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ABSTRACT 

Water qua l i t y ,   ben th i c   i nve r teb ra te ,  and f i sh   surveys  were 

conducted  wi th in  the Rose Creek watershed  during 1974 through 1976. The 

i m p a c t   o f   t h e   e f f l u e n t   o f   t h e  Cyprus Anvi l   Min ing  Corporat ion  L td.  

1 ead-z inc  operat ion  a t   Faro,  Yukon, was monitored and  compared t o  Water Use 

License  requirements. 
Resul ts  have i n d i c a t e d   t h a t   t h e   w a t e r   q u a l i t y   o f  Rose Creek  has 

been  adversely  af fected on many occasions by t h e   a c t i v i t y   a t   t h e  mine. I n  
solne cases   the   e f f luen t   concent ra t ions  were w i t h i n   a c c e p t a b l e   l i m i t s .  

Ongoing  monitoring work should be cont inued t o  ensure compl iance  w i th   the  
Water Use License and to   protect   the  aquat ic   env i ronment .  



RE/SUMi 

La  qualit6  de  l'eau,  les  invert6br6s  benthiques  et  les  poissons  du 

bassin du  ruisseau  Rose  ont 6t6 6tudi6s  de 1974 2 1976. A Faro 

(Yukon),  les  r6percussions des  rejets  de  la  mine  de  plomb  et  de 

zinc  de  la  Cyprus  Anvil  Mining  Corporation  Ltd. ont St6 6valu6esY 
eu  6gard  aux  norrnes  stipulses  dans  le  permis  d'utilisation de 

l'eau. 

Les  r6sultats  ont  montr6  que, i3 de  nombreuses  occasions, 

l'activit6  de  la  mine a eu  pour  effet de  diminuer  la  qualit6  de 

l'eau  du  ruisseau  Rose.  Parfois,  les  teneurs  en  polluants  sont 

demeur6es  dans  les  limites  acceptables.  Des  controles  devralent 

se  poursuivre  en  continu,  pour  s'assurer  que  les  clauses  du  permis 
s o n t   r e s p e c t e e s  e t  garantir l a  p r o t e c t i o n   d u   m i l i e u   a q u a t i q u e .  



ABSTRACT 
RESUME 
TABLE OF CONTENTS 

List of Figures 
List  o f  Tables 

SUMMARY 

1 

2 
2.1 
2.2 
2.3 
2.4 

3 
3.1 
3.1.1 
3.1.2 
3.1.3 
3.7.4 
3.1.5 
3.1.6 
3.1.7 
3.1.8 
3.1.9 
3.1.10 
3.1 . l l  
3.1.12 
3.1.13 
3.1.14 

- i i i  - 

TABLE OF CONTENTS 

Page 
i 

i i  
i i i  

V 

v i  
vi i 

INTRODUCTION 

METHODS 
Water Chemistry 
Bioassay 
Fish Sampl iny 
Bottom Fauna 

RESULTS AND DISCUSSION 
Water Chemi s t  ry 

Temperature 

PH 
D i  ssol ved Oxygen 

Conductivity  (Specific Conductance) 
Turbidity 
Col our  
Total A1 kal i ni t y  
Total Hardness 
Copper 
Cadrni urn 
I ron 
Vanadi urn 

Manganese 
Molybdenum 

1 

11 

11 
11 
1 1  
13 
13 
17  
17 
21 
21 
21 
23 
23 
23 
26 



3.1.15 

3.1.16 

3.1.17 

3.1.18 

3.1.19 

3.1.20 

3.1.21 

3.1.22 

3.1.23 

3.1.24 

3.2 

3.2.1 

3.2.2 

3.2.3 
3.3 

REFERENCES 

- i v  - 

Lead 

Zinc 

N icke l  

S i  1 ver  

Mercury 

Arsenic  

Cyanide 

Sel  eni urn 

Ant i rnony 

B a r i  urn 

F i  sh 
Metals i n   T i s s u e  

Bioassay  Results 

E l  e c t r o - f  i shi   ng  Resul ts  
Bottom Fauna 

ACKNOWLEDGEMENTS 

APPENDIX I WATER CHEMISTRY DATA 
APPENDIX I1  METAL DATA 
APPENDIX I I I INVERTEBRATE DATA 

26 

30 
30 

30 

30 

32 
34 

34 

34 

36 

36 

36 

47 

40 

42 

51 

53 

54 

68 

108 



I 

- v -  

LIST OF FIGURES 

Figure Page 

II) 1 LOCATION OF CYPRUS  ANVIL  MINING  CORPORATION  LIMITED 2 
2 SAMPLING  STATION  LOCATIONS 8 
3 CONDUCTIVITY  RESULTS, 1974 
4 CONDUCTIVITY  RESULTS, 1975 15 
5 CONDUCTIVITY  RESULTS, 1976 16 

II 
14 

rll. 6 INVERTEBRATE  TAXONOMIC  GROUP  DOMINANCE IN CYPRUS  ANVIL 
MINE  STUDY  AREA 50 

c 

Y 

c 



Tab1 e 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  
11 

12  

13 

14 

15 

16 

17 

18  
19  

20 

21 

22 

- v i  - 

LIST OF TABLES 

EXCERPT FROM YUKON TERRITORY WATER BOARD WATER  USE LICENSE 
FOR  CYPRUS ANVIL MINING CORPORATION LTD. 
DESCRIPTION OF STATIONS 
REDUCED  DISSOLVED OXYGEN RESULTS 
EXCESSIVE 
EXCESSIVE 
EXCESSIVE 
EXCESSIVE 
EXCESSIVE 
ESCESS IVE 
EXCESS I VE 
EXCESSIVE 
EXCESSIVE 
EXCESSIVE 
EXCESSIVE 
EXCESSIVE 
EXCESSIVE 

TURBIDITY  RESULTS 
COLOUR VALUES 
ALKALINITY VALUES 
COPPER CONCENTRATIONS 
CADMIUM  CONCENTRATIONS 
IRON CONCENTRATIONS 
MANGANESE CONCENTRATIONS 
MOLYBDENUM CONCENTRATIONS 
LEAD CONCENTRATIONS 
ZINC  CONCENTRATIONS 
MERCURY CONCENTRATIONS 
ARSENIC  CONCENTRATIONS 
CYANIDE  CONCENTRATIONS 

FISH  TISSUE  METALS  ANALYSIS  RESULTS - 1975 

FISH MERCURY ANALYSIS  RESULTS - 1976 

FISH  BIOASSAY  RESULTS 
FISH  SPECIES  COLLECTED IN ROSE  CREEK BY ELECTRO-FISHING 
INVERTEBRATE  SPECIES  LIST 
INVERTEBRATE SPECIES  DIVERSITY AND EVENNESS 

Page 

4 

6 

12 

18 

19 
20 

22 

24 

25 

27 

28 

29 

31 

33 
32 

35 

38 

38 

39 

41 

43 

48 



- vii  - 

SUMMARY 

1 .  Water chemistry  results  indicate t h a t  the Cyprus  Anvil  Mining 
Corporation 1 ead-zi nc mi ne a t  Faro, Yukon , has had a deleterious  effect 
on the water quality and biological community of Rose Creek, especially 
in  close  proximity and downstream of the  ta i l ings pond. 

2.  The discharge from the Cyprus  Anvil t a i l ings  pond was periodically  toxic 
t o  fish and resul ts  show chronic non-compl iance w i t h  the Water Licence 
regul a t  i ons. 

3.  Numbers of fish appeared to  diminish a t  stations  closest  t o  the mine. 

4. Invertebrate d a t a  indicate an adverse  effect from the mine on the 
biological  health o f  Rose Creek a t  stations  close t o  and downstream from 
the   t a i l ings  pond. 
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1 INTRODUCTION 

The Cyprus Anvi l   Min ing  Corporat ion  L td.   operates a 1 ead-zinc- 

s i l v e r  mine l o c a t e d   i n   t h e   A n v i l  Range near  Faro  (62"20'N,  133"25'W),  about 
150 a i r   m i l e s  (241.40 km) n o r t h   o f  Whitehorse, Yukon T e r r i t o r y   ( F i g u r e   1 ) .  

The mine i s   a t  an e l e v a t i o n   o f  4500 f e e t  ( 1371.6 metres). The area i s  

drained  by Rose Creek , Faro  Creek , the  nor th   fo rk   o f  Rose Creek, and Anv i l  

Creek, a l l   o f  which  f low  in to   the  Pel ly   River ,   about  64 km west o f   t h e  mine 
s i t e .  The s t reams  are  fast - f lowing  wi th  many r i f f l e  areas and  numerous 

s t re tches  o f   whi te   water .   St ream beds vary  f rom  coarse  boulders  to   f ine 

gravel  and sand. 

Approximately 10 000 t o n s   ( 9  x 106 kg)   o f   o re   per  day are 
mil 1 ed w i t h  a recove ry   ra te   o f   abou t  77% z inc  , 87% lead, and about one ounce 

p e r   t o n   o f   s i l v e r .  The mill requ i res  4.3 x 106 Imperial   gal lons  (2.9 x 

107 l i t r e s )   o f   w a t e r   d a i l y .   A f t e r   t h e   w a t e r  has  been  used i n   t h e  mill 
process it i s  d i s c h a r g e d   t o   t h e   t a i l i n g s  pond which  has a des ign   re ten t i on  

t i m e   o f  28  days.  There i s  no r e c y c l i n g   o f   t a i l i n g s   s u p e r n a t e n t   o r   t r e a t m e n t  
o f   t h e   d e c a n t   o r  seepage before i t  i s  r e l e a s e d   i n t o  Rose Creek. 

The mine commenced o p e r a t i o n   i n  1969 and was issued a Water Use 

License by the Yukon T e r r i t o r i a l  Water  Board i n  February  o f  1975 ( e f f e c t i v e  

December 1 , 1974). Numerous operational  problems have occur red   s ince   tha t  

t ime. 
The d i v e r s i o n  o f  Faro Creek  around  the p i t  was undertaken and 

channe l i za t i on  was completed i n  May o f  1975 b u t   d i d   n o t   s t a b i l i z e   u n t i l  

September,  1975. I n   t h e  meantime,  Faro  Creek was c a r r y i n g  a heavy s i l t   l o a d  

i n t o  Rose Creek as a r e s u l t   o f  mine a c t i v i t y   a l o n g   i t s   c o u r s e .  On March 19, 
1975, t h e   t a i l i n g s  dam breached,  re leasing an est imated 54 x 106 ga l l ons  

(2.4 x 1010 l i t r e s )   o f   t a i l i n g s   s l u r r y   t o   t h e  Rose Creek v a l l e y .   I n  

November o f   t h e  same year,  a c o p p e r - s u l p h a t e   s p i l l   i n t o  Rose Creek  occurred. 

I n  February, 1976, a c y a n i d e   s p i l l   o c c u r r e d   i n   t h e  mine t a i l i n g s  pond  and i n  
August o f  1976, ano the r   copper -su lpha te   sp i l l   occu r red   a t   t he  Canadian 

I n d u s t r i e s   L t d .   p l a n t   l o c a t e d   a d j a c e n t   t o   t h e  mine  and Rose Creek. 

