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ABSTRACT 

An assessment of the water qua l i ty  and biological  conditions 
of Rose Creek, adjacent t o  Cyprus Anvi  1 mine,  was carried ou t  during 
the summer of 1983. The water qual i t y ,  sediment and bottom fauna 
characteristics were  documented a t  10 environmental qual i t y  monitoring 
stations. Water q u a l i t y  information from Cyprus A n v i l  Mining Corpora- 
tion's 21 Surveil lance Network Stations was evaluated. 

Environmental qual i t y  monitoring program resul t s  have 
indicated an improvement i n  the water qua l i ty  of Rose  Creek since  the 
CAMC'S June 15, 1982 mine shutdown. Sediment analysis have revealed 
1 i t t l e  change t o  previous studies. Benthic invertebrates have 
increased i n  abundance  compared t o  previous studies and bioassays w i t h  

Daphnia pul  ex  showed no acute toxic effect from the t a i  1 i ngs pond see- 
page. The surveillance network indicated  incidents of non-compliance 
i n  1982-83 w i t h  elevated 1 eve1 s of zinc a t  the t a i  1 i ngs pond and i n  the 
winter months of 1983-84 a t  the north  fork of Rose Creek. 
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RESUME 

Une &a1 ua t ion  de  1 a qual i te' e t  des condi t ions  b io l   og iques de 

1 leau de ruisseau Rose adjacent h l a  mine  Cyprus  Anvil , f u t   e n t r e p r i  s 
durant 1 "et; 1983. La qual i te' de . 1  'eau, l e s   c a r a c t g r i s t i q u e s  des 

sgdiments e t  de l a  faune  benthique  ont st; analyse'es a t   d i x   s t a t i o n s  
d'6chantil lonnage  pour 1 'e'valuation de la   qua l i te '   env i romnenta le .  
Vingt-une  stat ions on 'et; & h a n t i l l o n n &   p o u r   l a   q u a l i t 6  de l ' e a u  du 
programne de surve i l lance a l a  Corporation  Miniere  Cyprus  Anvi l .  

Les r&u l   ta ts   on t   ind iques  une a 6 1   i . o r a t i o n  de 1  a qual i te' de 

1 'eau de ruisseau Rose durant de l a   g r i o d e   i n o p g r a n t e  de l a  nine. 
L 'analyse des sediments  montre'  un  accroissement  important du niveau de 
mgtaux lourds aux s t a t i o n s   i n t e m d i a i r e s  du ruisseau,  qui   doivent  stre 
r e l i g s  au dgversement des bassins de dgcantation en 1975. Les inve r te -  
bres  benthiques augmentent  en  abondance e t   l e s   b i o - e s s a i s  avec Daphnfl 

Pulex ne m n t r e n t  aucune tox i c i t e )   a igu  des i n f i l t r a t i o n s  des bassins de 
dscantation.  Le  programe de surve i l lance  ind ique par contre des 
i nc iden ts  non conforme au permi t  en. 1982-83, i n d i c a n t  de hautes 
concentrat ions de z inc aux bassins de dgcanta t ion   e t  dux mois   d 'h iver  
1983-84 dans l a  branche  nord du ruisseau Rose. 
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1 INTRODUCTION 

The Environmental  Protection  Service (EPS) has monitored  the 
b i o l o g i c a l  communi t i es ,   wa te r   qua l i t y  and,  sediment c h a r a c t e r i s t i c s   o f  
Rose  and Anvi l  Creeks  near  the  Cyprus  Anvi 1 mine  since 1973 (Hoos 1973, 
Baker 1979, Weagle 1981 1. The purpose o f  these  studies i s   t o  ensure 

that   the  receiv ing  water   qual  i ty  downstream o f   t h e  mine i s   n o t   b e i n g  
ser ious ly  degraded. This  1983 study  updates  the  environmental  qual i ty 
moni tor ing  in format ion and u t i l i z e d   t h e  same s t a t i o n   l o c a t i o n s   i n  most 

cases a s  previous  surveys. These e f f o r t s  compliment the   b io log i ca l  
moni tor ing program present ly   requi red as p a r t   o f   t h e   w a t e r   l i c e n c e   f o r  
the  Cyprus Anvil  Mine  Corporation (CAMC). 

M i n i n g   a c t i v i t y  a t  the   t ime  o f   the   survey   cons is ted   on ly   o f  
s t r i p p i n g  overburden and waste  rock  covering  the  ore body t o   t h e   e a s t  
o f   t h e  main p i t .  No processing  of   ore has  occurred  since June  1982 
when the  m i  11 was shut down f o r  an i n d e f i n i t e   p e r i o d .  

The r e s u l t s   o f   t h i s  survey  are compared t o   r e s u l t s   o b t a i n e d  
i n  prev ious  years  to   prov ide a r e 1   a t i v e l y   d e t a i l e d   p i c t u r e   o f   t h e  
env i ronmenta l   qual i ty   o f  Rose Creek  and Anvi l  Creek. 

A1 so inc luded i n   t h e   r e p o r t   i s  a sect ion on water  qual i ty  

compl iance based on the  program as def ined  by  the CAMC water 1 icence. 
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2 STUDY AREA 

The Cyprus  Anvil  Mine  Corporation (CAMC) operates a 1 ead-zi nc 
- s i l v e r  mine s i t ua ted  i n  the  Anvi l  Range near  Faro (62"2O'N, 133O25'W) 
about 240 ki lometres (150 m i les )  by a i r  nor th  o f  Whitehorse, Yukon 
(F igure 1).  The mine  area i s  drained by Rose Creek, Faro Creek and the 
n o r t h   f o r k   o f  Rose Creek (Figure 2 ) .  Rose Creek ' jo ins,  17km downstream 
o f   t h e  m 
from the 
f o r   t h e  
F igure 3 

ne, w i th   Anv i l  Creek which i n   t u r n   j o i n s   t h e   P e l l y   R i v e r  64km 
mine. Figure 2 depicts and Table 1 describes sample s ta t i ons  
environmental  qual i ty  monitoring component o f   the  s tudy.  
an  en1 argement o f   t h e  mine s i t e  area, shows s t a t i o n  numbers 

and loca t i ons   wh ich   a re   spec f f i ed   i n   t he  CAMC water   l icence  for   water  
qual i ty compl iance  sampling. Tab1 e 2, descr ibes  the  locat ions o f  t he  
compliance  monitoring  network  stations and d e t a i l s   t h e   a c t i v i t i e s  
regular ly  conducted by CAMC a t  each s ta t i on .  

There i s  some over lap o f  sampl ing  stat ions between the 
environmental  qual i ty s ta t i ons  and the  compl iance moni t a r i n g  network. 
These a r e   i d e n t i f i e d   i n   F i g u r e  3 and described i n  Tables 1 and 2. 
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FIGURE I GEOGRAPHIC  LOCATION OF CYPRUS  ANVIL 
MINING  CORPORATION  LTD. 
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TABLE 1 STATION  DESCRIPTIONS OF THE ENVIRONMENTAL QUALITY 
MONITORING  LOCATIONS 

I 

Y 

I 

I 

1 

EPS 
STAT I ON 

1 

2 

3 

4 

5 

6 

6a 

7 

7 a  

8 

9 

10  

S T A T I O N  LOCATION  DESCRIPTION 

On Rose C r e e k ,   a b o v e   t h e   I n f l u e n c e   o f   t h e   m l n e   a n d  mlll 
e f f l u e n t ,  2 5 0  m e t e r s   u p s t r e a m   o f   t h e   n o r t h   f o r k   o f   R o s e  
C r e e k   c o n f l u e n c e   a n d   c o m p l f a n c e   m o n l t o r l n g   n e t w o r k  
S t a t l o n  X-3. S t r e a m   b e d   c o n s l s t s   o f   b o u l d e r ,   c o b b l e s ,  
coa rse   and  f I n e   g r a v e l .  

On t h e   d l v e r s l o n   c a n a l ,   n e a r   t h e  new t a f l l n g s  pond, 7 0 0  
m e t e r s   u p s t r e a m   o f   c o m p l l a n c e   m o n l t o r l n g   n e t w o r k   S t a t f o n  
X-10.  C a n a l   b e d   c o n s l s t s   o f   m a l n l y   b f g   b o u l d e r s ,   c o b b l e s  
a n d   m f n o r   f f n e   s e d l m e n t s .  

Comblned  seepage f l o w s  f r o m  X - 1 1  and  X-12 u p s t r e a m   o f  
d e c a n t   c o n f l u e n c e .   T h e  same l o c a t l o n  a s  c o m p l l a n c e  
m o n f t o r l n g   n e t w o r k   S t a t l o n  X-13 .  S t r e a m   b e d   c o n s f s t s  o f  
c o a r s e   a n d   f l n e   g r a v e l .  

On Rose  Creek,  1 km d o w n s t r e a m   o f   t h e   e n t r y   o f   d e c a n t  
s t r e a m .   S t r e a m b e d   c o n s l s t s  o f  c o b b l e s   a n d   c o a r s e   g r a v e l .  

On Rose  Creek ,   about  5km a b o v e   t h e   c o n f l u e n c e   w l t h   A n v f l  
C r e e k .   S t r e a m b e d   c o n s l s t s   o f   c o b b l e s ,   c o a r s e   a n d   f f n e  
g r a v e l .  

On A n v l l   C r e e k ,   a b o v e   c o n f l u e n c e   w l t h   t h e   n o r t h   f o r k   o f  
A n v f l   C r e e k .  

On R o s e   C r e e k ,   a b o v e   t h e   c o n f l u e n c e   w l t h   A n v i l   C r e e k .  
T h e , s a m e   l o c a t l o n   a s   c o m p l l a n c e   m o n f t o r l n g   n e t w o r k  
S t a t l o n  X-15.  S t r e a m   b e d   c o n s f s t s   o f   b o u l d e r s ,   c o b b l e s ,  
a n d   c o a r s e   g r a v e l .  

On n o r t h   f o r k   o f   A n v l l   C r e e k ,   u p s t r e a m   o f   t h e   c o n f l u e n c e  
w l t h   A n v l l   C r e e k .  

On A n v l l  C r . ,  u p s t r e a m   o f   t h e   c o n f l u e n c e   w f t h   R o s e   C r e e k .  
S t r e a m b e d   c o n s f s t s   o f   c o a r s e   a n d   f l n e   g r a v e l   a n d   s a n d .  

On A n v l l   C r e e k ,   u p s t r e a m   o f   t h e   c o n f l u e n c e   w l t h   t h e   P e l l y  
R i v e r .   S t r e a m   b e d   c o n s f s t s   o f   c o a r s e   a n d   f l n e   g r a v e l   a n d  
sand. 

On P e l l y   R I v e r ,   u p s t r e a m   o f   t h e   c o n f l u e n c e  o f  A n v i l  C r .  
S t r e a m   b e d   c o n s l s t s .   o f   c o b b l e s ,   c o a r s e   a n d  f I n e   g r a v e l  

On P e l l y  R i v e r ,  downstream o f  the c o n f l u e n c e  of  A n v l l  
C r e e k .   S t r e a m   b e d   c o n s l s t s   o f   c o b b l e s ,   c o a r s e   a n d   f l n e  
g r a v e l  
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TABLE 2 CYPRUS ANVIL M I N I N G  CORPORATION - SURVEILLANCE NETWORK 
PROGRAM 

P a r a m e t e r s  pH, Tempera tu re ,   Suspended   So l i ds ,   F low ,   Ammon ia  
M o n l t o r e d :   ( N H 3 ) ,   C o p p e r   ( C u ) ,   L e a d   ( P b ) ,   Z i n c   ( Z n ) ,  

C y a n l d e  ( C N ) ,  Manganese  (Mn)   and  Sodium  (Na) .  

IDENTIFICATION  DESCRlPTl ON OF SAME S T A T 1  ON 
NUMBER AND PARAMETERS 

I 
x- 2 

x-3 

x - 4  

x-5 

x- 7 

N o r t h   F o r k   R o s e   C r e e k ,   u p s t r e a m   o f   m l n e   r o a d  
b r i d g e ;   s a m p l e d   m o n t h l y   f o r   a l  I p a r a m e t e r s .  

Rose   C reek   f reshwa te r   a t   pumphouse ;   samp led  
m o n t h l y   f o r   a l  I p a r a m e t e r s .  

l n t e r m e d l a t e  Dam d e c a n t ;   s a m p l e d   w e e k l y   f o r   a l  I 
p a r a m e t e r s .  

C r o s s   V a l   l e y  Dam d e c a n t ;   s a m p l e d   w e e k l y   f o r   a l  I 
p a r a m e t e r s .  

M i n e   w a t e r   a t   r o a d   ' c r o s s i n g ;   s a m p l e d   m o n t h l y   f o r  
a l  I p a r a m e t e r s   e x c e p t  Na. 

I x - 1  0 R o s e   C r e e k   D l v e r s l o n   C a n a l   b e l o w   w l e r s ;   s a m p l e d  
m o n t h l y   f o r   a l  I p a r a m e t e r s .  

x - 1  1 

x - 1  2 

X - 1  3 

X - 1  4 

X - 1  5 

S e e p a g e   f r o m   n o r t h   t o e   o f   t h e   C r o s s   V a l   l e y  Dam; 
s a m p l e d   w e e k l y   f o r   a l  I p a r a m e t e r s .  

S e e p a g e   f r o m   s o u t h   t o e   o f   t h e   C r o s s   V a l   l e y  Dam; 
s a m p l e d   w e e k l y   f o r   a l  I p a r a m e t e r s .  

Combi   ned  seepage  f lows  f rom X - 1  1 and X - 1  2 
u p s t r e a m  of d e c a n t   c o n f l u e n c e ;   s a m p l e d   w e e k l y  
f o r   a l  I p a r a m e t e r s .  

R o s e   C r e e k   d o w n s t r e a m   o f   d i v e r s l o n   c a n a l ,  
s e e p a g e   c h a n n e l   a n d   d e c a n t   c h a n n e l   c o n f l u e n c e s ;  
S a m p l e d   m o n t h l y   f o r   a l  I p a r a m e t e r s .  

R o s e   C r e e k   a t   m o u t h .   S a m p l e   s i t e  Is t h e  same as 
EPS S t a t i o n  6 ( a ) .  

