high of 9.6 

out  of 10 (96%) for  Station 4. Three  of  the  test  sediments  had  mean  survival 

values  of  at  least 84%. Mean  survival in the  negative  control  was 9.8 out of 10 

(98%) , which  was  above  the  minimum  criterion of 90%. The  results of the  analysis 

of  variance  (performed on arcsine  square-root  transformed  data)  indicated  that 

there  were  significant  differences  (p=O.c)5)  in  survival  between  the  treatments. 

Using  Dunnett’s t-test, Level 6 was  identified as having a significantly  lower 

mean  survival  relative  to  the  control. 

Statistical  analysis  was  also  performed  on  the  reproduction  data. 

Off  spring  were  observed  in  large  numbers on Day 6 for  Stations 4 , 11 and 12. 
Reproduction for Level 6 was  very low throughout  the  test.  The  mean  number  of 

off  spring  produced  (per  test  container)  ranged  from  a  low of 5.0  for  Level 6 to 

a  high  of 250.6 for  Station 11, and  was 122.8 in  the  control.  Only  Station 11 

had  higher  reproduction  than  the  control.  The  results  of  the  statistical 

analyses  indicated  that  there  were  significant  decreases  in  reproduction  for 

Stations 4 ,  12, and  Level 6 relative  to  the  control. 

Power  analysis 

A power  analysis  of  the  survival  data  was  done  to  compare  Station 12 and 

the  control.  The  test  showed  that  with  a  sample  size  of 8 for  each  site, a. 
significant  difference  can  be  obtained 80% of  the time  for difference in 

population  means of 8.5% or  greater  for  a  one-tail  analysis  with a probability 

a = 0.10. 

In order  to  produce  a  significant  difference 80% of the  time for a 7.3% 

or  greater  difference  between  downstream  and  upstream  sediment  bioassay, 

population  means  would  require  a  sample  size  of 11 at  these  two  sampling  sites. 



- 26 - 

TABLE 6 :  Daphnia maqna 10-DAY SEDIMENT BIOASSAY TEST DATA 

Lab Control 

Station 4 

I E - 7 -9 8.1 23 64 ' 10 = 

Station 11 
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TABLE 6 (cont):  DaDhnia mama 10-DAY SEDIMENT  BIOASSAY  TEST  DATA 

Station 12 

Totals  at  Day 10 Water  Chemistry  at  Day 10 

Replicate Cond . PH D.O. Temp Total  Adults 
Alive at ( *O /Qn)  (mg/L) (“C) Off spring 
Day 10 Produced 

A 

8.0 8.1  23 23  6 E 

7.9 8.1 23 61 10 D 

- 8.0  8.1 23 24 7 C 

7.9 8.1  23 36 9 B 

345 7.9 8.1  23 63  10 

L 

Level 6 

~~ ~ ~~~~ ~ - 

Totals  at  Day 10 10 Water  Chemistry  at  Day 

Replicate Cond . PH D.O. Temp Total  Adult s 
Alive  at (/.lmhO/Cm) (mg/L) (“C ) Off spring 
Day 10 Produced 

A 

- 6 0 E 

3 0 D 

3 0 C 

1 0 B 

360 8.5 8.9 23 12 1 
~ 

”””- 
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TABLE ' I :  SUMMARY OF 10-DAY Daphnia m a m a  SEDIMENT BIOASSAY RESULTS 

Mean  Values 2 S . D . '  

Sample I .D  . Reproduction Survival2 

9.6 f 0.5 

41.4 f 19.5*  8.4 f 1.8 

67.8 f 11.3* 

I 9.4.* 0.9 I 250.6 f 33.5 

I 0.2 f 0.4* 5.0 f 4.3* 
I 

I n=5 , - * denote values  significantly different  (pc0.05)  from the  control. 
A value of 10.0 = 100%  survival. 

Evaluation of  siqnificant difference  between Station 4  and  Station 12 

Reproduction  test 
Two samples  one sided t-test 

Hypothesis 
Ho: U1 = U2 
Ha:  U1 > U2 

U1 = 67.8 (mean  reproduction at site 1) 
U2 = 41.4 (mean  reproduction at site 2) 
S = 15.936 (combined  standard deviation) 
n = 5  (sampling  size at  each site) 

T-Test : t = u1 - u2 = 67.8 - 41.4 = 2.619 
s Jz/n 15.936 dz/s 

t0.05, 2 b - 1 )  = 1.860 

Since t > t0.05, 2  (n-1) , Reject Ho 

Conclusion 
Reproduction from Station  4 is significantly higher than  Station  12. 
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4 . 4  TemDOral  Perspective  from  Sediment  Results 

Sediment  samples  have  been  collected  from  the  site  since  1987.  These  data 

were  reported as data  reports  (Godin,  1988;  Godin  and  Chamberlain,  1990;  Godin, 

1991a;  Godin,  1991b).  Sampling  locations  have  changed  between  1987  to  1991  (Table 

8).  The  sediment  data  from  the  above  reports  are  reproduced  in  Appendix I. 