The Envi ronmenta l   Protect ion  Serv ice began a moni tor ing  program  to  

assess   t he   qua l i t y   o f   t he   rece iv ing   env i ronmen t   a t   t he  Cyprus  Anvil  mine i n  



- 2 -  

B E A U F O R T  

8 

. .. 0 5 0  100 

Scale in K i lomet res  

F I G U R E  I CYPRUS  ANVIL   M IN ING  CORPORATION LTD. 



- 3 -  

1973, when the  Yukon T e r r i t o r y  Water  Board  requested  information  to  deal 

w i t h   t h e   m i n e ' s   a p p l i c a t i o n   f o r  a  Water Use License. The Water  Board issued 

a Water Use License on February 4, 1975, t o  Cyprus Anvi l   Min ing  Corporat ion 
Ltd.  ( requirements i n  Tab1 e 1 1. Subsequent mon i to r ing  has  been conducted 

each  year   thereaf ter  by the  Envi ronmenta l   Protect ion  Serv ice.  As a 
requ i rement   o f   the  Water Use License,  Cyprus  Anvil  mine  must  undertake 

regu la r   wa te r   qua l i t y   ana lyses  and bioassay assessments. 
The purpose o f   t h i s   r e p o r t   i s '   t o   p r e s e n t  and b r i e f l y   r e v i e w   t h e  

da ta   co l l ec ted  by  the  Envi ronmenta l   Protect ion  Serv ice  dur ing  per iod ic  

monitor ing  surveys, and  by Ind ian  and N o r t h e r n   A f f a i r s   i n  compl iance  w i th  

the  water  l icence.  Data was co l l ec ted   ove r   t he   yea rs  1974,  1975,  and  1976 

from  the Rose Creek  watershed t o  assess  the  impact o f   t h e  Cyprus Anv i l  mine 
on t h a t  watershed. 
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TABLE 1 EXCERPT FROM YUKON TERRITORY WATER BOARD WATER USE LICENSE FOR 
CYPRUS ANVIL MINING CORPORATION LTD. 

t h e   f o l  1 owing 1 imi t s  : 

Suspended s o l   i d s  - not   g rea ter   than 15 mg/l 

PH - not   less   than 6.5 pH u n i t s  
Col  our - not   g rea ter   than 20 Pt-Co u n i t s  

- No waste   d ischarge  sha l l   exh ib i t   cons t i tuents   o r   charc te r is t i cs   exceed ing  

JTU T u r b i d i t y  - not   g rea ter   than 15 Jackson  Turb id i ty   Uni ts  ( I  

- No waste   d ischarge*   sha l l   con ta in   f loa t ing   so l ids .  

- No v i s i b l e   o r   f l o a t i n g   o i l s   o r  grease  shal l  be present i n  any waste 

discharge 

- No waste   d ischarge  sha l l   be   tox ic   to   f i sh  

- The concentrat ion  o f   e lements  which  shal l   not  be  exceeded i n  any waste 
d ischarge  a re   l i s ted   be low:  

Ammoni a 

Antimony 

Arsenic 

B a r i  urn 

Cadmi um 

Copper 
Cyani de 

Lead 

Mercury 
Molybdenum 

Nicke l  

Sel  eni urn 

S i  1 ver  
Z inc  

as N 
Sb 

A S  

Ba 

Cd 

cu 
as CN 

Pb 

Hg 
Mo 
N i  

Se 

Ag 

t o   t a l  
ex t r a c   t a b l  e 

d i   s s o l  ved 

ex t rac   t ab l  e 

e x t r a c t a b l e  

e x t r a c t a b l e  
t o   t a l  

ex t r a c   t a b l  e 

e x t r a c   t a b l  e 

ex t r a c   t a b l  e 

e x t r a c   t a b l  e 
ex t r a c   t a b l  e 

ex t rac   t ab l  e 

Concentrat ion - mg/l (ppm) 

1 .oo 
0.10 

0.05 

1 .oo 
0.02 

0.2 

0.05 

0.20 

0.005 

0.50 

0.5 
0.05 

0.10 
- .  ." Zn e x t r a c t a b l e  0.5 

* waste   d ischarge  inc ludes   ta i l ings  pond e f f l u e n t ,   t a i l i n g s  pond  seepage, a l l  
mine  water  drainage, and contaminated  sur face  dra inage  pr ior   to   enter ing 

the   rece iv ing   waters ,  and including  the  Faro  Creek  diversion  waters. 
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2 METHODS 

I 

2.1 Water  Chemistry 

A d e s c r i p t i o n   o f  sample s i t e s   i s   p r o v i d e d   i n   T a b l e  2 and sampling 

l o c a t i o n s   a r e   i d e n t i f i e d   i n   F i g u r e  2. 
Temperature,   conduct iv i ty and pH were  measured i n  t h e   f i e l d   u s i n g  

a Ye l low  Spr ings   Ins t rument   d i rec t - read ing   sa l in i ty -conduct iv i t y - tempera ture  

meter  (Model C9089-1)  and a Model 296 Radiometer pH meter.  Average 

d isso lved oxygen  concentrat ions  were  obtained  f rom  dupl icate  analyses  using 

t h e   a z i d e   m o d i f i c a t i o n  o f  the  Winkler  method (Rand " e t   a l ,  1976). All other  

analyses  were  performed a t   t h e   P a c i f i c   E n v i r o n m e n t   I n s t i t u t e   l a b o r a t o r y   i n  

West Vancouver, B.C. These inc luded pH, n o n - f i l   t e r a b l e   r e s i d u e ,   t u r b i d i t y ,  

t rue   co lour ,   hardness ,   to ta l  a1 k a l  i n i  t y  , and t h e   f o l l  owi  ng extrac  tab1 e 
metals:  copper, cadmium, i ron ,  vanadium, manganese, molybdenum, lead,   z inc,  

nickel,   si lver,  mercury,  arsenic,  cyanide,  selenium,  antimony,  calcium, 
magnesium, and barium. All samples sent   to   the  Paci f ic   Env i ronment  

I n s t i t u t e  1 aboratory  were  preserved i n  accordance  with  the  guide1  ines 
prescr ibed  by  the  Pol lu t ion  Sampl ing Handbook (Environment Canada, 1976). 

2.2 Bioassay 

A t o t a l   o f  24 samples r e p r e s e n t i n g   f i v e   d i f f e r e n t  sample s i t e s  

from eleven  periods  between September,  1974, and December, 1976, were 
submi t ted t o  the   Pac i f i c   Env i ronmen t   I ns t i t u te   f o r   b ioassay .   E igh teen   o f  

these  were  submitted  by  the  Environmental  Protection  Service and the  
remainder by the  Cyprus  Anvil  Mine i n  compl i a n c e   w i t h   t h e i r  Water Use 

License  requirements. 

A 96 hour LC50, a 96 hour LT50, and/or a 96 hour   threshold 

o f   t o x i c i t y  was determined  using  the  procedures  out1  ined i n  t h e   P o l l u t i o n  

Sampl i n g  Handbook (Environment Canada, 1976 ). 
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TABLE 2 DESCRIPTION OF STATIONS 

S t a t i o n  Year Locat ion 
Sampled 

1 1974 on  Rose Creek  above t h e   i n f l u e n c e   o f   t h e  mine and mill 
1975 e f f l u e n t   ( a f t e r   c o n s t r u c t i o n   o f   d i v e r s i o n   d i t c h   t o   d i v e r t  
1976  mine r u n o f f  1 

stream  bed  consists  of   boulders,   cobbles,   coarse and f i n e  
gravel  

2 1974 decant  stream a t   t a i l i n g s  pond 
1976  stream  bed  consists  of  coarse and f i n e   g r a v e l  

3 1974 Rose Creek bel  ow decant  stream 
stream  bed  consists  of   cobbles,   coarse and f i n e   g r a v e l  

3a 1976 same as S t a t i o n  3 f o r  1974 but   about  one mi le   west  due t o  
changes i n   t a i l i n g s  pond 

4 1974 Rose Creek,  one-ha1 f mil e below  the  entry  of   the  decant 
1975  stream 
1976  stream  bed  consists o f   cobb les  and coarse  gravel 

5 1974 
1975 
1976 

6 1974 
1975 
1976 

7 1974 
1975 
1976 

a 1974 
1975 
1976 

9 1974 
1975 
1976 

10  1974 
1975 
1976 

Rose Creek,  about  three  miles  above  the  confluence  of 
Rose and Anvi l   c reeks 
stream  bed  consists  of   cobbles,   coarse and f i n e   g r a v e l  

A n v i l  Creek,  above t h e   c o n f l u e n c e   w i t h   t h e   n o r t h   f o r k   o f  
A n v i l  Creek 
stream  bed  consists  of  boulders,  cobbles, and coarse 
gravel  

above  the  mouth o f  t h e   n o r t h   f o r k   o f   A n v i l  Creek 
stream  bed  consists  of   coarse and f i n e   g r a v e l  and  sand 

Anv i l  Creek,  above i t s  conf luence  wi th  the  Pel  l y  R ive r  
stream bed cons is t s   o f   coa rse  and f i n e   g r a v e l  and  sand 

Pe l l y   R ive r ,  above the  mouth o f   A n v i l  Creek 
stream  bed  consists o f  cobbles,  coarse and f i n e   g r a v e l  

Pel l y  River ,   be low  the mouth  of Anv i l  Creek 
stream  bed  consists o f  cobbles,  coarse and f i n e   g r a v e l  
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TABLE 2 DESCRIPTION OF STATIONS (Continued) 

S t a t i o n  Year Locat ion 
Sampled 

11  1975 decant  stream a t  road  crossing, one m i l e  below t a i l i n g s  
1976  pond 

stream bed cons is t s   o f   coa rse  and f i ne   g rave l  and  sand 

12 1975 Rose Creek,  below  seepage  from t a i l   i n g s  pond 
1976 stream bed d i ve r ted   t o   abou t  90 met res   sou th   o f   o r ig ina l  

bed; cons is ts   o f   cobbles,   coarse and f i ne   g rave l  

13  1975  seepage  from t a i l  ings  pond 
1976 
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2.3 F i s h  Sampl i ng 

F i s h  were co l l ec ted   f rom  s ta t i ons  1 t o  10 us ing  a Smith-Root  type 

VI11  E lect ro-F isher ,   w i th  a b a r r i e r   n e t  downstream. S t re tches   o f   no t  more 

than  about  100  feet  (30.48 metres)  of   the  stream were f ished  before  check ing 

the  net.  
The f i s h   o b t a i n e d  were counted and i d e n t i f i e d  and dorsal  muscle 

t i s s u e  and l i v e r   t i s s u e  were sampled. The samples  were d i v i d e d   i n t o  two 

groups ; t h e   f i r s t  group fo r   ana lys i s   o f   copper ,   z i nc ,  1 ead, and arsenic  
concentrat ions,  and the  second for   analys is   o f   mercury.   Meta l   analyses were 

done using  atomic  absorption  spectrophotometry  or  the  emission  spectrograph 
method fo l l ow ing   ac id   d iges t i ons   o f   t he   t i ssues .   Mercu ry   ana lys i s  was done 

using  the  cold  vapour  technique  for   atomic  absorpt ion  spectrophotometry.  