X - 1 6 ,   X - 1 7 ,   X - 1 8  
e v e r y   t w o   m o n t h s   f o r   a l  I p a r a m e t e r s   e x c e p t   f l o w  X - 1 9 ,   X - 2 0 ,   X - 2 1  
G r o u n d w a t e r   m o n l t o r  we1 Is K - 1  t o  K - 6  samp led  

and CN. 
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TABLE 2 CYPRUS ANVIL  MINING CORPORATION - SURVEILLANCE NETWORK 
PROGRAM ( C o n t i n u e d )  

P a r a m e t e r s  pH, Tempera tu re ,   Suspended   So l l ds ,   F low ,   Ammon la  
M o n i t o r e d :  ( N H 3 ) ,  Copper   (Cu) ,   Lead   (Pb ) ,   Z inc   (Zn ) ,  

C y a n i d e  ( C N ) ,  Manganese  (Mn)  and  Sodium (Na). 

DESCRlPTl ON OF  SAME STATION 
AND P A R A M E T E R S  

D i s c h a r g e   f r o m   F a r o  f l  P i t  pumps; samp led   week ly  
f o r  pH, s u s p e n d e d   s o l i d s ,  NH3,  Cu, P b ,  Zn 
and Mn. 

P l t   d r a l n a g e   a t   t o e   o f   w a s t e  rock  p l l e   u p s t r e a m  
o f  X - 7 ;  s a m p l e d   w e e k l y   f o r  pH, s u s p e n d e d   s o l i d s ,  
NH3, Cu, Pb,  Zn a’nd Mn. 

G r o u n d w a t e r   s t a t i o n   m o n l t o r   w e l l s  1.0.2 and 
I.D.6; samp le  every  t w o   m o n t h s   f o r  a1 I 
p a r a m e t e r s  e - x c e p t  f I ow and CN. 

m 

m 
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3 METHODS 

Environmental q u a l i t y  monitoring of the 10 different  stations 
a t  CAMC was  done on July 26 and September 15, 1983. A1 1 sample 
stations  are i n  similar  locations t o  past  studies by Environmental 
Protection Service except s ta t ions  6 and 7. The 1983 sampling  program 
a1 tered S ta t ion  6 t o  be on Rose  Creek  upstream of i t s  confluence w i t h  
A n v i l  Creek instead of on A n v i l  Creek (Figure 2) and S t a t i o n  7 t o  be on 
A n v i l  Creek  upstream of the Rose  Creek confluence instead of the north 
fork of A n v i l  Creek.  Access t o  station 1 - 3 was by road and t o  
stations 4 - 10 was by helicopter. The historic EPS monitoring 
stations will be referred t o  by number  whereas the 1983 stations 6 and 
7 are '  accompanied by a let ter [6 ( a )  and 7 ( a ) ] .  Information was 
collected on water qua l i ty  and quant i ty ,  sediment characteristics and 
benthic invertebrates a t  each station. In  add i t ion ,  bioassay testing 
and attached a lga l  tissue  analysis were  performed on samples  from 
specific  stations. 

3.1 Water Q u a l i t y  and Quan t i ty  

Water  samples  were collected i n  triplicate on July 26 and i n  
dupl  icate on September 15, 1983. Sampl e co l l  ecti on, preservation, 
and analysis methods are described i n  Appendix 1, Table 1. Flow 
measurements  were  taken on July 26, 1983 using a Price type AA 
electronic  current meter, except for  Stations 9 and 10 on the  Pelly 
River. The  Pel l y  River was too 1 arge t o  sample w i t h  the equipment 
available. When t a k i n g  flow measurements, an area w i t h  a uniform cross 
section was chosen for the metering. Ten readings were taken across 
the profile of the stream a t  each station whenever possible. Total  
discharge was calculated as the summation of these  fractional 
discharges. Water qua l i ty  field measurements included temperature, 
conduct ivi ty  , pH and dissolved oxygen.  Rep1 icate Val ues  were n o t  
collected  for these parameters. Most of the analyses were  conducted a t  
EPS Laboratory Services, 4195 Marine Drive, West  Vancouver, B.C. These 
i ncl uded pH, conducti v i  t y  , col or,  turbi d i  t y  , non-f i 1 terabl e residue, 
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t o t a l  a1 k a l   i n i  ty  , t o t a l  hardness, t o t a l  phosphates, n i t r i t e s ,   n i t r a t e s ,  
a m n i a ,   s u l f a t e ,   c h l o r i d e  and the   fo l low ing   ex t rac tab le   meta ls :  
A1 umi num (A1  Cobal t (Co Selenium  (Se) 
Antimony (Sb 1 Copper (Cu 1 S i l i c o n  ( S i  1 
Arsenic  (As)  I ron iFe) S i l v e r  (Ag) 

Boron (B )  Lead (Pbl Sodium (Na) 

Bar ium (Ba) Magnesium (Mg) Strontium ( S r )  

Be ry l l i um (Be) Manganese (Mn) Tin (Sn) 

Cadmium (Cd) Molybdenum (Mol Titanium ( T i  
Cal c i  um (Ca 1 Nickel  ( N i  Vanadi um ( V  
Chromi um ( C r  Potassium (K) Zinc  (Zn) 

The percent  d issolved oxygen sa tu ra t i on  ( X  DO) was ca lcu lated 
by f i r s t  determining  the  dissolved oxygen saturat ion  concentrat ion ( S '  
from the formula: 

S '  = S P (APHA e t  a1 1975) - 
760 

where S '  = dissolved oxygen (DO) satura t ion   concent ra t ion   a t  
the i n   s i t u  temperature and atmospheric  pressure 

S = dissolved oxygen (DO) saturat ion  concentrat ion a t  
sea 1  eve1 f o r  i n  s i t u  temperatur 

P = atmospheric  pressure i n  m i  11 imeter  of   mercury (mn 
Hg) a t   s i t e   e l e v a t i o n  

The percent  dissolved oxygen sa tu ra t i on  was obtained by u s i n g   t h e   r a t i o  
o f  f i e l d   d i s s o l v e d  oxygen and S '  i n  the  fo l lowing  formula:  

Do x 100 = X DO Saturat ion 
S '  

where Fie1 d DO = Dissolved Oxygen concentrat ion measured i n   t h e  
f i e l d  

3.2 Sediment 

Sediment  samples  were c o l l e c t e d   a t   t h e  same t ime as water samples. 
Sediments  were co l lected  near   the bank below  the  water  level ,  and 
se lec ted   f o r   t he i r   rep resen ta t i veness   o f   t he  streambed as much as 
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possible.  Three  sediment samples  were co l l ec ted  a t  each s i t e   u s i n g  an 

aluminum shovel t o  scoop t h e  samples i n t o   p r e - l a b e l   l e d  geochemical 
sampling bags w i t h i n  Whirl-PakTM bags. A d e s c r i p t i o n   o f  sediment 
co l lect ion,   preparat ion and ana lys is  methods i s  given i n  Appendix I ,  
Table 2.  A1 1 sediment  samples  were air shipped t o  Vancouver fo r  
analysis  at  Laboratory  Services,  Envi  ronmental  Protection  Service, 4195 
Marine  Drive, West Vancouver, B.C. The r e p l i c a t e  sediment  samples  were 
each  analysed f o r   p a r t i c l e   s i z e  and the  fo l lowing  leachable  metals.  

A1 umi  num (A1 ) 
Arsenic  (As) 
Bar i  um (Ba) 
Beryl 1 i um (Be) 

Cadmi um (Cd) 
Calcium (Ca) 

Chromi um (Cr) 
Cobalt (Co) 

Copper (Cu) 

I ron  (Fe) 
Lead (Pb) 
Magnesi um (Mg) 
Manganese  (Mn) 

Mercury  (Hg) 
Molybdenum  (Mo) 

Nickel  (Ni ) 
Phosphorus ( P )  

Potassium ( K )  

S i l i c o n   ( S i )  
S i  1 ver (Ag) 
Sodi um (Na) 
S t  r o n t  i um (Sr)  

T i n  (Sn) 
T i tan ium  (T i )  

Vanadi um ( V )  
Z i  nc  (Zn) 

3.3 Bottom Fauna 
Bottom  fauna  col lect ion,  preservation and i d e n t i f i c a t i o n  

methods a re  summarized i n  Appendix I ,  Table 3.  The benth ic   inver te-  
brates  were  sampled  at   each  of  10 s t a t i o n s   u s i n g  an a r t i f i c i a l   s u b s t r a t e  

sampler. The samplers  were  placed i n   t h e  stream on J u l y  26, 1983  and 
l e f t   t o   c o l o n i z e   f o r  50  days  before  retr ieving on  September  15, 1983. 

Three  rep l icate samples  were c o l l e c t e d   a t  each s ta t ion .  The substrate 
used i n   t h e   a r t i f i c i a l   s u b s t r a t e  samplers was taken  d i rec t l y   f rom  the  

streambed a t  each s t a t i o n s  and consisted o f  rock sizes  ranging  from  lcm 

t o  8cm i n  size. The rocks  were  not washed o r  brushed i n  o r d e r   t o  
loosen  debris,  sediment and benthic  invertebrates.  The  maximum volume 

o f   t h e   a r t i f i c i a l   s u b s t r a t e  sampler i s  0.0057 m3. 
The samplers  were 1 ocated i n   t he   c reeks   a t   va r ious   dep ths  

(30-60 cm) along a cross-sect ion o f  the  stream, deep pools and f a s t  
currents  were  avoided. A p lankton  net (mesh opening 0.76 mm) was used 
t o  capture any organisms los t   f rom  the  sampler  dur ing  retr ieval .  
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3.3.1 D i  versi  ty/Evenness  Indices . D i  versi  ty/evenness i ndi  ces were 
calculated  from  the  bottom  fauna  data  using  the Shannon-Weiner 
d ivers i ty   index  descr ibed by Pie lou (1975) and modif ied as fo l lows: 

9 
Species D i v e r s i t y  (HI ) = - Z ' ( P i  l o g l o  P i )  

i = l  
where P i  = ni /N 

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

i t h  genus 
N .  = t o t a l  number o f   i n d i v i d u a l s   i d e n t i f i e d  

t o  ,genus level  and/or  species 
taxonomic 1 evel i n  one sample 

g = t o t a l  number o f  genera i n  one  sample 
The use o f  i n d i v i d u a l s   i d e n t i f i e d   t o  genus leve l   ins tead o f  

t o  s p e c i e s   l e v e l   r e s u l t s   i n   s l i g h t l y   l o w e r  and conserva t ive   d ivers i ty  
index (H' values (Hughes, 1978). I n d i v i d u a l s   t h a t  were n o t   i d e n t i f i e d  
t o  genus 'or  species 1 evel , were no t   inc luded  in   the   the   Spec ies  
D i v e r s i t y   c a l c u l a t i o n   b u t   a r e   l i s t e d   c o l l e c t i v e l y   w i t h   a l l   i n d i v i d u a l s  
t h a t  were (Appendix IV, Tab1 es 1 and 2). 

The d i v e r s i t y   o f   t h e   b e n t h i c   i n v e r t e b r a t e  ,omnuni t y  depends 
on the  number o f  species and the evenness w i th   wh ich   the   ind iv idua l  s 
are  apport ioned among  them.  The method o f  measuring evenness used i n  
t h i s   r e p o r t   i s   d e s c r i b e d  by Pielou  (1975) and i s  gdven by  the  formula: 

Evenness J' = HI - 
- l o g  9 

where H '  = the   spec ies   d ivers i ty  
g = the  number o f  species 

3.2.2 Conmuni t y  Index. The ben th i c   comun i   t i es  were a1 so analysed 

using  the  Percent  s imi lar i ty  index  (Psc) as t he  community index, 
comparing  each s ta t ion   to   o ther   s ta t ions   us ing   the   fo rmula  as described 
by  Brock  (1977). 

I 

m 

L 
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k 
Psc = 100 - 0.5 C I a-b I 

where a and b are,  for a given  genus, percentages of the t o t a l  samples 
A and B w h i c h  t h a t  genus represents. The absol  Ute value of their 
difference is summed over a l l  genera, k .  

3.4 Attached  Algae. Tissues of a f i  1 amentous a1 gae (Class 
Bacillariophyceae) from S t a t i o n  3 (seepage) were analysed for 
extractable metals. The analysis involved one  sample on July 26 and 
three on September 15, 1983. 

3.5 Bioassay. Duplicate bioassay samples  were collected a t  
S t a t i o n  1 (Rose Creek) and a single sample a t  S t a t i o n  3 (seepage) on 
July 25, 1983. The bioassays were  performed a t  the Whitehorse EPS 
1 aboratory using Daphnia pulex. The results involved an acute toxic i ty  
test  for 48 hours (48h-LC50) and 96 hours (96h-LC50). 

3.5.1 Control Water Details. The t a p  water used for d i l u t i o n s  of 
bioassays and experimental controls  originated from the City o f  

Whitehorse  water  supply. The water was filtered through a carbon 
f i l t e r  and aged t o  ensure dechlorination. The water was aerated t o  
saturation w i t h  oxygen and adjusted t o  20°C prior t o  use. 

3.5.2 Test Organism Culture. The  Daphnia  pulex culture  originated 
from EPS At1 an t ic  Region.  The Daphnia pulex popula t ion  was adapted t o  
a 1 i g h t  cycle of 16  hours of day and 8 hours of n i g h t .  Culture 
temperatures were kept between 20-23"C, pH 7.5-8.2 and dissolved oxygen 
( D O )  5.0-8.0 ppm. Feeding occurred three times a week and included a 
composition of trout chow, yeast and cerophyll r. The test  organisms 
used, were 1 ess than 48 hours  ol d.. The criteria  for the  acute toxic i ty  
test  was the mortality of the organisms as defined by the lack of 
antenna, phyll  opodes or abdominal  movements. Two different exposures 
were  performed, a 48  hour test  for S t a t i o n  1 (Rose Creek) and a 96 hour 
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t e s t   f o r   S t a t i o n  3 (seepage). The t e s t s  were  conducted a t  2OoC w i t h  no 
aerat ion f n the 200 ml test   vessels .  The loading  densi ty was one 

Daphnia  pul ex per 20 m l  . 
3.5.3 Sta t i s t i cs .   S ta t i s t i ca l   t r ea tmen t  o f  the   rep l i ca te   da ta  
invo lved  ca lcu la t ing   the   a r i thmet ic  mean (Z)  and standard  deviat ion 
(S .D. ) .  Certa in   compar isons  invo lved  the  use  o f   conf idence  l imi ts  
us ing   the   S tudent 's   t -d is t r ibu t ion   fo r   smal l  samples and c o r r e l a t i o n s  
(r). The formula  used fo r   t hese   ca l cu la t i ons   a re   acco rd ing   t o  Sokal 
and Rohlf  (1981). 

m 

m 

m 

am 
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4 RESULTS AND DISCUSSION 

4.1 Water Qua l i t y   Phys ica l  and Chemical  Parameters 

Data o f   t h e  rep1 icate  water   chemist ry   co l lected i s  presented 

as an a r i t hmet i c  mean (F) and st.andard dev ia t i on  (S.D.) f o r  each 
s t a t i o n   i n   T a b l e s  1 and, 2 o f  Appendix 11. Figures 4 t o  9 prov ide 

graphic   representat ion  o f   the  t rends  o f   se lected  parameters,   the i r  
d i s t r i b u t i o n  and mixing i n   t h e  stream. 

