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Summary

Th is  r e p o r t  c o n s i s t s  o f  d a t a  t a b l e s  a n d  i n t e r p r e t a t i o n  o n  G o o s l y  L a k e ,  n e a r

the  E q u i t y  S i l v e r  M i n e ,  n e a r  H o u s t o n ,  B r i t i s h  C o l u m b i a .  G o o s l y  L a k e  i s  t h e

c l o s e s t  l a r g e  w a t e r  b o d y  t o  t h e  m i n e s i t e ,  a n d  h a s  r e c e i v e d  c o n t a m i n a n t s  f r o m

the  m i n e s i t e  i n  t h e  f o r m  o f  seepages ,  s p i l l s ,  a n d  t r e a t e d  a c i d  m i n e  d r a i n a g e .

The Wa s t e  Management B r a n c h  h a s  exam ined  c o n d i t i o n s  i n  t h e  l a k e  t o  d e t e r m i n e

the  e f f e c t  o f  t h e s e  c o n t a m i n a n t s  o n  l a k e  w a t e r  q u a l i t y  a n d  b i o t a .

The d a t a  s h o w s  c l e a r  e v i d e n c e  o f  i n c r e a s e d  c o n c e n t r a t i o n s  o f  c e r t a i n  t r a c e

meta l s  d u r i n g  t h e  s p r i n g  o f  1982  a f t e r  a  s p i l l  o f  s u l p h u r i c  a c i d  o n  t h e  m i n e -

s i t e  i n  l a t e  1 9 8 1 .  S i n c e  t h e  b e g i n n i n g  o f  t h e  d i s c h a r g e  o f  t r e a t e d  a c i d  m ine

d r a i n a g e ,  s u l p h a t e  h a s  c o n t i n u e d  t o  r i s e  i n  c o n c e n t r a t i o n  i n  t h e  l a k e .  L a k e

pH a n d  h a r d n e s s  m a y  b e  i n f l u e n c e d  b y  t h e  t r e a t e d  AMD a s  w e l l .  T h e  l a k e  i s

n o t  a s  w e l l  b u f f e r e d  a g a i n s t  s t r o n g  a c i d  a s  t h e  i n l e t  s t r e a m .  F i s h  t i s s u e

z i n c  a n d  l i v e r  cadmium exceed  t h e  p r o v i n c i a l  mean. E l e v a t e d  h e p a t i c  m e t a l l o -

t h i o n e i n  h a s  b e e n  f o u n d  i n  some f i s h  l i v e r s  t a k e n  f r o m  t h e  l a k e .  A  s p e c i e s

o f  m e t a l  s e n s i t i v e  p h y t o p l a n k t o n  h a s  r e c e n t l y  a p p e a r e d  b u t  i t  i s  n o t  known t o

have p r e v i o u s l y  e x i s t e d  i n  t h e  l a k e  p r i o r  t o  m i n e  s t a r t - u p .

Some p r e l i m i n a r y  w a t e r  q u a l i t y  o b j e c t i v e s  a n d  a  s u g g e s t e d  m o n i t o r i n g  p r o g r a m

are i n c l u d e d .  T h e s e  s u g g e s t i o n s  w i l l  b e  f o l l o w e d  u p  b y  a  c o m p r e h e n s i v e

assessment o f  t h e  B u c k  a n d  Foxy-Maxan sys tems  t o  b e  c a r r i e d  o u t  i n  1 9 8 7 .
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P a r t  1  W a t e r  Q u a l i t y

I n t r o d u c t i o n

Goos ly  L a k e  l i e s  a b o u t  5  k m  f r o m  t h e  E q u i t y  S i l v e r  M i n e .  T h e  m i n e  e l e v a t i o n

i s  1 2 8 0  m  above  s e a  l e v e l ,  t h e  l a k e  l i e s  a t  9 0 0  m  above  s e a  l e v e l  ( F i g u r e  1 ) .

The m a i n  d r a i n a g e  f r o m  t h e  m i n e s i t e  i s  Bessemer  C r e e k ,  w h i c h  j o i n s  B u c k  C r e e k

0 .5  k m  a b o v e  t h e  l a k e .  S i n c e  t h e  s t a r t  o f  m i n i n g  i n  1 9 8 0 ,  t h e r e  h a v e  b e e n

h i g h e r  t h a n  b a c k g r o u n d  c o n c e n t r a t i o n s  o f  s u l p h a t e ,  s u s p e n d e d  s o l i d s ,  n i t r a t e

and v a r i o u s  h e a v y  m e t a l s  i n  Bessemer  C r e e k ,  w h i c h  may  b e  h a v i n g  a n  e f f e c t  o n

Goos ly  L a k e .  W h i l e  t h e  l a k e  c o n t a i n s  a  r e c r e a t i o n a l  t r o u t  f i s h e r y ,  i t  i s  o f

m ino r  i m p o r t a n c e .  T h e  l a k e  i s  v e r y  i m p o r t a n t ,  h o w e v e r ,  i n  t h a t  i t  d r a i n s  t o

t h e  l o w e r  B u c k  C r e e k  s y s t e m  w h i c h  i s  a  m a j o r  s p a w n i n g  a n d  r e a r i n g  s t r e a m  f o r

sa lmon,  s t e e l h e a d  a n d  r e s i d e n t  t r o u t s .  B u c k  C r e e k  a l s o  i s  u s e d  a s  a  d o m e s t i c

w a t e r  s u p p l y  b y  r e s i d e n t s  o n  B u c k  F l a t s  n e a r  H o u s t o n .  I f  w a t e r  q u a l i t y  d e -

c l i n e s  i n  G o o s l y  L a k e ,  t h e  consequences  w i l l  e v e n t u a l l y  b e  f e l t  downs t ream.

Of p a r t i c u l a r  c o n c e r n  i s  c o n t a m i n a t i o n  b y  m e t a l s  s u c h  a s  c o p p e r ,  z i n c ,

a r s e n i c  a n d  cadmium.  T h e s e  m e t a l s  a r e  known t o  b e  t o x i c  t o  a q u a t i c  o r g a n i s m s

a t  l o w  c o n c e n t r a t i o n s ,  a n d  t h e i r  t o x i c i t i e s  c a n  b e  s y n e r g i s t i c  i f  t h e  m e t a l s

o c c u r  t o g e t h e r  ( F i n l a y s o n  a n d  V e r r u e  1 9 8 2 ) .  F o r  t h e s e  r e a s o n s  i t  i s

u n a c c e p t a b l e  f o r  G o o s l y  L a k e  t o  b e  c o n t a m i n a t e d .

The m a j o r  w a s t e  o f  i n t e r e s t  h e r e  i s  w a s t e  r o c k  w h i c h  i s  a c i d  g e n e r a t i n g .  T h e

f o r m a t i o n  o f  a c i d  m i n e  d r a i n a g e  ( A N D )  a n d  i t s  c h e m i c a l  c h a r a c t e r i s t i c s  i s

documented e l s e w h e r e .  D e s p i t e  e f f o r t s  t o  c o l l e c t  a n d  t r e a t  AMD a t  t h e  m i n e -

s i t e ,  w a t e r  q u a l i t y  i n  Bessemer  C r e e k  h a s  b e e n  i n f l u e n c e d  b y  s p i l l s  a n d  s e e p -

ages f r o m  t i m e  t o  t i m e .  I n  A p r i l  o f  1 9 8 4 ,  1 9 8 5  a n d  1 9 8 6 ,  t h e  c r e e k  w a t e r  was

t o x i c  t o  f i s h  d u e  t o  e x c e s s  c o p p e r  a n d  z i n c .

S ince  a  1 9 8 1  s p i l l  o f  s u l p h u r i c  a c i d  a t  t h e  m i n e s i t e  a n d  t h e  s u b s e q u e n t  d i s -

c o v e r y  o f  a c i d  m i n e  d r a i n a g e  a  l a r g e  a m o u n t  o f  w a t e r  q u a l i t y  d a t a  f o r  t h e

l a k e  h a v e  b e e n  c o l l e c t e d .  T h e s e  d a t a  i n c l u d e  w a t e r  c h e m i s t r y ,  b i o l o g i c a l

m a t e r i a l s  a n d  s e d i m e n t  c h e m i s t r y .  T h e  d a t a  w e r e  c o l l e c t e d  i n  o r d e r  t o  d e f i n e

e n v i r o n m e n t a l  c h a n g e s  b r o u g h t  o n  b y  t h e  m e t a l s  a n d  o t h e r  c o n t a m i n a n t s  b e i n g

l o a d e d  t o  t h e  s y s t e m  b y  B e s s e m e r  C r e e k .  T h i s  r e p o r t  w i l l  s u m m a r i z e  a n d

assess t h e  v a r i a b l e s  o f  i m p o r t a n c e  a n d  a s s e s s  t h e  e f f e c t  o f  t h e  m i n e  d r a i n a g e

on t h e  l a k e .  B a s e d  o n  t h e s e  f i n d i n g s ,  r e c o m m e n d a t i o n s  a r e  n e e d e d  f o r  l a k e
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wa te r  q u a l i t y  o b j e c t i v e s ,  a n d  a n  a p p r o p r i a t e  m o n i t o r i n g  p r o g r a m  f o r  t h e

f u t u r e .

Morphomet r i c  d a t a  f o r  G o o s l y  L a k e  a r e  f o u n d  i n  Ta b l e  1 .

Ta b l e  1  G o o s l y  L a k e  M o r p h o m e t r i c  D a t a

e l e v a t i o n  9 0 0  m
area 2 4 1 . 5  h a
volume 2 4 , 8 6 9  dam3
mean d e p t h  1 0 . 3  m

max. d e p t h  2 3  m
p e r i m e t e r  1 2 , 0 3 9  m
f l u s h i n g  r a t e  0 . 9  y r
r e t e n t i o n  t i m e  1 . 1  y r

Very  l i t t l e  w a t e r  q u a l i t y  d a t a  a r e  a v a i l a b l e  f o r  G o o s l y  L a k e  p r i o r  t o  m i n e

s t a r t - u p .  T h i s  f a c t  h a s  l i m i t e d  o u r  a b i l i t y  t o  a s s e s s  w h e t h e r  changes  h a v e

taken  p l a c e  i n  t h e  l a k e .

Methods

Sampl ing l o c a t i o n s  o n  B u c k  a n d  Bessemer  C r e e k ,  a n d  i n  t h e  l a k e  a r e  shown i n

F i g u r e  1 .  S i t e s  o n  B u c k  a n d  Bessemer C r e e k  h a v e  b e e n  samp led  i n t e n s i v e l y  b y

b o t h  E q u i t y  a n d  t h e  Wa s t e  Management B r a n c h  s i n c e  e a r l y  i n  1 9 8 2 .  L a k e  w a t e r

was s a m p l e d  t h r o u g h  t h e  i c e  o v e r  t h a t  w i n t e r .  M a y  1 9 8 2  was o u r  f i r s t  o p p o r -

t u n i t y  t o  e x a m i n e  t h e  l a k e  b y  b o a t  a n d  t a k e  s t a n d a r d  l i m n o l o g i c a l  m e a s u r e -

ments. G r a b  s a m p l e s  i n  s r e a m s  w e r e  a n a l y z e d  f o r  m a j o r  i o n s ,  n u t r i e n t s  a n d

m e t a l s .  M e t a l  s a m p l e s  w e r e  f i e l d  f i l t e r e d  a n d  a c i d i f i e d .  A l l  s a m p l e s  w e r e

u s u a l l y  s h i p p e d  t o  t h e  M i n i s t r y  o f  E n v i r o n m e n t  L a b  t h e  same d a y  a s  c o l l e c t e d .

Samples i n  G o o s l y  L a k e  w e r e  c o l l e c t e d  f r o m  a  b o a t  u s i n g  a  4  l i t r e  Va n  D o r n

b o t t l e  d e s i g n e d  f o r  p r e v e n t i n g  m e t a l  c o n t a m i n a t i o n .

Tab le  2  o u t l i n e s  o u r  m o n i t o r i n g  a c t i v i t i e s  o n  t h e  l a k e  t o  t h e  e n d  o f  1 9 8 5 .

I t  s h o w s  w e  m a d e  e l e v e n  v i s i t s  t o  t h e  l a k e  b e t w e e n  1 9 8 2  a n d  1 9 8 5 .  F o u r

v i s i t s  w e r e  made i n  1 9 8 6 .  S i t e  0700084 a t  m i d - l a k e  was  s a m p l e d  c o n s i s t e n t l y .

Va r i a b l e s  m e a s u r e d  o n  e a c h  o c c a s i o n  i n c l u d e  p r o f i l e s  o f  t e m p e r a t u r e  a n d

oxygen, t o t a l  a n d  d i s s o l v e d  m e t a l s ,  m a j o r  i o n s  ( s u l p h a t e ,  n u t r i e n t s )  a n d

p h y t o p l a n k t o n .  S e d i m e n t s ,  f i s h  t i s s u e s  a n d  z o o p l a n k t o n  h a v e  b e e n  c o l l e c t e d

l ess  f r e q u e n t l y .
• Load ings  t o  t h e  L a k e  S i n c e  1981

Bessemer C r e e k  a n d  G o o s l y  L a k e  w e r e  s a m p l e d  i n t e n s i v e l y  o v e r  t h e  w i n t e r  f o l -

l o w i n g  t h e  a c i d  s p i l l  i n  l a t e  1 9 8 1 .  W h a t  f o l l o w s  i s  a  r o u g h  c a l c u l a t i o n  o f



Fig. I Goosly L a k e
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0700082
0700084
0700085

20 May 1982

1,5,8
0 ,1 ,5 ,8 ,15
1

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

0700082
0700084
0700085

20 September 1982

0 ,1 ,3 ,5 ,8
0 ,1 ,5 ,8 ,15
0,1

X
X
X

X
X
X

X
X
X

X
X
X

0700084

14 October 1982

X

0700084

4 May 1983

0,10 X X X- X X

0700084
near 0700082

-16 May 1984

2,16
cores

X X X
X

x x

0700084

15 August 1984

1,3,10 X X X X X

7 s i t e s

5-February 1985

2 depths X X X

0700084
0700085
0700082

28 May 1985

1,16
0
0

X X
X
X

X
X
X

X
X

X

X.

X

X

X X

01111

0700084
0700085
0700082

17 J u l y  1985

1,16 X X X X X
X

.-X

X X

.

0700084

19 August 1985-

2,15 X X X X X X

0700084

30 October 1985

1,14 X X X X X X

TABLE 2
MONITORING ACTIVITIES ON GOOSLY LAKE, 1982-1985
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N a t u r a l  ( c o n t r o l )  l o a d i n g s  B e s s e m e r  Ck  =  P r e d i c t e d  L o a d i n g
Upper B u c k  C r e e k
. -  0 7 0 0 7 6 5  .  0 7 0 0 0 8 1  .  t o  G o o s l y  L a k e

s u l p h a t e 459. 2743. 3202
T Cu 1.13 6 .2 7,33
D C u .12 5.10 5 .22
T Z n 1.60 6 .22 7 .82
D Z n .67 4.50 5 .17

- B U C K  C R E - E . K .  - . + _  . 1 3 - E - S  S . E - M . E . R  C R - E E K  1 P R E D I C T E D
LOADING

mean _ . mean . TO GOOSLY
v a l u e

. m g / l .
S.D. N k g / d v a l u e

. . m g / l .
S.D. N k g / d LAKE

k g / d

SO4 10. 1 665. 27 .5 23.4 4 229. 894
T C u .02 .012 4 1.30 .071 ,14 13 .69 1.99
D Cu .0066 .0028 3 ,43 .013 0 0 4 5 5 ,13 .56
T Z n .028 ,026 4 1.86 .084 .19 15 ,82 2 ,68
D Zn- .007 - . . 0028 3 .46 . _.017 .009. _6. - . 1 6 .62

how m u c h  m e t a l  f l o w e d  i n t o  t h e  l a k e  i n  t h e  f i r s t  y e a r  o f  m e a s u r e m e n t .

A c c o r d i n g  t o  t h e  h y d r o l o g y  s t u d y  ( K e r r ,  P r i e s t m a n ,  1 9 8 3 )  mean a n n u a l  d i s -

charge i s  1 4  1 / s / k m 2  f o r  s t r e a m s  i n  t h e  a r e a .  T h e  Bessemer d r a i n a g e ,  e x -

c l u d i n g  t h e  S o u t h e r n  T a i l  P i t ,  i s  8 . 1  k m 2 .  T h e r e f o r e  t h e  mean f l o w  i s  11 3 . 4

1 / s  o r  0 . 11 3 4  m 3 / s ,  ( 9 7 9 8  m 3 / d a y ) .  S i m i l a r l y ,  B u c k  C r e e k  f l o w s  e m a n a t e  f r o m

a 5 5  km2 w a t e r s h e d ,  r e s u l t i n g  i n  a  mean f l o w  o f  7 7 0  1 / s  ( 6 6 5 3  m 3 / d ) .

I f  w e  m u l t i p l y  t h e s e  f l o w s  b y  t h e  m e a n  c o n c e n t r a t i o n  o f  c o n t a m i n a n t s ,  a n

e s t i m a t e  o f  l o a d i n g s  t o  B u c k  C r e e k  a n d  t h e  l a k e ,  o v e r  a n d  above  n a t u r a l

l o a d s ,  c a n  b e  made.

Ta b l e  3  s h o w s  l o a d i n g s  i n  k g / d  f o r  s u l p h a t e ,  t o t a l  ( T )  c o p p e r ,  d i s s o l v e d  ( D )

c o p p e r,  t o t a l  z i n c  a n d  d i s s o l v e d  z i n c ,  f o r  t h e  p e r i o d  8 1 / 11 / 2 0  t o  8 2 / 11 / 1 6

( y e a r.  1 )  a t  s t a t i o n s  o n  u p p e r  Buck  C r e e k ,  Bessemer  C r e e k  a n d  a t  t h e  l a k e
i n l e t .

Ta b l e  3  L o a d i n g s  t o  G o o s l y  L a k e
Year  1 :  8 1 / 1 1 / 2 0  t o  8 2 / 11 / 1 6

( k g / d )

Once a g a i n ,  b a s e l i n e  d a t a  i s  p o o r  f o r  u p p e r  B u c k  a n d  Bessemer C r e e k  p r i o r  t o

mine s t a r t - u p .  A c c o r d i n g  t o  d a t a  a s s e m b l e d  i n  Osborne  a n d  H a l l a m  ( 1 9 8 2 )  a v e r -

age b a s e l i n e  ( p r e o p e r a t i o n a l )  v a l u e s  f o r  Bessemer  a n d  Buck  C r e e k s  a r e  a s  f o l -

l ows .

Ta b l e  4  P r e o p e r a t i o n a l  Va l u e s  f o r  S u l p h a t e ,  C u  a n d  Z n
i n  Buck  a n d  Bessemer  C r e e k s
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From Ta b l e  4 ,  l o a d i n g s  c a l c u l a t e d  o n  Buck  C r e e k  p r e d i s c h a r g e  measurements  a r e

no t  m u c h  d i f f e r e n t  f r o m  l o a d i n g s  s h o w n  i n  Ta b l e  3 .  H o w e v e r  l o a d i n g s  f r o m

Bessemer a r e  1 2  t i m e s  h i g h e r  f o r  SO4 ,  9  t i m e s  h i g h e r  f o r  t o t a l  c o p p e r ,  3 9

t imes  h i g h e r  f o r  d i s s o l v e d  c o p p e r ,  8  t i m e s  h i g h e r  f o r  t o t a l  z i n c  a n d  2 8  t i m e s

h i g h e r  f o r  d i s s o l v e d  z i n c  i n  t h e  y e a r  f o l l o w i n g  t h e  a c i d  s p i l l .