2.4 Bottom Fauna 

Macro- inver tebrate  populat ions were  sampled a t  a1 1 s t a t i o n s  

(except  2 and 11 )   us ing   a r t i f i c i a l   subs t ra te   samp le rs  ( A S S ) .  The ASS were 

constructed  from  chrome-plated  barbecue  chicken  baskets  (17 x 25 cm) f i l l e d  

w i th   loca l   rocks   wh ich  had  been washed c l e a n   o f  any d e b r i s   o r   p l a n t  

ma te r ia l .  The surface  area  provided by t h i s   " a r t i f i c i a l   s u b s t r a t e "  was 

approximately 6000 - + 1000 cm2. Three rep l i ca te   samplers  were l o c a t e d   a t  

each s t a t i o n  and l e f t   f o r  one month t o   a l l o w   f o r   i n v e r t e b r a t e   c o l o n i z a t i o n .  
When r e t r i e v i n g   t h e  ASS, a surber  sampler was s l i pped  downstream  and  under 
t h e  ASS, and together  they  were  ra ised  to  the  surface. All organisms were 
picked  from  the  sampler and preserved  immediately  wi th 70% methanol. The 

samples  were s o r t e d   i n t o   f a m i l i e s   i n   W h i t e h o r s e  and sh ipped  to  D r .  Charles 
Low o f   E n v i r o c o n   L i m i t e d   i n  Vancouver, B.C., f o r   f u r t h e r   i d e n t i f i c a t i o n  and 

c o u n t i n g .   I n d i c e s   o f   d i v e r s i t y  and  evenness  were c a l c u l a t e d   f o r   t h e  

i nver tebrates sampl ed. 
The Shannon-Wiener D ive rs i t y   I ndex  (H ) and the Evenness Index 

( J ) ,  as described  by  Pielou  (1966a,  1966b)  were  calculated  according  to  the 

f o l  1 owing  formul ae: 

a 
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(a )   Spec ies   d i ve rs i t y  (H') = ( P i   l o g   P i )  

where: P i  = ni /N 

n i  = number o f   i n d i v i d u a l s   i n   t h e   i t h   s p e c i e s  

N = t o t a l  number o f   i n d i v i d u a l s  sampled 

(b )  Evenness ( J )  = n - ( P i  l o g   P i )  

l o g  s 
where: S = t o t a l  number o f   spec ies  sampled 

J(max) - - 1  

The dominance o f   t h e   t h r e e  main invertebrate  groups  encountered 

(P1 ecoptera,  Ephemeroptera, and Tendipedidae) was  a1 so examined. The 

dominance rank ing was done  on t h e   t o t a l  number o f   i n d i v i d u a l s   c o l l e c t e d  a t  

each s t a t i o n  (sum o f   a l l   t h r e e   r e p l i c a t e  samples) f o r  each  year. I f  a 
taxonomic  group was absent a t  a s t a t i o n   i n  a p a r t i c u l a r   y e a r ,  it was n o t  
considered i n   t h e   r a n k i n g .  

w 

I 

Y 
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RESULTS AND DISCUSSION 

Water  Chemistrv 

1, 

I 

a 

Y 

All wate r   chemis t r y   resu l t s   a re   p rov ided   i n  Appendix I. 

3.1.1 Temperature.  Temperature f luc tua t ions   a re   ma in ly   assoc ia ted   w i th  

c l i m a t i c  and  seasonal f a c t o r s  and t h e   r e s u l t s   f o r  Rose Creek a r e   w i t h i n  a 

normal  range. 

3.1.2 - pH.  pH i s  a very   s ign i f i can t   water   qua l i t y   parameter  as it may 
change the   chemica l   spec ia t ion   o f   meta ls  and l i g a n d s *   i n  an aquat ic  system. 

F i s h   s u r v i v e   i n   w a t e r s   w i t h  pH values as low as 4 o r  as h igh  as 9.5, 

a l t h o u g h   t h e i r   p r o d u c t i v i t y  and reproduc t ive  success dec l i ne  as  the pH 

approaches  the 1 i m i t s   o f   t h i s  range. The f i e1  d va lues   f o r  pH recorded i n  

Rose  Creek  (Appendix I )  were a l l   w i th in   t he   range   p resc r ibed   by   t he  Water 

Use L icense  cond i t ions   (as   we l l  as USEPA C19731  1 i m i t s   f o r  maximum 
p r o t e c t i o n  C6.5 - 8.51 1, e x c e p t   f o r  two ex t rao rd ina ry   va lues .   I n   t he  1974 

s u r v e y ,   t h e   r e s u l t   f o r   S t a t i o n  2 ( t h e   t a i l i n g s   d e c a n t )  was  9.7 and f o r  

S t a t i o n  3 (below  decant) was 6.5 pH u n i t s .  

3.1.3 Dissolved Oxygen.  The optimum d isso lved oxygen l e v e l   s u i   t a b l e   f o r  
a q u a t i c   l i f e   v a r i e s  depending  on  temperature and t h e   l e v e l   o f   a c t i v i t y   o f  
the  organi  sm. USEPA (1  973) recommends t h a t   d i s s o l v e d  oxygen no t   f a1  1 be l  ow 
4 ppm. The concent ra t ions   o f   d isso lved oxygen  observed a t  most s t a t i o n s   i n  

Rose  Creek  (Appendix I) were  acceptable (i .e., greater   than 4 ppm) w i t h   t h e  
e x c e p t i o n   o f   r e s u l t s  as shown i n  Table 3 were  unacceptable. 

* anions  or  molecules  which may form a coo rd ina t i on  compound w i t h  a metal 

c a t i o n  (Stumm and  Morgan,  1970). 
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TABLE 3 REDUCED DISSOLVED OXYGEN RESULTS 

Station Concentration of 
Date Dissolved Oxygen 

( PPm) 
Number Sample 

1974 September 16 2 Decant 0.15 

1975 August 26 13 Seepage 

September 23 13 Seepage 

1976 July 14 2 Decant 

July 14 3 Rose  Creek  below 
t a i l i ngs  decant 

2.1 

3.5 

0.0 

3 . 3  

July 14 11 Decant stream 0.5 

July 14 13 Seepage 1 .2  

August 17 2 Decant 0.0 

August 17 11 Decant Stream 3.1 

August 17  13 Seepage 3.9 
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3.1.4 Conduct iv i ty   (Speci f ic   Conductance) .   Speci f ic   conductance  re la tes 
t o  d i sso l ved   so l i ds  i f  f i l t e r a b l e   r e s i d u e   i s   l e s s   t h a n  2000 mg/ l i t re .   Th is  

does no t   app ly  i f  water   conta ins  h igh  concentrat ions  o f   non- ion ized  so lub le 

m a t e r i a l  such  as organics and non- ion ized  co l lo ida l   inorgan ics   (Env i ronment  

Canada, 1976 ) . 
Values  between  150  and 500 mhos/cm (25°C)  are  considered 

accep tab le   f o r   spec i f i c   conduc tance   f o r   suppor t   o f   f i sh   popu la t i ons   i n  

streams  and  r ivers.   Alkal ine  western  streams can suppor t   f i sh   adequate ly   to  

2000 mohs/cm (Environment Canada, 1976 1. The values as detected i n  Rose 
Creek  (Appendix I )  never  exceeded 2000 mhos/cm, a1 though  Stat ion 2 ( the  

decant) and S t a t i o n  13 (seepage  from  the t a i l i n g s  pond)  were h igher   than  the  

acceptable 500 mhos/cm f o r  much o f   the   t ime.  

S t a t i o n  4, j u s t  downstream o f   t h e   t a i l i n g s  pond,  had e levated 

l e v e l s   i n  1974; i n  May, 1975;  and again i n  September, 1976. The 1976 
increased  leve ls  couJ  d have  been due t o  a CuSO4 spi lJ   which  occurred 

August 26, 1976. S t a t i o n  3 a1 so showed an e l e v a t e d   l e v e l   f o r  September, 

1976, a1 though it was s t i l l   w i t h i n   t h e   a c c e p t a b l e  range. The increased 
1 eve1 i n  1975 may have been due t o   t h e   t a i  1 ings  dam break  but   there was 

l i t t l e  da ta   a t   o the r   s ta t i ons   f rom 1975 t o   c o n f i r m   t h i s  as a reason f o r   t h e  
i ncreased conduc ti v i  ty readings. 

The conduct iv i t y   va lues   ob ta ined by  Environmental   Protect ion 

Service  are  presented i n   F i g u r e s  3,  4, and 5. These show t h e   e f f e c t s  o f  
i npu t   o f   t he   decan t  and  seepage f r o m   t h e   t a i l i n g s  pond  as no t iceab ly  
i nc reas ing   t he   conduc t i v i t y   o f   t he   wa te r   o f  Rose Creek. The i n p u t  from 

A n v i l  Creek (S ta t i on   7 )   apparen t l y   con t r i bu tes   t o  a reduc t ion  o f  the 

conduct iv i t y ,   p robab ly  by d i l u t i n g   t h e   w a t e r .  

3.1.5 T u r b i d i t y .   T u r b i d i t y  i s  a measure o f   t h e  way i n  which  suspended 

mat te r  causes l i g h t   t o  be sca t te red   o r   absorbed  ra ther   than  t ransmi t ted  

through  the  water  col  umn. It i s  caused  by c l a y ,   s i  1 t, f ine   o rgan ic  and 

i n o r g a n i c   p a r t i c l e s ,  and microscopic  organisms (Rand " e t   a l ,  1976). 

The  Water Use License  issued  by  the Yukon T e r r i t o r i a l  Water  Board 

f o r   t h e  Cyprus Anv i l  mine s t a t e s   t h a t  no waste  discharge may have a t u r -  

b i d i t y   o f   g r e a t e r   t h a n  15 JTU. Th is   l eve l  was exceeded on  a number o f  
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occasions and  downstream wa te r   qua l i t y  was subsequently  affected. A 1 i s t i n g  
o f  those  elevated  per iods i s   p r o v i d e d   i n   T a b l e  4. The t u r b i d i t y  seems t o  

have been reduced  considerably upon complet ion  o f   the  Faro  Creek  d ivers ion 

channel i n  May, 1975. The o t h e r   e l e v a t e d   l e v e l s  such as those  recorded  for  

September 29, 1975, may have  been due t o  sudden heavy runoff   which  would 

have  cont r ibuted  eroded  mater ia l   to   the  s t ream. 

3.1.6 Colour.  True  colour i s  caused  by natural  substances  such as 
co l l o ida l   o rgan ic   ma te r ia l s .   (Apparen t   co lou r   i s  due t o  suspended matter.)  

Colour   genera l ly   increased  wi th  an i n c r e a s e   i n  pH and w i th   t he   eu t roph i -  

cat ion  process.   Indust r ia l   wastes may cause  unnatural   colours  which do n o t  

re la te   t o   t he   s tandards   f o r   t rue   co lou r   o r   apparen t   co lou r   (Env i ronmen t  
Canada, 1976). 

Accord ing  to   the Water Use L i cense   f o r  Cyprus Anv i l  m i  ne, the 

maximum acceptable  co lour   va lue  for   e f f l   uents   should  not   exceed 20 p la t inum 

colour   (Pt -Co)   un i ts ,  and USEPA (1973) recommends no f l u c t u a t i o n   i n   v a l u e s  

o f   g r e a t e r   t h a n  10%. Rose Creek colour  data i s  presented i n  Appendix I .  
The l i t e r a l   i n t e r p r e t a t i o n   o f   t h e s e   v a l u e s   i s   i n   q u e s t i o n  due t o   t h e   i n p u t  
o f   i n d u s t r i a l   n o n - n a t u r a l   e f f l u e n t   f r o m   t h e  mine. Table 5 shows a l l  values 

which  exceed  the limit s e t   o u t   i n   t h e  Water Use License. 