4.1.1 
v a r i a t i o n s   i n   t h e   f l o w  regime  between the  two  sampling  periods  can  be 
assessed  only by water  level  observations on t h e   r i v e r  bank. September 
15, 1983 water   leve ls  were  equal t o   o r   h ighe r   t han   Ju l y  26, 1983 a t  all 
sta t ions .  The increase i n   f l o w  .between Sta t ions  1 and 2 on   Ju ly  26 i s  
a resu l t   o f   inc reases   f rom  the   nor th   fo rk   o f  Rose Creek and Faro Creek. 

The cross  va l ley pond seepage, measured a t   S t a t i o n  3 (compliance moni- 
t o r i n g  sampling  Stat ion X-13) remained unchanged dur ing  the  sampl ing 

per iods,   wi th   mix ing  propor t ions  wi th  Rose Creek,  being  approximately 
1:20 du r ing   Ju l y .  The f low measured a t   S t a t i o n   6 ( a )  (Rose Creek) and 
S t a t i o n  7 ( a )  (Anv i l  Creek)  were  comparable, 4.50 and  4.32  m3/sec 

respect ive ly  . 

- Flow.  Flow measurements were taken  only on J u l y  26, 1983  and 

The Water  Survey o f  Canada da ta   co l l ec ted   f o r  Rose Creek 
below Faro Creek (upstream o f  Station 2 on Rose Creek) i s  ava i l ab le  
f o r  1968  and 1969.  The monthly means i n d i c a t e   t h e  peak f l o w   f o r   t h e  
year  i s  expected t o  occur  during  spring  breakup  (Apri l-June)  with, a 

secondary  smaller peak occurr ing  before  f reeze up  (Sept.-Oct.) (Hoos, 
1973). 

4.1.2 Dissolved Oxygen. ' Percentage  dissolved  oxygen (% DO) l e v e l s  

reco rded   a t   S ta t i ons   1 -10   a re   i l l us t ra ted   i n   F igu re  4 and l i s t e d   i n  
Appendix I I Table 1. Rose Creek,  Anvi 1 Creek and no r th   f o rk   o f   Anv i l  

Creek  had stable  percent  d issolved oxygen (% DO) leve ls   ranging between 
85  and 98% saturation.  Percent  dissolved oxygen (%DO) a t  S ta t i on  3 
(seepage  from t h e   t o e   o f   t h e  Cross  Val l e y  dam)  was 38% dur ing  both 
sampling  periods.  Stat ion 9 (Pel l y  River)  had a mean for   both  sampl ing 
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dates of 71% DO. The low 'x, DO levels a t  S t a t i o n  3 (seepage)  indicate 
the source of flow may be partially from  groundwater origin. The 
origin o f  the seepage (Station 3 )  i s discussed t o  a greater extent 
later i n  the text. The results a t  S t a t i o n  10 (Pelly River  downstream 
of Anvil  Creek confluence) suggest t h a t  Anvil  Creek  enhances the 
dissolved oxygen content i n  the river, a t  least a1 ong the north bank 
where the plume  from A n v i l  Creek i s  located. 

4.1.3 pH. The pH of the water i n  the study area tends t o  increase 
uniformly progressing downstream  from  Rose  Creek S t a t i o n  1 (pH 7.3) t o  
Anvi 1 Creek S t a t i o n  8 of (pH 8.1). Laboratory pH varies 1 ess t h a n  0.3 
pH units between  samplings on July 26, 1983 and September 15, 1983. 
S t a t i o n  3 (seepage) averaged a pH of 7.6 whereas S t a t i o n  2 (Rose  Creek) 
averaged  7.8. McNeely (1979) indicates surface water  general ly  tends 
t o  be alkaline, whereas  ground waters are more acidic.  

The d a t a  presented by Hoos (1973) and Baker (1979) present a 
similarity i n  the range and the spatial  variation of pH as found in 
this study. Weagle (1981) found higher pH values ranging between pH 8 
and pH 10 as far as Stations 4 and 5. The cause for  these higher 
values was not discovered b u t  suspected t o  be the reagent additives 
(lime) i n  the mill effluent. 

4.1.4  Conducti v i  t y  and F i  1 terabl  e Residue. Conducti vi ty  gives a 
measure of the ions i n  the water  while filterable residue i s  a measure 
of the exact content of dissolved sol ids. As shown i n  Figure 5 for 
both parameters, S t a t i o n  3 (seepage) adds a h i g h  i n p u t  of mineral t o  
the water. This  impacts on the stream by increasing  the  level of 
minerals downstream relative t o  the upstream stations  (Stations  1 and 
2, Rose Creek). Once the seepage and Rose Creek are uniformly  mixed, 
the level of mineral a t  downstream S t a t i o n  5 (252-289  umhos/cm), i s  
twice t h a t  of Rose  Creek  upstream of any mine influence (108-141 
umhos/cm). 

The conduct ivi ty  values have varied temporally  over the  years 
Hoos (1973) reported spatial  similarities i n  conductivity a t  most 
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stations. In 1974 and 1976 all EPS laboratory conductivity values of 
downstream stations (4-10) ranged  between 150-200 umhos/cm and tended 
t o  be  lower than results of this study (228-289 umhos/cm) . I n  1975, 

the readings were i n  the same range  as this study except for S t a t i o n  2 
(Rose  Creek) which  was lower (Baker, 1979).  Baker (1979) has indicated 
t h a t  for the years t h a t  seepage  from the t a i l i n g s  pond (EPS S t a t i o n  3, 
X-13) has  been  measured, the  conductivity has fluctuated  greatly, from 
136 umhos/cm t o  94010 umhos/cm. Conductivity of the seepage a t  Station 
3  (X-13) during this study had l a b  conductivity of 929-955 umhos/cm. 

4.1.5 Color. Color of the water i s  a result of metal 1 i c  ions and 
soluble coloured organic compounds remaining after the t u r b i d i t y  is 
removed. I n  July,  color was equal t o  or higher than the September 
samples a t  upstream Stations 1-4. Downstream stations (Stat ions 5-10) 

in July had values 1 ess t h a n  or equal t o  the September  samples.  This 
may reflect heavy rains a few  days prior t o  sampling and the  increase 
of organics leached from the l a n d  w h i c h  contain various humic acids 
t h a t  contribute t o  color.  

4.1.6 Turbidity. Turb id i ty  i s  an expression of the opt ical  
property i n  water t h a t  causes l i g h t  t o  be scattered and absorbed rather 
than be transmitted i n  straight  lines through a sample.  The t u r b i d i t y  
measured during this study i s  generally low, i n  the range of 0.10-0.20 
FTU, b u t  d i d  show an increase a t  Pel l y  River Stations 9 and 10 w i t h  
values up t o  4.4 FTU (Figure 6 ) .  Turbidity a t  Pelly River Station 10 
was slightly lower t h a n  S t a t i o n  9 Pelly River as a result of the 
influence of A n v i l  Creek outflow. The higher level of turbidity i n  the 
Pelly River on the July sample date may be attributed t o  an increased 
level of rain induced colloidals and organic acids. 

Comparison of our results w i t h  the previous studies (Hoos 
1973, Baker 1979, Weagle 1981) clearly shows t h a t  low turbidity  levels 
a t  sampling stations  existed i n  1983. Turb id i ty  level comparisons of 
1973 t o  1978 are  generally 10 t o  20 times greater and 30 times greater 
i n  1974, than our results. For those years, the turbidity  levels a t  
Rose  Creek control station (S ta t ion ,  1) varied between 0.55 and 2.50 FTU 
higher t h a n  observed in 1983. 
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4.1.7 Non-fil terabl e Residue (NFR) . The NFR or suspended solids  is 
t h a t  portion of a sample  remaining on a f i l ter   after  f i l tration. NFR 
values (Figure 6) for a l l  stations i n  July and September  were a t  the 
detection 1 imi t ( 5  .O mg/l) except S t a t i o n  5-10 i n  September  where an 
incident caused by increased precipitation and resulting erosion was 
recorded. Figure 6 indicates a 1 ack of correlation between NFR and 
t u r b i d i t y  values, particularly a t  Stations 5 t o  7 i n  September  when 
increased NFR values were not  accompanied by an expected increase i n  
t u r b i d i t y .  S t a t i o n  5 (Rose  Creek) i n  September,  shows  very h i g h  NFR 
variability as reflected by the standard deviation,  indicating this 
S t a t i o n  t o  be a mix ing  zone. 

4.1.8 A1 kal i n i  t y  and Hardness. A1 kal  i ' n i  t y  i s  a measurement of the 
power of a solution t o  neutralize hydrogen ions (EPS, 1976). Hardness 
i s principal ly  determined by the sum of calcium (Ca)  and magnesium 
(Mg). Al.kalinity and hardness values follow similar  patterns  (Figure 
7 )  temporally and spatial. . Hardness and a1 kal i n i  ty  were elevated i n  

. the t a i l i n g s  seepage (S ta t ion  3 )  relative t o  creek and river  stations. 
S ta t ion  7 ( a )  ( A n v i l  Creek) shows s l i g h t l y  higher a l k a l i n i t y  

values than do stations on Rose  Creek or further downstream.  The 
difference i n  a1 kal  i n i  ty  between  Rose and A n v i l  Creeks may be  due t o  
the  neutralization o f  a c i d i t y  generated from the tailings ponds a t  the 
Cyprus  Anvil  mine site.  Previous studies (Hoos, 1973, Baker 1979, 
Weagle 1981) have  shown similar  patterns of a1 kal i n i  t y  and hardness. 

4.1.9 Total Phosphate.  Phosphate levels  are low for b o t h  Rose and 
A n v i l  Creeks. They vary from below detection limit (0.0050 mg/l) t o  
0.0080 mg/l - + .002. S ta t ion  9 (Pelly River) had a phosphate level on 
July 25 o f  0.016 mg/l - + 0.002. These are lowered a t  S t a t i o n  10 (Pelly 
River) as a result of A n v i l  Creek i n p u t  t o  0.010 mg/l - + 0.001. 
Phosphates are eliminated and recycled fairly quickly i n  streams and 
mal 1 quantities may actual ly  occur i n  solution i n  the water  (Hynes 
1972). 
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4.1.10 Ammonia. The levels of ammonia (NH3) i n  the seepage  water 
( S t a t i o n  3) of 0.5 t o  0.7 mg/l , are 2 orders of magnitude higher t h a n  
in Rose  Creek ( S t a t i o n  l)(Appendix 11, Table 1). Ammonia (NH3) i s  
present i n  groundwater, particularly a t  colder temperatures(EPS, 1972). 
The toxicity of ammonia decreases w i t h  temperature, attributable t o  a 
decrease i n  the  concentration of the un-ionized ammonia fraction, b u t  
increases a t  low oxygen concentrations. Yake and James (1983) report 
t h a t  a t  a pH of 7.5 t o  8.0 and a temperature of 5 O C ,  the percentage of 
un-ionized ammonia i n  an ammonia water solution i s  0.4 t o  1.0. Ammonia 
(NH3) tox ic i ty  a t  S t a t i o n  3 (seepage) increased a t  low oxygen levels 
t o  a concentration of 0.0106 mg NH3/l. Recommended toxi ci t y  of 
ammonia i s  not t o  exceed 0.020 mg.NH3/1 (Thurston e t  a l ,  1979). Some 
synergism occurs w i t h  cyanide, and ammonia tox ic i ty  i s  additive t o  the 
toxic i ty  of t i  nc and copper  (Thurston et  a1 , 1979). 

4.1.11 Nitrite and Nitrate. On July 25, 1983 nitrite  levels a t  a l l  
stations were  below the  detection limit (<0.0050 mg/l) while i n  
September the means of each station ranged  from 0'.0090 - + 0.0000 mg/l t o  
0.013 - + 0.0007 mg/l (Appendix 11, Tab1 e 1). 

The  mean nitrate values ranged  from less than the  detection 
limit of 0.010 mg/l t o  0.065 - + 0.004 mg/l. The amount of nitrate was 
higher i n  September than i n  July. The 1 eve1 s of those two nitrogen 
compounds  were  very low a t  the upstream  Rose  Creek stations (Stat ions 1 
and 2) b u t  increased significantly i n  September a t  the seepage location 
( S t a t i o n  3) .  Knowing t h a t  the ammonia level i s  higher i n  the seepage 
a t  S t a t ion  3 (Appendix 11, Table 1) indicates the process of transfor- 
mation t o  a more oxidized form may occur. T h i s  transformation may a1 so 
contribute t o  a certain  extent t o  deplete  the percent dissolved oxygen 
(% DO) .  Another cause of the  difference between the two sample periods 
may be attributable t o  the rainfall and surface runoff experienced, 
which  may contribute t o  increases i n  the  level o f  nitrate i n  the stream 
( Hynes 1979 . 



- 24 - 

4.1.12 Sulphates. The level of sulphates  (Figure 8)  a t  S ta t ion  3 
(seepage) was 30-40 times greater t h a n  upstream  Rose  Creek Stations 1 
and 2 (Appendix 11, Table 1) on both sample dates. The  mean amount 
varies i n  September from 468 - + 10.6 mg/l (S ta t ion  3 seepage) t o  10.4 - + 
0.07 mg/l (Rose  Creek Stat ion 1). This chemical is one of the major 
compounds responsible for the  increase of conductivity , hardness, 
alkalinity and filterable residue a t  S t a t ion  3 (seepage). The 
potential hazard associated w i t h  a h i g h  concentration of sul phates, i s  
t h a t  i n  acidic deoxygenated water, the  sulfates could be  reduced t o  the 
form of H2S which i s  toxic t o  fish i n  i t s  undissociated form t o  a 
level of 2 ug/'l (Thurston e t  a1 1979). In neutral and alkaline 
deoxygenated water, the  sulfate will be  reduced t o  the form of FeS 
which precipitates b u t  when the iron is  a l l  utilized, the reduction 
will be to the form o f  H2S. A t  Station 3 (seepage),  ionized  iron i s  

st i l l  available and the alk.alinity pH indicates  further buffcr ing 
ava i l  able therefore  there is  l i t t l e  concern for the transformation of 
sulphate t o  sul ph i  te . 