O v e r a l l ,  t o t a l  l o a d s  o f  s u l p h a t e  a n d  m e t a l s  t o  t h e  l a k e  d u r i n g  t h e  p e r i o d

f o l l o w i n g  t h e  a c i d  s p i l l  was  h i g h e r  t h a n  n a t u r a l  l o a d i n g s  a n d  we t h o u g h t  t h i s

wou ld  b e  e v i d e n t  i n  c h e m i c a l  a n a l y s e s  o f  l a k e  w a t e r .  T o t a l  l o a d i n g  t o  G o o s l y

Lake i n  y e a r  o n e  i n c r e a s e d  3 . 5  t i m e s  f o r  SO4,  3 . 7  t i m e s  f o r  t o t a l  c o p p e r ,  9 . 3

t i m e s  f o r  d i s s o l v e d  c o p p e r ,  2 . 9  t i m e s  f o r  t o t a l  z i n c  a n d  8 . 3  t i m e s  f o r

d i s s o l v e d  z i n c .  I t  was  a l s o  r e a s o n a b l e  t o  assume,  s i n c e  t h e  f l u s h i n g  r a t e  i s

a p p r o x i m a t e l y  . 9 x / y e a r ,  t h a t  m o s t  o f  t h e  m a t e r i a l  c o m i n g  f r o m  t h e  m i n e  w o u l d

s t i l l  b e  i n  t h e  l a k e .  O u r  c h i e f  f e a r ,  i n  s a m p l i n g  t h e  l a k e  f o r  t h e  f i r s t

t i m e  i n  1 9 8 2 ,  w a s  t h a t  w h a t e v e r  i m p a c t s  t h e r e  m i g h t  h a v e  b e e n  h a d  a l r e a d y

happened.

Goosly  L a k e  Wa t e r  Q u a l i t y

Ta b l e  5  p r e s e n t s  a  summary  o f  m a j o r  p h y s i c a l  a n d  c h e m i c a l  c o n s t i t u e n t s  i n

Goosly  L a k e .  T h e s e  w i l l  b e  d i s c u s s e d  i n  t u r n .

A. Te m p e r a t u r e  a n d  D i s s o l v e d  Oxygen

Goosly  i s  a  t y p i c a l  d i m i c t i c  l a k e  w i t h  a  n o r m a l  t e m p e r a t u r e  a n d  o x y g e n

reg ime.  D i s s o l v e d  o x y g e n  i s  n o t  shown  i n  Ta b l e  5 .  W e  s a m p l e  a s  s o o n  a f t e r

b r e a k - u p  a s  p o s s i b l e  i n  o r d e r  t o  c a t c h  t h e  l a k e  a t  s p r i n g  o v e r t u r n .  D u r i n g

t h i s  p e r i o d  t h e  l a k e  i s  i s o - t h e r m a l  a n d  w e l l  a e r a t e d  t o  t h e  b o t t o m .  T h e

m i x i n g  a t  o v e r t u r n  a l s o  o f f e r s  a n  o p p o r t u n i t y  t o  samp le  when a l l  t h e  w a t e r  i n

t h e  l a k e  s h o u l d  t h e o r e t i c a l l y  h a v e  t h e  same c h e m i s t r y .

Mid-summer p r o f i l e s  r e v e a l  a  w e l l  d e v e l o p e d  t h e r m o c l i n e .  D i f f e r e n c e s  i n  t h e

c o n c e n t r a t i o n  o f  s u l p h a t e ,  c o n d u c t i v i t y  a n d  p H  a r e  e v i d e n t  b e t w e e n  t h e  e p i -

l i m n i o n  a n d  h y p o l i m n i o n  i n  t h e  summer o f  1 9 8 5 .  T h e s e  d i f f e r e n c e s  d i s a p p e a r

d u r i n g  f a l l  o v e r t u r n  a s  shown b y  t h e  8 5 / 1 0 / 3 0  r e s u l t s  i n  Ta b l e  5 .

B. S u s p e n d e d  S o l i d s  a n d  T u r b i d i t y

Measurements o f  s u s p e n d e d  s o l i d s  s i n c e  8 2 / 0 5 / 2 6  s h o w  a  r e a s o n a b l y  u n i f o r m

p a t t e r n .  S u s p e n d e d  s o l i d s  a t  t h e  m i d - l a k e  s t a t i o n  a r e  g e n e r a l l y  l o w ,  b e t w e e n

2 a n d  5  m g / l .  V i s u a l  o b s e r v a t i o n  f r o m  t h e  a i r  i n  May o f  1985  showed
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Depth
(m) pH

Cond
uS/cm

Temp
*C

Colour
True
un i t s

SO4
ma/1

A lk
Tot
mg/I

Hard
ness
mq/1

Chlor
a

u(71/1
TKN
mg/1

NH3
ug/I

NO2
NO3
ug/I

To t  P
ug/1

Ca
T

uq/1

Mc
T

uc/ I

0 5 6.4
1 7.37 125 4.5 75 15.5 5.6 24
5 7.37 130 4.2 60 15.5 6.1 24
8 7.35 130 4.2 75 15.5 24

15 7.33 130 4.0 75 16 27

0 16 1.9
1 7.1 107 15 40 15.2 35.6 43.3 2.3 .28 8 <20 19 12.1 3.2
5 7.0 106 13 40 15.5 35.7 43.2 2.2 .28 5 <20 15 12.1 2.8
8 6.8 104 11 50 15.2 34.4 .27 <5 50 16

15 6.8 107 6.2 50 15.4 35.2 44 .14 <5 140 17 12.2 3.3

0 7.2 105 14.2 36.7 42.1 .40 8 70 25 11.2 3.4
10 7.2 109 14.2 37.5 47.4 .34 7 90 26 13.2 3.4

2 7.2 107 5.7 50 13.5 38.2 47.5 6.5 .40 <5 <20 28 12.8 4.1
16 7.1 114 4.5 50 14.5 40.7 52 .32 <5 <20 24 13.3 4.6

1 7.6 102 16.6 40 11.8 38.7 40.4 4.0 .43 19 <20 24 12.2 3.5
3 16.5

10 7.0 103 8.6 50 12.4 37.5 41.2 .35 <5 30 29 12.2 3.5

1 7.4 88 9.8 56 8.8 35.2 40.6 5.2 .45 16 <20 34 11.0 3.2
16 7.3 107 4.5 40 10.9 42.3 47.5 .33 17 70 27 12,8 3.8

1 7.5 132 19.2 40 24.7 37.2 57.1 1.9 .33 9 <20 13 16.0 4,2
16 6.9 104 6.4 40 10.6 40.6 47.2 .40 <5 110 35 12.9 3.8

2 7.1 133 16 28 25.2 36.3 57.5 5.5 12 <20 16.5 4.2
15 6.5 107 6.9 40 11.8 37.9 46.7 10 120 13.5 3.7

1 7.5 132 5 50 21.6 40.5 58.6 18.9 .35 <5 <20 23 16.5 4.2
14 7.5 128 4.8 40 21.4 40.4 57.8 .35 <5 <20 25 16.5 4.2

1 7.3 120 10.1 36 20.8 35.1 51.4 3.6 .43 <5 <2 22 13.9 4.1
17 7.3 145 4.2 24 23.6 45.9 55.8 - <5 - -30 16.4 4.8

1 7.3 140 15.3 70 32.6 33.8 61.1 5.1 .43 <5 <20 21 16.8 4.7
13 7.0 127 5.9 60 23.6 39.4 53.8 .32 <5 4 20 14.2 4.5

\...

1 7.5 142 19.5 50 33.1 34.5 63.6 3.3 .46 10 <20 14 17.8 4.5
18 7.0 131. 5.5 60 23.2 40.1 58.7 .36 5 90 33 15.8 4.7

1 7.3 143 50 30.9 36.2 57.2 .34 <5 <2 14 15.5 4.48
18 6.9 137 40 22.3 42.9 55.4 .34 35 12 37 14.7 4.54

TABLE 5
GOOSLY LAKE DATA FOR SITE 0700084

• 1 9 8 2 - 8 6

Date

82/05/26

82/09/20

83/05/04

84/05/16

84/08/15

85/05/28

85/07/17

85/08/19

85/10/30

86/06/02

86/07/16

86/08/11

86/09/30
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8 5 / 0 5 / 2 8 85 /07 /17 85 /08 /19 85 /10 /30

E p i l i m n i o n 3 .3 0 .6 0.7 1.6

Hypo l imn ion 2 .5 2 .5 2.0 1.6

a p l u m e  o f  p a r t i c u l a t e  m a t e r i a l  s p r e a d i n g  i n t o  t h e  l a k e  f r o m  t h e  m o u t h  o f

Buck C r e e k .  T h i s  m a t e r i a l  s p r e a d s  a n d  s e t t l e s  o u t  i n  t h e  e a s t  b a s i n  o f  t h e

l a k e ,  a n d  appea rs  n o t  t o  b e  measured  a t  m i d - l a k e .  T h e  o r i g i n  o f  t h e  s e d i m e n t

i s  p resumed  t o  b e  t h e  u p p e r  B u c k  C r e e k  w a t e r s h e d  i n c l u d i n g  m a t e r i a l  f r o m  t h e

mine v i a  Bessemer C r e e k .

T u r b i d i t y  i s  measured  i n  t w o  w a y s .  T h e  E n v i r o n m e n t a l  L a b  measures  t u r b i d i t y

u s i n g  a  n e p h e l o m e t e r .  W e  u t i l i z e  a  S e c c h i  d i s c  i n  t h e  f i e l d  t o  d e t e r m i n e

l i g h t  t r a n s m i s s i o n  a t  t h e  l a k e  s u r f a c e .  N e p h e l o m e t e r  t u r b i d i t y  was  measu red

i n  1 9 8 5  i n  t h e  e p i l i m n i o n  a n d  h y p o l i m n i o n  a s  f o l l o w s :

T u r b i d i t y  ( N . T. U . )  i n  G o o s l y  Lake  1 9 8 5

Here,  t u r b i d i t y  i s  i n f l u e n c e d  a t  m i d - l a k e  b y  t h e  f r e s h e t .  A s  w e l l ,  h y p o -

l i m n e t i c  t u r b i d i t y  a p p e a r s  m o r e  s t a b l e  a n d  h i g h e r  t h a n  e p i l i m n e t i c  t u r b i d i t y .

I t  i s  f e l t  t h i s  t u r b i d i t y  i s  i n d u c e d  b y  suspended  p a r t i c l e s  s m a l l e r  t h a n

t h o s e  m e a s u r e d  a s  s u s p e n d e d  s e d i m e n t  ( i . e :  s m a l l e r  t h a n  1  m i c r o n ) .  T h i s

means t h e  p a r t i c l e s  a r e  f i n e l y  g r o u n d  b i t s  o f  m i n e r a l  o r  o r g a n i c  m a t t e r  o r

b o t h .  T h i s  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n  t o  d e t e r m i n e  i f  t h e  t u r b i d i t y  c a n

be l i n k e d  t o  m e t a l s  l e v e l s .  T a b l e  9  shows t h a t  h y p o l i m n e t i c  i r o n  i s  u s u a l l y

h i g h e r  t h a n  s u r f a c e  v a l u e s  d u r i n g  t h e  summer.  I t  n e e d s  t o  b e  e s t a b l i s h e d  i f

t h i s  t u r b i d i t y  a n d  t h e  i r o n  a r e  c o r r e l a t e d ,  a n d  i f  i t  o r i g i n a t e s  f r o m  t h e

Bessemer s y s t e m .

G e n e r a l l y,  s e c c h i  d i s c  r e a d i n g s  show n o  d i s c e r n a b l e  t r e n d .  I f  a l g a l  s t a n d i n g

c rop  d e c l i n e s ,  w e  e x p e c t  s u r f a c e  c l a r i t y  t o  i n c r e a s e .

C. p H ,  S u l p h a t e ,  A l k a l i n i t y  a n d  Hardness

No p r e - o p e r a t i o n  s u l p h a t e  s a m p l e s  w e r e  t a k e n  i n  G o o s l y  Lake  s o  we  d o  n o t  h a v e

a g o o d  f e e l  f o r  t h e  o r i g i n a l  l e v e l s .  S u l p h a t e  i s  t h e  m a j o r  a n i o n  i n  a c i d
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mine d r a i n a g e ,  a n d  o u r  c a l c u l a t i o n s  s h o w  t h a t  s e v e r a l  t o n n e s  o f  i t  e n t e r e d

t h e  l a k e  f o l l o w i n g  t h e  a c i d  s p i l l  ( Ta b l e  3 ) .  S u l p h a t e  w a s  m e a s u r e d  i n  t h e

l a k e  t h r o u g h  i c e  h o l e s  a t  t h e  e a s t  e n d  f r o m  8 1 / 11 / 2 7  b y  Wa s t e  Management

Branch a t  s t a t i o n s  0700082 a n d  0700083 .  M i d - G o o s l y  l a k e ,  s t a t i o n  0700084  was

n o t  s a m p l e d  u n t i l  8 2 / 0 5 / 2 6 .  T h e  d a t a  f o r  t h e  t w o  e a s t  l a k e  s t a t i o n s  c l e a r l y

shows t w o  j u m p s  i n  s u l p h a t e  c o n c e n t r a t i o n  b e t w e e n  8 1 / 1 2 / 1 0  a n d  8 1 / 1 2 / 3 1 ,  a n d

a n o t h e r  b e t w e e n  8 2 / 0 4 / 0 1  a n d  8 2 / 0 4 / 1 5 .  T h e  p a t t e r n  i n  t h e  l a k e  s u g g e s t s  t h e

s t a t i o n  0 7 0 0 0 8 2  i s  m o r e  i n f l u e n c e d  t h a n  t h e  o t h e r ,  a n d  v a l u e s  m e a s u r e d  a t

0700083 m e r e l y  r e f l e c t  n o r m a l  h y s t e r e s i s  e f f e c t s .  A  t h i r d  i n c r e a s e  o c c u r r e d

8 2 / 0 3 / 0 5  a n d  a p p e a r e d  t o  i n f l u e n c e  b o t h  s t a t i o n s  ( s e e  Ta b l e  6 ) .  S u l p h a t e

l e v e l s  i n  1 9 8 3 ,  1 9 8 4  a n d  e a r l y  1985  seem t o  b e  c o n s i s t e n t l y  i n  t h e  11  t o  1 5

mg/1 r a n g e ,  a n d  d u r i n g  i n t e n s i v e  s a m p l i n g  o n  8 5 / 0 2 / 0 5  s u l p h a t e  was  v e r y  c o n -

s i s t e n t  a t  1 2 . 4  ( n  =  1 3 ,  S . D .  =  . 2 ,  Ta b l e  1 1 ) .  O n  t h e  b a s i s  o f  t h e s e  d a t a  i t

i s  e v i d e n t  t h a t  t h e  s p i l l  a n d  a c i d  m i n e  d r a i n a g e  i n f l u e n c e d  t h e  l a k e  i n  e a r l y

1982.

There  i s  s t r o n g  e v i d e n c e  o f  a  t r e n d  t o w a r d  h i g h e r  c o n c e n t r a t i o n s  o f  s u l p h a t e

i n  t h e  l a k e  s i n c e  t h e n .  T r e a t e d  a c i d  m i n e  d r a i n a g e  h a s  b e e n  d i s c h a r g e d  t o

t h e  Bessemer  C r e e k  d r a i n a g e  ( a n d  s u b s e q u e n t l y  t o  B u c k  C r e e k  a n d  G o o s l y  L a k e )

s i n c e  l a t e  M a y,  1 9 8 5 .  D u r i n g  t h e  p e r i o d  May  t o  J u l y  1 9 8 5 ,  2 5 6 , 0 0 0  m3  w e r e

d i s c h a r g e d .  T a b l e  5  shows  a  d e f i n i t e  d i s c o n t i n u i t y  i n  t h e  l e v e l  o f  s u l p h a t e

and c a l c i u m  i n  G o o s l y  L a k e  b e g i n n i n g  i n  J u l y  1 9 8 5 .  T h e  a b r u p t  c h a n g e  i s

f o l l o w e d  b y  a  t r e n d  t o  h i g h e r  c o n c e n t r a t i o n s  t h r o u g h  1 9 8 6 .  W h i l e  p H  a n d

s u l p h a t e  a r e  n e g a t i v e l y  c o r r e l a t e d  i n  r a i n f a l l  s e v e r a l  s t u d i e s  i n d i c a t e  t h a t

i n  s u r f a c e  w a t e r s  p H  a n d  s u l p h a t e  a r e  p o s i t i v e l y  c o r r e l a t e d  ( K r u g  1 9 8 5 ) .

There a p p e a r s  t o  b e  a  w e a k  p o s i t i v e  c o r r e l a t i o n  ( r  =  . 6 4 1 ,  9 5 %  c o n f i d e n c e )

between p H  a n d  s u l p h a t e  s i n c e  t h e  d i s c o n t i n u i t y  w h i c h  o c c u r r e d  i n  J u l y  1 9 8 5 .

T h i s  c o r r e l a t i o n  i s  m o s t  n o t i c e a b l e  w h i l e  t h e  l a k e  i s  s t r a t i f i e d  i n  t h e  s u m -

mer m o n t h s  w i t h  h i g h e r  p H  a n d  h i g h e r  s u l p h a t e  c o n c e n t r a t i o n s  i n  t h e  e p i -

l i m n i o n .  T h i s  i s  m o s t  l i k e l y  d u e  t o  t h e  B u c k  C r e e k  d i s c h a r g e  r e m a i n i n g  i n

t h e  e p i l i m n i o n  a n d  n o t  m i x i n g  w i t h  t h e  c o o l e r  more  d e n s e  w a t e r  o f  t h e  h y p o -

l i m n i o n .

C a l c i u m  ( a n d  p o s s i b l y  magnesium) c o n c e n t r a t i o n s  a r e  i n c r e a s i n g  i n  t h e  l a k e .

I t  i s  assumed  t h a t  t h e  i n c r e a s e  i n  c a l c i u m  c o n c e n t r a t i o n  i s  a  r e s u l t  o f

l i m i n g  (CaO) t h e  a c i d  m ine  d r a i n a g e .  I f  t h e  c a l c i u m  was f r o m  n a t u r a l  s o u r c e s
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w i t h i n  t h e  watershed t h e r e  wou ld  be  a  n o t i c e a b l e  i n c r e a s e  i n  a l k a l i n t y .  T h i s

i s  because  i n  p r i s t i n e  f r e s h w a t e r  c a l c i u m  i s  accompanied b y  a  p r o p o r t i o n a l

amount o f  b i c a r b o n a t e .

Note i n  T a b l e  5  t h a t  a l k a l i n i t y  h a s  n o t  i n c r e a s e d .  I n d e e d ,  a l k a l i n i t y  i n

Goosly L a k e  w a s  a p p r o x i m a t e l y  h a l f  t h e  v a l u e  o f  a l k a l i n i t y  i n  t h e  i n l e t

stream i n  F e b r u a r y  1 9 8 5 .  F i g u r e  3  ( p a g e  2 2 )  shows t i t r a t i o n  c u r v e s  i n d i -

c a t i n g  t h e  volume o f  . 0 2  N  H2SO4 r e q u i r e d  t o  depress t h e  pH o f  l a k e  a n d  c r e e k

water  down t o  p H  4 . 5 .  F i g u r e  3  shows t h a t  t h e  l a k e  i s  o n l y  h a l f  a s  w e l l

b u f f e r e d  a g a i n s t  s t r o n g  a c i d  a s  t h e  i n l e t  s t r e a m .

The p r e s e n t  c o n d i t i o n s  s u g g e s t  a l k a l i n i t y  i s  n o t  c h a n g i n g ,  h a r d n e s s  i s

s l i g h t l y  i n c r e a s i n g ,  a n d  p H  seems t o  b e  i n c r e a s i n g  w i t h  a d d i t i o n  o f  t h e

t r e a t e d  AMD.