TABLE 8: PREMIER GOLD - STATION CORRELATION - SUR-YS 1907 to 1991 

Station  name 
Station  number  by  year 

87 88  89 90  91 

Hovland  Ck.  u/s  Mill 
Lesley  Ck.  u/s  Mill 
Fletcher  Ck.  u/s  Waste  Dump 
Cooper  Ck.  u/s  Open  Pit 
Cascade  Ck.  u/s  Tailings  Pond 
Lesley  Ck.  d/s  Mill 
Hovland  Ck.d/s  Mill 
Cooper  Ck.  u/s  Fletcher  Ck. 
Fletcher  Ck.  d/s  Granduc  Rd. 
Monitoring  Pond 
Cascade  Ck.  d/s  Tailings  Pond 
Cascade  Ck.  d/s  Logan  Ck. 
Level 4 
Level 6 

1 
2 

3 
4 
5 
6 
7 
a2 

9 9 

Level 6 

10 10 
3 3' 
4 4 4 

5 

7 
9 8 
1.1 
9 9 

12 
Level 4 
Level 6 

11 

12 

Level 6 

' Stations  moved  upstream  due  to  the  development  of  the  waste  rock  dump 
Sample  at  the  mouth in 1987;  subsequently  sampled  below  Granduc  Road 

Temporal  sediment  profile  showed  that  cadmium  concentration  at  the  Cascade 

Creek  upstream  station  was  significantly  higher  in  1991  compared  to  1987 , 1988,  and 
1989.  Lead  and  zinc  were  significantly  higher  in  1991  only  when  compared  to  1987 

levels  (Figures  7 - 10). 

The  concentration of cadmium,  copper,  and  zinc  at  the  Cascade  Creek 

downstream  station  were  significantly  higher  in  1991  than  any  previous  surveys. No 

significant  difference  could  be  detected  for  lead  concentrations.  This  element  did 

not  seemed  to  change  temporally  at  that  station. 
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The  sequential  extraction  analysis  showed  that,  in  addition  to  the  increase 

of  cadmium  concentration  downstream of the  tailings pond, the  pattern  of  metal 

availability  changed.  The  exchangeable  fraction  was  proportionally  more  available 

in 199:L than  in 1989 or 1990 (Figure 11) . 

A comparison  of  sequential  extractions  from  September 1989, July 1990, and 

February 1991 shows  that  the  pattern  of  distribution  among  the  fractions  did  not 

change  for  copper,  lead,  or  zinc,  but  more  metal  was  available  as  concentrations 

were  higher  in 1991 (Figures 12 - 14). 

4.5 Metal Loadinss in Cascade Creek 

Monthly  zinc  loading  to  Cascade  Creek  downstream  was  calculated  based on 

Premier  Gold  water  qbalitydata  collected  pursuant  to theirmonitoringprogramunder 

Waste  :Management  permit PE-8044 (Table 9). 

Table 10 shows  the  percent  contribution of the  three  major zinc sources  to 

Cascade  Creek.  It is evident  from  this  table  that  during  winter  months  (November 
to  April)  level 6 contributes  more  than 80% of  the  total - Unfortunately no data  were 
collected  for  zinc  levels  from  Fletcher  Creek  to  complete  the  source  survey.  From 

more  recent  information  collected  during  winter 1991-1992, metal  contribution  from 

waste  rock  pile  above  Fletcher  Creek is not  negligible. 

Sphalerite  is  the  main  zinc  mineral  present  in  the  Premier  Gold  property. 

Cadmium  is  often  present  as a substitute  for  zinc  in  the  sphalerite  crystal  (Berry 

and  Mason, 1959). Cadmium  also  has a higher  pH  requirement  for  precipitation  than 

zinc.  Although  cadmium  concentration in the  acid  mine  drainage  is  not  extremely 

high,  cadmium  will  be  reduced  less  proportionally  in  the  treatment  system  than  zinc. 
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TABLE 9: CASCADE  CREEK ZINC  LOADING CONTRIBUTORS 

Av. Monthly  Discharue (m3/s) 
Nov 90 
Dec  90 
Jan 91 
Feb 91 
Mar  91 
Apr 91 
May 91 

Av. Monthly Zinc  Conc.  (mu/L) 
Nov  90 
Dec 90 
Jan 91 
Feb 91 
Mar  91 
Apr  91 
May 91 