The effect of s u l p h u r  from CAMC i s  highlighted when comparing 
levels a t  Stat ion 7 ( a )  ( A n v i l  Creek) and S ta t ion  6 ( a )  (Rose Creek) w i t h  
mean values of 19 mg/l and 46 mg/l respectively. r, prus A n v i l  ' s ores 
are massive  sul fides consisting primarily of pyrite,  pyrrhotite, galena 
and sphalerite. The t a i  1 i ngs from this ore body are h i g h  i n  sul fide 
mineral s and have  been studied by others (Davi dge, 1984).  

4.2 Water Qual i ty  - Metals 

4.2.1 Extractabl e Metal Analysis. The extractable metal s i n  the 
waters of Rose and A n v i l  Creeks, the settling pond seepage and the 
Pelly River are given i n  Appendix 11, Table 2. The mean (z) values of 
the da ta  from the July 26 survey is  calculated from three grab samples 
while the September 15 survey i s  calculated on two grab samples. 

For a l l  the stations and on bo th  sampling dates,  silver (Ag) ,  
beryllium (Be), cadmium (Cd),  cobalt ( C o ) ,  chromium (Cr), 
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molydenum (Mol,  antimony  (Sb),  selenium  (Se), t i n  (Sn), and vanadium 
(VI values were below  the EPS Laboratory  detection limit f o r   t h a t  
element.  Arsenic ( A s ) ,  boron ( B ) ,  barium  (Ba),  nickel ( N i ) ,  lead (Pb), 

s i l i c a  ( S i )  and t i t an ium  ( 'T i )   l eve l s  were over  the  'detect ion limit but  
below  acceptable  levels  for   dr inking  water and f o r   a q u a t i c   l i f e .  These 
metals showed l i t t l e   f l u c t u a t i o n   s p a t i a l l y  and temporal ly  along  the 
creek,  suggesting no impact  from  the mine. 

Calcium  (Ca),  potassium (K), magnesium (Mg) and stront ium 

(Sr)  values were a1 1 less   than  the   acceptab le   leve l   fo r   the   p ro tec t ion  
o f   aqua t i c  1 i f e .  Seepage a t   S t a t i o n  3 contained  levels  of   these  metal  s 
which exceeded Rose Creek ( S t a t i o n  1) by 3 t o  6 times.  Levels o f  these 
metals a t   S t a t i o n  4 (Rose Creek) and f u r t h e r  downstream,  were lower 
than  the seepage (Stat ion  3)   va lues  but  remained elevated  over  Stat ion 
1, i n d i c a t i n g  the in f luence o f  the seepage. This  increase may be due t o  

the  input  of   those  elements by erosion because  comparable l e v e l s  r ? 

m e t a l   e x i s t   i n   A n v i l  Creek a t   S t a t i o n   7 ( a ) .  
Manganese (Mn and  sodium  (Na) a t   S t a t i o n  3(  seepage were 

from 40 t imes   t o  150 t imes  higher  than  the  background  levels measured 
a t   S t a t i o n s  1 and 2 (Rose Creek).  Associated  dilution  decreased 
S ta t i on  3 seepage l e v e l   e f f e c t   i n  Rose Creek (Stat; n 6) t o  a value 
which  remained  marginal ly  higher  than  Stat ion 7 ( a )  Anvil Creek. 

I ron   (Fe)  and aluminum (All showed var ia t ion   w i thout   pa t te rn .  
I ron  (Fe)   leve ls   increased 8 t imes a t   S t a t i o n  3 (seepage)  between 
sample d a t e s   b u t   t h i s   i s   n o t  seen a t  any other   locat ion.  The aluminum 
(A1 a t   S t a t i o n  7( a )  (Anv i l  . Creek)  exceeds the reconmended 1 eve l   fo r  

aquatic 1 i f e  as out1  ined by Health and We1 f a r e  Canada,  on September 15, 
1983, b u t  was the  on ly  sample t o  do so. 

4.2.2 Copper. The l e v e l   o f  copper d i f f e r s   n o t a b l y  between the  
sampling  dates  (Figure  9). All samples c o l l e c t e d  on J u l y  26, 1983 had 

copper l eve l s   be l  ow the  recommended 1 evel   for   aquat ic  1 i f e   w h i l e  on 
September 15, a1 1  samples  exceeded t h i s   l e v e l  o f  0.0050 mg/l . Demayo 
and Taylor (1981 1 suggest a 1 imit o f  copper o f  0.0020 mg/l t o t a l   i n  

water   but   a lso  ment ion  that   ex is t ing  leve ls  and e f f e c t s   o f   l o c a l   w a t e r  
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q u a l i t y  must be taken  into  account when' s e t t i n g  an o b j e c t i v e   f o r  copper 
fo r   spec i f i c   bod ies   o f   water .  The  Yukon T e r r i t o r y  Water Board  require 
Cyprus  Anvil to meet a l e v e l   o f  0.20 mg/l (ex t rac tab le )   fo r   copper   in  
the  e f f luent   d ischarge.   Stat ion 3 (seepage)  exceeded this  requirement 
on September 26, 1983. 

According to Nriague (Demayo  and Taylor  19811, approximately 
25% o f   t h e  copper i s  from natural  sources  (windblown  dusts,  vegetation 
exudates, volcanic  emissions, sea sa l t   spray)  and t h e   r e s t   i s  from 
anthropogenic  sources. I n  an intensive  study o f  Susquehanna River by 
Troup and Br i cke r  (Demayo  and Taylor,  1981) it was' found t h a t   t h e   t o t a l  
metal  concentrations (Mn, Fe, Cd, Cr, Co,  Cu, N i  and Zn)  were 
co r re la ted  with the  d ischarge  o f   the  r iver  and w i t h   t h e   t o t a l  suspended 

sol ids,  thus i n  a per iod o f  high  discharge,  most  of  the  metals were 
c a r r i e d   i n   t h e  suspended so l i ds  phase. Another  study by J e n n e t t   e t  a1 
(Demayo  and Taylor,  1981)  monitoring  the  water  qual i ty  of a reg ion   c f  
mining and m i l l i n g ,  found tha t   dur ing  peak runof f   per iods  fo l lowing a 
storm,  dissolved  metal  concentrations  increased  abruptly and suspended 
so l ids   inc reased  s ign f ican t ly .  The concentrat ion o f  copper i n   t h e  
water may also  increase by the  formation  of  copper complexes. The 
increase  of   organic  acid  concentrat ion  der ived frr 1 complexing a1 so 
r e s u l t s   i n   i n c r e a s e s  o f  pH ( B o l t e r  and Butz, 1975, quote i n  Demayo and 
Taylor,  1981). 

The analysis  performed on our  water  qual+ Ly i s   f o r   e x t r a c t -  
able  metal  which  include  the  dissolved  metals,  the  absorbed  metal on 
smal l   inorganic   par t ic les and the  organic complex  which are  d igested by 
the  acid. The highest peak recorded i n  September i s   a t   S t a t i o n  2 (Rose 
Creek)  which  drains  the  northeast  s ide  of   the  mine  property.   Signi f i -  

cant  increases i n  Copper  (Cu) l e v e l s   a t   S t a t i o n  1 (Rose  Creek Control 
S ta t i on )  may be a t t r i b u t a b l e  t o  the   h igh   f l ows   i n  September. 

Previous  data on Rose Creek (Hoos 1973, Baker 1979, Weagle 

1981) for   ext ractable  copper  shows leve ls   on l y   a t   t he   de tec t i on  limit 
o f  0.01 mg/l,  which i s   s t i l l   t w i c e   t h e  recommended leve l   fo r   sa fe  
aquatic l i f e  (Thurston e t   a l ,  1979).  Generally, downstream s t a t i o n s   i n  

September  had leve ls   tw ice   the   de tec t ion  limit o f   e a r l i e r   s t u d i e s .   I n  
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1978, signif icantly  higher  (6-7  t imes)  copper  (CUI  levels were recorded 
i n  Rose Creek (Baker,  1979). I n   J u l y ,  copper (Cu) leve ls   a re  below 
acceptable  for   dr inking  water (1.0 m g / l )   a t   a l l   s t a t i o n s .  

4.2.3 - Zinc. The 1 eve1 s o f   e x t r a c t a b l e   z i  nc i n  the  water were a1 1 
c lose  to  or   h igher  than  the EPA recommended leve l   fo r   aquat ic  1 i f e   o f  
0.030 mg/l  (Thurston e t  a1 , 19791, except  Stat ion 3 (Seepage) on J u l y  
26 which was 0.0020 mg/l (Figure ,101. DeMayo  .and Taylor  (1981)  suggest 
d i f fe ren t   acceptab le   leve l  s o f   z i  nc based on the  hardness 
c lass i f i ca t i ons   g i ven   i n   t he   Hydro log i ca l   A t l as   o f  Canada 1978. For a 
hardness as mg/l CaC03 0 t o  120, the maximum acceptable  level  of 
t o t a l   z i n c   i s  0.050 mgll;  hardness 120-180, t h e   l e v e l   i s  0.10 mg/l o f  
zinc;  hardness 180-300, 0.2 mg/l  zinc and over 300 the  z inc  leve l  may 

be up t o  0.30 mg/l 
The d is t r ibu t ion   o f   z inc   in   the   water   th roughout  Rose Creek, 

fo l lows  s im i la r   pa t te rns  as copper (CUI. September l eve l s   o f   z i nc  
exceeded both recommended EPA and Health and Welfare Canada leve ls  

except   Stat ion 3 (seepage)  which,  because  'of  hardness ( 300 mg/ l ) ,   d id  
n o t  exceed the Canadian  guide1 ine.   Z inc  leve ls   o f  upstreams s ta t ions  

a r e   h i g h   i n   t h e  fall and it may be caused by high  f lows  increasing 
e ros ion   i n to   t he  stream. The values  observed a t   S t a t i o n  2  (Rose Creek) 
which were the  highest  value  recorded i n   t h i s  s tudy,   are  a t t r ibuted  to  
the  drainage o f  the  east   par t  o f  the  mine by the  the nor th  fork o f  Rose 

Creek. The water 1 icence  issued by the Yukon T e r r i t o r y  Water  Board, 
i d e n t i f i e s   t h e  maximum l e v e l   o f   z i n c   p e r m i t t e d   i n   t h e   e f f l u e n t   t o  be 
0.50 mg/l z inc   (ex t rac tab le ) .  A1 1 s t a t i o n s   f e l l   w i t h i n   t h i s  
requirement. 

Demayo and Taylor  (1981)  suggested  that i n  case o f   h igh  
na tura l   leve ls ,   the   ob jec t ives   fo r   sa fe   aquat ic   l i fe   shou ld  meet the 
natura l   leve l .  

The background leve ls   o f   z i nc   (S ta t i on  1) have increased 
since  the base1 ine  study was completed i n  1973. A t  that   t ime  z inc  (Zn) 
showed less  than 0.010 mg/l as t o t a l   z i n c  (Hoos, 1973). I n  1974, 

background leve l  s increased  to a mean o f  0.275 mg/l + 0.5 
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g i v i n g  an i d e a   o f   t h e   v a r i a b i l i t y   o f   t h e   z i n c   c o n t e n t  a t  t ha t   s ta t i on .  
Dur ing  the  fo l lowing  years  (Baker 1979, Weagle 1981 1, zinc  (Zn)  content 

s t a b i l i z e d   a t  0.10 mg/l.   Zinc  levels  decreased  from  Stat ion 4 (Rose 
Creek)  highs  as  further  di lut ions  occured  towards downstream stat ions.  
The downstream 1 eve1 i n  p rev ious   years ,   a re   qu i te   s im i la r   to  what we 
see i n  our  present  study  (Baker 1979,  Weagel 1981 1. Zinc  (Zn)  level s 
a t  downstream s ta t ions   f rom  th is   s tudy   a re   s im i la r   to   p rev ious   s tud ies  
(Baker 1979, Weagle 1981 1. 

4.3 Sediment 

4.3.1 Par t i c l e   S i ze   Ana lys i s .   Resu l t s   o f   t he   pa r t i c l e   s i ze  
analys is   are shown i n  Appendix I 1  I ,  Table 1. When analyzing and 
d i scuss ing   t he   resu l t s   o f  sediment  analysis, i t  i s  necessary t o  be 
aware o f   t h e   v a r i a b i l  i ty t h a t  can  occur among rep1  icate samples due t o  
n a t u r a l   v a r i a t i o n   i n   t h e  streambed  composition. 

Results show a high  percentage  of  gravel  except a t  S ta t ion  
7(a)   (Anv i l  Creek)  and  10 (Pe l ly   R iver ) ,  a t  which f i n e  sand  and s i l t  
are  predominant. When sediment samples  were c o l l  ected, a1 1 mater ia l  
1 arger  than 32mm (pebbles) was se lec t i ve l y  removed by  hand  and 
d iscarded.   Therefore,   the  par t ic le   s ize  d is t r ibut ion  data must  be 
hand1 ed w i th   cau t ion .  

Pa r t i c l e   s i ze   a f fec ts   l eachab le   me ta l s   resu l t s  and the  
ben th i c   i nve r teb ra te   d i s t r i bu t i on  and abundance ( t o  be  discussed i n  
fo l low ing   sec t ions) .   On ly   tha t   por t ion   o f  sediment  smaller  than 149 um 
was analysed for   leachable  meta ls   s ince  these  par t ic les can  adsorb more 
metals on the  surface  which  af fect   the  aquat ic  environment.  

4.3.2. Sediment  Metal  Analysis. The r e s u l t s  of analysis  for   metals 
l e v e l s   i n   t h e  sediments  are  presented i n  Appendix 111' Table 2. 