D. N i t r a t e

N i t r a t e ,  ( N O 3 )  a n d  Ammonia (NH3)  a r e  t h e  m a j o r  forms o f  i n o r g a n i c  n i t r o g e n  i n

the l a k e .  N i t r a t e  a n d  n i t r i t e  p l u s  t o t a l  K j e l d a h l  n i t r o g e n  ( T K N )  e q u a l s

t o t a l  n i t r o g e n  i n  t h e  w a t e r .  K j e l d a h l  N  i s  a  measure o f  a l l  t h e  o r g a n i c

forms o f  N  p l u s  ammonia. N i t r a t e s  a r e  b e i n g  monitored i n  t h e  l a k e  because o f

the p o s s i b i l i t y  o f  n i t r a t e  e n r i c h m e n t  f r o m  m i n e  r u n o f f  w h i c h  m a y  c o n t a i n

explosives r e s i d u e s .  A l s o ,  a  s h i f t  i n  t h e  p r o p r t i o n  o f  TKN which i s  ammonia

may r e f l e c t  a  change i n  t h e  n u t r i e n t  d y n a m i c s  i n  t h e  l a k e .  B u t  a s  N o r d i n

(1985) p o i n t s  o u t ,  t h e  dynamics o f  n i t r o g e n  a r e  t r i c k y  t o  i n t e r p r e t .

The f o r m s  o f  N  i n  Ta b l e  5  show a  s l i g h t  i n c r e a s e  i n  TKN f r o m  1 9 8 2  t o  1 9 8 3 .

Ammonia c o n c e n t r a t i o n s  a r e  v a r i a b l e  b u t  l o w.  W e  f e e l  t h e  presence o f  ammonia

on some occasions a n d  absence o n  o t h e r s  may r e f l e c t  r e s p i r a t i o n  a n d  decompo-

s i t i o n  i n  t h e  l a k e .  T h e  same p r o b a b l y  a p p l i e s  t o  n i t r a t e ,  a n d  n o  c o n s i s t e n t

t rend  appears i n  t h e  d a t a .

E. C o n d u c t a n c e

Conductance i n c r e a s e s  w i t h  more d i s s o l v e d  i o n s ,  s o  t h a t  i f  s u l p h a t e  o r  m e t a l s

increase  s o  s h o u l d  conductance.  T a b l e  5  a n d  Ta b l e  6  show t h i s  r e l a t i o n s h i p
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Date

Sulphate

mg/I Conductance pH

D Cu

mo/I

0 Zn

mg/1

81/11/27 17.3 124 7.32

81/12/10 23.6 152 7.07

81/12/17 20 139 7.15 .003 .006

81/12/31 24.1 156 7.12 .002 .008

81/01/18 14.5 140 6.7 .007 <.005

82/02/04 12.9 129 7.33 .005 .009

82/03/05 37.3 262 7.24 .003 <.005

82/03/11 11.9 128 6.16 ND <.005

82/03/17 12.2 130 7.28 .004 .03

82/03/24 12.2 121 7.19 .003 .012

82/04/01 26.5 230 6.86 .006 <.005

82/04/17 29 257 7.47 .004 <.005

82/04/15 29.3 276 7.45 .007 <.005

82/04/26 15.5 ND 7.41 ND  < . 0 0 5

TABLE 6

CONCENTRATION OF SELECTED VARIABLES, EAST GOOSLY LAKE

SITE 0700082 (WMB DATA)

Pb:s
Sm le
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Me ta l
( t o t a l )

C r i t e r i o n *
( u g / l )

Background i n  l a k e
(ug /1 )

As 50 < 1 0  d i s s o l v e d ,  n  = 2
A l * * 50 unknown
Cu** 2 < 5  d i s s o l v e d ,  n  =  2
Fe 300 200 d i s s o l v e d ,  n  =  2
Sb** 50 < 2 5  d i s s o l v e d  n  =  2
Zn 50. < 5  d i s s o l v e d  n  =  2
Cd** 0 .2 unknown

c l e a r l y ,  a s  c o n d u c t a n c e  i s  e l e v a t e d  d u r i n g  p e r i o d s  o f  e l e v a t e d  s u l p h a t e .

Recent d a t a  ( Ta b l e  5 )  s h o w s  c o n d u c t a n c e  d e c l i n e d  s l i g h t l y  a f t e r  May  1 9 8 2  a n d

t h e n  i n c r e a s e d  a f t e r  t h e  d i s c h a r g e  o f  t r e a t e d  AMD. T h e s e  c o n d u c t a n c e s  a r e

measured a s  s p e c i f i c  c o n d u c t a n c e  b y  t h e  E n v i r o n m e n t a l  L a b ,  a n d  a r e  n o t  f i e l d

measurements. T h e  c o n d u c t a n c e  m e a s u r e d  i n  t h e  s p r i n g  o f  1 9 8 2  a t  t h e  m i d -

Goosly  s t a t i o n  does  s u g g e s t  i n f l u e n c e  f r o m  t h e  a c i d  s p i l l .

F.  C o l o u r

Co lou r  a f f e c t s  l i g h t  t r a n s m i s s i o n  i n  w a t e r ,  a n d  s i n c e  l i g h t  d r i v e s  t h e  l a k e

ecosystem, w e  m o n i t o r  c o l o u r  r e g u l a r l y .  T r u e  c o l o u r  i s  t h e  w a t e r  c o l o u r

a f t e r  i t  h a s  b e e n  f i l t e r e d  t o  remove  c o l o u r  i n d u c i n g  p a r t i c l e s .  T r u e  c o l o u r

was i n i t i a l l y  h i g h  i n  t h e  l a k e  i n  May 1 9 8 2 ,  a n d  a p p e a r s  t o  h a v e  d e c l i n e d  i n

t h e  y e a r s  s i n c e  ( s e e  Ta b l e  5 ) .  I t  i s  e x p e c t e d  t h a t  t h e  l a k e  i s  mo re  c o l o u r e d

a f t e r  f r e s h e t ,  b u t  t h e  h i g h e r  c o l o u r  i n  May 1982  i s  n o t  r e p e a t e d  i n  s u b s e -

quen t  s p r i n g  s a m p l i n g s .  C o l o u r  i s  h i g h  a g a i n  i n  J u l y  a n d  A u g u s t  1 9 8 6 .

F u r t h e r  m o n i t o r i n g  i s  r e q u i r e d  t o  d e t e r m i n e  i f  t h i s  i s  t h e  b e g i n n i n g  o f  a

t r e n d .

G. H e a v y  M e t a l s

The p r i o r i t y  m e t a l s  i n  t h e  E q u i t y  d i s c h a r g e  a r e  A s ,  A l ,  C u ,  F e ,  S b ,  Z n ,  C d .

Unpub l i shed  c r i t e r i a  f o r  t h e  p r o t e c t i o n  o f  a q u a t i c  l i f e  a r e  a s  f o l l o w s .

f rom W o r k i n g  C r i t e r i a  f o r  W a t e r  Q u a l i t y ,  1 9 8 5 ,  M i n i s t r y  o f  E n v i r o n m e n t
u n p u b l i s h e d  t a b l e

* *  w h e n  h a r d n e s s  i s  l e s s  t h a n  1 0 0  m g / 1 ,  p H  7 . 0

#
Fede ra l  a n d  U . S .  c r i t e r i a  f o r  m e t a l s  s p e c i f y  t o t a l  m e t a l s .  T h i s  i s  b e c a u s e

t h e  c h e m i s t r y  o f  m e t a l  t r a n s f o r m a t i o n s  i n  t h e  e n v i r o n m e n t  i s  p o o r l y  u n d e r -

s t o o d .  I t  i s  p o s s i b l e  f o r  m e t a l s  w h i c h  a r e  n o t  d i s s o l v e d ,  b u t  a r e  l a b i l e ,  o r
l o o s e l y  c h e l a t e d  w i t h  o r g a n i c s  t o  become b i o l o g i c a l l y  a v a i l a b l e .
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B a s e l i n e  m e t a l s  l e v e l s  i n  G o o g l y  L a k e  w e r e  o n l y  measu red  a s  d i s s o l v e d  m e t a l

by B e a k  C o n s u l t a n t s  i n  J u l y  a n d  O c t o b e r ,  1 9 7 3 :  S i n c e  O c t o b e r  1981  v a s t

numbers o f  m e t a l s  s a m p l e s  h a v e  b e e n  t a k e n  i n  t h e  l a k e  a t  v a r i o u s  s t a t i o n s  i n

o r d e r  t o  d e t e c t  i f  m e t a l s  w e r e  o n  t h e  i n c r e a s e  d u e  t o  i n c r e a s e d  l o a d i n g  f r o m

Bessemer C r e e k .

Heavy m e t a l s  measu remen ts  t a k e n  b y  Wa s t e  Management B r a n c h  b e t w e e n  November

1981 a n d  A p r i l  1 9 8 2  a r e  n o t  r e p o r t e d  i n  A p p e n d i c e s  8 ,  9 ,  1 0 ,  1 1  o f  t h e  E q u i t y

(1986) r e p o r t .  E q u i t y  r e p o r t s  d a t a  f r o m  8 2 / 0 4 / 2 8  o n w a r d .  T h e  e a r l i e r  d a t a

shows some  i n f l u e n c e  o f  t h e  a c i d  s p i l l .  T a b l e s  7  a n d  8  s h o w  a n  i n c r e a s e  i n

t h e  c o n c e n t r a t i o n  o f  c o p p e r  a n d  z i n c  d u r i n g  t h e  e a r l y  1982  p e r i o d .  S a m p l i n g

date  8 2 / 0 3 / 0 5  s h o w s  e x t r e m e s  i n  s u l p h a t e  ( Ta b l e  6 )  b u t  n o  c o r r e s p o n d i n g  b l i p

i n  m e t a l s .  I t  i s  e x p e c t e d  t h a t  i f  s u l p h a t e  i n c r e a s e s ,  o t h e r  c o n t a m i n a n t s

wou ld  b e  p r e s e n t  a t  t h e  same t i m e .  D u r i n g  t h e  e a r l y  s p r i n g  1 9 8 2  p e r i o d ,  n o

d e t e c t a b l e  i n c r e a s e s  i n  A s ,  S b  o r  C d  w e r e  f o u n d .  A l u m i n u m  was n o t  measured .

I r o h  v a l u e s  a r e  h i g h  a n d  v a r i a b l e .  I t  i s  e x p e c t e d  t h a t  t o t a l  i r o n  w o u l d  v a r y

w i t h  TSS,  a n d  b e  h i g h e r  d u r i n g  s p r i n g  r u n o f f .  T h e r e  i s  some e v i d e n c e  o f  t h i s

i n  t h e  d a t a ,  b u t  n o  r e c e n t  v a l u e  app roaches  t h e  p e a k  o f  1 . 2  m g / I  F e  T  o n

8 1 / 1 2 / 1 0  a t  s i t e  0700083 .

Ta b l e  9  shows  h e a v y  m e t a l  d a t a  f o r  m i d - G o o s l y  L a k e .  S a m p l e s  a r e  c o l l e c t e d  a t

d i f f e r e n t  d e p t h s  a t  t h i s  s i t e .  A r s e n i c  i s  g e n e r a l l y  l e s s  t h a n  d e t e c t a b l e ,

however t h e  e a r l i e r  m o n i t o r i n g  m i s s e d  a n y  v a l u e s  w h i c h  m a y  h a v e  f a l l e n

between t h e  o l d  d e t e c t i o n  l i m i t  o f  5  u g / 1  a n d  t h e  n e w  one  o f  1  u g h l .  T h e

copper  d a t a  s h o w  a  s l i g h t  e l e v a t i o n  i n  1 9 8 2  o v e r  m o r e  r e c e n t  v a l u e s .  C o p p e r

i s  c o n s i s t e n t l y  m e a s u r a b l e  i n  t h e  l a k e .  I t  c a n n o t  b e  d e t e r m i n e d  i f  p r e s e n t

v a l u e s  a r e  c o n s i s t e n t l y  h i g h e r  t h a n  p r e d i s c h a r g e  v a l u e s .  N o t e  t h a t  t o t a l  Cu

i s  f r e q u e n t l y  a b o v e  t h e  a q u a t i c  l i f e  c r i t e r i o n  o f  2  u g h ' .  D i s s o l v e d  c o p p e r  i s

a l s o  a t  o r  a b o v e  t h i s  c r i t e r i o n  ( x  =  2 . 5 ,  n  =  1 8 ) .

Buck C r e e k  i t s e l f  i s  a  m a j o r  s o u r c e  o f  i r o n ,  a n d  t h e  m i n e ' s  i n f l u e n c e  o v e r

i r o n  l e v e l s  i n  t h e  l a k e  a r e  d i f f i c u l t  t o  d e d u c e .  T h e  h i g h  d e g r e e  o f  " n o i s e "

o r  v a r i a b i l i t y  i n  t h e s e  d a t a  may b e  d u e  t o  t h e  m i n e  b u t  u p p e r  B u c k  i r o n  d a t a

a re  a l s o  h i g h l y  v a r i a b l e .  N o t e  e p i l e m n e t i c  i r o n  i s  l o w  i n  A u g u s t  o f  1 9 8 4  a n d

1985. T o t a l  i r o n  h a s  e x c e e d e d  t h e  a q u a t i c  l i f e  c r i t e r i o n  i n  1 0  o u t  o f  1 9

samples a t  m i d - G o o s l y  L a k e .
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Date
As T  A s  D

ug/I
Al T  A l  D

ug/1
Cu T  C u  D

ug/1
Fe I  F e  D

mq/I
Sb T  S b  D

ug/1
Zn T  Z n  D

ug/I
Cd 7  C d  D

ug/I

81/12/10
81/12/17
81/12/31
82/01/18
82/02/04
82/03/05
82/03/11
82/03/17
82/03/24
82/04/01
82/04/07
82/04/15
82/04/28

<5
<5
<5
<5
<5
<5
<5
<5

5
<5

9
12
<5

<5
<5
<5

5

<5

<5
<5

not
measured

trl N I"- 9,0 rn V' t.0 vi-

t l  pe") irt ON In N .4" HI kr)

.99

.66

.9

.58

.3

.6

.28

<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5

<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5

20
9

14
13

<5
<5
31
14
5

<5
<5

6
8

<5
9

<5
<5
30
12
<5
<5
<5
<5

<.5 <.5

Date-
As T  A s  D

ug/I
Al T  A I  D

ug/I
Cu T  C u  D

ug/I
Fe T  F e  D
---mg/I -

Sb T  S b  D
-ua/ I -

Zn T  Z n  0
ug/ I

Cd T  C d  D
ug/I

81/12/10
81/12/17
81/12/31
82/01/18
82/02/04
82/03/05
82/03/11
82/03/17
82/03/24
82/04/01
82/04/07
82/04/17
82/04/28

<5
5

<5
5

<5
<5
8

<5
6
5
5
5

<5

<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5

not
measured

4
5
4
5
3
6
5
7
4
3
1
NS

NS
3
3
5
3
3
NS
3
4
3
1
NS

1.2
.33
.3
,49

.25

.2

.27

<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5

<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5

20
40
35
15
<5
<5
<5
<5

5
6
5

<5

4
15
<5
<5
<5
NS
<5
NS
<5
<5
<5
<5

<.5 <.5

TABLE 7
GOOSLY LAKE HEAVY METALS FOR SITE 0700082

TABLE 8
GOOSLY LAKE HEAVY METALS FOR SITE 0700083

NS =  n o t  sampledm



1

will;
DATE

Depth
m pH

Cond
uS/cm

As T  A s  0
ug/L

Cu T  C u  D
ug/L

Fe I  F e  D
mg/L

Zn T  Z n  D
ug/L -

AI T  A l  0
mg/L

Sb T  S b  D
ug/L

Cd T  C d  0
ug/L

82/05/26 5 7.37 130 <5 <5 4 4 .36 .2 7 .21 .08 <5
82/05/26 15 7.33 130 <5 <5 5 5 .43 .22 15 13 .25 .09 <5
82/09/20 1 7.1 107 4 4 .13 .08 <5 <5 .07 <.02 <5

5 7.0 106 4 .11 .08 <5 <5 .02 <.02 <5
15 6.8 104 4 4 .41 .19 <5 <5 .12 <.02 <5 <.5 c.5

83/05/04 0 7.2 105 <5 <5 3 3 .36 .2 <5 <5 .11 <.5 <.5
10 7.2 109 <5 <5 5 4 .44 .22 16 13 .17 .12

84/05/16 2 7.2 107 <1 <1 3 3 ,4I .21 6 <5 .08 .08
16 7.1 114 <1 <1 2 2 .4 .23 <5 <1 <.02 <.02 <5 <5

84/08/15 1 7.6 102 <1 <I 2 2 .06 .06 <5 <5 .05 <.02 <.5 <.5
10 7.0 103 <1 <I 2 2 .2 .18 <5 <5 .06 .04 <.5 <.5

85/05/28 1 7.4 88 <1 <I 1 1 .5 .23 <5 <5 .2 .09 <.5 <.5
16 7.3 107 <1 <1 3 2 .47 .26 <5 <5 .14 .04 <.5 <.5

85/07/17 1 7.5 132 <1 <1 4 2 .18 .15 10 5 .05 .05 <,5 <.5
16 6.9 104 <1 <1 2 2 .48 .25 <5 <5 .1 .04 <.5 <.5

85/08/19 2 7.1 133 <1 <I 3 <1 .06 .06 5 5 <.02 <.02 <.5 <.5
15 6.5 107 <1 <1 4 1 .32 .27 <5 <5 .06 .06 <.5 <.5

85/10/30 I 7.5 132 3 <1 4 3 .18 .12 5 5 .06 .05 <.5 <.5
14 7.5 128 2 <I 2 1 .19 .10 <5 <5 .05 ( .02 <.5 <.5

86/06/02 1 7.3 120 <1 <1 3 3 .31 .16 <5 <5 .13 .03 <.5 <.5
17 7.3 145 <1 <I 2 2 .50 ,24 <5 <5 .11 <.02 <.5 <.5

86/07/16 1 7.3 140 <1 <1 3 3 .20 .13 <5 <5 .06 .03 <.5 <.5
13 7.0 127 <1 <1 2 2 .23 .13 <5 <5 .07 .04 <.5 <.5

86/08/11 I 7.5 142 <I <1 3 2 .10 .10 <5 <5 .06 .04 <.5 <.5
18 7.0 131 <1 <1 2 2 .35 .17 20 <5 <.5 <.5

86/09/30 1 7.3 143 <1 <1 3 2 .07 .01 <5 <5 .03 .02 <.5 <.5
18 6.9 137 1 <1 2 2 .33 .07 <5 <5 .07 <2 <.5 <.5

(/) TABLE 9
HEAVY METALS AT MID-GOOSLY LAKE SITE 0700084



-16-

Z inc  v a l u e s  i n  t h e  l a k e  a p p e a r  t o  b e  s l i g h t l y  e l e v a t e d  i n  e a r l y  1 9 8 2 .  T h e r e

are o c a s i o n a l  measu rab le  z i n c  r e s u l t s  s i n c e  t h e n .  N o  c o n s i s t e n t  e l e v a t i o n  i n

z i n c  i s  a p p a r e n t .  A  s l i g h t  r i s e  i n  h y p o l i m n e t i c  z i n c  o n  8 3 / 0 5 / 0 4  may r e f l e c t

h e a v i e r  l o a d i n g s  d u r i n g  t h e  1 9 8 3  f r e s h e t .  U n f o r t u n a t e l y  o n l y  o n e  v i s i t  w a s

made t h a t  y e a r .  H y p o l i m n e t i c  z i n c  c o n c e n t r a t i o n s  a r e  e l e v a t e d  a g a i n  o n

8 6 / 0 8 / 11 .

Aluminum i s  v a r i a b l e  a n d  d o e s  n o t  a p p e a r  t o  f o l l o w  a  p a t t e r n .  T o t a l  a l u m i n u m

g e n e r a l l y  e x c e e d s  t h e  o b j e c t i v e  f o r  a q u a t i c  l i f e .  D i s s o l v e d  a l u m i n u m  i s

g e n e r a l l y  l e s s  t h a n  2 0  t o  9 0  u g / l .  D i s s o l v e d  A l  was  h i g h  i n  May o f  1 9 8 3 .  N o

e x p l a n a t i o n  c a n  b e  o f f e r e d .

No a n t i m o n y  o r  cadmium h a s  b e e n  measu red  a t  t h i s  s i t e ,  o r  e l s e w h e r e  i n  t h e

l a k e .