There  were no recorded  ma jor   events   o r   sp i l l s   a t   the  mine a t   t i m e s  

which  would  have  corresponded  to  these  extraordinary  colour  values. Because 
t rue   co lou r   i s   re la ted   t o   na tu ra l   o rgan ic   subs tances ,  it i s  l i k e l y   t h a t  
these  values  were  caused  natural ly  or  by a change i n  t h e   e f f l u e n t .  
Monitor ing  should  be  cont inued on a regu la r   bas i s  and the  col  our  value 

should  be  mainta ined  a t   less  than 20 Pt-Co u n i t s .  

3.1.7 To ta l  A1 k a l   i n i  ty. A1 k a l   i n i  ty o f   l ess   t han  30 - 50 mg/l i t r e   ( a s  
CaC03) i s  considered  low, and na tu ra l   wa te r   ra re l y  exceeds 400 - 500 

m g / l i t r e   ( a s  CaC03).  The b e s t   r a n g e   f o r   a q u a t i c   l i f e   i s   i n  a pH o f  7 t o  
8, w i t h   a l k a l i n i t y   o f  100 mg/ l i t re   (Envi ronment  Canada, 1976). The 

a l k a l i n i t y   v a l u e s   f o r  each s t a t i o n   f o r  Rose Creek  are  presented i n  Appendix 

I ,  and r e s u l t s   o f  100 m g / l i t r e   o r   g r e a t e r ,  and 30 mg/l i t r e   o r   l e s s   a r e  

presented i n  Table 6.  A1 1 values  excluded  from  Table 6 were  between 30 and 
100 m g / l i t r e  CaC03, which i s   t h e   a c c e p t a b l e  range. 

a 



- 18 - 
I 

L 

1 1 1 1  I I 1 0 1  
m cu 

1 l 1 1 1 1 1  

I I I I I I I  

1 1 1 1 1 1 1  

I I I I  1 I I I r -  
cu 

1 1 1 1  1 1 1 1 I  

I I I I  I I I l l -  
cu I I I 1  l c o l  

7 

I 1 1 1 1  I I I I C D I  I 
m 

1 1 1 1  

1 1 1 1  I I 1  I d  
cu 1 1 1 1 1 1 1  

1 1 1 1  1 1 1 1 I  

v) 
L 
.I= 
aJ 
c, 
0 

1 1 1 1  I I I I Q I  
l- 

S I  I I 1 1 1 1 I  1 1 1 1 1 . 1 1  

l l l f t l l  w o r n  I cocucu 
m 

1 1 1 1 1 1 1  00 1 0  Loo e l - w  7 

I 5  I oco I 
O N  
d - I l c u l  I 

00 
c 
QJ 
E c 
0 
L 
.C 

1 1 1 1  o o m o c o  
cur-t-N 
l - h W d c u  

I I l d l  I I 
cu 

W 
w 

v, 
v, 

W 
0 
X 
W 

U 

L 
aJ 

v) aJ 
a 
E 
v) 
a 

- 
* 

d 

W 
-I m a 
I- 

W 
h 
0-l 
l- 



- 19 - 

I 1 0 1  I 
0 
F 

I l n I O I  1 I 
N N  

I I I I I  I I N 1  I I I m 

1 1 1 1 1 1 1  

6 cc 
' 4 -  

Q 

' L  
c 
aJ 
5 

I 1  I I l n  
N 

1 1 1 1 1  

I 1 0 1  I I I 
m ' 0  z 

i 
4 
0 I I I I  

m I I I I  

03 I I I I  

U c 
CCI 

I l b l  I I 1  
N c 

CCI 

m I I l n I V ) I  I 
l n N  n >r 

c 
a, 
Y 
6 
c, 

f i  I I I I  

In 
L aJ 
c, 
0 

I l c n l  I I I 
N 

W I I I I  

1 1 1 1 I  I I m l  I I I 
N 

ln I l l 1  

5 
0 
1- 
0 
V 

I 0 0  I I 
03ln 

1- 

I 1 0 3 1  I I I cu 
d 0 I O  I 

m 
O N  

a u w 
0 
a 
L 

1 - 1 1 1 1 1 1  m 

1- 
6 
c, c aJ 
E 
0 
L 
> 

W 
c 

et- 

1 1 1 1 1 1 0  m 
I I C 3 1  I 
0 > 4: 
P 

000003 
W O I 0 v ) N  
F - N  

I L n l  I I 1  I 
d 

W > 
v, 
v, 
W 

U 

rn 
c 
aJ 
Y 
6 
c, 

aJ 
v) 

% 
m m l n w m  

t-NN 

c 

V x 
W 

1 E U O O  
6 2 U U  

W 

c 



- 20 - 
'9 

I I l l  I I  

I I  

I I  

I I  

I 1  

I I  

I I  

I I  

I I  

I I l l  I I I I I  1 1 1 1 1 1 1 1 1  

I I l l  

I I O  I 
0 - 

I I I I I  l l l l 1 1 1 1 1  I IO 1 
0 - 

m N . 
I I I I b  1 1 1 1 1 1 1 1 1  ID IO I 

0 - I 

v) 
ET 
0 
c, a 
c, 
v) 

.r 
I l l  I I I I I  I I I l c o l  I I I 

N 
Ir I 

I l l  I I I I I  1 1 1 1 1 1 1 1 1  

-1 P I I I I I  1 1 1 1 1 1 1 1 1  I I l l  

L 
0 

I ILn 
0 - I N  

0 
? 

I 

c 
0 

N? 
cu . .  

1 1 1 1 I  I I I I I Ico l - I  

0 
L 
0- 

l l l l l  mr-om I I I I I I 
- 0 0  
?" 

N I  I 1 0 1  
d 0 cu 7 

-1 
Q 

Y 

0 x 
w 

L 
x n aJ 

Y 
aJ 

c, 
a L 

a J L  

v) aJ 
c, 
aJ 
a n 

W 

w 
W 
b cn 



- 21 - 

I 

I 

Y 

3.1.8 Tota l  Hardness.  Hard  water i s  any water   wi th  a hardness  value o f  

greater   than  or   equal   to  120 m g / l i t r e  CaC03, moderate i s  60 - 120 

mg/l i t r e  CaC03, and s o f t   w a t e r   i s  1 ess than 60  mg/l i t r e  CaC03 

(USEPA, 1973 1. So f t   water  has a reduced  capac i ty   fo r   complexat ion   o f  such 
t o x i c  substances as t i tan ium,  Cd,  Pb, dichromates and ammonia (Environment 

Canada, 1976).  Hardness i s   n o t  a d i r e c t   i n d i c a t i o n  o f  w a t e r   q u a l i t y   b u t   i s  

an i n d i c a t i o n   o f   b u f f e r i n g   c a p a c i t y  and product iv i ty ,   harder   water   be ing a 

b e t t e r   b u f f e r  and more l i k e l y   t o  be b i o l o g i c a l l y   p r o d u c t i v e  (USEPA, 1973). 
The r e s u l t s   f o r  hardness i n  Rose Creek, as presented i n  Appendix 

I, show a wide  range o f   v a l u e s   f r o m   q u i t e   s o f t   a t  26.4 m g / l i t r e  CaC03 
( a t   S t a t i o n  1 - June 11, 1976 1 to   very   hard  (257  mg/l i t r e   a t   S t a t i o n  1 - 
March 27, 19741, b u t  most  values  (more  than 50%) were i n  the  moderately  hard 
range (60 t o  100 m g / l i t r e  CaC03). There was no t rend   ev iden t   i n   t hese  

resu l   t s .  

3.1'.9 Copper. The resu l t s   f o r   copper   ana lys i s   i n   t he   wa te r   o f  Rose 

Creek  are shown i n  Appendix I. Any resu l ts   h igher   than  ambien t   (as   a t  

S t a t i o n   1 )   a r e   n o t e d   i n   T a b l e  7. The above-ambient l e v e l s   a t   S t a t i o n s  2 t o  
4 may be due t o   t h e i r   p r o x i m i t y   t o   t h e  Canadian I n d u s t r i e s   L i m i t e d   p l a n t  

which  produces CuCO4, o r  due t o   t h e   t a i l i n g s  pond from  which some Cu 
m i g h t   p e r i o d i c a l l y  be discharged. The increase i n  concentrat ions  o f   copper  

i n  the seepage (S ta t i on   13 )  and decant a f t e r  November, 1975, may be 
a t t r i b u t a b l e   t o   t h e  CuSO4 s p i l l   i n t o   t h e   t a i l i n g s  pond between November 
14  and 25, 1975. 

All values  which  exceed the Water Use L i c e n s e   l e v e l   o f  0.2 

mg / l i t r e   (Tab le   1 )   a re   des igna ted   i n   Tab le  7 by an as te r i sk .   S ta t i on  2 ( the  

decant)  was most   cons is ten t ly   e leva ted   un t i  1 1976, a f te r   wh ich   t ime  the  

concen t ra t i on   o f   copper   i n   t he   decan t   apparen t l y  was b e t t e r   c o n t r o l l e d  and 

ma in ta ined   a t  a leve l   acceptab le   to   the  Yukon T e r r i t o r i a l  Water  Board. 

3.1.10  Cadmium.  Cadmium i s  a minera l   o f ten  found  assoc iated  wi th  

lead/zinc  mines and chemical  industr ies  (Environment Canada, 1976).  There 

i s  no known phys io log i ca l  mechanism for t h e   e x c r e t i o n   o f  cadmium from a 

body; t he re fo re  i t  accumulates and i s  known t o  be t o x i c   a t   q u i t e   l o w   l e v e l s  
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(USEPA, 1973 ). Recommended sa fe   l eve l  s f o r   r e p r o d u c t i o n  by crustaceans and 
s a l m o n i d   f i s h   i s  0.003 t o  0.0004 mg/l i t r e  , depending on the  hardness  of  the 

water  (USEPA, 1973). Cadmium c o n c e n t r a t i o n s   f o r  Rose Creek sampling  are 

presented i n  Appendix I I, and a1 1 1 evel s greater  than  the 0.0004 mg/l i t r e  

1 imit are  noted i n  Table 8. As  may be  seen from  Table 8, on ly   the  seepage 

and  the  decant show any de tec tab le  cadmium and these  leve l  s a r e   d i l u t e d   t o  
an  acceptable  concentrat ion by the  t ime  the  water  reaches  Stat ion 3. The 

Yukon T e r r i t o r i a l  Water  Board, i n   t h e i r   l i c e n s e   f o r  Cyprus  Anvil  mine, have 

designated 0.02 mg/l i t r e  as a maximum acceptable  leve l  . No values  recorded 

were i n  excess o f   t h i s  1 evel . 
3.1 .ll I r o n .   I r o n   i s   o f t e n  a na tu ra l l y   occu r r i ng   m ine ra l ,   a l t hough  i t  i s  

a l so   f requen t l y   i n t roduced   to   aqua t i c   sys tems   i n   ac id  mine  drainage  or  from 
metal  corrosion  (Environment Canada, 1976; USEPA, 1973 ). F e r r i c   s a l   t s   f o r m  

hydrox ides  which  o f ten  set t le   out   or   are  adsorbed  onto  var ious  sur faces.  