The metal s analys is  shows v a r i a b i l  i ty i n   t h e   r e s u l t s .  Only 
cadmium (Cd), molybdenum (Mol, s i l i c o n   ( S i ) ,  and t i t a n i u m   ( T i )  show 
s i g n i f i c a n t  changes  between  sample dates ( ~ ~ 0 . 0 5 )   u s i n g   S t u d e n t ' s  
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t - d i s t r i b u t i o n .  Cadmium (Cd)  and s i l i c o n  ( S i )  a re   h ighe r   i n   Ju l y   wh i l e  
molybdenum (Mol and t i t an ium ( T i )  a r e   h i g h e r   i n  September a t   S t a t i o n  4 
(Rose  Creek)'. Other   s ign i f i can t   d i f fe rences   occur   a t   S ta t ions  3 
(seepage) and 8 (Anvil  Creek)  but  cannot be t i e d   i n t o  an obvious 
pa t te rn   (F igure  11). 

An overal l   v iew  of   the  leachable  metal   concentrat ions  in  the 
sediments e x h i b i t  a general  trend  of  increase from lows a t   S t a t i o n  1 t o  
h ighs   a t   S ta t i ons  4, 5 and 6(a)  (Rose Creek)  followed by a decrease to 
S ta t i on   10   (Pe l l y   R ive r ) .   Th i s   pa r t i cu la r   i nc rease   i n  heavy metals 
(Ag, As,  Ba,  Cu, Fe, Hg, Mo, Pb, Zn) a t  middle  s ta t ions on  Rose Creek 
(Figure  12),  may be explained by the  remaining  ef fects  of  a t a i l i n g s  
pond s p i l l   i n  March 1975, when 2.45 x  105 m3 o f  t a i l i n g s   s l u r r y  
contaminated Rose Creek. I n  1975, the   s l   u r rys  were seen up t o  the 
confluence o f  Rose Creek and Anvi 1  Creek. The  cadmium (Cd) r e s u l t s   f o r  
September d i d   n o t   f o l  1 ow t h i s  general i ncreasejdecrease  trend. 

The present  study  resul ts show copper (CUI ; zinc  (Zn),  arsenic 

(As) and Barium  (sa)  to have h igher   leve ls   present   a t   middle  s ta t ions 
(S ta t i ons  4  and 5 )  than  existed i n  1973  (Hoos, 1973). The 1973 
d e t e c t i o n   l i m i t s  were too high  for   comparat ive assessment o f  cadmium 

(Cd) w i t h   . r e s u l   t s  from t h i s  study. 

4.4 Bottom Fauna 

The use of   the  benth ic   inver tebrates as ind icators   o f   s t ream 
qual i ty i s  guided by some b io log ica l   cons iderat ions.   Inver tebrates 
have re la t i ve l y   l ow   mob i l i t y   wh ich   re f l ec t   cond i t i ons   o f   t ha t  
p a r t i c u l a r   l o c a t i o n .   I n  s t ream  po l l u t i on ,   t he   va r iab i l i t y   o f  
contaminant  discharges can be in tegrated by the  benthic community and 
g i ve  an idea  o f   po l lu t ion   over  an extended  period,  which i s   n o t   t h e  
case with  water  grab samples. 

4.4.1 A r t i f i c i a l   S u b s t r a t e  Sampler. The a r t i f i c i a l   s u b s t r a t e  

sampler  a l lows  col lect ion  of   data from locat ions   tha t   cannot  be  sampled 
e f f e c t i v e l y  by other methods. It el im ina tes   sub jec t i v i t y   o f   cho ice  and 
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sampling a t  a  number of   d i f ferent   s ta t ions,   reducing  confounding 
e f fec ts   o f   d i f f e rences   i n   hab i ta t   subs t ra te ,   dep th  and t ime (Rosenberg 
and Resh 1982). The v a r i   a b i l  i ty  i n   r e p l   i c a t e s   u s i n g   t h e  arti f i c i  a1 
substrate  sampler i s  reduced compared w i th   o ther   t ypes   o f  sampl i n g  
methods (Khalaf  and Tachet 1978, Rosenberg  and Resh 1982). 

EPS (unpubl i shed data) has  experimented w i t h   t h e   a r t i f i c i a l  

substrate  sampler t o  determine  the sampl ing   e f fec t i veness  and the  
number o f   r e p l   i c a t e s   r e q u i r e d   t o   o b t a i n  an adequate sample. The 
r e s u l t s   o f   t h i s  work w i t h   t h i s   t y p e   o f  sampler i n d i c a t e s   t h a t  3 
rep l i ca tes   a re   requ i red   t o   ob ta in  an adequate  sampling to   rep resen t   t he  
communi ty . 

The samplers  were r e t r i e v e d   a f t e r  50 days colonizat ion  t ime. 
The samplers a t  S ta t ion  8 could  not  be re t r i eved  on September 15, 1983 
due to   the   h igh   water   cond i t ions  and fas t   cu r ren t .   S ta t i on  3,  due t o  
low  water  level  s could  not  meet the  requirement  of  depth,  current and 
tex tu re   o f   subs t ra te   pa r t i c l es .  . All subs t ra te   pa r t i c l es  were 
complete ly   covered  wi th   fer rous  (Fe)   prec ip i ta te  a t   Stat ion 3 (seepage) 
and f o r   t h i s  reason, S ta t ion  3 can  be  considered as a t y p i c a l   i n   t h e  
sampl i ng program. 

4.4.2. Taxonomic Features. The. taxonomic 1 eve1 s i n v o l  ved i n   t h e  
discussion may re fe r   t o   t he   c lass ,   o rde r ,   f am i l y   o r  genus. Organisms 
which  are  rare and a re   no t   we l l   r ep resen ted   a re   re fe r red   t o   a t   t he  
c lass   l eve l  . C 1  ass Insecta had the   g rea tes t   va r ie t y   o f  organisms 
present.   Separat ion  of   Class  Insecta  into  orders i s  usua l l y  based on 
func t iona l  morphology  structures. The Diptera were too   d i ve rse   t o  
s p e c i f i c a l l y  comment  on a t  t h a t  taxonomic l e v e l  and so were analysed a t  
t he  family l e v e l  . Comparisons  between spec i f i c  organisms was dea l t  
w i t h   a t   t h e  genus l e v e l .  

A t o t a l   o f  32,994 organisms  were co l l   ec ted   f rom  the  9 
s ta t ions   (subs t ra te  samplers  were l o s t  a t  Stat ion  8) .  They comprised 
71  d i f ferent   taxa,   o f   which 51  a r e   a t   t h e  genus l e v e l .  A taxonomic 
l i s t   o f   t he   ben th i c   i nve r teb ra tes   co l l ec ted   du r ing   t he   su rvey  on 
September 15, 1983 i s  given i n  Appendix IV, Tab1  e 1. The complete 
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descr ip t ion   o f   the  numbers  and percentage abundance of  organisms 
sampled a t  each s t a t i o n  and the i r   re la t i ve   dens i ty   per   cub ic   meter   i s  
found i n  Appendix I V ,  Table 2. Appendix I V ,  Table 3 provides a summary 
comparison of   d ivers i ty   ind ices  for   benth ic   inver tebrate  data  f rom 
previous  studies, i ncl  udi  ng moni t o r i n g  programs  sponsored  by CAMC. 

The greatest  numbers o f  genera are  found a t   S t a t i o n  1 wi th   41 
genera, fol lowed by Stations 10, 5 and 4 w i th  37,  32  and 31  genera 
respectively. The lowest number o f  genera, 17, occured a t   S t a t i o n  3. 

The abundance var ies  f rom  s tat ion  to   s ta t ion.  The greatest  
abundance can be found a t   S t a t i o n  10 with 7407 organisms (433,158 
organisms per  metre3).  Stations 4 and 5 had 5187  (303,333 organisms 
per $1 and 5436 (31 7,895 organisms  per m3) organisms respectively. 
The lowest number o f  organisms i s  found a t   S t a t i o n  7a (Anvi l  Creek 
w i th  only 2094 ind i v idua l  s (122,456 organisms per m3]. The low 
abundance of i n d i v i d u a l s   a t   S t a t i o n  7a p a r t i a l l y  caused  by a loss c f  
rock  substrate from one o f   t h e  3 r e p l i c a t e   a r t i f i c i a l   s u b s t r a t e  sampler 
which  broke open dur ing  the survey. Only a quarter  of   the  basket was 
f i l l e d   a t   t i m e   o f   r e t r i e v a l .  

The two dominant genera are Capnia  sp (Plecoptera) and Baet is 
sp (Ephemeroptera).  Both  are  found a t   a l l   s t a t i f  rs and represent 
18.5% and 17.6% respec t i ve l y   o f   t he   t o ta l  organisms  encountered a t   t h e  
genus 1 eve1 . 

Seven genera  were' p resent   a t  a l l  s ta t ions d f  which three  are 
representatives  of  the  order  Plecoptera, one i n   t h e   o r d e r  Ephemeroptera 
and three i n   t h e   F a m i l y  Chironomidae. Seven other genera, three i n  the 
order  Plecoptera, two i n  the  order Ephemeroptera, one i n   t h e   o r d e r  
Trichoptera and one i n   t h e   f a m i l y  Simul i i d a e  were present (Tab1  e 3) a t  
a1 1 stat ions  except  Stat ion 3 (seepage).  Table 4  1 i s t s   t h e  percentage 
composit ion  of  major  taxa  at each s tat ion.  

The percentage  dissolved oxygen (%DO) present a t   S t a t i o n  3 
(seepage) .during  the two surveys i s  below 40% saturation. The  nymphal 
stage  of   the  Plecoptera  are  typical ly  found i n  water  wi th a r e l a t i v e l y  
high oxygen content  (Wetzel , 19751, and would  account f o r  a very  low 
representat ion  o f   P lecoptera  in   the seepage from the  Cross Valley Dam 
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(S ta t i on  3). The high  percentage  composit ion  of  Plecoptera a t  Stat ions 

9 and 10 cannot be explained  only by the oxygen l e v e l  s. The use o f  an 

a r t i f i c i a l   s u b s t r a t e  sampler may provide a b e t t e r   h a b i t a t   f o r   t h e  
Plecoptera  than  for   other groups t h e r e f o r e   t h e i r   d e n s i t y   r e l a t i v e   t o  
other  groups  increases. 

The Ephemeroptera (mayf l   ies)  a1 so requ i re   h igh   l eve l  s o f  
dissolved oxygen f o r  optimum development and t h e i r  percentage compo- 
s i t i o n   i s   a l s o   v e r y   l o w   a t   S t a t i o n  3. Sprague e t  a1 (Winner, 1980) 
i nd i ca tes   t ha t   may f l i es   a re   sens i t i ve   t o   copper  and zinc.  Cairns and 
Dickson (1971) consider  the Ephemeroptera as a p o l l u t i o n   s e n s i t i v e  
group. The resu l t s   o f   t he   p resen t   s tudy   i nd i ca te   t ha t   t he   d i s t r i bu t i on  
o f   t h e  Ephemeroptera does no t  seem t o  be inf luenced by the   l eve l  s o f  
ex t rac tab le   z inc  and copper  present i n   t h e  water.   Stat ion 2 ,  had the 
highest  z inc and copper l e v e l s  and was a lso   the   s ta t ion  a t  which all 
the  genera o f  Ephemeroptera  found i n   t h e  survey were represented. 
Wetzel (1972) i nd ica tes   tha t   subs t ra te   type  and speci f ic   sediment 
p a r t i c l e   s i z e  may r e s t r i c t  spec ies  d is t r ibut ion.   Khalaf  and Tachet 
(1980) have shown tha t   t he  Ephemeroptera i s   t h e   o n l y   o r d e r   o f   a q u a t i c  
i n s e c t s   t h a t  show d i f ferences i n  numbers recove red   us ing   t he   a r t i f i c i  a1 
substrate sampler. The tex tu re   o f   the   rocks  and substrate, as wel l  as 
the  low  dissolved oxygen l e v e l s   a t   S t a t i o n  3 (seepage) may p a r t i a l l y  
expl a i  n the  poor   representat ion  o f  Ephemeroptera. 

The Tr ichoptera sampled a t  a l l  s ta t i ons  were few, w i t h  a mean 
percentage  composition o f  2.07% . Sta t ion   6 (a)  (Rose  Creek shows the 
highest  percentage (10.94%) of   order   Tr ichoptera and s t a t i o n  3 
(seepage) the  lowest (0.04%). The percentage a t   S t a t i o n   6 ( a )   i s  due 
mainly  to  the  presence  of  an Hydropsychidae,  Arctopsyche sp., which 

cons t i t u tes  9.53% of   the   popu la t ion  a t  tha t   s ta t ion .  
A1 though  the  Chironomids (Family Chronomi  dae) represent 87% 

of   the   popu la t ion   a t   S ta t ion  3 (seepage), no  common chironomid  genera 
were pa.r t i   cul  arly dominant. The two major  genera  involved i n   t h e  
populat ion  are Brillia sp. (48%) and Phaenopsectra sp. (29%), bo th   o f  

which  are  well   represented  only a t  S ta t i on  3 (seepage). This and other 
data  suppor ts   the  d ivers i ty   o f   to lerances  o f   spec ies  wi th in   the  fami ly .  
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TABLE 3 GENUS PRESENCE OF BENTHIC INVERTEBRATES A T  THE V A R I O U S  

S T A T  I ONS 

I 
i A .  P r e s e n t   a t   a l l   t h e   s t a t i o n s  

GENUS  ORDER OR FAMILY 

Capn la   sp  
Zapada  sp 
B r a c h y p t e r a   s p  
B a e t i s   s p  
C a r d l o c l a d l u s   s p  
C r  i c o t o p u s   s p  
H e t e r o t r l s s o c l a d l u s   s p  

P l e c o p t e r a  
P l e c o p t e r a  
P I   e c o p   t e r a  
E p h e m e r o p t e r a  
Ch I ronoml   dae  
Chr   l onomi   dae  
Ch I ronom 1 dae  

II 

B. P r e s e n t   a t   a l l   s t a t l o n s   e x c e p t   S t a t l o n  3 

GENUS  ORDER OR FAMILY I 
Amphlnemura  sp 
Prostaia sp 
I soper I a sp 
E p h e m e r e l l a  sp 
C l n y g m u l a  s p  
B r a c h y c e n t r u s   s p  
P r o s  Imu I I um sp 

C. U n i q u e   t o   S t a t i o n  1 

P I   e c o p   t e r a  
P I ecop t e r  a 

P l e c o p t e r a  
E p h e m e r o p t e r a  
E p h e m e r o p t e r a  
T r   l c h o p t e r a  
S l m u l   l d a e  