The m e t a l s  d a t a  s h o w  s e v e r a l  i m p o r t a n t  t h i n g s .  F i r s t ,  C u ,  Z n  a n d  F e

c o n c e n t r a t i o n s  r o s e  i n  t h e  l a k e  d u r i n g  t h e  s p r i n g  o f  1 9 8 2  a n d  t h e n  f e l l ,  b u t

i t  c a n n o t  b e  c l e a r l y  d e t e r m i n e d  i f  t h e y  f e l l  t o  b a c k g r o u n d  l e v e l s .  S e c o n d ,

t o t a l  c o p p e r ,  i r o n  a n d  a l u m i n u m  a r e  p r e s e n t  i n  c o n c e n t r a t i o n s  w h i c h  m e e t  o r

exceed p u b l i s h e d  c r i t e r i a  t o  p r o t e c t  a q u a t i c  l i f e .  T h e r e f o r e  t h e r e  i s  n o

e x t r a  c a p a c i t y  i n  t h e  l a k e  f o r  a d d i t i o n a l  m e t a l s  f r o m  t h e  m i n i n g  o p e r a t i o n .

T h i r d ,  m e t a l s  s u c h  a s  A s ,  S b  a n d  C d  a r e  c o n s i s t e n t l y  b e l o w  d e t e c t i o n  u n t i l

now, a n d  s h o u l d  b e  w a t c h e d  f o r  f u t u r e  c h a n g e .

H. T r o p h i c  S t a t u s

Sp r i ng  o v e r t u r n  t o t a l  p h o s p h o r u s  i n  1985  a v e r a g e d  3 0 . 5  u g / l  f o r  t h e  2  d e p t h s

measured o n  8 5 / 0 5 / 2 6 .  M e a n  summer c h l o r o p h y l l  a  c o n c e n t r a t i o n  w a s  7 . 7  u g / L

i n  1 9 8 5 .  B a s e d  o n  t h e  s p r i n g  o v e r t u r n  P ,  a n d  u s i n g  t h e  p h o s p h o r u s  -

c h l o r o p h y l l  a  r e l a t i o n s h i p  d e v e l o p e d  f o r  B . C .  l a k e s  ( N o r d i n  a n d  McKean, 1 9 8 4 )

the  mean summer c h l o r o p h y l l  a  p r e d i c t e d  i s  6 . 9  u g / l .  W e  f e e l  t h a t  t h i s

r e s u l t  i s  c l o s e  e n o u g h  a n d  t h a t  G o o s l y  L a k e  f i t s  t h e  m o d e l  r e a s o n a b l y  w e l l .

Based o n  t h e s e  f i n d i n g s ,  G o o s l y  Lake  was m a r g i n a l l y  e u t r o p h i c  i n  1 9 8 5 .

I n  1 9 8 2 ,  t h e  l a k e  was  o n l y  s a m p l e d  i n  May a n d  Sep tembe r,  s o  t h e r e  a r e  o n l y  2

samples t o  c a l c u l a t e  mean c h l o r o p h y l l  a .  H o w e v e r ,  s p r i n g  o v e r t u r n  p h o s p h o r u s
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[P]
s p r i n g  o v e r t u r n

measured mean
c h l o r o p h y l l  a

p r e d i c t e d *  mean
c h l o r o p h y l l  a

1982 24 u g / 1 4 .1  u g / 1 5 . 4  u g / 1

1985 30.5  u g / 1 7 .7  u g / 1 6 . 9  u g / 1

was 2 4  u g / 1  o n  8 2 / 0 5 / 2 6  a n d  t h i s  p r e d i c t s  a  summer c h l o r o p h y l l  mean o f  5 : 4

u g / l .  T h e  measu red  mean c h l o r o p h y l l  a ,  f r o m  t w o  s a m p l e s ,  w a s  4 . 1  u g / l .  T h e

f o l l o w i n g  t a b l e  summar i zes  t h e  f o r e g o i n g .

p r e d i c t e d  f r o m  t h e  r e l a t i o n s h i p :

Log10 [ c h l o r o p h y l l  a ]  =  . 9 8 7 3  Log10 [P ]  -  . 6 2 3 1

( N o r d i n  &  McKean, 1 9 8 4 )

So, i n  1 9 8 2 ,  t h e  s p r i n g  p h o s p h o r u s  c o n c e n t r a t i o n  o v e r p r e d i c t e d  a c t u a l  a l g a l

biomass ( g i v e n  t h e  l i m i t a t i o n s  i n  t h e  d a t a )  w h i l e  i n  1 9 8 5 ,  i t  u n d e r p r e d i c t e d

t h e  a l g a l  b i o m a s s .  I s  t h e  l o w e r  r e l a t i v e  p r o d u c t i o n  i n  1 9 8 2  a n  a r t i f a c t  o f

t h e  a c i d  s p i l l ?  W e  p r o b a b l y  w o n ' t  k n o w  t h e  a n s w e r  t o  t h i s ,  b u t  w e  d o  n e e d

t h r e e  t o  f i v e  c o n s e c u t i v e  measurements  o f  s t a n d i n g  c r o p  i n  t h e  l a k e  i n  o r d e r

t o  p r o p e r l y  r e l a t e  n u t r i e n t s  t o  a l g a e  p r o d u c t i o n .  T h i s  i s  e x t r e m e l y

i m p o r t a n t  t o  d o  i n  o r d e r  t o  s e e  d i s t i n c t  c h a n g e s  i n  t h e  l a k e  s t a n d i n g  c r o p .

Sediment  M e t a l s

Sediments w e r e  a n a l y z e d  f o r  m e t a l  c o n t e n t  i n  1 9 8 4  a n d  1 9 8 5 .  T a b l e  1 0

summarizes t h e  f i n d i n g s  f o r  t h e  l a k e .  C o r e s  w e r e  t a k e n  a t  2  s i t e s  a d j a c e n t

t o  s t a t i o n  0700082 .  S i t e s  1  a n d  2  w e r e  a p p r o x i m a t e l y  5 0  m  a n d  1 5 0  m  f r o m  t h e

mouth o f  B u c k  C r e e k .  T h e  c o r e s  we re  d i v i d e d  i n t o  5  c m  segmen ts ,  a n d  e a c h  was

a n a l y z e d  s e p a r a t e l y .  R e c e n t  d i s c h a r g e s  o f  m e t a l s  l a d e n  s e d i m e n t ,  i f

d e p o s i t e d  i n  G o o s l y  L a k e ,  s h o u l d  s h o w  u p  i n  h i g h e r  n u m b e r s  i n  t h e  0 - 5  c m

segment,  c o m p a r e d  t o  segmen ts  l o w e r  i n  t h e  c o r e .  T h i s  was  o b v i o u s  i n  A l d r i c h

Lake n e a r  S m i t h e r s  ( M a c l e a n ,  1 9 8 3 ) .  T a b l e  1 0  shows  t h e  r e s u l t s  o f  t h e  c o r e

segment a n a l y s i s .  T h e  segmen ts  0 - 5  c m  means a  5  c m  segment  f r o m  t h e  s u r f a c e



TABLE 10
GOOSLY LAKE SEDIMENT METALS

metal u g / g  d r y  w t .  un less  noted

AP
Al

mg/g 0
As Ba Ca

mg/4
Cd Cr Cu Fe

mg/g
MG

mg/4
Mn Ni Pb Sr Zn P

mg/g
% vo l
res

070008210D

84/05/16
s i t e  1 0  -  5  cm 9.01 34 178 6.55 <1 18 54 28.1 k 4.83 k 790 26 23 93 94 1.49

5 -  10  cm 9.09 34 142 4.9 <1 18 49 26.3 4.81 507 26 23 61 85 1.35
s i t e  2  0  -  5  cm 13.6 40 216 6.6 <1 27 75 33.7 5.8 831 33 31 93 116 1.64

5 -  10  cm 11.7 49 182 5.92 <I 26 75 28.2 5.48 665 34 34 79 106 1.33
10 -  20 cm 11.1 37 173 5.2 <1 26 54 26.3 5.7 537 32 28 70 94 1.4

85/05/28 0  cm 9.7 <25 228 7.69 <1 29 58 32 4.93 1160 23 35 86 104 1.84 12.1
85/07/17 0  cm 12.8 20 315 7.3 <1 29 85 41.1 5.1 1810 29 40 106 205 2.39 15.5

0700084

85/05/28 0  cm 15.3 35 479 8.72 <1 41 89 51.8 6.1 3270 31 58 101 154 2.57 19.4
85/07/17 0  cm 15.6 18.7 469 7.72 <1 31 85 48.7 5.4 2890 32 46 121 123 2.67 20.6

0700085

85/07/17 0  cm 9.3 12.1 175 8.64 <1 27 86 23.4 3.52 605 27 67 111 86 2.25 31.2

0400766

85/07/17 0  cm 7.04 11.6 114 5.6 <1 19 21 22.5 4.23 405 19 39 66 70 1.7 4.1

p rov inc ia l  mean
n =  202

19 40.4 165 1 36 42 28.2 9.26 866 29 42 102 90 1.36 28.6
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o f  t h e  c o r e  downward  f o r  5  c m .  T h e  n e x t

a n a l y z e d ,  e t c .  A l s o ,  Ta b l e  1 0  s h o w s  m o r e

0700082, 0 7 0 0 0 8 4  a n d  0700085 ,  a s  w e l l  a s

5 c m  c o n s t i t u t e s  t h e  n e x t  s e g m e n t

r e c e n t  s e d i m e n t  a n a l y s e s  f o r  s i t e s

a J u l y ,  1 9 8 5  s e d i m e n t  s a m p l e  f r o m

Buck C r e e k .  A l s o ,  a  r o w  i s  s h o w n  g i v i n g  mean m e t a l s  v a l u e s  i n  d r y  w e i g h t

measure f o r  o v e r  200  B . C .  l a k e s .  ( M c K e a n ,  1 9 8 5 )

Cores d o  n o t  show  s i g n f i c a n t  r e c e n t  e l e v a t i o n s  i n  m e t a l s .  A t  s i t e  2 ,  A l ,  F e ,

Mn a n d  Z n  s e e m  a  b i t  h i g h e r ,  b u t  may  r e f l e c t  n a t u r a l  v a r i a b i l i t y .  M e t a l s  i n

sed imen ts  a r e  g e n e r a l l y  l o w e r  a t  t h e  l a k e ' s  w e s t  e n d ,  f a r t h e s t  f r o m  t h e  mou th

o f  B u c k  C r e e k .  I f  y o u  l o o k  a t  m e t a l s  v a l u e s  f r o m  e a s t  t o  w e s t  o n  8 5 / 0 7 / 1 7 ,

some s h o w  a  s t r o n g  g r a d i e n t  s u c h  a s  Z n  a n d  A s .  O t h e r s  a p p e a r  m o r e  c o n c e n -

t r a t e d  a t  m i d - l a k e ,  s u c h  a s  A l ,  B a ,  a n d  F e .  I t  c a n n o t  b e  s t a t e d  w i t h  c e r -

t a i n t y  t h a t  t h e  g r a d i e n t s  o b s e r v e d  a r e  d u e  t o  m i n e  i n f l u e n c e .  H o w e v e r ,  t h e y

a r e  o f  e n o u g h  i n t e r e s t  t h a t  s e d i m e n t s  s h o u l d  c o n t i n u e  t o  b e  a n a l y z e d  p e r i o d i -

c a l l y .

w i n t e r  W a t e r  Q u a l i t y  S u r v e y

On 5  F e b r u a r y  1 9 8 5 ,  d e t a i l e d  w a t e r  c h e m i s t r y  s a m p l e s  w e r e  c o l l e c t e d  a t  7

l o c a t i o n s  o n  t h e  l a k e ,  a s  w e l l  a s  i n  u p p e r  B u c k  C r e e k ,  Bessemer  C r e e k ,  a n d  i n

Buck C r e e k  a b o v e  t h e  l a k e .  T h e  p u r p o s e  o f  t h i s  w o r k  was p r i m a r i l y  t o  d e t e r -

mine i f

p r e s e n t

d i t i o n s

s u l p h a t e  o r  o t h e r  c o n s t i t u e n t s  i n  t h e  r u n o f f  f r o m  t h e  m i n e  w e r e

i n  a  c o n c e n t r a t i o n  g r a d i e n t  f r o m  e a s t  t o  w e s t .  U n d e r  w i n t e r  c o n -

t h e  l a k e  i s  t h e r m a l l y  s t r a t i f i e d  w i t h  t h e  c o l d e s t ,  l e a s t  d e n s e  w a t e r

j u s t  u n d e r  t h e  i c e .  I t  was  t h o u g h t  t h a t  a c c u m u l a t i o n  e f f e c t s ,  i f  a n y,  w o u l d

be e v i d e n t  a f t e r  s e v e r a l  m o n t h s  o f  f r o z e n  c o n d i t i o n s ,  w h i c h  e l i m i n a t e s  w i n d

m i x i n g .  S a m p l e  l o c a t i o n s  a r e  shown  i n  F i g u r e  2 .  S a m p l i n g  r e s u l t s  a r e  d i s -

p l a y e d  i n  Ta b l e  1 1 .  T h e  i n f l u e n c e  o f  s u l p h a t e  o n  B u c k  C r e e k  i s  a p p a r e n t  b y

compar i ng  s i t e  0400765  w i t h  s i t e  0 4 0 0 7 6 6 .  H o w e v e r  t h e r e  was  n o  e v i d e n c e  o f

s u l p h a t e  o r  o t h e r  AMD c o n s t i t u e n t s  b u i l d i n g  u p  i n  t h e  e a s t  p o r t i o n  o f  t h e

l a k e .  N o t e  t h e  t r e n d  t o w a r d  h i g h e r  t u r b i d i t y  a t  d e p t h  a t  s i t e s  3 ,  4  a n d  5 .

A l k a l i n i t y  t i t r a t i o n  c u r v e s  f o r  t h e  c r e e k s  a n d  t h e  l a k e  f r o m  8 5 / 0 2 / 0 5  a r e

shown i n  F i g u r e  3 .  T h e s e  show t h e  v o l u m e  o f  . 0 2  N  H2SO4 t i t r a n t  r e q u i r e d  t o
. .

l o w e r  t h e  p H  o f  1 0 0  m l  o f  t h e  s a m p l e  t o  p H  4 . 5 .  T h e  s t r e a m s  a r e  b e t t e r

b u f f e r e d  t h a n  t h e  l a k e .  T h e  a d d i t i o n  o f  s t r o n g  a c i d  w i l l  c o n s u m e  t h e



TABLE 11
FEBRUARY 5 ,  1985

WINTER WATER QUALITY SURVEY RESULTS

SITE DEPTHpH COND
TURB
NTU

ALK
4.5

HARD
DISS

SO4
DISS

Cu
D

Cu
T

Fe
D

Fe
T

Ln
0

Ca
D

Ca
T

Mq
D

Mg
I

0400765 7.6 150 2.3 77.3 71.8 3.9 <1 .001 .95 1.48 <.005 18.4 20 6.27 6.49
0700081 7,3 740 .9 87.6 339 202 .01 .02 .02 .06 .03 98.6 98,7 22.6 23.3
0400766 7.3 173 7.8 83.6 83.9 10 .001 .003 1.8 7.45 .005 21.9 24.3 7.09 7.61
Goosly Lk  1 2 m 7.3 113 1,2 44.1 50.6 12.3 .003 .006 .27 .35 <.005 13,2 13.2 4.28 4.57

12 m 7.3 113 1.0 44.5 49.2 12.2 .007 .007 .35 .41 <.005 12.7 13.8 4.25 4.63
Goosly Lk 2 2 m 7.3 112 1.0 44 49.7 12.3 .001 .005 .26 .40 <.005 12.7 13.5 4.34 4.49

8 m 7.3 111 1.4 44,1 49.1 12.3 .002 .002 .22 .37 <.005 12.7 13.7 4.23 4.49
Goosly Lk  3 2 m 7.3 106 .7 40.1 47.8 12.7 .002 .004 .10 .16 <.005 12.5 12.6 4.03 4.13

10 m 7.2 106 1,2 41.1 23.3 12.4 .002 .003 .098 .25 <.005 9 12.4 .21 4.25
Goosly Lk  4 2 m 7.3 106 .7 39.8 44.1 12.6 .001 .004 .15 .15 <.005 11.4 12 3.79 4.17

6 m 7.0 109 2.6 42.8 47,9 12.1 .002 .003 .24 .42 <.005 12.6 13.1 3,98 4.39
Goosly Lk 5 2 m 7,5 106 .8 41.8 47.0 12.6 <10 .004 .13 .18 11.8 12.5 4.27 4.27

15 m 7.0 110 4,0 44.4 49.6 12.2 .002 .004 .30 .61 12.4 12,4 4.52 4.52
Goosly Lk  6 2 m 7.3 106 ,6 41.0 47.5 12.8 .001 .003 .10 .17 <.005 12.4 12.4 4.02 4.34
Goosly Lk  7 2 m 7.2 109 1.2 46.2 42.8 12.6 .001 .002 .32 .46 <.005 13,6 13.6 4.57 4.63

8 m 7.3 110 1.0 43.3 49.8 12.7 .002 .002 .23 .41 <.005 13.1 13.1 4.16 4.48
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b i c a r b o n a t e  a l k a l i n i t y  i n  t h e  l a k e ,  a n d  t h e  p H  w i l l  d r o p :  O n c e  a l k a l i n i t y  i n

a l a k e  i s  e x h a u s t e d ,  t h e r e  i s  n o  f u r t h e r  p r o t e c t i o n  f r o m  a c i d i c  i n p u t s .

N o r m a l l y  b i c a r b o n a t e  c o n c e n t r a t i o n  w i l l  b e  a s s o c i a t e d  w i t h  8 0 - 9 0 %  o f  t h e

Ca +  M g  i n  t h e  l a k e  w a t e r .  W h e n  a  l a k e  a c i d i f i e s ,  S O 4  w i l l  r e p l a c e  b i c a r -

bona te  a s  t h e  e q u i l i b r i u m  a n i o n .  B i c a r b o n a t e  c o n v e r t s  t o  CO2 a n d  escapes  t o

t h e  a t m o s p h e r e .  T h i s  s i t u a t i o n  i s  n o t  o c c u r r i n g  i n  G o o s l y  L a k e ,  b u t  t h e  l a k e

i s  m o r e  s e n s i t i v e  t o  a c i d  t h a n  t h e  s t r e a m s .  A  d r o p  i n  a l k a l i n i t y  i n  t h e  l a k e

wou ld  s i g n a l  t h a t  some c o r r e c t i v e  a c t i o n  i s  w a r r a n t e d .  T h i s  v a r i a b l e  n e e d s

t o  b e  m o n i t o r e d  c a r e f u l l y  i n  f u t u r e .