These compounds may smother f i s h  eggs o r   p r e c i p i t a t e   o u t   o n t o   t h e   g i l l s   o f  

f i s h ,   t h e r e b y   b l   o c k i   n g   r e s p i   r a t o r y  passageways. T h i s   p r e c i p i t a t i o n   o f   i r o n  
depends on the  pH,  pE, and hardness o f   t h e  system. The recommended maximum 

s a f e   c o n c e n t r a t i o n   f o r   i r o n   i s  0.05 mg / l i t r e   f o r   m in ima l   de le te r i ous   e f fec ts  
(USEPA, 1973 1. The d a t a   f o r   i r o n   c o n c e n t r a t i o n s   i n  Rose Creek are  presented 

i n  Appendix I 1  and any excessive  concentrat ions  are  presented i n  Table 9. 

The ambient   concentrat ion  o f  Fe i n  Rose Creek was evidenced a t   S t a t i o n  1 and 

was above the  0.05 mg / l i t r e   l eve l ,   t hus   h igh   i r on   va lues   canno t   necessa r i l y  
be a t t r i b u t e d   t o   t h e  Cyprus  Anvil mine. 

3.1.12 Vanadium. I n  1974 the  Envi ronmenta l   Protect ion  Serv ice  carr ied 

o u t  an a n a l y s i s   f o r  vanadium. As a l l   r e s u l t s  were  below  the  detection 

1 evel  , t h i s   a n a l y s i s  was discont inued. 

3.1.13 Manganese. Manganese i s  an element commonly used i n   t h e   m e t a l  s 

i n d u s t r y   b u t  may a l so  be found i n  ground  water i n   a s s o c i a t i o n   w i t h   i r o n .  

An appl i c a t i o n   f a c t o r   o f  0.02 t o   t h e  96 hour LC50 o f   t h e  most s e n s i t i v e  

species i s   t h e  accepted means f o r   a r r i v i n g   a t   t h e  maximum acceptable 

c o n c e n t r a t i o n   f o r  manganese i n   t h e   w a t e r   o f   t h e  system i n   q u e s t i o n  (USEPA, 

1973).   With  regard  to  publ ic  water  suppl ies,  a l e v e l   o f  0.05 m g / l i t r e  
shou ld   no t  be  exceeded (USEPA, 1973). 
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The r e s u l   t s   f o r  manganese i n  Rose Creek  are  presented i n  Appendix 

I 1  and  Tabl e 10.  The values i n  Table  10  are a1 1 those  which  exceed 0.05 

m g / l i t r e .  All b u t   S t a t i o n  3 (November 11, 1976) and S t a t i o n  13 values  are 

less  than 1 .O m g / l i t r e  and are  therefore  cons idered  not   harmfu l   to   aquat ic  

1 i f e  by standards recommended by  the  Working Group on Water Qual i t y  

Object ives  (1977).  The v a l u e s   a t   S t a t i o n  13 are  e levated,  probably because 

t h i s   s t a t i o n   i s   t h e  seepage f r o m   t h e   t a i l i n g s  pond, but   the  va lues 
downstream are  reduced  to   acceptable 1 evel s. There  are no l e v e l  s s e t   f o r  

manganese i n   t h e  Water Use License. 

3.1 -14 Molybdenum. Molybdenum i s   no t   usua l l y   cons i -de red  a problemat ic  
metal . It i s   e s s e n t i a l   f o r  normal  growth of   phytoplankton, a1 though a t   h i g h  

1 evel  s it may i n t e r f e r e   w i t h  mammalian metrabol  ism. 

The  Water Use License  for   Cyprus  Anvi l   mine  permits a 
c o n c e n t r a t i o n   o f  molybdenum up t o  0.4 m g / l i t r e .  The va lues   fo r  molybdenum 
i n  Rose Creek  are shown i n  Appendix I 1  and  Tabl e 11. Except   fo r   the   th ree  

values shown i n  Table 11, a1 1 r e s u l t s  were l e s s  
and  the  three  ' 'el   evated"  results  obtained  are a 

hazard. 

3.1.15 Lead. Lead  has l ong  been known as an 

e s p e c i a l l y   i n   c o n j u n c t i o n   w i t h   a u t o m o b i l e  emiss 
- 

than  the 1 imi t s   o f   d e t e c t i o n  

1 very  low and present  no 

environmental  contaminant, 

ons  and human health.  Lead 

may be taken up  by aquatic  organisms,  but i s  o f t e n  made unava i lab le  due t o  
i t s   s t r o n g   a f f i n i t y   f o r   a d s o r p t i o n   t o   t h e   s e d i m e n t s   ( D i  nman, 1972). I n  

so lu t i on ,  1 ead i s   c h r o n i c a l l y   h a r m f u l   t o   r a i n b o w  and b r o o k   t r o u t   a t  a con- 
c e n t r a t i o n   o f  0.01 m g / l i t r e   i n   s o f t e r   w a t e r ,  and a t  0.03 m g / l i t r e  it has a 

d e t r i m e n t a l   e f f e c t  on the  reproduct ion  o f   daphnia.  It i s  recommended by 

USEPA (1973)   t ha t   t he   concen t ra t i on   o f   l ead   i n   wa te r   no t  exceed 0.03 

mg/l i t r e   a t  any t i m e   o r   p l a c e ,   f o r   t h e   s a f e t y   o f   a q u a t i c   l i f e .  

The v a l u e s   f o r   l e a d   c o n c e n t r a t i o n s   i n  Rose Creek  are  presented i n  

Appendix I 1  ; Table 12  shows a1 1 r e s u l   t s   g r e a t e r   t h a n   t h e  maximum recommended 

1 evel  o f  0.03 mg/l i t r e .  The Water Board o f   t h e  Yukon T e r r i t o r y   r e q u i r e s  

t h a t   t h e   c o n c e n t r a t i o n   o f   l e a d   i n  Rose Creek n o t  exceed 0.20 mg / l i t r e .   Th i s  

value i s  exceeded i n  almost  every  sample a t   S t a t i o n  2 ( the  decant)  and a t  

S ta t i ons  4, 11,  and 12 a t   var ious   t imes.  
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3.1.16 Zinc. The Yukon T e r r i t o r y  Water  Board spec i f i es   concen t ra t i on   o f  

no t   g rea ter   than 0.5 m g / l i t r e   z i n c   i n   t h e   w a t e r .  All values i n  excess o f  

t h i s   a r e   p r e s e n t e d   i n   T a b l e  13 and a l l   o t h e r   v a l u e s  may be found i n  Appendix 

I I. Zinc   concent ra t ions   were   se ldom  e leva ted   to   hazardous   leve ls   except   in  

the  decant. The c o n t r o l  sample a t   S t a t i o n  1 on October 16, 1974,  had a 

h igher   concent ra t ion   o f   z inc   than  d id   the   decant ,  so the   e leva ted   l eve l  s 
cannot   necessar i ly  be a t t r i b u t e d   t o   t h e  Cyprus  Anvil mine. Th is   cou ld  be 

due to  natural   geochemical   occurrences  of   z inc,   which i s   q u i t e   p o s s i b l e ,  
cons ide r ing   t he   na tu re   o f   t he   rock   i n   t he   a rea .  

3.1.17 Nickel .   Elemental   n ickel  i s   i n s o l u b l e ,   a l t h o u g h  many o the r   n i cke l  

compounds are  soluble.  It i s  seldom  found i n  an elemental  form,  but  nickel 

compounds are  found i n  many ores  (Environment Canada, 1976). One form o f  

n i cke l   (ge rsdo r f f  i t e  - N i  Ass) may be found  with  gal ena i n   v a r y i n g  amounts 
(Dow Chemical Co., 1970). From t h e   r e s u l t s   o f   t h i s   s t u d y ,  as presented i n  
Appendix I 1  f o r  each  s ta t ion ,   the   concent ra t ion   o f   n icke l  has n o t  been 
detec.ted as a problem. One value (0.072 m g / l i t r e   a t   S t a t i o n  13 on August 

26, 1975)  exceeded  the Yukon T e r r i t o r i a l  Water Board's  requirement  of no 

concent ra t ion   g rea ter   than 0.05 m g / l i t r e .  

3.1.18 S i l v e r .   S i l v e r   i s  an element  which  presents no t h r e a t   t o   t h e  

a q u a t i c   l i f e   i n  Rose Creek. Resu l ts  as shown i n  Appendix I 1  a r e   a l l   l e s s  

than  the   de tec tab le  1 imit o f  0.03 mg/l i t r e  and the re fo re  we1 1 below  the 
standard (0.10 m g / l i t r e )   s e t  by  the Yukon T e r r i t o r i a l  Water  Board. 

3.1.19 Mercury.  Mercury i s  well-known as a t o x i c  substance. It i s  
re1  eased i n   t h e  smel t i n g   o f  copper, 1 ead , and zinc  ores, as we1 1 as i n   t h e  

b u r n i n g   o f   f o s s i l   f u e l s  (USEPA, 1973). I n   t h e   b i o l o g i c a l  system, mercury i s  
s u b j e c t   t o   b i o m a g n i f i c a t i o n  and i t s  accumulation  over  t ime i s   p r o p o r t i o n a l  

to   the   ambien t   concent ra t ions  (USEPA, 1973). The l e v e l s   o f  mercury  found i n  
Uni ted  States  waters  range  f rom 0.1 m g / l i t r e   t o  17 mg / l i t r e .  The U.S. Food 

and  Drug  Administrat ion has recommended t h a t   c o n c e n t r a t i o n s   o f   n o t   g r e a t e r  

than 0.5 mg/l i t r e  be a1 lowed i n   f i s h   f l e s h  and, accord ing   to  Mount (1975) , 
t h i s   l e v e l   c o u l d  be induced i n   t r o u t  by a c o n c e n t r a t i o n   o f  0.05 m g / l i t r e  
methyl  mercury i n   t h e   w a t e r .  
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The Yukon T e r r i t o r y  Water  Board r e q u i r e s   t h a t   t h e  Cyprus  Anvil 

mine no t   re lease any e f f l u e n t   w i t h  a concentrat ion  o f   mercury  greater   than 

0.005 mg/l i t r e .  The resu l t s   f o r   mercu ry   a re   p resen ted   i n  Appendix I I and 

any  values i n  excess o f   t h e  0.2 pg/1 i t r e   d e t e c t i o n  1 imi t are  recorded i n  
Table 14. S t a t i o n  2 (decan t   f rom  the   t a i l i ngs  pond) and S t a t i o n  13 

(seepage)  both  exceed  the EPA standards,  although  only on March 17, 1976, 

d id   the   recorded  concent ra t ion   o f   mercury  exceed  the Yukon T e r r i t o r y  Water 

Board  standard o f  0.005 m g / l i t r e .  

3.1.20 Arsenic.  Arsenic, l i k e  mercury, i s  a cumulative  poison. It may 

be  found i n  nature i n   t h e   f o r m   o f   a r s e n i t e s   o r   p y r i t e s  and o c c a s i o n a l l y   i n  

elemental form. The  Yukon T e r r i t o r y  Water  Board  issued a Water Use License 

a l l o w i n g  Cyprus Anv i l  mine to   d ischarge  concentrat ions up t o  bu t   no t  

exceeding 0.05 m g / l i t r e  o f  e x t r a c t a b l e   a r s e n i c   i n t o  Rose Creek. All arsenic 
values  are  presented i n  Appendix 11. 