GENUS 

H y d r a   s p  
P a r a n a l s   s p  
Corynoneura   sp  
Lymnacea  sp 
V a l v a t a   s p  
P l s l d l u m   s p  

CLASS OR OKOER OR FAMILY I 
Hydro1  da  
0 I I g o d  l e t a  
Ch 1 r 3nom I dae  
G a s t r o p o d a  
G a s t r o p o d a  
P e l e c y p o d s  

0. U n l q u e   t o   S t a t i o n  10 I 
GENUS ORDER OR FAMILY 

L e p l d o s t o m a  sp 
Qnocosmoecus  sp 
P a r a l a u t e r b o r n i e l l a   s p  

T r   l c h o p t e r a  
T r  l c h o p t e r a  
Ch I ronom I dae  
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TABLE 4 PERCENTAGE OF DIFFERENT TAXONOMIC GROUPS REPRESENTED  AT EAOi  STATION 

1 - 

16.28 

25 -86 

0.4 

52.38 

- 

94 e92 

2 - 

39.98 

25  e26 

0.15 

9.43 

- 

74.82 

- 3 

0.31 

0.18 

0.04 

86.81 

- 

87.34 

- 4 

4  1  e43 

36.34 

0 e94 

12.54 

91 -25 

STAT I ON 

5 

24.27 

42.17 

0.73 

1 0 -38 

78.55 

6(a) - 

42.44 

37 -67 

10.94 

3.94 

- 

94.99 

7(a) - 

21 e59 

41  -87 

2 e95 

30.34 

- 

96.75 

- 9 

52.17 

17  e74 

0.44 

27 -07 

- 

97.42 

- 10 

62.87 

3.29 

2.10 

30.83 

- 

99.09 
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Another  apparent example o f   the   spec i f i c i t y   o f   hab i ta ts   occup ied  by 
genera i s  the presence o f  Corynoneura sp. a t  Stat ion 1 (Rose Creek ) only. 
Lenat (19831, showed that  moderately  stressed streams present an ideal  
environment f o r  small  grazing  chironomids i n   t h a t   a l g a l   f o o d  and refugia 
are abundant and the  density  of  competitors,  especial ly  Plecoptera, 
Trichoptera, Ephemeroptera and Gastropoda may be  reduced.  Chironomids 
found i n  stressed  environments  usually have a very  short 1 i f e   c y c l e  and 
are  capable  of  quick  colonization and exp lo i ta t ion   o f   d is tu rbed  a reas  
subjected  to  recurr ing  acute  toxic i ty.  I f  p o l l u t i o n  becomes severe, the 
chironomid  richness will decrease so a d i r e c t   c o r r e l a t i o n  between 
p o l l u t i o n  and chironomid  populations  cannot be made (Lenat, 1983). 

The unique genera  found a t   S ta t i ons  1 (Rose Creek) and 10 
(Pel l y  River)  general l y  represent a percentage  lower  than 1%. Phyl um 
Coelenterata, C1 ass  Gastropoda and order Pelecypoda are  only  found  at  
S t a t i o n  1 (Rose .Creek 1. Hydra seems t o  be common i n  ponds and very clear 
water (Megl i tsch 1972) and P i  sidium seems t o  be a good i n d i c a t o r  c :7 a 

copper  stressed  region  (Winner e t  a1 1980 1. P h i l  1 i p s  (1977) argues t h a t  
the  bivalve  molluscs as we1  1- as the macro-algae const i tu te   the  best  
i n d i c a t o r s   o f  heavy meta ls   po l lu t ion.  

A comparison o f   t h e  taxonomic  group dominance from  data a t  and 
downstream o f   t he  Cyprus Anvi l  mine  area, show a re’ Action o f   t h e  domi- 
nance held by the Chironomidae i n  downstream areas. I n  i974 the  Chiron- 
omidae were dominant as f a r  downstream as Stat ion 6 (Anvi l  Creek) I n  1974 
and 1976, the dominance of  chironomids was s t i  11 v i s i b l e   b u t   o n l y   t o  
Stat ion 4 (Rose Creek and i n  1983 such dominance disappeared even a t  
Stat ion 4 (Figure 13). The dominance by the  ch i  ronomi dae i n  Rose Creek 
i s  present ly  only found a t   S t a t i o n  1 (con t ro l   s ta t ion)  and a t   S t a t i o n  3 
( seepage from ponds 1. 

4.4.3 Diversi ty  Index. The d i   ve rs i  ty  index  permi t s  sumnari r a t i  on 
o f  1 arge amount of   informat ion  about  the numbers  and k inds   o f  organisms. 
The e c o l o g i c a l   b a s i s   f o r   t h e   d i v e r s i t y   i n d i c e s   i s   t h a t   i n  a pol luted  area 
smal 1 numbers o f  species  are  found  with  large numbers o f   ind iv idua ls ,  
whi le   in   c lear   waters   smal l  numbers o f   i n d i v i d u a l s  and many d i f f e r e n t  
species  are  found (Wilhm, 1970). The d i v e r s i t y   i s   a f f e c t e d  by several 
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FIGURE 13 INVERTEBRATE  TAXONOMIC GROUP DOMINANCE  IN 
C Y P R U S  ANVIL  MINE  STUDY  AREA 
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fac to rs   o the r   t han   po l l u t i on  and great  emphasis o f  consistency i n  
sampling  must  be shown (Hugues 1978).  Depth and durat ion o f  sampling 
seem n o t   t o   a f f e c t   t h e   d i v e r s i t y   v a l u e   b u t  sample s ize,  season and 
taxonomic l e v e l  used i n   c a l c u l a t i o n s ,  may change the  values (Resh and 
Unzicher  1975). 

The d i v e r s i t y   i n d i c e s   c a l c u l a t e d   i n   t h i s   s t u d y  show a peak a t  
S ta t i on  1 (Rose Creek) with 1.07 and  a  second  peak  downstream a t  
S ta t ion   6 (a)  (Rose Creek) and 7 ( a )  (Anvi l   Creek) with 1.02 and 1.03 
respect ively.  The l o w e s t   d i v e r s i t y  was found a t  S ta t i on  10 ( P e l l y  
R i v e r )   w i t h  0.59 and a t   S t a t i o n  3 (seepage) w i t h  0.60 and both have  a 
low evenness o f  0.38 and 0.49 respect ive ly .  The d i v e r s i t y   i n d e x   a t  
S ta t i on  10 ( P e l l y   R i v e r )   i s   l o w  i f  compared to   the   dens i ty  and  number 

o f  species. The e f f e c t   o f  Capnia sp. (60% of   the   popu la t ion)  on the 
divers i ty  i s  obvious. A t  Station 3 (seepage).  the low number o f  

species as we1 1  as the  low number. o f  i n d i v i d u a l  s present, i s 3 

re f l ec t i on   o f   t he   h igh   m ine ra l  and 1  ower conten t   o f   d i   sso l  ved  oxygen 

(DO) o f   t h e  groundwater seepage a t   t h a t   s t a t i o n .  
The index  values o f   d i v e r s i t y  a t  most s ta t ions  are  h igher  

than i n  the  previous  years as shown i n  Table 5 i n d i c a t i n g  an improve- 
ment I n   t h e   b e n t h i c   i n v e r t e b r a t e  community since  the ' ine  operat ion has 
shut down. These r e s u l t s  must  be taken  wi th  reservat ion because o f   t h e  
v a r i a t i o n   i n   b o t t o m  fauna c o l l e c t i o n  methodology o f   t h i s   s t u d y  and 
previous  others.  Perkins  (1983) has  demonstrated tha t   incons is tency   o f  
t h e   r e s u l t s   o f   t h e   d i v e r s i t y   i n d i c e s   i s   s u b j e c t   t o   v a r i a b i l i t y  due t o  
d i f fe rences   in   concent ra t ions   o f   copper  and proposes comnuni ty  

comparison  indices as an a l te rna t i ve .  

4.4.4 Community Index. The community index used i n   t h i s   r e p o r t   i s  

ca lcu lated as the   percent   s im i la r i t y   index  (Psc). The  Psc i s  not  as 
sens i t i ve   t o   ra re   spec ies  and weight  d i f ferences i n  more dominant 
species  (Brock  1977). The  Psc can d e t e c t   s u b t l e   s h i f t s   i n   c o n u n i  ty  

composit ion  which  can  indicate  long  term  trends  of change. Table 6 

shows t h e   s i m i l a r i  ty  index   mat r ix   fo r   the  1983 monitor ing program. 
S ta t i on  2 (Rose Creek) shows good s i m i l a r i t y   w i t h   S t a t i o n s  4 and 5 
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(Rose Creek). Stat ions 4,  5 ,  6(a)  (Rose Creek) and 7 ( a )  (Anvi l  Creek) 
show a good i n t e r s t a t i o n  degree  of s im i l a r i t y   (a1  1 are  over 50%). 
Stat ions 9 and 10 on the  Pel l y  River show a high degree o f   s i m i l a r i t y  
i n  the i r   ben th i c  community (73%). Stat ion 1 (Rose Creek), does not 
show a high degree o f   s i m i l a r i t y   w i t h  any o f   t he  downstream stat ions 
and i s  must s imi lar   to   Stat ion  7 fa)   (Anvi l   Creek) ,   another   s ta t ion  not  
e f fected  by  the mine s i t e .   S ta t i on  3 (seepage),  which has d i s t i n c t i v e  
water   qua l i t y   charac ter is t i cs  and a d i f f e r e n t  chemical substrate 
composition,  possesses a cornuni ty  structure  wi th  very l i t t l e   s i m i a r i t y  
t o  other  stat ions. 

II 

I 

m 

4.5 B i  ota-A1 gae 

The results o f  the analysis for extractable metals a r e  shown 
i n  Appendix V ,  Table 1. Both  wet and dry  weight  are  given, however the 
analysis i s  based on the  dry   weight   concentrat ion  to   fac i  1 i t a t e  
comparisons. The resu l t s   i nvo l ve  a s i   n g l  e sample on Ju l y  26, 1983 and 
B mean composed o f   th ree  samples on September 15, 1983. 

I' 

The single  aglae sample f o r  July possesses metal 1 eve1 s 
(Cadmiun (Cd), Zinc (Zn), Calcfum  (Ca), Nickel , W ) ,  Lead (Pb), 
Strontium ( S r ) ,  .Vanadium (V) and Arsenic  (As))  generally  higher  than 
the mean o f   t h e   r e p l i c a t e  samples c o l l e c t e d   i n  September. 

The observed di f ferences i n   e x t r a c t a b l e  mecals  concentrations 
between Ju l y  and September may be due t o   t h e  age of   the  a lgae and the 
dura t ion   o f  exposure to  the  metals  (Foster 1982, Phi l1   ips,  1977). In 
September the age o f  the  algae was known t o  be less  than 50 days 
because the samples were col  1 ected from the  surface  of   the arti f i c i  a1 
substrate sampler  which had been deposited 50 days previously. The  age 
o f  t he   co lon ies   co l l ec ted   i n  July i s  unknown but  presumed t o  be o l  der. 
Attempts t o   r i n s e  sediment from the a lga l  mat was  made f o r   t h e   J u l y  
samples bu t  no such attempts were made fo r   t he  September samples. The 
accumulation  rate o f  heavy metals a1 so seemed t o  increase  inversely 
proport ional  t o  the  temperature  (Phi  11  ips,  1977). The co-exi  stence  of 
several heavy meta ls   that  compete fo r   b ind ing   s i t es  may change the 
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T A B L E  6 T H E   P E R C E N T   S , I M I L A R I T Y   I N D E X   M A T R I X   F O R   T H E  1983 

~~ 

S T A T  I ON 

M O N I T O R I N G   P R O G R A M  

2 3 4 5 6 ( a )   7 ( a )  9 10  

36.24  10.95  43.19  40.99  39.81  46.12  40.34  20.05 

4.24  58.32  67.15  45.25  40.60  23.21  10.84 

3.00 12.25 1 1  e91  2.65 2 a97  3.65 

7 7 - 1 5  71 -02  62.23  24.53  11.11 

55.14  50.43  22.28  11.08 

63.91  37.47  27.87 

42.64  37.59 

73.09 

Y 
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uptake o f  an element due t o   t h e  presence o f  a competitor  metal and lead 
t o   d i f f e r e n t  heavy m e t a l s   l e v e l s   i n   t h e   a l g a e   ( P h i l l i p s ,  1977).  For 
the  above reasons, i t  i s   n o t   p o s s i b l e   t o  draw concl  usions  using  the 
a1 gae present as an b io - i   nd ica tor   o f   the   hab i ta t   ' cond i t ions  due t o  t he  
e f f e c t  o f  environaental  variables. 

Establ ish ing a re1 at ionship between the  a1 gae found  (c lass 
Baci l lar iophyceae) and the  environmental  condit ions i s   d i f f i c u l t .  
Foster (1982) i nd i ca tes  that a l g a l   d i v e r s i t y  as measured  by the number 
sf  species and t h e i r   r e l a t i v e  abundance appeared t o  be reduced by 
metal p o l l u t i o n ,   p a r t i e u l a r l y   a t   s i t e s   h i g h   i n  copper (CUI and zinc 
(Zn). An experintgnt  by  Januszko (DeMayo and Taylor, 1981) w i t h  members 
o f  the  Baci l lar iophyceae showed  an inc rease  o f  biomass from 27 g/m3 
o f  a1  gae i n  copper  treated 'ponds. No analys is   o f   the  per iphyton 
community from these aspects was performed  during t h e  present study. 

The algae sample co l   l ec tad  u t  S ta t i on  3 (seepage) was present i n  larie 
quanti  t i e s  and maybe on@ species  spec i f ica l ly   adapted  to   expl   a i  t the 
unique  condi t ions  that  e x i s t  a t  S ta t i on  3 (seepage). 

4.6 Bioassay 

The resul ts  of   the  b ioassay  performed on the Cyprus Anvi l  
t a i l i n g s  pond seepage (S ta t i on   3 )  and Rose Creek c o n t r o l   s t a t i o n  
( S t a t i o n  1) are shown i n  Table 7 

The Daphnia p l e x  acu te   tox ic i t y   tes t   per fo rmed on the 
c o n t r o l   s t a t i o n   r a n   f o r  48 hours and f o r  96 hours on the  seepage 
samples. Both show an LC5o>lOO%. 