P a r t  2  -  B i o l o g y

I n t r o d u c t i o n

The m o n i t o r i n g  o f  b i o l o g i c a l  c o m m u n i t y  s t r u c t u r e  a n d  t h e  l e v e l s  o f  t r a c e

m e t a l s  i n  f i s h  t i s s u e  i n  G o o s l y  L a k e  was s t a r t e d  i n  1982  b y  t h e  Wa s t e  Manage-

ment B r a n c h .  T h e  d e s i g n  o f  t h e  m o n i t o r i n g  p r o g r a m  w a s  t o  d e t e r m i n e  b i o -

l o g i c a l  c h a n g e s  a t t r i b u t a b l e  t o  m i n e  i n f l u e n c e s  o n  t h e  l a k e .  T h e  m o n i t o r i n g

s t r a t e g y  o f  d o c u m e n t i n g  p h y t o p l a n k t o n  a n d  z o o p l a n k t o n  h i e r a r c h i a l  d o m i n a n c e

was h o p e d  t o  p r o v i d e  t h e  d e t e c t i o n  o f  s i g n i f i c a n t  b i o l o g i c a l  c h a n g e  b e f o r e

seve re  c o n s e q u e n c e s  d e v e l o p e d .  S i m i l a r l y ,  c h a n g e s  i n  l e v e l s  o f  m e t a l s  i n

f i s h  t i s s u e  w o u l d  p r o v i d e  e v i d e n c e  o f  c h a n g e s  i n  w a t e r  q u a l i t y  b e f o r e  c o n -

d i t i o n s  o f  c h r o n i c  o r  a c u t e  t o x i c i t y  w e r e  r e a c h e d .  A s  c o n c e n t r a t i o n s  o f

m e t a l s  i n  f i s h  t i s s u e  t e n d  t o  i n t e g r a t e  t h e  w i d e  t e m p o r a l  f l u c t u a t i o n s  o f

m e t a l s  i n  t h e  w a t e r  c o l u m n ,  t h e y  c a n  p r o v i d e  a  u s e f u l  m o n i t o r i n g  t o o l .i • 1 ,. al♦ • „.
P h y t o p l  L  kton

Methods

- -  S u r f a c e  g r a b  s a m p l e s  w e r e  t a k e n  f o r  i d e n t i f i c a t i o n  a n d  e n u m e r a t i o n  o f  t h e

p h y t o p l a n k t o n  c o m m u n i t y.  1 . 2 5  l i t r e  w a t e r  s a m p l e s  c o l l e c t e d  i n  p o l y e t h y l e n e

b o t t l e s  w e r e  p r e s e r v e d  u s i n g  L u g o l ' s  s o l u t i o n  a n d  s e n t  t o  t h e  M i n i s t r y  o f

E n v i r o n m e n t ' s  L a b o r a t o r y  f o r  a n a l y s i s .  T a b l e s  1 2 - 1 7  p r e s e n t  t h e  r e s u l t s .
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Zoop lank ton

Samples w e r e  t a k e n  f o r  i d e n t i f i c a t i o n  a n d  e n u m e r a t i o n  o f  t h e  z o o p l a n k t o n

community u s i n g  a  W i s c o n s i n  z o o p l a n k t o n  n e t  w i t h  a  . 0 7  mm mesh.  L a k e  b o t t o m

t o  l a k e  s u r f a c e  v e r t i c a l  t o w s  o f  a p p r o x i m a t e l y  1 8  m e t r e s  p r o v i d e d  s a m p l e s

t h a t  w e r e  p r e s e r v e d  i n  5% f o r m a l i n .  S a m p l e s  w e r e  s e n t  t o  t h e  M i n i s t r y ' s

E n v i r o n m e n t a l  L a b o r a t o r y  f o r  t a x o n o m i c  a n d  n u m e r i c a l  a n a l y s i s .  T a b l e s  1 8 - 2 0

p r e s e n t  t h e  r e s u l t s .

F i s h  T i s s u e

Rainbow t r o u t  ( S a l m o  g a i r d n e r i )  w e r e  g i l l  n e t t e d  o r  a n g l e d  n e a r  t h e  i n l e t  o f

Buck C r e e k  t o  t h e  l a k e  a n d  t h e  d o r s a l  m u s c l e  a n d  l i v e r s  d i s s e c t e d  o u t .

Ti ssue  was  p l a c e d  i n  c l e a n  w h i r i p a c k s ,  f r o z e n  a n d  s u b s e q u e n t l y  s h i p p e d  t o  t h e

E n v i r o n m e n t a l  L a b o r a t o r y  f o r  a n a l y s i s .  L i v e r s  w e r e  s e n t  t o  t h e  U n i v e r s i t y  o f

V i c t o r i a ' s  D e p a r t m e n t  o f  B i o c h e m i s t r y  f o r  m e t a l  a n d  h e p a t i c  m e t a l l o t h i o n e i n

a n a l y s i s .  R e s u l t s  a r e  p r e s e n t e d  i n  Ta b l e s  2 1 - 2 3 .

R e s u l t s  a n d  D i s c u s s i o n

P h y t o p l a n k t o n

P h y t o p l a n k t o n  m o n i t o r i n g  p r o g r a m s  may b e  d i r e c t e d  t o  p r o v i d e  s y s t e m a t i c

i n f o r m a t i o n  t h a t  w i l l  show d e t e c t i b l e  c h a n g e s  i n  t h e  a q u a t i c  b i o t a .  C h a n g e s

i n  h i e r a r c h i a l  d o m i n a n c e  w h i c h  a r e  a  r e s u l t  o f  m i n i n g  d i s t u r b a n c e s  i n  t h e

wate rshed  s h o u l d  b e  r e p r e s e n t e d  b y  a  d e c l i n e  i n  m e t a l  s e n s i t i v e  f o r m s  s u c h  a s

Ta b e l l a r i a  f e n e s t r a t a ,  A s t e r i o n e l l a  f o r m o s a  a n d  R h i z o s o l e n i a .  A c c o r d i n g  t o

Besch e t  a l  ( 1 9 8 2 )  Ta b e l l a r i a  f e n e s t r a t a  h a s  l o w  r e s i s t a n c e  t o  z i n c  ( 0 . 1 - 0 . 2

mg/L Z n )  a n d  c o p p e r .  A s t e r i o n e l l a  f o r m o s a  i s  k i l l e d  i n  c o n c e n t r a t i o n s  o f  0 . 2

mg/1 C o p p e r  ( P a l m e r  1 9 6 4 ) .  T h e s e  c o n c e n t r a t i o n s  h a v e  n e v e r  b e e n  a p p r o a c h e d

i n  G o o s l y  L a k e .  T h e  s p e c i e s  r e m a i n  a s  s u b - d o m i n a n t s .

Ta b l e s  1 2  a n d  1 3  w h i c h  p r e s e n t  t h e  r e s u l t s  f o r  1 9 8 2 ,  d e m o n s t r a t e  t h e  l a r g e

amount o f  v a r i a n c e  f o u n d  i n  t h e  a n a l y s i s  o f  t h e  p h y t o p l a n k t o n  c o m m u n i t y  a t

d i f f e r e n t  l o c a t i o n s  w i t h i n  G o o s l y  L a k e .  F u r t h e r  p h y t o p l a n k t o n  a n a l y s i s  w a s

r e s t r i c t e d  t o  t h e  s i n g l e  m i d - l a k e  d e e p  s t a t i o n .  T a b l e  1 4  summar izes  t h e  1 9 8 2

samp l i ng  f o r  t h e  m i d - l a k e  d e e p  s t a t i o n .  T h e  p h y t o p l a n k t o n  a s s o c i a t i o n
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appears  t y p i c a l  f o r  a  m e s o - e u t r o p h i c  l a k e  s y s t e m  w i t h  a  dominance  s h i f t  f r o m

d ia toms ( o r d e r s :  C e n t r a l e s  a n d .  P e n a l e s )  t o  b l u e - g r e e n  a n d  g r e e n  a l g a e

( o r d e r s :  O s c i l l a t o r i a l e s  a n d  C h l o r o c o c c a l e s )  o c c u r r i n g  t h r o u g h  t h e  g r o w i n g

season.  M e t a l  s e n s i t i v e  s p e c i e s  s u c h  a s  t h e  d i a t o m s  T a b e l l a r i a  f e n e s t r a t a

and A s t e r i o n e l l a  ( p o s s i b l y  f o r m o s a )  a r e  s u b  d o m i n a n t s  f o r m i n g  18% o f  t h e

a s s o c i a t i o n  o n  Sep tember  2 1 ,  1 9 8 2 .

Ta b l e  1 5  p r e s e n t s  t h e  r e s u l t s  f o r  1 9 8 3 .  T r i p l i c a t e  s a m p l e s  w e r e  t a k e n  a t  t h e

mid- l a k e  d e e p  s t a t i o n .  T h e  t a b l e  shows t h a t  s u r f a c e  g r a b  s a m p l i n g  f o r  p h y t o -

p l a n k t o n  r e s u l t s  i n  h i g h l y  v a r i a b l e  n u m e r i c a l  c o u n t s .  W h i l e  t h e  e x t r e m e

v a r i a n c e  p r e c l u d e s  i n t e r p r e t i n g  t h e  d a t a  q u a n t i t a t i v e l y ,  t h e  r e s u l t s  c a n

s t i l l  b e  u s e d  i n  q u a l i t a t i v e  i n t e r p r e t a t i o n s  o f  dom inance / sub -dom inance  a n d

p resence /absence  o f  t h e  a l g a l  a s s o c i a t i o n .  A s  i n  t h e  1 9 8 2  s a m p l i n g  t h e  1983

a s s o c i a t i o n  t y p i f i e s  t h a t  o f  a  m e s o - e u t r o p h i c  l a k e  s y s t e m ,  a l t h o u g h  i n  1 9 8 3

t h e  d o m i n a n t  s p e c i e s  i n  t h e  s p r i n g  i s  t h e  f l a g e l l a t e  Chroomonas  a c u t a .  T h e

m e t a l  s e n s i t i v e  s p e c i e s  T a b e l l a r i a  f e n e s t r a  a n d  A s t e r i o n e l l a  f o r m o s a  a r e

p r e s e n t  b u t  i n  l o w  numbers .  A s  n o  f u r t h e r  s a m p l e s  w e r e  t a k e n  d u r i n g  1983 i t

i s  unknown i f  t h e s e  s p e c i e s  became s u b  d o m i n a n t s  d u r i n g  t h e  g r o w i n g  season .

Ta b l e  1 6  p r e s e n t s  t h e  r e s u l t s  f o r  1 9 8 4 .  A s t e r i o n e l l a  f o r m o s a  a n d  Ta b e l l a r i a

spp.  a l t h o u g h  p r e s e n t  a s  s u b -dom inan t s  t o  t h e  b l u e - g r e e n  a s s o c a t i o n  o n  A u g u s t

15/84 a r e  s t i l l  p r e s e n t  i n  s u f f i c i e n t  n u m b e r s  t o  i n d i c a t e  t h a t  t h e r e  h a s  been

no s i g n i f i c a n t  c h a n g e  i n  t h e  a l g a l  a s s o c i a t i o n  a s  a  r e s u l t  o f  c h a n g e s  i n

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

Ta b l e  1 7  p r e s e n t s  t h e  r e s u l t s  f o r  1 9 8 5 .  A s t e r i o n e l l a  f o r m o s a  a n d  Ta b e l l a r i a

spp.  a g a i n  a r e  p r e s e n t  a s  s u b -dominan t  i n  t h e  a l g a l  a s s o c i a t i o n .  R h i z o -

s o l e n i a  i s  p r e s e n t  i n  l o w  numbers .  A n a l y s i s  o f  p h y t o p l a n k t o n  s p e c i e s  compo-

s i t i o n  i n  B u t t l e  L a k e  ( R o c h  e t  a l ,  1 9 8 5 )  s u g g e s t s  t h a t  R h i z o s o l e n i a  i s

i n t o l e r a n t  t o  m e t a l  c o n c e n t r a t i o n s  a n d  i t s  a b s e n c e  i s  a n  i n d i c a t o r  o f  h e a v y

m e t a l  c o n t a m i n a t i o n .  T h e  a b s e n c e  o f  R h i z o s o l e n i a  i n  G o o s l y  L a k e  u n t i l  1 9 8 5

c o u l d  b e  a  r e s u l t  o f  t h e  i n f l u e n c e  o f  t h e  a c i d  s p i l l  a n d  a c i d  m i n e  d r a i n a g e

on w a t e r  q u a l i t y .  A s  n o  p r e - o p e r a t i o n a l  p h y t o p l a n k t o n  d a t a  i s  a v a i l a b l e  n o

d e f i n i t e  c o n c l u s i o n s  c a n  b e  made a t  t h i s  t i m e  b u t  i t  w i l l  b e  o f  c o n s i d e r a b l e

i n t e r e s t  t o  f o l l o w  t h e  p r e s e n c e / a b s e n c e  o f  R h i z o s o l e n i a  i n  s u b s e q u e n t

s a m p l i n g  p r o g r a m s .  T h e  t w o  p h y t o p l a n k t o n  a n a l y s e s  c o m p l e t e d  f o r  1 9 8 6  a t  t h e
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spec ies m e t a l conc. t o x i c i t y

Daphnia h y a l i n e
Daphnia h y a l i n e
Cyclops abysso rum
Cyclops abyssorum
Eudiaptumus padanus

Zn
Cu
Zn
Cu
Cu/Zn

.040 m g / 1

.005 mg /1
5 .5  m g / 1
2 .5  m g / 1

.5 m g / 1

48 h r  LC50
48 h r  LC50
48 h r  LC50
46 h r  LC50
48 h r  LC50

t i m e  o f  w r i t i n g  i n d i c a t e  t h a t  R h i 2 o t o l e h i e  e t i e n S t t  i s  p r e s e n t  a s  a  d o m i n a n t

a l g a e ,  c o n s t i t u t i n g  12% o f  t h e  s t a n d i n g  c r o p .  T h e  emergence o f  R h i z o s o l e n i a

sugges ts  t h a t  i t s  numbers  w e r e  s u p p r e s e d  b y  e l e v a t e d  m e t a l s  p r e s u m a b l y  caused

by t h e  a c i d  s p i l l  a n d  p e r i o d i c  AMD s e e p s  i n t o  Bessemer C r e e k .

Zoop lank ton

Ta b l e  1 8  p r e s e n t s  t h e  a n a l y s i s  f o r  M a y  4 ,  1 9 8 3  a n d  shows g o o d  s i m i l a r i t y  i n

t r i p l i c a t e  s a m p l i n g  f o r  z o o p l a n k t o n .  A s  a  r e s u l t  f u t u r e  s a m p l i n g  was l i m i t e d

t o  o n e  r e p l i c a t e .  I n s u f f i c i e n t  z o o p l a n k t o n  d a t a  h a v e  b e e n  c o l l e c t e d  t o  d a t e

t o  a l l o w  i n t e r p r e t a t i o n  o f  a n y  t r e n d  o r  c h a n g e  i n  t h e  z o o p l a n k t o n  a s s o c i a -

t i o n .  T h e  f o l l o w i n g  t a b l e  ( B a u d o i n ,  1 9 7 4 )  d o c u m e n t s  t h e  s u s c e p t i b i l i t y  o f

some z o o p l a n k t o n  t o  m e t a l  t o x i c i t y :

Baudoin ( 1 9 7 4 )  f o u n d  a  l i n e a r  r e l a t i o n s h i p  b e t w e e n  m e t a l  c o n c e n t r a t i o n  a n d

median e f f e c t i v e  t i m e  w i t h o u t  a n y  e v i d e n c e  o f  a  l e t h a l  t h r e s h o l d  o v e r  1 0  d a y

p e r i o d .  T h e  t o x i c i t y  c u r v e  f o r  z i n c  shows  a  9 6  h r  LC50 a t  a  c o n c e n t r a t i o n  o f

a p p r o x i m a t e l y  1 0  u g / l .  T h e  l a c k  o f  i n f o r m a t i o n  r e g a r d i n g  l e t h a l  t h r e s h o l d s

makes i t  d i f f i c u l t  t o  e x t r a p o l a t e  a  s a f e  l e v e l  o f  m e t a l  c o n c e n t r a t i o n s  t o

p r o t e c t  z o o p l a n k t o n  i n  G o o s l y  L a k e .  A n  e s t a b l i s h e d  c r i t e r i a  t o  p r o t e c t

i n v e r t e b r a t e s  i n  t h e  G r e a t  L a k e s  i s  5  u g / 1  f o r  c o p p e r  a n d  30  u g h  f o r  z i n c

( I J C ,  1 9 7 6 ) .

Goos ly  L a k e  w a t e r  a p p r o a c h e d  c o n c e n t r a t i o n s  o f  5  u g / l  c o p p e r  d u r i n g  1982  a t

t h e  m i d - l a k e  s i t e  a n d  was a s  h i g h  a s  9  a n d  1 3  u g / 1  i n  e a r l y  1982  a t  t h e  e a s t

end o f  t h e  l a k e .  Z i n c  c o n c e n t r a t i o n  i s  e l e v a t e d  o n  o c c a s i o n  a t  t h e  m i d  l a k e

S m
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s i t e  b u t  n o  c o n s i s t e n t  e l e v a t i o n  i s  a p p a r e n t  ( T a b l e  9 ) .  A s  z o o p l a n k t o n

s a m p l i n g  e q u i p m e n t  h a d  n o t  a r r i v e d  f o r  t h e  1 9 8 2  s a m p l i n g  s e a s o n  n o  d a t a  i s

a v a i l a b l e  o n  t h e  z o o p l a n k t o n  a s s o c i a t i o n  f o r  t h a t  y e a r .

C o n c e n t r a t i o n s  o f  z i n c  a n d  c o p p e r  a t  t h e  e a s t  s i t e  ( 0 7 0 0 0 8 3 )  w e r e  e l e v a t e d

enough d u r i n g  l a t e  1981  a n d  e a r l y  1982 t o  r e s u l t  i n  some z o o p l a n k t o n  t o x i c i t y

n e a r  t h e  i n l e t  o f  B u c k  C r e e k .  T h e s e  t o x i c  c o n c e n t r a t i o n s  h a d  b e e n  d i l u t e d

s u f f i c i e n t l y  a t  t h e  m i d  l a k e  s i t e  t o  a v o i d  a n y  a c u t e l y  t o x i c  e f f e c t s .

F i s h  T i s s u e  M e t a l  R e s i d u e s

Mean m e t a l  c o n c e n t r a t i o n s  i n  r a i n b o w  t r o u t  t i s s u e  f r o m  G o o s l y  L a k e  ( Ta b l e  2 1 )

can b e  c o m p a r e d  t o  mean m e t a l  c o n c e n t r a t i o n s  i n  t i s s u e  f r o m  p r i s t i n e  B r i t i s h

Columbia l a k e s ,  i . e .  l a k e s  w h i c h  r e c e i v e  n o  p o l l u t i o n  d i s c h a r g e s  ( Ta b l e  2 2 ) .

Mean z i n c  c o n c e n t r a t i o n  i n  t h e  m u s c l e  t i s s u e  o f  G o o s l y  L a k e  r a i n b l o w  t r o u t  i s

s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  p r o v i n c i a l  mean f o r  s a m p l e s  c o l l e c t e d  i n  1982

(P < 0 . 0 1 ,  n = 1 5 )  a n d  a g a i n  i n  1985  ( P  < 0 . 0 5 ,  n = 4 ) .  M e a n  z i n c  c o n c e n t r a t i o n  i n

t h e  l i v e r  t i s s u e  o f  G o o s l y  L a k e  t r o u t  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m

p r i s t i n e  t r o u t .  C o p p e r  c o n c e n t r a t i o n s  i n  m u s c l e  t i s s u e  d o e s  n o t  d i f f e r

s i g n i f i c a n t l y  i n  1 9 8 2  o r  1 9 8 5  a n d  c o p p e r  c o n c e n t r a t i o n  i n  l i v e r  t i s s u e  d o e s

n o t  d i f f e r  s i g n i f i c a n t l y  i n  t h e  1 9 8 2  a n a l y s i s  w h e n  compared  t o  t h e  B . C .  mean

f o r  p r i s t i n e  l a k e s .  A r s e n i c  a n d  l e a d  c o n c e n t r a t i o n s  c o u l d  n o t  b e  compared

due t o  t h e  h i g h  d e t e c t i o n  l i m i t  r e s u l t s .  C a d m i u m  c o n c e n t r a t i o n s  a t  a  mean

c o n c e n t r a t i o n  o f  1 4 . 8  u g / g  i n  l i v e r  t i s s u e  i s  s i g n i f i c a n t l y  e l e v a t e d  a b o v e

t h e  p r o v i n c i a l  mean o f  1 . 0  ( P < 0 . 0 1 ,  n = 1 0 ) .

Roch e t  a l  ( 1 9 8 5 )  f o u n d  t h a t  i n  t h e  Campbe l l  R i v e r  d r a i n a g e  mean z i n c  c o n c e n -

t r a t i o n  i n  r a i n b o w  t r o u t  m u s c l e  i s  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  z i n c

c o n c e n t r a t i o n  i n  t h e  w a t e r  b u t  c o p p e r ,  cadm ium a n d  l e a d  c o n c e n t r a t i o n s  w e r e

n o t .  F r o m  t h i s  w e  e x p e c t  t h e  z i n c  c o n c e n t r a t i o n s  i n  G o o s l y  L a k e  w a t e r  t o  b e

e l e v a t e d .  A s  d i s c u s s e d  i n  s e c t i o n  3 ,  z i n c  v a l u e s  h a v e  b e e n  e l e v a t e d  s l i g h t l y

on o c c a s i o n  b u t  n o  c o n s i s t e n t  e l e v a t i o n  i n  z i n c  i s  a p p a r e n t  i n  G o o s l y  L a k e .