There  are  four  values i n  excess o f  0.05 r n g / l i t r e ,   a l l   a t   S t a t i o n  2 

( the  decant) .  They are: 

TABLE 15 EXCESSIVE ARSENIC CONCENTRATIONS 

Concentrat ion 

Date  (mg/l i t r e  1 

June 15, 1974 

August 8, 1974 

August 26, 1974 

October 10, 1974 

0.087 

0.104 

0.503 

0.086 

As e leva ted   concent ra t ions   d id   no t  appear i n   t h e  1975  and  1976 

data, i t  appears t h a t   t h e  mine  has  improved  the  qual i t y  o f   i t s  decant  wi th 

regard   to   a rsen ic .  

I 
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3.1.21 Cyanide.  Cyanide i s  a substance o f   p o t e n t i a l   i m p o r t   t o  Rose Creek 
as it i s  used ( i n   t h e   f o r m   o f  sodium  cyanide) i n  the   f l o ta t i on   o f   ga lena ,  

spha le r i t e ,  and p y r i t e .  The waste  mater ia l  i s  deposi ted i n   t h e   t a i l   i n g s  

pond. The amount o f  sodium  cyanide i n  t h e   t a i l i n g s  pond i s   k e p t   a t  a 

minimum  as requ i red   fo r   the   f lo ta t ion   p rocess   (Whi t ley ,   1975) .  Once i n   t h e  

t a i  1 i ngs  pond, the  sodium  cyani   de  reacts   wi th   pyr i te  and i s  compl exed so 
t h a t   t h e r e   i s   u s u a l  l y  1 i ttl e free  cyanide.  Metal  ocyanide  complexes  are 

i n c r e a s i n g l y   t o x i c   t o   f i s h  and other  aquatic  organisms as the pH and/or 

oxygen  concentrat ion  decreases.  Treatment  wi th  chlor i te,   hypochlor i te,   or  
ozone  can  cause fu r ther   chemica l   ox ida t ion   o f   the   meta lo -cyan ide  complexes 

and  research i s  be ing   conduc ted   i n to   t he   f eas ib i l i t y   o f   ozona t ion   f o r  
cyan ide   t rea tmen t   a t  Cyprus Anv i l  mine. 

The maximum acceptable  concentrat ion  o f   cyanide recommended by  the 
U.S. Environmental   Protect ion Agency (1973) i s  0.005 mg/ l i t re ,   a l though  the  
Yukon T e r r i t o r y  Water  Board  has s e t  an acceptab le   leve l   o f  0.05 mg/l i t r e   f o r  
t he  Cyprus  Anvil t a i  1 i ngs  pond decant. The va lues   fo r   cyan i  de  concentra- 

t i o n s   i n  Rose Creek are  g iven i n  Appendix I 1  and  those i n  excess o f   t h e  
0.005 m g / l i t r e   " s a f e "  maximum concent ra t ion   a re   p resented   in   Tab le  16. 

Values  which  exceed  the Yukon T e r r i t o r y  Water  Board limit o f  0.05 m g / l i t r e  
are  designated  wi th an as te r i sk .  

All elevated   concent ra t ions   o f   cyan ide  were  recorded  af ter  
February 13, 1976, when a sp i  11 o f   c y a n i d e   i n t o   t h e   t a i l   i n g s  pond was known 

t o  have  occurred. 

3.1.22 Selenium.  Selenium was analysed on few  occasions;  concentrat ions 

were bare ly   de tec tab le  and o f  no cause f o r  concern. 

3.1.23 Antimony. The Yukon T e r r i t o r y  Water  Board requ i res   t ha t   t he  

c o n c e n t r a t i o n   o f   a n t i m o n y   i n   t h e   m i n e   e f f l u e n t   n o t  exceed 0.10 mg / l i  

on l y  one occasion was a h igher   concentrat ion  detected.  On August 6, 

the  concentrat ion  o f   ant imony was recorded as being 0.1 1 mg/l i t r e   a t  

1 ( t h e   c o n t r o l   s t a t i o n ) .   T h e r e   i s   l i t t l e   i n f o r m a t i o n   a b o u t   t h e  sub- 

e f f e c t s   o f  antimony. 
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I 

3.1.24  Barium. According to U.S. Environmental Protection Agency (19731, 
any water or acid-soluble barium compounds are  toxic  to l i v i n g  organisms, 
a1 though barium salts  precipitate  out of solution  quite  readily. The U.S. 
Environmental Protection Agency  recommended that  a concentration of 1.00 
mg/litre barium consti tutes an environmental  hazard and that  0.5 mg/litre 
represents a safe  concentration  for minimal deleterious  effects (USEPA, 
1973). 

The Yukon Territory Water  Board stipulated i n  the 1975  Water Use 
License that  the Cyprus Anvil mine not  discharge any concentration i n  excess 
o f  1 .OO mg/l i t r e  barium i n  i t s  effluent.  Most  of the samples tested  for 
barium were obscured by calcium interference and no resul ts  were recorded. 
Of  a1 1 sampl es w i t h  Val i d  resul t s ,  none  was i n  excess of the 1 .OO mg/l i t r e  
acceptabl e concentration. 

I 

e 

Y 

3 . 2  Fish - 

3.2.1 Metals i n  Tissue. The resu l t s  of tissue  analysis  for heavy 
metal s done i n  1975 for  copper,  zinc, and 1 ead,  are  presented i n  Tab1 e 17. 
From these  results, i t  i s  evident  that   l iver  t issue accumulates heavy metals 
i n  higher  concentration  than does the muscle t issue - an observation which 
i s  well documented (USEPA, 1974).  

There was l i t t l e   a v a i l a b l e  d a t a  concerning metal concentrations i n  
fish t issue  to  compare w i t h  the Rose  Creek resul ts. Copper i s  a 
non-essential  element  to fish and may  be concentrated up to 1000 times i n  
t i ssue (USEPA, 19731, a1 t h o u g h  the values  detected  here seem low. 

Zinc i s  a substance of a known physiological  function,  affecting 
the  act ivi ty  o f  insulin ( i n  humans). The concentrations of zinc  recorded i n  
the fish t issues  sampled here  are  relatively h i g h ,  especially  the two l ive r  
samples from Station 10. W i t h  no standard  for comparison, i t  i s   d i f f i c u l t  
t o  judge whether they  are  extraordinary. 

The resul ts  of analysis  for  lead i n  the  t issue of fish from  Rose 
Creek are a1 1 bel ow the  detection 1 imi t. The average  concentration of lead 
found i n  17 species of fish from rural United States was 2.4 ppm Pb i n  
summer and 1.8 ppm Pb i n  winter (Rol fe  & Jennett ,  1973 ). In comparison w i t h  

I 
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this data,  there i s  no problem w i t h  lead  contamination i n  fish from Rose 
Creek. Lead tends  to  accumulate  in  organic  sediments and may eventually be 
re1  eased i n t o  the  water,  thereby becoming avai 1 ab1 e to  the fish. Only 
analysis of the  sediments would reveal  the  potential for  this occurrence. 

The mercury resul ts  for the Rose  Creek survey carried  out i n  1976 
(Tab1 e 18)  are a1 1 we1 1 below 0.5 ppb,  the maximum a1 lowable concentration 
designated by the U.S. Environmental Protection Agency (1973). 

3.2.2 Bioassay Results. A bioassay i s  a means  of determinig  the  bio- 
logical  toxicity of an effluent  or a lethal  agent (Environment Canada, 
1976). The importance of this type of resu l t  is evidenced by the following: 

"Protection of a species of fish requires  protection of 
the  population and a harvestable  crop of quality fish 
sui table  for various  uses, such as food for man. Not 
only are f ish important i n  the i r  own r i g h t ,  b u t  they 
also  serve  as  sensitive  indicators o f  water  quality. 
A body  of water  unacceptable  to fish i s  1 ikely  to be 
unacceptable for other  desirable  uses  also." (Stephan 
& Mount, 1973) 
The fish used i n  bioassays  to  determine  the  toxicity of the  mill 

eff luent  of the Cyprus A n v i l  lead-zinc mine were rainbow trout  (Salmo 
gairdneri 1, w i t h  the exception  that coho  salmon (Oncorhynchus kisutch) were 
used i n  1974. T h e  resul ts  of these  bioassay  tests  are  presented i n  Table 
19. 

On September 17, 1974, the 96 hour LC50 was found to  be 24% a t  
Station 3. This means tha t   a f te r  d i l u t i o n  to  24%, w i t h i n  96 hours the  water 
ki l led 50% of  the fish tested. On February 28, 1975, the  decant (Station 2 )  
was toxic; on January  8, 1976, the  decant had a 96 hour LC50 of 81%. On 
al l   o ther   dates   tes ted,   the   resul ts   a t   Stat ion 2 were non-toxic, w i t h  the 
exception of September 22, 1976, when the  decant was only s l igh t ly   tox ic   a t  
100% concentration (one fish dead a f t e r  72 hours, 2 fish dead a f t e r  96 
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TABLE 17  FISH TISSUE METALS  ANALYSIS  RESULTS - 1975 (ppm - mg/g) 

~~ 

c u  Zn Pb 

S t a t i o n  Species Wet Dry Wet Dry Wet Dry 
10 2 W h i t e f i s h   l i v e r s  6.5 29.0 327.0 120 0.2 0.1 

10 2 G r a y l i n g   l i v e r s  2.0 9.4 19.0 aa 0.3 0.1 

10 W h i t e f i s h   t i s s u e  0.3 2.0 2.9 16 0.2 0.1 

10 Whi t e f i  sh t i s s u e  0.4 2.0 2.5 12 0.2 0.1 

10   Gray l   i ng   t i ssue  0.4 2.0 3.4 17  0.2 0.1 

10  Grayl i ng ti ssue 0.4 2.0 4.2 20  0.2 0.1 

a Not enough d r i e d  sample - - - - - - 
8 Grayl  i n g  1 i v e r  1.8 7.4 20.0 a3 0.2 0.1 

8 Gray l   i ng   t i ssue  0.4 2.0  4.0 17 0.2 0.1 

TABLE l a  FISH MERCURY ANALYSIS RESULTS - 1976 

Wet Weight  (mg/g) 
S t a t i o n  Species F lesh  Hg L i v e r  Hg Eggs Hg 

1 Gray l   ing  0.08 0.23 - 
1 Grayl i ng 0.05 0.16 - 
7 Sucker 0.09 0.45 - 
7 Sucker 0.05 0.39 - 
7 W h i t e f i s h  0.33 0.14 0.05 

7 W h i t e f i s h  0.29 0.22 - 
7 Grayl i ng 0.10 - - 
7 Gray l   i ng  0.12 0.26 - 
a Grayl i ng 0.1 1 0.16 - 
a Grayl  i ng 0.10 0.07 - 

Note: 0.5 mg/g t o t a l  body  burden  wet  weight i s  EPA maximum acceptable 

concentrat ion.  
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TABLE 19 FISH BIOASSAY RESULTS 
(Resul ts  as 96 hour LC50 f o r   E f f l u e n t  and Concentrat ion)  

S t a t i o n s  
(Decant) Below Ear th 

Date 1 2 P1  ug 11 13 

1974 

September 17 non-toxic  non-toxic 24% 

- 

1975 

February 28 
June 13 
September 23 

1 

- t o x i c  100% - - - - - th resho ld  56% - non-toxic - - - - non-toxic 

January 8 - 81% - 
March 29 - non-toxic* - 
August 27 - non-toxic* - 
September 22 sl i g h t l y  - - 
September  27 non- tox ic  - - 
October 5 - - - 

t o x i c  
sl i g h t l y  
t o x i c  

December 29  non-toxic - 

non-toxic* 
non-toxic* 
s l i g h t l y  
t o x i c *  
sl i g h t l y  
t o x i c  

5 samples 
were done: 
3 s l   i g h t l y  

t o x i c  
2 non- 

t o x i c  
non-toxic 

- 

* Samples taken  by  the  mine i n  compl iance  wi th Yukon T e r r i t o r y  Water Use 
License. 