Experimental  threshol d eoncentration  using  Daphnia magna w i t h  
various  metal  ions  (Biesinger and Chri  stensen,  1972)  indicates  that  our 
metal   ef f luent  concentrat ions were  always  below  the 48h-LC50 
determined. The response o f  Daphnia  Pulex>  and  Daphnia magna i s  assumed 
t o  be approximately  the same under s imi la r   cond i t ions .  

The c o n t r o l   d i l u t i o n  (0% treatment ) had one death  per  test  
which f a l l s  we1 1 wi th in   acceptable 1 i m i t s  t o  Val idate  the  test ,   which 
al lows up t o  20% m o r t a l i t y   i n   t h e   c o n t r o l  (DOE, 1980). 
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Considering  those  aspects  of  the  test,  the seepage water from 
Sta t ion  3 on July  26, 1983 i s  considered  of  very  low  toxicity  under  the 

test   condi t ions and parameters o f  this  bioassay.  
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5 ENVIRONMENTAL  COMPLIANCE MONITORING 

5.1 Regulatory  Requirements o f   t h e  Cyprus  Anvil  Mine 

The mine  discharges a 'was te '   w i th in   the  meaning o f   the  
Nor thern  In land Waters Act and i s  requi red by t h a t   a c t   t o   h o l d  a water 

l icence. I n  add i t ion ,   cer ta in   p rov is ions  of the  F isher ies Act, i n  
par t i cu la r   the   Meta l   M in ing   L iqu id   E f f luen t   Regu la t ions ,   app ly  t o  the 
mine's  operation. Thus the m i  ne may not  di  scharge an e f f luen t   con ta in -  
ing  concentrat ions i n  excess of   those  stated i n  the   regu la t ions   o r  

prescr ibed i n  the  l icence  granted by the  Yukon T e r r i t o r y  Water  Board. 
Water l icences  are  obtained  through  appl icat ion  to  the Yukon 

T e r r i t o r y  Water Board and pub l ic   hear ings   in to  each app l i ca t i on   a re  
customary. The Board may a t tach   cond i t ions   to  any l i cence  and among 
these  are  requirements  for  wastewater  treatment and compliance  monitor- 
i n g .   I n  March 1982, t he  Yukon T e r r i t o r y  Water Board  conducted a pt ib l ic  
h e a r i n g   a t  Faro, Y.T., t o  consider  the company's p l a n s   t o   u t i l r ' t e  a new 
t a i l i n g s   f a c i l i t y  and to amend i t s  l icence. Subsequent to   g ran t ing   the  

amendment, the Water Board  required  the company t o   c o l l e c t   w a t e r  samples 
on a r o u t i n e   b a s i s   a t   t h e   s t a t i o n s   p l o t t e d   i n   F i g u r e  3 and l i s t e d   i n  

Table 3. 

5.2 Moni t o r i n a  Data 1974-1983 

Appendix V I ,  Tables l a ,   l b  and IC, show h is to r i ca l   wa te r  
q u a l i t y   r e s u l t s   f o r  compl iance  moni tor ing  s i tes X-3, X-14 and X-15 

respect ive ly  as compiled from i n f o r m a t i o n   i n   g o v e r m e n t   f i l e s  and con- 
su l tants ' .   repor ts .   Stat ion X-3 corresponds  approximately to 1983 EPS 

S t a t i o n  1 (see  Table 1). L icence  Stat ion X-14 i s  comparable t o   S t a t i o n  
4 ,  wh i le   l i cence   S ta t i on  X-15 i s  comparable t o   S t a t i o n  4. Sta t i on  X-14 

when compared to S t a t i o n  X-3 shows  an increase i n   t h e  comparable  para- 

meters Ca,  Mg,  Mn,  Na and SO4 downstream, t h a t   i s ,   w i t h i n   t h e   i n f l u -  
ence of  discharges from the mine.  These discharges have  been mainly 

I 

I 

L. 
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through  seepages  bel ow the f i n a l  or cross Val ley t a i l  i ngs dam i n  the 
long  period since  the mine curtailed production i n  June 1982, b u t  they 
include surface discharges a t  X-5, or through large siphons. Thus  the 
m i  ne  has had a measurable effect on receivi ng water qua l i ty  i n  Rose 
Creek for  many years and the results o f  the  present study (Section 4 )  

support a long-term trend. 
Table 8 compiles Zn,  Pb and Na values for  selected compliance 

monitoring stations on the mi  ne’s property during the June 1982 - 
December 1983 period. Stations X-7,  X-22 and X-23 show elevated values 
for Pb and Z n  reflecting discharges t o  the tailings pond systems. The 
main p i t  has been  pumped continuously throughout the study period. 
This water a t  p o i n t  X-22 seeps through oxidized sulphide waste  rock t o  
emerge a t  X-23. Downstream this flow i s  diluted by scavenging and 
circulating water  discharged from the mill complex, and by natural 
runoff. S t a t i o n  X-7 d a t a  reflects the qual i ty  of the combined flows - 
p i t  pumpings, mill water and natural drainage - passing i n t o  the 
tailings area and the f i r s t  large pond. 

Flows passing  over and through the ol  d t a i l i ngs  areas  are 
j o i  ned by natural groundwater f l  ows t o  determi ne the qual i t y  of water 
i n  the large  intermediate dam pond. Table 9 presents values for zinc 
a n d  pH a t  the decant o f  the  intermediate dam (X-4) and other stations. 
An average value of 1.58 mg/l for z i n c   a t  X-4 compared t o  12.99 mg/l a t  
X-7  shows t h a t   e i t h e r   t h e   z i n c   c o n t e n t  seen a t  X-7 has  been  reduced by 

some filtering process i n  passing  through the t a i l  i ngs or there i s  an 
eight-fol d d i l u t i o n  o f  X-7 flows from other sources flowing i n t o  the 
i ntenediate dam pond. Since the decant from this pond forms only a 
small portion of the flow i n t o  the cross valley pond, i t  i s  reasonable 
t o  assume t h a t  filtration under the  intermediate dam is  effective i n  
reducing zinc levels t o  those seen a t  X-5, or a t  the  equivalent 
stations S-8, 8 inch siphon, and S-16,  16 inch siphon. Thus  the system 
comprising two large ponds and filtration has  enabled h i g h  zinc p i t  
pumpings t o  be treated t o  levels sui table  for discharge. 

Table 9 presents  linear  correlations between zinc concentra- 
t i o n  and pH. S igni f icant  correlations of between -0.72 t o  -0.86 appear 
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TABLE 7 OsphsrIs  pule^ BIMSSAY REUJLTS OF CYPRUS MVIL T A I l I H ;  POW 
SEEPAGE 

A c u b  Toxicity Tests 

Water ranpled July 26, 1983 a t   S t a t i o n  1 (control) 
Bioassay started August 3 a t  11:30 AH. 

t I 1 f 

Control Q$ Solution 
2OS Solution 
401 So I u t  ion 
6ol Solution 
8M Solution 

1- Soiut  ion 

8.05 
8.05 
8 -05 
8-05 
8.05 
8.05 

TlHE ( b u r s )  
T.9 T=2  T=4  T=2 4 T 4 8  

11:30 13:30 15:30  11:30  11:30 

10 10 10 10 9 
' 10 9 9 9 9 

10 10 10 10  10 
10 10 10 10 10 
10 10 10 9 8 
10 10 10 10 10 

W a t e r  smpled July 26, 1983 a t  Statlon 3 (seepage) 
Bioassay started  July 28 a t  11 :30 AM- 

BEFORE TIME (hour-.) 
TEST TIO T=2 T=O T=24  To96 

I DO 
L Ippmq 11:OO 13:OO 15:OO  11:OO 1 1 : O O  pH 

I 

Control 0% Effluent 10 10 10 9 9 7.6 8.14 

401 Effluent 8-14 
7.6 8.14 601 Effluent 

10 10 10 9 9 7.6 

10 10 9 8  8 7.6 8.14 1001 Effluent 
10 10  8 7 7 7.6 8-14 8D# f f f i u e n t  
10 9 9 7 7 

Zal Eff luent 10 10 10 9 8 7.6 8.14 

c 

I 

I 
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T A B L E  9 COMPL  IANCE MON I T O R l  NG - FOR Zn  and pH, 1982-83  

S T A T  I ON 

S u r f a c e  

x -22  

X-23 

x- 7 

x -4  

S-8 /S- l  
(X-5 1 

x-1  1 

x-1  2 

X-1 3 

Groundw,  

X-16 

X-1  7 

x -1  8 

x-2  1 

X-24 

X-25 

c 

# OF 
S A M P L E  

14 

21 

19 

20  

10  

19  

19  

21 

Bf 

5 

9 

8 

1 0  

5 

5 

Zn 

Mean S.D. 

23.08 12.13 

15.01 8.16 

12.99 8.52 

1.58 1.27 

0.04 0.01( 

0.07 0 . 0 5  

0.07 0.03( 

0.05 0.02; 

0.03 0.02; 

0.04 0.034 

0 . 0 8  0.07f 

0.22 0.26 

0.12 0.14 

0.07 0.044 

- 
M e a  - 

7 -0 

6.8 

7.3 

7.4 

7.8 

7.3 

7.4 

7.5 

- 

7 - 6  

7 e6 

7.5 

7.4 

7.3 

7 e4 

I H  - 
- S . 0  

0.57 

0.34 

0.93 

0.46 

0.18 

0.20 

0.20 

0 . 3 3  

- 

0 . 3 3  

0.17 

0.16 

0.26 

0.1 2 

0 .09 I  

T 
r Zn/pH 

-0  a4059 

-0.6263 

-0.2425 

-0.7168 

-0.4778 

-0 - 6 0 4 7  

-0.6316 

-0.1603 

-0  - 5 9 7 2  

-0.2601 

COMMENTS 

p u m p e d   f r o m   p i  

s e e p a g e   b e  I ow 
w a s t e   r o c k  

i n c l .  m i l l  
w a t e r s  

p o n d   d e c a n t  

p o n d   d e c a n t  
l n c l .   l i r n l n g  

s e e p a g e  

s e e p a g e  

s e e p a g e  

m 

m 

I 
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on ly   fo r  the pond decant  X-4 and  groundwater   monitor ing  s ta t ions X-21 
and X-24. This result i s  no t   ea s i ly   exp la ined   s ince  the wa te r s   a r e   no t  
a c i d i c  and z i n c - l a d e n   f l o w s   a t  X-7,  X-22, X-23 show genera l ly  low t o  
p o o r   c o r r e l a t i o n .   ' I t  is  suggested here t h a t  the e l eva ted   z inc   con ten t  
o f  the mine o r  mil 1 d ischarge  w i  11 be reduced l i n e a r l y  w i t h  an increase 
i n  some c o n s t i t u e n t  of the native  ground and sur face   waters ,  b u t  only 
w i t h i n  a narrow  range  of  zinc  and pH va lues .   S ta t ion  X-21 shows t h a t  
there i s  some zinc  contaminat ion of  groundwater b u t  i t  is  s t rong ly  
a t t e n u a t e d  compared to   su r f ace   f l ows .  

5.3 Non-ComDliance Incidents 1982-1984 

After the mill cu r t a i l ed   p roduc t ion  i n  June 1982, pumpings 
from the p i t  and m i  11  scavenging  waters  containing h i g h  z inc   va lues  
con t inued   t o   d i schage   i n to  the in t e rmed ia t e  dam pond,  which a t  time o f  
shut-down was markedly  basic  form  residual mil 1 reagents.   In August, 
1982, the decant  X-4 showed a z inc   conten t   o f  1.55 mg/l and a pH o f  
6.9, and by December, the z inc  had reached 4.56 mg/l. Meantime the 
c r o s s   v a l l e y  pond water  quali ty  changed from 0.26 mg/l z inc  i n  J u l y   t o  
2.06 mg/l i n  November. Mi t iga t ive   ac t ion  by the owners  included  sand- 
bagging the d e c a n t   a t  X-5 a n d   t r e a t i n g  the pond w i t h  massive  doses  of 
1 ime t o   e l e v a t e  the pH. I t  was evident tha t   du r ing   pe r iods  of mil 1 
shut-down,  control o f  zinc levels i n  t h e  ponds t h r o u g h  f i l t r a t i o n  and 
seepage required the reduction of mil 1 d i scha rges   t o  the two ponds and 
lowering  of the level of the c r o s s   v a l l e y  pond. T h i s  was achieved by 
s iphoning dur ing  1983, and no further compliance  problem  occurred a t  
t h a t   p o i n t .  

A second non-compl i ance . in te rva l   occur red  i n  the winter 
months  of 1983-84. Routine  monitoring by the company i n  October,  1983, 

a t  s i t e  X-2 on the north  fork of  Rose Creek, showed a z inc   va lue  of  
1.18 mg/l . A small  seepage f l  ow containing  high  z i  nc va lues  was seen 
upstream of X-2. This seepage   appea red   t o   o r ig ina t e  i n  water  overtop- 
p i n g  the impervious  walls of P i t  2 (See   F igure  3 )  which i n  turn was 
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caused by dumping waste  rock  stripped from P i t  1 i n t o  P i t  2.  Control 
of t h i s  seepage as ob ta ined  w i th   d i f f i cu l ty :   e leva ted   leve ls   o f   z inc   a t  

X-2 p e r s i s t e d   i n t o  1984. 