To b i o a c c u m u l a t e  Z n  a t  c o n c e n t r a t i o n s  o f  3 3  u g / g  i n  Ra inbow t r o u t  i t  i s  e s t i -

mated t h a t  t h e  f i s h  w o u l d  b e  exposed  t o  w a t e r  c o n c e n t r a t i o n s  g r e a t e r  t h a n  1 0 0

u g / l .  T h i s  e s t i m a t e  i s  b a s e d  o n  z i n c  l e v e l s  f o u n d  i n  f i s h  i n  t h e  C a m p b e l l

R i v e r  d r a i n a g e .  B u c k  C r e e k  b e l o w  Bessemer  C r e e k  h a s  e x c e e d e d  1 0 0  u g / L  o n

o c c a s i o n  d u r i n g  1 9 8 1  a n d  1 9 8 2 .  A s  t h e  f i s h  w e r e  n e t t e d  i m m e d i a t e l y  b e s i d e



mil •

Ca

m979

Cu

ug /g
A l

ug /g
As

ug/g
Pb

ug /g
Fe

ug /g
Tai

ug /g
Sr

ug /g
Cd

ug/g
DATE # FISH TISgJE x  s x s x  s x x x  s x  s x a x  a

82/10/14 15 musrle 1.3 1.0 1.6 .74 5 .6 5.3 <25 <11 34.5 18 33.2 7 .4 2.9 2.9 <1 - -
82/10/14 10 l i v e r - - - - 257 175 - - - - - - - - - - - - 141 22 - - - - 14.8 3.4
83/05/04 1 muscle .8 - - <1 - - <2 - - <25 <10 <1 - - 16 - - 1 - - <1 - -
85/05/28 4 muscle 1.3 .33 1.9 1.3 3 <2 <0.1 <11 29.5 8 .6 33.5 14.6 2 1 <1
85/05/28 l i v e r

rp TABLE 21

METALS I N  PAINACW Tnour (SALMD GAUDNEPI) FR U,1 GOftqUY LAKE



TASTE 22

•  1

TISSUE

Ca
mg/g

x s

Cu
ug/g

x s

Al
ug/g

x s

As
ug/g

x

E4
ug/g

x

Fe
ug/g

x s

7.n
ug/g

x  8

Sr
ug/g

X  8

Cd
ug/g

X  8

B.C. MEANS FOR muscle 1.87 .29 1.9 1.0 7.8 7.1 .1 1.8 34.7 31.4 19.2 6.2 2.8 2.9
PRIM:NE LAMS* l i ve r .30 .14 202.4 162.9 13.2 12.4 .1 34 1384 998 118.9 41.9 1.5 .8 1.0

1.22 .66

# FISH 13E10,7 muscle 0 37 34 98 69 0 0 37 97
ceracr im LIMIT l i v e r 0 0 30 76 52 0 1 64 72
FOR B.C. MEANS**

# FISH ABOVE muscle 97 56 63 2 31 96 97 60 0
COTECTION LIMIT l i v e r 79 74 49 6 30 79 78 15 7
FOR B.C. MI NS**

METALS IN RAINBOW ITCUr (SALMO GAIRONERI) FROM PRISTINE B.C. LAKES

* Thanks t o  Col in McKean f o r  providing unpublished data.

* * In  the analysis f a r  metals i n  t issue the metal acncerktrations are of ten below the analyt ica l  laborator ies detection l i m i t .
As no de f i n i t i ve  s t a t i s t i c a l  method has been devised f o r  handling less than detection values these were not  included i n  the
calculat ion o f  the  mean f o r  p r i s t i ne  lakes. T h i s  o f  course skews the  wean values higher than they actual ly  are.
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t h e  i n l e t  o f  B u c k  C r e e k  i t  i s  p r o b a b l e  t h a t  t h e y  h a v e  b e e n  e x p o s e d  t o  z i n c

c o n c e n t r a t i o n s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  f o u n d  a t  t h e  G o o s l y  L a k e

s a m p l i n g  s i t e s  ( i . e .  t h e  f i s h  h a d  b e e n  u p s t r e a m ) .

Roch e t  a l  a l s o  f o u n d  t h a t  c o p p e r  a n d  cadmium c o n c e n t r a t i o n s  i n  l i v e r  t i s s u e

were c o r r e l a t e d  t o  t h e  c o n c e n t r a t i o n  i n  w a t e r  b u t  z i n c  c o n c e n t r a t i o n s  w e r e

n o t .  T h i s  f i n d i n g  i s  s u p p o r t e d  b y  t h e  G o o s l y  L a k e  d a t a  a n d  i s  p r o b a b l y  a

r e s u l t  o f  t h e  d i f f e r e n t  b i n d i n g  a f f i n i t i e s  o f  m e t a l s  a s  m e t a l l o t h i o n e i n  ( w i t h

copper  >  cadmium >  z i n c ) .

H e p a t i c  M e t a l l o t h i o n e i n

The measurement  o f  h e a v y  m e t a l s  i n  f i s h  t i s s u e  c a n  p r o v i d e  a n  e s t i m a t i o n  o f

t h e  a m o u n t  o f  b i o l o g i c a l l y  a v a i l a b l e  m e t a l  i n  t h e  e n v i r o n m e n t  b u t  d o e s  n o t

g i v e  a n  i n d i c a t i o n  o f  t o x i c  e f f e c t s .  R o c h  e t  a l  ( 1 9 8 2 )  s u g g e s t  t h a t  p a r t  o f

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

o u t  a n y  b i o l o g i c a l  e f f e c t .  F o r  t h e s e  r e a s o n s  i t  h a s  b e e n  s u g g e s t e d  ( R o c h

1982) t h a t  a  b i o c h e m i c a l  m e a s u r e  o f  m e t a l l o t h i o n e i n  b e  u s e d  t o  a s s e s s  t h e

response o f  f i s h  t o  t h e  t o x i c  e f f e c t s  o f  m e t a l s .

The p r o t e i n  m e t a l l o t h i o n e i n  i s  s y n t h e s i z e d  i n  t h e  l i v e r s  o f  f i s h  o n  e x p o s u r e

t o  t h e  m e t a l s  cadmium, c o p p e r ,  z i n c ,  a n d  m e r c u r y.  A s  m e t a l l o t h i o n e i n  c o n c e n -

t r a t i o n  i n  l i v e r s  i n c r e a s e s  p r o p o r t i o n a l l y  t o  t h e  c o n c e n t r a t i o n  o f  z i n c ,

coppe r,  cadmium i n  t h e  w a t e r  i t s  a n a l y s i s  i s  a  u s e f u l  q u a n t i t a t i v e  measure  o f

t h e  d e g r e e  o f  e x p o s u r e  o f  r a i n b o w  t r o u t  t o  h e a v y  m e t a l s  ( R o c h  1 9 8 2 ) .  F i g u r e

4 d e m o n s t r a t e s  t h e  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  h e p a t i c  m e t a l o t h i o n e i n

l e v e l s  a n d  m e t a l  c o n t a m i n a t i o n  a s  m e a s u r e d  b y  z i n c  c o n c e n t r a t i o n  ( r  =  0 . 9 1 3 ,

n =  1 2 ) .  R o c h  a n d  M c C a r t e r  ( 1 9 8 4 )  h a v e  shown a  r e l a t i o n s h i p  be tween  m e t a l l o -

t h i o n e i n  c o n c e n t r a t i o n  a n d  LC50s  i n  r a i n b o w  t r o u t  l i v e r s .  T h e y  c a l c u l a t e d

t h a t  a  c o n c e n t r a t i o n  o f  1 0 0  nanomo les  m e t a l l o t h i o n e i n  p e r  g r a m  o f  l i v e r  c o r -

responds t o  . 2 5  t o x i c  u n i t s  ( w h e r e  a  LC10 =  1  t o x i c  u n i t ) .  T h i s  c o n c e n t r a -

t i o n  i s  i n t e r p r e t e d  a s  h a v i n g  a  m i n i m a l  b i o l o g i c a l  e f f e c t .  T h e  t a b l e  b e l o w

shows t h e  e x p e c t e d  m e t a l l o t h i o n e i n  c o n c e n t r a t i o n  f r o m  v a r i o u s  m e t a l  c o n c e n -

t r a t i o n s  i n  t h e  Campbe l l  R i v e r  s y s t e m .
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m e t a l  c o n c e n t r a t i o n  ( u g h l )
m e t a l l o t h i o n e i n

L o c a t i o n Z i n c Copper Cadmium (n m o l e s / g )

Upper Qu insam <5 <1 <0.5 56+19 n = 1 7
John H a r t 44 + 9 <1 <0.5 163+37 n = 1 8
N o r t h  B u t t l e 112+14 2 .6+1 .5 <0.5 130756 n = 1 8
South B u t t l e 146;32 132+6.8

.
0 . 8 + 0 . 3 180T-66 n = 1 5

M e t a l C o n c e n t r a t i o n s  a n d  m e t a l l o t h i o n e i n C o n c e n t r a t i o n

Ta b l e  2 3  s u m m a r i z e s  t h e  m e t a l l o t h i o n e i n  d a t a  f o r  G o o s l y  L a k e .  T h e  m e t a l l o -

t h i o n e i n  c o n c e n t r a t i o n  o f  a  s i n g l e  m a l e  r a i n b o w  t r o u t  a n g l e d  i n  1 9 8 3  was  4 6 +

12 n a n o m o l e s / g .  T h i s  i s  c o n s i d e r e d  a  l o w  l e v e l  a n d  i n d i c a t e s  t h a t  t r o u t  h a d

n o t  b e e n  c h r o n i c a l l y  e x p o s e d  t o  h i g h e r  t h a n  b a c k g r o u n d  c o n c e n t r a t i o n s  o f

heavy m e t a l s .  T h e  m e a n  c o n c e n t r a t i o n  o f  m e t a l l o t h i o n e i n  i n  r a i n b o w  t r o u t

c o l l e c t e d  i n  1 9 8 5  w a s  6 5 . 5  n a n o m o l e s / g .  T h i s  mean c o n c e n t r a t i o n  i s  s i m i l a r

t o  r a i n b o w  t r o u t  c o n c e n t r a t i o n s  ( 4 0 - 7 0  n a n o m o l e s / g )  f o u n d  i n  U p p e r  Q u i n s a m

Lake.  O f  i n t e r e s t  i n  t h e  1 9 8 5  a n a l y s i s  i s  t h e  e x t r e m e l y  l o w  c o n c e n t r a t i o n  o f

m e t a l l o t h i o n e i n  f o u n d  i n  g r a v i d  f e m a l e  f i s h .  I n  f u t u r e  s a m p l i n g ,  e g g s  f r o m

g r a v i d  f i s h  w i l l  b e  a n a l y z e d  f o r  m e t a l  c o n c e n t r a t i o n s  t o  d e t e r m i n e  w h e t h e r

t h e  e g g s  h a v e  p r e f e r e n t i a l l y  b o u n d  m e t a l s .  T w o  f e m a l e  f i s h  s h o w  e l e v a t e d

m e t a l l o t h i o n e i n  c o n c e n t r a t i o n s  o f  1 2 6  a n d  1 6 8  n a n o m o l e s / g .  T h e s e  t w o  e l e -

v a t e d  m e t a l l o t h i o n e i n  v a l u e s  c o u l d  o n l y  h a v e  b e e n  i n d u c e d  b y  e x p o s u r e  o f  t h e

f i s h  t o  m e t a l s  a t  some unknown l o c a t i o n  i n  t h e  l a k e  o r  Buck  C r e e k .

I t  s h o u l d  b e  n o t e d  t h a t  f i s h  l i v e r s  w e r e  e x t r a c t e d  f r o m  f r e s h l y  k i l l e d  t r o u t

and f i e l d  f r o z e n .  H o w e v e r  t h e  l i v e r s  w e r e  n o t  t r a n s  s h i p p e d  t o  t h e  l a b o r a -

t o r y  o n  d r y  i c e  a n d  may h a v e  t h a w e d  i n  t r a n s i t .  T h i s  m i g h t  t e n d  t o  l o w e r  t h e

r e s u l t s  i f  m e t a l s  become unbound b y  enzyme a c t i o n  i n  t h a w e d  t i s s u e .
i

44111■P
One o f  t h e  p r o b l e m s  i n t e r p r e t i n g  m e t a l l o t h i o n e i n  d a t a  i s  t h e  p r o b l e m  o f  f i s h

m o b i l i t y .  T h e  d e v e l o p m e n t  o f  a n  i n  s i t u  f i s h  h o l d i n g  m o n i t o r i n g  p r o g r a m  ( s e e

f u r t h e r  m o n i t o r i n g )  s h o u l d  h e l p  t o  r e s o l v e  t h i s  p r o b l e m  i n  a n a l y s i s .

We c o n s i d e r  t h e  u s e  o f  h e p a t i c  m e t a l l o t h i o n e i n ,  i n  c o n j u n c t i o n  w i t h  t i s s u e

and w a t e r  c h e m i s t r y  a n a l y s e s ,  i s  a  u s e f u l  t e c h n i q u e  f o r  i d e n t i f y i n g  a  b i o -

l o g i c a l  r e s p o n s e  i n  a q u a t i c  o r g a n i s m s  a t  l e v e l s  o f  m e t a l  c o n c e n t r a t i o n  t h a t
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Fig. 4
Hepatic Metallothionein v s  Z inc  i n  Buttle Lake,  B.C.
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rp
DATE

FISH AGE

(years)

FISH LENGTH

(cm) SEX

METALLOTHIONEIN

NANOMOLES/g

83/05/04 6 35 male 46 +  12

t
85/05/28 3+ 23.6 female ( g r a v i d ) 28

3+ 22.0 female ( g r a v i d ) 22

3 17.8 female 126

3 17.7 female 168

2 15.5 female 46

2 13.4 male 39

2 14.2 female 71

2 13.2 female 66

mean 6 5 . 5

standard d e v i a t i o n  +  52

TABLE 2 3
HEPATIC METALLOTHIONEIN CONCENTRATION

FROM RAINBOW TROUT FROM GOOSLY LAKE
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v a r i a b l e o b j e c t i v e *

PH 6.8  -  7 . 8
To t a l  Copper .004 m g / L
To t a l  Z i n c .05 m g / L
To t a l  A l .05 m g / L
To t a l  A s .05 m g / L
To t a l  F e .3 m g / L
Su lpha te 30.0 m g / L * *
T u r b i d i t y background  + 5  NTU**

are  l o w e r  t h a n  n e c e s s a r y  t o  k i l l  f i s h  o u t r i g h t .  S o ,  i f  a  t e c h n i q u e  w a s

deve loped t o  p r o v i d e  a  c o n t r o l l e d  e x p o s u r e  o f  f i s h  t o  Bessemer o r  B u c k  C r e e k

w a t e r  a  c o m p a r i s o n  c o u l d  b e  made w i t h  r e s p o n s e s  b y  f i s h  i n  a  c o n t r o l  a r e a  a n d

t o  f i n d i n g s  i n  t h e  l i t e r a t u r e .  T h i s  p r o v i d e s  a  s u b - l e t h a l  b i o a s s a y  r e s u l t

w h i c h  i s  e s s e n t i a l l y  a n  e a r l y  w a r n i n g  o f  t h e  p o t e n t i a l  f o r  a c u t e  t o x i c i t y .

I t  a l s o  a d d r e s s e s  t h e  p r o b l e m  o f  m i s s i n g  s l u g s  o f  m e t a l s  i n  t h e  c r e e k  w i t h  a

r e l a t i v e l y  i n f r e q u e n t  w a t e r  s a m p l i n g  p r o g r a m .

P a r t  3  W a t e r  Q u a l i t y  O b j e c t i v e s  a n d  M o n i t o r i n g

Water  q u a l i t y  i n  t h e  l a k e  needs  t o  b e  p r o t e c t e d  i n  o r d e r  t o  m a i n t a i n  a q u a t i c

l i f e ,  d r i n k i n g  w a t e r  q u a l i t y  i n  l o w e r  B u c k  C r e e k ,  a n d  r e c r e a t i o n  p o t e n t i a l .

Of t h e s e  u s e s ,  t h e  m o s t  s e n s i t i v e  i s  a q u a t i c  l i f e .  T h e r e f o r e  i f  w a t e r

q u a l i t y  o b j e c t i v e s  a r e  s e t  t o  p r o t e c t  a q u a t i c  l i f e ,  t h e  o t h e r  u s e s  a r e  a l s o

p r o t e c t e d .  I n  a d d i t i o n  t o  m e a s u r i n g  v a r i a b l e s  d i r e c t l y  r e l a t e d  t o  a q u a t i c

l i f e ,  o u r  p r e v i o u s  w o r k  s u g g e s t s  a  f e w  o t h e r s  n e e d  t o  b e  measured i n  o r d e r  t o

p r o p e r l y  c h a r a c t e r i z e  c o n d i t i o n s  i n  t h e  l a k e ,  a n d  t o  s e r v e  a s  i n d i c a t o r s  o f  a

change i n  t h e  l a k e  w a t e r  c h e m i s t r y .  T h e  M i n i s t r y  o f  E n v i r o n m e n t  w i l l  b e

d e v e l o p i n g  f o r m a l  w a t e r  q u a l i t y  o b j e c t i v e s  f o r  t h e  B u c k  C r e e k  a n d  Foxy-Maxan

Creek s y s t e m s .  T h i s  w o r k  w i l l  b u i l d  o n  t h e  B u l k l e y  R i v e r  o b j e c t i v e s  w h i c h

a l r e a d y  e x i s t  ( N i j m a n  1 9 8 6 ) .  T h e  f o l l o w i n g  o b j e c t i v e s  a n d  m o n i t o r i n g  p r o g r a m

are  i n i t i a l  s u g g e s t i o n s  a n d  w i l l  b e  f o l l o w e d  b y  t h e  more  comprehens i ve  w o r k .

The f o l l o w i n g  i s  a  l i s t  o f  s u g g e s t e d  w a t e r  q u a l i t y  o b j e c t i v e s  w h i c h  a r e  a i m e d

a t  p r o t e c t i n g  a q u a t i c  l i f e  a n d  a s  u s e f u l  m o n i t o r s  o f  changes  i n  t h e  l a k e .

Tab le  2 4  S u g g e s t e d  Wa te r  Q u a l i t y  O b j e c t i v e s  f o r  G o o s l y  L a k e

O b j e c t i v e s  a r e y e a r l y  a v e r a g e s  f o r  a l l  l a k e samples f o r  t h e  e p i l i m n i o n
and h y o p l i m n i o n  a n d  c a l c u l a t e d  w i t h  95% c o n f i d e n c e  l i m i t s  f o r  e a c h .

* *  T h e s e  a r e  i n t e n d e d  t o  d r a w  a t t e n t i o n  t o  p o s s i b l e  changes  i n  t h e  l a k e .
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The r a t i o n a l e  f o r  e a c h  i s  a s  f o l l o w s .  F o r  p H ,  a  r i s e  a b o v e  7 . 8  w i l l  s i g n a l  a

s i g n i f i c a n t  c h a n g e  i n  p H  i n  t h e  l a k e .  T h e  m e t a l s  a r e  d e s i g n a t e d  a s  t o t a l

m e t a l s .  T h e  c o p p e r  o b j e c t i v e  i s  s l i g h t l y  h i g h e r  t h a n  t h e  m e a n  m i d - l a k e

copper  c o n c e n t r a t i o n  s i n c e  1 9 8 2  ( x  =  3 . 2 8 ,  S D  =  1 . 4 ,  n = 2 5 ) .  H a r d n e s s  seems

t o  b e  i n c r e a s i n g  i n  t h e  l a k e ,  s o  i t  i s  f e l t  t h a t  t h e  c o p p e r  o b j e c t i v e  c a n  b e

r a i s e d  t o  t h e  n e a r e s t  i n t e g e r .  O t h e r  m e t a l  o b j e c t i v e s  a r e  recommended c r i -

t e r i a  i n  R e e d e r  ( 1 9 7 9 ) ,  e x c e p t  i r o n ,  w h i c h  i s  a  w o r k i n g  c r i t e r i a  ( M i n i s t r y  o f

Env i ronmen t ,  1 9 8 5 ) .  T h e  s u l p h a t e  o b j e c t i v e  i s  a  t h r e s h o l d ,  o r  w a r n i n g  l e v e l ,

wh ich  c o u l d  s i g n a l  t h e  p r o g r e s s i v e  c o n c e n t r a t i o n  o f  s u l p h a t e  i n  t h e  l a k e .