Daily Av. Loadinu  to 
Cascade  Creek (ku/dav) 

~ Nov  90 
Dec  90 
Jan 91 
Feb 91 

, Mar  91 
' ~ p r  91 
May 91 

Monthly  Loadinu  to 
Cascade  Creek (ku) 
Nov 90 
Dec 90 

~ Jan 91 
Feb 91 

CASCADE U/S 
(Diss.  Zn) 

1.44 
1.23 

- 
1.32 
0.87 
1.27 
7.16 

0.003' 

0.373 
0 -318 

0.342 
0.226 
0.329 
1.856 

11-19 
9  .a6 

- 
9 -58 
7.00 
9.87 
57 * 54 

COMBINED 
DISCHARGE 
(Tot.  Zn) 

0.036 
0.045 
0.032 
0.044 
0.029 
0.048 
0.090 

0. 0802 
0.096 
0.078' 
0.102 
0.112 
0.082 
0 -169 

0. 24g2 
0 -373 
0. 2162 
0 -388 
0.280 
0.340 
1.314 

7  -472 
11.56 
6.70' 

10 -86 
8.68 

10.2 
40 - 73 

TREATED  MINE 
WATER 

(Tot. Zn) 

0.093 
0.0719 

- 
0.084 
0.08 
0.093 
0.160 

0 -376 
0.673 

- 
0.682 
0.237 
0.408 
0.226 

3 -02 
4 -18 

- 
4 -95 
1.64 
3 -28 
3.12 

90.6 
129.6 

- 
138.6 
50.8 
98.4 
96 - 7  

I Zinc  concentration  for  this  period was arbitrarily determined  as 0.003 mg/L 
Dissolved  Zn 
These measurements  are Dissolved Zn 2 
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" TABLE 10: CASCADE CREEK ZINC LOADINGS 

Monthly  Loading  to  Cascade  Creek - 
Zinc - % Contribution  from  Various  Sources 

Total  Cascade  u/s Treated  Level 6 Tailings  Pond 
(kg)  Diss. Zn Tot. Zn Tot. Zn 

Nov 90 109.3 
Dec 90 151.0 
Feb 91 159.0 
Mar 91 66.5 
Apr 91 118.5 
May 91 195.0 

10.2 
6.5 
6.0 
10.5 
8.3 

29.5 

82.9 
81.5 
87.2 
76.4 
83.1 
49.6 

6.9 
7.7 
6.8 
13 ..l 
8.6 

20.9 

Figure 15 shows  the  total  zinc  concentration in the  treated  mine  water 

while  Figure 16 shows  the  pH  of  the  effluent.  The  correlation  of  these  two 

variables  using  six  months of data  showed r= -0.642, for 181 data  points.  This 

correlation is very significant, r(O.O1, 150) = 0.208. The correlation could be 

better  if  the p H  unit  was  changed to hydrogen  ion  concentration.  The  linear 

relationship  between  these  two  variables  can  be  described  by: 

pH = -1.02066 [Tot.  Znl + 9.49798 

According  to  this  formula a concentration  of 0.2 mg/L  of  Total  Zinc  in  the 

effluent  should  be  achieved.  with a p H  of 9.29 in  the  effluent. 
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5.0 CONCLUSION 

During  February 1991, bioassays on Daphnia  masna  using  sediments  from 

Cascade  Creek  downstream  of  the  tailings  pond  had  reduced  reproduction  and 

survival.  This  corresponded  to  elevated  heavy  metal  concentrations.  The 

bioassays  and  sequential  extractions  showed  that  the  tailings  from  the  tailings 

pond  are  not  responsible  for  the  reduction  in  Daphnia  reproduction  but  rather  the 

effluent  from  the  treated  mine  water  is  to  blame.  The  sediment  extraction  showed 

that  cadmium  was  proportionally  more  mobiie  in  the  sediment:  downstream  than.  other 

metals. This effect  was  due  to  the  higher  pH  requirement  of  the  element. 

Winter  sediment  concentrations  were  higher  than  during  summer  surveys  reflecting 

the  low  dilution  and  stable  hydrological  conditions  which  favour  high 

concentrations  and  quiescent  conditions  for  precipitation. 

This  survey  showed  the  value  of  using  sediment  tec'hniques  to  assess  mine 

impact.  The  use  of  sediment  bioassay  can  demonstrate  toxicity o f  the  sediment 

and  identify  possible  sources.  The  sediment  sequential  ex:tractions  can  identify 

the  suspect  element  while  regular  total  metal  concentration  can  be  used for 

monitoring  environmental  changes. 
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