It i s  apparent   tha t   ox ida t ion   o f   the   h igh   su lph ide   o res  and 
t a i l i n g s   c h a r a c t e r i s t i c  o f  t h i s  mine will cont inue  to  present problems 
i n  water  treatement.  Mit igative measures i n c l u d i n g   f i l t r a t i o n  under 
the  dams and contro l   o f   f lows  in to   the  bas in  shoul  d succeed over the 
short   term  whi le mill product ion i s   c u r t a i l e d .  However, the  long  term 
may present a chronic  problem i f  ox ida t lon   acce le ra tes   w i th in   the   o l  d 
t a i l i n g s  area, and i f  t h e   s t a b i l i t y   o f   t h e  Wo l a r g e   t a i l i n g s  dams and 
the  d ivers ion  canal   deter iorates.  The problem o f  abandonment o f   t he  
s i t e  and the   rea l   po ten t i a l  o f  long  term heavy meta l   po l lu t ion  o f   the 
waters i n  Rose Creek remains t o  be addressed by the mi  ne and the  
regulatory   author i t ies .  I 

mt 
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CONCLUSION 

The impact  of  the  discharges from Cy prus  Anvi l  m i  ne on the  
aquatic  environment  of Rose Creek was studied i n  1983. This  corresponds 
t o  a per iod  when the mill was not i n  operation. It was found t h a t  

general ly  the  environmental   qual i ty i n  Rose Creek  has  been improved from 
what had  been found i n  previous  years. 
The major  points  found  are: 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

Sta t i on  2 (d ivers ion  channel shows  an increase  of   concentrat ion i n  
extractable  metals  (copper and zinc)  which  can be a t t r i b u t e d  t o  the  
North  Fork  of  Rose Creek; 

S ta t i on  3 ( t h e  seepage from t h e   t a i l i n g s  pond) shows  a decrease o f  
d issolved oxygen, increases  of  hardness, a l k a l i n i t y ,   f i l t e r a b l e  

residue,  conduct iv i ty,   sul fate,  manganese,  sodium, copper, i r o n  and 
aluminum from previous  studies as we l l  as from o t h e r   r e s u l t s   i n   t h i s  

repor t ;  
The sediment  analysis  revealed an impor tant   increase  o f  heavy metal 
i n  the  middle  creek  stat ion  (4,  5, 6a  and 7a) f o r   t h e   s i l v e r ,  
arsenic,  barium,  copper,  iron,  mercury, molybdenum, lead and zinc, 

which  might be r e l a t e d   t o   t h e   t a i l i n g s   s p i l l   i n  1975; 
The bottom  fauna  analysis  reveals an increase i n   t h e  abundance o f  

organisms sampled over  previous  years  which was p a r t i a l l y  caused by 
the  sampling  procedures and the improvement i n  water  qual i ty.  The 
benth ic  i nve r teb ra te  ana lys i s  shows a moderate s t r e s s  a t  S t a t i o n  3 ,  
observed by a change i n  species  composition, and decrease i n  

d i ve rs i t y .  The h i g h e s t   s i m i l a r i t y  between the   s ta t ions   a re  between 
( 4 ,  5,  6a  and 7a)  and (9 and  10); 
The analys is   o f   the  ext ractable  meta ls  i n   t h e  a1 gae  shows s i g n i  f i- 
cant   d i f fe rences   fo r  cadmium, zinc,  nickel,   lead,  strontium, vana- 
dium and arsenic,  between  the two surveys. It i s  suggested t h a t   t h e  
high  concentrat ion i n   J u l y   i s  caused by bio-accumulation; 
Bioassays  using  Daphnia  pul ex shows  no acu te   t ox i c   e f fec t  due t o  

seepage from t h e   t a i l i n g s  pond (S ta t ion   3 ) ;  
The environmental compl iance  monitor ing of the  mine shows cases of 
non-compl i a n c e   i n c i d e n t s   i n  1982-83 ind i ca t i ng   h igh   l eve l s   o f   z i nc  
concentrat ions a t  t h e   t a i l i n g s  pond,  and i n  83-84 w in te r  months a t  

X-2 on the   nor th   fo rk   o f  Rose Creek. 
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A P P E N D I X  I I I T A B L E  1 S E D I M E N T   P A R T I C L E   S I Z E  - MEAN  AND  STANDARD 
D E V   I A T  I ON 

J U L Y  2 5 .   1 9 8 3  AND  SEPTEMBER 1 5 .   1 9 8 3  

P E R C E N T   C O M P O S I T I O N  

<e063  .063-.15  .15-.25  .25-.5 .5-1 a 0  p 1 . 0  
mm  mm m m  mm m m  m m  

IW 

S T A T  I ON 
NUMBER 

2 S I L T  6 V .  F i N E  F I  NE MED I UM COARSE  GRAVEL 
S.D.  CLAY  SAND  SAND  SAND  SAND 

3 -6 
2.1 

6.1 
4.1 

8 .7  9.4 
3 a6 3.9 

71 - 4  
1 4 . 4  

1 

2 

3 

4 

5 

6 a  

7a 

8 

9 

10 

m 

1 

a 

3.5 
1.4 

2.1 
1.3 

5.7 16.7 
3.7 4 e 0  

70.7 
1 1  .o 

6.3 
0.7 

3 . 4  
0.1 

6.2 7.2 
0.7 0.5 

74  e2 
0.8 

8 . 8  
8.6 

7.4 
5.7 

7.9 4.8 
0.8 0.6 

67.9 
18.2 

X 3.4 
S . D .  3.6 

1.8 
0.9 

2.2 
0.8 

8 - 6  16.8 
0.4 0.5 

70.3 
2.7 

3.3 
0.07 

2.9 
0.5 

56.3 
3.5 

X 1.3 
S . D .  0 .4  

26 .O 
2 a6 

38.1 
1.3 

29 1 3.3 
4.3 1.2 

0.7 
0.1 
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X 0.1 
S . D .  0.0 

0 . 3  
0.07 

1.5 
0.2 

59.8 
3.9 am 

I 

II 

2.0 
0 .4  

3.6 
0 .2  

7.8 4.7 
0.8 0 -6 

80.6 
1.9 

59.6 
10.7 

9.9 
2.3 

3 e6 2.0 
1 . 1  0.8 

1.6 
0 e07 

- x - a r  l t h m e t  I C  mean 
S . D .  - s t a n d a r d   d e v i a t i o n  

Y 
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II) 

1 

I 

I 

1 

APPEND I X  I V TABLE 1 T A X O N O M I C  L I ST  OF THE  BOTTOM  FAUNA  AT 
CYPRUS ANVIL, SEPTEMBER, 1983 

1 .  

2 .  

3 .  

4 .  
5 .  
6. 

7.  

8 .  

9. 
10. 

1 1 .  
12 .  

13.  

1 4 .  

Phy I urn: 
O r  d e r  : 
Fami l y :  

Phy lum: 

Phy I um: 
C I  ass:  
O r  d e r :  
Faml l y :  
Fami l y :  

Fami l y :  

Phy lum:  
C l a s s :  
O r d e r :  
Fami l y :  

O r d e r :  
F a m i l y :  

Faml l y :  

O r  d e r  : 
C I  ass:  

S u b c l a s s :  
O r  d e r  : 
Class: 
O r d e r :  
F a m i l y :  

O r d e r :  
Faml l y :  

Fami l y :  

C o e l e n t e r a t a  
Hydro1  da 
Hydr  1 dae  
H y d r a  sp. 

Nematoda 

Anne1  Ida  
01 l g o c h a e t a  
H a p l o t a x l d a  
E n c h y t r a e i d a e  
N a i d l d a e  
P a r a n a  I s sp. 
N a l s  sp. 
T u b i f i c i d a e  

A r t h r o p o d a  
C r u s t a c e a  
C I a d o c e r a  
Daphn  idae 
O a p h n l a   r o s e a  
Copepoda 
Cyc  lop I dae  

D i a p t o m i d a e  
D iap tomus  sp .  
O s t r   a c o d a  
A r a c h n o i d e a  
Arach  n 1 d a  
A c a r  I 
Insecta 
Co I lembo I a 
l s o t o m i d a e  

P I e c o p t e r a  
Capn I i d a e  
C a p n i a  sp. 
Ch I o r o p e r  I I dae 

- 

C y c l o p s  s p *  



- 99 - 

APPENDIX I V  TABLE 1 TAXONOMIC L I S T  OF THE BOTTOM FAUNA AT 
CYPRUS A N V I L ,  SEPTEMBER, 1983 (continued) 
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APPENDIX IV TABLE 1 T A X O N O M I C  L I S T  OF THE  BOTTOM  FAUNA  AT 
CYPRUS ANVIL, SEPTEMBER, 1983  ( c o n t i n u e d )  
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APPENDIX I V TABLE 1 TAXONOMIC L I ST OF THE  BOTTOM  FAUNA AT 
CYPRUS ANVIL, SEPTEMBER, 1983 ( c o n t f n u e d )  
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APPENDIX V 

ATTACHED ALGAE DATA 
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APPENDIX VI 

ENVIRONMENTAL  COMPLIANCE 
MONITOR1 NG DATA 



- 108 - 

I 
0 

0 
In 0 

L n  0 n M 
M 9 d 0 0 

X 
n 
z 

I I I 

0 - m 0 0 
0 

(u 

0 0 0 
9 ? I I I 

N 
I- 

I W 
I- 

I 0 
Ln e N 

0 
c 

M 
I- 

I t 

6 Ln 
W 

h I 
I- 
Ln W 

0 
c 

W 
In 

N 
\o 

0 

W vl 
9 
v\ 
I- 

0 
ln 

9 
t n 9 

(u 

N 

d 0 

- 
t 
V 

I 
t 
m 

3 9 
0 * x 

N 

0 
0 I 
c 

0 

Ln 

Ln 

I- 

- u) 
a 
t a 

0 
If! w 

c 

In * 
0 I- 

0 n 
c 

8 
I 7 c 

t c 
a 
E 
8 - 

b 
4l 

c 

9 
W * 

? 
I 

m 
c 

9 
In 
V 

9 
Ln 
V 

0 c m 
W 

I- 
o\ m I I I 1 I I I 

0 

n 

I- 
?it I I I c I- 

c 
m I- C 

X 
n 0: 

I- 

I- 

I- 

* 
I- 

? 
m I- 

c M 
I- 

I- 

P- 

a 
c 

'Y 
s m 

$ 1  

C 

" 

n 
a z 

m 
w a 

m a w 



- 109 - 

n n 
c 

d 
N \o 

0 0 
c 

e 3 !?! . 
0 

w 0 
VI 9 

0 d 
Ir\ 

9 
0 

2 l- 

R Q) 
N 

. rc 

z 
(D 

I 

0 
0 

0 
c N 0 
VI 

- 
d x 9 0 9 

V 8 
8 % 
9 9 
0 0 d 

9 N 

n N 
. 9 9 n c 

I I 

0 
OD 
6 

0 
N 5: 
6 0 

9 c 
8 

? 9 
0 0 

8 
n 

0 

* * 9 8 c v: 3 
I- N 

I I I 

8 ? 
a 

c 0 

0 n 2 
d 6 

2 
d 

r- 
c 

d 
2 
d 

kllll 

s 
8 

0 
N 2 

9 
8 8 

0 n z 
9 
8 8 

l- 
c x 

m 
N 
. 9 

h( 8 
N 

N 
N 

. c . 
2 I I I 

In 
c 8 
9 
8 

N 

0 
I I I I 

n 

c 
m 

Y 
2 
m u 

n n 
U 
Z < z 

v) 

4 



- 110 - 

I 
0 d 
'0 
N 

0 
-t 
N 
0 - I I 

0 0 0 

0 0 - 
9 9 

In 

0 0 
I 

- m 
C m 
V 

0 
C 

u) 
L o > 
V 

z 
Q 
Q 

t 
C o 

- o  .u) 
m L  
m 

- 
- 

I-II 

0 
-Y- 

I I 

Q m a, m M 
0 - c 

N 
c 

I 

I 0 
0 - r- 

I- 

0 
0 Q 

I- * m N I N 

In 
I- N 

N !!? I n 
N 

In 

M 
I- 

m 
N N 

r- 
- 
N 
N 

0 
0 
d 

I- 

d 
0 

0 
a3 
c 

9 - 
c 

9 
I 

In 
V 

9 
'c tV 

M 
r- 

N 8 
c 
L 
.c a, 

t 
8 

- 
c . n I I I I I 

I I I 0 \o 
c 

b: 3 
I- I- 

I- 

I- 

r- 
r- 

I- 

I- 

n 
c 

a m  8 
I - L  m o  
- 2  

3 

4 
z 

* * *  
"""I"""""""""""""""" 



- 111 - 

““““7 - 
0 
N 

I- * 
0 

. 
0 x 9 0 

d 

n 
m 
In 

0 
N 
0 

0 
9 

N 
c 

w 
9 
d 

9 
r- 

ff 
d 

In - 
C 
4 

4 
r- n 

0 
In 
0 
0 
9 
8 
. 

In 
c 

n .a0 t m  
i- 

m u  
9 

Q C  
u m  

OD 

9 E 
0 c; N 

C 

3 M 
z! is 

c 

0 
5 
9 
0 
V 

Q) 
0 
a0 

0 
9 9 e 

00 x r* I- 
C 

6 9 
0 

P I 0 n 
N rr) 

00 I I 

0 
Ln 

d 
OI 
r- 
0 
. 8 f 

d c 

* 
hl 

d I 

I- ? 4 
I- I- 

N 

4 

w 

0 
f 

w 
n 

c 
r- 

d 6 
!c 
d s 

c 
2 
n 

c 
0 
c 

0 
4 9 

8 

(v 
0 

0 
9 

c m : 
c 

N 

0 
9 

i 
i? 

C 

t 

2 
n 

r- 
In 
PI 

4 0 

cy L- n n 
. x n I 

E 
4 
8 

I I 
0 

n z 3 z a 
c) 
\ \ 

3 
m m 
Q 
w 

Q 
W m 

i 
““ ““““““““““““““““.I 



- 112 - 

E 
? 
0 

I 

I 

I 

I 

I 

I- 
I- 

W 
br 

br 
0 

\o n 
hl 2 c 

c 
br 

e 
W 

W 
I- 

br 
I- 8 

P 
c 

c 
e 

c . 
0 0 W 

L 
0 r 

In W 
Y 

In l- 

t 
8 

!3 

K 

& 

t 

0 
!-! 

0 c N c m 
c 
h( I 

? 
hl n 

? 
In 

P; 
8 

u: 
0 I 

v) 
Q 
W N 

n ? I I I I 

v: 
d YI 

t 
a 

v a P; 
l- 

P; 
I- 

. 
2 B c 

a 
W 

i % E  * 



- 113 - 

n rg 
? 
0 x 

I t 

0 
(Y 
0 

0 

Q g 
? ? ? 

8 0 

Q 

0 
? 

I I 

c 

* 
0 
t 

(Y aD 

0 0 
c! c! I 4- 

t 
(D 

v) 

m 
N 

OI 
f 
I- 

I 9 ? ? e I- 

+ 

c 

2 
n n 
0 0 
1 c 

0 

* 
c 

d 

(Y 
c 

9 
0 0 0 

4 
c n 

'*! 
I- n I 

0 
0 

> 
c 

v )  

c 

!i5 

f 
0 

t 

a e 
- 
9 

6 L 
e 
> 
W 
c 

I 
cn 
W 
a 

I I e 8 

n 
c 

n 

6 6  * * 


	Table of Contents