The t u r b i d i t y  o b j e c t i v e  i s  b a s e d  o n  recommendat ions  b y  S i n g l e t o n  ( 1 9 8 5 ) .

P r o g r e s s i v e  d e t e r i o r a t i o n  o f  w a t e r  q u a l i t y  i n  t h e  l a k e  w i l l  n e c e s s i t a t e

p u t t i n g  f u r t h e r  r e s t r i c t i o n s  o n  t h e  q u a l i t y  o f  e f f l u e n t  l e a v i n g  t h e  m i n e

p r o p e r t y .

M o n i t o r i n g

The p u r p o s e s  o f  m o n i t o r i n g  a r e  t o  d e t e r m i n e  i f  w a t e r  q u a l i t y  o b j e c t i v e s  a r e

b e i n g  m e t ,  t o  i d e n t i f y  b i o l o g i c a l  r e s p o n s e s  t o  t h e  i n t r o d u c t i o n  o f  c o n t a m i -

n a n t s ,  a n d  t o  c a t c h  t h i s  r e s p o n s e  i n  t i m e  t o  a v o i d  a  s e v e r e  i m p a c t  o n  t h e

l a k e .  M o n i t o r i n g  a t  G o o s l y  L a k e  m u s t  b e  d e s i g n e d  t o  t a k e  i n t o  a c c o u n t  t h e

f o l l o w i n g  f a c t o r s :

a) b a s e l i n e  d a t a  i s  p o o r  t o  n o n e x i s t e n t

b) t h e r e  i s  e v i d e n c e  o f  a n  i n c r e a s e  i n  m e t a l s  p a r t i c u l a r l y  d u r i n g  t h e  1 9 8 2

f r e s h e t

c) t h e  s o u r c e  o f  t u r b i d i t y  i n  t h e  h y p o l i m n i o n  needs  t o  b e  i d e n t i f i e d

d) m e t a l s  l i k e  c o p p e r  a n d  i r o n  a r e  a l r e a d y  e x c e e d i n g  c r i t e r i a  d e s i g n e d  t o

p r o t e c t  a q u a t i c  l i f e

e) a  m e t a l l o t h i o n e i n  r e s p o n s e  h a s  b e e n  s e e n  i n  G o o s l y  L a k e  f i s h

f )  z i n c  a n d  cadmium i n  f i s h  t i s s u e s  e x c e e d  t h e  p r o v i n c i a l  mean

g) p h y t o p l a n k t o n  a n d  z o o p l a n k t o n  c o m p o s i t i o n  a r e  u s e f u l  m o n i t o r s  o f  e n v i r o n -

men ta l  change

h) c o n t a m i n a t i o n  i n  B e s s e m e r  C r e e k  r e a c h e s  a  p e a k  d u r i n g  a  p r e - f r e s h e t

p e r i o d  l a s t i n g  s e v e r a l  weeks

i )  t r e a t e d  a c i d  m i n e  d r a i n a g e  i s  d i s c h a r g e d  t o  t h e  l a k e  ( a p p r o x i m a t e l y

250,000 c u b i c  m e t e r s  i n  1985  a n d  i n  1986 )
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E a r l y

May A u g u s t  O c t o b e r

Temp &  D . O .  P r o f i l e X X

T &  D  m e t a l s X X

Sulphate X X

T u r b i d i t y X

Suspended S o l i d s X X

A l k a l i n i t y X X X

True c o l o u r X X X

PH X X X

Conductance X X X

Phosphorus X

C h l o r o p h y l l  a X X X

Zoop lank ton X

Sediments

F i sh  t i s s u e  m e t a l s

b i - a n n u a l l y ,

X

3 s i t e s  i n  t h e  l a k e

Hepa t i c  m e t a l l o t h i o n e i n s p e c i a l  p r o g r a m

The s u g g e s t e d  p r o g r a m  f o r  t h e  l a k e  c o n s i s t s  o f  a  c o m b i n a t i o n  o f  componen ts

i n c l u d i n g  w a t e r  c h e m i s t r y  a n d  b i o l o g y ,  s e d i m e n t  a n a l y s i s  a n d  f i s h  t i s s u e

a n a l y s i s .  T h e  p r o g r a m  e l e m e n t s  a r e  shown i n  Ta b l e  2 5 .

TABLE 2 5  SUGGESTED MONITORING PROGRAM FOR GOOSLY LAKE

AT S I T E  0700084

The p r o g r a m  i n c l u d e s  s a m p l i n g  s e s s i o n s  a t  s p r i n g  o v e r t u r n  ( M a y )  i n  e a r l y

Augus t ,  a n d  f a l l  o v e r t u r n  ( O c t o b e r ) .  P h o s p h o r u s  w o u l d  b e  c o l l e c t e d  a t  s p r i n g

o v e r t u r n  a n d  b e  compared  t o  mean summer c h l o r o p h y l l  a  c o n c e n t r a t i o n .  I n  May

and O c t o b e r  w a t e r  q u a l i t y  s a m p l i n g  d e p t h s  s h o u l d  b e  1  m  a n d  1 4  m.  I n  A u g u s t ,

samples s h o u l d  come f r o m  above  a n d  b e l o w  t h e  t h e r m o c l i n e .  A c t u a l l y ,  1  m  and

14 m  d e p t h s  s e r v e  a s  a  good  g u i d e l i n e .  P h o s p h o r u s  s h o u l d  b e  c o l l e c t e d  d u r i n g

s p r i n g  o v e r t u r n ,  a t  3  d e p t h s ,  s u r f a c e ,  m i d d l e  a n d  n e a r  b o t t o m .  C h l o r o p h y l l  a

s h o u l d  b e  a n a l y z e d  f r o m  a  s a m p l e  c o n s i s t i n g  o f  2 0 0  m l  a l i q u o t s  t a k e n  f r o m  0 ,
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1, 2 ,  4  m ,  a n d  f i l t e r e d  a n d  p r e s e r v e d  i n  t h e  c o n v e n t i o n a l  w a y.  Z o o p l a n k t o n

s h o u l d  b e  c o l l e c t e d  b y  v e r t i c a l  h a u l  f r o m  b o t t o m  t o  s u r f a c e  w i t h  a  n e t  w i t h  a

po re  s i z e  o f  8 0  m i c r o n s ,  a n d  i d e n t i f i e d  t o  s p e c i e s  f o r  t h o s e  g r e a t e r  t h a n  10%

dominance.  D u e  t o  t h e  l a r g e  v a r i a n c e  i n  p h y t o p l a n k t o n  s a m p l i n g  t r i p l i c a t e

s u r f a c e  g r a b  s a m p l e s  s h o u l d  b e  t a k e n .

A l t h o u g h  t h e r e  a r e  m a n y  v a g a r i e s  s u c h  a s  f i s h  m o b i l i t y  i n  t h e  a n a l y s i s  o f

Goos ly  L a k e  r a i n b o w  t r o u t  f o r  m e t a l  c o n c e n t r a t i o n s  i n  t i s s u e  t h e  s a m p l i n g

s h o u l d  c o n t i n u e  o n  a n  a n n u a l  b a s i s  t o  e s t a b l i s h  t r e n d s .  T h e  e l e v a t i o n  o f

z i n c  i n  m u s c l e  t i s s u e  a n d  t h e  e l e v a t i o n  o f  cadmium i n  l i v e r  t i s s u e  n e e d s  t o

be d o c u m e n t e d  o v e r  t h e  l o n g  t e r m .  A n y  g r a v i d  f i s h  n e t t e d  s h o u l d  h a v e  a

t i s s u e  a n a l y s i s  p e r f o r m e d  o n  t h e i r  e g g s  t o  d e t e r m i n e  i f  m e t a l s  a r e  b e i n g

p r e f e r e n t i a l l y  b o u n d  t o  t h e  e g g s .

The p r o b l e m  o f  f i s h  m o b i l i t y  a n d  t h e i r  i n t e r c h a n g e  f r o m  G o o s l y  L a k e  t o  B u c k

Creek a b o v e  a n d  b e l o w  Bessemer  C r e e k  c a n  b e  r e s o l v e d  b y  a n  i n  s i t u  p r o g r a m .

The p r o g r a m  w o u l d  i n v o l v e  h o l d i n g  h a t c h e r y  t r o u t  a t  t h e  w a t e r  q u a l i t y  s i t e s

i n  B u c k  a n d  Bessemer  C r e e k ,  a n d  i n  t h e  l a k e ,  f o r  a  f o u r  week p e r i o d  i n  t h e

s p r i n g .  F o l l o w i n g  f o u r  weeks  o f  e x p o s u r e ,  t h e  f i s h  w o u l d  b e  k i l l e d  a n d  t h e i r

t i s s u e s  a n a l y z e d  t o  compare  t h e  m e t a l s  l e v e l s  a n d  h e p a t i c  m e t a l l o t h i o n e i n

between c o n t r o l  a n d  i m p a c t  s i t e s .
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E q u i t y  S i l v e r  M i n e  E . P . S .  R e p o r t ,  A p r i l

Palmer C . M .  ( 1 9 6 4 )  A l g a e  i n  Wa t e r  S u p p l i e s  o f  t h e  U . S .  A l g a e  a n d  Man ( E d i t e d

by J a c k s o n  D . )  p p  2 3 9 - 2 6 1 ,  P lenum P r e s s ,  New Yo r k

Reeder,  S .  1 9 7 9  G u i d e l i n e s  f o r  S u r f a c e  Wa t e r  Q u a l i t y .  P r e a m b l e .  I n l a n d

Waters  D i r e c t o r a t e ,  O t t a w a

Roch M.  a n d  M c C a r t e r  J . A .  ( 1 9 8 4 )  H e p a t i c  M e t a l l o t h i o n e i n  P r o d u c t i o n  a n d

R e s i s t a n c e  t o  H e a v y  M e t a l s  b y  R a i n b o w  T r o u t  ( S a l m o  g a i r d n e r i )  I .

Exposed t o  a n  A r t i f i c i a l  M i x t u r e  o f  Z i n c ,  C o p p e r  a n d  Cadmium.  C o m p .

Biochem, P h y s i o l .  7 7 C :  7 1 - 7 5

Roch M . ,  M c C a r t e r  J . A . ,  M a t h e s o n  A . T . ,  C l a r k  M . J . R . ,  a n d  O l a f s o n  R . W. ,  ( 1 9 8 2 )

H e p a t i c  M e t a l l o t h i o n e i n  i n  R a i n b o w  T r o u t  ( S a l m o  g a i r d n e r i )  a s  a n

I n d i c a t o r  o f  M e t a l  P o l l u t i o n  i n  t h e  C a m p b e l l  R i v e r  S y s t e m .  C a n  J  F i s h

Aquat  S c :  3 9 : 1 5 9 6 - 1 6 0 1



- 4 0 -

Roch .M . ,  N o r d i n  R . N . ,  A u s t i n  A . ,  M c K e a n  C . J . P . ,  D e n i s e g e r  J . ,  K a t h m a n  R . D . ,

M c C a r t e r  J . A .  a n d  C l a r k  M . J . R .  ( 1 9 8 5 )  T h e  E f f e c t s  o f  H e a v y  M e t a l

C o n t a m i n a t i o n  o n  t h e  A q u a t i c  B i o t a  o f  B u t t l e  L a k e  a n d  t h e  C a m p b e l l  R i v e r

D r a i n a g e .  A r c h .  E n v i r o n .  C o n t a i n .  T o x i c o l .  1 4 ,  3 4 7 - 3 6 2

S i n g l e t o n ,  H .  J .  1 9 8 5  W a t e r  Q u a l i t y  C r i t e r i a  f o r  P a r t i c u l a t e  M a t t e r

M i n i s t r y  o f  E n v i r o n m e n t ,  V i c t o r i a ,  B . C .

Smile



-41-

' - .GAL -_3Ei:US

1 -
1 - - - -

E a s t  E n d

I n l e t

M i d d l e

, 0 7 0 0 0 8 4

We s t  E n d

O u t l e t

ORDER:  O s c i l l a t o r i a l e s

A p h a n i z o m e n o n

A n a b e n a  c i r c i n a l i s

A n a b e n a  f l o e - a q u a e . 2

A n a b e n a  s p i r o i d e s

ORDER: C r y p t o m o n a d a l e s

C r y p t o m o n a s 1 . 3 7 2 . 7 . 1 5

C h r o o m o n a s  a c u t a 4 . 11 8 . 2 7 . 2

ORDER: C r y s o m o n a d a l e s

M a l l o m o n a s 5 . 4 4 . 11 3 . 4 3

D i n o b r y o n  ( d i v e r g e n s ) 4 . 11 . 0 4 . 1

ORDER: C h r o o c o c c a l e s

A p h a n o t h e c e

A p h a n o t h e c e  c l a t h r a t a

A p h a n o t h e c e  e l a c h i s t a

C o e l o s p h a e r i u m  n a e g e l i a n u m

G o m p h o s p h a e r i a 2 . 2 3

ORDER: C h l o r o c o c c a l e s

S c h r o d e r i a

B o t r y o c o c c u s  b r a u n i

O o c y s t i s

A n k i s t r o d e s m u s  ( f a l c a t u s ) 9 : 6 2 0 . 6 37

C r u c i g e n i a

D i c t o s p h a e r i u m
S c e n e d e s m u s . 0 8 . 0 8

K i r c h n e r i e l l a

N e p h r o c y t i u m

ORDER: P e r i d i n i a l e s

C e r a t i u m . 0 2

ORDER: V o l v o c a l e s

P a n d o r i n a

ORDER: D e s m i d i a l e s

C o s m a r i u m
S t a u r a s t r u m

A r t h r o d e s m u s

p a g e  1  o f  2

TABLE 1 2

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E

May 2 6 ,  1 9 8 2

# o r g a n i s m s ,  c e l l s / m l

Sm le
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ALGAL GENUS E a s t  E n d
I n l e t

M i d d l e
0 7 0 0 0 8 4

West E n d
O u t l e t

ORDER: T e t r a s p o r a l e s

G l o e o c y s t i s . 0 8 . 2 4

E l a k a t o t h r i x . 0 4

ORDER: E u g l e n a l e s
Tr a c h e l o m o n a s

ORDER: R h i z o c h r y s i d a l e s

D i c e r a s

ORDER: C e n t r a l e s
S t e p h a n o d i s c u s 4 . 1 1 4 . 1 . 3 2
C y c l o t e l l a  ( g l o m e r t a ) 1 . 3 7 143
M e l o s i r a  f i t a l i c a ) 9 . 5 9 1 0 . 9 . 6 4

ORDER: P e n a l e s

R h i z o s o l e n i a . 0 4
C y m b e l l a 1 . 3 7 . 0 2 . 0 4
T a b e l l a r i a . 0 6 . 2 4

N i t z s c h i a . 0 2 . 0 6
Synedra . 0 4

C o c c o n e i s . 0 2 . 0 8
F r a g i l a r i a  ( c o n s t r u e n s ) 6 . 8 5 . 2 . 8
Achnanthes 1 . 3 7 . 0 4

A s t e r i o n e l l a  ( f o r m o s a ) 1 . 3 7 . 0 8 . 0 2

Gomphonema . 0 8 . 0 2
M e r i d i a n 4 . 11 .08
E u n o t i a  '
N a v i c u l a
P i n n u l a r i a
S u r i r e l l a 2 . 7 4 . 0 2

TOTAL 5 7 . 6 1 9 6 . 5 5 3 . 9

GENERA/SPECIES 15 18 24

page 2  o f  2

TABLE 1 2

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E

May 2 6 ,  1 9 8 2
# o r g a n i s m s ,  c e l l s / m l

Sm le
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ALGAL GENUS E a s t  E n d

I n l e t

M i d d l e
0 7 0 0 0 8 4

We s t  E n d

I n l e t

ORDER: O s c i l l a t o r i a l e s

A p h a n i z o m e n o n 7 . 2 2 . 6 2 . 4

A n a b e n a  c i r c i n a l i s

A n a b e n a  f l o s - a q u a e 9 7 . 3 54 100

A n a b e n a  s p i r o i d e s

ORDER: C r y p t o m o n a d a l e s

C r y p t o m o n a s . 1 2 . 6 9

C h r o o m o n a s  a c u t a 5 8 : 2 8 . 2 2 4 . 2 3

ORDER: C r y s o m o n a d a l e s

M a l l o m o n a s 2 . 8 2 . 0 9 . 4

D i n o b r y o n  ( d i v e r g e n s ) . 7 8 . 9 6 2 2 . 6

ORDER: C h r o o c o c c a l e s

A p h a n o t h e c e
A p h a n o t h e c e  c l a t h r a t a

A p h a n o t h e c e  e l a c h i s t a
C o e l o s p h a e r i u m  n a e g e l i a n u m 18 -5 1 . 7

G o m p h o s p h a e r i a

ORDER: C h l o r o c o c c a l e s

S c h r o d e r i a 2 3 . 3

B o t r y o c o c c u s  b r a u n i 2 3 : 4 1 9 . 5 6
O o c y s t i s . 1 4 . 1 2 . 2 4
A n k i s t r o d e s m u s 2 : 3 5 7 . 5 5 . 1 7

C r u c i g e n i a . 0 8 . 0 4

D i c t o s p h a e r i u m 3 6 . 1 6 11

S c e n e d e s m u s . 9 6 . 6 . 0 8
K i r c h n e r i e l l a . 1 6 . 1 6 32
N e p h r o c y t i u m 8 . 2 2 1 2 . 7 -

C h r o o c o c c u s

ORDER: P e r i d i n i a l e s

C e r a t i u m . 3 . 0 2 . 0 6

ORDER: V o l v o c a l e s
P a n d o r i n a . 4 8 : 2 4

ORDER: D e s m i d i a l e s •

C o s m a r i u m 7.01 .01 . 1 3

S t a u r a s t r u m . 1 8 :01

A r t h r o d e s m u s   . . . . . 7 8  . 7 5

p a g e  1  o f  2

TABLE 1 3

PHYTOPLANKTON ANALYSTS

GOOSLY L A K E  -  S I T E  * 0 7 0 0 0 8 4

S e p t .  2 1 ,  1 9 8 2

*  o r g a n i s m s ,  c e l l s / m l

Smile 2
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ALGAL GENUS E a s t  E n d

I n l e t

M i d d l e

0 7 0 0 0 8 4
West  E n d

I n l e t

ORDER: T e t r a s p o r a l e s

G l o e o c y s t i s 3 . 8 4 . 2 8 . 3 2
E l a k a t o t h r i x . 6 . 1 2 . 5 2

ORDER: E u g l e n a l e s

T r a c h e l o m o n a s . 0 3 . 0 2

ORDER: R h i z o c h r y s i d a l e s
D i c e r a s .01 . 0 3 .01

ORDER: c e n t r a l e s

S t e p h a n o d i s c u s

C y c l o t e l l a  ( g l o m e r t a ) 1 4 . 1 1 . 3 7 . 8
M e l o s i r a  ( i t a l i c a ) 1 . 9 2 . 7 2 1

R h i z o s o l e n i a

ORDER: P e n a l e s
C y m b e l l a
T a h e l l a r i a  ( f e n e s t r a ) 3 6 . 7 1 6 . 4 46

N i t z s c h i a .01 .03
S y n e d r a

C o c c o n e i s . 0 6
F r a g i l a r i a  ( c o n s t r u e n s ) . 9 4 . 6 9 . 4
A c h n a n t h e s . 0 2 . 0 6
A s t e r i o n e l l a  ( f o r m o s a ) 2 . 8 2 1 2 . 3 4 8 . 4
Oomphonema . 0 2
M e r i d i o n

E u n o t i a

N a v i c u l a . 0 7
P i n n u l a r i a

S u r i r e l l a .