H 

I 
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hours).   This was almost one month a f t e r  a s p i l l   o f  CuSO4 i n t o   t h e  pond. 

The sampl e taken  bel ow t h e   e a r t h   p l u g   i n   t h e   t a i  1 ings  dam had  a t h r e s h o l d   o f  

t o x i c i t y   o f  56% o f  June 13,  1975,  and was r e 1   a t e d   t o   t h e   t a i l i n g s  pond break 

descr ibed  p rev ious ly .   S ta t ion  13 had non- tox i c   resu l t s  on a l l  dates  tested, 
except  August 27, 1976 ( t h e  day a f t e r   t h e   s p i l l   o f   C U S O ~ ) ,  and  September 

22,  1976, bo th   o f   wh ich  were " s l i g h t l y   t o x i c " .   S t a t i o n  11 a lso  had  a 

s l i g h t i y   t o x i c   b i o a s s a y   r e s u l t   f o r  September 22, 1976. 

3.2.3 E lec t ro - f i sh ing   Resu l t s .  The r e s u l t s   o f   a t t e m p t s   t o   f i s h  a l l  the 

s t a t i o n s  produced  very  few  fish  from Rose Creek ( S t a t i o n s  1 t o  6  and S t a t i o n  

8 )  (Table  20).   Stat ion 7 on Anv i l  Creek and S t a t i o n s  9  and  10  on t h e   P e l l y  

River  produced  the  greatest  numbers o f   i n d i v i d u a l s  and the  most  species. The 
1 ack o f   f i s h   i n  Rose Creek  by  comparison  could  be due t o  a number o f   f a c t o r s ,  

t h e  most l i k e l y   b e i n g   t h e   e f f e c t  o f   the   con t inuous   ta i l ings  pond discharge 
in to   t he   c reek .  The low number o f  f i s h  i n  1974 was p o s s i b l y  due t o  a h i g h  
s i l t   l o a d  from  Faro  Creek p r io r   t o   comp le t i on   o f   t he   d i ve rs ion   channe ls .  

Some f i s h n g  was attempted i n  Faro  Creek a f te r   t he   comp le t i on   o f  

the   d ivers ion   channe l   ( in  May, 1975) by F i s h e r i e s  and Marine  Service  person- 
ne l  , us ing   pu l l   -se ine   ne ts .   Th is  endeavour  proved f r u i t l e s s  as no f i s h  were 

found  above  the  culvert  i n  Faro  Creek  despite an apparent ly  good h a b i t a t .  

Upon f u r t h e r   i n v e s t i g a t i o n ,  it was f o u n d   t h a t   t h e   c u l v e r t  was impassable t o  
f i s h .  The small number o f   f i s h   w h i c h  may have  attempted t o  move upstream was 
deemed i n s u f f i c i e n t   t o   j u s t i f y   t h e   c o s t  o f  making  the  culvert   passable.  

The f o l l o w i n g   f i s h  have  been found   to   i nhab i t   t he   Pe l  l y  R iver  
system i n   t h e   v i c i n i t y   o f   t h e  Cyprus Anv i l  mine: 

Arc t i c  Gray1 i ng  Least  Cisco 

Broad Whi t e f i  sh Longnose  Sucker 

Burbot   P ike 

Chinook Salmon  Round Whi te f i sh  

I nconnu S l  imy Scul p i n  
Lake Trout  

All species  are  indigenous  except  the  chinook salmon  which i s  an 

anadromous species  (El  son, 1974 1. 
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TABLE 20 FISH SPECIES COLLECTED I N  ROSE CREEK BY ELECTRO-FISHING 

S ta t i ons  
Species 

I 1 3 4 5 6 7 a 9 10 12 

1974 

Arc t i c  Grayl i ng 
S1 imy Scul p i n  

- 

1975 

Arc t i c  Grayl i ng 
Round Wh i te f i sh  
Humpback Wh i te f i sh  
Longnose  Sucker 
S1 imy Scul p i n  
Burbot  
Chi nook  Salmon 

1976 

Arc t i c  Grayl i ng 
Round Wh i te f i sh  
Longnose  Sucker 
S1 imy Scul p i n  
Burbot  
Chinook Salmon 

4 - 3 
28 

1 
16 

1 
3 

1 

- 
- 

14 2 
3 -  
2 -  
- 8  
3 -  
6 1  
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Bottom Fauna 

The results of the macro-invertebrate sampling are presented in 
Appendix I11 and the taxonomic l i s t   i s  given i n  Table 21. 

Diversity i s  a calculated value representing the number of 
taxonomic grcups present a t  a station; evenness i s  a value w h i c h  represents 
how evenly the numbers of individuals are distributed among those taxonomic 
groups. A community with a h i g h  diversity value and a high  evenness  value i s  
considered to  be  re1 atively  stable and thereby resistant t o  environmental 
stresses. Any drastic change i n  these values may reflect a change i n  the 
community's environment. A decrease i n  diversity ( i n d i c a t i n g  a reduction i n  
number of species  present) or a decrease i n  evenness (indicating a more 
erratic  distribution of number of individuals amongst the species present) 
may detract from the a b i l i t y  of the community t o  survive through future 
environmental disturbances. 

The results for  S t a t i o n  1 (Table 22 1 showed increased diversity in 
1975 and 1976 over 1974 and consistently h i g h  evenness values. S ta t ion  3 
showed decreased diversity from 1974 a1 though the evenness  value was 
relatively h igh .  Station 4 showed low diversity during a l l  three  years, 
while evenness was h i g h  i n  1974, low i n  1975 and h i g h  again i n  1976. The 
diversity a t  S t a t ion  5 increased s l igh t ly  from 1974 t o  1975 and again 
improved t o  1976. Evenness values remained fairly  consistent a1 1 three  years 
a t  this  station.  Station 6 showed a decrease i n  diversity from 1974 t o  1975 
b u t  a great improvement i n  1976.  The evenness values a t  this s ta t ion  
followed a similar  trend. A t  S t a t ion  7 ,  the diversity and evenness both  
increased over the three-year period. S t a t i o n  8 showed a decrease i n  bo th  
evenness and diversity from 1974 t o  1975 and an increase i n  bo th  values from 
1975 t o  1976. A t  S t a t ion  9, b o t h  diversity and evenness values were variable 
f o r  the samples i n  1974. In  1975, evenness was  more consistent, a l t h o u g h  
diversity values showed. considerable range. By 1976, the diversity had 

increased as had the evenness values. S t a t i o n  10 was not  sampled i n  1976, 
b u t  for 1974 and 1975, the values for  diversity and evenness  were low. 
S t a t i o n  12  was  sampled only in 1976 and had relatively h i g h  b u t  quite 
variable  results  for both  evenness and diversity. 

t 
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TABLE 21 INVERTEBRATE SPECIES  LIST 

1974  1975  1976 

1. 

2. 

3. 

4. 

5. 
6. 

7. 
a. 

9. 
10. 

11. 
12. 

13. 

14. 

15. 
16. 
17. 
18. 

Phyl um Arthropoda 
C1 ass  Arachnida 
Order Acarina 
Family  Halacaridae 

Parohalacarus  sp. 

Order  Hyudracari na 
Superfamily  Pionae 
Family  Hygrobaetidae 

Hygrobates sp. 

Class   Insec ta  
Order Coleoptera 

Family  Dytiscidae sp. 

Order Diptera  
Family  Ceratopogonidae 
Cul i c o i  des sp. 
web. Probezzia SD. 

. -  

Family  Culicidae 
Culex sp. 
m i  dae 

Family  Empididae 
Hemerodromi a sp . 
Roerderl   odes sp. 

Family  Rhagonidae 
prob. Atherix sp. 
C l i n o c e r a   s t a g n a l i s  

Fami 1  y  Simul i dae 
prob.  Simulidae sp. 

Family  Syrphidae 
prob.  Tubifera sp. 

Family Teni pedidae 
Sub-family  Diamesinae 

Diamesa sp. 
Diamesinae sp. 
Prodiamesae sp. 
Pseudodiamesae sp. 

X 

X 

X 

X 

X 

X 

X 
X 

X X 

X X 

X 

X 

X 

X 
X 

X X 
X 
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TABLE 21 INVERTEBRATE S?ECIES LIST (Conti  nuea) 

1974 1975 1976 

19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 

27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 

40. 
41. 
42. 

43. 
44. 

45. 
46. 
47. 

48. 

49. 

Sub-fami ly Hydrobaeni nae (Orthocl  adi  nae) 

Crictopus sp. 
Hydrobaenus sp. 
Heterotri  ssocl audi s sp. 
Psectrocl  adi us SD. 
Hydrobaeni  nae sp. 

Sub-fami ly Pel opi i nae (Tanypodi na 
Tanypus sp. 
Pentaneuri ni t r i b e  
Pentaneura  sp. 
Procl a d i u s  sp. 

Sub-fami ly Tendi pedi nae (Chi ronorn 
Constempel 1 ina sp. 
Polypedil  i um sp. 
Smi tt i a sp. 
S t r ic to  chironomous sp. 
Tanvtarsus SD. 
Tenldepedi nae' sp. 1 

6 sp. pupae 
Tende edinae sp. 2 

A l a  SD. 

Fami ly Ti pul idae 
prob.Anthocha sp. 
Pedica sp. 
Ti pula sp. 

Unknown Dipteran  larva 
Adul t Di pteran  (unident  i  f  i  ed) 

Unknown Family 
Chel i fe ra  sp. 
Potthasti s sp. 
Wiedernannia sp. 

Suborder Brachyena 
Brachyena sp. 

Order Hemiptera 
Hemiptera sp. 

X X 
X X 

X 
? X 

X 
X 
X 
X 

X 
X 

X X 
X 

nae) 

X 
X 
X 
X 
X X 

X 

X X 

X 
X 

X 
X 
X 

X 
X 
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TAGLE 21 1NVERTEBRATE SPECIES  LIST (Continued) 

1974  1975  1976 

Order  Epherneroptera 
50. ( a )  Family  Baetidae 
50. 
51. 
52. 
53. 

54. 
55. 
56. 
57. 

58. 

59. 
60. 
61. 

62. 

63.  

64. 

65. 

66 

67. 
68. 
69. 

70. 

- 
Bea t i s  SP. 
" .. ~ 

~Ephemerel 1 a sp. 
Pseudocl  eon sp. 