TOTAL 2 8 5 . 5 1 6 1 . 5 2 9 6 . 6

# GENERA/SPECIES 32 25 29

p a g e  2  o f  2
TABLE 1 3

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E  -  S I T E  # 0 7 0 0 0 8 4
S e p t .  2 1 ,  1 9 8 2

I  o r g a n i s m s ,  c e l l s / m l

Sm le
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ALGAL GENUS May 2 6 / 8 2 S e p t  2 1 / 8 2

ORDER: O s c i l l a t o r i a l e s

A p h a n i z o m e n o n 2 - 6

Anabena  c i r c i n a l i s

Anabena  f l o s - a q u a e 54

A n a b e n a  s p i r o i d e s

ORDER: C r y p t o m o n a d a I e s

C r y p t o m o n a s 2 . 7 . 6 9

Ch roomonas  a c u t e 8 . 2 8 . 2 2

ORDER: C r y s o m o n a d a l e s

M a l l o m o n a s 4 . 11 . 0 9

D i n o b r y o n  ( d i v e r g e n s ) . 0 4 . 9 6

ORDER: C h r o o c O c c a l e s

A p h a n o t h e c e

A p h a n o t h e c e  c l a t h r a t a

A p h a n o t h e c e  e l a c h i s t a

C o e l o s p h a e r i u m  n a e g e l i a n u m 5

G o m p h o s p h a e r i a 2 . 2

C h r o o c o c c u s

ORDER: C h l o r o c o c c a l e s

S c h r o d e r i a 2 3 . 3

B o t r y o c o c c u s  b r a u n i 1 9 . 5

O o c y s t i s . 1 2

A n k i s t r o d e s m u s 2 0 . 6 7 . 5

C r u c i g e n i a . 0 4

D i c t o s p h a e r i u m 6 . 1 6

Scenedesmus . 6

K i r c h n e r i e l l a . 1 6

N e p h r o c y t i u m

ORDER: P e r i d i n i a l e s

C e r a t i u m . 0 2

ORDER: V o l v o c a l e s

P a n d o r i n a

ORDER: D e s t i d i a l e s

C o s m a r i u m . 0 1

S t a u r a s t r u m . 0 1

A r t h r o d e s m u s . 7 5

p a g e  1  o f  2

TABLE 1 4

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E  -  S I T E  * 0 7 0 0 0 8 4

1982

# o r g a n i s m s ,  c e l l s / m 1

Sm le
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ALGAL GENUS May 2 6 / 8 2 S e p t  2 1 / 8 2

ORDER: T e t r a s p o r a l e s

G l o e o c y s t i s . 2 8
E l a k a t o t h r i x . 0 8 . 1 2

ORDER: E u g l e n a l e s

T r a c h e l o m o n a s

ORDER: R h i z o c h r y s i d a l e s

D i c e r a s . 0 3

ORDER: C e n t r a I e s

S t e p h a n o d i s c u s 4 . 1

C y c l o t e l l a  ( g l o m e r t a ) 143 1 . 3 7

M e l o s i r a  ( i t a l i c a ) 1 0 . 9 . 7 2
R h i z o s o l e n i a

ORDER: P e n a l e s

C y m b e l l a . 0 2  - .
T a b e l l a r i a  f e n e s t r a t a . 0 6 1 6 . 4

N i t z s c h i a : 0 2

S y n e d r a

C o c c o n e i s . 0 2

F r a g i l a r i a  ( c o n s t r u e n s ) .2 . 6 9

A c h n a n t h e s

A s t e r i o n e l l a  ( f o r m o s a ) . 0 8 1 2 . 3

Gomphonema . 0 8
M e r i d i o n . 0 8
E u n o t i a

N a v i c u l a

P a . n n u l a r i a

S u r i r e l l a

TOTAL 1 9 6 . 5 1 6 1 . 5

0 GENERA/SPECIES 18 27

p a g e  2  o f  2

TABLE 1 4

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E  -  S I T E  0 0 7 0 0 0 8 4

1982

o r g a n i s m s ,  c e l l s / m l

6.41
Sm le
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ALGAL GENUS r e p l i c a t e  1 r e p l i c a t e  2 r e p l i c a t e  3 mean

ORDER: O s c i l l a t o r i a l e s
A p h a n i z o m e n o n
A n a b e n a . 8 5 . 1 3 . 5  ( n = 2 )

A n a b e n a  c i r c i n a l i s
A n a b e n a  f l o s - a q u a e

A n a b e n a  s p i r o i d e s

ORDER: C r y p t o m o n a d a l e s

C r y p t o m o n a s 1 . 3 7 1 . 3 8 1 . 3 8  ( n = 2 )

C h r o o m o n a s  a c u t a 9 5 . 9 6 1 . 7 9 . 6 5 6 . 7  ( n = 3 )

ORDER: C r y s o m o n a d a l e s

M a l l o m o n a s 2 . 7 4 11 . 6 9 4 . 8  ( n = 1 )

D i n o b r y o n  ( d i v e r g e n s ) .01 . 0 4 . 6 9 . 2 5  ( n = 3 )

ORDER: C h r o o c o c c a l e s

A p h a n o t h e c e
A p h a n o t h e c e  c l a t h r a t a
A p h a n o t h e c e  e l a c h i s t a
C o e l o s p h a e r i u m  n a e g e l i a n u m

G o m p h o s p h a e r i a . 7 8 . 7 8  ( n = 1 )

C h r o o c o c c u s

ORDER: C h l o r o c o c c a l e s

S c h r o d e r i a . 0 6
B o t r y o c o c c u s  b r a u n i . 2 .8 . 5  ( n = 2 )

O o c y s t i s

A n k i s t r o d e s m u s  ( f a l c a t u s ) 1 2 . 4 1 3 . 7 11 . 0 1 2 . 4  ( n = 3 )

C r u c i g e n i a

D i c t o s p h a e r i u m

S c e n e d e s m u s . 0 4 . 0 4 . 0 4  ( n = 2 )

K i r c h n e r i e i l a

N e p h r o c y t i u m

ORDER: P e r i d i n i a l e s
C e r a t i u m

ORDER: V O l v o c a l e s
P a n d o r i n a

ORDER: D e S M i d i a l e s
C o s m a r i u m . 0 1 . 0 1  ( n . 1 )

S t a u r a s t r u m

A r t h r o d e s m u s

p a g e  1  o f  2

TABLE 1 5

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E  -  S I T E  * 0 7 0 0 0 8 4
Hay 4 ,  1 9 8 3

*  o r g a n i s m s ,  c e l l s / m l

Sm le
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ALGAL GENUS r e p l i c a t e  1 r e p l i c a t e  2 r e p l i c a t e  3 mean

ORDER: T e t r a s p o r a l e s

G l o e o c y s t i s .01 .01 . 0 2  ( n = 2 )

E l a k a t o t h r i x . 0 2 .01 ( n = 1 )

ORDER: E u g l e n a l e s
T r a c h e l o m o n a s . 0 6 . 0 3 . 0 5  ( n = 2 )

ORDER: R h i z o c h r y s i d a l e s

D i c e r a s

ORDER: C e n t r a l e s

S t e p h a n o d i s c u s 3 . 4 3 3 . 4 3  ( n = 1 )

C y c l o t e l l a  f g l o m e r t a ) 3 . 4 3 1 . 3 7 2 . 4  ( n = 1 )

M e l o s i r a  ( i t a l i c a ) 3 0 . 1 3 . 4 3 1 . 3 7 11 . 6  ( n = 3 )

R h i z o s o l e n i a . 0 2 . 0 2  ( n = 1 )

ORDER: P e n a l e s

C y m b e l l a .01 . 0 2 . 0 3 .03  ( n = 3 )

T a b e l l a r i a . 1 6 . 0 9 . 0 6 .1  ( n = 1 )

N i t z s c h i a .01 . 0 7 . 0 4  ( n = 2 )

S y n e d r a

C o c c o n e i s

F r a g i l a r i a  ( c o n s t r u e n s ) . 6 9 2 . 7 . 6 9 1 . 4  ( n = 3 )

A c h n a n t h e s . 0 2 . 0 2 . 0 2  ( n = 3 )

A s t e r i o n e l l a  ( f o r m o s a ) . 1 2 . 0 6 1 . 3 8 .52  ( n = 3 )

Gomphonema . 0 3 . 0 2 . 0 3  ( n = 2 )

M e r i d i o n . 0 3 . 0 3  ( n = 1 )

E u n o t i a

N a v i c u l a . 0 8 . 0 2 . 0 5  ( n = 2 )

P i n n u l a r i a

S u r i r e l l a

TOTAL 1 4 7 . 2 1 0 0 . 3 5 2 7 . 2 9 7 . 1

# GENERA/SPECIES 16 23 17 2 6 .

page 2  o f  2

TABLE 1 5

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E  -  S I T E  # 0 7 0 0 0 6 4

May 4 ,  1 9 8 3

# o r g a n i s m s ,  c e l l s / m l

Sm le
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ALGAL GENUS may 1 6 / 8 4 Aug 1 5 / 8 4

ORDER: O s c i l l a t o r i a l e s

A p h a n i z o m e n o n

A n a b e n a  c i r c i n a l i s 190

A n a b e n a  f l o s - a q u a e 1504

A n a b e n a  s p i r o i d e s 292

ORDER: C r y p t o m o n a d a l e s

C r y p t o m o n a s 2 . 3

C h r o o m o n a s  a c u t a 187

ORDER: C t y t o m o n a d a l e s

M a l l o m o n a s  s p p 9 : 0 1 . 2

D i n o b r y o n  ( d i v e r g e n s ) 3 . 5

ORDER: C h r o o c o c c a l e s

A p h a n o t h e c e 1752

A p h a n o t h e c e  c l a t h r a t a

A p h a n o t h e c e  e l a c h i s t a 3 8 . 3

C o e l o s p h a e r i u m  n a e g e l i a n u m 46

G o m p h o s p h a e r i a 1 5 . 3

C h r o o c o c c u s 9 . 4

ORDER: C h l o r o c o c c a l e s

S c h r o d e r i a
B o t r y o c o c c u s  b r a u n i 46

O o c y s t i s 2

A n k i s t r o d e s m u s 7

C r u c i g e n i a 23

D i c t o s p h a e r i u m

S c e n e d e s m u s 4

S p h a e r o c y s t i s 4

K i r c h n e r i e l l a .

V e p h r o c y t i u m

ORDER: P e r i d i n i a l e s
C e r a t i u m

ORDER: V o l v o d a l e s
P a n d o r i n a

ORDER: D e S m i d i a l e s

C o s m a r i u m

S t a u r a s t r u m p r e s e n t

A r t h r o d e s m u s. . . . . .  .  .  _

p a g e  1  o f  2

TABLE 1 6

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E  -  S I T E  # 0 7 0 0 0 8 4

1984

41 o r g a n i s m s  c e l l s / m l

L
SM le
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ALGAL GENUS May 1 6 / 8 4 Aug 1 5 / 8 4

ORDER: T e t r a s p o r a l e s

G l o e o c y s t i s

E l a k a t o t h r i x 1 7 . 6

ORDER: E u g l e n a l e s

T r a c h e l o m o n a s

ORDER: R h i z o o h r y s i d a l e s

D i c e r a s 1

ORDER: C e n t r a l e s
S t e p h a n o d i s c u s

C y c l o t e l l a  ( g l o m e r t a ) 11 . 6 3 3 . 6
M e l o s i r a  ( i t a l i c a } 4 6 . 5 5 5 . 5
R h i z o s o l e n i a p r e s e n t

ORDER: P e n a l e s

C y m b e l l a p resen t
T a b e l l a r i a .3 2 3 . 9
N i t z s c h i a

S y n e d r a

C o c c o n e i s
F r a g i l a r i a  ( c o n s t r u e n s ) . 2

A c h n a n t h e s .2 p r e s e n t

A s t e r i o n e l l a  ( f o r m o s a ) .2 3 8 . 2

Gomphonema . 4

M e r i d i a n

E u n o t i a
N a v i c u l a . 2

P i n n u l a r i a
S u r i r e l / a

TOTAL 6 8 . 6 4 2 9 5 . 8

4 GENERA/SPECIES 9 28

page  2  o f  2

TABLE 1 6

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E  -  S I T E  4 0 7 0 0 0 8 4
1984

4 o r g a n i s m s  c e l l s / m l

pr-
Smile
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ALGAL GENUS May 2 8 / 8 5 J u l  1 7 / 8 5 Aug 1 9 / 8 5 O c t  3 0 / 8 5

ORDER: O s c i l l a t o r i a l e s

A p h a n i z o m e n o n

A n a b e n a  c i r c i n a l i s

A n a b e n a  f l o s - a q u a e 18 81 p r e s e n t

A n a b e n a  s p i r o i d e s

ORDER: C r y p t o m o n a d a l e s

C r y p t o m o n a s 85 p r e s e n t 19 9

C h r o o m o n a s  a c u t e 1217 26 2 3 9 58

ORDER: C r y s o m o n a d a l e s

M a l l o m o n a s 19 20 2 6

D i n o b r y o n  ( d i v e r g e n s ) 5 4 3 3

ORDER: C h r o o c o c c a l e s

A p h a n o t h e c e 2 6 2 8 1170 ( p o s s i b l y )

A p h a n o t h e c e  c l a t h r a t a 146

A p h a n o t h e c e  e l a c h i s t a

C o e l o s p h a e r i u m  n a e g e l i a n u m 12

G o m p h o s p h a e r i a 6

C h r o o c o c c u s

ORDER: C h l o r o c o c c a l e s

S c h r o d e r i a
B o t r y o c o c c u s  b r a u n i

O o c y s t i s 12 26 9

A n k i s t r o d e s m u s 204 3 1 6

C r u c i g e n i a 9

D i c t o s p h a e r i u m 56

S c e n e d e s m u s 23

K i r c h n e r i e l l a
N e o h r o c y t i u m

ORDER: P e r i d i n i a l e s
C e r a t i u m 3 1

ORDER: V o l V o c a l e s

P a n d o r i n a

ORDER: D e s t i d i a l e s

C o s m a r i u m

S t a u r a s t r u m 2 1

A r t h r o d e s m u s_ . .  .

p a g e  1  o f  2

TABLE 1 7

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E  -  S I T E  # 0 7 0 0 0 8 4

1985

# o r g a n i s m s  c e l l s / m l

( b r a c k e t e d  s p e c i e s )  o f  > 1 0 %  d o m i n a n c e

Sm ie
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ALGAL GENUS May 2 8 / 8 5 J u l  1 7 / 8 5 Aug 1 9 / 8 5 O c t  3 0 / 8 5

ORDER: T e t r a s p o r a l e s
G l o e o c y s t i s 44 17

E l a k a t o t h r i x p r e s e n t 29

ORDER: E u g l e n a l e s

T r a c h e l o m o n a s 1

ORDER: R h i z o c h r y s i d a l e s

D i c e r a s 3

ORDER: C e n t r a l e s

S t e p h a n o d i s c u s 9 3 26

C y c l o t e l l a  ( g l o m e r t a ) 19 23 13 5

M e l o s i r a  ( i t a l i c a ) 162 14 66 2771

R h i z o s o l e n i a 48 2

ORDER: P e n a l e s

C y m b e l l a
T a b e l l a r i a 37 2 13
N i t z s c h i a 9 9 6
S y n e d r a 16 5 4 21
C o c c o n e i s 3 6 p r e s e n t

F r a g i l a r i a  ( c o n s t r u e n s ) 41 82 28
A c h n a n t h e s 31 6 21
A s t e r i o n e l l a  ( F o r m o s a ) 292 28 5
Oomphonema 3
M e r i d i a n 3
E u n o t i a 3

N a v i c u l a 3 5
P i n n u l a r i a 3
S u r i r e l l a

TOTAL 1815 3984 1818 2986

# GENERA/SPECIES 14. 22 30 17

p a g e  2  o f  2

TABLE 1 7

PHYTOPLANKTON A N A LY S I S

GOOSLY L A K E  -  S I T E  # 0 7 0 0 0 8 4

1965

4 o r g a n i s m s  c e l l s / m l

Sm le
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GENUS/SPECIES

Replicate 1
# organisms

cells/m3

Replicate 2
# organisms

cells/m3

Replicate 3
# organisms .

cells/m3

Mean
# organisms

cells/m3

CLASS: Rotifera
Kellicottia spp
Kellicottia longispina 8,625 6,256 10,680 8,520 (n=3)
Keratella spp 2,070 2,392 3,600 2,687 (n=3)
Keratella cochl eari s
Filinia 115 46 480 214 (n=3)
Polyarthra
Asplancha

CLASS: Crustacea
SUBCLASS: Copepoda (Nauplius spp immature) 25,185 27,232 21,120 25,512 (n=3)
ORDER: Eucopepoda
SUBORDER: Cyclopoida

Cyclops bicuspidatus
(adult and copepodite)

11,500 11,488 14,040 12,343 (n=3)

SUBORDER: Calanoida
Diaptomus

SUBCLASS: Branchiopoda
ORDER: C ladocera 345 (imm) 184 (imm) 60 (imm) 163 (n=3)

Bosmana spp 575 180 378
Bosmina coregoni
Daphnia spp
Daphnia longdremds
Diaphanosoma
Leptodora

TOTAL # 48,415 47,598 50,160 48,724 (n=3)
# GENERA/SPECIES PRESENT 6 5 6 rr= 1069

TABLE 18
ZOOPLANKTON ANALYSIS

GOOSLY LAKE -  SITE #0700084
May 4, 1983

ilTM = immatu re  1  e

mi. 11 I  I
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GENUS/SPECIES

May 16
# organi sins

cells/m3

August 15
# organi gns

cells/m3

CLASS: Rotifera
Kellicottia spp
Kellicottia longispina 1,340 802
Keratella spp 114
Keratella cochlearis 1,979
Filinia 428 802
Polyarthra S35
Asplancha

CLASS: Crustacea
SUBCLASS: Copepoda (Nauplius spp immature) 7,700 18,289
ORDER: Eucopepoda
SUBORDER: Cyclopoida

Cyclops bicuspidatus
(adult and copepodite)

3,366 4,118

SUBORDER: Calanoida
Diaptomus 53

SUBCLASS: Branchiopoda
ORDER: Cladocera

Bosmina spp 29 428
Bosuina coregoni
Daphnia spp 535
Daphnia longinmis 1,444
Diaphanosoma
Leotodora

a •TOTAL # 1 12,977 28,985
# GENERA/SPECIES PRESENT

i l
6 10

TABLE 19
zoopowToN ANALYSIS

GOOSLY LAKE -  SITE #0703084
1984

Smile
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GENUS/SPECIES

May 28
# organisms

cells/r

July 17
# organisms

cellsilm

August 19
# organisms

cells/m3

Sept 30
# organisms

cells/m3

CLASS: Rotifera
Kellicottia spp 257
Kellicottia longispina 206 1,412 1,096
Keratella spp 59 565 86 449
Keratella cochlearis 4,859  2 ,781 1,492
Filinia 266 791 86
Polyarthra 59 452 856 599
Asplancha 43 150

CLASS: Crustacea
SUBCLASS: Copepoda (Nauplius spp immature) 4,404 7,966 28,064 10,941
ORDER: Eucopepoda
SUBORDER: Cyclopoida

Cyclops bicuspidatus 1
(adult and copepodite)

3,074 7,006 8,000 3,829

SUBORDER: Calanoida
Diaptomus 225 43 102

SUBCLASS: Branchiopoda
ORDER: C ladocera

Bosmina spp 169
Bosmina coregoni 1,112 647
Daphnia spp 89 339 1,027 348
Daphnia longiremis 1,186 2,567
Diaphanosoma 226 257
Leptodora present

TOTAL # 8,157 25,197 45,179 19,653
# GENERA/SPECIES PRESENT 7 13 13 10

TABLE 20
700PLANKTON ANALYSIS

GOOSLY LAKE -  SITE #0700084
1985

......,
Sm le