Fami ly   Heptageni idae  
C i  nygmul a sp. 
Epeorus sp ( I r o  
Heptogenia sp. 
R i  th rogeni  a sp. 

Fami l y  Si phl onuri   dae 
S i  phl onurus sp. 

Order  Hemiptera 
Fami l y  Cori xi  dae 

Family  Gerridae 
Fami l y  Nabidae 

Corixidae sp. 

Order Homoptera 
Family  Aphididae 

Aphididae sp. 

Psyl 1 i dae 

Order  Lepidoptera 
pos.  Pyrausta sp. 

Order P1 ecoptera  
Fami l y  Nemouri dae 
Sub-Fami l y  Capi i a e  

Capnia sp. 

Sub-Fami l y  Leuctri nae 
Perl  omyi a sp. 

Sub-Farni l y  Nemouri nae 
Nenloura SD. 
Nemoura (knphinemoura) sp. 
Nemoura (Zapada) sp. 

" 

Fami ly   Per l   od i   dae  
Sub-Family  Isogeninae 

Isogenus sp. 

X 

X 
X 
X 

X 
X X 

X 

X 

X 
X 
X 

X 

X 

X 

X 

x 

X X X 
X X 
X X 

X X X 
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TABLE 21 INVERTEBRATE  SPECIES LIST (Continued) 

71. 
72. 
73. 
74. 
75. 

76. 

77. 

78. 

79. 

80. 
81. 

82. 

83. 

84. 
85. 
86. 
87. 
88. 

89. 
90. 

91. 

92. 

Sub-Family  Isoperlinae 
Arcynopteryx sp. 
Hastaperl a sp. 
Is0 erla sp. & sirnilis 
Paraperl a sp. 

Sub-Fami ly Perl odidi nae 
Diura sp. 

Perl  oi  di dae - unident i f ied adult 
Family  Pteronaicidae 

Pteronarcell a sp. 

Order  Trichoptera 
Family  Brachycentridae 

Brachycentrus sp. 

Farni ly Hydropsychidae 
Arctopsyche sp. 
Cheamatopsyche sp. 

Fami ly Hydropt i 1 i dae 
Hydroptilidae sp. 

Family  Lepidostomatidae 
Lepidastoma sp. 

Family Lirmophi 1 idae 
C1 ostei a sp. 
Ecclisomyia sp. 
Dicosmoecus sp. 
Drusinus sp. 
Ross' Limnophilid  genus sp. 

Family Psychomyiidae 
Psychornyi idae sp. 

Fanli l y  Rhyacophi 1 idae 
Ryacophi 1 a sp. 

Phylum Nernatomorpha 
93. Nematoda 

X 
X X 

X X 
X 

X 

X 

X 

X 

X X* X 

X X 
X 

X 

prob. x X 

X 
X X 

X 
X X 
X 

? 
X 

? X* X 

X 
X 
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I TABLE 21 INVERTEBRATE SPECIES  LIST (Continued) 

c 1974  1975  1976 

1 

Phyl urn Anne1 ida  
C1 a s s  Hi rudi  nae 
Order Arhynchobdellida 
Fami l y  Hi rudi  dae 

94. Pis icola   salrnonst ica  

95. 

96. 
97. 

C1 a s s  01 i gochaeta 
Order  Prosopora 
Fami l y  Lulnbri c i 1  1 i dae 

Sty1  odri  1 us sp. 
Enchytraeidae sp. 

X 

X 

X 
X 

x present  i n  t h a t   y e a r  
* 2 spp. 

a 
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TABLE 22 INVERTEBRATE SPECIES DIVERSITY AND EVENNESS 
w 

1974 1975 1976 
Station I 

Diversity Evenness Diversity Evenness Diversity Evenness 

1 A  
B 
C 

3 A  
B 
C 

4 A  
B 
C 

5 A  
B 
C 

6 A  
B 
C 

7 A  
B 
C 

8 A  
B 
C 

9 A  
B 
C 

10 A 
B 
C 

12 A 
B 
C 

0.4849 
0.51  88 
0.2479 

0.6507 

0.5840 

0.5796 
0.4771 
0.3447 

0.3768 

- 

- 
- 

0.301 0 
0.6489 
0.491 7 

0.3981 
0.5360 
0.5043 

04076 
0.41  96 
0.4916 

0.7242 
0.3634 
0.6963 

0.1203 
0.2339 
0.3768 

- 
- 

0.8054 
0.7422 
0.8235 

0.6248 

0.5840 

0.7449 
1.0000 
0.5725 

0.7897 

- 

- 
- 

1.0000 
0.9283 
0.81 67 

0.8344 
0.7668 
0.6481 

0.6770 
0.8738 
0.7033 

0.9306 
0.21 88 
0.771 0 

0.2521 
0.4902 
0.7897 

- - 
- 

0.5561 
0.6994 
0.6639 

0.4231 
0.381 5 
0.5426 

0.1671 
0.2268 
0.0333 

0.3489 
0.2932 
0.4990 

0.2053 
0.1733 
0.41  30 

0.6790 
0.6330 
0.6053 

0.2966 
0.081 7 
0.2054 

0.7510 
0.301 0 
0.8959 

0.31 57 
0.5750 
0.5873 

- 
- 
- 

0.9237 
0.7329 
0.6957 

0.8868 
0.7996 
0.7763 

0.2275 
0.291 5 
0.1  106 

0.731 3 
0.4870 
0.8288 

0.2937 
0.1  91 9 
0.5307 

0.6520 
0.6634 
0.6053 

0.2588 
0.0905 
0.2274 

0.8887 
1 .oooo 
0.8959 

0.3736 
0.4673 
0.5640 

- 
- 
- 

0.6026 
0.8493 
0.9107 

0.8451 
0.6257 
0.2765 

0.7400 
0.301 0 - 
0 . 6481 
0.8233 
0.301 0 

0.7481 
0.9652 
0.8219 

0.8778 
0.9434 
1 .0576 

0.451 0 
0.8920 
0.7848 

0.7072 
0.8759 
0.6282 

- - - 
0.5324 
0.921 1 
0.9543 

0.631 5 
0.7870 
0.7743 

0.9592 
0.6557 
0.9185 

0.8756 
1.0000 - 
0.71  76 
0.7435 
1.0000 

0.6932 
0.7844 
0.6988 

0.7464 
0.7835 
0.7999 

0.4994 
0.8920 
0.8690 

0.8368 
0.8759 
0.8073 

- - - 
0.4933 
0.8845 
1.0000 
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All o f   t h e   s t a t i o n s  seemed t o  show improvement i n  1976 as f a r  as 

t h e   s t a t i s t i c a l   t e s t s   a r e  concerned.  This  could  possibly be a t t r i b u t e d   t o  

t h e   c o m p l e t i o n   o f   t h e   F a r o  Creek diversion  channel  and resu l tan t   dec rease   i n  

sediment  load o f  Rose Creek. 

The r a n k i n g   o f   t h e   t h r e e  most  dorllinant  taxonomic  groups  encountered 

du r ing   t he   s tudy   a re  shown i n   F i g u r e  6. T h i s   f i y u r e   c l e a r l y   i n d i c a t e d  a 

s h i f t   i n  dominance as one progresses  downstream  frorn  the mine. S t a t i o n  1, 

t he   ups t ream  con t ro l   s ta t i on ,  showed t h e   f a m i l y   P l e c o p t e r a   t o  be dominant i n  

1974  and  1976, but  Tendipedidae  dominated i n  1975. The reason f o r   t h i s  
anomoly was unclear.  The family  Tendipedidae  dominated  Stat ions 2, 3, and 4 

f o r   a l l   t h r e e   y e a r s ,  and S t a t i o n s  5 an 6 i n  1974. T h i s   t e n d s   t o   i n d i c a t e  

t h a t   t h e   w a t e r   q u a l i t y  was impared  a t   leas t  16 km f u r t h e r  downstream i n  1974 

t h a n   i n  1975  and  1976. The improvement was probably due t o   t h e   c o m p l e t i o n   o f  
the   Faro  Creek diversion  di tch  which  would  have  reduced  the  sediment  load  of  

the   c reek ,  and the   l ack  o f  decant i n  1975. Dur ing   t he   cons t ruc t i on   o f   a  new 

t a i l i n g s  impoundment, S t a t i o n  7 had  a m a j o r i t y   o f   P l e c o p t e r a  and  Ephernerop- 

t e r a   ( i n  1974) as we1 1 as a number o f  Tendipedidae. The Ephemeropterans  were 

cons iderab ly  more common a t  S ta t i ons  7, 8, 9, and 10 than a t  the  upstream 

s ta t i ons .   Th i s  seems t o   i n d i c a t e   r e c o v e r y   o f   w a t e r   q u a l i t y  and improved 

h e a l t h  o f  t he   aqua t i c  community. 

It i s   i n t e r e s t i n g   t o   n o t e   t h a t   t h i s   r e c o v e r y  does no t  become 

a p p a r e n t   u n t i l  16 km downstream o f   t h e  mine. The mine  has apparent ly  had  a 
d e l e t e r i o u s   a f f e c t  on t h e  biological   organisms  of  t h i s  stream. The pe r iod ic  

non-compl iance  wi th  var ious  aspects  of   the  Water Use License has seerninyly 

l e d   t o   t h e   d e t e r i o r a t i o n   o f  Rose Creek. 
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F I G U R E  6 

INVERTEBRATE TAXONOMIC G R O U P  D O M I N A N C E   I N  C Y P R U S  
A N V I L   M I N E   S T U D Y  A R E A  
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APPENDIX I 

WATER CHEMISTRY DATU 

S t a t i o n  1 
S t a t i o n  2 (Decant) 
S t a t i o n s  3 and 3(a)  
S t a t i o n  4 
S t a t i o n  5 
S t a t i o n  6 
S t a t i o n  7 
S t a t i o n  8 
S t a t i o n  9 
S t a t i o n  10 
S t a t i o n  11 
S t a t i o n  12 
S t a t i o n  13 

* Resul ts   co l lected  dur ing  the  Envi ronmenta l  
Pro tec t ion   Serv ice   survey  work; a l l   o t h e r  
r e s u l t s  were obta ined  by  Ind ian and Northern 
A f f a i r s .  

f Data  obtained i n   t h e   f i e l d .  

L Less  than. 

U n i t s  - Conduc t i v i t y  - pmhos/cm 
- T u r b i d i t y  - FTU 
- True  Colour - P t  - c o l o u r   u n i t s  
- T o t a l   A l k a l i n i t y  
- To ta l  Hardness mg/L  (CaC03) 
- NFR - mg/L 
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APPENDIX I 1  

METAL DATA 

S t a t i o n  1 
S t a t i o n  2 (Decant) 
S t a t i o n  3 
S t a t i o n  4 
S t a t i o n  5 
S t a t i o n  6 
S t a t i o n  7 
S t a t i o n  8 
S t a t i o n  9 
S t a t i o n  10 
S t a t i o n  I1 
S t a t i o n  12  
S t a t i o n  13 

* Results c o l l e c t e d  dur ing  the Environmental 
P ro tec t ion  Service survey work; a l l  o t h e r  
results were obta ined  by Indian and Northern 
A f f a i r s .  

L Less than. 
A1 1 metal   data   given i n  ppm (mg/L) 

D Dissolved  Concentration 
E Extractable   Concentrat ion 
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